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This invention relates to an oil dispersant formulation and a process

for dispersing spilled oil on water. Mre.particularly, a fornulation of
chem cal surfactants and solvent results in a low toxicity dispersant which
S ef f ecti veyrebrdh 8 RRFS 0o RiER | Vr¥h RCRES Pl 1 a oW G BNSeNtEBt4 PRS
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Rel ated Art One of the technol ogies used for oil spill
response invol ves the use of chem cal dispersants. The application of
chemi cal dispersants is depg RS e RN 1) weat her
conditions, (2) nature of e Ort- ] P W) R | g1 be covered and
(4) adequacy of equi pment and supplies. Although it is highly

desirable, i @mmxmssi ble to provide a single chem cal dispersant
formul ati on which w treat all oils under all conditions. For exanple. it

I's much nore difficult to disperse a high-boiling viscous oil such a
bunker oil as conpdkdsl inventiohirghitectouateoilidispersarit fermulagionrartaoi | s and
oil products vary widely in their properties including ability to be

di spersed.  Pprocess for dispersing spiled oilai wataropdore/particutankpiacfarmatilatpen sént s
that the surfactant, fo | ati on of the

used to treat . oil, spills [ rn

di spersant r Qﬁwgﬁierfl@EWtq %ﬁ@sﬁﬂl}’e‘}ﬁ@é‘ﬂlts in a jqW é‘P’FlﬁﬁyéirlTSuReéWtdﬁh@dﬁ t hat
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fornulation s Qf@@at‘i’lfer%;jﬁ%i%h toxicity so that it does not add to the
envi ronnment al damage caused by tte oi | spill.

Description of the Related Art

One of the technologies used for oil spill response involves the use
of chemical dispersants. The application of chemical dispersants is dependent on
several factors: (1) weather conditions, (2) nature of the oil spilled, (3) areato
be covered and (4) adequacy of equipment and supplies. Although it is highly
desirable, it has not been possible to provide a single chemical dispersant
formulation which will treat all oils under all conditions. For example, it is much
more difficult to disperse a high-boiling viscous oil such a bunker oil as
compared to a light crude oil. Furthermore crude oils and oil products vary

widely in their properties including ability to be dispersed.

A desirable property for chemical dispersants used to treat oil spills
is that the surfactant formulation of the dispersant results in very low oil-water
interfacial tension such that the oil is effectively dispersed as fine oil droplets in
water without coalescing even at low dispersant to oil ratios. Also, the
dispersant formulation should be of minimal toxicity so that it does not add to the

environmental damage caused by the oil spill.
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Various divgg9§ssans fornul ations have been advanced for treatd Qg co Rl
spills. US. Patent 3,793,218 discloses a dispersant fornmnul al{ [ onsgf";obr%7o

di spersi ng oil slicks. U 'S. Patent 4,560,482 relates to a dispersant
conposition for treating oils having viscosities of from 1000 to 10, 000

Cp in water. . .t woul.d be desiyable to have a di spersant
fornul ation which is V@E’@Hﬁr‘t‘i‘?&ﬁa“gﬁ%‘? Bens havehesn @‘E‘f@ﬁ%d&’bﬁ@ung

hydr ocar bonSy on; . Y THE | NVENTI . .

The presen'[lél |i Spills: S E))ra Be\%tégs%aznl%%F&%%ﬁ‘%“%?%ﬁ?mﬂ%%@% disperdingn i s
ef fective opif B ' 4 Q| - .
i spor si ng. o AR LS TR 00 482 DR U MBI RIRGE T0r Biting i cn
is effectioits havingfidcosities GUofti | 60C TR0 09O in water. . (&) a
sorbitan nonoester of a CJerr]-Clerr] aliphatiC nonocarboxylic acid,

(b) a pol yoxyet hyl ene adduct of a sorbitan nonoester of a (Jerr]- C20

al i phati ¢ nonocar boxyltiwouldite; desatiableatidhate dispersaht fommlatdorBO/hich is™

et hyl eneoxi de units per_ nple of ester, . (c) an al kal i

metal sal t ¥ongmiral, [@nd effgativeprchighlye vigsenshydnosarboaskyl “group is a
branched chain radical containing 4 to 13 carbon atons provided that the
critical mcelle concentratd LG ) han 0.05 g/100m ,

(d) a pol yoxyet hyl ene ad é%@.%?.a. Li}caﬁbﬁ)f a Cerr]-Cerr]

al i phati c nonocarboxylic acid having from®6 to 30 ethyl eneoxi de units per

o1 G Tt Sl Shanephahy BRAKHEADrBUUNS bn Snofo il BiehBlsali SRR,

Clerr]-Cferr] aliphatic nonocarboxylic acid, vin
et hyl eneoxiwhichnis teffeReife oRtighiyf viBea RS RbcarBbis and a improved process for

dispersing an oil layer on water. The improved dispersant formulation which is

effective on highly viscous oils comprises:

(a)  asorbitan monoester of a C;-Cy, aliphatic monocarboxylic

acid,

(b)  apolyoxyethylene adduct of a sorbitan monoester of a C,,-
Cy aliphatic monocarboxylic acid, said adduct having from 6 to 30

ethyleneoxide units per mole of ester,

(¢)  an alkali metal salt of a dialky! sulfosuccinate wherein the
alkyl group is a branched chain radical containing 4 to 13 carbon atoms provided

that the critical micelle concentration at 25 °C is greater than 0.05 g/100ml,

(d)  apolyoxyethylene adduct of a sorbitan triester of a C;(-C,,
aliphatic monocarboxylic acid having from 6 to 30 ethyleneoxide units per mole
of triester or a polyoxyethylene adduct of a sorbitol hexaester of Cy4-C,.
aliphatic monocarboxylic acid, said having from 6 to 30 ethyleneoxide units per

mole of hexaester, and
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(e) a solvent conprising at |east one of a propylene glycol efﬁer,

et hyl ene glycol ether, water, alcohol, glycol and a paraffinic hydrocarbon.
The i nproved process for di spersing an oil |ayer on water conprises

contacting the oil | ayéé onlt he water, surface wt r}, t he di spersant
formul ation descri bed &bgsg!vent comprising at leaqf‘)@ﬂﬁrlq_lﬂipq%g teneratyen| etherrHE

omooar Doy EyIsne glycol ettldh WBErSEMAIBER] G a Nara il hidicthiarty Lot or

branched chain and saturated or unsaturated. Preferred aliphatic

nonocar boxyl i ¢ acids ”Hh@imﬁl%véﬂ%r&ééérf&r‘ﬁs Efsin éﬂbﬂ'lggé &pWa saturat ed
or nonoet hyl eni cal |y unsaturated.” Sorbitan ste are repare

dehydr at i ng ceatgriseslcohitictiagrble bjl lagaci B m&hs@&wm%e@éﬁé?ﬁrﬁoxw ic
acid, and are available comercially fromICl under the tradé nane Span.
Pol yoxyet hylfeneuhﬁoudescnbeckabdwetan monoesters of Clerr]-Clerr] aliphatic
nonocar boxyl i ¢ acids (conponent (b)) have from6 to 30, preferably 15 to
22, ethyl eneoxide units per rmle of ester. Such pol yoxyet hyl ene adducts are
prepared by reacting #M LED DK E1d Ht AN VileNddE€MNoxyl i ¢ aci ds
descri bed above with 1, 2- et hyI ene oXi de These poI yoxyet hyl ene adducts are

avai |l abl e commerci al | tElom bc:{ g gg Qt‘;he trade nane er rJ

The alkali netal salt & SBTAIARAS %’ﬁP? lor Dﬁ]éP %@%‘Pﬁ S group
. . -

Sorfact ot (Oipbhett @R BCLITIRAR BALE R S&é%?@r@eﬁreﬁsgﬁ%%%mﬁ @nﬁéaﬂg%hér y
avai | abl e fbeﬁhmﬂ@atwdp@éfehea,al Rétic Htfcat ik e AGFed UL L 91 1] - The

critical mcelle concentration r any given dralky osuccrnd ‘Fs a
function of stragthtichaiof satinatel diryﬂnoﬁbahpldhf"cam}euﬁsa'tﬁx@ﬁddcOSdSY%Etﬁn%@féﬁ aR

sol vent enployed. In the present dispersant fornulation containing a major
portion of pwprared by debydrasing sorbitol followed by reaction with aliphatic

monocarboxylic acid, and are available commercially from ICI under the trade

name Span®.

Polyoxyethylene adducts of sorbitan monoesters of C,y-Cyq
aliphatic monocarboxylic acids (component (b)) have from 6 to 30, preferably 15
to 22, ethyleneoxide units per mole of ester. Such polyoxyethylene adducts are
prepared by reacting the sorbitan esters of aliphatic monocarboxylic acids
described above with 1,2-ethylene oxide. These polyoxyethylene adducts are

available commercially from ICI Inc. under the trade name Tween®.

The alkali metal salt of a dialkyl sulfosuccinate wherein the alkyl -
group is a C4-C,; branched chain radical (component (c)) is an anionic
surfactant. A preferred salt is sodium dioctyl sulfosuccinate commercially
available from Mona Industries, Inc. under the trade name Monowet®. The
critical micelle concentration for any given dialkyl sulfosuccinate is a function of
nature of the alkyl group on the sulfosuccinate and the solvent employed. In the

present dispersant formulation containing a major portion of paraffinic solvent,
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sul f osucciwetegsgusf actant has a critical mcelle concentrati ,@gg.n%g‘{c?grr] C .
of at |east about 0.05 g/l 00 m. Pol yoxyet hyl'ene adduct s

of sorbitan triesters or sorbitol hexaesyers of Clerr]-Cferr] aliphatic
nonocar boxyl i c acids (conponent (d)) contain from6 to 30, preferably 15
to 22 et hyl gnepxhd its per nol.e of triester or, hexaester. The sorbitol
adduct is p gﬁg?l&f?B@??Séﬁ:gﬁaﬁegs‘&lfm?@r*@s&&réféca\}\ﬂlﬁe FoRGeatration atidd Gy
esterificaty hald y available fromIC, Inc.

The sol vent %&%%ﬁgﬁtﬁt?é;)g ?gbg’il'least one of a propyl ene glycol ether,
et hyl ene gl ycol ether, alcohol, glycol, water, and a paraffinic

hydrocar bon. ~ One enbpdiyaRebthi i ARILER Jf SBritAH icdlerdbP BHERE HlAEgbrsCt her
lates to a mXxtu

and paraffinic hydrocarbon. Another enbodinent rela re of at

| east one off CilyCa aliphapiyimooqiyen/licddiés ?coﬁiﬂhﬂeﬁﬂ@)ﬁbﬁﬁﬁﬁn e 6 tod (s 0hol
gl ycol and water, ang (i)2 a paraffinic solvent. It i's feasible to use the
propyl ene gyry&rablé't heto 22 etinigieonxide whiyscpér molesof triester orhexaestdre oftgd - or
glycol. It is a‘léﬁé) easi ble to use only water, alcohol or ?I ycol with

par af fi ni c 95Piekadduchis prepared byt reapting ethohene oxidgmithosorbitol faliowed biycal .

Preferred .are err] to rr] .al cohol s referred glycols are
C2 to C8 gﬁéysg%g@jfasﬂl%?a 508}1“855?%%@?1‘}3‘%@%( PWK_%QE%‘Qe propyl ene gl ycol n-
butyl ether, dipropylene glycol n-butyl ether, tripropylene glycol n-butyl

ether, propylene gly ].ﬁ)tﬂ!g 0 | w¢al . phenyl et her,

di propyl ene gl ycol ng{% f/alg'?ﬂfe)@%h% r pr?lgf)egp)fesnag%%ggg? %t%?ﬁygﬁ"ﬁe&lyc hyl ene
gl ycol n- buitiér, egtiylérie gRicBY&BBE B! olPBSNWat&t mg thyl
ether, , hexyl al cyghol l?’I@Iboctyl al coholg,pbut’yla al’%g%glp‘,a}et Wg?{g‘l%ﬁ%’of

propyl ene dDyeembadimbnt selateeto ginignire oEPﬁqgilaid %’lyﬁbleétﬁéf eid pasfAhRPY| ene
glycol n-buyty] ether, dipropylene glycol n-butyl ether, tripropylene

gl ycol n- bdifdroedrhen, Andthetsppbedimept yelotesteatmixturetdfat legst opylofi(e) gl ycol

n- propyl ether and propyl.ene gl ycol phenyl ether. G ycol ethers are

avai | abl e A GRY 63 LT, %ﬁ\)’}/ﬁmoﬁémlrréhirs atrohah gty qd wadovater, pnek @) reed

paraf f1 01 ¢ SRARBREWbReht) il rlsil E0BE Al prbpfiche el SndFRe ey V°
PCT/ US97/ 028¥8o] ether with water, alcohol or glycol. It is also feasible to use only water,

alcohol or glycol with paraffinic solvent. The nature of the alcohol or glycol is
not critical. Preferred alcohols are C, to C,; alcohols and preferred glycols are
C, to C; glycols. Examples of component (e)(1) include propylene glycol n-
butyl ether, dipropylene glycol n-butyl ether, tripropylene glycol n-butyl ether,
propylene glycol n-propyl ether, propylene glycol phenyl ether, dipropylene
glycol methy ether, tripropylene glycol methy! ether, ethylene glycol n-butyl
ether, ethylene glycol phenyl ether, ethylene glycol methyl ether, , hexyl alcohol,
octyl alcohol, butyl alcohol, ethylene glycol, propylene glycol and butylene
glycol. Especially preferred are propylene glycol n-butyl ether, dipropylene
glycol n-butyl ether, tripropylene glycol n-butyl ether, tripropylene glycol methyl
ether, propylene glycol n-propyl ether and propylene glyco!l phenyl ether. Glycol
ethers are available from Dow Chemical Co. under the trade name Dowanol®.

Preferred paraffinic components (€)(2) are isoparaffinic solvents. Especially



-5-  prefenred solvents are isoparaffinic solvents wherein the isoparaffin
content i g st about 50 vol.% based on paraffinic sol

sol vent s i‘r’ébg\s/gl able from Exxon Chem cal Co. under the tr%ﬁ@bﬁ%ﬁgﬁ%

| sopar. Wil e not wishing to be bound to any theory, it is

believed that when any given solvent sel forth above, e.g., glycol ether,

wat er, al cohoé%_;)r | ycol, js conhined with paraffinic solvent, especially

i sopar af fi f&€ %ﬁﬁ‘,’eﬂtﬁéfe isaparadlinic saheenss yiereis theisonasaifn contenhisatt ant

when th ' LS t I I t i t.hout added ffini
o1 vont) . HEH SPOREPAKBL o Rsed Bp saPasfiit sl vEnt Shit Solkesare AMIRE gi ven
| t | t 4] trabi | | f th fact ant
package as erERer (iedel £, Pk il ERERRIEREY, Ot T oyl acion i 0

terms of its dispersant effectiveness. In sonme applications, it nmay be

feasible to use a pargffidtidt Wikts en}{}@ﬁoﬁ’mw&l ﬂl&g,ﬁiﬁﬁé’?ﬁ%ﬁfé&%‘ﬁf'em’

especi ally when the paraffinic sol IS an | sdpara

i sopar af f i nvikdoagy gbvenGolvdiit sebforttesbie, iele.| By cdl Beies aRhtet OA18RAL 40 -bei ng
hazy, but this nmay be acceptabl e under some applications.

The concentglycolois combimedfwith pargffinientalvémt) esprecalighisopiraffint lselvetdi,sher sant

fornmulation are as follows: (a), 1-9 vol.% (b) 2-17 vol.% (c) 5-34 vol.%
(d) 2-25 vdiature ofithe giyensplyentis novgs bapertashasdwbpr thegivehsolvdnitis 8re  The

Formil at 1 0RO RVaRHhos Aided PRFTBICEIVER. MArh Sombuatd Wil (o 200
The or esentSaRAREaE RorveBh iEF boleBiahe ghven sathEPLrelisy tn Besolutility aplvent s
v ocar boreARe SbifRy ¢F BEShithblint bikaeald:NreN Bs YR QHAL BBt of the
viscous hyH§mesdM IEmalEdnaA tBRAY ¥f RS diGRrsafRaTTRe1I0h&EE VTR Soafad bunker oi |

are difficult to disperse because of thée cohesiveness of the oil which

resi sts t happlicatiohs)dt mag belfieasibleptoaiset paraifiinieshywtbtarbentaieh@eort r at i on

m xi ng of the dispersant formnulation. WO 98/ 34722

PCT/ US97/ 030¥xEnt component, especially when the paraffinic solvent is an i§oparaffin. Use
of isoparaffin alone as solvent may result in the dipersant formulation being

hazy, but this may be acceptable under some applications.

The concentration ranges for components (a) through (e) in the
dispersant formulation are as follows: (a) 1-9 vol.%; (b) 2-17 vol.%; (c) 5-34
vol.%; (d) 2-25 vol.%; and (e) 90-15 vol.%, based on dispersant formulation. The
amount of component (€) is preferably 30 to 80 vol.%, based on dispersant
formulation. The amount of paraffinic solvent is from about 30 to 100 vol.%,
based on total solvent, preferably from ‘60-98 vol.%.

The present dispersant formulations containing a mixture of co-
solvents have the advantage of dispersing highly viscous hydrocarbons, i.c.,
hydrocarbons having a viscosity greater than 10,000 cp at 15° C. Such viscous
hydrocarbons suéh as heavy crudes, weathered crudes and bunker oil are difficult
to disperse because of the cohesiveness of the oil which resists the spreading and

breakup of the oil as well as the penetration mixing of the dispersant formulation.



In addition these formul ati ons have | ow environnmental inpacts and can be
sprayed over w de tenperature ranges. Viscosity properties can be adj.usted
to favor ' sprayi ng over a wi de tenperature range, aw ion .
| osses arvevaegr?\h?d’zrzral whi ch means that nearly all the solvent W ‘?ﬁ&g@t@h t he
oil slick to aid surfactant penetration of the oil. It is preferred that
the viscosities for the dispersant fornul ati ons be greater than about 70
cp at 68 F slhi per.sal can be achi eved by spraying the di spersant

a,l. k_dj
f or nul at i ob aflfision e%ﬁﬁwl%wwaweﬂpwwwamm% c3bbe | es.

or coence. of PR X Pific Rimberafire Mg, VISl aBpRial Gap dpiadioieg 10 °

h t act . ! : o :

the. mx muts SreuHE ey o¥% A deradl ke, and R Joskt desper =€
ef fecti vel yhiflirfilewARhObardy th'af’lweﬁil)'i ag _rtﬁé‘EkSBlvE:;i’t Wwill reéagh iﬂﬁé of 136k to aRf Ovi des

both econom c and environnental benefit. By |owering the anpunt of

di sper sant syfactant permftration, ofitheodl. i 1s id preferrebthat the vissosities/forghé he
application system t hereby saving tinme. The present fornul ati ons are

ef fective dispesant fatinggatiemhbe greatér thamabowst 70 cp at 68° F. Oil slick digpersahot

wi shing to be boupd tQ_any theory, it is believed that conponent (e) (1)
acts to softibbeiashicved by ipraangthe disprersgat forpudatiqs diresily prahs slickanpunt  of

1) i h ff ' ' in.th f k [
col ut 1 on. wi!EREER oR A TBpreRPERL hoEet aTRIFA arHen G Pereieror SPAR ation. |
Ceneral ly thmH% ﬂ'h{;?gg}.‘ .oﬁqte-%acﬁ‘@%r%@)%éﬁdns about 2 vol.% based on

total solven tdits so roperties, conponent (e)(l)
may act synergistically with conponent (e)(2) to inprove effectiveness of

the dispersant  fornuh ahpORant property of a dispersant fermiRtioN €6r S$SHE bHgNt
formul ations are further 1llustrated by the foll ow ng exanpl es, which

i ncl ude a ppiisds tiedlalsitippth dispersefthe heaximvanamonnt of oil peiihi® 8f dispesant.
PCT/ US97/ 02070 _ _ . , ~ -7- Exanple 1 -
Di sper sant Thefabtlitnterefastively disperse oil at low dispersant to oil ratios (DOR)
provides both economic and environmental benefit. By lowering the amount of
dispersant per unit of oil, there is less need for resupplying the application
system thereby saving time. The present formulations are effective at low

dispersant to oil ratios.

While not wishing to be bound to any theory, it is believed that
component (e)(1) acts to solubilize the surfactant package. Therefore the least
amount of component (€)(1) is that effective to maintain the surfactant package
in solution without haze or phase separation of the dispersant formulation.
Generally the minimum amount of component (e)(1) is about 2 vol.%, based on
total solvent. In addition to its solubility properties, component (€)(1) may act
synergistically with component (e€)(2) to improve effectiveness of the dispersant

formulation.

The improved dispersant formulations are further illustrated by the

following examples, which include a preferred embodiment of the invention.



This exanple is directed to the advantages of using a conbination of

| soparaffipnic solvent and co-solvent. A dispersant fornul ati Lni ng
15.2 volW A)gyaﬂ%xyet hyl ene(20) sorbitan trioleate, 9.8 volpfl&;@%k%ﬁ

pol yoxyet hyl ene(20) sorbitan nonool eate, 5.4 vol.% sorbitan nonool eate and
19.6 vol . % of sodium dioctyl sul fosuccfﬁét e was prepared. The bal ance
(509 of the dispersant fornulation is solvent. The dispersant

ef f ect i vencdixample deddispersandiEffectivenies t echni que described as fol | ows.
The IFP dilution test is a well-known | aboratory procedure to neasure

di spersant effectiven . _The Ps@l cal, apparatus for the test involves_a

(r:]yl i ndLi cal f.gl ass cogfgfsrrféﬁan?pég . regiseto: FI Yarétﬁg‘iﬁ?. %ﬂcﬁﬂlbé%@m%fi_ ng
(D an i deontpttiie SEyrafaf e SRRty A Wit ir RO ol ARbE TS 20 0 o)
o over 1 onSh oy BRG0P« ABfin (ieRe) 9 8Yck% Ll BoNBIFEYRAREGN ! N

sol ution i nsgrbRRart Bi¥ndoRAte, 59 O8IV sHEINEL RonbslehRArRIdLEE §obYs of RRTihaL al tic
punp into the glass container through the inlet port. Overfl ow water

(cont ai ni ngdiectyl dulfpdiricinatd way prepiatel. CDind balaste (S0CoLgthe tdispeesant port and
Is collected in a flask. The oscillating hoop is suspended 20-35 mm
beneat h t heformmdation issoivent Theldispersantgifentivenessrwvas miasuréd usimgvtbe {IFR al
path by an el ectromagnet controlled by an electronic tiner. The frequency
of the oscierhnigredeedibedasfglows in the range of 6.66-20 cycles/ i nute.

[ , di ff [ he,fol | |
;Pt ?f%ﬁt a?e_sL?S?Scéﬁhﬁifk?ﬂffu&m?:ﬁaéagélg o%%%ﬂaﬁ%%i«?&gr%s$¢wr§ao€m?“tngfzgaa
) S . . .
10 cm di arrg@grlgl%/rggwl%g? aLH%reiffrgftfzit,l% 1S ;%'e J@%#}h@lg%c%géﬁ%%ggﬁ‘t’@} ?Leeégﬁnf%ﬁ‘éesoq‘ t he
oil, the styiﬁdcﬁidjamglatge%ntﬁner%ahbﬁﬁlm% iaggst}@flag@roﬁmva% BE&HQQn%'ﬂ%PB at

peristaltic punp I1s started at a speci rate (e.g., t uce a
di ution orfitslinsiddéahe cohtimdr. OHe glasy donthiet hasmwaperftsi §1) awidlecped for

specified periods of tinme (e.g., 0-30 mnutes, 30-60 m nutes, and WO
98/ 34722  located just below the experimental water level and (2) an outletpOTY tha9 79 02070
- 8- 60- 120 mi nutes) and analyzed for oil content. Q] content in the

col lected ksatadaeear the boomef theygsseband epntains an overflow arm extending

upward to determine the depth of the test solution in the container. Clean
seawater is introduced by a peristaltic pump into the glass container through the
inlet port. Overflow water (containing oil droplets) leaves the container through
the exit port and is collected in a flask. The oscillating hoop is suspended 20-35
mm beneath the water’s surface and moves up and down with a 15 mm vertical
path by an electromagnet controlled by an electronic timer. The frequency of the
oscillation can be varied in the range of 6.66-20 cycles/minute. For tests
designed to evaluate dispersant effectiveness, the following experimental
protocol is followed: the glass container is filled with sea water, a specified
amount of oil is poured onto the water surface inside a 10 cm diameter vertical
ring, dispersanf is added onto the surface of the oil, the oscillating hoop is
started, and water flow through the peristaltic pump is started at a specified flow
rate (e.g., to produce a dilution or turnover rate of 0.5/hour). Outflow water is

collected for specified periods of time (e.g., 0-30 minutes, 30-60 minutes, and



[err] where x = oil concentration at tine t, x[err] = initial

di spersed oil concentration in the experinental beaker, and . D=
dilution The percentage of washed-out oil- (P) at ti 1S :
P = 100??}-6;8}3)?.{2& r]) = 100(1-ef[err] ). ' ;EE:S§@2g%0er si on
effectiveness can be determned fromthegequation: E = 100
[(P[err]-Plerr] ) /[ Plerr]] . (3) where E =

di spersant effectiveness ({1%, . P[errL] = _percentage of washed-out oil
at time t O9-5 minwteshandanalyged foxqil gontent. Oil content in ollected plerr] =

per cent age of S -out oil at tjye t in control solution wthout
di spersant 52 \rﬁ%&g‘g’m@’eﬁ&}lﬁ O’Ni)i.)'G bunker oil (200[err]C+ fraction having
a viscosity of about 37,000 cP@10[err] shear rate) are shown in Table 1.

WO 98/ 34722 — v oDt
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TABLE 1 Sol vent %
Di spersed whegemar =Mbil concentration at time t,
84.6 Exxsol D80[err] - 57.9
Et hyl ene gl ycol x3- Hutipitiadddispersed oil concentration in the experimental bealds, and
Propyl ene gl ycol_ n- but.i/}{_ et her 72.0
Di propyl ene gl yddl =n-dibition rafer 74. 4
Tri propyl ene glycol n-butyl ether 71.5
Pr opyl ene col n-propyl ether . . . 33.6
Di pr opy! engl%el WS?Htﬁg%%Wgh%‘?ﬂ& oil (P) attimetis: 59. 6
Di propyl ene gl y(‘I9| =”Eltdb\(h-39ﬂjer= lOO(l-e’Dt ). 4?2)3
Dispersion effectiveness can be determined from the equation:
E = 100 [(P4-P.)/P.] 3)
where E = dispersant effectiveness (%),

P, = percentage of washed-out oil at time t in solution with dispersant d,
and
P, = percentage of washed-out oil at time t in control solution without
dispersant.
The results for a No. 6 bunker oil (200°C+ fraction having a viscosity of about

37,000 cP @ 10 s”! shear rate) are shown in Table 1.



Tri propyl.ene gI ycol methyl ether 61.5

Et hyl ene & T]Qhenyl et her PCT/(R97/62070
Propyl ene gI ycol phenyl et her 71.8

| sopar M (45 vol. %/ Dipropyl ene glycol_g-butyl ether (5 vol. % 87.0
| sopar M (40 vol. %/ D propyl ene glycol n-butyl ether (10 vol. 9% 80.0

| sopar M (25 vol. %/ Di propyl ene gl | n-butyl ether (25 vol. % 77.0
Exxsol D80 (25 vol. %/ D propyl enié&}%@l n-butyl ether (25 vol. % 51.9

| sopar M (25 vol. %/ Exxsol D80 (25 vol % 77.0 | sopar
M (25 vol. %/ Tripropyl ene glycol nethyl ether (25 vol. %9 85.1 |Isopar M
(40 vol. 9 ybene glycol n-butyl ether (10 vol. % ofPi egopar M (47.5

vol . %/ Et hyl' ene gl ycol phenyl ether (2.5 vo..% 78.6 |sopar (47.5

vol . 99/ Propylepg 9l ycol phenyl ether (2.5 vol.% 87.8 Igggar M (47.5
vol . %/ Pro (gi)ycol n-propyl ether (2.5 vol.% 89.9 chgopar M (45
vol . %I Pro

t¥ny ne @'céﬁ thtﬁ Blreopyl ether (5 vol.% 52.3 | %‘ar M (47.5

vol . %/ Wa 75.5 (1),,Di spersarit
formul at i o r°P ] g&fs}?tnt (2) Contains less than vol . %
i sopar af fi f¥ropyene °° n-butyl ¢ ““As shown in Table 1, when

'si ngl e sol vent
g ol n-butyl
ether, tri B Hutyl et her propyl ene gl | phenyl ether,
and Isopar @?X;"é’ethéO BioPpethehr mance Wi th regard to 9%48i spersed.
However, t @'?Ryéﬂ‘)‘?lgbﬁe“ﬁ?t?ﬂﬁhebhenyl et her sol vent may 4%t be desirable
for an oi | TEpropylegs glysol Bwiw! $b%ause of the aromatic noiet$!-5  |sopar M may
not be desEthilspezlyedphenwylether he haze, but still could be &84d in t hose

is used, p ’6 P%lﬁ'éeglycoéf’g%‘?’ etHerbutyl ether, dipropyl ene gg

cases wher Bropyigee glycl phapi ethére. 71.8
Isopar M (45 vol. %)/Dipropylene glycol n-butyl ether (5 vol. %) 87.0
Isopar M (40 vol. %)/Dipropylene glycol n-buty} ether (10 vol. %) 80.0
Isopar M (25 vol. %)/Dipropylene glycol n-butyl ether (25 vol. %) 77.0
Exxsol D80 (25 vol. %)/ Dipropylene glycol n-butyl ether (25 vol. %) 51.9
Isopar M (25 vol. %)/Exxsol D80 (25 vol %) 77.0
Isopar M (25 vol. %)/Tripropylene glycol methyl ether (25 vol. %) 85.1
Isopar M (40 vol. %)/Ethylene glycol n-butyl ether (10 vol. %) 72.7
Isopar M (47.5 vol.%)/Ethylene glycol phenyl ether (2.5 vo..%) 78.6
Isopar M (47.5 vol.%)/Propylene glycol phenyl ether (2.5 vol.%) 87.8
Isopar M (47.5 vol.%)/Propylene glycol n-propyl ether (2.5 vol.%) 89.9
Isopar M (45 vol.%)/Propylene glycol n-propyl ether (5 vol.%) 523
Isopar M (47.5 vol.%)/Water (2.5 vol.%) 75.5

(1) stpersant formulation in 50 vol.% solvent.
?) Contains less than 50 vol.% isoparaffins

As shown in Table 1, when a single solvent is used, propylene
glycol n-butyl ether, dipropylene glycol n-butyl ether, tripropylene glycol n-butyl
ether, propylene glycol phenyl ether, and Isopar M give the best performance
with regard to % dispersed. However, the propylene glycol phenyl ether solvent
may not be desirable for an oil spill dispersant because of the aromatic moiety.
Isopar M may not be desirable because of the haze, but still could be used in

those cases where haze is acceptable.
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Sol vent %%&s’z,?f gl ycol ether and |sopar are generally ”‘}E‘i‘mssjllﬁlﬁ)%i'\./e :
I

t han wou e expected fromeither solvent alone. This indicates a
synergistic effect of the solvent m xt ureey Furthernore, |owering the
concentration of glycol ether in the solvent mxture relative to the |sopar
conponent favors increased dispersal effectiveness. The amount of gl ycol
ether in the m xtureSosRt Harures ofiglyeclmberandlsopanarggenesally moser t o

k th f act ant ' tion..Th t of -.5Ql t is that
SorTi G ont SHfsog Hhin PRRETHE sxBedtRd Hom Bithar st Hlons, TERipdickimn
£t ecti Foar . | ot ba h .

ot pese or i e WA ESBlvehl ndilorty REESRE. RN ATHIIO! oS ND

can al so b%oﬂé@tﬂr&tibrk@?\l\gl[ygrﬁ?et%ﬁgiﬁ e N el FAiAGR &&tﬁ@'tﬂtthé’fbotphf‘d udi ng

al cohol s, glycols and anount of such solvents Is that effective
to clear ugonipon®at favods iligedsedalispdredlraficativeness! ThHeemeunmust glpéolcstheol vent
is too great, then the final surfactant fornulation my a%:i n becdme hazy
due to sol ubithé mixpre hustgenerablythecabovgrabmut 2rvol faak arder takeep tbi nat i on of
| sopar Mwith co-solvent is nore effective than the pure sqlvent al one

(wi t hout | SYplactant packageda sabsian. hecamewnint ro-selwensis doatsufieienktd bits a
synergi simi ny.case i .e.,. the.di spersant fectiveness is greater
Chan one. wOPIAS S S Pistart HAGKRES difr et #ORH o5 p TRaun SIS vent
Even sol ve ' Ahfu e | - | (i spersants when
m xed wt h%?&%’g?ﬁﬁ. n é%@‘ﬁjwéﬁn%%ﬂfé%%P?ﬁgr‘?ﬁsg?rﬁgsgtg%éé?vngg sol vent
concentrations, toxicological concerns over glycol ethers contai ni ng an

gg}rﬁtsigg/ gfz’b%y GfiRr BYRRnlsIsSides glycdRtB&s34hAA2s0 be used to klelep_the LA

1. An i npr cueficting pacisepet infsolutivrg tincladiig sicohols, glycbisgindywates.c@hs
amount of such solvents is that effective to clear up any haze in the final
formulation. If the amount of co-solvent is too great, then the final surfactant
formulation may again become hazy due to solubility problems with the
surfactant package. The combination of Isopar M with co-solvent is more
effective than the pure sqlvent alone (without Isopar). As noted above, the
combination of solvents exhibits a synergisim in many cases, i.e., the dispersant
effectiveness is greater than one would expect from a mere combination of
Isopar M with co-solvent. Even solvents which are soluble in water can be
effective dispersants when mixed with Isopar M in small amounts. Furthermore,

at low co-solvent concentrations, toxicological concerns over glycol ethers

containing an aromatic moiety are much less.



hydr ocarbenswhi ch conpri ses: (a) a sorbitan nonoester of
a (err]-Gyey | phati ¢ nonocar boxylic acid,

pol yoxyet hyl e{?}eu?éduct of a sorbitan nonoester of a c[err]- P%Q%hz%gt e
nmonocar boxylic acid, said adduct having {yfom6 to 30 ethyleneoxide units
per nole of ester, ' (c) an alkali netal salt of a dialkyl
sul f osucci ng%rei n the alkyl group is a branched chain radi cal

cont ai ni ng carbon atons provided that the critical mcelle
concentration at 25[err]Cis greater than 0.05 g/ 100m , (d)

a pol yoxyet hyl ene addygct F [ . 2rr] - .
al i phati c nonocar boxyFi éq Iggrflgnﬁ}a&\@m%@?&é{%fgﬁ{’gaggﬁgﬁey g%é)})jxtlﬁgg%hsfgu%er

nmol e of trhpdioearbonsavigieh woieisey! ene adduct of a sorbitol hexaester of
Cerr]-Cerr]. aliphatic nonocarboxylic acid, said having from6 to 30
et hyl eneoxi de units per nole of hexaester, and (e) a

sol vent conprising at (d)eas sorkitan manpesigyd £ €, gCy¢ aliphatid atonctatbd:anr

gl ycol ether,, water, alcohol, glycol, and a paraffinic hydrocarbon. =

2. The foR¢h ation of claim 1 wherein the sol vent conprises a propyl ene
or ethylene glycol ether, at |east one of water, alcohol and glycol, and a
paraffinic hydrocarbo The formulation of claim1l

. 3
wherein the sol vent c@?}’pri adolypxysthyienc.addugt of aspriitan mopesstesphaciend an

::?;?—}O?Jrsg;; b%gbﬂﬁﬂ{aﬁﬁ%gﬂ&arboxylic 38 28 3 3488t having from 6 tq 30_

4. The T ogthiyledebRideQinifs firhdleWresfy the paraffinic  hydrocarbon is an
i sopar af f ni ¢ hydrocar bon. ’

(c)  an alkali metal salt of a dialkyl sulfosuccinate wherein the
alkyl group is a branched chain radical containing 4 to 13 carbon atoms provided

that the critical micelle concentration at 25 °C is greater than 0.05 g/100ml,

(d)  apolyoxyethylene adduct of a sorbitan triester of a C,¢-C,,
aliphatic monocarboxylic acid having from 6 to 30 ethyleneoxide units per mole
of triester or a polyoxyethylene adduct of a sorbitol hexaester of Cio-Cs.

aliphatic monocarboxylic acid, said having from 6 to 30 ethyleneoxide units per

mole of hexaester, and

(e)  asolvent comprising at least one of a propylene glycol

ether, ethylene glycol ether, water, alcohol, glycol, and a paraffinic hydrocarbon.

2. The formulation of claim 1 wherein the solvent comprises a
propylene or ethylene glycol ether, at least one of water, alcohol and glycol, and

a paraffinic hydrocarbon.

3. The formulation of claim 1 wherein the solvent comprises a

propylene or ethylene glycol ether and an isoparaffinic hydrocarbon.
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5. The formulation of claim1l wherein the amounts of conponents (a)
(e) are: (a) 1-9 vol. % (b) 2-17 vol. % (c) 5-34 vol. % (d) 2«25 vol .

% and (e)
wherein c
of a (Jerr]

0-15_vol. % 6. The formul atio |1
SR (b) is a pol yoxyet hyl ene adduct of a so?gﬁ&ggl”%)%e
- C20 aliphatic nonocar boxlyél I c acid.

formul ati on of claim1 wherein conponent™“(d) is a pol yoxyet hyl ene édd
of a sorbitan triester of a (Jerr] - Cferr] aliphatic nonocar boxyl i c

aci d.

is an is raffjnic hydrocar
Har

claim8 wh

4.53. ThetormuHationof claigy 1 wihgreintheparaffinia he sol ve
9. The fornmul ati on

on.
Pearpen iy éﬁoﬁﬁqtﬁ{‘@hyq{%?@@&r bon contains at |east 50 va

i soparaffins. 10. The formulation of claim1l wherein

conponent (d) is the5 polrm&cmgﬁgﬁy??gﬁ%ﬂ %fhe?eiﬁ%g%un@éfesﬁf o]

Clerr] - Clerr] aliphatic nonocar

met hod f or

ONSPUHentd M) 16 (&) dre! AYEY 18RS (W%QW voll(P%Ipr('b}SSSS@Oélt. agLin

the layer with the diSpersant fornulation of claim1.

The net hod

(d) 225V od. ¥4 andhée)90: 15l Bespersant fornmulation is appfied

the oil layer by aerial spraying or froma boat.

6. The formulation of claim 1 wherein component (b) is a
polyoxyethylene adduct of a sorbitan monoester of a C,, - Cyq aliphatic

monocarboxylic acid.

7. The formulation of claim 1 wherein component (d) is a
polyoxyethylene adduct of a sorbitan triester of a C,q - C, aliphatic

monocarboxylic acid.

8. The formulation of claim 1 wherein the solvent is an

isoparaffinic hydrocarbon.

9. The formulation of claim 8 wherein the isoparaffinic

hydrocarbon contains at least 50 vol.% isoparaffins.

10.  The formulation of claim 1 wherein component (d) is the
polyoxyethylene adduct of a sorbitol hexaester of a C,, - Cy aliphatic

monocarboxylic acid.

11. A method for dispersing an oil layer on water which

comprises contacting the layer with the dispersant formulation of claim 1.

12.  The method of claim 11 wherein the dispersant formulation

is applied to the oil layer by aerial spraying or from a boat.
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