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" Donald Stevart McLeod

A STUIY OF {5 riaSISILITY O 3ikdILG UP 1&DUSTUIAL
. wAST3S LATIAS IN 4 PUZZULALIN TaPGLT vuR U3ST

AS A PO3303L5 5i5TdOD OF  JASTS TRSATIHIRT /

: : ~ ASSTRACT

A traatmant method of ganeral aonlicability to
équeous wastes and of esoecial interast for comolex,
aqueous vasad,’ industrial waste liquids and sludres

' has been studied. A series of hydraulic c=2ment mixes
hava b,eﬁ utilized to tind up the waste waters in a_ ~
solﬁd,'insoluole form. The ma2thodl has been applind
to thrae waste waters: a sﬁent steal pickline liquor -
contain%ng farrous sulrate and sulfﬁrihlacid, and two
ajueous wastes [rom a netrochemical nlant, each con-

1

tainine® chlorinated nydrocarbons, nhenolics and sludee,,

..

material. Tan water was used as a control,

. \

E]

~ ~ The c2mant nixes studied wers 1:3 and 1:9 rort- /
land cemant - [ly ash, and 1:3 and 1:9 hydrated lime

- fly ash. A 100 ner cent rly ash mix, not a hydrau-,

lic c¢ement by itself, was studiad for comparison
,purnoses. Pastes of iry, normal, and fluid consisten-

cias (with flow values of roughly 50, 100 and 150 :
\ -3

~ -
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+ resoectivaly) were vrenared f{rom sach mix. The.

comnrassive strength of the nortland cemen% - fRy
s« ash nastes wara determined after 7 or 14 dar s, 23 ’
, &
days, 3 months and > months curire time., The~strencth
Tey

of the Ily ash ani’the hyﬁrated lime « [ly a?h.past§: ’

vere daterminad at 2- days, 3 months and 5 months.) At

—

these times the l2achinem charantebistics of the waste
. . 3
suostance {rom the hardaned vpaste was d2termined oy

- distilled water circulation. «
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A less comnlete study oi- this treatment onro-
. " -

cedure relative to thr=2e uvaste slurdzes vas also nper-
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0
1. T INTRODUCTION : S

»

Cementitious materials have been usad for
annroxinately thirty vears to bind un radiocactive
vastes in a bulk, insoluble form. Generally, the

waste matarial has o@en bound un or contained in a

dense concrete, Jdevandins.on the activity of the
waste and its solubility in ground vater, this con-
crate mass would b2 duried in the ground or else con-

tain=2d in some imnervious material such as dense rock
(1) i ‘

1

or metal.

1

A logical nrosr2-:sion from this nrocadure «would
“ d -
D2 to usas a cement to bind un non-radioactive wastes

i% this were shown to bs technically and economically
feasible.; Seware can b2 adequately treeted, Fenerally.
o& the actién of bactaria in various nrocesses such

as activated sludeges, narcolating filters or land

(2)

treatment. Industrial wastes, on the, other hand,

are oftnan difficult and/or relatively axpensive to
treat. This is mainly due to the wide variety of
wast:s which occur, some of which are ralatively. inno-

cuous while others may b2 very corrosive or. poisonous.

\ B

A higp nrOpoﬁ%ion of industrial wastes -are -water-

carried, and would thereby lend themselves to combin=-
ation with a hydraulic cement which requires water

I K
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for the setting nrocass to occur. Portland cément °

El

.is a hydraulic cement and has the qualitis§ of quick

/

meability to water and easy availability in bulk -

|
_setting, early development of high strength, low per- . ‘

quantitigs. However it is relatiyely expensive. In
addition, the quick setting and high early strength

characteristics which are so desirable in cohstruction

work could be an impadiment when dealing with ‘large

volunes of the cement-waste water mix. : N ¢

Pozzolans are ai alternative to portland cement.

These materials will combine with calcium” hydroxide

in the presence of water to yield a cem2ntitious

nroduct. They set at a significantly slower rate than
. R C N . . &

portland cement. The setting characteristics of the

two cements are given in figure 1.

'F}y ash, the finé, incombustible ash from the

combustion of coal in power stations, is the most

commonly~ﬁsed pozzolan in North America. It has fairly-

widespread.availability and is producad in great quan-
tities (over 24 million éons in North America in 1965)
of this, only 10 per cent was. construct1vel§ utilized,
the rest being disposed of in some fashion. ) Being a °
waste product it is a very low-cost material., " In

addition, ﬂhe possibility of using one waste to treat

‘another one is naturally attractive. Sincedportland
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cement, unon satting, liberatas ecalecium nydroxide
‘ : ag a rasult of the hydratﬁ6n of the cementitious

compounds; nragent, fly ash could. ba comoined wiith

N )

T aither nortland c2aent or wvith hyirited line (calcium
. Vo ,
X hydpoxide) to [orm the ecamentine -1ix. T
. 3
) X .
@ 4
v +
1.1 Pozzolanic i‘ateri-ds.

¢

d as materials vhich,

" Porzzolans can be degin

s .

D

By

althourh thev do not nossess cementines nrovertiss in
N -

themselves, contain sonstituemts wiaich i1l comnine

> .

with Malecium Rydroxide at ordinary tewderaturssz in

"th2 nrasanc- of water to fore stasle, insolucle com-

AN nounisﬁﬁbssessing cementing;oroﬁerties.F&l\gée nozzZ- .
~ e -

" ¢ ’
— ——————— -=- olans can-beMivided into two egrouss, natural and -

o

J

artiricial. iatural pozzolars are mostly nmaterials

of vol~anic orisin, but =»rtain diatomac~ous aarths

'\/

may also be included. Artifisial »ozcolans arey mainly
\

- nroducts of heat treatmant {(of the order of WOOOC)
‘ ‘ i

(}

, .
of clays, shales and certain silicious rocks, and

s iy ash. Pozzolans in maeneral contain a hish perean-’

. tage ol amorohous matarial in which thae’content® of

. 4
., 8ilica rlus alumina is at least ol nar cent}())
C % s

o Pozzolans have besn used in mortars since the .

" 43 ' .
time of the ancient Greeks and Romans and are still.

~
-

Q0 ~
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usad extensifely in 7urone in mortars and concreata.

They are not in comwoq;use in North America since

s o ) ~ .

nortland c2ment is easily availnoleﬂfnd is & ~uch
e . , W

-

suvarior construction naterial. “lovavar, whﬁb usad

. 4 . .
in coqblnatlon vith nortiand ca=ent in con-reate

nozzolans can &rer C€F£ain advanta~ss,  30ome of
. CTT——

these ars incraased resistancea® cartain -rrressive

- » ‘

- 1

waters such as acid e¢rouni uaters,

&

sullate ivaters
4 .
and s2a water, low2rad heat svolution, hirher imner-

meability in lean mixes, and inhibition > exvansion

"due to reaction bhetween the alkalis nresent in the

cement and cartain al:iali-sensitive agfrecst374{ﬂ’

)

——

As mentioned nreviously, fly ash is the host.

commonly-used nozzghan in North anerica dues to its

.

low cost and widesoread availability. Its proner-

ties as a nozzolan were first investisated oy Davis

7Y

and co-wvorkers in 1%37.° The composition and nro-

partiss of fly ash denofid both on the typé of coal

¢

burnt and the efficiency of the combustion nrocess.
Thus the utility of the material obtained from

dirferent nower stations can vary widely.

.

¢ ’ -

The ash is a veryifinely-divided material with
a spacific surface in the range of 2000 - 5000 cmz/g

»

Lt . . 4
as determindd by the air oermraovility method. This-

" is the same degree of fineness as nortland cement.




Its major comnonent is pglass, with quartz, mullite,
/
hatmatite a..d magnetits &s the more i~portant crys-

. ) 4 . . ~ . .
tallin~» comnonants. “ e rlass econsists of silica
~nd alumina with scm»> iron oxide, linm2, alxalis, and
magnesia. Tombusuiﬁle material is alwvays prosent,

out in w21l burnt materials it is balow 1U nercent

(&)

and oitan nelow 3 rnoreant. An an~lysis o what

could be consider~d as a tyoical {ly ash is fiven in

taule 1.9,

The rlass is ths active material, 2s in the czse

of other nozzolans. The value oi a2 [1¥ ash as a

nozzolan tisr2fore dernends on the rlass content, 2as
'd

w~ll as tnhe fineness and commosition. [Iaere is,

10waver, no clos? correlation .~tiuean these paramaters
\ ,
"and their contribution to sﬁ%envth devalorment. Tais
, , v/
is another reason whv thewr are raraly us:d as c¢emant

_in combination with only hvdratad lime. J3lgnificant

strenfth, for »xamnle 75 rercent of the ulti—mate
strancth, is not :levelonad Jeloras 3-6 months aceing,

and this sgtrenrth can rot be predicted n2forehand.
‘

\ . 2

The nature orf the reaction between nozzolans and
calcium hydroxi-des is not yet vell understood, but it
arnears to consist mainly of combin:tion of the

Ca(OH)., with the silica and alumina or the glass., The
roaction nroducts vary som-vhat denendine on the

.

4
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'Table 1

Analysis of an Ontario Hydro Fly Ash

Component

Silicon?dioxide ’

Iron oxide

Azgyiﬁum
Titanium

oxide

oxide

Calcium oxide

Magnesiﬁm oxide

 Alkalis -
Sulphur trioxide

-
L4

Loss on 1gn1ti§n]

Percent by weight

v

bl 2
23.0
19.2
0.82
1.89
0,89
2.53
1.05
.62

YT

98.2

S

]

e YT
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»

. . v o %
gehlenite hydrate QCqO.AquB.hIOﬁ-aq,‘ a hvydrated

M

On. . ipn
pozzolan'and th~ temnerature. At 207 C with burnt

¢ H . . - - 3
xaolin and caleium hydroxide the main nroducts are

calcium silicate 30au.23i0, aq and hydrated tetra-

(10)

galcium aluminate hCaO.AlZUBA“q. Tha nroducts

from the reaction batwean 1y ash nd,.rcalciumn hydroxida
ara nainly a hydrated calcium silizate of th2 grisral:

r

rasaleium

cr

compmosition CaO.SiO?-aq and hydrated te

{11)

aluninate. {-ray ditfraction dat. [rom pozzdlan-

nortland cement nastes indicate the rrasancz2 ol a :

calcium silicate hyidrate of the tobermorite tyvae.

|

Also prasent gre ettrincite: 3040, al,04.3%230,4 32H,0
-and hydratad tetracalcium aluminate.
j
|

1.2 Portlaéd Cament

9

Portland c2ment ma¥ b2 defined as a nroduct

ootainnad by intimately mixinesetorether calciun-

- ’

——

containing and clay-ceontaining, or other silica-,

alunina-, and iron oxide=draring materials, burnine

o

%*This notation is used only to show the con-
stituent oxides which make up these pownohnds.

s L}

it is not meant to indicate that tirese oxides

A ) . Wy .
have senarate existence within thes» compounds.

-

i

.




!
4 v

+ % then at a clinkering temperature, and grinding
L]

_the resulting clinker. A tynical analysis is given

in Table 2 on the next ha"?.(13)

The c71nm,r1nr t2-meratlire is in the rarnfe 1300
g
N ‘ s
to 1450°7. Tae rasultant comentitious compounds

a

wnich are rforaed ar2s tricalcium silicate: 37a0. 5102,

ﬁ-dicalciuﬂ silicate, tricalzium alu-inate: ,aO.nl O

3)
azz)a.rerrite vhase of average c01n051t10K214
50

~\ (LLF) . : . .
- N8 o no rive o
Al 3.A _,-,L,B . from t 12 analySlS v -Il\ln Tabl,

o

~

2, the distribution of these compounis in the cemant

would b2 calculated to be:

3%aC.sio, _ 42  Dparcent
2%a0. 510, ' - 34 ,> percent i #
- CaU.31203h;” 6.7 S%rcent . 2
[ ‘ o
L aO.nl 3.r°2 3 9.5'p_rcent
. ’ 92 . percent

-~

Thase values are, obtzined’' by the i:oque calculation, -
wnlien fpives good.agfeement wﬂ%h the averapge of

nalyses by classical methods, x-rzy crystallography,
(15)

and gravimetric or differéntial thermal analysis.

"

e . !

Portland cemant §;€g'by tqe‘hydfétion of these
cbmpopnds. The two calcium silicates cpnstitute avout
75 beréent by weight of vortland cement ahd‘make the -
major contribution éo the strength of hardened'cemeﬁ}.

Of the two, tricaleium silipateﬁhas the dominant effact,

!




Table

2

B

S. Typical Analysis of Ordinary Portland Cement
N ° * .

A B

, . Component -

-

: o Ca0

i ~

vor . .

A

L

Ad

Percent Dy

0/
L]

2~ 7

airht

.

6.1~
k.5
3.1
0.79
0.24
ALl
‘954

22.9 -
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contributing almost all of the strangth in the first
month. ;?—Dicalcium silicate, hydratineg more slowly,

becins to make & simnificant contribution after that

)

nerioa. Joth commounds nroduce similar calcium
silicate hydrates anproximating the composition
30a@.5102-3H20. Jecause of its similarity to the
natural mineral tobermorite, and because of its éel-
like pronerties,’this oroduct is called tobermorita

zel. 'This tobermorite gel provides the main cement-

ing action of portland cement.(lb)

~

Due to thne ravid hydration of*the tricalcium

silicate, nsat portland c=ment paste quickly develops
high strength, of the ordaer of 5000-600 nsi uithin
3 days. sinal streneths in excess of 10,000 ovsi are

attainable for pastes of normal consistency, that is

-

( ' Y
ones witn a water-to-cement ratio (w/e) ol 0.3 to 0.4,

The strenstn-time2 r=lationship of such a paste is

shown, in Figure 2.(17)

During a short nerioa, bYeginning with the gauging

-of the cemnant with water and duringe the time of mechan-

ical stirring or kneéding, relatively rap a\khemical
reactions occur consisting mainly of the hydration of
the tricalcium aluminate and tricalcium silicate, but

esvecially of the former. Uithin five minutaes the

<




Figure.2
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Strength-~Time Relationship of a Portland -~
Cement Paste of Normal Consistency _ EQ@;
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) {
r2action rate subsides to a low level. This is due

tolﬁhe insoluble product fron tge reaction bpatween
the(tricalcium aluminate hydrate and the added retard-
er gynsum (CaSOaa2H20) which coats the cament grains
and inhioits hydration. There is subsesqueatly a
dormant period of onetwesn 40 to 120 minutes durine
waich tne paste normally remains nlastic. At this
time, tn~2 naste behgyes lige a porous, nermeable
solid with a coerficiént of permeability of the order
of 107% cm/sec. (18) |

At the end of the dormant period, a setond
period sets in, 1aszing about 3 hours. During this
neriod the paste loses its vlasticity and nasses

throurh arbitrarily-defined degrnas of '\ g known

as initiazl set and final set. These rpughly chriresnond

. Nar” N
to comnressive strength values of 50 jpsi and 800 psi

£

respactively. The final set is usually reached about

6 hours from:'the time of gauginr.

A
-

After final set, hydration continues at a dimin-

® ,
ishing rate until all the cement is consumed or until

-

one or more of the conditions necessary to the reaction

is lacking. In practice it is usually the latter,

althouch thers are detectable increases in strength
¢

due to ‘hydration un to twf yesars or more f{rom the

time of initial gauzingf/ Ths hydration oroducts in  °




the hardenad vaste comnrise a noorly-crystallized,

Ey

@popous tobermorite rel in which are imbedded several

mora or lees well erystallized nydrates and unhydrataed

n2m2nt narticles.

The uater in the hardensd naste, 1Men saturatad y
is considered to.axist in thre:\E{Z;es:.(i)’chenically.
combined, (2) physically adsorved on -2l surfaces,
and (3) in snaces outside the range of surfacs . T
fofces. Howa¥ar, it is not possible to determine the
vercentage in each state. 4s tha cement hydrates the
capillary channels nresent in the [resh naste are
rapidly reduced in volume and len~th and soon dacome
discontinuousﬂ AS @ resuit the coefficient of vper-
meability in a mature, hardened vaste (moist cured o
24 days) is raduced to a value of th» order of

0'12 (1) This is a value comparable with

tnat of many dense natural rocks. <ven so,"it has

1 cm/sec.

bean proven that all the avaporable water (lost Dy

heatine to 105-110°7) is mobile under an external

' ”
'ﬂydraulic sradi=nt. (‘.O)

Tha evanorable water includas
that in state (3) as well as a pbrtion or the water
‘in states (1) and- (2). , \

/7

\/a.



q

Ny

1.3 Comvination of liaste"Water with :'ly 4sh

.- or Portland %Oement: Literature Survey

There have baen a limited number of previous
. invastigations involving fly ash or nortland cement
in éombination with, or as a treatment m=thod for,
industrial w?ste water: {lf ash has be~n us2d as an
adsorb-nt or flocculent material, similar in actiqn
'tb activatad charéoal, due to its nirh surrace area.
v This wory has baen concentrated in ‘astern furone

and has heaan concern2d with treatine dilute aqueous

uastes containing;orranic material such as phenoli¢

(21) *

combounds. A racent U.S. patent describes the

use of fly'ash in' combination with gypsum, or other

N . 4 . . .
materials containing calcium and soluble sulfate,

- -

to bind up industrial chemical waste sludees,
. .

! The mix hardens after a neriod of days or weeks by

th

\D

rformation of calcium sulfo-aluninate hydrates.

J%é rasulting solid is said to be useful for landfill
2 by
or as a feneral-purvose {illing material.

.hile there is a wealth of information concern-

i

O>eAng tha affact

waters, on sat cement or concrete, only a few nub-

f impure waters, esnecially sulfate

o

s lications have describad the use #f impure waters as

(23), (24

the mixing wmater {or cement or concrete.

N

i

Wk,
.
3
e

barean
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Luckily one or these latter works was a tnorourh and

———

extensive study of tae tonie® This inv-stirmation was

> 1. RS
‘ . . Y : 25) .
undertakan by Aorans and outliched in 1924 5 e

determined the erlects of a wids variety of naturally-
™ <

; occurrinr imnure waters and sertain industrlial waste o

/ saters on the streanrtn, setting tie, und souninzss
0i concrete, All of thae waters studied (6% in 2ll)
wers acceptable in terms or their settineg time and
soundnaess. ‘!'ost -gave accentabnle’ strencth recults,
néducinﬁ the average comnressiva strength by less

° . than 15 nercent. Tha unaccentanle vaters vere a
stronsly acid Qater, a lime-witer soak from a tannery,
rafuse {rom.a naint ractory, a aisanly~-carbonated |
. . mineral water, and waters containing mors than 5
parcant common salt. "lowever, even with these highly-
. contaminatad water;, h2 round that an increase in the

quantit& 01 the mixine water in the control samples
preparad with oure water, for »xaumnle r'ron a w/c of v

. ' - 0.63 to 0.82, causad a sreatar redpction in comnrass-
~ive strenesth than the usa of tha’ impurs water at a

w/c ol V.63,

1.4 Purnose and Birection

(3 - . . ~ : Ay > "
A\ in viaw of this avourable inlormation concerning
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concrete an@“ﬁmpurg/g};ing waters it appea;ed iikely
_that it would be feasible .to-bind up industrial ~
wéste'water with a hydraulic “cement, strength r4quire-
ments not being critical.' Certain imburities wo-1ld

. have to be avoided Since they are known to severeiy
inhibit or prevent th? setting of #ortlﬁpd cement®

~ These are sugar, borax, and some polyhydric. alcohols.

(26)

such as glycerol. Salts of cooper, lead, and

zinc are reported to have similar retarding eifects,

- - <
altheugh possibily not as severea(27) S

\‘»“" \’
Ky

& It was decided to use cement mixes of portland

cement/fly ash and hydrated lime/fly ash, with fly

ash being ‘the major compongpt. These would give a .

low-cost mix with a range 65 strength develonmggt

rates, the former being expected to yield a fag&éf

set and better early strength develooment. The waste
- waters which were treated by this method were: a spent
pigkling liquor from a steel treatment 6aih, contain-
ing ferrous sulfate and sulfuriciggidy and two aqueous -
wastes containing phenolic conipouzf&s, obtained from a° |

petrochemical plant. T
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o

'2.1 Materials

2

The portland cement and hydraéed lime‘ﬁere
obtained cogmercialiy.‘)The pﬁrtgand cement ;as
manufacture&'by tpe Independent bemenc Companyﬁundgr
the name Portlani Cement. The hydrated lime was a ~
product oféDom}an Chemicals Limited with Phe‘trade

nﬁme Limo: Masons Hydrated Lime. The fly asho-was

cod (]

obtained from the Lakeview Generating Station of
Ontarfo.Hydro. The first fly ash shipment was sent

directly from Ontario Hydro'and contained 0.5 ggrcent.

moisture. The second quantity received came via

Goodfellow ?nterprises as part of an earlier shipment

to then. It had been w tted down for ease of handling

: The spent steal pickling liquor was shipped
from Stelco, in Hamilton, in a 45 gallon.drum AS
received, the drum contained 120 pounds prectpitated

.green salts, mainly ferrous sulfate, and 480 bounds

( 40- gallons) of a-dark green liquid. Béfore use as
a mixing water for che cements, the pickling.liquor
was diluted 1 1l by weight with tap water. To get the
proper proportions, the salts, the supernatant 'liquid,

“aqg tap water were mixed in the ratio 1:4:5. The

N +
¢ " Q °



1:1 diluted solution was analyzed gnd found to con- °
tain.16 .percent iren sulfate (more than 95 peraent
as ferrous sulfate), and 3 percent sulfuric acid,

plus traces of c¢arbon. : ‘ I

The two phenolic waste waters were obtained
from a Dow Chemical petrochemical plant in Sarnia.
Both were complex mixtures,"broken down roughly into

tpeugpilowing general components:

.~ Phenolic waste water (I)

. I

70 percent.: aqueous layer, strongly

e : basic ’ - on A

-7.percent: black organic layer,
. s containiﬂg chlorinate \
: hydrocarbons L
ib' , %2 parcent: sludge at 17 pq‘cnnt

. 3 solids .

i - ,
%henolic waste water TﬁIi)
"6h,pprcent: aqueous layer, basic
9 /28 percent; black organic layer
\ - ’ . containing chlorinated -
. ‘hydrocarbons - - -
8 percent: sludge at 23 pércent solids

The éhudgé was intermixed with the dense organic -.
: layer. “Both waters contained 10 ppm phenols,

calculated as ohenol. \ ci - e

—

" Except as noted for the pickling kiqnor, all

LY

materials were used as-receivgh
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Tae mix25 of hydrated lime plus r'ly ash, and e

portland cament plus 1y ash, w2r2 blend~d in a

covered,

<

norsepower U.3. Stonaware rollin~ mill oneratine

ona, gallon nolyetaylene bucket orn a 1/4
at 260 rnm. The required juantitias of thasa dry

components and the rauring water irere weiried on

)

a Mettler P-3 Egn—loadin" halance o1 3000 eram

a2

blended ceament and

cavacity. tha rau~inc )

+

water wara mix~d to form tha cema..t paste according to

th%\}s o

standard723u5-6).(<j)

from 8 to 12 kilograms.

The batch si-zes ranred

The rlow of the pnaste wa$§ determined according

to the ASTI{ standard r1u9-73, nart Y, excent that
\ \

the flow

~
tanle was drooped throuch a

height or 1/2

(2)

Ta> flowv of a coment

*

fluidity or con-

inch 10 timns in 6 seconds.

paste is an emnirical measure of its

—
——

sistency. It\iS\tha\pQrcentage increase in the base

—

diam2ter of a truncated cone, formed from the vaste, -

alfter it nas been subijected to the snacilied iarrine

- -
action.
. Y

-

After comnlation of the flbw test, the paste

-

!
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used_in the test was raturned to the mixing bowl

and the entire batch wés remixsd at medium sbead

for 15 saconds. lolding of the snecimens was started
within 2 1/2 minutes of the comoletion of the '

initial mixing. Th2 samples were molded in single-
use, naraffin-coated cardboard cy%indors with a

J I
metal base. The molds were 3 inches in diamater and

6 inchess in height. .

Ca v w e

Tae molds were £illed in three, apnroximate1§

r

equal, layars. Tach layer was rodded 25 times,

-uniformly over the cross-section of the mold, with

a tamning rbd having a base diaﬁeCef of l'inqh and
weighing aoout 1/2 pound. The purnose of the

rqdainq is to ‘obtain a uniformly compacted spec@men.‘ -
After molding,. the naste w%s.cut off to a vnlane |

surface, flush with the top of the meld, by drawing

the straight ed~e of a trowel acfoss tne top of

‘

the mold. ' ‘ e |

. The mold2d specimens werae.storad on level

shelves in a moist room kent at 2332°c, and at

greater than 90 percent relative humidity, all in

accordance vAth ASTM standard © 211-68.(}0) After
A
the cements had set, the molds were removaed and

1
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discarded. Tae samnles wers X t in the moist

room until the times of comvressive strensth tasting.

- .

- 2.3 Settine Time of the 7Tement Pastes

. R ]
. _ .

]

Setting tima deternin3tions were paerformad on
N

thne samples every day until the cement had set.

The measurement vrocedure was a modification of

o

the test for initial set of hydraulic cament by

) Gillmore needles, ASTM standard 7 266-71.(31) Thé :

test was perrormed on tne moldod cylinders. The "
. settinm time, in daysq was taken as the time when
the specimen was able to bear, without appreciable
indentation, the weirht Ef the initial Gillmore
1 neadlsa. This nea2dls waichs 1/4 pound and the tip

has a diameter of 1/12 inch. Its shana is indicated

“e

in figure 3. From its weight, and the surface area

of its tip, the pressure exerted by the initial

\
Gillmore neadle can be calculated to b2 aroroximately

P

L0 psi. ™




Loy

L}
. .
. * Figure 3
Initial> Gillmore Needle
- ‘N

Y
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- "available mixture of sulfur and granular material.

2.4 Compressive Strength lleasurement

*
Prior to obtaining the comnrassive stranesth

of the hardened svpecimens,.-the ends of the cylin-

.. ders were caoned to vrovide a smoota, lavel,

> -

Q)

ranroducible surface to be in contact with the

b2aring nlates of the comprassion testing machine.
- 3

The cylinders were cappad with a commercially

This mixture was Boured hot (130-145°%) into an

oiled, céircular metal mold. The diameter of the

S

mold was 3 incheg\af'the base, 3 1/2 inches at the
top, and it.had/a derth &f 1/4 inch. The ends of
the cylinder were wined dry, and then one end was
lowerad into the mold, being 'caot nernendicular
fto the base of the rmold ?v ruiding sunvort rods.

The caoping compound was allowed to cool, thz -

1

cylinder was removed from the mold, and then the

.
[N

- ~
other end was capped in the, 6 same way. The caps
were allowad to harden for at least two hours before

the specimens were tested for compressive strength.

Except while being caoped, the specimens were keot

3

in a moist room.

The comoressive strength was measured using

”.
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e

@ Tinius Olsen univeral testing machine of 120,000

pounds capacity, with three ranges: 0-3,000,
O-BO,UOO,manq 0-120,000 pounds. The rance usad
for a particular cylinder was chosen to give the
MNghest percantage of full—séale*deflection with-
out goinrs off-scale. Tha cylinders were tested“}n
a moist state, but with the capnad ands cleaﬁ and

dl‘y. . ~

°

To test theaspecimens, the cylinders were
placed in the centef’of the base block and the
movable uopber faca. was slowvily oroupht to baar on
the top of the cylinder. Once uniform contact had
been achi2ved, the load was applind to.the cylindar
at a rate that would cause the failurs point of the

in not less than 20 seconds

cement to be raa
#
and not mor-» t

tested for each

seconis. Three cylinders ware

curing period, the average
- Sy .
of these compressive strensth valuss being reportad

as the compressive strength. Occasionally samples

were broken in handlingz, esnaecially vhils ba2ing

capped. If two snecimans remainsd, the averane
from these‘two was u£ilized. Otharwise, moras
samples had to be nrepared for that particular
mix and curing period. This was peanerally only a

problem with the weakar specimens.

25




2.5 Leaching Tests

Thre leaching tasts were carried out on discs
cut from tie cylinders after the comnrecssive
streﬁgth detefmination, ond disc for each partic-
ular mix and curing reriod. The discs were anprox-
imately 1/2 inch thick with a diameter of 3 inchas.

Their weight ranged between 90 .and 120 grams.

B

The leachins abraratus was simnle in construction.
It is shown in ipure 4. The cement disc was sup-
portzd on two rlass rods in ths middle of a one o
litre oeaker, containin~ 800 ml of distilled water. |
Circulation of the vater was ac~omplished by means

o

of a marneatic stirrer. The leachinr vas continued

.
-
b -

for a voriod of uéwhours. Suitable'aliquots vere
withdrawn at the required times, r~enarally atter 4,’
8, 24, 32 and 48 hours leachine. any vater lost by
2avaporation was raplacrd 5-10 minutes d2fore talkine
~ .

the leach samnle, -

. . 9
The leach for the cement samvles made from

the 1:1 pickling liquor was analyzed for iron., The
iron concentration in a 10 ml aligquot was drstermined

by atomic absorption spactroscopy. Initially, a

Perkin ClmerJAtomic fsorption Spectroohotometer,
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lodel 290, with a Model 303-0589 multiple element

lamp, was usad. The instrumantal parameters are

listad ‘balovwr:

Alr -pressure

Air flow

Acetylene pressure
Acetylene flow
Lamp current

Dial setting

. The analyses on the :samvles from the leaching

o

30 psi ’ . '
13.80-14.00

B psi B ‘

14.00

8 ma

143-144

*  tests performed after three months curing were

obtained using a Perkin %lmer Atonic ibsorntion

Syéggrophotometer, Model 503, vith a lodel 303-6037
Fe lamp. The fg;;;th@ntal parameters were as

follows:

Air nressu?e

Air 'flow

Acetylene nressuré
g Acetylene flow
Lamp current ,
Dial setting

30 osi .
25

8 nsi

32 )

30 ma - .

2 21"8 . w4

f

Tae leach materials {rom the cement samples

prepared usine the phenolic waste water were ana-

lyzed colorimetrically for total. nphenols, vaged on

<

phenol as. the standard. The, entire 800 ml was

necessary for the analytical method due to the

-
a2

<
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* reasonable period of time, an avproximation of

required sensitivity of less than 20 pnb. As a -

result, the leaching apparatus was refilled after

sach samdle Wwas taken.

The analytical orocedure was based on the
Xminoantipyrine Mathod for Halogenated Phenols;
from Standard Méthods for the Sxamination ofeﬁater
and ilaste waters, publishéd oy the Amarican Public

Health Association.(Bz)

It involved a petroleum o -
ether extraction of the phenols from an acidifiod
aqueous sample, followzd by an alkaline aqueous’
extraction of the phenols from the petroleum ether, .
and coIour_developmentaw;th L-aminoantipyrine and
poﬁassiﬁh ferricyanide at pH 7.9 + 0.1. The

absorbance measurements at 500 nm were obtained,

against a reapent blank, using a Spectronic 20

spectrophotometer, with a one inch path length,

2.6 Accelerated Curing Tests

At the beginning we wished to utilize an °
accelerated curing procedure for the hydrated lime-

fly ash cements in order to obtain, within a

f

o
/ -
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the ultimate strength of these cements. Tais was

| desirable because of their slow rate of strangth’

develomment.

Thern are a number of acecelerated curing.

techniques wnich have been us=d, three alone being

’ (33,34,35)

dnscrinad in various nertinent AST:i stQndards.
IMey involve curing the cement at =2levated tenn- )
eratures for pariods of Yetween 2 to 7 days.\ Tae

, 'strangth development raﬁe of pozzolans is markedly

enhancad at higher tewneraturses,

’ - ‘ .
/ The accalerated curing method ¥adooted involvad -
curins tae ce2nent in a hot water bath, s3t at
[
The nastes were molded into

54 % 2%, for 7 days.

according to ASTH
{36)

cubes, two incha2s on a side,

standard £ 109-73, section 10. The filled

molds waras covered witt a «lass plate and stored

in the moist room., Two hours after molding, the
. =

covered molds were placed in the hot watar bath.

After 48 hours in the bath, the cuves vere
from the molds and immediately returne! to

bath. - The cubes were kept in the bath fpr

removed
the

5 more

days. Four hours befores the compression strensth e
[ -

- test, the spvacimens were removed from the bath and

. ) nlaced in the moist room. .The cubes did not have



to be caoped since the surfaces which had been
in contact with the meld were smooth and planeg
The comprression tests ware nerfornad as described

nraviously {3ection 2.4). -

The method of accalerated curin~ was discén-

tinued after several weeks for a numover of raeasons.

The cubes exvand2d in the molds and, as a result,

they were often broken while beinr removed from

. the molds. Du~s to the exmansion, the arsas oi the

surfaces of the cube faces were difficult to deter-

mine;' In addition, it was decided that éhese tests,
while applicable to pozzolans gauged with tap water,
would nrobgbly give irregular a=nd misleading results

when. industrial waste waters.and sludges, contain-

ing high, variable concantratidns of a number of

foreign substancss, were used as the gauging‘watersﬁ

L 4

The results which were obtained upn to 'that point

v

ares included for completeness.
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" 3. . RESULTS AND DISCUSSION
3.1 Gomnréssive Strength and Time of Set " _F

3.1.1 Tep water
| \

As gutlin~=d oreviously, the various cament mixas
j

of interast were gauegad with tap water to establish

the limits of strenesth obtainable from these mimes,

v - » - '
As expectad, the mix=s containing portland canent

n

set faster and had higher initial strength devalopment.

o

This is due to tne much greater initial rate of %
hydration of portland cament as‘com%ared to that of
the hydrated lime-pozzolan reaction.’ The differance.
became less significént after thrae months moist
curiﬁg, by which?ﬁime the lime—pozzolén reaction

was yielding anpreciable strength. The mixes con-
sisting entirely of fly ash, vhile they were consid-
ered to have set within 2 to 14 days, deﬁendiné on

the water to cement ratio, did not develop any

significant strength. The setting in the cas2 of
‘these cements is believed due to nhysical forces

] betwgén the finely-divided, water-disversed fly ash

o ’J .
varticles, resulting in a firm gel-type ot structure,
13

in contrast to the chemical bonds of hydration
° M |

present in the pozzolanic cements. °

*

-
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The rasults of these pteliminary investi-

- 0

Q

gations with tap water are detailed in Tables .3

and 4. ‘The cements containing vortland cement had

. .
all SeQ'W§thin one day of thq initial nixing. The

ratio ‘also had a significant effect on the setting

" otiers required,fron 'l to l4/days tg set.. Tae

comorassive strength daveloped after tﬂ!‘%pecified
»
3 . » : ~ . N —
pariods of moist curing ransed from 20 nsi (139
- ]

hydrated lime: fly ash, /¢ = 0.6, 28 days)_ to 3700

.osi (1:3 portland cemant:fly asn, w/c = 0.3, 150

d;ys). "is pointad out in Section 1.3, the vater- 5
to-corent ratye hag a subsﬁantiél effact on the
stregﬁfh devalooment. For example, samprle 9 (1:G
portland cement:fly ash, = 0.5) took 5 months
to dpvolon af strength 51m11ar to that vhich sgépln
8, the same mix, .with a water-to-cement ratio of‘ ?

0.4, showed after 1 month. In the case of the b

aydrated lime/I’ly ash mixes, the water-to-cement

time. . ‘ ~ ' N 2 ']

B
s - e /
. -

3.1.2 1:1 Pickling, liguor
~u il ‘l &’ <~ \ Y

-

. The steel pickling liquor diluted 1:1 with

a

tap water had a strongly adverse effact upon botﬂa
the setting rate of the caements and the strength

they déveloped. This was not surprising con31dering
’ - .




. ‘ " Table 3

Initial Parameters and Setting Times of O2ment
Pastes Gauged with Tap .ater

Sample ix? v/c "Flowb . Tims of set
;-} ‘u , - (days)
1 1:3 PC:fA 0.30 50 - 1
k - 2 " 0.40 90, Col
’ 3 mo 0,50 120 1
- g 1:9 PCkFA  0.30 15 CL '
° 5 n 0.40 S0 - 1
: 6 - LA 0.50  ~150 1.
e, 1:3 HL:FA 0.40 55 1
8 . 0.50 90 A '
9. "o 0.60 125 8
.10 S 0.70 150 12
11 1:9 HL:FA 0. 40 80 2
12 u 0.50 115 7
13 " ,.0.60 ~150 10
14 fA '0.30 30 2
15 ... " 0.40 _ 110 7
16 " ©0.50 D150 W .
.a

HL=hydrated lime, PC=porfland cament, FA=fly ash
The measurable flow range is 0-150

o

< L
s
L )]
.{ ' ‘ TS
- g e
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Table 4 |

Compressive Strength of Cements

Gauged wath Tap Vater

I4

Compressive strength (psi) after speclfied
periods of moist curing -

Sample -
7 days - 28 days
1 * 1600 + 100" 3100 + 160
PR 660 + 65 . 1700 + 210
3 k4O + 7 1000 + 100
by 520 + 55 560 % 80
5 250 + 10 410 + 35
6 130 + 25 260 + 20
\ 7 - e 330 + 55
- 8 - 160 + 15
-9 - 50 + 10
. 10 - 20 + 7
. 11 - 70 + 4
2 - - 24%5
fﬁ% - 10
R . 20. + §
15 - 10 |
16 N ‘

! o - 0

-~

i

-

* Standard deviation

~

90 days

3500
2200

"> 1500

800
580
320
1500

. 1300

190
140
200

60’

.30
'20
10

{

4.1+ 1+ 1+ 01+ 1+ 0+ 01+ 1+ 1+ 1+ I+ 1+

I+

160
200
210
150

Lo - -

25

170
160
15
L0

150 days

3700
2500

1900
- 860

660
400

2200

1600
490

270

260
80
L0
30

10

I+ I+ I+ 1+ I+ 1+ I+ }+ |+ 0+ 1+ 1+ 1+

I+

160
120
100

150 -

40
15
100

160,

55
50
40
10
15

10




~

the acidity of the water (3 percent Hy50,) and the
1igh solids content (19 pefcent). Ivearly §wicelas
much of this mixing water, compared uith tan water,
" was required to obta;n the desired vafte flow.>.- In
addition,” the temveraturs of the oas®e ro:ze frOm
23°C to 45250°C durinm the mixing.

*rom the results i; Tavle 6, it arpears tnat’
the cementing notential of the 1:9 mixes were
affectively neutralized by this mixing watar.
These pastes did nof develon §iznificant‘strength.
The 1:3 mixes, ccntaining greate:r quantities of
céméntitious materials, did develop strength but

only after one month or more cf <uring, -

Some of the cylinders cracked while curing.
-This may have been dus to naor compaction of the
samoles, or dues to tha expansive affects of thae
formation of gyosum, by the reaction of Ca(O':I)2

with the sulfate ions present in the mixing water.

3.1.3 Phenolic watsars 4 ;

\\ The phenolic viaste waters Qid not adverselyf
arfect the setting time and strength davelopment
of tha cements relative to tap water. In fact,
including the 25 pgrcent'water c&htained in the
fly‘agk<psed‘for these tests in the determination
\
\ N : .
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Initial Parameters and Setting Times of Cements

1

Table 5

Gauged with 1l:1 Steel Pickling Liquor

Sample

Mix
1:3 PC:FA
1"

n

"
"
1:3 HL:Fa.

4

-

"

1:9 HL:FA

‘1:9 PC:FA

\

w/c

0.50
0.70
0.90
0.50
0.70

. 0.90°

1.0
1.4
1.8
1.0
1.2
1ok
0.40

0.50

0.60

Flow

L5

.75
100
45
110
>150
70
95
120
75
110
130

70

100

~ 150

@

Time of Set
(days)

3

~} vt \w o \n

10..

10
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', ] Table 6
. Compressive Strength oi‘ Cements Gauged ’ N
. " With 1:1 Steel Pickling Liquor
- :"Sample ) Compressive strength (psi) after specified ©o
‘ . N periodsfof‘ moist curing ) >
14 days 28 days 90 days
1 50 + 5% 660 + 15 1500 + 100
' 2 50 +£ 10 220 + 30 500 + 50
3 200 + 5 0 \ B
T samples cracked .
" 10 ‘
5° 10 10 - 204+5 20 £ 5
A : . ‘ i I
- 6 10 10 - . §0 10
f -
- 7 & 120 + 7 240°+ 55 280 + 25
3 8 v - .30 £ 7 60 + 20 50 + 10
9. = o - - -
Samples 10 to 15, inclusive, did not -set
¥ Standard deviation ¥
7 .
i , |
oY
A | - k»““'ﬁ-




of the water-to-cement ratio, yielding the values

in brackets in Tables 7 and 9, the resufts in
Tables 7, 8, 9, and 10 indicate a reducqion in
the setting time and an increase in the{§trength

relative to the use of tap water.

This anomaly may be dues to a combination of

different factors. The water in the fly |ash,

while increasing the effective water-to-
ratio, also causes an increase in the perce ' ‘
of portland ce2ment or hydrated lime irAthe dry mix.
The value in the nominal 1:3 mixes is increasdd
from 25 tqn31~percent, and in the 1:9 mixes fro
10 to 13 Dé}cent. If the organic and sludre matefial
are inert towards the cementire sybstances, the

effective water-to-coment ratio would be reduced.

Finally it is known that the setting of portland
fr

'%Eﬁﬁggﬁvfs accelerated in the presence of strong

(37)

bases. A similar effect may occur in the

f : ..

hydrated lime/fly ash reaction’s It apnears that

some acceleration has taken place, since the 1:9
{

mixes preparad with phenolic waste water (I) of -

. PH 13 have attained their ultimate strength by the

| s .
tine of the first test of compressive strength,

°
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Table‘7

13

Initial Parameter's and Setting Times of Cements

L

‘Gauged with Phenolic Liater (I)

!

Sample

YW & 1 O & W

-
W o O

Mix w/c. Flow

1:3 PC:FA

.1:9 PC:FA

1:3 HL:rA

1:9 HL:FA

0.30(0.60)
0.40(0.73)
0.50(0.85)
0.30(0.68)

0.40(0.81)

0.50(0.94)
0.40(0.73)
0.50{0.85)
0.60(0.98)
0.40(0.81)

0.50(0.94) -

0.60(1.1)
0.2010.60)
0.30(0.73)

105

Time of Set
(days)

DWW NN

a: Valuas in bfackets include the 25 percent

wataer in the
of the w/c.

o

’ .

f/Ly ash in the dstermination

Lo




Sample

o R T L = SR Y, TS ~ T VO S X Sy

-
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=
| oad
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nN

s
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'—l
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l

1
i

- ¥ Standard deviation
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Table 8

Compressive Strength of Cements Gauged
‘ with Phenolic Water (I)

Compressive strength (psi) after specified
, _periods of moist curing

7_days 28 days
850 + 70% 1300 + 70
610 + 65 -930 + 15
LEO- + 20. 610 + 20
350 + 10 460 + 20
300 + 10 370 + .15
140 + 5 150 + 5
- 510 .+ 70
- 350 + 45
- 210 +
- 400 + 55
25\0 +.35
\- 190 + 10
- 20 + 5
- o

90 days

1500

1000
640
160
360

<\\1zo

830
530
360
380
270

190

20

x

I+ 1+ I+ 1+ 0+ I+ I B I+ 1+ 1+
W W~ e W N
AV, ]

100
L0
35
0
o

i i

20

0 —

~ 150 days

1500 + 10

1100
700
540
410
110
500
620
Lgo
480
240
180
20

I+ 1+ 1+ j+ 1+ 1+ . I+

I+

I+ 1+ 4+

70
15
85
20
15
95

41
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Table 9

e d

" Initial Parameters and Setting Times of Cements

Gauged with Phenolic Water (II)
B {

of the w/c.

P

Sample Mix w/c 2
1 1:3 PC:fA o.zo(B.aa)

2 " 0.30(Q.60)

-3 . n, - 0.40(0.73)
L 1:9 PC:irA’ .0.20(0.55)
p) ' " 0.30(0.68)
6 . n 0.480(0.81)

®7 +1:3 HL:FA 0.40(0.73)
8 " 0.50(0.85)
9 L 0.60(0.98)
10 1:9 HL:¥A  0.30(0,68)
11 g 0.40(0.81)
12 L 0.50(0.94) -
13 FA . 0.20(0.60)
14 " _-0.30(0.73)
i al Values in br

., »~~~. water in the

Flow

Time of Sat
(days)

75
130
2d
90
140
85
100
120
70

. 100

140
40
- 95

=t

L I I N R B R e ol o

did not set

kets dinclude the 25 percent
. ash in the detearmination

42
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o . . Table 10
’\ Compressive Strength of Cements Gauged
} e ‘ ’ _with Phenolic Water (II)
[ ) . Sample Compressive strength (psi) after specified
’ AT periods of moist curing :
\ N .\ -
i 7 _days 28 days - 90_days 150 days
| 1 1100 + 20" © 2300 + 100  3000°+ 270 3100 # 70
2 820 + 20 1500 # 100 2600 + 70 2600 + 100
3 7 430 %107 970 £20 1700 % 220 1700 + 20
b 520 + 90 1000 + 180 1600 + 70 1600 + 20
. 5 130 + 5 220 + 15 260 + 15 290 + 15
: 6 80 + 2 130 +20 © 140 +15 160 + 7
7 - 240 10 750 £ 100 950 + 35
8 - 150 + 5 620 25 930 + 7
9 - " 100 '+ 3 550 + 25 750 + 40
10 - 370 + 20 540 4 90 600 + 50
1. - 250 £ 5 410 + 60 460 + 7
. 12 -. 120 + 15 250 + 30 260 + 15
13 10 . 10° 10
14 10 . 10 10
— * Standard deviation., ,
';, ) L7 ; v
: g




© 3.2 Leaching Tests .’

. %
The leaching -tests indicated that leaching of

the waste materials, either iron or phenols, from

the cement should be minimal. The amount of iron

found in the leaclr was less than 1 ppm, even after

48 hours continuous leaching. %h;s was the case
at the threé test‘ﬁeriods: 14 days, 28 days, and
90 days, as shown in Table 11. This result is not
difficult to explain; the cement pasté is alkaline,
yielding an alkaline leach, conditions under which

uncomplexed iron is insoluble.
L

' The leaching results for the two phenolic
wvaste waters, given in Tables 12 and 13, cannot be
explained as simply. The cement discs used in the
testé initially contained between 200 and 400 ug
phenols. These values are bassd on an average disc

weight of 100 gm, a concentration of 10 ppm phenols

in the waste water, and a range of water to cement

ratios from 0.20 to 0.60. Therefora tha maximum
possiblé concentration of phenols in the leach .
samples would be bgtween 250 and 500 ppb. However,
phenols werejnot detacted in the samplgs, the- "

sensitivity of the analytical test being 10 ppb.

\ - &
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Table 11 : ' \
-—r—-————

[

'Results of Leaching Tests on Cements. Gauged

with 1:1 Steel Plckllng quuor .

Sample Age at

Iron concentration®(ppm) after

time of spetified* number of hours of.
test continuous leaching
i Q
Lo 8 % 22 48
’ | 14 days _ _
lb . <1 <1 <1 <1 <1
2 o<1 <l o« <1 <1
28 days
AN ¢ | - <1 <1 - <X
- : - <1 - <1 - <1 .

90 days

[
Q

G~ WV N

- <1 <1 <1 <l <1.

<1l = <1 <1 Gl e < 1-
<1 <1 <1 <h <

0.05 0.22

<0,05 0.05 .
0.09 -
" < 0.05 0.18
L ' 0.18 . 0.10

¥

+ ar The results at 14 days and 28 days were obtained
S using the Perkin Slmer Model 290 Atomic Absorp-
* tion Spectrophotometer, those at 90 days with

tha Model 503.

b 'samples 3,4, 5, and 6 were broken apart by the
addition of the leaching vater. :

c: Samples 3 and 4 had cracked. Sample 6 was broken =
by the addition of the leaching water. T

\

\
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y | ‘ Table 12 *

¥e§u1ts of Leaching Tests on Cements Gauged-

. with Phenolic Waste Water (I) "
[ . ¢ “
o - e . ’ ? = .
Sample Age at Concentration of, phenols (ppb)
time of ‘after specified number .of hours . ‘
test of continuous leaching ‘ : |
. . > ~ , |
L8 2 32 L8
3 7 days | '
: 2 ., <10 <10 <10 <20 . <10 2
, 4 . <10 <10 . <310 <10 <10 .
) 6 o <10 <1 <10 <10 <106,
- 28 days 1 X ) . .
2 <10 <10 <10 - <10 .
4 ' . <10 <10« <10 - <10 o “
6 <10 <10 <10 - <10 o
8 .~ ot <10 <10 <10 <10 < S
- 10 o s . <10 <10 <10 <10 <1C - . )
12 ~ <10 <10 <10 <10 <10 -
90 days (’ e ‘ .
2 ‘ <1C < 10 .
' . i . Y <10 " <10
- 6 : : <10 <10
) L. g8 " . - <10 -\\ <io- . | -
Lo 10 . s <10 < 10 S
: R : ' - <10 < 10
. e ' : ' ‘ [ £
. " ' ) , . I4 ) ‘ , Y
] ; . . ‘ ' “ “. .
N ) 4 X >
’3' v o 4
I T - - -
- au ':‘\ 1 \’:’
'c\ q ~ v ! '_ . 2
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Table 13
’\ * ' o © ' ‘ T
’ Results of Leaching Tests on Cements Gauged ) .
with Phenolic .aste vater (II) @%ﬁ
‘ : . ’ :
Sample . Age at ., Concentration of phanols (ppb)
. - - time of after specified numfer of hours
’/,~ ¢ _ test | - of continuous leaching ;o
v . ‘ : . P .
) , P . . . /
. SR S T S S
\ - 7 day¥ ', L * o, ' .
W2 .1 - . <10 <10 .21 <o <10 | -
4L e . <100 <10 T <10 <10 <1 N7
\ 6 . <10 <10 <10 <1 -<1Q .
s N ' ; s - ¢ . T
A 28 days . Bap. - .
L2 — . <10 <10 <10, - <10
"\ 4 " <10 <10 <10 -, <10
. b N <10 <10 <10 - < 10
'8 <1 < 10 <10 <10 < 10
10 . ,<10 <10 <10 <10 <10
.o 12 , <10 <10 . <10 <19 - <10
90 da . T L
"b . , v' «\.a L) K
K "2 <10, < 10, "
R , . <10 - < o
6 ‘ ., <o 19
g e, T <o s \
Lo L ° - <10 <10
. 12 ' .. C <'1s' <1lo0.
i . - & . " » " L f
LI . L] ! o Y )
' N ) ‘:‘- A ' - y * ."
2 ) ° ) / L : “ ' a Y
B ? L . < o K "’ = i ’}\' .
s~ " , B e
- -‘ ¢ - r re v
7 - 'Q -~ AR \ ‘ r " .'n '
. B N ‘ .5 . -
‘I,L . s, * ’ °
f,}' .'.‘I t’ ﬁ. v g‘ . b -4
[T s ' S
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Th2re may be a number of reasons for these

rasults.

.

causaes tha leachings to b= congentrated on the

Tha. very low nermeadility of tne cement =«

surfaca of the disc, reducing the quantity of
phenols acc2ssill? to tha leschins iater. Thaz
vhi2nols would nrobavly be tigatly adsoroed on the

surface of tn2 fly ash varticles. {The us~ of fly

asn as an adsornent was mentioned in section 1.3.)

In addition, phenols are =2asily oxidized in an

1

alkaline medium, such as 1s present in thase camants.

‘~J

3.3 Accalerated Curing Tests g

The results of tha accelerat~d tests da2scrived

I3

~in 3action 2.6 are given in Tahla 1lAi. ynhe siegnifi-

<

cant points whicn can be taxen from thesa rasults

v
3

are that hipn strensths should oo attainable Irom
, ' ~

2
hyiratad lime/fly’ ash caments (the results in Table

'Q are in agreement witn this conclucion), amrd that

the fly ash used in the ovrojsct would mret the ASTIH

snacification © 595,k)9) althousgh the AsTM accel- .

erated ccuring test is slightly different from the

on2 used in this s‘investigation.
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. N il ~
. _
. - Table 14
g. . b -t
] & R £-3
Results of Accelerated Curing Tests on
" Hydrated Lime/Fly Ash Cements
Mix Compressive Strencth (psi)
‘, W‘/C:‘ 0014' 005' g_l_é - “'t‘
1:2 HL:FA 880  -1000 900 )
1:3 HL:FA 1000 860 -
1:4 HL:FA 890 540 460
« N Q@ e Y .
I )
N | i ‘
* . . A o
° A & o
! / .
. -
Y
- | ! \ :
\ { " .
0 (




3.4 Discussion T o

~

The results of thié investigation indicate
th;t binding up industrial wasta waters in a
ﬁozzolanic cement would be a feasible mathod of
waste water treatment. Thé three. waste waters

studied, while they cannot be considered as

“-_representative of the many, varied kinds of waste

o

N
waber which occur, do give an indication of the
\‘
type of aquaous .wastes which could be treated by

»

this procedure .

Gonsideration of the findings of Abrams in -~
combination with the results. of this study indi- -
cates that the acidity and the total solids, or
tha totaL nonaqueous vortion, of the waFte waters /-
are the two main deleterious factors relative to
the setting time and strength devel&pment for these T
cements. The acid acts by neutralizing an equiv-
alent quantity of cement. High solids cause more
mixing water to be "added’to obtain a certain con- \mf

sistency, increasing the percentage of inert or

)
noncementitious materials in the cement paste,

“

,Relevant data from Abrams' study concerning

the five types of impure waters which he found




o

unacceotable for use as mixing water for concrete
(40)

are given in Tables 15 and 16.

n

was a 20 narcent salt solution wnich reducnad the °

The worst case

strangth of tne concrete 30 to 40 nercent; depend-
ing cn the age of the coﬁcrete at the tine bf the
test. A diluted stesl opickling liquo;, sample 117,
similar to'the 1:1 pickling liquor used in this
i;vestigation, but of 20 percent its strength, was
one of these five water;. It had a total solids

content of 4 percent and an acidity of approx-

imately one half vercent. It caused a reduction

1

?

in strangth of the ccnerete of only 10 to 15 percent,

and just several hours increase in tha setting

time. .Therefore it avpears probable that a concen:f‘\>

S~

: trated, highly acidic waste water such as the 1:1

nickling liguor could be diluted with a neutral, or
- 7.
basie, waste water .to result in_a water much less

sayera in its eoffects unon -these c2ments.

The lavals'of iron and phenols in tha leach

_samples froh the cements containing these substances

,wers below the values of 17’pnm and Zo\pnb,=respgc-

tively, set for their 'maximum desirable concentra-
- r R < i .
tion in the effluent from chemical ‘'plant’s according

to the Ontario Objecﬁ(jjs for water Juality Control
1
3 .

v

*v/\,
“(41)



Table 15

Composition of Certain ©»f the Impure
. ™ '
. Waters Studied by Abrams

b

I

Sample Concegtratiop of the impurities (pom)
solids | __ &K —_
11 223,100 - 60 87,800 135,200 15 -
012, 2,10 - 130 \670 100 270 -
118 6,220 - 990 - 2,0 20 640
116 10,180 30 250 - 130 5,430 S
117, -

t}n

36,100 9100 - - °  .160 . zj,ooo
R '('-‘ /)

a: ll- a synthetic salt solution .
12- a carbonated mineral water -
115~ a tannery lime-water soak a
116= refuse from a paint factory
117-\a spent steel plating bath dilutjed to
¥ 20 percent its initial congentration

L

52




Table 16 4 | (\j

Compressive Strength of..l:h"ancretesa
of Normal Conqistency |

3 .

Sample w/e Compréssive gtrengthb(psi) after specified .
: 2 period of moist- curing )
) _7‘dazs . 28 days a 3 months - l\year-—
0.88 ‘ _— D |
. control . 1640 . 3080 4360 5450
11 1130 (70) 1870 (61) 2660 (61) 3210 (59)
12 11600 (100) 2360 (72) 3590 (83). 4650 (85)
) 0.75 . o
" control 2130~ 3680 5280 6000
115 1870 (88) 3130 (85) 4120 (78) 4900 (82)
% 116 , 1740 (82) 3210 (87) 4200 (&) 5210 (87)°
117 1840 (86) 3250 (88) 4630 (88) 5340 (89)

o

a: 1 part cement to & parts aggregate by volume
b: Valugs in brackets ars the percentage of the

control strengths7

-
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The combination of low permeability of the cements,
adsorbent action of the fly ash, and basicity o%

the cement, should keen the leaching of many of

the waste substanc2s which night be bound u? in
this marner, to a minimum. However, certain metals,
such as zinc, wnich are solublae- in alkaline solu-
tions, could present a problam; as shown by the
results for the zinc filter sludge givén in
Appendix A. In addition, depending on whevre tne
resulting solid product is placed; either above
ground or below, by being buried or used as land
fill, other tests might be requirsd to measure the
affects of hydraulic oressure which would occur in
the wafer Eable, or leaching vhich %ight occur ;

while the cement was setting and during the first

few days thereafter. Thase conditions were not

o .

investigated.

Nonethelass, lonz term studies at Chalk Rivgr
6bncerning the movament of radioact;ve ions
through ths soil have shown that this movement is
ralatively slow, averngiﬁg 10 meters par year.(&z)
These substances came from a storars pit contai;:
ing uncombined, low-level radioactive aqueous

wastes. Tha rate of movement was found to depend

on-the propertiaes of the so0il and the naturs of

S

AN - _ )
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the waste, as well as on the rate of movement

L A °

.0 -

¢ of the” grougd water.
o

- - Therefore, while there are many contributing
factors which would have to be considered for

.. each waste material and disposal site, it appears

[}

; that leaching of the waste, even if it occurs. to
~ - an appreciable extent, in many cases would not
.significantly affect the,surrdunding environment.
;
" In some of the other, more sensitive cases, the

treatment procedure might be modified in order

to obtain an acceptable final:product;

’ -

o

O

v

s
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L. ) CONCLUSIONS

5
” \xThe mathod of fixation of indd§trial waters

and sludges in a nozzolanic cement has been shown,

on a laboratory scale, to b2 a feasible mathod of ?

treatine complex, highly contaminated agueous

waéies. Jepending on the water-to-cament ratio

enmnloyed and the composition of the cenent m%x,

the cément can develop final compressive strength

values from 100 to -over 3500 nsi. Tha cements

which yield appreciabla strength (100 psi or#4

set within 14 days of ths initial

containing nortland cement within/5 days.

Highl}-acidic wastes of high total-solids

v ~

content appear to be the worst in their offect on

- o
>

the setting time and strenzth development’ of the ©
cements. waste substances.wggch are inéoluble in,
or dacomwosad by, alkaline media, and those whiéh
can be tirhtly-adsorbad on fly ash, should not

.present a'problem ‘relativs to the leaching action

of ?éih or sround water. G2nerally it would be ‘
< N ,

expacted that hirher strentth c2ments would have . &

lower vermeability to water and thus reduced loss ’

J |
by leaching due to watar, ) ' |
|

-y
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Apnendix "A"

A Less Comolete Invastigation of the Treatment

Procedure Annlied to Three ‘aste Sludges

o »

.
P

In'addition to the study of the treatment
procedure relative to the three waste vaters
described in this thesis, & less complete investi- -
gation of’the method apbplied to three wasté sludges
was undertaken as-well. These sludges were a brine:

treatment sludge, a lime-iron sludge, and a zine

chloriie filter sludge.

The brine treatment sludps was avproximately
80 percent solids, with calcium sulfate the major

comvonent. Ilagnesium and ferric hydroxides,
'.
sodium chloride, and praphite were present in

lesser amounts, along with elemental mercury at a

concentration of 120 ppm. |, °
LF

3

o

"The lime-iron sludge contained 20 percenﬁ
solids, iron and calcium hydroxides as fhe major
components, with minor quantities of various
chloride§ and sulfjdes.. 0.8 nercent Hg was

present in the form of sulfides and/or oxides.

The zinc chloride filter sludge, at 75 percént

-

57
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solids, consisted of iron and zinc hydroxides, zinc

oxychlorides, and ammonium chloride. The zinc content

was 3.7 percent,

The cement pastes were pnrepared as described

previously, and limited compressive strength taests

and leaching tests were performed. The l<gaching

apparatus was somewhat different in design frowm that

.utilized in the main part of the research. The

leaching water was pumped continuously, from an 18

litre reservoir, over the cement disc which was

- supported in a large funnel. Th2 water then drainad

through the funnel and rgurnsd to the reservoir.

The leach samples were andlyzed commercially by

~

ico-Research Laboraﬁories“Limited of Pointe Clairs,

{ Y

-~

Due to the ve}y high solids content of the

-,

sludges, high water to cement ratios, or more

s

appropriataly, sludge to cément,rat{os, were required.

These ranged from 1.5 to 3.0. As a result, the

‘caments set only very slowlj and, in most cases,

did not develop very.high strengths. This is shown
En'the Tables 17: 18, and 19. However, it is , - v
significant that at least one of the mixes used

[]
for each of the sludges developed strengths

i
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Table 17
Compressive Strength and Setting Time of Cements
Pfepared with Brine Treatment Sludge
\ .
Mix? w/c Time of Compressive strength {psi)
’ set after specified period
e (days) of moist curing
7 days 28 days 90 days

1. 1:3 PC:Fa’ 2.0 2 120 " ‘sample cracked
2, m . 3.0 5 70 240 -

1:3 PC:FA ‘ : o
3. + 2.0 2 10 - 1200

.+ 0.02% Nays - o
L, 1:9 PC:FA 1.5 L 20 - ‘cracked
5. . n 2.0 5 20 ] - 430 ™~ -
6. n 2.5 7 10 . gample cracked
7. 1:3 HL:FA 3.0 did not set L
8. FA 3.0 did not Set
a: ‘PC = portland cement ' , ; L
HL = hydrated lime . -
FA = fly ash _ -

b: The Na.,S was added to combine with the free,
. mercury to prevent leaching of the mercury.

“\;‘ i
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) Table 18 - )
C . Compressive Strengtﬁ'andLSetting Time of Cements
: Prepared with %ime-Ironrsiudgex
CL- ( ‘Jix w/c. Time of ~ Sompressive strength\(psi)
. IS -set after specified period
) ™ (days) of moist curing
; L © ' 7. days .. 28 days 90 -days
. “ : ’ o
< . l. 1:3 PC:FA® 1.5 2 150 - 320 290
| ’ 2. o 2.0 - ‘5 Lo - - -
;"! s ‘ \ e - «‘.2- F h k ’ .
; ~ 3. 1:3 HL:FATI33 5 - -+ 20 (/ 50,
? g, w20 9 - 20 120
’o - s, a7 2.5 ~did not set. .
’ /—’—‘ - \ . ;
- _ , a: PC = ﬁortlahd cement
- T : HL = hydrated lime . .
: ‘ FA ='fly as : .
o - - , ’ ¢ .' . e #
‘»72" . '/‘ .‘ ) R i N
. s ° Pl . ’ i
\ o o, ‘
L] * .' f:’
~ ) W
e PR
. ‘ \ i N R
-' \ qu; ¢ o 1 e
3 ¢ji
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“Table 19

‘Cogoressive . Strefigth and Setting Time
Prepared with Zine Chloride Filkér Sludge _ .
: : e t

of fements

-

l.
w/e Time .of
- st
(days)

! 2 e e

w

Comuressive sé%engnh psi)
after’ soolegnd nnrlqd
‘of moist curing / Y.

.

)

N ) 7 dqx§ﬂﬂ 90 éng

.28 days
o 40

o '\..
t1:3 Pﬁ:‘& 5 O - 620

“.‘, ,: Q.’ 2 5 ' : ’ 35{ ’ 66' i‘\“.”
L1:3 HL:FA - 2.5 - - - 50
i . a , \"\ . v . -

" 3.0 16, v el Tl 50

. ~ . + it s R Y ST
4 ) - L3 @ 4 . o e
FA 2.0 “did not set -

-b . ) v o ‘ ’ .
portland ‘cement
='hydrated lime ¢
fly ash .

.
2]
)
a
\ .
. \"
X‘

o
= QA
P B
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‘T 200 ps; or greater since the usual and mosg .

R ’

practlcaole, meshod of dlsposal of these typas

,/of sludges is by solidlflcation of the waste in

o

"sope mannery - .

<0 "+’ The-results of the leaching tests given in

..y Table 20 indicate that .mercury was not’ leached
from the cements, the.detection limit bethg 5 ppb.

- : - : -
However, there wag extensivn'leaching of zinc from

. the cement contal&%pg the zlnc chlorlde filter

sludgez Th‘= level ofﬁiipc-ln the lsach %as 120 pdm

< after 12 hours leachlng. Tha zinc,compounds are

PER
ev1dent1y only, loosely bound up in this”weak

(50-60 psi) cement and ars easily remodgd by the
alkaline«leaohing water. A chemical addltlve,-
3 M . 0

which forms an {nsoluble compound WIth zinc,

}ﬁght be one solution to this particular leachihg
e A g . .
. -N\&“ R * k]
problen. . . :
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Sludgé used Tlement Concentration of the
in.the cement analyzed element in the leach after
, , ‘ in the specified number of hdurs
’ : : leach continuous leaching \
, _ s/
Y2 L.z
v, 2 1] o ¢ B . ) . - \
” Brine treatment L. o .
: ' sludge : Hg <pnb) 5 L<s kS :
i o
, Lime-lron 'sludge Hg (ppb) <5 <5 - <5, ‘
- ’ ’ . ‘u Iy
: Zint chloride S o °
filter sluige Zn ‘PP"’)_ <0.1 -38 .10 . -
a: The leaching tests w&re carried out ‘on the
‘cements with. w/c =. 2 0. after 1k days moist .
.o .during. L S ’
° | ’ o " ¢ ' h . a -n"
" - Y \ . a A "’
a"z, ) °' 3 o . i -
.‘ -e“
4 ) . P : . . , ’ IS \
J ;“ . ) } s ‘.o , .
| . . . e
ks . [ a o e
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Results the Leaphl Tests on the Cements?
Containing\bhe Waste - Sludges ‘
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“’Cbmpositioh and breaking foipe‘readings for the ~

* s s

Tia Compositign . °

suncertainty.in the meéasurements was approximately

25 grams, This was mainly due to minor losses in : :
‘transferring the materials. The cement pastes were L '
opreparod in’ two batches, of approximately equal | 10

size, totalling the ;eights listed in Table 21,

2. Breaking force readings ' L | ' '

‘strength values determined by dividing the force
"applied at the breaking point by the cross sectional

°, Appendix "B® -

i
i

cements gauged with tap water

-

The cement mixes were prepared by weight. The

The breaking' force readings as obtained, in f
pounds force applied to the cylinder, are given in .
Table 22 along with the corresponding compressive

o

area-of the cylinders, 7.1 square inches, ‘-

2




SN
. Table 21

Composition of the Céments Prepared
with Tap Water ‘ .

/
7/

Component Gomponent weight (gm)
Sample: L 2 3 & 5 6
. _ portland  a950. 3000 2600 ° 1500 1400 1300
- fly ash 8250 9000 7800 13500 12600 11700
. vater 4400 3600 | 5200 4500 j6qo 6500
- _ total: 15400 15600 15600 L95oq 19600 19500
' ‘ . ) ) ° B ! | B | .
o sample: 7 & 9 10 "1 12 1
1 . Bydrated 5500 2250 2250 2100 900 . 800 750
) ‘« , fly ash 7500 6750 6750 6300 8100 7200 6750‘
v+ water 4000 4500 . 5400 5380 3600 4000 4500

total * 14000 13500 14400 13780. 12600 ~12000- 12000

éaqplé:~ ') li," L 16
-fly ash. /9000 = 9000 8000
;ater ‘ é 00 o g 5992
total e 11700 » 12600 12000

. Ol °? " -
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Appendix "G"

i

Compositiomr and breaking force readings for the
“cements“gauged with 1:1 steel pickling liquor

1. Composition

The cement mixds gere prepared as described in

Appendix B for the ceménts gauged with tap water. Tbé

relevant data is givgn‘in Table 23. - »

2. Breaking force readings

The breaking force readings and correspondihg

compressive strength values aéb\ggygn in Table éh.

2

'

70

- -3
e, TR - -



Component .
Sample:
"portland

cement
fly ash

water

total

ngple:
' hydrated

lime
fly ash
water
total

i

Sample:

fly ash
water

total’

Table 23
—_

Composition of the Cements Prepared

with 1:1 Steel Pickling Liquor .

Component weight (gm)

1 2
2600. 2300
7800 6900
5200 - 6400
5600 15600

Y 8
1650 1400
4950 4200
6600 8340

13200 13940
13
8500
00,

11900

3 ko
2000 1000
6000 9000
7200 5000
15200 15000
9 1
1100 600
3300 5400
1920  6odh
12320 12000
14
8000
4000
12000

5 . 6
900 800
8100 7200
6300 7200
15300 15200 °
SR )
500 500
L500
6000 000
11000 12000
‘ j%g
«J 7500
4,500

12000

71.
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' Appendix "D"
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n 5,

e

Composition and breaking force readings for the
cemeq&irgaugeddyiph phenolic waste water (I)

v

.

-
o L8

:
-
.

1..Composiﬁipn

]

< .
Table 25. . . < A
. . - T
- . “ . "t}‘a
2. Breaking force readings 7.
.
The breaking force read{:gs and corresponding ,
comprqfsive strength values are given 1n Tgble_26.
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Table 25
. —
S L Comp051tlon of ‘the Cements Prepared ’
\ o with Phenolic wastq Water (I)
- " — LI
| dbmgonent S ,Componenglg¥ight (gm) -
) ] =y . ~ - ) . ' .
Sample:. 1 .2 3. b 5 6
- . portland . ) T .
D : cement 3000 2400 2400 1100 1000 950

* . fly ash 9000 7200 -7200 9900 9000 8550 °
- water! 360 3840 ¥, 4800 3300 - 4000 4750 .-

- + Ttotal 15600 13440 14400 14300 - 14000 14250
b . \ . . ) ’
. [
BN Y ’ . : : B s o » . ,
~ " sample:r 7 N & 9 10w, 12
[ - - . o’ K 4 T " v | ~
L }l‘{ggate@’ 12000 2000 1700 800 700 . 650
- .« flyash. 600 6000 © 5100 7200, 6300 5850
| © - water . ° 3200 4000 4080 3260 3500 3900
b. T ", ’ o )
e., »7 total - 1120 1200 10880, 11200 10500 Loz,o\
o . LY _\ a M y ' -
’ L Sample S 5 L .
\ * . : ' e {
3 fly ash .~ 9500 ' "'9000 ,
gwater . i L 1 OO' ' < « 270 q" < 'i‘
' wotal 7. 11400 12000
w® I '
. [
o ket o \“!‘ : ' . © N
] ::\' o a\t e b * '
L . ) . )
o T e - > .
' . \ \ o J
\ -(' \{ " - ; , . kS ‘
"‘ ' ’;.' ' ' \‘ . ‘ ¢ * "‘ * t 1Y
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< " ~_‘ Appendix "E"
' ¢ LI .. * . '
. ’ < 4 . -
. Compositidﬁ and breaking force readings for the

A

"I .  cements gauged with phenolic waste water (II)

~

1. Composition . , .

prepgféd as\&gscribed in Appendix B for the cemerts

1 . o ) .
¢ . gauged with tap water. The relevant data is given in
Table 27. - .
. o /
® -
- . . . / . . >
’ "o\ 2+ Breaking force readings . . e
\,‘ L) - .
. 5 *» . [ . . .0
The breaking force readings and correspondi
- Compressive strepgth values are givern in Table 28.
v - N - &
. yo N y
? A . - Y 4 4
. 8 . . ’
y . ! v " ! ‘ ,"*.; H
. S - Cea
. - \_ ) 4
X o. n__‘//v
- ', R .o L ’
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: y ot -
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L3 //
| . . .
Table 27 :
Composition of the Cements Prepared . A\
with Phenolic Waste Water (II) L -
.‘ . = | , ) £
Component ‘ 3 Component weight (gm)
Sample: 1 2 3 N Y
v ¢ . .. N . Y
portland . : 2 , :
coment 3000.,L 2800 2600 ° 1200, 1100 . 1000
fly ash 9000 8400 7800 f}oéoq 9900 ° 9000
. . gy ,
water . . 2400 3360 4160 /24683300 .. 400D
_total 14400 , 14560 14560 14400 ' 12500 14000
. SN : . L .
~ Sample 7. , 8 - 9 10 1 12 -
" hydrated N ' \ : P
lime 2000 1900 1700 850% 800 700
- fly ash & 6000 5700 5100 7650  -72Q0 6300.
) ) < s
water .3200, 3800 4080 2550 3200 3500 q
total 11200 114000 10880 11050 ' 11400 10500 ‘
Lo * '
. . . et
3 Sample: e 13 , 14 .
A fiy ash’ | " 9500 11000 "
water ¢ : 1900 3300 _ \
" total %, 11400 © 143000 RS
3 s : - ‘ '

-4
>
-
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-~ Appendix, "F" e

-~

Data from the leaching tests

’
1. Iron determinations L
Standardization values for the iron determin= ‘ :
""’“"‘”‘““"”f'aei°“s made using the ‘Parkin Elmer Model 290 Atomi&w S

Vi

Absorption Spectrophotometer are listed balow:

Fe conc?ntration N Reading
{(ppm) ~ "'
0 0
1 . 1.0‘ 2.5 *"
2.5 4.5 g .
5.0 ( 7.5
10.0 lh.S
All theireadings obtaéned after 14 or 28
days mp%;t curing were O, 0.5, or 1 and so the - .-
iron concentration was repor%ed as‘iess than 1 ppm.
’ - ’ *
. SCandardizazio§ values for the iron deteﬁmin-
ations made using the Perkin °lmer Model 503 Atomig
Absorptlon Spectrophotometar are Lxsted below' o .
9 ] '
, " Fe concentratloq ’ fAbsorbance
v ‘\ 1 ppm) . 1 g . . ‘
: 1.0 ! . 7 .0.021 i
- " : 2.0 . ‘ g .. 0.0h? ' ".” ) R
C . 3.'0 ' : '. 01066 ! : ‘
Lo - 0.092  ’ ’
5-0‘ ’ " e ) O- 120
4 ' .
' ' :
1 \ .‘"/ '



> . Sample Absorbance
] 24 hours ‘ 48 hours
‘ ‘ - leaching leachsag
s ’ ) - ¥ 1
) . 1 . S _0.001 -0.005
20 - 0.001 0.001
y h . 5 L ) B 0.002 - ,7/ - -
o e e e T T T T T T s —— 0,001 - T LT 0.00A ) :
8 ‘ 0.004 0.002 .
. . 2. PHenol, determinations A
] Standardization values for the phenol aeter-
/ o mipations are given below:
- Phenols " "AbéBTbance‘
1 !!!g! , . :
, “10° 0.0
* . 30 : . 0.12
50 \ 0.19 .
70 S 0429
o 100~ 0,37 Y T
S . In all the,phenol detdrminations the. absori-
| ) ance readings were less than 0.02, | . s
™ & - ‘ " ' |
. ‘5\' . ) \
Y (] .
SR
n}'. ) > ! "Y’
: . \ - . © . [ S .
* ' “/ ' " . al N :‘ : PN
a , . ' [ ' 3 “s

PN

Results of the leaching tests performed atn90 days:

Loby
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