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2. Cleaning Tests based on DGS/6v9:

A +::t surface is prepared by L*<ving u r=Terence furnace fuel
c1i c¢nt. 4 metal plate. The sualed piate is then sprayed wi‘h
detergent and after a scak time <! 0 minutec wiashed wi'h scs water.
In this repor® the gea water uced w:. cyrnthetic weq water made up to
the f~rmulsticn in IP Standard: © ¢ i« leum w1 'L Froducts
Meth-.z N> 13576k,

_ While the cleaming tes® was o' pas*icuiariy relevant during
the ti11e the ~i1l was 8till flsating on the sea, the results did give
some i74.zutin cf the rate nf penct:.ti:m { the detergent into %he
71t t:1m, and -nce the c¢il was driver ash:-e cha*ting beaches, rocks
and j:'*ies, the cleaning properties became of prime importance.

Clearing tests to DGS/6992 are ~arri2d@ ou% on 12" x 12" panels,
bu* bc:ause =f the large pumber of TC 1evergent samples and limited
oven taps.aty for stoving the tes” panels, their size had to be
redused.  lnitially 3" x 1" panels were used, but 1t was found
difficul: to obtain on them an even stoved oil film. Finally
6" x 3" panels were chosen, as shown in Fig. 1 Where differentiation
be*ween similar products was requ.red, .r where a detergen® was border-
line 2=*w~=~y being accepted cr rsye2°c¢d 'r. _learing praperties a check

tant was .arried out usang 12" x .z" parels

Detergents were placed ir .re { r.v- ~lacses al:crding to their
~lean:cp tect recults. Classer werei=-

Class 1, Majcrity of fuel oil removed
Ciase 2 Appr-ximate.; 3% tuel 1: remcved
Class 3  Apprexizate., 0% tuel -,. remsved
Clags L Appr-x.mece.. . -7 fue. oi reme <3
C.ass 3 Negligible fue! vili remived

Consid<ratizn was given t> the s:skirg *.me be’weesn spraying “he
detergent onto the teet panel, and wazhang Jff wi*h sea water It
was fsund that certaar detergerncs w:'..1 t< .6oessed ax Clase 1 if
whe 'eet. porel was washed immediatei;, il'er sprayitg of devtergent,
bu* :tf 'efs for 30 minutes wiuid be ascvssed as Clase 5. In use on
the beaches, it seemed unlikely that washing down would feilow
imamediuve.y after spraying on deterger’, sec-rnd.y c.1 films were
vikety v . be mucth thicker cn roke ¢+ , *han o *he test panels
capuroXateately C 15 mm), and finuily % :tinny Weather the temperatur
of surd, » 'Ko, eLC., could be 2.rc;4rvabiy m~re rhan “he average T0°F
180 vu' . vy rtemperature at which *he gurnels were tented  F-r these
rea: .n: 4 "s:cak time" was c.ns.dece1 esventin., and wa- fixed for
these e g w? 13 mirutes.

Recuire varied from compiete -em.va.. ' n :~m vaa . the
stoved t.-1 11, Figure 1l sh:ws s.o+ jare.s aft=r jeaning %e3°8.
Samp.oc , 8: 36 ard 63 were asswsced Jlass ., Wwhi.= 3C and 39 vere
Cias: -, .. resuis are giver .n Tat.- .

Ary derergen* assessed Cla=s8 « : tor rleanung prope-ties vas

recerten
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3, Emuicifica~ion Tests based .« 153 €%9;

The tes® censists of emuisiiy.rg a Nava. <urbine lubr.:a%ing
¢1l OEF~(9 r- which 1s added 25% dez<rgen® ' -al:uisted ca the volume
of ¢1l1- w.th sea water and then r titg "re breaki:wn of the emulsion
cver a period of S heurs TS gove be~ver differentiat:on, a further
reading .f emulsisn breakdrvwn was made af*c. ¢« h.irs for scme Of the
betrar derergents

Figure 2 shows a series cf emulo.:n tests with OEP=69 (top)
and crude ci1l Ibzteom) after approximacsel; 5 hiure standing. Sample
97 gave g:2d emulsion stability, whi.e 68 vas assessed pscr. The
reduced separation i1nto cil and water w.rh ~rode 72, emulsions can
be seen. A full set sf emulsion stabi.i1'y r<sults are given in
Table !, '

Althcugh the Torrey Canyon wac carrying crude cil, a very
differen® prcduct from the highly refizned and additive <reated
turbine 1. OEP-69, the iatter was .oasidered to be a m-re difficult
oii t¢c emulsify and therefore woiid give better differentiation
beweer, the gocd and bad detergents. The bss* materials sh>owed
i1ttie eauigion breakdown after cu fL:ur:, °re p-.or-s* gave slmoat
complets zeparaticn within 3 h'ur. lser when a 2upply ~f crude oil
[Kuwy.® Expir+e Crude) from *he gams ¢ u- - as the 1. -arried by the
Torrey Canych was cbtained, the tes’s were vepeuv=d using crude oil
with the better detergent materia.s Tre +~vgu *s wki-h are given
1o Toable 1, ->nfirmed the* 1n geoersl, emlsines :f ~rude :2:1 and
sea wa'er vere mcre gtabie chan emu.s.-as w.°r CEP-69

b. The need for addrti.nar 'es° -

As rep.rte came in :n the disg-r:s. ! °re 1. 8i1cks at sea,

% pe:ame spparent tha' emulsificaty o of *he derergen® *reated oil
mainly -“zturred through wave acti<n anl *» a seseer axtent frcm the
wezh from *the spraying vessels Tre emuls:.r. '«e% 1n DGS/6992
designed tu simulate passing the rea*ed ..l-zea water mixture
*hrcugh o :entrifugal biige pumy., wus Lirdly appr .pria~e f£or this
work snd zight even be giving misiealicg resuits. 1ln a number of
instarze: i° was found that due *. ‘*he e-.:2rge*1: erirring and the
parti:u.ar wvater/oil rati> used, waser in ..i emulsions vere dbeing
firmed ir. the emulsiun tes’ and these w...d be sssessed as
sa%18l'a ' ry, whereas they are ever .-ss sstisfas'cry than n?
emu.s:f,a%;%0

W:tk rhe emphasig chauged fr-1 t,.ge . .<aritg *c oil dispersal
it was .bvicur tha* a more reslis*i’ “ef® was ~egquired Little
work has beer. publizhed .n the = a,uar., + i d+°=2rg-nss :f this
nature § T Taylor ¢ 4 40 8 o-.%2"¢ ° *he [gsivs%e 5f
Fetroierum gave a methcd used by Ess., 0L "ric 4.1 n:* s:muiate
disperen: by wave a *1 -~ and vas ru"rer *ame - revmang The USA
have a :pei. frzatizn ‘3 for a S-.vent Em..:.f.er Cii Sl1:k, but
this regs,rss .arge juan*1°:¢g :f s-a wa'er ard a.20 2 c.nsi1deradble
number .1 msn=hours per gamp:e tested

{ -veene
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Two approaches were tried at AOL:-

(a) Emulsion formation with low input of energy and high
water to crude oil ratios, using the swirling table
emulsion test.

{b) Measurement of the interfacial tension between sgea
water and detergent treated fuel cil.

S, Swarling Table Emulsion Test (STET)

The STET was developed in & matter of days from squipment
that was easily obtained and was intended to, as closely as
pcssible, simulate the conditions pertaining to oil dispersal

at sea. During test development i* was constantly in mind that

4 test of this type would need to be capable of:-

{a) Rapidly comparing samples from different suppliers -
{v) Using little operation time

{¢) Being capable of surveying a range of treatment levels 5
(d) Being reasonably repeatable :

{e) Using cheap easily obtainable equipment

Figure 3 shows Lhe table (4) in use, with 4 tests being
run simultaneously.

(a) Qutline of Method

2 ml, of the crude ¢il is floated on the surface of 50 ml.
of 3% sodium chloride solution in & 100 ml. squat form beaker and
the appropriate amount of the detergent added. The beaker is
swirled gently and observations of the degree of emulsification
of the contents are made a regular intervals. These observations

are combined to give a single rating number for each treatment
rate.

() Test Procedure

50 ml. of 3% sodium chloride solution were placed in a
prepared beaker and 2 ml., of the crude oil added. The requisite
amount of the detergent was pipetted onto the 011, i.e. 0.1 ml.
for the 5% treatment, O.2 for the 10%, and 0.4 for the 20%. The

table was set swirling at 130 cycles per minute. After one hour

of swirling the table was stopped and the contents of the beaker
examined. This was completed ar rapidly as possible as some i
separation takes place on st wpping, particularly in the early 1
stages of the test. The contents were rated as follows:-~ (See
Figure k).
Rating 1 Complete emulsion formed t
Rating 2 Emulsion with slick \
Rating 3 Emulsion with oil film
Rating & Emulsion spread to the bottom of the
beaker but still little reduction in
the o1l layer
Ruting 5 No significant emulsification

Joveeenns
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' The swirling was contirued f.r o further h:.ur and another
assessment made. A further three peri:zds ~f swirling for 1 hour,
vere carried out, assessing at the end of each hcur

(¢) Tes* Results

An abridged lis+ of the hour by hour assessments is shown
in Tab.e 2. There is considerabie dafficulty in somparing such
a gr:up of numbers and they were condersed to yield single
rating numbers. Two methods of doing this were tried:=-

1a) The sum of the ratings minus S t: give an unweighted
rating number in a scale from 0-20. Prcducts with a rating
number (unweighted) of O being completely emulsified in one hour
and those with a rating number of 20 still being completely
separate after 5 hours swlrllng.

(v) The aum of the products of the ratings and the
number >f hzurs on test minus’ ’15, yielding a rating number
(weighted) scale from 0=60. There is little %o be gained fwom
using the latter method regularly, ‘the results not ‘showing much.
greater resolution than the unweighted rating numbers. When,
however, it is necessary to resolve fine differences between
detergents at the poorer end of ‘the scale, the weighted rating
number will favour products that with time produce complete
emulsions instead of those that yield partial emulsification at
an early stage and never progress beyond this state. It should
be emphasised that the differentiation.is between the less
meritcrious products, which tend to be somevwhat bunched together
vhen using the unweighted rating number.

The full list of results for the STET is given in Tables 3
(unweighted) and U (weighted).

Considering the results as from Table 3, the materials can
be divided into three groups:-

Group 1 Efficient emulsifiers at all 3 treatment rates
‘ e.g., TC 10, 16, and 51.
Greup IT Increasing emulsificstion efficiency with

increasing treatment rates e.g. TC 17, 31,
38, 98.

Group III Low emulsifying efficiency at all treatment
rates, e.g. TC 3, 7, 11, 96.

Table 5 shows these groupings in-approximate descending-cnder of merit,
and in addition gives an approximate percentage of surfactant, type
of surfactant, and percentage aroma*tizs in the solvent, where known.
More devtailed analytical results are giver, in Part 3 (Confidential)

of this report.

It was hoped that some pattern as %o the requirements of a good
emulsifying detargent would appear from “he results in Tables 3, 4,
and 5 but it 15 considered that no defini.e conclusicns can be made

‘wathiu’ a large quantity of more detailed analysis on a greater
rang- f praducts.

/oococ.c
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There is an indication thal the surractan*s should be a
mixture of non-ionic and ionic materials, and cniy products with
such combinations of surfactants received the tc¢» rating in this
test.

There is also an indication that there must te some aromatics
in the solvent, perhaps 20 to 25%. Except for TC 61 which is
believed to have an aromatic content of less than 10% and TC L9
with an aromatic content of 17%, no product has a rating less than
15 with an aromatic content less than 2u%.

The percentage of surfactant in the detergent does not
necessarily give any indication of emulsification efficiency,
althcugh products with the top rating, with the exception of TC 98
have a minimum of 20% surfactant. However, just ‘- ---asing the
surfactant does not necessarily increase emulsification efficiency,
e.g. TC 97 and 98 differ only in surfactant content having, 10% and
5% respectively. TC 38 and 39 also differ only in surfactant conient,
having 50% and 20% respectively. With both these pairs of products,
there appears little difference in emulsification performance
despite the dilterences in surfactant content.

It seemed from these results that there was no easy way to
obtain an efficient detergent by composition specification, and that
efficiency would have to be assessed by practical testing of each

product.

{a) With "Chocolate Mousse"

Much, if not the majority, of the beach contamination was
found to be water in oil emulsion with a high water content and not
aged crude oil with relatively little water. The sea water content
varied up to about 70%, (the thecretical maximum for close packed
spheres) a* which level the contamination had the appearance and
consistency of chocolate mousse. Such emulsions are readily prepared
in the laboratory by stirring cor gently swirling the appropriate
amounts of oil and water together for a sufficient period of time,
The efficiency of the detergents was found to vary when tested on the
0il emulsion and a further merit assessment was requested to find
the best products to deal with this "chocolate mousse"

The STET was modified to obtain this information by placing
two grams of an emulsion of the oil from the Torrey Canyon that
had been removed from a beach, in the beaker and then added V.2 ml.
cof the chosen detergent and allowing the sample to stand for 15
minutes. 50 ml. of the sodium chloride solution were then added and
the beaker placed on the swirling table and *the test carried out as
for testing for emulsion forming ability. Assessment was made of
the degree of dispersion of the emulsion and its type. These were
rated on the same scale as was used for the emulsion forming test.
The sample of emulsion used contained 7T0% »f water and the treat-
ment rate, calculated on the oil ccntent was therefore approximately

30%. The results are given in Table 6.

[econoes



One nen~d-tergent material "r:- s5:7ed in s dif

' 1{ferert maarer was
also tried, this was sawdus* *rezt-: with TC =3 «: recder 31 lipcphilic

and hydrophobic  This was sprinkied -r *he emulzizn befzre the water
was added and a* the end cf the *2:<- was weil wcrked :ntc the emulsion
‘o form an easily hardled sem s-_:d. Ni cii appeared tc be
liberated into> the wa<ser 1n this . as-

FORY

A different detergsn* crier .{ merit was -bvained in this
modified Swirling Table Emuisicp f<st with samples of water in cil
emilsi_n., However, as materials beisg used at that time ‘marked
with an asterisk in Table 6@ were amosg those given top ratings,
it was considered unnecessary ard practically cperationally
unwcrkabie “c recommend cne marufs-turer’s product as suitabie for
deaiing with the crude cil 1u tke savea of the Torrey Canyon, and
another manufacturer's produ:t fir the emuisified oil whern it
reached the beach.

6. Interfacial Tensiocn Measurements

cgt Introansion

Dn*ergenta used iz treatirg cil spills can be acsessed by their
effect 1n reduzing the cii-water 1uterfacial *encion. Thus, 8
spreading coeffizient S for (ne i113u3d on arcther 1g cznsidered by
Davies snd kideal 11963} (3) ard is giver bty the expressior

Yo - (XOA*- )

Vhere'B/WA i= the wster-air surface :ensi:n,}(gA the zil-air surface
tensian and £ OW the interfacial %wersi:n As ‘he interfazisl tension
1s reduced +he syreading cceffl:;en- ircreases, and minimal ecergy
for emuls 11:- t1on is apprcached 3s inuverfszi 1 wensics anprcaches

CETT .

[\i}

Of the twe most temmoriy used methods for measuriog interfacial
tensicn, namely the du-Ncuy ters.cmeter and the "drop-weight" method,
the latter lends 1tself o5 the mcre accurate measurement of low
values of interfacia: %ensicz ard was *he methcd empicyed in tne
experimerts descrited., Fssentialliy the "drzp-weight" me*hod consists
of furcing the oil through a fine capililary to be released in
individuel drcps into the surrounding water. The vclume of the drop
as it is released gives & measure cf the inverfazial tensizn provided
*the drogg’are fermed sufficiently siowly. Thus the interfacial
tensicn ¥ W 1S celated to the voiume <f the drop according to the
equation-

on = va /2 -/
2T s

where 2a 1s the exv*errai d:amever -f vhe capiliary, ./3 -//? 1s *he
difference in 4=nsities of the wavrer and 211, V¢ the vol

c1l doop and g the atweleraticn dus o gravity. o7 the same oil
ccatalning smai!l smsunts of the different Jetergents /é '

/Jneo'r
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be taken as a constant to a first approximation and the igterracial
tension of the oil containing detergent and the sea waterg ' ODW
can be compared directly with that of the untreated ocil-sea water
by expressing it as a percentage in the equation

-Xl—o;‘! = _V_O_g 100’
X' ow Vo : (2)

Corrections to equations (1) and (2) must be made because all
of the 0il does not completely leave the tip of the needle as the
drop is releesed and the interfacial tension may not act vertically.
In this connection a correction factor vhich is a function of

the needle diameter and the volume of hgvdrop must be applied to
equation (1) to give

Yoo BLifls - for You

2w a8

(3)

and to equation {2) giving

%o_d_\i Iodv Vod . 100%

ok ﬂow Vo (&)
where){odw andzfow are the corrected interfacial tensions.

Acsording to Davies apd Rideal (5) in "Interfacial Phenomena"
the factc~ # is the same for all liquids and use has been made of
Figure 1-23 of this book in making correction to the measurements.

{b) Experimental

The interfacial tension apparatus shown in Figure 5 consists of
a hypodermic needle and a pyrex syrings joined to a precision bore
pyrex tube calibrated to 0.0l ml. (limb A). Air pressure to form the
drope was supplied to limd A by running water into & suitable
reservoir, The drops were released into the sea water which was
contained in limb C. The third limb vas sdded to facilitate the
initial filling of the apparatus. The end of the hypodermic needle
had been ground flat and, prior to each measurement, was dipped in
a silicone fluid. The measurepents yere made in & thermostatic
bath at a temperature of 21.5 = 0.1 °C. Because of the rapid loss
of the volatile fractions from crude cil this work was carried out
with Navy 75-50 fuel 0il as the base o0il and this was released into
sea water., Preliminary experiments showed that convenient measurements

could be made with concentrations of 2% by volume of detergent blended
into the oil.

The air pressure was regulated over thLe first few drops so that
the time of formation of the drops was of the order of 11 to 2
minutes. For the smallest drops (with the better detergents) some-
what smaller times were accepted. According to the size of the drops
the number forming 0.1 ml. or the volume for 25 drops was determined

levvuns

a
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such that an efflux of a minimum ¢t O . mi. was uuserved for the cil
containing detergents. For the base ..i alcue the volume of 10 drops
was determined. It was noticed that the time of formation of drops
was approximately constant over the period of effliux and this
indicates that if any absorption of *he surfactsnt from the interface
irto the sea water occurs it is rzt appreziabie 1n 1ts influence on
the interfacial tension at the consentratizns involved (approximately
0.1 mi. oil containing 2% detergent .nt. 4C cc. sea water).

Figure 6 shows a typical drop ‘just befcre release) formed with
the base oil containing 2% of a moderately gozd detergent. A value
of 28.1 dya. cm. ~~ (25.6 unccrrected; was found for the interfacial
tension between the base 01l and sca water using equation (3).

Values of *he interfacial tensiocn for the 2il containing 2% of the
different detergents before and after correcticn are expressed as
a fraction of this in Table T-

Measurements of the interfacial tensicns of two of the detergents
(Nos. 17 and S51) were made a* different concentrations to determine
the concentration dependence. The normalised interfacial tension
relative to the base 0il plotted against the cnncentration is shown
on & log-linear scale in Figure 8 fer the tws detergents. Straight
lines have been drawn acccrding *c the equa*ion.

X/odw = . -c/m
x ow (5)

vhere C 1s the per-cent concentrati:n by volume and m is a constant
different for the two detergents.

Since it is known that drop size increases with the rate of
formation of the drops because nf the fcermation 2f a tail to the
drops, measurements were made in order o estimate the significance
of this effect with one of the detergents ~ No. 17, at a concentra-
tion of 2%. For this measurement a hypodermic needle of larger
external diameter (0.066 cm.) was used %> give bigger drops. The
larger drops were needed to interrupt a lLight beam to a photo-electric
cell whizh was made to operate a Schmit*t trigger and thence a camera
which simltaneously photcgraphed the "calibrated limb of the inter-
facial teansion apparatus and a 10 seccnd stcp watch, a count being
recorded or a digital counter. The light source and lens, the photo=-
electric cell, and the stop watch were i1n watertight jackets in the
thermcstat 1< bath. Flat plate windows were inserted in the water-
ccntaining limb of “the interfacial tension apparatus and a black
cellulcse paint was used to limit the beam to a narrov pencil of light.
Figure * shows a phctograph of the complete apparatus. As the
pressure was increased the size of the dr>ps increased and their volume
was ralculated from the volume rejuired t. form ten drops at each
pressure  The effect c¢f the time =f fcrmation on drop size and hence
on the caiculated interfacial tensisn for sample No. 17 is shown in
Figure 9. The dashed line indicates the value of the interfacial
tensich expected frocm the previcus measurement with the smaller hypodermic
reedle wi“hL a time of drop formation :>f i3 minutes, showing good agreement.
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(¢! Discussisn of Resu.ts

Table 7 Cchowe 'hiat all the detergents studied were effective in
reducing the 1nterfacial t.n3i5n between the base cil and sca water.
The time of formation of the drops is n<t important for times of s
format:~on greater *han 13 minutes as is evident from Figure 9 and would
not cignificantly aiter <he values given in Table 7. However, the
stimated accuraty of the measurementsz in Table 7 is no better than
-3% at a vaiue of 20% reiative to the base 0il and about -0.5% at 1%
relative to the base o1l This azcuracy is considered reasonable in
view of the small values >f the interfazial tension.

The ccncentration dependence of the interfacial tension with the
two detergents No. 17 and 51 approaches the logarithmic law of
equation 5 as is evident from Figure 8. It is unlikely, however, that
this law holids for all the detergents in view of the different solvents
and the differing hydrophiiic~iipophiliz nature of the surfactant
moiecules, but it may serve as a first approximation and is included
for that reason. Acccrding to the logarithmic law the values of m would
range from 0.50 for sampie Nc. S1 to 1.4k for sample No. 4 and the
concen*rations required 1> reduce the interfacial tensions to any
particular value wculd be in the same proportions. Sammle 4 appears to
be the least effective 1rn reducing the interfacial tension from Table T,
and was alsc less effective in the emulsifying tests

The increasing drcp size with increasing rate of formation of the
drops shown in Figurs 9 fcr sample No. 17 is due in part to the forma-
tion of a %tail *> the drops, bu*t 1s aisc dependent upon the rate of
diffusicn of the surfactant molecules to the surface of the drops; that
is the size of the drcps is dependent in part on the age of the surface.
This is only imporvant when the time of formation of the drops is less
than one mimute.

Rezurning t- Table 7, the m:cst effective detergents in reducing
the interfacial tension between the base o0il and sea water would
appear t> be sample Nos. 31, 8, 22, 5 &nd 1 in that order. One problem
raised by this method was the indication that much smaller quantities
of detergen* would be sufficient +o emuleify the 0il, than were found
to be required in practice. Thies is in part almost certainly due to
the much more effizient mixing in the laboratcry tests.

Because of the man-hours required for these determinations, one
cperator being fully occupied in dcing a maximum of four tests in s
day, this method was used mainly as aa aid in determining cost/effective-
ness of materiuls purchased by Director of Contracts.

T- A Note on Detergent Analysis

The majcrity =f the materials supplied were solutions of
surfactants 6 hydrozsrbor sclvents. 1n some cases there were also
present nitrogenous mazteriais, and water, which interfered with the
rem~val cf enlvents by distillation, and which needed to be checked
fcr in the distillave
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The solvent was removed from the sampls by vacuum distillation
to the first indication of breakdcws of the residue and the weight/
weight czntent calculated. In the 1a:tial stages the :clvent frections
were character.sed as hydrocarbons ard the gr:ss nature of the
material in.erred from boiling range’/specaf - gravity/refraztive
index, later 1t was possible to add more de:a1l t> these observations
by quant.itative infra red, extraction of the aromatic and olefin
fraction with sulphuric acid/phosphsrous pentoxide, (1P Method 145/55)
gas chromatography and finally by fiuocres:ent i1rdicator adsorption
analysis on silica gel (IP Method 156/67 T). 1In general these methods
showed fair agreement. The F.I.A results were more readily cobtained
and showed greater consistency. The souivents were from a comparatively
narrow beiling range, the majority being between 150-2&030.

In some cases the distillation =f sclvent caused the sample to
lose nitrogen bases, these were determined separately by steam
distillaticn of the sample made a'kaline with sodium hydroxide. The
nitrogenous bases being trapped in standard acid and the excess
acid titrated.

The residues were characterised by infra-red spectrometry and
in some caces examined further by liquid chrcmatcgraphy by the methods
described by Longman and Hilton (8i. This aspe:t was however,
severely restricted by staff shcrtage.

The magority >f surfactants were fourd to bte ethy.ene oxide
condensates, or mixtures contaiving suck ccmpcunde. The leachiang
of ethyiene oxide condensates from the trested cil 1ntd sea water
was examined ir a limited number -f cases- The emulsion at the end
of 5 hour swirling in the STET tes* was stirred intz 3 litres of 3%
sodium -hlcride sclution. The resul.ting emuisisn was allowed to
separate and the lcwer clear water 1ajeér exammned for surface active
material ipitally this was by surfate +*snsl:cn measurements using
the du Nolly Tensiometer (IP 90/55 T). The results were compared with
standard scliutions made from the detergent under examination. It was
found in some cases that the results indicated that far more surface
active msterial had leachedinto the sea water than had been originally
added to emulsify the oi1l. Limited w-rk t> *ry and leach surface
active material from untreated crude <il into ses water was unsuccessful,
80 this me*thod was abandoned.

There are several methods for determining ethylene oxide
condensates. It had been hcped *tc use & thin layer chrcmatographiec
method (10;, but due to the delay in the suppiy of reagents for this
the meth:d proposed by Kho and Stolten .9) and ( 7) was used. The
results are given in Table 8.
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8. Ncen-Detergent Materials

In addition to detergents a variety of other materials the
majority being oil sinkers were received at AOL, These were:-

() Crystalline materials for scattering on beaches
at low tide.

(t) A liquid for treating ambscrbents to make them
lipophilic.

{¢c) Absorbing materials.
(d) A cosgulant.

(a) Crystalline Materials

It was suggested that these materials could be scattered over
an oil cca*aminated beach &t low tide, or onto a clean beach at low
tide on which it appeared likely that oil would come ashore on the
next tide. The use of equipment for gritting icy roads was suggested
for scattering the crystals. Then as the tide came in, the crystals
would dissolve forming a "powerful" cleaning solution which would
lift the c¢il off the beach, or prevent 1t settling on the beach, so
that it could be carried out to sea with the receding tide.

TC 40 is sold as a degreaser for ccnerete floors in garages, ete.,
and is a highly slkaline powerful degreasant. Tests with TC 40 on
crude oil soaked sand in the laboratory were nst very promising.
Emulsification tests were carried out by dissolving the crystals in
sea water and then emulsifying the solution with oil. This produced
a very unstable emulsion which rapidly separated out into o0il and
salt wa‘er (See Table 1).

TC 57 is similar to TC U0, but the solution is nearly neutral.
Emulsion stebility while still assessed poor, was better than TC kLO.

Neither of these products were ccnsidered promising enough to
recommend for a large scale trial- Unless very .laige quantities of
crystals were used, dilution by the incoming tide as the crystsals
slowly dissolved would give only a very dilute solution. Also if
there was sufficient oil on the beach for the crystals to become
completely coated with oil, solution formation as the tide came in
would be very slow. Finally as emulsion stability was poor, any
o0il that was "lifted off" the beach as the tide came in, would be
likely to be deposited again as the tide went ou. or if carried out
deposited again on another beach.

(b) Lipephilic Promoting Liquid

The manufacturers claimed TC LS could be used to treat any dry
absorbent, e.g. sawdust, straw, at about 5% addition, to mske such
material iipophilic. It was also claimed that the lipophilic
materiel could be stored without deteriocration; this was considered
to be a hope, rather than a fact proved from long term storage
trials cf bulk material.
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Sawdust treated with S% of T 45 was spriukled onto crude oil
flcating on sea water. A sufficien® juantity of sawdust was used
to just absorb the oil. Initielly the oil soaked sawdust fioated,
but over a perind of months the majority sank to the bottom of the
container. At the end of eight men<hs the quantity of oil released
from the rawdust amounted to li*tle more than a mino-molecular film
on the surface of the sea water.

Various absorbent materials in group C, tna* arpeared hydrophilic
in character were treated with 5% of TC 45. In all cases lipophilic
characteristics were improved.

Limted trials were carried out in Devonport Dockyard by staff
of the Captain of Dockysrd, and TC 45 assessed as promising.

For desling with smaller spills the use of this material on a
suitable substrate, e.g. straw, wood shavings, would enable the oil
to be removed from the sea and burnt. Suituble equipment for removing
“-& 0il soaked substrate from the sea would have to be developed.

(e) Absorbing Materials

With the exception of two non-granular samples TC 14T and 148,
all materials were tested for oil ebsorption and retention of the
absorbed oil. The methcd used was a3 fcllows:=

Into & 500 ml measuring cylinder wes piaced LOO ml of sea water
and 10 ml of crude oil was floated on the surface. Sufficient
absorbent was sprinkled onto the surface to just absorb the oil, and
the weight of absorbent used determined. Dry sand, as a cheap
readily aveilable material was incliuded in tnese tests. The results
are given in Table 9.

C T4, TC 93 and TC 118 on these limited tests appeared
satisfactory absorbent/sinking agents for crude oil. The o1l had
not reappeared on the surface some months later when the cylinders
were removed and washed up. TC 93 (a treated chalk) was in finely
powdered form. TC T4 and TC 118 were in larger particles and
tended to sink through the o0il layer more rapidly withcut absorbing
as much oil as their potential capacity. All these three were
already lipophilic and there was little probable advantage in
treating these with TC LS.

A sample of natural sponges TC 10C appeared highly lipophilie,
but unleas some means could be devised to inzorporate these lumps
of sponge into a continuous process tfor absorbing o0il, squeezing
it cut and then abscrbing vil again, their use weuid be very
restricted.

Two types of glass fibre "mat", TC 1L7 a thin (approximately
2 mm) rather brittle sheet, and TC 148 a thicker (approximately
20 mm) softer and more flexible sheet were examined. Both materials
show lipophilic properties and readily absorb crude oil, probably
due tO the resin treatment of the fibres. Both materials after
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soaking in sea water will absorb crude oil, with the dieplacement of
the see water, although complete disp.acement does not occur.

This type of material can be unpleasant to handle, and its
disposal when somked with oil, other then by burying, would be a
problem. For this reason the use of other materials that could be
burnt, e.g. sawdusi treated with TC L5 or plastic foam would appear
prefersable.

(d) A Ccagulant

It was claimed that TC 62 when mixed with its weighﬁ of 3rude
cil would solidify it, so that it could be removed as a 'take'.

TC 62 was sprayed into the oil floating on sea water, mi;ed with -
sea water and the oil added, and sprayed with a powerful jet into
0il rlcating on sea water go that all compeonents were vigorously
mixed together. In all cases an increase in vzscos%ty of the_01l
layer occurred, but no "cake" was formed, and the oil TC 62 mixture
had to be treated as a liquid for removal purposes.

This material appeared to ¢ffer no practical advantage in
dealing with spilt oil.

9. Discussion

It has teen shown that the performance cf the detergents varied
according to whether the emulsion was prepared under high energy or
low energy conditions. All detergents were tested in fact under high
energy conditicns (the emulsification stirring test in DG Ships/6992).
When rep>rts from those dealing with the flcoating oil indicated that a
low energy test would be more approvriate, the swirling table emulsion
test was develaped, and was used for the final sssessment cn emulsion
preperties. The high energy test was still used for initial sorting as
it was considered that if there was a rapid breakdown of the emulsion
formed in this test, a poor resuit wouid be obtained with the low
energy swirling teble test (STET). C(onsidering the results obtained
using the Kuwait crude oil, all the detergents assessed good with the
STET were assessed good on the 5 hour assessment in the DGS/6992
emuisification test. The limits laid down in this test - & maximum
of 1 ml of oil and/or 15 ml of water released from the emulsion after
5 hours, were taken as a failure limit., After the first week when
samples awaiting test started to accumulate, a detergent with a
definite failure in the emulsion test or assessed 4 or 5 in the
cleaning test, vwhichever test was done first, was put to one side and
no more work undertaken.

Measurement of interfacial tens:on was tried as arother way of determin-
ing *he efficiency of the detergents. Possibly thic method gives as good
an answer as any in terms of absolute merit assuming i1deal conditisns
of application and mixing. In practice this wili not oceur, the
detergent losing volatile when it 1e sprayed, some cil receiving tog
little and some too muchdetergent, and mixing likely to be poor except
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where the o1l film is very thin. Al:lizugh “herc was a similarity in

the order of merit of detergents de“erminzd by +his and the SIET rethod,
the latter was considered the more realistic tect Tor plcking the
better products.

All the detergents used and all the more highly rated products were
hydrocarbon solutions of surfactante. Sume agqueous solutione were
submitted, TC T1, 77, 99, 101, 110, 117, 119, 120, 121, but thes~ all
gave a 5 rating in the cleaning tes* and in most cases emulsion
stability was only fair.

It was expected that non-ionic surfactents wculd be found in
detergents offered for emulsion formetion with sea water. In fact
the majority of detergents contained mixtures of non-ionic and ionic
surfactants - the latter being present in the order of 10% cr less
in the mixture. It was suggested that the presence of a small amosunt
of ionic surfactant enhanced the activity of the non-icnie part. All

the detergents rated good for emulsion properties contained a mixed
non-iseic and ionic surfactant.

Tne nature of the hydrocarbon sclvent without doubt affects the
efficiency of the detergent. I+t appesrs that at least 20% needs to
be aromatic in nature. It seems likely that it is necessary for there
to be a proportion of aromatics to carry the surfactants into the oil.
All except ore of the highly rated detergen*s had a solvent ccntaining
20% or more cf aromatics. It has been argued that the toxicity of the
sclvents increased with increasing aromsatic content, but this factor
wvas not considered at the time. EHEalogerated solvents were however
banned as they were considered a health hazard to the users - cre
detergent in particular contained T2% of corbon tetracbloride.

The non detergent materials were rct used around the Corrish
peninsula. The only ones which AOL: tests showed to be erffective were
a few »f the avscroant/sinking materiale irciuding tke one the French
claimed they used successtully. (It is probabl that what reached
the Frerzh ccast was the choecolate mousse, the 7O to 80% weter in oil
emulsicn). This treated chalk is a very fine powder which is known
tc scatiter in clouds in even a light breeze. The twc cther sinkers
which deell adequately with crude 0il in the iadoratory were of larger
particle size and tended to sink through the oil rather fast without
seemingly taking with them as much oil as they could sbsorb. There
must be some balance between the mest efficient particzle size for
sinking of the oil with the least difficulty in applicaticn.

It was also noted that there were possibilitvies in the use of a
liquid claimed with some justification to te lipophilic promcting.
This might in conjunction with straw, wood shavings, etc., be of
value in dealing with smaller oil spiils, or treating btooms %o be
placed across estuaries.

AOL was required to advise Director of Contracts (Navy) on the
best products t> buy and using the STET and cieaning test the "top-
ten" detergents were picked. This in fact grew to thirteer due to
changes in formulaticn and a late received sample. Table 1C in this
report in fac% lists fourteen and Table 11 lists scme of the cther

’
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detergents wnih were used wn the 1.v:7 rusn ma.rnly letuuse they
were avaliut.e very gquickly.

Many manufacturers were disappainted an that the.r products were
not on the recommended list, but in the majority of cases, products
fermulated fir another use, were taken ~ff rhe shelf and hopefully
autmytted to ADIL. Cne firm in fact urthinkingly <ffered a product
which they were using with succesc t: ciean ships tanks. They over-
locked ~he fact tha* 1n nermal use .. was an adventage 1.f the
emuls. i formed during cleaning broke rapidly on standing so that
the o1l couid be recovered.

ADL were also required to assist Director of Contracts in ;
assessing 1 the prices charged for detergents were fair and 1
reasonable  The analytical data ottsined by ACL which showed :
surfactunt content to vary from less than 5% to 50%, and "solvents" . .3
To vary from water o nearly 100% aromatics, d1d ensbie an estimeted
cost vo pe calcuiated. This was avariacle t> Direztor of Contracts
- (Navy) ir his negotiations on prices.

P

L

10. Conclusions

(1) From Tigures supplied by the manufac-urers the producztion capacity
of detergents in this country is mcre “han asdequate to meet any future ;
emergen:y simiiar to the wrecking of the Torrev Canyon, even if the 3
¢ii released was grester by a fastor of 2 or 3 Addifticnal supplies
cou.d alav te cttained from many Eurcpean J.un riec-.

(2) An efficient detergent is likely to contain s mixed non-ionic/ : |
12027 surfactant disscived 1n a hydracarben soivent of which a
' ’ mir:mum of abcve 2C% will be arcma*ic in rnature.

) (3! Recaase =f the wide range :f turmulsticas offered and the <
| diff=ience «n Test results, i* wcuid seem prudent to produce a

specafi-a-:on, essentially based on performance tests, snd t2 have

an apprsved list of detergents tefore the next Tzrrey Canysn type

cf i1ncident. AOL :s producing a cpeciiization to govern purchases 1
tor Navy use.

tL) Of the varicus other materisls and suggestions submitted to
' - AL, ou.y the use of sinking materials appeared a practical proposition 4
for dealicg with a large oil spiii. - From the limted work on these :
materisis, the *wo main problems would be 'a) the design of efficient .
apparatve t-r shipboard use to sca*ter the sinker gnd :b) the determina-
‘ ticn of cptimum particle size/weight cI sinkers to prevent either
| Elowing awuy in windy conditions or sinking tod rapidly through the oil
bef-re abscrpiicn can occur.

| 11. Acki wliedgements

C.us.derable disruption of AOL's rorma. programme of work was
caused ty the emergency and this lasted for seven tu eight weeks
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The Superintendent wishes to excress his appreciation of the staff
who worked more then their required hours in:luding shift work to keep
some apparatus running twenty four nours a day. Particular mention
must te made of Mr. C. J. Spilman who dealt with the DGS.6992
specification cleaning of emulesion tests and progressed the samples
through the lsahoratory.

. ""“U""’““”',"i"””'*w " A




1

OI

REFERENCES

Warren Springs lLaboratory Rescarch Report RR/ES/3L
0il Pollution of Beaches, 0il Dispersicn Trials at Portland.

Journal Institute of Petroleum, 1962, 48, 355

Military Specification Solvent-Emulsifier 0il Slick.
MIL-S-22864 (SHIPS).

Rotatest Horizontal Rotator R.100 manutactured by Luckham Ltd.,
Labro Works, Victoria Gardens, Burgess Hill, Sussex.

Davies J.T., and Rideal E.K., (1963) Interfacial Phenomena. p.45
Academic Press.

Harkens W.D., (1949) Physical Methods of Organic Chemistry Vol. 1,
Part 1, p.355-412 (Editor - Arnold Weissberger)

Siggia S., Quent. Org. Analysis via Functional Groups, 3rd Ed.,
(John Wiley and Sons Inc.), 1963, 229

longman, G.F. and Hilton J. Methods for the Analysis of
Non-socap detergents. Monograph No. 1. Society of Anal.Chemistry.

Kho B.T., and Stolton. Unpublished work quoted in (7).

Patterson, S.J., Hunt E.C., and Tucker, K.A.E,, SAC Congress
Nottingham, July 1965.

et ettt atretn ke ik




APPENDIX A

Extract from Material Specification No. DG 8hips/6992

Bilge Clearing Material

1. Scepe

This spe01f1cat1on covers the supply of a liquid cleaning material
suitable for use in bilges of machinery spaces of HM Ships.

The material shall be suitable for application by means of a
portable sprayer, working under a pressure of 25 pei.

The material shall combine with accumulations of fuel, lub. oil
and grease and when washed with a jet of sea water a stable emulsion
shall be formed.

h. Materials

The bilge cleaning material shall be a homogenous blend of
chemicals, free from suspended matter or sediment, and stable in
storage for at least 12 months within the temperature range of
14 to 140°F. It shall be non-toxic, non-corrosive and shall not
require the use of any special protective clothlng. It shall not
have an abnoxious smell or be unpleasant in use in confined spaces.

6. Testing

Semples taken from eny portion of the supply shall comply with
the following requirements:-~

il

Test Test Limit Method
Flash point Op Nk IP. 34
Explosivity % Max. 10 Fed. Standard
791 No. 1151
Cleaning properties More than 95% of the Appendix A

FFO film removed

Emulsification properties
after 5 hours Appendix B

0il separation ml Max. 1

Water separation ml Max. 15




A

A. Cleaning Test

5 grams of Admiralty reference= furnace fuel o0il "I" is brushed
over a 12" x 12" metal ranel (Aluminium alloy N.SL ie a suitable
material). The panel is atoved at 120°C for 18 hours, in a horizontal
position. After cooling, the panel, in a vertical position, is
sprayed with SO ml of the cleaning material, allowved to stand for 30
minutes, and then washed wvith a jet of synthetic sea water (made up
to the formulatioz in method IP.135) until no further cil is removed.

B. Emulsification Test

4o ml lubricating o0il OEP-69 Are placed in a Herachel tubde
30 ml synthetic sea water and stirred at 1500 1gw for

)
)
(made up as in method IP,.135) ) S minutes at room temperature.
10 ml cleaning material )

The emulgion is allowed to stand at 60°F M 5°r and the volumes of
emulsion, water and oil noted at 3, 1, 2, 3, 4 and 5 hours.

(This is & modification of method 11 of DEF.2000)

e
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TABLE I
RESULTS OF EMULSIFICATION AND CLEANING TESTS

Emulsification Test '
Sample With OEP 69 Witk Crude Oil Cleaning
Ref. After 5 hours | After 2k hours| After 5 hours After 24 hours Assessment
ml. of [ ml. of {ml. of |ml. of {m: =f gml of {mi. of fml. of
o1l vater 0il water Cli water o1l water
< 1 Tr 7T - - Tr i 1 17 1
™ 2 2 23 - - - - - - 3
T 3 Tr L - - 1 3 2 11 1
™ 4 0 9 - - Tr 0 Tr N 4
™ 5 0 13.5 - - o] 4.5 Tr 16 1l
: < 6 0 21 - - 0 4 Tr 13 1 3
T T 7 0 22 - - 0 7 0 17 3
; 7 8 Tr 0 - - - - - - 1
*1C 9 0 6 - - - - - - 1
% 1C 10 0 0 - - - - - - 1
TC 11 Tr 18 - - Tr . Tr 17 3
TC 12 Tr 18 - - - - - - 1
TC 13 Lo 21 - - - - - - 3
TC 15 0 19 - - 0 8.5 1 19 1 .
¢ * TC 16 0.5 ) - - 0 iz 0 20 5
* TC 17 Tr o) - - 0 0 0 1 2
TC 18 Tr 18 - - 0 7 1 1 2 ;
¢ 19 0 7.5 - - o § 3 - - 5
TC 20 ¢ € s - - o] €.5 i 18 2
c2r | Tr 8 - - - - - - 1
TC 22 0 6 - - 0 3.5 z 14 3
| TC 23 0 17 - - 0 8 Tr 19.5 1 {
' TC 24 0.5 5 - - 0 0 1 L 2
( TC 25 Tr 6.5 - - C 5.5 0.5 18 3
, 8 TC 27)
' ® ¢ 28) 2 23 - - - - - 1 '
TC 29 2 1 - - - - - - 5
TC 30 Tr 17.5 - - o 5 0 16 5
¢ 31 Tr 7 - - 0 1.5 Tr 7 4
f TC 32 0 17 - - 0 5 5 0 16 3
% 7C 33 o 9 - - - - - - 5
! ® pC 3k o u - - - - - - 5 :
* TC 35 0 5 - - - - - - 5 ;
: TC 36 Tr 15 - - o 6.5 ¢ 17.5 1 !
* qC 37 Tr i3 - - - - - - 5
TC 38 0 7 - - o] L - - b
TC 39 0 6 - - 0 E - - 5 ]
TC L0 28 3k - - - - - - - |
i
i
i |
: Tr = Trace ]
|
' i
|
| W o o e — == = = = e = FEETE P S T




Table 1 - SMreet 2 ]

Emulsification Test
Sample With OEP=69 With Crude 0il Cleaning
Ref. After S5 hours JAfter 24 hours After 5 hours | After 24 hours Assessment a
ml. 0f {ml. of ml. of Jml. of Jml. of jml. of [ml. of [ml. of :
¢il water 01l | water cil |water 0oil | water
TC 43 W1 29 - - 3 3 10 - 3 1
TC Ly 2 28 - - - - - - 1
TC U7 0 ! 1k.s - - - - - - 5
TC 48 o) 12 - - o 5 0 15 3
TC 49 1 28 - - 0.5 2.5 2 9 2 E
TC SO h 0 - - 5 0 11 0 3
C 51 Tr ) - - 0 0 Tr 15 3
TC 52 Tr 16 - - 1 4 - - 1 3
TC 53 13 8.5 - - - - - - 2
TC Sk 42 5.5 - - - - - - 1
TC 55 Tr 19 - - - - - - 2
TC 56 0 6 - - 0 5 1 15 3 4
TC 57 2 35.5 - - - - -~ - -~
TC 58 2.5 29.5 - - - - - - 5
TC %9 1.5 30.5 - - 0 0 0 Tr 5
TC 60 1 24 - - - - - - 2
TC 61 2.5 31 - - 0 0 Lo Lo 3
7C 63 1 3 - - 1 5 2 15 1
TC 64 7 0 - - - - - - 1
TC 65 5 22 - - - - - - 2
TC 66 2 33 - - - - - - 1 4
TC 67 0 16.5 - - 0 5 0 14 1 1
TC 68 1.5 11 - - o} c 0 29 5 ‘
TC 69 1.0 0 - - o] 0 o} 10 1
TC 70 Tr 21 - - - - - - 2 %
¢ 71 - - - - - - - - 5 !
TC 72 0 6 0 17 1 11 1 26 2
TC 73 2 21 - - - - - - N
' 7C 75 Tr 21 - - 0 5 0 15 2 ;
TC 76 28 16 - - - - - - 1
™ 77 8 29.5 - - - - - - 5
TC 78 0 18 - - - - - - i H
TC 79 0 16 - - 0 5 0 15 4 :
TC 80 2 30.5 - - Tr 28 39 29 5 ;
TC 81 1 15 - - - - - - 3 ;
¢ 83 1.5 30.5 - - 1 0 2 0 3
TC 8L 0 0 Tr 5 2 Tr 3 6 L
TC 85 in 18.5 - - 0 3 1 9 L N
¢ 86 Tr 18 - - 0 8 2 9 3 ;
TCc 87 1.5 18.5 - - 0 s 0 17 L \ i
TC 88 0 15 - - - - - - 3 ‘7
TC 89 0 8 - - 0 6 Tr 16 5 ;
TC 90 0 12 .9 - - 0 2 Tr 7 Y
i Tr = Trace foeeenas .
!
|
]
{
{
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Table 1 = Sheet 3

Emulsaif.czt. o Test
Sample With OEP-69 W.th Crude Cil Cleaning
Ref. Assessment
After S hours | After 24 hours wnf-=r - h.urs | Afrer cu hours
ml of jml. of fmi: cf{ml of | md flmi oflml of jmi. 2f
S water ol. water el water Gli water
TC 91 0 271.5 - - 0 3 Tr 11 4
TC 92 0 10 - - 0 6 Tr 14 5
TC 9u 2 30 - - ¢ 29 0 30 Y
TC 95 0 15 - - 0 3 N 10 2
TC 96 0.5 15.5 - - ¢} 6 Tr luo 3
T 97 0.5 0 1l 2 G 0 0 L
TC 98 0 0 Tr i 0 Z 2 b 3
TC 99 0 11.5 - - O i3 1 19 5
TC101 0 3.-5 - - 0 2c 50 30 5
TC102 0 15 - - C “ Tr lu 2
TC103 Tr 13.5 - - 1 3 2 12 5
TC10L o] 2 Tr 3 - ¢ s 0 Y
TC105 1.5 0 2 z C 0] 0 K 5
TC106 3 o R C o o . 0 2
TC107 Tr 3 Tr 13 < 3 ¢ i z
TC109 1 T - - ¢ K Tr 0 1
TC110 2 33 - - c 23 i 13 bl
TCc1ll Tr i6 - - - - - - Z
TC1ll5 1 iz - - C 5 Tr Lu Et
TC116 1 0 i Tr - - - - 5
TCl17 16 1 - . ") L 0 5
TC11l9 3 20 - - { 3 R10) 5
TC1l20 - - - - - - - - by
TC1l21 40 34 - - - - - - 5
TC1l22 ! 7 - - Tr 4 € 25 4
TCl2> 50 30 - - C N . b L
TCl2L 20 21 - - K o Z e 3
TC126 0 iz - - 0 6 Tr n 1
TCl27 0 15 - - ¢ N 0 13 4
TC128 L1 37 - - - - - - 3
TC129 55 25 - - - - - - 1
TC130 2 i5 3 26 C 9 G .9 3
TC13l 0 1¢ 0 23 ¢ & 0 17 3
TCl32 - - - - - - - - 4
TC133 1. 14 3e e C bt <C 16 3
TC13L o b Tr 23 C > C 13 i
TC135 30 307 3¢ 3¢ : 6 - 27 1
TC136 Z .0 Tr z. c 5 c 20 P
Tr = Trac- /




Sample
Ref.

With Crade C1s

e O hiize | ATTes 24 s uurs

*Notes

mb mi. ! Sy ml o5 wis offar of
1 WSTET o e 2 vaTer il | water
TC137 - - - - - - - - L
TC138 32 3% 3 gle - - - - )
TC139 e 19 0 % - - - - -
TC1LC 2 16 3 £z - - - - -
TC1Lk1 9 37 - - - - - - 5
TC142 wz z8 12 &9 o 5 G ik b
TClu3 0 e3 H °9 z T o} L
TClhi 0 11 - el ~ ! e it 4
TC1LS p ¢ 1 € g e 3 ¢i 4
TC1Lé ¢ i e '3 P z G.5 5.3 -
: i

1iTierens 2a-ckes 2f the came msverisl.

.2l a higher emilsifier

CLVALT ITLTERT

R «d *hen with 20 parts of
a2 .~3 T wi<h this mix-ure.

Lot ELTE, =2rd w-uid rctn be

231 .U, b2 with *he emuisifier




TABLE &

An abridged list of *i: .our.y Totings cblained
in_the Swariing Tab s Eav.oals et i Test

1

Sample Reference "o ¢ 5 TC 10 TC 17 TC 2L
Treatment Rate ¥ 5 |10 |20 | 5 f10 fec 0 lzo ] 51020 | 5]10]20
Rating after 1 hr swirling 5 5 5124 2 2 )1 1 1 L1 2] 1 S 5| °
Rating after 2 hrs swirling 5 51 % | ¢ sl e+l x]l vy el ] 1)) st s
Rating after 2 hrs swirling 5 5 sl el 21} 1)1 30 L] 1] 4 v b
Rating after 4 hrs swirling st s s)leteof ]2 )i 3] 1] 4 S
Rating after S5 hrs swirling st st szl el vy 1)y 3l 218 W] 4
Rating Number (Unweighted! 20120119 | & < 3104 0}tojiz) 3} ofjatlityit
Rating Number (Weighted) 6oj601ss |1z]is] 6 ol ol of33]10] o|u8| 48|48
Sample Reference TC 3¢ TC 36 TC 39 TC 49 TC 63

|

Trestment Rate % 5410 |20 54310 |20 S| 10 | 20 5110 |20 5110 1] 20
Rating after 1 hr swirling Sy & @l 5] s «f{ o] 8] 3§55 6] s| 5 &
Rating after 2 hrs swirling s| &) 3] ) s{ %) 3} 3f 1} s 4] 3f 5] 51 3
Rating after 3 hre swirling 51 el 2] o S5) w] 2 2 ¢ | 31 1} 4] 5] R
Rating after b hrs swirling sl )] 2] s s af 3] 2} 1 ] 3] 1] 3] 4| =2
Rating after S hrs swirling 5 3 1y st ¢ a2 e} i L 3y 1) 2} 3} 2
Rating Number (Urweighved) 20] L | rjeofecis ey 8 ef1rf13] sjisfarr] 9
Rating Number Weighted, 6O bo| 1L fécyEcfius febl 19 2§38 3L T3u] 312




TABLE 3

Unweighted Rating Numwe ; =, cbtained in the

Swirling Table Emulsiiicetion Test

Treatment Rate 5% 108 20%
Rating Units Sanple Reference !Prefixed TC)
o 10, &1, 107 10, 16, 51, 61, 107 10, 16, 17, 31, 51, 61
98, 107 (4) (69) (22)
1 15 97, 38, 971,
2 -~ 38, (€9) 39,
3 6 vy L. 5. 69, 83, 22
L - - -
5 5 5 Ly, 127
€ (69) 31 (&) 1, 32
7 - 69, 83 30, 92, 106 {56)
8 38 39 -
9 - - 56, 63, 134
10 39, 9¢ L, &, 92, 106, 134 (22) 67! 104, 67
i ~ 98 -
12 i - 103, 09, 122, 126
13 - 22, L9 20, 2., 126, 13\
14 €5, 69, 83, 92, 30, 56, 103, 13k 115, 136
165, 67 (5€)
is 4, 22, 97 g2, 32, 122, 1271 25, 36
26 (%) 109, 12¢ 2
17 2k, 31, b9, 115, 126 | 21, 2k, 63, 104, 115 6, 24
18 20, 134, 127, (13L) | 126 L8
19 - 136 3, 102
20 1, 2, 3, 6,7, 2, 3, 6, 7, 11, 18, 7, 11, 18, 23, 96
11, 18, 21, 23, 23, 25, 36, i8, 96,
] 25, 30, 32, 36, 48, |102
56, 96, 102, 103,
104, 109, 122,
126, 136 (22) (56)

NE Wnere & number is in brackets it denotes repeat values cbtained

at szcme later date.




TAELE L

Weighted Ratipg Numbers, obtained in the
Swirling Table Emulsification Test

T T T e ek

b e LI

Treatment Rate s% 10% 20%
Rating Units Sample Reference (Prefixed TC)
0 10, 51, 107 10, 16, 51, 61, 10, 16, 17, 31, s1,
107 98, 61, 107
1 16 97 389 97,
2 - 38 39
3 - 98 69
Y - - -
6 - - L, 5, 22
T - - 149
9 - 31 1
10 61 17 -
11 - - 83
13 - - 32
1k - - 30
15 5 5 -
17 - 69 -
18 - - 92, 106
19 38 39 -
2C - - -
21 - 83 -
22 - - 56
23 - 1 10k
2 - 106, 92 -
25 - = 63, 109
2 39 - -
30 98 4 -
3l - - 103
33 i7 - 122, 126
3L 63 u9 21
35 - - -
36 - - 13u
37 69, 92, 106 56, 13k -
38 - 20 20
Lo - 30, 103 -
41 - 122 -
42 83 109 -
Ls 4, 22, 97 22, 32 25, 36
L6 31 62, 1oL, 126 2
48 2, 49, 126 21, 24 2L
51 134 - 6, u8 .
g 20 - 3,102 i
60 i,2,3,6, 7,11, 182, 3,6, 7,11, 18 |7, 11, 18, 23, 96
21, 23, &5, 30, 32, 23, 25, 36, LB, 96,
3648, 56, 96, 102, | 102
103, 104, 109, 122




TABLE 5

Grouping of results from Swirling Tatle Zmulgicn Tests

Group I Group II Group III
Gcod emulsifier Moderate emulsifier Poor emulsifier
-
ol ETE el | &l E | sE Sls8 | 2%
E | v > he he! 5 A 5} ot v pelis
o=t | SRR ] O~ - v A o~ LA - 3
e MG e MEiEE MEE) el [0
q12F |2 | 5|23 |Ecfe| 8|58 | s
*10 | 50 [NI + 1 |60 *17 | 30 NI +I] 25 63 19.5] KNI High
#51 25 |[NI + I |77 31 |20 NI +I] 95 20 10 NI 92
#16 1 4O | NI « I |25 61 128.5] NI «+ 1 | low *25 10 NI 58
%98 5 NI +1I] 99 36 12 NI + I| low
38 |50 NI High * 2 30 NI +If 7.5
97 | 10 NI+ I | 99 *2) 40 NI 7.0
39 {20 NI High § 6 24 NI+ I} u3
*69 | 33 NI +1I ]| 62.5 08 u8 10 NI High
L 17 NI 81.5 § *3 30 NI +I]) 16
5 121 NI + 1] 66 102 1k NI 73
x> | 30 NI 9k 7 8 NI +If 15
ko 110 3L+ I ] 17 11 30 NI 28.5
# 1 |33.5] NI 2l 18 25 NI + 1] 76
83 |17 NI 84 23 28 I 90
32 119 NI +1 ] 94 96 12 NI + 1
30 |10 NI 16
92 10 NI 20
106
#s6 112 NI 57
10k
109
103
122 NI
21 t 10 NI

—_ e e e

Non-ionic
Ionic
Indicates most efficient products according to DGS/6992 emulsion test.

*tH =
(]
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TABLE 6

Modified Swirling Table Emulsification Test to

compare the efficiencies of various detergents for

beach cleaning.

Rating Units

Sample Reference Nos.

Unweighted
3 TC 5 *
b TC 17
6 TC 1%/3%/2L%/25/6%/19/15
8 TC S1%
15 TC 61
16 TC 20/103
20 TC 96

¥ Prcducts used to clear Torrey Canyon 0il Spill




Samgle No.

17
20
21
22
23
2k
25
51
56
69
97
102

TABLE 7

Interfaciel Tension

% to Standard
7.0.
12.9
26.3
6.2
19.8
2.1
8.0
10.2
9.2
4.9
15.1
12.2
22.8
1.4
9.2
k.5
10.0

14.5

Corrected

7.9
k.1
27.5

7.0
2l.0

2.5

$.0
11.3
10.2

5.6
16.4
13.3
24,3

1.8
20.L4
15.7

1.2

15.7

wlo .




TABLE 8

Leaching of ethylene oxide condensates from treated crude oil

Weight added 552

Sample No. Hei:l::.::rloc found
<S5 k2.0 55.5
10 L8.0 50.5
16 37.5 131.5
17 k3.5 11k.0
A k2.0  51.0
38 61.5 204.0
' » 51,0 62.0
Ly 37.% u7.6
51 21.5 29.5
61 15.0 k2.8
€9 3.0 23.5
83 28.5 53.0

20% detergent.

Percentage in
vater

76
95
28
38
82
30
82
79
93
35
13
54

EB, These results vers obtained from treated crude oil contsin.ng

ettt boabdban s

dad

et et emien ftastte o iab et e i & o bk
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FIGURE ONE Cleaning Test. §"x3" panels after ;
cleaning,




b)

m-‘l

"

FIGURE TWO. Emulsion stability test.
a) with oil OEP 69.
b) with crude oil.




FIGURE THREE. The swirling table.
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. o SAMPLE 17
\ Ja) X 51
Yodw
Yow
01
N I ] .
0 010 1

2 3
CONCENTRATION C (%)

FIGURE EIGHT The Concentration Dependence of Yodw.y,
for Samples 17 and 51

prey v
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NI The Dependence of the Interfacial Tension

on Time of Drop Formation fof Sample 17.




