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BACKGROUND OF THE | NVENTI ON This patent applicati on,hLs a
continuation-in-part of U S. Serial No. 263,974 filed June 22, 1994 i ch
is a continuation-in-part of U S. Serial No. 990,963 filed Decenber 15,
1992, abandoned. Field of the Invention Thi s i nvention
relates to an oil dispersant formulation-&nd a process for dispersing
spilled oil on water. More particularly, a fornulation of chem cal
surfactants and sol vent reBUERGROUNDOFIHE INVENTRY)Nant which is
effective at dispersing highly viscous oIl at Tow concenirations under a
wi de range of weather conditions. Description of the Related Art
One of the technol ogi eThispateftapplichtiopis 4 comtapation-inypant ofld.S. (Beriab Noof
chem cal dispersants. The application of chem cal dispersants is dependent
on several f 63,8r7é:ﬁled¥unm3£h1&94cwhmhus aeontippgtionainspart of U.BeSenial Noii | | ed,

018 b gnl y SaRERSee Daterbat 1 ol abansoreibl 6 1o provide & single

chem cal dispersant fornulation which will treat all oils under al

condi tions. 14 I ei Is much nore difficult to disperse a

hi gh- boi | i ng=w a bunker oil as conpared to a |ight crude
oil. Furthernore crude oils and oil products vary widely in their
properties including alipld invehflolfeltles RPAR S dispersant formulation And@si T abl e

property for chem cal dispersants used to treat oll spills is that the

surfactant fgroaebafordispersingeptliednsil 6@ matére Mbisparticulkly, b fstroulativtofr
I nterfacial tension such that the oil s effectively dispersed as fine oil

dropl ets i n ol¢micalsurfactants and sebientresults irma lowdoxicitp eispersant swhoch isr at i os.

Al so, the . .
effective at dispersing highly viscous oil at low concentrations under a wide

range of weather conditions.

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 s effectively dispersed as fine oil droplets in

water without coalescing even at low dispersant to oil ratios. Also, the
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-2 - dispersant fornulation should be of mnimal toxicity so that it does
not add to the environnental damamge caused by the oil spill.

Various dispersant formulations have been advanced for treating oil spills.
U S. Patent 3,793,218 discloses a dispersant fornulation for dispersing oil
slicks. U S. Patent 4,560,482 relates to%r di spersant conposition for
treating oils having viscosities of from 1000 to 10,000 cp in water.
SUMVARY OF TdipdrbddtNidirillation should be of mitimab t@deity so v it dex’ vt adidde shen

i mproved di spersant fornulation which is effective on highly viscous

hydr ocar bonsenvimbnmeéntgrdansagepransabby ther oillspibler si ng an oil | ayer on water.

The i nproved di spersant for rrul at i on conpri ses: (a) a
sorbitan nonoester of a Clerr]- er;t]8 al i phati c npnocar boxylic acid,
(b) a pol yoxyet hyI ene aﬂ%ﬁ:@lsmrsgm Flﬁplaélﬁnﬁbﬁﬁ%b?@} adyangedffer treating o

ool aneoxi BF SRIBYS, Parft 5,703 318 fSCTokes o BpdtSnt eOffaviatiGn 165 dispersing o

chai n'radi Al %%SZ#»TS‘SS’”%% 3300 A Lo Rb S Poditort fof ROGHE
pol yoxy et hy! i GiscBiiris 5P hirh 3000 A0ICRI0 @fimwiepr 11- CLerr] aliphatic

nonocar boxyl 1 ¢ aci haV|ng rom 6 et hyl erteoxi de units per nole of
triester or a polyoxyethyl ene adduct of a sorbltol hexaest er of

Clerr]-Clerr] aliphatic nonSUMMARY ORTHE INVENTIONg from6 to 30

et hyl eneoxi de units per nole of hexaester, and
The present invention provides an improved dispersant formulation
which is effective on highly viscous hydrocarbons and a improved process for

dispersing an oil layer on water.
The improved dispersant formulation comprises:

(a)  asorbitan monoester of a Cj(-Cpq aliphatic

monocarboxylic acid,

(b) apolyoxyethylene adduct of a sorbitan monoester of 2 C1¢-
C» aliphatic monocarboxylic acid, said adduct having from 6 to 30

ethyleneoxide units per mole of ester,

(¢) analkali metal salt of a dialkyl sulfosuccinate wherein the

alkyl group is a branched chain radical containing 4 to 13 carbon atoms,

(d) apolyoxyethylene adduct of a sorbitan triester of a C19-Cog
aliphatic monocarboxylic acid having from 6 to 30 ethyleneoxide units per mole
of triester or a polyoxyethylene adduct of a sorbitol hexaester of C1(-C».
aliphatic monocarboxylic acid, said having from 6 to 30 ethylencoxide units per

mole of hexaester, and



(e) a propylene glycol ether solvent selected fromthe group consisting
of propylene glycol n-butyl ether and tripropylene glycol n-butyl ether.

I n anot her enbodi nent, the inproved di spersant fornulation conprises:

(a) a sorbitan nonoester of a CJerr]-Clerr] aliphatic nonocarboxylic

aci d, (b) a pol yoxyet hyi®ne adduct of a sorbitan nonoester
of a (Jerr]- C20 aliphatic nonocarboxylic acid, said adduct having from 6

to 30 ethyl eneoxide unﬁet)s P& bropyieneOilyeslt éther solvent selected from(the grévip al kal i
metal salt of a dialkyl sulfosuccinate wherein the alkyl group is a

branched chatonsistigtigex| propylene giyogl a-huayll@hemambtripropytene ghydotiacbutlat t he -
critical mcelle concentration at 25[err]Cis greater than 0.05 g/100m,
(d) a pol yo%ilé‘t-hyl ene adduct of a sorbitan triester of a (JQerr]-Clerr]
al i phati c nonocarboxylic acid having from6 to 30 ethyl eneoxi de units per

nole of triester or a pol et hyl ene adduct of a, sorbitol_.hexaester of
Gerr]-clerr] ali phati B B amsgmeataticdmsard! ABbrsett amigtio 3o

et hyl eneoxi d‘feo I, per nol e of hexaester, and (e) a solvent
conprising a ast "one of a propylene glycol ether, ethylene glycol ether,
wat er, al cohol, glycol and a paraffinic hydrocarbon. The

| mproved process for diayper#iaiiti nirockRY 8F s €y JRYS' alighificl ses contacting
the oil layer on the water surface with the di@;lper nt formul ati ons

descri bed abmefocarboxylic acid, -4-

(b)  apolyoxyethylene adduct of a sorbitan monoester of a C1¢-
Cog aliphatic monocarboxylic acid, said adduct having from 6 to 30

ethyleneoxide units per mole of ester,

(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 OC is greater than 0.05 g/100ml,

(d) apolyoxyethylene adduct of a sorbitan triester of a C109-Cag
aliphatic monocarboxylic acid having from 6 to 30 ethyleneoxide units per mole
of triester or a polyoxyethylene adduct of a sorbitol hexaester of Cg-Ca.
aliphatic monocarboxylic acid, said having from 6 to 30 ethyleneoxide units per

mole of hexaester, and

(e) a solvent comprising at least one of a propylene glycol ether,

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

The improved process for dispersing an oil layer on water
comprises contacting the oil layer on the water surface with the dispersant

formulations described above.



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In the sorbitan
esters of Jerr]-CJerr] aliphatic nonocarboxylic acids (conponent (a)), the
al i phatic radical is straight or branched chain and saturated or
unsaturated. Preferred aliphatic nonocarboxylic acids noieties are
Clerr]-Cerr] straight chain saturated or4 fionoet hyl eni cal |l y unsat ur at ed.
Sorbitan esters are prepared by dehydrating sorbitol followed by reaction

with aliphatic m)nmsémglqmmd:rrm@nEFmEmEMchmmmI y fromIC
under the trade nanme Span[err]. ol yoxyet hyl ene adducts of
sorbitan nonoesters of Clerr]-Cferr] aliphatic nonocarboxylic acids
(conponent (b)) have finotreGothitaBGestars of €jgblyq abphatiomonecdrhbryléoatide units

per nole of ester. Such pol yoxyethyl ene adducts are prepar.edm% reactijng
t he sor bi t an(contpemenbfa)) thealiphaticrradisebiststrayghtor beanphed chain andisatwted wi t h
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primarily a function ©of nature of the al kyl group on the sulfosuccinate. In
the present giiggpaa® formulation, the dialkyl sulfosuccinate surfactant
has a critical mcelle concentration at 25[err]C of at |east about 0.05
g/100 m . Pol yoxyet hyl ene adducts of sorbitan triesters or
sorbitol hexaesters of Palyexyéthgleneradducts pf sorbitamoneregstass of Cd 0a€2ais

(conponent (d)) contain from6 to 30, prefer 15 to 22 hyl enepoxi

units per nod Imthmp@@,gaébowhm%@mmomg&% fave from 6 fo ?b, ﬁ/referag@ P5e

]: 0|5| ;)WEZOLS ! %ooiz,ae%gﬁgxge(;xsldg o tsaf)eerdnge of e%?ér'. %cﬁtpwgzgfy%ﬂ%égee a&‘c’i&cli's g% bitol
prepared by reacting the sorbitan esters of aliphatic monocarboxylic acids

o’

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-C13 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 primarily a
function of nature of the alkyl group on the sulfosuccinate. In the present
dispersant formulation, the dialky! sulfosuccinate surfactant has a critical micelle

concentration at 25 ©C of at least about 0.05 g/100 ml.

Polyoxyethylene adducts of sorbitan triesters or sorbitol hexaesters
of C1g-Cpg aliphatic monocarboxylic acids (component (d)) contain from 6 to
30, preferably 15 to 22 ethyleneoxide units per mole of triester or hexaester. The



esterification and are commercially available fromICl, Inc

The propyl ene or ethylene glycol ethers used as solvents in the present

i nvention (conponent (e)) have a maximum solubility in water of 25 m per
100 M .water at 25[err] C, preferably 10 m per 100 ml water. Preferred
sol vents are di propyl ene glycol n-butyl €ther, propylene glycol n-butyl
ether, tripropylene glycol n-butyl ether, propylene glycol phenyl ether and
et hyl ene gl ygabitOa&iiict &t ﬂqﬁﬁ? Y ; 5

et her, dipr o%ﬂnéne gl ygg,lﬂ}ﬁﬁ%rgt y gtgﬂgirg?étggic?ﬁfﬁ pr opy ?ﬁ?‘g‘fl%gpwﬁam yl
et her, espec¢stdrificalionr @idydre Ronghateillyavalliblel fr&hlTEL, Irid ycol ethers are
avail able commercially from Dow Chem cal Co. under the trade nanme Dowanol
Propyl ene and et hyl ene gl ycol nonoethers possess favorable |ipophilic
properties for use in Dhé¢ prhpyienesarathylenenglysol ethersuskdassolents orf theow
toxicity. Froma toxicol ogical standpoint, ethers which do not contain an
aromatic noiRe§eH rl@vwémeﬁgcpmpnent (e)) have a maxinpwasoluhilip igyaterof 85 ml
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and preferred glycols are err err] glycols. eferred paraffinic

sol vent s ar ecthem jpad afipropyteneqlyeolts butiyd pther.adspycinllg idipropyleae glycodmar af f mi ¢
sol vents containing at |east about 50 vol.%of jsoparaffins. Such
i sopar af f i niutgbethentGlyaokethersidre pvailable commeareiatly fpemDowShenridal Cohe
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tripropyl enesqidiaCin ﬁbnﬁ%%oi%y‘ﬂ‘e’préfekﬁﬂppy' ene gl ycol nethyl ether,
propyl ene gl ycol phenyl ether dnd

When the propylene or ethylene glycol ether solvents are combined
with a paraffinic solvent, the solubility of the glycol ether solvents is of lesser
importance, especially where the paraffinic solvent is the major component of
the solvent package. It is feasible to use the propylene glycol ether or ethylene
glycol 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 Cy to Ci3 alcohols and preferred glycols are
C7 to Cg glycols. Preferred paraffinic solvents are isoparaffinic solvents.
Especially preferred are isoparaffinic solvents containing at least about 50 vol.%
of isoparaffins. Such isoparaffinic solvents are available from Exxon Company,
USA under the trade name ISOPAR®. The total amount of solvent is from 15 to
90 vol.%, based on dispersant formulation, preferably from 30 to 80 vol.%. The

amount of paraffinic solvent is from about 30 to 100 vol.%, based on total



propyl ene glycol n-propyl ether. Especially preferred sol vent conbi nations
i nclude isoparaffinic solvent conbined with dipropylene glycol n-butyl
ether. Wiile not wishing to be bound to any theory, it is believed that
when any given solvent set forth above, e.g., glycol ether, water, al cohol
or glycol, is conbined with paraffinic sdtvent, especially isoparaffinc
sol vent, the nature of the given solvent is not as inportant as when the
gi ven sol vendolvént] prférabl femv-60198 volt%0 Prefegbddobaint thinbirativpk Veelhde Wien
conbined with isoparaffinic solvent, the role of the given solvent rel ates
to the sol ubisbparaffamid shbrotcambhiediwigh ethyldre glycodlacbatil effmrkpppyknenel | as
| npacti ng performance of the dispersant formulation in terns of its

di spersant eglyeekn-butd sther; dipsropiengglycebnibuid ether angdytripeomydens glyeol o use a
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conponent ( eWlijk Iﬁ)tQﬁQthQbiHérbdﬁfnd%@ |ai/19 Hhéory! 118s belid/edIRAWRREN ARy BIVER at
90-15 vol .% preferably 30 to 80 vol % The present

di spersant fsplventaet forth stsoveqae)pl, fy¢vl@therewates) aledhyl arrglyenly dotombhssds have
the advantage of dispersing highly viscous hydrocarbons, i.e., hydrocarbons
havi ng a vi swthipayaffineasalventhespettallydsoparafiinci®lvent Shemature o the given

hydr ocar bons such ,as heavy crudes, weat hered crudes and bunker oil, are
difficult tosclyepds net aeivapertantps whendhe givepspbeant 4y therielesolvept (without
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means that nearly all the solvent w1 reach the slick to al
surfactant pefied dispérsantadfféotivenéss. Thisome applications, it may be feasible to use a

—

paraffinic hydrocarbon as the sole solvent component, especially when the
paraffinic solvent is an isoparaffin. A preferred isoparaffinic solvent is one

containing at least 50 wt.% isoparaffins.

The concentration ranges for components (a) through (¢} in the
dispersant formulation are as follows: (a) 1-9 vol.%; (b) 2-17 vol.%; (c) 5-34
v0l.%; (d) 2-25 vol.%; and (e) 90-15 vol.%, based on dispersant formulation.
Where component (e} is a combination of solvents, the total solvent remains at
90-15 vol.%, preferably 30 to 80 vol.%.

The present dispersant formulations containing propylene or
ethylene glycol ethers have the advantage of dispersing highly viscous
hydrocarbons, i.e., hydrocarbons having a viscosity greater than 10,000 cp at 15°
C. Such viscous hydrocarbons such as heavy crudes, weathered crudes and

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



preferred that the viscosities for the dispersant fornul ati ons be greater
than about 70 cp at 68[err] F. Q1 slick dispersal can be achieved by
sprayi ng the dispersant formulation directly on the slick through one or
nore spray nozzles. Dispersal action can _be achi eved under nornmal water
nmotion, i.e., in a presence of wave actian. An i nmport ant
property of a dispersant fornulation for use on oil spills is the ability

to di spersestdigts Wéﬁ’f@éﬂiﬁg@ﬁﬂhﬁk@i df the biluBiwelbas thespepeation niikengdf | i ty
to effectively disperse orl at |low dispersant to oil ratios (DOR) provides

bot h econonitite dizgersani fopmutation. Inedditian thBye farmadatmenstityedowunt  of

di spersant per unit of oil, there is | ess need for resupplying the
appl i cat i on egyironmentadirapgcts and ggn be sprayed ©ver Bada tempRralyr Fangss. ar e
effective at | ow dispersant tQ oil ratio oved
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sodi um di oc ul fosuccinate, 18.1 vol. % of ethoxylated (20) sorbitan

trioleate amg GPatbsed.. Olostick dispeesay cambe gthieotd by sptaying the dispersant
-8- ether as solvent. Dispersant forrmulation Ais the sane as fornul ation

B except t hdbrrdulativhafirestlgtomythe shclythrongh oné ot worespray nozzies) Jdigpers#k hyl ene
glycol n-butyl ether is a solvent enployed in a commgrcially avail able

di spersant fastionican berachiived sndemmormal yater MeHO &, MPESFRCSRL WBYSul at i on
B except that C contains propylene glycol n-butyl ether as solvent.

The I FP di | #HBA test is a well-known | aboratory procedure to measure

di spersant effectiveness. The physical apparatus for the test involves a

An important property of a dispersant formulation for use on oil
spills is the ability to disperse the maximum amount of oil per unit of dispersant.
The ability to effectively 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.

The improved dispersant formulations are further illustrated by the

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

Example 1 - Dispersant Effectiveness

This example is directed to dispersant effectiveness on various
crude oil samples and No. 6 fuel oil. A dispersant formulation B was prepared
by mixing 6.4 vol. % of sorbitan monooleate, 11.7 vol. % ethoxylated (20)
sorbitan monooleate, 25.0 vol. % sodium dioctyl sulfosuccinate, 18.1 vol. % of

ethoxylated (20) sorbitan trioleate and 38.8 vol. % of dipropylene glycol n-butyl



cylindrical glass container for holding a test solution and an oscillating
hoop that fits inside the container. The glass container has two ports: (1)
an inlet port |located just bel ow the experinental water |evel and (2) an
outlet port that is |ocated near the bottom of the vessel and contains an
overfl ow arm extending upward to determ n&-the depth of the test solution
in the container. Clean seawater is introduced by a peristaltic punp into

the gl ass coghaj a@éoweﬁ@lmiagéﬂa&lﬂ RrRLIRRNA i%&h@/%&ﬂ&f&@%&@éﬁg oi |

droplets) | eaves the contaiher through the exit port and is collected in a

flask. The otk A edrtaigs ensglyospebied cler3s somdnenEdiylendiglyosl eibusy]
surface and noves up and down wth a 15 mmvertical path by an

el ect r omagnetthenista solvent dmpplayed irea commiercial lyeavailable dispensest dgrnmilatibe.
oscillation can be varied in the range of 6.66-20 cycles/mnute. For tests
desi gned to Bisnenans fermupation ks dhe same as fereanlation B exceptihat Ceogmgingent al
protocol is foll?vve X s.container is filled wwth sea water, a

d:. the gla
speci fi ed aan%VF&i%gBWiFgﬁréﬁtsﬁlvFﬂE wat er surface inside a 10 cm

di aneter vertical ring, dispersant is added onto the surface of the oil,
the oscillating hoop i . f lstaltic
punp is started at a sgg;é:}lﬁEadngPg\?ng};?%ng'iégMgébg)?%@aég&é"ggﬁu I on or
turnover rat ) FAELK ' Qrdtes iJd

peri ods of tﬁlr‘ra_g; ?’g‘géﬂwéo&%(? m n%%rfggé“g%@ggy%cﬁﬁiﬁgs anf(;cfrg%c_z ié%gmrgdrllﬁétée%) and
anal yzed for celindric@PoRizt cofdaine? 30¢ Roldinigha tdiesslatibe ahé dnwaoilatinghopanst t he

equation (1): X = x[err]e[err]

(1) where xfits insideche comtaineri dheaflassicoatdiner has two porfser(l) am inlet pos|

di spersed oil concentration in the experinental beaker, and

di | ution rat locatefjusthelowrthe geperimpntohwiateyleveliand () amputletport thag is

P= 100(1- c{c)é{e%rrwa)r the:botltgnq (olf tl(latl, \%srsLl grid contains an overflow arm extendix(né)
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, dispersant 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
60-120 mihutes) and analyzed for oil content. Oil content in the collected

samples follows the equation (1):



Di spersion effectiveness can be determ ned fromthe equation: E =

100 [(Plerr] -Plerr] ) /[ Plerr] ] (3) where E =
di spersant effectiveness (%, Plerr] = percentage of washed-out

oil at . timet in solution with dispersant d, and

Plerr] = percentage of washed-out oil at%tine t in control solution

W t hout di spersant. The results are shown in Table 1.

TABLE 1 x-.—_xoe-Dt DI SPERSANT EFFEQ}I VENESS
(% DI SPERSANT ~ CRUDE

A L SAMPLE * A B C
STATFJORD wberex =+ = oil concentration at time t, 54 54 70
STATFJORD 200+ él

STATEJORD 200+ Xo —( Dyt dlmsed oil concenix:gtlon in the expeglznental beaker, andBAL DER
200+ B 82 78 BALDER

200+  (DOR 1:509 = dﬂ““‘mmt% 66 - BALDER

200+ (DOR 1:100) 27 44 - #6 FUEL AL
(13,800 CP) - .30 BCF 250+

(20 500 CP) The percenékfgf washed-out 835@’) at time t is: 35 OSEBERG 200+ |
50% W O * P = 100(1-x/%y) = 1@@(31_3-Dt ). 76 BALDER (2)200+ /
50% W O 54 6 57 * DOR 1S 1:25

unl ess not edDispelsioh effettiva@ss canbe HewpairdutemiBé equdtida: sea water **
WO = Water in oil enulsion containing 50% sea water. *** 200+ i s that

fraction of oil bBi H nt0GHPeP200RyY] C. 3)

where E = dispersant effectiveness (%),
Pq = 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 are shown in Table 1.

TABLE 1
_DISPERSANT EFFECTIVENESS (%)

DISPERSANT
CRUDE OIl, SAMPLE * A B C
STATFJORD 200+ *** 54 54 70
STATFIORD 200+ (DOR 1:50) 38 61 -
STATFJORD 200+ (DOR 1:100) 14 32 -
BALDER 200+ 70 82 78
BALDER 200+ (DOR 1:50) 45 66 -
BALDER 200+ (DOR 1:100) 27 44 -
#6 FUEL OIL (13,800 CP) <1 39 30
BCF 250+ (20,500 CP) 15 59 35
OSEBERG 200+ /7 50% W/O** 71 75 76
BALDER 200+ / 50% W/O 54 63 57
* DOR is 1:25 unless noted; all direct addition; temperature 13° C; sea water

il W/O = Water in oil emulsion containing 50% sea water.
*E 200+ is that fraction of oil boiling above 200° C.



- 10 - In conparing dispersant A with dispersant B which is
the inproved formul ation according to this invention, it can be seen that
at a given DOR, absolute effectiveness can vary w dely depending on the oil
sanpl e. However, at |ower DOR ratios, e.g 1:50 and 1 :100, dispersant Bis
generally nore effective denonstrating $ Bérior di spersal at |ower
surfactant concentrations. Myreover, highly viscous sanples such as #6 fuel
oi | and BCF show nar kebh ¢omparirendispedsgnidh syith dispersBni B whichas thedmproved

di spersant A_ Likew se, dispersant C shows a narked inprovenent over

di spersant Aformulafionesseesdingte this ievention; isre bgsepre that et a givamieOR.esent

For mul at | on ASRNe FFRGderest by EHe GidrE flegindone OF e, il FEMBLE. Havievemat n
TeStS, o O SRt aRELL e Yoo o, penent T e ATE fSUBARY
appl i ed eit h@égl?ﬁﬁf(fﬂ;i’% %@eﬁoﬁ"@fs?érsgf aeibRer %lﬁrfﬁ&ant concentrations. NIBfeoV@y.e

basin i s considere areafistic sinulation of sea conditions and

conpri ses a KgAK eisCoRmyIBs Sithvar el BildRBICE sREWanarked ilpRSvémerine

shal | ow end cont’ains a pebbl e beach to absorb wave energy. The wave

generat or i sbydispetsaat Btinicompdeispn endispérshiieA pddkewise, digparisanisC showsar
hydraulically driven wave boards spanning the pool wi dth. The hydraulic
syst em can baarkseimprovement openalispessanh 4. dEis dethonstrates she favierabdecl osed
cont ai nment boom (rapproxi mately rectangular, jn shapea Is located within the
pool . The bdepeEiesaidhe nre;spafc%rmylaéw qopgaininga prepylens gleel stleraveR éhi on

is | ocated inside e.boomto create a snml] active "breaking wave" zone. A
second sl | SRnEgablroRBRALCR Ao bk RLlens ElYC GE o | ocated withi n
the first containnent boom G| was placed in the inner contai nnent boom
and di spers | aty | i e ray boom or hand
spray. V\aveam‘ hipié'y S W%Pf f%a\g@glg‘ﬂg o#‘%%s#%ﬁép?gfgg&tlgggﬁsgd after 10

m nutes. After two hours the area within the outer boom was skimed to

recover oil. The resul Thisaxampl@dbmbhstfasd thatthe dispersant formulation of this

invention can be effectively applied either neat or in a water diluted form.

The wave basin is considered to be a realistic simulation of sea
conditions and comprises a concrete pool which varies in depth from 3.3 to 1.85
m. The shallow end contains a pebble beach to absorb wave energy. The wave
generator is situated at the deep end of the pool and consists of four hydraulically
driven wave boards spanning the pool width. The hydraulic system can be
controlled to generate the desired wave pattern. A closed containment boom
(approximately rectangular in shape) is located within the pool. The boom is
held in place by guy ropes. A small submerged stanchion is located inside the
boom to create a small active “breaking wave” zone. A second smaller closed
containment boom of similar shape is located within the first containment boom.
Oil was placed in the inner containment boom and dispersant formulation B was
applied to the oil by spray boom or hand spray. Wave action was initiated and
the inner boom opened after 10 minutes. After two hours the area within the

outer boom was skimmed to recover oil. The results are shown in Table 2.



TABLE 2 TEST DI SPERSANT- B APPLI CATI ON NOM NAL TREAT

UNRETAI NED NO (1) CONC. METHOD (DOR)
(2) aL (3) 1 Bl ank

None . -- 39% 9 Bl ank
None - - -1 10 Neat
Spray Boom 1: 20 93% [err] 11

10% err] Hand Spray TABLE 2 99% 13
Neat Hand Spray 1:40 94% NOTES:
[err] 40 Liters So. La. Sunset Pi peI i ne Crude (37[err] APl) applied in inner
boom (6m x | Orr)r Quter boom 10m x mwaves With artifi CI al reef

br eaki ng wave. TH&Ter téﬂﬁ%@%?ﬁ?@'ﬁ& gg!;&lggﬁmgal i FNQM@N_Y% T er rPNRETAINE
Di sper sant appﬁ&&ﬁt 0 entiG@NCone xcep | i ed—t-cOB|\0) (3)
area only. [err] Inner boom opened 10 minutes after waves started. Q|
recovered within outer boomafter 2 hours by disc skimer. Estinate

approxi mately 17% oi | evapBﬁmked during Nem¢ . [err] Unfavorable wind 39%
conditions pr evegt ed a si gB cant amount. of oil fromreaching the acti %(go
"br eaki ng wave" one. Afte hour, oil NAPjead zone was Gently pushed #5%

active zone. [egr] Dispergggt m xed vgp},‘@ B&dh water to {Lefoconcentrati gy, @

prior to application.

11 10% @ Hand Spray 1:20 99%
13 Neat Hand Spray 1:40 94%
NOTES:

™ 40 Liters So. La. Sunset Pipeline Crude (37°API) applied in inner boom (6m x 10m). Outer boom
10m x 14m. 17 cm waves with artificial reef breaking wave. Water temperature 18-20° C; Salinity 31

ppt.

@ Dispersant applied to entire inner boom area, except Test 13 applied to oil area only.

@ Inner boom opened 10 minutes after waves started. Qil recovered within outer boom after 2 hours
by disc skimmer. Estimate approximately 17% oil evaporated during test.

“  Unfavorable wind conditions prevented a significant amount of oil from reaching the active
“breaking wave” zone., After 1 hour, oil in dead zone was gently pushed to active zone.

¥ Dispersant mixed with salt water to 10% concentration prior to application.



-12- These results show that from93%to 99% of the test crude
oil was dispersed (unretained) fromthe booned test area after two hours
denonstrating effective dispersal under wave conditions. The reduced
interfacial tension of the remaining oil_on the water within the boom shows
that the treatnment is nore than adequatel%md that this oil would also be
easily dispersed if suitably subjected to the wave action. Exanple 3

The sol ubility proper tThese oésults strowahat frgma3%s/tal®98s gf thedkstairhée silavas shown
in Table 3. . TABLE 3 .

Sol ubi | ity idispeasest(unretained) froghéhei hagimedtiest-area after two hours demonstratipg) /

100m Pro ene col ,Met hyl Ether, . . . .Jerr,

Di pr op)y| ene & eptye %\ew«l fiawave conditions. The reduc'g%}r}tfrqulafoﬁea&],smféhe ycol
Vet hyl Et her . . er. r | e d vcol, n- But vl , Et her

S Dl o opy FEREITiPg ok o the ratet Bhthln e B00T 8o el ind irEitinet i She thame

glycol n- BUtai{iFgﬁﬁetggﬁg that this oil would also rbe%a&lfaﬁﬁ&s@&?fsg&é%gg{) %1%35’&8& Et her

[err] Diprop ene ycol
Phenyl Et herthe wave action. 1.1 Ethyl ene G ycol n-Butyl Ether
[err] D ethylene Gycol n-Butyl Ether [err] Diethylene
A ycol Met hyl Ether [err] Ethylene dycol Phenyl Ether

2.3 * CorBeampli3y avail abl e from Dow Cheni cal Conpany under the trade
name Dowanol S.

The solubility properties of commercially available glycol ethers

are shown in Table 3.

TABLE 3
Solubility in Water
Chemical Name* {(ml / 100ml )
Propylene Glycol Methy! Ether o0
Dipropylene Glycol Methyl Ether Y
Tripropylene Glycol Methyl Ether : Y
Propylene Glycol n-Butyl Ether 7.3
Dipropylene Glycol n-Butyl Ether 55
Tripropylene glycol n-Butyl Ether 3.0
Propylene Glycol n-Propyl Ether Y
Dipropylene Glycol n-Propyl Ether 19
Propylene Glycol Phenyl Ether 1.1
Ethylene Glycol n-Butyl Ether 0
Diethylene Glycol n-Butyl Ether 0
Diethylene Glycol Methyl Ether o0
Ethylene Glycol Phenyl Ether 2.3

* Commercially available from Dow Chemical Company under the trade name Dowanol ®.



-.13 - As shown in Table 3, many of the comrercially

avai l abl e, gl ycol ethers are totally mscible with water based on their
solubility properties. Wen such totally mscible glycol ethers are used in
di spersant formul ati ons as sol vents, the,solvent rapidly diffuses into the
aqueous phase when applied to an oil spII “thus reducing the effectiveness
of distributing the surfactants_ throughout the oil phase.

Sone water sol ubil ity Asshosel iabalie 3o mapyiofithe commsrrially aynilablerglyealnt

formul ation i,n storage and fqor certain_applications ere dilytiop, in
aqueous mediSHIRTS ?%@gqﬁ}yaW$;blpa¥lﬁbwaF$|b@§e ara?whgolfl RIQResSsr vat er

del i I ddi.t | | Vi ' .0l 1| ' h I I

et her sol venbarigyalhe Sl a7 B e et diesrvin6alBhont A 7l can
ther bR Ay die e O ‘

Cur T act ant o PR fRe (R YothR o Ol ARIRY )0 the R bt DRt WA Bhpfidfig an,

directed tooftdpel tiasvRahSiAeIhOEfBSHRGiess 6Pdﬂ§&@&ﬁn%ﬁh@%uﬂﬁ&ﬁﬂfs&ﬁfddghﬁut
sol vent and co- solvent. A dispersant fornulation containing 15.2 Vvol.%

pol yoxyet hylteseil phhsesorbitan triol eate, 9.8 vol. % of pol yoxyethyl ene(20)
sorbitan nonool eate, 5.4 vol.% sorbitan nonool eate, and 19.6 vol . % of

sodi um di octyl sulfosuccinate was prepared. The bal ance (509 of the

di spersant fornul ati ofdone weter satubilityds desipable tmoptamizecstabilifieef was
measured using the | FP technjque described in Exapple 1. The results for a
No. 6 bunkedishersand forpapation in staragesind for §%§ptaypﬁps@mnssvh@eohm0@lmo

_S [12r r]) are aﬁﬂ&‘;’I@s ringdi-I_l%I) Isede%irable, for example; gprayige from \z}em?ss&uiifed water

% Di sper sed gelivery system. If additional viscosity control is desired, the glycol ether
solvent may be mixed with a hydrocarbon solvent. Such a mixture can also have
an added advantage of improving the distribution of the surfactants in the oil

phase.

Example 4

This example is directed to other advantages of using a
combination of isoparaffinic solvent and co- solvent. A dispersant formulation
containing 15.2 vol.% polyoxyethylene(20) sorbitan trioleate, 9.8 vol.% of
polyoxyethylene(20) sorbitan monooleate, 5.4 vol.% sorbitan monooleate, and
19.6 vol.% of sodium dioctyl sulfosuccinate was prepared. The balance (50%)
of the dispersant formulation is solvent. The dispersant effectiveness was
measured using the IFP technique described in Example 1. The results for a No.
6 bunker oil (2000C+ fraction, viscosity about 37,000 cP @ 10 s-1) are shown in
Table 4.



| sopar M (formnul ati on hazy) 84. 6 Exxsol

D80( 2) . 57.9 Et hyl ene

gl ycol n-butyl ether 46. 1 Propyl ene gl ycol
n- butyl et her 14 72.0 Di propyl ene glycol

n- butyl ether YT 74.4 Tripropyl ene gl ycol

n- butyl ether 71.5 Propyl ene gl ycol n-propyl

et her SBABLIE dr opyl ene gl ycol n-propyl ether
59. 6 Dipropyl ene glycol nethyl ether 49. 3
Tri propyl enesglong61) net hyl et her °, Dispersed®l. 5

Et hyl ene gl ycol phenyl et her 60. 3

Propyl ene 9|b§ Wﬁﬁﬂﬂiﬂlati‘éﬁh@i 846 (1.8 Isopar
M (45 vol . %‘; ) ene egcoI n-butyl ether (5 vol. % sB8y.0 Isopar M
(40 vol . 9/ gy e &ng_b n-butyl ether (10 vol. % O Isopar M (25
vol. % /D prpr% r%eg: T/'(f‘ tyI ether (25 vol. % 77.0.Fxxsol D8O (25
vol. %9/ Dip t|Y né grtyl ether (25 vol. % 517 4Isopar M (25
vol . %/Exxs 77.0 IsoP@g M (25 vol.

%/ Tripropyl lﬁ leg}eﬁer (25 vol. % 85.1 Isop M (40 vol .
% / Et hyl ene Eﬁ? TOP (10 vol. % 72.7 |sopar 47.5
&P, ”5‘7

vol . %/ Et hyl Her (2.5 vo..% 78.6 |sopgro M (47.5
voI.%/Propylﬁ‘i @ther (25vo| % 87.8 Isopa M (47.5
vol .°/<)/Propy 'él?f ﬁ Frether (2.5 vol.% 89.9 | ar M (45
vol .%/Propy BHisngs pheﬁy ether (5 vol.% 52.3 Iso M (47.5

vol . % / Wat er Propy ?‘W"O%henylethef 75.5 (1) '%persant
formulation in 50 vol.% solvent. (2) Contains |ess than 50 vol.

i sopar af fi nslsopar M (45 vol. %)Dipropyensighinpl i-butsitiien(Saol. fhen a syl e sol vent is
used, propyl bepar My(4ool. YaDipropylenstelysel n-lzhtxireﬂpyﬂ@rvel #ycol #butyl ether,

tri propyl enelsgpay d6(25vob b}Pipropstiérerglycpimptylether @5 webbo)phenyT7.&t her, and

| sopar M gi vExxsbidD39525 vale¥ol/driprapylene glyicom-burgattar €26 vob. th)spefls®d. However,

t he propyl enBogir M5 vphéd)fExxel D8O 2Soblnt may not be desiTable for an oil

spi || di sper ko ME@SauE 8o)Thriptdpeled gl methpltiek (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) Dispersant formulation in 50 vol.% solvent.
(2) Contains less than 50 vol.% isoparaffins

As shown in Table 4, 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.



| sopar M may not be desirable because of the haze, but still
in those cases where haze is acceptable.

coul d be used

- 15- Sol vent m xtures of glycol ether and |Isopar are

generally nore effective than would be eﬁgect ed fromeither
This indicates a synergistic effect of fhe solvent nixture.

sol vent al one.
Furt her nore,

| onering the concentration of glycol ether in the solvent mxture relative
to the |sopar corrponenSOlfVanmtthur%r(rfgmi@ﬂmnenéelsopﬂrfa&génm‘alé}smowm

anount of gl i n e mxtur must. gen aII be above about 2 vol.
in order to %f%@gs W&igaﬁsp%& mwﬂwg@p& nFor Thigindicates; g xt ur es

i.S,.a ol.ubility of th

| ycol ether in

whi ch | h
:/v(re]lterI gecofrg@nleﬁgl?l%?ﬁa&fqéﬁﬁﬁ V treet yrhermo %A@Wﬁ%gbgnet hyl ether

uhich 15 1 ul dohcfhiahdh Br b éé@%? &%%SIVEEH?W’{% rdiftife HEMY 1

di spersi ng agent en m sopar e anoun

CO-SO

%ﬁﬁct ive

is that

sufficient tQmpbddit fhvdts Eﬁ@ezﬁéﬂfﬁéﬁe?%? cPREHNGG Rss.! The anddint oﬁ%’ﬁ%@l ether

effective to cl'ear up any haze in the final formulation wtho

causl ng

hazi ness or ijphhs enixre st @enerally be abotk hboutsDVukYS ih drder felceepltiieol et hers

can al so be used to keep the surfactant package in solution,

I ncl udi ng

al cohol s, gl yurictard pdckegesin. solitionariforrsolveint sixtureoin/which Isepariaia majoect i ve
to clear up any haze in the final fornulation. If the anount of co-sol vent

is too gr eatcommmmeﬁph@ulﬂymﬁth@gbfwl ﬁféneﬁm wtqsrbeﬁayle&é@is

figdeelos. hazy

| Sopar if'w”t e eBppmene. il ancfy LebeOBiohis Tk marible B GorpeRshe.
Synergi si m | Rk 5 gO0T SRRRE ish Ui %@2?@*@@%@%@%@4&2@@8?2;{ r

than one woujg, éél%i}ﬁgﬁﬁft Fﬁ&%ﬂt%kh%l‘% %B?f‘ac%

Even sol vents ICh are SO In water can e eftective

§QI vent .

spe sant's when

m xed wi th |hapaholvht &Ffédiiel to B ibSany izt e HBfifal fofmiRiiofGvERbuent
concentrations, toxicological concernS over glycol ethers containing an

aromati c noi mmrfgrlmzmesb ok phase separation.

Other solvents besides glycol ethers can also be used to keep the

surfactant package in solution, including alcohols, glycols and water. The

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 solvent 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.

%



-16- 1. An inproved dispersant fornulation

effectiv us hydrocarbons which conpri ses: (a)
a sorbl t umﬂwu Cerr]-Cerr] aliphatic nonocarboxylic acid.
(b) dduct of a sorbjtan nonoester of a (CJerr]- C20

al i phat | ¢ nonocar boxyl [ c acid, said addutt~ having from6 to 30

et hyl eneoxi de units per nole of ester, (c) an alkali netal
salt of a diGLAJMSul f osuccinate wherein the alkyl group is a branched
chain radical containing 4 to 13 carbon atons, (d)

pol yoxyet hyl ene adduct], ofApa mq:rrbVécamsgéﬂs@mtﬁhnaiatam(é’fwdtﬂve@[nemghlﬁl I phat IC
nonocar boxylic acid having from6 to 30 et hyl eneoxi de units per nole of

triester or vasopokhydyoeathdnsnehiehdontprises:a sor bi t ol hexaest er of
Cerr]-Cerr] aliphatic nonocarboxylic acid, said having from6 to 30

et hyl eneoxi de units per_ nole of hexaester, and (e) a
propyl ene gI ycol et hed@k ol aesorbisan meneester ofe Cho-Coowliphatiei sting of
propyl ene g -bug&l et her and tripropyl ene glycol n-butyl ether.

The fo im 1 wherein the amobunts of conponents (a) to

(é) are: (a) 1-9 vol. % (b) 2-17 vol. % (c) 5-34 vol. % (d) 2-25 vol. %
and (e) 90-15 vol. % (b)  apolyoxyethylene adduct of a sorbitan monoester of a C1g-

Cyp aliphatic monocarboxylic acid, said adduct having from 6 to 30

ethyleneoxide units per mole of ester,

(¢)  analkali metal salt of a dialkyl sulfosuccinate wherein the

alkyl group is a branched chain radical containing 4 to 13 carbon atoms,

(d) apolyoxyethylene adduct of a sorbitan triester of a C3p-Cog
aliphatic monocarboxylic acid having from 6 to 30 ethyleneoxide units per mole
of triester or a polyoxyethylene adduct of a sorbitol hexaester of C10-Cog
aliphatic monocarboxylic acid, said having from 6 to 30 ethyleneoxide units per

mole of hexaester, and

(e)  apropylene glycol ether solvent selected from the group
consisting of propylene glycol n-butyl ether and tripropylene glycol n-butyl

ether.

2. The formulation of claims 1 or 8 wherein the amounts of
components (a) to (e} are: (a) 1-9 vol. %, (b)2-17 vol. %, (c) 5-34 vol. %,
(d) 2-25 vol. % and (e) 90-15 vol. %.

3. The formulation of claims 1 or 8 wherein component (b) is
a polyoxyethylene adduct of a sorbitan monoester of a C( - C( aliphatic

monocarboxylic acid.

This Sheet Has
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6 formul ation of claim1 wherein component (b) is a pol yoxyethyl ene
adduct

adduct wwmmﬂmm,nIlIoester of a CJerr] - derr] aliphatic .

4. The formil atiof of claim | wherein conponent (d) is a pol yoxyethyl ene
adduct of a sorbitan triester of a C[err]17-‘ Clerr] aliphatic nonocarboxylic
aci d. 5. The formulation of claim1l wherein the solvent is
a mxture of glycol ether dhite franadldtion of ¢lgimot ar Bovherein component (d) B.a

The fornul ation of claim 1 wherein conponent (é.% I s _the pol yoxyet hyl ene

adduct of a Relyexxeshylres adduasof grsombigetriepter ofpdy r( - €20 phiabatic

nonocar boxyl i c ac g 7. The formulation of claim5 wherein
the hydr ocarB8Ros&oaxylicatidr af fi ni ¢ hydr ocar bon. 8. A
met hod for dispersing an oil |ayer on water which conprises contacting the

el bod ot ol mrm e eneb i PhC AR bl T horein the solvent is amitsturs o |
| ayer by aerdfeélyéélrél‘ﬂé%ﬂarﬁm ﬁy@x‘&&rbon.

6. The formulation of claims 1 or 8wherein component (d) is
the polyoxyethylene adduct of a sorbitol hexaester of a C1g ~ Cpg aliphatic

monocarboxylic acid.

7. The formulation of claim 5 wherein the hydrocarbon is an

isoparaffinic hydrocarbon.

8. An improved dispersant formulation effective on highly viscous

hydrocarbons which comprises:

(a)  asorbitan monoester of a Cjg-Cpq aliphatic

monocarboxylic acid,

(b) apolyoxyethylene adduct of a sorbitan monoester of a c1¢-
Co aliphatic monocarboxylic acid, said adduct having from 6 to 30

ethyleneoxide units per mole of ester,

(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 OC is greater than 0.05 g/100ml,

(d) apolyoxyethylene adduct of a sorbitan triester of a C1g9-Cog
aliphatic monocarboxylic acid having from 6 to 30 ethyleneoxide units per mole

of triester or a polyoxyethylene adduct of a sorbitol hexaester of C1g-C2.
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allphatlc nDno c acid, said having from6 to 30 ethyl eneoxide units
per nD and (e) a solvent conprising at

| east ne gl ycol ether, ethylene glycol ether, water,
alcohol ycoI and a paraffinic hydro bon. 9. The

f or mul atlon of clai m 8 wherein the sol vertt” conprises (1) at least of a
propyl ene glycol ether, ethylene glycol ether, water, alcohol and glycol,
and (2) a pahp]natlmmnhgarbox}alﬂ%mld said having from 6 toj3) eﬂim@mexm%ﬁsmﬂof
claim9 wherein the solvent conprises (1) ethylene glycol ether or

propyl ene gp}(ﬂépféﬁﬁ%ﬁsmr(@‘)d at | east one of water al cohol, and glycol, and
(3) a pararffinic hydrocarbon. The fornul ation of cI aim

8 wherein the solvent ,iis an i$0
The fornul ati on of cl a‘i:)ms f e%gcgmgpgq%a?ﬁ%{sgegﬁégrgkr%p%le%e géla:robon S an
i soparaffin Yy, an
oil layer On&\ﬁ&%ﬁ?@ﬂé%ﬁﬁ%%ﬂg\ge&t%&% %l%?tll coﬁaﬂ&ta ?aﬂvf\ﬂich %{g@g@g%gr sant
formul ation of clains 1 or 8. 14. The nethod of claim 13
\é\fgrege' n the ]9“ sper nggt f or MHedbtMolationafRldig0s twhekdia the bolveyecomyrisesr i al

ying or froma boa

(1) at least of a propylene glycol ether, ethylene glycol ether, water, alcohol and

glycol, and (2) a paraffinic hydrocarbon.

10. The formulation of claim 9 wherein the solvent comprises (1)
ethylene glycol ether or propylene glycol ether, (2) at least one of water, alcohol,

and glycol, and (3) a pararffinic hydrocarbon.

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

isoparaffinic hydrocarbon.

12. The formulation of claims 9 or 10 wherein the paraffinic

hydrocarbon is an isoparaffinic hydrocarbon.

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

comprises contacting the layer with the dispersant formulation of claims 1 or 8.

14.  The method of claim 13 wherein the dispersant formulation

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