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PART [: INVESTIGATION INTO THE PERFORMANCE OF SEVERAL y
SINKING AGENTS IN THE REMOVAL OF OIL SPILLS &
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Th1s thesis descmbes technwues for the testmg of. several

s1nk1ng agents to detegmme their eff1c1ency in the removal of oil,

CPs

{

and ﬁhew ability to retam 011 rOﬂCE removed by the action of s1nk1ng
It also provides 1nformat1on concerning the) effects of oil T’a&er
y tmckness treatad— initially, free fall distance for the sinking agent
temperature a‘nd 0il type on the Jﬁmency of remova] and on the

retent1v1°ty -of sinking agents T

.
‘e * i
L4

- I~n general the oheavy smkmg agent 011 -Lok 501 was the most

!ffectwe for the remova1 of viscous oﬂs such as No. 6 BunkJJM————»—» e

¢ ' T1ghtgr 0ils suchias No. 2 Fuel 0il and Western Crude were best removed
/ byyfhe non-spontaneous s1nk1ng agents Zorb-AH and Hi-Dri, 'which had

»to be stirred before they woufd s&'knf. For these sinking agents, the
2 free fall distance and 1mt1a1 oil 1ayer treated had little effect on
( thear efﬁcwncy L:\:/’en tempenature produced more cohe/ent oil/agent
masses and 1rcreasad the amount of 011 carﬁed“to the bottom of ‘the

° tes -ceﬂl. The retentwny of thexsinkmg aggnhts for the oils aft}er

e f .
7t M -
"

) . -
. ' : Lo,
H
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1
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L . s'imking proceeded in decreasing or“der of,;Hj—Df‘i , éorb-AH , and Qil-Lok.
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. strength of the natural forces of tides and currents. }Present day -

D

e

e
4

1 "~ INTRODUCTION

The main sources of 0il\pollution dre not the spectacular
accidents, but the incremental amounts that are ]oet‘from oj] wells and

pipe line leaks, frdm refinery and petrochemica1 eff]uents, from ' .

'tankera'cleaning thefir hplds, and from sewers releasing industrial and \

. . ’ L
"automobile wastes. Chronic man-made pollution far exceeds the natural .

s @ .
seepage rates and is stra1n1ng the ecologjcal ogﬁanée 011 sp11ls 1n X A
the arct1c regions "are part1cu1ar1y hazardous to the env1ronment

L -\

because their effects can be preserfed for half a century or more.

3

The need for ?hproved methods applicable to“the containment,
treatment, and remova] of oil sp1115 becomes daily. more urgent. ‘¢he
growth of oil tanker size may turn a slngle 1ncident into a{maJor

catastrophy. 0il ;7reading on water acquires the hncontro]]ab}eL -

~tecnnology is incapable of aealingfnith these forces. Vo

When the Tampico Matu in 1957 ran aground'o¥f a forlorn part

af the Mexican coast, the .only efies to suffer were the seaweeds an
- ’ ¢

shell Tlife. Recovery was fairly rapid and -within two years the n‘tural

]

ba]ance had been restored

1 N . I

1967, the English and French governments ;ttacked‘the spilled gil with .
booms, bombs, dispersants, and sinking agents. Booms and bombs failed

to halt the oaslaught of the black tide. The haphazaro.application of




.

. regulated.’ Sinkﬁé%SMethods; the 1ast to be tried, were also the most

L4 ,5

4
useful. , \ (. . J )

. "' ' N o\
The Santa Barbar;]ébqgt in 1969 was. simu]tZLeous]y hit by a v

leaking o1l well that could not bé plugged and a storm that hampered -

the new mechanical o1l removal deviqes, such as endless belts and drum
skimmers. The starm ruined boogs and made ineffective the use of
sorbents. But the si]t‘thgt waj\éarried down the rivers sunk an i

incalculable amount of 0il and greatly reduced coastal pollution. N el

A hgst of o0il cur§a11ment methods now ex ew generétion

of super-surfactants‘that are claimed to be non-toxN¢; monomolecylar

R piston films that herd the oil into”a fraction of their ;preadable area;
waxed or si]icoﬁized sorbents with increased affinity forxoil; maénet?c ¥

" liquids which are miscible with the oil and magnetize it so that, in . » ©o0
theory, all that is necessary is to pass a giant electromagnet over the
site of the spill. Ngr booms have been developed which are less prone

\

to fall apart with the first wave. | \

4 * (
T Despite advances in o011 _pollution handling methods, sinking . 3\\
' #agents have a serviceable role to play, although their use is still a b} °

contréversia]lsubject. There is something inherently dis§é§t§:j: in

&umping tons of dusty ores in the ogean. The main.advantage sinking

agents 15, that their recovery is not necessary and, when swiftly app]ied, N
serve torlocdlizeqfhe spill. : o Iy
A - s = .

-
&
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e briefly obt1inéd as follows.

v

»

The genéral aims of this study.invp1ving sinking -agents can'f

-

<
-

I

<
9

1. _ To review, develop, and apply a method of ‘testing

L to determine the efficiencyu9€ a limited number

¢

of sinking agents.

Caxs o

0 - -

. ) - o
2. To 3eview, dewelop, and apply a method of testing

to ascertain the oil retentivity of the selected

~

agents under laboratary conditions.

M.

3. To explore any factors ariging out of 1 and 2. v

spills.

<

4, T6 review me%hoﬁs other than sinking égents that

»

* _have been used o restrain major or minor oil

\ ~

* 4

5. To look at the problem of. 011 pgllution 1n,génera1 o

:' . . %
and its effect on the environment today. !

Figure 1 is_an outl

I

ine of the experimental testing procedures.
<
n‘n‘
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PLAN OF EXPERIMENTAL ORGANIZATION "-.




2 © .. ORIGIN OE OIL

- ' .
The earliest theo;¥5§joﬁr{he origin of oil weré inorganic in °
nature. It was thought ¥hat carbon d%bxigg in ground -water was reduced .
by alkali metals in the earth-to yield acet}]ene-and ifher hydrocarbons.
Another hypothésis was that acidic waters reacted with metal carbides

to form petroleum hydrocarbons (1).

— '(

Although the chemical composition of crude oil yiglds few
clues éﬁato the natqre of the source material, the preseﬁce in
petro]éum of optically active material, and the detection of porphy?ing-
in 1934, indicated that at least part of the source material must{bave

" béen orgénié in naéure.' Porphyrins are the degraded products of both
chlorophyll, the photosynthetic gigment of plants, and the hematins,

T . the respiratory pigments of animals.

=1

~ 'The exact mechanisms' of transformation are still not known ,
but present day thinking on the formation of oil agrees on several

factors (1,2,3). )

-

1.  Petroleum is always associated with the formation
of marine sediments. Most of the source material

was probably accumulated fatty acids and hydro-
- '

carbons of marine organisms. The-carbohydrate,
-, lignin, and proteineOus’portions of living organ- °

< isms played a }ér smaller.part in oil formation.

i

- 2. The ocean was probably not the onlysource of

= | 8
. '+ _hydrocarbens. A.total of about 2x10° tons of

J

#“
o >‘- ’ L7}
: : .+ .
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volatile hydrocarbons is released into the atmos-

'

phere each year. Most of this material is ultim-
o ‘ E ’ ‘s ° .
ately broken down into carbon dioxide and vater, - y

but part of it°condenses and ig returned to the-

- &

earth with the natural precipitation of_rain and

A

snow. - / ' ’ °

s

’
~

" The natural radioactivity found in sedifents -did " o
not supply sufficient heat and radiation to be- A

counted as a factor in the -formation of* oil. ’
v . )

s - ,.‘ . - . . ¢ . ’ .
Anaerobic bacteria degraded and altered the source ’ ‘
- e - .

material.,

o

Tqueratures above 80 to 90°c Qe}é 3150 not

required. S L S \\\‘

’

Very high pressures were probably not necessary to

" the formation of oil. ' T

" . . *

) *(f( ‘ . .
Clays and 2§her fine grained minerals which are et
always present in the sedimentary oozes may have . .

B

acted as slow catalgsts for the further alterat{on .

and degradation of source material into oil.

-

‘>‘. ‘ ' . ¢ . ‘f:



" sewers carrying industrial and automobile waste oils, estimated to be

" to nearly four times fhe nafﬁ:g) seepage rate. _ . -

3 6Ig IN THE ENVIRONMENT  ° g ' - -~

3.1 - Sources of Pollution ‘Vl & D

. - e

ry

The earth manufactures enormous quant1t1es of 0i1 and re-

teases on occasion some,Qf it herself. Natural seepages have been-—- .
ll_:‘,\(/ <
known throughout h1story mentiaoned in the Bible, in the works of h

*

Herodotus, and in the-wr1t1ngs‘ﬁf Marco Polo. The Athabasca tar sands

are the remains of a giant seep.

(Gﬁ Best estimates for world wide seepage'ﬁs about 0.6x106 tons

———

per year, concentrated mainly around the Pacific area (4). Present

o s - hd

dey world wide production of crude 0il is estimated to be between
9

(&)

. s LR}
3109 and 4x10° tons a year, and about-0.01% of the amount handled ts -

accidently spi]1ed from tankers, pipelines, and 0i1 wells (5). This

means that 0. 3x106 to 0. 4x10 ton§ of 0i1, some authors say amillion

tons, are released into the environment each year.
(.

A large quantity of oil is also released "6ﬁavoidab]y" from
/ - T \

!

. 0.6x100 tons. EffTuents from refineries, petrochemical plants; and
tankers at sea flushing their tanks are estimated to add another

0.4x106 o5, Dur1ng the six years.of WOrld War II ax10° tons of 0il

were lost by destroyed tankers. On a yearly basis the tota] .amounts

!

3.2 Tanker Size S

Tankdes \are growing 1aeger (5,6). Techn'ical innov t1ons

have continually extended the limits ' to their growth. During
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VAR
~<he Baltic is 15 times as bid. _The Baltic serves as a major, shipping

3.3

of World War 1I the

_ ave;agi)tanker measured 16<900 tons. Fifteen = .
‘e
years later there‘nere tanKers that could capry 20 000 tons and by 1965 .

g carrying capacity wa¢ 27 000, tons.

The Torrey Canyon held in 1067 ‘.

apﬂyox1mate1y 117 000 taﬁg of crude or] Today 500 000 ton tankers'

are under construct1on and_800 000 ton tankers ave expected to be built -

.
-

in the next Few years

4

[

Although the existence of 1arger.ships means fewer ships and

less traffic, it also means that when accidents do occur the" monster

>

ships have so muéh draft dnd inertia, a stranding or-collision is‘more

Tikely to result’ 1n total destruction and to create an 0il 9p11] of -

major proport1on

9 . p\
The Stagnant Seas » ’ o )

a

" The Casp1an Sea has suff@%ed 1ntense and cont1nuous 01l

pol]ut1on from natural sourcgs, offshore dr1111ng, and the' petroleum

industry in the area (7) The product1onﬁof phytop]ankton on wh1ch

a]l mar1ne T1ife depends has fa?1en dramatically and "the fOrmerly abun-

dant f1sh1ng industry has been decimated. “

. -
.

The Baltic Sea through:hatura1 causeénis a..stagnant basin,

«

oxygen deficient due to insufficient water exchange with the Atlantic

The situatien in the Ba]tjc is similar to that in Lake Erie, but

highnay that caters to the industrial centres.of Nonthehn“EurOpe. \

Spent 1iqdbrs from the naper industry, arsenic, cyanide, !

detergents, and mercyry are tainting the fish.. Fibres from ceilulose

- ’

1 ” -

&

Se

~




- 1ndustr1es d1scharged in great quant1t1es are suffocat1ng bottom 11fe
N .
: The Ba1t1c Sea is threatened today with becom1qg a vast hydrogen

o . sulph1de desert with no ]mfewbut anaerob1c,bacter1a (7). A maJoILo11
| ‘ o E
spill disaster may well t1p the balance beyond the sea 'S recuPerat1ve
7
powers. . . S
’ 1Y . . R . ;3‘:“5
3.4 Sub-lethal Amounts of *0i1 and Cancer

The marine ecology of the worlq‘is changing rapdd]i. ‘In the

Sargasso Sea, the bane of}sai]ing vessels, tar balls and oil globules
[ “ . w c T ' ' .

are more abundant than the Sargassum Weed (5). Frdh accidental oil

sp11]s 1n the ocean we have some idea of the effects of gross pollu-

“ t1on on the env1ronment (8,9,10,11,12). Far less is known about the

4

»

\ 1ns1d1qps effects of chron1c sub-lethal amounts ' T

. . ~
1. 0i¥in water has the capacit to. partition and

concentrate various pesticides such as DDT (13).

2. Lo ster fishermen have found that’ba1tang lobster

t* s with kerosene soaked br1cks §s as effect1ve ’

oo - - v as using live bait (14).

’ 3. The Tow boiling saturated hydrocarbon fractions
e, , ~' ” found most abundantly in crude 011 can seriously ’
) y : o‘« 1nterfere w1th marine b1o1og1ca1 processes (14

o , 15,16 7). : b
oo ’ - , ¢

. . v . A

.. o 4 #'Chemical senses of marine 1ife are involved at

I ’ * e .
~e . extremely low.concentratiofs in escape.from pre-

2 dators, in sexual stimulation, in thd schooling
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4

1]

v

-
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«of fish and in the locat1onooébhome streams

Innocuous levels can produce drastic chemotax

»

alteration i behaviour (18)s 7'

- .y
’

., the Sargasso Sea, c;hta1n.the higher boxhing po]ynuclear aromat1c
hydrocarbons some of which have been found to be carcinogenic, in
nature (1]) Crude oils have caused skin cancer in ref1nery workers
(5)\ CarC1nomas have been found on the 11ps of a Pacific fdod fish
in an area chroh1ca1]y po]luted by an-—Qil refinery. It has been
estimated that crude oil conta1ns carcinogens such as 3,4- benzpyrené

-~
at a concentrat1on of 1 ppm (19). This means that the Torrey\Canyon

which lost about 100 000 Qpns of:%11 also distributed 200 pounds of .

> |

carc1nogen1e mateigal "into the environment. ' . {
L ’ o
3.5 . The Fragjle Ocean )

% The oceans are a great regulator of the planet's weather,

~
not ohty because 70% of the solar energy fai]s on the1r surface, but

also because they contain most of the supp]y of fresh water and are

: !
Oy invdlved in the productfbn of a large fract:on of the eirth S oxygen.

IQ‘;,

In certain trop1ca1 reg1ons the salt nuclei sprayed out. by waves p]ays

a

an importantfrole in the spawning and growth of hurricanes.

- ~

3 ' cu

If a cnoss -section of the ocean’ s depths were plotted on a

Neathered crude o0il res1dues, like the float1ng tar &alls in .

Wo ¢

-

N/
>

258

(=N

logarithm1c scale, to-a depth “of ten kilometers; -the top mlllimeter of .

the ocean wou]d cover half the page. This is thq;part that is respon-

" sible for gasﬁgdffusion, in part1c§1ar the absorpt1on of excess carbon

dioxi e produced in recent decades. The effect of gross pollut1on on

) - - . .
* B
\ N - »
v ‘ = ‘ L \\
s
‘

. ! * 4 ’
* : v . ;,
' 2N . " n . . ' o
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) th{s’ff;g11e microlayer of ghe ocean is not known*(ZQ).

“ 4 ' THE ACCIDENTS ° -
- . N . /

1957: The Wreck of the Tampico Maru .

- In March on a deserted portion of the ‘Mexican coast]1ne an
" 0il tanker, the Tﬁmpxco Maru, carrying 8000 tons of diesel fuel ran

<

- aground (21). A long/gash across her hull was r1pped open, her for-

w4

ward section filled and settled.” She Was- swung around by the surf

until she lay broadwise acress the entratice to a small cove.r

& .
~- 4

2 . - ¢
I

an i

The 1eak1ng 011 forméd a tunbid emu]sion W1th the' sand and

shell particles in the surf and began to cover the bottom of the cove

Very few animals surv1ved the
(

mussels,‘end a host of smaller forms.

destruction. : . T
».““',} s a;# . D d
A tiny sna11 that lived above the high water mark.and so -
-

escaped the worst effect of the oil, and a large anemone were the

*only ssuryiving speg1es. The anemone is an an1mdﬁ very reststant to-

*

L. s
01l pollution., It has beer found in the effluent of 0il ref1neries

I

that use sea water as a coolant.

@
o

Indications of heavy pollution -lasted for three months'(22).
1 _ v

-] “

¢ .-\

" o with a suffocating s]udge. Because of the 1naccessnb1e 1ocat1on news
- ‘u:“‘ ‘ of the destruction of life in 1this cove spread slow]%
g -,a; . 3 . 3 o . ‘ . "
o When scientists from the Séripps Institute of Oceanography
' ‘'visited the area about, a month after the accident, they found the beach
TNe s 11ttered w1th ‘dead clams,. fbbsters aba]ones, sea urchins, star fish, |

-
s
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But by the end of'the.summer the beach was bedfgningﬂio recbver. The
destruction of grzzj:@ animals which fed- on seaweed™produced-subsequent-

ly an exceptionally,’uxuriant growth of algae.

»

.

o . Two_ years after the incjdent, the cove had almost retutnez
S.

to normal. Most lost species had been able to re-establish themselv

But some had not. New species had moved in that were previously-

IS

absent, and some animals previously abundant had~d§$appeared. It will ’u

| take a very long time for the ecological balance to return to its

original state (21).P ' .

-

4.2 1967: The Torrey Canyon Disaster

e Rl

On Saturday March 18th the tanker Torrey Canyon (24) loaded

&

, with-about 117%000 tons of crude oil from Kuwait ran aground on the

. | high part of some submerged reefs in the English Channel: Seve;;1,pf' 4
'her 18 cargo. tanks'werq holed and_oil,?mme&iately beganﬁto pour'out.
.. ~ Within a few hours a Dutch salvage tug reached the stranded tanker,

but failed to ﬁull'heé free. ~In addition to the leak, o1l was being

. _pumped into the sea, in an attempt to lighten the boat. A”Royal Navy B

boat soén arrived and sprayed the spreading oil*with detergent:

'buring the next few days rising high winds further damaged

the Torrey Canyon. .Salvage attempts.by several'tugs én]y managed to

. .r{p her in two.' A flotilla of 30 ships atteﬁpted fo curtail and dis-

perse the oil. by spraying with detergeﬁts. An estimated one mi}lion o

-gallons of various detergents were poufed on the 'oil slicks (24)., °
¢ o
The Royal Navy and Air Force tried to bomb the vessel with.
™ 8

'

T




h . .

. hieh explosives, aviation kerosene, and 'napalm to obliterate_the ‘
wreck. _Bu; fires failed to Tast. One weekwafter grounding the f{rst
0il Zaﬁe ashore at Sennen Cove on the Cornish coast (25). By April
11th a 50 kilometer stretch of Cotés du Nord in ‘France became po]]uted

S (< ' F |

| ) : . . R { \ : '

| ’ - In England, notw1th tanding the fa11ure of detergents at
sea, the battle of “the beachES'was~feughL\g_th more detergents At

Sennen Cove, the first to be hit, 011 lay 1n some places more than a

foot thick. On rock&~coasts detergents were sprayed under ﬁigh press-
ure. On sandy beaches bulldozers p]oﬂghed and scraped‘the saqd‘togefher,
‘\\\\\\\\\\ and the mounds were sprayed wiﬁﬁ detergent. dt was hoped that the ;
‘\\\\\\\\\\\\\\\;jncoming and outgoing tides would scrub the beaches clean. g
Detergehts were not used with wisdom i24,27). Buckets and
drums of undiluted detergent were tossed from c]iff'tops. The emuTs1on

of oil, water, and detergent was far more destfuctive than {48 oil

itse]f The emulsified oil penetrated deeper and turned some beaches

-

into areas. of o11/detergent qu1cksand Snails that were seen crawling‘

'

on top of 0il coveredﬁg\\weed fronds,’d1sagpeared when pounded by

waves of dispersants.

Forea
a

The dispersant used aga(nst the oil from the Torrey Canyon -
was mostly BP]OOZ which is. toxic at 5-25 ppm to a variety of crust-

aceans), molluscs, and delicate seaweeds. "At 0.5 ppm BPT002 can affect

the growth, aﬁd development of the larvae of barnacles (28). Besides..

~\\\t:he vne million gallons of detergent sprayed at sea, another two .

L]

mm]]ion gallons were dispersed on shore And yet it had been known
- r N . 9 (

v . >

-




_its volatile and §hqrt térm toxic components. This thicker and denser - B

- treated at sgicial'reﬁabilitation centres; 150 were féturnedsto’health

- ]4_ .

. 7 .
well before the Torrey Canyon 1ncident;’fhe havoc tha; detergents can
. il
produce (29). - ) . _ PR

: )
ot N ! .

Along the Cornish coast, as in the case of the Témpico Maru

wrécka the annual green algae received an initial setback. But the
virtual elimindtion of various species of grazing mo1luscs prodhced in

a few months such an algae spurt that even previously bare rocks (

became covered with a thick slippery growth of green weeds (28,31).

b

] 9 .
e .t

In the beginning of.May the French di}covered another 50~000_ oo

»_tdns of 0il in mid-channel, drifting slowly into the Bay of Biscay. ) o

However coastal pollution, when this oil finally hit the shore, was

A

Tow. Instead of spraying with detergent, the French treated the
weatheréd 0il patches with blackboard chalk to which had been added - “o

1% sodium stearate to-render it more oleophilic_ in nature. About

13000 tons of chalk sunk about 20° 000 tons of 0il_in 390 feet of water.

\

The 0ils—having been at sea much longer, had lost most of = -

oil probabi§7required much less sinking Sbent than would othy*wise

have been required. ’ There has so far been no report of oil refloating

(26,30Y. - .

~—.

Britain and Ireland (32) provide a preghing station or

winter duarters for a large proportion of the Atlantic sea birds. The
. —_—

birds were the worst sufferers in the Torrey Canyon oil spill. An est-
imated 10 000 to 30 000 sea birds were killed; about 6000 birds were
. / +



-size of ducks, well adapted to feed1ng on. the wing (34, 35) Their

[

~ v

and released; and 40 died within a nbnth after re]ease (24,33). Qf , :

S natural‘wax cover (34,35). Rehabi]itatidn was thus overly prolohged.

the birds worst affected were the auks, a species of water’bindsathe

)
natural respdnse to danger is diving, and so” they rece1ved a

coating than necessary when trying to escape the hazard of o0il by

diving 1nto 1t (36) The o011 caused their feathers to st1ck together,
and thein\plumage lost the capacity to protect from co]d IJpar -

metabol1c rate went up and their fat stores became exhausted

-

The birds. that were rescded were washed with tr1chloroethy-

‘lene so]ut1on which not only removed .the oil but also removed the1r

x'

|
Some newer cleaning agents with which waxing takes place during clean- i
~a " ~‘ "é’,‘ » . - ' J
ing are now being used. But' the variety of 300 different wax molecules ?

that can be found in the secretions of some preen glands'%s‘hand to

replicate with an artificial replacement (37). S .
-, ! ' ' ¢

——y R -

. The majority of the initial cadavers were badly o0il stained

* with feathers fa]lﬁng out of SWOllen tissues. The dead and dying

birds were emaciated, suffering from great atrophy of their pectoral
muscles, the ma1n,f119ht muscles. They weighed. about one third their Ry
normal wei@tf; Those birds that did not succumb 1mmed1ate]y to an ' -
overdose of 011 suffered from 1nterna1 haémorrhage inflamed intestines,
congested 1ungs, and d1sco]oured k1dneys The blrds that survived

the oil and surv1ved the de-0iling procedures, developed after sevenal

. weeks in capt1v1ty due to their enforced f1ight1ess state and

unnatura]]y long grounding, arthritis 1n the1r legs and cracked webs S
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and.skin which e entua]]y became infected. In general, the longer a

- l bxrd vas kept .the less were 1ts chances for surviva\ (34, 35)

. 1
. a

4.3 1969: The Santa Barbara Blow-out .
__—~—~’—~ﬂ__—~a—-‘“\\\Tﬁrﬁanpary 28th during normal operat1on on a drilling

p1atform off theﬂg\qfa Barbara coast, it became‘ﬁecessary to replace a N
worn drill bit in Well A-21. -Sections of drill pipe ware removed and : °,

Ue

;' , drilling mud pumped in. Drilling mud is a special iubricant used t6‘:
. cool and Tubricate drill bits, and maintain hydrbstatic counter
pressure. When the eighth ;ectidn of drill pipe was removed, dri]liﬁg : ' .
mud began to flow back out of, the well andofutmed a 20-foqt geyser
: above,thg platform. About 200 yards off the northeast corner oj the
platfoam large boils of exp]oaive poisonous natb%a] gas begap tafbubbﬂe ~

on the surface (38).

The next day helicopter surveillance revealed an'oil slick

-3 ¢ 2

about 25 square miles around the p}atform Long wind-driven windrows
were beg1nn1ng to reach the shores,of Santa Barbara (39).

v i

. The Federal water Pollution Control Administration permitted

d1spersants to be used in combatting the spreading oil s]1ck5‘ but ' 7
o~ perhaps mindful of the damage caused by these agents, changed itssmind d v |

for and against their use several times during the initial days of the
- blow-out; and finally a110wed|on1y limited spraying around the platﬁunn

v to reduce the fire hazards (39). . 4 .
s e ~

. - t
To protect coastal areas plastic booms 1n‘500-fag; Tong

7

sections were made ready, but it §oon became apparentythat the booms-

)

[
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under construct1on could not meet their requirements. Fittings broke

“even urider low stress, sect1ons Jjack-knifed Znd construction of these

plastic Nooms was alfandoned. Booms made of telephone poles strung

' . . -

together By steel cables proved unmanigeab1e and were finally beached

by the Coast Guard attempting to use them (39).

A two day storm hampered all oil containment efforts. A
& .
ship ranmed other 0il barriers set in front of the Santa Barbara

harbour/ and 0il came ashore The storm deposited on the shores a

tremendous amount of dr1ftwooa\and debris and seaweed, all ofi?égch

later became covered with 0i1, making cleanup more difficult.(38,39).
ot

!

When’the storm subs{aed work was continued to plug the leak

of Well A-21. Finally ten days after- the b]ow-out the well was p]ugged

with drilling mud and cement. - The 1§§k was over.

J~
The battle for the beaches was a failure. Bogg;*\f1oating

skimmers, bubble carriers, and polyurgthane drum and wringers did not

find conditions suitable for operation in Santa Barbara. Burning was

trigd for-o#l, and 0il and straw, but was unsuccessful.

> ( ) . L4
Straw mulchers capable of broadcasting 8-10 tons-of straw

per hour were used, but recovery was difficult and legal disposal

-

sites were limited. Santa Barbara city officials did'nggﬁgsymit the

use of the city dump, and other disposal sites were inaccessible

because the roads had been.washed out during the rains.

e On February 24th Ne11'A-41 on the same platform Blew ouf.

~



N © 218 -

In two days the river of oil measured 8.5 miles long and 1900 feet
wide- Huge underwater rubber tent funnels were installed on the 'ocean
floor’to siphon off th,,upwéT]1ng oil. But the 1eak was uncontro]lab]e.
It increased &nd decreased without apparent cause. ’It was finally

plugged with mud and cement on March Ist.

/

!

On December 1st there was still anothef leak. A pipeline on

the same platform broke and released 17 000 gallons of oil (36W.

a

The amount of oil that coated Santa Barbara varied with the

observer. An agreed upon estimate was that during the worst days the

Teakage rate was 20 000 to 200 000 gallons per day (39).

-
Santa Barbara was lucky for it probably suffered more ?rbﬁ

the eerly storms than from the oil. .The rivers carried down excess

silt which mixed with the tide of incoming 0il and acted as natural

sinking agents, and reduced the poss1b1e contamination of the shore.

.Santa Barbara was used to 0il spills (40) ' 041 leaks have been recorded

in this area since VancouVer's visit in 1792.° Perhaps 1ife here had

become adjusted to chronic pollution. In this area lives an insect

cal]ed the Pet*o]eum Fly that spends 1ts 1arva1 stage feed1ng in pools

of oil (41).

The bird toll was only 3000 to 4000, most]y'ccrmorénts.
another species pf diving birds (38). Seals and sea liqns were seen to

' romp in the oil covered’waters There were no large fish kills during

kS

the oil spill. Larvae of the common fwshsand macrop]ankton remained or

quickly returned to their former abundgnce. The oil created a nfss but

no lasting damage (42).




5 CHEMISTRY AND PHYSICS OF PETROLEUM

5.1 General Characteristics v ‘ - , .

' The phys(ca] characteristids of crude oil can \}ary from
light yo]@ti]e liquids of reddish-brown colour to viscous semi-solid
l;]ack tars. They can smell pieasant’ly or emit an overwhelming odour of

‘roltten eggs and gérﬁc. The boiling point of some of its constituents
can-vary from -161.5%C for methane to 354%C for anthracene. Solubility
. in water can vary from 150 m1/1 for butane to 3 ppm for decape. In the

ash from crudes almost half the elements of the periodic table have been

identified. B ~— .
0i1 varies from oilfield to oilfield and even from well. to . 1
well in the same oilfield. The 61’1 can contain, besi des'djsso'lved

gases, dissolved solids and colloidal suspensions (43).

N
5.2 Hydrocarbon Constituents N
The hyfirocarbons. preselnt in c;‘ude 0il range from metl}ane to .
molecules of 60 01'” more carbon atoms (43,44,45). -~ '
o (-\ .5.2.'! Normal or-Straight Chain Paraffins. N-a]ka'mes are oimportant 7
‘ constituents of crude oil,.particularly in Tow boiling fractions.
. Their concentrat?on decreases pi*ogressively with increa.sing mo]ecqliar
weight of the fractions. * P )
5.2.2 Branched Chain Paraffins. Because of isomerism in branched K '

.

alk‘anes; the number of individual compounds which can be pres:-:nt in a

particular fraction-increases as the molecular weight.mcrea§es. But

4 - L, . /

- i Lo T



wlfth only a slight degree of branching.:"

the predominating.membens'in‘the 1owe+ bot1ing fractions are those
. o g '

[y

5.2.3 Naghthenes This is a petrochem1ca1 term for cycloalkanes

with or without alky] side chains. Crude oil conta1ns many substituted

monocyclic naphthenes such as cyclopentane and cyc]ohexane,w1th s1de

chains one to three, carbon atoms Tong. But crystalline’ monocyclic

naphthenes with side cha@hs of 20° to 30 carbon’ atoms have been ¢

isolated. ‘ | -

. o : - N

- Other common constituents df qrude 0il are mqucyc)ic ring

fragments strung togethefﬁby alkyl chains, or condensed into variou$ -

branched decalins: Tetr;E}tlié and pentacyclic naphéﬁgneé have Qeen

identified. .In cer%ain lubricating oils graphitic plates -containing

ten condensed rings have been identified.

5.2.4 ) Aromatics. Benzene, tdluene, xylene, !thy1 genze;%, and
others are important constituents in crude oil. As in the case of the
naphthenes, the rings may be condenged or connected byla]ky1 chains .
into various combinations. Saturated and unsaturated ring hyvbrids '
also exist. These mixed naphthene-aromatic compounds appear in the

higher boiling fractions and residues (44). Ve ' .

5.3 Non-hydrocarbon Components

~

Crude oils.also have many sulphur, nitrogen, and oxygén'
o - .

containing compounds.and, in smaller. amounts, organometallic compounds

-~

DY
in solution and inorganic salts 1n'colToSda1 suspension. Although - 1
g by . ‘ ,

nbn-hydrocarbon components are present throughout the entire boiling
\ .

o
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range 0f crude oils, they are more concentrated in the heavier residues. ,

: - _ -
During the refining process the non-hydrocarbons-are the most S o
N N . s

intractable, Inorganic salts cause breakdowns, liberate free HCl, and
" corrode distiliation equipment. . Trace metals such as vanadium and .

nickel poison catalysts (43.,44).

-

5.3.1 ~ Su’]phbr Compounds. Orgamc stlphur compounds are present

in aﬂ crudes, but their concentratmns can vary from 0 05% to 5%. N

The' distribution of sul phur is not unj form sut increases with increas- .
ing molecular we1 ght of the fractwns. Su]phur is also present as

hydrogen sulph1de gas or elemental sulphur di sso]ved in the oil.

In the Tower boiling fractions the main sulphur ¢ompounds
are the highly objectionable mercaptans or thiols. Prevalent in the

higher boiling ranges are cyclic mercaptans amd cyclig sulphides. N

5.3.2 Nitrogen Compounds. Compounds containing nitrogen are

present in highest concentration in asphaltic distillation residues.

Several nitrogen compounds that have been isolated are alkyl

L)

substituted quino]éi@es and pyridinesg as have derivatives of indoles, '

) -
, .. ] |
pyrroles, and carbazoles. , . .

& )
+  Trace amounts of a c]as of compoun'ds caHed porphyrins

<,

' whose basic structure consists of four pyrroie rings Jomed by

methyne groups have beeri 1dent1 fied by optica] spectroscopy and

<electron spin resonance. Porphyrins form' very stable comp]exp_s with

vanadium and‘nickel. They *are powerful interfacial agents promoting |
the format%on of emulsions of bi 1.and water. Their Presence pointed ’

V"_\ -

¢ O ,
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to the b1o]og1ca1 omgm of. petroleum due to thew s‘imﬁgmty to
clﬂorophyﬂ and hematms (1, 46) ) '

5.3.3 Oxygen Compounds. The oxygem compounds that have been

identified are aifost fcfi]} acidic in nature. \Very few a]copols, ketones,

and othef neutral oxygen‘co?npounds have been found. Their presence is

probably responsible for the formation of oil-water emu]sions.!"i'h'e,

[

molecular weights encountered have been as®high as 1400.

6 THE NATWRAL FATE OF OIL
- \ ) ) '
6.1 Evaporation .

_The two to four years requifed to remove the gross effects
-~ ) y
of most oil spills, when put on a time sca% of 500 million years

durmg which the oil was born’ m the bowels of the earth, means a]most

" instant dvsmtegratwn and dispersmn upon exposure \o the sea and aijr.

~
.

e

The sea pr(r)vides a very large table on which the o011 can ‘

‘sprEadg.‘ A gallon of-,oﬂ can cover many acres. Over this 1arge‘ surface

L4

area, evaporation can remove a good parg of the /oﬂ spilled.

Chromatographié experiments have shown that within a few weeks at the

most, depending on the size and type of oil spilled and the'state‘ of

" the ocean, the oil wﬂ'l‘ have lost most of its volatile'and also more

tox1c components. Twenty to thirty per cent of an o0il spill &an be ‘
Jost through evaporation;,this is ver{/effectwe fgr removal of fractmns
C

1 to C‘IG’ most of whose boiling pomt_:s range up to 225°¢. ‘ "
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£

The rougher the étate of the sea, in.terms of evaporation; the,péttér

(48,49). | o ’ g e

The massive evaporat1on oceurring dur1ng the f1rst few hours

of an 011 spill can leave the oil cooler, 1ncrea51ng its v1scos1ty ‘and

- damping 1ts rateégf spread. The density of the residual oil also

.‘increases with time as would be expected as the more volatile components

»

' re'lost.'jThe'rapid and selective removal of the lower boiling
2}action§ leaves 5 part of the 61 that is far more'intractaﬁle and
which is st111 after a]] the main portion of the sp111 It'contains in

P
\\abundance 1ong term tox1c,mater1a1 in the form of subst1tuted trhcyc11c

and h1gher ring aromatics (50,51). ' &
6.2 - Dissolution

Lyl

S1mu1taneous w1th evaporation from abovdy dissolution occurs
from below, and the effects on the oil.are much ‘the same. Distimction

" between them s not easy: . ’ 4

&

q ' -
. o - : | J . . "
“Remembering the large volume of seawater available, solution’

and oil—in-water.emulsificét"k can also be considerable. It has been

estimated that five tons of oiTQmight péss into a layer of Water five
meters deep beneath a typical 100-ton slick during the first day (SZXijaz Q

® . . . *
‘The 011 in the water column is readily adsorbed by any available detritus: '

clay and silt and skeletal remains of organiéms in the ocean. The -

weighted 0il can be.distributed by subsurface currents or can.sink even.

further, sometimes for weeks and months before it reaches. the bdttom.

.

W
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- g 011 @water column bes1de§\s1nking or- d1spersa1 by ) , ]
, ¥ currents, 1s further d1spersed by the micrqorqanisms of the sea.

chrop]ankton\ Swimming thr‘ongh are coated inside and out: Copepods

"}Q ] nd tgaFnac]e .1arvae,, an important éroup of ioop]a_nkton which form L ‘ f , ;

V T [ o |
e 'main food of -many fish, feed by filtering out microplankton.

I

» ™ . The oﬂy copepods and barnacle -larvae become. part of thg food chain ) )
| - -
. = JAn the ocean Ingested hydrocarbons /can be passed on fromy animal T
3 to amma1 thgaﬂy unchanged except perhaps in concentration, which )
R 4& A e, a”‘-’
increases on the food ladder. . . ‘ r

6.3 Chocolate Mousse

Concurrenﬂy w1th d1sso1ut1on and evaporation the act;on of .

the sea and natural ,s/urfactants in the o0il lead to -another kind of
£

emuT-sion water in 01’1 . This emu]swn is'a ge] -like snp&tance of

' hght"brown coJour contann ng 70- 80% water and 1s caHed “chocolate -

.. mousse". This gel can be produced qu:te rap1d1-_y even in mild sea ' .
. , _ - o @
| PO ‘h‘ T 'cond1tions Once, formed chocolate molsse is stable chemical and

. ‘b1o’loglcaT reactions are slowed; the available exposéd surface is *

- -t

< ' less. Its buoyancy approachmg that of water may make it sink = .~ - B
. - = - . f i .
S ‘ 'eventuanh‘ - /* A

¢ v -
‘. . o o
« hl

T . - Y R
f - If it is washed on shore, the chogolate mousse picks up .

.‘J‘ - . “\ .
i

~ sand and debris and, when tf% water evaporates. leaves tarry compactm';_"

a e % E

-———— f

Co ) 1umps which degrade very slowly. But stranded chocolate mousse due

bt

“to breakﬁvg waves; and abrasive movements of sand and rocks and the . +

indiscr1m1nate eating habits of several variety of 11mpets, is
s . ) | ™1 [ y

" .
%+ o - oo
N, h

¢
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weatheneg.faster than chocolate mousse at sea (439,52).
. . . N
T6.4 Chemical and Biological Degradation R
/‘,." “‘\ ' s * = o

-The chemical goulash that is found in crude 0L1 ﬁrecludes . //;//

) . s~ &
definite aﬁsWers,,productsv mechanisms, or pathways that can be

fo)[pwed With certainty. Although there are differences; chemical and >

bio)og%ca] degradation, like evaporation and dissolution, are very

much infea/r;;ir{ed. . . &
* 1

- ' N r s -
<« . ' 0x1dat1on may be 1n1t1ated by UV light from the sun;

propagated through the formation of free radicals; it may be encouraged
~ by certfain miaera] salts in the ocean; or zakaiyzed by enzymes; or o

¢ - w
inhibited by the presence of sulphur compounds in the oil (53).
. .;' . ' \/ v L N

Although most of the const1tuents of oil will oxidize, )
N

- 4

ox1dat1on will affect pr1mar11y the\hedium and higher molecu1ar weight
hydrocarbone;' It may lead to carbo;zﬁg;>a)1ds of lower mo]ecu]ar a 2
weight\whfch are weathered m;¢; easily, degraded and dissolved; og;gt | Foo
. may 1eae to Epe formation of highzr mofecuia} weight prodhcts by - '

radical-radical combinations, by condensation of aldehydes and ketones,

\]

. , '
or by esterification between alcohols and carboxylic acid. Muckxr’is

known about the degradation of the individual components of/crude oily * \ *

but 1ittle is known abput their fate in more complex mixtures (52).. |

. Qo .
Y o ‘ 0#1 oxidizing yeasts, bacteria, and fungi are all capable
. of consuming a great‘yariety of hydrocarbgns, But on the open dcean

. ﬂ .x:“ o
yeast and fyngi are very scarce. Degradation can be further hampered -

o because” each species of microbe will attack known .enemies and strjctly

°




5 N
leave others alone. For instance, a microbe called Nocardia oxidizes
~ P . “ ‘ .-

even numbe}ed alkanes attached to cyclic compounds if and.on]y if

n-alkanes are afso present (53). There are no super-bacteria that

73 dispose of all the possible constituents found in crude oil. ..

Cdmp]ete degradabidn is possible but only by numerous mixed cultures.
Somet1mes the presence of bacteria that can utilize the pr1mary
ox1dat1on products including comp]ex acids, a]coho]s, and ketones are

as important as those that can breach the original hydrocarbon.
, F

Under favourable circumstances an oil spill increases

bacterial growth and increases the level of protozoa which in turn

) [y
increases the level of highep animals. Nevertheléess o0il is not a yery

geod'ocean fertilizer because of its high oxygen demand. It-has been
estimated that complete oxidatdon of one liter of oil would require
400 000 1iters qf oxygen from the sea water, neglecting replenishment

from the atmosphere or photosynthetic activity (54,55).

o

From methane to ethane to propane to snaky chains of 3b

carbons or more, n-alkanes are the easiest for microbes to digest;

longer cherns are degraded s]o.er, due perhaps to their lewer so]ubi]-

ity. B1odegradab111ty is further affected by the molecular arch1tect-'-

ure: unbranched chains aregdegraded faster than branched chains. The

order of microbial preference in decreasing order is n-alkanes,

12

1soa1kanes, and cye]oa]kanes The place of easiest entry is usual]y

',Q,a term1na1 methy] group to give an alcohol or a]de‘hyde The fmal

products are carboxy11c acids (54) \ o ,

[ -

d

¥
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§
- Certain strains of Pseudomanas have no trouble subsisting
on an aromatic diet of benzere and toluene. Alkyl groups on the ring

seem to make the aromatic compounds more palatable (55).

’

Figure 2 indicates some of the possible mechanisms for the

A

dispersal and-degradation of spilled oil on the ocean. The final fate

of o{f that has been spilled and has not evaporated, has not been };

dissolved or sunk, or beached, is to float as black-brown indestructible
tarry lumps, hard on the outside, soft and tox%c on the inside. They 3

may be covered with slime mold, and goose barﬁacles, and provide a

niche for a species aof isopods. These lumps now chronically polilute

'the ocean surfdce (56,57,58).

7 DYNAMICS OF AN OIL SLICK T

7.1 Assumptions -

When an 011 spill occurs there is an immediate need to

]

determine how rapidly the 011 will spread and where it will go in a

given time: A knowledge of these factors providgs a basis for , ' ﬂ

® effective confinement, control, and clean-up of the spill, The

spreadirg behaviour of an oil spill like the behaviour of a puff of
smoke can be intuitively understood. The mathema%ics however to

describe the phenomena can be quite complex. i

]
v

® ‘Because ‘even the best of theories gives results that ohly
occasionally correspond to reality only a simpiifﬁed picture on the .
.

nature of. the forces involved is presented.
of
* ety
Initiallys the assumptions are made that the properties of the

-~

[N

/

o
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spilled oil remain 1nvah1ant with time; that it does ﬁot age; that ’
se]ect1ve evaporation of the Tighter components which changes dens1ty, '

v1scos1txj and surface ten51on dQes not occury and that despite its

, \\\5‘21ed composition, the 011 is treated &s.a single component.fluid +°

of constant properties (59,60,61,62). \

-

7.2 Spreading Forces

The behaviour of spreading 0il can be described in terms of

-gravity, inertia, viscosity, and surface tension forces. The following :

2

‘arguments were developed by Fay in 1969 (62).

The volume of oil spi]]éd is given by
N ] . V=12
where 1 = diameter of the slick

h = thickness

i
<

Consiants Tike n.are unnecessary to the érgument. As the
©dil spreadshoutward the moving 1ayer of o0il drags with ¥t a thin
1ayer of water. Some water therefore moves upward and outwgrd to
replace the spreading oil.. Figure 3 indicates the leading edge of
thenspreéding oil. The'thicknees 6 of the uppermost layer of water

set into motion by the viscous forces has the magnitude
s . . | . . k (2) _ //>
. . {"

&here_ v < kinetig‘viscbsity of the water

t = time ’ )

—
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FIGURE 3  THE LEADING EDGE OF AN OIL SLICK. h IS THE THICKNESS, Cn

AND & REPRESENTS THE.THICKNESS OF WATER SET IN MOTION '

(61)/~ o « SAN S ™~



7.2.1 Surface “Tension. ' The ultimate film thickness and amount of
spreading will 'depe'nd on a‘balance g')f surface tension forces as shown
in Fiéure 4. The 91’1 f11m has an upper’ §urface tension of 00; and

a lower interfacial tension °ow" The’ surface tensic‘?n of the wa;ter is

N3 I
o,/ The net surface tension, also-called the spreadjng coefficient is
- - ]
' ) (3)
The net surface tension acting on the oil divided by the cross-

sectional area of the slick <’.s given by

- ' St 9 12h v ‘

7.2.2 Gravity:' The other spreading force, gravity, produces -a

horizontal force per unit volume.

~ . _PA" ‘
CF, =12 5
| o= . (5)
and ~ Pressure =P = fpogh
" Area =A = 1h
where = & = difference in mass density between water and 0il

. g = gravitational acceleration

1 = diameter of the slick .

—_ . 4
h = thickness M) ’
Upon substitution we obtain R
{ o= foQP1 gl sogh 12 gV 6)

s v 12 h 1 1213

!
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FIGURE 4

] .

- SURFACE TENSION FORCES ACTING ON AN OIL DROPLET ON

WATER. o 1S THE SURFACE TENSION QF THE OIL, o, IS
THE SURFACE TENSION OF THE WATER,-AND g TS'THE

_ INTERFACIAL” TENSION (79).

<>




- force of grav1ty gives way to surface tension forces. ’ '.
FSt ==Fg . " (7).
S_-fgh . (8)
Th 1 ’
: | L
: pght =s " , (9)

Therefore, . . - vhc =[5 - (10<f" L

spill reaches about 8 mm. , ( .
7.3 Retarding Forces R ,5/
-7;3.1 _ Inertia. The retardwng inertial force act1ng on the oil is

.

. 7.2.3 ' Gravity and Surface Tension Spreading Forces. By comparing ¥

the two Spread{ng forces, gravity and 3urfége tension, we see that

* since 1 increases wi th time, gravity will be the dominating spreading

force at the beginning of the oil spill.' Surface -tension, however, . . :

wfl[ ultimately dominate at 1oﬁger times.

! |

By sett1ng the two forces equa] and using equations (4) and’ .

(6), we can find- the critical thickness of 0il where the dom1nat1ng

1‘ - mig
- , .

For typical values of s = 30 dynes/cm and A = 0.05 gm/cm3,’
we obiain ﬁc,z 8 mm. According to these cdlculations, gravity ceases -

to play.a role in the spread1ng of o0il when the thlckness of the

Pd

the product of the mass density p and acceleration 1/1? '~
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© 7.3.2 7 Yiscosity. The viscous force per unit volume is the

product of the absolute viscosity pv, and the veiocity gradient 1/ts,
. Q .

divided by the oil thickness h. L. -

(3 i

: (12)/5&"

-

1 .. 1 ‘
. F"“P\)'lﬂp\ﬂ ‘=pv/2].x1_2_=p\,/2'|3 /.

' . - T :
o Vo tsh Tt tn ® thy -
.7.3.3 Inertial and Viscous Retarding Forces. The ratio of '
. ' h (‘ ) .

. viscous to inertial forces is very small at the beginning of the

' spread. - oo v !
’ : - SRS 1 coo T
- LA LN <IN (LI PP 2 (13)

Feoot2v o1 |
, | ‘ , ). o
- \ . Inertia- is the dominating retarding force at the start{

Thé two forces become equal when the oil film thickness h equals

the water thickneés &. This trgnsition froth inertial to viscous

-

.t i B -
retarded spread does not occur for a fixed thickness, nor at a.given

time, but varies on'the size of the spill.

Ve

. ‘7.4 The Three Spreading Domains

I 4

i
4

o

{

1.

oo 011 spreadﬁng-oh water passes%through three phases.

. . |
Beginning: Gravity-Inertia ~

" Gravity is the dominéting spreading force and
inertia is the dominating.retardidg force.

Using equations (6) and (11) we qbtéin v

RO NI
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. ,'13 t3 .

, T 1t = pgt2y
. ’\ Lo - - '

1% = %"gtzv,

% = pgt2y

wheke ' A = ratio of density difference between

g
1

1= [

»

‘2. Intermediate: fravity-Viscosity

Grévi;y is still'yhe dominating spreading_forcg
; “but now viscosity of the o0il begins to exért a -
retarding force. ’ -
Using equations (6) and (12)'we obtain.
Fng\J \ (20)
v . ' 1,. M
pal_py212 (21)
’ ¢ LS ]3 X tzv ' P4 .Ql
1, 3 ’ .
ov/216 = Apgtgz\ﬁ » (22)
- 16 ’gg%”-\ﬂ =y
vz : _n

(14) "

()

water and oil to density of oil -

(16) -

(17)-.

(18)

(19

)

M
o
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. /2 6 ( ‘
S . = ;p_ \P:l (24)
% . AV} . \
‘ . ' ' . we — ) \\ ]
.- ’ 3. Final: Surface Tension-Velocity . \ ‘

-

- i:f power to spread the eil. It is surface tensjon
that -continues to spre 0il and viscodity that
that continues . p)d’we? y
tends' to-retard dit. O ,

Using equations- (4) z;nd, (12) ¥e-obtain

| st Ry 5)
) ‘ 0] \)1/213 ) ‘
: Cov iy b \ .
; rd 'Y / ) 3/ ) ‘i{\
a 212 =st/2 . (27
. o -
. 1 - .
Lo 2431 /6 . . - ,
\ R S s ' (28)) . ~
_ T e 1 p%v ' -
T, - . b
The sprjeading of the o0il once .it has entered the
4 surface tension regime is seen to be independent of
- the volume spilled. ;
7.5 Spreading Behaviour in a Moving Stream : ) ] LN
\ ' N1th only slight modiﬁcation it 1s poss1b1 to est1mate the
width 1 of a slick located in a stream of uniform speed u. ’
_Volume Flow Rate of Qi1 =V = hlu {29) .
. ’ '&- )
i \ .‘ . v - K‘“{\ .
_ ‘ - ) | ,



| Flow Kime =t = 2o
] -' . ’ - .
-where _  x = down stream distance
‘ , ~ : ’ -
E - e ' . : . . !
| ¥ With these changes the three spreading regimes become
§ . S
| . -
| Y , P It
Beginning, 1= ASM%EEJ;éy . (31)
. a u- - .
\ =~ . 3 : 1 -
4 2 /2 /6 '
‘ Intermediate, 1= 9%1~15#L—- (32)
, . .\’/2 l3/2 I,/‘
1 L
\ o ~ L ““ 1/ - ]
Final, R R L A (33}
'pf_v usl . -
The final expression indicates that the slick expaqfs down
3 : o ‘ o ‘- .
stream as x/“, and decreases with an increase of current speed. The
. . "oii will spread less rapidly in a‘strong current. '
\ & . . . . & -

very small

~

'it.seems however to be independent of the 011'dischargé .
‘_"/’ ratg. A further disadvantage is that this equation.predicts that

fhe slick will grow without beundaungil the slick is‘of‘mOn;molecular
’ '5§{-£Lipkness ’

(63). Yet it is known_thét after initial rapid.spreading,

-

a time evaporate or dissolve (64)3

-
. .
y B

g

1

+. -the slick ceases to spread before it reaches-monomoletular thickness.
L3
. The oil stops spreading when the spreading coefficient o changes
fyom positive to negative values. The'strength of ¢. depends on thev

concentration of surfactants in the oil, whjqb may after

23
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7.6 . Actual Behav1our by Remote Sen51ng

. Remote sen51ng of oil sllcks by>1nfrared or ricrowave

J .

dur1ng an“oil sp111 the 011 fractionates

' techn ques 1nd1cates that

geér, tpinner and faster spreadin region. The. th1cker reg1on of

1 contams more than 90% of the oil in Tess than 1,09? of the

’ ‘ <;?s1b1e slick (65 66). i ¥
'*" o "‘ P V' A ‘ . ]

o S .

. © 8 OIL IN THE ARCTIC
. ' , A
' /O . . = R . ' . ":i R
e .8.1 . % 01 Behaviour = ° ' - T .
> . N . N - . ; . ..
o ‘ Because of* the slow natural degradation in the Arctic, an °
’, ’ '

) \ , .
. . oil spill might persf§t for fifty years. There are no acceptab]e“‘

‘. ~theor1es for the behav%gpr of 011 ih the arct1c regions N\ There is
some speculation that due to ice roughness, an,oil -spill wolNd not

e become so.thin as to enter the surface tension spreading red¥mes

. " The slick would remain sufficient}y thick so that the 0il could not
L vy, ¥ J
. even enter. the 1ntermedJate stAge where it is spread by gravity and

retg?hed by v1scbs1ty The nly forces acting on the sp111 would be

p-

the soreadlng force -of gravity and the retard1ng force ‘of \nert1a.

. L A spill of crude oil mightohave its temperature sufffcﬁently Jowered“{‘

by’ evaporat1on to freeze, in which case very little spreading of any

kindswill occur (68,69). . . o - E

Bio]ogica] degradation of 0il in the Arctic Ocean is very

-, s]ow The\m1crob1a1 Rgpu1at1on is sma11 and its" act1V1ty is depress

A vt t

dur1ng the six dark-winter months 1 It 1s further suppressed because

N

¢
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\the ice above inhibits oxygén rep‘hmenat. Evaporation under the
icé cover is nqt possible. Chemical degraéation is also reduceq by
the' insulating ice. For oil on top of the ice a snowfall may
effectively block evaporation. -

\>

»
» 4

Dissolutionh into the water and migration into the ice

become important factors for the dissipation of oil, The waters

. between the ice floes are much less turbulent than the open seas of

temperate climes, and dissolution and emulsification into the water

is reduced (70).

~

.

> -

8.2 Modes of Spreading ¢ -

Depend{hg on the season and location, 0i1 may spread on

K .

the ice, under the ice, on the water, or in several ways at one and

the same time. ' r) ‘ “ -

The oi!, depending on its temperétprg at the time of the
sp%11, may or ma; not penetrate into the i;e;_asnetratipn would
deéend on the nature of the ice. The density of sea .icg is aboqt
0.91 gm/cc, but multiyear icé has a density of 0.85 gm/cc. Due to
brine migration that produces a,borous structure, oi];will tend toé

2

migrate into this ice (70). -

‘o, ) ‘ '

A Tayer of snow on top of an 0il $pi-l1 can produce a
cryétalline mulch, 80% water, dry to the touch. This saturated snow

mulch can form in a matter-of hours " (69).

»
* K

A - e -
011 cleanup iﬁ.the Arctic pcean is immensely more difficult

<

TR

N
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1, ®

because of the continuously changing ice pack/matrix (68,71). The -

alternate closing and opening of the icefpack disperses the 0il both

under and over the™e, i?he oil on top of the ice could have a

significant effect on its aibedo, causing;ig.to melt at a greater rate.

v
-~

\gthan the ‘surrounding ice. The melt water flowing out into the rest of
the ice or the ocean disperses more 0il. Under the ice, deep ridges
wh1ch project through the 0il layer can randomly churn the 0il in a net
lateral diffusion of oil away from the direction of the drift. Because’

5 | of the alternate melting on top ani} reezing on the bottom, o0il

underneath the ice pack in about four to five years could find itself

on top (67).
) - IS

L4

g . A]though pressure ridges in the ice pack may extend 100 to 200

feet deep, the average thickness is gonly 9 to 13 feet. During the two 8

} month summer peried, the Arctic receives more radiation than aﬁy.other

13

comparable part of the world.  This veneer of ice plays a very
important part in the heat exchange between the oceans and the
atmospheM#® and would be very sensitive to any changes of albedo caused '

by an 0il spill. ’ - R
9 - SURFACE ACTIVE AGENTS ,
W

“ - . o,
The spreading of oil on water is a complex\iffair Two

petroleum compounds of the same viscosity, density, and mo]ecu1ar :

we1gat range can behave quite differently.

o

As an oil slick spreads, its rate of evaporation of the

lighter components increases because of the increase in sunigce area.

*

)




- The resulting ‘increase in o0il viscqsityzf?duces in turn the

spreadihg rate. The evaporation may cool and further increase the

oi} viscosity. Spreading is in essence self-retarding. Thé final

film thickness after the oil hgs passed through the gravity-inertia
angd the gravity-viscosity regimes is predicated on a balance of

surface tension forces Es}ween the 0il and the water (72).

9.1 The Hydrophilic-Lipophilic Balance

A surféce dctive agent,hor surfactant, is a compound téat
contains both watgr compatible, hy?rophiﬁic, and oi}l compatjb]e,'
lipophilic, groups. Due to this amﬁhiphatic nature, .a surfactant
locates and arranges itéelf at the oil-waterliﬁterfacel The ratio
of hydrophilic to lipophilic portions is cal]eé the hydrophilihl
lipophilic balance (HLB) and i® determines the type of dispersion
produced. Figure 5 is a schematic représentation of the two types

of dispersions that can .form. : v . Y

~

A surfactant that is principally water soluble disperses
0il in water. The water-in-oil emulsion called "chocolate mousse" -

is due to the natural oil solubTe surfactants present in the oil (72).

<

There are anionic, cationic, and non-ionic surfactants. An

effective surfactant must not only disperse the oil, but also prevent

the o0il from recoalescing and refbrming the o0il slick by physically

4 ,
repelling proplet\collisions. When properly dispersed, the oil will

not cling or wet a solid surface, but will ﬁaintpin itself as a

£ . A

discrete droplet (72).

~
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HLB SCALE

r \ T . T T —
1 -5 10 15 20

INCREASE IN OIL SOLUBILITY INCREASE IN WATER SOLUBILITY
: A

&—— HYDROPHILIC —>. '

€——— LIPOPHILIC —>

-

AN

|'~
OIL SOLUBLESURFACTANTS WATER SOLUBLE SURFACTANTS
FAVOUR WATER IN OIL- .| FAVOUR OIL IN WATER -,
0IL g WATER =£
i(/‘ ! :

WATER DROPLET  _ ~ OIL DROPLET

o .
FIGURE 5  THE HYDROPHILIC-LIPOPHILIC BALANCE AND OIL-WATER
EMULSIONS,.(72).
5p(72)._



SIS el .
\ . - N
L3
° \ I aa—
K . a -
. . . | oo U

9.2 Disadvantages T . (

If the o0il slfck,gan be detected from the air, applicatiqp'
of dispersants by spraying presents 1ittle problem. The mixing of
the Qispersant is the limiting step. Meghods employing boat . ‘
propellers, fire.hoses, and spray booms fitted to ships are labourious
and time cogpsuming. A small oil spill of 1000 tons can spread over
10 sduare miles in one day. A fleet of 20 Loéts would require about
nine hours to completely mix and disperse the oil. But suitable work'

boats are usually not immediately available at the site of the oil

spill (73).

9.3 . ‘Su}er Surfactants

A new generation of dispersants have been developed which

require‘]ﬁtt]e\or no mixing. This greatly diminishes the 1abour.of

agitating-and $tirring miles of ocean. A ST
(l .

The chemica1‘§urfactant is. predominantly o0i] soluble so

" that it lies to the 1eft on the HLB scale. whe? the o0il phase”comes

in contact wit% a water boundary, part of the surfactant has a strong
'dr%ving force to diffuse into the water phase. During this trahsport-
atioﬁ, a small amount of oil "associated? with y?e surfactant is
‘cqrried into the water phase. For this system to work as an oil
slick dispersant, the surfactant must initially be brought into

contact with the oil phase.

A. three component system,of oil-water-surfactant is formed

the interface. The size of droplet formed by these no-mix

q .

dispe}sédts is determine gsion mechanism and not by

9eletST
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mechaﬁica1 mixing Or stirring. Drgplets of uniform size are

- produced (75).

. ¥
. 9.4 / Piston Films'

Besides the dispersants which reqdire mixing andvkhe‘
dispersanfs which require no\mixing, some surfactants bave been
produced which are insoluble in both oil and wate)>~\{hey alter the
balance of interfacial tension forces at the air-oil-water junction,
‘and drive back and reduce_the area of small 0il slicks. This allows

0il recovery devices to operate more efficiently on thicker 011

:\ -
layers. . .. -~ g {t

Piston films consist of two parts: a long hydrocarbon
chain which is “insoluble in water, and an oxygen containing slightly
water soluble éegnent that reduces their 0il solubility (79,80,81,82).

Some typical structures are shown in Figure 6.

9.4.1 Mode of Operation. The effectivene;s of these piston

films is measured by the monomolecular pressure they produce. is
g

is the différence between the surface tension of the water and the

>

surface tension of the water covered by the film. The higher the film
pressure of the piston, the faster it will spread and the thické} the

0il layer that it can contain (82). °

The balance of forces between the spreading force of the
8

0il and the counter pressure of the monomolecular film layer is

N\ ,

\\ represented diagramatically in Figure 7.
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.~ SORBITAN MONOOLEATE

(h

. OH
0 OH.

) i i
CH3 (CH2 )7CH=CH- (CH2 )8-C-0-CH2-CHOﬂ-

h « ‘ - PEG (400) DIOLEATE : .

- 0 0 \\\\\\ SE

: ; i : i . '
CH3(CH, ), CH=CH=(CH,) ), ~C- (OCH,CH,0) o=C- (CH, ) ,~CH=CH- (CH,)-CHy

PEG ('200) MONOLAURATE

f )

-1 .. SORBITAN MONOLAURATE.

OH
0. OH

y
-C-OCHZCHOH-

Ch3(CHp)p 07

A

FIGURE 6 THE CHEMICAL STRUCTURES OF SEVERAL PISTON FILMS (82)y
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. CONTAINMENT
B MONOLAYER

I

FIGURE 7 SCHEMATIC OF AN OIL LENS IN EQUILIBRIUM WITH A .

¥
-

MONOLAYER SURFACE FILM. 't IS THE THICKNESS -OF THE OIL - °
LENS, F, IS THE SPREADING PRESSURE OF THE OIL, AND -~
., IS THE SPREADING PRESSURE'OF THE SURFACE FILM (84). .

~

»
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to The oil°1ens thickness may be ca]cu]avbd from an//quatlon f1rst T

3

derived by Langmu1r (83) . : co . . - -

. | - ‘ . S i , .
T g =2 " ) o p (a) 7
. / o | | .9 Po(pw" po) ' -~» j' ‘;‘ ¥ )
| " here t =oil lens thickness - % j B
| °q =,0i1 density\ b ,' ~ ' . oL
p,. = water densit&" - -,_' . o
* - '3/9 -{gravitatinnal constant . ) o S o
. Fé = spreading pnessune of the oil L |
\ Y4 ﬁntﬂ spreading pressure of thé piston fiTmA o . ‘ b S

£ ‘ . i
Sorb1tan monobleate has a spreading pressure of 40.8 dynes/cm ’

and an initial spread1ng veloc1ty of 39.2 cm/sec.(81) > Th1s is
~sufficient to operate on crudero11 s]1§ks character1zed by a spreading
pressure of’about 30 dynes/cm: The lenses produced have thicknesses of

° 0.5 to 1 cm (80).

- Piston films in-cdlm weather can be useful in-driving out oil :
. ‘ v . N
from inaccessible locations between ships, under docks, in harbours, and .

>

in quiet rivers (80).

9.5 Tox1c1tx )
Surfactants vary wide1y 1n their toxologica] properties. At
the time of the Torrey. Canyon disastir, the dispersant PB1002 was
unfortunate]y dissolved in an aromatic solvent which acted as a "carr1er"' . -
. for the surfactant to enable it to penetrate»the 0il. The combination B

"\

was toxic to marine organisms in, concentrations of a few parts per




‘million (28,76,77,78). Dispersants have since been developed which are

| { claimed to be far 1ese tox{c to life.
| ”

The efficiency of any particular surfactant depends on the
'

method of application, the amount of qixing, and the type of oil.

s a2 good part of their effectiveness. In the tropics the surface t&mper-
ature of the water is ]ike}y to reduce the interfacial tension and

!

permit more rapid dispersion (72,74).
) &

7

‘ ‘ Exberience has shown’that despite the laboratory efficiency of
ﬁost detergents, they are often applied in excessive amounts at an oil
. ‘ spill (24). These 011 dispersing agents may provide preferred sources'
) . of qaﬁboﬁ for bacteria thereby de?aying,thé’already slow microbial
degradation of an o0il spill (19). By their very nature dispersants,
even of the new non-toxic variety, alter thersurfaEe teniidn of the'
agueous media at the site of application. The surface tension of normal
sea water is about 74 dynes/cm at 20°C. Dispersdnts can lower surface
tension to a lethal 35 dynes/cm The net effect is again to reduce
biodegradation (53).
u "—Certain other dispersants are toxic because they damaée,cel]
mmnﬁ(anes and disturb ehe passege o%.materia1'in aed out ofothe cell.
Even thie term non-toxic 'is misleading because they ﬁost probably have

never been ‘tested on the full spectrum of orgaﬁishs that can be affected.

* Non-toxic Eﬁsbersants may have quite toxic breakdown products (11).

~

r 7




.long term poisons inte the environment The. mote ef’fectwe-the

)

5! :
AH d1spersants to fulfill thelr function drwe the short and

c_!}'spersant, Ithe_ finer the 0i1 droplet produced, and the more marine ) o
1ife is damaged (11,53). Dispersants are now for the most part str‘i.cth'r ! . B
controlled products or forbidden (39). . a‘
. . ;oo
10 SORBENTS o E N '
. ’10.]v , -Yariety of Sorbents ~
The variety of matema]s that have been dumped onto sp1Hed .
oﬂ x,‘ange from straw to’ po]yurethane foam, and from woo\ to plne bark to
poultry feathers. This may be t‘aken as a testament perhaps to the
general iﬁeffect'iveness of sorbents. A pair'ti al list of sorbeﬁts is /
. shown in Table 1. | / |
;IO.Z . The Contact Angle. - : 'S
. ﬂ | The bhenomehon of wetting and spreading of ]iquids on solids
) has been 1ittle 1nvest1 gated to determ’ine the most approprg\:te sorbent
’ f?r a particular 011. 011 and water compete for the surface of the
,sor;'lenwt. The spreading of a hqu1d on a solid depends {on the contact
angle that a drop. of liquid makes on’ that solid (87). Figure 8- T -
t i]]ust:rates}he forces acf..ing onva drop. . L ' ‘ ) : ' uf
The 'spreaqmg coefficient s of.a ’h"quﬁ'd is =~ ¢ :
R T sy
, .
whege g = surface teneion of the fpliﬁ ;
oy = surface tension of the 1iquid B o , A

-
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VARIETY OF SORBENTS USED IN OIL SPILLS * .

»

D

Plant Méteria1s

‘Minerals_

Palymers

Miscellanequs

gtraw
hay

A O
reeds-7% -

.seagrass

gorse
sawdus't

pine bark
peat

bagasse -
sisal fibfqp
cotton waste

cork granules

-ground corn cobs

natural rubber’

-

_various clays

asbestos

volcanic ash

‘mineral wool _

mn

- A
IR

cellulose acetate

synthetic rubber

polystyrene v
polypropylene .
viscose rayon —

acrylic .;;
3
o

nylon 6,6
polyethylene terphalate

" leather shavings

wool

-

paper:waste

charcoal;-

_poultry. feathers

2

* (References 85,86,87,88)

-]
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l'w N ) osxos']ﬁto]cosq( S (36)

i . . o
© ¢ . 3 o
Ld > -
R - o . . . [

Therefore, . s ="°o-|(c‘05§ - 1) “ (37)

- e » t i L4

N N . 3 ' 1 /o ®
) _For ol to:spread on the sorbent 5 must be pos1t1ve A good

sorbent wou]d be one producmg d'very smaﬂ contact ang]e with the oil.
<
To 1ncrease the adhes'l“\/e properties of the sorbents and reduce the
U T ~
Y cdnﬁact ang]e, many ‘of t,hem are coated with wax or silicone.
Ty 0w . " - L B ' Y ' -\ ?

T e

10.3 Porosity Y d, : : L ‘

s

- ’

N In‘some ce;\'ses absorb(taon does not oﬁ]y ihvolvé the contact
. angle, ‘but is "él sb dependent 0(1 the porosity of:the surface (87).
| ;

N ~ B‘ehaviouv1 is essentially that of capillary ffise. The driv’ing force is’

\
~ . 1

3

that of theLpre5§ure d1fference across- the ‘curved surface Jf the

Toang
r

memscus. _Figure 9 shows an 1deahzed capillaby, .

AN 4 ;.’ ¢ -« . ‘ - v A
. .‘/ \"c ) ) - 3 > .‘ * .
The fdrce wfn“ch ca#ses the liquid to rise is N .
Ny A ’ s w .
y [+ “ ' ° N 3 ‘ “ " -~
¥ ' ' P L = T o, T
~ F anolcose - s (38)

S . .

.
> :> N " . PER - ., @ -

- 7 ) o
< At ethbmum the downward force d‘ue to gravity p.revents the 11qu1d

o "4 where r‘ - radws”gf the capl’llary

from r1s1ngv. o , ‘ . , J

-

-
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CAPILLARY RISE: r IS THE RADIUS OF THE GAPILLARY AND _




F =PA = Prr2 . - (39)

,1}//
Equat1ng (38) and (39) we obtain - ‘
4 o / :
’ Prr2 = 2irg, cose - 7 (40)
. ) . .
, P,m2c:r]cose o o _(a)
ST , - N
_ 7¢-N4 o ‘ . .
For small contact angles
: i (42)
: = R
. ey . :

The pressure is directly proportional to 0ys SO that liquids with large

‘su%face tension will wet a porous solid more readily. .

K

In addition to ]arge pressure d1fference, the rate of entry

'/"\\si,the Tiquid into the cap111ary should a]éo ,be large (87). The : T
« pu‘ )
N quant1ty in equation (43) has the dimensions of velocity.

04C0S0 u f i.0 N
' 1 ==s rface tension, . (43) *»
! T - M viscosity : , .

[N ; . L

. e

This gives a measure of the penetrating power of a Tiquid. -

T 10.4 Sorbeht dualities ' - P

' P The gualities. of a good sorbent are that it must preferentially
be wetted'by oil; that it requ1re 11tt1e pretreatment\and m1nima1 .

., protection from»the elements; and that it be read11y aya11ab1e in large
quantities at short“notlfe. It should have reasonableimgchan1c§}

strength for handling and a'lgggé surface area on application, yet be of
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low volume for ease of transportation (85,86,87). .

§

i A sorbent of fair reputation, especially for the thicker oils,

| ; g '

| is straw. [t has often been used to line beaches to prevent an incoming
tide from depositing its oil. But straw is expensive in. terms of labour

and manpower (85). : ‘

The modern plastics and synthetics such &s polyurethane foam
Q. have good pick-bp capabilities hut are relatively uneconomical (89,90).

_Even those sorbent systems that can manufacture foam oh site and can

o

. siﬁh]taneous1y mdlch aﬁd‘broadcast the sorbent require glabo;ate
harQesting systems. It has been eStimated that using polyurethane foam
chips on a cilm sea about 3000 ga]]oni of oil-covered water can be
treated per hour. The cost of ruqning such an operation would be in the

] neighbourhood of $200-300 per'hour (89).
| e e

Leather shavings, like poultry feathers, are specidlist

materials with potential for the thinner oils, but have been rarely

applied in practice (85). , . : :

- . ~

10.5 Magnetic Sorbents : ‘ N oo

Some sorbents have been magnétized to make harvesting and
collecting easier. Po]ystyrene'beads approximately 3-5 mm in diameter,
with.a density of about one pound per cubic foot, are treated with an
adhesive énd 40 mesh powdered iron in a forced air tumbler. This
produces a coéted ferromagnetic sorbent w{tﬁla density of. about four .

podnds per cubic foot.

{ L
o



g

" The magnetic pellets are spread on the 0il in a ratio of two
pounds of sorbent to a ga110nldf 0il. A.rotating magnetic drum picks up

the 0il1 and water-soaked sorbent.. The adhering 01l is scraped into a

L

slanted hopper.

-

14

\\\\\““‘\\;\\\\“\‘__‘ Magnetic sorbents have been found to be two to ten times as

-~

effectivé as nop-magnetic sorbents. The more viscous the 0il, the less

advantage there is in magnetizing the sorbeéi$(91).

B o

10.6 Disadvantages of Sorbents

p There is no single universal sorbent capable of sponging up

e?fiéien;]y Bunker C and No. 2 Fuel o0il. It is in-the nature of most’

>

" major 091 spills to release vast quantities of the wrong type of oil for

N o
“ the most readily available sorbent. 0il spills tend to occur

unexpectedly, at awkward hours, in inaccessible locations, in foggy or
stormy weather that can whip oil and water into chocolate mousse, for

which no sorbent exists at all (85).

\

. A1l sorbents after dispersal over many square miles of ocean
"k ! \ ,

present the problem of harvesting and disposal. Burning the recovered

IS

wet sorbent-oil mixture may not always be possible, aug it changes a
problem of water-pollution to air pollution. Dumping %n quarries may
result in contaminated ground water. Reclamation and separation of ;il
4 and sorbent for the possiNe reuse of‘BotH would be %deal, but it is

also the most expensive method (85).

. o i .
-1
. .
\ -
\ N P .




T on

1 BOOMS ’

.y Boom Requirements ’ ' S
Booms are used as‘floating walls for-oil containment to
facilitate cleanup. Booms’must be exceedingly sfrong, yet flexible to ~
defy tidai, ocean, or river cu}rents. They must be capable of
conta%ning vast‘quentities of 0i1 without excessive leakage. They must

\

be manoeuverable on tgwing, and resistant to sun, o0il, and fire (92).

Most present da} booms were developed on a hit or miss basis,
and fail to contain oil when’carried by currents in excess of 1 mph. On
the open sea booms are inadequate because mooring boats are unmanoeuver-
able at the very low speeds required.. On rivers booms may be swept
under and submerged when pulled tight against moor1ngs by waves. and

currents (93). Figure 10 illustrates severa] common boom types

These booms fail in frgg;al assau]ts against the 0il except in -

the\EEYmest rivers or sheltered harbours. On swifter bod1e§ of water

~they may on occas1on be used when ang]ed into the current to direct the

flow of oi] to collection points. Frequent mooring is essential, for
the skirt or fence will 1ift under water between mooring points,

reducing their effective under-water depth.;,Mu]tip]e moorings will also

prevent the formation of angled cusps whith leak oil more readily (93,94).

1.2 Individual Booms

\'I

Other types .of booms®have been developed some of which come
closer to the requirements mentioned. Figure 11 illustrates three

types of moderately successful booms.
~ S AN
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FOAM OR INFLATED TUBE __

SKIRT —
BALLAST > O
. FENCE BOOM  *
BUOYANCY FLOAT - I B |
. \ o
VERTICAL BARRIER ;
. BALLAST oodh
. MULTIPLE TUBE BOOM -
AIR-INFLATED TUBE t
' N
WATER-FILLED BALLAST TUBE & l//
- -
k v
% -
_ £
. FIGURE 10  SIMPLE BOOMS (93).

/._
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i
: ' PNEUMATIC BOOM
. STRONG_CURRENT _~ 3
| L __—__ﬁ.ﬁ ‘
i l'l ) ~ '."‘.":
« O.
|
| ’ i
; o
{ d \ DOUBLE BOOM
i FOAM-FILLED FLOATS » ———
} NON-WOVEN FABRIC _
NETTING
<MATER . OIL AND WATER
C _ STREAMLINED BOOM .
FLOAT . a
_ 0IL SLICK.
. FIGURE 11  COMPLEX BOOMS (95,96,97).



11.2.1 The Pneumatic Boom. Pneumatic:booms consist of perforated

. dhderwater pipes through whieh.fdrced air is b]own.\ The rising air-
water mixture creates counhter currents to restrict the spread of oil. ¢
The advantages of a pneumatic'pgbm<are yhat it ai]oWs the uqreé%ricted
passage of ships, it is less suscepttble to environmental factors, and
it is safe from fire. The disadvantages are that: it requires.exfensive
insta11a;ion and maintenance, it is ineffective in case of a power or
piﬁé failure, and it fail; to conta{n 0il in currents gfeate; Epan

1/2 mph (92,95). . I ) \',

<

: 11.2:2 The Double Boom. The double boom consists of two parallel

‘ floats linked their full length 1n‘50-foot segments. Nettin§ fastened
“to a nonwoven meteria] permits water to float through but retains the
oil which floats to a collection point. This boom when placed across
the current at an angle is claimed to be effective in separating and

collecting the oil gn currents of greater than 2.6 mph (969).

Fe

11.2.3 The Streamlined Boom. .fn;the streamlined boom the waves

sweeping over the toﬁ of the leading edge of the boom debosit the o1l
into the sump. This boom manages to c¢ollect oil with an efficiéncy of
80-90% in currents in excess of 2'mph. In towing, this boom ;equires

only one third the effort of conventional booms (97).

¢
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12 BURNING \ ) .
l ‘ - S .

12.1 DisaJ;}ntages to Burning. 4
o .
¢ " Burning! spilled oil Qrésents in theory an advantage of economy,

equipment, and manpower. -As the Torrey Canyon incident demonstrated, it

"

" is not as easy to burn a-tanker or its spilled cargo as it might appear

(24,98). * Unburnable 0i1 emulsions can form on contact with water.

t ~
.

pd

To ignite a weathered oil sliﬁk'is very difficult. To maintain

4

N,

substantial combustion is eigg{more difficult: an oil layer less than

-2 mm thick will not burn. A:burn{ng patch of 011 decreases its own

viscosity until spreading reéhd%s its thickness to the extent that wind

. »and waves separate the burning slick into small bools. Heat éxchange
with the water th;h extinguishes the fires quite.rapiggy. Once the

volatile fradtions have been burned ofI; the resulting viscous tar-like -

residue is almost unignitable (99).

vi2.2 Burning Agents

To assist combustion,several burning agents have been
‘ developed. ° Hydrozigniters are agénts»thathignite on contact wi%h water;
they contain sodium or magnes um. Auto-igniters_are substances which
react with the carbon or hydrogen of the spilled o0il; they contain

Y . )
chlorates of sodium or potassium. Wicking agents consist of a light

-powdery material made from silicates. Due to their Targe surface area

and porous structure, they act like millions of cand]e‘wickg to maintaiﬁfﬁ

1

combustion (98). ) . g x
03 L 3

. x
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Some specific burning agents are described below.

' - .
~ . ’ * * -

1. Cab-0-5i1 is composed of extremely fine ﬁ%ﬁticles of
. shn& whose surface.is treated with a silane coating
to make it hydraophobic. Applied as a water slurry,
C ‘ the Qaier‘sinks through the oil.and the light

o buoyant cab-d-sil powder rises to the top of the

- _— . 0il. The treated area can then be jgnifed Sy rags

»

———— """ soaked in lighter fluid (100). .

A
L3

‘2. 0Oilex .Fire is a %ombination sorbent and hydro- -.
* igniting chemical. It ignites on,app1icaéion and
then acts as a wicking agent tglnaintain'combustion

(98).

3. Straw, a good sorbent, is also.a good wicking agént.
.. Burne¢ strqw forms filamentous carbon threads that

‘ behave as wicks (98).

o

-t N

“On fresh]y(spi11ed'oil, burning agents promote combustion.
' \

Under Sé%ual field desting they are a disappointment‘of¥;ring prob1mn§

of application, ignition, cdnfainment, and maintenance of sufficient’

burning thicknesso(IOI). ' -
P . .

°

o

- :? ' . ‘
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13 _MECHANICAL REMOVAL | . E
. N * e | ) : | |
13.1 — . General - . ' : . .

e

One advantage of mechanical removal methods is that the
recovered oil can be sep‘arated-fr,om‘ wat.er and reused. To be eff,ec-tivé
the machines must be available at the spill §1‘te v‘ery quickly. 1In very
large spills, rﬁechariicahdevices do not prove usefu1: as was the case
iQNthe Santa Barbara blowout. Their main c_apabi‘th Ties in co.ntrolling .
oil 9q11ut1‘on 1n‘she1tereﬁ h;':\rbours and dockyards (102)'. Figuréjz

e
;

shows several mechanical oil removers.

~

"13.2 ﬂg Variable Pitch Screw ' .

In _tlie variable pitch serew, 0il and water enter the sy;fem
and aremtygaﬂ‘pp_ed between the threads. As the p;tch of the. threads |
progressively diminishes, the oil 1ayér thickens sufficiertly to be
removed by a pump from a chamber situated at the end of the screw. Water

is removed from the sump thréugh an opening below the screw casing.

' o Erratic motion of the waves is absorbed by the last stages of.‘ :

the variable pitch screw and the wholg device follows “the movement of the
swell. Several variable pitch screws can be attached catamaran fashion
and the collected- 0il pumped into acégmpanying small tankers. Such ?

;ystem would be expected to pick up oil.at 10 000 gallons per hour (103).
L] Q ’ i ' N -
13.3 The Free Vortex ‘ “

»This method is useful for small 01‘7 spills in u\acceséi‘ble\

locations around pieré or ships in harbours. The large impeller creates

‘S

a pdwerfu] vortex th?c ca‘n draw iM 0il from apprec?a’b]e distances. Ubong

~ ‘-r
w <

i \ .o
4 ‘ g L«(

.

o
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.and wateg! A.Low pressure meta] ro]]er removes water frpﬁ\the foam - B

©13.6  ,Magmetic Liguids ~ ~ . - -

‘ qot settle pn stangpng or in the prespnce of a strong magneb1c f1e1d

because the1r size is small enough about 00 A that Erown1an movement

.
- 4

Te

~ ‘ ° T
approachin ~the0vortex ‘the o011 co]]ects in the central pocket and can

" be removed by pumping. ~ This daevice is clawmed to be effectlve for oi]

"slicks of 0.001 inches to .over 5 inches. The vortex device Lould a]so C e ¥

AN .
be used in conJunct1on with po]yurethane sorbents. In deue]opment is a .

prototype capable of removing 2000 ga]]ons of oil per minute (104).

.
. N . e .
3 N o e e

-~

"13.4 Endless Belts ‘ e ;- S K

*
e . b

A continuously éycled' buoyant o]eophi]ic po1ypfobylene'fe1t

. ~ 2
belt 154u§ed to recover the o0il in ca]m water. - One be1t 20 inches wide

and 800 feef 1ong can lick 7000 ga?]ons of oil per hGUr from a s11ck

6 mm th1ck, A set of wr1ngers remove. the sorbed oil from' the be1t ) .

material (105). ‘“ T " . v 4

. . ¢ . - s
. B [ —
. . - Yor
t » . . . . .
-

13.5 - Rotating Drums

L9 3

3

A pﬁ1yurethane-covered drum rotat1ng in the water absorbs oil-

AY , 4 . ‘ i
drum, wh11e a second high pressure ro11er removes tﬁe oil. %uch a drum L

sk1mm1ng over.the Qjl ina catamaran works well in she]tered water (106).

E
RN s o
. .
°

Magnet1c 11qu1ds called feﬁYof1u1ds are capable of magnetazing Vs
th oil. Ferrof1u1¢s cons1st(of a co1lo1da1 d1spers1on of magnetic iron # ’ y
o;ide Fe304 or aFe203 1n a 11ght saturated hydrocarbon. Ferrof1u1ds do

A}

The particles in suspehsion. do not f1occu1ate 1n a magnetic f1e1d : l

£

? B

d1sperses the part)c1es.» ‘Phase separqtlogfis thus prevented o . .
> .




bemg magnethed to 200~30Q gauss In pr1nc1p1e 12 500 gaﬂons B‘f oil per

> bhour can be recovered (107). e C N
¢ . . .o.ov S ."T ’ .\. <
— N t The proces_sqof magneti:: oﬂn/water sepalr;'ation&con%is'ts of: . - " )
*. T ) f ’ . . ‘ ’ N . ‘
17 The 0il phase is magpetized b addmg, m1x1ng, or
'Y A . g . ‘
{ - . o 'l : ¢ spraying the ferrof]uid The at1o of ferroﬂuld to.
| ) ) ! ) d ! ’ o L2
~0il is 1:20: The amount of m1x1 g depend;~ on °che .
e state-of the sea— ‘ — , o '
. [ 2 S, ¢ . N ] - T
\ q- ‘ ‘ . ' -y ‘ ‘1:' - v
' 2. . The magnetized oil-water mixture is passed through
’ \ ’ .the poles of an electromagnet 20 000 gauss stroﬁg. -
> . \o | o & | , v 5
3.. The magnetized oil, is pumped off the magnetic
* cg}]ectg’or.“ o :
\ . . - hd . o
T4 ' THE USE:OF, SINKING AGENTS »
- c L~ \ e L0
141" Finction of Sinking Agents® ) , S
) .The pr1ma§;y function of-: sinking agents 1s to 1ocahze the g
effacts of an’ o1§o spill. ‘Aspill as’ b1g a; in the Torr,ey Canyon nnc1dent
4
has the. potent1a1 of poﬂutmg 1560 km of shorehne The same 100 000 tons
N ‘3
©, oF.oil cou1d be\ sunk 1n an area 25 square km if the slick was'4 mm thu;:k x
(26). Most smkmg agents in thgnse]ves are non- -toxic to pe]ag1c marme
° B
) hfe A]be1t personnel may requm-e s%e protectwn ‘during handhng of .
¢ /
ot fme powde,rs “Near estuaries ,and rivers,.water-carried mud and sﬂt N
;afterr act as natural s1nk1ng agg&ts (38) The appea] of smkmg agents ¢ ‘
R 1$‘based on the. rap1d1ty and relatwe s1mphc1ty of the operation, ' > -

w1thout the subsequent effort and expense of coHectwn and d1spos§1

-




RI S1nk(ng agents, a]though not as numerous as sorbentsy$till

gncompass a surpr1swng variety. They may consist of sand dredged,hp*i‘x

" from the ocean Bottom and used dry or in s]urry form.  Sand has‘also &
©w
zbeen used coated by wax or s11!’%ne, sand-coated’ wax is reputed to hiye

¢

good Letent1ve properties. Sand part1c1es have been- rendered oleophilic
- K N
by 1n3ect1on of 1ong cha1n am1ne sa1ts into water/sand sturries. The

sand mg,hbe given a coat1ng of 011 and then heated to e a fJJnLnf__

* carbon on the.sand grains (108). . .

8

- ! 4
OtheJ oil-sinking agents may be brick dust, crushed stone,
gravel, var1ous c1a5§, powdered CUke, vo1c§h1c ash, slaked 11me Portland

y cement, and gypsym‘whvch sets into ha(d cakes.” Fue] ash is produced by

the ton in poWer stations and' may be: used’untreated or coated with
.
si]i:one Chalk coated with 1% sodium 'stearate was used by the French

in the IorrEy.Canyon 1nc1dent (26, 108 109,110).

A S
73

14.3 Requirements of Sipking Ageqts

P ¥ The qualities of a'good sinking agent are’ similar to those for
£ ]

good scrbents, the main difference lying in the densities of the *

materials.. . - ( ° ) . )
: ’
= Sdinking agénts should be oleophilic and hydrophobic and, for
the re{ent1on of 011, should contwnue to be o]eoph111c in the presence‘
~

of a‘large excess of water. Ideall{f for s1nk1ng an 0i1 of specific
’ gravyty of 0.90 “only 20% by weight of a sinking ggent such as/sand is

required.( In actua]ifield conditions, it has been necessary to use two
I

to three times e we' ght\of oil. From an ecodomic view, cheapness and

’
"

o M . - N 3

1

N



abuﬁdaﬁt avéflability of sinking agents are important criteria (108).

L A
- *

r>Granu]ar material should have a specific gravity of 2.4 to 3 0 Lo
~ . .

and as large a surface area as possible. This is for 0l adsorption '~

purposes: and also so that hydraulic pressure reduces air-fille@ pore
spaces and increases the specific'gravity to maintain the sinking

. process (108). =

o ) . y
.

Fine powders have larger surface areas and ! correspond1ng

" potential for s1nk1ng and retaining greater quant1t1es of oil. But fine p

pﬁyders suffer from«the difficulty of application even in moQﬁrZPEfi\\\,,~,»- “T
-windé They may‘clog hachiﬁefy and pose health hézards Fine powders o \

an ;pp11cat10n may produce saucer-1ike pods on the 0i1; these pods may
be 1nverted by wave act1on and so sp111 the bulk of the s1nk1ng agent.

The use of powders necessltates m1x1ng 1arge areaékof water Jn s\urry
form they can be app11ed w1th high impact ve§yc1ty tO\penetrate the oil,

-~

N
contacy¥ with water (108 109). K

. . ' v, .

14.4 . Effect of Oil Viscosity. — —

‘ot
but th:z‘ o]eoph111c character may in some cases—be 1mpa1red by long N\\\ |

0i1 spills may 1nvo]ve oils of high v1scos1ty, such 'as Bunker
fype oils, or the very 1ow V1scos1ty crude and fuel 0115,‘ Weathering
may change in a re1it1vely short, period of time the ghanacteristics 6% S
any spilled oil. by increasing the viscosity and’furning portions.of it .j
ihtb emulsions. S1nk1ng agent; operate most- eff1c1ent]y with 0115 of

reasonab]e viscosity. For freshly spilted crudes 51m11arh1evels of

efficiency cah be obtained when the 0il layer thickness.is greater.

D . ;
[ . .
. " ‘ D ,
, ; . T A w
. e
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Very viscous oils may be difficult to sink beoause they require ’
( s aﬁtgtion, even when agents:of high specific-gravity éré used. ' )
& . . s P
N 14.5 Testing- of Sinking Agents g
‘ = - _ ;o o~
«  Sinking agents may be tested to determine their general R
A} R O f
: characte}'istic's 4o remove and retain the oil. The efficiency of a *
. + .
~ sinking agent. depends bh a number of variables. . - .
- 1.1 Sinking- Agent Féctorsy ¢ Ve :
- N ' h i owt .
’ ) - - a) - composition o e
| o s ‘ : N
| ' - \ - .b) specific gravity C
| ) o ey l}]k density ° b k .o |
. o . - o~ _ . ,‘ i |
‘~ CT d) * particle coating . e N ' T .
T i E -le) particle size ? ‘ \ , \ - N
T o - ‘ ® - - CN v
o f) method of application g . o0 :
© N . ’ Es f' \ e o
Lo 2. 0il Factors RSN , .
. ' - N =
v a) oﬂ type . ) . 7 '
. , i i 3" . ; , - ;&:'2
o . - b) 01] 1,xyer th1ckness T ‘f;
’ :'L‘ y ) a\‘ *
| - 3, - Dispersion Factors: ‘ - - '\,‘ .
‘ o ‘ R !
’ . S “a) ambient temperature - / .
. ; :
!; : h . : ., b) 1nf1uence of wmd velocity « ) v
o c) wave action, currents and ti des % ' vt e :
- o \. 'a’, ’ '- w .
~ Due to the d1ff1cu1ty of é@oducmg dynamﬂ: f1e1d cond‘ltions. ‘ S
o “ in the 1aboratory. or~ even in a large sca1e1test are«awnq dpes . ?_5-
L not take into .account: d1sFers on fac‘ors. [ { . . . '
- . - . R \ ' ) \ . X . ,3'. !
5 | ' o - " ; . -
' ’ t;‘ - ’ & “ . - . '.\ * v -
N ' . R . * .
\ T : o H
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::amanual sprinkling of sinking agent. Oh1y.visua1 obéenyation served tg

'>procedures used in this study in Saction 15.5.

Testingw%n the Yaborato§y usually involves only the addition
of a*Sifficient quantity of sinking ‘agent to-dispose of a known quantity

of oil. The following testing procedures can be compared to the testing

/

In one test 50 ml of oil floating on seawater was sunk by

- x

determine the point &t"which the 50 ml' of oil, were

<

\ —~—
The. efficiency of the sinking agent was expressed as the weight of agent
) ] -

required to sink 50 ml of oil (11]); - ’ ~ e
. ~ t N ~

’7f . Another test consisted of the add1t10n of 150\gm\8f s1nk1ng -
fggég;\1n slurry form to g 3-ml s]1ck of 011 whose weight was known.
Float1ng oil/agent masses were st1rred to indice maximum sinking.

V1sua1 est1mates of the amount of f]ogtlng 0il were made 1mmed1ate1y

~

after app11cat1on and at t:med 1nterva1s after (112). No effort was-

T -

made to take “into accohnt lass of 011 through evaporation.

A sqm11ar test involved, the add1t1on of s1nk1ng agent to a

knbwg volume of‘b11,. The we1ght of 011 was caTcu]ated from the spec1f1c

. gnavity. The agent was spr1nk1ed through a~spec1a1]y des1gned»funne1

;fbr easier application. A fixed free fall of .30 -inches was used. Again

v1sua1 e§t1mate/W3§/;;;;’;; determine when 90% to 100% of the 011

hi unk The eff1c1ency was measured.gs the ratwo of the weight of oil
. sunk the weight of sinking agent required (113).
Q - N . v ' : .
" . /t v' ’_\\ o ; . .
" A titration méthaaﬁused for sorbents but transferable to

' o < ) g
sxnk1ng agents was’ the drOQW1se add1t1pn of 011 to a prev1ous1y wewghed

A A

N\
A

w

.
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.o aéegt. The end point was reached when the individual oil/dgent 1umqs
coalesced into a‘single mass. The sorption capacity was the ratio of

the volume of 0il used to the amount of 'sinking agent treated (86).

14.6 0il Retentivity of Sinking Agents

Most 0i1 retentivity tests consist of "dry mixing" the oil
4
and agent, and observing the amount of 0il ‘released after the addition
of water. Few tesis take .into account voléti]ity losses. The testing
F3

procedures used in this laboratory (seé Section 1%.7) can be compared -

- ' with the following retentivity tests. ‘ . /

1] ! . .‘"P‘ . 1}

( L In one test 50 gm of sand were ﬁixed with water and treated !
with a surfactant. This slurry was mixed with 30 gm of o0il and
transferred to(a 250-m1 flask fitted with a calibrated f;be. The amount Y,
of 0il released at the_ehd of 24 hours was measured. The.gmount ﬁf oil . s o
N \‘ riZainéd was, then 30 minusvthe aqeunt of floating oi].' The efficiency

of sinking,agent was, the ratio of the amount of oil sunk to tﬁe weight

\ of sand u;;ETII]Z).

l

°

.o \ In another test 10 gm of sand were thorough]y mixed w1th
~

; 10 gm of crude oil. Seawater was added and the whole a1Howed to stand
for 24 hours. The seawater and any floating o0il were then decanted.
; . 0i1 adhering to the'walls of the beaker was wiped of?kaﬁa‘discarded..
N Only the retained oil was d1s§21ved out of the\swnk1ng agent,-and the

amount of oil was determ1ned absorptiometricaily (112).

In one method the sinking agent was mixed with oil in an

evacuated flask to ensure the re1e§sé of 011 which was only trapped

. . . p 4
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N ¢

betwéen the solid particles and was not actually absorbed. A graduated

cylinder was then?titteg,to the top of the flask and seawater added to

a calibrated mark. The volume of released o0il was determined from the

2%

cylinder graduations, 2 hours and 18 hours after the first addition of
water. From the specific gravity, the weight of released oil could be
determined and subtracted from the initial weight to give the weight of

adsorbed 0i1. No corrections hdwever were made for the disappearance

of volatile components (113).

L4 i

One form of dynamic teésting made use of a circular flow

channel that was provided with a means of producing and measuring

differént flow rates. ~To simulate natural conditions fhe bottom of the

channel could be .covered by sand, mud, or rocks. Known weights of
s1nk1ng‘;6ent/o11 were put into the movnng water Refloated 0il was

obtained by/éntch1ng on!flne glass woo1 The 7ota1 weight released was

4
- subtracted from the amount added to give the weight retalned The

dynamic retention capability was,given by the rdt1o of 011 reta1ned to

the weight of631nking agent used (113). ' ..

*

> L}
Untreated oil evaporates and loses its excessive toxicity

quite rapidly. 0il that has reached bottom by the sed1ment1ng action
of silt and floating detr1tu& has done its worst damage to the surface

>
community. Sinking agents carry to the bottom relatively fresh toxic
» .

0i) and therefore degradation in the absence of oxygen is slower. Poten-

" tial slow release of sunken oil can force the entry of 0il into the water
4

column. .Fishing and destruction of bottom 1ife must be weighed'aéainst
r *

\ -
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0il spill-requires a balance between several evils, and experienced |

'sinking without some fgrm'of agitation.

el

»

damage to coastal communi¥es. The use of sinking agents to treat an

judgment®s necessary tb choose the lesser.

15 - TESTING PROCEDURES USED IN THIS STUDY

15.1 Determina@ion of Sinking Agent Characleristics

The variables of interest affecting the efficiency of <inking

agents\de enddon the “true spectfic gravity, the apparent spec1fic

M Y

gravity, the surface: area, 'and the bulk or loose density. . ‘
. f , ‘
15.1.1 True Specific Gravity. The true specific gravity is the : 0

spnc1fic gravity of the sinking agent unaffected by any particuiate

\ N . 3 . . R
porOSity : - /

15.1.2 Apparent Specific Gravity. The apparenivspecific graVify is

the specific gravity of the sinking agent affected by the particuiate

porosity.  When the apparent specific gravity is apprec1ab]y less than

the true specific graVity, the indication 1s that the particies are -~

porous, with large surface areas. This characteristic wiil affect its

spontaneous sinking ability. The pores are frequently not penet;ated ' |

rapidly by liquids such as oil, especially whére oils of relatively high o \\\\

viscosity are encountered. —In such cases the agent/oil mass will resist
. 9 i

e 4
. . , i 4\' - -
¥ - ] R ) B
The apparent specific’ gravity was determined using water ot e
L T . .
5 ’,“ i, ' ' ~ \J ’ . ' 4
pycnometers. . /5 ‘. ’ Fy SN , R . P
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15.1.3 Bulk or Loose Density. The bulk deneity of the sinking

5

- 74 -

-

.agents reflects to a certain extent hoth the capacity foqipacking and

the particulate porosity. Low bulk density values suggest ptob]ems of

storage, handling, and treatment. The butk density was measured using
o .

large graduated containers.

AN

15.1. 4\ Surface Area. The surface area of the sinking agents wag
determined according to the method\of Brunauer, Emmet, and Te11er in
th:‘normal BET gas adsorpt1on apraratus. The samp1es were tested as
"received" to.give a rea11st1c picture of the surface areas involved

(114,115).

15.2 Determination of 0i1 Characteristics

. The properties of the various oils capable of exertlng
¥

influence on the eff1c1ency and retentive propert1es of the sinking

agents wereﬁﬁnvestigated.- The prdﬁerties of importance were the

specific gravity, the viscosity, and the-volatility of the oil. |

15.2.1 Specific Gravity. Pycnometers were u§Eq to determine the

specific gravity of low or medium viscosity oils. But they proved
impractical for a high viscosity oil like No. 6 Bunker-. For _this 011 a

large graduated cylinder was used. Specific gravity tests were carried

o

out at room temperature and at 2 + [ C.

15.2.2 Viscosity. A Cannon-Fenske Viscometer was used 'to test the
viscosity of the 1ow and medium viscosity oils. No. 6 Bunker oil was
Weasured at room temperature u51ng a Concentric Cylinder Viscosity

Apparatus. At 2 =] C due to its asphalt-1ike consistency, the v1scos1ty

of No. 6 Bunker oil was estimated by extrapolation from literature values. -
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15.3 The Qi1 Léyer: Thickness Measurement Device
| The devjcé is shown in Figure 13.- An aluminum rod carried
" the measym’ng apparatus-proper. This consisted of a micrometer with a
traverse of 250 mm and a reading uncertainty 61’ +0.01 mm per si;\gle .
reading. The micrometer body was fim1y clamped to the aluminum rod.

The traversing head.of the micrometer contacted the flanged end of a

Ny - brass rod, itself carried by a bushing firmly attached to the aluminum
/ > , rodt Bétweer; the top of the bughing housi‘ng and the underside of the
/ J\ ’ brass rod flange, a spring ensured that, with any upward or downward
Y ' movement of the micrometer head, the brass r‘bd}u]d follow these motions
exactly. P ' Lo

The opposite endcof the brass rod carried two finely-pointed
, " stainle;s steel probes about 1/16 1'ncl;.d1'ameter.rk These probes were
. firmly attached to, ‘but insulated from, the brass rod. Insulated lead-
off wires were at‘fache.d to these probes. These wires"led’ to a charging '
and resistance measuring device. The pointéd ‘ends of the probes were D
separated laterally by a distance of about 1.5 cm, and the points of _the |
probes were displaced in the vertical p]ane by a distance of very close

to 1 cm. One probe thus hung 1 cm lower than the other.

LS 'The main vertical aluminum rod was lcapab]e of being cénnected .
to a horizontal aluminum rod by a universal clamp which permitted the h
ver‘tica} rod and associated testing equipment to be positioned laterally
and vertica]iy in the test cell. " The horizontal rod was equipped with - ' .
clamps. which allowed it to be attached to a r1g1d framework sur}mdmg.

but separate from, the test cell. . | ' ﬁQ
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T In practice, the devicg/was attached to the rigid' framework

»

when an oil layer thickness was to be. determmed The vertical rod was

then 10c‘hted at the centre of the test cell and perpendicular to the

|

[ C ol “surface“ The' micrometer was adjusted to full retraction-of the ) i

! probes. The verta ca] rod was then positioned so that ttle "longer of the ‘ ‘

' two probe; entered the o011 layer and the shorter was just above@ﬂ . ‘
surface. The micrometer was then adjusted to Tower the probgs until the
shorter probe jusi: touched the oil 'surface. The micrometer reading was
taken ‘at th’is point. -The nficrometer was now adjgyed, Jowering both

’ pr;obes simu]faneous]y, until the shorter probe, just penetrated below

’ ' the lower surface of the oil layer, as evideneed by a significant

’ decrease in the resistanc:z as read by the resistance measuring dev'ice.

‘ The micrometer reading at this point was taken. The difference Bétween

» the first and second micrometer readings yi-elde_d the o011 layer ?:"hickness. .Y

! Two additional, and sometimes three additio‘nal, 01'1 thickness values

were determined for points equidistant from the sides of the cell and'

its centre. ’ A1 readmgs were averaged to provide t\Q final oil layer

&

thickness. -
N - \

15.3.1 ‘ Calibration of the 0il Layer Thickness Jesting-Device, A

500-m! beaker was examined to determine its inside diameter. The

measurements were made with a Starrett No. 579E telescoping gauge. The
values obtained are given in Table 1-1 of Appendix I, and represent the

various beaker levels in volume values. .

; N . - ! ) ‘v
. Since it was planned to carry out the testing procedure. for
. I8 k3
. ‘calibration with,the 0il Tayer, for each test, contp‘ined between sthe
L] .

» \

B

. * ’
e o .
.
. . .
L] N A ’
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* . ,

300-m1 and 400-m1 Ierel markings, the diameter was taken as  _"

-

»» a . . . - ' .‘ A L
o 83.6£0.1mm %
’—“‘.' . 2 ' “ Q
with {the associated surface area.for the oil layer p_rojected as
v | . 89 s6me . ,
SR M . - - -

The specific gravit_y'of‘th-e No. 2 Fuel oil used for

calibration purposeé was determined at 21 1°C,\’by thé method described  °
‘ ’ : . &

in Section 15.2.1 and reported in Section 16.3 as being
/’ \ ! r
/ - s
' 0.840 + 0.0010 '

with the density at 21°C accepted as being
: o

Voo e (8.40 £ 0.01) x 107% gm/mm3
o . o ..
S (8§ l ‘ o
N Varymg wé?ghts of No 2 Fuel 011 were accurate1y we1ghed out

Al

N
and' floated successwe]y onto saline so1ut1ons contained in beakers, the
sahne solution layer being in each case such as to permit the oﬂ layer )}
wW /
to lie between the 300-ml and 400-m] Tevel marks of‘;the beaker. The

1;h1 ckness of each oil. layer was ca]culate\d from the re]at1onsh1p

. Y ) | ‘ . .
o - 'L=ﬁ(~ L 1}..‘ (44) .
* where L =o0il layer thickhess (mm) SO ) o ..' \
) , | W=o0il wei'ght (gm) - - £ | J ,
Y | d =0il density (gm/mmﬁ / ‘-'. oo : \ . “} ‘
‘ ‘ A —oﬂ layer surface area (nm?) 5*” e S o _‘33' A

.
‘ v
| Y
. .
.




Table 1 2 of Append1x I 1nd1cates ‘the’ ca]cu]ated oil layer

' th1ckness va!ues as as$oc1ated with the 011 we1ghts taken. .
- .
¢ i ' ¢ vt ‘, to. > R ¢ )

For each test, the oil 1ayer.thickness was deteﬁmined by R

s
L. V
4 ] »

" A , ~
app11cat1on of the testing device at four general locat1ons on the oil
.,/ -

surfacé These are shown in Figure 1-1, Append1x I. The values
/ M .
obtalnedefor these tests along w1th the associated average values, *

standard dev1at1onsa and calculated va]ues are ngen 1nj[able 2. Also -
w
shown’ in th1s table are the percent relative errors‘!.%h respeq; tp the : ’
\ . ) .
qa]culated values, ) . ‘ o -
""/ * o p : > ‘ / N r

Test 5 can be presumed to be of ~dubious va]ue, since the 011 AL

surface was discontinuous. This situation provides some 1nd1cat19n_ .
. ' o hY N ¢ ' ¢

- that at ‘Teast where No. 2 Fuel oil is concerried, °the examination af e -

vy 4 o

0il; Tayer th1ckngsses less than approx#maQely 1 mm may not 1ead to data /

]
of praot1ca1 s1gn1f1cance T o .

~* " , ! ) . ’ ). * ' ey
. Table Z‘dﬁta 1ndicated somewhat greater differerces between Lo

the calculated and measu&ed values than might have been ant1c1pated

A °"‘3
from the measurement device’ uncerta1nty oﬂ\gbout +0.01 mm per s1ng]e ‘ ’
measurement Since two readings are required for a final thickness i

- “ nc

measurement at each 1ocat1on @ f1na1 uncerta1nty of 0. 02 mm 15 1mp11ed

It was noted that the four measurements taken Rer test showed dwfferences

-

* greater than this implied level of uncertannty. r ~ . Le.®

4 '
4 \ ’ ">~W .
A careful 1nvest1gat1on d1sclosed.;hree soufce contr1bdﬁ%%ns - oL (,

to these. dlfferences, there be1ng two maJor and oné m1nor squrce. The 4 r

two major sources were, f1rst a ]ack of smoothness ;% the ocat1on of .

LY

~ - o .
. 'l . - . = ,
. j “ .
b . - . v = R ) e A A
. . . B v
. » N i
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\the sallne so]ut1on/011 1nterface and, second, residual v1brat1ona1

generally'foundXduring,the course. of” the regu[;r testing procedures. R \:>x*\\\-

- respect to its 1nter10r d1mens1ons y1e1d1ng a surface area for any 0i]

~ . . ‘.)

4

effects transmitted fyom the environment to the test beaker. The minor

source 1nvo)ved the relatively s;}ﬂ’surface exp]ored. Little coufd'be

"~ done with respect to the lack-efdsmo othness-phenomenon ‘but reduction

e ;) A‘

'of the, v1brat1ona1.effect and_the use of a Iarger surface area in the *'} @

AJ

test cel] resulted in a considerable 1mprovement in-the reproduc1b111ty \\\\'

of the measurements, as evidenced .by theﬂagreement of measured values ‘\\\\\\

[

t

c . Figure 14 provides a plot of the ca]cu}ated and measured -e

‘th1ckne35es reported 1ﬁ Table éi On the basis q//tﬁ/s plot, the fact - '

' that t(e differences genera]]y approximated- a 0.1 mm level and the fact

- r '
that a significantly improved situation was obtaimed under actual test
. . ~ ' .

.

conditions using the test eell, ;he‘heasurement%device for oil layer .

thickness determing&goa)was considered adequate for the purposes of
. ~o L *

(" N S~
.

this study.

15.4 . The Jest Cell = - _ - -

2t ' i
, . . ..

The test cell and its upper alumiuum'framehork are shown in

Figure'ls. The rectangular plexiglas cell body, constructed'usjng

1/4 inch sheet, measured 249.50 + 0.04 gm by 249.45 + 0.04 mm with | .

1dyer of. (6 224 0. 002) x 10% me . gThe 1nternal 1ength of the cel]

-body was 90 09 %so 05 &m, a]]owing free fall va1ues of-up to approx1mate- .

[}

" 1y 60 cm. ! “ C . / ’ R

\ * > . -

The top of fheace]] was equipped with a detachable aluminum ' P

v

framework censtructed from extruded forms,.and having plastic-]inedﬁ o -

+ , ° N o 1} . -,
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slide grooves to carry the plexiglas slide p]ate. The detachable.
frame carr1ed a 1ocking and release catch wh1ch engaged a p1n set into
i
the unders1de of the slide-plate. It also carr1ed at the onpos1te

° end, a’ secur1ng pin for the spring. Rubber stops. were prOV1ded in the

frame s]rde grooves to take up the,shock o{ stopping the rap1d1y- )
. .e

retracted slide plate. - .
4~

-

A centimeter scale was.attached to an outside corner of the

“test cell, which permitted measuregient of the distange froi the top of.

the slide plate to the top of the 0i1 layer under test. - ,

» In pract1ce, 51mu1ated otean water prepared accord1ng to-

\

ASTM D- 1141 specification was poured into the cell to the mark. A

~ v

weighed quant1t¥kof 011 -calculated to "produce the requ1red starting oil

1ayer thickness was carefu]]y floated on the sa11ne so]ution A

ﬁéasureq amount of s1nk1ng agent was d1spersed on the oil by spreading
it evenly on the spring act1vated‘p1ate Upon'release of the locking

p1n, the p]ate retracted rap1d1y, spilling the; sinking agent on the oil -

?

1n a reproduc1b1e manner
-t .. . N : .
' The,o11 1ayer thickhess at the staft of each test and after

-
'

each treatment w1th s1nk1ng agent was determined as described in
‘ Section 15.3, | ’ f. : | ?’ /‘ . , .
'with»thé:mighYQ v : ous No. 6 Bunker o1 some difficulty was
experienced due to the fact'that some 0l was dragged'dewn by the tip
of the shorter proee. To ‘minimize this probiem two sharp stainless

eteel sewing needles were attacmed to the probes.. The oil layer

g

~ .
. ¥ o
- * ‘ :
‘ .
,
- » N
v
B .




th1ckness was recorded’ as the average of the two-values obtained wﬁéﬁ”rﬂ ; e

\

the probe nmved into the saﬁine solut1on and the probe movéﬁ back into

. the 0il layer. A d}fference of..about 0.34mm between these values was

A i e

' , e

A{ineraITST'fbund. - : o T ]
' In eath‘test series,’ sinking agent-was added and'the'decnease,
in of1 layer measured, until the oil layer became;d1scont1nuous At
th1s point about 95% .of the 01l had been sunk and the test was ¥
terminated. The appearance of water patches produced a d1spr0port1onate
- decrease in sinking agent eff1c1ency. ) ' ) : R
- - 29 - - . |
-~ A - ‘
— , |
15.5 Efficiency Testing Procedure J

Each test series was corducted for a particular sinking

-

agent, a part1cular 011, a temperature, and free fall distances of*

15 cm. 30 cm, and 60 cm. Using the test cell area and the density of- ——

phe test 011 a quantity of oil. ca]cu]ated to yield a 1ayer~of—between—-

10 mm and ﬁs mm was_ we1ghed out and f]oated carefully on the water.
A . ' . .

Sinking agent;id“ﬁoo-gm quantities was spread even]y over
the retractable slide, of. the-sell. and dispersed on the oil by re1ease
of the 1ock1ng pin. Those 51nk1ng~agents that d1d not sink to the
bottom were given three 15-second hand stinring periods w1th a glass :

rod- Thé oil layer thickness uas determ1ned after each sinking~ageg§,,'— - .

" ' 13 ' . - /

| . dispersal. The 100-gm treatment procedure was until the °

| . - : , _/’ .

- appearance of exposed wa%er patches. - —

[




4 - ) ’ o
#  The large volume of experimerftal data was organized-in the

. following form. Cob

. - , I ~ Group A Tables. Thesé contain the réw experimenta1

ey

data, and carry 1nf0rmat1on on accumulated s1nk1ng "

;ﬂ—l*_’F’,ﬂ,;:,ﬂf~—'*"”’";’——gaent 011 1ayer th1cknessz and we1gbt of 011 ‘ 'n

removed after each treatment. These w111 be fqund

-

in the appropriate Appendix.

’ "

[

. " 2. @roup A Figures. 'These\cbﬁ;ain the pﬁots;of the
raw experimental details.’ They involvé~the ‘
accumu]ated weight of sinking agent added versus

\D both the accumulated we1ght and layer of 0il

removed. These will be found in the. appropriate B

" Appendix.

' . B ¢

3. Group B Tables. These contain the analyzed raw

data to provide information qoncerning the weight .
of sinking agent and the, agent/oil ratio required
to remove 0il to a set layer thickness, starting

from specific initial thicknesses. These will be

- - - \
o SR '

4. Group B Figures. These contain plots of the

| S ' . anelyzed data concerning weight of sinking agent

a

equired for véribuélstarting 0i1 thicknesses, and

the projected field conditions shOW1ng the agent/ >

- “ 011 fratio required for various starting 0il

”

e = N
- 3

\
e
\

N _l »found in thelﬁﬁﬁﬁéb%iate Appendix. - .
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. . thicknesses. These wil] Be found in the appropriate ' IR

AR
£

Appendix.

)'f

]
K v
MS‘ \ . Co N

5. ,Comb1nat1on F1gureg Gioup ‘A-and B. These contain

the compar1son~g[df§.qf raw and ana]yzed data
show1ng the effeﬁ%s of free fall d1stance temper-
_ ature, etc., on the various oils. Carried in the

body of ‘the text, they form the basis of any

commentary. I B .
f N
i
15.6 - Volatility Loss Testing : N -
Each oil type to be exp]ored in ‘the test seriés was exam1ned ; s

to determine, at 21 1 C, time- based vo]at1}1ty losses For each 011
saline solution was used to f111 a 1-liter beaker to approximatedy the
halfway” po1nt The average surface area at this general location was .

81 c? . Us1ng the exact surface area in each case, in comb1nat10n with

5

the appropriate oil density value, a weight of oil capable of*providing IR
a layer thickness of 15 mg to 20 mm wasucalculated.. The oil layer l

thickness was measured immediately after oil additign; using the ' . .

thickness measuring device. . S . ) , v

+
L

At varying time intervals the 011 layer th1ckness was measured

aga1n, and #or each o0il the raw data obtalned was used te deveJop tables

v r /

and plots show1ng the voﬂat11e we1ght loss versus the time 1nterva1 ' .ﬁ'

a3, 0

“15.7 Retentioh Testind Procedure . g . ~\\;g/ﬂ

The 0i1 layer thickness measuring device prevjousljjdeseribed ¥

was used also to testfagent/oil retentive capacities by determination of - f NP



.
L ' N -
.

-

N
Py

—

room tempergture under static conditions. For each combination, saline

'point. * The average surface area at this genera{l Tocation was 81 c:m2

W3S determined 1mme3"1ate1y Then a quant1ty of s1nk1ng ‘agen® was

i 2o ' ‘ - N s ' N

the increasing surface.oil released from the sunken agent76il.mass..
These measurements could best be carried out when \tﬁe oil re]eased was
sufficient to produce a continuous surface, with'ho water patches oo

visib]é To accompliish this, a sufficiently tmck layer of oﬂ was

floated to leave, after.the initial adchtwn of. the}mkmg ‘agent, ‘ ' o

“measurable residue.
) s

Each sinking agent and o0il type combination was tested at

solution was used to- i1l a 1-Titer beaker to approximately the halfway "

n

Using the exacf surface area i h each-case, together with the apprép‘riate

oil density, a weight of oil capab‘le of y1e1d1ng a 1ayer th1ckness of

15 mm to 20 mm was ca]cu]ated '
) ‘
0il was carequy f'loated onto the so]utmn surface until . o .

the calculated weight was attamed The oil layer thiekness resultmg

weighed out which, in .consideration of the weight of ﬂoated 0il R

t

involved, generally gave an agent/oﬂ ratio appqemalﬂy lower than the

-

mimmum value obtamed 1n the . efﬁciency invest1gation. Thws quantity |
ie

\onto the oi1 surface’ .
®

from a 15-cm height. where penetration and sinking waS'not spontaneous, 'q,

of s1nk1ng agent was d'ispersed evenly and stowly:

the a#en‘t/oﬂ mass was sti rred, as- previousLy mentioned. Immadi'atelyv

. the abent/oﬂ mass was sunk. the residua'l oﬂ layer at the surface was e

" measyred ‘ S : L . f C




* ‘ . ' ’ o - } .

At various recorded t1me 1ntervals the 1ayer th1ckness was

2

recorded for each test system The raw data indicated that for each
" test, and w1th the passage of t1me, there was-a decrea’snig augmentatmn
of the surface layer thickness by re1eased oﬂo Indeed for western
Crude 01], at the end of one day, more 01] had evaporated than was - t )
refeased. The increments of th1ckness change shifted from positive to’
négative’ va]lues. % . . ‘ ‘ . )
-\ 4 : : .

-

To correct for these volatility 1osses the assumption was made
' ,’that for any spec1f1ed period or time interval, volatility 1esses would-
© be adequate]y accounted for by taking the ‘0il we1§;ht 1‘n the ﬂoat and
its losses, and dividing the resu]t by a fac‘tor 1ncorporating one- ha]f | . :
of the vol aﬁﬂwty Toss for the time 1nterval under cons1derat1on _The E

following equations were thus developed. S . . ‘ T

L . - . i
o wheri Ry = amount -of released oil in time t (gm)

3

’=oﬂ'1"n ﬂloat at time t (gm) . ” Lo S

L

I = 1mt1a1 0i1 in float after delay pemod and after . .

! addmg sinking agent (gm)

dp = delay -period after floating oﬂ and before addmg ) ,
. - smkmg agent (hr) o » ‘
‘ -Vt = volatility less by weight in time tw,(%) L
,' 0 , ) Vdp = volatility loss by weight in delay period (%)

S "L . J
t = t1me 1nterva1 from sinking ‘(hr) K ‘ .
K] s A9




The values of V, and V, dp are, of course, obtamed from the b

' appropmate volatﬂﬂ:y loss plots, as,is the value of V(dp +t)”

Iy . . [ o .
The amount of oil in the initial sunker mass S Jis giv&n by

< ‘ . SRSV
y a ' O b
Yos, =T -1+ - - ~(e8) . ‘
| N oo ) - ) B
where - ‘To%,tot‘al 0il in float after delay period (gm) = . -
e . The amount of @il in the:sunken mass~0t, at'_any time,'is.' .. . . }
* . given b'-y ) . / ‘. ’ " . " ‘c \ . - .‘ “ °"
- . S 0TSy R DT : ‘(47)
.. - . ’ ) ' T e, : 3
Y ; s , ’ ) . - - R .
. . * The amou,pt of oﬂ retamed OR , as a ratm of the amount of . -
T 011 initially sunk~ds given by T, ' 3 - o . .
s . = oo 2, \ Q |
. L )e " - - . . v ., .
s . \OR ol . (48)

. “ " \\'} =
' v" L 4
" - The efﬁmency of the sinking agent is given by the ratio T
» o . ' . L ; o . ‘ “,‘ -
|
|
1

SA/O, =c—5— , (49) . -

, o e R o

] I - / .“Ar . ~ S »

where SA ==welght of si nking agent used (gm) ' ,

. W ' . <
. . l

>

¢
This techn«]que of calcu]atwn provided for the most

51gn1f1cant qrror re]ative to the-oil with the highest vo'latihty 1oss, , | '," :

8
that is for Western Crude oil. Na’ compensatioé was 1nc1uded to off{set ._ ;
spec1fic grav1ty changes in’ the dils mth vo]/atihty lo _ Thi o~ ' «
\ , v . -
/ ? . X

/ - : !
g ~



f . * situation is, againm, really important in the case of Western Crude oil, . ’
S, rian : (

a-" "o

where the change in speciﬁc gr:avity with volatility losses was

apprecxable the vaaue changed in approx1mate1y 144 hours at 21°%0 from
\

0. 83 to O. 89 In the vcﬂat111ty and retent1v1ty tests, the resu]ts " .

N ) .
' _' _ were good enough for comparatlve purposes without the complication of . - ..

A

. Y . \ \ . ,
. add1t1ona1 correctwns . c F . - L
: - [ \" . . ) . ) LN

R 1€ . TEST RESULTS T
. - . ’ . A * N .

. 16.1 ~ General, . . . H ' . P
Ny N - N - . N - ) -

Raw test data have been accumu]ated\in,the Appendices,. Only

; L R o o LN - N . . . - < . ) 4
such data or data derivatjives bf immediate moment are included in the - /

I T o 0 . v
/ 7 s

*body of- the report. @ AR %,
. '- r’. J s " . -® *w . ) . ’
S For muttiple r\easurements or tests, only the qverage value )

v

P and the standard “deviation are shown. A Bracketed ﬁgu?e to the .o .
N ' ' . N r.$ uf " . . . . ;
immediate right of the average value represe. ts, where‘it occurs, the - |

‘ .5 B ’ » ; . ., . * ' ‘
) N number of contributing values. . . N '
- & ' Yo T ‘

-
.

.
M .

. _ The’ circles m the graphs serve only as point 1oc1 and do
. ® N
O not 1nd1 cate uncertm nty parameters The 1atter can usuaHy be
- obtamed directly fyonﬁ the correspondmg tabulated data. Some compaH- A

- \" sdn plots, of 1nd1v1Xua1 test results ds not carry Circled po1nt Joci.

N\, 4 3&:&.

. - 12 Smkmé Agent Charactensﬂcs

. The smkmg agents 1nvpéved in th1s study, together w1th e

-~

pertinent data*as to general type and sources, of supp]y, are given in \ /o7

. . . . i
the followin : : SRR -
o g. . ‘ / | L



,p/)
L e

. >

. pilbok 501 s a"éarbonized, che«nicaﬂTy--i:'o’an;e,d‘,+~

- basdlt- base material of'a granu]ar nature The
. SUppT}er was Internat1ona1 01l Lok ntro] Ltd:, I
'.t' :‘ . 1250 505- Burrard Street Vancouver Bfitish

7(," Co1umb1a. ’ e . e
. ’. v F"i « - . - ‘- ;. .
- 2. -

orb-gl 1s a ca1cmated c]ay material of a semi-

1

granu]ar nature It was suppT1ed ‘by wyandotte e
_ 'Chem1ca1\Ltd,, 1253 McG'H'I Co]'lege Avenue, - : “,
Montreal Quiebec. . L '
. ,,’-z_ 3. Q m_url is & cla;/ matemal,, a, hydrated magneswm |
) 3 o a1um1num sﬂ1cate of a semgranular ‘nature. It - g
' | was supphed by ’repemer Absorbent Prodgucts Ltd., ’
™ e ]85 Young Street, Hamﬂton Ontarm 0‘
. M . > o LN B
o Tné'test. reéu]te obtained with repect to true and apparent
'§peci.fi‘c'orav1'r‘1es, bulk or 'Ioose den-sii;as} ‘and ttfe"s.urfa,ée -areas —are
. shown in Table 3. * - - " : . . ‘
R T
" 111ere was a cons1derab1e difference between t;e true and; the'
apparent spec1f1c gra\tles where Zorb AH and Hi- um were co erned,.
as ref]ected. by the "high surface area values of these mater1aTs 3 .the.l e
situat'l%s a]so 'md'icated by the representative values in the bulk a
densities. . -~~~ - . M'. | ’
Lol o
B The surface area valtues corroborate the v?sual 1mpres ion

that H'i Dri was a dustier sinking agent than Zorb-AH clouding t

"
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716.3 - 0i) Type Character1st1cs o

water in the test tank. 011 Lok did not re]ease entrapped pore air on—

“.contact wit®oil or water and should’ therefore have had thé least

‘. o

surfape area.,

(4

v
v ~ - -

It is ‘the difference between the true and apparent specific
oravities‘that oroduces the characteristics of a spontaneous sinking

agent or one- that requ1res agitation before sinking. For h1gh vwscos1ty

such oils is 1ntolerab1y pro]onged.

Three 011 types were selected for the study

” . ' ’

“ .. 1. Nestern Crude 0i1 s a crude oil of origin in

western Canada, supplied by Petrofina Canada Ltd.
L%{ from the Montreal refinery and carrying their

. desighation 'Western Crude 0i1'.

.~ 2. " No. 2 Fuel 0il is a furnace fuel oil supplied by |

Petrofma Canada Ltd. froﬁl the ,Montreal refmery

and carrying the?r des1gnation 'B]ue ‘No. 2 Fue]_

. : ' '011'. ' ' _ o

3. Bunker 0i1 is a heavy fuel'oi1 supplied by |
n Petrofina Canada Ltd. from the Montrea] refinery

. 0oils this br1ngs about the poss1b111ty that the time requwred to s1nk

. and carrying their designation !No. 6 Bunker pil. -

° &
1 - v

- The test results relative to spec1fic gravity at the*T‘J

temperatures tested are shown in Tab1e %% together with_the measurement

V_ 1

»

ey

4

n



TABLE 4

SPECIFIC GRAVITY OF TEST OILS

‘

Spe|c1 fic Gravity

0i1 .
c 21+ 1% 2 £1%
¢| Western Crude -} 0.830 + 0.0001 |0.839  0.0001

I+
+

~ Now.2 Fuel | 0.840 £.0,0001 |0:850 + 0.0001

No. 6 Bunker s | 0.964 + 0.0001 0,971 + 00001
; T



P,

uncertainties. ' . , Y

The test results with respect to the viscosity values at'thea'(’

- temperatures tested a}e shown in Table 5, fogether with;phe‘appropriate

~

averages and standard deviations. Tl

5

&

o It can be seen that, while at room temperature No. 2 Fuel 011
and Western Crude 0il have somewhat similar viscosities, at 2°C this is
no. longer the case. Weste;q Cru@e qy] at the 1ower temperature is far

* more viscous and this will have some bearing on the subsequent sinking

agent eff1ciency tests. . At 2°C No. 6 Bunkeﬁ‘oil acquirés the prope}ties

f‘i of asphalt, and the v1scos1ty value in the table is on]y an est1mate

N

from the litérature (103) It is apparent qgat the sink1pg of the oil

" can be expected to present.a problem. © ;o S
! ) ® v . o
16.4 Efficiency of 0il-Lok 501 in Removing Western Crude 0i1

The pertiffent pppend%x is Appendix II. The experimentef‘da;a_\

and the data treatment results are given as oL T
b b = ’

Group A Tablgs o ~Tab]e;‘2-1 to 2-6

. erdEE A %iéures . - Figures 2-1to2-6 *~ =~ "
Group B.Tables Tables 2-7 to 2-12
Group. B Figures - “ Figures-2-7 to -2-18

(%X
\ L}
A
L

16.4.1 Effect of 011 Layer Thickness Treq;ed For OfT\hok 501

. F1gures~16 and 17 are the raw data comparfgg; plots at ZIQC and 2°C for\

the }hree free fall ddstances of 15 cm, 30 cm, and 60 cm.

The decrease in layer thickness treated is implied by the

\ . . [ . . .
L TTTTe— . . . 4

——— e - " N
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16.4.2 . Effect of Free Fall Dis%agce. FiguneSmfﬁ, 18, and 20 at 21°¢

. N .. .
all show the influence of' free fall distance on sinking agent efficiency.”
’_’V-; : . : . N ’

It is apparent from the test cell and the projected field conditidhs_thét{

“me,, the é?ficiency of ghe sinking agenht decreases with {ﬁcreasing free fé]l_

: "

. _distance. . © . . . : R \ -

‘é‘:
—

' . Figuresllf. 19, ang'21:af 2°C show an idenfica] situation.’

-

The decrease in efficiency results from the increased velocity with' ' v,

v

el increased free fall distance,']essening the time-in-contact between the-

sinking agent and the 0il. This‘effect diminishes as the-initial oil,

P

"~ Jayer thickness incredses. ’ .

-

L] E
¢

Vo 16.4.3 Effect of Temperature. The pairs of g?éphg, 16 and 17,
iy . P

18 and 19, and 20 and 21, all %ndicate‘that fSr“aﬁy specific initia[ oil

.'laye} and any specific'ffee }5?1 éistance,.tﬁé ef%iciengy of the ginking“
agent'ﬁg,ﬁftter at the 10wer;§emg§}aturé. Thjs is,dué siﬁply to’éhe :
increa;ed viscosipycéf_the4oil ét\%hg\Tower-;emperatu%e; which ;ncreasps
the time;in-contact betweé% thé’sinking agent ahd the oil. .

Table 6 demonstrates this effect quite clearly.

-

N ¥
« , ~ »

16.5 Efficiency of 0il-Lok 501 in ‘Refn(;ving; No. 2 Fuel 0il \
The pertinent appendix-is Qppenﬂix III. The ‘experimental .. \>
*  data and. the"data treatment results aré given as oy e -
N Group A Tables , G -Tab'les 3-1.t6 fzx-s : ’/ ] ép |
' \ Grogp A Figﬂres ‘Figu;es 3-1 to 3:6 N 'n N\ \§
Group B Tables ' Tables 3-7 to 3-12 .
’ Group B Figurgst Figures 3:7'to'3:1§n_‘ . -

-
i 7 -
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16 5. 1 Effec!t of 011 Layar ﬁuckness Treated. For %1‘1 -Lok 501

ey
F%ures 22 and 23 are the raw data compamson plots at 21°C and 2°C for

AY

the three free fall distandes. Bobh pTots show agam that, 'm general, .

the pfficiency of 0il-Lok 501 de;cw«;)wjth decreasmg oﬂ layer

. ) ~ )
.'.cmcknessj " . - . Coe L
‘ - Figures 24 and 25 represent the test ceﬁ condi gons at 21°C .
and 20 C plotted as the amount of 0il-Lok 501 require ink No. 2

P

<

¢

- even less difference between the 15-cm and B._Dicm'condi ti'g,g‘s.) i

. agenf and No. 2 FueL@ﬂ at the greater free faH distance.

«. "

Fuel 011 to a floatmg layer of. 1 1.5 mh, startmg from va 1ab1e m]
" layer valﬁps. These plots show the decrease in Oﬂ Lok 501 effic1enc:y

as the initia] oil lay/er decreases s

-

A

a3 ’ b : SR .
Figun?zs ‘26 and 27 are theprojected field conditiofs at;~21°(7~

“and 2°c, plotted as the ratio of 0i1-Lok ,501. ta anlo'un't of No.~2-".FlKe1 oﬂ,'.

L
.

sunk versus variab]e fnitia] oil ‘layers Th'lS showsq, as before the
3

-decrease in 0il-Lok 501 eff1c1ency as the oil, layers get /‘tfnnner

-
‘o

=16.5.2 Effect-of Free FaH Distance { Figures 22, 24, and 26 at 21°C

shoy that the f1c1ency of the smk'ing agent, Uﬂ -Lok 501 decreases
w1th increasing free fale stance, a‘lthoughythe differenqe between the-

15-cm and 30-cm copditwons 15 small. . ' L . T f..'*

¥ . »

E,'igures 23, 25, and 27 at 2°C show asimilar. sttuation with ‘{ »
. , ;

. - ,
4 B L 2N * D

W7 * Again the, fact that- a free fall of 60 cm is the least .

efficien,t is due to the deerease in ‘t1me-of-contact between the sinkingﬁf
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3

OIL~I0K 501 AND NO. 2 FUEL OIL -~ EFFECT OF FREE FALL
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OIL LAYER | (21°C) .

{

»
t .

‘»

-

INITIAL

-



TN e - 1M -
o ‘ 4
Y. -/
) P
: , v Xoj ’ P -
° .. 13 - “Ke’;;t’:ra i *
3 3.5 ‘ ey
- ;w,-,'&
1" - /'-
3p : 7
s i1 - - ’,
P
‘ ? ” » L]
a ‘3 ° ,/ '
Ga.*s N ‘
X y .
2 N
bl L) \ .
) a /,
wl ' ’
o 2.0l K .
] g — g '
ul TEST CELL CO:IDITIONS “
; 151 FREE FALL DISTANCZ 15 em
W F ) - ' .
FREE FALL DISTA'CE 30 €M «o—ee-
T <. > . . .
) RS FREE FALL DISTAICE 60 cm: = —~ -
'“2__';0_:' t ' '
x AU
z ¢ /
W , ) ,
10.5‘4;_-. , )
a S
T T o ‘ !
4 . P .
R ) 1 : i 1,/ S ' .y
: . 4 6 8 10 g2 a4
~— 2 ’

ey

'FIGURE 25"

CINITIAL OIL LAYER (MM) . R4
QLL-IOK 501 ALD [i0. 2 FUE: OIL - EIFICT OF FULE FALL

DISTANCE ON' HEIGHT SINKIMNG AGENT REQUIFED VS I‘iITIAL |
OLL LAYER (2°C)

,
N Al

.




v ¢ -
\ *, FROJECTED FIELD CONDITIONS
- _ \ , - v .
. . \ , o .
~ 15} \ FREE FALL DISTANCE 15 cm
T \ , s .
0 L) . ‘ : , S
ul \ FREE FALL DISTANCE 30 cip  ———
S , 3 ) \ ) R
\ »
i FALL DISTAIICE 60 cm ===~
> \ TEE FA] ’
fee] j \ =
' S .
4 \.
n \ \‘ {
\ o\ N
Y N i
! ;.IO » ) \ . A 3 )
Ll
N U )
<t R
WO
=
X
. =
n
, O 5 ’ EY
~ lz .
v o« . ‘
o ; . . ’
» / , . ~ <
. 7 1 . / . 4, ~
’ ' ! -!T
\’ ] 1 i 5 r
* v . ' " ' ’ -
. (i 1 ) 1 { 1 ’ L. 1
o 2. 4 6 8 10 L2 4
y R .

FICWRE 26,

INITIAL OIL LAYER (MM)
OI_-LOK 501 AD H0. 2 FUEL OIL - ¥F¥F&CT .OF FREE FALL

_ DISTANCE ON RATIO STHEYSG AGENT/OIL VS  INITIAL OLL

LAYER  (21%)
) , .

o




.

OIL- BY WEIGHT

4

AGENV

T

¢
d

.

RATIO SINKING-

.0

()]

FIGURE 27

PROJECTED FIELD CONDITIONS

MREE FALP MSTANCE 15 em
\ , ) ) , o
\ FREE FALL DISTANCE 30 cm '@  +==—=—-
\ . b .
\ FREE FALL DISTANCE 60 cm -
\
\
\‘ - '
R .
\ o
\ 1
\
A
~
T
' Y
= ? d h .a
- /-
1 L 2 1 ] | R |
2 F 4 . 6 - ’
£ ® 10 2 _ s
t
INIT(AL OIL LAYER (MM)

OIL-LOK 501 AYD NO. 2 FUEL BIL - EFFECT OF FREE FALL
DISTANCE O [.ATIO SLNKING AGENT/OIL 3 TiUITIAL OIL -
LATER (2°C) <0

A

o




- 114 - °

N

16.5.3 \ Effect of Temperature. Comparison of the appropriete pairs

of figures. from Figure 22 to 27, indicaté that t@e efficiency of 0il-
Lok 501 increased as the temperature was lowered. “The increase in
Yi;e eff1c1ency is due to the increased v1scosity of We 2 Fuel oil at, 2°c..

Table 7 1nd1cates the 'situation.

. 16,6 - Efficiency of 0il-Lok 501 in Rémoving No. 6 Bunker 0il.

and the data treatment results are given as

3 ) ¢
’Gron A Tablesq\ ‘ Tables 4-1 to 4-3 i?ép
Group‘A Figures . ¢ . Figures 4-1 to 4-3 . )
“Group B Tables" " Tables 4-4 to 4-9

igures - Figures 4-3 to.4-9

1

viscosity of'“o. 6. Bunker 011, efen at room

. ‘ ‘ temperature, required the modificatfon of the oil layer thickness - *

RN

measur1ng device agﬁout11ned 1n Section 15.4 and.,in addition, requ1red

the stirring prOCedure mentioned in Sect1on 15.5.

. o

A considerable amount of 0oil and sinking agent were carried

down the sides of the test tank after “each application, and time had to

" be a]lowed for the 011 to refloat. This additional time was not.

critical in respect to vo]atility losses.
‘ : N - ‘

Due to the d1fffcu1t1es encountered in testing No 6 Bunker,

the data obtained was somewhat less reliable, but not of suff1c1ent "

§1gn1f1cance to obviate the test1ng technique.

ofs ~“

The pertinent appendix is Appendix IV. The experimental dat;\'Q

.

A

e
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0IL-LOK 501_AND NO. 2 FUEL OIL - EFFEC'g/aF TEMPERATURE ON EF.FTCIEN_CY

i
A — |
‘ Ratio: Sinking Agent/0il - By Weight |
"Free Fall| Initial 0i1 Layer | Temperature | Decrease in Sinking , |
Thickness = S 3+ Agent Required <
(cm) (mm) 21°¢ | . 2°¢c | % : ;
: 1
15 v 1 6.5 | 5:29 " (T j
o ‘ . R . |
_ 30 L0 5.88 | 5.28 |- 10 |
60 C . 775 65 18 |
rJ X . , |
15 ‘ ‘6.67 | 577 13 ) |
T30 7 7 |69 | 5.98 B U S .
60 . | 9.60 |.7.90 18 N
[ . |
» ) * . ) o . f‘
. Y15 e 7.45 | 6.69: |- . 10 .
% 4 8.62 | 6.78" 21 | ﬂ
e | 13.3% Jee | 07 20 S
. |
¢ ’ ' . .
: - ‘ ,
. -2 . . - /
. . —
B |
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At 2°C attenpts to test 0il-Lok 501 in femoying No.' 6 Bunker
0i1 were not successful. The sinkiné agent rerﬁained on the surface of
the oil, even after three days. Stirring and agitation Qere of no
avail. In no {nstance could the%sinking agent/0oi1 mass be sunk with
ease n any practical time period. |

On the basis of these difficulties, further testing of 0i1-

" Lok 501 on No. 6 Bunker oil at Z‘ZC was abandoned. ﬂ

Y ~

: ‘ l 16.6.1 Effect of di] Layer Thickness Treated. Figuié 28 conta‘ins
the raw data comparison, p1ot§ for 0il-Lok 501 on No. 6 Bunker oil at
21%¢. .Tﬁe evidence here'‘again shows: that regar‘d]es.s (;‘f the free fall
distance, as the oil 1a)'/er‘ thickness treated decreases, the e%i&ncy

of 0il-Lok 501 decreases. . BRI

R Figures 29 and 30, which are the ‘test cell .conditions and

projected field conditions .of 0il-Lok 501 on No. 6 Bunker at 21°C,

\\ indicate again the same general trend.

9

16.6.2  Effect of Free Fall Distance. The three Figures 28, 29, and |,

' (_\ . 30 aH‘ show that a sTight decrease in ef'ficiency of 'O’il-J.ok 501 occurs

| with increasing free fall distance.

\ - e
. !

i . 167 . Effect of 0il Type on 0il-Lok 501

Figure\s 31 and §§ are ;h'e total comparison iﬂots Z)f tiﬁy -
efficiency of 0il-Lok 501 in dealing with the three ail types , and
brings in persr;ective the) beha\}iour of Qil-Lok 501. The efficiency of ) '
this sinkimgent is gengr;ad]y sirmar for Western Crud:a and No. 2 Fuel
0il,, but s much greater for No. 6 Bunker 0il. - l .

-

e - \ )
. B " ) .

e A .
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~ The graphs findicate that, due to the far greater viscosity
* of No. 6 Bunker, the bhanges in efficiency due to ¥ree fall distance on

. initial oi1 tayer thickness are not as drastic as for the other oils.

w . N - ’ - B

Table 8 br1ngs these situations out in tdbular fonn in terms
\
of the ratio of sinking agent to 011 by weight, for 1n1t1a1 011 layer

thicknesses of 9 mm and 4 mm. o

N\ ’ Figures 33 and 34 show a similar situation for the 2%
' testing temperature; althdugh No. 6 Bunker-oil is not included here
bgcause‘it'was unsinkable at this low temperature.

—

. " The sinking agént efficiency isugeneFiily of the same order

for Westerfi Crude and No. 2 Fuel oi]§; this similarity is exemplified

~ in Table 9. L ' T 4

In general, even in the comparison of Western Crude oil ana‘
or‘ ‘;

No. 2 Fuel oil where the viscosity of the'%ﬁ}mer°is s]ight]y higher
than that of the latter, it is appar!ﬁt that the eff1c1ency of 0il- Lok. :

501 increases to ‘a degree with 1ncreas179 viscoswty of the oil treated,

»

\
up to keme Timiting viscosity nggpd which oil cannot be suqk

.\ R
conven1en§1y.
\ i

T ' \
16.8 P?e]iminary Testing of Zorb-A11 , .-: . i

Tﬁis sinking agent had shown a significant difference betwee2

-

the true ‘and apparent spgfif{c gravities. It had, as well, aflarge
e -__syrface-area. a generally low vaLye for the loose or bulk &qnsify, and

"the presence of intefnal .pores:not immediately pénet?ab]éaby°water or
’ ) R - “r , T ) »
01 1 3 ' < ) ‘ -‘,

ol
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o
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Early testing of Zorb-A1T indicated that the release of

emitted air bubb{es by the porous sinking agent prevented the résu]tant'

agent/oil mass from sinking. To dislodge entrapped air bubbles,

stirring was required. The effect of free fall distance would, in such,

a situation, be minimal and it was therefore decided to carky out only

the 15=om. and 60:cm free fall distances.

"Again, during the eproratory*f%sting work, it was poted
— that Zorb-Al1-could not-sink No. 6 Bunker oil at all, even after
’ ﬁrolonged agitation. When pushed to the’bottém. the combined agent/oil
¥ mass rose slowly to thé s&rface again.. Tests involving Bunker 0il were

therefore omitted from this test series.

16.8.1 Efficiency of Zorb-All in Removing Western Crude 012; PThe

pertinent appendix is$ Abpendix V. The experimental data and data -
© [

analyses are given as

: _ Group A Tables Tables 5-1,to 5-4 .
. |

Group A Figer§ “Figures 5-1 td_s-a /
Group B Tables o Tables 5-5 to 5-8

Group B Figures - Figures 5-3 tg>5-6
) . o A
16.8.2 - Effect of 0i1 Layer Thickness Treated. .. Figures 35 and 36,
‘ .

preseniing the test cell and projected field conditions combined for
21%C and 2°C; indicate that the efficiency of Zorb-All falls off qniy
slightly as the oil layersvtreated get'ﬁhinner. .SponFangous sin 1"9,,’
action of Zorb-All begins only near the end when the oil layers are

about 2 mm thin. ‘ 3 )

Gy
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16.8.3 Effect of Free Fall Di§tance As expected, since the t1me-

!

in-contact of agent and pil was 1ndependent of\the free fall ve10c1ty,
the free fall d1stance had little s1gn1fiqan{’effect on the efficiency
'6f Zorb-All. Y

7.

16.8.4 Effect of Temperature. Figures 35 and 36 indicate only the
nominal increases in efficiency of Zorb-All at the lower temperature.

This can 5150 be seen in Table 10. Note that, in all instances, the

~ actual quantitative effects are small.

16.9 Efficiency of Zorb-All in Removing No. 2 Fuel 0il

The/pertinent appendix is Appendix VI. The experimental data

and data analyses are given as . .
S C
Group .A Tables Tables 6-1°to 6-4 ;
" -.Group A Figures " Figures 6-1 to 6-2
, Group B Tables Tabfes 6-5 to 6-8
Group B Figures Figurgs 6-3 to 6-6 <(’/ -
¢ . )

4

16 9 1 — Effect of 011 Layer Thickness Treated. Figures 37 and 38,

present1ng the test ce]] and proaected f1e1d conditions combined for

e

f] C and 2 C show that the efficiency of Zorb-All-on No. 2 Fuel oil

decreases only very s]1ght1y with decreas1ng initial oil layer th1ckness.

The spontaneous sinking actlon of Zorb-All emerges wonly with very thin

oil layers. . 5/

4

16.9.2 Effect of ﬁaee Fé]] Distance. Within limits of experimental

error, the free fall distance had, again, 1ittTe'§igqif1canb-effect on
f [ .

&

thg efficiency of Zorb-All.
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Thickness o T o Agent Required,
. {em) (mm) - 21% 2°¢c (%)
7 ¥ N : '
15 * : 0.98 0.92 6
10 “
60 0.97 0.77 -21
'.. ) *
15 1.06 | 1.b3 . 3
) 7 . L .
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16.9.3 Effect of Temperature. Figures 37sand 38 indicate,. again, 3
the only nominal in¢rease in efficiency of Zorb-Al11 on No. 2 Fuel oil R

- " at the lower temperature. TabTe 11 shows the general effect of
4emperature. - ., _ -

v

16.10 Effect of Qil Type on Zorb All Eff1c1ency

Comparison of the appropr1ate tables and figures br1ngs the
weight of evidencexto indicate a soTewhat higher effipjency of Zorb-All

relative to Western Crude 0i1 at both room temperature~and 2°C7 See !

1
Tahle ]2 for the comparisoqs. The large increase in viscosity of
; Western Crude at the lower temperatbre did not seem to resﬁ1f ih an -
- ) expected large increase of efficiency of Zorb-A¥T.” No. 6 Bunker 0il I
could not be tested for further compa;1son.. . : SN '1
\ 16.11 Preliminary Testing of Hi-Dri , A
LY - Zorb-Al1l and Hi-Dri are bgth clay-like maténia]s of similar
specific gravity and surface area. Their behaviour regarding No. .2
Fuel oil and wegtern Crude oil ;ere expected to be similar, d
L .' » - N

Except for the fact that Hi-Dri contained a larger proportion

. o% fine]y-divided material, it'was tested exactly as Zorb Al1. . The, |
agent/oil mass was subJected to a del®y and a st1rr1ng period, and only ,
the 15-cm and 60-cm free fall distances were used. The testing of

’

No. 6 Bunker o0il had to be foregone.

o e
» ' 4
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16.11.1 Efficiency of Hi-Dri in Removing Western Crude 0il. The

s pertignent appendix is Appendix VII. *The experimenta1>data and-the

da;a analyses are given as / -
’ < - ‘Group A Tables Tables 7-1 to 7-4 ; i
g , - Group A Figures - Figures 7-1 to 7-2 ,-.'
/ o ~ Group B Tables Tables 7-5 to 7-8
. . Group B Figures Figures 7-3 to 7-6
- 16.11.2 . Effect of\011 Layer Thickness Treated. Figures 39 and 40, -
_____presenting the test cell and-p;;jected field coﬁditions combined for f
the .two temperatures, as in the previous figures for the Zorb-All cases, P
are ysed to indicate: the effect of inital Téy;r tréhted on;Hi~Qri ’
v . fficiency. ~ N
’ ’ It is seen that the efficiency of Hi-Dri F£11§‘off very
| slightly as the initial oii layers get thinners The accélerétioﬁ'bf )
. this effect ,is extremely slight. 7 -
; ’ Spon!!%eous sinking action is Schievéd only at the end of a"~“‘“”;‘*—*t~«¥—#
; ‘ * test run, where the final d%] Tayers aré 2 mm and less. o
f' . 16.11.3 Effect of Free Fall bistaﬁce. Within-limits’of experginental ‘
j 7 - error, the free fal-distance had little sighificant effect on the! - e
efficien;y of* Hi-Dri. ' - © d;yj '

é i L) ) v
16.11.4 Effect of Temperature. Figures 39 and 40 show a slight

increase 1in effic}ency of Hi-Dri at the lower temperature. The oL
difference is most noticeable with the thinner oil Tayer%; however, the

actual increase is small. Table 13 indicates the general effect.



o7

3
o
o)}

(KO

o o o
R H (S )]

SINKING ‘AGENT REQUIRED
o
Ny

JIUURE 39

=

r

o 21°¢C ) ks
A 2°C 3 ~ K
Pl CALL DISTANCE 15 om e i h
[ h - ' i
FJIBE FALL DISTAUGE: 60 cn = ~ = - c -7
R r 4 ‘ '. ) e
rd
TEST CELL COIDITICNS P
. /
! /,O

1 I L 3
14

2 4 "6 8

CANITIAL

REQUIRED' VS INITIAL OIL

f
s )
. a Yot

©

OfL L.qAYER '

JieDAl AFD WESTERN CPUDE CIN - EFFECT OF FBER FALL
DISTACE AID T PERATURE O ¥

MM) .. .

[CHE SIHKING AGENT
YER :

\
-
:
|
"
|
"
\ |
i |
N |
\
,,'\\
14
“



p . . .
\
‘ o™ o
- -
\ ﬁ I
) . ‘O 21° | 4 |
- A 2oC” . o C
) *;: PRERE FALL DISTANCE 15 om
. © 3L - o ST .
w ) . 8L FALL DISTANICE 40 €Rl e = = .
; " H ' . ’ A c
' ‘35— h PROJECTED FIELD COMDITIONS
- | - ) 7
o
A ‘ -
z . .
w » » 3
O 2 ol - ’\
-
! t
O
Z \/ e
g . &
= . .
i -
- (o)
-
< .
a 1L
s - -
¥ .
* 9]
3 1 1 i ] 1 1 !
. 4 & -8 10 12 14

\ , INITIAL .OIL -LAYER (MM)

~ .
VIGULRE 4@ HT-DRI AND WESTERN CRUDE OIL - EFFECT OF JREE FALL
’ B DISIANCE AND TEMPERATURE CN RATIO SLIXIid AGENT/OIL

VS INITIAL OIL LAYER : ’ -




HI-DRI AND WESTERN CRUDE OIL - EFFECT OF TEMPERATURE' ON EFFICIENCY

P

TABLE 13

- L]

' ( Ratio: Sinking Agent/Oj}" - By Weight
' | Free Fall| Initial 0il Layer Temperature " Decrease in Sinking 2
. Thi ckness - 5 5 Agent Required - .
(cm) (mm) 1% | 2% (%) -
i 15 . 0.95. | 0.87 14
' 10
\ . 60 - 0.99 0.72 27 -
G : . -
15 T 1.03. | 0.97 ' 6
7 .
. 60 1.16 -| 0.77 34 .
2 15 1.26 | 1.06 16 .
3 . . 4 i IV ‘
60 1.31 | 0.80 © 39 _ .
| ‘ 3
‘! s
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16.12 Efficiency of Hi-Dri in Removing No. 2 FueT/§i1

The pertihent appendix is Appendix VIII. The experimental

data and the'data analyses are given as
y .

/ Group A Tables Tables 8-1 to

Group A Figures ~ Figures 8-1 to 8-2
Group B Tables Tables 8-5 to 8-8
Group B Figures Figures 8~3\to 8-6

16.12.1 Effect of 0i1 Layer Thickness Treated. Figures 41 and 42,

representipg’the test cell and projected field conditions, indicate the

change of efficiency of Hi-Dri with initial oil layer thickness.

Except for the 21°¢ testing temperature, -the change is still minimal.

16.12.2  Effect of Free Fall Distance. The free fall distance shows’

little effect on the efficiency &f Hi-Dri, except at the thinner

initial oil layérs. This effecg,is most noticeable at 21°C. -

16.12.3 Effect of Temperature. Figures 41 and 42 indicate that, at

room temperature, the combination of low viscbé?ty and incipient

spontaneous. sinking of Hi-Dri tends to decrease its efficiency,

especially at lower initial qf] thickness layers. Table 14 indicates

the general effect.

2 o

At'2°C the increased viscosity of No. 2 Fuel oil, a1thobgh

improving the performance of Hi-Dri, seems to mute any change in

. ' { ¢
\\\\ efficiency due to free fall distance or, initial oil layer.
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TABLE 14

" 4I-DRI AND NO. 2 FUEL OIL - EFFECT OF TEMPERATURE ON EFFICIENCY

?

Ratio: Sinking°Agent/0il - By Weight °

Free Fall | Initial 011 Layer

Thickness

Decredse in Sinking
Agent, Required
(%)

Temperature
21%¢ 20¢
’ Ao,

1.3 0.88
159 | 078 -
1.51 0.96
2.07 || 0.88

. .}
1.90 1.03
3.08 | '0.95

33
50

.36
57
46
69




. * Crude oil, even though its viscasity has jumped to 55 centistokes at - - \\\
[

volatility Tosses of Western CrUde.

3 ) -

. 16.13  Effect of 0i1 Type on Hi-Dri Efficiency

Comparison of the appropriéte tables and figures indicates
that the effibiency of Hi-Dri in removing Nek'2 Fuel o0il at 2%C is !
similar to the efficiency of Hi-Dri ip removing Western Crude at room

* temperature. See Table 5 for the oil viscosity values.

- Y] -
Table 15, which compares room temperature values, indicates

the geneﬁa] result that Hi-Dri is slightly more efficient in removing ".t f

4

Western Crude than No. 2 Fuel oil. . | \

|
|
\
|
J
|
ﬁ
) &
Hi-Dri dt 2°C shoys no drastic increase in removing Western _ . .l
s |
this low temperature. Compare Figures 40 and 42.

"16.14 ‘01, Volatility Losses . . S}
g

The,pertfnent appeqpdix is Appendix IX, encompa

Tables 9-1 to 9-3. These tables tain the experimen}af'data for
No. 2 Fuel, and.No. 6 Bunker oils. :
No attempt was made. to  carry. these ests beyond 150 hours as _the

losses appeared to stabilize fa1r]y ell aroundfthis interval.

Figures 43 and 44 indicate the volatility characteristics of
Western Crude oil for the overall 150 hours, and for 24-hour‘v01at111ty “ °
tésts. Figures 45 and 46 cover the same situation for No. 2 Fuel oil

and No. 6 Bunker oil. '

i

The volatility loss curves for all 0ils contain thé’same

7"_1_‘_——__—“_ ===
e% ”9\

general gxponent1a1 contours, indicating high early losses that decrease

£ ! ¢
‘el - . .



o

, , u
“ : . —_ ;A.x_ T ‘ ’
, .\ . T .. + .
s RN
~ . “«mu
80°¢€ -06°L - | 65°L° - LE°L [an4 2 °oN
. n - "-n /._ !
€71 92°1 . 660 G6°0 / | 9pnU) U43]S3IM
09 . §l 09 . 6l .
(wd) Led @audg . (wd) pped sd44 . L
. LL0/3uaby -BuLylLs :oLjey R
uw 4 - J9ke L1 LBl [|uw o) - A2fe Lo Letatur’

@

)

- 1

-

. (9,12) AINIIOI443 THG-IH NQ IdAL 110 40 133443 o

G1 318yl :

-

'

o4

‘e



i
7 P
2 °

| . . .. (4 0ST-0) 50T
' IHOTEM QUIVINRNSOW SA SWIL QESAVIE TvIOL ~ TIO HAMD NIISEM ¥Od,

$SOT XITILIVIOA . £p FUNOIL

3, ~‘

N . . . »
- % (Y4)  3WIL a3sdVI3 VLol -
, ° N L -~ r "
< T —J7 — I 1 | I— T T T
] 002 Dol ozl 08 O¥ ,
B )
. 4 . o 7
V” 1Y R . _
\J “ &
- . OoTe TUNIVYIINAL
- ;
" ]
[4 \J )
o
i i T o
. - \ a
N SRR et .
- + t
\ . - .
. ¢ , A
’ * * £ N ) ) \\\\ﬂh
tm ) ) \u.v <
¢ ° !
‘1“ —
2 3




1

FIGURE 44

h ) L e

- »
’ 2 - ]48" K
w\‘ , 3,#‘. I
Yy
15}
"'3*‘ ‘
g :
7y}
T,
o
—
e o ) ) K
-2 ” : . . TEMPERATURE
UJ ' . ) ‘u_-, - "
; 43 - ., 4
o " . :
w e ‘ .
‘F" rl
< i :
- | A ~ g A4
> ] ? .- .
S 5L . L
' G - < " '
o . 3 .
2 ‘ 2R
‘ N 0 L ' A ind
. » . *
K . L
- \?@
| Y ! 1 ’ "
" : r
Fod
TOTAL ELAPSED TPME (h)

VOL!\.TILITY LOSS FOR WESTERN Qﬁl)ls)E OIL. - TOTAL ELAPSED

TINE VS ACCUMULATED WE}GHT

R

..?

S (Q—-:A h)




. R SSOT IHOIM -

-

Q ﬁ%boo«. mw Hﬁh qIsdvid A«Boa - .HHO TdNsE € "ON ¥0d meH ALTTIIL ao>

(0S1 ..S.k

) L_zﬁ a3sdv13 1vioL,

-

Gy TNOTL

T —_ T 1 ) . T 1 s ¥ ! . -\

07! o8

-

3}

g
Q- QY

| (¥2 - 0)

(4) SWIL a3sd4¥73 1viO0lL

9

2l

TN

-

{

(53

»

’

Hol3m  031vinnnooy

(%) séoh 1

.

1

-

\



~

- 150 -

-

°

: i : SSOT LHOTIM
Qm.w.ﬁagoo#\m>mSH_H.QMmmaﬂmqﬁ.oa|AHomm‘«EDm@.ozmommwg.»_ﬂq.ﬁm.ﬁo\r

9% TWOOTL
-

o

. (01 =0)  (4) 3WIL 03SdvV13 7TvLOL \
T T T T T ~T
- 091 ozl .08 Qv : :
i N
JDoTc wm:aém%e
. .
‘ e - 0) (U) 3WiL a3sdviz” 1VLOL . :
—1 " " * .
8z - - ve 02 9l AR b
: . _
o ) /
0oTe TUNMGIEL - ° . {2
’ ._ m
) o . S 1t
) - c ] e - }a \ \ - - w.‘
— 3 J 9 r
.l. - - , \\/ o ﬁ(, \9 .
S 3N , .

5607 LHOI3M Q23ILVINWNOFY

(o)

-

*

\

vt




»

. , \
with time. Within 40 hours the expofential oil losses are -

. stabilized.

Western ‘Crude o0il displays the highest initial losses due
to the relatively high proportion-of’Volatiles in this.oil. No. 2 Fuel ‘~ v
il and No. 6 Bunker 0il show generally sxm11ar loss curves, with the

. more complex Bunker oil having a h1gher 1nxt1§3 loss, but also earlier

*

..stabilization.

- « r P
P 4

A

16.15 Ability of Sinking Agents to Retain 0il.

The experimental data in this connectfon are reported.%n

Tables.10-1 to 10-7 of, Appendix X. Only the 21 oc test1ng temperature -
'
and the 15-cm free fall d1stance were app11ed Equat1ons 45 to 49 were

employed for all calcu]at1ons required to retr1eve some of the resu]ts
of the data analyses, and expanded char¥§ for Figures 43 to 46 were
used to obtain the vo]at11ity‘1oss\va1ues required as per cent by
weight: oo M ‘ »

' ¢

16.15.7 0il-Lok 501 and Western Crude Qil1. Table 10-1 covers the

s1tuat1on re1at1ve to Western Crude oil. It will be noted tHSt with S~

an initial 011 1ayer of 14 90 mm and a charge of 175 9 gm of 011 -Lok,

the initial rat}o‘by»we)ght of agent/oil for thg sgnken mass was 3.58.
This ratio stab%]ized'in time at about 4.9, rep}esenting'a retained oil o ’
ﬁ;vel of approximately 73%. It will be noted ;;Et the sinking agent/o41 h
ratios listed in Table 2-7 (21QC and 15 ch)’tange from 4.5 to 7.8, and
it can be assumga that aﬁy'initial‘rptio of agent/oil fér the"guqken

- . mass Tower than 4.9”car be expected to stébi{f%e, after oil loss, at

. ’ . - a

the £.9 value. Thus, while agent/oil masses m?y;be sunk with lower |

I »
l T °
' / -
. .

4
.
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agent/oil ratios than 4.9, such sinkings Qi]] result in rapid oil

¢

release to the stability level ratio of 4.9 approximately.
q v v

16.15.2  0il-Lok 501 and No. 2 Fuel 0il. Table 10-2 covers the
situation‘ for No. 2 Fuel oil. ‘ Here the im"tiaﬂ oil layer was‘17.69‘2nm,
and a charge of 212.2 gm of 0il-Lok resulted in an“ipitia11y sunken
mass with a ratio of agent/oil of 3.41. The stability value of the
_ratio was_about 4.5, and this represented a retained oil level of «

j’approximate]y 75%. Table 3-7 (21°¢C and'15h cm)‘\showe,d sinking agent

’ ratjps ranging from 6.29 to 9.423 and it can be assumed that any sunken V/ )
mass with an initiai value of* the ratio lower than~4.5 will result in

stabilization at this value after rapid release of oil. !

> . |
. o r
\\m” 16)15.3 0il-Lok 501 and No. 6 Bunker 0il1. Table 10-3 indicates the ‘
Q - . . \
data relative to the retentivity for No. 6 Bunker oil. The initial oil '
) ]éyer here was 17.22 mm, and the addition of 102.8 gm of 0il-Lok

resulted in a sunken mass with an agéent/o#l ratio of 1.67. The

stabilization ratio was about 2.4, and thi; represented an oil e?gined
. i * ’ C
value of around-70%. Table 4-4 (21°C and 15 cm) shows agent/d4T ratios

) R - N .
. ranging from 1.07 to 2.01, and it can be anticipated that sinkings with

=

initial ratios lower than 2.4 will Tose:oil rapidly until a stable _

l ratio of about 2.4 is estab]i§hed;////
L g ! / .

16.15.4 Zorb-A11 and Western Crude 0i1. Table 10-4 provides the

data fof the testing of .Western Cfudh;qi1: Here the initial oil layer ’ -
was 14.87 mm, and 97.4 gm of the agent resulted in a sunken mass with an . S

agent/oil ratio initially at a vatue of 1.48. The ratio stabilized at

+
T
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approx1mate1y 1.7, at wh1ch point a reta1ned 011 value of about 85%
applied. Table 5-5 (21°C and 15 cm) shows agent/o0il ratios with values
from 0.98.to 1.60, and the assumption may be made that initial ratio
values 16wer2thah about 1.7 for a sunken agent/of] mass will result in.
rapid piTlloss dntil the sfability'zone of 9.7 approximately is
atfajﬁed. ‘

o 1 m
16.15.5 Zorb-A11 and No. 2 Fuel 011 Table 10—5 indicates the

situation for No. 2 Fuel oil. Here the initial oil layer is 17. 00 mm,
the agentjaddition is 79.7 gm, and the initial agent/oil ratio for the
sunken mass is 1.10. Sfabi]ity is then attained at a ratio value of
about 3.7, and the retained oil level at this point was approxiﬁatély
29.5%. Table 6-5. (2] C and 15 tm) showed agent/oil ratios varyxng from
1.04 to 1. 48, and it is expected that sunken masses with ratios ]ower

than 3.7 will lose oil rapidly, stabi]izing at a ratio of around 3.7.

<

16,15.6  Hi-Dri_and Western Crude 0il. The oi]lgetentivity data for

bl

Wésfern Crude 611 are given in Table 10-6. With'aﬁ initial 6i1 layer
of 15.59 mm and 82.4 gm of agent app]wed an initial ratio by weight of
agent to;pil of 1.09 was obtained. A ratio of about 1. 2‘}hs achieved'

when the s1tuat1on stabilized, W1th the retained oil level at th1§ )
po1nt beTng around 88% Table 7- 5 (2] C and 15 cm) shows a range of
agent/o11 ratios of 0.95 to 1. 26. and 1t may be assumed that« ﬁor any
value of the ratio less than 1.2, 0il will be released rap1d1y by the -

sunken mass until a 1.2 ratio is achieved.

<




16.15.7 Hi-Dri_and No. 2 Fuel 0il.. Table 10-7 represents the

findings for No. 2 Fuel oil., The initial oil layer of 17.22 mm, with

4%.8 gm of agent added, resulted in a sunken mass with-a starting
agent/011 ratio of 1.06. The ratio at the stabilization point was _
about 3.0, and the rete{ned 0il Tevel at this point approximated 35%
Sunken masses w1th ratios Tower than th1s, as exemplified by the range
of 1.31 to 2.55 shown by Table 8-5 (21°C and 15 c¢m), can be expected

[
to lose o0il rapidly until a ratio of around 3.0 is reached.

16.15.8 0i1 Retentivity Comparisons. Table 16 shows compgrab]e 0il
‘retention data for 21°C and for a 15-cm free fall distance of the agent
app]ied; A]liof the values given here have been rounded off to less

than the proper number of significant figures for'simple combarisons.

Table 17 shows, for the conditions qutlined in Tables 10-1
. to 10-7, the sfﬁking efficiency and the oil retentivity values with
respect to, .in }ach case, grams of 0il per 100 dfams ef sink?ng agent
appiied. . 4 A

Do . ' 4 Y
An examination of the data if%olved permits the following

»
pofnts to be emphasgzed.

Tedeg
~

1. The ability of Oil-Lok 501 to sink oil improves
v ’ according to the-order: Western 6;ude oil, No. 2-
Fuel 6i1, No. 6 BunKer oil. The ability to - |
M rétain sunken 0il ié:approximate1y similar for

each oil type.” T e

»
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2. The ability of Zori~All to sink oil is distinctly

superdor.to tnat of 6i1-Lok 507, and this ability

is somewhat better for No. 2 Fuel oil than it is |

for Western Crude bil. Western Crude ol is, . s

however, retained to a significently better -

ektent than is No. 2 Fuel'oi{.

3. The ability of Hi-Dvi to sink oil is distinctly

N . superior to that of Oileok 501, and about the . ~
same as thet of Zorb-Al11. Western Crude oil is ..' ~

. retained to an extent significantly better than

that for No. 2 Fdel oil and; in general for both . -

di]s, somewhat better than the retentive ability

of Zorb-All.

4, Zorb;Ali’and Hi-Dri sink and retain Western

0il-to a bettg{ degree. than Oil-Lbk'Sﬂﬁggén

'sink and retain No. 2 Fuel oil-to an extgnt @,
slightly better than -0i1-Lok 501/in each p
Both’agents require agitation to sink th;:agent/
4.’ - g&%c»-~&011 mass,. as opposed to the spontaneous s1nk1ng “
| aegﬂgn of the 0il-Lok material.. ‘ .
__.~ “Although a further reduction'in the oil retained night oceur
with a more-extended test interval, it is antdcipated that the agent/odl'
ratio for the sunkgn mass wou]d "not be s1gn1f1cant1y 1ncreases in such ~

an extended interval. The experimental approach ne retentivity

" tests was~pq;pose1y‘from initig] ratios lower th‘n the critical ratio. Y
s [ ) . B ! - o )

k!

- 1



~0il viscosity, and free fall distance. -

contact between agent and oil to optimum 0il adsorption. This may be

F

in order to locate the critical ratio as it arose out of oil loss.

-

17 CONTLUSIONS
17.1 Western Cruég 0i1 and Effect of.Sinkng Agent Type

- Figures 47,'46, and 49, together with'previous discussions,
indicate that tﬁe higher density of 0il-Lok 501, which enables it to ’

act as a spontanéous sinking agent even with viscous oils, is also

respénsib]e for its greater sensitivity to initial oil layer thickness,

T e N

* . The performance of Qil-Lok 581 in the removal of Western

*Crude decreases rapidfycwith decreasing oil layer thickness and decreases.

_again wﬁth-ihcreasing free fall distance. The efficiency of 0i1-Lok 501

in the removal of Western Crude oil, although improvéd at Tow

temperatures,. does not match the levels of Hi-Dri and Zorb-All.

0il-Lok 501 is the least efficient sinking agent, as can be
seen’from Tables 6, 10, and 13. At an initial oil layer thickness of
about 4 mm, the Oil-Lok/weséérn'Crgde 0il ratio stands at 6.07, while

for- Zorb-A11 and Hi-Dri the ratios are 1.29 ahd 1.26, respectively.

The lower sensitiwity of Zorb-All and Hi-Dri to initial oil.

-

layer thickness is solely due to their large surface area, inteﬁﬁal

porosity, and consequent lower density, which increases the time-of-. .

the }eason why the large increase in viscosity at 2°C of Western Crude

did not drastically improve the performance of these two agents.
\ - F]

-

‘O
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o~ : Zorb A?? and\Hl -Dri behave almost 1dent1ca11y in whe remova]

o -

,,~§\\ﬁe? of Western Crude oil. Both thesé agents_require ag1tat1on and stirring

= t§ dispose of the agent/oil mags; tney cannot be c]ass1f1ed, tberefore, .

as true'sinkmsagents. o .o M
AN . | ) o - 5 . ’
[y . o . . : "" , ! L3

17.2 *No. 2 ?ue1'011 and Effect of - Sinking ﬂgentnType . “

> . ! K}
Wpenlt e

Figures 50, 51, and 52 together with preV1ous d15cuss1ons, C e

®

almost 1dent1ca1 to éhat for the removal of western Crude 0il. It T
~ » i
shou?d be noted-that, in the remova] .of No 2 Fue] 0il., the effﬁc1ency

.‘:’:‘

of ZorB-A11 is ggmewhat‘hlgher than that of H1-Dr1, part1cu1ar1y at the

1% test1ng temperaturé . - L S e
. .

|

l

|

, ol
a1nd1cate that the effect of s1nk1ng agent type for No. 2 Fuel 011 1s e o F i

' |

1

|

I

\

\

\

\

\

:‘sf' , \ N ' e - & . |

0

. The comb1nat1on giaa 1arge free fa]l distance, namely 60ecm, L
T L. '
and a low viscosity makes the removal of No 2 Fue] 011 at room ° &

s L]

|

- o ',temperature by O1]-Lok 501 a very 1neff1cqent process. - Se e g
> > » — oot T
- T ' 'ur ST ’ L ,Q\ .
|

Lo 3 lf?d N No 6 Bunker 0i1 and Effect of $1nk1ng Agent Tyge ) s o

Sy
L a ' The Bunker 0il test series were, of necess1ty, restr1cted to

0i1-Lok 501 at A °c. Compar1son of Fvgures 32, 49, and 52. indicate ,
that 0ilLok 501 b No. 6 Bunker 0i} is in the same range of eff1c1ency- ’ T
as both Zorb- A and H1 Dr1 on Western Crude and,No 2 Fue] 0il. The ™= e

. 2% testing series cou]d not be carried out w1th No. 6 Bunker 0il. »’ ,w,
. o ‘ “ ) . . ™
<« 17.4 Spontaneous S1nk1ngﬁAgents , o . ;

6 N ‘

" 0i1- Lok 501 belangs to, the: c1ass of sankihg agents capablﬁ N

of adsorbing 0113 of wade rang1ng v1scos1ty and s1nking the resulfant

VR

~mass: It is best described a#s<a spontaneous,51nk}ng agent. These

» T . Moy, .
‘ ' ¢ '\{g‘ " ( . ' . ¢ '/
. v N 5 ) .
o s L S et el
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agents are character1zed by relatively high spec1f1c‘grav1ty, w1th

va]ues involved lying well in excess of 2.0.

P -

The similarity between the true and apparent spec1f1c "

© gravity, the small surface area, -and the normally high bulk densities

\ .\‘ N

- 1mply 11ttle internal poros1ty, so that entrapped air and slow

penetratlon by o0il into the pores are not factors de]ay1ng or prevent-

ing the sinking of’the\agent/oil.mass.
. - o) ¥

‘ ‘In general, spontaneous sinking agents ﬁend to be less
eff1c1ent in the rqqmual of Tight oils. The time-of-contact with the
0i1 is. sma1] “the agent and~311 do not form cohes1ve masses and sinking:
occurs before ‘the optimum adsorption of 011‘has occurred. At an

EER

initial oil layer thickness of 4 imm, and freg‘fa]f distance of about

L4

* 60 cm, the agent to oil ratio for sinking Western Xrude qil and No. .2

Fuel ojl1 are both about 13. With No. 6 Bunker 0il the viscasity is
sufficient to reta1n the s1nk1ng agent S0° that more adsorpt1on can

occur and the agent to o1l ratio requ1red drops to 2. Consu]t Table 8. «
: S

} .~ e “"‘\

§7.5 Non-spontaneous Sinking Agents

3

Zorb-A11 and Hi-Dri are .non:spontanecus sinking agent types.
Tﬁey display significant differences between. the true and apparent.
specific grav1ty, they have reJat1ve1y low bulk dens1ty va]ueL qnd 1{e

T
character1zed by fairly large surface areas. They\possess a/d1st1nct
7‘;;

porous structure and, although they adsorb the th1nner 0115 well, the

entrapped air acts to prevent the spontaneous sinking of the agent/oi]

\

mass. The advantage in the amobnt of oi1Jthe§b dgents are capable of .
« - \

-
~ . *
¢ >

. .
, » .
¥ . , . Lo . \
.

4
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adsorbing is, in part, offset by the fact that require agitation to be i
- fully effective. o o b i
4"2 . Tt ( ‘h’,'
— ¢ - N ‘ ' '/
< For 0ils of higher viscosity, such as No. 6 Bunker oil, Co

Zorb-A11 and Hi-Dri do not act as sinking agents at all, but must be
c]aseified as sonh!nts only. R '
_ g

17.6 Effect of Initial.0il Layer Thickness .

) - For spontaneous sinking agentg such®
effect\ of decreasmg the initial 01] 1ayer \th1ckness treated is to %x
‘ ' LE. 3
decrease the eff1c1ency of the.agent. For non-opontaneous s1nk1ng 3
v a .

,7f agents, bebauee'their arrest'ei the o11/water 1nter$§ee allows sufficient
tithe for optimum oil adsorbtion tbhpccur;,oil layer thickness F§3\41£%1e . &
v '\effece on efficiency | On the other hand véry thin init%a] 0il layers
of 2 mm qnd less produce 1nc1p)ent s1nk1q’ of all agents and decrease
" to some extent the eff1c1ency of the non- spontanequs 51nk1ng agents

, such as_Zorb-All Qnd Hi-Dri asqyaﬂlw

s

? Effect of Free Fall Distgpce

S fi:Free fall velociiy afﬁeéts~ihe’efficiency of'spontaneous
“““***S%nk1ng ag;:fs such as 011 Lok 501 to 2 far greater® extent than: the | | LN
S oo non- spontaneous s1nk1ng agents such as Zorb A1l ‘and Hi“Dri. But the

| ) effect of incéxeasing the.free fall distance tends to decrease, to a

MNain extenf,q-’ehé—g{ii%ty“of most agent's.'g«, .

H ! N ( .
.8 ‘Effect of Temperature

%
{ . The effect gt\decreas1ng temperature is to increase the

“rty

eff1c1ency of the s1nk1ng dgent byb1ncreas1ng 01] v1scosn¢y Again,




the effect is quantitatively greater for spontaneous sinking agents.

[ '
For the nop-spontaneous sinking agent, optimum .adsorption is qdick]y
reached during the arrest period at the oil/water interface and an
increase in viscosity beyond a certain point does not improve sinking

efficiency.

17.9 0i1 Retentivity o ‘ SR e
6i1 retentfvity_éfter sinking appears té be quite variaﬁle,

but no agent retains, after 150 hours, more than' about 80% of the oil

originally sunk and; in some cases, the retention factor is as Tow as

30%. o | :

!

v For example, Zorb-A]I is quite efficient in ¢inking No. 2

Fuel oil. The ratio of agent to oil s 1.1 for a free fall distance
of 15 om and an initial oil layer thickness of 17.05 mm. But it }s
amparent that 1ts initial eff1c1ency in s1nk1ng 0il is of little value

! 1 ©

1A\¢he oYzfall pictere since as much as J0% of the sunken oil was

released. Practical ;ons;derat1ons would require, perhaps, excessive~
g

© amounts of Zorb-All to ensure minimum 0il release.

17.10 Effect of 011 Tyge , PO "

4

0il V1scos1ty is the main parameter to be considered. For
spontaneous sinking agents, the eff1c1ency in¢reases quite strongly
with increasing oil viscosity. sq that agents of this type are mere
efficient in the treatment of viscous 0ilsy When the non-spontaneous

\

- ! » 3 [ * ]
agent types are considered, here again efficiency increases with

i

,1ncreas1ng 011 viscosity but, because of the 1esser effect in increasing

\

the time-in-contact, such eff1c1ency 1ncreases are of a m1nor nature.

.- N .
M >
' . » R
\ .
\

™
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" Agents whic{ do not sink oil spontaneously do not sink highly viscous

0ils at all.: P

17.11 Recommendations for Further Studies \

Several areas in which more research would be valuable have ‘

_come to 1ight in the course of this study.

[
1. No systematic studies have been reportedyon the

effect of various coatings on sinking agents. - S
- A . :

2. Theoretical treatment on the mechanisms'of a'liquid

spreading on a so]id is still in its infancy. , .

3. Some thought ought to be given to the preparation
f sulphate-enriéhed compacted/waste and compost °

© ~ -

to pid in the anaerobic decomposition of sunken’
/ opic ¢

/

0'”4\
, , 4. Extensive in-field studies instead of"la"bo'r'ator'y

b4 simulations. are required for the adequate testing ’

., .

'of‘sinking agents.
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RAW DATA - OIL-LOK 501°AND WES

y Y

. TABIE "2-1°

- 183 -

Fi
TERN CRUDE OIL

A

2 .
: Thickness (mm) Accum. Sinking| 0il Laye; 4 0il Removed (g)

Test R
o ‘/\v'erag‘e Std. Devn., &&gent‘;(g) Decrease (mm) 'ﬁst "Accum.
Start| 9.31 (3) + 0,03 \ o - - -,

1 | 8.6 (3)| *0.05 100 “0.85 | 4.0 44,0

2 | 7.82°(3) .03 200 " 0.64 '33:0 | LML

3 | 7.25 (3) 10 300 0.57 29.5 | " 106.%

ol 676 ()| o2 | 400 e | 23 | a8

5 1617 ()| ®0.03 500 0.5 | 2.5°| 162.3

6 | 5.75 (3)|. *0.05 . 600 ou2 © 27 | oaes0

7 | 520 (3)|. t0.07 700 - 0.55 28.4 7| 2124

8 |us @) *o.06. . 800 "ouk6 | 23.8 | 236.2

o | 4.0 (2|7 +o0.01 900 0.34 17.5 253.7

10 | 3.99 (3) + 0,07 1000 0.41 21.2 27,9

11 | 3.49 (3) | "+ 0.05 1100 0.50 25.8 300.7

12 | 3.17 (3} L+ ecer ———1200 0.52 6.6, | 317.3

13- | 2.00 (3) | *0.06 |- 1300. 0.37. | 91 | 33.h

~14 | 2.51 (3) | £0.02 1400 0.29 15.0 3515 |

15 | 2.1 (3) |+ *0.05 1500 0.40 20.6 372.°
16 {177 3)| 20.2° |7 1600 0.3k 17.6 389.6

17| 143 (3) | 0.07 1700 0.3% | 176 407.2 |

18 |L.27(3) | *o0.05 | 1m0 0.16 . | 8.3 K15.5.
19 | 1.12 (3) | 1*o0.04 .+ 1900 0.15 7.7 423.2
o VATER PATGH DISCONTIVUITIES  t— ' | L

20 |0.98 (3) | *0.09 2000 0.14 7.2 |- 430.b

2% - . @
Starting 0il Weight ° 1,85 g
Free Fall Distance 15¢em U
' -Tem;%erature h LT 2% '

T



RAM DATA - OIL-LOK 501 AND WESTERN @RUDE OIL .

]

TABLE 2-2

135.% 1

- Temperature

21°C

L}

N\

REN
A

N¢

. L]
*
.

. Thickness (mm) Accum.. Sinking| 01l Layer | Oil Removed (g)
. TGSt} ?Avérag:e « Std. Devn. Agent (g) °| Decrease (mm) Te:% J fechm.
start] 9.07 (3)| * 0.02 - - e

' 17 833 (3)|. +0.06 | 100 . 0.4 38.3 |  58.3
. 2 | .64 (3)| o2 200 0.69° 35.86°1  73.9°

31 717.03) | 0.0 300 0.7 2.3 | 98.2

Lo 677 (3| toe.k 400 0.0, | 20.7 | 18.9

5T e (3)| 0.8 500 0.32 16.°

6 | 6.02(3)| +0.06 €0~ | . 0.3 2272 | 157.6
s ol 0 [~ 0.7 19.% 1 176.7°

8 | 9293 to.? 800" . 0.36 18.6 | 195.3

-9 |48 (3) +0.02 900 - .o 23.3 | 218.6

10 | 4.4 (3) + 0,06 1000 0.40. .| 20.6 | 239.2

‘1| ko (3) | £0.03 1100 0.00 | 20.6 | 259.8

12 | 3.65 (3) |  *0.07 1200 0.39 20.1 | .279.9

- 13 | 3.29(3)| +0.03 '1300 0.36 " . | 18.6 | 298.5
u | 3.04¢3) | to0.08 1400 0.25 - | i2:9 | 3114

15 | 2.8, (3) | +0.04 1500° 0.20 10.3 | 321.7

16 | 2.62 (3) +,0.02 160Q . ©0.22 . 1.4 | 3311

17 | 2.46 (3) | to.08 1706 * 0.16 rg.3 | 341.b

18 | 2.2, (3) + 0.03 180G.. 0.22 a4 |°,352.8

19- | 2.06 (3) | xo0.09" 1900 * ( 0.18 9.3 | 363.%

20 |1.85(3) | *o0.07 | ‘2000 - 0.21 0.8 | 332.9

. 21 | 1.83 (3) + 0,13 € 2100 0.22. 1.4 | ag.3

. 22 | 1..0 (3) + 0,03 2200. 0.23 11,7 | 396.2

23 | 1.2 (3) | to0.02 2300 0.24 8.3 | 404.5

- .24 11.20(3) | *0.09 200 0.14" 7.2 | 4117
| , | WATER PATCH DISCONTINUITIES ~-/| .

. 25 |1.02(3) | *0.05 | 2500 0.08/F " | 41 | 415

|
Starting 011 Weight- L67 g Free Fall Diéte}nce 30 em




. | K - ) -
-85 - ‘ \\g T
o o . o j
- G . TABIE 2-3 * . ) ! '
;. : \ RAW DATA - OIL-LOK 501 AND WESTERN CRUBR0IL *
| o Thiskness (mwm) Accum, Sinking| Oil TLayer | 0il Rermoved (g)
Test i = . - '; i ’ . . -
R Average | Std, Devn. Agent (g) Decrease (mm)| -Test, Accum,
Start| 9.10 (3)°] * + 0,07 -~ -} A -
1 8.30 (3) |- %0,05 100 . / .80 41.3 L1.3
- 2 | 7.77 (3) * 0.04 200 . 0.53 7.4 | 687
3 | 7.40 (3).] *0.06 | 300 0.37 19.1 87.8
A 6.94 (3) + 0,05 4Q0° C.L6 - 23.8 111.6
5 | 6.52(3)| =*0.05 | 500 0.42 | 2.7 13343
6 6.12 (3) + 0.04 600 0.40 20.6 153.9
7 1.5.75 (3) + 0.08 700 0.37 19.2 173.1
g8 |B5.47 (3) | o022 | 800 0.28: ~| 1.k 1§7.5.

9 |5.13(3)| *0.02 900 ' 0.3" 17.6 205.1 '
MR (3] =o.05 {  -1000 0.38 19.6 22,7 1w
11 | 4.40 (3) | 0. 100 0. 30 15.5 | 240.2

12 | 4.08 (3) | +0.05 1200 . .37 19.1 259.3 ,
13 | 3.0 (3) + 0.1 1300 .28 149 273.8 |

L | 3.55(3)| #+0.09 | -1400 0.25 '12.9 286.7
15 | 3.34 (3) + 0,04 1500° 0.21, 10.8, |  297.7
16 | .3.14 (3) + 0.07. © 1600 .20 | 10.3 307.,8
17 ) 2.94 (3) +0.09 * 1700 0.2 10.3 318.
18- | 2.75°(3) | *£0.09 "} . 180 0.19 . 9.8 327.9
19 | 2.57 (3) * 0.02 1900 0.13 9.3 1337.2
20 |'2.42 (3) + 0,01 2000 0.15 , 7.7 3k4.9
21 | 2.22 (3) * 0.03 2100 0.20 10.3 355.2 |
22 | 2,06 (3) | *o0.04 2200 0.16 8.3 363.5 K
23 | 1.94 (3) + 0.04 | 2300 0.12 6.2 §  369.7
2 1.8g (3 1 0.03 24,00 o.%% : Lab 374.3
= | 25 | 1.7°(3) | *o0.} 2500 0. . 5.2 379.7
26 | 1.64 (3) | +o0.01 2600 0.11 . 5.% | - 385.2
27 | 1.55(3) |  *£0.05 2700 0.09 4.6 T " 39,8
28 | 1.47 (3) + 0,06 2800 - . 0.08 L1o| L 393.9
.29 | 1.37 (3) | *0.0 2900 6110 5.2 399,%
130 | 1.27 (3) +'0.1 3000 0.19 | . 5.2 4013
31 ,|.1.18 (3) 0.1l Ll 3100 0.02 « | 4.5 102.9
32 | 1.10.(3) | *o.01 4% - 320 0.0% bt 413:0 |
VWATER PATCH DISCONTINUITIES — ° | , '
‘ 33 | 1.03 (3) | x0.18 3300 0.07 W4 3.8 | g8
. |
* Starting Oil- T.:Ieighb TL67 g Free Fall Distance. 60 cm’ |
. R ~ -
. Temperature ' 2% . -

!

! : - w -
f ’
t ' - v
! . A} v o
i 1
- . . > ..
« n M ’




RAW DATA -~ OIL-LOZ 501 AND WE;STERN CRUDE OI’L 3*

- 186 -.

L)

TABLE  2-ly,

\,

Y

x o ‘
) Thickness ‘(mm) “Accum. Sinking| 01l Layer .| -0il Removed.(g)
Test - - X
L - | Average Std, Devn.|. Agent (g) Decrease (mm)| Test | Accum.
4 {'Start ll,..éz (3) + 0.37 ] - ‘ : - Co - -
| 1o 12.6° (3)| * 0.2° . 100 1.57 ,82.0. 82.0
i 2 |18 (3)| to.03 |° 200 c.82 42.8 12,8
3 1128 (3)] xo0.12 300~ - 0.55 28.7 153.5
(W o . . : .
s b 10.73 (3) | +0.Q4 | 400 0.55 28.7 182.°
) - 5 10.14 (3), m . 500 + 0.59 30.9 213.1
16 9,56 (1) +0.02 N -600 o loss | 3002 23,3
17 7 87 ()|, to.03, 700 0.59 BT
g .| 8.38 j(zr)/\ o+t goo > . 0.59 ' | 30.8 305 . |
9 7.8, 451+ 0.04 - 900 0.53 .| 28.2, 3332 |
' | 10 z'g \C&? +0.05 11000 0.43 32.9 3661
a 11 ] 673 )N ¥ 022 ] _ 1100 - 0.48 | 250 391.1
P 12 ! 623 (3] wxoal | 200 = 0.0 Y 2.2 417.3
, 13| 53w | 2028 T s is00 - 0.5° 28.1 | s
1 5.2 (1) +0.13 _ 1%0 0.47 2. 7.9,
vl oh.8d (3)] 0,19 1500 0.4 | -22.5 490.%
° 16 4.38 (4)| *0.06 1600 0.4° | 23.° 513,9
. 17 3.9%.(3)| £0,12 1700 0.43 \o |122.5 | 536k
18 | 3.5° (3)] .07 1800 0.4° 2.9 | 557.3
19 3.8 ()| ol 1900 o4ty | 2k 578.7
20 2.7°.(3)| +0.17 2000 0.38 7} 19.9 598.7 °| .
21 2:39 (3)| *b.on 12100 . 0.37 19.3 617.8 | -
\ > 2.00 (3) | % 0.0 2200 0.3 20.4 638.2 ||
23 1.63 (3)| 1 £ 0.07 2300 0.37 19.3 657.2
oo L 13 ()] *0.03 24400 | 0.20 | 1006 | g8t
.o WATER PATCH DISCONTINUITIZS ' .

? LA - ta - " B L@
( Start;zﬁg 0il “Ielght, ! 3 g Free Fall Distance 15 cm ,
{ . , _
~ Température

[
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A . '
. 'TABLE 2-5 ]
’ R D&.m ~ OIL~LOK 501 AND VESTERY CRUDE OIL ¥
'I} - ’ B .. >
. ) Thicknéss (rm) | Adoum, Sinking / 0il.Layer | 0Oil Removed (g)
oot Averagefl lSt‘d.'DJe‘vn. ‘ {igerit' (g) ‘ ‘Dec?éag’é (mml Test Accum.
. - S I ¢ ) /
Start ;io.é? @)Yl o077 .- / - - -
1 9.8 (,)| 0.0 100 7 S | B a8
2 8.3 (1) +o0.13 500" /0.8 w5 | 1222
3| 7.69 (4)] - mo. Oo " 300 Jooo.g Tl o33k | 1556
orabey ) roat 500- . 0.5° .3 | 185,
“5T 1 e.aL)| 4o. 07" s00  f - 0,50 26,1 | 212.0
L6 w| 6.261)] xo.38 00 | 0ub 23.° | 235.°
7 5.73 (k)| .+ 0.08 700 ho.u3 2.5 ) 2579
L8 532 (4) | £0.07" 800 Vo041 21ln | 279.3,
9 - | 495 )| zo.2k 900~ |  0.¢7 19.3 | 298.8
10 | 4.5 (B)| *0.09 000 0.4t 21,4 | 320.°
1| 4202 ()] £5.12 100, , 0.39 )204 3L0. 4
12 3.77 (&)}, fo0.1° 1200 " ! 0,38 19.8 360.2
13 {° 3.4474)) . £0.03 1300. - f0.33. T | R | gk
U F 3.9 @) o8l | 1400 0,29 cast |l 4025
15 °f 2.90 (&) .£0,2> | ~. 1500 0.25 |+ 13.0 | 40s.5
w16 6@ (b £0.2% | . 2600 0,26 13.6 | 419.71
177 2.4° (W) | 0.7 |+ - -agdor 024 «12.2 | 4316
o8 | 229w toa? | 1m0 0.2L T, 2.6
"19. | 2.9 (1) | ®oak/| "L 19007 0,22 1.5 | Tuslt
20 | 7% w| foa? 200 7 01 1799, | 4.0
21 |12 @yl toar o 200 0 0.19 9.9( 473, 9
22 | 1.4°% (3) "t o./;.é, Ca00 0,177 8.7 A82
WATER PATCH IiISCON:I‘_IIJU;TIEs;%.' :, g
; St
l J ' N "
* Starting il ’nclgqt 557 'é L. ,;41"‘ree Fall Distanca 30 cm
QT\emf)ethure’ R 26C '
° . . ,o° 0 -
o 'o‘ : [»3 ,
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&

e

«

©

_ R DATA - QFL-LOK 501 AND WESTFRN C2UDE OIL * o
Cy B o ‘ . o
. : @ ‘ | .. i ) B} . ,4 v o
- Thickness (mm) ‘Accuri. "Sinking 0il Layer / 0il Removed (g)
Te : - PR . : —
ita‘l Average Std. Devn.| - Agent (g) Decrease (mm)|" Test Accum. {®
Start| 10,0° (4) | $0.2* SRR 4 - . .
1 8.73 %) | . to52 100 1.2 éy 67.% |
¥ 8.02 (1) - to.09 | 200 v .l | 0.5
3| 7k ()| £0.09 [ 300 . #.58 30.3. 1 128
b |ce9® ) £01® |/ a0 Cooub 2.0 | 158.8 |
5 6.5% (4) . 500 -« 0.2 4 2.9 | 180.7]
6 6.18 (4) €Q . 0.3% 9.5 20,5 [
b s ) 700 . | . 0.3k 1.8 | ?;1:%;2/
8 57 (W] = g0 - . 0.37 19.3 |- 2377 .
9" | 5227w £0.af 900 0.3% 16.7 | . 25.3
10 | .8t ()] 2ol | 12000 .. 0.3%. 17.8 |~ 272,91
1| Ba487(R) |, ok | > 1100 . 0337 17.2 | 2m.2
12 |4 )| - 2023 | 1200 . .34 16,2 | 05k |
13 | 3.90 (4)| #0.03 100 | o027 |l | g8
Y | 3.6° (W) *0.7 " 1400 ‘0.2h ] 12,5 1" 3329
.15 3.8 () [ 209 T 1500 0.2° T TN
16 3.26 )| £012, 1600 0.8 ¢ 104 352.8
17 | 3.08 ()| *o0.0 1700 . > 0.18 9.5 | - 3422
18, | 2091 () zoos | . 10’ ) 0.17 8.9 | st
19 | 275 (4)| *0.03 < 1900, 0.16 8.4 379.5
20 | 2.5 (Ll ‘*o0.07 ' 2000 0.16 c8.4 | 3879 -
2| 2.4 )] +0.08 2100 0.15 - 7.8 | ®5.7 1.
2 | 2.8 AS‘ +0.1° * 2200 0.1% Lo 7.8 | w033 |
23 | 215 (4)| 009 | 2300 . 0.1k 7.3 i 410.8
"o 2,08 (1) | %013 . 2400 o TA "3 18,1
25 | 1.e8 (4)]  +o0ab . 2500 0.17 6.8 a9
26 -1.72 ()| = o.1§ 2660 0.1 6.5 | 4317
27 | 16" (8)| x017 | 200 0.1% w8 439
I WATER PATCH DISCONTINUIITES ¢ :
},s A . VoA - 4 . o ., %P '.. ' T
\tar.t,:mg 0il jfuelgnt 5. g . Free .ngl,ﬁgxls‘h‘ance 60 cm
Tempevature [2°C o oo .
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ANALYSIS OF RAW DATA - OIL-LOK 501 AND WESTERY CRUDE OIL *
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TABLE 2-7

]

~

.
, .
- N .
A s \ ' ?
- . "
o ]
L ‘
! '
A

ES

0
'

o Starting 0il| Weight Sinking | Oil Removed to Depth | Sinking Agent/Oil
Deptth (mm) Agent (g) of 1.12 mm (g) . Ratio by Weight«
9.31 - 1900 B2 b9
7:82 1700 346.2 h.91
, | e 1500 2 5.15
1. .6 *LL0 260.9 -5.37,,
‘ 5.20 ©100 o, go.° > 5.69°
399 900 N T - 6,07
. 3,17 " 00 2 105.7 6.61
Coam 4o, 5.2~ 7.6 o
) , * Free Fall Distance 15 em . Temqug.turei 21%¢ -
. . . .\ . ’ . Y V" i 4 M
‘ _ TABLE 2-8 ./
; = ' ’ ‘ ) .3 : M
2 . ANALYSIS OF RAW DATA - OIL-LOK 501 AMD WESTERN CRUDE OIL '
. -}‘.‘ s -
Sta;'ting 0il | Weight Sinking | -0il Removed to Depth | Sinking Agent/0il
Depth (mm) Agent (g) of, 1,10 mn (g) _ Ratijo by Weight
P ' ¢ . " : . o
' 9.0% - 24,00 411.7 5.83 I
8.33 2300 373.% .16
7.17 2100 - o313, 6.69
6.02 1800 ' 254t 7.08
" b8l 1500 193.1 7.76.. (
b .04 " 1300 1519 8.56 R
"3.04 1600, 1003 ¢ 9.97 !
2.06 500" K6 £ 10.08
¥ Frée Fall Distance | 30 ém /. Tempezpture | 2)°C

1
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+|  ANALYSIS OF RAW DAT

T

L2196 - v

o0

5

A = OIL-LOK 501 AND WE

"TABLE ,, 29 »

i
A

L . /

9

i3

STERN, CRUDE OIL =
— \

t

Starting 0il § ‘.‘Ieg.ght Simking } 0il Removed to Dépt,h Sinking Agent/O:'lLl
Depth, (ym) Agent (g) p o of 1.10 mm (g) %| Ratio by Weight
I . , Y N ) .
9.10 3200 413.° : 7.75
.99 . 3000 |- 3457 8. 69.
694 2800 \ -301.% '9.29
6.12 ' 2600 L asyt 103
5.3 a0 f L Tamd s ot~
L.08 2000 153.7 . 13.0%
2.94 . | . 150 = 94.° , \’15...87
2.06 7 1000 49.° . 20,20
, . M
* Free Fall Distance 60 cm Temperature 21°C
_ ’ o I . ' “
TABLE "2-10

L

\:‘}T- o A R -
ANALYQJIS @% RAW DATA -~ OIL-LOK 501 AND WESTERN CRUDE OIL x _

" N 4
Starting 0il | Weight Sinking | 0il Removed to Depth | Sidking Agent/0il
Depth (amm) Agent (g)» of 1.43 m (g) Ratio by Weight
7 &
T L.22 2400 . 668.L . 3.59
12.565 2300 . 586.,1 3k 3,92
11,83 2200 . 54,33 1 - 4,05
10,73 2000 _ 485.9 4.12
18, 1% 1900 . 455,0 418
97 1700 393.7 4.32 -
7.8l © 1500 334.3 boh8
; 7,21 1400 302.9 . 4.6
6.23 - | 1200 250,86 3 4.78
.83 . 900 177.1 5.06
3.95 700 131. o 5,31
3,15 500 89.2 5.59
2,00 200 29.9 6.69 \
* Free Fall Distance 15 cm Temperature “2°C
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, s  TABIE 2-11 e
. | - | o o
c - ~ANALYSIS OF RAW DATA ~ OIL~LOK 501 AND WESTERN CRUDE OIL™ .
¥ ™ starting 0il| Weight Sinking | 01l Removed fo Depth | Sinking Agent,/Oil
De (rmm) Agent (g) of 1.42 mm (g) - Ratio by Weight 1 i
: e N :
. 10.67 . | 2200 482.8 .56 ,
e 9.18 2100 405.0 L 518 :
% N 8.33 2000 L 308 1" 555 o
. 7.11 1800 - 296.9 . . 6.06 )
a 6:16 1 1| 7.2 6.7
495 1300 o182 . | 7.06 -
o 4.15 1100 w2k 7.72 '
. . 3.15 £00 ' . 90,3 . 8.85
e 2,19y |- ~400 )‘, - 40,2 9.95
T T - N
. * Free Fall Distance 30 cm Tegperaturs  2°C .
. - A '!' * . , .loh..,_“?"gd . o
\ o e . - . RN . ‘:_,:; ‘ _ -,
L - . Table 2-12 ' T
¢ . - o
g ANALYSIS OF RAW DATA ~ OIL-IOK 501 AND WESTERN GRUDE'OIL -
Starting Oil | Weight Sinking | Oil Removed to Depth | Sinking Agent/Oil
Depth (mm)- ~ Agent (?) of 1.60 mm (g) Ratio by Weight
R Y R
L 10.32 . 2700 K_  439.5 s 6.14 -
S 8.73 2600 -y 2.t 6.99 &
: : 8.02" - 2500 ', ) 335.0 7.8
6.98 . 2300 , 280, 7 = - 8.19
6.18 200\ - 2390 - £.78
5.15 " 1800 185.2 L 9
Y © 7 1500 1.9 WA
3508 A 100 o 77.3 o 12.94 -
. 2.15 10O v 28.7 13.9%
S ‘
4 * Free Fall Distancs 60 em * Temperaturs 2%-
s A )
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i TEST CELL CONDITIONS
o TEMPERATURE 21°C . ' .
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| FIGURE 2-7  OIL-TOK 501 AND WESTERN CRUDE OIL - WEIGHT SINKING AGENT
LIS /REQUIRED VS INITIAL OIL LAYER THICKNESS
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. TABIE 3-1

N A

- 21 -

!

o

|

AND 1O. 2 FUEL OIL ©

"RAW'DATA - QIL-LOK 501
: (22
Thickness (mm) Accum. Sinking 0il layer. | Oil Removed (g)
Test . oot
Average Std.. Devn. Agent (g) y Decrease (mm)] Test Accum.
Start| 13.27 (3)| *+0.08 ~ - - -
1| 12,95 (3)] *0.17 100 0.33 17.2° 17.2
2~ 112.20 (3)} +0.02 200 0.7k 38.7 55,9
11.87 (3)| *o0.1 300 0.31 16.2 72.1
“L  111.50 (3)| *0.09 4Q0 " 0.39 20,k e 92.5
5 11.11 (3)| *0.02 . 500 @ 0.39 20.L | W112.9
6 10.53 (3)| +0.06 600 0.58 30.3 '] 143.2
711023 (3)] ro.al 700 "0.4,0° 20.9 161,)1
18 -|.9.718 (3)§ x0.08 800 0.3 18.3 .| 182ub ¢
9 9.2 (3)] * 0\03 » 900 0.36 18.8 201.2
| 10 | 9:03 (3)] 01 1000 ().39'?&> 20.4 221.6
11 | 8.65 (3)} +0.02 1100 _0.38 19.9 241.7
12 .| 8.33 (3)] % 0.Qu 1200 0.32 16.7 . 258.2
13 | 7.90 (3)| <£o0.02 . 1300 0.43 . [ 22.5 ¢ 280.7
1 .51 (3)| *0.02 1400 0.39 20.4 301.1
15 | 7.16 (3)| +°0.03 1500 . 0.35 18.3 3%9#
16 |.6.81 (3)] +0.02 1600 0.35 18.3 337.7
17 6.50 (3)|  *0.08 1700 0.31 16.2 353.7 -
‘18 | 6.09 (3)] £0.03° 1800 0.41 2l | 3753
19 5.71 (3) £0.06 N 1900 .38 | 19.9 395.<
20 5.30 (3)] £0.06 2000 &%L © ] 2L 116.8
b1 5.05 (3)] £0.06 : 2100 0 “1N3.1,, 429.7
22 582 (3)| +0.01 2200 0.23 12,0 - | 4417
23 L.51 (l)Y +0.03 2300 0.31 16.2, L57.9
2l, L.23 (3| +0.03 21,00 . 0.28 4.6 472.2
25 3.99 (3)| *o.01 2500 S 0.2, | 125 585.0 -
26 3.67 (3)] *o0.04 2600 0.32 . |.16.7, 501.7
27 3.34 (3)| .+ 0.03 2700 0.33 17.2 518.9
28 | 3.02 (3)] +0.03 2800 0.32 ¢ | 16.7 535.6
29 | 2.81 (3)| +£0.06 2900 0.21 11.0 | 546.0
30 2.51 (3)| =*o0.04 3000 0.30 15.7 562.3
31 2.30 (3) | £ 0.04 3100 0.21 11.0 573 .3
32 2.03 (3)] =*0.03 . 3200 0:27 14.1 587 b
33 1.81 (3)| +0.05 3300 0.22 11.5 598.7
3, | 1.56 (3)| £0.05. 31,00 0.25 13.1 612.0
35 1.42 (3)| =+0.03 3500 Part 7.3 619.°> -
 WATER PATCH DISCONTINUITIES
36 1.33 (3)| +0.05 3660 0.09 b7 621, .0
37 1.21 (3) ! 0,02 3700 0.11 5.8 | 629.8
* Starting Oil Weight 693 g Free Fall Distance 15 em
Temperature '

- 219

1T
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Y i . TABEE 3-2°

"RAY DATA-="OIL-LOK 501 AND NO..2 FUEL OIL ~
// ' . .
' , Thickness (rm) . Actum. Sinking x-"{’Oi,l»Layer ~0il Removed (g) )
-Test. - . ‘ Y : . '
i Average Std. Devn. Agent (g) Decrease (mm)| Test | Accum.
: ( .
Start| '10.19. (3)| * 0.02 o= - - -
1 9.46 (3)| *0.02 100 0.73 - 38.2 38.2
2 8.89 (3)| %0.02 |- 200 Cy57 2.6 | 67.8
3 8.39 (3)] *0.02 | ' 300 0.50 26.0 | _ 93.8
b 7.94 (3)| *0.02 100 0.45 23.5 -| ©117.3
N 7.58 (3)|. *0.02 |- 500 0.34 18,6 | -135.9
1 6 - 7.17 (3)| *0.03 600 3 0.l +21.3 | 157.2
7 6.74 (3)|" *0.05 700, 0.43 7227 | 179.9
8. |.6.32(3)] *0.02 | . 800 0.42 21,8 | 201.7
9 5.97 (3) +0.04 , 900 0.3% 18,3 | 220.0
10 5.58 (3)| *0.03 1000 - 0.30 20.6 | 240.6
1. |, 5.21 (3)| *0.04 1100 - 0.37 19.3 | 259.9
12 4.96 (3)| +0.04 1200 0.25 '1\;.1 273.0
~ 13 -1 4.62 (3)] .%0.02 1300 0.34 % 9 | 290.9
L | 4.36 (3)] *0.03 14,00 " 0.24 A3.4 | 304.3
15 4.06°(3)| %0,03 - 1500 0.30 15.5 |° 319.8
® | 15 3.83 (3) 10.04 1600 - 0.22 2.2 | 332.0
, 17 )3.61" (3)| *0.02 1700 0.22 11.5 -3£3.5 ,
18 3.30 (3){ +0.03 ' 1800 9,31 16.2 | 359.7 )
19 3.08 (3)| *o.01 1900 0.22 11.7 | 3714 .
20 2,79 (3) + 0,06 ° '2000 . 0.20 15.0 | 3864 .
21 2.54 (3)| *0.04 2100 0.25 13.2 | 399.%
22 2,32 (3) | *0.04° 2200 0.22 11.7 | 411.3
23 2,07 (3)1 *0.06", 2300 0725 12.9 L2.2
. 2, 1.91 (3) | *0.06 24,00 - 0.16 | 8.4 | 432.6
25 | L.71.(3)| *0.04 2500 0.29 10.6 | 443.2
. 28 1.49 (3) | *o0.14 25600 0.22 1.3 | 454.2 -
27 |- 1.40 (3) | *0.06 2700 0.0° 4.5 | 459,90 .
WATER PATCH DISCONTINUITIES '
28 1.29 (3) 1 xo.04 2800 0,11, 5.8 | 464.8
29 |o1.11(3) | %o0.08 2000 - 0.13 9.4 | 4742
* Startiung 0il Weight 533 g ' - Free:Fz1l Distance 30 cm
’ Temperature - 21°C ) :
r <N - a
o \




TABIE -3-3
) 3
RAW DATA + OTIL-LOK .501 AND NO. 2 FUEL OIL .
. \ Thigknegs (mm) * Accum. Sinking| 0il Layer | 0il Removed (g)
TSS? € . .
i A{Jerage \Std. Devn, Agent (g) Decrease (mm)| Test Akcum.
. | Start 9.85 (3){ > - - - -
a1 9.17 (3)| *0) 100 , 0.68 35.6 35.6 .
2 8.64 (2)] *0.0 200 0.53 27.7 63.3
3 8.16 (3)| *0.0 300 0.48 25.1 88.4 -
L 7.98 (3)| *0.0 400 0.38 19.9 108.3
5 7.45 (3] *0.0k 500 0.33 17.2 125.5 |
6 _7.04 (3) *owo4 |« 400 0.41- 5| 21.4 146.
17 6.67 (3)| t0.02 700 0.37 + | 19.3 166.
8 6.28 (3)| +0.02 800 0.39 20.4 186.6
9 5.98 (3),| *0.02 900 _ 0.3 15.7 202.3 .
10 5.70 (2) £0.01 1000 0.28 14.6 216.9 |
11 5.38 (2) | ‘*£0.00 1100 0.32 16.7 23376
12 5.1 (3) |, '*0.05 1200 0.27)\ .l | 247.7
13 483 (2)1 * 0.06 1300 0.29 15.2 262.9
- 1L 4.50 (3)| 0.1 . 1400 0.2 13.6 276.2
15 4.2, (3)| *0.03 1500 0.32 16.7 293.2
16 4.0 (3)] +*0.01 ' 1600 0.20 10.5 303.7
.. RERY 3.80 (3) | +0.03 1700 0.2, 12.6 316.3
b 18 3.53 (3) | *o0.01 1800 . 0.27 4.1 330.4
. 19, | 3.35(3)| *0.06 1600 0.18" 9.4 | 339.8
20 3.18 (3) | 10.09 2000 0.17. 8.9 | 318.7
21 3.00 (2) | *0.,04 ¥ 2100 0.18 9.4 | 358.
22 2,79 (3) + 0,03 ‘Y 2200 0.21 11.0 369.1
- .23’ 2,63 (3).| - +0.,02” 2300 0.16 8.4, 377.7
| 2% 2.46 (3) i +0.03 21,00 0.17. 8.9 386.4
25 2,37 (3) | *o0.1 2500 oal . 1 s, 392.1
. 26 2.22 (3) | *0.05 12600 0.13 - 6.8 398.9
o 27 2,13 (3)7| +0.04 2700 °0.09 4.7 107.6
C 4|28 2.05 (3) | *0.06. 2800 0.08 | | 4.2 | 407.8
A4 129 1.92 (3) | £0.02 2900 013 /| 4.8 | 4.6 |
30 1.8, (3) | *0,07 . 3000 0.08 L.2 | 418.
N 1.7 (3) | *0.04 3100 0.10 C5.2 | a0
32 1.65 (3) | *0.03 3200 0.09, L.7 428.7
33 1.55 (3) |, * Q.05 3300 010 | 5.2 433.9
34 1.46 (3) | *0.06 34,00 0.09 L.7 438.6
| : WATER PATCH DTSCONTINUITIES ‘ 4
| 35 1.43 (3) | %0.04 l 3500 _ Q.03 1.6 | 40.2
N * Starting 0il ‘.'c'ei\éht T 515 g ® Free Fall Distance 60 cm
= ,Temperature <N 21°C ‘ C y V!




. . 4 : 3¢
RAY DATA - OIL-REOK 501 AND NO, 2 FUEL OIL .

TABLE 13-4

®» i

’

L )

Thickness (mm) .

Accum. Sinking

0il Layer

L)

0il Removed (g)

‘Average | Std. Agent (g) Decrease (mm)| Test ()Accum.
11.29 (3)| %o0.19 - - - i:D -
10.53 (3) | *0.09 .100 0.7 | 1.2 40.2
9.89 (3)| £ 0.05 200 0. "33.9 .t
9.41 (3)| %0.08 . 300 0. 25.14, 99.°
8.99 (3)4 "% 0.06 400 Q.42 22.2 121.'{1
8.50 (3)% +0.03 500 0.L 25.9 47.2
8.06 (3) |-+ 0.09 ‘600 0. 23.3 170.°7
7'68 (3)] = 0.03 700 0. 19. ., 190.5
7.30 (3) | *o0.% 800 0. 20. 211.1
6.88 (3)| to0.1° 900 Q. 22.2 233.3

. 6.40 (3) | *'0.06 1000 0. 25.5. | 258.7
6.00 (3) | *0.07 1100 0. 1212 | c279.9.
5.60 (3)| *o0.04 1200 0. 21.2 301.1
5.21 (3) 4~ £ 0s24 1300 - 0.39 20.3 321.4
483 (3)| *o0.08 1400 -~ - 0.3° 201 | 3410
b.hT (3) | *0.05 * 1500 - 0.36 19.0 360.2
k.13 (3;» + 0,04 1600 0.4 18.0 78,2 -
3.8l (3 + 0,29 1700 ~ 0.22 16,9 395.4
3.51 53% +0.07 1800 - - 0.3° %5.9 'All.g
3.21 (3 + 0.09 1900 | 0.30 5.9 427.
2,91 (3) | zo0b 2000. { 20 15.9 43,1
2.62 (3) | +0.07 2100 0.2% 15.3 L58.4
2,26 (3) | *o0.26 2200 0.25 19,09 L7754
1.92 (3) | z0.16 2300 . 0.34 18.9 | 495.k
170 (3) | 0.0 21,00 0.22 .l | 507.2
1.5°9 (3) | .+ 0.3 2500 0.23 11.° 518,
1.32 (3) | *0.07 2600 0.1 9.h 528.0

WATER PATCH DISCONTINUITIES
1.19 (3) |~ ¢ 2700 13 6.7 531,.9
Starting Oil Weight Free Fall Distance 15 em
Temperature ~ /“\




- 215 -

S

‘k/fb " TABIE 3-5.

v

RAW DATA - OIL-LOK 501 AND NO.' 2 FUEL OIL * b
u ‘ ) m =
e Thickness (mm) Accum. Sinking| 0il Layer |. Oil Removed {g) | -
Test.: - R——
. Average | Std. Dewn, Agent (g) - |Decrease.(mm)| Test Accun.
Start| 11.4° (3)| *0.29 ¢]. - - - -~ :
1 10.66 (3)| % 0.05 1100 0.7 . | 40.3 40.3
2 9.9% (3)] # 0.1 * 200 . 070 .| 37.0 7.3
3 9.3% (3) | * 0.10 300 0.65 ‘| 3.k | 1117
A 876 (3) | +o0.26 |3 100 - 0.55 29,0 10,7
5 8.26 (3)| * 0.0 . 500 0.50 26.% | 167.2
| ¢ 7.85.(3) ] * 0.06 600 - 0.41 21.7 188.9
7 “7.45 (3) | % 0.09 700 0.40- ‘21,2 |° 210.%
8 7.06 (3) | * 0.02 800 0.39 20.6 230.7
9 6.71 (3) | £ 0.02 900 - .0.3 18.5. 24,9.2
10 6.3% (3) | +0.14 1000 0.k 21, 270,k
11 5.91(3) | * 0.08 1100 0.40 - 21.1 | 2915
12 5.52(3) | +0.20 1200 0.3% 20.7 |. 312.2
13 5,16 (3) | * 0,08 1300 0.36 19.9 | 231.2.
1, 4.83 (3) | £0.0) 14,00 0.33 17, 3487 -
15 | 4.51(3) | to0.1 1500 0.3% 16. 365.6
16 4.23 (3) | * 0.05 1400 | 0.2% - 14.8 | 3804
17 | "3.88(3) | to.13 1900 - L 0.3 18.2 | .398.9
18 3.55 (3) | *0.09 1800. | 0.33" 17.° | “rleH
19 3.24 (3) | +o.08 1900 . 0.31 16.4 4328
20 2.92 (3) | *o.ce 2000 0.32 16.9 449.7
21 2.62 (3) |, *0.09 2100 0.30 15.9 465,
22 2.32 (3) | % 0.03 2200 0.39 15.9 4,81.7
423 | 2.00(3)| to.2 2300 . 0.2 13. 495.3
21, 1.82 (3) | *0.03 2400 * 0.24 12.6, | 7507.9
. 25 1.58 (3) | *0.06 . 2500 0.2l 12.7 | 5208
26 '1.374(3) | 't 0.05 2600 0.21 11.1 5317 | -
- r $ 1' ¢
WATBR PATCH DISCONTINUITIES [
‘ \ 8 .
27 | 1223 | zo.oL \ | . 2700 016" | 85 | su0.%
" Starting 0il Weight 604 g Free Fall Distance: 30 cm R
a a' | ) - . )
- Temperature | 2°C . - (o

1

) X
R - o, ' B
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RAW DATA ~ OIL-LOK 501 AND.NO. 2 FUEL OIL

. Thickness frm) Accym. Sinking 0il Layer ‘I 0il Removed (g)
Test : : ' ; :
Averaga Std. Bevn, Agent (g) Decrease (nm)| Test Accum.,
SN = . ) \
seart 9.95 (3) |~ % 0.07 - . - - -
1 9.25 (3)| *0.07 100 070 37.0 37.0°
2 8.68'(3)| *0.00 200 . 30.2 | - 67.2
3 8.13 (3) | . #0.17 300 0. 29,1 9423 s
L. |t-7.60(3)| xo.3t 100 . 0.58 25.4 | 1217
5| 7.2 (3)| to.1% .- 500 0:42 | | 23. 5.2
b "6.78 (3) | *0.0C% %00 0.4 22,2 167.7
7 - 6.40 (3] to.ol 700 . 0.38 20.1 | 187.8
8., 6.03.(3). 2o0.c 800 | 0.37 19.6 | 207.%
9 5.67°(3) | .+0.1° 900 0.35 19. 226.4.
- 10 | .5.33(3)| %o0.Co 1000 0.3 18.9 | 2u.k ‘
e 5.03 (3) | £0.0% 11100 0.20° | 15.9 |. 260.3
I2 | 4,70 (3) . t0.02 1200 0.32 16.9 |- 277.§ |
- 13 4.4 (3) I 000 },1300 0.30 15.9 | 293. |
Ly 4.13 (3) | -£0.03 1400 ., 0.28 " | u.8 | 307.9 | .
. 15 3.87 3)| % 0.7 1500 0.26. |-13.7- 3216 | 7
16 3.6% (3) ] 8.1 . 1600 ..0.25 13. 335.4 I ‘
17 3.3] (3)| o.cl, 1700 R ok 12,7 | 3el |
18 | 3.12(3)| 0.1 1800 - .- 0.22 1.7 | 359.8 -
. 19 |.2.92@3)| to0.1° 1900 - 0.29 10.0 370.3 |
20 2.72 (3) | £0.13 2000 . | «~o0.29 10.6 380,9 |
4. 21" 2.57 (3) | o.cg 2100 - 0.18 9.% 390.% | .
2= | 2:39 (3).] +oc.o2 2200 0.18 9.6 400.9 .
* . 23 2.22 (3) [ to.at 2300 0.17 8.9 | w089 LT
o 2% 2.07 (3) | £0.07 2,00 0.15 8.0 |" w6y
“ugx e o] 25 1.92 (3)| #0219 |, 2500 < 0.17 . [ 7.9 | 2. -
. 26 1.79 (3) | *0.03° 2600 . 0.17 6.9 | 43l \
. 27 1.66 (3) | #o0.08 2700 0.13 6.9 " 4. -438. ‘
, 28- . 1.52. (3) *0.02 2800 0,10 bk 5. 143, 2 .‘
" 29 1.46.(3) [ zo.1 2900 - 0.10 5.& . 449 |
' ; Lt . . o .‘ ‘- ‘
] : - “IATER PATCH DISCONTINULTIES - : ' .“
- ' . » i ( S . . T 0 l.
- . : . o . ' ot BN ‘
©os L Starting Oil ‘::’ef.g,h’; T 528 g o, F/vt;é Exll. Distance 60 cm
kS Tempsrature . \ - 2"’/ ] C S .
L . ” o S “
1 . ,r 4 ‘ 1
- o .
Coo Ty
. . ‘ ;e S -
- . N
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TABLE 3-7

ANALYéIS OF RAW DATA — OTL~LOK 501 AND )NO. 2

-

Y ot

FUEL OIL ™

Starting o1l Weight Sinking { 0il Removed to Depth Sinking Agent/0il’
Depth (mm) Agent (g) of 1.42 mm (g’ Ratio by Weight
" 13.27 3500 C619.2 5.65 _
11.89 3200 C547.2 5.85 -
1111 3000 506.% 5.92 °
10.13 . £:2800 455,2 6.15
"9.03 2500 " 397.7 6.29
.90 2200 338,6 6.50
7.16 - 2000. 299.9 6.67 .
.09 | 1790 2.0 6.97 ., :
5.05 " 1400 - 189. N 7.38
3.99 1000 134.3- 7.45
3,02 700 83.T ' 8.36
2.03 300 31.9 9.42.
- Free Fall Distance 15 em Temperatug ] OC .
=7 - TABIE 3-8

-7

ANALYSIS OF RAW DATA - OIL-IOK 501 AND NO. ‘2 FUEL oL %

b

Starting Oil [ Weight Sinking | Oil Removed to Bepth | Sinking Agent/0il =

Dépth” (mm) Agent (g) of 1.40 mm (g) Ratio by VWeight
10.19 2700 459.0 ) - 5.88
8.89 2500 , 391.2 6.39
7.94 00 T 1% I 6.73 . -
7.17 2100 | 301.8 6.96 | /
5.97 1800 ' 239.0 7.53 -
4.96 1500 1\86'.(1 ) é;og//
4,06~ | s 1200 139.2 862 ~

. 3,08 , 800 87.6 - 7 9.13 A

¢ r'e 8 8
2,07 . 40O 34. 11.4 - a

Free Fall Distance- 30 ‘em

Temperature 21°C




TABLE 3-9 |

A :
AT,
v .‘ %K |
. o - ' o
ANALYSIS OF RAW DATA - OIL-LOK 5Q1 AND NO. 2 FUEL OIL ¥ S
Starting Oil] Veight Sinking | '0il Removed to' Depth | /Sinking Agent/Oil
Depth (mm) Agent (g) of 1l.46 mm (g) | - Ratio by Veight |
v )
] . . g . v M ,
9.85 #3400 v 438.6 AR 7.75 L
9.17 3300 403.0 ~ 8,19 ‘
7816 3100 350.2 8.85 _
A 2500 » 2917 . 9.60 + | .
5,98 2500 236.3 1058\ .
5,11 2200 o 190.9 . 11.52 )
4.0k ' 1800 ' 134.9 v~ . 13.34
. 3.00 1300 80.° 16,13 )
2,05 600 30.8 , 19.49 -
¥ Free Fall Distance 60 cm Temperature 21°¢ . o
: » ’ . .
N / - ‘ * ( . 3,
- - TABLE 3-10- S » s

ANALYSIS OF RV DATA - OLL-LOK 501 AND N). 2 FUEL orL ¥ °

'

tarting Oil | Weight Sinking |- 0il Removed to Jeph | Sinking Ager/0il
Depth (mm) Agent (g) = of 1,32 mmn (g) Ratio by Weight
11.29 2600 528,9 4.92
9.89 2400 | 453 5.29 '
8.99 ' 2200 T 406.3 5.41
8.06 | ¢« 2000 \ 357.% ' 5.60 BN
o 6.88 " 1700 1 BT 5.77" :
6,00 1500 8.1 6,04
L.83 1200.. L 186.° . 6.43
4.13 1000 1495 \\_'g,'é’é
2.91 600 . 8.9 . .01 |
1.92 300 - 32,6 9.20 K
Free Fall Distance 15 cm Temperature ~ 2°¢

~




L3

\ - " TABLE 3-11

1 g ' %
ANALYSIS OF RAW DATA - OIL-LOK 501 AND NOI 2 FUEL OIL-

[
J

' J, |Starting 0il ‘Weight Sinking 0il Removed to Depth | Sinking Agent/0il
.| Depth (mm) Agent (g) *of 1.57 rm?..(g) ' Ratio by Welght
10.66 2500 N 5.08
- 939% 2400 L bk 5.28
8,76 . 2200 391.9 3 5.62
7.85 . . 2000 T 3128 : 5.83
7.06 1800 - 3010 . 5.98
. | 5.91 150Q o 240.2 . 6.2
| 5.16 , 1§o€3 . 200,53 N 6.48
' 3.88 © T 900 . - ? 132.8 S 6.78
- 2.92 600 B AL 7.32
2.06 - 300 36.4 8.2 -
. ¥ Free Fall Distance 30 cm ’
° TABIE 3-12

! ] : o . /o s
. ANARYSIS OF RAW DATA - OIL-LOK 501 AND NO. 2 FUEL OIL *

3 . R

|starting 0i1 | Weight Sinking | 0il Removed to Depth | Sinking Agent/Oil
.~ | Depth (mm) Agent (g) " of 1.46 mm.(g) Ratio by Weight
: ] 9.95 | 2900 L4492 6.15
9.25 2800 + - | 4122 ' " 6.79
8.13 2600 | 352.9 - 7.37 .
. 7.20 21,00 . 303.78 - 7.90
¥ 6.03 2100 . |. 2,1.8 8.68
5.03 1800 - 1889 . - b, 9.53
4.13 1500 - 13 4 10.61
. 2.95 1000 - - 78.9 .. 12,67
- zeor o500 31,3 g 15,97
2 . Ry '
Free Fall Distance 60 em’ ] Temperatura 20C

]




SINKING AGENT REQUIRED (K0

N
o
T

g
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o
T

o
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TEHPERATURE 21°¢

FREE FALL DISTANCE 15 em

TE?T CELL CONDITIONS. .

]

- .
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' FIGURZ 37
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Q. 12 I'4

—

INITIAL OIL LAYER (mm)

) o

OIL-I0X 501 AI\iD NO. 2 FUEL OIL 2 WEIGHT SINKING AGENT |
REQUIRED VS INITIAL OIL LAYER THICKNESS
. o .

il
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: TEMPERATURS 21°¢C
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RAW DATA - OIL-LOK 501 AND NO. 6 BUNKER OIL

TABLE k-1

Thickness (mm) " Accum. Sinking| 0il Layer | 0il Removed (g)
Test — ' . - .

) Average Std. Devn. Agent (g) Decrease (mm)| Test | . Accum.

“| start| 12.73 (3)| t0.06 - S - -

1| 10.33 (3)| z*o.01 100. 2.40 \m.g V4.0
2 8.02 (3)| *o0.° 200 2.3% 138.6 | © 282.6]

3 5.9 (3)| *o.t 300 2,03 121.8 | sou.h-

sy 4.3 3) | to.1° 4,00 1.49 1004 |- 505.8

5 2.89 (3) | *0.08 500 140w an.b | sg0k

6 TLe (3] toow | 600 1.05 63.0 | 653.%

7 1.0L (3) | *o0.06 700 0.83 49.8 | 1703.2

. WATER PATCH DISCONTINUITIES
s | o203 tow 800 0.8 48.6 | 751.8
.);.’ e ! e
Starting 0f1 Weight 764 g ~ Free Fall Digtance 15 em
Temperature 2;°C ' ' '
L |
Q° 3
+ . . ¢
‘ AN -

Wt
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TABLE 4-2

oe

RAW DATA ~ OIL-IOK 50L AND NO. & BUNKER OIL

] . Thickness (mm) Accum. Sinking| Of% Layer | Oil Removed (g)
fest Average "St.d. I’J'evn.' Agent, (g‘)‘ Decréasg(m:m) .Test - Accum,
( |start] .48 ()| *o.04 o - - -
1 |'11.98 (3)| *0.05 100 12,50 150.0f  150.0
2 9.5% (3)| #o0.2° 20 2.2 o|us.2 195.?
3 7.9 3] 012 [ 30 2,17 130.2 | 425.4
F o 5 | ° b P R
I 5.5 (3) * 0.2 400 1.¢ 110. -535.
5. bcb (3) "t‘o.él' 500 1.5t 90.6 | 626.4
6 2.8° (3)| *0.1° Vg0 1.22 | 732 699.8
> 7 i.9l (3)] % o0.k 700 o.qi' 55.5 TS
g 1.7 (3) E: 0.1 0‘8_00 0.7% 13.° 797.‘*
| ‘ WATER PATCH DISCONTINUITIES o a
) 9 |, 0.5 (3) Cio | 900 0.5° 40.8 | &38.2
° ° R . _—* -
ot Starting Oil' Weight~_ '868 g a .Free Fall Distance 30 em

Temperature

"2

P d

1°¢
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TABLE 4-3 ~°
0 . RAW DATA - OTL-LOK 501 AND NO. 6 BUNKER o1L *
o e
e ,; - Thickness (rm) Accum. Sinking| Oil ‘Layeru * 0il Removed (g) | . ‘
i rest Average - Std. Devn. : Agént (e) Decrease (mm)|” Test Accum. )
1 Stars | 11,77 (3 to.07 | ER .. - , '.'..
T 1 9.7 3) *o0.2%" 100 P 1.9 119.%  119.%
i o 2 ’8.10 (3) % o.ﬂ 200 1,68 1008 . 220,27
[ S I T SO € B 0.12 300 - 1.5° ‘., 90.0 . 310.°
k|52 (3) ok 0.2’ Lo 1.36 | 1.0 3908
g 5 | 4003 fowos | | " 500 '\1.2‘* 74,‘ " 486.° \_
3 6 5,02 (3) 0.9 | 60 . | oo | ses 5250 | °
- 7 - | 2.2t (3) - '30.2; “L a0 | o.8t 43,6\ /_ 5713.6 |
8 1.52 (3) +o0.08 | . &0 - 0.8 . |'sb 5.0
" SLIGHT WATER PATCH Diécg)NTnerunIEs o g o '
9 | 91 (3) | to.08 90 | oer | o366 esnb |
| | WATER PATCH DISCONTINUITIES —~ A
1 10.3% (3) . % 0.11'6 " 1000 I o.56 . 3'3.6i 685.2
i  Svarting 0il Veight 704 g \. ‘'Free Fall Distance - 60 ew ‘ib \}h“’u_
- : Temperature A 2100 - ’ : ' o “# CC
b ' s ! . - ?
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TABLE k-4 c
|ANALTSIS OFyRAW DATA - OIL-LOK 50L AND NO. 6 BUNKER OIL . - :
Starting Gil | Weight éinking 0il Removed to Depth |,Sinking.Agent/Oil
Depth (mx Agent (g) of_l.Ol mm (g) | Ratio by Weight
12.73 700. 1 703.2 /1,00
- PALTT .
10.33 -} 800 559.2 -1.07
- 8.02 £ 500 ¢ . 4206 1.19
5.99 1,00 298.% ¥ 1.3
4.30 300 27 197.4 1.53
2.89 200 ' 112.8 | 1.7
1.e 100 6.8 2.0L -
o . '\ L3 ‘ 5 - - . >
* Free Fall Distance 15 em - - _Temperature  21°C
- ‘e
: Lo, o .
; . TABLE )45 .0

AALYSIS OF RAW DATA - OIL~LOK

»

4

”

501 ap Ho., 6 B&\('ER orz

o

IStarting 0i1 |Weignt Sinking |Oil Removed' to Depth | Sinikdng Agent/0il
Depth (mm) ‘| "Agent{g) .- { ‘of 1,19 mm.(g) . | Ratio by Veight
s ; L »
Y48 800 C 797, 1.00
11.98 400 | T T .08
9. 56 600 N502,% © 1,19
7,39 500 372,09 . 1.34 B
5.55 40, 2616 - -l 153
k.04 v o300 f,oa© .. 175°
v 2.82 o 200- - | - . Ton.87 2.0
o Lo 200 LA ] e
P . LA i
* Free Fall ?loéancg %'30 an Temperature 219¢
! . “w s - 1,
. o g '
-~ N N . . k4
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S TABLE 5-1
RAW DATA ~ ZORB-ALL AND WESTERN CRUDE OIL *
2 N ° N
Thickness (mm) Accum. Sinking| .Oil Layer 0il Removed (g)
Tdst R i =t

‘ Average | Std. Dewn.' Agent (g) Decrease (mm)| Test jAccum.

Start| 106.10 (3) C£0.09 . - - - -
1 7.53 (3) |. % 0.05 100 2,57 132.8 132.8
2 5.37 (3) | 0.2 | 200 , 2,16 111.6 | Lan
W 3 3.22,(3y | *0.07 300 - 2.1° ‘111t _355.5
b | 12 (3) | +0.05 4,00 1.80 92.9 | »4u8.k
5 | 0.21(3).| %o0.07 500 . 1.21 62.5 | 510.9

WATER PATCH-DESCONTINUITIES, : .
+ . L =

* Starting 0il Weight

Temperature

e

o

Ve

e

531, hg- - * . Free'Fall_Distance \J;S on

, 2% -

A

s

—

)

o
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RAW DATA - ZORB-ALL ANWQY/ESTERN CRUDE OIL *

TABLE 5-2_

4

: ———
0il Removed (g)

Thicikness (mm) Accum. Sinking| 0il Layer-

Test [7 ' o o ' !

Average | Std. Devn, .Agent (g) Decrease, (mm)| Test Accum.|
Start | 11.38 (3)| ¥ 0.03- - - - - -
1 8.589"\@3') * 0,04 100 ’ 2.49 129.6 | 129.6
271 672 (3)| to0.0 200 2.17 12,1 |  240,7
3 472 (3)] ¥o.2b . 300 2,09 103.3 | 34"
i 2.8 (3| ro3 [ o0 186 96.% | 4uo.t
5 | L.k (2)] *0.08 500 ( (L4 3.4 537

WATER PATCH DISCONTINUITIES

* 9

Temperature

N

Starting 0il Weight -

517 8
21"

Free Fall Distance

) 60 Gin‘ ! B o
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»

TABLE 5-3

s
RAW DATA -~ ZORB-ALL AND WESTERN CRUDE OIL

b

r‘_\\ N
Thickness (mm). . " Accun. Sinking| '0il Layer | 0il Removed (g)
Test - - .
Average | Std. Dewn. Agent (g) Decrease (mm)| Test Accum,
start | 11.3° (3)| +o0.2° - - - -
1 s.72 (3)| *o0.2% 100 2.58 4.7 | 13s.7
2 6.51 (3)| . x0.2% 200 2.20 15.4 | 250.1
3 | 4.5t (3)] to0.2b 300 2,00 1044 | 354.5
o| 2543 ot | v w0 1.97 102.9 | 457.%
5 0,93 (3)| *0.0 500 ety | et | s
: L ' s
\‘ VATER PATCH &scommurm !
' . J [ - +
N , o N
~3" Starting 01l Weight 599 g Free Fall Distance 15 cm
Temperature 2°C —
-4 :. ,
A © ! .
.‘w v A
S . .
N - . - ‘
- " L4 : .
5 . ~ v 13
T o



ks 5y )
RAV DATA - ZORB-ALL AND WESTERN CRUDE OIL'™
8 ” ,
. Thickness (mm) Accum. Sinking|. O0il Layer | 0il Regpved (g)
' TeSt. " N<3 . ’ ) .
B ‘ Average | Std. Devn. Agent (g) ‘Decxease (mm)| Test l Accum.
start | 11.5% (3)| % 0.1° - - 2 -
1 .8k (3)| #o.2% 100 . - 2.7° 1.9 | w1.°
2 6.27 (3)| *0.1° | 200 o250 12T 275.2
3 1 3.6 @] toal 300 . 2.6+ | 137.8 | 4120
4 1.53 (3)| *0.23 400 - 2.2° 110.0 | 5220
WATER PATCH DISCONTINUITIES . .
Starting 0il Weight - 603 g + 'Free Fall Distance 60 cm
Temperature — .2°C -
. o | 'S
” . . ° . .
\ ~—\
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TABLE- 5-5

, ! : ; ' i
ANALYSTS OF RAW DATA - ZORB-ALL AND WESTERN CRUDE OIL *

[}

+ n . M -
Starting Oil| Weight Sinking | 0il Removed to Depth| Sinking Agent/Oil
Depth (mm) Agent (g) + of 0.21 mm (g) Ratio by Weight
10.10 © 500. ~ 510.7 ’ 0.98 L
253 .. 400 378.1 Los 4 T
5.37, 300 . 266.2 |7 113 '
,‘ 3.22 200 /1/55.\‘F 1.29 :
- L 142 .-100 ( 622 — 160 >
. = - Sl X -
. Free Fall Distance 15 em Temperature 21°C
’ v
, '3
N o ) \
i ]
. ANALYSIS OF RAW DATA ~ ZORB-ALL AND WESTERN CRUDE OIL -
Y - ‘
| . Starting Oil | Weight Sinking | 0il Removed to Depth + Sinking Agent/0il
{ o | Depth (mm) Agent (g) of 1.4k mm (g) Ratio by Weight
‘ 1138 500 S 5135 . ' 0.97 . °
: 8,89 . 400 | 384.9 . Tl
‘ 6.72 300 272,8 . .10
. b2 - 200 169.° .18
2.86 _ 100 L T3 : 1.36
3 : ) ) .
T - _ Free' Fall Distance 60 cm - Temperature 21°C
/ ’ < ' s .
. .

[y
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TABIE 57

" AMUALYSIS OF RAW DATA ~ ZORB-ALL AND WESTERN CRUDE OIL ’

3

‘ A ]
]

A

Starting 0il| Veight Sinkiﬁg 0il Removed to Depth| Sinking Agent/Oil
Depth (mm} - Agent (g) of 0.93 mm (g) Ratio by Weight
11.30 500 ., 541.5 . 0.92
g.72 ) 400 4,06.8 © 0.98
" 6.51 300 2914 1.03
L 451 200 187.° 107
2.54 100 8.t 1.19
. : . ' ’ ' ,
Free Fall Pista.n'ce 15 em Temperature 2°C ¢
" [ - -~
L) '] .~
b
TABIAE 5"8 °
ANALYSIS OF f—LB:Y‘I DATA - ZORB-ALL AND WESTERN CRUDE OIL *
Starting 0il |“¥eight Sinking | 0i] Removed to Depth | Sinking Agen't/Oil
Deptis (rm) JAgent (g). of 1.53#m (g) Ratio by Weight -
)
11.54 400 5229 0.77 ‘
8484 300 ° ) 38]_,0 . | 0.79 -
6.27 . 200 "o 2%6.8 -~ o.8L -
# 3763 100 1}0.0 by " 0.91
’ ' . ' 1
3 ! ~ ! \
3 Free Fall Distance - 60 cm Témperature 2°C :

{

-
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" B4 DATA ~ ZORB

:

\ TABLE: 6-1

-

-ALL AND

x{(o. 2 FUEL OIL

(N

v

. . “Z
Thickness (mf) -

\'Avérage

Std. Devn.

Accurt, Sinking|

1Y

., Agent (g)

0il Layer -

"Decrease, (mm)

g

—
11.86 (3) _A\*’ﬁioz

9.79:(3)
7.58 (3)
5.51 (3)&
3.58-(3)
@

1.87 (3)
0.58 (3)

-

A

¥ - y)
% 0,02, i00- 2:07
+0.02 200

+0.06 .300

" +,0.02 400 .93
+0.36 | 500 I
+0.06 | 600 g 09

WATER BAYCH, DISCONTM% .

o ~

1 R _
Stghting 0il Weight ~ 620 g

1

21°C

L/

Free Fall Distancé

° ] i
L4 L
3 o
| o
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3 e
~
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N
TABLE §-2

-

‘' RAW DATA - ZORB-ALL AND NO, 2 FUEL OIL *

Thickness (mm) Accum. Sinking| .0il layer {.Qil ’Rembxed (g) i
Test S 5
1 | Average” | Std. Devn.] Agent (g) | Decrease (mm)} Test ‘A%mn
Start | 10. 23 (3)|. +o.00 - - - -
- | g0t Q| o’ 100 C 222 160 16
2 .| s.e ) tok 200 217 - | 113.% L 229.4.
3 400 ()] 207 300 s 1.7° 1915 | 320.9
FRRT . . o
4 2.40(3) | *o0.28 400 . Y b1.62 e’ | 40s.8
, \ . |
5 1 0.72(3) *0.03 /500, ~| : ;;?5 ,91.5 597 .2
‘ " VATER ‘PATCH DISCONTINUITIES ° on |
: S B -1

3

3

[} ‘i.' o

_»Temperature

Si;a.r’ciﬁg Oil"'Weight '

1 4

i
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- ) ' . ©, . TABLE 6-3 -
. ’f‘:; ) T a ] :
- _ - . '
! e BATY ~ ZORB-ALL AND NO.
. . 1 . - R 9
_— 4 ) . ’ i < -
- ) ¢ ‘ AR * EN . e
' . "hickiess (m) Agcum.” Sinking] -0il Layer 0il Removed (g)
Test 2 , \,‘ N ! - =
% . * Average Std, -Deyn, Agerg (g) lDe\c\:‘eag,‘ () Tes& Aceunm,
3 n’ . L _ ', . =~ - = —
- . FStart | 13.45 {3) | *0.09 - °- = 1 -
R ’ o ' r 3 , . - ‘_ e
. /\’ 1 12,03 (;)* £ 0.08 |+ ‘100 D242 128.0 128.0
. . . ~
z .. . - . : - .
N , 2 8.90 (3) |, *.0.09. | . 200 . 2.04 107.9 235.9
~ . . > . ’ - -
{ ‘ . Qe .91 (3| =002, 7% 2,08 110.0 345.9
| - N i' . ‘ - < L% "._':~‘ ¥ . ;
| . 4o 75 (3)] - +vp.02 ' 400 2.15 113.7 4%.6
. ) . - ’ o < . . Lt <
o 0 . )
N 2.07(3) *.0.0%,, 500 : 1.69 - 89.4 54,9.0. |
DN A -
e ’ ) 2 8 i
SR I 127 (3) 1 0.2, . 600 1.5 ¢ e3.6 | ¢32.°
, , .
. . . ] . ’ . . !
’ . ,\f,g"&J . . “ . . ' - * \ 5
AT AT N AR "‘.‘JATEI%; PATEH DISCONPINUITIES .
. . Wi . c e e Ty o e ' | .
v o 4‘ kil " t ‘;)g%. 4
=N o *oe ._ . 2 c e . : wl o ’ . . . " ' /
. o Sparting Oil Weizht' . 710%g Free Fall Distance -5 tm
Te., Wl e ‘Tempgrature 2\,&5 o . -x
* ,'0 Rl » TR ' - .
S . e o \ R
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' A
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TABIE 6-h . .
\mw _ \ ‘,

- - L, 3
R4l DATA "- ZORB-ALL AND NO, 2 FUEL OI“.:
. i

v
N
.

s
<
A
7
2
;o’ .
/
\
[ l'

T

- ] Thickness (mm) Accun. Sinking| Oil Lajér | Oil Removed [g)
Test - ) X g ' r
,(" A’verage . Std,. Devn. Agent (g) - Decreas‘e (tm) Test’ "Accum.
- Start |. 12.07 (3)| ‘=6.03 - ) - - -
o . B Uy N A .
' 1 9.45 (3)| * 0.04 - 100 1 2.62 138.6 | 138.6
2 7.05 (3)| £0.09 |v 200 2,40 127.0 | -265.6
y R - . . = R
% .1}180 (3) i‘o‘o.lo‘ 300 < 2.25 llq.o 38&-6 - -
~ 9ty [ 4+ ql & S| '3 9
| b4 .77 (3) + 0.1 40 * 2,00 . .| 6. 490.7 -
- \\ ‘|5 ~~0.66 (3)| “*o0.08 500 ‘ 2.;3 2.7 403.6
’ ‘ WATER PATCH DISCONTINUITIES

' Lol N - . l [

. . ' : . . ; A - .
- " Starting 0il Weight 662 g Free Fall Distance 60 em
— . Tempsrature hd 2°C L - .

p , 4
: - \
; ‘ : h ’ e

P : \ e (f,
¢ Y .. 9 \ ot ! < ’ X *

s’
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T " TABLE . 6-5
s ‘\
" ANALYSIS OF RAW DATA - ZORB-ALL AND NO. 2 FUEL OIL N
~y - - h .
# f\ﬁ v ) ’ - -
© |Starting 0il| Weight Sinking| Oil Removed to Depth | Sirking Agzat/Oil
Depth (mm) Agent (g) ‘ _0f 0.58 mm (g) Ratio by VWeight
> 2 . r ’ 6 . ’
\| 1186 600 © . 589, . 1-02
‘ e -1 979 500 “ . heLh . 1.0k
E | 7.58 1 4,00 365.7 1.09
i 5,51 300 357.7 : R U -
: 3.58¢ 200 et : © l.2e
. 1.87 100 . &7 | 1me
. N - — ' —
Free Fall Distance 15 crf : Temperature 23% -
Y - - = ¢ ' . ) .
v . . ;J ' . . - . 4
‘ ‘ TABLE 6-6 .
| o -§ \
; . . ‘ .
B - ANALYSIS OF RAW-DATA - ZORB-ALL AND NO. 2 FUEL OIL _
\ - = L4 .
Starting Oil| Weight Sinking | 0il Removed to Depth |~ Simking Agent/0il} .
; -Depth (mm) |  Agent (g) of 0.72 mm (g) Ratio by Weight "
] ] - 5~ Q N
3 10.23 . 500 Cosert o 1.00 .
8,01 - 400 B P 1 1.05
5.8l 300 - 2677 . 112
4. 09 200 - 176.° _ 1.1
2.47 100 - " g1,° 1.09 .
4 ' -
v " FPree Fall Distance " 60 cm s . Temperature 21°¢C
s «‘k - ¢ . ' > ‘
) , .
, -
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TABLE 67
1Y ~ ! <
‘ " ANALYSIS OF RAW DATA - ZORB-ALL AND NO. 2 FUEL OIL
Starting Cil | Weight Sinking [ Oil Removed to Depth | Sinking Agent./Oil'
3 | Depth (mrn)' __Agent (g) of 1.49 mm (g) Ratio by Weight
13.45 600 632.° 0.95
11.03 C e 500 © 5042 0.99
~—1 89 400 39660 ¢ 1.0L
y 6.91 300 286.6 1,05
k 476 200 -172.9 1.16
3.0 100 ©o8. | 1.20
' " Free Fall Distance 15 em Temperattiref 2%
[4 M \
. " ~ {1
I ‘
- ~ ’ ‘b, \
- ’L
TABLE 6-8 .

i
©

7 AI~IFALYSIS‘OF RAW DATA - ZORB-ALL AND No. 2 FUEL OTL ¥
H . . ) . ' N
Starting Oil | Weight éj:nking 0il R,emoved to Depth | Sinking Agerit /0il
Depth (nrn) « Agent (g) of 0.66 mm (g) - Ratio by Weight
X v 500 603.6 0.83
9.45 - 400 465.° 0,86
. 7.0 300 3380 0.89 "
4.80 200 219.° 0.91
)2.79 100 o ESYRA 0.89

3 .
. <Free Fall.

Distagce

60 cm .

Temperiture 2°¢ } \
. r

4

hd )

 ' -
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) . f ¢ < TABLE .75 T .
L R 2 ) oo ' _ o ) s ) - ’
l ... . ANALYSIS OF RAW DATA - HI~DRIAND WESTERN CHUDE oIL * i

K ] L ‘ N . . . P . ‘e ‘ ' . ' ' ) )

q .- |Starting-0il | Weight Sifking. |Oil Removed to Depth [ Sinking Agent/0il{
N Depth (1) Agent (&) P oof’l.72mm (g) -, |- Ratio by Weight X
ootz 500 CossLR T ~0.91 -
2> S I - . w23t O 0.95- -
: Sl 735 3000 LI L0
. B T T AR/ I 166.7 1.0
S 3,26 N 1000 79.° 1.26
e ¢ 2% - ’ A R - Y .. - N " *t
. *  Free Fall Distarce 15 eni . Temperature, 21 T
L ' " . i “ . ) . . bﬁ' '.'
— )..\ v B ’ i . "’ T ) i ¥ ' ; .
. * N | v ~ ) $ s . *
l\ ’, i oo . » , ° Lo~ \. )
P ‘ ;.' . . ‘ ‘n ' ’ b T L

~ . TABLE 7-6 : ‘

. “ - a A ! T - . . * . ‘/A' | kS ' . . ~ ) )

. A " ) t . . . . .o .
o~ : ANATYSTS“OF RAY .DATA ~ HI-DRI'AND WESTERN CRUDE OTL ]

- P A - . “\
e Y | Starting 0il] Weight Sinking| ,0il Removed to Depth| Sinkihg Agent/0il ) -] ’
S Bepth (mm) Agent (g) " of 1.57 m (g) Ratio by Weight ' '
o 4 i B ‘ ’ - .5 3 [ . \‘;-

. ol 113,56~ - »".600 \ . ;619,3 g?.g‘kv i - .
. 136 | " 500 BT+ P A R <2 B B
?- T 8.96 .1 400 - 3817 o105 N
" ’ l l ;"‘vﬂ \.' ‘u‘.“'
LI w 6.55 Y300 257.2 .l U 1.6
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] ?"‘)~ ’ ‘ & , » . '7.,’&‘ i
11.12 R DT N aGe .
8.36 300 ° 1.5 " o.88
"5 I’ ,a ) ' 2‘Ob ‘ 20:643 : . .‘ A- . Oo "
l5 7 \ oo . ¢ ?7'¢ ¥ o
+'3.62 100 92,0 1.06 i
S e ‘T A On i
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’ TABLE 7-8 J
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, /’ =) & - > 1 ' & -
4 f - S ~, ' t)'l%- .
Starting 0il| Weight Sinking {* 0il Removed to Depth ySinking Agent/OiE,K;
' | Depth (mm) “Agent (g) ° of 1.40 mm (g} ' |*“ Ratio by Weight
N - — ;
' 12.29 “h00 "568.5" 0700 7 8
: . .6.42 30 | w7 . 0.72..
. 6.38 200 2600 " # 0.7%
1 Yy e U
a3 ) 100 12b. , 0.80
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RAW DATA — HI-DRI AND NO. 2 FUEL OIL R
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K o Thickness (rm) Accum. Sinki OIlayer | Oil Removed ‘(g)-
<} Tast oy
Average | Sitd. Devn. Agent (g) | Decrease (mm) | Test Accum.
Stert | 9.34 (3) | *o0.03 | © - | - .- -
.1 6.92 (3) + 0,14 '100 ~2.42 126.2 | 126.%
. 2 "4.97 (3) | ~zo.ab * 200 o5 | 1009 228,k
3 .60 (3) | %0.05 300 | - 237 0 | ~q1.67 | 3000
l 2)R.(3) + 0.13 400 S Y2 78.9° | 378®
o5 1 1.0 37| *o.25 . 500 - 106 554 1 4as.3
6 |09 (3) | 0,09 600 ouh( | 23,7 | a3
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‘ 1 . <
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Thickness (mn) . Accum, Sinking| - 0il layer | 0il Removed (g)
. Test ‘ - ‘ -
e Average Std, Dewn. . Agent (g) Decrease (mm)| Test Ac%
10.83 ()] £ 010 ' N I - .
Start | 10.8° (3)"| £ 0.1°, - - - -
1 e ae? 3) ] el 100 | - 218 114.9%0 114,09
L B S . s . ‘ ! e
2 67413 | rtoor N 200 1.9 ) 99.8 1 23,8
3 | 524 ¢3) ] o3 - 300 1.40 83.6 | 297,k
. . L3 .
L 3.67 (3) | to.2t 400 4 147, 76,87 3.2
5 | 2.8 (3)| xo02?" 50° | of | 408 | 415
6 2.2 3. £02° " o0 0.7° | 36.6 | 4506
7 | 157 (3| to2’ 700, © .} 0.69 7| 31k | 4630
71 C. . -
o 5 1.9 3) | 209 | 800 0.49 20.9 | 503.7
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~ { o
Starting.0il Weight “,565\,\ g . Free Fall Distance 60 cm
Temperature 21°C 5 | )
' . . V.1 . | p ' A 5
. ‘ | ’ v . ' A e
' i
A - : "
A~ '




~

RAW DATA - HI-D

- 295 - -
P '
o ]
—_— 174
i
_ . ‘
. Tth;:» 8-3

-

3

-~

RI AND NO.‘ 2 FUEL OIL
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\Mﬂvéﬁggé Std; Devn. Agenty (g)“. | Decrease (mm)|:Test Accum.}’
.Start | 11,28 (3) | *0.06 - - - -
— o1 8.7° (3) | 0.2 100 \2.98 16.° | _136.° |
1 a L T
S S 6.5% (3) + 0.1° Ry 200 . 2,14 115.2 29.7
| ’ " - 4
‘ 3 b3t (3) ] ¢ g.loe 300 no2.2 19.% | 368.7
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5~ 0.6 (3)| *o0.8 500 1.3° 7.9 | s62.8
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S * l l 3
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Temperature 2°¢ . /
' 2 -
13 ) i ’;’ ' .
. » § - - A\
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- . i Ll Rl i
| Start | 11.65 (3) | % 0.04" - - T = -
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' . ’.
' 13 "4.02 (3) | *0.07 . 300 2.28 1 120.6 L03.6
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N TABLE 8-~5 ’
] F 8 - . ¢ ' “ ’ ;v I ) 3¢ h . ' '
~ 2 -« ANALYSIS OF‘%W DATA ~ HI-DRI AND NQ. 2 RUEL OIL . -
- ) g ST N
‘ \ ) P ) - e
“ v ) -~ A ‘> “.‘ K] v .
Startiﬁ.gx 0il | Weight-Sinking'| Oil Removed to Depth Sinking Agent/Qil’|
_ Depth (imm)

~ of1.03 mm (g)°

Ratio by Weight

9.3h
' 6.92
h.97
3.60 -
2.09

L1003 - W

. Agent (g)

600 -

¥

. 200

4572,
3308
228.7
Coownl
- :§§;h )
230

k3
¢ 1k
""‘ 1.75'7;..
(190

7 a5

.
»l
o

435 L]

- F ‘(. , w '2(: .
, - ANALYSIS OF RAW DATA -~ HI-DRI AND NO. 2 FUEL OIL . o

3 ' . ’
. Freg Fall Distance

S 9 * L] iy ' ) A
15 em Temperature 2°C ..
- v x . ’.‘ .

- ) . . ‘ . l»‘
o cvr . v ! . . -
! . s

- l . *
wme © TABLE €44 .

L

' BT

o

Ao

+

Semting 01l
Depth (mm)

Y

"Weight Sinking
Agent-(g)

0il Removed to Denth |
‘of 1.19 mm (g)'

N

Sinking Agent/0il
Ratio by Weight

3

10.83
8.65
6.4
. 5.1
. Bs.en

2'89\

800
700
600
500
400 .

-

- 300

5037
389.9 . -
o001 o,
. 206.°
1297
28,9 .

1.59

L9
¥
<7 2,07

T 2k

* 3,087
33T

- 2.9 200 52,3 ., ‘382
. i o . .
s L.5 ..~ 100 .20y C T 4N
. ? =, s _ \ . ;:%‘ //\ 5/7'6\\'/ 4
<~ Free Fall Distance - 60 cm  Tempérabure - 210C .
E o - . -~ - ) . . ™
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. ANALYSIS OF RAW DATA’) {@qDRI AND NO. 2 FUEL OIL ﬁ - )
v Starting 0il Weight Sinking | 011 Removed to Depth 'Sinking A'gen’é‘/Oil .
R Depth (m) Agent'. (g) ~ of 0.64 mm (g) ° Ratio by Weight '
o .28 50 5628 0.8
| 8.70 400 ' 426, 0.94 -
. '  6.56 300 ©313.1 ) 0.96
; b3l 200, 951 L,
L .2.00 .. 100 o 7.9, 1.39
= .h ; -
T a . Free Fall Distancé __ 15 cm . Temperature 2°C LT
‘v ) _ [ . . : ‘\) Y
. k 4 o ° L o v
-, N |
» (\ » % B °
- .t TABLE 8-8 : .
. 4 L
’ 'ANALYSIS Or RAW DATA - HI-—DRI AND NO, 2 '“UEL o1L ‘
L ) :
. Starting 0il )V\elvnt Smk:mg " 0il Removed to Devtn Srinkithgent/Oil
, Depth (mm) hgent. (g) ' of 2.02mm (g) ° |. Ratio by Weight ;
11.65 . 4O 509.% 0.78
‘ 8.72 - 300 < 3544 0.85
‘ .. | 630 200 - . 2264 0.8
‘ 4,02 %00 ° © 1058 0.95°
v : i : ; - B : 7 . !
IS * S . ) . T T
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" .Anatol Eg]dman !

"-of two prem1ous_LA0CN programs.

_smaller parts.

" ABSTRACT

PART 11: THE APPLICATION OF. LAOCN 3 TO THE, ANALYSIS OF THE PROTON

. MAGNETIC RESONANCE SPECTRA OF SEVERAL OLEFINIC ACETYLENES
.)‘ P

— «
s -

Due to the computer 1nn1tat1ons of a prev1ous study, the

exper1menta1 spectra of 25 olefimic acetv1enes were re-analyzed using -

‘a-CDC 6400 computer The program used LAOCN 3, was capable of

adaust1ng the chemical shifts and coup11ng constants to g1ve a best _

- e

Cfit to observed sets of trans1t1gns - LAOCN 3 is the th1pd revision

’

-

Because of the weak coupling found .in m ny of ‘the spectra,.

_the X approx1mat1on was used to disassemble comp1ex sp1n systems into

-
-

<

N ‘ ‘_ ‘ . _ . .’
The final-revisions agreed well with the previous study.’

\' 4
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1 CINTRODUCTION “=. - -

[ . # P o “

“

x

. The proton magnetic resonance spectra of 25 olefinic
acetylenes were exam1ned by\means of the computer program, LAOCN 2, ina’
Ph.D. thes:s by A. H Turnér (1) at the Un1vers1ty ot Rochester 1n 1964.
. ' ‘Append1x I outl1nes the or$g1na1 experimental details. This study,was .
. hampered by the 11m1ts ‘of the available computer,_an IBM 7074. This
o computer had a word°cone.of 10 000 _wherea$ LAOCN 2 was designed for an
. " IBM-7040 cthuter w1th a word core'of 64 000. The direct. ca1cu1at1on
capac1ty of the’ f1rst part of LAOCN 2 had to be reduced and the second
part of LAOCN‘? which compared calculated with experimental va]ues in an

L)

iterat{ve fashion could not be used.

a
q

o Because of these 11m1tat1ons, it was neceisary to match
- computed and experimental’ spectra v1sua11y, with t;e result that an
" error ana1y51s was not p0551b1e Further..because of the restr1cted'
capab111ty of the modified version of LAOCN 2, approximate methods of
ana]ysié had to be used in a number of cases. Since plotting of the
computer simulated spectra was not possible, it was necessary to hand
p1ot'the computed spectra in the form of stick oiagrams and to visuolly

match these to the experimental spectra, which limited the accuracy of

the matching procedure.
. . -

- .

' - In order to increase the accuracy of the analyses, it was
) . A . -
decided to re-pracess -the data, using Turner's results as the starting
] . « e ‘ N
point... The spectra of the 25 olefinic %cetylenes were examined on a

. €bC 6400 computer, capable of fo11y handling the third revision of the

same progmam called LAOCN 3. LAOCN 3 is more computer efficient;

-

\

g



st

™ =~

\ otherwisé‘jt differs little from the ffull LAOCN 2 program. \
. . 1

~ ’ . g

i
|

1.1 Division of the Ana1y51s . '\

The 25 o]efinic aceternes could be separated fo ana1&s1s in

t

detail. if there was some gdvantage to Pe gained from their|analysis. X

. ~

order of d12#1cu1ty In each sectdon some compounds were overed in

- -

151.1 _  Compounds with Less than Seven Spins.’ This part lof pne study

contained ten compounds of six sojns or less-which required on1y~the .
. . . - \\ . >
straightforward app}ication of LAOCN\3J ' \

v\..

1. Compbunds'wdtn'Seven Spins. .The second part consisfed of five

'ﬂcompoun s of seven coup]ed sp1ns for which LAOCN' 3, desp1te the claims (‘—'//

of its authors A.A. Botﬁner-By and S.M. Castellano (2), proved

inadequate. The compounds, because of the first order natuge of their .

e
spectra, colNd be brokenfdown by the X-approx1mat1on (3} into simp]er»

moieties and thenareCOnstructed Further revision (4) of‘LAdCN 3

|
. enabled this set to. be‘handled as full seven-spin systems. .

_ simpler spin, systems depending on tﬁe1r comp]ex1ty

3 e

“1.1.3 Compounds with More than Seven Spins. The spectra of six

_ T ,
compounds of e1ght spins or more were d1smembered 1nto a variety f - , d

“

ad Nea,

1.1.4 Unso]ved \roblems The' ]ast part conta1ned those pr%bl ms

~ which,. for one reason or another. did not yield a profitable conglusion.

The spectrum of one compound, because of excessive noise and poo
reso]Ution,'EBuld not be anaTy;ed. One eight-spin compound devidted

sufficiently from first order-'so that the X-approxfmation could not be




F

3
’ o " /

applied. Two compounds were simpte AB systems and their spectra were un-
A . N A '

~
rd

available.

N . '_’-‘,’vh_ ~
Table 1°contains the original data of the 25 olefinic

- acetylenes to be'Studied; on1y the compound numbers have been changed

Y
[}

since the order in which they were handled was'different.

EY

L2 DESCRIPTION, OF LAotN 3 , .

, The program LAOCN 3 -was obta1ned from "Computer Programs for -.

‘Chem1stry, Volime 1", edited by Delos F. Detar (2) and was wr1tten-by

-

-A A. Bothner-By and S M Caste]lano 'y ’ "
~ N i .
It is the third revis1on of a program far the ana]ysTSNOf ,

".high—resolut1on NMR spectra. The program calculates transition energies

t

& (1ine positions) and intensities based on assumed chemical shifts and [ : |
‘coup11ng constants, and, 1f .data are ava11ab1e, adjusts the- chem1ca1 \

_ shifts and coup11ng constants to ghve a best fit to an observed set of

m

trangition energies. T e ®

[

, 2.1 Direct Calculation * o .

"For input data LAOCN 3 requ?red a case number, "the number of

sp1n coupled protons in the compound, an 1dent1fy1ng Tegend, a range of

- frequencies and their m1n1mum intensities, the isotopic var1ety of each

nucleus (ca1teo the iso nqmbers), and a set of chemical shifts and o
[

coupling constants, The chemical shifts. and coupling constants were

the most impprtant factors governing the appearance of - the spectrum

¢

. L] !
, . ,) . , ( . : -
t . o .
= *
<




‘:'v.A =187.1 Hz (6.867)
B‘-'zéé 6

vc—267 3

'*383 5 \611)

TABLE 1

l‘ .\l

. 1—méthoxy79;§-1-butene-3iyne“ R

L]

© Solvent: neat

(5.29°1‘). .
N(5.55t) | %

s AN
‘HE he : \
vA = 157.7 hz (7.377)
:’a 292.6  (5.127) )
Ve =313.3  (4.787)
" vp =328.0 % (4.537)
Jp =357.5  (4.050) 7
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* TABLE 1 continued

rd

\
e B

W%

vy = 154,07z .(7.841)"

4 ty

» : " Compound 3. ‘1.—,pheny1,—trans-1-penteng—&t_—yne_-ﬁ#o*l ' ’ ’ Y

‘&

- Solvent: CDC13 e

JAB -f "2-2 HZl

" vg =29.4  (5.00%) Jge = 58
“"c - 374.7 X\(s.m) : Jgp = =0:5
vp=403.8  (3.277) ¢ | L dp =158 )
3 . . . ;
Compound 4. trans-2-pentene-4-yne
| H i EdS P ) M"
. D ' . . ) - RENEE-
: . C-CH ] : R
rHgCse-c? - A - Solvent: COCl5. e
. o'.)‘ : . ¥ M S ' - @4;,
c ' S . e ‘e ~
‘ ' ) 2 ! LSRN h .
. T L .
. v, =107.0 Hz (8.237) ~ Jyn = -0.7 Hz L
A , ‘- .‘,‘ . t AB t - K
. vp = 165.2 (.7_.24‘1) Jpe = -1.8 ¥ |
v =328.4 (4.521) Jpp = _6.8 A ‘
’ ’ . , \\.1
o ,“vD‘—374.6 (3.761) , Jpe = =116 ) g , o
v JCD\'f]ISQ ‘ ( ,
»
L1 _ )’; s \“‘
o ~ 7



d

oy

v D

Cvg =171.3

vp = 340.9
vg = 379.3
= F
‘ 4

i TABLE 1 continued . _

Compound 5. methyl trans-2-hexene-4-ynate

vy = 79.2 Hz (8.681) )

’ -a *
\tc"‘—'(-ZLl

1C e

. ,C-C00CH; . Solvent: CDCT,

CH,-C=C<C” B -, R R :
'3A \, i . . ’ S i
- o HD .

.- el .
vA < ]20".4, Hz °(7.991) . JAC =-“-=0_6Y Iiz
vg = 223.1 {6.287) . o= "}AD = 2.4
ve = 368.0°  (3.867) ’ JCD" = 1_6.2 .
‘)D = 402.9 (3.287) LN '

.Com.geund 6. 5-methyl-trans-3-hexene-1-yne-5-o01
oS
_ He o
" ‘-C=G-C/’C-C(CH3)20HC .
B "~ Solvent: CDCI34
v . - "\r . "

\

JBD,-__2‘3 Hz

-

‘o

ﬂ ¢ (7.]51’) s \JBE = 0.6
(7.1oT)' =6
(4.321) o - /,
(3.67<) -~ - .- .




N
N f
.
- ~ - . . i ) .~
- , s .
A B . .
- . ) .

. TABLE % continued - | .A,/{

.
1

Compound 7. 3,5-dimethyl-cis-3-hiexene-1-yne-5-01
) ., . ‘ | J ‘
f?(%')zo”n‘ a ' cT

E - 3 Solvent: CDC'I3 .

- . ot I " . ‘ . .
vp = 84.0 Hz (8.601) - Jgp =~1.5 Hz
/ o

vg = 111.8 (g.mrj S Jop = 0.8

- v =H2.0  (6.631) T

™\ vp=226.0 . (6.237)- ] ‘ N ol
vg = 3555 (4.081) '

.“: ; . ‘_\-"

"'Coﬁgounq 8. f3;S-dimetﬁyl-frans-3-he§éép—1—yne-5101‘
- ’—~ . b l L . ' | ’ ’
.I;IE v N . . . i -
Hb40=c&eﬁp-C(C23)29Hc o Solven?: CDF13
~C=C-C | e A
. . CH . = e
/ - 3“8_. - - -
- . . ’ ‘ ¢ ’ | )
v = -84.6 Hz (8.597) S JBE’- -1.6 Hz
vg. = 112.9 . (8.127) ~  dpp.= 0.6
= 190.27 (6.841) * '

‘. - s 'UC
vp=201.2  (6.65¢)

Vg = 356.6 . (4.0517)

-,

LN



TABLE 1 continued

.—8'- ' " LA 4

—

Cgﬁmpound 9. t’ran's-b4-hexene'-,2-yrroi.c acid

- He
C-CH
HOOC~C=C-C” 3

A
Hg

vg ™ 336.8"

,Cpﬁgbuﬁd 10. methy] trans-4-héxené}2éynaté

L CH,00C~C=C-C?
83 . !
L. HC .

—— vA-Hl.S Hz

vg = 224.9
vp = 389.8 ..
&

5 » T

.~ e

-

-]

V‘A = 113.0 l"lz (8.]-21)
(4:397)
ve = 3988 (3788) - -

(8.147)
(6.251) :
(4.41T)'

(3.501)

-
-

Solvent: CDC13

- 13

’ JAB«= '] .’7 H21
dpe = 6.9

JBC = 15.9 .

-

séTvent: CDC14

I -,:1..8 Hz
Yo 69

-y
4
. ’—
. P
R . .
. . \““ .
o
¥
o,
)
\
-
° ~
-
e ofp
“wt .
»
“ B
! 'y
(o
. e, =
* -

e

+
-
-
.
#
”
-

|

]

. |
4

-
U
J
f
A -
r-4 ' - €
KN
g
. ~
[}
v
M
B
\
< Lm,
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T . TABLE 1 continued

’ Compound 11. 3-methy]
‘ ?:ECH OH !
v Hg-CsC-¢?” % C
e .. -
oo |
V1085 Hz (8.170) Jpp =" 0.8 Hz -
Vg = 17]'.4: (7.14<) N . JAE = -1.5 '
) ve192.8° (6790 L gp=-03
© vy *251.6  (5.187) Jgp = 0.6 ,
vg=33.2  (3.951)7 g = 6.7
! . - . a4
» Cbnigound T2. 3-methy'i -¢is-2-pentene-4-yne-1-01
\ . - ! o . ) . - . LI
. o , - ' ... . '.:‘u ‘ '- . -
R
C-H , Solvent: CDCI} :
Hg-Cz0¢” E o ‘ 3 o
&N | ‘
. 3A ‘ Pl »
, vp=T13.9 Hz (8.101) -, Jyp= 1.2 Hz - .
| ' . o ‘ - - - . : -
i. [ — ) VB 1‘94.2 (6-76'[) JAE "’]..5 R . . .
;_ veT2343 (6090 . dg = 0.8 | N
; vp = 2695 (5.661) T Jpe = 6.6 L
- vp =356.4  (4.061) ;.o ;
| ' , .
| " .
| & ' :
. Q 3 i
.‘ - '
)



TABLE 1 continued - ‘\\\ ‘ o

.

Cohpound 13; 'cis-3-hexene~1-yne*5-o1

4
‘ AN '
_, R
- CHOH, T L
. é ¥ S Solvent: CDCT.
i =C— 2+ F . i . - /
)' B HB C-C ? ‘ “ . 4
- . }:IE .
T vp= TB.OHZ(8.70t) . - . Jy= 6.5Hz
. vy =196  (6.690) - ap =B
ve =255.3 . (5.751) g 0.9
Cvp=289.9  (5.201) . Jp =-1.]
o v =3, (452) g = 8iZ -
S =i ((3.95) T g =114
v . : ,
o 'Compounq.14. _trans-3-hexene-1-yne-5-01
: . '?F . ‘ | ' ‘ @ -*
| P ot ' Solvent: CDC]y:
o p-C=C-€7. \ -
o HE
vy= 76.0 Hz (8.731) - Jpp = 6.5 Hz -
oA ' . . AD .
VB=174n6 (’7-]01) JBD--O.S
vo=186:3  (6:897)  Jpp =-2.3
- T
VD - 259.6 (5-671') JBF = 0.6 '
vp=340.3  (4.33t) ,  Jpp=-1.4
‘ \ Vg =375.5 | (3.79t) - dpp = 5.5
- ' \\ . \, g J‘-J N
! . - \\ . . JEF - ]600“ - '

. AN . P

-
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TABLE 1 continued ~ k -
Compound 15. ‘trans-3-hexene-1-yne-5-01 carbanilide
‘ e 0 | o
C-CH c0 C-NH -p ™  Solvent: €DCY5.
Ho-Cae=¢” | - B !
B i CH3
'HD A
b " vp = 79.9 Hz (8.671) . Inc -‘.5.5 Mzl -~
- vg =174.3  (7.097) Jgp = ~2.2
ve=322.2 (4.631) g - 0.6
L. vp=3re - (4.317) Jop = -1-4. .
i VE =377 7 (3.817) ,JCE = 6.1 v
k’/ .
‘ ' = 16 0 '
- Cbmgoun.d 16, . Qig-zldecene-4.6-di’yn-1-yfl335-din1trobenzoéte
S N,
408 e LM g
O CH2-0-C— ‘
. D - '
. C HF . \NO .’ * ,
: CH3 CH,=CH,-C=C- -c-c : z
A "B “C , . Solvent: CDC! '
: HE o _ 3
AY . : . -
vp = 60.3Hz (8.99t) Jpp= T.2Hz
vg= 94.9  (8.421). dge = 6.5
ve=138.6  (7.691) g =-l.2
vp =312.0  (4.807) Jpp = 6.4
vp =349.8°  (4.177) Jgp = 10.9 A
Vg~ 3746 (3.251) IR o

0 . -~



1 continued

Compoqnq 17.

L

Compound..18. ~ trans-2-decene-4,6-diynoic’ acid.

©

CHy=CH,=CH,-CeCacC-C7
3A 25" ,F’C

C

vp = 60.0

': \)B -‘.9572

Sve ™= 140.5

vb=376 4
vE-409 6

H

HE,

1D
C COO’*

He' 0
: G- CH,=0~C-
{ CH,-CH,,~CH -c=c-c-c-c D
3-CHy-Chy
A °B °C )
E
s va 59.9 Hz . (9.011)
‘\’B = /64.6 »(8.421)
v = 138.6 (7.697)
. vp=299.0 (5.027)
. vp = 354.4 (4.09+)
v p-=1382.6 (3.631)

e

Hz (9.007)

(8.411)

" (7.66%)
. (5.7215
(3.181)

g

Solvent: CDC1,

N

J
J

Joe

AB
= 6.7

BC
A3

Jgr =158

. Solvent: CDC1,

= 7.1 Hz |

trans-Z-decehe-4,6-diyn;i-y1-3,5—d1nitrobenzoaté
/- .

\.




TABLE 1 continued
;o
Compound 19. methyl'cis-2-decene-4,6-diynate -

/ 372 2

2 i

v - 60.1 Hz
wg = 95.5
Ve ==."|.2
Vp =.22§“.3'
VE

Vg =372.5

Compound 20.. cis,cis-2,8-decadiehe-4,6-diyne-1,10-diol

(Ha-OHy CH,-0H,
Hg=Cy . C-HY
' ‘9-c§c-c-3c-? 7
He He

vp =260.0  (5.661)
ve=300.7  (4.321)

vy =377 (3.700)

) .‘

900 CHy

i ‘ - . /C"H
(4
CH,~CH,~CH -C=C~CEC-('I )

\HE

(9.601)
('8i4'l't)

(7.651)
(6.251)

=372.2 ' (3.801)
(3.801) |

vy =246.0 Hz (5,901), .

D

~

IpB

Solvent: CD3COCD3

Jgp

-

Iep

~

" Solvent: CDCI 3

= 7.2 Hz

-

. JBC - 6.8

n['

A

L]

[

Jgg = -1-2 Mz

- 6.3
-11.2




¢  TABLE 1 continued,

'

o poep_ (7
CH3-CH2-CH2- ..C—C:C-(‘I
. A "B D H
'
= o

vl R )

o vp = 60.0 Hz (9.007)
X . I

va 95.0£ (8.‘]41')
v =342 - (7.761)
| .\;\)\,‘Daﬂzﬁ,s (7'54f)
- ve ="393.9 (3.441)
vp =393.9  (3.441)

‘ Coan‘}und 22. 1-methoxy-4lcyapf-

.
Vot
.‘ﬁ

OCHy +°
Cph-
~NEC-CEQ-?// ¢

« - ) 'f*e

L4

vy =230.7 hz (6.167)

IV'B-'zza,;z (5.411)

-406.0  (3.231)
AY

Ve

Compound 21. trans-—3-unde‘cene-5;7-diyne-2-one

. ,
Solvent: CBC1 3

}

Jpg =, 7-2 Hz
_Jl

BD.” 6.8

. JEF == 16.0

s;lﬁbutene‘;3-yne g
“Solvent: CDC1,

by . 2 .
JB'C ! 6.4 'HZ

Jpcl3 = 146.2
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TABLE 1 continued - o £ A~
. - . ~ .\ . l N
. Compounid 23. trans,trans—3,9—dodecadieng-5,7-—diyn972 ,11-dione ) '
.l - .
CH ﬁ ZB EBEC? en, s Tvent: CDC) a
-C- -C- ‘ . Solvent: '
A Necztcze-¢” o .
He He
v, =136.8 Hz (7.72¢) o
. ¢ . ¢
vg =400.0  (3.33%) ?
ve = 400.0  (3.331) - ‘
Compodnd 24. trans-2-heptene-4-yne-1 »7-giol /
HE ] ~ ) ‘e , ) . \\
. | ‘t ,
S E C~CH,-0H Solvent: D,0/CD,COCD ~
HOCH,~CH,~C=C-C7 2 \ 27f T3 o
B “A - 'g, ' ‘
’ D
S , . , )
Tvp=151.7 Wz (7.477) - Jyp = 6.8 Hz "
vg =219.9 (6‘.’341() dpp = 1.6
ve=247.4 (5.8%) Jop = =127 - N
Tovgm33.7  (4.270) Jg = 50
ve =370.5  (3.821) Ie =160
E v ) %\ ) z
4 . . ¢ -~
: N . : L ST
. ° ? N ‘ }
- \ ' ‘:‘ﬂ{‘
- ._:“‘g. ) ) ’
; . + < ‘./;{r)
!,



g = 375.8

a lr"':‘ ?
.o ‘ 7 s i 'fﬂ?zﬁ
TABLE 1 cont.bued - " ,
. ' / ’ - (; la.;-, "‘ ’.. . _" .
Compound 25. trans-ZL—'pentqne-4-yny1 tétrahydro-2-pyranyl ether.
- O N

Solvent: -CDC1'3 T

o

v ?'172.5.;H;_'_(7.13@3? D |

vy =200.1  (6.007) !

ve =254.3 - (5.767) ]

vp=302.6  (4.207) -
J

(3.787) .

Joe = 16.

NEW

- COMPOUND

NUMBERS

§

=

172 34 56°7 891011121314 151617 1819 20 21 22 23 24 25

ORIGINAL

- COMPOUND

NUMBERS

1345 91314151617 7 610171 1219 20 21

,

22 23 24 2 25

- B.* -

18 8

4
<

-l
e
J. Lo
Y . i .
“
&
' 21 -
" .
. 'h! 2
I ‘ .
. L .
A
P [ % Y
\ | ’”. - R '.?\-
- . - 8 \ - F 7
, . AR/ \‘\ ) . 7 -
: A :
et ' .
NP




L2

. . ‘ -
the trial direct.calculation; in addition che sets of parameters of ,

S outggc data, the program gaué all 1nput data plus two
tables of transitions. The flrst table gave an 1dent1fy1ng pumber for:
eachztrans1t1on, its frequency and its 1ntens1t§ fhe second table
conta1ned the same data as.the f1rst but arranged in order of 1ncreas1ng ‘
frequency of trans1t1on This ordgred set had a maximum output of 300 -
11nes F Lines 1n the trial data of the ordered set were matched W1th - v

observed Tines in- the exper1menta1 sped&rum in so-far as p0551b1e

3
y

2.2 Iterative gaICu1ation : o

‘?' . 42 N
An iterative calcutation required the same input data as in

chemical shifts and coupling constants which were to be .varied in

—

fitting the spectrum had to Be specified. Experimental frequencies

correspond1ng to line numbers obtained in the preliminary tr1a1 direct

‘\/
calculation had to be fed in. o C ;
. i - : ‘ ) . LA
Iq'thé'butgut of the iterated‘calcu1at{ons the input data were,
returned and, in addition, the following: * + , 5
. . - N - N . ““ ) o ¥ ?
1. A table of values of the adjusted chemical shifts .
4 @ »
L s and coupling constants. - - « e .
2. A cabieﬂof the probable errors associated with. the - B
‘values of each parameter. : - _ L - ®
) . 3. Two tables of traqs1tions. The\ﬁirst cdﬁle concained! o . h
’ for each transition, the Tyne identification number, o

. o the assigned'experimenta1 frequency (if any), the "

PR
o

. 0
- . s . R
L4 k4 N
H , 1 . .

B N . ) .

* . - - ' i

. . . > - Iy

- N - . '

v - ¢
s N * ! . , s . ot .
) * ' * . M N - .

.« - -



. . ' ycaicb]ated frequéncy dand intensity, and tﬁeierm{' in

-, fitting-, if an experimental freq'uenc‘y had b’een given. .
“the B ¢

« <Thd secgnd tab]e‘;ontamed the Siame data bug‘ .

\ X i

v T / arranged in order of ancreasmg \alculated . ‘

b . . _ frequencfes. Ve
'Y . .0 . . I

i . } 4. .The root mean square (RMS) error in fitting of - - S
’ > . Lo ! . i a ’ c ;
N - L assigned lines for the trial.calculation. . . ‘
: “ i . 5, o -t ° R ) ) B
' i e - . - ( -
: } The iterative process was haltecT if tHe RMS 'error was reduced r
-y . )

‘ ' by 1ess than 'I% on two successwe 1terat1ons, ’i* the RMS errop was

!

“ .

s st'I'H too jngh further match‘?ng or re- a551gnments were, if posgible,
' contmued and set,cmd iterated calculation was performed An RMS error .

/ . uelow 0.1 was generaﬂy‘ a sufﬁment 1nd1ca’91on of agreeable’

.‘ (’ ¢ Y ’ 4 N4 ,/,‘\
Ce . correspondance between the exper1menta1 sbectrum and the ‘calculate’d .

.- * transitiona The RMS error for mostvof the compoundz\m th1s work varied -
_ fromp.03 £00.7.. Yooy ’
K}

S * ,° . -

yoo T, : . Appendzx II contams the datayjd information required for .
=" the LAOCN 3 progran. ' '

- L]

2.8 " SHAPEH T T . 4

1 Xi

1

- ¢’

L4

}\ . * Another program, called SHAPE, need1ng as 1nput 1nformat1on
. oo~ - $-
| c the range of trans1t1on fréguencies ‘and 1ntensit1es bounding the §pectrum. v

o plotted fhe f1msheg product Append1x nf contams the data card

t’

@ information required for the SHAPEoprogram. Append1x IV contams a )
- Ty " o . ' .. . . &
complete computer pm’nt—ogt for am analyzed,sample, Compound.5, - / . _
- > . ,' . ? i P B %)
- methyl trans-2-hexene-4-ynate.




F1gure 1 shows a s1mp11f1ed flow diagram of how LAOCN 3 !

manufactures a synthet1c facs1m11e of an xpermmenta] spectrum - .o
e 1 ’ : [j

"3 ' 'COMPOUNDS WITH LESS THAN SEVEN SPINS . |
] i |

.. . SR N . .

" Except for the simplest twg- or threegspin coupled compounds

»

o | the wéa];b,ei:halcdlated lines that LAOCN 3 can producelfar exceeds ' -

ékperimenta1 observationﬁ. A very|large number of transitions ma&
h £ )

sometimes contribute to 2 singte sbegtra] line. -

{4 o
o , i ;t
' 3.1 » Exafple: Analysis of Compodéd 5 :
. ‘ ‘?‘ . / ’ ' . . ' ~
9.’ r e i ey : ‘ v
"‘4 ) N B [ '
. "~ ,C-COOCH,, .methyl trans-2-hexene-4-ynate .
- op o7 3, - - ARUL b
! CH3-t:C-C B ! " .2
A g ’ -
' HD Lt 5 . s
’ ( ) » v ) ‘ ’ ‘o
' * Compound 5 present1ng a spectrum of moderate noise, a f1ve- . ’
" spin system with 13 exper1menta1 lines which had to be fwttgp to 70
o R calculated lines; was ghoapn to investhgate the problem of redundancy.', \
. The first ekperimgnta] multipTet, due to the terminal acetylenic methyl ,
group at 119.0°'Hz, was attributable to 12 calculated lines as shown in N
~ { . . . o 3
Table 2. > ) e } .
» ! ) ) |
* . re ., *

1]

+ The spread in freqhency was not significant; numbers 52 t¢ 155
clearly béloﬁged to the'experimen%él frequency qf;]]g.o Hz,.buﬁ there
o was a W1de spread of inténsity. A proper choice of~-the exact ca1cu1ated '

trans1t1on could be dec1ded upon after, not only the position, buk also

e >

v the antens1ty w§s taken into consideration.. K S
g s A T e - «
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mee 2 &

§

COMPOUND _5: %OMP}ARISON BETWEEN EXPERIMENTAL AND CALCULATED TRANSITIONS

AN .
LINE .. . EXP FREQ CALC. FREQ " INTEN
119.023 2.699
119.033 . " 3.950
119.033 ~ ~  ° 0.247
% . 119.033° 0.742 |,
¥ P . . .
119.033 - 0.782 |,
© 119,033 . 0.247
119.048
L . 119.48%:
‘ ¥19.494
5 19.498
119.494 ~—
4] ..
’ 119.506
B fs
| ' .121.284
¥21.295
{4
'/
p - —
- \ ) -
v P s -
: e . '
‘ . \ ‘ T ree—— . - ’
o : - - B . ;.
e Y e .




N -
', be seen in Figure 3. ’ .

—~. e - -

1]

- @

-t

- Compound 5 was™analyzed in two Ways, presented diagrémmaticaliy-

k ad

in Figure 2.~

3.1.1  Method A; Group Assignment. ‘In fﬁg’diréct calculation the

lines‘phoduced were assigned on a group basis, as in Table 2. The

iterated-calculation had ah RMS error of 0.155. Lines with the biggest

error were removed. AlT cards with an error bigger than 0.1 were T

discarded. Hopefully, the remaining ca¥s with the least error were

o

. F -
those of the proper intgnsity. A second iterated calculation gave an

RMS error of -0.081 which was within the bounds of acceptability.

3.1.2 Method B: Line-to-Line Matching. The lines-produced were

.carefully chosen and assigned on a one-to-one basis to fit as closely

as_possible with the experimental results. Intensity of lines was tak;n
into account in so far as rjdﬁcqlous choices were avoided. For éxample,
the fine at 119.0 Hz:in the experimental speét}bm was the most intense
line; yet in Table 2 the choice in iﬁtengity assignment lay between
3.976 and 0.247.. The_tterafed‘§a1qu1at{oﬁs by this method had an RMS
error of 0.145.- Several lines Qéfe shifted to conform better with the |

experimental spe¢trum and a second iteration p?bdhcgg an RMS error of

2 ~ d

0.089. -

~ 0 - °

©3.1.3 ‘tomp§rison'0f Methods:. . Spectra were’ drawn for both methods

from the full output deck§ produced by the second iterated calculations.

Both calculated spectra matched well the experimental spectrum as can ~

o+

i

/,g
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In the figure, 3(i) presents the experimental spectrum;

‘ . o Y ) . . ¢

} . 3(i1) is the s?ectrum produced by methad A, group assignment; 3(iii) is
: . PR H 2 '

. thé spectrum produced by Method B, line-to-line matching. _
. ) , , 7
. K S 3 ‘ g

The slight shift of the multiplets in both calculated spectra

was- due to the fact that assignments were made from several experimentar'

\

spectra at 100 Hz and are, therefore, probably more accurate than the)

PO

main spectrum at 500 "Hz sweep w1dth The st:png Tine present at’ abou

230 Hz was due to the 1sa1ated methoxy ?roup. OCH3.

» N

N

: )
The first more direLt approach is preferred because it is

., simpler. Results are comparable with those produced E& fitting,

o shifting, and re-assignment.. A]so when dealing with noisy Spectra;

/ﬁl e

o too few 11nes cause the RMS errors in the 1terated ca1cu]atnons to

) s
diverge.

(k j Table 3 contains the originaf°and revised values of the
chemical shift and cbupliﬁg constants of the compodnds with lese than "3

seven spins. The revised parameters are due to the fact that ana]ys%s

~ B

was carried dut more accurately for expanded spectra at 50, 100, or
250 Hz sweep width. ) '

IS \

4° COMPOUNDS WITH SEVEN SPINS
<} L i ' '
The spectra of these compounds were studied in several ways,

\ ~° Because of the rapid growth in the number of possible transitions with', : ;
o T /
each added proton,:a seven-spin system had to be approached with - . "W f/

* . respect -especially since LAOCN 3, as it was or1g1na11y obtained, was ' \<v;§
' tr e

incapab1e of solving séven-spin compounds. i o o

6 . T -
f C o '

-



g

~' e 26 -

K | © tmlEs - L

REVISED SPECTRAL DATA FOR COMPOUNDS WITH LESS THAN SEVEN SPINS *

Compound 1. 1-methoxy-cis-1-butene-3-yne =~ - . | | >
. BAPNE N L
! ag .
hy' '
.|0€H3B \
i ocaec? D
ATV
He | - T_.”
ORIGINAL: DATA © . REVISED DATA -7
vy = 187.1.He ' ."A ~ 185.421 +°0.009 Hz \
vg = 222.6 - f
Vo = 267.3 : ve = 265.755 + 0.009 T
oy \ Cvp <3835 vp = 381.454 £ 0.009
' ’ N . & . 'lly o ’ \
- . e = -2:537 £ 0.013 Hz b o .
I .JADL 0.825 + 0.013
. . e _ |
¥ Jop ™  6.427 £ 0.013 ° ,j

* The numbers.of significant figures in the revised values are as

"

., 1.,/ -
. RMS Error = 0.019

<

7/

glven ih the computer print-out. It\is not intended that they.

v

be pubifished as such. RN ) -
. . .. ‘.& . . .-.— ' s / -,““__“.
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TABLE 3 continued e
i ' - Ce e %
* Compound 2. 1-penteng-4-yne-3-o0l . - 3
. ¥ .
S . : (= - H b
; LR N > .
. 1‘ .;_5‘ ) OD / \
. \‘ ) R . l ,: _‘ HE ":'IC ' . -
' ) ’ ) ’ . ‘ ) R 4 ’
- _ ORIGINAL DATA N 'REVISED DATA -
» ‘ — . s - / \
~-«~-wi—~ﬁ*’*””“\/€; 157.7 Rz vp = 154;779 + 0.014 Hz o
: vg =292.6 vg =290.371 + .0 . T . -
va =333 v = 310.668. + 0.016 '
e C . i C \ . oL
vp = 328:0 ' wp = 325.333 + 0.016 B
N v =357.5 v = 354,951 £ 0.017
N E E >
. ‘ i ' - ‘ v . -
‘>JAB - -2.2Hz JAB' -2.214 + 0.020 ﬁz |
o Jgc = -1.4 Jge = +1.320 = 0,021 -
Q,. - =yo/ + 0.02] ,//\‘ ‘
JBD, "':l - 5 JBD }0559 = . ' * ‘% |
’ = -7 |
g 5.4 g X g5.233 +.0.021 l
. Jep 1.1 . dep = }1_.090 +' 0.021 |
) = ' = . L \.
. See 10}.;5_. | dop = 10.252 = 9.023 \
Jpp = 16.95 Jpg = 17.045. % o|.021' _0
/ S v 7
* RMS Error = 0.075 : S
. ' . " ‘ - ! .
f '—I .
.’ K ) k }
) s o 7, ‘ .
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TAQLE 3 continued ~

~

- . . . ' s q"
Compound 3.\, 1-pheny1-trans-1-pentene-4-yne-3-o1 , é e
" e '
LA v oD
R TR
<o . -L=L- 1 D.
. ,“ . . A B\Czc
: R / \ .
1 L - . HC Q N
ORIGINAL DATA . REVISED DATA - °
! ' “." . - N
g = 154.0 Mz . vp=152.838): 0.012 hz )
 vp =299.4 vg =.208.695 +-0.012
ve =374 | tyg=372.646 £'0.014
. vy =403.8 vy =401.734 £ 0.014
" . .
. : \
Jpg = -2.2 Ha g™ -2.131 £ 0.016 He
Jge = 5.8 | dpg = 5.999°+0.019
o \Jgp = 0.5 ~ dgp = -1.448 2 0.019
L Sop = 158 -*' Jep = ,15:879 £ 0.017
B Sl . . o N A
I I .. RMS Error = 0.043
. ‘ . ° ) - ~ ': ' L3
0 ‘ . ’ : . ' ' -
' - # Y '
v ‘ .
- ~ A . N .‘.,a‘q
, { , ) ’f{,
. M ,,’ q::" /
\ . ~ ) P £ ~ { h.lr
' ' e_‘ A } ‘
| o - . )
- . ‘ , g
o Bl -
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‘ S fABLlE,B/continued K . "
- - ceL ) >
) v ; ) ¢
Compourid.4. tr‘ans—2=pentene-4/§me
‘ - )G. = = . A
NS
-C
Ho-CzTC7 oA .
e B 1 -
o N He
'j) ; v }i ‘; v oe
. - ORIGQ{AL‘ DATA REVISED' DATA«
N ' A /’ . . '
o 107.0 Hz . Covp = 104.976 + 0.018 Hz )
| vg=165:2 . vy =163.055 £ 0.019¢
e . Ve =327.780'£ 0.011
T, , uD='374.6 * \)Dg’=‘373.995 * 0.0”.\ ’
~ :]AB = -0,7 Hz o JAB = -0.796 ‘i 0.010 HZ
S = 8 Jpg = -1.882 £ 0,010
. (“' JAD - 673’ , JAD = 6‘.74? + 00” - »
- JBC "106~ P . JBC" "1-561 * 0.014“ - ..-
JCD ]5.9 ' ¥ J.CD '- 150.883— i— 0'0016
" RMS Error™=0.073 7
& \ \ 7 ,‘.‘
N ® T,
( 3 A
. N
- .' ’ N )
® a S
« T -
A o )
) R ‘ -
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- TABLE 3 continued o » T -

s
»

“ ' Compound 5. . methyl trans-2—h.exene)4;ynate ﬁ 7
M . v , . : h -7 o,

ORIGINAL bATA g, - TEVISED DATA

:’ \ " . \ i o7 ‘, ']
) . vaT 120.4'. Hz vp - 120.000 + 0.017 Hz
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4.1 Example: Analysis oﬁ«%pmbound 12 | \;,,)
o~ : o
CHZ'OHC ' ~ oo R -
C i 3Tmethy[:gj§=2—pehtene—4fyne—1-o]
H -C=C- (l: E "y L ‘ )
. CH./ , )
M
s : ORIGINAL VALUES
: . ~. .
) " P oowe o v N -
\ N o oA =113.9 Hz -. . ,KU
- . JHE 11942, 3 Y
. ) . P , I { ‘ .
/,7f?‘ B . ‘li?;“ 259.5 Jé'f;¢ JBE ?l . . ' ]
E P \)E=3.56.4 . Jpg = 6.6 _\\ A B
- /‘\ ‘ ’ : ~ o ’ ’ . . o
4 1.1 . First Attempt Or1g1na1 Program -A11 s%ven.spihs were given
'%ﬁé same:iso numbers The dlrec{%iﬂculat]ohs produced two sets of. ’

lines. In°the first set\ each'trans1t1on was g1ven an 1dent1fy1ng

»

number. Thé. Second sety ca]]ed the “brdered set because the transitions
wére ordered in 1ncreas1ng frequency, had 'a maximum output of 300

transvhlons‘in the original ver51on of‘LAGCN 3.
) E “’,"" . 2o T
T IR . ..

Seven spxn compounds can produce 1dent1fy1ng sets 1arger in

b
[N

Yyarying degrees from the ordered" set But the ordered set is’ the

)

orklng set uspd Tor exper1menta1 match1ng FOr compound:12 the-

Qo “ \.‘g o ! ! | r-’“
The 72 m1ss1ng Tipes,- d1str1buted throughout the ordered %et

,’“ spo11ed the properncorrespOndance bef%een exper1menta1 and calcu]ated
. .»r, L —J\




» @
¢

' frequeneies. Assignments became more difficult with portions oflthe
. spectrum missing or'under-represented. Ta compound the problem, ef?

~huge number of calculated 1ines that 'were produced often merged
. : . ' ) ;o Y
imperceptibly, 'so that clear-cut distinctions between transitions '

‘b

vanished. ‘ . .
'l - ' * » - A- ' - “ -
In {he direct calculations of EOmpound ngzi;ﬁexperimental . o
frequency ZSY”ESHZ, four calculated frequency 11nes weke present in the N

unordered identifying set, but only one, name{y 2437, was available in

L1

- the ordered set. /f’.ﬁﬁ .
( © LINE - " EXP FREQ CALC FREQ INTEN '
, 2837 251.80 " 254.414 1930 7
I ’ [ J | . ! ’ .
{ - ) o
v \. 2843 e 254.414 . = 1027 s . ¥
" ,} [/ 2002 ° ‘ - 256195 1917 . T L,
‘ 2208 - i C 254103 © 1014

* \.. ¢ -\.
. ) , °

t

In the same spectrum, between exper1menta1 freguenc1es 347.3

o

sF

- ’ and 348 0 Hz, again crucial lines were missing, as can be seen below.

[ T ¢
- o
. -
! LX) -

¢

; LINE - EXP FREQ - CALC FREQ {INTEN
-f . - e ) : . B e oo ———— ~e =
' i ' ’ - 5\ .
1481. 347.30 St 39705 1,145
2875 . - o 350.399 1.140
; 2883 o . 350.383 - 10 .
" 2891 | © 348.00 . 350. 383 1.140 '
2363 . ¢ 351,181 1128 o ;
" o { M ! ) ) ) . . ) ' &\ ‘ . . . N > (, P
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The fést of the 68 missind Tines were distributed throughout

.
xz

1 4

-

X

- /
the ordered set. zhe size of a block of frequencies contibutes to the
in%ensity; missihg sections, therefore, may change the spectral

intensity relationships. At the end of the. ordered set of lines the

[ program indicated overflow condi tions by printing DC STORAGE FULL.

. /“ N
. 4.1,2“ Second Attempt: Internal X-Approximation. The ratio J/m&,

ot

coupting constant to chemical shift difference, indicates the ‘

H
P

‘interaction between the nuclei being considered.
: -

|

- - \

For compound 12 the niclei D -and E give the ratio J/mv % 0.0686

(cpupling constant Uoéﬁ==6.6'Hz, and chemical shift difference .

vp.-vg =96.2 Hz). The nuclei D and A produce a ratio J/a = 0.00824

) (cots)ing congtant Jpp = 1-2 Hz, aqq chemical shift difference
vd = vA,7 145.6 Hz), The forTer ratio exemplifies a stronger interaction 3
be?yeen nug}ei than the latter; that is, tke'methyl group behaves 1ike'a

group of X-nuclei weakly coupled to its neighbours. . '
/':' ’ o
Compound 12 could tentatively be labelled as an AB,MX 5 ’
. 7. .
system. It was treated as an ordinary seven-spin system but the weakly -

coupled methyl group was given a different iso vaiue. The intent was
to reduce the number of combination transitions )\ relieving the overflow

condikions. This was equivalent to an internal X-approximation.
I

s This attempt was not' successful, as intimated by the authors
\ of the program (2). ‘The'number of transitions in the first set was
still 372, and omly 300 in the ordered set. Experimental lines
7 ' o - -

previously missing were still missfng. The only difference was that

L) ~ e
i

-

“
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the immense block of lines of var1ab1e transut1on and 1ntensfty were

p replaced by the same sized b]ocks of more constant frequency and
. v :
constant 1ntens1ty o // . S
ot oo | R

4.1.3 Third Atfempt X- Approx1mat1on To overcome these not

inconsequential problems, what can be catled an external X- approx1mat1on

v . K -

s¢ was then attempted‘(3,5,6)- ' ’ )

N "In the X- approx1mat10n,,a complex systemlthat contains weak]y- R -

. coupled ahd strongly-coupled nuclei can be broken down 1nto~subspectra

f * These subspectra have the coupling constants of g%e strop@]y-coup1ed'

L4

parts, but the Larmor frequenciés of the strongly-coupled nuclei aﬁei.
%ep]aced by effectiVe Larmor frequencies Pop1e and Sghaeffer (7) ‘ ' v
ana]yzed transitions in the- systems ABXq and ABRpXq Diehl and Pople .

2 qu and gave ru]es for

the general AmBn - Rqu system. Retracing their path through "The

Composite Particle Approach to NMR Ana]ysisﬁ (é)d the specific s&stems ‘

w® F &
AB, ABX, ABX3, -and ABZ’ ABZX ABZMX were examined as a pre]ude to .

~ (8) extended the method to cover ABZXq and AB

simplifying an ABZMX3 system, compound 12.
~

S - oy
~ The Composite Partic[$’Approach treats a c011ec%ion of o \\\\\

Jnagnetically equivalent nuclei &s a simple particle of variable spin
0 R A . . N "‘ . ' - LU
.and is a shﬁrthepd effective method that enables otherwise formidable
- - <
systems to be handled comfortably. . S .

1
!

- 4 With 'qpsight~tan§§£he realization that the model compounds
1nvest1gated ne not- haye~been soTved comeetely with every energy

el T 1eve1 fully WOrked out. ' It was sufficient merely to write down the

’ | ® /
» * 'y - ' 25 lr\
~- ‘ + M
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. NG \ '
N . A
first energy level of each systém, and. that, with a lit‘tle bit of *
‘ ' - 4
practice, could be done on sight. For example: .
o ' ) N L4 ¢
SYSTEM  FIRST, ENERGY LEVEL v Loy o
AB =, i\)‘AA’ '}NB + *JAB . . ~ N ) :
. . : ; ) . 'y ’ . )
'(ABX bop # hB’ thy + iJA& *‘JAX + *‘]Bx (2)‘ ) .
ABX, - dvp t g ruyi gt sJAX * dgy T ) |
. . . . [ ¢ . ‘ P — .‘
ABMK oy rvg by by g oAy py * Mgy e L
: . | . e |
s Mgy Ry o (8) 1
v - e ' ) EA
SRR G e e gt +
g ‘ n_the simple AB system' +i:is one of the possible eigenvalues _
of the spin gngu.lar. moméntq?n.ope'ratof I, of the A nucleus; -4 would be ° ,
the. other p'o'ssib'le eigenvalue of I’z yand so would give’ the 'lowestaerleréy‘
level as - : © <y,
. , '0 e B >
. ° . . - ¢ .
.U'. - . ' . -*\)A‘ i\)B + *JAB
. . i - N
- The energy levels of the mixed wave functions need not be.taken into »
. account. ' '
: %
’
| If we designate the AB system by Tower case letters and look
‘ _ again at the fwst energy levels of the ab and ABX systems, we-see the
L algebraic substitutmns required. | ' RN
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1 ) - . . ] '(
- . SYSTEM  FIRST ENERGY LEVEL . !
) ’ ) . .. i t [} '
ab byt vy iy LT e - (5Y o
ABX.' g +dvg +dvy +Hpp + Mgy + dpy " 3 i
N N . o
We can switch from one to the other through T e
-’ . .\‘ - i . ' .
Vg Tup iy and vy v il (6)
‘The strongly-coupled constant remains the salﬁeid'ab' ='JAB;~. - ' RS

®

But we 'sti11 have the other. eigenvalue of; -%‘to consider. . o

'3

\)a =\)A"' '&JAX ' aﬂd \’b= B -%JBX ' (7) . :.'. .
CIn 'gene'ral form the effective frequencié"s- bercome L ) ‘ -
. . .0 ) )\:’i ! ‘. P 4
vy =vp tmyday and vy =vg *Mdpy - (8) )
My éivg‘s the eigenvalues of the total spin angular momentum IZ of the . . s
X-nuclei, = R T .

' W . P
These’ same‘general formulas (8) can be applied to the systems
Asz, A.BZXZ’ ABZX, AB3X4, etc. These equatwns are valid for all
energy levels and com>p1ete1~y transform‘onq system -into another.
Q K

o . . P | . ¢ \
L : :

If there are two. weakly- coupled nuc1e1 as in the AB MX ;1 }
system, comp]ete rewtatwn 1nto effectwe frequencies of the, %
,strong]y-coup]ed nuclei is just as, easy to obtain. . - -y '

\ - . .

[y
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. ..
- 42 = . '
.

- A ' .\.‘ -
- \ \ wr - . . E . e
© g\ ’ '- . . Va"“\\)[A + mMJAM + mXJAX ‘ ¢ . ,
.ot - . F .Q‘ . Co ! 1
= - |4 y .
W b v IB +' mMJBM + meBx ) N (9)
. —vy Amd, I, ‘
: m VMt Madaw * Mgy My
¢ - , ’ . . . -
. N . T . ’ . . . ¥
\ These formulas (9) can tge applied in full to compouﬁd 12, an "ABZMX;
system. T ' -,,

/4.1.3.1 Compound 12 refabelled.” - <= .  \

t?”?_é(.’”w_ } ,“ - o - : \. '
-CE’C-C'}C-HA D 3-methy1-is-z-pentene-mynej]-o]

H, ' e

3y : N )

S

y Hy

\,
»
v

»' A Y . 1 . . . .
For practical considerations, an actual s_ubsfitutx“?-n can be

carried out. Because JM); and Jpy .are Zero, the formulas (9) are ' o

" e ¢

reduced to s / o '

q . N y e ) o
O oL eV My Ty R

- . ’ .‘ \3 ."':\) + mod ! a ' ! , ).
ST " b B TXTBX- : - R

- cy T . ‘ L =y + m T oy F
S T W YT T M A o
f P ’ T



, . . teg,

, " Only the eigenvalues of My = +1/2, m my = +~1/2 and - =

~

i : My = ;1.3/2 , 1/2 were used to brﬁng forth the sets of effectwe frequenmes-

- !
shown in Tap]e 4. The strong} coupling constants remain the same.

- . -

Y o ' ' : : .
s g T g bb i ~ -
(\ - ’ ’ N = = i . ’
. \ . ;.7Jam Iy = 0.8 . \F; : .
' me = JBM = 9.0 > o . | ]
> S .
‘ ’ These four sys;qns were suff1c1ent to ob{tam all the ABZ. : '

—_ ——Hﬂe's'in the Spectrum. Combmatwns of my and m, other than the ones
chosen were not required. ? complex seven- spm system AB MX has been

factorized 1nto four much sunp]er four- spm systems (ab )X3 : , ’ -

The total output of all four systems was 96 calculated
- frequencies, a far smaller anq' more:tractable number to chfré;mt. o e

There was no problem with n\ergipg l]iners or mi_ssing‘seciions. 'Assighments.g;‘ A
' 1 3 “‘ I ' <

L)

were carried out in confidence after the four separate sets,were °,
reconstitﬁted The first and last frequencies of edh group of lines o

in the direct ca]culatwn cutput of each of Set A va“C,/and D wer‘e

i R C e
L averaged. Table 5 shows the procedure. !
¢ . u The 1nformat1on from the Sets A, B, C, and D-yns brought o T
utogether in Table 6. . . e , 1
. 3 . * . 4 > LY

The data were assembled, sorted accoﬁ?ing to frequencies, and
X S ,

= . : matthed with experimental lines, as shown in Table 7. . ~"
" " X ) ¢ -

|

|

|

|

. , . ’ . o ' - ‘

K ' Three iterations were sufficient to bring the largest RM3 |
‘ J

ergor, namely for Set B, down to 0.064. A1l ‘the Sther sets ?léd Tower ~

'
- “y . -

. ! . - )
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+ . ' . . A’ 4
R L . . -
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A

R,

Y IAELE 5 o
_‘! :“,,“ “,v ¢ .

. ORDERED:'OUTPUT OF SET A

¢

S .
- ¢

' CALC FREq,

AVERAGE

194.199 Hz
194,399
" 194.201
‘ %t’rga 201
194.997

! —

-194.997_.

—

r v

194.999

'] 194,999 -
1 257.957 -
" 258, ‘
258,017

16

257.260 =4

», 264, 374 Y -
264. 575
264 583

264,584

347.794 "
348.591

Py
a

354,151 -
354.620
354,951 "

C | 35416 -

| 360.977

361.755

COMPOUND 1,2 AVERAGING OF LINES IN THE“DIRECT CALCULATION

P ~ s
.9-’64 Q:‘l~ . -
’ !
~ T.
[ e - ’ - ;
'd \ - - .
.t N . ‘M
T )194.6 H‘ . .
l" :
> . I J -~ -
& ) \(u N rs -
- L
- . -
« o ° o
. . C - 1'
] i o
R A < N . » Rt
. Sy N ° \ -L ‘ 1
A, . - ° .
* o .
{ > Y - roe
257.9 ! o .
. ' .
o oo ! Y B !
, - . X
[ L e .
- - \ s ‘ .
; . . o , |
‘e \ N - {
4 . \ A |
. \y . i\
2644 \/‘ o« . ? 1
! Co . . |
o . ’fv “ . - 4 ‘
B S ‘ |
. . v wn
- |
= ‘934'8.2 . . 2 ) s 1
. oy ) 1
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TABLE 7

¢

—

COMPOUND 12: MKTCHING F COMPOSITE CALCULATED FREQUENQIES

- WITH EXPE IMENTAL FREQUENCIFS . |
- ’ o //
SET CALC FREQ EXP FREQ 1 \
" aBCUr | 194.6 Hz 191.2 Hz
o 264.3. 251.8
T - 2565 | 283.0 |
8 | 2567 | esan | 7
A | 257.9 255.2 / ,
D 260.8 258.4 o
' ] E. N
. C 262.1 ~259.6, .
B .| -263.3 2608 _ | -
A - 264.4 2620 )
A | 38.2 346,0 .
‘g 349.7 . ‘| 326.8 o
.. C 351.2 347.3 .
D" 352.6 348.0
A | 358.7 362.4 A
B, . 356.3 353.0
. "o . e . ’
of «C | '357.8 353.8
b 359.2° 355.0 -
, 1. ’
A | 361.4 359.3
- . ‘ . . /
B 362.°9 360.0
€ |- 364.3 360.8 :
D - 365.8 361.6 .
~ ". \
\\: “\

>



/’“\aqcmnnodateduyas 300. In the extended version, this number was

b

been missing before were now ava11ab1e The new spectrum came much

_chemical shifts and coub]ing coﬁstants with thd%e;produced'by the

]
a

"orrors, The error f\?NSets “A-and € was 0. 049. and the qrror for tpeﬂ- ' /y‘

»

T

Tast set. Set D, was D 650, The cardseixgg\ggch set were 1nterm1xe# to

t

- produce a single abz spectrum as shown 1n Figura 4

“_Figure 4(1) represents the exper1menta1 spectrum; 4(114.) is
tﬁ/>spectrum'obta1ned by using the X-approximation; 4(111) 1s the ,-
/peétrum obtained by using the extended LAOCN 3 program (Section 4.1, 4),
Witk the X-approximation method the X- 11nes dp not appeav 1n the
spectrum. The calculated 1ntensit1es only roughly approxfmate the : "~

the experimé;?§7”lasé§;um, C | o
Lo - . .

.4‘1 4  Fourth-Attempt: Extended LAQQPL3 In the original *ve‘réton‘

of LAOCN 3 (2) the max i mum number of ca1cu1&ted 1ines~which could be-

increased to 500 The chana; involved re-dimensioning all arrays\(in X \

. a]l sub- programs) wh1ch store output data, and’ changing- the statement

which 1imits the size of the output data (statemgnt 930, main program) (4)

{~ Compound 12 was revisited with the extended LAOCN 3 program

for seven-spin systems. Assignment of lines was aided by reference to

the Sets A, B, C, and D from the X- approx1mation A1l lines @hibh’had
‘.

closer to realizing the exper1@eni33 one. Refer to Figire 4(11$).
’ ' o \\ ) . . I / -
"“.Table 8 contains the name, structure, and revised data for

compounds uith'seven spins. The X-approxiﬁatton gives a good match of

extended LAOCN .3 ﬁrog;SBT\‘The frequency of those 1iﬁés\treated‘as

/ : ' / ’ ' \\;‘\

~\ S L : AW

- “ . b . A -

X-nuclei do not appear: '

o ¥

.'L',
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“1 ‘Comgbund 11.

-

1

o

v
ES}— 360.403 + 0.017
1. L. \’r

\'f\

R

JgE

¥

IpE

RMS

8D\ .

T TABLE 8.

. ]
3:mathy1-trans-2-pentene-4-yne-1-01" -

" XZAPPROX -

o™~

o «

~=1697080 + 0.013 Hz * .

~ 248,943 + 0.017 -

N

L}

0,0 :.0:017
~ 6.698 + 0.022 °

Error = 0.052°

0.0 =+ 0[018 Hz
—/ )

?

" .. ' REVISED SPECTRM DATA FOR COMPOUNDS WITH SEVEN SPINS .

o

-

. " REVISED DATA . °
. EXT LAOCN

~

v, = 106.583.

+ 0.006 Hz

~ '\3‘;3&-459.239

v = 249.000

. Vg™ 360.128

« Ipp = "0.765

JAE = -1.365

98D

. JéE = 0.320
J

= 6.612

= "-0.009

DE

RMS Error = 0.

o

B3,

+0.012
2

+0.008
+ 0.008

+ 0;006 Hz
+ 0..0'10 .
+ 0,010
+ 0.017
+ 5..013

082

L4
.

L
*



v, A e
e " ?: ‘_..f‘! P ,: . 2 ~' .
' : | % i S .
\ . 'a v * .' 4’ . B , N
: :- . . “;J “ i., - . @ v.. . .
3 ! . : ‘l/ .- ) P ,: 7, ' - B
‘ . ' TABLE B continued. . " L
™~ oo W 3-methyl-cis-2-pentera~4-yne-1-ol o
R .
d L, r ) . " ¢ N ¢ h . mé‘mc R r o
. e - ‘: ' ) _?' Iévﬂg , "' & . .
0 Ho<CEC-C~ . v, 2
. “ “i S b 8 é ‘ E N . .
* } . 3y r ) 3~ . \ / . .
v R S . " rk'A \‘ N s R B
. q. . A - . : . L . o '\
. %" ORLGINAL DATA " . v _REVISED DATA . :
- ‘ T X-APPROX . - " EXT LAOCN - .
- . " ’ . - - 2 ' - ‘
- S ER X P ’ oy 110.843 £ 0,007 2L
X . . . Y ;' . ol o ; . .
P . "v,B =194,2 Vg =~ 191.200 £ 0.015 Hz "“B - 191.251 + 0,009 .
B ‘ . : '.u -\’C ':234-3 R . ‘;’" .. /' t ' .
AN e ppT®R vy = 256.973 ¢ 0.017 _wp =256,976 ¥ 0.009 -

: - Vg =36.4. v vp =354.460 £ 0.017  ° £.0,011-
SR T . v ’
O [.JAD - 1.2 Hz,-_ ' R P " 1.325 + o,ooa:Hz .
B dpg = 15 | . g7 dpp = -1.264 o:.ow. . .
l | Jgg= 0.8 Mg = 0.0 *}0-0?5’ Hz . Jgp = 0.433.£ 0,013 .
! . Lo . o v ) . o R _. .. . ) ~" \( -
:;_/ - g~ "6.6 Jpe. = ' 6.697 +/0.018 _ Jpg = .6.624 £ 0.025 B
‘ \ ) ' . ( . . N ) = __"« "
T ‘ . * 'RMS Ervor = 0.050 ° RMS Error = 0.107 ° o
T I . " : . . s \i." _o.~ 8
; “ ~ - ‘ . e
’ * ® ‘ 5 ‘ ' =
1 ) A " " o v —-
, ¢ A \7 » § ¥ <

Vg = 353.167




TABLE ‘8 cont fnued

¢

Compound 13. c\f{ -Sl-hucnc;f«yni-.')-d! \

ORIGINAL DATA

1 B - e

vy = 78.0 Hz -

X-APPROX* .

REVISED '‘DATA

-

. '
YL
A

~

- .8'“-2. .- ]

JEF ~‘ - .
\. ) 1‘:"; . " o l , ‘L"‘
* not_done
&
Y ‘_‘ 1
O” ' Q‘,,,

325.487

. g
- \)v —

Ef

," VE ™ 35“9‘.934
. Jap = ~ 6-485
- ' = 12.329

L T 7R
" -+ Jgc= 0.803

, I vy =286.8)5.

11

vy = 74,435 £0.004Hz
vg = 195.739 +'0.012 |

1+ =+

134

1+ 4+

W/

- EXT, LAOCN A

& .

0.01% - - oL
0.012 )
'0.012
0.012 Hz
. ) .

0.018"

e e
o Jpg =--1.073 0,016 CoT
\. "Jm:--= 8.184 + 0.016 BRI
T3 = 11.056 = 0,017 |
: - & AR ‘. .
RMS Error = 0.151 . ‘
i i "?n " w l‘
o -, .
".t :: ryx o . 1
. o! /'i - ' ‘ "



- TABLE 8 continued
! - 8 ] .,
| : .. Compound 14. trans-3-hexene-1-yne-5-~o01-
E‘ (i’r\ * ' ‘ . ’ :‘ “ ‘

. ‘ ' ) ' . B*C'C C
"E

- ORIGINAL DATA | -
. . " )$-APPROX
L "

= 76.0 Hz_

vé'—]74.6 vg = 174.844

—

T+

\’C - 186-3 ) ./' .
vp) 259,580
vg = 340.099

= 253.6

'-340 3 )

1+

0.081
0.032°

L

= 375.5 ve = 375.370°% 0.032

v ' - , \
I 65Hz'-/"‘" o
dgp = 05 | gy = -0L613 * 0.050 He

+

'I"JBE-_= -/zr; ‘ | QBE,“’ +2.280 +0.044 -
- - 0.584 +.0.044 _ |
~. -1.615 + 0.949
15.707 + 0.049

15.974 + 0.042

E

4

R .
2o ERG
o BMS Error =0.100
~ = ' T
¢ - ™~ !

CHDOHC \

\ ' ' : N )‘ j“
REVISED DATA -

QU030 Hz -

-J

,\gxr LAGEN
»
vy = 76.028 + 0.005 Hz. ‘
V= 174.882 £ 0.005 . 3 '
P . . \
v 259.664_+ 0.005 |
vp = 340.099" £ 0.005

+

vp = 375.372 £ 0.005 "
J,AD -— 60488 t 0-0'07 HZ \'('

.03008'

4

JBD - '-v(f.l}GB(.
-2

ot . ?;278 + 0.007

o 586 + 0.007

+

.+~H

BF
JDE - -l 510 « 0.007 . .
- 5.570 £.0.007 ... . -
/ - “\\.,“' -
Jer= 1,5,97; s0:006  F

RMS Error = 0.058 o



" ~' . TABLE B-continued
: ¢ Compound 15, trans;i—hexen,é-]-yr‘Jre-S-oL carbanﬂwﬂ , , - -
‘ . \ T - ‘
) "éEcuoﬁﬁma S -
A . - ==~ -/ ’ L]
“Hy-tzc-¢” LC i v
BT Oy o T O -
: . Hp A
Ry . - ~
. “ & ) , ~
! ORIGINAL DATA  ~ * - | 7 REVISED DATA ' e |
¢ UxemePROX ¢ T . EXT LAOCN - ' P~
vy 79.9Hz ooty = T1.300.% 0,005 Rz
) B ~§L vg = 174.3 g =171.706 + 0.027 Wz~ - vg =171.707 = 0.006 ' .
- : . . ,
i ve =322.2 v = 319.382 .+ 0.058 Vg =39.013 £ 0.015 l
_ ~vp = .8 1 vy = 338.5@9 £0.035 vy = 338.?572 + 0.0083/
v =371.7 v =368.951 £ 0.033 V= 368.968-x 0,007
& S ' : A
. - . = 6.782 * 0.009 H -
s Jpe = 6.5Hz * . o = 6782 2 0.009 M
L gy, -2 Jgp = -2.186 + 0.045 Hz- JBDT ~2.199 + 0.009 o
SRR T oe L dgp = 0155 4 0.082 Jge= 0.173 £ 0.009° | .
3 = | ) < - .- - * »
C / Cdgpm &1 T dgp 56082 0.05 .  Jpp = 5.814 £ 0:12 \
: e 17.9_ . Gipp = 16.269 + 0.052 Joe - 16.189 +'0.010 - ¢
; | " RMS Error = 0.077 CRMS Error = 0.074 . . : / w
§ /T ! u ‘ I ’ | ‘ | _
, K L3
& X~
r
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] | v . . .

, .

4.2 General Obsérvations . , ~ ' ' -

e “From these attempts some general principg,es can Be formulated
‘ I

= for so1v1ng comp1ex spectra by LAOCN 3. . - s _

- A T ) the direct calculations it is not necessary nor .

+ »

. desirable to assfgn every' H'ne in a large block of
‘calculated Tines. Thub if the  assignments are poor, /l

* the errors pro'duced have a-smaller inﬂuence on the

L]

.- ' - —rest-of. the calculations and the RMS error, If .the

v , assignments are}successfu], remforcements can

A

‘A | 5 a]w"ays be brought in. ' ot ' ” )

€

\ _ 2. However, it'is better to type more cards, i.e. : -
\‘ \ . . " ] & \" . J‘
’ assign more\lmes than 1ess hnes for m noisy - ° '

e

ot . spectra where there may be.a dearth: of ass1gna_bTe

. ‘QA‘ o .' lines the RMS error values, instead cic)ﬁverging | | o
| \ to a finimum value; will di;/erge, increasing in -
v .. " error. 1 |

. . _ .
3. Large errors in the 1terated calculations should o
be removed. They can be replaced if poss1b1e, bg
more suitable neighbouring h’n_es.' This remedy. is _ _ Mf',. S

A, unfailing in reducing large RMS errors. e . .

- . S
L

4. Since, after each iteration, new unassigned
, frequencies are borQ,'it is appropriate to assign aa
, iabaat ;

\k‘. . «  these where the error so produced is small.
- N ‘e - R
’ 1 B ,"‘ -

| ETY
' ‘ﬂ . N ;:- ' . i’\’:@



. o+

=

N

‘-v

.o " or as much as possible, must be used

.on1y the assigned lines produces on the whole very _

L]
AY

. -

-~ It was poss1b1e to so]ve seven spin compounds by. breakiﬁ§

down these sy!tems into s1mp1er portwns

+ 5. Once an {teration is comp1eted the whole output, .

Cin- Htting spectra. . The. computer kn&ws best.

U5 COMPOUNDS WITH MORE THAN SEVEN SP;NS

By extrapo1at1on, a s1mﬂar '

. procedure was employed for compounds with more tham seven spins.

should be remembered that thesg corqplex compounds cannot be hand]ed"by‘

- even thd extended LAOCN 3"‘phogr;‘aim..,

The spectra w1th1n this section wer-'e of poor qua'hty, 111-

resolved, and noisy. Few hnes could be ma"tched with any degree of, .

.Q,H3 CH2 CHZ-C—C-C-C-C

A "B “C

R HE'

>
Py

e
~ \{..4

m1mmum of exper1menta'l 11nes '.
i A ‘ *
5.1 Examp’lg;_ Ana]ysis of Compound 16
| 0 M
T CHy-0-C |
Ceoo Ly o
Vi IR

' certamty S0 that very often 1terat1ons were ca]culated on a bare

»




o S R e T
.o v - 57 C )
° - ) N \ - ; w £ .
' - " ORTGINAL® VALUES. /. o
' ‘¥ - ‘/ ' t
K vy = 66:3 w2 Ipg = 1.2 Hz o
ve = 94.9 Y +7 -
o « B S , s
v,=138.6 : :
c Y S .
h \Y D‘= 3% 0 .\q\"kf . -
T -~ A \ y o
o_l v E = 349‘,8 [ ®
i vp=37a6 : T ..
~ ‘(“ » - L
.« . Compound 16 was an e]even spm compound cons1st1ng ‘of two ¥
;' Q - D) M ‘\
moieties not spin- coupled Each was treated as an 1ndependent enj.:nty, -

one of seven spins and one of four spms, and then recombmed

Interna] normahzatior‘of%pectra'l intensities in the LAOCN - 3 program

,produced a spectrum ’in which the seven-spinepart-was' too strong and the

1y
"
%

four-spin part almost vamshed ‘

A .

‘Figin‘é 5(i) represents the éxperimerita'! '

7 1

-7

’
4 g
« ° ¢
L

.

SeebFiéure 5.
" spectrum;. and 5(i) is the first recombination attempt.

L . . R 3 ' ?
\ . * . X

Another iterated calculation was performed on the separate

-

RN

¥ - . s .
A parts in an attempt to cofrect this incongruity. A1l nuclei were- _
v ot T
1ven d1ffer‘ent iso 'values. In the internal X- approximation of . -
K. i b N

compound 12 on]y a small part.of the whole molecule was treated in

this manner. The reslult of putting all the iso numbers different was D

~

,. to.produce in wle unordered and or

/

»

3
.

1 or 0.
X

-

"The i n,te’r‘l‘sit?"qs for each

-

~

jere'd sets frequenci es of\]’n,tensfty .

) [}

~

-
. . . N .. . ‘)..
group of nuclei at a particular

PO )
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's —-—

chemical shi'ft@/aimé were tétailed and di'vided by the number of.
protéhs in that group‘,‘;és shown in Table 9. | o .

- It is seen that the seven-spin part -has an intensity \,
. - * . . 6 hd ' r .
- approximataly eight times the si;rehgth of the ’fo,ur-spin par‘t. A small
§ ' . : : . ,
program called MIRIAM was written that multiplied the output cards of:

the four-spin part by the appropriate factor, in this case 8.0125.

¢ The decks v)er’e'agé’in combined to present a spgg{:rum that surprisingl;x‘.

'Y increased the intensity of fhg ‘fourfs/pin\ part to a greater extent than
expdcted. Figure 5(-1‘11') sfiows the second ‘recombj nation' attempt, after

correction with the factor 8.0J25. SRR

Th/e situation was finally re‘pa%red b};,a st}‘aight-forward

comparison of the experimental spectrum and the first LAOCN 3 spectrum.

A'ctua'ljmeasuremen/ts gave a factor pg\,s.‘ok for the ratio of experimental

pd
‘ P -

P { .
! /)_fta’/ga'!culjlted spectr5.~ Figure 6. The combined spectrum thys Broduced

app;oaclkd_gratifyin 'y the experfﬁenta] one. The final spectrum can

~

&3

be found ih Figure 5(1‘v),$_pe_w1’th the corrvection factor of 5.000. -

5.2 \_ Example: Analysis of Compound 18 - , T
. e 5 I-,lD B - ' :
~ ‘ B /‘/C-COOH . . ¥ . - ' N .
+ ..CH,=CH,#CH,-C=C-C2C-C" - o '
3 € 2 i ] ) . i s )
. A% % ! : 1 A
.- . E - ‘ .
e P trans-2-gdecene-4,6-diynoic acid
“"

»

- )
5 d
A
,.»’S”J N

¢ r

P
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= 0.0 Hz

v

= 95.2

=140.5
= 376.4

\Y

A
'B
Ve
YD

E

= 409.6

b 3

~

. the techniques prevwous]y developed.

'\\

A

g = 7.2 He ;
g = 68, {/
Yee = 09 .

‘ JDE n]508

Compound 18, a n1ne-sp1n compound reqU1red

for its so]utlon

Because1§? the small but f1n1te

con%qng constant of 0 9 Hz transmitted through sevensbonds. it cou]d

g

not eas1}yiBF separated intd two 1ndepe déht éht1t1es

(

¢
28

.,

- The last methylene group'was weak]y coupled tp the protons

9 *  past the ektended seven—bond barrier,iond seeméd reasonably weakly

., coupied to its own ethy] group CH3CH2

. Instead of. confronting a nine-

. spin system ABBZCZED ﬁb were degixng with a d1sgu1sed A382 éED

combination, which could be s

T XZED (i:e. AZXY).

[

whose minor parts were too weak.

rated into the‘stblings 3 X and

’

Using the X-approximation we obtained three (53132)X2 spcctra

and three Xz(ed) spectra. Recombination again produced a spectmum

.spectra_are shown 1n Figure 7: 7(i) représents the exper1menta1

f
5
5",‘ . . comparison with-the experimental spectrum gave the final product

-cspectrum, 7(ii) is the ca1cu1ated spectrum through the X- approx1mat10na

“The X port1on of the spectrum at about 150 Hz is absent .

\

ra

P
S~
-

Correction with program MIRIAM_ by
The

bl



- FIGURE 7-  GOMPOUND 18: TiiANs-z-bECENE-:t,e-n}‘mor'c ACID. COMPARISON OF

"EXPERIMENTAL, AND" COMPUTED SPECTRA. { T S
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5.3 - Example: Analysis of . Compound 20 ' RN
CHy=0H, CH-OH, ~ LT
B B T ) i :
HD c\ /C HD . . i v + » R i
C-C-C-C—C-C - . cis,cis-2,8-decadiene<4,6-diyne-1,10-diol
,“c ”c ) ' ‘ . .
. t‘h,) . . | '

[ - N

- ORIGINAL VALUES .

v
4 o -~ . A}

: A
. Sp=260.0, Jgp = 6.3 “_
\ ¢ = 340.7 3 1.2 ' *
< epmaAT .

This eight-spin sys fo1ded 1nto a four—spin coup1ed
compound because of its symmetry and was eas11y reso]ved by the

standard methods discussed.

. Y
Table 10 contains -the name, structure, and spectral data for
the compounds with more-than seven spirs. o ST ) -~
) e ' i A \.,' . o :
6 " . UYSOLVED PROBLEMS - K ‘

.simp1e Ewo-sbin AB systemS‘tﬁey would nbf‘have deserved analysis. ~In-

to. make the X-approx1mat1on unusable The spectrum of the /last compound,
-0 _ t

to furnish insuff1c1ent data for analysis. -,

h «
. . . )
. 0 . . o
\ .
- . . . 4 oy
- ;'»
. .

@




. v ' . /"’ ’ ) .
e ' TABLE 10 , - -
s . . ¥ - \‘ .
- REVISED SPECTRAL DATA DQCOMPOUND% WITH MORE T%AN SEVEN, SPINS
y 2 ‘ , S |

. ) : |f/
' P B,
i ) . . 25 ,
| , - S \ - H
o CH.-CH.,-CH, -C=C-C=C-C” _
32,72 ;
- JA B “C i
E

. % ORIGINAL DATA

: .7 SpIN
Ly, = 60.3 Hz

vy = 60.296
vp = 94.913
ve =.138.528
7.2 Hz © g = 7.150
) , PN :
, \ - JBC - 6020]
e ‘ .. . RMS_Error = 0.
B 4 SPIN PART -
vy = 312.0 Hz vp = 312:504
, vp =349.8 . vg = 350.184
vp = 374.6 vp = 375.354
‘%E", 1.2z Jpg = -1.388
R L JDF—\6.62§
S 1(:1.9 . g = 11.563
oL L RMS Error ='0.

Compound 18" cis-2-decene-&,6-diyn-1-y1-3,5-dinj tr_‘obenzf)até

‘ ReVISED DATA
PART N

+ 0.002 Hz

+.0]7
+ 0.012

+

4+

+

+ 0.044

030

+ 0.001 Hz
+ 0.001°

+

4+

+ 0.001
s

4

+ 0.001 Hz
+ 0.002
+ 0.002

+

.

000

+0.014 Hz .




TABLE" 10 tinued ’
7

~ Compound 17. trans-z-decene-4;6-d1yn-1<y1-3,5-dinitrobenzoate

RMS Error

A0 v NO
// , He 0 2 -
f : ¢- CHy0- 'c';'-
R cnz -CH,~ -c-'c-c-c’
' ’ . - A C N02
) ' " E
| 3 Ay " .- . ' ';"?
¢ ORIGINAL DATA' © )\ BEVISED DATA
e 7 SPIN PART . N
- “up= 899 HZ L v = 50.9997 0.004 Hz
Ly . . Sy -
w A v 94490 1,0.007 -
T Ve = 138.503 + 0.004
. JAB = 7-1 HZ ' JABn .7‘0204 + 0-007 H‘Z . 9
oL g 87 v Jpp = '6.692 50004
' - . .. BMS Error =0.029°
~ o ) - alsPINPART . R
R - X vJ) - 300,136 + 0.033.Hz -
. g =3544 . "V = 355.649 + 0.12]
' ve = 382.6 _ @ v =383.040 +0.091
F \ F .
Jpe =-1.3 Hz . Jpg ="-0.637 * 0.065 Hz
' 'J F TVG-B ‘_ f ‘ JDF :’ 6-321 + 0~-065
Jgp = 15.8 Jgg = 16.010  0.123
- 0.081




“TABLE 10 continued _ .
—_— 'Compourid‘ 18.+ trans-2cdecene-4,6-diynoic acid ,
. \ : ' E : ‘ e - E
e - By ™ .
- * CH o /C -COOH .
. ® ~CH,-C=C~ -C-C
| o o 2B 2 ! .
¢ T 8 E N ~
o ORIGINAL DATA® 'REVISED DATA * = . .
T \/VA b 60.0 HZ' ) ’\)A - I59.63—4\— 0-009 HZ -— . *
“ . vy = 95.2 vg = 94:754 % 0.008 |
. / ' VC == ]40.5 . .. ! I
Y © vy = 376.4 L v 3s.08 +\eoao ) IR
e 'vE'=409.6_v7/3, | v = 408.536. ¥°0.630 |
- g~ T2Hz g = 6.672 £.0.016 Hz
. . ) e . \
L . . Jpc— 6.8 - ' .
‘ .0 . ‘ N . « . - = . . _
} N T M e ; |
| A , ~JDE = 15.8 _ g . JDE = «]5;836} 0.036 |
N ! ’ . 3 .
e RMS Error = 0.025 . - . . '
2 - - .. - ’. R
* "Revised by using the X-approximatwn in combmatwn with the extended
LAOCN 3 program . , -
0 . . . > m
L S \(.. 5 N
¢ ¥ »

6 -



TABLE 70 continued . \\ T

Z . Compound, 19." methy] is-é-decene-4’,é-d1’ynate

AR 3
| . :
1
\

@ o | coocn3 | (

i
CH CH2

-C=C-C=C-C7
3

BZC\

. - A o
m \ ' ) . o \ | '5 s
. ORIGINAL DATA ‘ T

[
’..,/"_

~, REVISED DA |
| vy = '58.494 + 0.006 Hz -

a
R =
S vé\gs.s . \{»B - "93.%01 + 0,008
| Ve

vp 60.1 Hz

L gz = 138.78Y. + 0.007

j . . ." _' ) N
L
1

accidental degeneracy ’ T ‘ '

D='225 3
v ' VE’,=372'2'
vF"’3?2.5

N N ) . , ) li ! ’ . ’ . '\)
o ‘

o g T2z dig = 17260 £ 0.08 Hz . .
. 0= 6.8  Jgp = 6.862 5 0.007 o
i -~y R b BC . ,

: R{MS Error = 0.066 . °




( \ ’
> ' ‘-
. ] [N . \
TABLE. 10 continued .
Compound 20. ¢éis,cis-2,8-decadiene-4,6-diyne-1,10-diol S
N 4 . . . z.° ,/, ‘
CHZ—OHA . ?HZ-OHA o,
IS T p «
c-ca;zczc-?” ‘
- - H." H > ' |
b /C ¢ . / ‘
_— i e "

¢ : ’ ST . . . N -

, -~ ORIGINAL.DATA REVISED DATA \

I e . b i ' - . )
. '_ ‘ p - S ! ‘ .
I oel . CA = 216.0 g S o
S CoL vp = 260.0 o Vg = 259,834 + 0.043 Hz - A f
e T T e =07 o v T 340.507 £ 0.4

[ ey =3nT . up=Iass s 0.0 e
) " ’ ‘. ' : . - -

i+

' e N . ' ,l . . ) . . : )
U g 2, T = 057 w002 Hz/" L
' ) ‘\ '.»;;":JB[)"B 6.3 /J,Bb = | 6.205 0.053

. , ,
S ) -
JCD 11.2 f]CD -10.741 + 0.060

> , -

+

4a

4

RMS Error = 0.003 , -

‘Q - N ‘l * ! -
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J . . ' . 1 -

t . » ) s
.

_TABLE 10 continued - .~ . & .

o o s ‘ L
Compound 21. trans 3-undecene—5,7-diyne-2—one ' :
he ' T"&"?* ‘ '
- .t *w”' H 0 .
, , : . 1Fp
- ¥ “ C-C-CH
o CH,-

. % 3
& - 3A

Sl =l = - v
CHZ-CHZ— =C-C=C-C c. |

" g ORIGINAL DATA

v
LR A ~
AN
'
3
.

E
REVISED DATA«

vp = 60.0Hz ' vy = 58.776 + 0.016 Hz
yg'= 9520, Vg~ '94.998. + 0. 017
\)c?‘|34n2 ) T e (/J'
| vp= 1415 vp = 141,992 £ 0.022
s . ~rsvp = 393.9
R ) - accidental degeneracy
N 393.9°

~ L
t

. . . b " 0 . 3 .
/ g = T-2H g = 7.206 % 0.017 Kz
oL 9T 88 L = 6.766: 0,020

.JEF = 16.0

\’ , . , . - 1.
) < s } .. RMS'Error = 0.154
- . o . -~ ' L . v
} . . / v B
- E— -
_ [}
L , "
- Y ~ ' . ‘
- ® \r °

e R S o N P

e -



VR\ + The names and structures of these compounds, together with the -

, or1g1na1 assjgnments, are lTisted in Table 11, '. : ‘ "

I '] . L ] . . L]

S B THEFEFFEC,T/ OF .STRUCTURE ON THE VINYL BOND AND COUPLING CONSTANTS,
f . ) ' o, ’ ) ‘ ~

A ' o . >
The strength ‘of the various coup11ng cohstants and the observed .

sh1fts in the v1ny1 protons are affected by intervening or side )

.~

funct1ona1 groups. the’ d1stance between the protons of interest, and S

T

-« their relative position. The observations are empirical .in nature and

no attempt was made to give a theoretdca] interpretation of the<resu1ts.

. T h . .
A L f “
\?‘mﬁﬁé;’ " The gener i conclusions reached in the or191na1 work were

uphe]d There was,| for the most part, Tittle d1fferente between the - "

orig1na1 and rev1se values. . -

7.1 ’, Vinyl Proton Chem1ca1 Sh1¥%s ‘.

. ‘ ' :
The chem1ca1 shifts of the v1ny1 protons ‘clearly ref]ect ] “

_structdral changes, tngse changes are 111ustrated 1n Table 12 In the
presence of oxygen, t‘e A protons n ‘the trans vinyl compounds absorb at
an average value of 4.34 1 and the B protons at 3. 69 x. 1In the -
oximé%ated c1s vinyl case, compound 13, ‘both the A and B protons are
shifted upfield. In the trggs compound‘w1thout oxygen, compound 4, the

‘A and B protons are againkshifted upfield compared to the trans compounds, -
- a;with oxygen, but the B protonjis not affected to the same sextent.

— : . P « 4
.

With the replacement,of prbton A By a methyl group,”proton B SN
. is shifted upfield. Cis and trans compounds are affected similarT;Z
— —— ’ e i ’

"See Table13. ., - y Lo ‘

— ’ - 3y +
o . ) 4 \

\xg '
o ey



N g TCTABLE 11 L e T

- ‘ ) /% . ' . . : 471 .
SN / d : NAME AND STRUCTURE OF UNSOLVED TOMPOUNDS ﬂ )
' ° K ' . , . ?

/ ’ Comgoun'd 22. 1'-methox;4-gyano-cis-\]i-butene-3-yne ', ’ . ' N ¢
. , ‘ . N ] ' - - . o f - . / - ’_

o vp < 230:7 Hz ch . ="' 6.4 H
W vpTSZ L gl T e | -
ve = 406.0 . ) 5
k . ! . : .’\ ” .
kel . \ .
' = Nno spectrum avaﬂab&‘e ) ‘ -
i . ‘}‘ . ° j ,
1 ’ . I/ \ N
R é& QQM'L‘_ rans , trans-3,9-dodecadiene- 5 7- d1yne-—2 11-dione '
. T S . &H E qB - ng, H . , . E/ o : .
- - ) 3; ¢ ‘ ‘C-c =0, :
o ’,. . —_ ‘ ‘ 3A C‘\?_ "C-C"C'c . 3A . ,."'5' .
ool - o iR .. ) . ’ “??S b - - o
‘\~ . | . ) " * . ,Hg Hc . . o - »A?*\' e — . .

N , , .\,A-m.gnz Sae LT D
vg = 400.0

{ /7




b |

gqﬁoun& 25. trans-z-penten§4-y‘ny1' ‘tetraﬁydrorz—pyran
= , L el . «

H

. E
e _ =0 4
HA CzC (13
| I
SR .','-A,,VA-WZ'SHZ'
' N - VB = 240.1 .
-, . v 2543 3
- vn = 342.6
LY D ; N
' , ~ vE“'— 375.8
s v - ' & -
. ../' L ¢ ;. N
T ‘ . ] t s . '
¥ - - ' -
] ’ *
P ‘ .
- v)t. ! .

/(

4

Syp = - 0.8 Hz

Jpp = - 0.7

AC
\]AD:".203
Jpg = 0.6

BC b "14.6 . <

JBb -'q = 1.9

Jgg = 5.7 !

N ‘ -8
. =73 - : g
. A R
. " ‘ . M \
.2 - - LN
. Y -
TABLE 11 continued ' I L. ' er ,
Compolnd -24. frans-z-hept'erie—4-£\e-1,7-d1‘¢;ﬂ o *
- - . ‘ I ~
~ e ,
- . ' . _' //C-CHZ-OH x?d
~ HOCH,~CH,~C=C-C ¢ -
o |
7 4 ¢ B A H ' .
D ¢ '
..// ' ~ ‘ ¢ o ’ t .
. vy = 151.7 Hz Jyp = 6.8 Hz T
A A AB .o R
. vemae L T TAC
: , v = 2474 Sep = -1-2
vy = 383.7 Jdeg = 5.0
S vp = 370.5 =160 et
— o N ‘ ' .
{‘\”& \ - . hno separation pessible :
yl ether

~ \ / '
—

‘(lt H Q L
-CZ'—-'O" T

B,C . "

[




.. TABLE 11 continued R - ) D

. " Compound 25. continued 3 , ‘ - \
CoL o ? . JCD == ].9‘,HZ
' ’ K e : . . 'ch - 4_‘0‘9 . . ) . ’ .

” ! " ) . l :_, ‘JDE"'V 16.0 . \ - ' .

‘ LT

‘ © . spectrim functionally unu$ables = . o
% B * . i'k * ) n) | - ) N
: N ) ' - . M S .
. Vd ° " v . ‘ : . ’u'__‘
# 2 ' ‘ ° - . ° . :
.0 ° e +
R S . ¢ ' 4 .




- ' 1 - 75.=

- -ttt ,‘.‘ ) 3 " : ¥
5\ . . ' M , TS -
, N -
‘ .o L e , ‘ 7
‘e , . R -" ‘ ’ o
: TABLE 12 o

{ 1

s " THE PRESENCE OR- ABSENCE'OF OXYGEN

»

Ed

'Compound C Structure ' Dridinal Val&es Revised Values

//k ' ' ., A g . Tg -.(-

. . . With Oxygen- trans

__; o ' ' o
'\ ) HBCH3 N «/ , ’ ) ‘ .
6 "‘H-C-C-C-C-C—OH o 4.32 "3.67 4.32 3.67
HA CH3 '

v HBH'

14 H-C-C-C=C-C-0H o 4,33 3,79 433 . 3.74.
{ ' '° '

4 r
oy Gy
WO
15 CC-C2C-C-0-CNHP . 431 -3.81 436 X6 N
* . ~L . . . . o
HA tH, A~
P | 7 hverage ' 4.32. 3.76 i)tl.siif 3.69
. With Oxygen - cis o ° . !
. c e ' H ' ! ‘é ' h . ‘ ‘ . e
. 13 RCCGC-C-OH . AB2 395 457 400
HA 5CHy o : »

without Oxygen - trans. . o , :
. X - oo ¥ .o ‘ ‘ |
( ' i . ' ! N - . * L ) .
e ' . vB" _ : | . '
O ‘H-e-c-?zc-cH3 ST 452 U376 U 454 377

‘ 7 , Hl ) . . . : c S



t

Compound

12

K \’: . '-:
| HICILT=C-CHy0H

- ¢ \ .
) TABLE 13

_~ REPLACEMENT OF THE A- PROTON

M
Structure
v ®

With Oxygen - trans

. . }"B?H3 - : ’ !
H-CaC-?:C—?-OH
CH CH3 C

v HB Lo

H-Cet:,-,(l::c-CHZQH~ o SV

- CH,

- ¢>

With Oxygen - cis -

Average --

—————

i T

|
CHyHg .

3 e

.g%§§

: D
" ‘¢
'
~ -
. .
- (S
4
. - hd . -~
Q' -
PR y
¥ -
(I -
Ly -
v

A . .

- .

BY A METHYL GROUR

ggvised Values

‘Original-Values

- sC4§::?-9-0H Lol
M ", CH3HBCH3 ) - ‘ -

. 4.05 4.08,
A ‘
: L~ ¥
3.95. - 1'Ff 3.99 °,
- fﬂ'. ‘. I. ‘ .
4,00 4.03:
a.08 . 409
4.06 4.1
4.07 410, -
"\ 1 -, _:-
> - “‘\; . ]




,...

A -

first sh1fts the trans and cis A protons downfield to 4.16 < and 4. 07 7, -

- reSpect]ve1y. _The cis.and trans B protons'are relat1vely Tittle

affected. This éhift can be seen in Table 14.

hd .

-

3 ; aThe addition. of conaugat1dn on the B side of the double bond
. compounds 5 and 18, produceg a large d1agnost1ca11y usefu] chemical

- ) § .
sh1ft in the A proton signalg.! Refer to Table 15. They'absorb naw at *.

a lower field than the B prdten. Tne ré1atf§e positions of the A and B

~ proton signals/have been neversed.

In cénpound 1, a methoxy group fis attiched d1rect1y to the
doub]e bond and p]aces the non- bonded electron pa1rs on -the oxygen in

conJugat1on with the 7 system. The result is to 1ncrease the chem al

~I

shift between the A and B protons ‘without changing their re]ative . s

pos1t1ons The A proton s1gna1 is shifted upfield to 5.57 t. The B
proton is E%Qat1ve1y unmoved again and absorbs at 3. ‘4 1.

N ‘ . ) i " L v
7.2 Magnitude of the Vinyl Coup1in37Constan£T( o
e

The most consistent coupling constant is that sho

tjans vinyl protons. If is always neor 16.0 Hz, in spite of wide
* variations in the nature of the substituents in the rest bf the moleoule.
, Even where thelsubstituent groups renorse the chemicaf shdfts of phe
T vinyl protons,<as in compounds 5 -and 18;‘the coupling conspant remains
“remarkably close to 16.0 Hz. “This relationship can-be seen in Table 16.
f,Thnough accidental degeneracy, no value can be aooigned to' the coupi{ng

constant in compound 21. ° o SR S

\
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TABLE 16

. o (
" TRANS (OMPOUNDS

Structure .

H-C=C-C-
4

) |
H-C=C ('Ij',c

CHy-C=C-C=

{ ] .
Hy CHy -
’W‘

HOZC-CEC-.-('FC—CH&

L S

',-*

_ Coupling Constants. -




TABLE 16 continued, //////;//_ — , . e
. - T v ’ . . . .
Compound - . «f”T/‘ Structure Co. - Coupling Constants . ‘
: Lo : Original Revised
B B 7)) (Hz)

. o
S 8

).
.' I}{B . . -~ ’
14 —B-CEC-C=C-C-0H - - 16.0 . 15.97 RN
y ‘t“ HA CH3 ’ . " . ) ' - - 5:-. . .
v ‘ . ' I
i HBH 0 N , . ‘ . '
|l DR | I - -

15 —  H-C=C-C=C-C-0-C-NH-@ . S X 16.19 «

ce | . * . .

. I
HA CH

Mo
°
&r
%3
.
'S

3

e i 0‘ NOZ ..

. H . :
- - - B ' . -
te - :,‘__g _l " > -' ‘. '
‘ 17 CH3CH2CH2—C:C-C_C-g—c-.(?Hz-O-C-@ - 15.8 . 16.01 . |
- . HAT ' . NOZ . L R -
° -~ : e : .
:CH3CH2CH2-CEC-?ECj?=C~COZﬂ "' o 15.8w_ . 15.8%4‘

i .HA

N , - “ .H 0‘ X . . \'L ; ‘ '_ B i

. 4B ' o e S |
CH3CHZCH27C=C-CE?-?%ChC-CH ) - - \ K

3 . .
H . ¢~
s A " S . .- o
* : N ' . ’ L
Average. ~ 16.0 .- 16.06

a0

..




-t » .

Although the number of cis vinyl compounds is 1ess,(it is
- . ) -
seen that they genepa]]y behave in thg same systematic fashion as the
trans compounds. This is shogn in_TaB]é 17. The magnitude of the

normal ‘coupling constant in the

is vinyl compounds, excluding the

methoxy csﬁpdhnd, is 10.90&H?. The methoxy group attached to the

double bond in compound 1 reduces thjs yalue to 6.43 Hz. Compound 22

.

was not available for analysis, but the presence of ghe methoxy group
» . ‘

gives a similar value of 6.4 Hz (original). Through accidental

~

degeneraéy, no value can be aasigned to the coupling constant in

compound 19, ~

7.3 Maghitude of thé 3 -4 Coup]ingﬁCothant ' C -

The sign of the long range 1-4 coupling consfant was
originally dgtermined by spin-tickling exﬁg%iments and conformed with
predicted theoryE the coupling between evgp numbered bondé is negative,
“and that bé&tween odﬁ numbereé bonds ts bositive (9). Computgr
revisions effected only min&r changes. The 1-4‘25up1ing constépt had
.an ;verage value of4;2.23”Hi, as -can be*seen'iq Table 18. ‘In compodnds
2 ;nd 3, where theh;oupled proton is not direc%Iy attached to a vinyl
bond, there is, nevertheless, 1ittle effect on*the:magnitude of the
coupling constant. In compound@, the absence of oxygen in the side
chain creates the low value of -1.88 Hg, »

) \ '
7.4 Magnitude of the 1-5 Coupling Constant

1

The relatively we¥k 1-5 coupling constant between the
acetylenig and the B vinyl protons seems to be susceptible to VU

éiructuna1 interference. See Table 19. The revised values in‘cbmpouhds
N .

11, 12, and 15 are lower than the ones originally ca]ﬁu]ated. In N .
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| "TABLE J17

-

R ' " .CIS COMPOUNDS

/

- I . s . 4+ -
Compound . :  Structure . upling Constants . %

4 . : i 0r1g1na1 Revised
S o T (Hz) (HZ) o . ,
. , \ . K . .

= .0 - \

1 H-C=C- —C-OCHJQ T 6.5 6.43

2 H- -c-c—c- I ;103 10.25

-3 .. . ODH . * s

R & -
. ’ - . .
. : ) H . ‘ . . .
B

13 HiCzC- c-c c-:on o 6 1A 11,08 .
HyHpCH ‘

s * . [
', N Py . .
" s R - . ! - »
. e M r R
. -~
.

T
19 CHaCH, CH,~C=C-C=C-C=C-C-O0CH . -
HpHg | .

20 HoyC-Cs -c-c-c- =C- -c-cozn 1142 10.74 \ o
Q- . , . ' .
; C W HA . HoH

AB . |
3 /

T - : - .'_Average" $10.9 ., 10.90- /




) MAGNIIUDE OF THE 1-4 COUPLING "CONSTANT~INVOLVING THE ACETYLENIC PROTON‘ |

Compound

L] ‘. 013 '\

>

‘ Structure.
‘_m:

H-c-c-c_c-om3
BN
CH ‘?

H- ECTJ':-C'-:?
"ODH"H
o

H- sC-(l:-(':éC

1.
_ HHY
N,

H- sc-l=c-cn3
H
g

H-’C C-C 5@ 9 -OH
' cn3
j N

H
H- ~C-C=C-C‘-CH3
' o OH
‘f;;g
HH .
H-c=ﬁ=c-é-c CH3
’ HJ OHl ‘

~TABLE‘ ma\ - L.

{

N Original VaTues Revised Va]ues

-»
[
,=2.2
. -
-2.2 .
o
»
' 4
-1.8
[
L)
."'2'3 .
N ¢’\
L‘\‘i\i
"2.4
PR g
Pomne ) ) r
. " &
R Y -
N -2Q3
&

(Hz)

-2.54

2.21

<2.33

-2.28

»



> TABLE 18 continded _
Cémpound ©. Structure
: AN
15 g@ H-C=C-C=C-C~0-CNH-@
e ‘ . e y ¢ l '
v W iy
L 4
L4 b _:_ <
k o *
.. T .
. './ “
| N '
._ l ¢ ’
PR '
i = - M ' \

B I3
\
- ¢
. }' '
' EARE [
N
P A
1
* g
Ny
; -
) T .
.
1 ,’ g .
¢«
'
-\
N
o B

.
. .\_ -
v \J{ P
: ' (
.
il
.

e

Revised Values
(Hz)

.
/
.
.

»l -
-2.23
b }
»
+
S .
#
3
R
' o -
L] 4
-
s [}
.
-
.
-
.
] ‘
-
i
.
- )
» .
[ad /
r 4
;
l. P
%
A Y 1
v} , \
L]
-,
N
. .
- .t
hd .
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| |
N i
. o, =
l )
N

"4



" TABRE 19 ¢ : s
e ’ P " g ¢ ]
MAGNITUDE OF THE 1-5 COUPLING CONSTANT - INVOLVING - THE ACETYLﬁNIC PROTON i
-’ . ! ) . K ' .' ' "l ) N ' - ) ‘
Compound " stricture . Original-Values 'Revised Values % ' ‘.
ESa— . B e ——— S (HZ) . (HZ) ‘ ~ -
_ ** - Trans Compounds s o

. B - H ' ’ . Y
: *12.3 4|5 : . .

-4 H-CEC-C=C-CH3 - - -
. PU - ' .

+
ey -
‘.
¢ .
- . ' .
. .

. H CHy SR . Fo, S ,
. 1 . ‘ . ‘ - ‘ Q] ‘ .
6 . H- zc-gzc-é-on ST, - 0.6 . - 0.54
- - ’ H CH3 ‘ ’ ' .
v 9

& i . ot 1\ "‘ . .w;. | o.
o L X U S
L S R H-CEC-?=C-¢-0H | B X IRV K- S

- ChH3 |

L, Y . :
e e
. T s ’ ] S =

| . - .
11 H-C=C-C=€-CH,0H : T . 0.6 ’ ©0.32 ¢
4 2 ; . e Dl s .

9 o CH ) '. - 1 : B i
. . c . S N

. : | L : =
14 i H-’CE -'Z:C-(E—OH o 0.'6. . -\, 0.58

H%CH3 - ' » '
L 15 H-C=C-C=C-C-0-C-Ni-g ~ . . .06 - 0,17
i';\ . - . H  GHy . o . '
g ‘ . ' : \ - )
! . .
‘ _ "Average 0.6 ° 0.48 - ‘
‘, ——— L e
: , :
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. '.- A, - . \‘ ) R ~‘ /. ) ’ -
*- TABLE.19 contiriuéd : - , T -
i . L.

A ~ ' S Q " ' ); N
o 'Co'm;)wnda ‘ ‘ :Str.‘u’c]ture‘_ CoL Original Values ReVised Values « .
. . ‘ < . H : = .. , . (HZ) " (HZ)‘ ' ’ .
-~ : - .J N v
~ i Cis Compounds * - T « . , . T

. . . ‘ - o +
' ) . . . . ‘ .' .

<. Hecse- =C-0CH, - - ' 0.9 Lo 0,82 o
en . . ) ﬁ?‘{ - P * t .

« b o ;
- HH » ‘ . . : < -
. N e . N ' < ‘ .

i 2o R . . - . BT
. - R \ N “ . .
B & H ' sor CH3 N T L T !

. | ’ .
. ' 7, H-C=C-C=C~C-0H : - . 0.8 - 0.82 .

. N t . ' ] . . . A
. - . CHH CH - . R
.- . 33 | N ' | R )
e R AN H-CEC-(':=€:CH20H- T : 0.8 X
. . . ] : : ) B . .
I S : CHH - Lo, . .
{ . ) . ¢ ‘-- 3 3’ .4 . L Yo, . '
PEEERN : A C : ' 5 - :
| : o - -, 1 : -—-"‘D‘ . a . N o
-5 13 ' H~C=C-C=C-C-OH - ~ " : 0.9 «° 0.89 )
’ o , . [ A . ) : . ' .
Sy T T HHCHy - L S - oy
. . . » a - ., { /¢ . .
toe - . - . ) <~ — -
Average 0.85 ° 0.74 , .
v 4 -
[ TR U - . /\ “ . .
¢ : }] o a & ¥

[ 4 ° .
v . ¥ - o !
l i * - ~ . ° ‘ *

' T » * PIRE 4 he -~ . At
- . - I I .

3 . - ~ : : -

( : ) N A FLE N .
5 hd .
» s " . | PN , *



A
L} N\
o B ¢
.

compound 4, the lack of an oxygen in the sfructure 'has removed any

resolvable coupging.' The 1-5'coupling constant with the B vinyl /;////
. ; : o

protons is about 0.48 Hz when the vinyl protoné are trans, and about

' 0.74 Hz wpen tpe vinyl protgps areﬁgii to each other.

. 1.5 ¢ Magn1tude of the 1-6 Coupling Constanx ] * 4‘ - A :

In all cases of 1- 6‘coup11ng with the/ acetylene proton, the

coupled’protons are trans. The revised magn1tudes are still small and

negat:ve as expected for even numbered bonds (9). The values are
2 S
given in Table 20. LCompounds 3 and 15, and the cis compounds, compounds
by u T
-12 and 13, show no coupling; in the latter case it is the position,

* rather thah distance, that seems to detenniqe the magnitude, of the

coupling constant. ) ,:’!
r ' , “« o . A |
. |
7.6 Magnitude of the 1-7 Coupling Constant . o . N\

Possibly the 1 ngesi coupling constant found in these
compounds was a 1-7 ‘coupling in compound 18, originally estimated at

0.9 Hz. \But the only way to resolve this nine-spin coup]ed compound
\

/-"'

with LAOCN 3, was to split it into several independent parts wwth the *

i

ﬂ,* X- approx1mat1on, ig so doing’, th1s coupling constant wasflost (See

K

Section 5.2).. \

AY

0

a‘%evera1ﬂether compounds of simifar structure, namely compounds
16, 17, 19, end@21,_show a broadening in these two bands, but ‘are not
Hnoo -

o actually resolvable (see Table 10). ‘ - . : °

» : - ! \




* TABLE 20

MAGNITUDE,OF THE 1-6 COUPLING CONSTANT INVOLVING THE ACETYLENIC PROTON
- . ~ e Y%

1

. Compou\nd - Structure - 0r1‘g1‘ﬁa1 ‘Val’ues Re;vised Values
= = (Hz) _(2)
WD H h i
. 12 314 516
3 H-C2C-C-C=C - -
"*“HHP
. e :
4 H-C=C-C=C-C-H . : . =0.7. -0.717 °
Nk T
W Lo . | » X
. ‘- . o ‘.
s . H-(‘:-CEC-EI::C-COZH ;\ ~0.6 -0.36
H H . ) o
11 H-CEC-‘(F({-(E-OH =0.3 -0.01 A
| fH3 B -y » '
!/ S
LN e ‘
12 H- ég-?==', -OH - R '
CHaH. H -

13 H-C=C-C=C-C-CH, : S R -
.o N bt : : oo . -\ o
HHOH o : C e e
: .o e ‘ t. .
) Co ' he v
. . ' : - / 1"‘““ h * . '.* - ’
3 . M o - . \ \
. * "
? . 'g» .
» . < -
v‘ . v":‘ ~
) € ’
g .
oy, .
¥ . @ ,:n.'
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1
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‘ | TABLE 20 continued ' - ¥ ) C .

Compound . Structure -. - Original Values Revised Values
—_———— = T ' (Hz) : (H2)d -

o
—

. HH' L o A
.t I \5 a ) . -

. HCHCLC-CoCHy L 3 X -o.5 -0.47 :
| H o OH - .o T .

L . .
»
' HH 0 ' (/if—? " .
-«' ~“"‘ | 1] M » ;‘ v °
15 H~C=C-C=C~C~0-C-NH-0 - 2 Co
‘ | | - o'
H™ CH . - - “
[ -~— 3 ¢ - —— ]
“ R L * s . B
- R Average =0.5 -0:39
] . . ' j SEPY ‘
3 - t
| ’
| 3 P
| ’ - ) - .
5 : ,
. o ) - -t S |
H . A ' N
‘ - D
‘e . « - : :L\ . N ! ' . : B .
N | ‘ ’ R 4
L ] R i . -
N . 5 i i
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: ’ ~~— ) . /"
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APPENDIX 1
‘ : !

 ORIGINAL EXPERIMENTAL DETA‘LS'AND ANALYSTS - s

NG ..'

i " " A1l original spectra had been run at room temperaiure on a .
Varian A-60 spectrometer, using tetfamethy1\si1ane (TMS) as -an internal
‘standard Dissolved oxygen was removed by flushing each so1ut1on for \\;;_V) A

five minutes with n1trogen

The amount and the so1ubi11ty of the avai]ab]e samples had
requ1red the use of various solvents and concentrations _Three
solvents. were used: i n

v

"

chloraform-d '

-

L acetone—d6

acetone-d/D,0 mixture,

.‘ st . e ) . {" ) ! /. . ) o
. The solvent most often used.was chloroform-d (CDC13). The sample tubes — . .
s V. ;

>/}fﬁére.the standard 5-mm tubes, filled to a minimum depth of 3 cm.

. LY

A 500-Hz sweep width Was used to obtain the overall spectrum,

- and portiéns of intergst were then éxpanded to 100 Hz or 50 Hz, ‘

I !

‘whichever gave better resoThtion. 020 was used on occasion to exchange
the hydroxyl proton(s), to imprbve the resolution, or to shift the

‘hydroxyl peak away from the pedks of interest. \ﬁk/V' , o -

QOriginally, -since the core size of the IBM 7074 Being used

’prec1pded the‘fit:bf combyted to experimental spéhtrum, all such

fittihg‘was-done.by'hand.- It ofteﬁ'rgquired from 2 to 13 calculations R

. . '




o

ta -produce reaspnably Superimposab}e spectra. ’
. f ' ;‘ d ; | ' o’b ’ ‘ .D'
The original information on these compounds was obtained in
‘ o - ‘ . N L
L 1968. Since only the spectra and nft the original ompounds were

. ‘ ' . ?

avaitable for the present study, if was not possible/to re-run or - o

alter any spectra for better resolutioh with more advanced instruments.

In the intervening period the spectra of two compounds, namely
. * . '
compounds 22 and 23, became lost. In" this re-analysis of the remaining

. " spectra, only the actual information from re%ﬁab]e spectra was used.
(R . qQ

N




APPENDIX 11

'
. o

DATA CARDS FOR LAOEN 3 PROGRAM
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APPENDIX II

RN

' " DATA CARDS FOR LAOCN 3 PROGRAM
. - The data cards for LAOCN 3 were prepared as fol Tows (2).
Card 1 FORMAT- (213,10A6)
Columns 1 - 3 contain the case number (NC) 1-999
"- 4 - 6 the number of protons (NN) 2-7

) . . ¢

. 8 - 70 the. identifying comments, name of c'o\ny)odnd -

Card 2 FORMAT (310.3) | S ‘#J
o Cd1umps 1 - 10 the 1ower limit of f'requency rnnge in Hz (FR])
' 11 - 20 the upper Timit of frequency range in Hz (FRZ)
(\ 21 - 30 the minimum intensity of 1nterest/}(AM1N) .
. f " /. Co
Card 3 FORMAT (711) = - N LI
| ,' Cow_mns. 1-"7 This card contains iso;:ope identificaé; .
Ly ‘ numbers;’ each nuc}ear spec.ieé\in the system
- : is assigned an integer mumber’from 1 to 9’ )
'1' i . e.g., A system of four nuclei aHJ protons
. A ,\ . o - coﬁld be specified by a card'pun'ched 1111 ‘
' (or 2222 or 4484, etc.). bf{ve-épin system
i s . with two protons,. 2 phb’gphorous-31 nuclei
| | ©© - _and1 fluorine-19 nucleus could be specified
-7 .ot _ L by a card punched 11223 (or 44556, .&tc.).

\\_q*?’ﬂ',' ’ . RN



. . . .,
AN - . - 8
. . .

‘"
- card 3 + NN FORMAT (7F10 3) .

2

‘ ) . Thig\cd/a contains the coupling constant
' ACNN - 1, NN). , v
z . /’ ( N 1

" Card 4 + NN FORMAT (711)

Gard 4  FORMAT (7F10.3) S - R

The chemical shifts (W(T) ... W(NN) Y of the

. nuclei 'in the same order as the.isotope e L

\ numbers are punched on this card.

[ ' L =2

Card 5, FORMAT (7F10.3) ST

This card contains the coupPﬁng/cUhstants *
A(] 2) A(1,3), ... A(1,NN) in that order.

Card 6  FORMAT (7F10.3) L o
' C - - This card contains the coup]ing _cofstants

o A A( 3), A{2,4), . A(2 »NN) ‘q
S ' ) o
Subsequent cards as required are used to feed in the remaining

coup]ing constants up to e . ' " C

) - -

NI, NKTL(1) are punched on this card. NI is

,f,xhe&number of 1terations, if 0 no further

LS - . N e
.

e
‘ §9?” cards are read for this problem. . NKTL(]),
o . if 0, no*carﬂs will be punched; if .non-zero,

' ca1cu1ated frequencies and 1ntgns1t1es will Y

"be punched on.cards. - ‘ ,

-




[TERATIVE CALCULATION - - . o -~ _
, . | B " < . Data cards)? tq‘4 ;'NN dre.prepared for an

itérative calculation'exactly as above, T
" - &cept that the control variable NI is given .

S e . a value > 0, usually-9. Further cards are -~

e N
s

. 4 - then read as ‘follows.

4

Assigned Line Cards  FORMAT (14,F20.3) |
o _The assigned Tine cards are prepared by .
-~ : '. . compar1ng the calculated spectrum obta1ned
' ) above with the exper1menta1 spectrum For
, . . | 'each Tine in the experimental spectrum which
1s.matched;g;hla line in the trial direcf
calcutation, one data card is punched. One
dxdérimenta] Tine may, of dourse, be matched

with more than one ca]cd]ated transition.

Colums ‘1 - 4 contain fhe identification number from'the.-

trial‘dimect calcuTation

‘ c .+ 6 - 12 the matched experimezfa] frequency”
. "First Terminator Card
'y A blank card is added to s1gna1 the end of
)' .
‘ the assigned Tine cards v
-

L

- _Parameter Set Cards’  FORMAT (6(I1,I152X))
Each card contains thd-specifications of the .

- : .
- parameter.or parameters which are. to be




S

s

L . .
When two or more parameters are|membérs of a

- . . ‘ . v
B . .
- .
° . .
4 4
. a Lo Do s :
ER w " . L - D . n

varied together in attempting td fit the

spectrum. 1

\

single fet; it is usually because of some
symmetry %n the m61ecu1e. o

e.¢., The chemical shifts of al protons in
a s1ﬁg]e methy1 group, or of the two ortho
protons 1n a monosubstituted benzene, or the
'two ortho coup11ng constants in para-
d1subst1tuted benzene form a set in each
L
case, , B \

: . R U

. B z \ )

One set may contain as few as one,\but no
more than six, parameters. The~paf%meters
are spec1f1ed by two subscr1pts fﬂe first
subscmpt gives the number of “the nug]eus ,
(same numbering as~prev1ously emp1oy%d for
the isotope numbers, chem1ca1 sh1ft and
coupling constants). The second suber1pt
is zero.” In the case of the coupling

-y

¥ numbers of the nuc1e1 coup1ed ‘

No more than 28 parameter et cards may be’
" read. Eachéeeparate nucleus must ap ear no

* more than once. o '

.o

ke,

N

constante, the two subscr1pts areﬁthe '(f—\\\



. - - .
Second Terminator Card ‘ : \ o

. ' ‘A blank card is added’té signal the end of

tie parameter set cards. - .
2 ) NN . ‘ s - ) | ’-, ‘ .
Run Terminator Card , ’
. N

Data cards for several prob]ems both direct
ca]eu]atIOns and iterat1ons may be stacked

- sequentially The end of the run is

@ [N . \
sign1f1ed by adding one b]énk card to thg
LA S end of the data deck.’ » :
R " . , . ‘ @ - : - o .
’ ¢ > -
LA - ’
~ ‘ " ' i . . ’ -‘ . ]
’ ! ) P ) -
& . —_
J
. . |
. - - =
Y - ' '
‘ L
g ’ - 1 ' @
L Q N
] ,;
L 1 * ":
~ (-,’;!}
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- \ ' ¥ ‘ :
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Lo T e APPENDIX I11
' " DATA CARDS FOR SHAPE PROGRAMS - | ,
These programs gerierate and plot Lorentzian T1neshapes and/or

stick d1agrams from input frequenc1es and 1ntens1t1es .

»

. SHAPE p1bts with h1gh frequenC1es to the rxght SHAPE 2
'plots wi@h high frequencies to the left.

2 . . -

. Data-cards are prepared as follows (4).

Iten 1 NSPEC, IPLOT, NAME-  FORMAT 213,7A10 ' ~
NSPEC spectrum number. A zero or blank value for NSPEC
. " will terminate the run. o
[ ¢ ——r
IPLOT O for Loggn%zign Tineshapes only
. - . IPLOT 1 for Lorentzian Tineshapes apd stick diagram

f - 4 ' ? ‘ ‘ |
IPLOT - 2 for stick diagram only ' ' o

e " Item 2 WIDTH, FREQL,~FREQH _ FORMAT 3F10.0
WIDTH  width of Lorentzian line -
FREQL - low frequency 11m1t of p1ot

FREQH . high frequency 11m1t of plot

’

.l " Item 3. HSCALE, HEIGHT, ZAP FORMAT 3F10.0
HSCALE hor1zontal sce1e of plot 1n mm/Hz

N HEIGHT ~/;eight (1n mm) of h1ghest peak (HEIGHT g 250. D'mm)

.o ZAP - minimum effective resolut1on (Hz) for stick d1agram Y

&Qs Selected ) , Y

Y

|
{ ) .o \ (Regpired on1y if one of the stick diagram options
o .




another. ’ !

LY

[}

FREQ(1), AMP(I)  FORMAT (2F10.0).

I cards | i . ‘ B 3 IS o

FREQ(T) “Fréquency (Hz) of ith‘1ine

AMP(1)
L

intensity of ith line

4

A blank cqrd.tO'signé1'the‘end if the item 4 data

c 7 "

S et . -». . © R . .,
Complete data Sets {items 1 - 5)*may be stacked one after

To terminate the run, pdq;g‘furt eblank card. Note that

Y '
e .
.
.
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Y
0

LACCCON 'ITI

9

CASE 108  METHYL TR

-

INFUT PAgmjfsts

W{i)=

NNZ &5 FREQUENCY RAP

S=2-HE

E-4=-YNATE ' '

»

f
120,400 ~

~

<

n Ty

1
1
" W(3) =
1
1

W(2) 2

W)=~
H(5)=

T A(1,2)=
- A(L1,3)=

120,400
120.400
368.000
402900
-0.000
0,000

£ 94,000 _ 450.000 MINTIMUM INTENSITY ‘020

AL, W)=

R(1,5)=
AL2,3)=

“0600

2,400
-0%000

At2,4)=. -+600

A(ZyS)-‘-
5(3)_3):

2,000,
) ‘0600

iy A(3,5)="
\ AlLy5)=

2.400
16,200

DEGENERACY
QEGENERACY
DEGENERACY
DEGENERACY"

DEGENERACY

DEGENERACY
DEGENERACY

DEGENERACY




°

. N
A

- .)cnss NO 109, . : 3 R B

/f R i ~ 0
¢ o LINE EXP FREQ ' CALC FREQ  INTEN ERROR |
4 121,284 3.018 : . ~ ;
K 4 373.600° 1.382 - ) RER"
- . 5 4160216 +600 . :
~ . 6 , 121.295 4.024 '
\V'oog : 374.081 1.407 -
12 ‘ o 413.954 «S5A7 ~"7 |
17 : 121.285 2623 y ‘ |
X 121.295 . .333 ‘ ) . |
- 20" - : 374.079 1.3¢2 Co
23 . . . 413.926 o314 - . . .
27 ’ . ° 1214295 4333
28 121,295 2623 _ =
31 374.079 1,392 ) e .
33 Y7 413.926 273 ‘
3y’ 413.926 e314 -
38 - 121.766 * 3.029 ] Y
45 ° 400,017 - 1.352 i \\
52 1121323 2.9A9 | R N
55. N 357.401 630 .
. . 56+ . 121.305 3.019 - :
. S7 ' . 374,543 1,436 ;o - €
: 650 411,692 " 4570
‘58 3744540 «953
658 : 374540 L4823 i
71 . - 411.665 516 - ,
72 411.665 . 055 . .
3 78 ..+ 374540 W 483 :
79 . © o+ 3TheSu0. 1953
R1 \ 411,665 2055
a2 5 411.665% +515 -
87 - ’ 121,756 4.,03¢ )
) KL : 121.756 - «055 .
L ﬁ Qg - 121.756 «954 o ,
N - 103 - 397,727 .106 A .
N 104 397.727 1.291 :
. 108 e . 121.756 . +954
| N 109 ' 121,756 - .055 o . .
| 113 : © 397.727 1 1.291 .
| 114 : ‘ 397.727 106 - : : ' ,
120 119.033 3.959 L
128 , __357.886. - ,597" =
. M31 119.033 247
) . 132 . 119,033 . 742
; : 133 N 357.879 «382
- N . - . \ \




215

134 357.879
, “1l1 119,033 - o742 \
! 142 118.033 22U7
’ - 143 " 357.879 0215 .
¥ 144 | 357.A79 ! +3R2 '
""155 11/9,506 2,982
156 374.979 1.470
161 121,742 3028 !

. 163 ©395.496°  1.445 - T \
SIR-;GEo‘m;{ WILLIAMSEEVEVERSITY - ) ‘
- , 174 s 395,465 «937 .

17% 395,465 . .509 ° x
177 119.048 2.969" *\\\\\ .
~—- 178 358.346 561 LT
184 3584341 560 .
190 3534341 +560 o .
. 195 119,494 980
. 199 119,494 ".980
~ 203 z 119,494 3.976
206 6 393,237 - 1.499 \
' v - 208 119.483 20981
“n,
i 1
| : C P

vt




ORUERED LINES CASE

>

109

©

)

| LINE EXP FREQ CALC FREQ INTéE ERROR
- - 52 119,023 2.96¢9
// 120 119.033 3.959
/' 142 19,033 247
132 119,033 T oe742
164] ) 119,033 2 T42
131 11900 119,033 247 ™ v
177 . 119.048 2.9A9
203 o 119,483 24981
195 / 119,494 <980 ° f’
199 119.494 «980 ‘
202 119,484 3.876 \‘
' 1158 119.506 2.982
1 , 121.284  3:018
é 121.295 4.024
27 121.295 ¢332 . '
28 121.295 673
17 |121.295 673 .
18 [ [121.295 4333
56 12100 - 121.305 3.019
161} 121,742 2,02R '
. 108 121,756 ' 4954
109 121.756 Y055
98|. 121.756 .055 — i
99 121.756 «954 ‘
897 121.758 4.039
_39f 121.766° 3,029 ‘
- 55 (’ 357.401 <630
» 143 b 357.879 $215
— 44| - N35880 -/-|357.829 .382
133 o {357.879 " +332
134 ‘ 357.879 215
125y . . 357.885 .597
190\ - 358,341 560
~ 184 35940 358,341 +560
: s N\{358.346 a561
207 358,781 «520
: 4 - 373.600 1.3282
31 374,079 1.392 .
20| ) , 374,079 1.392
9 374,081 1.407
78| \37480_/.|374.560 —___.u83
. 79 3744540 «852
69 374,540 «483
. 68 74,540 2953




\ “6”7‘/ 3744543 1.436 ) _
. 156> 39414 . 374,979 1.470 \
e e 20€ . 40 393.237 1.499 :
177 T35, G665 -+937
175% ' 395,465 509 ...
. 169 39656 395,465 +500 = :
174 395,465 .927 - ) "
163 395,496 1.445 ‘ .
, 113 307.727 1.201 1 7
- 103 397.727 «106 ‘ J
SIR GEOR{}: CIVEVERSIEY L (
95 ~N397.757 " 1.39€
45> 40150 k00,017, .1.352
157 41040 409,435 g:g '
82l ., 11,665 . ‘ , .
72 " 1411665 «055 . ,
81 4"‘78 ‘*110665 0055 , - " r i
\ 71 411,665 516 ‘ e -
\ 60 411,692 570 . L
32 ' ) 513,926 .§73 )
22 “130,926 . 1‘1 ' - e ’
34 41510 443,926 e 314 : g . |
24 . 413.926 $273, e . ‘ L |
12 . 413,954 587 ° : v . ;
_ 5> 41720 4164216 600 :
ENU' OF CASE 109 - } 7
’ v \\
‘ | L]
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. N ; V4 ]
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LACCCON TIII

CASE 109 METHYL TRANS=-2-HEXENE-U4=~YNATE

NN= 5 FREQUENCY RANGE __ 90,000 450,008 MINIMUM INTENSITY ' .020

INPUT PARAPETERS

CW(1)= 120,400

.
-4

1 .
1 W(2)= 420.400 )
1 (3= 120.400 ,
1. M= 363,000 - -
N T W)= 402,900
- ... Ati,2)=  =0.000 &
o BU,3r=  -0.000 \
\ AlL,4)= -.600
- A(1,5)= ol
. A He  -5H00 ‘s
L AM2yW= -e600 v
\ A(2,5)= 2.400
N A3, L) = -+ 600
A(3,5)= 2,400 .
AtL,5)= 16,200 °
PARAMETER SETS g
1 '
WD ‘
W(2) R I
; ‘qu; ' ,
W (%) '
’3 - . ~
C W)
A S :
AL, W) d
Al2,4)
“AL344) )
. .
Al1,5) ‘ .
A(2,5) T ;
- _A(355) v
6 L
* ! A(‘OI’SQ . ¢
. DEGENERACY.
) DEGENERACY - :
" DEGENERACY T ] \'m
©« _ DEGENERACY ;o
- DEGENERACY . _ ~
! o, E « —4



K '
| i g .
| ¥ Lo . - ¢ ,1
. " DEGENERACY
.DEGENERACY" . i T~
DEGENERACY 2 Vg
ITERATION -0 R M S ERROR = -  .858 7R
. DEGENERACY ‘ ’ C
LT . DEGENERACY : . :
’ : DEGENERACY ™ . ' : ‘
3 N *© OEGENERACY .o .
DEGENERACY . * s
ITERATION 1 R M S ERPOR = .155 -
' .. < ﬁ‘ -
SIR GEORGE WI%EEWYUMVERSITY B -
, DEGENERACY : LN
’ DEGENERACY . -
. ’ DEGENERACY . g s
DEGENERACY . . . s
DEGENERACY," . - SR .
: ITERATION 2 R M S ERROR = '155 y
: ) ) ;/f .
Tr - " !. - a- . -
i 4 ' o \
. <3
< 7/ T
. ’l -
' , ~
* . ' e .
) N .
’ ! \ N - . |
" ) . T
- - - “ ) \ ‘
’ v - ’ \ 4 ’ .“ i
. . g’
I ° - i
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"BEST VALUES CASE 109

’

PROBABLE ERRCRS OF FARAMETER SETS

o

-

022

—

1 W(1)= 119,999 _
1 -~ W2)y= 119,999 ! o
1 W(3)=. 119.999 ’ \: '
1 Win)= 368.631 -
1 H{5)= 404,140 :
’ K(1,2)= =-0.000 - - www}
. At1,3)= =0.000 "
- Aii,u): =201
' ) AtY,5)= 2.341 °
o\ A(2,3)=- =0.000 .
- A(2y4)= -,204
\ P(2,5)= 24341 .
A(3y4)= ~-e201 .
A(345)= 2.341 -
3} Allsy5)= 15,943
ERROR VECTNRS AND STANDARD ERRORS
o + 9805 3049 - 00%0° . 21369 " 01381 -e 0126 .
L STANDARD ERROR= . 032 - ‘ /
_7m0572 28746  .1021  .2120 1282 -.4001
o SYANDARD_ERROR=, 036 . ,
» 0109 0561 9274 "~=,0598 <0406 «3608
- STANDARD ERROR=" 033 e
e 0372 =-.1066 .0666. - 8219 =,5523. L0477 -
- STANDARD ERROR= * .039 .o * ;
"'01838 '02316 '-0023 ¢ .5038 0810“ .0#61 h .
- STANDARD ERROR= *. ,037
- 0049 4072 - -.3536 0544 _ 40326 .8397, ‘-
STANDARD ERROR= . 054 -

‘OO e

Tl027 .

. ®..025

- ![00?6, - \
<025 :

032 -

-~ 7,

-«

e




et oy

El

- R
'

CASE NO 10¢ T 7 .
LINE' EXP FREQ  CALC FREQ  INTEN'.' ERROR :
b | 121.30041 121.086 30232 -, 056
Ay 374,800 374,747 1.272 . 053 .
’ S u17.,200 417.192 +606 ° <003,
. 6 121.000 1214065 \ 4,030 . -.065 -
‘ 9 3744800 374.849 1:396 -+ 049 f
12 "%15,100 414,967 «59€ . 133 .
17 121.000 121,065 @ 704 =065 .
18 121.,000° 121,065 «304 -. 065 -
20 374,800 . «~ 374.849 1.322 “s 049
21 374L.849 <074
23 415,100 414,940 .363 . 160
, 24 415,100 414,940 23y + 160 ;
27 1i21.000 __4121.068 o304 . =4 065 »
28 121,000 121.065 " o704,  ~ -.065
30 T 3744849 7,074 T .
31 374.800 3744849 1,322 -e 049" i}
y 33 415,100 414,940 o€ 34 . 160 .
34 415,100 4144940 +363 « 160 - ,
39____ 121.000___ 121.158 3.024 -2 158
45 ¥01.500 - 401.250 1.347 250
52 119,000 113,830 2.975 <170 -
85 358,800 -358.805 ° .631 - =4 005
- 56 121.609 121.074 ~ “3.023 - 074
///// . 57 374,800 + 374,939 1,423 -+139
- ! 12,780 - 412,737 58 043
68 374.300 374,938 08 -4138
.o 69 3744800 374.938 1.915 -.338
71 412,780 412,710 .137 <870
72 412,780 412.710 b 47 « 070 .
73 374.300 374,923 1.415 - 133
79 374 . B00 374,938 008 -e 4138 .
81 412.78) 412.710 447 <670, LA
ﬁ 82 412,781 412,710 ° .137 « 070 '
- 87 121,004 121.154 L.032 -e 154
* 95 399,040 399.026 1.387 -+ 026
93 ?ﬁ 000 '121.154 455 7 =-.154
r 99 21.403 124.1%4 .E584 - 154
103 359,000 398.998 . «032 « 602 _ .
y C104 339,000 29R,993 1.35¢ « 502
- 1438 121.000 - ~ 121.15%4 «554 -+ 154
109 121.000 121.15%4 455 =.154
113 399,000 398,998 1,356 « . 002
114 399,003, 393,993 <032 «.002
120 119.000 118,835 . . 3.966 - _,165
12% 358,800 . 358,909 ° +E05 -+109 ;
131 119,000 118.835  ,855 .,  ,165.
132 119.000 .118,835 ~ ,036 165 ,
133 353,800 358.906 «050 -. {06
134 358.800 . 358,906 4G5S -. 106




o\
A ¥ .i ! . o ‘l
-( “! 1 . ) ’:-( o - f‘ »\‘
1417 ’fig.ooo 118,835 . .036 16 , '
. 142 149 118,835 - 4959 .16 N )
. . 143 .35 .dOU 358,906 0555 -2 106 . N e
144 »  3983.800 358,906 - 050 ' -+ 106 2 oy T
,7 158 . 119,000, .  118.934'} 2.978 . . 066 - o
S48 324eBE0 - 375,013 1,454 =e 213 : e
A57 7, 6104400 © | 4104504 - . o568  =a 104 - R t
] “e 1‘08 L . “.
SIR GEGEGE WigavsEieeRsty i () . T -
. 469  -"396.560 396. 768 . <.103 0208 7 o S
.4 ¢ L
o 170 396 4560 396,768 1,329 -e203 °
- C§4 | 3seiseo 396,768, <1.329. .. 208 s
, © I8 - 395.560 396,768 . 103 .- 4. 208 -
’ N & & 119.000 118,862 . Z.574 Y., 1587 - |
©178 353.400° .. 358.999 4576 ‘a0l . ¢ . ‘
] AL 359,480 28:996_ . 05u° 'l uou |
: . #186 . 358.996 , W521 ‘ .« e ] |
. 189 - 358,996 ~° '.521 . :
: 190 3597uoh < 358.996 05h ch0b N\ ’
’ 1% . 118,924 4835, = ' )
3 > +119.000,, 1184924 ¢ 4158 2076 i |
199 119 000 21184928 - . . 4158 o 2076 _ N
w200 . 11B.924 825 T ] : . s
. 2034 119,003 118,924 - 3.970° [ w076 % /
: 20€ 3944400 - 394,563 _ L. 478 t=e 153 - =
y Y 207 354, 400 359.871, .54l . +329
208 -~ 119.000"' - 118.‘%}& 2.977 . 086 ) '
. - » . : I° : 'h / - - - '
3 - _n' /ot o 4 ‘
"\ ;‘ * ’ * v° ' N “‘-‘ ) > )
“‘ ‘\" l . . ) , . . -
© r P <
.’ s ..‘u © — ‘l‘ - "‘ . - ‘A ‘. “-
- . ‘ ’ ‘\.‘ . ) - ! 4.
% ~ e - v N M \ . ]
R r y ) :.. - s i RS .
- " V’ A J . N “‘l‘ o .‘ L
' S N . P - - A
oeo 8T ISR PP . AN (]
i . - no !
1 PR . T . - | *
\ e » R ) . ( - |
A . ' - y - w ! . e "4
‘ . A ! i
A ) J;'f . . o
i - e '
¢ i / * 2 3 “ ’ ,
o ‘ " ! , . , "
- . , . 3o, T
?_‘ L0y 9 . v ( . »
l:‘ ‘. i . R ' 1 \
& s " * ° ;/ ) " R .. )
¢ *‘ . *
' “ . °'~ ’ . 17 " , [y \\ -
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/ QRDERED, LINES CASE 109

\ . . ¢ [N Y. . DN
| . LINE  EXP FREQ  CALC"FREQ- INTEN -ERROR
| R . . . y . .
L e - ' e .
‘ y ’ l 'ﬁ‘ . 9
: 52 119.000 118,830 2.975 { +170 ,
120 11%. 000 113,335 «96E +165
141 119, 600 118{835 ﬁ.oae "+ 165
131 {19.000 = 118.835 ¢ .955 «165
. 142} aun. 118.824% .855 ¢ .| .165} d
132]  {19.000 118.835/ .03E .165
vy 177 119.000 118,342 2.974 2153
e . 208 119,000 - - 118.914 24977 686 D
: 200 . 118.924 «835 "
L L 199 119,000 ° * 118.924 158 « 076
P 1989 149.000 113,924 «154 076
N 194 . 118.924 +835 .o
. 203 ° 119.000 118.924 3.973 «076 -
15¢ 119,000 118.934 2.978 + 066 N
{ T1 oo 121,000 - 121,056 3.022 | -. 056
I 6 . 1210000 ’ 121-065 1.41030 "0065
‘ A28 °  121.000__ 1217065 o704 -, 065
. 27 - 12t1.000, 121.065 ¢ 204 . =.065
F 47 121.002 121.065 704 -+ 065
. - *18 12%.000 121.065 «304 =0 D65
. -1 124,000 = 121.U74 3.023 -, 074
- |61 121,000y . Y-121.148 3,024 - 14B
—93 121,000 121.154 455 =a154 | _
aqg 121,000- 121.154 «E5Y ~+154
Ms8l’. 121.000 "121,154 «554 -e154
1103 121,600 121.154 + 455 -e154}
- A7 1214000 -7 121,15 4.032 1541 :
; 39 121,000 121.158 | 3.024, -.154 -
= . 55 3684800 3584805 - B3 -,.(05
132 258.800 . 358,906 .050 -.106
143 358.800 358,906 555 -.1061{
134 358,200 358,906 #5565 -.106 ]
144 353,800 253,906 050 . -.106] (
125 358.8uU0 358,909 . €05 -.109 .
N ~€$1§n<_*ﬂjsglgna 358.996 N T A YT
. Tlise o 358,996 «521 .
g 1R ‘ 258,996 521 N
- —— 184 359.400 3584996 054 e k404
178 359,400 ° 358.999 +5.76 LU0l .
o b 374808 376,742 1,272 053
' 31 3744800 3764.849 . 1,322 -+ 649
. Ql 3
. ~ (] ) . . RS
’ . : . N Vel y . Q/)



21 : 374,849 07484
20 . 3744800 " I7L.8409 1.322 -« 0449 o
S 9. 374.800  374.a49 .(T1.396 ~. 049 -
7.8 3744200 374.93 15 . [ 438] -
. 4 68 374 .800 '374.938° .008 1,138 ,
70.. 37"*.800 37“0933 . 0008 ~e 138 ) %
69 3744800 3744938 - 1.415 ~e138
57 374,800 374,939  1.423 -, 139
156 374,800 - 375.013 1.454 -, 213} -
2086 394 400 - 394,563 1.478 ~o 463 .
175 396.560 396,768 0103, 0208 e ‘\\
“s 208
SIR GEORGE WIXlAMSOVENERSTEY 508 (&)
' 160 396.560 396.768 «103 ~. 208
l163] 3964560 3964796 1p43l [=e235]
! 103 299,000 39R.998 . .032 . GU2
113 399, 000 398.998 1.35¢ . 002
104 399,060 398.998 1.35¢ 002
114 399,000 398.998 .032 « 002
9% . 399,000 399.026 1,337 -+ 026
45 40150l 4014250 14347 .250 I
157 4104400 410,504 - «569 \\ ~»104
81  %12.780 412.71 cl47 . 070
: Y 4124780 412.71 , *137 « 070 )
e/f~\\;.az 412,780 412+ 740 .137 . 070
5, 72, 412,780 412,71\ _sbL4? . . 070
s 2260 U "612,78) 412,730 «584 2043
3y 415,100 414,940 «363 «160 '
33 415,100 Wbilk.940 « 234 «160 /
23| © 415,100 414,940 363 | .160
. 1 2u 415 100 414,940 23, | J160- d
4 § -~ _1‘2 4 1_53.1 OD __l_gl_lofgﬂ_ﬁ 7‘\” 0_5__96‘ =, - 3133 -
A : 5 417,200 417.192 .606 /7 ,003
. A\l .
ENO OF CASE 109 '
k.- ) %
A
+  The boxed. numbers represent cards that)were removed
,' because of llarge errors. See Sectwns 3. 1 and 3.1. N
- JE
“ : . "For co‘mparison between experimental and cé]cu]ated - ’
. : . (
~ spectra, see Figure 8. | A
. ) _ . |
n . \ ; v $ .
\ ' . . \ . - '
)) N oy ) .
‘.. ! ¢ » I - A\ “\ 4
3 .
\ ‘ A | ) o
Pt




CAOCCON 11T, S
. - - i B »
CASE 109  METHYL TRANS=2=-HEXENE=4=~YNATE -
(NN='5 FREQUENCY RANGE 90.000  450.000 MINIMUM INTENSITY 2020
{*‘_ ' _ -
INPUT PARAMETERS i )
, 1 W(l)= 120,600 . o - . -
“ 1 k W(2)= 120.480 T
» 1 W(3)= 120,406 - - . _
1° Wi4)= -368.0p0 ’ i
1 W(5)=- 462,900 - ' l -~
. AC1,2)=  =(.000 ) '
) Al1,3)=  =0,000° ,\\\\~_\ g‘ﬂ\\..
! A(l’l‘)'-' ~«b00 o . . ‘
by , .
. A(1,5)= 2.400 : . ~;> ,
A(2,3)=  =0,000 - : w///ﬂi ' - y
A(Z’L‘).: Lt ‘.6'00' . ¢ ! ‘ - °
- A(2,5)=.  2.400 e
Al3y4)=  -,600 . L L -
A(3,5)=  2.400 = f” ; AN
Fl4y,S)= 16,200 . :
. - ) /f‘ \.. Py ' ) ’
. PARAMETER’ SETS ¢ ;’l'\\g -
i : - —- A ) :
HI1) A - , ey :
! W(2) - i
H(3) - 2 - .
2 - --
Wiy ' - v -
3 . ‘l - ”
W(5) . / , -
l" i ‘— '\
AlL,4) ; : .
L A2yl .- ; |
A3 44) ' T ”
5 - - =
: Al1,5) \ , ;
’ , A(Z,5) g . , -
C A(3,5) : / - ’
6 I}‘ - "q ’ Y, . , °
: : o Al4y5) ' - [ ‘ .
.. ¥ DEGENERACY i . .
i, .a_ DEGENERACY . . _— o
- N o . o s § | ;- ;
B . A N R -
| B ‘ . . . . - °. . e ) r . ~
| ' S i T - \‘\/
: o .' , L -y 0 ' ) o . , . Y ; o

¢




"DEGENERACY™ . , AR
DEGENERACY /7 T s
DEGENERACY / - L
DEGENERACY o L
DEGENERACY L -
DEGENERACY - -

7——_‘;TgkATIon‘

A}

f R M S ERROR-=
DEGENERACY -
DEGENERACY . . :
DEGENERACY "
DEGENERACY o

DEGENERACY -

SiR GESREN

9  ITERATION

DEGENERACY P

DEGENERACY . L oo .
DEGENERACY R 4
DEGENERACY

DEGENERACY

2 R M S FRROR =

Tt P Y

- L ‘ 4
,

['e

L

N

e



»

BEST VALUES CASE .109

[N

——

1 W(1)= 120.000
1 Wi2)= 120.000 , .
1 W(3)= 120,000 ° >
1 ’ K{4)= 368.756
4 W(5)»= 404.105
’ A(L,2)=.- =G.000 _
A(1,3)= -OOOOQ , i’
A(iy")= -e364 -
A(1,5)= 24432
A (Z, 3= -0.000
B(2,4)=  -.364
~ " A(Z’S):—" 20‘032
A(3,¢0)= - 364
Al3,5)= . 2.432
16,032

A(4,5) ="

ERROR VECTORS AND STANDARD) ERRORS

¢9613  -40265 =.0617 | =.U373 -.2612 0432
STANDARD ERROR= 026 S
«0360 7480 ~,1032 =~.5046 ,2124 3590 |
. _STANDARD ERROR= s 043 L
=.1085 0175 .7908 =.2216 =.5230 ,1997
x . STANDARD 'ERROR= $021 . E
T =e1065 © J44AE  -.1924 6938 -.4481. L2611
o STANDARD ERRQR= "4 029
«2259 1667 5§65 . L4617  .6285 . L0670
STANDARD ERROR= .022
=e3231 ~-.438R  -.1209 . .0172 .1315 aB699
. STANDARD ERROR= 037 '
~ 5 ]
PROBABLE ERRORS OF PARAMETER SETS
1 017 o
2 .0¢8 S ,
3 015 - .
4 - .022
5, 0017 . :
6 .025 AN ~
¢ \
— 2 ( -
A g




13;{i

-

A .
| CASE NO. 109 )
4 LINE EXP FREQ CALC FREQ  INTEN  ERROR
1 121 . 600 121.019 3.021 - (19
4 374,808 3744664 1.374 «136
5 417,200 </«17.3ua ’ «€05 ~e148
(3 124.000 - 121.029 4,028 -+ 029
9 - 374.800 374.919 1.399 -.119
12- 415,100 415, 043 ' 594 « 057
17 121,000 124,029 2981 - §29
18 121.000 121.029 027 -.029
20 3744800 3744918 1.359 -.118
23 415,015 W2t ‘ &
‘ 24 . . . 415,015 573
27 ' 121.000 121,029 2027 -+ 029
28 121.000 121.029 .981 ' =,029
30 ! , 374,914 - T -
33 ' 415,016 573
N 415,015 621 ¢
39" 121,274 3,027
45 401.508 401,317 1.347 . 183
52 118,714 2.972 ,
: 55 358.800 358,633 e 632 . 167 .
56. 1214000 121,639  3.622 -.039 (| -
57 . 375,158 1427
A0 412,780 412,735 2580 » 045
68 - ‘ 375.157 1.427¢ :
71 412.789 412.707 « 554 . 073 b
72 4124780 412,707 .026 . 073 :
79 3754157 1.427 :
81 512,780 412.707 « 026 . 073
. 82 412,789 432.707  .554 073 .
87 T .121.268 4,036 3
Bk} 121.268 882 v ¥
~ ., 99 121.268 127 .
103 .399.C00 398,983 .021 L 017
104 399,060 334,983 1,369 . 047
108 121.268 e127 . ’ .
. 109 121.268 +882 .
113 . 399,000 394,983 - 1.369 . 017 :
114 399,000 393,943 021 . 017
. MA20 118.721 3.962
125 - 36584890 603
131 118,721 J035
132 118,72 +956
353,337 «570




e . 134 3584887 «033 ‘
. 1641 118,721 <2956
442 118,724 .03%
143§ 358, 897 033
’ 144 "4 358, 887 570
158 119,000 1168.971 2.979 + 029
156 . 375.378 1.460.
157 % 410.400 4i1t. 427 561 -. 027 ¥
161 ) 121.253 3.026
163 . . 396.706 1.436 . v
6 3 Qe : -e115 =
SIR GEDRGESBLLIAME URNIVERSTY 22 ()
174 3964560 396.675 +003 -+ 115
175 * 396,560 296.675 1.428 - 115
177 118,731 2.972
- 178 - 359.129 .571
184 “359.126 « 564
190 359,126 $ 564
19'4 , 1180960 0026 v\
195 119,000 118,960 . 897 <040 )
199 119.000 118,960 " .897 + 040 :
200 118,968 . 096 -
203 119.000 118,960 3.972 TN
206 * 3944403 394,396 1.487 004
207 359.400 359,347 534 + 053
N 2u8  119.000 118,948 24978 « 052
f ‘»
|
- ‘
|
1
N -
/ o \ LI |
) o
‘ . ~ . i -
f' iﬂ ¥. - : ~
o ‘ >



-123 - -

. ¥

ORDERED'LINES CASE °109

y LINE EXP FREQW CALC FREQ  INTEN ERROR,
@ ’
52 118.714 2.972 ?
12¢ 118,721 3.962 ‘
132 118.721 .956
. 142 118,721 035 N
131 118,721 035 B
N 141 118,721 <956 A _uj —
177 118,731 2.972 SN
208 119,000 118.948 2,978 . 05 4
195 119,000 118,960  © .$97" 040 ¢
194 ~ 118,960 .09 .
: 200 118,960 096 \ .
} 193 119,000 © 118,960 897 040
| 203 119,000 , 418,960 3.972 L+ 040
155 119,009 118,971 24979 029"
1 121,000 121,019 3,021 ~ 24019
6 121,000 121.029 4.028 -.029
N\ 27 121.000  124.0 2_9________._09 21 -~ 029
‘\\ 17 121,000 121.029 ° .981 -.029.
24 124.000 121.029 984 -.029
18- 121.000 121.029 ‘627 -,gg: .
56 & 121,000 121,029 3.022 - & -
,16% 121,258 3.026 - : ,
93 - N 121,268 4882 s r
108 121,268 .127 ' ‘
’ © g9 . . 121,268 127 .
109 . 21,268 <882 :
87 121,268 44036
39 , 121.274 3.027 .
55 358,800 ‘358,633 +632 2167
134 258,887 033
.o db 358,887 570
133 3584337 570 .
143 358,887 033 <
125 356,890 603 :
184 MR 359,126 » 564
180" 359,126 <564
178 359,129 571 :
207 359,400 359 o7 534 . 053
. 4 3744800 37«_&4 £.370 136
30 374 MY3 040 o )
g 31 376,300 37%.913 1,259 - 118
“ o1 378,918, .06 ~ ‘
20 374.800 3745918 thsq -e118
9 374,800 1%399

‘3744919

e 3.19

-
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375.157

- 124 -

79 ‘
, 69 275,157
57 375.158
156 315778
20€ 3940400 394,396
175 196456y 3P68BT75
L7V 396 .561 1960675
174 3864564 196,675
ieee = .2 159 . 396,560 . . 396,575
163 396,706
SIR (%Qﬁ)l{(an UPII!,%§3a;35
133 399,009 398,943
113 539,005 ELNES
S 1Y 399, 60y k ;
45 Wil <5y 4ul. 17
157 4104403 ui1d. 427
82 432,784 bi2.70u7
L AL 4324780 Wi2.707
. 72 ‘w124 780 4125707
¢ 71 412 . 780 4i2.7u7
o1 B0y 4124744 4124735
| 23 415.115
L34 0 415,015
_ dou i 415,015
23 415,015
) 12 415100 415043
o 5 wiZe200 4174344
LN, ° -
N ENC ‘OF GASE 1{7 o~
o )
b N
s -
1Y 1

3 £
1.427
10“27 ’ ~
1.427 ¢ " B
1.460
1,487 . L
1.42¢0
TR(Y, ' .'
«008 *
,,,,, 1428 . 5
1.43¢ )
. C17 PR
\’fligi Y . .c17
™~ 021 . 017
T 71,369 T Lei7 N
o oUiif
103"7 '1183I -»
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554 « 073 , -
_eb2e .G73“~m_
WU2F o073
' 554 . 073 - 3
«eH58u 105‘05
572 oo
«_- J021
4573 N i
0217 ) . R
T 0594 » CS7
JE05 -» 1413 »
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\
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PROGRAM SHAPE

bl
Aas LN

LpREN%fﬂAN LINESHAPE AND/OR STICK DIAGRAM PLOTTING PROGRAM

-

o

[y

~

3¢
A

L ‘ .
SPECTRUM NUMEER 109

F X

. LORENTZIAN LINESHAFE OPTION

METHYL TRANS=2-HEXENE-L4-YNATE.

SCALE =
FREQUENGY RANGE = 10040 TO - 420.0 HZ

LINEWIDTH

ARAMETERS
1,00 MM/HZ

FEIGHT = 14040 MM

LINE. 'FRECUENCY INTENSITY

!

«5 HZ

632

-

d

1 118471 - 2e972 - -~
2 T 118.72 * 3.962° :
3 - 118,72 - 956
b 118.72 .035
5 118.72 «0-35
6 118,72 . _«956
8 - "11R.€5 2.978
' g v 11§.S6 <897
10 118.26 .D396
11 ~118.9¢ . 096
Da -12 118.9¢ . 897
13 118-56 3-972‘
14 118,67 2.979 /
¢ 15 121,702 3,021 >
16 121.03 \ 4028
17 121.03 .027
18 121.03 «981 .
" 19 ~121.02 «981 ° -
20 121403 027 \,
N 21 121.04 Je022
22 121.26 "3.026
- 23 . 121.27 «882
24 1.27 - o127
25 121.27 127 .
26 - - 121 .27 «B882
27 ;27.37 'h.036
28" 121.27 3.0827
29 .¥584€3



358,89

. 0‘33 T <

30 ,
31 '~ 358.89 <570 1
32  ,358.89 . «570 _ , N
33 358, &9 Y X A : R : " -
3y 358,89 o603 [ e
35 35¢ cSEL” T
36 359.13 e SEh - ‘ « - L
37 35¢ +571 ) _ .
38 35_.~ ¢ 534 , >~ e
39 I7TL.E6 1. 37u ) . i =
uwo © - ]
| i St GEORGH 33 SWILLIAMS UNIVERSITY
4y 374.¢2 1.359
., 44, 374.692 w1399 _
45 375.16 14427
i6 375.1¢ 1.427°
47  375.16 1e427 . ‘ _
48 375.28 1.4€0, . ‘ i
_ 49 394,40 i.487 S Ad - T
50 9E . €7 1.428 ) . -
- 51, 9€, €7 L008 ‘ Lo - - -
52 39E.€7. 008" . . ¢ :
53 - 1336.€7 1.428 ) T - :
54 39€.71 1.436 ~ g
55 ,39809 1.369 . i -z .
A 56 398498 «021 = : . =
. 57 398,938 «021 . e T
58 338.¢8 1.3€9 : " : - )
59 399001 ’ 1.389 - ’ > 7 .
4 60 401,322 1,347 o Lo -
61 ° 610,43 .561 . . . i .
68  u412.71 <554 - RS
+ 63 412+ 71 . 026 ) - . . _
64 412.71° 026 . T " R '
© 65 412.71° + 554 }i' - . . ?
66 412.74 * 580
67 415,01 +573 e ‘
68 415,01 C.021 . ‘ - { . |
s 69 “15.01 .573n ‘ N ° /.- { . |
- 70 415.C1 .021 ' : . .
71, u1g<nu + 594 . .
72 417,35 +605 , ¢ .
. Tt ¢ . ' R
L ) . ) 4 ) ’
' ) . . ‘\ /\ ’ . : i )
/. SUMMARY OF CALCULATIONS FOR PLOT NUMBER 1 .o - LN
. LENGTH OF EREQUENTY¥ AXIS (INCHES) = 43 , . T
; LENGTH UF FREGUENCY AXIS/IN HZ = 330.8&0 i =
\ ' ’ FREGUENCY RANGE PLATTED = 100.00 TO 419.86 HZ -
NUMEER OF PCINTS PLOTTEDR = 2520
\ . (_7
1 . 5
‘ > Q v P





