o 1mmadlately adaptable to automation; as well as“with the. selectioh
and apphca.tlon of methods .not, previously 1nc1uded as p&rt of the '
established mejchodology. A third phase of the mvestigatlon carried
out simulta.neouséy' with the other two phases? deals with the automa-
e tion of the pretitration saigple prepai‘ation process ignvolving the

< . addition of reagents, silution dilution, solution heating, etc.

The results of the iﬁ\‘res‘t:iga‘tionwindicate that automation of

the analytical processes ‘for' camercial eIec;c.rOplat:'[ng bafh analysid
is fea.sible provides for tesults at least as precise and s;ccurat‘e ) '
] I .as the correspondlng technique in the established methodology, allows
’ ’ for a much lmproved time—to-obta.in resplts, permits staff reductions

S for a gstable workload or allows existing staff to significantly in-~

Rl et S
+
~—

crease the‘workload handled, ylelds reductions in the space occupied

and the cost per determination, and generally increases the overall

Rt e
N

efficiency. In addition, the time-to-complete is such as to-permit

| a considerable increase in batH analysis frequency, with'corresponding
/ ' b
better control and improvement in plating quality|and efficiency.

.
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1.  INTRODUCTION , .

1.1 The Electroplating Industry,

. ' v ~
. The indugtrial and commercial electroplating industry embraces .
. 2 v )

many different forms of operation. These range from relatively small
organizatiens specializing in simple, decorative copper, nickel, brass,
chromium, etc., plating operations to large free: or captive installa-

tions where the plating procedures range from decorative to-engineering

speciality operations involving hard-chromium, hard-nickel, corrosion-

resistant-ceating plating, etc.

> A common requirement for all commercial electroplating installa- " -

tions is the need to control the cd@gosition of the electroplating bath

L

s?lutions within reasonably well-defined limMits. This necessitates

.fairly frequent sampling and chemical analysis of the baths in order to_

- establish the composition relative to the key components and the
accumulating impurities,; and to determine what corrective proce&ures \
need to be applied. The mo;e frequent or prolonged the use of any ‘)
electroplating bath, the greater the need for analytical control and,

’

indeed, for increasing the freguency of sampling'and analysis.

v Over recent years the electroplating industry has experienfed an

1

increasing trend to the use of mechanized and highly-automated equip-

ment for the handling of pattbs subject to plating. In addition, em-~ s,

o

phasis has been placed on high-speed deposition or plating-processes.

These innovative areas have had as their justification improvements in

[P . s
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plating efficiency and quality and, of even more subtle importance,

\ . reductimr in the unitized cost of production. Such more efficient-

Te manufacturing procedures obliquely demand, of course, that the frequency

of bath analysis be stepped up, and that the speed of carrying out and

v . .
reporting the analybtical processes be enhanced.

! ‘ Although the industry has exper'}enced considerable in the way of

e advances wit;h re;;pect to production mechanization, automation and im-
provement in the pl:ating process, hil;he methods of E:ontrol by chemical
anall&sis have not, except in cerfain isolated circumstances, been
radically‘altered_. The methods gpplied in the lab’oratory for the pro-
cesses of chemical analysis have remained basically un\changed_ over many

; / years, with only relatively minor modifications‘being introduced. These

analytical techniques are largely manual titrimetric methods, many of

3]
them of types so long established as to be of almost historical signi-

" "7+ ficance in the field of analytical chemistry. Automajed analytical
techniques, and their application to automated bath control, have been
the subject of much research, but application of the direct.or implied

hY

| results to the industry in general has been slow to materialize.
‘ ¢

| .
l The research work described herein is based on.a specific problem
|

within the electrol‘)ﬂlating industry, although. the aréas of exploration _’(

imply application to the industry at large. _ }

\
|
| . : : :,
The suppliers of equipment and chemicals to the electroplating
ipdustry in general are very frequently required to act as centres for

the chemical analysis of electroplating baths for their clients.. An v

. /




&3

.resenting an extensive variety of comercial electroplating process

©

operation of this nature is carried out largely as a customer service,.
and requ{ies\fﬂb treatment daily of large quantities of samples' rep-
baths. Xach sample must be analyzéd for at least all those components

where the contenf range has a:-critical effect on electroplating quality. -
. . > )

Because of the 1aré; nunper of samples submitted,(?ﬁe need to pro-
vide‘a.cémparatively fapid o ‘put of results and the inherent demands
with respect to staff size and laboratory space,“such an, operation
should be as efficient as éossibie. ,The repeéitive nature of the ahaly—

tical processes, and the obvious connection between efficiency and eco-

nomy of operation,.indicates an area where any successful attempt at

autanation would be highly advantageéus. E;;;;Z%Qon of such analytical
processes should result in staff ééhmtion for repetitive work loads,
more consistent analytical procgdures and results, less gependence on
staff turnover‘'and a more rapid treatment of incoming samples. Ail,of
this is desirable from the points of view of better client serviée,
greater efficieﬁcy'and improved economics.; These are important factors

in the type of client service operation involved.

The larger electroplating industries, where electroplatiné bath
analysis is often carried out by their own laboratories, could also
benefit from such an applicationhof automated analytical procedures.
Their use would permit, without staff or space enlargement, improved

bath composition contr61 through .the ability to provide for more fre-

quent sampling and a more rapid return of results.

~




L1

S e T T RN S TR AR T T iy s TV TR T e e

+

6 e

‘cal modification or.substitution relative to the established metho-

=
T

. 9 -
]
Q . .
9 . +
Al

s provided by Canadian Industries -
- ~ : I

_An industrdal ;esear7h grant |wa

Limited and Canadian Hanson Lhniq , the lattew organization being | .

, ] A :
one of the principal suppiiers in{Canada of‘elecfréplating equipment
and chemicals. Thé purpose_of”thé grant was to support research to
explore the possibilities of automating the anaiytical processes
applied in the elec¢troplating industry in general, and in the labora-
tories of Canadian Hanson in particular. In general these analytical
techniques were of the long-established manual titrimetric typ‘»e‘ dis-
cussed in the foregoing. While the research proposal did not preclude
analytical method modification or substitution, t@g essenti;l purpose
was to adapt these techniques, insofar as possible, to a Brocgss of

automation. Several specific‘factors dictate this wish to avoid radi-

dology. Two of these might be mentioned. The established methodology
does, in many instances, provide for techniques capable of handlling5
the alysis of the réther specialized compositions typical of eiectrg—
plat:iz\ﬁzths. Again tﬂe established methodology, while it may yield*
results less accurate than those provided by more sophisticated

methods, &ields results of establishéd patterns systematically inter-

preted by electroplaters in their subsequegt‘composition control ad-
justments. The introduction of techniques of analysis permittiﬁg more
accurate but significantly different resilts might, over the long run N
and without a very carefully-planned educative process of introduction,

cause serious problems devolving from required control adjustments and .

those actually applied on the established basis of interpretation.
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. A survey of litgqrature data, ‘and of commercially available equip-
s " - ment, was carried out fram t.!;e point of view of“met:;hod autamation. Al~ '
though t'..his survey was to a\‘\certain extent limited by consideration of

the fact that, in the main, “;he potentiometric titration approach would
. 4

e the one most suitable with respect to autamation of the methods in-
volved, & specific attempt was\ made, to use equipment in the experimental
\ -
work capable of simple adaptation from the potentiometric preset deads=stop

endpoint titration technique to ';)reéet deadstop endpoint methods where

R absorptiometric, coulometric and ampercmetric; titration principleas were

~

involved. ‘v’lhe’introductory discussions to rolloﬁ will, however, largely °

surround the potentiometric form of\ autanated‘detea-mination.

1.2 Potentiometric Electrode Systems . !
B X * \ N

———— s ~

.- N \ A volumetric titration involves a Bolution containing an unknown

quantity of a reactant species to which is added a measured and stoi-

E chibmetrically ‘equivalent volume of a kno‘wn—conc entration titrant
solution. The detection of the equivalénce\‘ point of the titration «
(and the assoc‘iatec'l equivalence point volume ‘of the titrant solution)
is the critical area of the titration. Wher;‘x:bhe detection system is
such that the equivalence point volume and the volume at the detection

‘ epdpoint are ider;tical, J‘chey are said to coincide and no titration v
error situation exists. In many instancés , howev\?r , the detection sys-~
t;m Amay" provide for some lack of agrgement‘be’hween\‘the endpoint and'

S . ; \ -
equivalence point volumes. Depending upon the magni\tude of thig dif-
/ . .

/ ’ [
fer7nce,' volume corrections or blanks applied to the endpoint volume
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= may be required in order to avoid erroneous results.

t

N . ' There are many techniques of endpoir;t detection in titzzimetry,
and the method frequently varies according to the basic nature of the
titration. For oxidation-reduction or red‘ox titrations, :':md for all
other titration types where an electrode can be i‘ound\which responds

A Lt v directly or indirectly to critical solution component concentratien~\
f," changes agsociated with the titration reaction, the changing electro:le
poher_rtia’l can be mmrelated with the volume addition of the titrant.
Significant cila.nges i;’l the concentrati;m of the critical coml?onent in

- the neighbourhood of the equiva’lerice point are reflected in similarly

. significant changes in the indicating or working electrode potential.

Where such indicating electrodes are used, in conjunction with

e ! an appropriate reference electrode, the changing potential of .the
. a
electrode couple can be detected by a potentiometric device. As in-

dicated in the foregoing, the cﬁanges in the electrods couple potential
per unit addition of titrant are most pronounced in the neighbgurhood
of the equivalence point. A properly—rec\orcied or tabulated plgt of~

3 poten;tial versus volume of titrant can be used to locate? in one way .

.' or ‘another, the titration equivalence point volume.

: For examplel, a glass indicating' electrode may “b,e used to follow

the changing activity of hydrogen ion ('Qr éhanging hydrogen i.on ‘concen—

P

tration) during an acid-—base neutralization titration. In a similar
manner a platinum indicating electrode ;nay be applied in the measure-

ment, of the changing p%gentlal of a redox system under titration, while

NN S T
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a silver indicating electrode may be usedito detect silver ion concen-
K tration' changes during titrations involving silver ion.

In general, a titration plot oI{;otentiaLversus titrant volume
/

., 3

show's-signif'icant changes in the rate of change. of potential per unit

of titrant volume addition in the neighbourhood of the equivalence point, -

[

and attains its maximum at this point. These changes *@/AV result
in the typical "S—shaped" ‘titration curve. Locati of',the point of
inflec@ion of the curve in the equiv:alence point zone‘ of LE/NV cﬁange
locates the titration equivalence point volume. Manual plots, recorder
plots or data; trﬁnsalations vielding E versus V, E/AV ver"sus V or

AZE/AV2 versus V can all be uséd"as means of locating the'equivalence

point volume. A ¢

4

While platinum electrode systems (and certain others)) respond in

general to potential changes for redox systems under titration, other .

e » s * 3 3 ] - (3
% electrode systems are more gpecific or selective in their résponse.
& ' -

The standard glass eléctrode, for example, is selective with respéct to .

. response to changing pH, while the silver electrode is in'general lspe—. *

%

cific in its response to changing solution pAg.

. .
'

S,

- T "~ . A system of electrodes selective in their response to ion concen- .

# Yy
\ traf{ons for different ions in solution involves what is known as ion-

g

selective electgodes. Such electrodes have a general basis in the use
of i‘:i.xed-and—mo'bile—site ion-exchanging materials. These materials may e\ =

%e homogendous solids, such as glass, polymeric membranes with ion-

) - exchanging functigna]ity, inorganic.crystal membranes or membranes of

’
E @
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[ 4 .
natural mineral substances. They may involve membrane-enclosed liquid

‘
~

ion—exchanging arra{ngements. Ion-exchanging materials of a hetero-

geneous nature are also used in the ‘construction of ion-selective elec-

n

trodeg. . g ) .

rd

\' No ion-gselective electrodé is selective exclusively with respe\éct
to the ion specified. The presence of other ions can seriously impair

’

electrode performance. Such interfering actions may take several forms, -
4 0 ' \

, depending on the nature of the membrane a_md/or ion~exehange material,

‘o

\

and can be based on interfering ion activity and/or type. .

? . Ton-selective electrode, behaviour under interfering conditions can

¥be represented by an expression first us&d by Nicolsky (1) for a glass

electrode. In the application involved, the glass electrode showed a
¢

mixed response with respect to hydrogen and sodium ions. The expression’
3 - L ) .
'; 'is sometimes referred to as. a simplified Fisenmann equation (2). \

A ¥

’ . E = constant + 0.05910g(C; + Kijcj) ? (1)

~

E = oelectf'\ode potential

- ‘ C;" = concentration of single-charge ion to which
‘ K co the electrode is primarily responsive (e.g. H‘")

‘\ o . = conceitration of single-—cﬁarge ion providi_ng‘ 4 -
\ ¢ interfering response (e.g. Nat) ] ‘

<

. Kij = ' the gelectivity coefficient

a <

2

In order that the electrode sﬂould be predaminantly responsive to . .

.tlh‘e concentration C;, the factor Kij must be small.

“
1
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Where ion’-seleétive electrodes responsive primarily to ‘doubR:-‘
ANERN .
charge iens are concerned, and for interference by single-charge ions,

* equation (1) modifies to:-,

.
» @ el

0,0 s
E = constant * ""éi?'log( Cy + K.ch)

where:- Lo ‘
. the electrode potential .}

concentration of double-charge ion to which
electrode is primarily responsive (e.g. Ca?t)

concentration of gingle-charge ion providing
the interfering response (e.g. Nat)

f\
the selectivity coefficient

A3
1

. For the calcium (II) ion-selective electrode, the selectivity

, ] ( .
coefficient with respect to interference by sodium' (I) ion is about
"'1073, indicating that' the electrode is very approximately 1000 times

more responsive to Ca(II) ioh than to Na(I) ion. ~ | ¢

As the value of the ratio of Cj/C; is increased, the electrode
eventually displays no significant response to changes in the concen-
‘tration of the primary ion, and a plot of E vs logCy beacomes approxi~
mately parallel to the logCy “ axis. "In the absence of any significant
cc;ncentration of the interfering ion , the plot of ' E vs logC; "has a

slope' of *0.059/Z, where Z is the primary ion charge.

0

Theories relative*to the éstablis}lrlment. of potentials across mem-
- \\,
branes have been reviewed by Eisenmann (3‘), and more recently by Simon

-
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et al (4). The basic approach tonsists of combim.ng 1yﬂerfac1a1
potently.l terms (Donna_n potentlals) with 1n‘berd1ff1131onal terms a.rlslng

out of the different mobilities of the ions associated with ‘the mem-

\

. ~

brane. . , ’

Y

While liquid membrane ion-selective electrodes were known for many'’

M

years it Was probably the introduction of the caibium ion~selective
electrode by Ross (5) which stimulated the mtens:we developmental .
research which resulted in the present commercial avallablllty of ion-

selective electrodes for a significant number of cations.and anions.
%

A genez;al theory of the oper‘ation of liquid membrane electrodes
o

\ » . .
based on ion-exchange properties has been given by Sandblom (6 ). The

»

-

potentiometric response’to a given ion depends not only on the activity _
of the'Ion in the solution-and in the membrane, but alsc on t.h(e equili-~
brium constant for the iéh—excha.nge process aand on the mobility of the
ion in the mMembrane.- In general, ionic migration has been defermined
to be the only process responsible for the transport of ézharge't;hrough
the membrane. .This gives the effect of treating the membrane as a.
Ipure resistance. Although ionic migration has been determined as the
sole transport process, the mechanism of ion t;"ansport through mem-
sbranes and across membrane-solut;.on interface:s is not yet fully inder—

stood . . It is thought, however, that the ion-exchange reaction is not

the sole rate-deterhining factor.

¢

.

Ar_nong the more significant advances in potenticmetry in recent

] -
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Years ha_s.beenh' the development “of ion-selective electrodes empl%:»yingt ’

inorganic crystal]in?ﬁaﬁérials as membranaes. The'prOpertieé of éucr;
[ v ' solid membrc;ahe electrodes are analytically a’;,tractive. 'lhei;"‘!aé‘nsri-:
tiviéy to the primary ion is limited toudilute solutions whiéghdo hot
F“ . E o contain other ions capayle ‘oi‘ forming with the membrane materials
: salts 61‘ solubility prOdl}Pt constant lower than those of ;‘,he membrane

5

compounds .

The mechanisms of. response of these solid me;nbfane electrodes are

not as well understood.as those of the glass membrane electrode. A .

. theory has been put forward by Buck ( 7) in this connection in which *
» .
~ rapid reversible ion #xchange at the membrane interfaces with the solu-
' A ) ; .

- tions and mobile defects within the membrane crystals are assumed.
|

v

Pungor (8 ) used radiocherfgcal methods to investigate the exchange of \\
iodide ions in a membrane consisting of silver iodide c;}"ystals disper- \
sed in a silicone rubber ;;xatrix, and reported that the exchange rate
was very fast. The ion-exchange reactim depends on' ion .adsorption at
the'membrane/solution interface, a prgacess whiﬁh may be the primary

step in the ion-exchange mechanism. ©
The possibilities of int\.erference relative té the potentiometric
. résponse for a solid membrahe electrode through‘ the mechanism of mixed
crystai form;tion and simple adsorption have been recognized by Buck
(9). PBrand (10) made an, attempt to correlate the solid membraneé

~electrode selectivity coefficient for interfering ions with the solu-

-
bility products .of their corresponding silver ‘or sulphide salts with

_— those for the mixed silver sulphide membrane materials.
y » « o ¥
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X - ' Many. ion-selective electrodes which respond to different cations

or anions have become commercially available over recent years. Such '

- -

- électrodes\have demonstrated Nernstian response over an extended\range
. ~ . . )
. . - . — ! R
, 2 of .-activity/concentration. They have also shown,. in many instancgs,

* undeg prolonged use and in’ time, a gradﬁal loss of selectivity afid a

+
e
-

general deterioration of. response. Because of these de

" tors it is nece;ssary to evaluate the selectivity ceeffichents pexlodi—
4‘9 v ©

‘cally and systematically. This can be accomplished quife simply. The
. 3 ! ~

‘ potential of an ion-selective electrode in a solution containing 'only

x

[} A ~ B
the winglé—charge cation to which it is primarily responsive is:-

N ° &.\ E
® — b A
. §‘. ®» E = constant(—ltr(').059log gy - (3)
. o a / - \ '
. where:~ a; = activity of primary single-charge jon
‘ ) ' If the solution does not contain the cation to which the elec—
trode ig” primarily responsive, but contains any: other single—céarge ’

>

cation with a selectivity coefficient of K; j» the potential of the
. ) ‘

s electrode in such a solution is given by:—

¢
i

=
It

constant + 0.059logﬁ,1§ijt_1j | (®)

-

- A

0

 activity of nonprimary single—chargel
cation ) . ‘

.

> Yhere the values of a; and «a j are equal we have:- ,
3 ™ Lo
. . * ’ - . [ ,l" 8
log Kij = - (E - Ej)/0-959 . : (5)

-

R .
. . s .
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The"fc’r;anging value of the selectivity coefficient ifor a given
nO{xpriJ}lafIy single—~charge ion can thus be det‘ermi?ed by measuring perio-
('iicall“y""the difference in potential for the elec‘tlrode in two solutions

" of equal activity for the prmary and nonprimary:idns. "

Ion-gselective electrodes ce;n be used to mq;litor the solution ac-

, tiivity of a large mumber of ion spec%e;. Thé, resp.onse fc;r a given elec-
trode Will‘ bé linear relative to the 1og£;;ithm of the ion activity within
the permissible activity ra.née, pmviding interfering ion species are
'e;afch either absent' or present dt some constant valtie of actiyity lower

than that value significant with respect to the ability of the elec-

b

" trode to respond to the primary ion. Where ion-selective electrodes are

used to record the/\ changing activity of a species c}uring a titration, _

\ = o -
the presence of an interfering species at lesg ‘than such significant
activity levels presents little difficulty.

Th all instances, of course, ion-selectiveselectrodes measure
- - .

. ion activity values and changes therein. Associated concentration

Y

iaiuegvand changes approximate those for activity, providing the solu-
“tions "are highly dilute -- a situation normal to most quantitative

analy“tfi‘c al titrimetric procedures.

\' -t

‘1.3 The Potentiometric Titration Method L L
K N RS
" ._+Electrode systems may be used in a direct potentiometric esti- ’ u
mation of‘f’ion activity or concentration. The use of the glass electrode to “
« M. ) $
A .
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q .
measure solut::.on pH (hydrogen ion activity or concentratn.on) is an

_' example in po:mt ’I’he direct potentlometrlc technique has, accordlng ‘ N

to Dick (11) , the following significant limitations:- ' | \

w
-

(a) Yields at best the activity or concentration of a 2
~ specific ioq{‘hspecies in the solytion tested. .

A

~

(b) Where the substance to be determined exists in the
solution tested to a significant extent in a form -
other than the ionic, the amount of that form will
not -be determinable from direct potentiometric data.

(¢) In direct potentiometry, an accurate and precise -
megsurement of Ece 1 must be made, and accurate .
* values or compensations for the approprlate elec~— '
trode junction potentials and the reference elec— N

’ ) trode potential must be known.

. (d) The electrode responses-will be seriously affected
by variable ionic strength or background of the .
solutions investigated. & .

L] o

On the other hand, electrode systems may be used to measure the

e

changing value of ion concentrations during a titration proc¢ess. This
. potentianetric titration process, as it dis called, prov1des certain

well—defined advantages over d¥rect potentlometrlc measurement According

[}

to the same reference these 1nc1ude:-‘J

Yo

) (a) The technique is generally unaffectgd by the state
(ionic, undissociated, complexed) of the electrode-
respongive substance 1n the solution to be titrated.

(b) Since only the cha.nges in electrode response during .

the titration are significant, accurate data con- N
.cerning Ece11, Ereference and Ejunctions are not ‘
“required. .

(¢) Again, since the electrode response changes only
are sighificant during the titration, -the background
ionic strength is relatively unimportant, providing S

P -

!
;
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interfering ion species are held to within limiting \
concentrations rgfative to electrode response to the \
- primary substance.

o

- (d) . Difficulties attendant upon the use of colour-change
* sindicator substances to detect the titration endpoint
? are eliminated. . ) - 5

e (e) 'The electrochem:xcal interpretation of the titration
- :  equivalence point location renders the potentiometric . >
titration technique highly adaptable to automation.

%
4
L
L3
:..
£
A
¥
;
¢
¢

v

ey

In potentiometric titration systems, the electrode couple (indi-,

~czmting and reference eleqtrodes) provides a changing measure of the

A\
N

i
. solution potential during titration, as based on the changing poten-
tial of the indicating electrode. Regardless of the nature of the indi-
cating electrode (platinum, glass, ion-selective, etc.) the general

response of the couple is given by:-

E E E | 6\\ -
cell ind = Tref (6)
i : o
! - » . '
i Whereg, for example, the indicating electrode is a silver-sensitive N
massive §ilver electrode, we have:- '
, + ) * . . . ' ,.
s ) = E,4/n, = E 0.05910glagt] ¢ (1) |
g Eihd Ag}-/A.g = Ag+/Ag 'j". - 59 Og Ag N 7 / -
B ¥ N b o -
= E - hand .O A
’ At/ Ag 59pAg (8)

-

For r 'bltration involving silver ion titrated with a standard solu-

tlon of podium chlorlde the concentra‘blon of Ag mll decrease during 1

. X
N l

the titration so as to produce, for a plot of- pAg versus volume of ' .
NaCl solution, a typical S-ghaped titration curve. Obvieusly the plot

of Ejpq or E ell versus volume NaCl solution will duplicate, in its

e R .
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general form, the same S—shaped curve. Location of the point of in-

flection of this curve locates the titration equivalence point vdiume.

k1
. -

The potentiometric titration technique can be applied wherever an

’

indicating electrode is available with a response relative to; directly

or indirectly, the substance under titration. It can, subject to these |

il F L, T T R

limitations, be applied to neutralization, precipitation, Eomplexation, ‘

redox and nonaqueoilj solvent titrations: . .

3

o T TR T TR S TOWTTE T -

The application of the technique can range through ‘the following:-

| (a) Simple manual titration systehs involving a burette, an

f electrode couple system and a potentiometer. Under these . s

f ‘ conditions the titration volume and the associated poten— )

: tial data are logged, and the titration equivalence point . !
volume is located by curve plotting and graphie analysis

..or by data tabulation and analysis of AE/AV vs V or .

Tk TR T e RN

? ME/AV2 vs V. , -
3 (b)". Instrumental titration systems involving an automatic N )
; burette drive linked to a recorder to which is also lin- ]
ked the electrode couple potential output. Where some

; - ' rate \Qf continuous volume addition of titrant is selected

- the rebgrder provides a plot of electrode couple potential

versus volume of titrant. A complete plot of potential

-versus volume is obtained and subsequently graphically

analyzed for the equivalence point volume. Such systems : v
can frequently be arranged to provide a plot of AE/AV

versus voluné of titrant as g first-derivative tiitration

curve from which the equivalence point volume can be

flocated. . '

‘ ’ (c) Titration systems similar to (b), but where the addition
of titrant can be stopped automatically when a preset

-~ potential representative of the equivalence point of the

titration is attained. The preset potential is deter- _

- mined previously from a full titration plot of potential -

versus titration volume, or from logged poatential/volume

data, for a standard run. Such relatively simple dead-

stop titrators, as they are called, operate generally on

J
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h . : th:m:ls of an appropriat:e lune rate of titrant °
! ' . addition selected prior to ‘;&start of titratioh. - .

(d) ~Systems somewhat smllar to (c), but where a sensing
device anticipates the onset oi‘ the equivalence point .
3 zone (increasing rate of change of AE/AV near the N
g equivalence point), and ad justs the rate of addition
S v of titrant (by* pulslng the volume addition, amount
per pulse and pulse frequency) to ensure t1tration
dead-stop at the exact equivalence point. Such
3 oC systems can be adapted to the carrying out auto-
- ) 7 -matically of multiple sequential titrations.

(e) Systems similar to (d), but embodying a variety of
approaches to the control of the rate of volume
addition of titrant in the neighbourhood of the

N eq%ivalenca point. : nt

o

Note that all of the systems from (c) on could be described as auto—

A , _ mated titration techniques, since the final volume read at the dead-stop

titration point is the equivalence point volume and since: once started,

‘. e _

the titration or sequential multiple titrations are carried out under

aut,omati'c’ control completely. - -

¢1.}, Automatic PotentMométric Titrations and Titrators «°
3 . N ) ' \ .
When it is necessary to analyze large numbers of routine samples

daily on a titrimetric bas:i:s', manual titration techniques become tedious

and time—consuming. In order to avoid analytical result delays a large

laboratory staff is requlred and this provides for poor operational

economy as to both salarles and space occupied. Automatic titration
systems have beeri applied in the solution of these problems, and many
such systems are in use today in irdustry and elsewhere. These.systems ,\

2 Cot as indicated in the previous section, rangé fram simpl&-operator con-
— - * - ¢ B Y
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controlled titrant .delivery devices with potentiometers or potentiometric
recorders, to camplex assemblies capable of handling titrant delivery

™ rate variation, titration curve characteriéticisensing, dead-sto‘p end-
point, digital and printer readout of each titration equivalence ox

endpoint value, sample changing, addition of pre'bi{ration réagents, etc.
! .
Although techniques other than the potentiometric cin be used to provide

autamated titration pi-ocedures, early dfforts to automate centered very
largely around the potentiometric technique and it is today the most
widely applled o a considerable extent thls is due to the high sensi-

tivity of the potentlometrlc measuring method,, and its adaptability to a

- °

wide range of.reactant concentration and titrimetric reaction types.
"l
P
Indeed, according to Lingane (12), the characteristics of a good

automatic titrator should 1nclude adaptablllty to all types. of reactions,
ability to handle all .types of electrode combinations, prec:131on and ac-
curacy e;s good at least as in the corresponding manual method, ability

to record a full titration curve or to dead-:'stop the titration at a pre
‘ ' PR

"~

set equivalence point potential, performance-of successive titrations

, X ..
of two or more substances ih a single sample-solution, and the addition

of successively smaller increments of titrant'-‘x,lear the equivalerce point
: y e
or endpoint, as controlled by the changing potential in this zone, in

. order to avoid over-titrating in normal and"slow reaction rate titrations.

Most modern automatic titrators use one of twc'\‘ general approaches.

;o In one case, “a gradual approach to the preset endpoint pH or potential

is achieved by means of pulses of titrant delivered with diminishing

] 7 . “ ‘ u
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frequency and/or voIlume. Such variation in the pulse frequency and/or

volume i§ obtained through sensing devices responding to the rate of .

N
.

change of OpH/AV or ME/AV  as the titration progresses. In the second
¢ . .
case, the titrant is added continuously but with'the rate of flow re--

; ducing as the preset endpoint pH or E value is approached. Rate of

- 'm' flow reduction is achieved by a simdilar %ensing arrangement. Jhe two

types of automatic titraﬁor action are sometimes called "on-off? and

@

"on-reduced-of " respectively.
: A
‘ .

While the foregoing 'descri‘bes the presgt debc;.‘d—stop endpoint auto~
matic titration method, automatic titrators may also involve the gene-
ration of the full titration curve by reé:order to beyond the eguivalence

: . point. This curve, whether a standard curve of potential or pH versus

titrant volume, or a first—derivative curve ;Lfmn\ﬁsmalyzed to
! A h :
obtain the equivalence point volume of titrant.

\

The preset dead-stop endpoint technique is more convenient and
practical wﬁeré the purpose of the titration ig to obtaln rapid analy-
! . tical resul’ts on multiple routine samples, and ‘vghere the titration
characteristics are suc;1 as to lend themselves readily to this approach.
A full recorded titration curve is i‘renquently an advantage where the
"titration characteristics are such C:Ls to provicie for very slight JpH/AV
' ) -or fE/AV changes around the equivalence point, where reacti“on rates orﬁ

electrode responses are significantly slow or where recorded data must
N .

be retained. In any case, recorded curves of a full titration for each

%

s
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titration type must bé part of the preliminary appfoach to the preset
‘:lead~stpp endpoint titration process, this in order to locate the dead-

stop endpoint pH or potential to be preset.
s /
In the autamatic titrators described by Robinson (13) and by
Lingane (14), it is indicated that the system must be arranged to satisfy
two fundamental conditions. Recorder chart length must be proportional

to the volume of titrant delivered, ard the rate of addition of titrant

must be controlled according to the changes in 4pH/&V or AE/AV, par- .

k]
i

ticularly those associated with the onset of the endpoint, .

.
.
»
°

In the titrators described by Trving (15) and Glass (16), ‘the
mechanisms for adding the titrant and for driving the recorder are operated’
by a single servamotor, while in that described by Kelly (17) titrant

addition and chart drive are carried out by two separate servomotors.
. & .

«

T

Robinson (13) suggested that the burette~driving motor and the chart
motor ‘could be controlled by "on-off" circuits which, in.turn, were con-

trolled by potential changes detected by the electrode couple during the

e

titration. The autamatic titrator described by Kelly (17) has an inter—
mittent balance circuit, a slow pen—balance servomotor in the recorder
and a "thinking" wvelocity servomotor mechanism which controls the rate

of continuous addition of the titrant automatically and proportionately.

|

?

Miyake (1) used the general systern§ of Robinson and Kelly to con-
struct an automa,tic; titrator of the recording type.’ Tf}e instrument con-

< ,
sisted of a controlled burette and recorder ,'.I‘system. Many commercial

{
\ v
. , ' “«
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titrators presently available employ a system which consists of a récor-
‘ding potentiometer linked mechanically to a syringe burette adding the
titrant at a continuous but variable rate of flow. The total volume of

-

titrant is thus given by the length of the recorder chart.

W

Even where the recorder and syringe burette motors are synchronized,
or are one, a time-lag due to mi:gipg and reaction time can result in a
systematic error situation between tpe actaul volume of titrant de]ivgred
‘ and- the electrode couple response registered by the recorder. There are
pseveral ways of minimizing this time-lag, but it would not obviously *be )
easy or expedient to periodically stop the éy'ringe burette and recorder
in order to attain a steady potention;etgic- reado:lt , and this time-lag

problem is a sovg\(‘:e of difficulty relative to continuous titrant flow

titrators.
&

Jagner (19) describes a semiautomatic titrator capable of carrying
out simultaneously seve;ral titrations. Each of these simultaneous
titrations is carried out using individual motordriven syringe blxrettes
which have b;sen previously.calibrated by obtaining the weight of t:itra.n'b
.delive.red per volume upylt A direct readout system on a teletype-
operated punch tape a.ndmk‘eyboa.rd is employed during ;‘,he titrations E‘
I\)rO\y'de data which,1 when fed to a properly-programmed computer, locates
é?.ch titration equivglence point .volume and weight: of titrant. K This

titrator is suitable for titrations (%emanding a high degree of precision,

since it involves the registration of a considerable number of titration

kY

i
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points around the équivalence point,

-~

When thef'btirettes for this system are trigger'éd , théy deliver dif-
' feren amounts of titrants to the respective titretion vessels.’ Thé 3 .
motor drives fo.r the burettes are coupled to helipotentiometers which
. yield vpltages proportéonal to the volumés of titrants added. It is
thus possible to use a digital voltmeter to registexl accurate burette
K rgédi‘.hgs. The voltage signals' from the burettes enter a ninety—chan?[el .

input scanner.- Since each titration sysiem, involves two signals, that f »

for volume and that for electrode couple response, it is possible to

handle sighals from forty-five separate titration vessels. Scanning
» 7. .

o

spéed in channels/second* can be varied and set to compensate for any )

X

’?time-—lag agssociated with the attaimment of equilibrium after addition N

L4
of titrant. *An additional ten channels are provided in order to permit

.

short—circuiting pulses to a 't:imér wvhich, in co'mbinat.ion with indi}ridual
burette spéed , governs' the size of the increments of titra{r‘1t. Thus the
nunber of pulses for each titration increafses in quantity but decreases
in size in the neighbourhood of the equivalence point. The titration
data thus otgta:ined is‘ tape-punched by teletype, fed to the computer

. ) and the critical titration point for each titration calculated."

' Id
Johansson (20) d€scribes a method of titration which is particularly
4
sultable to computerized data handling, and which gives good results for

5

. certain titrations that ‘are not carried out too satisfactorily by the
continuous titrant flow or the Jagner techniques. This method is of

general applicability, although so far it ‘hes been described only in

i
¢ "
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reference to its application to the titration of acids by strong bases.
. -
*Since the technique is not a deadt-stop me%hod, the equivalence point
4 - ) ) : .
volume must be calculated. This is a disadvantage, but in mjny instances

the method has compensating advantages such as speed, precision, accuracy

n

and adaptability to automatic titration.

Johansson and Pehrsson (21) have described a fully-automatic titra-
tor based on the system described by.Johanfson (20). The titrator carries
o = )
. out the transfer of the sample by pipette, the dilution and titration

operations, and the post-titration rinsing of the electrodes, titratioﬁ )
vesgsel,’ ;tc‘ These operations are carried out at different positions
in the instrumental arrangement, thus facilitating high rates of anaiysis.
Titrations are performed by adding the titrant stepwise in iggal volume
increments to the sample, with’pqiegtial being recorded after each addi;
tion. Each titration is carried out until post-equivalence péigt poten-
tials are attained. The titrator has a loading capaéity of two hundred
samples and consists of three main units; solution handling, potential
measufeménp and operational control., The solution handling unit
consists of f&ve automatic solutionhgandling.pipettes and two sampling
pipéttes. All pipettes are of the plunger typevand are driven by

’ canpressed air. They incorporate magnetically-operated Qalve systems.
The control system governs theyvolume—incremeﬁt pulse frequency and
prints out'a potential value after each volume a&ditioh. Since-a set

4‘
volyme is delivered at each pulse, the number of pulses provides volume

data which, when associated with the corresponding potential data, allows

\ .
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Q.lcul/a.ti’én of the titration equivalence point volume. Computer linkage °

t}:/tfhe_titration‘data outputs ca.n.permit autbmatic calculation of the

1

critical titration point or points.

Hieftje and Mandorano (22) describe & microtitration sysi:e;n bas-ed:
on a novel co;lcept‘in;_folv:i.ng the introduction of the titrant in :bhe form
of uniform submicroliter droplets which can be se:rvlt into a titration
vessel at a rate controlled by a digital pulse train. Because of dr6plet
uﬁiformity, the titrant delivery rate is proportional to and determined _

by the pulse frequenc:).r, while the total delivered titrant volume is
x;*; related to the cumulative pulée cowit. This system permits extremely
precise volumes of titrant to be delivered in increments of less -than one
: . microliter. The instrument can be used in conj:unction with most endpoint

Fa
detection systems, with the. latter be:l;mg the precision-limiting cc@ent

in most instances. ‘ -

An advantage of the above system is the minimization of moving
1

parts. All of the componénts are electronic, so that longer service, ™\
less maintenance and greater convenience can be anticipateé. Boutine
titrations can be made more rapidly since the system‘eliminates much of*
the time-consuming buTe‘l‘l,’ce refilling operation required by other t‘itraht
del?‘.very sy,steu{s. “The electronic circuitry used to control and measure
the droplet titrant _delivery provides for electrode potential measure-

ment after each droplet deflection into the titration vessel. The

‘change in electrode potential depends’ on the duration and time of appli-

PR
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cation of the droplet pulse. In the circuit design there' is provision -

for endpoint potential anticipation and subsequent re@@{t};e

titrant delivery rate to mirﬁmizf’gﬂ’dpoin‘c overshoot.

~

' Hunter et al (23) cc»;npared two titration csbnfigurations using /
‘ , @ titrant dellvery system similar to that used by Hieftje and Mandara.nf /
(22) one operated by digital hardware a.nd the other under camputer con—
trol. Both the hardware-controlled system and the ccxgpute;’—con’crolled
system showed improved perff)‘rmanc.e over the technique described by -
Hieftje and Mandarane . Computer control resulted, ‘however, in higher . 4

precision and enhanced versatility over hardware.control.

In the hardware-controlled titrator the control section consists
of a decision unit and a timing unit. Thes«decision unit uses informa-

tion relative to the progress of the titration with respect to potential

change and, based on the rate of change, selects the required rate of

=4 titrant delivery. The tlmng unit, receiving data from the decn.s:.on

\

unit, transalates this into controlled pulses for the‘titrant dellvery

system. Ipogic level pulse? are si:nu;taneousl;\sent to a counter which
accumulates a number equal to the total number of droplets delivered / :
to the titration jresse'l. The_ control section also senses the onset of
the preset dead-stop endgoint for t;itration aerrest.. As the titration
approsthes the dead-stop endpoint, the rate of titrant addition is re-

.e ':_ .duced by the control" section. This rate reduction compensates for slow

t :é) ' , reaction andﬁr electrode response time-lag and serves to minimize end-

. point overshoot. The total volume required to reach the dead;stoﬁ'\ end-—

’
oot
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" .point is expressed on the counter as total pulses. ’ :

s

In the computer-controlled titrator bite decision unit, timing unit
and counter are all embodied’ as computer software. 'I{h’e-operahxtor supplies
the initial rate and rate reduction factors, as'well as the dead-stop .

- endpoint data, aé programmed information. Once the programme has been.
initiated on operator command the computer decides the titrant pulse

requirements based on electrode couple information.

o

«
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2. EXPERIMENTAL . : s
1\\\ /.‘ ; -~ : b
- . . < .
2.1 Introduction ¢ X,
a4 ‘ . o . A - .

Plating baths in the commercial electroplating industry can’ be
classified under\f ‘three general headings,e these being acid, r?eutral and
alkaline solution types. Baths containing simple salts of those I_ne’(,als\T
camnonly plated must be acidic, since most of the cations involved are
hydrolyzable to insoluble hydroxides, hydrous oxides or bé.sic s;xlts
at pi values exceeding about 5.5. Baths containing the desired metals

in a complex ion form are usually, with some exceptions, neutral or

alkaline. An mportan\t factor in this connection surrounds the fact o

. that the discharge potential for hydrogen is appreciably less negative,

in acidic bath solutions, thus restrictin‘g applied potential ranges.

\ The halides are not anodically oxidized in acidic electroplating
i

\ _baths where their metallic salts are used. since the anodes of such
! { - . -~ .

.} ' baths generally comprise the same metal as that under deposition at the

&athode. Metallic ghlo;'ide, bromide and iOCiidé salts can thus be used
. where hailde salts are the metal—incor;:orating com’pminds add o the
bz;th. The electroplating of nickel from nonalkaline solutic;ns usually
involves the use of nickel chloride a.nd/ozi nic}cel sulphate salts. In
general the metallic chlorides s;how improved' solubi}ity over tii‘e sulpha}égi R
- permitting higher bath concentrations with associated’abilitﬁy t;\apﬁi;
high.er curre‘nt densities and to achieve lower deposition times. Chloride

baths are, however, generally quite corrosive with respect to bath

equipnent and parts to be plated ,' thus allowing more rapid bath contamina-

T G AT T
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tion. In a number of instances, even where the sulphate salts are used,

for example in acid nickel baths , the chloride salt is often also added ’

* to promote easier dissolution of the anode by pravent.ing or mlnmizlng

anodic passivation. With certain chloride salt plating solutlons R the
depo:aitlon of the metal at the cathode arises out of the cathodit dis-
eha.rge of a camplex cation involving the metal and the chlonde. The

sulphate ion has less tendency to, form stable complax ions with the

various mebals, and deposition from sulphate salt baths is apparently )

--achieved by ca.thgdlc discharge of aimple hydrated met.al ions.

o
Fluoborates have some use where hlgh deposit rates are required

from plating baths, since such solutions permit high salt concentratlons.

-Excess boric a.cid is often added to flucborate ‘baths to suppress hydro-

Q.ysis to hydrofluoric acid, since this latter substance wmﬂd permit the

formation of slightly-soluble metal fluorides.

¥

In(ge;:eral, the effect of ‘l':he salt anion is mfested through its
-contribution to salt solubility and, therefore, the bath concentration
of the metal ion. It is also manifested through its ability, if any,
to coordinate withr the metal ion-in the f tion of écmplexes capable

of influencing the efficiency of the deposition procesé.

The single most important canpleﬁng agent in the electroplating ..

of copper, silv;r and zinc metals is the cyanide ion. Since most cyano-

complexes are decamposed by acids with the evolution of poisonous hydro- -

.gen cyanide, i)aths involving such complexes are invériab'jy alkaline. For

(>




certz;in me‘:tal types, where hydr'oxide substances such as sodium or pdtas-
sium hydroxide are r;ot added to render, the solution alkaline, thé baths
arc; marie alkaline by the normal hydroiysis of an extess of free cyanide
ion. Cyanide ‘baths usually contain several complexes of the metal in-
volved.  The copper bath, for example, contains the di-, fri— and tefra.—
cyar}'ocuprate (I) ions. Calculation of the cya}l}c::letal canplex is, however, -

ghormally based on the use of the so-called "free cyanide" value, and ‘is

P
{=

‘based on the assﬁption that, in the presence of significant excess of

cyanide ion, only the highest complex ion\will exist in appreciable con-
centrations. ( ) , .

1

Because the cyanide complex baths are alkaline, they tend to absorh

-

carbon dioxide from the air. The resulting carbonate ion in solution

"has little- effect on the deposition process until its concentration be—

~comes high enough to -permi{: precipitation as a carbonatg salt of one vor
more of the metal cations :'Ln the bath. When this occurs, the precipitated
crystals may bdcame occluded in th:a metallic deposit, z;esuit:'L’ng in gross
surface roughness. The higher solubility of potassium carbonate c:ompared
to sodium ¥arbonate tends to defer this difi;iculty, and is one of the
reagsons for the @*eferience relative to the use-of potéssium cyanide
rather than sodium cyanide as a cyanide additive to the bath. In copper

and silver cyanide baths, the presence of carbonate ion reduces anodic ;

polarization. This.can influence the nature of the metal complex ions

]

[

formed as the result of anode dissclution. A low content of free cy.

can introduce the possibility in cyanidé copper batks of the fo 0N

on the anode of an insoluble film of CuCN, resultiag in a cessation of
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current flow. When an alkali metal hydraxide is.added to’ cyanide baths

»it prevents the formation of hydrogen cyanide, and the consequen& Joss

of free cyanide ion, by reacting with carbon dioxide entering the bath
from the atmosphere. In the zinc cyanide bath, some of the metal ion
is converted t:o the éir{cgte jon by the addition of alkali }}ydroad.de.
This is a te’c’:raiaydrmcy complex, and thé deposition bf zi?no accurs more
readily from this complex ion than from the cyano-'canplei zinc ion, even
in consideration of the fact that the latter still cont¥ols the physical
nature of ;:}}e deposit. Alkali carbonates are occasionally added to
cyanide copper and silver baths in order to increase the conductivity
ﬁmction as buffering substances :nii to prevent the formation on the

anode of slightly—soluble fn.lma such as CuCN films.

The composition ranges for the various ccmmercial .electroplating
!
baths, and the importance of the chemical substances required to be pre-
sent or absent in order to provide good plating characﬁeristics, emphasizes

the importance of the chemical analysis procedures applied to maintain

b‘ camposition. -

In the particular cammercial electroplating supply organization
studied in this investigation, the bath samples analyzed daily, and on
a routine basis, include predaminantly- five different. electroplating

bath types. These aré copper, zinc and silver cyanide baths;-nickel

. acid baths and chromium acid baths. The determination of the metal under

deposition for each bath is common to all samples. The components deter-

mined in addition vary with the bath type, and include free cyanide,



total cyanide, carbonate and total alkali in cyanide baths, chloride

and boric acid in nickel baths and sulphate in chromiun baths. In addi- .

tion ko these regularily-determined components, the determination of
= 7 '

adulterating compounds jis carried out where circumstances so dictate.
’ o’

3
)
v
i

The composition of a controlled~electroplating bath is reasonably

[EPREC TN

- constant, w;';th changes occur;cing gradually with use in the plating pro-

P

cess. For different electroplating plants, the operating conditions for

the plating process may be slightly different, a. situation which‘can e

g

give rise to different general compositions being i‘oﬁ?xd for the same - . .
type of-bath. The samples analyzed by the supply establishment involved
in this investigation originate from many client electroplating plants,

. *  so that considerable variation in composition may be found for any given
i \ :

%’ bath type. For example, copper conc'entration‘s may&qy from 1 to 5 Ty

oz/gal, silver concentrations fram 0.2 to 5.5 oz/gal an? free cyanide
S ) -

1

from 6 to 1, oz/gal. Such variations in bath composition reflect botﬁ: .

- usage effects and the application of different operating parameters.
. . .

2.2 Faguipment Used in the Analytical Investigations

‘3

The investigations reported_in Subsections (133) and (1.4) of
Section (1.0) ]J\ITRODUCTIOI\{\, and the general requirements covering the

riecess_ity of autamating the existing manual techniques common in the

’

electroplating industry, indicated that the potentiometric titration

technique should be applied in the experimental approach to autamation.

[y
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" ments for automatlon are discussed in the details following shxortly 4
e

-

After an extensi;re review of commercially-available basic electro- :

o

chemical titration instrumentation, certain units were selected as 1'?eing

the most suitable building blocks out of which the\investigation dé.t,%a
an'd .subsequent method automation ins:c,rumentation would arise. 'ITres?‘ units
are manufactured by Metrohm A.G. of Sw:{tzerla{xd, and were supp]iedﬁ: i the
Canadian representatives of this orgianizafion, Brinkmann Instrumentds

Canada Limited. The units, their operation and purpose, and the arrange-

&

Although the exper:l_mental work centered on the use @f the i‘lnally— ' i,
qutomated mode as a potentiometric titrator, modification of the final‘:"
assembly by the incorporation%éf other ;vai:lable units. could permit the
application of'ga;lalytical methods invclalving spectrophgtometric, coulo-

métric and amperometric titrations.

A very éeneral description of the units assembled for the auto-
matic titratioen system and their sequential programming, and a general @
schematlc of the layout, is given in Tables 1 and 2, and in Figure 1%
respectively. In addition to the equipment 1listed in these tables an}d
figure, a Metrohm E.,36A recording potentiograph was ubed rspare th'g
full titration curves required to determine in;tially, for each a.nal_})—;4
tical technique adapted to automation, the dead-stop endpoint potential
required “for pres‘g,ting ,"and the general .characteristics of the ti%ra;c.iqn
with respect ‘t.o ApH/AV'or LE/N  changes in the neighbourhood of the

equivalence pqgint or endpoint. Data from titrations carried out on this

unit were also used to monitor the automated and manual titrations carried’

out for each of the me’r;hods e;cplored.
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TATRTIN, W RIS P

UNIT

E503/1

E543
E526
E535/3

E552

E533

A

/.

>’

P
TABLE 1.,
\

e,
¥ ~
AUTOMATIC TITRATCR ~ UNIT FUNCTION

/.

o FUNCTION

AUTOMATIC SAMPLE CHANGER -~ Transport and lifting
pneumatics for beaker operation, dispensing valve
controls for pretitration solution additions, Lk
beaker capacity in 11 racks of L beakers each,
titration head with accomodations for titration

» solution tip, electrodes, stirring and rinsing.

INTERFACING UNIT -- Automatic sample changer con-
trols, time and sequential controls for pretitra-—
tion solutn.on additions, stirring, titration and

rinsing. Manual over—ride for beaker movement and
other controls. , 7

_DEAD-STOP POINT TITRATCR -~ Speed and impulsihg

controls for titrant solution addition to preset
potential or pH dead-stop endpoint. Interlocking

' circuitry to interface unit (E543) and Dosimat

titration stand (E535/3).

DOSIMAT TITRATION STAND -- Automatic.control of
burette refilling and delivery positions through
interlocking circuitry with dead-stop titrator

(E526), control of titrant volume pulse time and

duration, digital readout of titration volume.

-

INTERCHANGEABLE PLUG-IN GLASSWARE -- Titrant solu-

tion reservoir, automatic stopcock burette, 50ml
20ml ete., burette capacities.

DOSIFRINT -~ Interlocking circuitry to dead-stop
endpoint titrator (E526), printout of sample

. number and endpoint volume of titrant for each

tltratl on. “
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-The EL36A recordlng potentlograph has a syringe &i‘e‘bte system
mechaﬁically linked to the rbcorder- chart drive t}sough a single ser;io-
motor. This motor can be infinitely, varied as to drive speed fram zero
to its maximum capacity, thus permitting variable rates of constant
continuous deIivex%g of titrant. " Alternatively, the titrant delivery f
rate can be varied autoxnﬁmally as the titration curve \becomes steeper
in the neighbourhood of the equivalence point zone, thus preventing titra-
tion endpoint overshodg? In this mode, the titration is started at sc?ine ’
desirable continuous sp;ed which is thén autanaticaliy decrsased with ‘
increasing titration curve steepness. The control system here involves

a second potenticmeter, linked to the precision potentiometer of the com-

L
pensating circuit, which gives a signal voltage proportional to the

measured voltage of the electrode couple. This signal is differentiated
80 as to be proporticnal to the rate of change of the measureh potential
with éltrant volume addition, and is applied, after a time dela& of 3

secon;ls, as a countervoltage to the drive motor po‘benti;ometer. With this

: *" ¢

unit, recorder chart length represents titrant volume. The instrument has

the capacity to provide first-derivative titration plots, as well as
standard plots, and in addition can be applied in the preset dead-stop

endpoint potential mode. The general parameters are:—‘

, Syringe burette capacities 5, 10, 20, 50 ml

: » ) pH ranges, full-scale deflection 1, 5, 10, 14
Potential ranges, full-scale 50, 100, 250, 500, 750 mV
deflection- | : . and 1 1.5, 2 v
‘ Caﬁibrated campensation potential + and - 12 steps 100 mV each

g 7 : and 12 steps 1 pH each

o~
x,;:‘



d L2,
N\
- . : ( .
. " pH calibration ~ shift range * 1 pH unit
& Temperature cmmnsetlon for " 0-100°C in 20C units
- 4 pH measurement .

i Automatic dead-stop 1% reproducibility for o
1 any constant eetting

)
The E526 preset dead-stop epdpoint titrator is operated in conjunc-

. tion with the E535 electronic syringe burette. In combination these

g units provide for.automatic adjustment of the titrant delivery rate as

E; the rate of LPH/AT or OB/ :'increa:sés in the neighbourhood of the end-

g peint, as well as for the onset of pulse feeding of the titrant at this

po'int , with decreases in the pulse feed width wit.h incrgasing proxmity

) of the preset dead—stop; pPH or potential. A cut-&ff délay for sluggish

1 reac’tions or electrode couple responseé can be varied from 10 to 60 o

seconds. The difference betwéen the preset point value and the actual
titration value is continuously displayed during the course of the

j titration, and attainment of the preset potential and the titration end-

j:%\ point is signaled'by:a "stop" light. ‘

2 0
gt

i -

The control panel of the E526 incorporates a digital preset point
f A ‘ adjustment on a four-figure selector, allowing selection of the dead-stop
pH within "% 0.OL pH or potential within =+ 1 mV. A calibration position

and control, and two working position; are provided. The working posi-

tions cover * pH or * E changes during the ti%ra?{i\on and ‘allow selection

a

to cover titrations with either largeior small /4pH/AV or AE/AV changes
- near theiendpoint. A control to set pH mode, or negative/positive polarity

R ' ' of the indicator versus reference electrode at the titration start, is also
! i ! 3

¢

included. Temperature compansation for the pH <node is supplied.




i

\

Thre E§3 5 syripge .buretﬁgJ unit or "Dosimat" carries the atitoxna:t;ic

&

‘feed pulse genepator, automatic counter changeover when the syringe
- “burette capacity is changed, digital volume readout and manual and for

automatic refilling and zeroing capab]itierg « The general control

4

E’
~ - s
! . schematic for-these two units is shown as Figure 2. }
: .
E

. - The E503 unit provides the capacity to carry out %:mbers of

"routine titrations autamatically and sequentially. This s e handling

, beakers of glass-reinforced plastic. An attached\ pretitration addition

E ;

F / - unit has eleven sample magazines, each with}’j'w. capacity of four 2?0 ml

E .

|

: and titration stand carries four positions for raising and lowering the '

; beakers undep, these positions. 1In addition to the titration operation,

i+ ] these posihtions can be arzi'a.nged to carry, out such' functions asiaddition

of pretitration reagént ;solutions , dilution with hot or cold water, etc.

‘ Automatic valves govern the volumes oaf such pretitration- additions.’
Stirring of the solution after pretitration additions, and during the
titration, starts and stops automatically at preset variable times, and -
rinsing of the burette tip, el‘:ectrodels and stirrer is carried. out auto-
matically at tHe close of each titration. The sample magazines ;"are moved
h?rizontally -and)laterally, and the beakers raised and lowered, by pneu-

matic piston syStems operated through\a programming wnit.

, » : '
. The E533 printout unit prints out both titrant endpoint volume and *
sample number fur each sequential-‘*titration. Equipment is available
; which converts' the endpoint volume value to an operating value (e:g. the

sample oz/gal, percent of substance, .etc.).

-
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The control and programming unit which links the E503, E533, E526

‘and E535 units is the E543. This unit includes selection ;;ositions

which® pex';nit manual operation (one beaker at a time) or 1 to 'll magazine
operation . Seiectionlposi‘.tions pez\'mitting manual over-ride of magazine
lateral and//ixorizontal 'movement are also provided. 'Where both manual

and autométic operations are conc’e'rned, a "sta.to't" control i}litiates, the

program’ selected. In its ultimate operation, Ll separate samples can be

sequehtlally titrated autcxnat1cally after initiation wf the proegram

'start. In the various investigations reported in this project, manual

operation was applied initially to determine the gpplicability of the
selected preset dead-stop endpoint vaiu_e; with ac.ijustments being carried

out as required. Establishment of a preset value providing accurate{
! Q

‘titration endpoint volume data then permitted automatic operation to be

) . 2
¥

initiated for subsequent samples. -

]

Tnitiation of the program "start" activates the E5.43 unit to move

the first magazine, and its first sample beaker, up to the initial pre- .

°

titration and foxtzatlon stand pos:.tlon and to move the” other magazines

- 9

. laterally and horizontally, as requlred towards this pOsltlon. It also

activates the filling and zeroing of the E535 burette unit. The various

Bi‘etitratiﬂon operations, where reét:ired , are carried out sequentially

¢
o

until the fi'rst beaker reaches the titz:etion position. Elevation of this
be;:ker activates the etqirring mechanism and allows the E526 unit to read
the electrode cou;h;lefpotential for- the EOlutiop. After s;tirring for a
?feset delay period, titration starts at a titrant delivery speed rep—
resenting- the result of the initial and preset dead-stop potential com-— -

N ‘ -
/ - o

N\

-~



p;a.rison. Approach to the endpoint autamatically res;ults in t;ltrant
delivery speed reduction, onset of titrant pulsing and pulse freguency

v and width adJustment. The cemyglehon -of the titration activates the

- printout unit, refills and zeros the burette, stops the stirring action,
lowers the beaker, rinses ‘the titration components and initiates magazine

and beaker movement for the next titration. -

In order to provide the best ac'curacy, the caubration and the
selection of the preset’ dead—stop ‘endpoint pH or potential, must be care-

t

fuJ_ly ca.rrled gut, as must be the selection oi‘ the titration curve charac- /'
teristic .settmg. - Full tltratlon curves, obtained from the E43 unit are /
used to prov:Lde endpon.nt pH or potential data and " to estabhsh the
-+ general titration cha.racterlstlcs reldddive ‘ho the endpoint or equivalence
A point zone_changes of . LpH/AV or fE/AV. Applicgﬁé.on of these data as
. ESL) s\e‘héings is followed by experimental eval&ation of the titration
endpoiﬁt volume value obtained for solutions of' known endpoint volume

as de'germined from manual and/or E436 titrations. Adjustment of this

inftial preset dead-stop value is frequently required on the basis of

"

\JJ
differences in the response system and other factors. The final preset

value applied reflects the initial value modified as the result of such

’ .
experimental evaluations.
— A .

2.3  General Experimental Procedures :

o

It is possible to outline the exper:imemfax\steps followed gdnerally

in the investigatiof~of the process of autamating each methad of aralysis.

3

Exceptions occur with respect to such a generalized outline, but;i:,pese
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are treated as they occur relative to the method imr'eétiga_tion involved.
The first approach to the problem of the use and automation of a

specific method ~of anai&sis standard in the industry was to consider its

adaptability tol the projected potenticmetric fifratigp automated process.

[Y .
Considering that, portion of the research directive associated with the

adaptation of the standard methods insofar as possible, this step resulted

in certain problems relative to adaptability. The criteria used in con-

sidering this factor were minimum 'pretitration tregianent , reasonable LpH /AW,

or LB/ cha.ng;a around the equivalence point and availability of ; res—

ponsive electrode couple. Obyiously such method techniques which require ;

the destruction of cyanide-metal complexes. by acid digestion pribr to_

~e

determination are not dlrectly adaptable to s:mele automatlon but need
e;cbensnre pretreatment prlor to and outside the automated tltratlon sys—
tem. These include the determination of zinc, silver and copper in their.

alkaline cyanide bath solutions. With techniques of analysis such as .these,

‘pretreatment prior to autamated titration was essential and unavoidable.

Again, in donsideration of the need for a reasonable rate of changé of
ME/AV around the equivalence point, those standard methods involving the
0 o .
\
determination of nickel and zinc by EDTA titration using metal-organic / .

indicators represénted problems. In such instances method mod? fication

was essential, and /,a very ionsiderable amouht bf experimental work was p/ \
_required in order to ensure that the operating parameters for the modi~ N -
fied and automated techriiques yielded results comparable to those which - L

could be obtaihed by the appropriate standard technique. In certain cases,

such as the determinatfon of sulphate in chromium solution baths,\the lack
, X >

4
o
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of an adequately senéitive and reproducible electrode couple created” an
insurmountable difficulty in adapting such a determination directly to
cT \

»

the automated technique. i

& . v

The essential steps in the, investiéation procedures were:-

N

I}
(1) The necessary standard titrant solution ﬁ prepared in bulk.

This solution was standardized initially, and in time, in not

Z_Less“than triplicate by (a) manual titration following where

b applicable the method of sjba.ndardizai',ion recommended by, the
electfoplating industry, (b) by E436A potentiographic titration

. and (c) by the E526 titration assembly complex.) As indit;ated

L
q;reviously,\\\ the control parameters for the automated titration

.
PR

assembly. werd derived from the EL36A titration cutves as-is or ‘
modi;ied as required. . - 7\\:’_?7

(2) Synthetic solutions containing known amounts of the reactant

"‘ i of interest and/dr synthetic solutions duplicatff?g in general
the associated bath canposition were frequently i:repared and -
a.naiyzegl by multiple determination by the techniques listed as
(a), (b) and (c¢) In (1) of the foregoing.

(3) Samples of plat:ing solutions actually and actively ﬁsed by
Yarious_diff‘erent elecfc.roplatir1g organizations were supplied
by the granting .agency. These had beeni p}révihously anoa]yzed |

l routinely by the granting agency laboratories. Such solutions

were analyZed by multiple determination by methods (a), (b)-

and (c) as outlined in (1) of the f%r‘egoing. In all such cases

~ o
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of analysis by technique (c), previously-analyzed Syntlr;etic

solutions were interspersed between the commercial bath
samples to provide a check on ,1;he reproducibility and/or
poa‘s.ible operationai parameter drift factors. Where
;technique (c) was concerned all analyses were carried out

\ -
on all of the related samples sequentially and automatically.

[ .
’

All data was statistica)iy analyzed for each technique category and,
for camparison purposes relative to techniques and results, analyzed as

a total set of values.
L |

Although the order of tackling the analytical problems involved,

- first, application to all methods @we adiptation to automation was
simple and straightforward, second, consideration of all methods where
only minor modification was needed a.nd third, all situations where -
‘methods entirely different fram the industry sta.nda.rds ‘were required the
presentation of the experimental data is on the basia of bath type rather

than by separation as to analytical approach.-

2., The Analysls of Acid Mickel Plating Solutions
2.4.1 General

 Nickel plating is applied for two purposes; ;c._o protect metallic
parts fram corrosion and' to provide a decorgti\{e finish. The metallic
parts involved are generally’ steel, brass, bronze or zinc-base alloys.
Nickel coatings are usually applled after a pre]iminary electroplated

‘,coating of copper.
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Nickel plating baths may of a complex a.mmoniacai pyrophosphate-

citrate type .specially designed to the plating of zinc and its alloys.
/ ' .

The most common bath type is, however, the Watts bath. This i:s the ibasis
of most modern electroplating baths and is used primarily to a;aply bright
and semi-bright nickel deposits. It is'also used to produce mickel deposits
for ehgineering purposes. " The original composition was approximatély’
32 oz/gal of nickel sulphate, 3 oz/gal of nickel chlor:’i;.\de and 3 oé_/gal of
boric acid. At the present time, based on modern production teclgnj:qué’s,
- the chloride content is about tripled, while the boric.acid content is
approximately doubled. Through the addition.of other ionic substances,
and by control of the plating conditions, nickel deposits can be o{:t.a.ined

" 'in various degrees of hardness, tensile strength and ductilijy to meet

/ P u

special mechanical reégirements. Considerabld interest th
respect to all-chloride baths on the basis of their very high corductivity

' S ! .
and superlative plating efficiency. The properly-buffered half-chloride,
N ﬁi\ b Y n N

half sulphate. bath 1_1@}3 mbst of the advantages of the Watts bath and the

all-chloride bath, and has been found to be particularly suitable for

h:&Lgh g’peed plating production.

The types of nickel plating baths most commonly used today are the

£ x

bright and semi—bright batha. Both are modified Watts baths which con-

-

tain ordinarily 10+12 oz/gal of nickel with certain added agents. The .
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¥ \ The components requiring the application of routine énalytical control
e are nickel, chloride and boric acid. As indicated in Subsection (2.1) and
elsewhere, variation in composition for each component is fairly extensive

s from bath to bath or for a given bath in time, such variations arising out

- 3 of operational practices or usage time factors.
AN

2.4.2 The determination of boric acid

?oric “acid serves as & buffering substanc'e in nickel plating solu- .
tions. Its primary purpose is the control of the pH at the cathdde/solu-
» tion interface. In the absence™Qf a proper buffering substance, nickel

deposits at normal tenfperadur

tend to be hard and cracked. A secondary

effect of such buffering situations is that of maintaining the proper

operating pH range for a specific bath N TMre are speciak=furpose com-
s mercial baths which utilize buffering agents other than doric acid, but
the latter substance is generally preferred since it is obtainable in a

pure form, is inexpensive, relatively nonvolatile and stable, produces

"whiter" deposits and minimizes deposit cracking.

! . . i -
The method of analysis applied by the industry for the determination
" of boric acid is egfaentially an acid-base titration using standard sodium
hydroxide solution. The actudl analytical process involves the prior
' warming of the sample bath solution to ensure solubilizatien of any
‘sedimented salts. Since such solutions) are normally opex_-ated,at some
: ' temperature higher than room téﬁperature, cooling of the bath to ambient

temperature can result, for the higher boric acid solutions, in some -

geparation of this componerit. Subsequent to warming the analytical steps

hed

.




%

(1) Pipette 2.00 ml into the titration vessel.

.potassium ferrocyanide solution. Add 8-10 drops

(2) Add 50 ml of dilution water and 10 ml of saturated ,v
of 0.1% aqueous bramocresol purple.

(3) If the result of (2) is green, 0.1N NaOH is added
drop-wise to a blue colouf. 1f the resulb of (2) .
is a pronounced blue-purple, 0.1N HCl added to a
distinct green colour, with backtitration \dth -
0.1N NaGH to a blue aolutlon colour.

/\‘-‘/ (4) Add 5 g of d-mannitol powder and 15 drops of o .
‘ 0.1% alcoholic phenolphthalein. ‘ ‘

(5) Titrate with 0.1N Na®H to a pink colour.
, . § ,
The purpose of the addition of KhFe(CN)é is to complex certain

F - ’
impurities, particularly iron.

The purpose of the bromocresol purple addition and the subsequent

titration with NaCH or HC1-NaOH is to provide an appx;oximate value of
ﬂ .
7 pH for the titration start. In all of the coammercial solutions which

were eventually analyzed, very little adjustmént was found to be required.

$ o /
The use of d—manni’t:ol centers aro the fact that boric, acid itself

is a very weak acid with a Kl value ofK

»

: |
bput, 10~ 10, Free boric acid
is thus difficult to tltrate in a standa.r&

Y neutrallzat,lon titration

since the poor rate of change of ApH/AV ?round the equivalence p01nt

renders this point with considerable inaccMracy. Boric acid, however,
(i)

forms cafplexes with organic polyhydroxy c\‘\ pounds such as glycerol and
d-mannitol. Such complexes provide strong ?' acid substances than boric .

acid itself.

The complex formed , Tor example, with d-mannitol has a
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dissociation const of about 10‘1*, and can be réadily titrated with

Jétrong base to a sharp endpoint. Dubou (2y) titrated boric acid solu-
tions containing variable amounts of d—mannitol,msnoted that the cal-
culated value;; for the pKa varied from about L., to 6.5. Vith such a
variation in the’ .pKa the titration endpoint pH also varies, indicating

the need to ensure some consistency in the amount of d-mannitol added

" prior «to the start of the titration. The use of 5 g of d-mannitol prior

to titration star‘ﬁ, as demanded —by the method outlined, guarantees cam-

)

. ,@i plete reaction with "thejavailable boric acid with a substantial, almost
— .

\c‘onst.a.nt; -excess of d-mannitol. For the purposes of this investigation,

' and in order to organize the pretitratioh additions situation, the

d-mannitol substance was added in the form of 50 ml of a 10 percent solu-
tion. 2
o
' s !
In point }of fact, the official instructions for the standard analysis
’ " technique state "5.0 g of d-mannitol (approximately 1 1/2 to 2 lével tea-
spoonfuls'. This latter instruction as to the method of measuring the
d—-mkitol addition is by no means sufficiently accurate. Experimental

* work based on:-
d

. (4) Adding 1 1/2 level teaspoonfuls

N L}

(B) Adding 50 ml of a 10 percent d-mannitol solution

yielded the results shown in Table 3. The appreci'ab],y higher incon?is-

tencies in the volume valuss for the equivalence point for method (A) as

compared to method (B) are apparent.
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A COMPARISON QF METHODS (A) AND (B) FOR THE ADDITION OF d-MANNITOL .
FRIOR TO BCRIC ACID TITRATION .
‘l T <
N ¥ Equiv. pt. vol. NaOH (ml) Equiv. pt. pH value
B | Sample No.  Method (A)  Method (B) Method (A) Method (B)
;‘ (n '. - .
g 1. . 16.07 - T 15.86, 8.2 8.l
: . 15.48 15.76 8.3 8.4
. 2. . 17.91 17.81 \'\,” 8.2 8.4
} 17.63 17.83 . T 8. 8.4
] ‘ ' - ,
E o 3. 15.47 15.17 8.9 8.1
1 ! 15.32 15.15 - - N 8.4
- . 18.10,  17.95 8.3 8.4 ‘
1830 / 17.85 o83 8.k
o (
7 ‘ . ‘ ; N 0

% :
Samples from different commercial electroplating baths

. <
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. Details relative to the experimental work carried out vd.th respect
. to the determination of boric acid are included in Kppendlix A. Tables -

and figures referred to with the suffix "-A" are contained in this

, . Appendix.

- »

A standard ao]nt.ion oi‘ NaOH was prepared 80 as to yield an approx:\.- )

mate molarity of 0.1, and this solutlon was standardized by manual tist,’ra.-
tion \fsi:ng potassium acid phthalate. The standardization details are

. 3 s
given in-Table 1-A. The average molarity for the NaOH solution was found

o T T A TG T R RS  RTTRTT

to be, together with the standard deviation:-
5 / / 0.1017° * 0.00035

|
3 A standard solution of boric acid was now prepared so as to provide \
-} 1 1 4
. \ 4
a value'of:-
(’i (d“ v
1

.f' 1lml = O. 025000 0.000008 g H3B0

~

1

S T

R TR

3 ml\ portions of the boric a.cid solution were pipetted and titrated
with the standard NaOH solution. The details of these titrations are

reported in Table 2—A,‘andhthe method follawed was identical to the tech-

nique recamended as st /drd by the electroplating industry. _The theo-\

i e o A bl SR TR £ 0t iy

; ' rhtical amount of boric acid titra - - \

-

0.0750 + 0.0002 g,

The average and standard deviation for the H3BOs values obtained by

k]

the manual titration process was:—

. 0.0750% £ 0,008 g ,
~ ” -
representing a relative error of + 1.3 ppt.
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Trip]icaté manual titrations were now carried out oh the commercial
acid nickel plating solutions provided by Ca.nadié.n Hangson. These samples
. were wa;'med slig_h’cly.to dissolve any soluble residue prior to pipetting
the portion for analysis. The method details are ‘outlined in Table 3-A,

and were essentially identical to-those of the industry standard.

< -

‘Table / shows the values and standard devistions for boric scid,
as‘ well as the values reported by Canadian Hanson as the result of their
routine laborakory analysis operations. It will be noted that, while
"the experimental values é.gree well with each other, the average' valués
differ radically, in most instances, from.the correspond'ing values as‘
reported by Canadian Hanson. This situation will ‘be digcussed in :.’.ome

o detail in the Conclusions section of thé thesis.

The same genheral procedurd was now followed with respect to the ap-
plication of the EL36A potentiograph titrator to the determination-of——
boric acid. The previously-prépared standard NaOH solution was restan~

/ dardized against KHP, this time using the EL36A titrator to obtain full

: titration curves. The detalls as to this standardization process, and
the experimental and theoretical titration characteristics are given in

b ot Table 4—A. The NaOH solution was found to have an average molarity and

\
standard’ deviation of:~

K (S
bt .

0.10117 + 0.00038
The + ApH cha;;ge for * 0,5 ml around the endpqint volume was det.ermined

* from the titration curve as * 1.89 units, while the equivalence or end-

point pH was located at an average pH value of 8.55 & 0.02, These values

e i
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y TABIE 4 ; ‘
) @ \ L
. . )
° l ) - ) . r7 “
MANUAL TITRATION DETERMINATION OF BORIC ACID . /
IN COMMERCIAL ACID NICKEL PLATING SOLUTIONS ‘
- [ L, ’- ; "'7(: * ‘
k Sample No. Boric acid (oz/gal) Boric acid ‘(oz/gal) ®
. ) Project work ' Canadian Hanson ’
1. 7.1 + o.oz?\f\ 6.4
: a ‘ -
2. - 7.75 £ 0.02 6.2 o
" 3. ‘ 8.21 * 0.0% o . 6.2
3 . . ~ .
l).n‘ . . 8.03 i 0.02 ) i ) L.9 —x . A
P ( 5 . , 7 032 i“ 001 2.5 3

- (N \
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compare 'very favourably with the theoretical calculated values of * 1.9

pH units and 8.7 pH respectively. ) »f\\

r '

The H3BO3 solution prepared for the manual titration work’was now

tested by titrating various solution volumes with standard NaOH solution

4

standardized by the EL36A titrator z_nethod. The volume of }13B03 sblution ~

«

was varied in order to determine concentration range efi‘eété , if any, on
the titration characteristics. The general details are outlined in Table

5-A. The theoretical weights of H3B03 titrated, and the obtalned averages

and standard deviations are shown in Table 5. ‘

o

o

The low relative errops achieved indicate no signiﬁca.nt change in
the titration characteristics with variat‘ion in the‘a.mount o;‘ H3B03 under
tit;c'ation. " The average * &pH for * 0.5 ml around th‘e) endpoint, as deter- ..
mined from the individual values obtained from the titration curves, was .
1.7'# 0.1, vhile the average pH at the endpoint was similarly. determined
as 8.1 * 0.2 These values agree well with the theoretical caloulated
values of * 2.5 and'8.2 respectively and, as indicated at the,close of ° »
Table 5:A, the difference in the experimental and theoretical /pH values
around the endpoint are likely due to a combination of circumstances not

the ieast of which is the errors introduced as the result of the calibra-

tion of the electrode couple with a 9.00 pH buffer.
L‘--‘ -

<
et -
“!"4‘)

o )
The application.of the E436A titrator method to the determination of
boric -acid in the commerciax/l' nickel plé.ting solutions was now investigated.

'SoIution preparation prio;/ to titration was essentiaily similar to that

/ . L
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"which pertained in the m"anualixethod application, with the exception of .
" the omission of the addition of phen&lphthalein indicatoz;.\ The parameters
set and thé operational factors for' the E,36A unit were similar to those.
applied in the E436A titration'of synthetic boric acid solutions. Tne@

relevant details associated

0

;ith this area of experimentati;m are.c&v&fad Q.
in Table 6-A. . o . 1 S

_Table 6 shows the average values and standard deviations obtai ejl
with respect to the Boric acid contents of the commercial solutions, ;anld
these are cmp;red with the data reported by Canadian Hanson. Aggip t:hé
discrepancies between the expérimental valﬁes 'and the'Canadiag Hanson
values will be noted, as will be the general agreement between the EL36A
\

titrator values and the manual values reported in Table L.

I

Table 6-A shows the agcumulated data with respect s,o t.he“ pH value
at the endpoint of each titration, and the # /pH for = 0.5 ml around the
endpoint. The all:)ve{‘, verage and stanglé.nd deviation for the endpoint pH
was found#to’ be 8.!;’?-05:1, with mrmnum and maximum values of 8.3 and 8.6
pH. Some tendency’lfl)r the endpoint pH to 'inc;rease with increasing borQ,
acid content titrated was noted, an expected characteristic as indicated

~N

by the theoretical calculations of Table 5-A and by the general endpoint

4

pH increases for the variable boric acid solutions titrated in the experi-
. o & ‘

mental work reported in the same Table. All ih all, the average endpoint

pH values show good agreement with the theoretical .values and with th.osek

obtained during the f]b,36A= titrations. of synthetic boric acid ‘solutions.

Again;* from Table 6-A data, the .+ /pH for ‘£ 0.5 ml around the end~




x L TABIE 6
TITRATION OF COMMERCIAL ACID NICKEL'PLATING
SOLUTIONS WITH STANDARD NaOH AND THE FL36A TITRATCR

.
, -

° Sample No., Boric acid (oz/ga:'L) Boric acid (oz/gal)
: ave * s Experimental Canadian Hanson

B l \{‘, N - N .0
: : o 1. 7.05 £0.03 © bk -

.

- 2. . 7.53 £0.09 .. 6.2,
3. | 8.19  0.04 '6.2‘
b . 7.91%0.03 \. A
- s 7002 5.5
° 6L 6.69 + 0.02 . 6.3 °
) _ 7. 5.77 £0.10 ‘ b
2 8. M . 7 6.12 * 0.02 5.2 ‘
R T 9:69 + 0.0 o
Lo .10, - 6464003 5.5
- - ’ .
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point averages out at 1.2 * 0.1. This * ApH range is appreciably lower

than that found for the synthetic boric acid. solution’titrations. This

L4

is due largely to the higher onset pH values 0.5 ml before the endpoint
and this, in turn, is due to the higl"u;r c‘oncen\trations of boric acid in

/
the starting solutions for the commercial sample solution titrations

(about 6.025M compared tc; about 0.013M in the synthetic solution titra-
tions). ;I'his higher starting concentratior( implies ? pH value 0;5 ml
before the endpoint about O.4 units higher tt;en the l‘owest of the éyn—
thetiﬁbric acid solution titrations {see the closing paragragh -of
ngh

Table 6-A),, and & corresponding reduction in the * ApH aro e endpoint

for the cammercial solutiopn titra’gions.

It will be noted, howsver, that this average # ApH of 1.2 % 0.1

ay o

implies a range of 2.4 pH Units for + 0.5 ml around the endpoint voluue
, w‘hi’le not overly extensive, should perm:n.t location of the endpointu

volume in a prelset delad—stoi: titration mthm i]0.2 ml. This uncertainty

in lqcatirig the endpoint, volume wouid lead to, an pnc;art.ainty i}l the deter-

mined oz/gal of boric acid of:- -

+ 0.2 ml x 0.10124 NaOH x 4.127 = % 0.08 oz/gal

a -satisfactory uicertainty in view of the standard deviations shown in
o %
Tables 4 and 6. :! , 3

The experimenﬂal work was now arranged so as to carry out, on the

E526 assémbly; automatic titration of the various titration situations

previously conducted manually and by the E,36A tirator.

The operating parameters for those titrations involving dhe standar-

«
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dization of the NaOH titrant solution were extracted from the details of
Table 4-A. A titrgtion endpoint of 8.5 was indicated therein, with a

OpH range for £ 0.5 ml around the'endpoinfc of 3.8 units. These dat; '
were secured by averaging the values obtained from the EL36A full titra-
tion curves for the stendardization pro;:ess. The information indicates

a titration characteristic of : reasonably gradual slope. to the éndpoint
volume, so that £h<§’ chémg‘eslin ApH/AV‘ in this zone d;amandsa reasonably
coarse approach, to the endpoint. The details 6f the operating settings

. M
placed on the E526 unit are given in Table 7-A, as are the data associated

L

with the titrations. Four solutions involving potassium acid phthalate

-were titrated, these were placed i‘n one magazine and were titrated sequeﬁ-—

tially and automatically. The average NaCH molarity and standar‘d devia-
L

5

tion were:- ' o,

M NaOH = 0.10243 # 0.0001% » ..

[
a

Thus the various standardization techniques yielded NaOH molarity

values of - -

. Manual method’  “ 0.10170 * 0.0003° M
o E,36A method 0.10119 # 0.00038 M
+ 0.0000% M

E526 assembly method 0.102,3
C : )

-]

yielding an overall gvprage and standard deviation of 0.10180 + 000060 M. ?

Variance ratio tests indicated that the standard deviat}ons for each of

-

the methods are not significantly differer;t, while null hypot'hesis tests -~

o - /
indicated that there is jyst-barely a significant difference between the

_ averages for the EL36A and E526 éssemby methods ?ﬂlyf. ,,/'Ihig/difference

may be due to the preset dead-stop endpoint pH setting of 8.50 on the




E®6 being j\ st slightly under the value of 8.55 pi found as an average \%—{ J

=]

for the EL36A titrations (Table h-A). It was not felt that the minor

difference ilﬂdicated warranted additional testing in this connection.

v

E52\6 assembly was now applied in ‘the titration of synthetic boric
act solutiox{zs. The previous work conducted had indicated that\,'g:lbsequent
to the ,‘addit#on of saturated KhFe(GN)é solutign and bromocresol purp:lea
indicator, nq:> preliminary adjustments of pH involving NaOH or HCl-NaOH
titration were required. For all of these:titrations, therefore, arrange-
m;ants were made to have th_e pretitration additiors of 10 mlaof saturated
K, Fe(CN)g solution and 50 ml of 10 percent d-mannitol solution made by the
automatic injéction valves as part of the p:pe:bitra.tion adélition"sequehce'
of the E526 assembly. Automatic stirring followed each of ‘%hese addit.ions‘.
/ - The pretitration and titration sequences were éhys:-— position 2, 10 ml

s

saturated K,Fe(CN)g and stir;.position 3, 50 m1-}0% d-mannitol and stir;

\ position L, stir and titrate. ,{ .

The operating f:a.rameters for the E526 unit were generally extracted

" from the 'E436A titration qata of Table 5-A. ‘Since the endpoint pH tends

4
/ ‘' to intrease with increasing amoWid under titration, and

.since Table 5-A data shows endpoint pH values from 8.0 to 8.3, a series
a , . :

of titrations involving dead-stop pH settings of 8.2, 8.3, 8.4 and 8.5, N

s and variable volumes of standard boric acid solution under titration, _
i v R
. were carrjed out. ; Table 8-A shows the general E526 operating parameters
ol -
and titration details. Table 7 lists the average values for all titrations

'in terms of ml standard boric acid solution added, dead-stop pH setting,

4
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TABIE 7
] _ T

TITRATION OF VARIABIE CONCENTRATIONS OF BORIC ACID
AT VARIABLE DEAD-STOP pH SETTINGS ON THE E526 ASSEMBLY

]

Vol. H3BOg v°l;é§§§§ecsx°m' ic-:z;ﬁlilxl‘:;ﬁo;m&éll?ag? De:‘:;ﬁgg 2
Ave. * std. dev. . ‘%H3B03 added
2oo 7.63 + 0,03 ., . . 7.89 8.20 &
3.00 1.1 * 0.00” © n.a 8.20
2.00 © 7.6 £0.01 7.89 8.30
3.00 11.53 + 0.06 1.8 S 8.30
2,00 ¢7.86 % 0.01 ‘ ©7.89 . 8.0
3.00 11.86 * 0.05 ©o1.8L 8.40
14.00 A5.68 + 0.02 3 15.79 - . 8.40
2.00 7.97 £0.02 | C ke " 8.50
}
\
AN &/ ¢ P
) -
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i &
actual NaOH solution volumes obtained and calciulated NaOH solution volumes
expected., It will be noted that the dead-stop|pH setting of 8.10 provided

the most suitable value.

Subsequent to this investigation four 3.00+ 0.0l ml volumes of the

standard boric acid solution were prepared, and ."the titrations carried

\

out sequentially and automatically. Table 8-A carrles the detall\s in this

tr
-

connection. The theoretical weight of bOI‘lC acid titrated was:-

0.0750 + 0.0002 g -
l\ \“\_

The average and standard deviation for the H}BOB vailues obtained by
. ), :

automatic titration werei- ) }\.
\ 0.074,7 + 0.0003% g°

representing a relative error of - 7.1 ppt.
t

/) .
&

The commercial nickel plating solutions wére noxjv analyzed on the

E526 assembly. Again, since previous work had indicated that no adjust--
ménts were required subsequent to the KhFe(CN)é and bramocresol purple
additions, automatic pretitration additions for the saturated K Fe(CN)g
and 10 percent d-mannitol solutions were arranged, so that the genej.al
pretitration and titration sequences «duplicated those foi- the synthetic
boric acid solution titrations. The operating parameters' for the E526,
unlt are given 1n Table 9-A as are the tltraticf details. Four\:amples
for each pla_tlng solution were analyzed and, in a.ddltlon,'&'four sample‘s',

involving 3.00 * 0,01 ml of standard boriec acid solution were interspersed

between the LO commercial samples. The purpose of these standard samples

>
‘
1 !
&

. ' 3 Ii)

n



-

was to provide a check on the pos;sibility of drift of the \Eszg%sgttings

. and electrode couple response in time.

This totaled L4 samples carried in 11 raagazines,ki‘ull capacibty

of the E526 assembly sample-handling device. A1l titrations wer> seque-

ntially and automatically titrated upon initiating the program start.
The total elapsed time for the entire run was about 1.5 hours. Table 8
shows the average values in oz/gal(US) for boric acid in the commercial

samples and the individual values of weight boric acid titrated, both ..

actual and determined, for the synthetic control samples. A compariéon )

. with the results obtained by Canadian Hanson is also shown.

The perma.nencyFof the E526 operating parameters, and the lack of
drift for ‘the electrode couple, is indicated by the reproducibility of
‘\' the standard sofution va.'lues. "I'ne ability of the ii‘.526 to locate the end-
point volume within the anticipated +* 0.2 ml or = 0.08 oz/gal is also
indicated. - |

~

Table 9 shows a comparison of the manual, E436A and E526 assembly

values for the analysis of cammercial acid nickel . plating solutions.

k ’ The Canadian Hanson values are included for comparisgon purposes.

&

' Tt will be noted, first of all, that the manual, ‘E?+36A and™E526

values agree well w.i.t:h each 6ther, ‘a.nd within each respective titration
category. This is indicated by the standard deviations and the devia-.
tions "from 'oher overall averages. The single Signiﬁcant exception sur-~

rounds the data relative to the E526 titrations for Sample No. 3. Some"

1
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TABLE 8 -
-4 1{ T~ Ve ‘ "

TITRATION OF COMMERCIAL ACID NICKEL PLATING
SOLUTIONS WITH STANDARD NaOH AND THE E526 ASSEMBLY ”

\

Sample / Boric acid (oz/gal) W7 Boric acid(ox/gal) i«feight boric acid (g)

. . Nou Ave.ts Experimental Canadian Hanson deter. theor.
N 7.8 + 01 - 6. T
2 7.7% 4 0.1 . | 6.2 ’ | i
std. T - 0.0m38 0.0750
3. ioR 62 ..
e B00E00L - 4.9 ;
Std. — ’ 0.0741 0.0750
’ 5. T21% 006 55 T A
"6, 6.91 + 0.08 ' 6.3 b ‘l : o
St ' o, 0.071 0.0750" ‘
-7 5.96 + 0.03 .6 "
s 6.21 £ 0.06 . - 5.2 / )
: Std. ‘ - - 0.0m2 .0.0750 . |
9 9.67 + 0.1 7.0 | ST - (7
10. 6.56 + 0.05 . . 5.5
‘ \ :
. . . ,
Ce . ’
. 1‘ N
S ‘ ,
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TABIE 9-

4

COMPARISON OF MANUAL

x

526 ASSEMBLY TITRATIONS QF CQMMERCIAL ACID NIéKEL PLATING

, EL36A AND E

SOLUTIONS ,IN THE DETERMINATION OF BORIC ACID.

All vatues expressed in oz/gal(US)

]

Dev; from overall Ave.

.
o

Overall

.

E436A (2)

E526 (3)

Can. Han. . Manual (1)

Sample

(3)

(2) -,

Ave. (1)

&

value

No.
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QFFSET FROM CANADIAN HANSON VALUESy

Hanson value

2T
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Overall average

No.

69.

L

Nl\-mm\omOU\O\d

r-l(f\O\Nr—! COtOr—f :
~ N N0 L\ ~ N w

++++++|+++
.

HeE88JRe3EQ

L\l\-mb—l\\o U\\O O\\O

* ® & 2 & o+ o & @ s

[ -




considerable deviation is noted , both within the E526 values themselves -

\ .

and in the comparison of the average for these values with the overall
average for this sample.” It was assumed that same operé.tional or solu~

tion preparation difficulty existéd here.

] . . —

The EL364 titrator technique appears to yield consiste}xtly lower -

] RELWE

r B results thah either the manual or the E526 assembly techniques. 'IT:e

i

\ . significance here is in the direction of the deviation fram the overall .

- average rather than in its magnitude. Specuiation tended to favour the ¢

idea that some minor response lag between the chart and burette drives

o

il RIS

ﬁermits readings of titrant volume from the chart to be scmewhat lower

.than that actually added by the burette. Tests werse conducted involving

v

PR
-

operating the chart and the burette for the full volume span. FExamina-
tion of these charts Phdicated minor discrepancies in coordinated vbs-

ponsé. This was found to be based on s]ippagé (between the chart paper

and the chart driving wheels. Since this instrument does not operate
or drive the chart paper by a sprocketed drive wheel/perforated chart

paper arrangement, -but enpl’oOys rather a friction principle, su¢ch minor

-
| slippages can be anticipated. < ’ s ’
o - ) 5 e T,
2 o With the exception of Sample,No. 7, {111 of the experimental vaiues .
:» for boric acid, and their associated. over:a.l]_~ averages, s}:owed Per;is- \ ¢
F e tentl? and significantly higher bor:f;: acid contents than those reported "

by Canadian Hanson. No speculation can be made as to the accuracy of- '

> -

th7 granting organization values, :since this situation is both unknown :

-

)
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* ¢ ° and incapable of verification. The F436A titrqt;ion results were, however,

based on the a:nalysis of full titration curves, and the location of the,

‘ oo endpoint volume is not therefore debatable. Specula’tlion fhat the repeated

- " warming of the cammercial solutions prior to sampling for analysis may

3 N *have resulted ultimately in solution concentration effects was not
fruitful, since subsequent determinations of chloride and nickel on the

same solutions ghowed~ general agreement with the Canadian Hanson vafues

‘ and, therefore, no indication of concentration effects.

The commercial plating solutions analyzed for H3BO; were such that -

* NaOH or HC1-NaOH adjustment titrations were not required in any inst@nce,

thereby permitting the additon of the saturated K Fe(CN)y and d-mannitol -.

solutions to be made autcmatically as part of the analysis sequence. Such
- 4
a situation could not be considered as general, however,-and it is likely

that, in an E526 automated tecl':nique, only the d-mannitol solution would )

"/ be added autcmatically. ‘Thé addition of saturated K,Fe(CN)y and bromo-

- l - .

" ! cresol purple indicator, and the subsequent examination and, where in- =,
Y ' A,"c
' dicated, titration with NaOH or HC1-NaOH, would be carried out external

<

- to the system and before loading the sample beakers in the automatic unit

. - magazines. .

- A ’(
o 2.4.3 The dePerminatien of chloride .

- "I’he primary function of chloride is to improve anode dissolution by

(Y

M

reducing polarization. It -also increases the conduc{.ivity of the bath,
. |
- and has certdin marked effects at the cathode. It increases throwing
: , j '

‘fefficiency and elec-
i

RS power in dgposition as & result of increased cathode

$ . , {




'j ')
trolyte conductivity. These effects are at their respective maxima in

nickel baths contan.ning nickel as the chloride only.

~ o~

On the other hand an excess of chloride in the bath carries certam

disadvantages not the least of which are, the more corrosive property of

the electrolyte, preventing the use of lead metal tank l{mngs.and coils,
and the tendency to cause a more rapid change of pH during bath use. A
reduction in the éhloz'-ide concentration can causo g prorountl alteration

in the 'na.ture of the cathodic film and an asaoéiated éffect in increaging
the precipitatiou of colloidal matter. . Such precipitated c01101dal matter
can beccme incorporated in the deposit with subsequent reduction in deposlt

quality. All of the se factors emphasme the importance of the analytical

procedure for the determination of chloride. Frequent analysis for chloride

‘can prevent situations such as the .enset of an advanceﬁ degree of corros-~

\
\

v\

iveness which can, on occas:Lon obllge the plater to change the entire

4 . v

batho ) ’ - - < t

The method of .analysis applied as the standard technique by the
ndustry involves its determination by the Mohr method. This’ method is

:ltself one of the oldest volumetric procedures and requires titration of

<

" th sample by standard silver nitrate solution, ‘using internally—added

chrimate ion as the indicotor substance. Again, warming .of the bath solu-
tion|sample :to ensure solubilization of.any sedimented salts is essential.

The.analytical steps' for the standard technique are:-.

°
. '

(1) Pipette 2 ml into the titration vessel.

v

N fo] e




\

0

/
YieldJa [GrOb’ ] at the qupmnt of. ) I . Co
/ﬂ P & . / ’ e '“
: . —-——-——-10'0;’(1’(1)2 x 1000 = 0,00112 ¥ ° \ S
/o - ' .
/ R : ‘ Coe
~ This concentration of Crﬁi— will require, for equilibrium, an [Ag!]
° 5 & .
) given by:~ ‘ B
- Ks(AgGr:O) 9. = R ~
+] = P 2 - 0x 10° o o-5u N
o o [Ag j (&0 j .12x10"3 8.9 x 1

]

‘o - “
.
.

s e .

P
. . A ‘ . * N iy ¢ .
. o . . . . . -
- . \
. \ 2 .
) . R . -

[ v - . .

¢ 1 R .

. . .

N (3) Add 1 ml ﬁf 2% sodium chromate solut:.on. - AN

(2). Add. 100 ml‘ of dilution water. * .

(1) Titrate ith 0.1M silver nitrate solution until a. first\
faint refldish~-brown colour, persistent after vigourous K \ |
ghaklng is a0’ieved. N R

o »
P\ . .
Vd . -

L)

8

. % Tyo i‘actor! are important in this tltratlon pnd these are the
[CrO2 ] at th/ endpoint ‘and the pH of the solution under titration. The

addltlon of a.20r0h required by the sta.ndard meteod involves a mnnb?r

of moles of CrOlz: given by:- / ‘

- ey

: 1ml x s 2h = 0.000123 o]
S 161.97g/mol x 100 ml | ° HOTE

4 ' ?
Y

Th).s represents a volume%? 0.1M AgN03 in’ excess of the eqtﬁva.lence

(3
» I » ' ’
-~ .
»
s
’ -
B

point volume given simply and appromately by :~

% (8 9 x 103 .IKsp(Agcn )x 110 ’ " ’

o.1r°

3
! B

In consideration of ‘an endpoint volume of about 110 ml average, thn.s h

v

-
-

LN
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.~' . . 7L. ~

s To tiﬁ.'s volume must now be' added th‘e volumi“e of 0.1M AgN03 golution
required to yiefd‘aufﬂcient' AggCrO,_'_ to penn.it a detectable endpoint\.
colour, this bbiné*about 0.08 ml according to Dick (25). Thus,a toﬁal .
excess volume of 0. 1M AgN03 , over the equivalence point \mlume, of some
0.16 ml is required to achieve the endpoint iniicati?g at the atandard

A

reqiired addition of 1 ml of 2 percent aodium chromate. aolut.ion. The atan;
dard tébhrdque as am]ied by the olectroplat:l.ng indust.ry does not take this

blank volume int consi,deration, assuming that, since the atanda.pdizat‘lon

volume and the xct'ual fieM titration emipoint volumes will be approxi?(

mately the same, ‘igno}ing the indicator blank in the routine determina-
tions will be offset by nonapplication of the blank in the standardiza- -

Q9

. . .
tion process. y . N

A - '
( . . P 4

1

-

‘I'he second of the two 1mportant titration factors,: :I:“éo thal imrolving
the pH of the tit.réted soluticm and- this derives its impo : ce f:}mm ’ \
the fact that the [CrOh ] a.vailable for the indication reaction. decreases
wit.h decreasing, solution pH according to - |

2- .\ ' k
; 2c:-o _+2ngo+ zic:-oh+m20 s 01'207 + 3H,0 ' \J‘? ]
According to Dick (26) a aolution pHi of about 7 is nonnal con-

sidered the minimmn for eff:.cient use of the available CrOh Mickel

bath solutions very i'requently show pH va.lues of about 4 .80 tha s on 'this ‘ )

account higher bla.nk values of 0.1M AgNO3 can be a.ntlcipated.
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- ° ooy

Deta;x):e relative to the experlmental work associated with the det

4 Jqnination of chlpride are included in Appendix B. ". Tables and I‘lgures ' ST
: \ ‘. ’ ° * .
n > carrying the suffix "-B" are found in this appendix.

E A standard AgNO, solution was px!epared s0 as t.o yield an appfoximate ° .
mola.rlty of 0.1, and this solution was standa.rdlzed against sodium chlo-

- Vj ride soldtion by manual tltratlon using Fajan's method +as outlined in

y A
4 ' Teble 1-B. Fa;)an's method was a ied, rather than the Mohr technique,

in order to éliminate the use of a blank correction, since the ensuing

potentiometric titfations would not require indicator blank corrections.

o

The average molarity found for the AgN03 solutlon together with the

-

L . sta.ndard deviation, was:- = ¢ c & ’ g
k! N Ji o ; . . N .

v

A . . $ :
[ . : - ' , . 001051-&1 i 0.00012 . . ~ ' ‘
o ' U e X, ;

) ’ This titrant was now appliegigin the manual titration, using the ¥

‘ industry standard technique, of the commercial nickel bath solutioris N
provided by the granting agency, Canadian Hanson. These ‘acid nickel bath . & -

splutions were warmed before sampling, and tricha.te determinations were 1
L W '
" carried out. ‘Table E‘B indicates the methodic details, while Table 10 '

s - M

i}romdes the average values and standard deviations obta:Lned toget.her

- 0 p

& with the chloride values reported by Cana.dian Hanson. '

- : . . . o A
2 L LIS . - . r:
N N . " \ - B b
- L A .
. i t"

= - . Tt will be noted that the experlmental values agree well w1th each

-

- .

\ other for each solutlon a.nalyzed. The average va.lues tend to be somewhat 2

hlgher tha,n the grantmg agency values, and this discrepancys appears , in

. general -to 1ncree.se with increasing thomde»content under determination. .-




-

.
% K ;. - 6.
& i s - /
: TABLE 10 , \ |
. ’_/\;N ‘ . ° . L4
- MANUAL TXTRATION{ DETERMINATION OF CHIORIDE
' JIN COMMERCIAL ACID NICKEL PIATING SOLUTIONS ‘ : ;
) >
- f N . ™ “
| , Chloride {oz/gal) . Chloride “(oz/gal) '
. Sample No. ’i Project work Canadian Hanson | ) . 1
- 1. Tt ,l;to.0l 1.2 ‘]
2 20\:3 1073 i 0002 107 . 'i
3. 2.15 + 0.01 »2.0 3
b 2.27 + 0.01 2.1 . 1
n 5. 2.50 + 0,01 2.3 "
6. 2.59 £ 0.01 2.4 )
- B ) 1Y
7. 3026 i Oool r""g 2-9 .
i A LY o
8. '3.34 + 0.01 3.1
9. . 3.87 *+ 0.01 A 3.4 .. )
- ’ \‘t\;: a'/-/ lo; ) 3’57 i ocol 3!’4' > :
4 -
l :\U e - . ’2
DU s - :
: N 4 ¢ , » 1‘
. 9t | h’\-—a K /
, o » . . .
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this aituation will by discussed in some detail later :Ln this aection
and in the Gonclusions gsection.

The procedure used for the ﬁ:anualvatandgrdizati)oh was now applied | . (w
with respect to the E,36A titrator. The prepared AgN03 solution was re—-
standardized against the: NaCl solution, this timé using the b.36A unit
'to obtain full titration curves. The standardization process details -
are given in Table 3-B. The Agl\YO3 solution ,aho;wed a molafity and stan-

dard deviation of:~

0.10567 + qioooa‘*

-

a value which agrees, w.Lthin the limits of error, with that obtained by
t.he manual titration technique. ' ) %ﬁ;

. The theoretical calculations to determine Eceu at t.he Hitration

equivalence point, and the values for + A at + 0.5 ml around the equi-
valence point volume, are outlined in Table 3-B. The average equivalence

point potential found by titrati:;}x curve analysis, together with its
. * .
*standard deviation, is 298 + 2 mV, and this agrees quite well with the

‘theoret.'icgl value of|311 mV. The * &° for + 0.5 ml ‘round the equi~ )

e

valence foint volume was found to have an average and standard deviation ¢
mV and, again, this agrees quite well with the theoretical vaiue

of 88 t/1

‘\,/—-“‘d

g 100 mV. I’)—i—“s-;repgpci\es between actual and calculated values in this

'aréa Jare found to be relatively insignificant, and can usually Be assumed . o
N ., ] vy I ' .

. to. be\due to such factors ags' unéompensatgd Jjunction potentials, the use

\ .
of conc trati}ms rather than activities, uncertainties in mV measure-

' . . \
ment, effects of soﬁution ionic strength, other than 250C temperature, etc.
, o ’ \

M b
%
&._«’ ; a o '

{F,
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The EL36A titrator was now applied in the titration %\1‘ '@he ccm;lercigl
acid nickel plat.mg soluti‘ons. The methodic details and experimen‘bal re-
sults are outlined in Table 4—-B, while' Table il shows the averages and _‘
standard deviations for thé .values“obtained. Table 11 also provides a
comparison betwsen tﬁe(axperimenta.l values aﬁd the .results reported by

the granting agency..- N

- -
X

It will be noted that, when Table 11 results are compared with those
for Table 10, t,he EL36A.values are, first, generally lower than the manual
titrati;on system values and," second, are generally in closer agreement

-
mation relatlve to the E526 assembly results, that the use

- with the grantmg agency values. It can be assumed, subjeél‘to confir-

the maﬁual

titrat&,qn technique tends, in inexperienced hands, to yield highexr wvalues
becau:se of doubts as to the final endpoint colour. In addition to this,

the manual method does inhefen‘tly‘prorvide values somewhat higher than

the real values on the basis of the nonapplicatio’h of blank corrections.

.The average equivalence Poi'nt\uﬂg: of “Ecell from all 6f the com-
mercial titrations on the EhBéA was 290 mV,’ with a standard deviation l
+5 m. This agrees reasonably well mth the theoretical calculated
value of 311 mV and the standardization sequen/ge average value of 208
+ 2 mV. The larger stanilard deviagtion for the comme:f'cigrl plating solu:c.ions
and the greater éiscrepancy between E,o1; actual and calcuiated can bs
attributed to the fa::tors mentioned eatrlier,in conjunétion witl; the much

greater solution compos:i{j:ion variation for the commercial solutions.

~
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TITRATION OF COMMERCIAL ACID NICKEL PIATING SOLUTIONS WITH

) 79.

#
Tu

0.1IM AgNOB IN THE DETERMINATION OF CHLORIDE BY E,436A UNIT
AY

s -
v

“ -Sample No. | Chloride ( gjgal)
\ Pro,ject work
1. ’ .14 0.02
2. 1.63 % 0.05
EN " 1.94 £ 0.0 .
| 206 0.02 -

2.38 + 6.04
.2:5‘*;‘ 0.10
3.04 # 0,01
3.22 + 0,08
3.60 + 0.06
'3.4,0 £.0.07

% ) o, | g
Chloride (o0z/gal)
Canadian Hanson

! 1.2
1.7 0
2.0

d 201

2.3

2.4 s

2.9

. 3-1

3.4
o

-




ik

[p)]

Tne average and standard deviation for the {+ & (£ 0.5 ml around
the equivalence point volume) was found, for.al'l tit‘rations, to work out
to 77 £ 5 mV. This agrees reasonably well with the = \AE value of
88 + 1I'mV found ‘for the standardization sequence. It does show some
eignificance :Ln its diﬁ‘erence fram the theoretical calculated value of
+ 100 mV. Again, it is felt that this difference may be due largely to

[}
the factors mettioned previously, plus the influence of the va.riation

in the plating solution, compositions compared to ‘the constant solution

canposition matrix for the standardization solutions.

3

~ It should be pointed 0\1’0 that the * 4B of Y4 i.5‘ mV implios a
range of 15k mV for & O 5 ml around the equivalence point Wi\&me. This
is. quite jsreasonable, and should allow location of the equlvalence pOln‘b
volume in a preset dead-stop enqpoint titration within 0.1 to £ 0.2
ml of the real value. This uncl'Tainty.in locating the equivalence point

volume ,would lead to an uncertainty in the determination of chloride of:~

[y

0.1 -+ 0.2 m) x 0.1057M AgNGy x 2.3667 = +0.02 - + 0.05 oz/gal

a satisfactory uncertain‘;.y in view of the standard deviations for Ta'oyes
10 and 11. - .

by

The complete sequepce of experimental approaches was now carried out

[5)

in assoc:Latlon with the E526 autanatlc %itration aasembly The operating
parametars for the process of standMMization of the AgN03 titrant were
fc.akon @om Table 3-B data covering the standardiization of this sglution ‘

using the EA36A titrator. These data had indicated an average equivglence

> s b e
gy b e B a2 " il i) Tho,
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point potentiallof + 298 * 2 mV, and an average XAE range for * 0.5 ml
around the equivalence point, volume of’ 176 2 mV. The AE range in-
dicates a tltraj:ion cha;act istic of a fairly sharp “approach to the .
ﬂequ.;walenee point, so that Ee extensive changes in AE/A in this zone R
demar)xd. a reagonably careful approacl{ to the endpoint. The details of

. these preliminary and final opez\'atirig parameters are shown in Table 5-B.

The initial tithations showed that, at the preset dead-stop poten-
tial of + 298 mV, the E526 sy’etem had a tendency to under-titrate to
the extent of some 0.15~ 0.2 ml. ' This was dernohs:h;a:bed, in these pre-

' liminary titratiens , by using the normal addition of di‘chlorfluo‘rescein
indicator and, rwhen the deed—stop endpoint wag obtained, over—_ridi—r}g
. the autaomatic centrols and continuing the titration manually'until’ the

/k‘

indicator achieved its colour change.

’

Further experimental work was carried out, with gradual increases.

*\in the value for, the preset ;)otential for ’:dead—stop. A correspondence . '
i .
| between the two endpoint values was finally attained with a preset
potential of + 320 mV. ane this value had Bgen established, four (4) v
final titrations v}ere .carried out without indica’cor addition, and by
the sequential and automatic technique using one magaz:me programmng.

The a.verage AgN03 molaiity, with standard deviation was found to be:-

M AgNoy = 0.10562 + 0.00046

i1

The fact that the fmal dea.d—stop potential requlred wag -+ 320 mV

. ,iins‘head of the antlcipated value of + 298 mV can be assumed to be due




p

- to the differences :Ln{the titra.\tion conditions and/or “the iflstrumental
response sJystems for th? E436A and E526 u;lits. (""l?\e approkch to th'e .
equivaldnce point is of a different nature for, the two instrumental
sya.tems , and dif.f.‘erences in .approach“may require differences with pes—
pect to the.aettiqgs for the E526 unit. 'Ihiq‘iscrepa.ncy, in this case,
is some + 22n}v‘and, in view oij\the total AE range for * 0.5 ml
around the équi\}a.lence pointiof about 176 mV, is hardly of significance.

\ < . . .
s . The various standardization techniques ylelded AgNOg molgrity values
_of:~ - .
, e s . Manual method 0.105,L + 0.00012 ‘M
+ E436A method 0.10567 + o.oooalb» M
, E526 assembly method’ 0.10562 * 0.0004° M

yielding an overall average and sta:.r‘lciard deviation of o.1051756 + 0,00013 M.
Variance ratio tests (0.95) indicated that .the standard deviation for the
'mo}arity #etermined by the E,36A technique differed significantly from

that associated with the manual method. The '1n§ividual average values
,wer.e ‘in good agreemen€ howevér,: and it-was not felt that the discre-
panciéa’ observed were large enough to warra.nt further investigation by -

<!

. continued testlng. \ , Lo . \

The E526 assembly was now applj.ed in the determination of the con-—

tent of chloride in the cogmercial ac‘J.d nickel plating solutions. ,/No
preti"r.zjation additions ware requlregi, since all samples were prepar&

, o~
ready for titration. The pretitration burette stop stations were therefore™

\

R |

~ ’ i
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bypassed automaticdlly by programming arrangement.

' The operating parameters for the E526 unit were generally as ir:ciicated

" | ' in Table 5-B f?r the _final stendardization titrations for the AgNOB tit-

[: ‘ rant. Thus acpreset dead-stop potential of + 320 mV was selected, this .
% despite the fact that Table L4~-B data had indicated that a value of + 290

., mV might be requ:.red. This selection of + 320 mV was based on the

)

3 , final experimental findings for Table -5-B prg,cedures.
' ‘ l
The general opergting pa.v%n.eters for the E526 unit are given in
Table 6-B. , Three sami:les were /analyzed for e'ach plating solution and,
in ‘addition, six samples involving 10.00 + 0.01 ml of standard NaCl
F, solution at 0,100000 + 0.000018 M were interspersed between the commer-—

cial pegla’qing samples. Again, the purpose of these standards was to pro-

vidé data concerning any possible drift in time of the E526 settings

7}

and silver/silver-silver chloride (3M KC1) electrode couple response.
- .

The total of 36 samples was distributed in 9 magazines. All tit—

rations were sequential and automatic upon initiation of the program

start. The total elapsed time was -approad.mately Ae25 hou’irs. Table -

12 ' shows the average values in oz/gal(US) of chloride and, for the | |

standard solutions , the calculated molarity of AéNOB titrant versus the
. mqlamty determined from the standardization sequence. Included in this ‘ .

S table are the results obtained by the grantlng agency.

~ The permanency of. the E526 operat‘.\.ng settings ﬁﬁd the stability

' o , . of tge electrode couple is indlcated by the reproctuciblllty of the
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TITRATION OF CQMMERCIYAL ACID :NICKEL PLATING
SOLUTIONS WITH O.1M AgNO,; IN THE DETERMINATION OF CHIDRIDE BY E526

1.

2.

; 3.
AN
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/ . o
point we have:- _ | ‘
} . ‘ 5 . : .
. an = (110 ml x 0.0115M) - (12.55 x 0.1M)" _ 4 15 4 10-9u
/ 122.55 ml k ' s
and from : )—thé)jlrields:— . , " o g
X ) ;
[Ni2+] (0.1 ml before) = 8.9% x 10~13M ;
At- the titration equivalence ‘point Cm = Cy, and we hé.ve:.-
2.3 . 110 ml x 0,0115M . <
: b (¥)=73. 122.65 ol -
\ = '0.01031M -"< 8.9% x 1013 .
» = 1.03 x 107%M
since Om <« [Ni(Y)Z"], equation (15) yields:- R
1.0 x 10°M _ Kstab. x Bo _ 3.6 x 1018 x 1.10 x 1078
()2 o T 1a8
Y ) N -
\ 7\ w:
so that Cm is given as 5.5% x 10°7M, and we have:~ .- i
. © : Lo ,;
. _ 1 ’
[M%t] (equiv. pt.) = B,0m = 4,07 x 10715M g
< b
p , A ane ‘titration point 0.1 ml after the equivalence point:~ i
. " t > o - o
[E’m{] _ dcy - (12.75 ml x 0.1M) - (110 ml x 0.0115M) :
| J 122.75 ml o ‘ :
C o= aabx10CM
¥ v ( v
angl.—' D'

. R
[Ni(Y)2-] = (110 ml x 0.0115M)/122.75 ml = 1.03 x 107°M -
!

)
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from which equations (9) and (11) yield:- < .- :
f— g8 o )
Cm = 3.4° x 10 ?yj' .
and we have:-
[Ni?F] (0.1 ml after) = B, Cm = 3.82 x 10717M

Thﬁ§ the value of [Ni?H] changes during the standardization

titration as follows:- s,

. [Ni%t1 (0.1 ml before equiv. pt.) = 9.0 x 10713M
[Ni%*] (at equiv. pt.) = 5.8 x 10-15M
INi?t] (0.1 ml after equiv. pt.) = 3.8 x 10717M

" The reaction of the murexide indicator to this situation can be cal-

culated on the basis suggested by Reilley and Schmid (28) and Dick (29).

"The dissociation of murexide (HBIn) proceeds three stages yielding

HBIn,'.HZIn" HIn®" and In>~. At the solution pi of 11.3 for the stan-

2

" dardization titration, tlll_e indicator is largely in the HIn?" state..The

me‘pai—indicator reaction is:- ,>
+

- N 4+ HIn®™ 4+ H0 & NiIn

0"
- P - .

‘\ ' ,and we ha:vezr- .

’  [MInTI(Hy0H]
( [Ni [ HIn?"]

The third stage dissociation stant, X3, for murexide is given by:-

@




B ' .
Jo= / S
, ‘ . ~ . b 3
. Ha0tJ[ In3-] v , .
N [Hy0')[In’"} K, = 2% 1071, (i7)
[HIn?-] -° , :
4 B o<
and we have, from equations (16) and. (17):- N .

N

' NiIn~ . . .
. . '-[g"‘%" = K/K3 = Kstab. (metal-indicator)
S [N<+][Ino] . - o .
g o = 2.0x100U4

&

' so that the value of K for equation (16) is found to be 6.4

.

' From equatic;n (16) we have:—

. L [MInT] VK o .
[Ni2H][HIn<"] [H;0t]

[NiIn"]' K.[Ni%H]
- (18)

[HI?]  [H301]
; 5 » . .
The colour change range ﬁll occur over interval of:~
. '
) i [MIn™] 1
- v : : —- = —~— to 10
) [HIn<"] 10
‘,‘)
as the generally accepted rangé of change for colour shift detection by
| " {he human eye, and we have, from equation (18):-
. pM = 11.8%1
L L}
for a solution pH of 11.0. Note that:~ \
3 (@j@




at 0.1 ml before equiv. pt. pNi. = 12,0 (
at the equiv. pt. . pNi% = 5.2 °

1

at 0.1 ml after equiv. pt. p = 26, - %

f

P

as calculated previously. The indicator therefore changes colour during
the standardization titration at about the titration point 0.1 ml ‘before

~

4 | the theoretical equ;tvé.lence point volume.

‘Where the tit;ﬂgl of cameercial acid nickel i)l’z{ting solutions .

. . v
Vi are concerned, the situation wil} be samewhat different but not radically

ST EEER R R T R

so. Here we have amou}ts of nickel w}arying from about 5 to 15 oz/US gal.
The amounts of free ﬁﬁa and a.ﬁiinonimn borate, (NH, )4803, existing in each

solution under titration will depend upon the amount of boric acid which

EARE

/ was present in the oz"igi*nal electroplating solution sample. For example,

Ll iy

if electroplating solution contents of B'S'z/US gal are considered for

boric acid and nickel (11), these would yield about 1M solution concen-.
4

trations for each substahce. The use of a 2 ml sample for titration '

Lo sl o

TR

then contributes 0.002 moles each of boric acid and nickel (II).. If
. e |
10 ml of concentrated NH3 and 90 ml of water is added this yields 0.148
n ‘
moles of NH3 and a total volume of 112 ml. ' Assuming all nickel converted? i

to Ni(Mi)Z* and all HyBO; converted to (NH,);BO,, this would'then

yield a pretitration solution containingt-

, ' : [Ni(NH3)§+) 0.0178M

' \ —- N
L (NHh)BBOB] = 0.0178M
[N, = 1.195M

pH = 10,6




N
‘7 ) . a
- -

- o : ' %. -

- ;
so that, insofar as:the manual titration situation is concerned ~ this .
and other electroplating solu.%ion titrations. foé" nickel will show 'slightly
lower eridpoint volumes than the standardization procedure, these being

about 0.3 ml lower rather than 0.1 ml lower. This difference amounts ‘to N

8 - . . rl
a discrepancy of about - 0.loz/gal relative to the actual amount‘ presen .."\ .

“ The need to add ammonia prior"to titration with EDTA is to permi’c:

the titration to be carried out at a 'solution pH con?atible with the

colour ¢hange req;.zj:Sements of the indicator, while avoiding precipita- 7
tion of n:"gckel by hydrolysis action. The quantitative titration of

M (IT) mth EDTA can be‘c_arried out wit.houtﬂthe addition of NHB' if the
solution plf is not allowed to become less than about 3.2. Under such -
c;:ndi'ﬁions, h%)wever, no simple indicator substance is available ‘for

endpoint deﬂ;étion. . ' )

If a nickel lon—selective electrodewers available, this latter
[ , .
titration could be carried out, since such an electrode in..conjunction
. \ .
with a suitable reference electrode could yield changes in Ecell, during -

the titration of Mi(II) with EDTA at pH values >3.5 and <5.5, large ’

-~
-

enoug}"x for easy equigalence point detection. Unfortunately, such an

ion-selective electirode of a reliable nature is not commercially

available, and consideration mist be giveh to an alternate approach.
v a
~-‘ \J

It is posgi:b,le to apply a particular metal ion-selective electrode
in potentiometr}c titrations involving cations forming soluble complexes

with’chelating agents such as EDTA, where the reacting or titrated catiod
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complex is much less stable than that for the metal ibn‘representing

the ion-selective é‘ectr‘odé. Reilley a.ﬁd Schmid (30) developed a‘system
of this nature, using a mercury electrode - reference electrode combina~-
tion, a pretltratlon addition of a set concentratlon of Hg (II) -~ EDTA
complex "to a solution containing the metal ion reactlve w.Lth EDTA to
form a chelate appreciably 1ess stable than the mercury—EDTA chelate,

) and the subsequgnt tltratlon mth standard EDTA solutlon.. Such titra-
tions show excellent A4F shifts around the equivalence point,' the mag-
nitude of these shifts being influenced favourably by the larger ‘degree
of’ separation of th‘e. two stabiljty constants. Difficulties associated
with the Hg electrode occur, howsver, and‘in additi\on such an open-cup

. ¢ electrode for mercury would be poorly adaptable to an automated beaker--

handling technigue.- ’ , /

Titrations g this general .ty-pe c;a)z‘;be carried c'>u'b using other
ion-selective eiectrodes, and under conditions where the stability
constants for the cations titrated may be higher of lower than that for
the metal associated with the particuiar jon-selective electrode chosen.

s Baumann and Wallace (31)-deescr1bed the use of a COpper(II) ion-selective

“y electrode in the tltratlon by EDTA of a number of metal cations. Fo?
those with metal-EDTA stability constants greater than that for the
Cu(II)-EDTA complex, a amall s;t addition of Cu(II)-EDTA complex was

. " made prior to titration; for those with stability constants lower than

/ tha{:\ for Cu(II)-EDTA a larger set ‘addition of Cu(II)-EDTA complex was '

made. ' These titrations were ‘carried out at pH 5 for hydrolyzable metal

cations tested, and at pi 5 and pH 10 for those which were nonhydro-

Y

lyzable.




L

\ .
Ross and Frant (32) described the use of the copper(II) ion-selective

electrode in the titration of varfous metal cations by TEPA (tetra-

etﬁylenepentamine) and by EDTA. Such t:itra.tions were carried ou‘l". at a '
,variety of pH values, using ammonia-ammonium 6alt buffer solutions as
additions for high pH titrations involving hydro:'Lyza}:{le cations.; In
general, addi.tions of a cLopper(II) indicating solution preceded these

. titrations; the indicating solution consisting of a volume of 0.1M

+ Cu(NOg), §olutior; previously titrated to 90-99% completion with the

/ appropriate chelating ti‘orpnt: This indicator was ‘added in a predeter—“
mined set tc;tal copper. concentration varying fram 1-10% of fhg approxi-
mate concent;ation of the metal cation 't:o be titrated. -

It was decided to 1nvest1.ga.te this latter technlque : connection’
with the automated analysis of acid nickel electroplating solutions for
nickel. Since the technique involves the possibility of both EDTA and ’
TEPA titrations, the investigation was planned so as to apply EDTA '
titx;ant according to Baumann and Wallace (31), and TEPA.5HCl and TEPA
generally according to Ross and Frant (32). Appendix C covers-all of

the experimental work conducted in.these connectiohs.

The first series of tests was carried with EDTA as the titrant.
The titrant was prepared as an approximate 0.1M golution. For standar-
dizatioh purposes a cbpger(II) solution of 0.10000 + 0.0dOOSM and a
n.ickel(II) solu'tior: of 0.09996 + 0.0000LM were prepared. The prepara-

tion of these solutions is described in Table 1-C of Appendix C.
7

Standardization of the EDTA titrant solution was now carried out

8]
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using an Orion 94-29 Cu(IIL) ion-selective elect:;ode, an Orion 90-02

double-junction reference electrode (10% KNO3), and the EL36A rec?'di'r;g .

titrator. Samples of standard” Cu(II) sqlution were taken, a suitable

A da B L

solution pH was obtained by the pretitration a‘ddition of 0.5M NHB/O.:LM.

i, C1 buffer solution, and the final solukion was tested for.pH prior -

to tltratlon. Table 2-C 1nd1cates the stan ardlzatlon details. . The
g,
EDTA solution was found to have an average molarlty and a standard ’

@

. deviation of:-~ . 3
1\

. 0.0901> * 0,0001°

4 -

-

* e i
The av%rage fF change for #* 0.5 ml around the equivalence point:

" \
volume for these titrations (starting pH &) 9.8 average) was = 53 mV,

p

or a spread of 106 mV. . / y

3
b 9

A copper(II) indicating solution y&s now prepared by titrating a
\' - /‘3—\‘ . ,
sampleg‘/fi;‘gtandard Cu(’Imolution td approximately 95% completion with )

standard EDTA solution. The 95% extent of titration completion was as
7
generally reconnnended by Ross and Frant (32) " The preparation ofythis

solutlon is described in Table 3-C. The final solution contained Cu(II)?
on the basis of:~ - .

. “ |
1ml = 0.0012'9(1 0.000003 g.Cu

\

The tit;'ation of nickel solutions was now carried out using 20.00
+0.02 ml of 0.09996 % 0.00004M Ni(II) solution, 20 ml of distilled
water and volumes of 0.5M NHg/OlM NH, C1l buffer solution varied to pro- °

vide starting solution pH values of 9 to 10. v‘}!‘o each- solution; prior ,

P

to titration, 5.00 * 0.0} ml of Cu(II)-EDTA indicating solution was"
% . A [ - h

* -
\
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" kimadely) present in the solutions to be titratgd, and was in accordance -

© an average of ap°prox1'.matga']y

o * ,
LR ~ I ‘ )
. . ) ‘ ' .-100.
M i BN
added. This addition represented 5 percent of the nickel (0.117 g appro- -
. /"\ .

with the Ross and Frant (32) recommendation of a total copper of 1-10%

#of the total nickel to be ;citrated. Table L-C :;mdicatues the ’cit(a‘bion
data involved, with Table 1 showing the prebitration solution pH values,
the calculated nlckel values and the average AE values for % 0.5 ml

around each eun.valence po:Lnt volume. : J .

.
*

Le N * ) i

X

. Several factors were, noted relative to these t:l.tratlons. Flrst of"_"___’._,,;::* 3

all, the calculated n:Lckel values 1Weerm5.—g’n'iflcanﬂy
lower &a‘n the actual value -mth the tl\tratlons involv:mg the lowest
sta:rtlng golution pH at 8:9 shomng the gres{cest dlscrepanc1es. Second,
the average + AR values for + 0.5 ml around the equivalence po:Lpt vodume
are significantly less than those nobed for the sta,ndard'.fzati.gn titra-
tions ‘against Gu(II) solution and| again, the 8.9 pi solutions show the

least + AB spref'ﬁs. ’Ihjl.rd, and q' disturbing situation, ‘:vas the erratic ° T

nature noted for the Ecell valuexls at the equivalence points, varying as

~ 338 mV to - b,35 mv.

- l

+ 28 mV, it is apparent that this rela-

. they did from Considering the * AE valﬁes at

tively low *+ AE together with®the erratic equivalence point Ecell would

render titrations of nickel almost impossible to carry out by a preset
dead—stop endpoint potentia} technique.

] -

-

Examination of the titration curves for the standardization titras

“tions had shown reagonably wel.l-defiried‘ equivalence point changes. The

.éugvesﬁ‘ for the -nickei;‘@itrationé e;howed R however'rather p‘oorly-,defined
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. ' TABIE 1L \
.’ _* ] I 4 e a =
LR
. DETFRMINATION OF NICKEL - SYNTHETIC NICKEL SOLUTIONS IN~ |
” ©t JNTTRATION- WITH STANDARD EDTA SOLUTION USING Cu(II)—EDTA
. " INDICATING SOLUTION, ; Cu(II) ION-SELECTIVE ELECTRODE AND’ -
’ THE EL3 A RECORDING TITRATOR
. -
e Varlable pH’ 9-10 at tltratlon start -
“  Actual ‘amount of nlckel(II) under tltration = 0.1174 * 0.0008 g ; ¥y -

I3

pi-at < Ecell ef:luiv.

3

Calculated value Ni - Ave. *+ AE for * O.

start ..-pt. (mV) (g + 0.0003) ml saround eq. pt. (mV , - .
. 849 - 338 o 0.1032 18 '
T~ 8.9 ~ 340, 0,1032 . 18
. ' N o/ oo . .
%9.0 . = 34,0 0.1%33 AL~ a2 .
-9.0 - 360 .0.114L . 29 ‘ .
9.0 - 360 , o.aan 28
9.3 ~ 382 0.1138, 27 e |
9.3 - 365 Q.1143 27 -
© 9.3 - 390 0.1138 21
’ »
9.5 - 360 0.1130 28 )
9.5 - 377 0.1132, . 29
905 = 380‘ ., Y 0.1]_211. 27 . v -
10.0 - W33 ~0.1138 30 &
10.0

135 0018’ . 3

@
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changes around the equivalénce point._ Z gure 3 indicates a genexé). curve

'£6r a standardization titration, whi gure L indicates a general curve

“

for a nickel solutidn titration. The curve characteristics will by duly

-

"noted.

In order to explore these difficulties as they would affect the

det,ermina%ion of ni{:kel in acid- nickel bath plating solutions, several -

&

of- these_latterﬁ werd t:&rated and the values obtained for nickel in
oz/gal (US) were compared with the ;"eleve.nt Canadian Hanson analytical
\qata. A new EDTA standard solution was prepared and standardized against

2" Cu(I1) as shown inTable 5-C. The average molarity and the standard de-
\
.\\ ~

viation for this solution was found to be:- - «

' .

2 ©0.10332 + 0.0005% ,
.A & (3 -
} © Table 6-C shows the experimeﬁgal set-Rp anq data for the titration

o

of acid nickel bath plating solutions, with Table 15 showing the essential
" data in terms of starting solution pH, calculated and Canadian Hanson e
' x
‘ nickel contents, Ecell at the equivalence point and the |average AE for
, . < L 4

+ 0.5 ml around the equivalence pdint volume. -

N
w

The calculated nickels in oz/US gal showed, eiccept for the 9 pH .

solution titrations , reasonable precision within each group and quite

# - good agreement ;rith the appropriate Canadian Hanson data. The 9 pH

’[ h solution (L.l oz nickel/US gal) group ghowed poor precision and poor
agreement with the granting agency value. The =+ AE values showed a
very low range for + 0.5 ml around the equivalence point volume, the

"av‘ age value being only * 1 mV. This low value, coupled with. an

R SR

J *
Rl R
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TABLE 15
. ) \ . ~. .-

DETERMINATION 'OF NICKEL IN ACID NICKEL PIATING SOLUTIONS

—~ TITRATION WITH STANDARD EDTA SOLUTION USING Cu(II)-EDTA

INDICATING SOLUTION, Cu(II) ION-SELECTIVE EIECTRODE AND
THE F.,36A TITRATOR ,

Variable pH at titration start
" o o
Ave. & + 0.5
pH at  Calc. Ni  Canadiay Hanspn Ecell at eq. ml around the
start (oz/US gal) __Mi (dz/US gal) _pbt., (mV) eg. pt. (mV)

0 14.6810.09 ]L.l - 326 + 10 :
%o \15.9910.09 . ' - 316 o+ 9 - .
9.0 14.9840.09 ©* - LOO + 16
) 9.0  14.9040.09 . - LOO + 13 ‘ ;
9.0  14.2740.08 . - 396 + 16 .
-9.3 11.64,10.08 11.6 - 382- +15
- 9.2 11.9410.08 - 368 + 15
9.2 11.6620.08 /\376 + 1,
9.3 10.4740.07° 10.6 - 386 * 16
9.3 10.4140.07 - 388 + 1
9.3 10.4310.07 - 376 + 16
9.5 .+ L.7610.04 5.1 - L00 - + 16 ‘
9.5  L.72t0.04 : - 1,00, * 13 1
9.6 L .8630,0) - 396 + 736
9.6 + 16 -

5-02i'noa+ - LI-16
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o

equivalence point Ecell value va.rylng from ~ 316 mV to - L16 mV as

.

extremes and -~ 376 mV to ~ AOO mV generally, would create 1nsunnount—

. able problems if a preset dead~stop endpoint technique were to be

.

applied to this-titration system. < © - \.' o o

1
v

It was felt that the'reiatively/min_or difference in the ED'}‘A sta~-

bility constants for copper (6.2 x 108) and nickel (3.6 x 1018) weére,

together with the high concentrations of nickel(II) involved , responsible
for the small AE values around the equivalence point and the associated

difficulty in interpreting the titration’curveé. Figure 5 shows a

,
Ez
sz
i

typical titration curve for the Table 6-C experimental work, and the

e TRE

poor curve characterist:ics in the neighbourhood of the equivalence

r

point can be noted.

-

It was decided to explore the use of TEPA as a titrant. Here thé
\’%\much greater difference in the stability constants (6.3 x 1Q22 i‘oz"

. copper and 2:7 x 1017 for nickel) would provide, even with high {ﬁ.ckel
concentrations, good curve characteristics and larger AE values for
critical points around the equivalenci; point volume. Ross and Frant (32)
had prepared their TEPA for titrant purposes by purifying the available -
technical grade to a TEPA.5HC1 salt. This salt would'appear to present

‘ ‘ the possibility of problems-in that such a highly acid titrant would;

i ML AL e S i S A e b6 e e T i

in order to avoid serious pH changes during titration, require that
" the solution titrated be very strongly ammoniacal at the start. Such

strongly gmmoniacal solutlons could provide for difficulties with respect

o8

. to competition between the ammonia complexes and TEPA complexes for the

s R W W TR T AT

: copper and nickel cations in solution. |

) T A b W A 2o
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Tt was therefore decided'to carry out a very brief investigation

using technical grade TEPA as the titrant, this in order to obtain

some picture of the possibilities relative to AE changes around the
* Yy

3 equivalence point. An approximate O.1M technical grade solution of

o ~ TEPA was prepared, and th'is,solution was used to titrate samples of

0.1M Cu(II) solution. Table 7-C shows the preparation and titration

data involved. It was noted that the lower amounts of copper pro-

-

vided. titration curves with large AE values (+ 80 mV to t+ 50 mV for ‘
' + O.'S ml aro‘und the equivalence point volume), while larger amounts

of copper resulted in AE reduction to the point (+ 15 mV) where the

value was comparable to that obtained with EDTA in the titration of

. acid nickel bath samples. It was felt that this might have been due '

to the starting solutions containing ihsufficient NHB to properly cover
the acidity of the copperA(II‘) solution added. The Ecell value at the
titration equivalence points was, however, reasonably reproducible for

all titrations, and the titrant volume at t\lge equivalence\point for

each titration amount of copper(II) was consistent.

In order to determine whether or not an incredse in titrant cencen-
tration would permit the larger amounts of copper tq be tiprated with
improved 2E vaiues a stronger (0.2M approximately) titrant was prep‘:aredN
and: in addition, the pretitration solution was adjusted to 9.5 pH;w:'Lth

. NH3. ;l‘able 8-C shows the preparation and titration data. A considerable
mprovement in the 2B value (+ 30 mV) was noted, with continued- pre-
1 cision relative to the equlvalencé point volume and Ecell values. It

w'as felt that th‘is improvement was due more to the controlled solution

pH at 9.5 than to the increased titrant strength. : / .

.
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A brief series of tests was now conducted to determine the ability

of the technical grade TEPA titrant to titrate synthetic nickel(IT)
solutions. , No intention was implied here that these titrations would

yield quantitative data; only that the titration curve characteristics

‘5
'y
24

and + AE data might be loosely determined. Accordingly,‘ the stronger
<

TEPA tibrant prepared (Table 8-C) was used to prepare a Cu(II)-TEPA

indicating solution by titrating a sample of standard Cu(II) solution ‘

4
to an approximate 95 percent extent. The preparation of this solution’

is outlined in Table 9-C, and the final solutién contained total copper \

-

on ,the basis of i= i ) ;
4
: A lml = 0.0008,7 % 0.000003 g

The synthetic nickel solutions to be titrated involved the proper

' : © addition of Cu(II)~TEPA indicating solution and amounts of NHy aimed
. .at yielding a pretitration solution pH Oof about 9.5. The preparation )
and titration data are presented in Table 10-C. Reproducibilitj of

the equivalence point potential and volume values will be noted. A

slightly improved AE for + 0.5 ml around the equivalerce point volume

) .
J (+ 30 mV) was also noted. Titration curve characteristics were im-

J4:
ks

proved, but still not quite suitable for automation.

It was decided now to apply the TEPA.SHC1 titrant described by Ross s
and Frant. (32), in the investigation series, despite the fact that the
high acidity of this titrant could be expected to present problems with
resfnect to maintaining a reasonable solution pH during high titr!gnt,

N,
volume titrations. Accordingly, purified TEPA and TEPA.5HC1 were pre- @

pared by the technique described by these authors and outlined in Table

11~C. . 7
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This purified TEPA.5HC1 was now used to prepAre an approximate -

- N 4
0.2M solution. Table 12-C outlines the solution preparation, the

. N K .
preparation of Cu(II)-TEPA.5HC1 indicating solution and the standar-

’

‘ .dization of the titrant against standard Ni(II) solutions. The final

average molarity and the "standard deviation were:-

-

)

0.1780% + 0.00091

The tested pH of the titrant wds 2.2. Table 12-C data shows good pre-

cision for both the equivalence point Ecell and volume values. The 4
AN

value of + 30 mV for + 0.5 ml around the equivalence point volume is “

still a little short of what might be felt to be ideal for automation

purposes.

This titrant was now used to explore the titration of acid nickel

plating solutions, where the volumes of TEPA.5HCI titrant required
would be much higher than that used in the standardization process,
and where thé influence of titrant acidity might become important. The
‘:j' ‘ values obtained in these titrations of commercial solutions’ wepé com-

pared with the Canadian Hanson values. Table 13-C gives the experi—

mental details involved, 'while.Table 16 shows essential data in terms
of calculated and Canadian Hanson valﬁes, Ecell at equivalence point

-

* "and A for £ 0.5 ml around the equivalence point volume. hY /

Mtrations indicate reproducibility of the titrant volume
for each analytical group. There is a tendency for Ecell at the equi-
yalence point to drift to higher negative values with increasing volume

of titrant used, and there is a tendency for the calculated results to

.
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| TABIE 16
. ‘ «
. DETERMINATION OF NICKEL 'IN ACID NICKEL PIATING SOLUTIONS - BY . s
TITRATION WITH STANDARD TEPA.5HCL SOLUTION USING Cu(II)-TEPA. , E
3 , 5HC1 INDICATING SOLUTION, Cu(II) ION-SEIECTIWE ELECTRODE, THE: - &
: By36A TITRATOR. INFIUENCED BY TITRANT VOLUME ACID ADDITIONS :‘
Calc. Ni Candn. Hanson ' Ecell at the  + /& for * 0.5 ml
(oz/U5 gal) Ni (0z/US gal) 9. pt. (mv) around eqg. pt.(mV) .
i 10.73 + 0.08 9.0 ¢ ~ 256 27 .
10.66 + 0.08 - 252 . 25 - N
- 10.66 + 0.08 - 252 21,
E 11.30 * 0.08 8.7 - 252 . 23
- 11.29 * 0.08 ] -2 22
11.22 *+ 0.08 A - 252 23
14.02 % 0.09 - 247 2
A 14.06 * 0.09 247 T 22 :
“: 20.7 i Ool ‘ - 276 :U+ ' \
21.0 * 0.1 L - 2609 15 .
11.5, + 0.08 .- 9.7 5 - 25, . 2,
. 11.28 + 0.08 ) - 252 26 . :
11.29 + 0.68 - - 252 c2h
* - ]
- \—/ -

a




become increasingly higherffﬂan the %ranting ggency ‘values as the

- titrant volume consm}yed becomes greater. The generally high results

" and the drifting tenéencies noted with respect to\'incr‘.easing titrant
vo]:wne consumed were thought to'be due to the acidity of the titrar{i: L '
relaf:ive to the fixed starting pH for the titrated solutions. The
A Yglues were mich bettex\' than tflose for the corresponding Eb’I‘A titra-

tions (Table 15), although the titrations involving the highest volume

of tityant showed much lower 4B value\
‘ -

In order to explore the effect of changing solution pH during a
titration, as causm; titrant acidity, a series of acid nickel bath
) e vl
solutions was prepared under conditicns where the pretitration solu-

. ! .
tion would contain an amount of ammonia and ammonia/ammonium chloride /

buffer adequate to the control of the acid contributions from the .

Km0

titrant volumes consumed. Based on the possible addition of 40 nl

- »

t

approximately of TEPA.SHC1 titrant at a pH of 2.2 in titra%,i'flg 2 ml

of an acid nickel bath solution conteining 14.1 oz nickel/US gal, the
use of a pretitration addition of 8 ml of 2:1 NH3 and 25 ml of O.SM‘_’
NH3/O-3M NHhCl\buffer would more than adequateiy cover th'e situatio?

i . , and, indeed, any situation involving lower nickel content samples.

e Table 14~C provides the preparation and titration detaids.for the Y

] ° treatment of acid nickel bath solutions under the 'above\ conditions, .

<

N with Table 17 showing relevant details including the calculated and

. ‘ granting agency nickel vaiues, the starting ar;d finishing values for
sqlution. pH, the Ecell values and the averagé AE for i‘O.‘)' ml around
the equivalence point volumes. i

4

.
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TABIE 17

. DETERMINATION OF NICKEL IN ACID NICKEL PLATING SOLUTIOI\B BY °
~r=.ia . . TITRATION WITH STANDARD TEPA.5HC1. SOIUTION USING Cu(II)~TEPA..

5HC1 INDICATING SOLUTION, Cu(II) ION-SEIECTIVE EIECTRODE, THE
E,36A TITRATOR. UNINFLUENBED BY TITRANT VOLUME ACID ADDITIOI\E
N _ pHat pHat oz/8 gal Ni . Ecell at the * 4B for # 0.5 ml
X . ' start finish calc. Candn, Han. .eq. pt. (mV) around eq. pt:(mV)
5 10,2 9.5 13.8610.08 1.1 / -*M3 .
5 10.2 9.5 13.7840.08 ‘ ~ 230 2L
10.2 9.5 13.4110.08 ~ 230 2,
E | 10.2 = 23l 26,
& ( o 10.2 /=225 25
g 110.2 ~ 260 31
E ' 10.2 ~ 266 29
. . 10.2 - 256 30
-3 # . -
’Zf N 10.2 9.6 907,8100% 9.7 bl 21+0 27
‘- 10.1—!— 9.8 9.87:‘:0-% ¢ - 214.0 H
lo.h 9'8 9.gzi0.% - ’_21;2 ’
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Several important features, attributable to the adequate buffering

of the‘ solutions in ordexr to accept the acid titrant additions, can be
° - noted. First of all, the solution p‘H is reasonably stable from start -
. to\f\inish of ?ach.ti‘trq’hion, with each ti.%rat}on ending up between 9.5
v, and 9.-8'pH . Secondly, the equivalence point 'volurx;es and potentials are
reasonably reproducible. for each titrat:iofx["group.’. fIhirdly, the calcu-
1a.’cédv and actual values for nickel agr;ae quite‘well and without radical
variation with increasing nickel determined. Fourthly, the 4B values
around the equivalence’point volume, while not high, are consistent and,
ot :I'i\nally, th:e ‘Ecell v.alues lat the equivqience point are generally similar
for all ..t'i't,ra'j",ions. . \

a
L

The ‘g.er'leral difficd];\t:y with this type of titration centers largely
around the relatively small 4E shift around the equivalence point. This
emall spread, Pelative to vhat might be expected from the stability
constant differences for copper and nickel, could originéte wit}; the

“large cohcentrations of I\m3 required to guarantee a solution pH of aBout

9.5 regardless of the titrant volume‘consumedl , and the competition .
between TEPA and NH3 in copper and nickel complex formation. This

problem could possib]?’y be minimized by the use of purified TEPA rather

e TG TR T S,
o
“

+ than TEPA.5HC1 as the titrant, thus removing the need for large pre-

‘ - titration additions of NHy and/or NHy/NH, Gl buffer solu{ﬁons.@'rhis

$‘ ’ \ general position was indicated durjng the prior expéri_mental work in-

’ . . 3

: volving impure TEPA as the titrant substance. )

' \
~ . , . . @ d ' .
) . In order to carry out a camnplete series of tests in this apparently

o -

kﬁ‘" P W, g?i}e V% A, v ‘ 'e, ~»
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promising directior, a standard TEPA solution was prepared from the
sdistilled impure TEPA obtained as described in Table 11-C. The prepara~

tion of this solution is outlined in TableLIS-C, along with the stan-

o

dardization of the TEPA solution against c0pper—(II) solution, the pre-
paration of the Cu(IT)-TEPA indicating solution and the standardization

of the TEPA solution against nickel(IT) solution. The Cu(II)-TEPA

)

indicating solution contained a total copper given by:-

. -t

1ml = 0.001270 + 0.000003 g

- wThe standardization of!"the TEPA solution against standard Cu(II)
!
solution yielded an average molarity and standard deviation of:-

. 0.0680° + 0.00023

while its standardization against standard Ni(II) solution yielded an

[ 4

average molarity and a standard deviation of:-

. )
0.0660° + 0.00057

\IThe ;-eproducibility of the equivalence point volumes and potent:'%_als
was found to be excellent for both copper and nickel standardization
processes. The AR values for * 0.5 ml around th%“‘equivalence' poin£
volume were excellent for .the copper standardization’process (168 mV
-average), and ,reasone;ble (£ LO mV average) forythat involving nickel.

The solution pH for both standardization groups remained at approximately

9.5 frEm start to finish.

Commercial acid nickel plating solutions were now analyzed using

-
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the same"I’EPA fj.trant at its nickel standa\.rdization molarity of -
0.0660° + 0.00057. " e procedure applied is outlined in Table 16-C,
. as i:; the test data.h Table 18 shows relevant data flor these tests.
It will be noted that the equivalence point poten‘bi'als‘ and volumes D
are reproducible for each solution group tested, and that the Ecell
j for the equivalence points 6f all titrations varit;s ve:;'y little. &

Agreément of these Mell values with thét obtained during the Ni(II)

A4

standardization process (-~ 190 mV approximately) was very good. 'i'he

£F values for + 0.5 ml around the equivalence point volume éveraged

‘out at about +'33 mV, "comparing favourably with the AE for the Ni(II) .
standardization process (+ LO mV) and giving a sprt;a;i for + O\.5 ml of

66 mV. This spread should be high enough to permit adaptation of the-

technique to the automated preset dead-stop endpoint method, and this /
is paricularly the case when the reproducibility of Ecell at the _ /
equivalence point is also considered. In all titrations the start to “

finish solution pH did not vary appreciably from a vaj.Lue' of 9.5.

-

At this point it was decided to_carry out a series of tests to
determine the applicabilify of the purified TEPA titrant to.the E526
j : .

y

preset dead-stop automated titratioy arrangement.

-~

’e -
A solution of purified TEPA titrant was prepared .. The preparation,

standardization against Cu(II) soIution and standardization against

Ni(II) solution are cutlined in Table 17~C. The standardization against

Cu(II) solution yielded an averaée molarity and standard deviation of:- \\

& T

: 0.071772 + 0.0007% -
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) TABIE 18
e

DETERMINATION OF NICKEL IN ACID NICKEL PLATING .SOLUTIONS BY N
TITRATION WITH STANDARD TEPA SOLUTION, USING Cu(II)-TEPA ‘
. JINDICATING SOLUTION, Cu(II) ION—SEIECTIVE ELECTRODE, CONSTANT
ADDITION .OF 0.5M NH,,/O 3M NH, C1 BUFFER AND THE Eh36A TITRATCR

~

pH value start to finish - all titrations

Ave. = LB for + 0.5 ml
around eq. pt.

-

9.?‘.

*  (oz/US gal)
Cglculated Ni Canadian Hanson Ni
1.2 + 0.2 .1
' 1.2 + 0.2
11.9 + 0.1 1.6
3 11n8 i Oal y
i 12.0 = 0.1
? 10.5 + 0.1 10.6
; 10-14— i— O.l -
: 10.4 + 0.1
1 -
J 1.99  0.05 5.1
: L.97 + 0.05
3 L.94 + 0.05
; - 8.81 + 0.09 9.0
, 8.85 + 0.09
8.7, + 0.09
' ~8.80 + 0.09 8.7
8.70 +.0.09 .
) 8.71 + 0.09
.801-|r9 i 0'09 8.3 l
8.52 + 0.09
18,4 *+ 0,09
, 12.6 + 0.1 12.9
12.6 *+ 0.1 '
. 12.6 £ 0.1, )
- 9!5 i Ool 9.7
- 9.5 + 0.1
9.5 + 0.1 -

33
30

33

3L

3L

31:‘

36
36

32
32
34

. 30

36
34

34
33
33

30
3h4
30

3L
31 -

. 30

30

© 32

34

Ay

4

()‘,z “
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while that against Ni (I}) solution provided an average molarity and

a standard deviation of:- .

-

0.07528 + 0.0001° B |

For both the Cu(II) and Ni(II) standardization titration'sequences,

the solution pH values at start and finish remained around 9.5. The

Cu(II) titrations showed an average equivalence point Ecell value of
- 260 + O mV, with the Ni(IT) titrations showing an average equivalence .

point Ecell of - 222 = 2 mV. The ZE values (% 0.5 ml around the equi-

valence point volume) were i+ 54 mV for the Cu(II) titrations and = L5

mV for the Ni(II) titrations. Both, sets of /E values showed very good

precision. o
o£3
0 ’ B

s

These standardization processes were now.repeated using the E526~ -

automatic ‘titrator system. Preset dedd-stop endpoint potentials were

—.

applied as indic:atedqby the equivalence poi,.nt potentials i‘}zthe prior
fi

F436A titrator applications. These were subsequently modi as in-

dicate&\{y exploratory tests. These tests showed optimum preset dead-—
stop endpoint potentials of - 24,0 mV for' the Gu(TT) system and - 220
v (unchanged) for the Ni(II) systems. Table 18-C provides the experi-
mentai seb-ups and .dat“a for these standardizations. The average molarity

and the standard deviation for the E526 Cu(II) standardization was:-— .ot

e
, ' Y ’

“ -

0.0771% + 0.00037 ,

»

and agrees, within the respective standard deviation limits, with the
/

value obtained for the Cu(II) standardization procedure'involving the

EL36A titrator. The average molarilty and the staniiard devia[tion for
& . 7 » R .

™~

I




~the Eﬁﬁ‘; Ni (IX) standardization was:- I

e

o~ * . T
“ ¥

.

Q . )

omhl +'0.0008" :

"

LN

and this also agrees, within the respective standard deviation limits,
with the value obtained relative to Ni(IX) standardization using the

EL36A titrator.

The E526-~automatic unit was now used in c.onnectioh with the énalysis
of commercial acid nickel pla[ting solutions. Table 19-C indicates 't;he
expf?a,r:imental data, with Table 19 showing 'the comparison between the
calculated vall'xes of nickel and those obtained by the grantipg agency
laboratories. Samples were analyzed in triplicate for-each plating
solution and, in addition, six samples involving 10.00 % O.OL ml of
0.09996 + 0.00004M Ni (IT) solution were interspersed b\letween the
plating solution samples. The purppse of these standard solutions was
to provide data I;elative to thg pre.c‘ision of the method, any possible =
drift of the E526 settings in time and any instability of the Cu(II)

ion-selective/double—junction electrode ‘couple.

The total of »33 samples was distributed in 9 magazines. ARl of -
the titrations were carried out sequentially and automatically upon

progran "start" initiation. The total elapsed time was about 1.5 hours.

A}

The stability of . .the E526 operating parameters, and the stability

S8 the electrode couple, are indicated by the reproducibility of the -

" standard Ni(II) solution values as.given in Table 19-C. The avexage

TEPA molarity and standard deviation for the six standard solutions

k Q
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> ~ TABLE 19 - TN

e : (
DETERMINATTION OF NICKEL IN ACID NIGKEL PLATING SOLUTIONS BY
TITRATION WITH STANDARD,TEPA SOLUTION, USING Cu(II)-TEPA .
INDICATING SOLUTION, Cu(II) ION-SEIEGTIVE ELECTRODE, CONSTANT
ADDITION OF 0.54 NH3 /0.3M NHLC]. BUFFER AND THE E526 ASSEMBLY -

. Calculated Ni © Canadian Hanson Ni .

R e N s e A MR g v T I i R W o AR STyt T -
.

‘ ' (0z/US gal) (oz/US gal)
g © 1.2+ 0.3 ~ 1.1
Uik 0.3 \ .
lh.l i 003
' o N \
. 11.6 £ 0.2 "11.6 ‘
. 11.7 + 0.2
11.6 + 0.2 /
é 10.8 + 0.2 10.6 P
= 10.6 *+ 0.2 : K
- 10.6 + 0.2 ‘ .
3
5 . ‘0.85 + 0.09 5.1
; . L.95 £ 0.09 . -
4-98 £ 0.09" LN
E 8.9 + 0.2 9.0 ‘
i v 9,14 0.2 - . ~"§”~\
1 ¢ 9.0 + 0.2 ! 7
' : 8.8 + 0.2 8.7 - -
N : 8.8 i 002 ) L1 ‘ -~ bl
8.7 + 0.2 ] }
7 8., + 0.2 8.3 -
8.5 + 0.2 . :
8.5 + 0.2 )
12.7 + 0.2 12.9 b
, . 12.6 + 0.2
j 712.8 £ 0.2 ‘ " '
J ‘) -
; 9.8 £ 0.2 9.7 )
’ M 9.6 i 0-2
N 9.6 + 6.2 .
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was 0.0763 * 0.0004, agreeing well with the E{lﬁble 17-C values of

6

. 0.07528 +'0.0001°M and the Table 18-C values of 0.0760¥ + 0.0008"M, ,

with these being respectively the Ni(II) solution standardizhtion ]

values for the E436A a.ndAthe E526-~automatic methods. y
¢

v

It will be noted that, for each acid nitkel-solution tested, the

endpoint volumes show good agreement, and the calculated values for
- nickel in oz/US gal agree well with the respective Canagian Hanson

s values. The rather large uncertainties 4in the calculated results

<

derives from the large uncertainties in the sample volume taken (1:100)
' 3
and in the titrant molarity (8:760). §g’hese uncertainty values in the

calculated results might be lowered by more accurate sample volume )
. i

measurement (1.000 + 0.005 m1) and by a larger number of standardization

titrations reducing the molarity standard deviation.
® s

) -
-

Table 20 stows a co;nparison of the EL36A, E526 and granting agency
values. It will b; noted that, in general, the E,36A and E526 results
show very good agreement, both with each other and within each titra-
tion group, (and this is based on a consideration of the standard .devia-
. tions for each titration group and the deviations from the overall

averages. The overall average values show no serious departures fram

the granting agency resul‘bs,/ neith'er in magnitude nor in direction.

o
i

2.5 The Analysis of Cyanide Silver Plating Solutions

2.5.1 General . © -

A

; Silver plating is applied for both decérative and engineering pur-

poses. The ability to resist oxidation and corrosion is an important
p

] M
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commercial property, as is the high‘ electrical conductivity of the ,
metal. Silver doés, however, tarnish readily in the presence of sul-

y phide atmospheres or sulphide~bearing substances.

! A number of soluble sil;rer salts are available, and silver has been
'deposited from many ‘solutic;: containing these sa{ts individuallyvor in
combination. Despite considerable research into other silver plating
bath types , practically ?ll commércial silver plating involves cyanide ,
silver bath 'solutions. 'ﬁl‘ese latter are easy {o prepare, relatively
stable, have high anodic z;.nd cathodic efficiencies and good thfowirig
power. Their chief drawback is the toxicity of the cyanide ion, al- ..

though this is less serious than\»d.th other cyanide plating baths used

in much more extensive operationg, and at higher bath temperatures.

The composition of cyanide silver plating baths varies according
to the.nature of the silver plating required. Decorative silver is
- usually plated from baths with a lowex} silver content than those used
for engineering .app]ications , where thicker deposits are normally

required. The higher silver concentrations al}ow the use of higher .

current densities and therefore more economical plating speeds.

Silver cyanide isﬁ‘fhe most important source of silver in cyanicie
silver ‘plating solutions. Insoluble silver cyanide can be dissolved
in, for example, potassium cyanide solutions to form the soluble

\ sil'ver cyanide complex:-

- | © AgON + KON S Ag(oW); + Kt
§ - 4

~

s ' . The dicyanoargentate(I)potassium salt is available as a convenient

~




source of silver, Cyanide silver béths'are, however, .commonly prepared

from silver cyanide dissolved in a solution of potaSSiun'l cyanide. A

very low concentration of silver ions &#s provided by the ionization of
o : '

the d{kcyanoargentate(l) complex. Excgss cyanide, usually as potassium

cyanide, is essential to the proper operation of the plating bath. This
o+ , .

excess, which represents the.amount over and above thgt required to

dissolve the added silver cyanide, is Xnown as "free cyanide". Its

presence extends the plating range, increages the limitif{g current

density, dncreases conductivity and enhances anodic dissolution. Salfes\

such ag carbonate and nitrate increase the bath conductlnty and also

-

broaden the plating range. °

o

Baths prepared with potassium salts perform more efficiently then
those prepared with sodium salts. Potassium salt baths can be operated -

L'
at higher current densities, produce smoother deposits and respond

better to the action of addition agents. Sodium salts are cheaper than’

14

potassium s:alts, and same savings can be realized without appreciable

!

loss of productivity by the use, of mixtures of sodium and potassium
salts.

N L]
Experimental studies have indicated that chloride, formate, acetate,

hydroxide, phosphate, borate and sulphafe ions all have a tendency to

increase tife hatdness of the silver deposit, with borate and chloride
L4

ions having the greatest influence.

The maintainance and control of cyanide silver baths are based |

primarily on chemical analysis taken daily on a routine basis, and gn o

a
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the physicai appearance of the deposit. The chemical analysis includes
the determihation of "free cyanide™, carbonate, total silver and metallic
impurities. For the purposes of this investigation these determinations

will involve "free cyanide" as potassium cyanide, carbonate as potassium

N

carbonate and total silver.

2.5.2 Determination of "free cyanide" as potassium cya.rii'&"e”

The determination of ."free cyanide” is’ an essential aspect in the
control of cyanide silver, cyanide copper and cyanide =zinc plating
baths. The method of analysis applied in the electroplating i\r;dustry
involves,- for‘ cyanide silver plating solutions:-

(1) Pipette 5.00 ml of plating bath solution into
’ - titration vessel. lgi

(2) Add 100 ml of distilled water and 5.00 ml of 10%
potassium iodide solution.

(3) Titrate with 0.1M AgNO3 solution wnfil a permanent

. ' . turbidity is attained.
: I

This is a modified Liebig titration, although not quite = Liebig-

Denige{s titration since this latter requireé reasonably controlled

R addytions of NHy prior to the titration start.

In the Liebig titration the titration reaction is:—

200~ + AgT S Ag(CN) 5

3 ; . resulting in the formation of the highly soluble complex dicyano-

' o~ argentate(I) Yon, Ag(N);. Almost coinciding with the stoichiometric

equivalence point of the titration, Agt from the AgNOB titrant reacts




wr . -~

with “Ag(CN)'2' to form the white sl;ké;‘ly soluble salt silver . w
dicyancargentate, Ag.Ag(CN)z, according to the reaction:~

Ag(on); + At s agaglon), (s) .

=Y

The resulting first pgmanent solution turbidity impaorted to the .
solution signals-the endpoint. This first indication of the endpoint
oceurs just slightly'before the equivalence point but, since some
further addition of ~AgN03 titrant is required to yield a truly visible
turbidity, the final endpoint and equivalence point’ coincide to an
excellent degree. There is some tendency for Ag.Ag(CN), to form
just before the true endpoint due to localized high concentrations c;f
Ag+, and this premature precipitath is slow to dissolve, thus ektending

*the titration time by necessitating :che slow addition of titrant near
the endpoint. In order to permit a clearer endpoint and a faster
titration, potassium iodide can be added to the solution prior.to
titration with AgNOB. Since silver iodide is appreciably less soluble
‘than silver dicyaznoargentate, the presence of Agl as a precipitate
occurs prior to the precipitation of Ag.Ag(ON )2: and ’ph'é turbidity
given to the soolut.ionﬁ\s by Agl signals the ghdpoint. The following -
‘develoment indicated the general equiELibria for both thé Liebig and
modified Li;big t\itrations.

@

[

Far the Liebig titration, a typical cyanide silver bath Mfree
cyanide" content of 10 oz KON/US gal can be considered, so that the
5 ml sample volume taken in the manual method would represent 6.375 g

q 1
of KCN. Since the solution volume at the start is 105 ml1 thi’s repre-~

23
-3
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k] ~ .
: sents a starting [CN"] of 5.h86 x 1072, This would require 28.80 ml
‘ of 0.1M AgNO3 to attain the equivalence point, .The [Ag(CN)E] at the

y . v
equivalence point would therefore be:-

165 ml x,0.05,85M .
2x 128.8 ml

[A‘g(CN);] =

= 2.23% x 107

The value of [CN"] at which Ag.Ag(CN)z, just begins to precipitate

@

can be obtained from the relationships:-~

) - - Ksp(Ag.Ag(CN Ag(CN)5
[Ag(eM)3] - [ CN™)<.Kstab
so that the critical [CN™] is:~ -
1 ; ' Loy =12
A [Ag(CN)5]
; . . [cN] =
3 - Ksp(Ag.Ag(CN),) x Kstab
4 ) (2.23% x 1072)?
4 : ' 5.0 % 102 5% 7.1 x 107
3 \ _ = 1.9 x 10n
1 At the equivalence point of this titration we have:- : <
[oN] = 20agh] D] otas
: N} = 20%g and = al
' A - [Aghllen-12 - - (20)
~ # £ . v
so that:- .
’ [ong] t. 2 223" x 1072 8.6 x 1078
. eq. pt. =[ ~* = 8.6x
ol ‘ 0-5 X 701 X 1019 :
v ' : ' g

This latter value is never achieved, however, since the precipita-
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tion of Ag.Ag(CN) starts as soon as the [CN']  reaches a value of
- 1.9x lO"éM Thef endpo:mt thus occurs very sllghtly before the equ_'L-

valence point,- buf not to any significant degree, partlcularly since

. 4
additignafd.’lM AgNO; must be added to provide sufficient turbidity

el

for easy visual detection. .

Where the modified Liebig titration is concerned, using generally
" the same "free cyanide data for the sample, an addition of 5 ml of
10 percent KI solution is made before the titration starts. This yields

an [I” ] concentration at the titration equivalence point of about :-

. ‘ - * 5'my x 0.1 g/ml x 1000
A [17] = : = 0.023,M
' . -166.0 g/mol x 128.8 ml :

[

We now have, at the point where AgI 1is just ready to precipitate:-

o

/ [ oo [Ag (CN)E] ~ N4 Ksp(Agl)
/ . Ag' ] m and | Tﬁi/év-l‘\‘ = 1] ' (21)
‘'so tha'é the critical [CN]_ is given ”by:—-
T [éﬁ‘} “J [Ag(CN),ILT 1 [2.23% x 107% x 2.3k x 1072
P Ksp(Agl) x Kstab 1.5 x 10716 x 7.1 x 1019
AN ¢ = 2.2° x 1074M

! »
As noted in the previous calculatlons the equlvailence point value

.. =~ .of, [CN~] should be 8.6 x 10°%4. The volume of 0.1M AgNO; required
in order to yield a point in titration where the [CN"] is 2.2% x 107%M

would be given by:- '

AN




T (105 ml x 0.0548M) - (2 x 0.1 x V) o 2.2 x 107

> 105 mL +V

<

oy This would appear to imply a'blank of + 0.15 ml,.'but approximat, '
0.1 ml would be required to yield a visual turbidity, so tha ‘@tual

blank would be about + 0.05 ml. The electroplating industry manual

V _= ‘28-65 Inl "

method does not apply a blank to either the liebig or modifiled Iiebig

. 'h/‘\-z"‘"‘
titration processes. \
Y

In both titrations the [Ag!] and [CN"] do not vary significantly

for reasonable excess volumes of 0,1M AgNO3 after the equ.ivalgnce point,

since either \Ag.Ag(CN)z or AgI continues to precipitate. Thus the 'y
\ 4

titration curve beyond the equivalence point..is very sharp, and almost
» .

parallel to the titrant volume axis.

Details relative to the experimental work associated with the deter~ .

. mination of "frese cyanide" are included in Appendix D. Tables and

figures carrying the suffix "~D" are found in this appendix.

" A standard solution of AgNOB was prepared so as to yleld an approxi-

mate molarity of 0.1, and this solution was standardized against sodium ~

chloride solution by manual titration using Fajan?s method as outline&- )\‘k
in Table 1-D. The average molarity and the standard deviation were:-

£ : : ~ 0.1322% +.0.0003"

This titrant was how applied in the manual titration, using the

(NS T T




industry standard method, of the commercial \cyanide ‘silver bath solu-

tions provided by the granting sgency, Canadian Hanson. Table 2-D
indicates the details invql\;ed, while Table 21 provides the average
values and standard deviations obtained, bogether with the analytical
data for "free cyanide" as KCN provided by Canadian Hanson laboratories.
All solutions‘were regerved after titration for the mz'anual titration

determination of potassium cax:bonate, a practice carried out in accor-

dance with the electroplating industry procedures.

S . It will be noted that the experimental values:agree well with the
granting agency values, except in the cases of the sample numbers 2,
0 'and 8. These discrepancies will be discussed in the Conclusions

section.

~
13

. ° The procedure used for the manual standardization of the Aghog
. solution was now applied with respect to the E,36A titrator. The
standardization details are given in Table 3-D. The average molarity

!

and the standard deviation were found to be:-
\ 2 0
0.1326< * 0.0007
’_) .
and this agrees well, within\the respective standard deviation limits, |

o
with the value obtainea, by the\manual titration method.

A

The theoretical calculations to determine the Ecell at the"titra-
tion equivalence point, and the values for Ecell at =+ 0.5 ml around

the.equivalence point volume, are outlined in Table 3~D. Thé following

outlines the actual and theoretical Ecell values.

<




TABLE 21

)

M.
v
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MANUAL TITRATION IETERMINATION OF WFREE CYANIDE"

AS KON IN COMMERCIAL CYANIDE SILVER SOLUTIONS

No.

Avé. KCN (OZ/USﬂ gal)

KCN (o0z/US gal)

Project work *Canadian Hanson

6.51 :t 0.02 6.6 '
10.19 £0.02 12.5

7-52 £ 0.01 8.0 .
10.22 + 0.02 10,0 _

10.16 + 0.06 13.1

6.11 * 0.01 6.0

6.89 £ 0.02 "~ 6.9

9.95 + 0.03 12,3

9.42 * 0.02 9.5 ..

8.94 * 0,01 9.4

v g S
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‘ -
\\\ ’ h 3
.o . Found(mV) [Theoretical(mV) - .
Ave. Ecell 0.5 ml befare oq. pt. 199, 1 . 198
' Ave. Ecell at eq. pt. 300 + O 311
, Ave. Ecell 0.5 ml after eq. pt. L29 £+ 0 422

OB for * 0.5 ml around eq. pt. 228 + O 221,

3 p These values all agree well, and any mihor discrepancies can be

3 at . : N

¢

assumed-due to such factors as uncompensated junction potentials,

3 : use of concentrations instead of activities, uncertainties in mV measure-
] : ' -

ment, effects of solution ionic strength, temperature variations frah

25%C, ete.

3 - .

- 4

a v '

The EL36A titrator was now applied in the titration of commercial

I AN ah i

cyanide silver plating solutions. The experimental details are given
in Table 4-D, while Table 22 shows the averages and standard deviations,

to\gether with thq granting agency values. All titrated residues were

’

preserved for a subsequent E,36A titration to determine potassium car-

bonate.

It will be noted that Table 22 values agree very well with those

.outlined in Table 21, although the same discrepancies in results exist

W AT NIRRT W T SR TN AT T e T BT
.

relative. to the granting agency values for sa.mple’numbers 2, 5 and 8.
Table L-D data indicates an average Ecell at the equivalence point of -
- 207 £ 3 mV, and this agrees reasonably well wti[_th the Table L4-D
theoretical calculated vaZ‘Luej of - 238 mV. The value of Ecell for
0.5 ml before the equivaleriée point olume was found to be -~ 400 + 1
;I;V, and this Md,oes not compare tpo well with the theoretical value of
'~ 32, mV. Values of Ecell for 0.5 ml after the equivalence point are
' meaningless since, because of the continued precipitatfon of AgI, .the

equivalence point Ecell value is generally maintained. The discre-

S St b e e 5 Mo 50 50 N
4!&&%‘ v,
a0 . v, -"::

TR oA s D S e i Ll el SO el e s 2 L it S A N
OF. . * -
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TABIE 22 . ‘ § .

§7 . .
El.;36)§\ TITRATION DETERMINATION OF “FREE CYANIDE"

'AS KCN 1IN COMMERCIAL CYANIDE SILVER SOLUTIONS _ . -
) ) RPN ..
4 ® ) \
Sample No. Ave. KCN (0z/US .gal) KCN (oz/US Gal)
. . Project work Canadian Hanson -
' . )
1. 6.53 £ 0.05 6.6
/ o « @
o - 2. 10.01 * 0.07 12.5 : -
3. ’ 7.48 + 0.0 8.0
’ . ' . . - . -
| ” e | 10,00 £0.01 \{ _ 10.0 -
| ' ‘ E ) ' ‘
: o . ) \ ¥ . .
5. 110.05 + 0.02 © o 13.1
b 4 "
A 6. 6.07 £ 0.0, 6.0
7. .. .6.82 +0.05 6.9"
p 8. . 9.78 £ 0.07 . 12.3
’ Qen . 939 * 0.06 9.5
; : © 10, 8.92 + 0.02 : 9.k
_ -




.the Ehéé titrator. These data had indicated an average equ%alence or

N ' ' ' ] f 4

A

A d )

pancies may be considered to oxiginate from the various influencing

factors’previously mentioned, particularly with respect; to the solution

ionic strength factor.

)

I .
The average 4B rangé for the project work was.found from Table 4-D.°

data to be'193 *+ 3 mV, and this should permit location of the equi~
N
valence point volume in a preset dead-stop endpoint titration within

1~

+ 0.1 to * 0.2 ml of the real value. This uncertainty in volume loca- '

> g

tion would lead to an uncertainty in the determination of KCN of:-

(+ 0.1 to + 0.2 ml) x 0.1326M AgNO3 x 3.478 = 0,05 to % 0.1 oz/gal

~

) ha
The complete sequence of experimental approaches was now conducted in

association with the E526 automatic titrator assembly. The operating
parameters for the standardization of the AgNO; titrant were taken

from Table 3-D data covering the standardization of this titrant using

endpoint Fcell of 300 * O mV, and an average AE range for 0.5 ml of B

. 230 £ O mV. This 4AE range represents a. sharp approach to the endpoint, &

so thdt extensive AE/AV changes in thid zond will demand a careful
approach- to the endpoint. The final operating parameters were somewhat
different from the above data, since initial exgmloratory work indicated
a teﬁency for Jc.he‘E526 to under-titrate at a dead-st;)p potentig.l of

300 mV, and an optimum value of 316 mV was found to be most suitable.

Once this value had been established, four (4) final titrations

. were carried out.using one magazine, and sequential and automatic pro-

‘gramming. Table 5-D indicates all experimental details involved. -

- !
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A

. carried out on each pair of averages indicated “thdt there.-was a slight

. - 207 mV value -found in Table 4-D data. Tahle 6-D gives the various-
. 4 D—— '

The average molari{g'and stand,ard deviation obtained were:-

3 t
0.2336° * 0.00023 \ k

4 .
The vari% standardization techniques yielded AgNO3 molarity and

standard deviation values of:—‘

Manual method 0.13227 + 0.0003"
B,36A method 0.13262 * 0.0007°
E526 method 0.1336° + 0.0002°

providing an allover average and standard deviation of -0.13290 *
0.000’?lM. Variance ratio tests. indicated that there was no significant
difference in.the standard deviations. Null hypothesis (95%) tests
significént dii‘feremé.in the E526 average as compared to the other

two values. It 'was not félt that these indications were sufficiently

serious to warrant further investigation. P -

The E526 assembly was now applied in the determination of "free
cyanide" as KCN in commercial cyanide silver plating solutions. The !
equipment was set up for the automatic pretitration additions of dilu-

tion water and 10 percent KI solution. ¢

The operating parameters for the E526 unit were generally @° dic-
tated by Table L-D data, although preliminary exploratory work indicated
a preset dead-stop potential of - 24,0 mV as optimum, closer to the \

theoretical value of -~ 238 mV but considerably more negative than the

El

LN

:."':;* %‘ ) .'" ”"j !
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experimental data involved for these operational parameters and for

v 136.
\

X,
the titration results. The total of 33 samples was distributed in

nine maggzines, and al']}prétitration additions and titrations were

carried out sequentzi:a}ly and automatically. The total elapsed time

“was about 1.25 hours. Table 23 shows the averpge KON values in oz/US gal,

L4 .
together with the associated Canadian Hanson results. These values

show good precision, although not generall& as good as either the manual
* L 3

or E,36A methods. Agreement with the granting agency values is again

reasonable, except in the case of sample numbers 2, 5 and 8. Sample
) g
number 10, for the E526 data, also appears to indicate a value 3omewhat

lower than the ‘Canadian Hanson value to a sigdificant extent ,. certainly
by an amount greater than the differences found for the mantial and E,36A

techniques.

Table 2 shows a camparison of the manual, B\36A, E526 and Canadian

Hanson values. It will be noted that, by titration type class, the

the results agree’quite we;Ll with each other, although 'the‘precision
as measured by the standard deviation becomes progressivel‘;' poorér in
moving from the manual - E,36A E526 techniques. In all casés of
semi-autcmatic and sutomatic titration, the values of the standard

deviations are within the expected maximum uncertainty predicted of

* 0.1 oz/US gal.

t

Comparison of the results for-the individual titration types with

the corresponding overall averages shows that, very generally, the manual

method tends to slightly high results, the EL36A slightly low results /

and the E526 to rather unbiased results. In some cases, for all methods,




o 0 \
o \ﬂ .
&Il
Yos . TABLE 23
5 1
E526 TITRATION DETERMINATION OF "FREE
CYANIDE" AS KON IN COMMERCIAL CYANIDE .
STINFR PLATING SOLUTIONS .
* Ave. KON (0z/US gal) KN (oz/U5 gal)
Samplé No. Project work Canadian Hanson
1. 6.63 + 0,07 ' 6.6
2. 7 10.20 + 0.06 } 12.5
¢ , . v ‘ )
3, 7.8l * 0.08 o 8.0
L. 9.83 + 0.07 - 10.0
5. 10.17 £ 0.09 13.1
6. , 6.09 + 0,02 6.0
+ ) b,
7. | 6.87 +0.07 ~ 6.9
8. . 9.8, * 0,06 . 12.3
9. 9.28 + 0.06 9.5
10. 8.63 * 0.04 9.4
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COMPARISON OF MANUAL, EL36A AND E526 ASSEMBLY TITRATIONS OF CQMMERCIAL CYANIDE SILVER PLATING

SOLUTIONS IN THE DETERMINATION OF "FREE CYANIDE" AS KCN

All results expressed in oz/US gal

-

-

Sample
No,

Overall Dewvn, fram overall ave.
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(3)
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the deviation from the overall average exceeds the expected uncertainty :

of * 0.1 0z/US gal. It was not felt, however, that any of the discre-

..

pancies noted were of worthwhile significance.
“ N ~ - »

In comparing the obtained overall -averages with the Canadish Hanson

values serious discrepancies were noted with respect to sample numbers

2, 5 and 8. In each case the overall mverage value was very much lower
than the Canadian Hanson value and, since each téchnique applied showed
b the same situation, itymust®be assumed that same fundamental difficulty
exists. Since titration curves were obtained in the EL36A method, and
since these definitely indicate the existence‘ of a proper 'endpoint, it .
can be assumed that the values obtained, despite their differences
- ’relative to 'the’granting agency data, are real and represent what theé
method of analysis can determine and report as KCN. A further ~cﬁcmmen’c.ar';»r

and speculation will be made in-the Conclusions section.

2.5.3 Determination of carbonate as potassium carbonate

-

A]athough carbonate ion in cyanide silver plating baths has an en-

h.ancing effect with respect to silvér deposition carbonates tend to

-
ptd

a.ccumulate in time by various means te.g. action of. 002 in air). From '
time to time adjustment oi‘ the carbonate content is f'equlred so that

' its determlnatlcum on a routine basis is essential. The method'of
analysis used in {:he electroplating indus'é\ry involves a neutrallza—
tion titration involving aul‘pt{uric acid as the titrant. Such titra-

tions are normally 'carried é‘ut on the residue from the "free cyanide" '

titration determination.

K

-~ . L d
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This titration ig carried to the firs%—stage equivalence point

’

'relati‘ve to K CO,, so that the titration reaction is gdenerally:-
5 A

i} . ;o
, © HyS0, + K,C0 5 KHSO, NKHOO; .

) y_ Normally, for example where HCl is used as:the titrant, the first-

RS

3 s stage equlvalence point solution would contain KﬁCOB and KC1l, and would

yield a\solutlon pH of about 8.3, as given by the value of [HBO"] =

1ﬁlK2 fgr carbonic acid. Where H350; is ‘the titrant, the assumption
is made that this acid, in-its }';‘irst—stage dissociation, acts as a
strong acid and yields, at the titraf.ion first-stage equivalence point,

_a similar solution pH. That. this assumption is made is apparent where

i T i il ah S B St
.

the industry method is concerned; since phenolphthalein at a colour
change range ofx:10-8.3 pH is used as the indicator substance. Some

argument could be devised relative to this assumption on the basis of

N

- ‘ the solution pH attributable to a solution of both KHCO, "and KHSOy,, the
" two endpoint substances in the stO “titration, but the*complexity of

E the solution relative to its content of Ag(CN)2 apparent],v allows

3

: the assumed endpoint pH of about 8. 3 to be successi‘ully apphed

;

] .

2 The industrial technique consists of the following:-

(1) Take the residue from the "free cyanide' titration
and 'add a few drops of phenolphthalein indicator -
LA solution.

. (2) Titrate the solution with 0.1N HQSO to the dis- o
appeara.dce of the pink colour.

. . 0 .

The experimental work details for this sub-section are contained

in Appendix E, as are all tables bearing the suffix "-E".

L
<
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A standard solution of HySO, was now prepared and standardized

against NaOH ‘standard solution, using the manual method with phenol-

| phthalein as the indicator substance. Table 1-E proviaes the details
o .y P
in this connection. The average molarity and the standard deviation '

3 Y H

wére found to be:~ . . ’ v '

piikad A el o S e

T 0.144752 + 0.000041 .

~

This titrant was now applied in the manual titration of the

o

CH ki

s
-

rgsidues from the manual titration determine'xtion of "free cyanide"

2 S

(table 2-D). The technique of analysis is indicated in Table 2-E and

, . the essen? details in terms of the oz/US gal content of K,CO5 are.

-
3
2
:
3

_shown in [Fable 25 along with the values attaineM by the granting agency

laboratories. o -

Tt will be noted that the individual 'value;\agre;e well amongst
R themselves, but the average values show significant differences with
. respect to the Canadian Hanson data. 'Ih;'.s latter situation is parti-
culary apparent in association with sample numbers 1, 3, 5, 6, 8 and
9. These differences are not necessarily consistent, in that numbers
1, 3, 6 ;.nd 9 show lower values and numbers 5 and 8 higher values. It
is of interest to re;:oft that, in all titrations where the results
d»:ELffer radically f:r-—om the Canadian Hanson values, the indicator colour L
. \ change was quite gradual, wendering it diffi’cult 1",0 pinpoint the exact
engdpoint vo&ume. & ) - ) . -
’ Y : -
The EL36A titrato;- was now applied in the standardization of the . T

. - i
i AN . -‘{\,’.

)

.
“ ¥
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TABLE 25

¥

N\

N

MUAL TITRATION DETERMINATION OF K2003
IN- COMMERCIAL CYANIDE SILVER SOLUTIONS,

<

(0z/Us gal)

‘ K,CO
Sample No. 2 P;oject work

2.

1(2003 (oz/US gal)
Canadian Hanson

1.

il
1

.15 % 0.01

7.51 * 0.05

/5.21 + 0.01

1.15 +'0.02
; - %

6.96 + 0.03

7.1 + 6.01

Y

7.22 + 0.06

N

© qal 2026

n 8 202 i 0002

5.19 £ 0.01

-

508

©

7.2

- 6.2

T 1.1,

. 5.3
8.7
7.9
6.3

9.2
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- HZSOL tltrant. Table 3-E provides the experimental data. The average

2 L molarity and the standard deviation were:-
-0,1448° + 0,000 S

and_ this agrees well with the value found for the manual titration

AR o

method. Table 3-E also indicates that the titration valuee for the
equivalence point pH, and the pH values for + 0.5 ml arou.nd the equ:\.-
valence point, agree well with the theoretical values. This situation’

%,

is outlined belo(}v. ' -

77

o S | . Found Theoretical
0.5 ml before eq. pt. . (pH) = 10.76  11.0 / .
. t Equivalence point (pH) - 6.81 7.0. )
Co 0.5 ml after eq. pt. (pH) = 2.80 3.0 R

1

‘ This titrant was now applied in the EL36A titra:tion determination
of K,00;.for the residuss fram the E436A titration to determine "free
(‘ cyanide” (Table 4-D). The details of these titrations are _given in
Table L-E, and Table 26 indicates the _average values found in compari@on
- to the Canadian Hanson a.nalyt;x.cal data. Algo provided in Tgble 26 are

C/,

: the average equivalence point pH values ?nd the average +4pH for + 0.5

m]l around the equlvalence or endpoint volumes.

.
°

It vr.l.ll“ be observed that the E436A results agree well -with each .
other for each solution titrated, 'and that the average values for each
solution are in very good agreexent with those found using the manual
titration methodo. The ai_ngle tion here involves the two ava',ages

for sample number 4, and it can be ta.ken as a ‘fact that the very small

volune for this titration yielded.a titration curve form difgicult to
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TABLE 26

E436A TITRATION DETERMINATION OF
K,C03 IN COMMERCTAL CYANIDE SILVER SOLUTTONS

4

-~
Sample  KxCO, (oz/US gal) O (oz/US gal) -Ave. pH * 4pH
No. Prgiect work 1adian Hanson eq. pt £ 0.5 ml
1. 4.10 +Q.06 5.8 8.31 0. 38
2. 7.37 + 0.0, _- 7.2 - 8.32 0.38
- - 4
6.2 8.32 0.4k
1.1 8.36 0.45
15.3 8.38 0.45
8.7 8,37 0.40
7. 7.36 + 0.02 ’ 7.9 . 8.33 0.45
8. 7.19 + 0.1° 6.3 8.32 0.41
\ w , /
9. 8.01 * 0.01 ‘ 9.2 °  08.30 0.43
10.. 5.07 £ 0.06 5.3 ' 8.32 - G.L5
£
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sanalyze where the EL36A titration was concerned. The differences

©

. between the experimental results for the EL3%A titrations and t
Canadian Hanson data, for sample numbers 1, 3, 5, 6, 8 and 9, corres-

cpond to those found for the manual titratfon apphcatlon. N

The theoretical values for the solution pH at the ‘equivalelce
point, and at the points * 0.5 ml around the equivalence point, are

,» caleulated and shown in Table 4-E. Thesg agree quite well with the
X : )

experimental averages, as shown below.

1

. Fouynd Theoretical
0.5 ml before eq. pt.  (pH) 8.810.1 9.0

Equivalence point (pH) 8.4,10.1° 8.3
0.5 ml after eq. pt. (pH) "\ 8.0#0.1 7.7

) - -
L
It will be noted that ‘the =+ 2pH f£or + 0.5 ml around the .endpoint

vollme was found to be about * 0.45, or asgpread of 0.90. This is by
- , - , N
no means an extended range, so that the need for a careful approach to

the equivalence point in any potentiometric tit_;pation is obvious.

e

Standardization of the stoh titrant was now carried out on the
E526 assembly. The parameters applied to this unit were those extracted

from Table 3-E data covering the E436A titrator standardization. The

-

molarity and standard deviation were:—

a

| 0.1478° + 0.00002%

o

The various st:andardizatiqn processes thus gave values of:-

©




~

e B AR

Sans DL OEiEe 4

o

'Manual ‘method 0.144753 + 0.000011
E,36A method 0.1448° =+ 0.0001°
E526 method © 0.144780 + 0.00002%

It was’appreciated ‘that these molarity and standard deviation
values were, because of the precision of theé standardization titrations
in each case, expressed to significant figures beyond those permitted

by the measurement uncertainties related to associated volumes. Rightly,

these uncertainties would permit', for the values above and respectively

0:1447% + 0.0002%M, 0.148° + 0.00027 and 0,178 * 0.00029M. The

s

extended values and standard deviations initially shown were used,
however, in all calculations. Variance ratio and null hypothesis

tests were not applied, since all values agrer very well within the

measurement uncertainty limits. The overali average and standard devia-

tion, still on the original ’expréssion basis, was .found ‘to be O.]J;,L;BO

+ 0.00001°. ,

-~

The preaset dead-stop pH value of 6.90 provided no difficulty with

\
respect to either over- or under-titration, and this is not surprising

. \ *
in vikw of the very large /pH spread (7.96 pH) for + 0.5 Ml around the

equivalence point volume. -

Kl

The E526 unit was applied in the determination of K3CO3 1in the

residues from the E526 assemby determinations”of "free cyanide" (Table

6-D). The operating parameters set on the uhi¥ were initially those

provided by the data for Table L-E, including the preset dead-stop of
4 v . ’ A :

8.33 pH. Initial exploratory work indicated a slight tendency to

under-titration at tﬁie, value, and an optimum dead-stop setting of




- e
)
I 11‘.7.
¢
8.50 pH was found to perform satisfactorily. . The complete experimental Py 3

data for these titrations is given in Table 6-E, with Table 27 showing
the compz;rable project averages and the Canadian Hanson values. A total
of 37 samples in ten magazings were titrated sequentially and auto—
matically. Since no pretitration additions were required, i:,he pre—

P

titration stops were se.t for aut&natic bypass by programming. ‘It will
* be notec.i once.aga_ln that individual solution analyses show good pre—

;:ision. The E526 process analyses as average values compare well with
those obtained from the E,36A (Table 26) and manual (Table 25) titra-
tions. It will also be noted that sample mmbers 1, 3, 5, 6, 8 and 9 )
ggair{ show very considergble dii‘feren;:es relative to the granting % :

. agency data, ‘Despit.e the low spread value for ZApH of about 0.99 for
0.5 mg.raround the equ:'tva.lence point the E526 gafe highly precise

. endpoint values 6f volume and o0z,/US gal K;C0 (an a e of + 0,07 ml

and .an average of * 0.04 oz/gal) This is an indicatlon of the general -

AN
e -~

\ stablhty of both the E526 dead-stop settlng and the electrode couple.

Y
’!

. :I'hble 28 g:'fves a camparison of the values obtained from all method
applications. All techquues show good precis:Lon and good agreement
\ " between the averages for each method. There is 'a slight tendency for
two potentiometric methods to give a scmewhat poorer precision than
¢ the manual method, and this i‘é not surprising in view of the small

ZpH spread. . These differences are not of any worthwhile significance.

>

'I"here does not appear to be any directional trend for any method,

this as observed from a survey of the data in Table 28 headed "Devn.

from the overall average". From a comparison of the overall averages

/
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TABLE 27 | » , )
) 526 TITRATION DETERMINATION OF :
pCO5. IN COMMERGIAL CYANIDE SILVER SOLUTIONS '
Sample K, CO, (oz/l;S gal) ‘1{2003 '(oz/US gal)
No. Project work Canadian Hanson
. 425 0.0L 5.8 | ,,
2. 7-68 + 0,06 7.2 ‘
3. . -, 5.7%0.07 : | 6.2 ‘\
k. , 1.20 + 0.08 J 1.1 -
s, 6.99 + 0.11 53
.6./ - 7.13£0.03 B 8.7
7. 7.31 % 0.05 ' 7.9 L
A 6. "6.32’;1 0.01 ' 6.3
9. o 7.96 +.0.03 9.2 -

10, © 5.1, £0.01 5.3
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TABLE 28

COMPARISON OF MANUAL, EL436A AND E526 ASSEMBLY TITRATIONS OF COMMERCIAL CYANIDE SILVER

SOLUTIONS IN THE -DETERMINATION OF I_(ZCO3

A1l values expressed in oz/US gal

Devn from overall ave.

Overall (1)

Ave.
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'with the Canad? Hanson values, very considerable differences’ were

_ noted for sample humbers 1, 3, 5, 6, 8 and 9. Again, some attempt

oo,
will be made to explore this situation in the Conclusions section.
a
- /
. 2.5 | Determination of silver
R ' ‘The method applied by the electroplating industry in the determina~
tion of silver in cyanide silver plating solutions is as follows:-
€1) Pipette 5 ml of plating solution into a 250 ml
‘ - ) Erlenmeyer flask.
s . ’ L
/ * (2) TA the fume hood, add 20 ml of concentrated HpSO,

’ and boil. Add a few drops of concentrated HNOB
if the solution turns a dark colour.

(3) Evaporate to dense white 503 fumes. If the dark

o colour persists, cool and add again a few drops
of HNO,. Finally continue to heat at dense white

fumes until all solids are dissolved.. )

(4) Cool and dilute to 150 ml with water. Warm if
necessary to dissolve any solids separated during
| cooling. : - ’

i :
- (5) Cool to room temperature and add 3 ml of saturated
ferric ammonium sulphate solution. (NHL) 2801*.Fe2(50h)/3

;
;
%l
;

/ (6) Titrate with standard (0.1M) ammonium thiocyanate
solution to the first pink colour.

/

Iy

There is no possibility, of course,@f automating the sulphuric

‘acid sequence for the destruction of cyanide campounds., Attention
was therefore paid to the possible automation of the titration pro-

cedure. This latter is a Volhard titration process, with Fe(III) ‘ms
14

the indicator substance. The titration reaction:- \

Agt 4+ SCN™ &  AgSCN (s)
N |
results in the formation of the slightly soluble silver thiocyanate




™ ?

[

salt, AgSCN. The indicator reaction is:- o :
F3t 4+ SCN~ s Fe(scN)3F

L“ -
“and results in gue formation of the intenselya;-e'd soluble complex
" ion, Fe(SCN)?*, An excellent discussion of the Volhard titration is |

given by Dick (33). The sensitivity of the Fe(III) indicator is based
Ny

on the fact that a visible colour will be imparted to the solution

when the [Fe(SCN)2+] in solution attains a value of 6.5 x 107M,

0

At the stoichiometric equivalence point the value of [SCN™] is:-

[sov1 = JKsp(AgSCN) = (1.07 x 10-12 T (22)

= 1.03 x 10 .

For the industry titration, 3 ml of saturated ferric ammonium

o

sulphate (L4g/ml) in 150 ml of pretitration solution yields a starting
[Fe3+] of about 3.3 x 1072M, Considering :zt tif,ra_nt volume of 0.1M
NH; SCN of about 10 m1 for a 3 oz silver/US gal ﬁ.,la‘bing solutigz with-
5 ml taken for dhalysis, this yields an endpoint total solution,volume
‘of about 160 ml, amd an [Fe3+] at this point of about 3.1 x lO(ZM.
Thus, at Epe stoichiometric eqxz'ivallance point, the [Fe(SCN)?+] will -
be given by:-~ -

[Fe(SON)2H] ' ,

PN stad. 1.38 x 10° o (23)

and from equation (22) and the [Fe3*] of 3.1 x 1072 at ;hi.\point,
- s i

[}

| [Fe(SCN)2H] = (1.38 x 10%)(3.1 x 10%)(1.03 x 10) = 4.4 x 1070M

N ' -
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and this is a concentration of Fe(SCN)2* somewhat lower than the
sensitivity value of 6.5 x 106M. The equivalence point occurs very

slightly before the_endpoint. At the endpoint, where the rqquired‘

-
¢

' [Fe(SCN)?*] of 6.5 x 107OM is attained, we have:-

[Fe(SCN)2+] . 6.5 x 1070

SCN™]) = =
L [Fe3+] Kstab. 3.1 x 107 x 1.38 x 102"

’ = Lizxwtw -
o v
' A
The addltlonal concentratlon of NHL'SCN required after the equi-

valence pomt cah be calculated from:-

/ -

o [NH,SCN] = [Fe(SCN)?*] + [SON"] +- [AgSCN] (28)
formed after : formed 'after
‘ - eq. pt. eq. pt.

| , 4 \Lj
| . o . '
. The firs¥/expression on the right can be taken as:- RS

{
6.5 x 108 (= Lo x 206 = 2.1x10%M

,while the third expression on the right is given by:-

[Ag"] at eq. pt. - [Ag'] at endpoint
= 1.8 x 10‘61; ~ Ksp(AgSCN)/[SCNT]
- 103 x 1064 - (1.07 x 10712)/1.2 x 1070M
=" 1.4 x 10';7M‘

We now have:- {

[NH,SON] = 2.1x 2070M+ 1,3 x 1000 + 1, x 107
= B.AL‘ x 10"6M |

P e
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) ’ N v

3 : . and this represents, for an approximate 160 ml total solution volume "

at-the endpoint, a volume of 0.1M NH SCN solution of:-

.
3

o v 0.1M NH, SCN x_0.1M
160 ml

= 3.4 x 107M —

' : , © V0. NH,SCN = 0.005 ml < 0.01 mL

>

so that the indicator error in this titration is insignificant, and

)

the coincidence of the equivalence point and the endpoint can be/ taken

as exact.

N\
N

~

’ There is a tendency for the AgSCN precipitate to adsorb Ag+ ions

from the solution and, therefore, for -a first colour change to show

4

prematurely. The titration should thus be continued, with vigorous

> agitation, until the colour change is permanent.

F

Because the [Ag"'_l changes continuously during this titration,

adaptation of the method- to automatic potentiometric titration, using

Y

a silver indicating electrode, should be quite feasible.

A1l experimental details for this portion of the project work
y _ will be found in Appendix F, as will tables and figures with the

suffix "-F".
3 : :

) » ‘ . R
k : .The standardization of a prepared ammonium thiocyanate titrant
‘ ’ ° kK

“was carried out by the manual technique standard to the industry. The

.Q

" details ingvblved are given in Table 1-F. An average molarity and

standard deviation was found:~




. _— 0.11846 + 0.000;2 ,

The comercial cyanide plating solutions were now analyzed using
the manual method and the titrant standardized by this technique.

All results were expressed in troy oz silver/US gal, this being the

method of reporting silver normal to the industry.' The experimental

data is given in Table 2-F. Table 29 shows a comparison of the t

-

average results obtained with the respective granting agency values.

o

Only sample number l, shows any radical difference between the two ®

values, and the 1mporta.nce bf this difference is minimized by the

'

eﬂ‘ect of the extremely "low silver céntent mvolved

. It was found that sample numbers 2, 5 gd 8 developed dark solu-
ti?n colours upon treatment with sulphuric &dcid, and thus required
additions of HNO3 to clarify. The presence of some organic compound,

‘very possibly a brightener subs‘baﬁce, was suspecf,ed.

e

The E,36A titrator was applied in the standardization of the
g " NH,SCN titrant. e details involved are cutlined in Table 3-F, and \

the titrant showed a molarity and standard deviation.of:-

+

co.1182% + 0.00033 C s

which are in good agreement with the values reported with respect to

the manual standardization process. Table 3-F also. shows' the caléula-

tions to determine the theoretical values for Ecell at 0.5 ml before

the equivalence point, at the equlvalence point and 0.5 ml after the

equivalence point. These were foum:l to be respectlvely + 399 mV, 7. .
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‘ - TABIE 29 i ,
i k ‘ N ' ’ I
A MANUAL TITRATION DETERMINATION OF SIIVER IN .
; COMMERCIAL CYANIDE STIVER SOLUTIONS
Silver (troy oz/US gal) Silver (troy oz/US gal)
Sample No. " Project work Canadian Hanson
= \
! . l. 3.29 i 0010 3‘3
] e 2, 5.12 * 0.03 . 5.,
; C 3. 3.18 * 0:05 T 3.
v L. 0.43 + 0.01 0.28
5. L.35 £ 0.02 L.7
5‘ , [ r
3 - o
, 6. 1.09 + 0.04 0.9
e 7. 3,21°% 0.01 3.3
! .
8l l{-om i 0.0b. l[,‘.5 X
) 9. -2.50-% 0.01 - 2.7 =D
- 10.. 3.27 * 0.02 3.5 .
. . L .
; ) ® o . . ’ V h
® ; '

S bt

s

s i ™ b AN 13 i B 0
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+ 2,7 mV and + 96 mV. The experixjxental average values, which éhovged

very good precisbon, were\respectively + LLOO mV,  + 2LO mV and 4 100 -

;< mvV, Agreement of these two sets of ’ralues was excellent.

»
@

\

The standardizaed titrant was now api:lied in the E436A determina-

"pidlg of sflver in commercial cyanide silver plating solutions. Table
LF shows t;he e:gpez;iaﬁént(al data secured, with Table 30 giving the com-
parisolq ‘between the result aw;eragéas and the grantlng agency data. The
E436A values show good precision relative t:o titration ‘groups and, in
addition," show good agx:ee;nent' with the results obtained from the
"mang;;.l method detéminations. Kgreément of.: the average values ;aith

the granting aéency data ys good, again with the exception and ex-:
e . ’
-planation goncerning sample number L.
" : b e,. ‘a
The theoretlcal values for Ecell at the varlous crltlcal points

e, ©

[

were calculated on the basis of a speclfic presumed cyanide silver

7

bath contént of silver. ‘These calculations are shown in Table ' 4-F,

[
W

and a comparison between these values and the experimental averages

is shown below. -~ . . N

P , o " Found Theoretical
‘0.5 ml before the eq. pt. . (mV) + 429 T + 397
At the eqept.- =~ ..« (mV) +2L1 o+ 247
0.5.ml after theé-eq. pt. *(mV) + 105 + ., 96

U

- . . . w

It will be.noted that the agreement between each pair of values
_is quite‘goed. The axpem.mental a8 spl‘ead (0 5 ml). averaged\ih m"f

land th:.s is representative of ‘very large bE/dI changes around, the gqul—%

/7
vg.lence po:Lnt,.
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a : T\ . TABIE 30
” . E436A TITRATION DETERMINATION OF SILVER
~ IN CQMMERCIAL CYANIDE SILVER SOIHTIONS -
) : -
’ } N ' . L <] A
. Sample Silver (troy oz/US gal) Silver (troy oz/ E (mV) ZEH0.5
- s No. Project work [1:5] gal)\%g.n. Han. eq..pt. ml ‘mV)
. 3.5 + 0.09 © 3.3 237 +160
2., 5.3 * 0.06 5.4 1 163
] .
l < . ! 3 *
3. 3.20 * 0.01 3.17 . 240 + 163
. 0.45 '+ 0.05 0.28 48 % 160
, o 5. .36 £ 0.02 L.7 238 + 170
6. ~0.9% ®o0.17 0.9 p 2,1+ T
7. 3,28 * 0.02 3.3 2,2 + 167
8. . 'h0220 i 0-03 l&05 214»0 i‘ 165
/ Ry : ®
1 - - 2.56 + 0.01 2.7 211 Q 162 .
10. 3.29 + 0.0, 2.5 N\. 239 *160 :
1 \ " 4 N *
a8 .
- * ' \] N ! o
R ‘ Y * N ) -
, & ' . T g .
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" The NHhSCN titrant was now standardized °againstﬂ standard AgN03
~:olution using the E526 autamatic titration assembly. A dead-stop
potential of + 2,0 nV was initially applied, this in accordance with
th® value indicated-in Table 3-E. Exploratory work indicated that this
preset value was a little too high, and optimum results on atamiard
solutions were found to be obtained at a preset dead-stop potential of
+ 200 mV. Table 5-F covers the experimental details,. and a molarity

a.nd standard deviation of:- ) .

LY . -

' 0.1176° +0.00027
Y

t

were obtained. The values for this tii:'ran’t,\gy all methods were:—

Manual method o.u:eZ"’ + 0.00042
E436A method 0.1182% + 0.00033 ,
yy E526 method' 0.11767 + 0.00027 |
‘;(, , . ¢ 3

The overall average and sta.nda.rd deviation was 0. 1_1808 + 0. 0001+5M. \
Varia.nce ratio tests an null hj“pothesis tests (95%) indicated no real_ly z

aignif:.cant differences in the standard deviations and averages.

" ¢ ' S

Titration of ’the. cammercial cyanide silvex: plating solutions was -
now carried out on the E526 assembly. Table 4-F had indicated an eq;xi-
valence point potential of + 241 mV for this titration, a.nd this value
vas initlally applied as a preset dead-stop potentlal. As ant1c1pated

~ fan the standardization situation, exploratory work indicated that
N

‘a + 200 mV settmg gave optimum results, It can be assumed perhaps,
‘in both instances, that titration condition differences and/'or instru-

mental response differencea for “‘i,ELFBéA and E526 instruments were re-

~
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_ 1 |
\ plating solution samples were invSﬁved,, with five 10 ml samples of

standard .AgNOB solution ;iro;laérly dilutedf‘;, :These latter samples were

interspersed between the ;514ting solution samples and were intended
!
to provide. checks as to the; stability of the E526 preset potential L

and the electrode couple. Since no bretitration additions were re- Q T ;
. . | .
Quired, the pretitration station stops were bypassed autamatically.

rd

Titration was sequential and automatic, with a higher-than-normal

9

stirring speed being applied to permilc. vigorous mixing. The total

. 0 -
elapsed time approximated 1.5 hours. Table 6-F gives the experimental
details, with Table 31 showing the comparison between the project work

averages and the Canadian Hanson values.

14 +

Again the results from the E526 titrations showed, for each solu-

tion group, excellent precision. The average values demonstrated

>

° - good agreement with those obtairted from the EL36A a‘pplicaltion and the

©

4 * manual method. Good agreement was also shown between the E526 averages .

N

and the granting agency-values, the singlec] exception being that noted
’ for sample number 4. The stabi]ity of the E526 setting and the /
electrode couple is .shown, from Table 6-F data, by the repetitive

nature of the volume valuesfor the five standard AgNO; samples, a !
! ' ' ~tri

* standard geviation of only “t 0.02 ml being obtained.
) , ] J 1\5 ﬁ l N
- Table 32 shows the comparison of all of the_.methods of analysis .

applied, together with the granting agency values. All methods, from
standard deviation cmpaﬁsons, show good precision, althaugh there
is a tendency f&r the precision of the p6tent16metr:fc methods to be

slightly lower than that for the manual method. The data for the - oo
r v -

L b Gkt st o

W"}; ukﬂhq:‘:..

R R



. TABIE -31 °

©

- ‘ E526 ASSEMBLY TITRATION DETERMINATION OF STLVER
IN COMMERCIAL -CYANIDE SILVER PLATING SOLUTIONS

¢

.8 o .
Sample No. Silver (troy oz/ US gal) Silver (troy oz/US gal)
: ' Project work ° CanadYan Hanson_
S P '3.21 + 0.01 .. 3.3

\ 2. . . 5.1, +0.08 . 5.1

3. 3.05'+ 0.02 3.1_Q 2
. »:z,. 0.45 + 0.03 0.28 .
5. .- 4.17 £ 0.02 | L7
‘ 6.t 1.0, £ 0.0, s | 0.9 )

- T.. 3.28 + 0.03 ' ‘ 3.3
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deviations from the overall averages show no real directional trends.
The deviatign percentages of the overall averages fraom the Canadian
Hanson values show no serious situations. The larger values for sample
nﬁm£ers  and 6, 57.1% and 13.3%, appear quite high but can ‘be discounted
on the basis of the‘léw contents of silver involved. The values for |
sample numbers 5, 8 and 10 also appear slightly high at - é.i%,

- 8.2% and - 7.4%, but the preponderdnce of data favours the overall

'
averages involved as being closer to the respective true values.

&

2.6 The Analysis »of, Al};a]ine Zinc Plating Solutions
2.6.1 General ’ |
Zinc is én amphoteric substance. As a base, it forms salts such
as zinc thoride; or zinc sulphate. As an acid it combines with a strong

base to for a zincate such as sodium zincate, NayZn0O,, produced when

zinc oxislpe reacts with sodium hydroxide.

» .
Zinc is generally deposited commercially from electroplating solu-

tions containing both alkali and cyanide. Such alkali cyanide zine

solutions are finding an increasingly wide field of application in

|
commercial zinc plating because of an ability to yield deposits that

—_—

can be almost mirror-bright. The alkaline cyanide bath is also ver—
satile in producing deposits of widely-varying appearance; has gene-
rally an excellent throwing power and a high degree.of current effi-

< I
iency.

v
" .~ _:i?ﬁiﬂ .x-;;. Ty
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1
1

been discussed by a mmber of investig%tors , and it is generally agreed
that zinc can be deposited satisfactorily from such electrolytes only

) \ -
if they contain a mixture of sodium zirﬁcate and sodium zine cyanide

complexes, with sgme excess of sodium cyanide and sodium hydroxide.

4 comparison of solutions of sodium zincate and sodium hydroxide,
with solutions. of sodium zinc cyanide complexes (which must necessarily
contain some sodium zincate) by carrying '.oui':, plating testS'shc;ws that

;

it is essential to have all three prima.ry\‘\conustii;uents present in order
to produce consistently high;-g:raccle deposit;;é at high cathodic efficiencies.
From baths containing sodium zincate and sodium hydroxide alone, poor
quality, spongy deposits may be obtained ‘aff high current efficiencies

and at low current densities, while matte dgposits are obtained from

v - $

sodium zinc cyanide baths at low current‘f efﬁ:‘ciencies and high current
densitaies. Only after the formation of sodi\;u\n\ zinc cyanide complexes

in the zincate bath, by the addition of soditm (ya.nide, are worthwhile
(;eposits obtained at reasonable current efficiencies and densities' .

The function of sodium c;yanide iiq.;.the bath is to combine with z1nc
‘in—j:he formation of soluble cye’;nc;zinc (II) complexes and to pf'ovide .

control relative to the appea.ri&nce of the deposit.

’ Current efficiency is-also qu’ite dependent on the excess sodiuf »
cyanide content and the ratio of total cyani&e as sodium cyanide to
the zinc content. The exact ration of sodium zincate to ggdium zinc
cyanide is difficult to determine; but théresare indications that 75 1

to 90 percent of the zinc metal is present in the bath as sodium

- *  gzincate, with the balance being present as sodium zinc cyanide. The

- - s

)‘\“” P kb ey *@;
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T

equilibrium is affegted by the ;elative concentrations of uncombined .
. sodium cyanide and aodi\m; h&droxide, and zinc ions are availasble in

the solution by the dissociation of sodium zipcate and sodium zinc
cyanide substances. The following gives sox_ne&vé

tion.
' NapZn(CN), = 2Nat + Zn(CN)f'
(oW - = w4 oo D
NajZn(CN), + LNaOH =, NayZnO, + ALNaCN + 2H)0
‘ Na,Zn0, = 2Nat + 005"
\ C 0 moh e MO = mP 4 4G
| . . ' -

These equations give some picture of the general camplexity of
alkg]ine cyanide plating solutions. The basic constituents requiring
analytical control are zinc, total cyanide as sodium cyanide and total
alkall gs sodium hydroxide. These components are largely interdepen-

: 1 dent, and a most important relationship is that between total cyanide

| and zinc. Other sul;stp,nces.ma,y be determined, such as’ n'.mpuri/tiea, ’
va:t"ious additive agents, etc., but these are not of interest to this

‘ project. The total cyanide is actually the total of the free sodium

. cyanide and the sodium cyam’.de' equivalent of the cj'anide tied up with*

a zinc as the complex tetracyanozinc(II) i'o.n.

&

2.6.2 . Determination of "total alkali' as sodiwm hydroxide

The sodium hydréxide excess functions in several ways; to aid in
anodic corrosion, to pramote higher plating speeds and to minimize
the hydrojytic losses of cyanide from the bath. Increasing the free

sodium hydraxide increases the availability of zinc(II) ions; lowering

/
.

cation of this situa-

-~

/




it decreases this availability. Baths formulated primarily to provide

high 'deposi‘tion rates contain higher cah‘q/entrations' of sodium hydroxide

relative to the total cyanide and zinc concentrations. In decorative

Ve

. s
plating, wher\é increased emphasis/fs placed on deposit appearance and
abiupy to cover 'complex éhaﬁ?, lower proportions of sodium hydroxide

are used. Baths formulated to contain minimal cyanide concentrations

| have high sodium hydroxide contents, even higher than the high-speed

formulations.
,

The determinabion of total alkali as sodium hydroxide is obtained

' in the industry by .a neutralization titration using sulphuric acid as

the titrant. The details follow.

: (1) Pipette 10 ml of plating solution into the titration
y ’ vessel. . -

»

(2) Add about 1 g of solid NaCN and swirl to dissolve.

|

L‘ r , —

i (3) Add 8 drops of Lamotte or Fisher s rarnge indi-

| il cator and titrate with 1IN H,SO til the orange ]
e colour changes to yellow with-a greenish tinge. . S

/s ’I'hJ".\s titration with stbu is acarried out in the presgnce of ‘a large - .
excess of sodium cyanide. Thus, iarior ;c.o the equiw’ralence point', the . '
pﬁ of the solﬁtion will be, given very generally by the decreasing con- |

centration of sodium hydroxide. At'th_e equivalence point, the solution

! " pH &[lll be given by the concentration ofssodium cyanide, and will of
l. course be quite high and in the nejghbourhood of 11. After the equi-

\ valence gpoint sodium cy%ﬂde is gradually converted to hydrogen cyanide

by the added,HéSOh titra:it, and the solution pH will be given by the

buffer action of the NaCN-HCN mixture. All of this pH development will -0
\\ . N ! . T

Y

e R ST CPRR S v
14
- g
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be discussed on a theoretical basAiS‘ in one of the tables of i;he appro—ﬂ
priate appendix. It should be noted that the indicator colour change
is not a particularly good one, in that it involves a colour cha.nge\
basically from ofange to yellow. It should also be roted that it; céln

- be expected that the.Z;:H/AV changes around the equivalencé point will
be minimal, and that the reason for keeping the preti_trat.,ion solution
as undiluted as possiple is '.00 enh'a.nce to “the grea't;:st extent this

¢ ' <

small’ £pH/AV change. I+

A1l details relative to the experimental work carried out with
respect to the determination of total alkali as NaOH are contained

in Appendix G.

A standard solution of about O.5M HySO, was prepared and stantardized

against a standard NaOH solution. The manual method was applied, the
. experimental détails are cor;ﬂ:ained in Table 1-G and the average molarity
and standard 'deviatior; were:-,

. 0.5651 + 0,000°
. 1 . R o %

-
"

o Using the manual method this tltran’b was now used to deterntine

the total alkdli, as NaOH for the alkaline zinc cyanide plating solu-

tlons provided by the grat;tlng agency. ‘I‘he expern_mental details are

L

out]_’med in Table 2-G, and Table 33 shows the values obtalned 1n com-~
i)arlson with the Cana.dlan Hangon analytlgal data.s It will be noted\
that, for each solufibn analyzed, the préject values show good pre- -

cfsion, but tha't'.t}iel"‘.e is a definite tepdency for the experimental
averages to be consistently lower than the respectivé granting agency

o . 0\
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L .“ . TABIE 33 - - ‘ .
MANUAL METHOD .TTTRATION DETERMINATION OF TOTAL ALKALI
AS ‘NaOH IN COMMERCIAL ALKALI ZINC QYANIDE PLATING SOLUTIONS }
. ‘ (‘J’ - ‘ '
Sample No. . NaOH (oz/U8 gal) NaOH (oz/{5 gal)
' . project work |, Canadian Hanson
. l- - 9091 i 0.01 ’ 10.5 ,t

2. .- . 536 £0.03 6.4

E 3. . 12a1#0.03 12.5

| h " he 427 % 0.04 5.1

5. \ 9.69 * 0.03 0L

. ’60 . . 9-!}5 i(0.0B ) 1009 "
. - 7. . 9.09 + 0.04 ;- 9.8
. . . ' 4
4 W ..
" 8. 7.63 * 0.03 B: N1 | _
9. 9.03 + 0.03 & 9.6 ™ ‘ ]
, 10, ‘ 6.71 0.0 7.3 '
[ . (" ' ) :
L N . 3
‘ \
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_— values. The HZSOA tltrant was now apphed in a standazdlzat.lon pro-
cess using the EL36A titra‘bor. Table 3-G gives the experimental data
for this method, and average molarity and a standard déviation as

followas were obtained. ° ’ °,

. | 0.566" * 0.001% - N . e

-

This agrees well with the manual method data shown previously. Table
3-G also pravides the calculation of the theoretical pH valfles for the
critical titration points. These agree well with the experifnep\al

values found as shown below:-

Y * )

Experimental Theoretical

| 0.5 ml before eq. pt. (pH) ave. . 1.80 ‘2.1
E Equivalence point (pH) , ave. 6.9 7.0
2 o 0.5 ml after eq. pt. ~(pH) ave. 12.15  12.2
! Y ' ‘ ‘
S . opH (+ 0.5 ml) ~{pH) ave. + 5.15 5.0
i ~
] The E,36A-standardizaed H2SOA was now applied in the determ:matlon
E of total alkali as NaOH in the alkallne zinc cyanlde commercial platlng
i .
f solutions. Table L~G gives the expermental details, while Table 3
) shows the éXperimenta;l averages in comparison with the Canadian Hanson
values. It will again be noted that, for the plating solution samples
. r‘yated, precision is excellent. The average values agree well with "

those reported for the manual method, and they, show the same general
tendency to be lower than the granting agency results. Table L-G also
s shows the theoretical calculation of the pH values for the critical

titration roints. Considering the complexity of the solutions, and the

TR TEM Tk B ENETS T T e e g e e et T

:;'elatively gimple calculation methods used, agreement between these ,

%

theoretical values and the experimental averages was quite good, as o
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. . TABIE 3i, : et 5
1 " E436A TITRATION DETERMINATION OF TOTAL ALKAIT*IN
: . COMMERCIAL ALKALL ZINC GYANIDE PLATING SOLUTIONS
3 Sample No. NaOH (oz/US gal) NeOH (oz/US gal) Ave. pH i;pr ®
¢ . Project work ave. * s Canadian Hansan eq. pt. + 0.5 ml
1. 9.97 £0.06 - 10.5 " 112, 0.60
; ‘ o : ;
:( N ) 0 N . . T
j , g- - 5-3’% i 0005 6.)4- 11027 0066 ‘
: : 8 2 S e -
. 3. 12.1° + 0.2 - 12.5 ©11.18 0.72
o , < - f ‘ '
A\, - ‘+l 11-.36 i O.% . 5!l+ 11!31 0.66
_ . e
2 D 9.60 * 0.03 ° .10, 1120 067
£ 5 " 9.42 % 0,02 10.9 11.31  0.58
K -‘, . ,
e 8.93  0.04 9.8 11.31 . 0.62
T~ ’ . V-
8. 7.74 + 0.02 8.1 11.31 - 0.64
9. 9.04+0.06 . . 9.6 @ 11,31 . 0,57 E
10. . 6.7 +.0.02 ' . 1.3 11.31 0.50

- o * 1
N
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shown below:- | 7 «
o et ,Empe\nmental' Theoretical
"«: 0.5 ml before eq. pt.:  (pH)  ave. 11.9 12.3,
e Equivaldnce point (pH)  ave., 1\1.\.2_ o 11.6
0.5 ml  Fter eq. pt. (pH) . ave. g 1(3-\7\ . lo.8
> 0 ApH (#,6.5 ml) . ‘. ave. $0.6 * 0.8
“ o ’ B - o

The HZSDh[tltra.nt was' finally atandardlzaed using the E526 assenbly

« Table. 5rG' provides ‘the details :mvolved a.hd “the a.verage molar:.ty and

| standard de]mtlon were found to be:- ' i
“ ke . ' : A {

f *

Y A B 05685 00017
. zk .

The valybs obtained in standardization ’by all thrre methods were thiis:~

'

L * . Manual method ' . 0.5651 + 0.000°
// ceo "EA36A method . 0.5667 * 00011
, i o E526 methad 5685 £ 0. 0017 .
4 ﬁ .. ) N N R ~

s \
¢ These agree well, and the usual statistical tes(s showed ‘no gig-

/

/ nificent differences to exist between either the standard deviations
or the average molarities.“ i’he E526 unit had been set on a dead—stop

pH value of 7.00, ih accordance with ‘the data reported in Table 3—(}‘

~

'

and this value was fﬁtmd to be optimum. Dliutlon of the solu’clon prior
to. mltraflon mthg\o ml} of water, as required to satlsfy the volume

demands for the E526 apparatus, ‘obviously gave no dlfflculty. -

Y

The E526“methoa was .now, applied ‘in the determination of total al-

& as NaOH in the commarclal plating solutlons. Again, it was neces-
L]
sary”to dilute the solutlon samples in order to meet the beaker volume

. st ot S s
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|

‘needs of tl‘mne‘ E526 unit Y In th:x.s instance two requirements werp served °

“. in the same ’stex;. .nétem of.addiné 50 ml of dilution water and 1 g of
solid NaCN prior to.titration, a2 pez:cent by volume NaCN solution was
prepa.red and 50 ml of this solution was added automatically by the pre-~
titration®addition system. The preset dead-stOp endpoint pH wks set
:uxitialhr at 11.2 and correaponded to the average value fourd fram
Tai)le L -G data. This. preset value was found\ by initial exploratory

. wor}(, to be optimum. The fipal data was obtafped from 30 samples .
racked on 8 magazlnes. Titration‘was sequentig.l and automatic\ as was
the pretltration additign of 50 ml of 2 percent, Na."CN and the total
elapsed time was about 25 Ahours. Table 6-G out.hnjss the eocperln‘zental )
details, with Tgble 35 provi g the com;;ax:ison between the ay&fagze‘
values and the granting agéncy ata. Again,/ precision within each
group -of solutions. titrated was good. These results .tend on ins;ﬁec-
tion, to be slightly *higher than those i‘or the other methods although

no differences of much s:Lgn:Lflcance were nobed. "fIn. general, the dif-

ferences gqbween the method averages and. the grant agency vaiues

.were consistently lower..
9. : o

-
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, 526 PITRATION DETERMINATION OF TOTAL ALKALI . L
IN COMMERCIAL ALKALT ZINC CYANIDE PLATING SOIUTIONS

1
r - : R
E ’ . y \ : NaOH (9z/US gal)  NaOH (oz/US galy .
;* ’ Sample No. project work ave. s, Canadian Hanson ;
R ? Lo 9.91+0.08 ' .10.5 . K
1 . . [ * CF?
E “b: " ) ) . ~ &l , . 3
R S g, 5.56 + 0.08 6. :
: ’ ~ * . LY 4
3. ]2.16 i Oom .'n- 12'5 s

. /A q © L.53 + 0.06 5 A 2

a . ¥

9.79

i

Sl i "

M
W
.
-
5
.
*

‘ @ 5\ -
’ . . \9.15%0.03 " 9.8 -
; ' v ) _—_— .
E . 3 * N AN N at s
r{ : - 85 7.‘82 :.t o:’oz& 8.1 A #-‘
] , 2 s, ' © ¢ -
. 1 ¢ T 4 ‘ . & P
‘ r ’ "9 o - 9'12 i— oooh‘ ‘ 9.6 . C, p:
s :A/;\ '3\ - ' i b\ . . o
1‘00 - 6-86 i O.‘w - 7.3‘ .

. - . ~ .
e . ! " I '
4+ . . . “
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other, as noted by the comparisons involving' dpviations from the over—

all ave‘rage, a.lth there is a definite Ttendency i‘oi' the Ef526 unit
to over—tltra‘,e by average of about 0.1 to 0.2 ml. This represents
- about 0.06 tg 0,12 oz/US gal of-NaOH on the high side, and was not
considered a large nough deviatlon t6 warrant further expern.mental
work. The overall average values were consistently lower than the

J eranting agency values, as will be noted from the "% devn. from

w

AN

" Canadian Hanson! column.
e

2.6.3  Determination of total sodium cyanide

The determination of ™otal cyanide" as scdium cyanide‘is required

as a control measure, a.nd,est?,blishes, with the determined zinc contept,j

F]

the important ratio of total sodium cyanide to zinc. The industry '

et DA R A Gt b P i S S G

" method involvesz- - h v,
(1) Pipette 2.00 ml of platlng solutlon into a 300,ml =
: Erlenmeyer flask and dilute with 100 ml of, water.

-

. " (2) Add 5 ml of 20% NaOH solution and 1 ml of 10% KI

solution.
" ' . (3) Titrate with 0.1M AgNO; solution to the first per-
: manent turbidity.
5.4' 3 . .
. (&) £dd 1 ml of 20% NaOH solution and, if the turbidity

disappears, continue the titration mtg 0.1M AgNOq
until: a permanent turbidity again appedrs.
. [ SreN
. (5) The total sodium cyanide is calculatkd from:-—.
j Lo ‘ \ ‘ !

v AgNOq x M AgNO, x 2 x L9.01 x 3785.306

| Total -NaCN = g 3-“)0 X 2 00 X 28 3&9 .
vhere:~ ' ! . .
o 3785.306 = mi/US gal T
; ' 28:3L9 = gfoz i

49.01 . = GMW NaCN .

N
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Total NaCN - = V AgNO; x M AgNOj3 x 6,53 .

B
W
The addition of NgOH solution resultsqin the réjgction :_1

D e i i L Ak
A}

. 2- : 2-
Zn(cm)[+ 4+ LNaOH S LNaCN + Zn0, .+. 2H,0

~ ¢
.

LY
3

!

and the conversion of the CN~ content of the ‘betracyanozinc(I[)
complex to NaCN. This’'NaCN, added to the excess normally present,

provi&e:% the total NaCN for titration by 0.1M AgN03. The subsequent /"

TR TR R TR A T LT e,

addition of 1 Fnl of 2Q percent NaOH solution merely serves to ensure

. that all of the Zn(CN)f- was reacted. ' o o ’ a -

e TR

e ! -

2 The titration itself, as carried out by 0.1M AgNOj, is identical

®to the method of analysis applled in the determination of "free cyanide"

2

\
Bs KCN 1n cyanide Bllver plat:mg solutions. (Sub-section 2.5.2). Since

Y s i o
B

** A S Aol s LR 20 o ot S aal S
1
-,

_this technique, \and its excellent adaptability to automated analysis
+ on the E526 assembly, has aﬁe%y been thoroughly covered by this
sub-gsection, it was felt that, with a.mble fustification, no further .
exploratory work was required in connection with tilé automation of
‘the method for total cyanide determination 1;1 alkali.‘cya.nide zine

[

pléting 'golutions. Some commentary with’respeci: to indications that
j adaptability of the: techqeique to the automated E526 analysis ‘for 3

total cyanide is satisfactory is given }?n the Conclusions section. ]

2.6., - Determination of zinc S . L

The chief function of the zinc Eyanide and zincate complexes is to

' , provide a reservoir fram which zinc plated may be replaced. The size n

'
&

%y
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~

of" trz’is reservoir can be caried several-fold with little effect, if e N

apgwiate ghange:? -are made in operat:%éng conditio'r‘ls‘and in the con-

ST

R centrations of other bath constituerts. As the zinc content is reduced,

[

however, the effects of small changes in the other variables is mag-
nified, and fluctuations in performance may lead to increasing diffi-

culties. To reach a suitable compromise, the desirability of easier

©

. control and more consistent performance must be balanced against | 0

. " increased chemical and waste-:iisposal probi&ns and costs. In a well-
| operated bath, additions of zinc salts should not be requlred on any
. sl
o . large scale. The anodes will normally prorv1de more than sufficient
| b N\

E . zinc to replaée that:lost by plating and by dmgout. Steel or other

inert anodes ara sometlmes used to prevent the excessive zinc accumu- \
b

lat.:Lons i‘requently arlslng with zinc anodes. Chemlcal analysis for -
=L : ginc should be made i‘requently enough to obviate the need for major

- addltn.ons of zinc salts. ‘
" ‘ b ! . . .
‘ oy 0 ' - Yo ~

K . The method of analysis”’ apj;lied by the industry involves a complexi-

metric titration using EDTA as the titraft and Eriochrome black T as
. N . ‘ .
the indicator substance. The steps in this analytical technique are:-

A
-

e

(1) Pipette 2,00 ml of plating solution into a 300 ml E‘clenmeyer
flask and add 100 ml of water.

. . .- (2) Add 2 or 3"drop's of 0.04L% (gq.) thymol blue indicator and
-3 : titrate dropmse with 1N HZSOL to a pale yellow endpoint.
B 4 \

3 3 / (3) Add 25 ml of buffer solution (50 g Ni Cl and 400 ml of con-
: ! - gentrated NHy per liter)

5
—

.. (4) Add 0.2 - 0.3 g of Eriochroie black T indicator (0.2%g of
. o -+ Eriochrame black T ground with 100 g reagent-grade NaCl) -
. ¢ . ‘ ,




- (5) Add 10 ml of 5% formaldehyde solution and titrate
. . immediately with 0.05M EDTA solution from a reddish-
purple colour to a blue e?dpoint colour.

‘ The purposs of the initial titration with 1N HpSO, is to neutralize

e " the contained slkali and to convert the NaON and cyanide zinc complex

. insofar as possible ﬂvailable zinc ion and HCN. The EDTA solution '
used' as titrant ;is standard:’Lzed“againgt zinc contained in the solution
largely in a cyanidé camplex. form, ‘so that the starx}ardization process

o

3 is basically an empirical one.

A thorough reporting of the equilibrig, etc., for a somewhat similar
¢ ampleximetric titration involving nickel was made in Sub—-secti;on 204,
- Despite that the situation here is further canplice;.ted by the ‘presemce
durlng titration of cyanide as.well as ammonia, it w(ﬁs not felt at all

¢l

, necessary to iepe&a.t any such develo;ment i‘or the zinc-EDTA titratlon.

/ The experimental details relating to this portion of the project

work will be found in Appendix H.

| The first step in the expeAzl'imantal work 1nvolved tl{xeﬂ preparation ‘1
' and 'standardization of the EDTA solution. The details of this process
are glven in Table 1-H. both the emplrlcal method employed by 1ndustry
and the normal method applied in ge ral analytical work Weré used The

former provides a solution containing the zinc ‘as ginc cyanide complexes;

) the latter yields a solution with\.thg zinc as zinc(II) ion. The average
. { .

[t

molarities and standard devia®ions fopnd were:- . . ' g 3

PR ol Tl
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/ ' : Average M Standapd Devn.
Industry method 0.08996  + 0.0001%
General method . 0.0898%  + 6.00013
: ’ § ‘
The values, to all intents and purposes, ‘are identical. This B
titrant was now appi)‘led using the indust.ry method manual’ tltratlon .7 -

to the determination of zinc in the camnercial alkali zinc cyanlde

, plating solutions provided by the granuting agency. Table 2-H gives ’

2 the experimentel details, while Table 37 gives the values obtained

relative to the granting agency values. It will be noted that the

' ) precision for each solution group is.excellent, and that *very good

agreement with ,the Canadian Hanson values -was attained. H

‘The details with respett to applying such a titration in the poten- )

. M /l
tiometric: sense were now considered. A zinc(II) ion-selective electrode

>, is not commercially available, so tHat this avenue of approach could

» g \

not be congidered. The details of Sub—sectlon 2..0 describe the use” ;8

of a Cu(II)-EDTA indicating solution and a Cu(II) ion-selective elec-

trode/double-junction reference in,’ an EDTA titration to determine

-

nickel. This technique, generally described by Ross and Frant (32),

was now applied in the detemu.natlon of zinc using the E.L36A tltrator.

The standaydization of the EDTA tltrant agalnst standard ginc solution b

was first attempted. The detalls mvolved are outllned in *Table 3-H.

An average molarity and standard devn.atlon were found of:- . /
\ R

K \ 0.0915% + 0.0005%

bt}

- . This''is not in particularly good -agreement. with the values found.
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N TABIE 37

MANUAL METHOD (EDTA) TITRATIONS IN THE DETER-

MINATION OF ZINC IN AIKALI ZINC CYANIDE PLATING SOLUTIONS~

Zinc (o;/IIS gal)

Zinc (o0z/US gal)

Sample No. ~ project work

1. A 0.03

2. 1.31 £0.01"

wr

3. . 0.92 + 0.02

b , 1.94 + 0,01

.y -

5. 1.51 & o.o%

6. 1.75 + 0.01

* 1. 2,00+ 0.02

g. L.99 + 0.02
9. . 1.51 % 0.00

1.98 £ 0.00

o
.
-
¢ :
~
-
'
~— ¢ -
+
Ie ¢
.
1
i .
[] o
A3 N R
Tt

b9
1.3

0.9

- 1.9

“
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g

with respect to the manual techniques, although the difference is not -

of great signii‘lcance. The - relatlvely low value of +A‘E for £ 0.5 -

ml around“"the ecih:l.val‘ence point vblume, * 27 units, will be noted .

LY

* This titrant was now a,pplied to determine gzinc in the ccmmercial *

plating solutions the experimental details being given in Table h—H.

It.will ‘be‘ noted that only the lowest zine content solution at 0.9

Q

oz/0S gal gave any electrode response of 8 detectable na’cure and * in,

L)

this instance the equivalence point Ecell varlatlon and the low * &F .

(£ 0.5 m1) of about + 6 mV imdicated no possibility of adaptation of

~

the method to the automat\7‘ dead-stop tifration technique. - 4

° .o
It was felt that the high zinc and copper concentrations, the

‘relative proximity of the stability constants (6.2 x‘lOl8 for coppez‘:

and 1.8 x 1016 for zinc) and the high concentrations of both cyanide

and ammonia all make contributions to the low or noneiistent AE shifts

noted. The Ross and Frant (32) technlque is ba.sically intended to

be e.pplled to very low concentration solutions (i.e [Zn2+] at 10"'31{)

so that the high zinc concentration solution§ attempted are unhkely‘

-to suit the methodology.

-

" An extensive investigation was carried out using purified TEPA as

[y

the titrant substa.hce, since this hadcgivon & successful method in

~

, the determination of nickel-in a'cid nickel plating solutions. The --

-

associated data covering this inveétiga.tion is not given since, even °

with th:.s titrant, the method gave no- electrode response gituations

stable enough or large enough to provide any hope for adaptation to

an autumatet dégd-stop titration technique.




N : *

It was now i‘elt that a method of analysis requiring- prior destruc—

tion of the cyanide content of the commercial plating solutions would

have to be explored. The obnous method of destroying the cya.nide is
the HgSO&—HNOB evaporation treatment applied prior to the determination

of silver in cyanide silver plating solutions (Sub-section 2.5.4)
. ”

£

The destriction of the cyanide content would provid\e solutions, -

- -
L3 N .

which, once I;roperly adjusted as required, would be available for the
determination of ‘zinc by & tih‘atip/n method easily sdaptable o an
automatic dead~-stop potentiametric titration. It was decid\ed :\.n,/f ]
view of the well~known characteristlcs of lar\ge & shifts arouﬁzl the
equ:wa.lence point and gdaptability to Ecell detection using a platinum-
reference eléctrode couple to investigate the determination of zine
in cyanide—deatrcyed solutions by titration ynth standard potasaimn

o] -
i‘errocya.nide solution. e .

'Zinc can be titrated with potassium ferrocyanide in the reaction:-
U3+ 2GFe(tN)y S KyZng[Fe(CN)l, + 6KF

The product is a highly insoluble substance, and the equivalence

—~

-point can be detected potentiometrically if a pretitration addition

. . [Fe(cN)ET) .

of potas:ium ferricya_niﬁe, KB’Fe(CN)é , is made. On’this basis, the

- solution pot_entiai duri.ng titration changes according to the systezn;-;

[ Fe( cn)z'] :

Epo(cN)2/Fa(eN)y = E°++ 0.059 log

.
‘f

" A platinum electrode will r\gaspond to this changing potential whicﬁ,
Q ¥

e




"free cyanide' will lower the ¢athodic efficiency, however, and this

must be avoided since a decrease in cathode efficdiency results in the

- -

production of deposits of inferior quality. Satisfactory deposits

‘

can be obtained !?ere no "free cyanide' is present, but this results
in poor anode cornosion rates. Potassium cyanide is normally used

to yield the cyanide complexes and the "free cyanide" for alkaline

copper cyanide plating .solutions. =
<@

P
Carbonates tend to bulld up in the electrolyte d%rlng operation

because of the absorptlon of carbon dioxide’ from the air. There are
no appre01able harmful effects from alkali cdrbonates up to about 10
0z/US gal. Higher concentrations will lower the optimum current
density range a’The carbonate content must, therefore, be controilee'

by analysis on a routine basis.

The components requlrlng routine analytical control are "free

cyanide" as KCN, total alkall as KOH carbonate asg K2003 and copper. *

]

\) 1Y

2.7.2 Determination of total alkali as potassiumAgy&roxide.

The method applied in the industry is:-

<2

(1) Pipette 10 ml of plating solution and add 10 ml of water

(2) Add 1 g of splid KCN, swirl to dissolve and add 5 drops
of LaMbtte or Flsher sulfo-orange 1nd1cator R

(3) Titrate with 1N HZSO until the orange colour changes to.
yellow with a sllght greenlsh tinge.: . .

(

It will be observed that this technique is identical to that used

~— -
in the determination of "total alkali™ in alkaline zinc cyanide plating

.

PN A L S CR



solutions (Sub—secbionu2.6.2): Since tﬁis technique, and its ;xcellent

adaptability to hutomatit analysis on the E526 assembly, has already

been covered ig:;;ughly in this sub-section, it was felt that no furthelr
« experimental work was requiréd with reapect to the present détermina—

tion. Some comm \ ry relative to the actual application of this tech-

nique automatgd on )the E526 and applied in the present connection will

be made in thé Cohclusions section.

2.7.3 " Determination. of "free cyanide" as KCN '
. § ' . 1
The technique used by the electroplating industry js outlined in
&

ya ©

the following:-
(1)\,P1pette 10 ml of plating solution. and dilute to about
100 ml with water.
(2) Add 5 ml_of 10% KI solution.

(3) Titrate with O.1M AgNO; solution until a first perma-
nent turbidity is obtained.

i

U (4) As a footnote When testing brass plating solutions,
- add 5 ml of 20% NaOH solution prior to tltratlon.

The method as outlined above is identical in all aritical aspects

to"that for the determination of "free cyanide" in &yaride silver

'plating solutions (Sub-section 2.5.2), or "total cyanide" as NaCN in

[}

alkali zinc cyanide plating solutions (Sub-sedtion 2.6.3). It was

th;;efore felt to be amply juétified in view of the work already done,
to Bssume tHat the application of this technidue to alkall copper
cyanlde platlng solutions would show the sagfle excellent adaptability

< to automation on the E526 assembly. No ther exploratory work was

3
e e P - -
sﬂﬁ o . R T L SN N
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o , B
carried out, and a commentary on the: suitability of the automated tech-

nique is provided in the Conclusions section. .

’ . |

2.7 .4 Determingtion of carbonate a%po:bassium carbonate

The industrial technique is:- . \ o .

(1) Pipette 10 ml of plating solution into a 250 ml beaker.
R ‘
(2) Add 100 ml of distilled water and warm.

(3) Add 25 ml of 10% barium chloride solution while stirring

vigorously. Allow the precipitated barium carbonate to
* settle. . '
(L) Filter and wash with hot water. &
. . LT R Lo QJ
(5) Trahsfer the filter and paper back to the original beaker -
, and add 25 ml of water. Macerate and add a few drops of
: - methyl purple indicator.
(6) Titrate with standard HCL solution until the-colour change
I", . . is permanent.
_ This is a straightforward titration of precipitated BaCO3 with
4 - hydrochloric acid titrant. In view of the 'nature of the analytical
< ! process, only the last or titration step could be considered adaptable -

' C - to ‘automation. The value of the automated process, relative to the

4 .

& time required in the precipitation and flltration steps, w'oﬁld be de-

creased considerably, and it was the éranting agency's feelihg that

this process and its gutomat:%on should npt be part of the dixkzive.
Several tests were made, nevertheless, relative to EL36A and E526

c; wits as applied to a modii:ied version of the final titration step.
No difficulties were experienced in\this modified versizm relative to

~pH. changes around the equivalence point‘, or in adapting these changes

to the dead-stop pH endpoint technique. Since this work was not part

. i
R Tr R W O -



determa afion of copper by sodium thiosulphate, Na28203, titration.

. | ,\‘
"192.

: L 3 ' \ ,
of’ the ‘project directive, no detailed discussions are included. In

point of fact, h‘ovgever, a techiique was written up for the granting

agency in this connection..This is outlined briefly elf(:‘\elov\r, and it was

found to yield excellent data relative to both precision and accuracy.

~ -

’

(1) Carry out all steps.of the industry method through
to the end of step (4).

(2) Transfer the filter and paper back to the original
E526 beaker in which the work was started. Add
+50.00 + 0,02 m1 of 1.0M HCl1l and macerate.

(3) Rack the beaker ‘on’ the E526 beaker changéer

(1)  Calibrate the E526 with a 7.00 buffer and then with
a 5.00 pH buffer\ Set the dead-stop pH at 5.10.

Use.a glass-Ag/AgCl (3M KC1) combination electrqde,
set the titration direction control at lncreaslng

pH during the titration and set the large ApH incre-
ment mode in operation.

(5) Eltratg automatically and sequentlally with 1.0M NaOH
#solution

-

2.7 .5 Determination of cogper«'»

Thefuiethod applied by the industry is essentially the 3ld—nne

The ste e~

fmmnmem i gt
| N

At
(1) Pipette 5 ml of plating solution into f 250 ml flask.
(2) Add @ml of concentrated sulphuric acid in the fume hood.
(3)" f}vaporate to dense"wh.ite fumes of SOg

(L) If the solution is dark, cool and add a few drops of
concentrated nitric acid. Reevaporater to dense 803 fum

(5) Dilute to 100 ml, and add concentrated NHy gradually until
a deep blue colour is produced after swirling.

i L o A8
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(6) Boil'for 10 to 14 minutes and then add glacial ackzic
acid until the colour changes to a‘lighter blue. Add -,
a 2 ml excess of acetc acid. ’ St

~(7) Boil and then cool.

£, w7 (8) Add about ) g of XI and 2 g of NH HF,, andetitrate with

: ‘ 0.1M NapS,03, using a freghly-prepared starch solution .

sas indicator. (Do not add starth until’ the brown colour \ ‘
- has almost disappeared). Allow to stand for 30 seconds,

E ¢ ' and i a bluish-grey colour does not reappear, call it °

the endpoint. The colour should be white.

©

)

T, , Obviously, as was the case with the silver determination|in cyanide

ko silver s;olutions, the cyanide-destfﬁction step can not be au’é.omated, 80
4 . s 1 |

that the experimental work was directed to automation of the!final

)

 titration step alone. ) . | ‘ s r
‘ - o !
The preliminary and titration reactions are:-

L]

200t 4+ 117 5 20ul + I, : “

2- . 2- ~
v I, +25,0; & 217 +50 . :

.

! .
In\order to avoid interference from Fe3+, which is also reduced
: . ]
' by sodiun thiosulphate, ammonium bifluoride, NH,HF,; is aided to con-

vert the Fe3t to the soluble but very slightly dissociated complex

ion, F‘eF6 . Theoretical calculations as associated with‘th’e /“Ecell

~

values at critical titration points will be developed in one of the

associated appendices. FExperimental data for this portion of the

ot
project work will be found in Appendix J. i
~ Ao,

gt 7

. /‘;. “
‘An approximate O.1M sodium thiosulphate solution was prepared and -

EE v

standardized against pure copper using the manual method. The details REYA

’

v s mares . T vl Al




of these procedures are given in Table 1-J. The average molarity h .

and the standard deviation were found to be:= ' ‘
“ . &

0.1047% + 0.0001%
- ] -

- » v

This solution was now applied in tbe 'industry-s‘bandard manual method
for the d‘gtermination of copper in commerdial alkali copper cyanide
. plating solutions. The experimental detgils are given in Table 2-J, with

Table L1 showing the average values obtajned in comparisonjwith the.

s granting agency values. The values obtair were quite precise. In
4

general, agreement with Canadian Hanson results was good; although
there was a tendency for the experimental values to be somewhat on the

[

high side. It was noted that it was essential, when darkly-coloured
: ’

N
solutions were.obtained with the sulphuric acid treatment, that these
be clarified ,‘f;::'operl'y by nitric acid additions. A few exploratory
tests indicated the;t, vhere such solutions were not properly clarified,
significantly low copper values are obtained.‘ The use of organic addi-
tives as er:.ghteners explains the darkly-coloured solutions sogetimes
wet . | ' _O\' ‘

The EL36A unit was now used to stan?fa'rdizg the sodium thiosulphate
so}ufion. The standardization details are shown in Tablg ?'—J. The

gv:erage mblarity and standard deviation values were:-
0.100° + 0.001° ’
While thj,..s value does not agree too closely with the value found

by the manual method appli'cation, the_"y can pot really be campared, since

-




' : | TABIE 41 ¢ e

i

MANUAL TITRATION DETERMINATION OF COPPER. IN ,
COMMERCIAL ALKALT COPPER CYANIDE PIATING SOLUTIONS

i Copper (oz/US gal) Copper (0z/US gal)
Sample No. + project work Canadian Hanson

1., - 3.92 + 0.01 \ 3.7

v . -2. 3-h1i0.00 3‘3

P

: 3, a%iO@l : b6

-> ¢ * f
N v

L. . 6.85 6.2
5. 2.27 £ 0.0 2.1

6. L.06 * 0,00 ' 3.8

= 7. . 6.89%0.00 6.6




" e ) * ] ' :-!—96 *

8

v

b . o N . ..
the time interval between these standardizations and the general a

‘ instability of sodium thiosulphate solutions tend to provige for value -

L)
variations. « - e N

¢

/ ’ )
' The theoretical Ec2ll calculations for titration critical points
are shown in Table 3-J. The comparison of these with the experimental
values is shown below. o )
. n, o (mV) L
E ' o Experimental ITheoretical T
g ' Ave. Ecell 0.5 ml before eq. pt. 320 275
F Ave. Ecell at eq. pt. - 220
g ) Ave. Ecell 0.5 ml after eq. pt. ) 90 L
i R Ave. T AFo{k 0.5 ml) +107 [ 123 4+ 55 - 176

. \ .
E The experimental values for Ecell at + 0.5 ml around the equi-
valence point appear to be elevated for same undetermined reason. No
: - attempt was made to investigate this situa»tién, since the important
1 factor, the AK (* 0.5 ml) was suffiviently high and in agreement with
J X .. -
the theoretical value. The Wéd assymmetry did not materialize.’
{ ; .
/. M
This titrant wa§ now applied in the determination of -copper in o

" plating solutions usjinga the E,36A titrator. The experg\mental details

can be found in Tgble L-J, and Table L2 gives the usual comparison of

. ' results. It will an/oted that these values are somewhat lover than'
those obtained with the manual method and are,' inslééq, somewhat closer _
to the granting agency values. The precision mmﬁgl
solution group. In general, ti'le experimeﬁta_l ave;'age Ecell values r .

agree with the theofetically alculated ones, although the Ecellf value

I3

" at 0.5 ml after the equi alencerpoi(E‘(average 90 mV) shows a consi- .
) W

s -
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: E4,36A TITRATION DETERMINATION OF COPPER IN
, COMMERCIATL ‘ALKALI COPPER GCYANIDE PLATING SOLUTIONS
N C Copper (0z/US' gal) Copper (oz/US gal)
Sample No. project work Canadian Hanson
o 1. 3.7, £0.01 3.7
P e 3.23%% 0.0, T 33
." i ! . % 3- v 14-069 i‘ oo@» \ 14'06,‘
' \‘%l?. . ‘g l.{,. 6.57 i“0.0IJi \ i 60'3/
. , . “\, ‘A
N 5 . 2.11 i Oool s ; l].’"
) S /S
, 6. pr 3.90 + 0.01 3.8 .
. ‘. 6,62 + 0.08 . 64
. o 8. . .7 .10 £.0.08 Tl
\ ) . ’ %20 ° \ .
L 9., 1.7 +0.08 ~ 1.8 -
| 10. 1,63 £ 0.05 L8
. | . . B N
- . « - _
o . 2 o -
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derable difference from the theoretical value of L4 mV,

The sodium thiosulphate titrant was now s’ﬁandardized using the 7
E526 assembls'r. Table S—J gives the exp.erimen@ details. ‘The average
molarity and the standard devie.j;iorl were:—
4 ‘ . { X
“ : 0.100° + 0,001°

"~ and these agree exactly with the data obtained from the E,36A method .

3

This coincidence of results, compared 'to the significant difference

1Y

. betv}een the manual and E,36A vaiues , may be explained by the shorter
’ time interval betwee‘r'l‘ the E,36A and E526 standardization procedurgs , ‘::V
as well as on the fact that it is likely that, in time, the titrantj
solu'cion' had achieved a degz;ee of stability. The bpti{xlum value of

' the dead-stop potential setting was found to be as origihally applied ,

and based on the E436A standardization detaiis of Table 3-J. The '

value involved was + 220 mV. . * : . . .

The titrant was now used in the determination of copper in plating

* golutions using the‘E§26 assembly.. Experimental details ip this Ycon-—
nection are found in Jable 6-J. Table L3 gives the usual comparison
of results with the granting agency values. The oﬁtimum déad-stop
potential setting was i‘ound to be <4 230 mV, and j;hls was located after

- minor exploratory work. Five standard co;:p;r/olutlons were 1nter— '
spersed between the plating samples as 91check on instrument and elec—

-

trode couple stablllty. Pretitratior’x/ additions of KI and NHL'HFZ were ’

made in. the i‘orm of solutions, and this was carried out automatlcally

on the beaker changing unit. The KI was added as 10 ml of a LO percent
N 7
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. " TABIE 43 . .

3 _ E526 TITRATION DETERMINATION OF COPPER IN
E .. . COMERCIAL ALKALT COPPER CYANIDE PLATING SOLUTIONS

Copper (oz/US gal) - Copper (0z/US gal)
——geroject work Canadign Hanson

E ' 1. , 3.79 + 0.00 3

Sample No.

2.

r\\, 's, 2.22 % 0.01 2.1
) 6. 3.9, + 0,01 3.8 j
: * M f
; 7. 6.72 £ 0.04 6.6
; . »
8. ‘-{-0314- i 0.0Q L‘-l"“
[ b‘ - ﬂ

) 9. 1.8, +0.02 1.8~
E -i
3 10. L.79 + 0.01 L.8
,/ . ‘ / )
1 v ’

30hl i Qo%
5.0} + 0.02

6.68 + 0.00

3.3

l}oé

[

L3
3

6.2
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. solution, and the NH HF, as 10 ml of a 20 percent solution. The am-

~ ! .. 200,

a

a4

monium bifluoride solution was held in & plastic reservoir and dis-

pensed through acid—resigtant measuring valves and Teflon tubing. 35

i
beakers were involved, held in 9 magazines, and titration was sequential

and automatic. FElgpsed time was about 1.} hours.

. Table L3 shows that the results were precise and in good agreement;
although slightly higher than the granting' agency values. The inter- f
spersed standard solution samples showed excellent titration \}oiume
reproducibility, indicating dead-stop setting and electrode couple
stability. Table Ll shows the allover comparison éf results. The
manual method tends to somewhat higher values, with the: E436A showing |,
slightly lower values. ‘The E526 data shows little bias. All values
for each of the three meichods show good precision. Comparison‘of the.
overall ave:“ages with the granting agency values showed some tendency
for the averages to be samewhat higher, "although no really serious dis-:

crepancies were noted-

/

2.8 Analysis of Acid Chromium Plating Solutions ‘

’

2:8.1 General
Chrom‘imn,\molybdenum and tungsten are on the edges of that group
of metalé which can be depositecg\ from agueous solution. Although
chromium can not be considered to be easily deposited, it can be laid
down from many bath typés. The\ cathode efficiency is always low, and

<5 »
not over 15 percent in the most common bath, the chromic acid bath.

Chromium can not be readily deposited""ﬁ;tm a solution which con-

tains only chramic acid, Cr03, and water. There must be present in the

s &*‘?’37'@»'3**:{»1. et
5 d
SR RE L e, KL

R N
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SOLUTIONS IN THE DETERMINATION OF COPPER

' COMPARISON OF MANUAL, EL36A AND E526 ASSEMBLY TITRATIONS OF AIKALI COPPER CYANIbE PLATING

All results are expressed in oz/US gal

(2)_ (3)

QL

Devn. framoverall ave.

- Oversll
(3) average

(2) E526

values Manual (1) FL36A

No.

Sample Can. Han.
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-

bath, in addition, one or more acid radicals to act as promoters in
bringing about proper cathodic deposition of chromium. Useful acid

radicals include sulphate, fluoride, fluosilicate, etc., with the

2
sulphate radical, added quwite frquently as sulphuric acid, being the
most popular. Forl continuous operation, the ratio of chromium by

. ‘. v .
weight to the acid radical mist be maintained within quite definite

S

limits, fer;’cering around about 100:1 in the case of sulphate. y

o

Tﬁe current efficiency varies widely with bath temperature, con-
centration of chromic acid and ”proportio}l of pramoting io’n or ions
added. A change in the pr‘Oportion, or the use of a different anion,
seriously ai‘fe)cts 1'the physical nature of the deposit and, since chromium
is very frequently a decorative coating, can cause significant problems.
It is thought that the formation of an adherent film of | chromiw;l
chromate, Cr(OH)CrQ,, on the‘cathode inhibits the deposition of the
metal from pure chromic acid solution baths, and that the acid anions
modify favourably the composition and p}Operties of this film: In
addition, certain anions, such as sulphate,; form complexes with Cr(I11),
thus reacting ‘to combine with Cr(III) produced during cathode reaction

and preventing the formation of basic salts to a considerable degree

at the cathode.

t y

2.8.2 Determination of chromic acid (Cr03) and Cr(III)-

There are only two essentcial components in the acid chromium plating
bath. These fire chromium, as Cr(VI) and as Cr(II),. and the amount of

th'ek acid anion used. The essential criterion of bath composition in

the\chrom'ic acid/sulphate 'ratio where sulphate is~ the radical applied. ’

.
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This should be ke})t within the limits of 50:1°to 250:1, and preferably

around 100:1‘: A bath prepared with chromic acid and sulphate does not

retain its composition during operation." Some Cr(VI) is reduced to

Cr(III). The platlng bath sample is normall)\analyzed for 1ts conta:med B

value of Or(VI) this being reported as chromlc ac1d I sample is then

fully oxidized to convert all chrcmium to Cr(VI) and thls quantity is

determined. The difference between the Cr(VI) in the second determina-

tion and that in the first represents the chromium present as Cr{III).

The industry methods of analysis are:—

A 1 '

(1) Pipette 2 ml of solution into a 100 ml volumetrié flask
and dilute to the ma.rk with distilled wa‘l;er.

(2) Pipette 10 ml of this diluted sample into each -of two 300
ml Erlenmeyer flasks. Add 100 ml of distilled water to
each flask. N

ﬁe’t,ermination of Chromic Acid (Hexavalent Chromium)

(1A} Add 3 g of ammonium bifluoride, 10 ml of concentrated
" HC1 and 10.ml of 10% KT solution to one of the above
flasks and mix thoroughly. =~ =+

(2A) 'Titrate with standard sodium thiosulphate solution until
the brown colour changes te a straw yellow .

(3A) Add several drops of freshly—-prepared 1% soluble starch .
solution, .and continue tltratlng until the blue colour
dlsappears. v .

Determination of Trivalent Chromium

'(1B) To the other flask add approximately 0.2 g of sodium
peroxide.«Add several glass beads and boil for at least
20 minutes.

(éB) Allow to cool, then add 3 g of ammonium bifluorlde 10m
of concentrated HC1 and 10 ml of 10% KI solution.

(3B) Titrate with standard sodiym- thiosulphate solution until
the brown col‘our changes to a straw yellow.




»
N 4 «
A}

(4LB) Add several drops' of i‘reshly—ﬁrepared 1% starch solution
and titrate until the blue colour disappears.

‘a . . s !
The Cr(IXI) is, of course, calculatedrfrom the disparity bstween
the Tirst and second titration volumes. The ’preliminar# and titration
\ reactions are:- | . |
2%t & 61- s 2003+ 4+ 31, »
o L, o+ B s A+ 808
. . .

\\ Ammonium bifluvoride is added to complex any plating solution Feot
as the FeFZ_ complex, since Fet a.lone interferes by reactio;;\ with
NapS003 ... No attempt was made to investigate the processes of analysis ’
.for both chramic.acid and Cr(III) » since the titration steps are iden~
" ticall The exploratory work centered around the determination of Cr{VI)
' as chromic acid, with the understanding that if this determination ‘was
ca.pable of adaptation to autamated titration, the associated Cr( III) “

detennlnatlon determnatlon capability ebviously followed

The sulphate determination in acid chromium baths is a gravimetric

procedure in the industry analytical, process. This could not be sub—

\
3

Jeet to study _here, although several suggestions in this connection

will be found in the Conclusions sectilon. )

¢

The expériment.al details for the investigation of the Cr(VI) deter~

mination will be found in Appendix K.
e N

A solution of sodi\zm thiosulphate was prepared and standardized by

the manual application é;f the industry method. The details 1n this con-

nection are shown in Tabi\te 1-K. The average molarity ard the standard
“—
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deviation were‘:- ' - 5

0.09997 + 0.00021

A The details of the app]icat.nl'.on of this titrant to thq determin;a,tion
- of chromium as chromic acid.are given in Table 2-K, with the comparison
-of the result averages for this manual method detenﬁingt:ion with the
granting agency values give'n in Table h‘5. | The results were precise in
respect to the volume measurements and chronic acid contents. A ten-
deno;y to yield values so,ewhat high::c" than the éranting agé;my values
was noted. It will be-important, when considering any of the -values
obtained by this general me"t:hod, to note that 1 0.1 ml of titrant is |
capable of giving a value of % 0.22 0z/US gal of chromic acid_, so that

minor result differences and some lower precision is to be expscted.

. B ¢ S
The EA36A unit was now applied in the standardization aof the NapSy03

titrant. The experimental details are given in Tablé 3:—K, and the values
for the ,mélarity and standard deviation were:—
™

= ~

0.1061° + 0.0000°

y N ' < i - ’
Since thigstitrant was freshly-prepared, comparison of the above

value for molarity with the manual method value can not be made. The

" theoretical calcuiations for Ecéll at' titration crit:{cal points is
mentioned in Table 3-K and, without a'ctuélly indicating the d_evelOpment,
were c/arried ‘out in preciséiy the same manner as that shown in Table

‘ 3—-J1 since? )sze titrations are identical in nature. The values obtairlled

were:-— -

4 . o
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_— . TABTE A5 . S,

MANUAL TITRATION DETERMINATION OF CHROMIC ACID
IN COMMERCTAL ACID CHROMIUM PIATING SOLUTIONS

Sample No. , ’ Chromic acid (oz/US gal)
¢ " project. work Canadian Han,
1. < 32.19 + 0.1% 31.9
2. ., 40.83  0.05 41.3
3, ‘5 35.65 + 0.02 31.0
k- . 32.59 £ 0.0 2
k P SO
‘ 5. . 37.32 + 0.1°2 38.9
6.  L2.h1 £ 0.07 L1
. B &
7. ' 36.23 + 0.06 37.1
. 8 20,.80 . 2.0
. ’
9 3.2, + 0.08 Not given
. . ‘ .
@104 - 30442+ 0.03 33.4
- 4 ) )"
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Experimental Theoretical

. 0.5 ml before eq. pt. - _(mV) 390 367
At eq. pt. (mv) 2178 257
0.5 ml after eq. pt. (my) + 80 LO
+ & (% 0,5 ml) (mv) +112 - 198 + 110 - 217

The expected assymmetry materializedﬁ, although the Ecell values
found experimentally differ quite significantly frah the theoretical
data. It is important td note, however, the the AE (+ 0.5 ml) value

IS .

is large and easily adaptable'to a dead-stop titration method.

° \

- This titrant was %w used to determine ‘chromic acid’in the acid
chromium plating solut;idns. Té}ble L~X gives the experimental details.
The F,\36A titrator was applied in this series of analyses. Table L6
gives f;he usual camparison with the granting agency data. It will be
not;ed that the vo\lume and chromic acid values are reagonably precise,
although the precision was not as good as that displajyed by the manuai

M,
method application.> Reasonable agreement with the Canadian Hanson

values was aga'/ ed./ All of the above conclusions are (_ixj_awn', and

must be considered in the light of the sensitivity of the titrat wit.h’f‘"

respect to the volume/oz/gal relationship, The Ecell values noted

experimentally, in comparison with the theoretical values previously

mentioned were:- f

‘ \ ) Experimental Theoretical

0.5 ml before 'eq. pt. (mV) 360 - 365
Eq. pt \ (mV) 291 271
0.5 ml after eq. pt. (V) 166 ‘ 90
+ AE (+ 0.5 ml) (@v)  +69 ~ 135 + 94 - 181

\
These theoretical values were calculated .gor plating solution titra-

-

tion conditions by the method outlined in Table 3-J. The expected as-

symmetry will be noted, "although the experimental Ecell for 0.5 ml after
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* TABIE 46
. 4 ?
. EA36A TITRATION DETERMINATION OF CHROMIC ACID
IN COMVFRCTAT, ACTD CHROMTUM PTATING SOLUTIONS
" \ a B .
\ , : y
Sample No. - Chromic acid (oz/US gal) . ;
| project work Canadian Han. . - 3
| 1. _ 32.82 +\0.1° 31.9 '
\ 2. 41\3 e
- ,,
| . 3 . 31-0
L. \ 32,22 + 0.1° 33.2
5. 38.52 + 0.2% 38.9 ]
1 - ’ H . , .‘b
6. 42.6% +0.13 hh.1
7. 3%.0% 032 371w 1
g Fo &
8. 25.5% + 0.17 2620 _
9.0 34.8% £ 0.5]  not .given
' 1 9 2 / S
10. 1.3t 017 334

[4
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the equiva]zence point differs rrJa'dicza.lly fram the ,,theoretical value. In

addition, the other experimental Ecell values show some differences,

° pa‘;'ticulai'ly the equivalence point Ecell value. The 4E range, however,

«

is more than adequate to cover adaptation to the dead-stop technique.

[y

The E526 assembly was now applied in the standardization of the

‘; ’ %  same titrant. The experimental details are given in Table 5-K., The °

»

. J
addition of KI was made automatically as a pretitration addition of

A

10 m1 of a 10 percent solution. After exploratory test work, the

& .
- optimum dead-stop potential setting was found to be + 290 mV, and

this was appreciably higher than either the experimental or theoretical

values found in Table 3-K. The molarity and the standard deviation

‘ “ (
! n\ .
: 0.10267 + 0.00018 Y

' )

were:— *

3 ’ -

The lack of agreement with the E436A value obtained is not signi-#
] : Jficant due to the expected deterioration of sodium thiosulphate solu—

E tions in time. x ;

- The E526 assembly was used for the determination of chromic acid
inm the acid chromium plating solution samples. The additions of KI and

NHAHFz' required were made autamatically as pretitration additions of
‘ e
v . 10 ml of 20 percent ammonium bifluoride and 10 ml of’10 percent potas-
. : .
. sium iodide. The dead~-stop setting used for the standardization process,.

N + 290 mV, was f&und to be satisfactory for these titrations. 30 beakers

were racked in 8 magazines and the titrations were carried out sequen~

4 ‘ ' tially and automatically in about 1.25 hours. Table L7 shows the com-
* ‘ . .

-
P )
L4
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. N ' TABIE .47 oo ‘
: "‘}: . ’ .
] - E526 TITRATION DETERMINATION OF CHROMIC ACID -
3 IN COMMERCIAL ACID CHROMIUM PIATING SOLUTLONS T
A . . /;
y . ‘ . ) .
? Sample No., Ghromic acid (o0z/US gal) ' -
; projeet work - Canadian Han. .
o ’ 1 = 7
4 1. 32.7h4 +,0.08 31.9 ‘
| ) "
: . 2. 10.5° +0.60 41.3 S
» 3. 35.2% + 0.13 31.0 p
4 , .
! | b 31.97 % 0,17 33.2
: 4
r“ N
: : < 5 37.41 % 0.07 38.9
o .. ’ /
6. - 41,67 0.4 Byl
O
£
2
. 7. 35.08 + 0.5 37.1
o , 8. 25.01 + 0.17 26.0
) ;"' 5 i 3 s \ )
™ 33.72 £ 0.3 not given )
. 10. " 30.3% + 0.2° 33.1
- , s A v
A - , . {
’ A N~
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par'i‘son‘.of the average values ogtained with ‘the granting agency‘dat\a.“*

Again, the restllts for the averages and standard deviations showed good - -
preéis:’ron relative to the titrant ser_x?itivity. Reasonable agreement

. ' with the Canadian Hanson values was-also hoted on the same basis. Table -

L8 gives the al}over con}pa'rison of the methods and the Canadian Hanson

‘ values. The standard deviations were noted to be higher, even for ‘the

manual method-application, than were generilly observed in the use and

;
: .4 adaptation of the techniques of analysis investigated previously, and

. it was felt that the titrant sensitivity might have been largely res- .
] ponsible in this conr&c\tion. The cieviations from the overall average
i ' ) . 2N
! show that the EL36A technique tends to higher results, while the E526

unit tends to lower values. Deviation from the granting agency values \‘

was rot really significant in view of the sehsitivity of the titrant.

TR s T

A
&
¢
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3. DISCUSSIONS AND CONCLHSIONS

. .
3.1 General . - ' C - ) N ';
, The analytlcal methods applied by the electroplatlng industry |
. may not, in many instances , be the best available or even the most

aodern applicable. Their use in this investigation was based on a ‘ .o 8

port,lon of the project dlrectlve ub.*ch in itself, had a spund”and ,

reasonable basis. .\# 3

4 IS ' ' !
5 .

Thre industry has used these analytical techniques for many. years ,

-

and the plating bath control'systems have centered on the results ob- ' \ 4

tained from the application of these techniques. Suppose, or example,

¢ that a specific old-line method of electroplating solution analysis

. t
h o

has a tendency to yield results that are appreciably high. Bath con-
trol judgments have been made on the basis of these results and on the.
associated altefations in composition require’d to provide acceptable

- dgposits. The introduction of a more accurate method, with corres-

| ponding lower r:esults, and the excerc_isiné of the original control. /;

systems ag!inst these results, could lead to problems with respect to

satisfactory plating operations. .

i Y -
a

) i The potentiometric technique was closen as ¥he basis upon which . .
tﬁis invegtigation into the automation of plating solut.io;x analysis

3 would bé carried outs This choice was dictated predominantly by the \\

fact that this approach seemed the one most' suited to the adaptation

of the old-line methods to automation. In only a few instances ,




notably those involving the compleximetric titrations for nickel and .

zinc by EDTA, was it fou./rxd—'&ﬁnpossible to adapt ths industry technique'

directly to the automated process. -

. A
o ° . P
Due to matrix complexities, it was not always simple to adapt the
inaustry methods to the autamated method, The whole situation would
have been rendered much simpler if ion-selective electrodes had been )

available and adaptable to the coriditions under which the analyses

must be carried out. The determinations of cyanide and chloride, for
exampkle, could be carried out readily in synthetic solu.tions‘; which c‘on—
tained Fndividually these substances practically alone in the matrix,
but thelcomplexity of the electroplating solutions, and particularly

the cyanide and alkali cyanide solutions, rendered the use of the ap-

prbpriate ion-selective elé;:trodes for such analyses extremely risky.
‘For the nickel and zinc complemnetric'titr'ationé. , some interesting
and very‘lil;ely fruitf4l exploratory work could have been carried on
with respect to the use of'the appropriate nickel(I—I)*ion—selective
and .zinc(II) ion-selective electrodes - Unfortunately, reliable l&ec-—
trodes of these types were not ava‘ilable on-a commercial bas;ls. The
necessity oiﬁdapting a copper(II) ion—s'eolective electrode in the

+ det;eminati;n of nickel in acid nickel plating solutions is an inte-
I:e'sti 'alytica; feat, but it is an oblique approach with the usual

-

disadvantages and precautionary measures typical of such approaches.

4

3.2 Precigion and Accuraty
3.2.1 ‘General v

° \

In order to consider the precision and accuracy of the aufomated
¢ - ‘ ’

PP
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techniques of analysis, it is essential to give thought to the basis
that can be used for comparison i?eéch case. Where precision is con-
cerned this is relatively simple; the experimentai results should show

good agreement in replicate analysis of the plating solution samples

involved. *

‘ Where accuracy is concerned the situation is more difficult, since .
a Jjudgment with respect to accuracy implies a knowledge of the true
‘content for the substance under determination, or at least some value

very closely approaching the true content. For the experimental work

carried out in this investigation, there were two factors to consider. '

]

First of all it is apparent that, of the three methods of analysis

applied, the E436A“titrator technique might be considered as likely"

to provide the best picture of the real content of the solution for

A thg substafhce involved. The main reasc;n for drawing this céi'lc»luiiori
isethe fact that the EL36A unit provides, with its full-scale titra-

\‘ tion curve, a visual record of the entire titration for careful ana-
- lysis and examination. On the other hand, the experimental work in
each area indicated that, properly applied, similar methods of analysis

attacked by each clf the three techniques yielded overall average values

where no sigr;ific;ant ‘deviation existed for any of the techniques., On-\

this basis, the use of the overall averages ag approx:i.métiolné to the

~ ™
-

true values appeared ymost feasible.

- The second factor involves the granting agency results, ‘and these

should carry some weight in” evaluating the accuracy of the automated‘~
o . ' A ,
7 . s ) &

}
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technique. One would anticipate that] for a worthwhile adaptation
to hﬁtomation, the results obtained should not show undue departures o A
from the granting agency analytical data. This criterion can not be
appﬁed too rigidly, howevér, since the granting agency labqratories
carry out a very large number of analyses daily' under conditions which
can only be des%d ;.s extremme high pregsure. Under the conditions

prevailing, its results can be expected to show, from time to time,

"
-

For the purposes of the conclusions to be drawn with respect to

/yv' . N )
precisi(fn,\therefore, the criterion used was the reproducibility of
t}ie results determined for each method and for each technique. The

accuracy levels were largely judged against the overall averages, with
: \

some consideration being given at all times to the aiapropriate granting

St

agency values.

3.2.2 Precision and analytical characteristics adaptable to R
automated potentiometric analysis .

The most important methodic characteristic for adaptation to auto-
matioﬁ under tle potentiometric system is the magnitude of the ApH
range or A& range .for critical volume points around the equivalence’
point volume. It is difficult to make generalizations in this con-
nection, since methodic and inst}j}nnental variations tend to set up
specific limitations in each instance. It was apparent, however, that

36A Bhtrator and the E526 asse?ﬁ:tsly were capable of providing -
very ;dequate .equivalence point volume replications for titrations ,

with * AE values of as low as * 20 mV around the- equivalence .point

Beell value. The tables numbered 9, 13, 20, 24, 28, 32, 36, 4O, Lk

s}

o

Vs

e
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and L8 were analyzed in order to provide the following information.

(1) The substance determined and the titrant strength.

[
"(2) ,The +* /ApH as + AE, or-'the + AF, for the points
* 0.5 ml around the equivalence point volume.

(3) The calculated deviation for =+ 20 mV around the
equivalence point, as based on the,data in (2).

\(h) The corresponding calculated deviation in the result ~
- expression form as o%/US gal. ‘ :

(5) The actual deviatpon in oz/US gal for the E,36A and E526
applications. These were found by averaging the stan-
dard deviations for the replicate determinations which
were carried out on each plating solution sample in the
group.

(6)" The precision, based on the standard deviation, was
obtained for the E436A and E526 applications. _These
were cglculated, for" each group, by determining the
precision for the replicate analyses for each plating
solution in the group and taking the overall average.

&

The massed data is shown in Table L9. It will be noted that, for

both the F,36A and E526 systems, the actual d(hations in oz/US gal

- are in excellent agreement with those predict%d by calculation. The

more imﬁortant picture is that associated with the E526 unit, sin this,
autamated equipment unde'rlies the entire purpose of the project. The

! A3
deviation values obtained fnay be compared with those associated with -
the manual method as obtained from the tableg listed in the foregoing.
They are of the same order of magnitude alwz:tys, sometimes a little
smallei' and sometimes a little larger. The precision values may; for
sane methods éppear téb be somewhat on the high side, &Ftaining as they"

do values as high as 18 ppt. It should be remembered, however, that
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the amounts of substances determined'and expressed in oz/gal range
’ ” <
from 1 to about 10, with many of them in the 1 - 5 oz/gal area. It

is not surprising, with deviations on the order of =+ 0.05 oz/gal, t6

find £1@‘at such high precision values are reported.
' : 4

It’is important to note that the industry method of reporting
does not normally inveolve more than the first decimal place for .

oz/gal- in values which are mostly of two, sometimes three, significant

figures. High precision~is obviously not expected, 'requiréd or attained.

< .
It was concluded from this review that the experimental work had

indicated that.the B526 assembly provides an automated technique of
gbod precision, certainly more than adequate for the requirements of
the industry, and certainly comparable to that anticipated from the

standard manual methods applied. T

3.2.3 Accuracy of the E526 assembly automated analysis technique

" The accuracy of the automated technique was judged primarily on
the compariso\\ix of fhe E526 averages with the respective overall ave-

rages corresponding to the application of the manual, E436A and E526
techniques. It should be pojnted out, first of all, that the devia-
tions of the average results for each technique of approach from

the respective overall average value was in no ihstance of a signi-

’

ficant natui‘e, although certain minor trends were from time to time

observed. The E526 average result data were also comparéd with the

granting agency data in order-tc explore this\ aspect of the situation.
/ - " ‘

/ .
In order té carry out these comparisons, the tables numb/e}'ed as

A

~
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indicated in the section on Precision were analyzed as follows g ,
(1) For each group of solutions analyzed for a specific com-
. ponent, each E526 average was compared with the overall
average on the basig:-

[
e

/\ . E526) average - Overail average '
: and the differences in oz/gal were separated into + ive and -

—~ iveg errors. For each group the + ive and - ive errors
were averaged separately, and also averaged togetMer to give
an average absolute error.

L 8
(2) The accuracy for each E526 average compared to the overall
average for each sample in each group analyzed for a speci-
fic component was determined from:-~

. "(E526 average — Overall average) x 1000 v
. Overall averaie .

and the data grouped into + ive and - ive accuracies. For
« each group the + ive and "~ ive accuracies were averaged
v separately, and also averaged together as an average abso-
" lute sccuracy.

(3) A1l data for (1) and (2) are shown in Table 58, where the
bracketed figures represent the number of units contri-
buting to the average value indicated.

(L) For each group of samples analyzeﬁ for a specific compo-
- nent, each E526 average was compared with the appropriate
grantlng agency value on the basis of :-

)

E526 average ~ granting agency value : . !

and the differences in oz/gal were grouped into + ive and
Y ive differences. For each group, these + ive and- - ive
differences were averaged separately,.and-then averaged to-

gether to give an average absolute difference.

(5) The relative differences for each E526 average compared to
the granting agency value were determined from:-

(E526 average — granting agency value) % lOOO
j 2/ grantlng agency value .

and the data grouped as + ive and - ive values, with the
averagmg situation being as carried out in (i)

— —yre h-—‘ - % T . 3 'y ) T e o g At A A b Dot s S o ¥ —
e E.‘rw" T TTTORVEREINIIOA TS T A ST B AT emeeaian, pum s s

\
iw o Awm&i‘m‘. ot e e
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) ' TABLE . 50 - e
+
., ACCURACY"OF E526 AVFRAGES RETATTVE TO THE OVERALL AVERAGES
+ A . \ 1 . ' !
Error in E526 averages vs the overall avyerages
Pitg. Subst.
(oz/US gal) . . (ppt)
soln. deter. + - absolute __+ - absolute .
M HyBO, 0.06(7) 0.05(3) 0.06(10)  9.1(7) 16(3) 11(10)
v .
Cl 0.02(1) 0.05(7) 0.04(10)  5.3(2) 21(7)  15(10)
Ni 0.06(6) 0.05(3) 0.06(9) (\6.1(6) 5.4(3) 5.8(9)
Ag  KCN 0.09(5) 0.12(4) 0.10(10)  11(5) ,12(4) 12(10)
K,C0y 0.08(6) 0,10(4) 0.09(10) . 10(6) ()  12(10)
"L Bg NN0.04(%) 0.08(6) 0.06(10) 22(4) "22(6)  22(10)
Zn  NaCH 0.10(9) 0.04(1) 0.10(10) 1,(9)  4(1)  13(10)
zn 0.02(k) 0.02(6) 0.02(10)  6.8(k) 10(6) 8.8(10)
Cu  KyCO5 SUFFICIENT DATA NOT AVAILABLE
- Cu  O/OL(6) 0.02(4) 0.04(10)  12(6) \5.,(L) 9.5(10)
’ Cr  Cr0y 0.16(1) .0.38(9) 0.36(10)  4.9(1) 11(9) 10(10)
\
B o | .
] o ’ . , |
Bracketed figures represent: number of contributing values to average.
i g . . ‘ . .
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(6) All data for (4) and (5) are massed as Table 51, where the
bracketed figures represent the number of unlts contrlbutlng
to the average shown.

B
\

In considering Table 50 it was decided that any distribution of

, data within the limits of 6é:L or better for the (+ ive:— ive) distri-

bution could be considered as indicative of accidental or non—trenci

differences. On this basis the following was noted:-

(1) The determination of H3BO by the E526 shows a slight
tendency to high values, while the determination of
NaOH (total alkali) on the same unit shows a tendency
to high values. S ¢

-

*(2) The determination of chloride ami CrO, show a tenderfgy
in each case to 1dw values relative to E526 unit deter-
mination.

Since, in no case, are the deviations involved of any worthwhile
magx:xitude , these tendencies musot be considered demonstrated But unim-
portant. It was concluded therefore that the automa';,ed tec%nique has
no bias relative to yielding high or low values “in any of the analysis
applications. ' \

I;l order to explor\e;fhe question of vhether "or not the accuracies .-

» shown represented accidental or determinate sources of departure from

the overall averages, the average absolute accuracy it ppt was divided

> by the associated average pre&ision in ppt. Where the quotient was 2.0

or léss, the methodic accuracy involved and its associated error was

considered accidental with a 95 percent prnobabi]ity of being correct

in this assumption. An example of this approach is noted with reépect
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" TABLE 51

’ -

~

RELATIVE DIFFERENCES BETWEEN 3526 AVERAGES AND GRANTING AGENCY VALUES

B

Difference in E526 averages vs granting agency values

R T g e S, R T R e T R T AT - TN e
. .

Pltg. Subst. - (oz/US gal) (ppt)
soln. deter. + - absolute +' - absolute
. HyB0y 1.51(9) 0.kh(1) 1.4(10)  262(9) 69(1) 242(10)
a 0.18(5) 0.05(5) 0.11(10) 61(5) 33(5)  47(20)
| N 0.09(5) 0.14(3) 0.09(9)  &.7(5) 18(3)  1L(9)
* Ag KON 0.06(2) 1.12(8) 0.90(10) “9.8(2) 93(8)  76(10)
% ) K0y  0.68(4) 1.02(6) ,0.88(10)  135(1) 12(6)  140(10)
| . 1g e 0.21(8) 0.21(8 -  50(8)  50(8)
Zn  NaOH  ——- 0.64(10) 0.64(10)  -— . 77(10) 77(10)
Zn o.éé(io) e 7 0.26(10) . 140(10) ~— ‘1,0(10) -
é .o " Cu KyC0y ' SUFFICIENT DATA NOT AVAILABIE ﬂ
Cu 0.19(8) 0.04(2) 0.16(10)  45(8) 7.8(2)  37(10)
Cr  Cr0y ©o2.54(2) 1.7u(7) 1.89(9) gL(2) ' 48(7)  55(9) -

& ©
- N v

Bracketed figures \r:epresent number of . contributing values for average-
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\\n . to the determinatign of boric acid, H3B03. \
) . }
absolute accuracy/absolute precision = 11/12 < 2.0 - .

~

- -‘ “ . — ¥
- . ' Applying this criterion to all data indicated that only in the

case of the NaOH (total alkali) determination on alkali cya.riide zinc

plating solutions did the E526 unit technique sfiow any evidénce of an

error other than accidental. 'Even here the quotient at 2.2 did uhot
- indicate any serious discrepancy. It can be taken as a cénclusion,_

) therefore, that the E526 automated technique gives values that are

K

AN

accurate relative to the overall averages from the manual, EL364 and- ——

E526 techniques. i

.
The Table 51 comparisons with the granting agency values show an
ehtirely different situation, however, and it will be best to analyze

these method by method. It should be remembered that, in these com-
. ) 9

parisons, the E526 automated set—up has already been shown to give W

precise and accurate results with respect to the overall averages.

HyBO3 i o :

—————

DR
S
]

The E526 averagés are almost consistently higher than the granting

agency values. The airerage absoldte relative difference is 242 ppt..

I
g.
i
b

and this difference divided by the average precision for the E52’: data

gives a value of 242/12 = 20 >> 2.0, giving a 95 percent probability

LT

that the difference is not accidental but determinate in origin. . The

granting agency gives consistently low values. No dependable single

’ '

'explanation could be given for this situation. Since the application
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of the same method manually gave averages for each plating soiution
instance in close agree;nent with the overall averages involved, the
method itself can not be at i“ault. It was thought that inhconsistent
addition of d-mannitol (see Table 3 for the effect of this situation),

:unproper pH adjustment prior to titration, incomplete re-solution of -

re31dues in the sample, etc., could all contribute in this connec-
3 tion, and these are all determinate error possibilities affected by

pressure—to-produce situations.

Chloride ‘ : /

——
-

There are no real.directional tendencies here, although the granting
agency values show a slight trend to lower levels. The ratio value ’
shows h’f/la = 2.6, indicating that the differences are just barely
other than acc:.dgn\a), Agreement here between E526 and granting agency

s

values was reasonably ghod . : ,

Nickel
No really significant directional tendencies were noted, althouéh
there is a slight trend towards lower values on the part of the gran- ’

) J
. +ting agency. The ratio was calculated as 11/8.8 = 1.25 < 2.0, so

that the agreement here is excellent. .

-

The E526 ayerages show a definite trend to lower values than the

=

- granting agency data. The ratio was given by 76/7.3 = 10->> 2.0, so
that the differences are strongly other than accidental. The deter-

mination of KCN involves the precipitation of Agl as a turbidity indi-

cation, and it may' be possible that the endpoint is ‘guaranteed in the

-

e

lifj ) . granting agency laboratories by a slight over-titration. This can be
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\ . A "

'only part of a possible explanation, however, and an examination of
Table 2, shows that the difference average is largely augmented by the

large differences found for sample numbers 2, 5 and 8. It was noted

that these three samples gave vei'y darkly-coloured solutions uﬂon‘

:
K

- .treatment w:‘Lth.H2SOA' in the silver determination, indicating the pre~

o d

sence of organic substances, probably brighteners, used as additives.

TEREE A

It was first thought that these substances were affecting«the KCN
determination by consuming in some way additional titrant and yielding

high results, but the proper application of the same manual method as

used by the granting agency gave results in complete agreement with

the overall averages, and not with those from the granting agency. On

A it e

1 . this basis, it must be concluded that the differences lie in%app]i—
’ cation rather than on some methodic problem.

K,003

No real bias tendencies were noted, and. the E526 results appeared

4 to be haﬂ;fazardly different from the granting agency w;alues. The ratio ©

was noted to be 140/6 .1, = 22>> 2.0; and the differences are thus

determined to be determinate in origin. Samples 2, 5 and 8 all show

E526 values that are higher than those from the granting agency, but

a pattern similar to that found with the KéN determination could not

be assumed wi%h any certainty. It is important f,o note that the pro-
ject application of the manual method gaveA satisfactory résults with
regspect to the overall 'averages, so that an applications rather than a
methodic source of error is likely. It was noted, however, that where
‘the manual method was applied to those samples which showed 1arge' dif-

N
¥

S o SR
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i ferences in the E526 vs granting agency qomparisons;‘the celour shift
E for the phenolphthalein indicator was very éradual and the endpoint

| correspondingly difficult to pinpoint. There may be some agent im

B \ certain solutions which iﬁhibits the indicator colour shift, thereby
? a providigg erratic endpoint and solution content situations.

There was a definite tendency'féq the E526 technique to give lower

values than the granting agency data. The ratio is 50/12 = L > 2.0

o
bl

and-is, while indicative of a deferminatq error source, at least not

representative of a serious discrepancy. There were no indications

of any special situations with respect to samples 2, 5 and 8, although

these samples did .give darkly-cocloured solqtions‘upon treatpent with

sulphuric acid. The discrepancies noted are particularly of minor im-
v

porténce in, view of the granting agency tendency to report the results

to two significant figures only.

o

NeOR
There is a definite tendency for the E526 averages to be lower
than the granting agency data. The ratio is given by 77/5.8 = 13:z>"

- 2.0, indicating a n9n-accingE?l error source. Again, it is difficult
to pinpoint any particular cause. The determination is straight-~forward,
although the indicator colour shift in the manual method is of poor

° . detectability. However, a difference of about 1 ml of titrant would
be reéuired to compensate for the lower range of analytical differences
found, and this seems an unlikely error relative to indicator colour

4

»shift problems alone. Possibly inaccuracies in the addition of NaCN

prior to titration may be partially at fault. In any case, because of
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the pr;Jject manual méthod application giving results in (agreement
‘w}th the overall averages; applj:cation technique and not methodic erro'r‘
miast be at the root.of the difficulty. '
.Zine L - . )

The E526 unit tends to give consistently higher values. The ratio
is given by ,W0/7.2 = 19 >> 2.0, so that the differences are sipwmifi-
cant and not accidentgl in nature. It s}}’ould be remembered that the
‘methods applied are not similar, and that the manual meth8d is an
empirically~based compleximetric ti‘tration. Since there ‘is some i?xd'i— ¢
cati‘on that the relative diffenence\dgcreases with increasing amount

- of zinc determined, there might be justification in considerihg that
some uncorrected blank (about + 0.5 ml) is not being covered in the
manual titration method. That the situation might involve a general
me;t.hodic error, and not an application: problem, is indicated by the
fact tha;t the experimental ;nanual tit;‘ations by the old—lir}e met}léd
gives values in close agreement wllkth the granting agency data. The
standardization and solution titrajtion methods are based on an em-
pirical relationship established by the standardization process, and
it is possible that the standardization process is sugject té a |
bla.nk, bgﬁ one which varies according to the amount of zinc under
determination. The differences noted whlle real are relatlxely
unlmportant in view of the result expression by the granting agency )

- to two significant figures only.

Copper .
" The E526 averages tend to bé higher than the granting agency values.

* L]
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The ratio works out to 3%/L.8 = 7.7 > 2.0, so that the #ifference

is not accidental. The discrepancies are relatively unimportant in ‘

* -

view of the method content expression to two significant figurds.

Cr03 .

The F526 values tend to be lower than those for the granting agency.

The ratio is '55/5.8 = 9.5 > 2.0, and the differén%es are not of an

accidental nature. This is again difficult to undefsta.nd, since the

' oz/gal differences are baseg on an average value of l.§9, representing

a difference in volume ~ef "about 0.85 ml of titrant. It is hard to

picture a situation where ow}e{'-titration could take place to this

extent. The differences are not always impoxika,nt, however, since

the results expressed by the granting?‘gen\g,z are carried to three s

~
-

gignificant figures only. l

: N RN

The differences qbserved in the foregoing co:npari.sons of the‘\E‘j“Qé«\
averages with the granting agency data have bee'n attributed mainly
to errors of application of the techniques involved., There are o{.hei‘
possibilities to consider, ani the Jizost iniportant of the;se surrounds
the possibility that, because of improper samp]ing, poof sealing of
the sample containers, etc., at the granting agency laboratories,
the plating sol;.ltions samples provided did not duplicat.e e;;cactly
their composition at the time of analysis by these laboratories. While
this might explain some discrepancies, it can not explain them all,
since discrepancy patterns are not repeated for all components 'analyzed

for a given solution, and since it is unlikely that, where.a given

component is found to be consistently higher, that all of the sa}nples

‘

—

-~
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could have been affected by poor sampling, evaporation, etc. It must
: ‘be concluded that the methogic\ applications by the granting agency
. frequem;ly shows error situations on the basis of ;)ressure-to~produce,
) inconsistent pretitration additions and/or treaﬁment, et;c. .
_ -

It can be concluded that the automated pretitrhtion\anci titration
A : .
analysis of the E526 assembly is 'capabIF of yielding results having
, 4 it .
- accuracies at least adequate to the requirements of the industry and
: ' Y

.. superior to those presently achieved by .the granting agency labora-

1
tories.
! !
. \\ < t ,r]
3.3 " Advantages and Operational Set-Up of.the, E526 Assemb];:'}ln
Comrner01a1 Plating solution Analysis

3.3.1 Methodic advantages

The following methodic advantages havé been proven and concluded

with réspect to thé use of the E526 assembly for the automated analy-

e = ' tical control of pléting solutions. Much of\the detail in this con-
— ~ 7 . : ¢ . .
. nection was established during the operation of thje equipment for the

.

experimental project , and an almost equal amount was obtained as the

. »
result of the installation and operation of the unit in the granting

agency's laboratories subsequent to project completion.
i . ‘

(1) The use of the automated potentiometric technique elimi-

. nates the need to use indicator substances for endpoint
detection, thus removing the human factor from this ope-

' ration. The uncetaginties attendant upon endpoint detec-

~ tion using certain indicator methods can be of quite
significant magnitude’- o

(2) the stabi]ity of the electronics, the dead-stop setting
. and the electrode couples used guarantees repetitive
endpoint volumes over an indefinite period.

i

W e e
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(3) The useof solutions of set concentrations ¥or the .
dutomatic addition of pretitration reagents provides
a consistent solution concentration of these reagents .
prior to titration. Variable concentrations of some
N . *of the critical reagents can cause serious errors in
) . the final results, g .

(L) The E526 unit can be adapted to other endpoint detec-
tion methods, such as absorptimetric, amperometric
etc., and can also be used in the coulametric titra-
tion mode. Versatility. js an important feature for
equipment of this type.

(5)" The carrying-out of the pretitration additions, the
titration steps, the printing out of the endpoint
titrant volumes and the automatic refilling and
zeroing of the titrant burette all éend to reduce
significantly the human factor and assoclated error
possibilities.

- (6) 1In the case of the KCN titration, follwed normally by
’ " the K500, titration determlnatlon in cyanide silver
platlng solutions, the beakers remain racked on the
beaker-changer while the operating parameters and the
electrode couple are changed. The new titration sequence
then takes place with a minimum of lost time.

(7) The speed of titrant delivery away from and near the
endpoint is always repetitive for a given titration
type and amount, thus’ eliminating problems related
to the human i‘actor in producing too slow or too fast
a titrant addition rate. '

~ - (8) The printout unit for titrant volume printout cdn be Q

- . modli‘led by the attachment of an accessory calculator
which when properly programmed, will al]ow printout
directly in oz/gal for each sample titr ted.

3.3.2 [FEconomic advantages | ’ ‘

.(1) The time tp carry out Lk analyses for a given group -
’ of ysamples of the same type averages out at about 85
‘ n%nutes. This time is available to the operator in .
the preparation of the next group of similar or dif-
- ‘ferent samples to be analyzed. The time to titrate
does not vary too much from what manual titration
~ would produce, although the installation of the oz/
gal printout device probably reduces the over?ll time
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' 3.3.3
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(1)

~ment out on loan for a setting-up period. . P

(2)

232.

for a complete series, from start to finish, on the
manual titration basis. The important feature is
the operator?s time saved in titration, and the.
economid value of this time when used to prepare the

next group of analyses.

This time-saving process permits either increased
analytical production with the same staff, thereby
allowing additiohal control samples to be taken, with
corresponding increased ability to maintain optimum
bath” conditions and optimum plating deposition. This
results in an allover advantage econamically. As an
alternate consideration, the same number of daily
analyses can be pursued with a substantial reduction

in analytical staff, again resulting in a very favour-
able ‘economic situatlon. .

The installation of the E526 unit requires comparltively
little in the way of laboratory space (one bench about
four feet wide and 16 feet long). This would provide
more than adequate operational and storage space, with
the normal additional space being réquired, dictated

by the analytical traffic, for preparatory work. Space
occupancy st minimal levels is an important feature

in the economics of laboratory planning. .

The overall cost appraximates some §25,000, and the
autamatic savings in operating personnel 1n a fairly
busy -laboratory will more than pay for the unit in

the first year of operation. J

Precautionary ‘steps in commercial operation of .the E526

1

It is apparent that the initial setting-up of the unit
requires the use of a recording potentiometric titrator
to establith the proper operating parameters of Ecell
or pH for the dead-stop value, E for the titration
directional shift and the & increment modes required.
It is not always essential to purchase such equipment,
since in y cases the supplier will put such equn.p—

Regardless of the findings of the record:.ng titrator, it

is often essential to opt:.mize the dead-stop settings

by exploratory work using standard known-concentration
plating solutions. This is required since the electrode
couples used and/or response differences between the systems
require, between one unit and the other, somevhat dif-

ferqnt se’t,t\ings .
} »
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It is essential that bulk samples of each p& :
solution type to be analyzed be prepared and care-

fully analyzed for,each component of interest. This
should be carried out on the E526.at the time of its

being set-up under optimum conditions.

These solu-

tions are then used as standards tc put the equipe
ment into operating condition each day, and as
interspersed samples to assure continued dea:i—stop

and electrode couple stability.

The completion of, the entire project was followed
by the preparation for the granting agenci®* of a

laboratory manual providing camplete details on
the set~up and dailjy operation of the E526 assembly

for the analysis of commercial plating solutions.
Subsequent operations have shown' that the techniques .
of analysis not covered in this project, because |

this would have duplicated work already carried out

on similar tecHniques (e.g. total alkali and cyanide °

on copper solutions, total cyanide in zinc solutions

and potassium ca.rbonate in copper solutions) were

performed without problems relative to prec1sion or
accuracy when adapted to the automated method. '

. 3.4 Suggesgtions for Further Research

The following are suggested as areas of research in which results

of considerable value relative to the automation of plating solution,

t

analysis might be obtained.

(2)
‘7 ‘ (3

(£)

" (1)

An investigation of possible conditions under which ion-
gelective electrodes might be used for the determination
in plating solutions of cyanide, chloride, sulphate, silver,

copper and zinc.

An investigéﬁion into the reasons underlying the diécrepancies
in the manual method results when applied, by commerclal

plating organization laboratorles.

An investigation into the possible use of modern methods of

analysis for plating solution components,

conditions.

i
’

under automated

An investigation of the possibility of using-the E526 unit

=



for determinations carried out on,élating solutions ér
automatically and involving other components, such
as various metallic impurities, brightener substances,

etc. . -
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° . TABLE _1-+A

Standardiza.tion’of NaOH solution with potassium acid phthalate (Manual method)

-

. Preparation of potassium acid phthalate solution .

5.3430  0.0002 g of KHP weighed out, dissolved in ?istilled vater and
diluted to exactly 1 liter. )

~
M KHP = 5.3,30/20L.228 = 0.0261617
-, ‘ ‘ + 0.0000010
Standardization of NaOH solution (Manual method) .-

3 50.00 £ 0.02 ml KHP solution pipetted into 250 ml Erlermeyer flask and
diluted with 50 ml of distilled water. "5 drops of 0.1¥% alcoholic
phenolphthalein indicator added. Tltra.ted with standard NaOH solution.

Triplicate determination. . AN
Titration Volimes ’ M NaOH
(m1) e
v 12.81 % 0.04 s - (O-l021— ’
12.85 0.0y . 70.10179—- ’
12.90 £ 0.04 ¢ 0.10U0—.
. Average M NaOH = 0.10176— . SRS
o ( Stda dev. = r.t o-meS-"— : ’ .
. M NaOH = 0.1017 + 0.00035 : B
O ’ . N
N . i s
TABLE 2-A " - : “

Preparation and titration of standard ‘H3B03 solution (Manual methdd)

.
Reagents 1. Standard H BQ,- solution - 25.0000 + 0.,0002 g H 503 dlssolved
. in 500 ml of alstilled Hz0 and diluted, to exac%ly 1 liter. ~

lﬁlll%B% = 0025000+0 00000831{33)3

2. Saturated K Fe(CN)g solution - 500 g K,FE(CN)g. 3H30 4in 500 ynl
hot distilled Ho0. Allow to cool and\@i{ess salt to crys~
: tallize out. ‘

~
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TABIE 2-A cont'd | ‘ e
2,

3. 10% d-mannitol solution ~ 100g d-mannitol dissolved in
90(1 ml of distilled water.

\

Tltratlon of H3BOy solutlon with standard NaOk (Manual method)

Pipette 3. 00 + 0.01 ml of H3BO; solution (0.0750 + 0.0002 g | ) ‘into
25 ml of distilled H20 3n a 250 ml Erlenmeyer flask. Add 10 satu-
rated K,Fe(C(N) solution. add 9 drops’of 0.1% aqueous” branocresol ‘purple
indicator. Examinp for green or blug-purple colour. No instances here
required titration with NaOH or HC1l-NaCH to provide the proper starting
pH level. Add 50 ml of 10% d-mannitol solution and 5 drops of 0.1%
alcoholic phenolphthalein indicator. Titrate with standard NaOH to the
first pink colour. Triplicate determination. .

weight H3B03 = ¥l NaOH xllgog%.m x 61.83

.
v

Titration volumes (ml) BO. (g)
11.98 * 0.0, ' 075376
11.90 * 0.04 | 0.07872—
11.92 * 0.04 0.07,998--

\ .
Ave\rage weight H3BO3 = 0.075082:- g
Std. dev. + 0. 000262-— 4
- Weight H3BO3 =  0.0750% + 0,00020
9

Actual weight H3BO3 = G.0750 + 0,0002
Relatiye error = + 1.3 ppt

¢

TABLE 3 C

Determination of boric acid in commercial acid nickel pla.ting
sogutions !Manual methed) R .

Reagents See Table 2-a

o

Titration of commercial acid nickel pla tlrm solution_g(Manual method)

Warm the' plating solution to dissolve any solublé res:xdue. P.Lpette 2.000
% 0.006 m1 of plating solution into 25 ml of distilled HgO in a 250 ml

‘ . }




™

[

Erlenmeyer flask. Add 10 ml of'saturated KhFe(CN)é solution and 9 drops

: L of 0.1% aqueous bromocresol purple indicator.

PR AN L S

! phthalein indicator.

’

’ oz/gal(US) boric acid =

Q

where:~ ,

3785.306
28.3L9
61.83

oo

Examine for need to neut-

ralize using NaOH or HC1-NaOH titration. Carry out where indicated. Add
50 ml of 103 d-mannitol solution and 5 drops of 0.1% alcoholic phenol-
Titrate to the first pink colour with standard
NaOH solution. Triplicate determination each solution sample.

ml/US gal

g/oz

GMwW H3 BO3

VNaOH x MNaOH x 3785.306 x 61.83
‘ 1000 x 2.000 x 28.349

oz/gal(U8) boric acid = VNaOH x MNaOH x ) .127

»

Sample  Vol. 0.1017°M NaQH
No. . (m1 + 0.04)

&

Boric ‘acid (oz/gal) Boric acid (oz/gal)

Ave., t 8

1. : 17.00
.16.90

. 17.10

2. 18.40
18.45

18.50

3. o 19.42
19060

. 19.59
L. 19.12
- 19.18
19.05

5. 17.41

17.46
. 16.20
% 16.15
16.30

7. 14.09
> . 1h.21
. 14.20
g. ;.65
14.65

14.75

9. ' 23.50
23.52

'23.68

VIWWWo-dwnw ®m O

» ¢ & o ® 8 ® 9
0 OWwWHH

\OEDQHHH\O\O\OQ\IQ)\»)\JJU)800(\)?\)}—‘\7.\1\“—4}—';

OOV NVNNOONON-I-3-303 0 0 00 00-3-~3-2~3-3-3
VB ~0VTUn =] N

.

U 7.14 + 004

7.75 £ 0.02
8.21 + 0.04

8.03 £ 0.02

7.32 + 0.01

6.81 + 0.03
5.95 + 0.03
6.16 + 0.02

9.90 1+ 0.04

7N




HANAMETTIA

PRI W 5

/ - - ,/2z+z+.
. ” T4
ﬂ ) f//
10. 15.50 6.51 - K
15.60 - 6.55 6.52 + 0.03
15,48 6.50

TABIE L—A '

Standardization of NaOH solution with potassium acid phthalate (EL36A
method ) .

Pr_egaration. of potassium acid phthalate soluﬁion

See Table 1-A. M KHP = 0.0261619 + 0.0000010

Standardization of NaOH solution (EL36A method) '’

The E436A was set in the pH.mode with the full-scale deflection at 14 pH,
A combination glass/Ag-AgCl- (3M KC1) electrode system, calibrated with a
9.00 pH. buffer solution was used. The titration was carried out in the
variable titrant delivery mode, and a full titration curve to well beyond
the equivalence point was obtained. Triplicate determination was carried
out. Each curve was analyzed by the tangential method to locate the
endpoint volume and the endpoint pH. The curve in each cfise was also
.analyzed to determine the pH values for the points * 0.5\ml arounf the
endpoint volume. For solution preparation see Table 1-

Titration vols» M NaOH

pH (0.5 m1 Endpoint pH (0.5 Lot
(ml) before e.p. pH after e.p £ 0.5 ml
12.95 + 0.02 0.10101.. 6.6, 8.5L 10.40 1.88
12.87 + 0.02 0.1016k.. 6.73 8.5. 10.46 1.86
12.96 + 0,02 0.10093.. . 6.68 8.57 10.55 1.94
Average M NaOH =  0,10119...
Std. devn. = =+ 0,00038...°
M NaOH =  0.10117 # 0.00038
) _Average pH endpoint =  8.55 t 0.02 "
Average &pH (£ 0.5 ml) = 1.89 + 0.04

6The theoretical calculated values for the ehdpoint pl, the NpH 0.5 ml
before the endpoint and 0.5 ml after the endpoint are given simply by:-

) l&g‘jlo-ih x 3.9 x 10©
. > 50 x 0.026162/112.92 ml

il

Endpoint pH ,= - log/ (KwKz/Ckyap)

= 8.7

Ll AP - e

e 2V e v e A L mn < Y

(P



i

g mion. e e
SN -

vt s e sttt B Y AP &+ e et e 4 ke =

pH 0.5 ml before the endpoint ) o
(50 x O. 026162) - (12.52 x 0. 1012)

- log X2CKHP - log39x10"6.

Ciniap 12.52 x 0.1012
= 6.9 . d ; / .
A/ -
pH 0.5 ml after the endpoint
Kw -14 :
e 1op W 10 _
Tl T T - 18 GEm xo.a012)/iB.5e m ~ 00
Theor€t10a1 SpH (0.5 nL’L around endpoint) = =+ 1. 8 )
'

The generally close agreement between the theoretical and experimental
values for the foregoing will be noted.

TABLE 5-A )
TMtration of HBBbB solution with standard NaOH (E436A method)

agents i . J ’

See Table 2-A

Titration of H31303 solutions «

The EL36A titrator was set-up, and the titration curves analyzed, J.n the
same manner as outlined in Table L~A (st.a.ndardlzatlon of NaOH solutlon
E,36A method)

The solution preparation for the, titration process was as outlined in

Table 2~A (Titration of H,B solution with NaOH, manual method), except .
that wvariable solution volumes of H BO were plpetted in order to check ‘@
on any variation in the titration cgaracterlstlcs with varying H3BO3 con-
centration.

vol. NaOH x M NaOH x 61.83
1000

weight HBOy (g) =

Vol. H3BO, Titr®. vol. H4BO3 ' pH 0.5 m1 Endpoint pH 0.5 ml  ZApH
(m3) > {

~(ml) g)” before ep oH after ep * 0.5 ml
2,000+ 0.006 8.04 +0.02 0.05030  6.13 7.93 " 79.93 1.80
8.02 + 0.02 0.05017 6.1 7.9% 9.7L 1.80 1
3.00 + 0.01 12.05 + 0.02 0.07539  6.62 8.22 9.92 1.65°
11.96 * 0.02 0.07,82  6.38 8.01 9.65 1.69
11.92 + 0.02 0.074,58 6.4k 7.92 - 951 1.54 |
W i [y

- - - - w emmme et ——————— ~ = i s et o
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pH 2.00 ml endpoint

S
/ \ \
- Y +
- - 2[,_6. .
4
TABIE 5-A cont'd | )
. . 15.98 + 0.02  0.09998 6.69 8.33° 9.98 ., 1.65
16.00 *+ 0.02  0.10010 6.59 8.19 9.77 1.57
Average actual weights 2.005m1"~0.0500 + 0,0001 g
- 3.00 mX 0,0750 * 0,0002 g -
/ 4.00 m1 0,1000 + 0.0002 g
Average calculated weights H3B0; 2.00ml 0.05023 + 0.0001° )
- ' 3.00 m¥ 0.07493 + 0.00041 g (s
- L.00 ml 0.09993 + 0.00017 g (s)
Relative error 2.00 m1 + 4.6 ppt .
e ‘ 3.00 m1 - 1.3 ppt ,
‘ L,.00 m1 - 1.0 ppt
. Average endpoint pH 2.00 ml 7.93 * 0.01 ()
v 3.00ml. 8.0 0.1 (s) .
4L.00 ml 8.28 £ 0.08 (s) | Y
Average + £pH (+ 0.5 ml) 2.00 ml 2.25 + 0.01 (s) ’
_ - - 3.00m .2.1 *0.1 (s)
.00 m 2.07 * 0.03 (s)
The theoretical calculated values for the endpoint pH, and for the pH for
+ 0.5 ml around the endpoint volume, are found most simply from the equa-
tions following and by considering that the most probable gKa value !
for the d-mannitol/boric acid complex is ‘about 4.4 (4 x 10-2) * ‘

10-1 x ) x 1072
(0.05/61.83) x 1/96 x 1000

’K
= log gIS{a =

8.2 ‘
- \

- log

TiO"lA‘ xXh x 10~5
(0.075/61.83) x1/100ml x 1000

Al

- log

8.2

-

10 x ) x 107 ‘ .
(0.1/61.83) x 1/104ml x 1000

- log

8.3 | ‘

- *‘”""r‘ﬁ "'wm oy
% %" ) ;A o', TR
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l\' ‘
L~ -
A,
- . 2L7. '
\ w ’
pH 0.5 ml befdre the endpoint (2.00 ml) = - log ~2Ca |
R \ 2

' I 200 N _ [(0.05/61.83) x 1000] - 7.5 x 0.1012
‘ =% Tog Lk x 107 . 7.5 % 0.1012

= 5.6

o

*pH 0.5 ml before the endpoint (3.00 ml)

(0.075/61.83) x 1000] - 11.5 x O. 1012
11.5 xOlOl2

. —-1ogbxlo~5[

= 5.8

pH 0.5 ml before the éndpoint (4.00 ml) ,
o-5  1(0.1/61.83) x 1000] - 15.5 x 0.1012

= - log b x A 15.5 x 0.1012
| = 5.9
; ad ’ . 10—114, .
; ) pH 0.5 ml after-the endpoint (2.09 ml) L= - log (0.5 ml x O. 10123/96 -
' R = 10.7
14 . ' /0
- ! L 10”14
pH 0.05 ml after the endpoint (3.00 ml) . = - log (6.5 i x 0.1012)/100 m
\\\ L ] .
= 10.7 '
107

0.5 m]l after the endpoint (4,.00 m1) = -~ lo
PO : p, ( : 8 05w x 0.1012)/104 ml

= 10.74

The general agreement between the theoretical and experimental values for
the foregoing will be noted. Different onset and offset values of pH

for the =+ 0.5 ml points around the endpoint may be due to a combination
of circumstances- including the effect of thé excess of d-mannitol and .the
calibration of the electrode couple with a 9.00 pH buffer. For example,
the -average pH at the start of the titrations listed was approximately
5.8. The calculated starting pH, based on the simple équation (pH =

- log vK5C,) is about 3.7, and the discrepancy can be generally assigned
to the inaglllty of the electrode couple to report accurately pH values
in'the zone of I, pH when calibrated mth a 9.00 pH buffer.

R e i
\
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TABLE 6-A
“\{ Determination of boric de in commercial aéid nickel plating
solutions (E436A method -

Reagents 2 P
See Talgle 2-A ‘

— Y

- /
Titration of commercial acj?d nickel plating solutions (E,364A method)

The solution preparation prior to titration was carried out exactly as
outlined in Table 3-A (Titration of commercial acid nickel plating solu
ticns, manual method), except that'the phenolphthalein indicator was not
added. Triplicate determinations were carried out for each solution
‘sample after some experimentation with initial samples.

The E436A titrator was set-up, and the titration curves analyzed, in the
same manner as outlined in Table L4-A (Standardization of NaOH solution,
EL36A method ) . :

~

The calculation of boric acid in oz/gal(US) was based on:-

0z/gal(lS) boric acid = V NaOH x M NaOH x 4.127

as derived in Table 3-A.

H.BO, (#2/gal) pH at

Sample Vol. NaOH pH at pH at + ZpH
No. (ml + 0.02) as det: Ave. + s 3 ~ 0.5ml eg. pt. + 0.5 ml 0.5 ml -
v 1. 16.95 7.08 - 7.1 8.4 9.6 1.2°
16.80 7.02 17.0540.03 6.9 8.3 9.5 1.3
A '17.13 7.16 7.2 8.4 9.5 1.12
2. 18.12 7.57 7.2 8.4 9.5 1.1°
: 18.18 7.60 7.5310.09° 7.1 8. 9.5 1.2
17.78 < 7.L3 7.5 8.4 9.5 -1.0°
3, 19.50 8.15 7.0 8.4 9.7 1.4
19.58  8.18 8.19+0.0, 7.1 8.4 9.5 1.2
. 19.71 8.2l 7.1 8.4 9.5 1.2
L. 19.00 7.9 7.0 8.5 9.8 1.4
‘%288 7.89 7.9140.03 7.2 8.5 9.7 1.25
8.90 7.90 742 8.5 9.7 1.27
5. 17.45 7.29 0 ) 7.2 . 8.5 9.8 1.3
17038 7-25 7-2 iool t7’ 1 805 907 103
16.90 7.06 g, 8.5 9.6 1.1°
6. 16 .05 6.71 7.3 . 8.4 9.5 1.1
15.95 .67 6.69+Q,02 7.3 8.1 9.5 1.1
L 16.00  6%9 LT 8.4 9.5 ' 1.0
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7. ' 14.10 5.89 o T 8.3 9.3 1.1
13.65 5.7 5.7140.19 1.0 8.3 9.5 1.25
13.70 5.73 ’ 7.1 8.3 9.3 1.1

8. 1,.62 6.11 , 7.1 8., 9.5 1.2
14.68 6.1, 6.1240.02 7.1 8.4 9.7 1.3
14.62 6.11 7.0 8. 9.6 1.3

9. 23.18 '9:69 7.3 8.5 9.5 1.1
23.28 9.73  9.6910.04 7.l 8.6 9.7 1.10

. 23.10 9.65 7. 8.6 9.7 1.1°

10. 15.40 6.1h . 7% 8.k 9.6 1.25
15.50 6.49  6.4610.03 7. 8y, 9.7 1.3
15.42 6.45 To7a g.L" 9.6 1.25

?

The average values for the endpoint pH relative to the above show in
a very general manner increases with increasing concentration of boric
dcid titrated. This is as expected. The overall average endpoint pH
value, with standard deviation, is 8.4 * 0.1, and this is somewhat higher
than the experimental average and standard deviation of 8.1 * 0.2 for the
synthetic boric acid solution titrations and the theoretical average and:
standard deviation for these titrations of 8.2 ;t Q.1. This can be attri-
buted to the higher boric acid concentrations- titrated’ relatlve to the
commercial plating solutions. -,

The average range and standard deviation for + OpH (0.5 ml around
the egdpoint) is only 1.2 * 0.1, compared to 1.7 + 0.1 for the synthet1c~
boric solution titrations and 5 5+ 0.1 for the theoretical calculations
associated with these titrations. Again, the higher HSBO?} solution con~
centrations in the nickel plating solutions can be assumed responsible.
For example, in "the tltratlon of Sample 3 of the plat:mg solutions, we
have:- !

Sta.z'ti)g concentration of boric acid =, . \

Y

I " 8.2 oz/gal x 28.3 gfoz x A00 ml x 1000 ‘=
3785 ml/gal x 61.83 x 88 ml start vol.

0.0225M

3

~

ﬁat 0.5 ml before endpoint volume of 19.6 ml:- .
_ 5 88 x 0.0225 - 19.1 x 041012
log L x 1072 . 19.1 x 0.1012

4

= 6.0

[~4

- Even here the onset vglue of pH ranges’some O.4 unit higher than that
calculated for the lowest concentration of the synthetic boric acid solu-
tions at pH 5.6, so that the reduction in * £pH around the endpoint seem3
reasonable where the cammercial plating solutions a/re concerned, .

-

A
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TABLE 7-A . -

Standardization of NaCH solution with potassium acid phthalate
(E526-automatic method) ‘ p

Preparation-o":[‘ potassium acid phthalate solution

See Table 1~A. M KHP = 0.0261619 * 0.0000001° 2

Standardiz_eﬁ;ion of NaCH sol\xtion (E526*—automatic method )

The solution preparation prior to titration was carried out as outllned
in Table 1-A (Standardization of NaOH, manual method), except that the
phenolphthalein indicator was not added . . ) .

(AN
A combination glass/Ag-AgCl (3M KCl) electrode system was used. The E526 .
unit was calibrated first with a 7.00 pH buffer solution as required, and
then calibrated for the endpoint titration pH zone using a 9.00 pH buffer.
solution. The dead—-stop endpoint pH value was preset at 8.50, this in
accordance with the findings of Table L—A (Standardization of NaOH solu-
tion, E436A method). The titration directional contrd]l was sct for inc-
reas:.ng pH during the titration and, in accordance with the Table L-A

. data relative to * ApH around the endp01nt zone, in the small pH inc-

rement mode required for titrations displaying fa.lrly low OpH/AV  changes
in the neighbourhood of the endpoint., .

All final titrations, after several initial exploratory titrations, were
carried out at the above parameters. These final titrations, four in all,
were conducted with the beakers in dne magazine and the automatlc pro-
grammer set for one magazine operation. The titrations were sequential
and automatic.

Printout vols. (ml) . M NaCH
12.79 > 0.10227L..
12.78 0.102354..
12-75 . P 0.1025950. "
12.76 0.102515.. g

||
Average M NaCH = 0.10243...'
. ) © . Std.dev. =2 0.0001... .
MNaOH = 0.10243 + 0.00014

. .

TABLE 8-A

&

Titration of H3B0; solutions with standard NaOH (E526-automatic method)

Reagents -
See" Table 1-A : : | N -




Titration of H,BO, solu¢ions (E526-automatic method)

!

The solution preparation prior to titration was essentially identical ° . . _
to that outlined in Table 2-A (Titration of H3BO3 solutions, manual : g

method) . Since previous work had indicated that ho NaOH or HC1-NaCH .

adjustment titrations subsequent to the addition of saturated KhF,e(CN)é .
. . and bromocresol purple, arrangements were made to add the 10 ml of :
- - saturated K,Fe(CN)g and the 50 ml of 10% d-mannitol as part of the auto-

matic pretitration addition sequence of the E526 assembly. The general

« procedure then involved:~ position 2, 10 ml addition of saturated
K Fe(CN)g; position 3, 50 ml addition of 10% d-mannitol; position L, o
titration. Automatic stirring followed each addition. o -

The operating parameters for the E526 unit involved calibration and -
buffering as outlined in Table 7-A (Standardization of NaOH solution,
o . E526~automatic method). Since the endpoint pH, as indicated by Table ~ -
.o 5-A data (Titration of H3BOj solutions, EL436A titrator method) varied,
from about 8.0 to 8.3, it was decided to run a series of preliminary
titrations to establish Jthe optimum dead-stop pH value for these titra-
tions. 1In all of these ‘titrations, with varying dead-stop values of
~ 8.2, 8.3, 8., and 8.5 pH, the titration directional control was set at
incréasing p and in thé small pH increment mode for fairly low ApH/AV
changes in the neighbourhood of the endpoint. These titrations were
carried put with manual operation of the beakers and the magazines in

order to permit change—over.of the preset dead-stop pH value. - -
Vol. std. boric Printout vol. NaCH Calculated vol. Preset dead-
y acid soln. (ml) obtained .ml) NaCH req. (ml) stop (pH)
2.00 . 7.61 . 7.8 . 8.20
. 2.00 ) 7.66 8.20
. 2.00 7.67 8.30 - . 3
2.00 *7.67 ) . 8.30 ) R
2.00 7.65 . T 8.30 ’ ‘3
" 2.00 s o 7657 : 8.30. v
2.00 T 7.8 ;- (~ 8.40 ~ s
2.00 . 7.87° | . 8.40 )
2.00 Ccoq.86° - 8.40
2.00 »7+87 ‘ " 8.40
2.00 .97 e 8.50 -
2.00 7.95 ; 8.50 T , g
N 2.00° 7.99 8.50 f:
3.00 . 11.3, + \11.8kL ’ 8.20 & X
. 3.00 11.14 : Co 8.20
3.00 11.49  ° : < 8.30 , ,
3.00 L11.57 a .. e 8.30 , ° B
3.00 11.47 ' - 8.30 \ - ‘ 3
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. 3.00, . 11.59 - s, 1184 8.30
3.00. 11.85 . . ) L8440
3.00. i ¢ 118k g o )e B0 0
! ’ 3.00 4 % - N 11081 T ) ‘ oho Q‘ X
L 3.00 " . 11093 : . . 8'_-1&0
. 4.00 13.69 15.79 8.0
L.00 ¢ . 15.71 - g0 °
N0 s v . 15.68 ° S 840 o
. L0Q,. o ;15,69 \ 8.40 . .

. In cozglderatlon of'the. above, the presat.dead-stop pH was sét at®
.8.40"for the four. final tltratigns involving 3.00 i 0.0l ml of standard
‘boric. acid solutitn. q’{'hese titrations were carried out, for pretltrAa—

¢ tion additions.and tit ation, sequentially and automatical]y using a one
magazine proggam.. -

t

N . : _ Yvol. NaOH x M NaOH x 61.83 - .
o weight H3BO; (g? : ~000 -
. Printout vols. (ml)- - * Weight HaBO R
« B B A .. 0.074415.0.., -
P 11.75 o © 0.078415....
.‘ ' . - 11 71 0007141620.:n .
s . 11.8° : © 0.074922....
: s C ' . .,
) Average weight HBBO3 < 0.074478... g
"u' . # 4 - std- devno = .-t 0.000318-..’ g’“, ,

Average weight HyB03 = O. 071.47 + 0,003 g
Actual w‘elght H3B0;““r 0,760, 0002 g

Relatlve exror = ~/7.1ppt

I3

TOBIE oA L

Deteminatlon os bomc acid in commercial acid mickel platlng
solutions (15_3526 automatlc methiod } .

%
angents

See Table 2-A
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Titration of commerca.al acid nickel platlng solutions (E526 - automatic
method) &,

Thé solutlon preparatlon- prior to titration was generally as outl;l.ned in
Table 3-A (Titration of commercial acid nickel pfating solutions, manual
methdd). Previou¥ work on these solutions had indicated no need to add

NaOH or HC1-NaOH subsequent to the addition of saturated K;Fe(CN)g selu-
tion and bromocresol purple indicator. Arrangements were therefore made

to add the ‘satufated K Fe(CN)g solution and the 10% mannitol solution

ds part of the autanat.lc pretitration sequence of the E526 assembly. The /

- general solution arrangenents then were identical to those outlined in

Table 8-A (Titration of H3BO3 solutions, E526 - automatic method). ~
Titration in quadruplicate f} or ¢ach plating solution sample was carried
out, 80 that L,O samples were magazine racked in thls connection.

Interspersed between the commercial platlng solution samples were placed
four standard boric &cid solution samples involving each 3.00 & 0.0l ml

of the stand boric. acid solution. Solution preparation here was iden-
tlca]ﬂ to what is outlined in Table 8-A., These solutions were titrated

in order to verify the E526 assembly precision and susceptibility to
drift over-the time of the total titration sequence (about 1.4 hou.rs) a

- The operating’ parameters for the E526 assembly were similar in all respects

to tho:g adopted for the fouk final synthetic boric acid solution samples
titrated, under Table 8-A, and included a preset dead-stop endpoint pH of
8.40 as demanded by the exploratory investigation reported in the same

- Table. * Programming involved 11 magazine units, and all titrations weré

carried out, pretltratlpn additions and tltratlons sequentially a\nd
<

automatlcally . \
~ ¢
Sample Vol. NaOH- BOB (0z/gal) HBBO (oz/gal) ~Weight H3BO; " (g)
No. (ml) .. _as de ave. t s' a%dn. Han. actual Bas det.
17.19 7.25 .
1. . 16.64 7.02 ' £ 6. :
c 17.21 7.26  7.18011 - :
. 17.05 - 7.9 ! ‘
2. 18.66 . . 7.87 s 6.2
S 18,49 7.80  7.7%40.1° . o
. 18.39 7.76 wol / .
“ 17.83 7.52 o ' . .
Std. | 11.66 ~ 0.0750 ', 0.0738
3. 9,17 8.09 ’ : 6.2
~ 8.18" 7.67  T.7540.22 -
18.28 770 ' <
17.98 T 5T J '
b ~ 19.06 8.0, o L.9 >
18.88 1+ 7.96 ~ 8.0040.04
18.87 "7.96"
8.02

.
.
. ~
' vr
» . ,
4 19:00 . , . .
t
. . an . € . ) * , PO
B + . . -"
a 4 El

’ : ' - : - D

- . . . IS .
i o~ « . v

- Wn&.‘-:ﬂ-.&u@.“.‘_ i
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7.

’:‘ “Std .

9.

10.
Y

ONONONONO DO [0 Y e xXe Yo SCRE RT W SN o N
*

' 7.19

® 8 & v e 9 o e

« ° s s & .
W T ONONON (D =N
Og\\l\’w\-ﬂml\) [o.49s <3

o

RPERISS

K2

{

K. u 5.5
7-21100% !
c 8 6-3
6.9110.08 '
&
6.5
5.9640.03 '
5.2
» 6.2110.06¢
'&oh
9.69+0.11
. 5.5
6'561‘0005

LY

4

L/

25h.
0.0750  0.0741
0.0750  0.071

" 0.0750

0.0742

ot

It will be noted that, as predicted by the o&pH range around the end-
point of 2.4 for + 0.5 ml, the titrations above generally locate the

The’ constanc

. endpoint within ¥ 0.2 ml.

the- titration values for the four standard boric

3

acid solutions ihdicates minimal drift with respect to settings placed
on the dead-stop system and minimal electrode couple drift over the 1.5
hour total elapsed titration time. ‘
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TABLE -1-B

Standardization of AgNO; Solution with sodium chloride (Manual method)

Preparation of sodium chloride solution b

5.8,50 + 0.0002 g of NaCl was weighed out from a mass of 10 g of reagent

grade NaCl which had been dried overnight at 110°C. This weight was dis- -
, solved in distilled water and dilution to exactly 1 liter was carried out. ¢

, MmacL - 5.8,50/58.45 = 0.10000° .
: , . +0.000018
b
Standardization of AgNO3 solution (Fajan's method ~ manual technique)
Reagentn,s 1.. 0.1M acetic acid " 6.0 ml of ‘glacial acetic acid diluted
! to 1 liter.
. 2. 0.1M sodium acetate solution - 13.6 g of cxl-é.coo»:a.gﬂzo .
dissolved in distilled Hy0 and diluted to 1 1fiter. -

. B 3. 10% dextrin solution - 100 g réagent grade dextrin dis-
. solved in 900 ml of distilled water.

! . o .

"4. 0.1% dichlorflucrescein solution - 0.1 g dichlorfluorescein °

dissolved in 100 ml of 95%, ethyl alcohol.

Method : ‘

10,00 + 0.01 m] of 0(IM standard NaCl solution pipetted into a 250 ml
Erlenmeyer flask. 1.0 ml each of O.1M acetic acid and 0.1M sodium acetate
solutions added. 10 ml of 10% dextrin solution and 50 ml of distilled
H,0 now added, and the mixture mixed thoroughly. 10 drops of 0.1% di-
chlorfluorescein solution added and the solution titrated with standard
AgNO, solution to the first permanent pink colour. Vigourous' shalking

of the flask was carrnied out during the titration. /

kg

9.50 * 0,02 ml 3 0.105263...
9.&8 i 0002 "mi‘ 0110511-85 see -
9.48 + 0,02 ml 0.105,85....
Average M- AgNO To= 0.105411...

stdo ‘dBVl'l. = i Oom()]_zsoo‘o ’;

= 1 2 ,
. M AgN03 . = 0,105, +-0.0001 P
. /. \
I\ )
o R: .




TABLE 2-B

2

\

Determination of chloride in commercial acid nickel plati

solutions

(Manual application of standard method)

Reagents 1. 2% sodium chramate solution - 2.0 g reagent grade NayCrO,

dissolved in 98 ml of . distilled H,0.

Titration of commercial acid nickel plating solutions (Manual method)

Warm the plating solution sax'nple to dissolve any soluble residue. Pipettel

2.000 * 0.006 ml of plating solution into 25 ml of distilled Hy0 in a

'+ 250 ml Erlenmeyer flask. Add 75 ml of distilled Hp0 and 1.0 ml of 2%
NayCr0, solution. Titrate with standard AgNOj Solution to the first

feint reddish-brown colour that persists after vigourous shaking. Tri-
plicate determination on pach bath:/sample. .

»

0z/gal(US) chloride =

VAgNO x MAgNOs x 35.453 x 3785.306

. . ST 1000 x 2.000 x 28.
where:- ,
, 3785.306 = ml/US gal
28.349 = g/oz
35.453 = GAW chlorine
oz/gal(US) = ﬁVAgNOB x MAgNOy x 2.3667

4

Sample No.  Vol. 0.10541M AgNOs

(ml + 0.02)

. Chloride (oz/gal) Ch

349

loride (oz/gal)

Ave. .t s

7/

Ve

l.

e ® '8 & o * o

b

* -8 [

OOO‘O\O\OQ??OGO‘-\TO\PP“P
'Q O ONOMNN e RNo RN RN]
m@ggomw O\O&gl\)?\nl—‘

5+
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WUiWwWww o
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1.23

1;’73'

2.15

227

2.50

+ 0.01

+ 0,02

+ 0,01
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.TABLE 2-B’cont td o . ’ ..

6. 10.37 2.59 g
. 10.39 2.60 ' 2,59 £ 0,01
10.38 2.59
7. 13.01 3.25 - 1 ' .
13.05 3.26 3,26 £ 0,01
13.03 3.26 . :
8. . 13.35 3.33 . !
' 13.37 3.34 3.34 * 0.01
13.38 <3.34 -
9. 15.48 3.86 .
15.55 3.88 3.87 £ 0.01
15.56 3.88 .
10. " 14,33 3,58
, 1L .28 - 3.57 3.57 £ 0.01L -
1431 3.57 2

<

Standardization of AgNOy solution with sodium chloride (EL36A method)i

«

Preparation of sodium chloride solution.

See Table 1-B. M NaCl = O.lOOOOO s O.OOéOl8

Standardi;‘xion of AgNOarsolution (EL36A method) _

N
Solution preparation was identical to that outlined in Table 1-B,. except
that no dichlorfluorescein indicator was added.

The EL36A was set in the potential mode, with the full—scale déflection
at 500 mV and the range at 4 300 to - 200 mV. A comblnatlon silver .
indicator electrode - silver-silver chloride (s.KNQy) reference electrode

~ was used_as the electrode.couple system. The titration was carried out

in the variable titrant delivery mode, and a full scale titration curve
to well beyond the equivalence point volume was obtained. Triplicate
determination was carried out. Each curve was analyzed by the tangen~
tial method to locate the equivalence point.volume and the equivalence
point &Iectrode couple potential value. In addition, each curve was
analyzed to determine the potential values at * 0.5 "ml around the _equi~
valence point volumse.
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i

M’AgNOB E (-0.5 ml) Eq.pt. E E (40.5 ml)

Vol. AgNO + OF
\ (ml + 0.02) (mV) (mv) - . (mv) - £0.5m
\ . |
9.3 0.106041 . . 212 300 390 89
9.55 0.104712.. . 208 298 382 87
9.41 0.106269.. 211 297 387 ‘88
/ Average M AgNO3 = 0.105675.. l
- Std. devn., = + 0.000841.. "
4 © N € l
MagNo, = 0.10567 * 0.0008"*

Average E endpoint 298 + 2 mV

g8 + 1' (range 176 + 2 my)

-

Average * AE (+ 0.5 ml)

The theor:atiéal value of the gquivélence point potential for the titra-
tion would be given by the following:-

JK;sp(AgCl)
1.56 x 10-10 (25°¢)
1.26 x 107°K

Theoretical equivalence point [Agt] .

i

»

1]

Epgh/ag + 0-059 log [Agt]
0.800 + 0.059 log 1.26 x 10 = 0.511 V

Epgt/ng

i

N

- E.g11 for the equivalence point would thus be given by:-

o

EA8+/A8 B Ereference = 0-511—0.20Q = O.31}LV

where the value of 0.200 V represents the potential of the Ag/AgCl
/ (3M KC1) reference.

Thus the calculated equivalence point pot/entia.l for the system shows a
value of 0.311 V or 311 mV. This agrees reasonably well with the found
average value of 298 + 2 mV. The discrepancy can be assumed to be due
4 " to such factors as uncompénsated junction potentials, use of concentra—
tions instead of activities, uncertainties in mV measurement, effect of .
solution ionic strength, temperature departure from 25°9C, etc.

. . !

4
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At the point 0.5
potential value

Epgt 0.800 + 0.059 log 1.56 x 10710 |
Agt/Ag g 710 mI x 0.1M - 9 ml x 0.1057)/80 ml
= 011 V -
u\l\ N ,
Ecell \\= Onl.l,ll - 0.200 j 0.211V .
= 211V .

\

i

4

260.

) before the equivalence point volume the calculated
13 given by:-

This also agrees well with the average found value of 210

«

+ 2 mnV

At the point 0.5 ml after-the equivalence point volume the calculated
potential value of the solution is given by:- .

~
N
g

0.5 ml-x 0.‘105'714

1

of 70 ml appro;amately

Ergh/Ag o.‘agp + 0.059 log 50
. AN
. = 0.612Y :
Ecell = 0-6g2 :" 0.200 = Ool{-l2 V
- = L12 mV ‘ -

Again this agrees well with the average found value for the titration
of 386 &/ mV. . 8

It will be noted that, in the above calculatlons a general value of

80 m1 has been taken as the equivalence point total volume of the solu- .
tion. This is, of course, obtained by addl:{ the equivalence point °

volume of titrant (10 ml apprommately) to the starting solution volume

TABIE L-B had ‘ o,

Determination of cHldoyide in commercial acid nickel platlng solutlons
(F,36A method)

Reagents None reguired.

(no addition of NapCr(y indicator)
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TABIE L,~B cont'd

<

‘Pitration of commercial acid nickel plating solutdons (E,36A method)

The solution preparation was as outlined in Table 2-B)} except that no 7

addition of 2% NayCr0, was made.

The E436A unit was set up exactly as outlined in Table 3-B.
of titration curve analysis was similar to that outlined. in the same
table. Triplicate determinations were made on each plating solution
sample analyzed. ’ '

Vol. 0.10567

The method

.

Sample Chloride E (-0.5 ml) E eq. pt. E (+0.5 ml) * 4E
No. M feNOy (Ml “(oz/gal) = (mv) () (mV) + 0.5 ml
+ 0.02) - .
1. L .61 1.15 209 285 361 76
) L, .66 1.16 212 286 362 75
L .52 1.12 209 287 363 7
2. 6.49 1.66 208 286 361, 79
6.62 1.65 220 290 362 71
6.30 1.57 208 288 368 80
3. 7.71 1.92 200 282 362 81
7.60 1.90 210 292 372 81
8.05 2.01 206 286 362 78
" b 8.17 2.0 211 295 375 82
8,30 2.07 22l 304 38, 82
. 5. 9.70 2.42 205 293 379 87
9.41 2.35 21, ' 29l 37 80
9.45 2.36 216 291, 370 77
6. 10.55 2.6L 208 286 362 i
10.25 2.56 206 286 366 - 80
9.75 204 212 288 361, 76
7. 12.20 3.05 . 211 " 29Q 362 76
. 12.18 3.05 21, 289 363 I,
12.10 3.03 219 291 363 72
8. 12.67 3.16 220 296 372 ~76
12,70 3.18 220 296 373 76
" 13.25 3.31 236 296 356 60
9, 1,.50 3.63 212 288 1363 75
11,.08 3.53 209 287 -. 363 7
14.52 3.63 210 -286 360 75
10. 13,37 3.34 21 294 372 79
. 13.50 3.38 220 292 364 72\
13.98 3.47 220 29, 366 73
Average chloride (oz/gal) Sample .No. 1. 1.1, + 0.02
and std. devn. . 2. 1.63 “+ 0.05 v
. ' 3. 1.94 + 0.06
2.06 + 0.02

N ' L.

I
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TABLE L-B conttd T L
Sample No. 5. 2.38 ‘.t‘\o.o%5
N 6. 2.54 +0.1
7. 3.04 + 0,01
. 8. 3.22 + 0.08
. 9. 3.60 + 0.06
10.  3.40 % 0.07
Average E endpoint = 290 + 5 mV
and s'td devn.
Average + O (#0.5 =

77 £ 5 mV
) ml) and 5td. devn. . '
( ' : :

The average Ecell at the equivalence point- of 290 + 5 mV agrees guite’
well with the 298 * 2 mV value found for the standardization sequence,
and reasonably well with the theoretical calculated value-of 311 mV. The
average * AE (0.5 ml around the equivalence point volume) of 77 + 5 mV
also agrees reasonably well with the 89 + 1 mV value found for the stan-~
dardization sequence, although thgre is a significant difference between
this value and the theoretical cajculated value of + 100 mV. These dif-
ferences between the theoretical pnd actual values of E.g1] and * AE,can
be attributed to the different variable solution matrix “composition
for the acid nickel plating soluttiohs compared to the consistent general
composition for the standardizatidm solutions. This, in conjunction with
the factors outlined in Table 3-B, can be assumed to carry the resppns:.-—
bility for such operational dlfi‘erences in‘parameters.

o

TABLE 5-B .

1

‘ Standardization of AgNOj sollitio% with sSodiinn chloride (E526 -‘aut_&natic
/ A o

method)

o
\o/ B j

Preparation of sodium chloride solution

See Table 1-B. M NaCl = 0.10000° + 0.000018

Standardization of AgNOB solution ( E526 -~ automatic method)

The solution preparation wa)s identical to that ocutlined in Table 1-B.

The E526 unit was set in the potential mode at " mV", and in the "cali-~
bratidn" position. The electrode connections were shorted with the EA854-
2B/10 shorting cable. The digital readout was set at "000O" mV>and the

-
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"zero balance indicator needle was set at the exact central line position

with the countervoltage control. The shorting cable was then removed,

A combination silver-Ag/AgCl (sat. KNO5) reference electrode system was

used as the electrode couple. The titration direction was set for

Jncreasing mV during the titration and at the " 4 myn starting potential

p031tion. In accordance with the data obtai-ed from Table 3-B, 'a preset

} - dead-stop potentlal of -+ 298 mV was set.  Again, in accordance with . e
- . Table 3-B data, which showed a 4E rangs of 176 mV for =+ 0.5 ml around

E the equivalence point volume, the large AE - increment for fairly high

; LB/ cha.nges around the equivalence point was selected.

The initAal titrations were carried out using additions of dichlorfluo—-
E 4 rescein ﬁrﬁlcator}(in order to determine the general agreement betweén
? the degd-stop and” indicator coleur change endpoints. These initial tit-
: rationd showed a distinct tendency to under-titrate, the dead—stop end—
. point being achieved before the indicator colour change. Over-riding
- ‘ the autamatic controls each time, and continuing the titration to-the
5 indicator endpoint showed the titrations to be- under-titrated to the
extent of some 0.1 ml to 0.2 ml. .
Subgsequent exploratory tests finally achieved correspondence between the
: . two endpoint volume values at a preset dead-stop potential of -+ 320 mV-.
' It is felt that the difference between the EL36A and E526 potential values
’ can be attributed to differences in titration conditions a.nd/or instru- /
? mental response systems . .

The final titrations were carried out with a preset dead-stop potential
rof + 320 mV, and without the sidition of indicator solution. These
final titratlons four in all, were conducted with the beakers in one
magazine and under sequential and automatic titration conditions.

Printout vols.<(ml) . . M AgNOq
‘ e e——— LN
. 9.4,8 _ 0.105485...
o 951, 0.105152...
* . 9 lL&l ! ) 0.1%269' e t
9.47 : 0.1055%...
Average M AgNO3 =  0.105625... . -
Std. dewn. = + 0.000L68...
/s

x ' ‘ ' MAgNOB = 0.1056 + 0.0008 :

L

' 4
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TABIE 6-B

Determination of chloride in commercial acid nickel plating

solutions (E526 assembly method)

Reagints ‘None required. for camercial solutions (no addition of
NaCr0), 1ndicator solution)

For sodium chlorlde standard solutions ~ see Table l—B

Titration of canmercial acid nickel plating solut:.ons _(E526 - automatic
method : ; . ,

>

The solution preparation prior to titration.was gen)erally as outlined
in Table 2-B, except that the 2.00 ml of warmed plating solution was,
in each case, pipetted into a 100 ml portion of distilled water in the
250 ml E526 bea.ker. No NaZCrOh indicator solution was added. Titra-
tion in, triplicate was carried out.

Interspersed beéetween the commercial plating solutions was placed six
standard sodium chloride solution samples involving 10.00 ml of sodium
chloride solution. These standards were prepared exactly as outlined
in Table 1-B, but without indicator addition. These standards were
intended to permit estination of the constancy of the E526 settings

- and electrode couple over the entire titration period (about 1.25 hours).
Thus a total of 36 samples, racked in nine (9) magazines, were involved.

The operating parameters for the E5 /)ml’c‘were initially set as indi-
cated for the final titrations listed’/in Table 5-B, despite the indi-
v:.dual,lndlcationS( from Table L4-B that an equlvalence point potential of
© 4 290 mV might be
_+ 320 mV was found during the experimental work to be satisfactory, and
agaih the difference between the indicated setting of + 290 mV and the
practical setting of + 320 mV can be attributed to titration conditions
and/or response system differences with respeet to the EL36A and E526
units. The pretitration burette stops were bypassed, since no pretitra-
tion additions were rejuired. Programming involved 9 magazines, and all
titrations were carried out sequential]y and automatically.

chloride (offgal US) = vol. AgNO5 x 0.10562 x 2.3667

Sample Vol. AgNO3 Cl (oz/gal) C1 (oz/gal) M AgNO, standards \
No.' (m1) as det. ave. t s* (Candn. Han. actual as det.
1. | L.53 1.13 i 1.2
C ) b3 1.13  1.1240.01
L5 1.11 . . .

anticipated. The use of the presst dead-stop potential of

-
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" 1.60+0.05

1.9620.06..

2.0740.06
T

2.42+10.07

A J

2.56+0.01

3.130.04

3.08#0.01

3.7640.0L,

3.41+0.05

Tt will be noted that, as predicted by the 4E

o

2.0

2.1

2L

2.9

3.1

3.4

7

N

0.1056

0.1056

265 .

0.1057

-

0.1056 0.1057

&

9.1056 0.1053

<3

121

o .

¢ ;
. 00056 : 0.1055

0.1056 0.1057

0.1055

r

» -

range around the equiva-

* ‘lence point of 154 mV for =+ 0,5 ml as given by Table L4-B, the titrations
generally locate the endpoint within +* 0.1 to + 0.2 ml, or =+ 0.02 to
+.0.05 oz/gal of chloride. >

The constancy of the titration values for the Six standard NaCl solution
samples, and the general agreement of the associateg molarity calculations
«with the standardization value of 0.10562 * 0,000l M, indicate minimal

. drift with respect to the preset potential for dead-stop and the response

of the electrode couplsé. ‘
"~ “‘ﬂ
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« TABLE 1-C . “ SRR
T Preparation of EDTA solutlon standard Cu(II) solution _stangard B
et Ni(1I) eolutlon. ' (ED’I‘A titration invest Agation) N ‘
y \‘ o
\ ~ , EDTA solution ﬁ ' g " \ ) \' |
| ( . SN
[ ;50 g of reagen grade disodium dihydrogen EDTA salt weredried for 1 -
! hour at 75°-8 .37 g of the dried and cooled salt was\weighed out
| \ " and dissolved 500 zl of previously boiled and cooled ‘distilled
< ‘water. To th.rs solution a few drops of 0.1M NaCH were added for

Ve

L’
LSO

| Ni(II) - olution g

/‘; \ L 0,099 * 0.00004M Mi(II)

clarification’ purposes, and the solutlon was diluted to exactly 1 liter /
in a volumetdic flask. . ‘

» o

i
[

i
. . o
Exactly 6.35L0 + 0.0002 g\ of pure copper weredissolved in 30 ml of j
concentrat HNO3. The oxides of nitrogen were expelled by boiling.:
The solutjon was cooled and diluted to exaotly 1 liter in alvolumetric
‘flask:. A goncentration value was assunmed/of:-

¥

,\ ,/ | 01mm+bomosn LGN | S

'
° Bl

Exactly 5.8690 + 0.0002 g of pure nickel were dissolved in 30 ml of
concentrated HNOB. Th&e oxides of nitrogen were expelled by boiling.

S

'Ih “golution was cooled and ‘diluted to exactly L lit\r in a volumetric ™.
k. A concentref‘ion value was /aasumed of:— S ‘ . P

-

\ M !
~ A [

ization of EDTA solution with standard Cu(II) solutiop”(E\36A
meth ) A « ' e -

_MethOd w . i " . N > © .

Th initial aolut:.on preparation involvad *20.00 + 0. 02’1111 of 0.10000 -
005M Cu(II) solution pipetted into a 150 mI” beaker. 20 ml of . '

dlstllled water afld 20.00 + D.92 ml of 0.5M NHB/O M NHhQI buffer solu-

tion were added. The pH of ch solution was Obtained prior to titra-

.tion with EDTA solution. Quadruplicate determinat.lon was carried out.

The E436A titrator was set in the “potential mode, with a full-scale de- .

flegtion of 500 mV,, and a range of G»to' - 500zmV. An Orion 94-29
Cu(IT) ion-selective electrode and an Orion 9(%‘2 double~junction

L ' »~
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caloflel referehce electrode (10% KNO,) were attached WB()AA titra—" .
top” by adaptor comnections. Titratidn was carried ou the variable"
itrant delivery mode, and a full titration curve to well ‘beyond the

.equivalehce point was obtained in each case. Each curve was anal,yzed

by the tangential method to locate the“equivalence point potential and

volume values. In addition, each curve”wammw to determine the . 3
potential values at * 0.5 ml around the equivalence point volume.. - e . ¥
_ ‘ N ) o3 JAve: 4B * 0.5 . K
pH at Vol. EDTA E (mV) . ml around the M EDTA
start (ml + 0.82) -~ 0.5ml eqg. pt. 1{0.5 ml eq. pt. ,.JmU.‘ < .
9.7, 22.15 - 28 g2  -38 - *5L ;0.09029.. g
9.7  22.15 - 294 v =352 =401 + 54 ¢ ©0.09029.. .
. 9.8 22.25 - 28l - 342 -390 + 53 ° 0.08988..
9.8 22420 - 260 -~ 3L2 - 388 . F 5, 0.09009.. . VoL
' ' ’ Y . O : ; ..l . ”
Average M EDTA = 0.09013. ... ¥ WSt
Std, Devn. = 0. 00019.... T
° v AN . : 3
3 WEDTA - 0.09013 * . 00019 Nk
' o ‘ . oo - PR ) g
¢ Y O - v N e
TABLE 3-C — , . SR -
% E

Preparation of Gu(II)—ED’I‘A indicating sdlutlom v

i

20.00 #+ 0.02 ml of O. 10000 +, O';OOOO’)'M Cu(II) solution was diluted with

20 ml of distilled water/and 20.00 * 0.02 ml of 0.5M 9;&/0 -4 NH, C1 SRR

‘puffer-solution. 21.10 + 0,02 m1 of 0.09013 + 0.,0001%M EDTA aolutlon .
‘was now added (95% of theoretical equivalence point -volume), and this o
solution was diluted to exagtly 100 ml in 2 volumetric flask. The ¢ ’
copper content of this solution taken as:- e

0T 1m
.000063 g (wpprox.) Cu(IX) -, , - ;

¥

Titration of Ni(II) solutions by staniard EDTA using Cu(II)-EDTA 1nd:};cati:ng
solution and Cu(Il) ion-selective eléctrode (E,36A method) 4

3

Method : - ’ i o

For each titration 20.00 * O. 02 ml of 0.09996 + O.0000LM NJ.(II) solution ‘
was, taken. This represented 0.117L g of nickel. 20 ml of distilled H,0

was added and 5.00 * 0.0l ml of Cu(IH)-EDTA indicating solution (Table®

. 3- Q) This latter addition represented a total Cu of appromat.ely 5%

- . s &

e i Fen e e
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'of the mickel present. Volumes of 0.5 NH%/O .M NH, C1 buffer solution

were now .added so as to yield variable pre 1tration pH values of from
9 to X0 as tested prior to tlt.ratlon. ' . ‘
The set-up and operating arrangements for tb/ ,EA36A tltrator were as
outlined in Table 2-C. / .

i
/

Vo oo . Ave. &E+ 0.5

“Calc. + . E (mV) " »ml aroind the
M (g) ~-0,5ml ag. pt. +0.5 ml eq. pt. (mV)
;9 0.1032 - 324 - 1338 . -1360 + 18
8.9 19.50 0.1032 -~ 326 - 340 - 362 + 18
9.0 21.42 0.1133 -'1308 -~ 340 - 362 + 27
9.0 21.63 01144 = 324 - 360 - 1382 + 29
"9.0  21.00 0.1111 - 328 - 360 - 38, v + 28
9.3 21.50 - 0.1138 /- 350 .- 382 - L0, + 27
9.3 ° 2160 0.3 [-333 .- 365 - 387 + 27
9.3 . 21.50 0.1138 = -~ 370 . =~ 390 - 412 + 21
9.5  21.35 0.1130 © -*328 - 360 - 384 s *28
9.5 * 21.40 0.1132< - 343 - 377, - 1,01 + 29
9.5 21.25  .0.1124 - - 350 -1380 . . - LOL + 27
10.0 . 21.50< 0.1138 - +~ 397 - 133 - 157 + 30
10.0 21. 701/ 0,118 -~ 399 Co- h35 - 461 CE31
&
The actual va‘“hfe of nickel titrated was O 1174 0. 0003 g I
L . ¢ AR ) . o .
TABLE 5-C - - R ' LW, ’ ’

\

. Preparatlon of EDTA solution a.nd standardizatlon with stamﬁ.rd Cu(II)

solutioh’ (FL36A method) S

-t

The EDTA polutlon was prepared ‘as indicated in Table 1-C. The details

: of the standardlzat.lon process were as outhned in ¥able 2-C

Ave. OF * 0.5
pH ats Vol. EDTA E (mV) » . » ml around the M EDTA
start (ml *0.02) --0.5 ml eq. pt. +0.5 ml eq. pt. (mV)
. 9.6 19.27 - 280 - 340 =~ 390 x5 © 0.10332..
c9. 19.46 . -288 . ~353 .- L08 + 60 0.10277: .
9.7 19434 -290 - -346 . -402 - 56 0.10341.%
’ P ‘ " ‘ K P 4 ’
p " Avérage M EDTA, =) 0.10332¢..
4 - Std.- demo =/ i.0.000SI. ve w - o ¢
C  MEDTA- = 0.1033° + 0.0005

.\
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’ , TABLE 6-C )
¥
Determination of nickel in commercial acid nickel bath plating solutions
+ by standard EDTA using Cu(II1)-EDTA indicating solution (&36A method )

«

. Method o~ : - . ’ ' :
The commercial acid nickel bath solutions were warmed to dissqlve all:
residue. 2.00 % 0.01 ml of each solution was pipetted into a 150 ml
beaker containing 35 ml of distilled water. 5.00 * 0.0l ml of Cu(II)-
EDTA indicating solution was added, this solution beihg as prepared
in Table 3-C. This represented 0.00635 I3 of total copper. Since the
acid nickel solutions ranged from 5.1 to 1l4.l oz/ US gal or, for the
- 2 ml of solution taken, a total nickel in solution varying from 0.076 .
. to 0.211 g, this addition of Cu(IL) indicating solution represented a .
total coppér varying from about 3% to 8% of the nickel content, well
within the prescribed 1imits of 1% to 1087 Varying volumes of 0.5M
\\3 NHB/O.]M NH, C1 buffer solution were now added to yield p‘etitration
P tested solu%ion pi values between 9 and 10.

<
F

——

The EL36A titrator was set-up and operated in/ exactly the same manner
as outlined in Table 2-C. , - :

. : \ .
A1l nickel content calculations were based on:-

V EDTA x M EDTA x 58.71 x 3785.306
1000 x 2.00 x 28.349

oz/US gal nickel =

where:- } . s .
3785.306 = ml/US gal
L ) ' . 28.349 = g/oz’ ) , ; \
T 58.71 = GAW nickel . yoo
0z/0S gal nickel = V EDTA x M EDTA x 3.929 '
. : . . ’ ]
_ ) . . Ave. £E 0.5
pH at  V6l. EDTA Calc. Ni C.H. Ni . E AnmV) ’ ml around the
- gtart (ml + 0.05) oz/gal IS oz/gal US - 0.5 ml eg.pt. + 0.5 ml eq. pt. (mV)
‘9.0 36.50 W7 L.l . =316 -3 - 336 + 10
9.0 39.50 . 16.0 - 307 -31% =~ 325 9 -,
9.0 37.00 15.0 ~ 388 ~ 40O, - 420% & 16
9.0 36.80 1.9 ~ 380 & - 400 % - K06 - %13
9.0 35.25 .3 - . =380 . -39 “c L12 + 16
' 9.3 28,75 11.6 11.6 ,— 366 - 382 Sx396 * 15
9.2, 29.50 1.9, ~ 35, - - 368 -=\38, * 15
) 9.2. 2380 11.7 - 360 -~ 37 , - 388 + 1
Y 9.3 5. 25.85 . 10.5., 10.6 ¢ =370 —“/_‘386 = b c+ 16
| 9.3 25.72 10.4  -_ - 37, 49988 4O + 1
‘ 9.3 . 25:75 ",10014» C - 360 - 3\7“6 ™, 39 + 16
|
\

) \\ . . . . . v
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. solutions of Cu(II)
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v
N
*

-~

9.5  11.75 L.8 51  -388  ~L400 — L0 + 16
9.5 11.65 L.g - 380 ~ LOO - LOb + 13
9.6 12,00 L9 - -380 . -39 - LI2 < +.16
9.6~ 12.4,0 5.0 ~400 116 - 432 + 16
TABLE 7-C L ‘. . : Lt

&
‘Preparation of ‘technical grade TEPA as titrant and titration of
(E4 364 method)

19 g of technical grade TEPA (F:.sher Scientific) was dissolved in 250
ml of distilled water and the golution diluted to exactly 1 liter in

a volumetric flask. Based on a MW of 189 for TEPA, this solution was
assumed to be 0.1M subject to correction on the basls of the degree &t‘
purity of the, techmcal grade mq,terlal.

%
"o

Method

The titration medium was prepared by taking 1.00 * 0.0l ml, 2.00 + 0.01
ml and 10.00 + 0.02 ml of 0.10000 * 0.00005M Cu(II) standard solution.
These werf diluted with 100,ml of distilled water. 2.00 * 0.0l ml of
concentrated NH; was added.

-
i

The Eb,36A titrator was set-up and operated in the manner outlined in

Table 2-C. Qj —
" d ) ‘ o Ave. &F + 0.5
Vol. Cu(II) Vol. TEPA E (mv) ml around the
soln. (ml1)" soln. T(ml) - 0.5¢m1 eq. pt. + O.5ml eq. pt.? (mV)
T 1.00 1.47 £ 0,02 ® 125« = 200 ~ 285 + 80
1.00 1.55 & 8 .02 - 120 - 200 -~ 284 . + 82
1.00 1.50 £ 0.2 -~ 132 - 210 ~ 296 + 82
2.00 2.87 £ 0.02 -~ 143 - 198 - 259 }'58
10.00  13.60 * 0.02 - 188 - 200 - 216 - 1
10.00 .47+ 0.2 - 179 -199 =~ 211 + 16
TABIE 8-C : \ -
Preparatlon of strongeli’technical grade TEPA solution ‘gf*d titration

(F),36A method) - -
C .
38 g of technical grade TEPA was dissolved in 300 of distilled Hy0
and,the solution diluted to exactly -l liter'in a voljmetric flask.
Based on MW 189 for TEPA, this solution was assumed to be 0.2M subject
to correction for the purity of the technical grade material. - )
E

of solutlons of Cu(TT)

Method A S

The solution preparat:ion prior to titration involved 10.00 * 0.02 ml
B . ' \

I :I . t‘ "’ .

3%

s sor w L
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of 0.10000 + 0,00005M Cu(II)ié‘{:»andarda solution diluted with 100 ml
of distilled water. Concentrated NHy; was added until-a tested pH of
9.5 was obtained. The TEPA titrant Wwas pH tested and found to yield
& value’ of about 10.4. ; . S :

Y

The E,36A titratpr was set~up and operated in thé manner outlined in
- Table 2-C. ) " -

Vol. Cu(II) Vol. TEPA E (mV)

goln., (ml) soln. (ml) =0.5ml eq.pt..+ 0.5m¥Y eq. pt.

10.00  7.55 £0.02 - 210 - 20"~ 272 c131 g
10.00 7.50 +0.02 — 209 - 238 - 27 + 3
10.00 - , 7.56 +£0.02 - 210 - 240 -,‘27’0 + 30

1 ¢

y /
é [
VL
. A
J

i

/ > > -
Preparation of Cu(IT)-TEPA indicating solution Msing technical grade
TEPA solution. ) «

v /' (," ' . :

20.00 + 0.02 ml of 0.10000 £ N,00005M Cu(II) solution was diluted with
/LOO ml of distilled water. Concentrated N 3 was added carefully until
the solution registered a tested pH of 9.5.” Baged on the data from
.Table 8-C (7.50 ml TEPA solution for the/complete titration of 10 ml
of Cu(II) solution), 14.25 ml of the styonger TEPA ‘titrant was ddded
to provide a 95% completion point. ¥s solution was now diluted to
exactly 150 ml. The copper content of this solution was:-

1m- ) + 0.000003 g total Cu
o ® g (approx.) Cu(II)-TEPA
(approx.) Cu(II)

’

TABLE 10-C

Titration of Ni(II) solufions by impure TEPA using Cu(II)-TEPA indi-
cating -solution and Cu(JI) ion-gelective blectrode (F,36A method)

Method

,( . ‘ i ] .
For each titratioé’ .00 & 0.0L ml of Ni(II) standard solution (0.09996

+ 0.00004™) was takeén and diluted with 100 ml of distilled water. Thq TR
represented 0.05868 g of nickel. 3.50 * 0.01 ml of Cu(II)-TEPA indi-\..__
cating solution (/Table 9~C)- was added. This addition represented a

total copper wof gpproximately 5% of the nickel present. Concentrated_.

NH, was now add/ed dropwlse to yield a pretitration solution pH ‘as tested
cn‘.‘3 about 9.5, ‘ . '

o

The set-up ar/xd. operation of the Ei36A titrator were exactly as outlined
in Table 2~C. ' ’
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¢ C | " Ave. 4E £ 0.5 .
g Vol. Ni(II) Vol. TEPA E (mV) . , ml around the
' -goln. (ml) soin, (m}) =0.5 ml eq. pt. 0.5 ml eg. pt. (mV)
. : 10.00 ,. 7.70+0.02 -230 - 260 = 290 * 32
3 10.00 7.70 £ 0.02 -~ 236 - 256 - 292 t 28, -~
. 10.00 7.70£0.02 -217 - 250 - 277 *+ 30
h ) TABIE 11-C ' ,
f Preparation of purified TEPA and.TEPA.5HCY (Ross and Frant (32))
B, @» '
4"50 g of technical grade WPA (Fisher Scientific) was distilled under
a pressure 'of 49 mm Hg. The fraction bstween 199° - 201°C was collected.
§ ‘ Some 301 g resulted, representm@’ about 86% of the total impure TEPA
: treated. .
[n‘&
100 g of purified TEPA was now added dropwise with vigourous stirring
) to 1200 ml of concentrated HCI' contained in a 3000 ml Erlemmeyer flask
] imbedded in an ice bath. The resulting suspension was cooled ftrther.
i{ and mixed with an equal volume of methanol. Filtering by suction through
i a No. 1 Whatman paper was carried out using Buchner equipment.\The
C . filter was washed several times with minimal amounts of methanol. This
/ S process yielded about 660 g of damp pr801p1ta‘ce. N

Y et

* The pI‘eClpltate was dissolved in the minimum amount of hot water (70°C) .
. 150 g. of activated charcoal (Darco G-60) was added and mixed in well ‘
: for 10 minutes. The charcoal wag filtered off by suction through a No. 1 -
Whatman paper using Buchner equipment, and the filter was washed three
times with a minimal amount of hot water. The filtrate was heated to
50°-559C, and methanol added until a permanent suspension was obtained.
Settling for 1.5 hours was followed by suction filtration through a
No. 1 Whatman paper. This filtrate was heated to reduce volume and
put, through the same process.- The subsequent filtrate was again treated
similarly. All of the filters were combined, spread out and air-dried
for 24, hours. The final air-dried mass welghed 107 g and represented
TEPA.5HCL. The yield, from the 100 g purified TEPA treated, approxi-
mated 55%. .

i ad e sk sl
o

3

L et

B

b ]

- TABIE 12-C . )
=88h ey
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Preparation of. TEPA.5HC1 titrant and standardization agalnst Ni(II)
standard solution using Cu(II)-TEPA.5HCl indicating solu‘%lon and Cu(II)
ion-selective electrode (FEL36A method)

37 g of purified TEPA.5HCL (Table 11-C) was Bissolved in 100 ‘ml of
distilled water and diluted to exactly 1 liter in a volumetric flask. -
The pH of this titrant was tested -at 2.2 approximately. Titration
against standard Cu(II) solutions 1ndlcated a molarlty of about 0.180,

| A — s
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and on this basis a* Cu(II)-TEPA.5HCL indicating solution was prepared
generally as. indicated in Table 9-C,

Standardization against Mi(IT) solution - i "
! ‘ )

10.00 + 0.62 ml of 0.09996 + 0.0004M Ni(II) solution was pipetted into
a 250 ml beaker and diluted with 100 ml of distilled water. 3.50 *
0.01 ml of Cu(II)-TEPA.5HCL indicating solution was added. Concgntrated
Nib s added dropwise to yield a pretitration solution pH as tested

o 9.50 - " :

The FL36A titrator was set-up and operated as indicated in Table 2-C.

Vol. Ni(II) Vol. TEPA. M TEPA. ‘ E (mV) - Ave /E
soln. (ml) 5HC1 (m1). _ 5HC1 =0.5m eg. pt. + 0.5m *0.5ml
10.00 5.60 + 0.02 0.17857.. - 218 - 248 -278 130
10.00 5.65 + 0.02 0.17699.. - 223 - 252 ~281 +29
10.00 5.60 £ 0.02 0.17587.. - 226 - 256 - 286 *130
Average M TEPA.SHC1 = 0.17804..

Std. devn. = * 0.00091..
, M TEPLSFCL =  0.1780% £ 0.00091

s

TABLE 13-C

1

-

Determifiation of nickel in ¢ommercial acid nickel plating solutions
by standard TEPA.5HC1 using'Cu(II)-TEPA.5HC1 indicating solution and
Cu(IT) ion-gelective electrode (EL36A method)

The commercial plating solutions were/warmed to dissolve all residue.
1.00 * 0.0L of each.solution was pipetted into a 250 ml beaker which
contained 100 ml.of distilled water. 5.00 * 0.0L ml of Cu(II)-TEPA.
5HCL indicating solution was added and sufficient concentrated NH,
to yield a tested pretitration solution pH of 9.6. The addition of
5 ml of the indicating-solution represented a total copper content
of 0.00423 g and, since the commercial solutions ranged from 8.3 to.

*12.9 oz nickel/S gal, this represented a copper:nickel ratio of

6.8% to L.4% (within the required limits of 1% to 10%). These solu-
tions were titrated with 0.1780%+ 0.00091M TEPA.5HCL (Table 12-C).

The Ei36A titrator-was set-up and operated as indicated in Table 2-C.

] - ¢
A1l nickel cdntents were calculated from:~ ,

"V TEPA x M TEPA x 58.71 x 3785.306
' 1000 x 1.00 x 28.349

oz/W8 gal nickel =

v TEPA ‘c M TEPA x 7.838

: B
.

Rt
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‘where the values” shown are as given in Table 6-C. ,

Vol. TEPA ' Calc. Ni C.H. Ni . " E (mV) : Ave. 2B
(m1 + 0.02)(0z/US gal)(oz/US gal). = 0.5 ml eqg. pt. +%0.5ml’ + 0.5 ml
7.70  10.73 * 0.08 ‘9.0 - 230 - 256 - 285  t27
7.65  10.66 + 0.08 - 22, - 252 =27 +25 °
7.65* 10.66 + 0.08 , - 22, -282 -212 a2
g.11° 11.30 + 0.08 8.7 - 228 -~ 252 - 27 +23 ¢
8.10 11.29 + 0.08 - 232 ~ 256 - 276 +22 .
8.05 11.22 + 0.08 - 228 - 252 - 27 + 23\

10.12  14.10 * 0.09 8.3 - 227 - 250 =272 22
10.06  14.02 * 0.09 - 223 - 247 - 271 + 2
10.09  14.06 * 0.09 - 22, - 247 - 269 + 22
14.80 20,6 + 0.1 @ 12.9 ~ 256 - 212 - 28 + U,
1,.83 . 20.7 *0.1 - 260 - 276 ~ 289 £ 1
15.04 21.0 * 0.1 » - 2Lk - 260 - 27 + 15
8,28 11.54 * 0.08 9.7 - 228 - 25, =275 + 21
8.09 - 11.28 + 0,08 - 22 - 252 - 275 + 26
8.10  11.29 + 0.08 ~ 226 -252 . 273 + 2l

TABLE 1h~C . '

/

Determination of nickel in commeycial acid hickel plating solutions by
standard TEPA.5HC1 using Cu(II)-TEPA.5HC1 indicating solution, Cu(II)
ion-gelective electrode and controlled solutlon pH conditions (El}BéA)

The commerc1a,l platlng solutlons were wa:rmed to dissolve all residue.
2.00 + 0,01 ml of each solution was pipetted into a 250 ml beaker that
contained 25 ml of distilled water. 8.00 i 0.01 nl of Cu(I[)~TEPA.5HCl
indicating solution was added, followed by 8.0 ml of 2:1 NHy and 25.0
ml of 0.5M NHB/O 3M NH,,C1 buffer solution. This addition o% indicating
solution represented a total copper contént of 0.00679 g and, since the
commercial solutions for this series varied fram 5.1 to 1. 1 oz nickel/
US gal; a copper:nickel ratio of &% to 3% was provided (within the 1%
to 10% required limits). These solutions wefe pH tested -before titra-
tion and after titration with O. 178d+ + 0.00091M TEPA. 5HC1.

The EL36A titrator was set-up and oper’ated as indicated in Table 2~-C.

A1l nickel calculations were made on the same bas:Ls as outlined in

‘Table 6-C. N -
Titration' pH at pH ab Vol. TEPA Calc. M. CH. M
number  gtart finish (ml * 0.02) (0z/US gal) (o0z/US gal) !
1 10.2 9.5 19.87 13.86 + 0.08 .1
‘rb 2 1002 9.5 19!714. 13178 i On08

3 10.2 = 9.5 19.22. 13.41 * 0.08

o L
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L 10.2 9.6  16.38 1l.42 % 0.07 11.6
5 10.2 9.6 16.25 11.34 + 0,07
6 10.2 9.8  %.92 4.83 % 0.0 5.1"
7 1002 9-8 ‘ 6-78 L}-73 i OnOL].
8, 10.2 9.8 ! 6.7 470 £0.04
© 9 10.2 9.6 14.01 9.78 £ 0,06 9.7 ©
10 10., 9.8 L.l 9.87 % 0.%
11 10.4 9.8  14.14  9.87 #0. ,
- Ave. &F + 0.5 )
' Titration E (mv) ml around the
. " number -0.5ml eq. pt. + 0.5 ml eq. pt. -(mV) PR
1 1 ~201  -230 . - 252 + 23
] 2 - 206 -230 - 254 . + 2,
3 1206 - 230 - 254, + 2,
L - 208 - 234 - 259 + 2
5 - 200 -~ 225 ~ 250 + 25 .
b ~ 30 %260 - 292 + 31
7 - 23 - 266 - 292 + 29
8 - 2263 - 256 - 286 + 30
, 9 - 212 - 2,0 - 265 + 27
0 10 =216 -20 - 26} + 2
; 11 . ' - 217 - 2,2 - 268 + 26. » .
‘} . ' ) ‘ ! € ' K
= ' TABIE 15-C o L , | - L
: . . . T
‘ Preparation of standard TEPA (purified) solution, standardization 8
| against- Cu(II) solution, preparation of.Cu(II)~TEPA indicating sblu- 4
tion and standardization of TEPA solution mgainst MNi(II) solution :
- Preparation of TEPA solution . ,
E o .
- Co * 18_g of distilled TEPA (Table 11-C) was dissolved in 300 ml of distilled

water and diluted to exactly 1 liter in a volumetric flask. N

_S_%tandardization of TEPA solution against Cu(IIS solution o
10.00 * 0.01'ml of 0.10000 + 0.00005M Cu(II) solution was diluted with
. 50 ml of distilled water. 20.00 * 0,02 ml of O.5M NH /0.3M NH, C1 buffer
~ solution was added. Titration with prepared TEPA solufion was donducted.

-, Twﬂ.BéA titrator was set-up and opergted(éxactly as outlined in Table
2‘ . ' v - . '

- L Ne. 4 +0.5 / .
*, Vol. TEPA . M TEPA B (mV) ml around the N
: ~soln. (ml) - 05 ml eq. pte + 0.5 ml eq. pt. {mV) 3
g I4.65 0.068259.. - 168 - 252 | -312. + 72

; 14.68  0.068119.. =~ 172 - 24,8 - 312 + 70
14.75 ~ 187 - 252 -312 + 63 ‘ i

v o .
' ! . i N

0.067796..
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A1l TEPA volum,e values subject to O 02 ml uncertalnty. pH start and '
e finish - 9.5. B

. Average M TEPA = 0.06805....
| v - Std. devn., = =+ 0.00023....
| . M TEPA =  0.0680° # 0,00023

Preparatlon of Cu(TI)-TEPA indicating solution

20. 60 + 0.02 ml of standard Cu(II) solution (0.10000 % O. oooosM)(
: diluted with 25 ml of distilled water. 20.00'#* 0.02 ml of 0.5M NH /
k . 0.3M NH, C1 buffer solution was added. Based on the data from the
copper({'l'.'I) standardization process (14.70 ml TEPA solution for 10 ml
of Cu(II) solution), 27.90 ml of FEPA solution was added to prohc&{
a 95% completlén po:mt. This so}jution was then diluted to exactly
100 ml in a volumetric flask. e copper content of the solution
was:- .
1ml 0.001270 + 0.000003 g total Cu
0.001207 g (approx.) Cu(II)-TEPA
0.000063 g (approx.) Cu(II) '

o

Stand?rdi“zation of TEPA solution against nickel(IT) solution

10:00 £ 0.01 ml of 0.09996 * 0.0000LM Ni(II) solution was diluted with
: -50 ml of distilled water. 3.50 + 0.01 ml of Cu(II)-~-TEPA indicating
0 solution was added, followed by 20.00 + 0.02 ml of 0.5M Ni;/0.3M NH,C1
buffer solution. The amount of nickel contained was O. 05828 g, and '
. i the 3.5 ml addition of indicating solution represented 0.00444 *
0.00001 g of total copper, or-asbout 7% of the nickel content. These "
solutions were titrated wrbh TEPA titrant.

.The E436A titrator was set—up and operated as outlined in Table 2-C.

pH start and finish, as tested, 9.5 approximately.’

. Ave. OE + 0.5
Vol. TEPA soln. M TEPA E (mV) . ml around the
(ml + 0.02) . = 0.5ml eg.pt. +£0.5ml eq..pt. (mV)
15.00 0.066666., - 152 =19, - 234 ° 441 3
15.20 0.065789.1 - 157 -197 - 236" + 1,0
" 15.25 . 0.065573.. - 160 - 200 - 239 L0, ,
) - ) . . b
, Average M TEPA = 0.066009... A
- ) Std. devn.. = + 0.00057....
e ' : e : , v ¢ ‘
jl : M TEPA =  0:06600 *0,00057 .
TABIE 16—C ]

Determination of nickel in commerclal acm m.ckel p;aﬁlng solutions by
standard TEPA (Table 15-C) using Cu(II)-TEPA indication sclution, Cu(II)
. ion-gelective electrode, set buffer solution addition and FL36A tltrator -
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The commercial nickel plating solutions were wammed to dissolve all
1.00 + 0.0l ml of each solution was pipetted into 50 ml of
3.00 + 0.01 ml of Cu(II)-TEPA

indicating solution (Table 15-C) was added, followed by 20.00 £ 0.02
ml of 0.5M NH%/O -3M NH, C1 buffer solution.

residue.

distilled water in a 150 ml beaker.

1ndlcat1ng 80

ution represented a total copper of 0.00381 g and,

. The addition of 3 ml of
since

the nickel plating -solutions varied from 5.1 to 1.1 oz nit:kel/US gal,
this yielded a copper:nickel ratio of from 3.6% to 9.9% (within the

limits of 1% to 10%).

the titration with standard TEPA at O.06600

These solutions were pH tested before and after
+ 0.0005TM.

The E\36A titrator was set-up and operated as outlined in Tabple 2~-C.

The nickel contents wegre calculated as shown by the formula in Table .

13-C.

The solution pHi remained unchenged at appr

finish of the titration. \

~ feed

~

Wéh 9.5 from start to

. Ave. 4&E £ 0.5
Vol. TEPA (0z/US gal) E (mv) ml around the
(ml + 0.02) Calc. Ni. Can. Hah. Ni — 0.5 ml eq. pt. + 0.5 nl Eq. pt. (mV)

217.37 U.2 £ 0.2 1.1 - 152 - 186 218 . + 13
2735 - .2 £ 0.2 - 0 - 170 200 + 30
23.00 11.9 + 0.1 11.6 ¢ - 156 = 190 222 + 33
_R2.75 11.8 + 0.1 - 159 ., - 195 227 + 3L
723.10 12.0 + 0.1 - 156 -~ 190 22}, + 34
20,25 10.5 + 0.1 10.6 - 155 - 187 -.217 31
20.00 10.4 £ 0.1 - B0 - 180 212 + 36
20,20 10.4 % 0.1 - 138 - 178 210 + 36
.+ 9.65  L.99 X 0.05 5.1 - 162 ~ 196 226 + 32
9.60  4.97 £ 0.05 - 162  ~ 194 226 +32
9.5, L.94 + 0.05 - 140 ~ 196 228 + 3L
17.0, 8.81t 0.09 9.0 - 159 - 189 219 + 30
17.11  8.85 + 0.09 - 154, -~ 190 225 + 36
16.89 8.7, + 0.09 - 15, ~ 188 222 + 34
17.01 8.80 + 0.09 8.7. - 157 - 187 225 CE 3L
16.82 8.70 + 0.09 -,157 ~ 190 223 + 33
16.83 8.7Lt0.09 -.15, - 186 220 + 33
16.42  8.49 1 0.09 8.3 -.158 -~ 188 218 + 30
1648 8.52+0.09: -148 - 188 -~ 216 T 34
;16,31 7 8.4 2 0.09 i - 156 - 186 216 + 30
24.39 2.6 + 0.1 12.9 ~ 150 -~ 190 219 + 3l
24,30 126 + 0.1 - 161 - 192 - - 222 + 31
2,30 12,6 + 0.1 - 162  ~*192 222 +30
F18.36 9.5 + 0.1 9.7 - 159 - 189 219 + 30
18.40 9.5 % 0.1 k ~ 154 - 188 ~-.216 + 32
) 18.30 9.5+ 0.1 - - 189 223 + 3

155
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TABLE 3-D
Standardization of AgNOy sglution with sodium chloride (E436A method)

Preparation of sodium chloride solution S

See Table 1-D . M NaCl = 0.10000° + 8.00001 -

¢

Standardlzatlon of AgNO3 solution (E\36A method)

Solut:Lon preparation was identical to that outlined in Table 1-D,
except that no indicator was added. - A

The E436A titrator was set in the potentlal mode with i‘ull-scale #

__— deflection at 500 mV and the range at O to + 500 mV. A combination .-

Y ) silver indicating electrode - silver/silver chloride {s.KNO,) refefence

T electrode was used. The titrations were carried in tRe variable titrant

’ delivery mode, and a full titration curve to well/beyond the equivalence
X point was obtained in each case. Each curve was janalyzed by the tangen—

3 : tigl method to locate the equivalence p01nt tial and volume. In ’

3 addition, each curve was analyzed to determine the potential values at

& “ + 0.5 ml around the equlvalence point. . ~

: - Vol. AgNO M AgNO3 E‘(mV) o LF for
1 . (ml + 0.02) - - 0.5 ml eq. pte + 0.5 ml + 0.5 ml

7.5 0.132625.. 198 300 1,29 115 .
P T 7.58 0.131926.. 200 301 429 1L .
7.50 0.133333.. 200 300 429 . 11 .

K . . ! 4

4+

Y0.132627...
+ 0.000700...

Averége M AgNO.
Std. devn.

- , . M AgNOg

on

]

' 0.13262 + 0.0007°

\

¥ The theoretical value for the equlvalence pon,nt potential, and the + 0B
g 3. values for * 0.5 ml around the equivalence point, can be obtalned from
o . the same form of calculation used in Table B-3, since the general stan- .
dardization procedure i% identical, Thus the Ecell at the equivalence -
point has a theoretical value of 311 mV. This agrees reasonably well
with the average Ecell value found from the above titrations of 300 mV. -
Ay discrepancy can be assumed due to factors such as uncompensated ,

Junction potentlals use of concentrations instead of activities, ei‘i‘ect

@

of solution ionic strength, etc. ’
I .
[ S
'. At the p01nt 0.5 ml before the equ:.valence point volume the calculated
= potential Ts given by:-

L TR S e v "’Miiﬁgﬁﬁi@ LR
. 1y
ﬂﬁ? A

A S h.am vy
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) o 0 ~
. - 1.56 x 10~ ‘
Ejgt/ng = 0-800 +0.059 log (75— o 1) — (7 ul x 0.1326M) /70ml ,
=l 0.398 V\ . . s ' e &
Ecell = 0.398 - 0.200 (ref.) = 0.198 V = 198 mV .

is agrees well with the average value found of 199 * 1 mV
»

At the point 0.5 ml

fter the equivalence point the calculated value is

0.5 ml x 0.1326M .
o.ogf/log 2~ 0.622V ,, o

EAg+/Ag - 70 ml
"Eeell = 0.622 - 0.200 (ref.) = 0422V = 422 mV -
and this also agrees well with the average foun8 value of 429 + O mV
. : ﬁ("

) B ! /
TABIE L-D 1 :
Determination of ‘nfree- dyanlde" as KCN in commerc1a1 cyanide silver
plating solutions (E(Z6A method)

Reagents See ble 2-D

Method . N s

See Table 2-D for pretitratiorn solution ;;reparatlon. All titrated o
solutions were reserved for 'bhe EL36A de‘be'rmlnatlon of K2003 y

. The F436A titrator was set-up and operated generally as outlined in o-
Table-3-D. The exceptlon;z were that the the full-scale deflection
was 500 mV at a range'of O to - 500 mV, and that the titration curves
were analyzed by the circle-fit method r ther than the pangential e .
method. . ’Ihls latter was required since t tltraf,lon tion involves
1 mole of Ag to 2 moles of CN.\M ‘
The molarity of the titrant was n
0.13262 * 0,00079, and the value of
fram the equatlon shown in Table 2-D.

~

s the Table 3-D valpe of
N in 0z/US gal was calculated

. . . . E and 28 (mV)

e Vol. AgN KCN (o0z/US’ gal) KCN (0z/US gal) -0.5 eq.pt. 4B
(ml + 0.02) as det. ave. *s Canadian Hanson ml

14.28 6.59 6.6 -,00 -209 191
1,.08 6.L,9 6.53 £ 0.05 . =400 =209 191
14.10 6.50 . ~,00 -209 191
" 2. 21.88 10.09 . 12.5 -4L00 -208" 192
- 21.56 9.9, 10.01 % 0.07 ~4,00 -208 192,

21.68 10.00 - -L00 -208 192

oo e b v - w - “Ee e e




Tt ey

E A G
’

A

AR ik bk

N

% - :
\ v
[l / °/ . 2880
v R . #
3. 16.26 7.50 ‘ 8:0 -400 -201 191
16.21 7.47 7.8 002 - - T . -,00 -801 191
16.21 7.7 R , ~400 -201 191
L. - 21.65 9.99 X 10.0 -4,07 -209 19%
‘ 21.71 10,01 10.00 * 0.01 ’ -406 -209 197
21.65 9.99" . . ' 2,07 -210 203
5. °  21.78  10.05 13.1 1,00 %82' 192
- 21.75  10.03 10.05 + O. — 400 - 194
. 21.8,  10.07 =400 =206 " 194
Cbe  13.06 6.02 6.0 -400 -208 192
13.21 609 . 6.07 + 0.0} _ 400 -208 192
13,24 6.10 . ~-400 -206 194
7. .73 6.79 _ 6.9 -400 -212 188 .
: .7 6.80 6.82 + 0.05 -400 -210 190 ’
: .91 6.88 -400 -208 192
8. 21.03 9.70 12.3 -400 -206 194
. .21.32 9.83 9.78 + 0.07 . _ -4L00 -206 ' 194
) 21.29 . 9.82 -L00 —206 194
9. 20.46 9.4k ] 9.5 -400 -208 192
20.21 9.32 9.39 + 0.06 -+ . -400 . ~208 #92
: 20.39 9.40 -400 -208 192 .
10  "19.40 8.95 9.l ~-400 -208 192
19.31 8.91. 8.92 + 0.02 -4,00 ~20L 196
18.31 8.91

400 -206 19 *

Because of the ingignificant changes in [Agt] at 0.5 ml after the equi-
valence point volume, the Ecell tends to remain at a constant value <
relative to the equivalence point potential. For this reason no measure-
ments were made at 0.5 ml after the equivalence point, and the AE value f
represents the difference between the endpoint and ‘0.5 ml before the
endpoint potential values.

*

The theoretical equivalence point Ecell is obtaingd from the following:-

5 ml x O.lg/ml x 1000 .
135 ml x 1664 g/mole = 0.0223M

* \
135 ml representing the approximate total volume for the 10 oz N/US gal
bath solution. The [AgF] at the theoretical equivalence point id tiden:-

[(I"Jat eq. pt. =

[Ag"‘] = KSP(Agl) = lo5 X ].O--:L6 - 6.7 x lo"lsM
[I7] 0.0223M
so that:-— = 1 L
_ Epgt/ng = 0.800 + 0.059 log 6.7 x 10 M = - 0.036 V
Ecell = - 0.038 - 0.200 (vef.) = ~ 0.238 V :

’

fl

- 238 'mv
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This is somewhat more negative than the average practical Ecell .at the
equivalence point of - 207 + 3 mV, and the difference can be assigned’
to the factors noted in Table 3-—D partlcularly the solutlon ionic
strength value influence whlch is apt to be quite mgmﬁcant in the
plating bath solutions.

3

The theoretical Fcell value for 0.5 ml before the equivalence or endpo:mt
volume can be approximated only where simple calculations -are made. The

: calzulations below are based on a pretitration solutlon involving a
cyanide silver bath of 10 oz KCN/US gal. Based on a starting solution
volume of 110 ml, this solution will.be about 0. 052,,M to KEN. At the
- 0.5 m point the [CN™] will be approximately:-

il

L - (110 ml x 0.0524M) - (2 x 21.15 ml x 0.1326M)
- 130 m1l K

TGS e ¢ AP TR T TR TRt 0 17T T T TR e e

i

. o.foole | :

and the [Ag*] at this po:Lnt discounting the [Ag(CN)2] from SllVeI‘

\ complex in the bath, will be -
\ . ~

; | [Agt] = [Ag(CN)2) (2115 x 0.1326)/130
[CN~]%Kstab  (0.0012)2 x 7.1 x 1019

2.1 x 10%16y .

%

]

. 6 s
r. J 3 EAg+/Ag = 0,800 + 0.059, log 2.1 x 107M o
‘ ‘ = 0,800 - 0.925 = -0.125V .

It

Ecell = - 0.125 - 0.200 (ref,) = =-0.3257V
= .- 325 mV.
. \\ ‘
This is appreciably less negative than {he aversge practical value '

found o¥ - 400 *+ 1 mV, d it is 1likely that the usual factors plus
the very apptoximate nature of the above calculations underlies this

‘ + difference. , .
- ® : . \
TABIAE E"‘D B - 1
Standanilzatlon of AgND3 solution with sodium chloride (E526—-automgfic
method ) WX : P / /
, ) X , \” [ T \ /}"
Preparation of sodium chloride solution / )

See Table 1-D = MNaCl = 0.10000° + 0.000018 !
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The solution preparation was identical to that outlined in Table 1-D,

except that no indicator was added to the final solutions. . L ’
' -

The E526 unit was set in the potential mode at the " + mV' position, and
in the "calibration' position. The electrode connéctions were.shorted
‘ with the~EA854-2B/10 shorting cable. The digital readout was set a
: *0000" mV, and the zero balance ipndicator needle #as set at the exact °
+ center line position with the couhteyvoltage control. The shorting
cable was ‘then removed. .
’ [ - .
: A combination silver-Ag/AgCl (sat. KNO3) electrode couple was used as
the electrode system. The titration directign was set for increasing .
5 mV during the titration and at the " + mV" gtarting potential position.
oy In accordance with the data obtained fram Table 3-D, a preset dpad-stop
potential of 4+ 300 mV was set. Again, in accordance with Table 3-D ~
"~ -data, which showed a AE range of 230 mV for =+ 0.5 ml around the equi-—
B L. valence point volume, the large AE range increment for high AE/aV
changes around this point was selected. %

The initial titrations were carried ‘out using additions of dichlorfluo-
*;resce'in’ indicator in order to determine the general agreement between

the dead—stop and indicator colour change endpoints. These initial
titrations showed a tendency for under-titration, the dead-stop endpoint
being achieved before the indicator changed colour. Over-riding the
automatic controls each time, and continuing the titrations to the indi~ .
cator endpoint, showed the titratibns to be under-titrated to thg extent
of approximately O.1 t0'0.2 ml. “

Su‘r:sequent exploratory work finally achieved a correspondence between

"both endpoints when the E526 was set at a dead-stop potential of + 316

mV. \ Comments have been made previously (Table 5-B) concerning the effects
R of titration conditions and/or instrumental response in this.connection.

The final titrations, four in all, were carried out with a preset dead-
e stdp-endpoint potential of "+ 316 mV, and without the use of indicator
* solution. All of these titrations were carried out in one magazine,

F sequentially and automatically.

{

H

Printout Vols. (ml) M AgNO3

) 7..,8 0.133589. .
\ - 7.50 0.133333..
) - ' 7.49 : 0.133511..
R 7.7 0.133868. .
| ] Average M AgN
g " Std. devn’.

M AgN
\803

*

0.13360. .. /
+ 0.00023...

[\ ]

0.1336° £ 0.00023

? .
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TABLE 6-D

Determination of "free cyanide' gs KCN in commercial cyanide silver
plating solutions (B526-automatic method) ,

»

S TR TR TS TR TR AR -
.

Y
~

o TR TR TS

Reagents See "Reagents" in Table 2-D
Method

i . ' °

The solutions”were prepared as in Table 2-D. Arrangements were made
~ " to add the dilution water and the 5 ml of 10% KI -solution required as

part of the automatic pretitration addition sequence of the E526 unit.

The general procedure involved :— position 2, 100 ml addition of water;
ot position 3, -5 ml addition of 10% KI solutlon, position L, titration.
Automatlc StlI‘I‘lng followed each addition. No attempt was made to
1ntersperse standard solutions between the.cyanide silver solution
samples, since E526 and electrode stability had already béen demon—
strated and because simple preparations involving sodium chloride
could not be titrated at the same dead-stop potential and operating
parameters. All titrated solutions were reserved for the E526 titra- -

ST R T R T TR Y W TR TR TSN -y T

¢ tions invelving the determination of K2003' ) .
| The operating parameters of the Eﬁzé—uge initially set at the - 207 é:
: mV equivalence point potential indicat by Table L-D, and in the- -
E_ C ‘" 4 mV" directional mode, the " - mv* startlng potentlal posjition and
{ * the large && increment, mode Fixperimental work of a preliminary )
} nature indicated 51gx’nf1cant over-titration at the)preset Adead-stop
; value of - 207 mV and an optimum value was locat - 240 mV,
F very close to the theoretlcal value of - 238 mV.
y O !
] . Programming involved 9 magazines (33 samples) and AXhe titrations were
- carried out‘-s\eq;,lentlally and automatically in aboyt 1 25, hours.
3 The molarity of the AgNQO, titrant was taken as th Table 5-D value of 5
; 0. 13360 + 0. 00023 and the calculation of KCN in o2ylS gal involved
’ the equation outlin'ed in Table '2-D. ¢
. ) )\ Sample No. Printout vols (mﬂmn (oz /U5 gal) CN (c_)z/US gal) °

J ‘ : — as det. ave. * s adian Hanson

1. . 14.32 . 6.65 s 6.6

- 14.10 6.55 6.63 * 0.07 . 5
d lLFOI-Ll 6.70 > A
. . .2 . 22.00 " 10.23 12.5
i . 22.0L 10.24 10,20 £ 0.06
* ' 21.80 10,13 . Je
3. . 16.72 7.76 _ 8.0
17.10 7.93 7.8, £ 0.08. -
’ " 16.90 C7.8 N
L. . ., 21.25° 9.86g, 10.0
o ‘ . o 20.98 9.757 - 9.83 + 0.07
' 21.21 X 9.85




i S ' 5. , 21.73 10.10 3.1 °
g . 21.82 10,1 - 10.17 * 0.09
g . "" 22-09 .10327 ’ ‘
f 5 : e 6. . 13.‘09 6008 600
g . C ) 13.15 6,11  6.09(* 0,02° .
¥ . ‘ : 13.11 ' .
& 1‘ Lo 1. ' . 14.66 d

© 14.95

14.83

21.26
5 . 21.2,
‘ ‘ A’_ 20,09/

E - 19.93 *
§ N . 19.83
7 10. .18.46

3

’ 6.9
6.87 + 0.07 N

12.3

9.5

\}

9.8, + 0.06

9.28 * 0.06
' 9. .

OO W B 0~ B0 B

o N R RV R o RV R R Vol e oo o s 8
NN FIEIBRFTO

.:. ‘ B ’ 18.51-; : 8'63 —..t Ol%
. ! v * ) 18066 »
X ' o
f
]
4
«
, - ;
- \ '
4 \.‘ ’/ﬁ\
| e .
| .
: | N .
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TABLE:L—- . o o

Preparatlon ‘ahd standardization of stol} titrant (Manual method)

Prepar‘atlon of KHP solution and NaOIi solution and Standardlzatﬂ.on
_of NaOH. solution .

vy

1. f potassium acid phthalate solution was prepa.red by dissolving
" 88.0172 + 0.0002 g of standard grade KHP in distilled water and
dildting to exactly 1 liter in a volumetric flask. L

.. Valte:~ 88.0172/204.228 .= 0.43Q97° -+ 0.00006"M

2. An approxima‘c‘,e 1M solution of NaOH was prepared by dlésolvn.ng
. LO g of reagent-grade NaOH in distilled water and diluting tow
exactly 1. liter with distilled water. ’ )

3. A O.l% alcqﬁolic'so\g;gon of phenolphthalein was prepared.

L. 50.00 £ 0.02 ml of the KHP solution was taken and 5 drops of
phenolphthalem indicator solution was added. This solwtion -

’ * was titrated with prepared NaOH solution.
3 , N -
. A Vol. NaOH é
) T . - (m1 + 0.04) h M NerOH
) ) " 2140 .- ) 1.00695. . .
hd \ N 21 -b—o » . 1.0%95 - ° -
- 21.k0 1.00695.. '

o - ' A
. z

&

E * Average M NaOH | 1.00695... _ ~

WL " T . Std‘o dev - = + O OOOOO. .e
ST 5, 0 -
A oo - M NaOH = 1.0069”7 + 0.0000%" . : () .
. : ' ' S O ’ -
S P:'epai'ation and standardi.z'ation of HQSOh solution K

' .. ‘1. Approximately 17 ml of concentrated HgSOb’ was dlssolved in 500 ml
e of distilled water. The solutlon was cooled and dlluted to exactly
. - .2 llters in a volumetrlc flask .

: . 2. 10.00 % 0.01 ml 6f 1.00695 NaOH solution was diluted with 100 ml

£ - of ditilled watetr and 5 drops of phenclphthalein indicator addeds

3 : « The resultlng solution was titrated manually w1th prepared HQSOA .

-
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(md £ b.0h) S Maso, I
Comm o, - e O M%heews
. 3L.79. . 0. 14711 ... _
: . 3k.78 o 0 LikT5300ee E
: Average M HpS0, = 0 1kk752.... 4

Std. devn.® # # 0.000041...°

]

M H,S0, 0.144,752 + 0.00004

TABIE 2-E . ' S , . .

-

Determnatlon wof K2003 in commercl'al cyanide silver plating solutions
(Manual method)

” L

The . Sol\‘fltlons involved were the residues from the manual tltratlon
determination’of "“free cyanide" (Table 2-D). To these residues, 5
drops of 0.1% phenolphthaleln indicator ?-rere added, and the tltra-
tion carried out’with O. mu75 + 0.0000, 1 Hp50,. !

>
The value for K2003 in oz/US gal was calculated from-

I

V HpS0, x M H350, x 138.21 x 3785.306 \

Oz/AJS gal K500, =

.3 . 1000 x 5.00 x 28.349
where:- ) . Lo ’ . N
3785.306 = ml/US gal i .
’:, 28-;3149 = g/Og N . rd
138.21 = GMW K5CO. :
‘ s s 4 < )
‘ oz/US gal KpC0; = V H,S0, x M HyS0, x 3.69°
. \ » X
' 'Sé{nple No. - Vol. ‘}1'25011 K00, (0z/03 gal) chQB (0z/US gal)

' (ml + 0.04) . . as det. ave. *+ 8 Canadian Hanson
l./_\L\ 7.81 . ol;,.l? ) 5.8

L.15 * #ads ot 0,00 - '
oLl . e _

b5 \

by 15 N

4}6 . ’ ’ ' 702 * *

751 7.51 £ 0.05 \ -

N 5,20 " 6.2 -
5.22  5.21% 0.01 -
5.21 . ® o .
5.22 ’ o

- [y S e A aens
[ PN v Tay ¥




b C1. : - 1.1
: : 2,17 1.16 1.15 £ 0.02
* 2120 1.17 : .
. 2.10 1.12
. 5. 13.10 6.98 ' 5.3 -
3 e 13.09 6.97 - 6.96 £ 0.03
- 13.09 6.97
. . 13.00 6.92 7
3 6. 13.40 7.1 . 8.7 ¢ .
' *13.40 7.1 7.1 % 0.01
A s 13.42 7.15 ~ .
R o 13.40 ST / '
A 7. 13.62 C7.25 . 7.9
3 . 13.60 7.2 7.22 £ 0.06
3 l 13.65 7.27 .
2N ] 13.2% v 3]0116, - ¢
L. . -8, 13.2 . .3,
. R .82 < 736 7.7 2040 &Y
- S 13.30 7.68 | ’
; 9. 15.08 8203 1 ' 9.2
s 15.10 8.0L ; 8.02 % 0.02
15.10 8.04" ’
15.00 7.994 ‘
. . 10. 9.72 5.18 - 5e3
i e . 9.3A 5.19 5.19 £ 0.01 ‘
. . 9.75 5.19
: \ . 9.80 5.21 . \

TABLE 3-E -
" - Standardization ofHpS0, solution with NaOH solution (EL36A method)

—r

-*

.- LA
Solution prepaq'sation for NaOH solution exactly as outlined in Table 1-E

\ - The EL36A titrator was set in the pH mode with a full-scale d’gflection,
at 14pH and the range at O to 1ipH. A combination glass/Ag-AgCl (3M KC1)
. electrode was used, and the unit was calibrated against a 7.00 pH buffer.
Each titration was tarried to obtain a full titration curye to beyond
the equivalence point. Each curve was analyzed by the tarigential method
to locate the equivalence point pH and volume. In addition, each curve

AR was analyzed to obtain.the pH values for + 0.5 ml around the equivalence 7
{ point volume.” ' . .
. ) i ’ !
Vol. B30, — m Hys0, - pH A pH for vol.
' (ml + 0,02) - 0.5 ml eq. pt. + 0.5 ml + 0.5 ml on eq. pt.
31,76 0.1L4836..  10.76 6.80 2.80 +13.98
: 34,78 0.1L4752..  10.76 - 6.82  2.80 +3.98 -
) " . 34.78 0.144752.. 10.76 682 2.80 +3.98
i 3[{, -70 OOM&SQ%Q- 10-76 6.80 2¢80 . i- 3-98 >

v B ' N .

[

| <

RSN PR / .,
: “’6‘ PO RN




Average M H,50 0.1L485... =

‘% Std. devn. = - 0.00015...
| ] MHS0, = 0.1448 % 0.0001)
% - : '
} § Note that the equivalence point pH, which should be 7.00, is approxi-
B mated very closely by the average tltratlon value of 6. 81. The pH
t 2 value for 0.5 ml before the equivalence point is theoretically cal-
; culated from:-

‘ . (10ml x 1.0069M) ~ (34.26 ml x 2 x 0.14485M)

(o] - =
Ly ml
= 0,001 M pH = 11.0

and this is closely approximated by the éxperirnentél value of 10.76 pH.
. ot
The pH value 0.5 ml after the equivalence point is found from:-

[H.0t] = (35.26 ml x 2 x O L4485) ~ (10 ml x 1.0069M)

U5 ml
o .

u

0.001 M pH = 3.0
and this also very close to the experimental value of 2.80 pH.

TABLE 4-E

Determination of K2003 in commercml cyanide silver plating solutlons

‘(EL36A method)

The solutions used were the residued from the E,36A titration determin~
ation of "free cyanide" (Table L~ D§ No indicator was added and the
solutions were titrated with 0.1448 % O. 00015H H,S0j, .* :

The EL36A titrator was set-up and operated exactly as outlined in
Table 3-E, except that calibration was carried out against a 9.00 pH
buffer solution¥

?
The content of K200 was‘Galculated from the equation shown in Table
2-E.
'Sample Vol. HQSOA O3 values in oz/US gal . OpH
No. (ml %0.02) as ¢ det. ave. * s® Can. Han -0.5 eq.pt 40.5 70-5 ml
1. . 7.68 709 5.8  8.80 8.31 8.00 *6.40 °
7.80 h.16 L.:10 +£.,0.06 . 8.80 '8.,3, 8,00 + 0.40
' 7.52 Iy Ol . 8.70 8.28 8.00 £ 0.35
' 20 13082 7.37 , 7'2 .’58.68 8-30 7-90 i 0039

(LTS




) g . 298,

™,

37#

7.37 £ 0.04

13.75 7.33 8.66 8.36 7.92 * 0.37
t 13.90 741 8.70 8.30 '7.90 1 0.40
3. 9.85 5.25 6.2 8.72 8.32 7090 *0.41
\ 9.80 5.22 5.2, £ 0.02 . 8.70 8.32 7.90 % 0.40
' . 9.85 5.25 ' 8.90 8.32 7.90 £ 0.50
L. 1.38 0.73 . 1.1 8.90 8.36 8.00 + 0.45
. 1.50 0.80  0.73 * 0.06 8.91 8.36 8.00 <+ 0.46 .
1.25 0.69 ~ 8.90 8.36 8.00 X 0.45
5. ~ 13.39 7.0 5.3 8.86 8.39 7.95 X 0.46
13.45 7.17 7.13 £ 0.01 © 8.8, 8.38 7.95 £ 045
13.43 7.16 - 8.8, 8.38 7.95 0.5
6. 13.13 7.00 8.7 8.80 8.37 8.00 * 0.,0
13.24 7.06_  7.06 + 0.06 8.80 8.37 8.00 & 0.40
13,34 7.11 ~ 8.80 8.37 8.00 £ 0.40 -
i T 13.8L 7.38 7.9  8.88 8.32 8.00 * 0.4
i 13.77 7.3 7.36 £ 0,02 8.89 8.35 8.00 * 0.45.
13.81 7.36 - 8.89 8.33 8.00 £ 0.45
8. % 13.68 7.29 o 6-3 8.89 8.31 8.00 0.5
<. 13.32 7.0 7.1 £ 0.17, 8.88 8.30 8.00 * O.Lh
| 13.47 7.18 8.88 8.34L 8.00 + 0.L4
9. 15.03 8.01 9.2  8.90,.8.30 8.00 = 0.45
15.06 8.03 8.01 + 0.01 8.90 8.30 8.06 *'0.43
. 15.01 8.00 . 8,90 8.30 8.10 *0.40
10. 9.40 5.0L 5.3  8.80° 8,31 7.90 £ 0.45
9.61 5.12 5.07 + 0.06 8.80 8.31 7.90 * 0.45,
. 9.51 5.07 8.80 8.3k 7.90 0457

3

Using ~£che simplest possible calculations , we note that the theoretical
equivalence point pH is estimated from:- -

) : [B,0%] = (KK, (A,C0,) = fu-B x 10*T x 5.6 x 107
‘ = 4.9 x 107M pH 1= 8.3

11

For the point 0.5 ml before the edfiivalence point we have:-

Considering a 5.3 oz/US gal Kh00;, this gives a molarity of
K2CO at the start of:- '

3 .
. 5.3 x 28 x 5 x 1000 _ T
~ ‘ 3785 x 130 ml x 138 0'0109_}?

so that, at 0.5 mt before the equivalence point we ‘have:- /
M)

[H,0t] = Ko[KHCO3] _ 5.4 . 10-11 (9.3 m1 x 0.144
> [KC0 T o:0 x 1 * {136ml x 0.0109)~(9.3 x 0.1448)
= 1.1x 1077y pi = 9.0 4 S
. . .

\J -~ .-";
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. ‘ e N
For the p01nt 0.5 ml after the equivalence pdint, and for the same
cyanide silver bath cohtent of 5.3 oz/US gal K2003 we have:-

? K1[ HoCO04] 4.3 x 1077 x 0.5 ml x O.1L48M
2 ' - [Hot] = it * :
; : [ KHCO5] 9.8 ml x 0.1448M ;

| = 2.2x108 ° pH = 7.7

~ -/
It will be noted that the experimental vaiues which as averages are
8.8 pH forr - 0.5 ml, 8.4 pH for the endpoint and 8.0 pH i‘or+05ml

agree well with the theoretical-values calcylated above.

THBIE . N "
«'\S dardlzatlon of H2SDA titrant with NaOH solution (E526 methed)

v i

o BT LTRER TR mae T oo T

LR

D

E . The solution preparatlon was exactly as outlined in Table 1-E° ; ,
A cambination glass—Ag/AgCl (3M KC1) electrode was used. The E526

f unit was calibrated,first, as required,. with a 7.00.pH buffer soldtion, s

o and then with the ime puffer to set the endpoint pH. The dead-stop

: ' endpoint pH value was preset at 6.90, this in accordance with the data

; T showi in Table 3-E. - The titration direction control was set for de-

f , creasing pH during the titration and, according to Table 3-E data, in

| : the large increment ZpH mode requ,lre,d for large ZOpH/AV changes af-ound

F the equivalence point. The final titrations were carried out in L
beakers racked in 1 magazine, and under sequential and automatic pro-
gramming. Since no pretltratldn additions were required, the pretitra-

tion addition stops were set to be bypassed automatically. .
Printout jvols. (ml) ' MHS0, e .
PR ; : Y e -
o | S PP 0. k752, 1
. 3L.77 0.1L4479h, ..
. 34.77 _ 0. 14479k -5
. . ©Av rage M stoh = ' 0. :U+1+7BO. . )
y ’ - Std. devn. = = 0,00002... o
. / . - MHS0 = O 14780 + 0.00002% |
- ) N . L
TABLE 6-E ’ ‘ ' oy
" . Determination of K,CO; in commercial cyanide silver plating solutions
(E526_agsembly method) \ * : \

_ The solutiqns titrated were the residues from the E526 titration deter




./ . , | joo. -
c , , ?" -
;- ™~ . ’
hinations of "free cyanide" (Table 6-15). No indicator 2lfas added éﬁgl )
the titrations were carried out with O.]l+h‘780 + 0.00002%M stoh c

The E526 unit was calibrated first'with a 7.00 buffer solution and then
with a 9.00 buffer solution for the endpoint zoneé pH. The electrode
couple. used was glass~Ag/AgCl (3M KCL) combination. The dead-stop pH
was, after some exploratory work, set. at 8.50, which agrees generally
with the E,36A, found value at the endpoint of 8.33 pH average and the
theoretical value of 8.3 pH. The titration direction control was set
at decreasing pH. In accordance with the small £pH expected for * 0.5
ml around the endpoint (Teble 4-E), the small ZpH increment mode was .
selected. The programmer was set for 37 beakers in 10 magazines, and
the pretitration addition stop positions were autamatically bypassed.
Titration was sequential and 'automatic, and required about 1.25 hours.

The value of K2003 in o0z/US gal was calculated from the equation given
in Table 2-E. b

t
v

In order to permit thorough stirring to cover the small ApHﬁE?’changes
around the endpoint, the normal speed of the automatic stirrfng motor
was increased. ) ’

’ . K,00, (oz/US gal). K'%CO3 (oz/1S gal)
Sample No. Printout vol. (ml) gas det. ave * s anadian Hanson

1.

7

7.96
7.99
7.96
14.33
1h.42
14.53
9.83
9.57
9-68
2.46
2.22

2.15.
2:16

12.70
12.82
13.18

-13.07

13335
13.34
13.43
13.42
13.8L
13.76
13.67

13.65

QI 32330 ~3 O~ O~ O o = = b UT VT =3 =3 ~3 & -

L2l

* 8 s e e o s
~3 O™ O~

.
JLERERERETTIER

TN NWW 'O
NRBSREREERSS

« e e ° e @

.

L.25 + 0.01
7.68 + 0.06
5.17 + 0.07

s

1.20 + 0.08

-

6.99 + 0.1t
7.13 £ 0.03-°

7.31.+0.05

)

5.8

7.2

6-2'- "\'-”

1.1

8.7

-l

7.9




12.81
12.79
12.81
12.82
1, .85
15 QOO

1 9L

14..96
9.65
9.6L
9.67
9‘67

f

AN

A
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6.82

7.96

501k

1+

0,01

0.03
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TABLE 1-F ' ) R
" Preperation and standardization of NHSCN titrant‘ (Manual method)

Preparatlon ahd standardization of AgNO; Solutlon .

Thls solution was prepared and standardizaed exactly as outllned in
Table 1-B. The standard wvalue was found to be:-

M AgNO; = 0.13291 + 0.00072

Preparation and standardization of NH,S5CN solution (manual method)

.15.224,0 + 0. 0002 g of reagent-grade NH) SCN was dissolved in 500 ml of
distilled water. and diluted to exactly 2.liters in a volumetric flask.

200 ‘g of (MH ) S0y, «Fe (SO ), was added to 200 m] of distilled water
containing 26 ml of concentgated sulphuric acid. The mixture was
stirred to equilibrate. Undissolved salt was decanted and filtered
off. This is a satutated solution of ferric ‘amhonium sulphate.

10.00  0.01 ml of 0.1329% % 0.00072M AgNC3 was pipettéd and diluted
to 120 ml with distilled water. 30.0 ml of 1:1 HpSO, was added and
then 3 ml of saturated ferric ammonium sulphate solution. The solu-
"tion was cooled and titrated with the NH,SCN titrant to the first
permanent pink colour. Shaking was vigorous near the endpoint.

«

" Vol. NH,SCN
' ¢ (ml * 0.02) . M NH,SCN
T S 11.22 - 0.118458. ...
e R 11.18 ' 0.118881.... ,
- o Lo ’ 11-26 . . O.ll8037.'.l 4

0.118458. ...

, Average M NH) SCN
. + 0.000422....

Std. devn.

W

3 , ‘ M NH, SON 0.118,% + 0.00042

L . )

n:

Detez'rnlnatlon of silver in commercial cyanide silver plating ;
solutions (Manual method )

5.00 £ O, Ol' ml of eacg plating solutlo(i\vewas pipetted into a 300 ml
Erlenmeyer flask. 20.0 * 0.1 ml of concentrated sulphuric acid was
49 added and the solution was boiled. Solutions which turned a brown or
black colour were treated with 1 ml of concentrated HNO; (sample num-
~bers 2, 5 and 8). The solution was then evaporated to dense white

A v
¢

o

—————
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fumes of Sg%. If the dark colour persists, additional (1 ml) HNO3
is added after cooling the solution somewhat% and the solution i
. re~evaporated. Evaporation was finally centinued to copious SO
1 fumes and to the solution of any solid§. The solution was cooled-
and diluted to 150 ml with distilled water, 3.0 * 0.1 ml of satu~ -
rated ferric ammonium sulphate solutién was added and the titratitn
with 0.118,5 + 0.000L2M NH SCN garried out with vigorous ‘shaldng to
the first permanent pink colour. LT : ST
The value for silver was calculated from:- ,

N el

v NHASCN x M NHhSCN x 107.87 x 3785.306

silver, troy oz/US gal =
1000 x 5.00 x 31.103

where:— .
785.306 = m1/US gal i
131.103 = gloz -
107.87 = GAW Ag o

silver, troy oz/US gal =  V NH,SCN x M NH,SCN x 2.62°

Sample No. Vol. NH;SCN Silver (troy oz/US gal) Silver, troy oz/US gal) /"
(ml £ 0.02) as det. Ave. * s Canadian Hanson ' . |

B 1. 10.95 3.1 3.3

10.42 3.25  3.29 4010
10.35 3.22 ¢

2. 16.4,8 5.13
16.52
16.35

3. v 10.40
10.12
10.15

e 1.40

- s A 1035

. 5. 14 .05

' <13.95 ¢

13.90

6.. 3.60

3.55

S 335

IR P, 10.32
“Ls 0 - 10.28
10.28Q

8. 13.05,
13.05
13.05

. 5.4,
5.12 £ 0.03

.

3.18 % 0.05 -

£~ O\

0.43 * 0.01
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g 4 -"?’305
v X /\/ly ‘ _
9. 8.00 2.49 ‘ 2.7
~ 8.05 2.518°  2.50 * 0,01 '
Lo 8.05 - 2.51 ‘ a " -
10. 10.56 3.29 . 3.5
: 10.48 ,  3.26  3.27 0,02
s } 10.45
ABLE 3-F ‘ h

¢
»
.

Standardization of NH SCN titrant (E,36A method)
Y
The solutions were prepared and titrated exactly as outlined in Table

1-F, except that no indicator was added. 'Stirring by magnetic stirrer
was kept vigorous during each titnation.

The EL36A unit was set in the potedtial mode, with full-scale deflec—
‘tion at 500 mV. A combinationssilvdr - Ag/AgCi\(sat KNO3) electrode
was uged and the scale range was sgt at 0O to 4 500 mV. “The unit was
' set in the variable titrant delivefy mode and full titration curves,
to well beyong the equivalence Yoji t, were obtained. Each curve was
; analyzed by the tangential meth to locate the equivalence point or
B endpoint potential and volume. In addltlon sach- curve was analyzed

‘ té determine thesEcell at * 0.5 ml around the endp01nt vplume.

E Vol. NHhSCN . E (mV) &
~ (m1 + 0.02) M NH,SCN - 0.5 eqi pt. + 0.5 * 0.5 (mV)
E 11.28 0.117828., + 400 + 239 + 100  * 150
L - o 1.23 0.118352.. + 400 + 241 + 100 + 150
11.22 0.118458.. + 40O 4+ 240 + 100  * 150
A ' - . v
. ’ ) Average M NHASCN = 0:118212...
' . Sid, devn., = =+ 0.000337...
S ' MNHSCN 4 0.11821 + 0.0003% 5
N

g The theoretical value for Ecell O.5,ml before the equitalence point

is given by:-
j ' (20 ml x 0.1329M) - (10.7 ml x 0.1182M)

pet] = A
[4g"] 160 ml VA
= 3.9 x 107hM -
; Ey 4/, = 0.800 + 0.059 log 3.9 x 107MM .
Ag/he _ 0800 < 0.20)
K X = 0.599 V )
: : Ecell = 0.599 - 0.200 (ref,) = 0.399V = 399 mv
‘ At the equivalence point we.have:- - o




o'}
r

Ealkah i ok

el = JKsp(AgscN r./ ,/1 07 % 10012 s 1 03 x lO"éM

0.800 + 0.059 log 1.03 x 10

N

E, + =
Ag /A
o - R L ols00 0,353 }
. ; - = 047 V : SR
,2 Ecell 0447 ~ 0.200 (ref.)

o

0.247 V = 247 mV

At the point 0.5 mY after the equivalence point we have:— '

[Agt] =" Ksp(AgSCN) _ ' 1.07 x 10-12 .
) “Tscn] (0.5 ml x 0.1182M)/161 mL
2.9 x 107M ‘
E, 4+/. = 0.800 + 0.059 log 2.9 x~10"7M
MT/RE 0,800 - 0.50h - :
= 0.296 V

-

Ecell} 09296 — 0.200 (ref.) = 0.096 V = 96 mV.

e N R TR T T S TR TR AT T A TR TR
»
il

A1l values are in gooq agr ht with the experimental values found.

SN - \ \
' Determinatiefi of silver in commercial cyanide silver plating
; *
The solution pr paratlon was exactly as outlined in Table 2-F, except
u - that no 1ndlcator was added prior to titration under vigorous stirring
S with 0.11821 + 0.00033M NH, SCN.
The EL36A titrator was set—up and operated exactly as outlined in
Table 3-F. . -
4 ' ) R
¥ . The values for silver were calculated from the equation shown in
) ‘ Table 2-F.
4 . N
Sample Vol. NH;SCN Ag (troy oz/US gal) E (mV) &5 for
\ No. (ml +0.02) asdet. Ave. % s Han. -£0.5 eq. pt. +0.5 +0.5ml
1. 11.25 3.50 3.3 + 440 +.244 47120 + 160
11.25 3.50 3.45 * 0.09 + L4O  + 238 4120 k160
’ . 10.78 3.35 o B + L40  + 238 + 120 £ 160
? 2. 17.25 5.36 5.y + 440+ 2k2 + 120 % 160
. 16.95 5.27 5.3L * 0.06 + 450 4+ 24,0 + 110 £170
‘ 17.38 5.L0 + 440  + 24,0- 4120 %160
‘ o 17.11 5.32 + LLO0 4 242 + 120 + 160
' 3. 10.25 3.19 - . 3.1 4+ 450 + 2,0 + 120 %165
' , : 10.25‘ 3.19 3.20 £ 0.01 + 450 4+ 240 + 120, * 165
. . kN . N




TN
3

10.32 3.2l
L 1.2l 0.39
1.5 0.48
. © 151 0.L7
5. 14.00  ° 4.35
e 14.05 L.37
.12 4.39
1%.00  4.35
6. 3.62 1.12
2.75 0.85
2.75 0.85
7. 10.51 3.27
10.60  3.30
10.50 3.26
8. 13.50  4.20
13.67 - 'h.25
13.50 4.20
9. 8.25 2.56 .
8.28 2.57
8.25 2.56
10. 10.42 3.2
10.67 3.32
10.62 3.30

. 1
- Average Ecell (-~ 0.5 ml)
Average Ecell eq. pt.
Average Beell (+ 0.5 ml)
Average &E (+ 0.5 ml)

<

1] ) & < \‘
N ' M * ¥i )
307.
+ L0 + 2,0 + 120 * 160
: 0.28 + 420 + 250 + 100 * 160
“b.45 £ 0.05 + 420 4+ 248 +100 1160
. 4+ 420 £e48 3 100 ¢ + 160
, L.7 + 440 + 238 + 100 =170
L.36 + 0.02 + L0  + 238 +100 170
+ 4,0 + 238 4+ 100 * 170
. + 440  + 238 %100 + 170
0.9 4+ 400 -+ 242 +al10 * 145\
0.9% + 0.17 + 400  + 242 + 100 + 150
+ 400 4 2,0 + 110 =+ W5
3.3, 4+ L0~ + 24,0 + 105 + 167
3.28 + 0.02 + 44O, + 242 +105 * 167
- 4+ B4 T+ 24k 4+ 105 1167
L.5 +.420 + 240.+ 90 * 165
L.22 + 0,03 + 420 + 2,0 + 90 & 165,
+ 420 + 241 + 90 t 165
: - 2.7 + 420 + 241 + 95 * 162
2.56 +:0.01L + 420 4+ 242+ 95 + 16
+ 420 4+ 240 + 96 +162
3.5 + 420 -4 239 + 100 £ 160
3.29 + 0,04 + 420 4 239 + 98 X 161
+ 420 + 239 + 100 £ 160
= 4,29 mV |
= 241 mV,
= 105 mV
= 4162 mV

The théoretical value for Ecell 0.5 ml before the equivalence point is
given, for a pretitration solution involving L.7 troy oz silver/US gal:

* " 'L.7 troy oz/US gal and 5 ml of.solution taken.

L..7x31 x5
T 3785 X 107o87

\\

= -0.00178 mol Ag

.This will require about 15.10 ml of 0.1182M NH)SCN for equivalence.

The starting volume iS™}$0 ml and the starting molarity for Agh is

therefore 0.0119. At 0.5 ml before the equivalence point we have:-

l

\
x'0.0119M) - (4.6 mi x 0.1182M)

(150 m1
[Agt]
s :161+.6 }rzl
= 3.6 x 1074M
Epgt/ag =
= 0.597 V

-

K.

0.800 + 0.059 log 3.6 x 107kM




’ ’Ecell‘ = 0.597 - 0.200 (ref.) = 0.397 V' = 397 mV

At the equlvalence point we have the same situation as calculated for

this point in Table 3-F, and the theoretical equivalence point Ecell

1s given as 24,7 nV’ "
At ‘bhe Jpoint 0.5 ml after the equlvalence point we have, again, the
same situation outhned for this point in Table 3-—F e.nd the Ecell )

©. at this point is’ glven as 96 mV.

Generally spnalung , the experiment.al averages and the theoretical
values are in good agreement. .

-

* TAB ~F ' . N

!

. Standardizatio&i‘of NHhSCN titrant (E526 assembly method) .

. The sblutlon prepagation was exadtly as outlined in Tabke 1-F, except

= that no indicator was added. The¢ autanatic stirrer of the E526 was
x. o ,adjusted to a speed high enoygh to give vigorous stirring during the
) titration with NH,SCN titrant.
s’ " The E526 unit was placed,in the potential mode at "+ mV", and in the

_M"calibration” position. The electrode connections were shorted with

the EA854-2B/10 shorting cable. The digital readout was set at "00OOM

. mV, and the zero balance indicator needle was set at the exact center
' line® with the countervoltage control. The shorting cable was then removed.’

) A combination silver-Ag/AgCl (sat. KNO3) electrode was used as the
electrode couple. The titration direction was set for " + mV", for
decreasing mV during the titration; and at'the " 4 mV" starting Ecell
. position. 1In accordance with the data indicated in Table 3-F, a preset
_dead-stop potential of + 240 mV was set. Again, in accordance with

¢ Table 3-F data, which showed a AE range of 300 mV (& 150 mV), for
+ O0;5 ml around the equivalence point.volume, the large 4B 1ncrement
for high' 2E//V changes around this point was selected.

Initial titrations were carried out using additions of saturated férric
sulphate indicator, and it was noted that some minor tendency to utder-
titrate was obtained- with the dead-stop potential set at + 2,0 mV, e
Qver-riding the automatic controls until the indicator changed colour
finally gemonstrated that the optimum dead-step potential setting was

+ 200 mV, Again it can be assumed that titration conditions and/or

instrumental response situations, in association with the EL36A and -
E526 units, underlie the dlfference between the + 24,0 and + 200 mV
. settlngs . C ‘

N

The final titrations were carried out at a preget dead-gtop potential
* 200 mV. These final titrations, four in all, involved 4 beakers .
~




o

in one magazine, sequential and autamatic titration and programmed
bypassing of the pretitration additions stops.

o

Printout vol. (ml) M NHASCN ' Y
’ 11.29 v 0.117723... .t
11.33 0.117308... - .
. 11.27 0.117932...
11.28 0.117828...
/ Average M NH,SCN = 0.11769. ..
) Std. dévn. = 0.00027...
MNHSCN =</ 0.11767 + 0.00027
ol " @

<y “

i

TABI_E 6-F

Determlnatlon of allve‘r§1n commercial cyam.de 51lver platlng
solutions (E526 assembl method)

The solution prepa.rat:.on was exactly as outlined-in Table 2-F, except 8
that no indicator was added before titration with 0.11769 + O. > 000271

NH, SCN. Vigorous stirring during titration was obtained by 1ncrea31ng

the speed of the automatic stirrer.

The E526 unit wa set-up and operated exdctly as outlined in' Table
5-F. As indicgfed in the data for this table, an optirum dead-stop
potential of 4 200 mV was found necessary, this-as opposed to the
indicated valjie of 1 mV. This situation was also found for the
silver determjnation titrations.

&

‘Five 10.00 m] samples of standard AgNO3 solution, properly diluted,

. = were interspkrsed between the commercial bath samples and it was

" rexpected tMat the volume values for these standards- would indicate
the stglfility of the E526 settings and the electrode couple used.

36 b kers were therefore racked in 9 magazines, and these were then
tit ted ,s‘equentially and automatically. Since no pretitration addi-

SaJIIp Printout vol. Slluer, (troy 'oz/lB gal) Silver (troyjoz/US gal)
(m1) _ as det. Ave + s Canadian- }lanson
10.34 3.20 3.3
10.42° 3.22 3.21 * 0,01
10,12 3.22 :
—_— ®




Std.
" b

& Std.
. 5.

Std .

Std.
9.

10.

%

3.

fuil

16.42°
16.93
16 .50
11.29
9.86
9.96
9.80
1.54L
1.37
*.1.39
" 1.49
11.30
13.40

13.52

13.46
3.29
3.33
3.45

10.72

10.52

10.53

11.30

12.97

13.40

13.48

11.27
8.46
8.50

8.9
10.16

10.13

10.31

11.31
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TABIE 1.G _ )

Preparation and standardization oNH80, titrant (Manual method)
; ~— ’

"Preparation and st'andamiiation' of standard NaOH solution

The potassium acid phthalate solution prepared for Table 1-F was used
in the standardization of the'NaOH solution. .

' S . MEHP = 0.43097 + 0.00006"

About LO g of reagent-grade NaOH was dissolved in dlstllled water and
diluted to exactly 1 liter in a volmnetr1c<i‘lask., ’

[

50.00 + 0.02 ml of KHP solution was pipetted into a 250 ml Erlenmeyer
flask, and 5 drops of 0.1% phenolphthalein indicator solution were '
added. Titration with prepared NaOH solutlon was carried out to the
first pink colour.

a

Vol. NaOH ‘
. (ml_* 0.02) M NaOH . 4
L 2L40 1.008495e% eves
S 2L40 1.00695 .4 v _ .
21.40 100695...... /)
\ Averagé M NaOH "—: 1.00695. . ! "\& \ e
Std. devn., = + 0.00000... (f“
0 :

1}

' M NaOH =".. 1.0067 * 0.000

" Preparation and standardization of H350), titrant . , €

About 65 ml of concentrated sulphuric acid was dissolved in 1000 ml
of distilled water and diluted, after cooling, to exactly, 2 liters

in a voluymetric flask.

. y [ - ¥ ~
20.00 + 0.02 ml of this.HpSO, solution was pipetted into a 250 ml \
Erlenmeyer flask and diluted with 25 ml of distilled water. 5 drqps
of 0.1% bromothymol blue indicator (70% alcohol) ¥ere added, and -
titration m.th standard NaOH solution was carried out to the first

- . blue 'colour shift from yellow. -
. < Vol. NaOH :
. . . - (ml + 0,04) M stOg !
22.45 0.56512...
P . 22;&5 - 0056512. (R \ “‘
. 22145 0.56512... - L 3
’ . . » v . . ~ c
i - ' . ' ’ v “
> . \ \} ‘ % .
* £




0 %lv > A ‘
- L
o v -
R = ' 313,
,“ ~ .
Average N H?_soh- = . 0.56512.4 R
Std dem. Y= i 0.00000..
MHS0, =  0.565% £ 0.000°

TABIE 2-G

"Determination of total alkali as NaOH in commercial alkaline zine -
cyanide plating wions (Manual method )~

10.00 + 0.02 'ml of agitated alkaline zinc cyanide plating solution
was pipetted into the appropriate vessel. Agitation was applied to
ensure the dissolving of any settled residue. 1 g of solid NaCN
was added and the solution swirled to dissolve. 8 drops of Lamotte
or Fisher sulfo—orange indicator were added, and the solution was
titrated with 0.5651M HpS0), until the orange colour changed to a

© yellow with a greenish tlnge. .

i ‘ . v
. . 7
Total alkali as NaOH _ V H,S0, x M HpS0, x 2 x 40.00 x 3785.306
“(0z/US gal) B 2k L3 L
€ 1000 x 10.00 x 28.349 )
‘ ) vhere:— . -
g : - 3785.306 = ml/U8cgal ~
‘ N 28.349 = gfos
. j . . ‘ 4L0.00 = GMW NaOH
N ¥ Y ' ! - -
. Total alkali as NaOH 8 " N
o Sample No. Vol. st NaOH (oz/US gal) = .NaOH (oz/US éal)
g . (m1+0 Oﬁ) ag det. ave + s . Canadian Hanson
-t 1. 16,50 9.97 10.5\
! 1647 - 9.95 9,97+ 0.00 ° - "
, , 16.50 9.97 ‘ o
, ' ¢ 2- 8-90 5038 . ) 6-14. * ’ -
' 8.80 5.32  5.36 £ 0.03 . .
s - , 8.90 5.38
3. 20.00 12.09 . 12.5
: : ) 20:10 12.15 12.11 + 0.03
; 20.00 12.09
: . 7.00 L.23 5.0 h .
" 7.10 L.29  4.27 + 0.04
N ‘ 7.10 L.29 - - *
'.:’ 5'- 16000 9.67 lo-[]. R
1 16.00 9.67 9.69 + 0,03 o
-‘ N N 4 16.10 9073 " .
4 B
N o - ; - ‘ ‘
Q . ,\ .
' 7
‘ Rt g ﬂl




31k.
: . .
6. 15 .60 9.43 10.9
i 15.70 9.49  9.45 £ 0.03
] : 15.60 9.43 - T
‘ 7. 15.00 9.07 9.8
n 15.10 9.13 9.09 +0.04
115 .00 T 9.07 c \
, 8. 12.60 7.61 8.1
. ©12.70 7.67 7.63 £0.03 -
12.60 7.61 .
K 9. 15.00 9.07 : 9.6
3 14 .90 9.01 9.03 £ 0.03
14.90 9.01
10. 11.00 .6.65 7.3 -
\ f 11.20 6.77 6.71 £ 0.06
11.10 *  6.71
TABLE 3-G

Sta.ndardlzatlon of HpSO), titrant (EL36A method)

The solution preparation waspident,lcal to that outlined 1n Table 1-G,
. but no indicator was added. ‘

_ The E436A titrator was set in the pH mode with a full-scale deflection

.- at UypH. A combination glass - Ag/4gCl (3M KCl) electrode couple was.

used, and calibration against a 7.00 pH buffer solution was carried out.
The variable titrant delivery mode was applied and full ‘titration curves
to well beyond the ‘equivalence point were tained. These were analyzed
by the circle fit method to locate the equiv@lence point volume and pH

values. The curves were also analyzed to lqgate the values of pH for
] + 0.5 ml around the equivalence point volume. .
: : Vol. NaOH pH . opH
. (m1 + 0.02) M'HyS0;, - 0.5 eq. pt. + 0.5 + 0.5 ml
' 22.46  0.56537... 1.80 6.9, 12.08 % 5.1
3 22.5,  0.56738... 1.80 6.9, 12.06 * 5,13
4 22.5)4  0.56738... 1.80 6.9, 12.16 *5.18 ‘* -~
3 Average M H80, = 0.56671..x.
‘s s Std devn. = + 0.00113... B
. MHSO, =  0.5667 *0.001" ]

AN Yo

The. theoretical pH values for the critical points in titrétion around

o

Rt Tadh e
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the equivalence point are calculated from:-

' 0.5 ml before the equivalance point:~ ‘ ‘
B [Hy0] @xfo.%ém) - (0.5 x 22 m1 x 1.0069M)

\ 32 ml
’ ¢ = 8 x 107M. pH = 2.
; At the equivalence point:—-  pH = 7.0 (strong acid vs strong base)

r} ' “
0.5 ml after the equivalegce point:- /

" » [on] = (23 ml x 1.0069M) - (2 x 20 ml x 0.5667M) |
« . '33 ml N
L a

5 1.5 x 107 pH = 12.2
© All experimental and theoretical pH value§3agree well.
. i
ABLE =G

Determlnatlon of /total alkali as NaOH in alkaline zinc cyanide

plating solutions (EL36A method)
The solution preparations were ca.rriedl\plft* exactly as-out]ined in \ L

N ’ Table 2-G exceat that no inditator was added. Titration involved the
;N ‘ 0.5667 + 0.0011M Hp50;, solution.

The E436A titrator was set-up and operated exactly as outlined in
Table 3-G, with the exception that’an 11.00 buffer solution was used
for callbratlon purposes.

-

All calcu],atlons of total alkali as NaOH were made using the equa’;a.on ’
shown in Table 2-G. . ] !

'Sa:nple Vol H2S0 NaOH (0z/US gal) pH + OpH
No. - (m1 % O, O%) as det. _ave. * 3 - 0.5 eq. pt 0.5 & 0.5
1. 994, 11.80 11.20 10.807
I3 ' 10.01  9.97#0.06 11.92 11.25 1041  O. 76N
g ‘ 10.03 11.72 11.25 10.60 0.56
| C o2 5.39 12.02 11.25 10.70 0.66
/5.2 5.3440.05 12.02 11.30 10.70 Q.66
; 5.31 12.02 11.25 10.70 0.66
! 3. 12.00 . . 11.90 11.10 10.40 0.75
. 12.09  12.1840.22 11.90 11.20 »10.55~. 0.8
12.43 11.92 11.25 10.45 0.7}
i 4. buh2 _ 11.90 11.31 10.50 0.70
» L33 4.3640.06 11.75 -11.31 10.50 °  0.63
4.30 11.30 11.31 10.45 0.68°
ik »
5
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5. 15.80 ., 9.57 . 12.00 11.20 10.60 0.70.
15.90 9.6k 9.6040.03 11.90 11.20 10.60 0.65
15.80 9.57 11.90 11.20 10.60 0.65 -
. 6. 15.55 ° 9.42 s 0 11.90 11.31 10.74 0.58
~ 15.55 "9.42  9.4,2+0.02 11.90. 11.31 10.75 0.57
15.50 9.41 - 11.95 11.31 10.75 0.60
. T 1, .80 8.97 1.8, 11.31 10.78 0.58
: 14..70 g€:91 8.9310.04 11.92 11.31 10.78 0.62
- 14.70 8.91 12.00 11.31 10.80 0.67
] 8. 12.80 7.76 12.02 11.32 10.71 0.66
4 ’ 12.75 7.73  7.7,40.02 12.00 11.31 10.75 0.66
2 12.75 7.73 . 11.95 11.31 10.76 0.60
9. 15.00, 9.09 11.89 11.31 10.78 0.56
1 - 1495 9.06 9.04,#0.06 12.00 11.31 10.79 0.62
. 14.80 8.97 11.90 11.31 10.70 0.53
3 10. 11.15 6.76 12.00 11.31 10.78 0.51
N ©11.10 6.73 ~ 6.7410.02 11.96 11.31 10.76 0.48
; * 11.10%  6.73 11.99 11.31 10,78 0.50
e Ave. pH 0.5 ml before ¢q. pt. = 11.9 £ 0.Y -
1 Ave. Eq. pt. pH ° © = 11.2 + 0.1
= Ave. pH 0.5 ml after eq. pt. - = 10.7 £ 0.1
i Ave. * ApH (X 0.5 ml) = 1 0.6

A palting solution containing 10 oz NaOH/US gal is used as an example
] in calculating the theoretical pH values for the critical titration
points. The starting volume is 10 ml, so that the starting molarity
of NaOH is given by:-- -

10ml x 28 x 100z x 1000 - 1.g.oM
1 N 3785 x LO x 10ml 1-849

The amount of 0.5667M HpS0), required‘ to reach the equivalence point
will then be:- . : .

(10 m1 x l.8b,9M)/(é x 0.5667M) = 16.3 ml

o

With the added 1 g of NaCN, omitiing any other contribution, we have:-

at the start 2.0M NaCN at eq. pt. 0.7754 NaCl

At 0.5 ml before the eq. pt.:- .
(10m1 x 1.849M) ~ (15.8m1 x 2 x 0.5667M)

8 Lo 25.8 ml
> = 2.2 x 1072 pH = 12.3
A v . At t.hel equivalence point:- “ .
3 [Hﬁ(éﬂ - /KwKa(Hcm = Jtxs5x1010 _ 5. 002
1 ‘ C(NaCN) (1/9) x1000/26.3m1 \
= 11.6 . -

@

- 0 \ pH
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‘Standardization of HpS0, titrant (E526 assembly method)

&
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[ .
At 0.5 ml after the equivalence point:- \ ’ , \
o CKa(HON) x C(HON) o “
(Hy071 = C(NaCN) . T
5 %2070 x (0.5 m1 x 2 x 0.5667M)
’ T (26.3m1 x 0. 775M) - (0.5ml x 2 x o 5667M) |
™ l 11
T 1.4 x 107+ | N
pH = '10.8
h 2
TABIE 5-G °

{

Solution preparation was exactly as outlined in.Table 1-G, excej)t
that nb indicator was added and 50 ml of dilution water was addet.

The E526 unit was set in the pH fmode and was operated a.nd calibrated
exactly as outlined in Table 5-E..

> Printout vol. (ml) B HpS0;,
22.57 0.568143..
22.57 0.568130..

22.68 0.570912..
22.52 . 0.56688l,..

o Average M HzS0, = 568520, .

S5td. devn.” '="* 0.001701..
HHS0, = 0.568° + 0.0007
TABIE 6-G
" Determination of total alkali as NaOH in commercial alkali zinc . @ .

cyanide plating solutions (E526 assembly method)

The sample solutions were prepared exactly as outlined in Table 2-G,
except that no indicator was added and, in place of the 1 g addltlon
of solid NaCN, 50 ml of a 2% solution of NaCN was added. This extra
volume was necessuated by the volume réquigement for the E526 beakers.

The' E526 was det-up and operated exactly as outlined in Table 5-E with
the following exceptions. The final calibration was made against an

11. 0Q pH buffer solution, the preset dead~stop pH was setr at -11.20 in

.accordance with the flndlngs of Table 4-G and a pretitration addition

'stop was arranged for, the addition of the 50 ml of 2% NaCN solution.

The 30 beakers were arranged in 8 magazines and the titrations were

-




carried out, including the

automatically in about 1.25 hours.

NaOH (0z/US gal)

318.

e pretitration addition, sgque’ntial]y and

NaOH (o0z/US gal) ‘

Sample No. Printout vol. (ml) as det. ave. * s Canadian Hanson
1. 16.40 9.97 9.9k 'J; 0.08 10.5
. lost
2. 9.28 5.6l . 6.
o - . 9.15 , 5.5 5.56 +0.08
. 9.00 5.47
3. 20.06 12.20 . 12,5
20.08 ) . 12.21 12.16 + 0,07
" 19.86 " 12.08 .
’ 414" ¢ 7-56 14»059 5-l+ .
7.40 L.50 L.53 + 0,06 ’
N 5 ZBg L.L9 ‘
. 16.1 979 10.4
: 16.13 - .81 %9.79 + 0.02 ‘
) 16.08 9.78
> 6. 15.76 9.58 9.56 +0.02 10.9
15.71 9.55 | .
. lost
7.0 15.02 9.12 - 9.8
o 15.0, 9.1, 9.15 % 0.03 ‘
15.10 9.18 ,
8. . 12.93 y 8 ' 8.1
12.36 82 7.82 0.0, /
. 12.82 7.79
9. \ - 15, . 9.13 9.6
. 14.93 9.08 9.12 + 0.0,
15.07 9.16
10. “11.28 6.86 - ’ 7.3
11.28 6.86 6.86 + 0,00 '
11.28 6.86 ' |
¢
.
g , K .
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TABLE l—H . ’ ) - ' \
( Preparatlon and standardization of EDTA solutlon (Manual method) ‘ ‘ '

e
fndustrv method . ) R
. ° LO g of reagent~grade NaCN was dissolved in 500"ml of distilled water.

28.0000 *+ 0.0002 g of dried (120°C) reagent-grade ZnO was added and
dissolved in this solution. Dilution to exact,ly 1 liter was carried,
7 ‘ - out in a volumetric flask. ‘ e

» Value:  22.49 g Zn/liter
= 0.3L410 * 0.00005M Zn

37.2 g of disodium dihydrate EDTA was dissolved in 500 ml of dlstllled
water and diluted to exactly 1 liter in a volumetric flask,

0.2 g oi"/ solid Erlochrome black T was ground with 100 g reagent—grade
NaCl., \

2.00 £ 0.01 ml of the standard zinc solut¥on was-pipetted and diluted
with 100 ml of distilled water. The analytical steps outlined for the
industrial method were then carried out. 3 drops of 0.04% (ag.)
thymol blue indicator was added and the solufyion titrated dropwhse
with 0.5M HpS0), until a yellow endpoint was obtained. 25.0 ml of a
buffer solutlon (50 g NH,; C1 and 4LOO ml of concentrated NH; per liter)
was added followed by O. % g of.Eriochrome black T indicator. 10.0 ml
of 5% formaldehyde was added and the solution'was titrated with .the
prepared EDTA solution to a blue endpoint.

o Vol. EDTA
(ml % 0.02) __MEDTA
7.66 0.0898L43. ..
. 7.6L 0.090078. . . N

7‘65‘ 0'0899600 .0, ‘

Average M EDTA =  0.089960... B
‘ Std. devn. = + 0.000117..: ® s
- , | MEDTA =  0.0899® + 0.0001% ;

As a precautionary measure, the EDTA solution was also standardized
in a more general technique.

| A zinc solution was prepared by dissolving 6.5370 * 0.0002 g of pune ;
i zinc in 30 ml of conentrated HNO3. The oxides of nitrogen were
expelled by bo:.l;mg, and the solution was cooled and diluted to exactly

4 1 liter in a volumetric flask. . .

-

vy %uwm.em;
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v / : 0
- Value:- 0.100015 + 0.00003°M Zn - - .
N 10.00 +'0.02 ml of, this solution was pipetted and dllut,ed with 50 m1*
of distilled water. The pH value was tested at about 3. 0. 25.0 ml
o of 0.5M NH%/O .5M NH, C1 buffer solution was added, and the resulting
, solution pH was. about 10.0. 0.3 g of Emochrcxne black T indicator
' 1 . was added, 10 ml of 5% formaldehyde was added and the solutlon was
- tltrated m.th the EDTA tion.
. ¢ , .
' ° * | VOl. A R -
(ml * 0:02) M EDTA
\ 1.12 0.089942...
) 11.12  ©0.0899L2...
‘ 11.15 0.089700. ..

v Average M EDIA =  0.089861,.. !
- Std. dewn. -= * 0,00013.....
‘ ' M ED’I'A" = -0.0898°  0.000i3

It mll be nofed that the two molarlty values as averages agreed very
closely. .

TABLE 2-H

° 0
Determination of zinc in commercial alkali zine cyanlde plating
solutions (Manual method ) \

) The solution preparation was exactly as outlined in Table 1-H covering
the 1ndustry technique, except that 10 ml of 2:1 NH; and 25 ml of
0.5M NH. /O 5M NH),C1 buffer solutlon was added, providing the same total
NH, as %he 1ndustry technique. The titrant apphed was the EDTA solu-
tidon at a molarity. of 0.08980 + 0,00013. .

The zinc contents were calculated from:-

Zn 03/US gal = V EDTA x M EDTA x 65.ﬁ1x 3785.306 L
" . 1000 x 2.00 x 28.3L49 e

4

It

V EDTA x M EDTA x ) .363

> Sample No. Vol. EDTA Zn (oz/US gal) En (0z/US gal),
s (nl + 0.02)y as det. ave. * s Canadian Han.
1. 12.40 4 .86 b9
‘ 12.37 L.85 L.87 £0.03
& o 12.50 ;.90
2. 3.31 1.30 1.3

3.37 - 1.32 1.31 £ 0.01
. : 3.36 L 1.32,

"
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cating solution and Cu(Il) ion-gelective electrode

322.
3. 2.30 0.90¢ 0.9
. _2.3L 0:92 0.92 + 0.02
. 2.37 . 0.93 o ?
L. L.95 1.94 . 1.9
S L.92 1.93 1.9, * 0.01°
, 495 1.9k :
. 5. 3.8l 1.50 1.5
3.86 1.51 1.51 + 0.01 !
' 3.85 1.51
6. L .49 1.76 - 1.8
L L6 1.75 1.75 + 0.01
l"-hé 1075 '
7. 5.05 1.98 ¢ 2.0
5.15 2.02 2,00 * 0.02
5.10 2.00
° 8. 12.70 L .98 5.1
12.78 5.01 4.99 + 0.02
~ 12.73 <1,.99
9‘ 3-86 he 1-51 105
i 3.86 1.51 1l.51 £ 0.00 .
- 3.86 1.51 ] v
10. 505 1.98 2.0
5005 1098 1098 -_t 0.00
\‘g.os‘ 1.98
TABLE 3-H ﬂ‘«

: |

, y _
Standardization of EDTA titrant (EL36A method usin§ Cu(II)-EDTA indi-

|

’

Preparation of Cu(II)-EDTA indicating solution

20.00 + 0.02 ml of 0.10000 + 0.00005M Cu(II) solution Was diluted with
20 ‘ml of distilled water and 20.00 *+'0.02 ml of 0.5M NH3/0.5M NHjCl1
buffer solution was added. The solution was tested for pH and titrated
with 0.0898° + 0.00013M EDTA solution. !

!

The FLBéA titrator was set-up and operated. exactly as outlined in Table 2-C.

pH at start Vol: EDTA E (mV) * AE mvV calc. -
. (ml + 0.02) - 0.5 eg. pt. + 0.5 + 0.5 ml M EDTA
9.8 22.18 - - 283 - 34,8 - LO3 60  0.09017
9.7 22.20 ' - 29L -356 @Ll2 ° 59  0.09009 -
s 9.8 22.16 - 28,. -350 - LO4 60 ', 0.09025

The average volume of EDTA consumed was 22.18-ml.

10,00 £ 0.02 ml of the Cu(II) solution was now taken and diluted with
20 ml of distilled water. 20.00 + 0.02 ml of 0.5?1%3/0.5}4 NH,C1 buffer

‘3
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was added. 10.55 + 0.02 ml of EDTA solution was now added (95% of the
equ.lvalence point volune average of 22,18 ml divided by 2) and this
solution was diluted to exactly 100 ml in a volumetric flask. The total
copper content was given by:-~

. 1ml = 0.000635 g toral Cu /
Stahdardization of EDTA solution (FJ+36A method using Cu(II) 1nd1cat1ng
solution and Cu(II) ion-selective electrode)

10.00 + 0.02 ml of 0.10001° + 0.00003% zinc solution was diluted to

60 ml with distilled water. 25.00 * 0.04 ml of 0.5M NH,/0.5M NHhCl
buffer was added. This solution now contained O. 0653 g of zinc.

5.00 * 0.01 m1 of Cu(II)-EDTA indicating solution 'was now added; giving
a total copper content of 0.00318 g, and a copper:zinc ratio of about
L.8% (limits 1% to 10%). The tested solution pH at this point was 9.9.

Titration was carried out with EDTA solution.

.The EL36A titrator was set-up and operated as shown in Table 2-C.

Vol. EDTA . E (mv) 4 AF (V)

(m1 + 0.02) - 0.5 eq. pt. + 0.5 + 0,05 ml M EDTA
10.85 - 178 -~ 210 - 230 + 26 0.892179,..
10.95 - 177 - 208 - 231 + 27 0.091337...
11.00 ~ 16/, - 220 - 22 + 28 . 0.090922.,.

- 10.90 h/- 186 - 216 - 238 + 26 0.091756...
Average M EDTA 0.09154...

Std. devn. = * 0.0005...

M EDTA 0.0915% + 0.0005%

TABLE L-H

Determination of zinc in comercial alkali zinc cyanide plating ‘
solutions (E436A method using Cu(IT)-EDTA indicating solution, etc.)

The preparation of the plating solutions was exactly as outlined in
Table 2-H, but Cu(II) indicating solution was added instead of the o
normal indicator. The volume of Cu(II)-EDTA solution added was 2.00

+ 0.01 ml. This yielded a total copper content of 0.00127 g. Since

the plating solutions varied in zinc fram 0.9 to 5.1 oz/gal (0.0133

to 0.0754 g in the pretitration solution), this represnted ratios

of copper:zinc of 9.5% to 1.7%. ~ )

2

The EL36A unit was set-up anhd operated exactly as shown in Table 2-C.




.platlmnn—Ag/AgCl (3M KC1)celectrpode couple was attached.” The unit

v
- ‘ . 324. * °
Sample Vol. EDTA  2n (oz/US gal) .Zn(oz/US gal)~ \E (mv)
No. (ml *0.02)° asdet. ave. *s Candn. Han. - 0.5'eq. pt. + 0.5
1. No electrode response L9 "
2. No worthwhile electrode response 1.3 Co.
3- 6om 2038 - 0.9 - 189 - 198 ks 2@
5.90 | 2.36 2.40+0.04 -~ 180 - 190 - 196
6.10 244 : ' <
L. No worthwhile electrode response 1.9
5, ] " 1.5 / .
6. " 1) n i " 1.8 o
7. " " " " 2.0
o 8. No electrode response 5.1
9. No worthwhile electrode response 1.5
lo' : 1" " ” 1" .
. I
TABLE 5-H T .

Heparath and standardization of K, Fe(CN)g solution {E436A metfod)

-

Preparatlon of standard zinc solution )

6.5370 * 0,0002 g of pure zinc dissolved in the minimum amount of 1: 1
HCL (about 50 ml). ‘An additional 10 ml of 1rl HCl 'was added and the
solution was diluted to exactly ‘1 liter in a volumetric flask.

A

. Value:— 0,10000 * 0,00003M Zn

Preparation ‘of K3Fe(CN)g solution (1%)

1.00 * 0.02 g of reagent-grade K3Fe(CN)g was dissolved in 50 ml of
distilled water and dlluted to 100 ml. This solution was prepared

" freshly as required. »

Preparation of O.IM KhFe(CN)é solution

BA 0 g of reagent-grade K. F \(’Gﬂ)é 3}{20 was dissolved in 700 ml of
distilled water and dlluted to exactly 2 liters in a volumetrlc flask.

20.00 + 0,02 ml of standard zinc solutipn was pipetted and diluted with
80 ml of distilled water. 10 drops of 1% K3Fe(CN)¢ solution were added
and the solution was further treated by the addition of 5 ml of concen-
trated HCl. Titration was ca’.rried out with K Fe(Cl)¢ solution. ;

'Ihe EL36A tltrator was set in the potentlal mode. A comblnation
was set fof a full-scale deflection of 500 mV in a range of + 500 mV

to 1000 mV. The variable titrant delivery mode was applied, and full , iy
titration curves to well beyond the equivalence point were obtained._

<
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These curves were analyzed by the circle-fit method since the reaction

" is 3 moles Zn/2 moles K Fe(CN){. The equivalence. point volume and Ecell

were thus located. Each curve was also analyzed to locate the Ecell
v"alues for *+ 0.5 ml around the equivalence point,

- Vol. KhFe(CN) ‘ E (uV) LB (mV)
(ml £0.02) * M KL!FE(G'N)(z - 0.5 eq. pt. s 0.% + 0.5 ml
12.10 0.110192... 760 536 3,0 + 210
- 12.10 0.110192... 70 52l 342 +199
12.15 9.109739. .. 760 536 350 @jt 205
) Average M K, Pe(CN)y = O.llOOhi...
Std. devn. = % 0.0002LL...
¢ .
MK Fe(ON)y =  0.1103% & 0.0002+
Average Fcell 0.5 ml before eq. pt. = 753 mV
Average Fcell at eq, pt. ' = 532 mV
Average Ecell 0.5 ml after eq. pt = 344 mV

The theoretical values for Ecell at the critical tltratlon pomts are -

The addition of 10 drops of 1% K Fe(CN)é, and the 112 ml total volume
at the equivalence point, yield an equivalenesspoint [Fe(CN)7Z~1 of:—

0.5 ml x 0.0lg/ml x 1000

[Fe(CN)Z—] 112 ml x 329.3

. C = L3 x0T
The starting molarity of of [Zh2+]"is given by:- .

[ Zn?+]

<

(20 m1 x 0.1M)/100 ml
0.020M \

]

b

At the point 0.5 ml before the equivalence point:- -
| 0 0.024) - (1. : .
5 [ 202+] (100m1 x 0.02M) = (1.5 x 11 éml x 11M)
o . 111.6 ml
:707 X lO-hM \

i

bea _\/Ksp(xQZnB[Fe(cn)éjz ] [1.8 % 10-25

(2 - (7.7 x 1074m)3

\ :
._8M

5 = 2.2 x 10

+



p 4
] N ’ [F (GN;Z“J |
3 oo E 3~ - = 0.690 + 0,059 log -2
' v Fe(CN)g /Fe(CN){ & -
[F CNE
¥ ' e (ON) -
' = 0.690 + 0.659 1 _1__2.5.3&_1_.8_,\
4 ’ 90 + 0.659 log 55 % 10-
& s = 0.690 + 0,226 = 0.916 V
‘ Ecell = 0.916 - 0.200.(ref.)
3 = 0.716 = 716 mV ,
E N . . ’ | v
& _ At the equivalence point:-
1 ) = 1.8 10-25 8
3 [Fe(CN)6 ] x x
, » 27
= 8.8 x 106K
~ n
3 - - = l 35 X 10
o = 0.690 + 0.070 = 0,760 V
:‘ \ N
Ecell = 0.760 — 0.200 (ref.) -
= 0.560 = 560 mV
A"\ At the point 0.5 ml after the equivalence point:-
A )
L, (12.6ml % 0.114) - (100ml x O. 02M)
[Fe(ON)g 1 = s 112.6 w1 .
= 1.28x 10'{ 2M
. _ 1.35 x'1074
Bre(QN) /Fe(oN)y” = 0:690 + 0.059 log T35 7672 »
- = 0574 V .
1 Ecell = 0.574 - 0.200 (ref.)
] © = 03V = 37 v
. - ' . [
N ~ The experimental and theoretical values agreed quite well.
' \
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Determination of zinc in commercial alkali zinc cyanide plating

solutions by titration with K, Fe(CN)g (EL36A method)

) 5.00 + 0.01 ml of each plating solution was pipetted into”a 250 ml
beaker. 'In the fume hood, 5 ml of concentrated HyS0), and 3 ml of
concentrated HNO3 were added, and the solution evaporated to dense
white fumes of chi If the solution still maintained a dark colour,
an additional 1 ml ofAHNO; was added, and evaporation' to dense 505
fumes again carried out. The solution was cooled and diluted with
100 ml of distilled water. 10 drops of 1% potassium fericyanide

© ' solution were added, and the solution titrated with 0.1100%m K, Fe(CN)g.
» These titration results were identified as ™A".
K v
' It was realized that the KhFe(bN)é titration would yield high results
N in the presence of Fe3t ions fram the plating solution. Although pre-~
“<.  Iiminary tests indicated that such contamination was minimal, a second
sgt of samples was prepared using a modification permitting the removal
Jior to titration of any Fe3t from the plating solution.

After the final evaporation to dense fumes of SO3, the solutions were
cooled and diluted with 25 ml of distilled water. 50 ml,of concentrated
NH3 was carefully added and the solution allowed to stand on the hot
plate for 20 minutes. The precipitated Fe(OH)B was filtered off and

the filter washed three times with 5 ml volumes of hot distilled water.
The solution was now made acid to litmus using 1:1 H550,. An excess of
10 ml of 1:1 HSO; was added. 10 drops of 1% potassium ferricyanide was
added and the,titration carried out with 0.1100% KhFe(CN)é. These .
results were identified as "B". ,

In each case the zinc.content was calculated from:—

V K,Fe(CN)g x M K Fe(CN)g x 3 x 65.37 x 3785.306

Zn, oz /US gal =
1000 x 2 x 5.00 x 28.349 )

kh
v KhFe(CN)é x M KhFe(CN)é x 2.62 y

*

1]
1

[

¢ Sample Vol. K Fe(CN), 7n (oz/US gal) E (mV) * B
4 No. (ml +0.02) ag det. ave s  Can. Han — 0.5 eq. pt 4+ 0.5 * 05\? N
; 1A - 18.31- 5.28 | L.9 760 5L, 360 200 >
5 - 18.44 5.31 5.28 +0.03 70 534 34,0 200 -
1 : - 18.23 5.25 760 5L 360 . 200
; 1B° 18.40 5.30 . . 760 538 350 205
' 18.05 5.20 5.23 + 0.06 780 526 360 210
18.05 5.20 760 5,0 3,0 210
2A 5.12 © 147 1.3 760 54,0 ' 360 200
5.05 1.45 1.45 % 0.02 7,0 5L0 3,0 200
L /
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[ ; v >
5.01 1.bd- o 760 536 340 210
.2B 5.15 1.48 ) 760 5% 3,0 210
- 5,22 1.50 1.47 £ 0.03 - 760 529 350 205 -
5.01 L.hb 760 5,0 350 205
3A 3.7 . 1.08 . 0.9 750 -530 34,0 = 205
3.99 1.15 1.07 + 0.08 750 53 34,0 205
3.40 0.98 \ ) 740 537 3L5 198
3B 3.91 1.13 . 760 538 345 208
3.80 1.10 1.12 * 0.02 - 7,0 538 350 190
3.95 1.1 760 530 340 210
LA 7.23 2.08 - 1.9 1760 54, 360 200
7..,8 5,15 2.12 * 0.04 750 53 34,0 205
7.37 2.12 7,0 5,0 3,0 200
LB 7.3 2.11 750 5,0 330 210
7.51 2.16 42,1, * 0.02 7,0 520 350 195
. Ty’ 2.1 760 5,0 340 210 .
5A 6.30 1.81 Co T 1.5 . 750 5,0 350 200
6.19 1.78° 1.78 + 0.03 760 5,0 34,0 210
A 6.09 1.75 760 5,0 350 205
5B 6.43 1.85 . 760 536 360 200
6.36 1.83 1.83 + 0.02 760 538 360 200
_ 6.33 1.82 760 5,0 360 200
] 6A 7.27 2.09 , 1.8 40 520 340 200
: 3 7.13 2,05 2,06 + 0.02 750 525  3L0 205
3 7.13 2.05 730 5,0 350 190
k- . 6B 7.30 2.10 ~ L0 530 360 190
g \ 7,09 2.0, 2.07 £ 0.03 7,0 530 340 200
7.16 2.06 750 535  3L0 205
| 7A 7.82 . R.25 2.0 750 5,0 350 200
7.75 2.23 2,2, + 0.01 760 5,0 350 205
4 7.79 2.2, 760 530 350 . 205"
3 7B 7.65 2.20 - 760 5,0 360 200
7.65 2.20 2.22 * 0.03 760 530 360 200
: 7.86 2.26 : 70 53043360 190
8A 18.78 5.41 5.1, Th0 54,0 340 200
18.96 5.6 5.4 F 0.03 750 5,0 340 205
% 18.95 5.46 . ‘1 750 538 350 200
8B 18.78 5.41 750 536 350 200
: 18.71 5.39 5.2 * 0.03 . 760 530 340 210
18.92\ 5.45 o 750 425 340 205
: 94 6.6l 1.91 1.5 1760 520 350 205
6.61 1.90 1.90 £ 0.01 760 530 @360 200
. ., 6.61 1.90 760 5,0 360 200
9B " 6.43 1.85 ‘ 760 530 360 200, \
6.61 1.90 1.87 = 0.03 760 530 360, 200
6.42 1.85 7,0 530 360 190
104 7.61 2.19 2.0 730, 5.0 34,0 195
} , 7.82 2.25 2.23 + 0.03 74,0 5,0 34,0 200
é ;» g 7.79 2.2 7,0 5,0 350
; 10B 7.6l 2,20 O 5,0 350 195
" A 7.65 s 2.20 2.22+0.03 750 530 350 200
7.83 2.25 40 530 340 190
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\ In general these Ecell values for the critical points, for both the
"A" and "B" results, agree well with the theoretical values.

TABIE 7-H
]
Standardization of K,Fe(CN)g solution (E526 assembly method) -

The solutions of zinc were prep exactly -as outlined in Table 5-H.

' The E526 wnit was set-up in the potential mode and calibrated in the
'S usual manner. A platinum-Ag/AgCl (3M KCl) electrode couple was gsed,
and the instrument was set for a starting pgtential of " + mV', a
titration direction control setting -of " — mW! and in the large AE
increment mode. The preset dead-stop potential was set ipitially at
but exploratory work indicated an optimun setting of + 570
andardlzmg solutlons were. racked in 1 magazine the pre-

were carried out sequentially and autanatically. .
~ . i -
Printont vol. © M K,Fe(CN)g ’
(m) ™ F
12.00 : 0.111111.. * »
- 12.10 "0.110192. . :
N . 12.08 .0.110375. .
Average M K Fe(CN) = 0.110559..
- Std. devn. = & 0,000L85..

0.11055 + 0.0008 J

]

MK Fe(CN)g

TABIE 8-H : _ -

Determination of zinc in commercial alkali zinc cyanide plating
golutions (F526 assembly.method)

v \ ’
The solutions were prepared exactly as outlined in Table 6-H, "B" method.

The E526 unit was set-up and operated exactly as outlined in Table e
7-H, with the optimum dead]stop potential of + 570 mV

. g
The 33 beakers were racked in 9 magazines, the pretitration addition
stops were bypassed autamatically and the titrations were carried out
sequentially and automatically in about 1.25 hours.

Zn (0z/US' gal)

' : Sample No. Printout vol. (m) as det. _ave. ¥ s
1... 18.37 5.32 |
I T 18.39 5,33 5.32% 0.01 .
’ i) -18.39 5.33 '

- - ~ *
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TABLE  1-J . S ‘ :

S}arldardizaiion of NapS204 Wj-'b”l standard copper_solution (Manual method)
K hadiiied G

~
'J-

- /
Preparation of sﬁandard copper solution

6.2296 * 0.0002 g of pure c0pp¢f was dissolved in 30 ml of concentrated
nitric acid. The solution was boiled to expel the oxides of nitrogen
and diluted to exactly 200 ml with distilled.

[ed

Value:-  6.2296/63.5L = 0.,902' + 0.0001% Cu_

. Preparation of sodium thiosulphate solution.

/ ) . ( - N o
L0.0 g of reagent-gnade Na28203.5H20 was dissolved in bgiled distilled
water to which 3 g of sodium carbonate had been added. |This solution
‘was diluted to extictly 2 liters in a volumetric flask. e solution
was allowed to s’t';a_nd for 1 day before standardization. \ \

10.00 * 0.02 ml "of standard copper solution was pipetted to a 250 ml 4
Frlenmeyer flask and diluted to 100 ml with' digtilled water. 2:1 -7
NH3 was now added until the solution showed a clear ‘deep’blue colour
due to the tetraaminocopper(II) complex (abouf 10 ml required). The
¥ o 934§i3ion was boilled for 10 mihutes and cooled. Enough glacial acetic

, id\was now added to produce a light clear blue colour (about 7.0
ml). The solution was boiled briefly and cooled. L g of solid KI was
added and 2 g of solid NH,HF;. The solution was allowed to stand for
2 minutes and, was then titrated .with sodium thlosulphate solution.
Just before the yellow colour of the triiodide ion disappeared, 5 ml
of a 1% solution of soluble starch (freshly prepared) was added and
the titration cbntinued to the permanent disappearance of the blue
colour due to the starch-triiodide complex.

- - o T I m i) 4 SN R e
st i < mggiogh st nde e 047 MR TR TN AR T sl

Vol. Na25203

(m3 + 0.04) M NagSy03 )
1 - -
| L6.79 0.104768. .
- 16,78 0.104790.
1L6.78 0.104790. .

0.10478. ..

Average M NapS504 :
+ 0.00011....

. : ‘ Std. devn.

o

M NapSz05 = 0.10478 + 0.0001%
" TABIE 2-J )

Determ:&’xatlon of _copper- in alkali copper cyanide plating solutlons :
(Manual method) ~ , . -

Solution preparation involved 5.00 + 0.0k ml of plating solution
pipetted into a 300 ml Erlenmeyer flask, ' ml of concentrated Hy50)

t
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» was added and 3 ml of concentrated HNO,. The soclution was evaporated to
strong fumes of 3503. Solutions which persisted in showing a-dark
- colour were treated with an additional 1 ml of HNO3 after cooling, and
again evaporated to dense S fumes. The solution was cooled and
diluted with 100 ml of distilled water. Subsequent to this. point the
treatment was exactly as ouklined in Table 1-J.

I

The copper'content 6f the plating solution was calculated from:-

.V NagS03 x M NapSp03 x 63.5h ‘x 3785.306
) Cu 0z/US gal . ’lOOO x 5.00 x 28.3L9

\

7
Vv Na28203 x M Na23203 X 1.6?'

§ . Sample No. Vol Na . Cu (oz/18 gal) Cu (0z/US gal)
@ | P o (m1 4 8368} as det. ave. * s Canadian Hanson
( 1. 22.10 3.93 ‘ ‘ 3.7
. - 22. 85 3.92 3.92 + 0.00 :
' . 22.05 3.92 ~
T { 2. 19.20 341 3.3
¥ . . 19.22 3.41 3.1 % 0.00 ]
. . 13.25 3.41 .
: - e 3' . 2 -9 5-].14 ll—'
3 ‘ N 28.95 55 5.1, * 0.01
4 ' , 28.90 5.7
P L. 38.45 L 6.2
_ . 33.16% 2.316;' 6.85 + 0.02
K * 3 L]
5. 12.75 2.26 2.1. '
12.77 2.27  2.27 + 0.01
L 12.80 2.27 .
To6. T 22,85 1,.06 3.8
,. ‘ . . o L 22.86 l&.% h.% + 0.00
ko . A 22.88 1.06 '
i : 7. 38.75- 6.89 T b6
. : . 32@3 o 2.29 6.88 + 0.00
3 i 3 .12 . 9
8. 21,.95° Leb3 hobh
21,.98 L.k Lok + 0,01
{ 21;.98 b ol ,
3 9. 10.65 1.89 1.8
5 © 10.63 1.89  1.89.& db1 .
. .10.68 1.90 :
i 10. 27.01. 4,80 L.8 .
iy 27.06 4B 1.8l +0.01
i 27.08 L 8L
. g , o
\ /\\ [ ) B l . . , ‘.

PP -- - oy o ’ -
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TABLE 3-J.
Standardization of sodium thiosulphate } lution (E436A method)

A standard copper solution was preperr/ed as outlined in Table 1-J, but
at a lower strengtl?\ ' X

Value:~ 0.2518° + 0.0001°M Cu . . ‘

The pre’ba_rationrof the solution of standard, copper was exactly as
outlined in Table 1-J. No starch solutlon was added.

~The E436A unit was set in the potential mode at a -fullscale deflection

of 500 mV and a range of O to 4 500 mV. A platinum .= Ag/AgCl (3M KC1)

‘electrode couple was used. The variable titrant delivery mode was put

in operation. Complete titration curves to beyond the equivalence
point were obtained and these were ana:vazed by the circle-fit method
to locate the equivalence point volume and potential. In addition,
each curve was analyzed to locate the Ecel l\)values for * 0.5 ml around
the equivalence point volume. - v

Vol. N825203 E (mV)

+ 2B (mV)
(ml +0.05) M Na2S203 - 0.5 eq. pt. +0.5 *0.5ml
25.20  0.099920. 320 210 90 115
2,72 0.101860. 320 212 90 115
25.18  0.099999. 320 216 90 115
" Average M NagSy05 =  0.10060L...
Std. devn. = 1 0.001097...

M NagS503 0.100® + 0.0019

i _ .
The theoretical calculations of Ecell for criticak titration points:-

Volume at start 128 ml Equivalence point volume Na25203 = 25.0 ml.

KI added ' =) g/166 = 0.0241 moles

Amount copper : = (10ml x 0.25182M)/1000 = 0.60252 moles
I, formed = 1/2 of copper moles = 0.00126 moles

I- left = 0.0241 - 2 x copper moles = 0.01906 moles

At G5 ml before equivalence point:-
TotnstpEned 2 Bods80h22°8 %088 % 5.02150 moles
I, at this point = 0.00126 - 0.5, x 0.00246) =- 0.00003 moles

[I] =-(0.0215/152.5) x 1000 = O.141K .
[Io] (0.00003/152.5) x 10000 = 1.97 x 10°LM

LI}

*




4

0.059/2 1og 2L, ‘
Epp/p~ = 0-53k + .’59/ log =77 .
' = 0.534 + 0.059/2 log- &= X 107H '
23 59/2 1o 1.41 x 10-1 E
_ = 0.534 - 0.059 = O0.475 V x o
Ecell, = 0,475 - 0.200 (ref.) =:0.275V = 275mV |

At the equivélence point:- .
- 2 _ ,
. (I)7T5,% 1 {SASE ; = Kegq' = 1.5
[I210S,03 ] ‘

'[17] = (0.024,1/153ml)x 1000 = 1.575 x 107

°

shog“ = moles of I, originally formed = 0.00126 - .
[shoz;] = (O.Q0126/153m1) x 1000 - 8.23 x 10~3M
[5,0571 = 2[1y]
so that:- \ . ‘ ] o~
| (1575 x 0712 x8.23x 200 - o o5 © -
10145 . 2
[1,] = 5. x 1070 o o
o . - = 5.l+ x 10_7 ‘
EIZ/I._ = O-SBA + 0‘.059/2 log(l'.' 7 '5""x“"""lo_;l)2
= 0.420°V
- . Fcell = 0.420 - 0:200 (ref.) = 0.220V = 220mV

At 0.5 ml after the equivalence point:-

‘(0.00126/153.5ml) x 1000 = 8.2 x 10-3i4 g

1

. 2
‘ [Shoé ]
[55057]

(0.5m1 x 0.1006M)/153.5m1 = 3.3 x 107MM

: -3
0.100 + 0.059/2 log %)2

0.160 + 0.4 = "0.244 V

it

- 2 _

[}

.’ Ecell = 0.2 - 0.200 (ref.) = 0.044, V = kb mV

Lo ..‘a.nwma‘m
s te LR N
'3 e - il .
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The assymmetry expected on. the + AF and - A values wag. not obtdined
and, in addition, the %mnlnal Ecell yAlues deviated from the theore-
tical considerably, insofar.as the eXperJ.mental data were concerned.

TABIE L-g .

Determination of copper imr commercial alkali :copper cyanide plating
solutions (EL364 method)

The plating solutions were prepared exactly as outllned in Table 2-K,

/except that, as a preliminary test for E526 arrangements the additlon

of KI was made as 10 ml of a 10% solution.and the addition of NH, HF,

was made as 10 ml of a 20% solution. Titration was carried out with .
the NapSp;03 standardized in Table 3- K toL oo

The E,36A was set-—up and operated exactly as outlined in Table 3-X.

Sample Vol. Na25203 Cu (bz/US gal) , E (mV) + AF mv
No. (ml°% 0.02) as det. ave. *s - 0.5 eqg.pt. + 0.5 + 0.5
. 1. 21.88 3.73 286 234 90 > 98
21.99 3.73  3.7L *+ 0.01 284 236 ‘90 - 96
21.98 3.75 792 245 89 97
2. 19.00 3.2l 280 232 91 . 95 e
< 19.52 3.33  3.28 + 0.04 281 232 ° .90 { 95 ;o
19.25 3.28 ’ 308 252 92 104 .
i 3. 27.L9 . L4.69  L.69 £ 0.00 288 20 . .90 99,
C 227.50 L.69 288 246 , 99 99
- > lost : ° ‘ Cor }
. L. 38.25 6.52  6.52 292 2,0 90 . 101
® 38.75" 6.61 6.57 £ 0.0, 280 250 90 95
38,50 6.57 . . . 288 21,0 90 99
. 5. 12.27 2.09 . 288 246 92 * .
12.50 2.13 | 2.11 £ 0.0 292% 256 <92 :]N
12:40 2.11 288 256 9L - 98 '
6., f);z.f;o : 3.91  3.90 * 0.01° 292 2,0 . .90 101
) . 2.88 ° 3.90 - T 1292 21,0 <90 101
2 . Tost y . .
g 7. 38.25 6.52 ' 288 234 90 95
E L 38.75 6.61 6.62 + 0.08 292 236. 90 101
x . , 39.37 6.72 290 21,0 91 100
: 8. 23.37 3.99 288 239 . 90 99
< 24.25 L L.10 % 0,08 288 2,0 90 99 -
. 25,40 b 16, ‘ - 290 23, . ° 90 100 :
X 9.68 1.65' - 288 236 89 .100
10.67 ¢+ 1.82 1.71 % 0.08 292 24,0 90 101 ‘
: 9.75 - = 1.66, T, 289 2L6 90 100 T
10. . 26.90. 460~ 292 22 90 101
T ~ 26.88 L.59, L. 63 +0.05 288 2L 90 99
o _R7.50 " 4.69 2% T2 90 102

N . ' . o ~

.
- . d




"

Average Ecell 0.5 ml before eq. pt. 288 .4 mV -
Average Ecell eq. pt. 241 + 6 mV :
Average Ecell 0.5 ml after eq. pt. 90+ 2 mV
Average + 4E (+ 0.5 ml) " . 99 + 2 mV

TABLE 5~J . : Vo .

Standardization of sodium thiosulphate titrant (E526 method)

The preparation of the standard copper soutions was idehigal to the
outlined in Table 1-J, with the following exceptions. The ¥dditions
of KI and-NH HF, were made as automatic pretitration additions on the
E526 equipment. The KI was added first as 10 ml of a 10% solution,
the NH,HFy being added second as 10 ml of a 20% solution. The latter
solution, because of its highly corrosive, properties, was kept in a

‘plastic holdlng bottle, passed through an ac1d-re51sta.nt measurlng

valve gystem and handled by Tei'lon tublng

The E526 asgembly was set in the potential mode and calibrated in the
usual manner. A combination platinum - Ag/AgCl (3M KC1) electrode
couple was attached. The gtarting potential comtrol was set at " 4 mV",
the titration direction control at ' - mV" and the 4B control in the
large increment mode. The preset dead-stop potential was set at a
value of + 220 mV, generally in accordance with Table 3-J data. This
value was found t6 yleld optimum results. The titrations were carried °
out sequentially and antomatically including the pretitration additions
af*KT and NH)HF,. )

~

Printout vol. (ml) M NapS203
2, .78 0.101622..:
25.01 0.100687... -
25.29 0.099573. .. .
. Average M NaQSQOB = »0.10062...
. Std. devn. = % 0.00102...
| M-NagS,0; = ' 0.1000 + 0.001° :
TABLE 6-J N \
Determination of copper in commercial alkali copper cyanide plating
‘solutions (E526 assembly method) . =

The solution preparation was exactly as outhned in Table 2—J except .
that the additions of KI and NHL‘HFQ were made autcomatically 1n the manner
outlined in Table 5-J. v

The E526 unit was set-up and operated exactly as outlined in Table 5-J, -

except that exploratory work indicated an optimun dead-—stop potential
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of + 230 mV. This was somewhat lower than the average exper:unental
value found of + 241 mV,

“The value of copper was calculated from the equation shown in Table 2-J.
Five solutions involving standard copper solution additions as indicated

x. in Table 5-J were imtebrspersed between the plating samples as a check :
: on instrwneqt setting and electrode couple stability.

. Sample Printout Cu (oz/US gal) Cu (oz/US gal)
‘ . No. vol. (ml) as det. ave. * s Canadian Han. ‘
1. 22.22 3.79 ' 3.7 .
22,17 - 3.78°.3.79
. lost N
° 2. 19.80 3.38 - 3.3
oo 19.77 3.37 3.41 * 0.06
N\ 20.39 . 3.48 -
: Std. 21,.90- ,
’ , 3. 29.35 5.01 L6
: . 29.21 L.99 5.01 + 0.02
£ : ‘ 29.L4 5.03,
¥/ L. 39.09 6.68 5 6.2
3 | ‘ 39.17 6.69 6.68 +9.00 Y ,
] ’ _ ] 39.13 6.68 . ] & R ’ .
: 5. 13.09 2.23 2.1 N
y 13.03 2.22 2.22 +0.01 .
: 12.97 2,21 - . .
i .Std. 25.06 .
2 23.07 3.93 : 3.8 . .
. 23.17 3.95 3 9L t O. Ol . ’
U 23.1 3.9 . : ‘
. v 7. 39.32 5.71 6.6
. 39.13 %.68 672+oou .
[ . 39.62 6.6~ . o
*  Std. M5.05 . p
! 8. 25.L3 I T L.4 :
25.37 b33 4.3k +ooo. : N o~
25\ L3k C : |
Std.  25.02 L3k . .
* - 9. 11.03 1.87 1.8 s
10.67 1.82 1.8 +0.02 - '
10.85 1.8) \ o
d 10. 27.97 k.78 4.8 ‘
28.06 “L.19 L.79 % 0.01 - .
28.10 1,.80 . y

‘Btd. ¢ 21,.96
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TABIE 1-K - W4 )

Standardization of* Na28203 titrant with standard potassium dlchromate
(Manual method)

<

Preparatidh of potéssium dichromate solution

, £.9035 + 0.0002 g of reagent-grade potassium dlchromate Cry0-,
¢« .. dissolved in 200 . ml of distilled water and diluted td exac%ly lZiter
” in a volumetric flask.

. , Value:- 4.9035/29L.22 = 0.016667 + 0.000005M

r

Preparation of sodium thiosulphate solution

L9 g of reagent-grade NapSp03.5H70 was dissolved in 500 ml of boiled -
water and diluted to exactly 2 liters in a volumetric flask with the
same water. Prior to dilution, 0.5 g of sodium carbonate, was added.

10,00 + 0.02 ml of standard potassium dichromate solution waspipetted
£ - and diluted with 100 ml of digilled water. 10.0 ml of concentrated
“HC1 was added, followed bu 10 ml of a 10% solution of KI. After the
solution had stood for 2 minutes, titration was made using the prepared -
= sodium thiosulphate solution. When the dark brown colour had changed

1 3 _ to straw yellow, 5 ml of 1% soluble starchk solution was added and the 3
§ titration continued to the first dlsappearance of the blue colour. ¢ 4
& s . (o )

L Vol. NapSp03 . 1 b

] © (ml +0.02)_ M NasS)0,

. 10.02 0.09978C%/ ‘
9098 M 0-100202 s
10.00 ' 0.1000021. .. .
] - - -
Average M NapSy0y ~ = 0.,09999,... . .
. Std. devn. = + 0,000211... ‘
. M NagSg03 =  0.09997 £ 0.0002
3 N ‘ R -
] © TABIE 2-K . ' . N | ° N

Determination of chromic acid in commercial acid chromium platlng
- solutions (Manual method)

v 2.00 + 0.0]1 ml of chromiun plating solution was pipetted and diluted
to exactly 100 ml in a volumetric flask. 10.00 * 0,02 ml of this .
solution was pipetted and diluted with 100 ml of distilled water. 2 g
' of ammonium bifluoride, 10 ml of ‘concentrated HCl and 10 ml of 10%

KI solution were a.dded After 2 minutes the solution was titrated with
stdandard sodium thlosulphate solution until the dark brown colour

changed to a straw gellow. 5 nil of 1% soluble starch solution was added,

‘ and the titration continued until the bl‘ue colour had disappeared.

[
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The chromic acid content was calculated from:-

R Chromic acid, (oz/US gal)=

YV NapS203 x M NapSy03 x 99.99 x 3785.306

7
/A
i

¢ ! , ! 1000 x 3 x 0.200 x 28.349
C‘\ where :—
\ . 99.99 -GMW CrOg
N Chromic acid, oz/US gal = }'Na28203 x M NapS303 x 22.27
Sample No. Vol.NapS5303 Chromic acid ( oz/US gal)
(ml + 0.0,)  as det. ave. * s  Candn. Han.
1. .37 31.99 6 31.9
152 32,32 32,19 + 0.1°, .
11&-&9 32-26 -
2. ., .18.32 40.78 L1.3
18.34 40.83  10.83 + 0.05
18.36 1,0.87 _
3. 16 .01 35 .64 ‘ 31.0
16.03 35.68  35.65 + 0.02
16.01 35.64
{ L. 1,.65 32,61 33.2
- k.62 32.55 32.59 £ 0.03
1 .65 32.61
5. 16.71 37.20 2 38.9
16.82 374, 37.3° £ 0.12
16.76 37.31
' 6. 19.05 42,41 ) L4 .1
19.01 4L2.3h  L2.41 + 0.07
' 19.08 L2.47
7. 16.28 36.2L 37.1
16.30 36.29 36.23 + 0.06
16.25 36.17
. 8. 11.13 21,277 26.0
. 11.15 2,.82 24,.80 £ 0.02
. 11.1, 2l,.80
9. 15.42 34433 b noy given
. 15.35 34,.17 3h.24  0.08 /
15.37 3L.22
- 10. ‘13.65 30.39 " 33.
: 13.67 30.43 ©30.42 £ 0,03
‘ 13.68 30.45




TABLE _3-K s : y

Standardization of sodium thiosulphate titrant with standard potasslum
dichromate .gsolution (F436A method)

The dichromate solution was prepared as indicated in Table 1-K and was
used in this titration process as 0.016667 * 0.0600005M

TN
The solution preparation was exactly as outlined in Table 1-K. ..

The E436A unit was set in the potential mode with the full-scale def-

‘ lection at 750 mV and with a range of O to + 750 mV. The electrode

. , system was a cambination platinum — Ag/AgCl (3M KCl) electrode and the

. unit was used in the variable titrant délivery mode. Full titration
curves were obtained to well-beyond the equlva;ence point, and these
were analyzed by the circle-fir method to locate the equlvalence point -+ .
volume and potential. Each curbe was also analyzed to locate the Fcell
values for + 0.5 ml around the equivalence point volume.

"
Vol. NapSp03 E (mV) + AE (mV)

v (ml + O. 02) M NhsSo05 - 0.5 eq. pt. + 0.5 *0.5ml

9.42 ' 0.106159.. 390 278 80 155

9.b2.  ,0.106159.. 390 278 80 155 .

9.42 0.106159.. 390 278 80 155 .

Average M NapSp03 = 0.106159. !')
Std, devn. = + 0,000000...
T NagSp03 =  0.1061° + 0.0000°

The theoretical calculations are not shown here, since the method used |
was identical to that employed in Table 3-J. The values obtained were:-

i
. 0.5 ml before eq,pt. = 367 mv .
. At eq. pt. = 257 mV ~
0.5 ml after eq. pt. = 40 mV @ .

TABLE L-K

Determ:l.natlon of‘chromlc acid in .commercial acid chromium plating
solutions (EL36A method )

The preparation of the plating solution samples was identical to that -
outlined in Table 2-K. No starch indicator solution was added~

The E436A unit was set-up and opera‘bed exactly as outlined in Table 3-K.

The chromic acid content was calculated using the equation shown in
Table 2-K.

Fl -~




f

343.
£
Sample Vol. Na25203 Croy (oz/US gal) o + AR
No. (ml + 0.02)" as det.”ave * s Can. Han. = 0.5 eq. pt. + 0.5 &
1. 13.93 . 32.91 31.9 360 29, 172 9
13.85 32.73 32.82 + 0.13 360 292 172 90
¢ lost )
2. 17.22 ' L,0.69 , b3 360 290 166 97
17.30 1,0, .82 1 0.1 360 290 166 97
17.30 1,0.88 360 290 166 97
3, 15.15 35,80 31.0 360 297 172 - 94
15.00 35.44 35.80 £ 0,35 360 297 178 9,
15.30 36.15 360 294 172 90
L. 13.60 32,1, ' 33.2, 360 288 160 160
- 13.61.  -'32.16 32,22 £ 0.1 360 288 160 100
© 13.69 32.35 360 288 160 100
5, 16.20 © 38.28 38.9 360 286 160 100
16 .10 38,75 138.52 + 0,2l 360 29, 160 100
lost v
6. 18.10 L2.77 T bhel 360 302 160 100
17.99 42.51 4,2.68 + 0,13 360 288 160 100
© . 18.10 L2.77 . ‘ " 360 288 160 100
7. 15.38 36.3) 37.1 360 1302 160 95
15.25 36.03 36.02 + 0.32 360 288 170 95
15.10 35,68 ‘ 360 299 170 95
8. 10.77 25.L5 26.0 360 290 170 95
: 10.91 25.78 25.56 + 0,17 30 291 170 95
10.78 25 .47 360 290 170 95
9, 1,.88 35,16 . 7 NG 360 288 160 100
. 1,.88 35,16 34.8° * 0.5 . 360 288 160 100
1, L6 34.19 360 290 170 95,
10. ' 13.30 31.43 33.4 360 294, 172 b
13.30 . 31.43 31.31 + 0,19 360 291 172 . 9L
13.15 31.07 L0360 292 172 94
Average E cell 0.5 ml before 360" MV
Average Ecell at eq. pt'. 291 mV
Averagefigell 0.5 ml after .“ - 166
3 .
+ ME (H Q.5 m1) assymetrlc 4 ' + 69 -~ 125 mV

The theo *Ltlcal calculated values, using Table 3-J formul}ations, were :-

3 0.5 ml before 365 mV

0 Fq. pt. 271 mV
0.5 ml after 90 mV

ABIE i\
tion of 'sodium thiosulphate titranmt with potassium dlchromate

Standardlré
lution (E526 agsembly method)

standard

a
Q
» @

£
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"The K,Crp0p standard solution was that prepared and used in Table 1-K.

The solution preparation was exactly as described in’Table 1-K, except
that no indicator was added and the pretitration addition of the required
volume 1f KI solution was carried out automatically.,

The E526 unit was %e-:c.“*in the potential mode and calibrated in the usual
manner. A combination platinum - Ag/AgCl (=M KC1) electrode system was
used. The 1nstrument was set in the 'Y4- mV" initial potential mode, .in
the decreasing "-"mV" titration direction position and in the large A\
1ncrement mode. The optimum dead-stop potential was found, after some
exploratory work, to be + 290 mV, slightly more posutive than the
value found in- Table 3-K. The samples were titrated, and the pretitra-
tion additions made, sequentially and automatlcally.

Printout vol. (ml) M NapS203
9.75 ' 0.102566... : /
19.72 ‘ 0,102882. ..
9.75 0%02566 v v .
Average M NapSp03 = 0.10267. ..
Std. devn. = = 0.00018...
M NagSp03 =  0.10267 + 0.00028
TABLE 6-K ’ o ' - 3

Determina'tion of chromic acid #n acid chromium plating solutions
(E526_assembly method)

Preparation of the plating solutidns was exactly as outlined in Table.
2-K, except that no indicator was added and the additions of 10 m] of
102’ KI solution and 10 ml of 20% NH HF, solutions was carried out auto-

matically in the pretitration additions position of the E526 unit.

The E526 unit was set-up.and operated exactly as outlined in Table 5-K.
The dead-stop potential was found to be + 290 mV, the same value as

found experimentally in Table L-K. P
- The chromic acid content was calculated from the equation shown in
Table 2-K.
The 30 beakers were racked in 8 magazines and titrated sequentlally
and autamatically-in about 1.25 hours. -
Cro (oz/US gal) Cr0; (oz/UR gal)
Sample No. Prmtout vol. (ml) as d%‘c ave. = s Cangdlan Hanson
1.. 14.36 . 32.82 S 31.9
: 14.29 32.66 32.74 * 0.08
1,.33 32.75 |
2. . 17.44 39.85 6 0 L1.3
. 17.88 40.86 40.5° * 0.6 8

17.93 ~ 40.95




