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BRANCHED ALKYL - AROMATIC SULFONIC ACID DISPERSANTS
FOR SOLUBLIZING ASPHALTENES IN PETROLEUM OILS

BACKGROUND OF THE INVENTION

The present invention relates to an additive that when blended with
petroieum oils in low concentration, the tendency of the oil to foul and coke
surfaces is reduced. This is achieved by increasing the solvency of the
asphaltenes, the least soluble fraction, in the petroleum oil.

It is well known that petroleum crude oils and asphaltene containing oils
derived from petroleum crude oils have the tendency to deposit organic solids,
called foulant and coke, on refinery process equipment that contact the oil. Such
process equipment include, but are not limited to, pipes, tanks, heat exchangers,

- furnace tubes, fractionators, and feactors. Even small amounts of foulant or coke
results in large energy loss because of much poorer heat transfer through foulant
and coke as opposed to metal walls alone. Moderate amounts of foulant and
coke cause high pressure drops and interfere with and make process equipment
operate inefficiently. Finally, large amounts of foulant or coke plug up process
equipment to prevent flow or otherwise make operation intolerable, requiring the

equipment to be shut down and cleaned of foulant and coke.

It is also well known that petroleum derived, asphaltene containing oils
that have undergone reaction at high températures, above 350°C, have a
tendency for rapidly fouling process eqﬁipment, either on cooling or by blending
with a more paraffinic oil. Such processed oils include, but are not limited by,
the highest boiling distillation fraction after thermally or catalytically hydro-
thermally converting atmospheric or vacuum resid of petroleum crude and the
highest boiling fraction of the liquid product of fluid catalytic cracking, called
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cat cmcker bottoms or cat slurry oil or decant oil. This rapid fouling is caused
by aspbaltenes that become insoluble on cooling or on blending with a more
paraffinic oil. Here asphaltene_s are defined as the fraction of the oil that is
soluble when the oil is blended with 40 volumes of toluene' but insoluble when

the oil is blended thh 40 volumes of n-heptane If the asphaltenes become
insoluble at high temperatures, above 350°C they rapldly form toluene insoluble
coke (see 1. A. Wiche, Industrial & Engmeenng Chemxsuy Research, Vol. 32,
2447-2454). However it 1s not well known that the mere blendmg of two or
more unprocessed petroleum crude oils can cause the precrpltanon of insoluble
asphaltenes that can rapidly foul process eqmpment or when such crude oil
blends are raprdly heated above 350°C the msoluble asphaltenes can coke

 pipestill furnace tubes If the blendmg of orls causes the precxpltanon of

. asphaltenes, the oxls are said to be mcompatlble as opposed to compatrble oils

that do not preclprtate asphaltenes on blendmg Thus, mcompatrble blends of

- oils have a much greater tendency 1 for foulmg and cokmg than compatxble oils.
1f a blend of two or more oils have some proportion of the oils that precipitate
asphaltenes, the set of oils are said to be potentially incompatible. Fortunately,
most blends of unp_ropes-sed _crude oils are not potentially incor_npatible. Itis

- only for that reason that many reﬂnenes can process petroleum crudes for long
times without the need t_o shut down and clean out foulant and :coke. Several
crude oils have even been identlﬁed.thet are self incompaﬁble. That is they

~ contain insoluble esphaltenes even without blending Nevertheless, once an

incompatible oil or blend of orls is obtamed, the raprd fouling and cokmg that

_ results usually requrres slmttmg down the reﬁnery process in a short time. This

resultsina large economxc deblt because wlule the process equrpment is cleaned,

large volumes of 011 cannot be processed
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Therefore, it is desirable to increase the solubility of the asphaltenes in
the crude oil. This can be achieved by adding asphaltene dispersants to the
crude oil.

S Y OF THE INVENTION

The present invention is an asphaltene dispersant containing an aromatic
group, a sulfonic acid head group, and an alkyl tail containing 16 or more
carbons and at least one branch of a methyl or longer alkyl. Preferably, the
aromatic group is a fused two ring aromatic and the tail a branched two tail alkyl
group of 30 carbons or longer. More preferably, the dispersant is a mixture with
each alky] tail varying from one to more than 30 carbons such that there are at
least a total of 30 carbons in the tail and a branched methyl or longer branch for
every 12 carbons in the tail. Thus, these asphaltene dispersants need not be a
pure compound but may be a mixture of compounds of the above description,
such as prepared by reacting a petroleum derived aromatic stream and a mixture
of olefins or alcohols in the presence of a Friedel Crafts catalyst, such as AlCl;,

followed by sulfonation of the aromatic.

~ These asphaltene dispersants are useful because their addition at low
concentrations, one weight percent or less and preferably less than 1000 parts
per million, solubilize asphaltenes in petroleum or petroleum derived oils to
prevent asphaltenes from either precipitating or adsorbing on metal surfaces and
thereby reducing their tendency to foul or coke metal surfaces, especially heated
metal surfaces, such as heat exchanger and fumace tube metal surfaces.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic diagram of the structure iso-Cy5-Cis
naphthalene acid. |

Figure 2 shows a schematic diagram of a preferred asbhaltenc dispersant

‘structure of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In the present invention it has been discovered that blending a member of
a family of branched alkyl aromatic sulfonic acids is particularly effective at
increasing the solubility of the asphaltenes in a petroleum derived oil. 1t is well
known that alkyl benzene sul_foxiic acids are eﬂ'céﬁve asphaltene dispersants

. (Chang and Fogler, Langmuir, 10, 1749-1757) and are being sold commercially

for that purpose. However, both Chang and Fogler and we have found that these
compounds with linear alkyl chain lengths above 16 carbons are not effective
because of the lack of solubility in the oil.. This led Chang and Fogler to
conclude that thé optimum alkyl chain length is 12 carbons. However, we have
discovered that ﬂl_é. reason for this lack of solubility is because the alkyl chains
containing more than 16 carbons form wax-like crystals and promote their
precipitation from the oil. This led us to alkyl chains containing branched
methyls that interfere with crystal formation. The result was that branched alkyl
aromatic sulfonic acids became increasingly better asphaltene dispersanfs as the
alkyl chain length was increased, and much better than linear alkyl aromatic
sulfonic acids, Then it was discovered that two tails of branched alkyl chains
attached to aromatic sulfonic acids gave an additional boost in dispersant
effectiveness. Finally, in comparing alkyl aromatic sulfonic acids of different

size aromatic rings, we discovered that two fused aromatic rings are better
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dispersants than those ¢ontnining one ring (benzene) or three fused rings. This
leads us to conclude that the optimum alkyl aromatic sulfonic acid dispersant for
asphaltenes is one that contains branched, two alkyl tails, a two fused ring
aromatic, and a sulfonic acid head. Figure 1 shows one with two tails of 15
carbons each and one methyl branch. The preferred dispersant would be a
mixture of compounds with each tail varying from-1 to 15 carbons while the total
number of carbons or sum of both tails, is 30 or more and with at least one
methyl branch on each tail that is longer than 12 carbons. Thus, the preferred
asphaltene dispersant is better defined by Figure 2 where R and Q are alkyl tails
joined to a carbon that is attached in any position on the naphthalene ring. R and
Q are alkyl chains with at least one branched methyl or longer alkyl group for
every 20 carbons, and R + Q =29,

The asphaltene dispersants are particularly useful in an oil compatibility
method which allows blending potentially incompatible petroleum oil. This
method, which is described below, allows for determination of the effectiveness
of a dispersant.

MEASUREMENT OF DISPERSANT EFFECTIVENESS

The Oil Compatibility Method is based upon tests with the individual oils .
involving blending with mixtures of a model solvent, toluene, and a model
nonsolvent, n-heptane. The Oil Compatibility Method and tests provide us with
a method to measure quickly the ability of a dispersant to increase the solubility
of asphaltenes and to predict the improvement of the compatibility of any
mixture of oils without the need for interpreting the results of thermal fouling
tests. We measure the resulting increase in solubility of asphaltenes by the

‘decrease in toluene equivalence, the percent toluene (asphaltene solvent) in

heptane (asphaltene nonsolvenf) required to keep asphaltenes in the oil in
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solution. This has enabled us to screen quickly the effectiveness of various
synthetic and commercial additives as asphaltene dispersants.

OIL. COMPATIBILITY METHOD

Two or more tests of each petroleum oil with a test liquid containing
different proportions of a nonpolar asphaltene solvent and of a nonpolar
asphaltene nonsolvent enables predicting if a given blend of oils are potentially

- incompatible. ‘This is based upon determining the Insolubility Number and the
Solubility Blendihg Number for each petroleum oil in the blend using the
~ petroleum oil tests. Here we mean nonpolar when the molecular structure of the
liquid only includes atoms of carbon, hydrogen, and sulfur. Once more, it has
~ been learned that potentlal]y mcompanble oils can be processed with Little
. fouling or cokmg as long as they are. blended in the correct order, as predlcted
- from the oil tests, and as long as cenam proport:ons of the oils in the blend are
avoided, as also are predicted by the Insolubility Nmnber and the Solubxhty
Blending Number of each oil in the blend as determined by the oil tests.

The first step in determining the Insolubility Number and the Solubility
Blending Number for a petroleum oil is to establish if the petroleum oil contains
n-heptane insoluble asphaltenes. This is accomplished by blending 1 volume of

the oil with 5 volumes of n-heptane and determining if asphaltenes are insoluble.
Any convenient method might be used. One possibi_lity is to observe a drop of
the blend of test liquid mixture and oil between a glass slide and a glass cover
slip using transmitted light with an optical microscope at a magnification of from
50 to 600X. If the asphaltenes are in solution, few, if any, dark particles will be
observed. Ifthe asphaltenes are insoluble, many dark, usually brownish,
particles, usually 0.5 to 10 microns in size, will be observed. Another possible
method is to put a drop of the blend of test liquid mixture and oil on a piece of
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filter paper and let dry. If the asphaltenes are insoluble, a dark ring or circle will
be seen about the center of the yellow-brown spot made by the oil. If the
asphaltenes are soluble, the color of the spot made by the oil will be relatively
uniform in color. If the petroleum oil is found to contain n-heptane insoluble
asphaltenes, the procedure described in the next three paragraphs is followed for
determining the Insolubility Number and the Solubility Blending Number. If the
petroleum oil is found not to contain n-heptane insoluble asphaltenes, the
Insolubility Number is assigned a value of zero and the Solubility Blending
Number is determined by the procedure described in the section labeled,
“Petroleum Oils without Asphaltenes.”

Asphaltene Containing Petrol Qils

The determination of the Insolubility Number and the Solubility Blending
Number for a petroleum oil containing asphaltenes requires testing the solubility
‘of the oil in test liquid mixtures at the minimum of two volume ratios of oil to
test liquid mixture. The test liquid mixtures are prepared by mixing two liquids
in various proportions. One liquid is nonpolar and a solvent for the asphaltenes .
in the oil while the other liquid is nonpolar and a nonsolvent for the asphaltenes
in the oil. Since asphaltenes are defined as being insoluble in n-heptane and
soluble in toluene, it is most convenient to select the same n-heptane as the
nonsolvent for the test liquid and toluene as the solvent for the test liquid.
Although the selection of many other test nonsolvents and test solvents can be
made, there use provides not better definition of the preferred oil blending
process than the use of n-heptane and toluene described here.

A convenient volume ratio of oil to test liquid mixture is selected for the
first test, for instance, 1 ml. of oil to § ml. of test liquid mixture. Then various
mixtures of the test liquid mixture are prepared by blending n-heptane and
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toluene in various known proportions. Each of these is mixed with the oil at the
selected volume ratio:of oil to test liquid mixture. Then it is determined for each
of these if the -asphcltenes are solubie or insoluble. ‘Any convenient method
might be used. One possibility is to observe a drop,of the blend of test liquid
mixture and oil between a glass slide and a glass cover slip using transmitted
light with an opticaif microscope at a magnification of from 50 to 600X. If the
asphaltenes are in solution, few, if any, dark particles will be observed. If the

“asphaltenes are insoluble,- many dark, usually brownish, particles, usually 0.5 to

10 microns in size, will be observed Another possible method is to put a drop
of the blend of test liquid mixture and oil on a piece of filter paper and let dry. If
the asphaltenes are insoluble, a dark ring or circle will be seen about the center
of the yellow-brown spot made by the oil. If the as'phaltenes are soluble, the
color of the spot-. made by the oil will be relatively ul;ifonn in color. The resuits

- of blending oil with all of the test liquid mixtures are ordered according to
increasing percent toluene in the test liquid mixture, The desired value will be

between the minimum percent toluene that diss_'cl_ves asphaltenes and the
maximum percent toluene that precipitates asphaltenes. More test liquid
mixtures are prepared with percent toluene in between these limits, blended with
oil at the selected oil to test liquid mixture volume ratio, and determined if the
asphaltenes are soluble or insoluble. The desired vclue will be between the

minimum percent toluene that dissolves asphaltenes and the maximum percent

toluene that precipitates asphaltenes. This process is continued until the desired

value is determined within the desired accuracy Finally, the desired value is
taken to be the mean of the minimum percent toluene that dissolves asphaltenes
and the maximum percent toluene that precipitates asphaltenes. This is the first
datum point, T, at the selected oil to test liquid mixture volume ratio, R;. This
test is called the toluene equivalence test. |
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The second datum point can be determined by :ﬂne same process as the
first datum point, only by selecting a different oil to test liquid mixture volume
ratio, Alternatively, a percent toluene below that determined for the first datum
point can be selected and that test liquid mixture can be added to a known
volume of oil until asphaltenes just begin to precipitate. At that point the volume
ratio of oil to test liquid mixture, Ry, at the selected percent toluene in the test
liquid mixture, T5, becomes the second datum point. Since the accuracy of the
final numbers increase as the further apart the second datum point is from the
first datum point, the preferred test liquid mixture for determining the second
datum point is 0% toluene or 100% n-heptane. This test is called the heptane
dilution test.

The Insolubility Number, Iy, is given by:

I, =T,-| 20
N™T %2 Rz—Rl 2

and the Solubility Blending Number, S, is given by:

2 2

1 T.
S =’~[‘*i‘]‘i"
Petroleum Qils Without Asphaltenes

If the petroleum oil contains no asphaltenes, the Insolubility number is
zero. However, the determination of the Solubility Blending Number for a
petroleum oil not containing asphaltenes requires using a test oil containing
asphaltenes for which the Insolubility Number and the Solubility Blending
Numbers have previously been determined, using the procedure just described.
First, 1 volume of the test oil is blended with 5 volumes of the petroleum oil.
Insoluble asphaltenes may be detected by the microscope or spot technique,
described above. If the oils are very viscous (greater than 100 centipoises), they
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may be heated to 100°C during blending and then cooled to room temperature
before looking for insoluble asphaltenes. Also, the spot test may be done on a
blend of viscous oils in an oven at 50-70°C. If insoluble asphaltenes are
detected, the petroleum oil is a nonsolvent for the test oil and the procedure in
the next paragraph should be followed. However, if no insoluble asphaltenes are
- detected, thb-p’eirole_din oil is a solvent for the test oil and the procedure in the
* paragraph following the next paragraph should be followed.

- If insoluble asphaltenes were detected when blending 1 volume of the test
oil with 5 volumes of the petroleum oil, small volume increments of the
petroleum oil are added to 5 ml. of the test oil until insoluble asphaltenes are
detected.. The volume of nonsolvent oil, Vyso, is equal to the average of the total
volume of the petroleum oil added for the volume increment just before insoluble
" asphaltenes are detected and the total volume added when insoluble asphaltenes
were first detected. The size of the volume increment may be reduced to that

~ required for the desn'ed accuracy. This is called the nonsolvent oil dilution test.
If Spnro is the Solubxhty Blendmg Number of the test oil and Into is the
Insolubility Number of the test oil, then the Solubility Blending Number of the
nonsolvent oil, Saw, is given by:

S0 ~hio]

vNSO

Spn = Sento

If insoluble asphaltenes were not detected when blending 1 volume of the

 test oil with 5 volumes of the petroleum oil, the p:troleuin oil is a solvent oil for

the test oil. The same oil to test_liqui_d mlxturc ?olume ratio, Rm, as was used to

measure the [nsolubility Number and Solubility Blending Number for the test il
is selected. However, now various mixtures of the test liquid are prepared by

 blending different known proportions of the petroleum oil and n-heptane instead
of toluehe and n-heptane. Each of these is mixed with the test oil at a volume



. WO 00/32546 ' PCT/US99/27772

-11-

ratio of oil to test llqmd mixture equal to Ryo. Then it is determined for each of
these if the asphaltenes are soluble or insoluble, such as by the microscope or the
spot test methods discussed previously. The results of blending oil with all of
the test liquid mixtures are ordered according to increasing percent pétroleum oil
in the test liquid mixture. The desired value will be between the minimum
percent petroleum oil that dissolves asphaltenes and the Imaximum percent
petroleum oil that precipitates asphaltenes. More test liquid mixtures are
prepared with percent petroleum oil in between these limits, blended with the
test oil at the selected test oil to test liquid mixture volume ratio (Rro) and
determined if the asphaltenes are soluble or insoluble. The desired value will be
between the minimum percent petroleum oil that dissolves asphaltenes and the
maximum percent petroleum oil that precipitates asphaltenes. This process is
continued until the desired value is determined within the desired accuracy.
Finally, the desired value is taken to be the mean of the minimum percent |
petroleum oil that dissolves asphaltenes and the maximum percent petroleum oil
that precipitates asphaltenes. This is the datum point, Tso, at the selected test oil
to test liquid mixture volume ratio, Ryo. This test is called the solvent oil
equivalence test. If Tyg is the datum point measured previously at test oil to test
liquid mixture volume ratio, Ry, on the test oil with test liquids composed of
different ratios of toluene and n-heptane, then the Solubility Blending Number of
the petroleum oil, Sgy, is given by:

[T
S, =10 1.’0]_
™

Mixtures of Petroleum Qils

Once the Solubility Blending Number is determined for each component
the Solubility Blending Number for a mixture of oils, S, . . is given by:
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o Vi + Vi, + Vi b
B R T A A

where Viis the volume of component 1 in the mixture.

~ The Criterioh for 'cdmpaﬁbility'ﬁir a mixture of petroleum oils is that the
Solubxhty Blendmg Number of the mixture of oils is greater than the Insolubility
Number ofa any component in the mixture. Therefore, a blend of oils is
"potentxally mcompatxble if the S'olubnhty Blending Number of any component oil
in that blend is'l'e.s's than or equal to the Insolubility Number of any component in
 that blend. Once asphaltenes prectpxtate it takes on the order of hours to weeks
for the asphaltenes to redissolve while it takes of the order of minutes to process
" the oil in refmery eqmpment Thus, to prevent foulmg and coking a potentially
| mcompauble blend of oils must be blended to always keep the Solubility
_ - Blendmg Number of the mixture lngher than the Isolubility Number of any
. 'component in the blend. Thius, both the order of blending and the final propor-
tions of oils in the blend are important. If one starts with the oil of highest
Solubility Blending Number and blends the remaining oils in the order of
 decreasing Solubility Blending Number and if the final mixture meets the
compatibility criterion of the Solubility Bl'ent'ling.Number of the mixture is
greater than the Solubility Number of any component in the blend, then
compatibility of the oils throughout the blending process is assured even though
the blend of oils is potentially incompatible. The result is that the blend of oils
will produce the minimum fouling and/or coking in subsequent processing.

EXAMPLE 1

The effect of 1 wt.% and 5 wt.% of alkyl benzene sulfonic acids on
reduction of toluene equivalence of Baytown Cat Cracker Bottoms is shown in
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Figure 3. While a Cg tml reduced toluene equivalence (TE) for a short time, tails
much longer than 12 carbons were required for the dispersion to last for as long
as a day and exhibit long term stability. However, tails longer than 16 carbons
resulted in a dispersant that was only partially soluble in the oil because the tails
crystallized like a wax. A branched C,, alkyl benzene sulfonic acid exhibited
the best performance in terms of TE reduction and long term stability. In addi-
tion, the branched, 24 carbon tail benzene sulfonic acid used is an intermediate
in the manufacture of lube oil detergents (Exxon Chemicals Paramins) and is
named SA119.

a. Cs = 1%reduced TE from 87 to 60, insoluble next day
= 5% reduced TE from 87 to 55, insoluble next day

b. Cp - 1%reduced TE from 87 to 60, insoluble next day
- 5% reduced TE from 87 to 55, soluble next day

c. Cu - isasolid and partially soluble in toluene/heptane

d IsoCz4 (S branched methyls)
- 1%reduced TE from 87 to 60, soluble next day
- 5%reduced TE from 87 to 55, soluble next day

Thus, branched alkyl benzene sulfonic acids are better than linear alkyl benzenc
sulfonic acids as asphaltene dispersants in crude oil.

EXAMPLE 2

Table 1 contains the resuits of 25 synthesized dispersants. - The synthesis
involved alkylation of an aromatic ring, followed by sulfonation. The variables
in the synthesis are the type of aromatic and the type of olefin used for alkyla-
tion. Alpha olefins give a single tail while internal olefins give two tails with a
distribution of splits of the total chain length between the two tails. In addition,
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the total number of carbons and the degree of branching of the olefins was
varied. "*C NMR was used to measure the chain length, xheﬂlyl branches per

“molecule, percent of olefin sample that was olefin, and the percent of aromatics

that was functionalized by the addition of an olefin. Elemental analysis was

- used to determine the percent sulfonation. Finally, reduction in the toluene

equivalence of Maya crude oil after the addition of -S% dispersant was used to
measure the effectiveness as an asphaltene dispersant. Results in Table 1
illustrate the salient features of our invention. -

(a) Incomparing Entries 3, 16, and 23 with the same alpha olefin, the
dispersant with naphthalene results in a lower toluene equivalence than with
toluene or with phenanthrene, In addition, in comparing 7 and 8 with 24 or 9
with 25, naphthalene gives better results than phenanthrene.

(b) In comparing Entry 20 and 21 with 14 or Entry 19 with 1, itis

clear that naphthalene a two fused aromatic ring structure is a superior performer

compared to two aromatic rings that are connected by a C-C bond (binaphthyl)

or tetralin where one ring is aromatic and the other nonaromatic.

(c) Since the best dispersants were prepared with internal olefins, two
tails are more effective than single tails. -

(@  Since the Jongest chain length internal olefins produced the best
dispersants as seen by 7, 8, 10 and 11 with carbon chains of 37 to 47 on
naphthalene, the alkyl tails of at least 30 carbons are most effective.

(¢ Incomparing 12 and 14, one sees that the more branched tail
produces a better dispersant even with a low degree of functionalization.
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TABLE ll - Example Synthetic Asghaiféﬁe Dispersants

- Olefin Carbon  Methyls % Maya
Internal Chain- per Function-  Toluene

No. Aromatic  orAlpha? Length Molecule alization Equivalence
1 Toluene Internal 23 0.15 119 34
2 Toluene Internal 23 0.15 78 31
3 Toluene  Alpha - 21 0 76 34
4 Toluene Internal [20-24] . [0.33) 78 32
5 Toluene Internal 25 0 36 32
6 Toluene Internal 33 0.99 - 37 23.5
7 Naphthalene Internal 37 0.33 29 13
8 Naphthalene Internal 37 0.33 114 11
9 Naphthalene Internal 33 0.99 44 17
10 Naphthalene Internal 47 0.28 85 11
11 Naphthalene Internal 37 0.54 90 13
12 Naphthalene Internal 25 1.9 51 17
13 Naphthalene Internal 18 0.10 95 31
14 Naphthalene Internal 23 0.15 89 23
15 Naphthalene Internal 18 0.17 65 32
16 Naphthalene Alpha 21 0 86 - 28
17 Naphthalene Internal 29 0.33 60 32
18 Naphthalene Alpha 17 0.04 40 26
19 Tetralin Internal 37 - 033 76 »36
20 Tetralin Internal 23 0.15 103 29
21 Binaphthyl Internal 23 0.15 119 »30
22 Phenanthrene Internal 23 0.15 62 30
23 Phenanthrene Alpha 21 0 34 34
24 Phenanthrene Internal 37 0.33 43 26.5
25 Phenanthrene Internal 33 0.99 62 29
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CLAIMS:

1. An asphaltene dispersant composition comprising an aromatic, a
sulfonic acnd heacL and one or more alkyl taxls mcludmg at least 16 carbons and
at least one branch of an alkyl group.

2. The composition of claim 1 wherein said aromauc is two fused rings.

3. The composition of claim 1 wherein said tail is a two branched atkyl
 tail of at least 30 carbon atoms.

4. The composition of claim 3 wherein each branch of said alkyl tail
includes an alkyl branch for every 20 carbon atoms. '

5. The composition'of claim 3 whefein each branch of said alkyl tail
* includes an alky! branch for evexy 12 carbon atoms.

6. The composition of claim 1 whereixi said alkyl group is a methyl
group. -

7. A method to disperse asphaltenes in a petroleum derived oil compris-
ing adding to said oil 10 to 1000 ppm of an alkyl aromatic sulfonic acid
compound including an aromatic, a sulfonic acid head, and one or more alkyl
tails including at least 16 carbons and at least one branch of an alkyl group.

AN



