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The present invention relates to improvements in the 
water tolerance of hydrocarbon oils and more particu 
larly relates to petroleum distillate fuels and similar hy 
drocarbon oil products having incorporated therein addi 
tive agents singularly adapted to prevent the formation 
of persistent haze and stable emulsions when such prod 
ucts are contacted with water during handling and storage.‘ 

Ashless oil-soluble polymeric dispersants have largely 
displaced metal sulfonates, metal naphthenates land simi 
lar compounds for use as stabilizing additives in petro 
leum distillate fuels and related hydrocarbon oil products 
because of their increased ability to suspend insoluble 
degradation products formed in such oils. Sludge and 
sediment which might otherwise tend to clog fuel lines, 
ori?ces, screens and ?lters through which the oils must 
pass are held in suspension to a much greater extent by 
the polymeric additives than by the additive materials 
formerly employed. These increased dispersive proper 
ties, although highly desirable from the standpoint of oil 
stability, have given rise to water tolerance problems 
much more serious than those heretofore encountered. 
The polymeric materials employed as oil stabilizing ad 
di-tives exhibited particularly pronounced tendencies to sus 
pend any water with which the oils come into contact 
and hence extremely persistent haze and stable emulsions 
are formed upon contact of oils containing the polymeric 
additives with water. Since an aqueous phase exists in 
most tanks and other vessels containing such oils, haze 
formation and emulsi?cation are almost impossible to 
avoid. As a consequence, the marketability of distillate 
fuels, lubricating oils, transformer oils, turbine oils and 
other petroleum distillate products in which polymeric 
dispersants are used is often seriously affected. 
The present invention provides a class of new and im 

proved additives which are surprisingly effective for in 
creasing the water tolerance of petroleum distillate fuels 
and similar liquid hydrocarbon oils containing polymeric 
dispersant additives. In accordance with the invention, 
it has now been discovered that the addition of minor 
amounts of certain quaternary ammonium compounds 
to such oils greatly reduces the persistence of haze and 
emulsions formed when the products are contacted with 
water and thus permits their transportation and storage 
in the presence of an aqueous phase without adverse 
results. ' 

The quaternary ammonium compounds which have 
been found to be singularly effective for improving the 
water tolerance of petroleum products in accordance 
with the invention are dialkyl dimethyl ammonium chlo 
rides having alkyl groups which each contain from 12 to 
14 carbon atoms. It has been found that compounds of 
this type are critical for purposes of the invention. 
Closely related tetraalkyl ammonium chlorides such as 
the trialkyl monomethyl ammonium chlorides and the 
monoalkyl trimethyl ammonium chloride are not effective 
for reducing haze and emulsion formation, are readily 
extracted by water, adversely affect the action of the 
polymeric stabilizing additives, or are otherwise unsuit 
able for purposes of the invention. Speci?c examples of 
dialkyl dimethyl ammonium chlorides which may be em 
ployed are didodecyl dimethyl ammonium chloride, di 
tridecyl dimethyl ammonium chloride, dodecyl tridecyl 
dimethyl ammonium chloride, dodecyl tetradecyl dimethyl 
ammonium chloride and tridecyl tetradecyl dimethyl am 
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monium chloride. Also useful for purposes of the in 
vention are dialkyl dimethyl ammonium chlorides de 
rived from naturally occurring materials such as coconut 
oil which contain at least 50% by weight of C12 to C14 
alkyl groups. Dicocodimethyl ammonium chloride, de 
rived from coconut oil, contains from about 55 to about 
70% of C12 to C14 alkyl groups and has been found 
eminently satisfactory for purposes of the invention. The 
‘alkyl groups outside the C12 to C14 range in these mixed 
dialkyl dimethyl ammonium chlorides apparently do not 
contribute to the improved water tolerance of the products 
to which the chlorides are added but appear to have no 
adverse effect. Such mixed dialkyl dimethyl ammonium 
chlorides are generally referred to as technical dilau'ryl 
dimethyl ammonium chlorides and are readily available 
from corrnnercial sources. Such mixtures are therefore 
preferred for purposes of the invention. 
The polymeric dispersant additives primarily respon 

sible for the poor water tolerance of distillate fuels and 
similar products are widely used commercially and are 
‘well known to those skilled in the art. These dispersants 
in general are polymers and copolymers of unsaturated 
organic esters, nitriles and similar monomers containing 
vinyl, vinylene or vinylidene linkages. The dialkyl di 
methyl ammonium chlorides employed in accordance with 
the invention have been found effective when used in oils 
containing a wide variety of such polymeric dispersants. 
A class of polymeric ‘dispersant additives in conjunc 

tion with which the dialkyl dimethyl ammonium chlorides 
have been found to be particularly effective are those 
which are prepared by the copolymerization of an alkyl 
chloropropyleneoxy mixed ester of an unsaturated con 
jugated dibasic acid with a polymerizable organic mono 
mer containing a vinyl linkage. The alkyl chloropropyl 
eneoxy mixed esters used as one of the components of 
such copolymers are prepared by'?rst reacting a C4 to 
C5 unsaturated conjugated dibasic acid such as maleic 
acid, fumaric acid, citraconic acid, mesaconic acid or a 
mixture of such acids or their anhydrides,,when they 
exist, with a long chain saturated aliphatic alcohol to pro 
duce a half ester. ~ Suitable-alcohols for this purpose are 
those containing from about 8 to about 24 carbonatoms 
per molecule, preferably about 8 to 18 carbon atoms per 
molecule. Straight chain primary alcohols such as do 
decyl, cetyl, eicosyl and docosyl ‘alcohols are'preferred 
but branched chain alcohols such as 2-ethy1hexanol-1 and 
C8 oxo-alcohols, secondary alcohols such as caprylal 
cohol and mixtures of straight and branched-chain alco 
hols may also ‘be used. Commercially marketed mix 
tures of alcohols. of the requisite chain length, such as 
those obtained by the hydrogenation of coconut oil may 
also be used. 

'The half ester produced in the above manner is then 
reacted with epichlorohydrin in the presence of either an 
acidic or a basic catalyst such as boron ?uoride or sodi 
um hydroxide to produce the mixed- ester. The ratio of 
the half ester to epichlorohydrin in the reaction mixture 
.may range from about 1:1 to 1:4. Addition of the epi 
chlorohydrin takes place throughthe epoxy group and 
the chlorine atom is unaffected. The mixed ester may 
thus contain from 1 to about 3 chlorine atoms. ‘ 
The mixed ester prepared as described above is then 

copolymerized with from about v1/2 to about 2-0 parts of an 
unsaturated organic monomer containing a vinylfg'roup 
in the presence of gamma radiation, a peroxide type cata 
lyst such as benzoyl peroxide, or an azo catalyst such 
as ‘alpha-alpha azo-bis-isobutyronitrile. Suitable mono; 
mers containing vinyl groups include hydrocarbons such 
as styrene, isobutylene and butadiene'; esters such as vinyl 
propionate and methyl methacrylate; ethers such as di 
vinyl ether; and nitriles such as acrylonitrile and vinyl 
acetonitrile. Mixtures of such -' monomers ‘- containing 
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vinyl groups with other copolymerizable materials, long 
chain alcohol esters of unsaturated conjugated dibasic 
acids such as lauryl maleate and tallow fumarate for ex 
ample, may also be used. Vinyl esters of short chain 
fatty acids, particularly vinyl acetate and mixtures of such 
esters with fumarate or malea-te esters of long chain ali 
phatic alcohols containing from about 8 to about 20 car 
bon atoms per molecule are preferred monomers for prep 
aration of the copolymers with the mixed esters. 
The resulting copolymers are oil-soluble and preferably 

have molecular Weights between about 6000 and about 
20,000 Staudinger. Such copolymers are described in 
copending application S.N. 673,156, ?led July 22, 1957. 
A second class of polymeric dispersant additives with 

which the dialkyl dimethyl ammonium chlorides are es 
pecially effective are oil-soluble, nitrogen-containing ad 
dition type copolymers prepared by copolymerizing an 
amine-free monomer containing one polymerizable ethyl 
enic linkage and an aliphatic hydrocarbon chain of from 
8 to 18 carbon atoms with a monomer containing a nitro 
gen atom and one polymerizable ethylenic link-age. Such 
copolymers may be prepared, for example, by the co 
polymerization of an acrylic or ‘alpha-substituted acrylic 
ester of an aliphatic alcohol containing an average of 
from 8 to 18 carbon atoms, such as lauryl methacrylate, 
with an ethylenically unsaturated compound containing a 
basic amino group, such as beta dimethylamino-ethyl 
methacrylate. Other speci?c examples of the amine-free 
monomers containing a polymerizable ethylenic linkage 
and a C8-C18 aliphatic chain include the tridecyl, cetyl 
and octadecyl esters of acrylic and methacrylic acids. 
Also suitable are esters of these acids prepared from 
mixtures of alcohols such as those containing primary 
alcohols of from 10 to 18 carbon atoms derived by the 
hydrogenation of coconut oil and sold under the trade 
name “Lorol.” A typical mixture consists chie?y of 
lauryl alcohol having 12 carbon atoms per molecule and 
has the following approximate composition: 
Alcohol constituent- Weight percen 

cmrrmorr ____________________________ __ 4.0 

C12H25OH ____________________________ __ 55.5 
cmrrgorr __ ___ ____ 22.5 

clsnsaou ____________________________ -_ 14.0 

clarrmorr ____________________________ __ 4.0 

The polymerizable ethylenically unsaturated compounds 
containing a nitrogen-containing group which are used in 
forming the second class of preferred copolymers suitable 
for use in accordance with the invention include the basic 
tertiary amino-alkyl acrylates, such as the dialkyl amino 
alkyl acryl-ates and alpha hydrocarbon-substituted acryl 
ata, beta dimethylaminoethyl acrylate and met-hacrylate, 
and their homologs and analogs. The nitrogen may be 
a member of a heterocycle where the polymerizable 
ethylenic unsaturation is extra-nuclearly bonded to the 
heterocycle, such as the vinyl pyridines and vinyl pyrroli 
done. 

Limited amounts of other copolymerizable monomers 
in addition to those described above may be incorporated 
into the copolymers of the second preferred class as filler 

Such ?ller materials include vinyl and allyl 
acetates, propionates; isobutylene; styrene; 

methyl meth-acrylate; ethyl vinyl ether and the like. The 
?nal copolymer may contain from about 20% to about 
99% of the nitrogen-free monomer, from about 0.5% to 
50% of the nitrogen-containing monomer, and from 
about 0 to about 79% of the monomer used as a ?ller 
‘material. Many of the polymeric additives falling with 
vin the second preferred class described above are de— 
scribed in detail in US. Patent No. 2,737,452, issued 
March 6, 1956. 

Polymeric dispersant additives of the second class de 
scribed above are sometimes employed in combination 
with tertiary alkyl primary amine-s. Although such 
amines do not have pronounced dispersant properties, 
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they effect a considerable improvement in the stabilizing 
action of the nitrogen-containing polymeric dispersants. 
They do not, however, overcome the tendency of such 
dispersants to suspend water in oils in which they are 
present and hence do not prevent the water tolerance 
problem caused by the dispersanrts. The dialkyl dimethyl 
ammonium chlorides may therefore be employed to ad 
vantage in oils containing both a polymeric dispersant 
and a tertiary alkyl primary ‘amine. 
The tertiary alkyl primary amines useful with the poly 

meric dispersants described above in general are those 
having two alkyl groups of from 1 to 3 carbon atoms at 
tached to the tertiary carbon atom and one alkyl group 
of from 5 to 21 carbon atoms ‘attached to the tertiary 
carbon atom. Tertiary alkyl primary amines containing 
a total of from 8 to 18 carbon atoms per molecule are 
preferred. Particularly preferred are C12 tertiary alkyl 
primary amines. Mixtures of such amines such as those 
derived from polyole?ns may also be used. 

Tertiary alkyl primary amines such as those described 
above ‘are generally employed in combination with the 
nitrogen-containing polymeric dispersants in concentra 
tions such that the ratio of amine to dispersant in the 
oil ranges from about 2 to 1 to about 18 to 1. Amine 
concentrations between about 0.003 wt. percent to about 
0.8 wt. percent are especially effective. 
Many other polymeric dispersant additives suitable for 

the stabilization of hydrocarbon oils will be familiar to 
those skilled in the art. The stabilization of haze and 
emulsions is a universal property of such disperant addi 
tives and the dialkyl dimethyl ammonium chlorides may 
be employedwith a wide variety of such materials. 
Representative examples of other ashless, oil-soluble poly 
meric stabilizing additives are described in US. Patent 
2,737,496 to Catlin; in US. 2,800,452 to Bondi et al.; 
and in application SN. 690,184, ?led October 15, 1957, 
now US. Patent 2,958,590. 
The oils in which the additives of the invention may be 

incorporated are liquid petroleum distillate products boil 
ing in the range between about 75° .and about 900° 
F. Such products include gasolines, aviation turbo-jet 
fuels, kerosenes, diesel fuels, transformer oils, turbine 
oils, heating oils, and lubricating oils. The additives are 
particularly effective in distillate fuels boiling in the range 
between about 250° F. and about 750° F. Such fuels 
include turbo-jet engine fuels, diesel fuels and heating 
oils which have particularly poor stability properties and 
require the use of relatively large amounts of the poly 
meric ‘dispersant additives. Aviation turbo-jet engine 
fuels are de?ned by US. Military Speci?cations MIL 
F — 5624C, MIL - F-25524A, and MIL — F — 2258A 

and are generally referred to ‘as IP—4, JP-5 and IP-6. 
. 'Diesel fuels in connection with which the additives of the 
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invention are particularly useful are more fully de 
described in ASTM Speci?cation iD-975—53T and may 
be used in stationary, marine and automotive type engines. 
Typical of the heating oils in ‘which the additives may be 
employed are those described in ASTM Speci?cation 
D—396-48T, particularly those in grades 1 and 2 there 
of. 
The polymeric dispersant additives are generally em 

ployed in petroleum hydrocarbon products such as those 
described above in concentrations ranging from ‘about 
0.001% and about 1% by weight. Concentrations of 
from 0.001% to 0.05% are generally preferred. The 
dialkyl dimethyl ammonium chlorides which are used 
in such oils may be incorporated therein in concentra 
tions in the range of from about 000025 wt. percent to 
about 0.011 wt. percent. ‘Chloride concentrations in the 
range of from about 0.0005 wt. percent to about 0.001 
wt. percent have been found to be generally effective 
and are preferred, since it has been found that the 
stabilizing properties of some dispersant additives may 
suffer when the dialkyl dimethyl ammonium chlorides 
are present in very high concentrations. 
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The ammonium chloride compound may be incor 

por-ated into the fuels by dissolving them in a suit-able 
solvent such as 'isopropanol, butanol, benzene or the 
like and then adding the resultant solution to the oil in 
quantities su?icient to give the desired additive concentra 
tions. iIf desired, additive concentrates containing both 
the polymeric dispersant stabilizing additive and the 
dialkyl dimethyl ammonium chloride compound in a 
suitable solvent may be prepared. Other additive mate 
rials commonly used in the products to which the con 
centrate is to be added may also be included in such 
concentrates. Such other additive materials may com 
prise rust inhibitors, anti-static additives, corrosion in 
hibitors, dyes, dye stabilizers and the like. i 
The invention may ‘be further illustrated by the fol 

lowing examples and the accompanying drawing. 
EXAMPLE 1 

. Samples of a petroleum distillate heating oil which 
had been stabilized by the inclusion therein of 0.01% 
by weight of various polymeric dispersant additives were 
tested to determine the persistence of the haze formed 
when the fuel was contacted with water and the stability of 
the emulsions formed during such contacting. The fuel 
employed was .a blend consisting of about 50% by vol 
ume of virgin gas oil and about 50% by volume of 
catalytically cracked stock. Typical inspections for a 
fuel of this type are as follows: 

Gravity, ° APT 34.6 
Color, Tag-Robinson _______________________ .__ 161/2 
Pensky-‘Martens ?ash, ° F ___________________ __ 185 

Sulfur, wt. percent _________________________ __ 0.32 
Neutralization No _________________________ ._ 0.02 

‘Aniline point, ° F 109.5 
ASTM distillation: 

Initial boiling point, ° F ________________ __ 324 

10% point, °1F ________________________ __ 396 
50% point, °=F ________________________ __ 482 
90% point,‘ °=F___, ____________________ __ ,597 
Final boiling point, ° F _________________ __ 643 

Conradson carbon residue, wt. percent ____ __ 0.006 

The persistence of the haze formed in this oil upon 
contact with water was measured in Waring Blendor haze 
tests wherein ?ve milliliters of water and 500 milliliters 
of the oil were mixed in la Waring Blendor for a period 
of ?ve minutes, the oil-Water mixture was then allowed 
to stand for six hours, and the amount of light which 
was transmitted through the oil under standardized con 
ditions was measured. :The light transmission was ex 
pressed as a percentage of the total light emitted from 
the source. This test has been found to be an extremely 
effective means for determining the degree to which haze 
is present in hydrocarbon oils and is recognized as re 
liable throughout the petroleum industry. 

Herschel emulsion tests were carried out to determine 
the effect of the additives upon emulsi?cation by stirring 
40 millilters of oil and 40 milliliters of water for ?ve 
minutes at a temperature of 77° F. to form an emul 
sion, letting the mixture stand for 15 minutes, and then 

Similar 
tests are widely used'for determining the emulsi?cation 
tendencies of turbine oils in accordance with ASTM 
Standard D-1401-56T and in similar applications. 
Three different tetraalkyl ammonium chlorides were 

added in concentrations of 0.0008 wt. percent to sepa 
rate samples of the same heating oil containing 0.01 wt. 
percent of the same polymeric dispersant additive. The 
tetraalkyl ammonium chlorides employed were as fol 

(1) Dicoco dimethyl ammonium chloride-a dialkyl 
. dimethyl ammonium chloride having mixed alkyl groups 
derived-from coconut‘ oil as follows: 8% C8 radicals, 
7% C10 radicals, 48% C12 radicals, 18.5% C14 radicals, 
8% C15 radioalsand 10.5% C18 radicals. 
" (2) Disoya dimethyl ammonium chloride-a dialkyl 
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6 
dimethyl ammonium chloride having mixed alkyl groups 
derived from soybean oil which include about 8% C16 
radicals, about ‘88% C18 radicals and about 4% C20 
radicals. , 

(3) Dihydrogenated tallow dimethyl ammonium chlo 
ride-a dialkyl dimethyl ammonium chloride having 
mixed C16 and C18 alkyl groups derived from hydrogen 
ated tallow. , . ' 

I (4) Tallow trimethyl ammonium chloride-y-a mono 
alkyl trimethyl ammonium chloride having mixed C16 and 
C18 alkyl groups derived from tallow. ‘ . 
The oil samples containing the polymeric dispersant 

additive and the above tetraalkyl ammonium chlorides 
were than subjected to Waring Blendor haze tests and 
Herschel emulsion tests, both with and without prior 
water extraction. About 1% water was used in the water 
extraction step. The results obtained in these tests are 
in Table I. 

Table I 
EFFECT OF TETRAALKYL AMMONIUM GHLORIDES UPON 

HAZE AND EMULSIFICATION IN HEATING OILS 

Waring Blendor Herschel emulsion 
haze test, percent test, milliliters 
light transmission emulsion after 15 

after 6 hours minutes 
Fuel 

Fuel not Fuel ex- Fuel not . Fuel ex 
water ex- treated water ex- tracted 
tracted with tracted with 

water water 

Base heating oil ____________ .. 94 ________ _. 0 0 

Base heating oil+0.01% addi 
tive A 1 __________________ _ _ 14 12 4 31 

Base heating oil+0.01% addi- - 
tive A+0.0008% dicoco di 
methyl ammonium chlo 
ri e ______________________ .. 95 81 l 2 

Base heating 0i1+0.01% addi 
tive A+0.0008% disoya di 
methyl ammonium chlo 
ride ______________________ >_ - 54 30 3 18 

Base heating oil+0.01% addi 
tive A+0.0008% dihydro- I 
genated tallow dimethyl 
ammonium chloride ______ __ 53 12 18 15 

Base heating oi1+0.01% addi 
tive A+0.0008% tallow tri 
methyl ammonium chlo 
ride ______________________ __ 90 6 __________________ _ 

Base heating oil+0.01% addi 
tive B 2 __________________ __ '48 64 __________________ __ 

Base heating 0il+0.01% addi 
tive B+0.0008% dicoco di 
methyl ammonium chlo 
ride ______________________ __ 92 88 __________________ __ 

Base heating oil+0.01% addi 
tive B+0.0008% disoya di 
methyl ammonium chlo- I 
ride ______________________ - - 36 60 .................. . - 

Base heating oi1+0.01% addi 
tive B—|-0.0008% dihydro 
genated tallow dimethyl 
ammonium chloride_-____ __ 29 27 __________________ _. 

1Additive A was a copolymer of 1 mol of vinyl acetate, 0.25 mol of 
isooctyl chloropropyleneoxy maleate, and 0.75 mol of mixed 0 15-015 
alkyl iumarates, 50 weight percent concentration in benzene. 

2 Additive B was a mixture of 8 parts of a C12 tertiary alkyl primary 
amine and 1 part of a copolymer prepared from 8 parts of Lorol methacryl 
ate and 2 parts of beta diethylaminoethyl methacrylate. ' 

From the Waring Blendor test results in the above 
table it can be seen that the light transmission through 
the base heating oil containing the polymeric dispersant 
additive was quite low, indicating a high haze level. The 
fact that this haze persisted even though six hours had 
elapsed between the time the water and oil were mixed 
and the time the light transmission values were deter 
mined shows that it was exceptionally stable due to the 
presence of the polymeric dispersant in the oil. The 
results obtained with the samples containing the dicoco 
dimethyl ammonium chloride demonstrate the remarkable 
effectiveness of this additive for preventing vthe formation 
of persistent haze in oils. This effectiveness is particu 
larly outstanding in view of the fact that this material 
is marketed commercially for use as a general emulsion 
stabilizer and might therefore be expected to promote, 
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rather than hinder, the formation of persistent haze. The 
disoya dimethyl ammonium chloride and the dihydrogen 
ated tallow ammonium chloride, both of which have 
structures very similar to that of dicoco dimethyl 1am 
monium chloride but do not contain predominantly C12 
and C14 alkyl groups, were much less e?ective. I Results 
of the Herschel emulsion tests con?rm these ?ndings. The 
above data also demonstrate that the eifectiveness of 
dicoco dimethyl ammonium chloride is not seriously raf 
fected by water extraction. The disoya dimethyl =am 
monium chloride and the dihydrogenated tallow am 
monium chloride, on the other hand, were much less ef 
fective after water extraction. 
The data obtained with tallow trimethyl ammonium 

chloride demonstrate that a satisfactory additive must 
not be extracted by water to any signi?cant extent. The 
tallow trimethyl ammonium chloride was largely removed 
from the fuel during the extraction step and hence af 
forded little protection against the formation of persistent 
haze when the fuel was subsequently subjected to the 
Waring Blendor test. The dicoco dimethyl ammonium 
chloride, on the other hand, was extracted only to a 
slight degree and was nearly as effective following the 
water extraction step as it was prior to water extraction. 
Since distillate fuels and other petroleum products in 
which polymeric dispersant additives are frequently em 
ployed are often contacted with relatively large quantities 
of water under conditions which may lead to the extrac 
tion of additives contained therein, this difference be 
tween the dicoco dimethyl ammonium chloride and the 
tallow trimethyl ammonium chloride is a signi?cant one. 

EXAMPLE 2 

In order to determine the effectiveness of commercial 
demulsi?ers for use in oils containing polymeric dispersant 
additives, tests similar to those described above were car 
ried out upon samples of heating oils containing such 
inhibitors. The heating oils employed had properties 
similar to those of the oil used in the preceding exam 
ple and contained polymeric dispcrsants in ‘0.01 wt. per 
cent concentrations. The samples were ?rst subjected 
to Waring Blender haze tests. If the results from this 
test indicated that the particular inhibitor showed prom 
ise, Herschel emulsion tests were carried out. The over 
all results obtained are summarized as follows. 

Table II 

EFFECT OF COMMERCIAL QUATERNARY AMMONIUM 
SALTS AND DEMULSIFIERS UPON HAZE IN OILS CON 
TAINING POLYMERIC DISPERSANTS 

Waring Herschel 
Blendor emulsion 

Dispersant haze test, test, milli 
Inhibitor additive percent liters emul 

light trans- sion after 
mitted after 15 minutes 
6hours 

NorE.—For footnotes 1 and 2 see Table I. 

Tests were carried out on 70 other commercial de 
mulsi?ers by adding 0.005 wt. percent of the material 
to be tested to 250 ml. of heating oil containing 0.01 wt. 
percent of polymeric dispersant B, shaking the Sample 
with 1% 'Water, and 
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8 
the haze cleared. Sixty-three of these commercial addi 
tives were found to promote haze in the presence of the 
polymeric dispersant, six had no visible in?uence upon 
the hazing properties of the oil containing the dispersant, 
and one indicated a slight improvement in haze clearing 
rate. When this latter additive was retested, the results 
could not be duplicated. 

EXAMPLE 3 

Tests were carried out to determine the eifect of dicoco 
dimethyl ammonium chloride upon the stability of dis 
tillate petroleum products. The test employed was the 
accelerated storage stability test described‘in detail in 
“New Fast Test Method for Distillate Storage Stability,” 
by W. A. Konrad, N. L. Shipley and T. S. Tutwiler on 
page 145 of “Petroleum Processing” for September 1946. 
Brie?y, the accelerated ?lter plugging test consists of 
heating a sample of the oil to be tested at a controlled 
rate for L6 hours to a ?nal temperature of 230° F. in 
order to accelerate the formation of sediment in the oil. 
The oil sample is then cooled and passed through a felt 
?lter pad at a constant rate of 1 gallon per hour. As 
sediment accumulates on the ?lter under constant oil 
?ow conditions, the pressure drop across the ?lter in 
creases. After 12 liters, the Standard Volume used in 
the test, has been ?ltered, a record is made of ?nal pres 
sure drop across the ?lter, the weight of sediment col 
lected is determined, and the appearance of the ?lter 
is noted. These criteria are individually interpreted on 
a demerit basis wherein 0 is an excellent rating and 10 
is a very bad rating. The values for the 3 criteria, ?nal 
pressure ‘drop, Weight of sediment and appearance, are 
averaged arithmetically to obtain the overall accelerated 
?lter plugging test demerit value for the oil. Results 
obtained in this test are reproducible to :03. 
The oil employed in the accelerated ?lter plugging 

tests was a heating oil having properties substantially 
the same as those of the oil described in Example 1. 
Tests were also made on samples of this oil containing 
the polymeric dispersant additives described in Examples 
1 and 2 and upon samples containing both the polymeric 
dispersant additives and dicoco dimethyl ammonium 
chloride. 
Table III. 

Table III 

EFFECT OF DICOCO DIMETHYL AMMONIUM CHLORIDE 
ON FUEL STABILITY 

_ Accelerated 
Fuel ?lter plugging 

test overall 
demerit 

Base heating oil _ , , 9. 3 
Base heating oil+0.01% polymeric dispersant A 1 ....... _- l_. 0 
Base heating oil+0.0l% polymeric dispersant A 1+ 
0.0005% dicoco dimethyl ammonium chloride- -.,_,__.-. 0. 7 

Base heating oil+0.01% polymeric dispersant A 1+ 
0.001% dicoco dimethyl ammonium chloride ________ __,- 1.3 

Base heating oil+0.01% polymeric dispersant B 1 _____ _.,_ 1.0 
Base heating oil+0.0l% polymeric dispersant B 9+ 
0.001% dicoco dimethyl ammonium chloride .......... -. 1,. 0 

1 Polymeric dispersant A was a copolymer of 1 mol. of vinyl acetate, 
0.25 mols. of isooctyl ohloropropyleneoxy maleate, and 0.75 mols. of mixed 
ole-O13 alkyl iumarate. 50% concentration in benzene. 

2 Polymeric dispersant B was a mixture of 8 parts of a Cu tertiary alkyl 
primary amine and 1 part of a copolymer prepared from 8 parts of Lorol 
methacrylate and 2 parts of beta diethylaminoethyl methacrylate. 

Fro-m the foregoing table it is evident that the addi 
tion of dicoco dimethyl ammonium chloride to petroleum 
distillate fuels and products containing polymeric dis 
persant additives does not adversely eifect the stability 
of such fuels or interfere with the stabilizing action of 
the polymeric ‘additives. At the concentrations in which 
they are used, the ammonium chloride compounds re 
duce the ability of the dispersants to suspend water but 
do not reduce their ability to suspend insoluble reaction 
products formed in the oil. The data in Table III sug 

The results of these tests are set forth in‘ 



gest that in some instances it may be preferred to limit 
the amount of dicoco dimethyl ammonium chloride add 
ed to oils containing ‘polymeric dispersant stabilizing 
additives to about 0.001 wt. percent or less. The demerit 
rating of the sample containing 0.01% of dispersant A 
and 0.0005% of the chloride was slightly better than 
that of the sample containing the same amount of the 
polymeric dispersant and 0.001% of the chloride. The 
data are consistent within the reproducibility of the test. 

EXAMPLE 4 ~ 

Further tests similar to those described in the pre 
ceding examples were carried out in order to demon~ 
strate the effect of the additives of the invention upon 
fuels and similar hydrocarbon oils employed in contact 
with aqueous pipeline corrosion inhibitor. Samples of a 
base heating oil containing 0.01 wt. percent of a com 
mercial polymeric dispersant additive and various amounts 
of dicoco dimethyl ammonium chloride were extracted 
with 0.1 vol. percent of a commercial pipeline inhibitor 
solution. These extracted samples were then subjected 
to Waring 'Blendor haze tests. The results of these tests 
are shown in Table IV. 

Table IV 

EFFECT OF EXTRACTION WITH PIPELINE INHIBITOR 
UPON TETRAALKYL AMMONIUM CHLORIDE HAZE 
PREVENTIVE ‘ 
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15 

20 

25 

30 

35 

40 

Percent light 
transmission 
after 6 hrs. 

Fuel following 
extraction 

with pipeline 
inhibitor 
solution 1 

Base fuel+0.01% polymeric dispersant B 2 .............. ._ 51 
Base fuel-{001% polymeric dispersant B 2+0.00076% 
dicoco dimethyl ammonium chloride _________________ _. 

Base fuel+0.0l% polymeric dispersant B 2+0.00068% 
dicoco dimethyl ammonium chloride _________________ .. 90 

Base fuel+0.01% polymeric dispersant B z+0 00060% 
dicoco dimethyl ammonium chloride 84 

Base iuel+0.01% polymeric dispersant B 2+0 005% 
dicoco dimethyl ammonium chloride _________________ .. > 96 

1The inhibitor was an aqueous solution used commercially for pre 
venting pipeline corrosion and consists of 720 gms. of NBNO: and 8.6 
gms. of N aOH in 2,000 ml. of distilled water. 

1 See footnote 2, Table III. 

The above data demonstrate that the aqueous pipeline 
inhibitor solution did not extract the dicoco dimethyl am 
monium chloride from the fuel to an appreciable extent 
and hence did not increase the tendency of the fuel to 
form persistent haze when subsequently contacted with 
water. The results shown above also show the effect 
of varying the concentration of the dicoco dimethyl am 
monium chloride and indicate that the additive is par 
ticularly eifective at concentrations of about 0.0005 wt. 
percent. ‘ 

EXAMPLE 5 

It has been found that the dialkyl dimethyl ammonium 
chlorides employed in accordance with the invention are 
e?ective for preventing the formation of persistent haze 
in hydrocarbon oils only in cases where the chlorides are 
present in the oil prior to its being contacted with water. 
The additive does not resolve :haze which is already 
present in the oil. This is illustrated by a series of tests 
wherein dicoco dimethyl ammonium chloride was added 
to separate samples of a heating oil containing a poly 
meric dispersant additive after the formation of haze in 
the oil in the Waring Blendor. The results of these tests, 
are summarized in Table V and it can be seen that the 
addition of the chloride after haze formation had no 
effect whatsoever. 

45 

5,5 

60 

65 

70 

a Base heating 0il+0.005% polymeric dispersant 131+ 

I _ Table V 

EFFECT OF ADDITION OF DICOOO DIMETHYL 
?hA/[ZMEONIUM CHLORIDE TO FUELS CONTAINING WATER 

Waring 
' Blender haze 

Fuel test, percent 
- light trans 

mission after 
6 hrs. 

Base heating oil+0.01% polymeric dispersant B 1 ....... _. ‘ 4 
Base heating oil+0.01‘7 polymeric dispersant B 1+ 
0.0005% dicoco dimethlyl ammonium chloride added .~ > 
after haze formation _ 4 

Base heating oil+0.005% polymeric dispersant B 1 ______ .. 5 

0.0007595 dicoco dimethyl ammonium chloride added 
after haze fnrmntinn 5 

l 
1 Polymeric dispersant B was a mixture of 8 parts of a Cu tertiary alky 

primary amine and 1 part of a copolymer prepared from 8 parts of Lorol 
methacrylate and 2 parts of beta diethylaminoethyl methacrylate. 

EXAMPLE 6 

In order to further test the eifectiveness of dicoco di 
methyl ammonium chloride, full-scale tanker tests were 
carried out by transporting 140,000 barrels of heating oil 
containing 0.005 wt. percent of a‘ polymeric stabilizing 
additive in an ocean-going tanker from the Gulf coast 
to a ‘New Jersey port. The additive employed was a 
mixture of 8 parts of a'Cm tertiary alkyl primary amine 
and 1 part of a copolymer prepared from 8 parts of Lorol 
methacrylate and 2 parts of beta diethylaminoethyl meth 
acrylate. About 80,000 barrels of the oil contained 
0.0005 wt. percent of dicoco dimethyl ammonium chlo 
ride. This oil was transported in 7 tanks of the ship. 
The remaining 60,000 barrels of oil was free of haze 
inhibitor and was transported in 12 tan-ks of the ship. 
There was about 4 inches .of water in the bottom of 
each tank. 
Upon completion of the voyage, the oil containing, the 

dicoco dimethyl ammonium chloride and the oil free of 
the inhibitor were pumped into separate shore tanks of 
112,000 barrels capacity. Hourly haze readings (percent 
haze equals 100\—percent + transmission relative to fuel 
?ltered bright) were made during the pumping at (1) the 
line on the dock (2) the line on the shore, and (3) the 
receiving tank. Haze readings on the line ‘at the dock 
showed initial values of 80 to 90% with and‘ without ‘the 
ammonium chloride. The haze thereafter leveled 01f 
during pumping at from 45 to 5 0% in the oil which did 
not contain the additive of the invention; ‘whereas haze 
in the oil'con'taining; the additive leveled. ‘off at from 7 
to 8%. The other haze readingsshowedsimilar advan 
tages for the additive. 

After completion of the pumping described above, set 
tling of the haze in the two shore tanks was observed at 
intervals for several days. The results of these observa 
tions are shown in the attached drawing. As can be seen 
from the drawing, the oil containing the dicoco dimethyl 
ammonium chloride had settled to 10% haze in 20 hours 
and contained only 1% haze after 62 hours. After 64 
?ours the oil without the additive had leveled off at 11% 
aze. 

EXAMPLE 7 

A turbo-jet engine fuel boiling between 275° F. and 
480° F. contains 0.02 wt. percent of a copolymer of 50 
parts of decyl methacrylate, 30 parts of octadecyl styrene 
and 20 parts of 4-vinyl pyridine as a polymeric dispersant 
stabilizing ‘additive. The water tolerance properties of 
this fuel are improved by the addition of 0.002 wt. per 
cent of didodecyl dimethyl ammonium chloride. 

EXAMPLE 8 

A diesel fuel is stabilized by the- incorporation therein 
of 0.01 wt. percent of a copolymer of 80 parts of lauryl 
acrylate and 20 parts of beta methylamino butyl vinyl 
ether and 0.08 wt. percent of a mixture of tertiary alkyl 
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primary amines derived from C18 to C21 polypropylene. 
To this fuel is added 0.008 wt. percent of dodecyl tetra 
decy-l dimethyl ammonium chloride in order to improve 
its water tolerance. 
The preceding examples illustrate the e?ect of dicoco 

dimethyl ammonium chloride and closely related com 
pounds upon the formation of persistent haze and stable 
emulsions in hydrocarbon oils. The dialkyl dimethyl 
ammonium chlorides having alkyl groups consisting of at 
least 50% C12 to C14 radicals reduce both haze forma 
tion :and emulsi?cation even though water extracted; 
whereas other closely related compounds are ineffective to 
reduce haze, have no effect upon emulsi?cation, or are 
almost completely extracted from the oil by small 
amounts of water. A wide variety of commercial de 
mulsi?ers, many of which :are believed to be imidazolini~ 
um compounds and other quaternary ammonium salts, 
have no bene?cial effect upon haze formation and emulsi 
?cation in the presence of polymeric dispersant stabilizing 
additives or actually increase haze formation in such oils. 
This singular effectiveness of the additives of the inven 
tion permits a signi?cant improvement in the properties 
of petroleum products, simpli?es the handling and storage 
of such products, and increases their marketability. 
What is claimed is: 
1. A petroleum distillate fuel boiling in the range be 

tween about 75° F. and about 750° F., having incorpo 
rated therein from about 0.001 wt. percent to about 1.0 
wt. percent of an 'ashless oil-soluble polymeric dispersant 
stabilizing additive selected from the group consisting of 
(u) a copolymer of an alkyl chloropropylene-oxy mixed 
ester of an unsaturated conjugated dibasic acid and a 
polymerizable organic monomer containing a vinyl group 
and (b) a nitrogen-containing addition-type copolymer 
of an amine-free monomer containing one polymerizable 
ethylene linkage and an aliphatic hydrocarbon chain of 
from 8 to 18 carbon atoms with a monomer containing a 
nitrogen atom and one polymerizable ethylene linkage, 
and from about 0.00025 wt. percent to about 0.01 wt. 
percent of a dialkyl dimethyl ammonium chloride in 
which at least 50% of the alkyl groups are C12 to C14 
radicals. 

2. A fuel as de?ned in claim 1 wherein the concentra 
tion of said dialkyl dimethyl ammonium chloride ranges 
from about 0.0005 wt. percent to about 0.001 wt. percent. 

3. A fuel as de?ned in claim 1 wherein said dialkyl 
dimethyl ammonium chloride is didodecyl dimethyl am 
monium chloride. _ 

4. A fuel as de?ned‘ in claim 1 wherein said dialkyl 
dimethyl ammonium chloride is technical dilauryl dimeth 
yl ammonium chloride. . 
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5. A vfuel as de?ned in claim 1 wherein the concentra 

tion of said polymeric dispersant ranges from about 0.001 
wt. percent to about 0.05 wt. percent. 

6. A fuel as de?ned in claim 1 containing a tertiary 
alkyl primary amine having from 8 to 18 carbon atoms 
per molecule in a concentration of from about 2 to about 
18 times the concentration of said copolyrner. 

7. A fuel as de?ned in claim 1 wherein the polymeriza 
ble organic monomer is a vinyl ester of a short chain 
fatty acid. 

8. A fuel as de?ned in claim 1 wherein the polymeriza 
ble organic monomer is a mixture of an alkyl fumarate 
and a vinyl ester of a short chain fatty acid. 

9. A petroleum distillate fuel boiling in the range be 
tween about 75° F. and about 750° F. containing about 
0.001 to about 1.0 wt. percent of a copolymer of an acrylic 
acid ester of a C10 to C18 saturated aliphatic alcohol and a1 
tertiary amino alkyl acrylate and ‘from about 0.00025 wt. 
percent to about 0.01 wt. percent of dicoco dimethyl am 
monium chloride. 

10. A petroleum distillate fuel boiling in the range be 
tween about 75° F. and about 750° F. containing from 
about 0.001 wt. percent to about 1.0 wt. percent of a co 
polymer of from about 2 to about l/2O parts of isooctyl 
chloropropyleneoxy maleate and 1 part of a mixture of 
vinyl acetate and tallow fumarate and from about 
000025 wt. percent to about 0.01 wt. percent of dicoco 
dimethyl ammonium chloride. 

11. A petroleum distillate fuel boiling in the range be 
tween about 75" F. and about 750° F. and containing 
from about 0.00025 wt.,percent to about 0.01 wt. percent 
of dicoco dimethyl ammonium chloride and from about 
0.001 wt. percent to about 1.0 wt. percent of a copoly 
mer of a C10 to C18 primary alcohol ester of methacrylic 
acid and? beta diethylaminoethyl methacrylate. 

12. A fuel as de?ned in claim 11 to which has also been 
added from about 0.003 wt. percent to about 0.8 Wt. per 
cent of a C12 tertiary alkyl primary amine. 
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