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ABSTRACT OF THE DISCLOSURE

A blend of petroleum lubricating oil of 400-600
molecular weight and linear alkyl benzene of about 25-35
carbon atoms is sulfonated with oleum. The reaction mix-
ture is immediately diluted with about two volumes of non-
aromatic naphtha without hydrolyzing the sludge which
is separated and discarded. The naphtha solution is ex-
tracted with 8-15% by volume of water, then neutralized
with 50 to 100% excess fine hydrated lime and filtered.
Calcium sulfate is adsorbed in the excess lime. Naphtha
is recovered by distillation.

The residue oil-sulfonate solution containing about
40% sulfonate, is a clear, bright oil soluble sulfonate sub-
stantially free of sulfates and chlorides. It is useful as a
detergent additive in motor oils and anti-rust compounds,

——— N TR M s

This invention relates to the manufacture of prefer-
entially oil soluble sulfonates of alkali and alkaline earth
metals, such as sodium, lithium, calcium, and barium,
metals, such as sodium, lithium, calcium, and barium, use-
ful in compounding lubricating oils for internal combus-
tion engines, jet engine oils, hydraulic oils and rust protec-
tion oils and greases. More particularly, the invention re-
lates to manufacture of mahogany sulfonates of acceptable
concentration of 30 to 65% from lubricating oil distillates
without the necessity of concentrating. Heretofore, it has
generally been the practice in manufacturing sulfonates
from lubricating oils, first, after discarding sludge, to
neutralize the sulfonated oil with caustic soda, forming
the sodium salt, from which unreacted oil could be elimi-
nated by treating with water and solvents, usually alco-
hols such as methanol or butyl alcohol. By this method,
the sulfonate concentration can be increased form about
12% to the desired 40%-60%. At the same time, sul-
furic acid, which is associated intimately with the sulfonic
acids, can be eliminated as water soluble sulfate. When
sulfonates of the alkaline earth metals were desired, the
sodium salt was converted to the calcium or barium
salt by treatment with the corresponding chloride in a
metathesis reaction. Extensive washing with water was
then required to reduce the chloride content to acceptable
limits. This process is described in U.S. Patents of Bray,
2,396,673 and 2,689,221. No practical method has here-
tofore been available for directly neutralizing the acid oil
fram sulfonation with alkaline earth bases because of the
difficulty or near impossibility of concentrating the result-
ing highly oil soluble alkaline earth metal sulfonate and
separating insoluble sulfates which form when the sul-
furic acid associated with the sulfonic acid is neutralized
with lime or baryta, often in collodial form impossible
to remove by filtration, The sludge layer has generally
been considered a nuisance although it was recognized
by some that the sludge phase carried away a portion
of the desired sulfonates and attempts were made to re-
cover these as by extraction with solvents such as carbon
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tetrachloride (U.S. 2,530,757) and xylene (U.S.
2,732,344). The use of paraffinic type hydrocarbon solv-
ents such as the petroleum naphthas has been generally
found less effective for the purpose.

One object of our invention is to improve the yield
of valuable oil soluble sulfonates without resorting to
complicated extraction techniques. Another object is to
sulfonate a blend of neutral oil and alkylate such that
the product sulfonate will have the concentration desired,
usually 40 to 50%, but, in some cases, as low as 30%
and as high as 65%. Still another object is to make the
sulfonates of the desired metals directly without inter-
mediate conversion and purification operations. A further
object is to avoid the formation of alkali metal sulfates
in colloidal form and to condition the alkali metal sul-
fates for easy filtration. A still further object is to avoid
entirely the use of chlorides, thus producing a product
sulfonate free of chlorides or other halogen.

We now have discovered that the foregoing objects can
be achieved by initially blending with the lubricating
oil distillate, an alkylate of benzene having about 25 to 35
carbon atoms corresponding to a molecular weight of
about 345 to 485, resulting from the alkylation of ben-
zene with linear olefines or chlorparaffing having about
11 to 13 carbon atoms, using a Friedel-Crafts catalyst,
perferably aluminum chloride. During the alkylation,
numerous side reactions take place giving some dialkyl
benzenes along with some alkyl indane and polynuclear
aromatics. Where the latter appear in quantity correspond-
ing to more than 20% of the dialkyl benzene content, we
generally prefer to eliminate these impurities in the dialkyl
benzenes by a refining treatment with a selective solvent
such as furfural or with sulfuric acid of 95 to 100%
concentration, inasmuch as these polynuclear aromatics
increase the sludge loss in the sulfonation reaction and in-
terfere with the sulfonation of the dialkyl benzene. For
our purpose, the benzene alkylate is fractionally distilled
to remove low boiling alkylates suitable for manufacture
of water soluble sulfonates and secondary plasticizers, thus
recovering a higher boiling fraction, with a boiling range
between about 400° and 600° F. at 10 mm. mercury
pressure. Typically, an alkylate suitable for our process
will have a viscosity of 45 SSU at 210° F. and 187 at
100° F., with an aniline point of 130° F., an API gravity
of 28° at 60° F., and a flash point of 430° F.

In preparing the stock for sulfonation, we prefer to
blend about equal volumes of lubricating distillate and
alkylate. In general, about 40-60% by volume of alkylate
in the oil is satisfactory. A blend of 45% alkylate and 55%
oil will result in a product having about 40% by weight of
calcium sulfonate in oil—an acceptable concentration for
the market. It is desirable that sufficient alkylate be present
to provide sufficient sulfonate which, when combined with
the sulfonate yielded by the neutral oil in the blend, will
give a total sulfonate content of about 30% to 70%, de-
pending on the specification for the finished product. It
is desirable to employ sufficient oleum in the sulfonation
reaction to completely sulfonate the aromatic hydrocar-
bons present, usually about 55 to 82% by volume based
on the alkylate present.

The sulfonation reaction is carried out as shown in the
following example: To 1,000 volumes of the alkylate-neu-
tral oil blend is added gradually 330 volumes of oleum
having 25% SOj; content, with good agitation, and suffi-
cient cooling to hold the temperature below about 110° F.
To the reaction mixture is then added 2,000 volumes of
petroleum naphtha, which is free of aromatic hydrocar-
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bons. Varnish makers’ and painters’ naphtha or Stoddard
solvent is satisfactory after they have been treated with
sulfuric acid of 101.13% strength (5% SO;) to remove
aromatics. Straight run naphtha from paraffinic crude,
boiling within the range of 250 to 400° F., is suitable.
Sludge is settled from the naphtha solution by standing for
1 to 6 hours, then separated and discarded. The naphtha
solution of acid oil, having an acid value of about 25 to 35,
is then treated with water to remove as much of the con-
taminating sulfuric acid as possible before neutralization.
This is a critical step in the process, inasmuch as serious
emulsification difficulties are encountered when too great
dilution of the acid in the aqueous phase is attempted. At
the same time, we have found that too little dilution of the
acid results in a product oil which is hazy and opalescent,
unsuitable for market.

The water treatment can be conducted in one, two, or
more contacting and settling stages, but it is essential
that the concentration of acid in the final stage be not less
than 25 A.V. or more than 200 A.V. for good results.

When these conditions are satisfied, the aqueous phase
containing most of the HySO,4 and undesired, water soluble
organic acids, usually settles clear in from one to five
hours and is withdrawn. The separation can be speeded
by centrifuging, utilizing the considerable difference in
density between the phases.

After the water treat, the acid oil having an acid value
of about 20-25 is neutralized by thorough agitation with
dry powdered lime (Ca(OH),), baryta, or other base as
desired. Finely powdered Na,COj or Li,CO; can be used,
preferably in the range of about 100-300 mesh. Likewise,
powdered CaCQ5 or BaCO4 can be used. Neutralization is
facilitated by heating, for example to 150° F., and an ex-
cess of the base must be used—usually 50% to 100% of
theory—preferably 75% excess over theory when

Ca(OH),

is used. The reason for the excess rquirement is obscure,
but it appears to be required to absorb in a basic complex
the sulfate produced in the neutralization. Addition of a
small amout, e.g. 1%, of a contact agent such as meth-
anol will hasten the neutralization, but is not necessary
in commercial practice. We find that the sulfonic acid-
naphtha solution retains in solution the correct amount of
water to promote neutralization without emulsification and
provide the water needed to form the complex between
sulfate and excess base just described.

When neutralization is complete, as shown by an ac1d1ty
test, the solution is filtered free of precipitated sulfate-
hydrate complex. The clear filtrate is then distilled to re-
cover the naphtha for re-use in the process. It is advis-
able to add a small amount of the base, e.g. lime, to the
still to insure a neutral or basic condition during the distil-
lation and thus prevent decomposition of the product sul-
fonate. Steam distillation is preferred, the steam assisting
in removing all the naphtha from the oil, generally at
350°-400° F. A final “polish” filtration with a small
amount, e.g. 1-3%, of a filter aid such as diatomaceous
earth—“Filter Sel,” “Dicalite,” etc., can be performed on
the product while hot. The product is bright and clear with
a color ranging from yellow to mahogany. The sulfate con-
tent is low, usually about 0.1% or less, expressed as
Nast4.

In our co-pending application, Ser. No. 651,695, we
described a method of making oil soluble sulfonate free
of haze by avoiding the use of solvent naphtha in separat-
ing sludge from the sulfonation reaction mixture. How-
ever, in that process, somewhat lower yields were obtained.
Also, we there employed lower molecular weight neutral
oils in the sulfonation feed and obtained our sulfonate
product from the alkylate exclusively.

EXAMPLES

The following examples will illustrate the improved re-
sults obtained with new process. The feed stock employed
in these experiments was a blend of “500” neutral oil and
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linear alkylate with characteristics shown in the follow-
ing table:

Neutral Linear

oil alkylate Blend!

Gravity, AP ... 28.0 28.5 28.2

Pour point, ° F__._ -+10 -~70 —-10

Flash, C.O0.C__ ... .. :80 420 450

szcomy, €.5.:

@100° F e 119.01 35.24  G4.40

@210°F__ ... e - 1L38 (L _C 7.87

Aromaties (Watson), percent. - 23.47 66. 95 46. 86

Molecular weight. .~ - 513 397 460
Distillation at 10 mm

Initial° Fo_._. 506 412 416

........... 5 444 472

...... 464 484

____________ 478 502

____________ 486 512

450 24

404 38

498 552

502 572

512 590

534 610

1 Alkylate; 55% neutral oil.

EXPERIMENT 1

One thousand cc. of the above blend was sulfonated with
338 cc. oleum (25%) equal to 75% by volume of the
alkylate content of the blend, keeping the temperature be-
low 115° F. The reaction mixture was diluted with 2,000
cc. naphtha—VM&P. After settling one hour, 520 cc.
(756 grams) sludge was separated, leaving 2,790 cc. acid
oil having an acid value (mg. KOH per gram of sample)
of 32.6. The acid oil was then treated by thoroughly mix-
ing with 5% by colume of water and separating an aque-
ous phase of 54 cc. greenish yellow acid which settled
rapidly, having an acid value of 330.

The naphtha solution, now having an acid value of 23.2,
was divided into two equal parts of 1,425 cc. each. One
part was given a second treatment with 5% by volume
of water, making a total of 10% in two stages. The second
water wash phase analyzed 66 acid value. Both naphtha
solutions were then neutralized with hydrated lime using an
excess of 80% of the theory in each case. Results are as
follows:

Water treatment_...___________ .. . ... __. % 2 X 5%
Volume of solution, ee...._._.____________..__ . 1,425 1,430
Acid value, oil phase. ... ... .._____ o 23.2 17.9
Lime used, grams. . ... - 45.0 31.0
pH after neutlahzmg ___________ - 8-9 9
Filtered—precoat—no aid. - Slow Rapid
Alkali value of filtrate.___________._________________ 0.9 0.8
Steam stripping to 340° F. with 2 gm. lime, yield of
sulfonate, gm_ ... ... ... 377
Refiltered Wwith 2% Hy Flo, hot__ . Rapid
Product:
Appearanee. . ... ___.___.__.. [©]
Alkali value_________. 8.9
Ash, sulfated, percent. - 7.62
QAS caleium, percent 1.77
Sulfate as Na,SOy, percent. - ... ___________ 0.11

1 Qpalescent, hazy.
2 Clear, bright.

The above results show that repeating the water treat-
ment and separating the solution from an aqueous phase
of 66 acid value instead of 330 acid value, gave a final
product of superior appearance and lower sulfate while
greatly improving the rate of filtration.

EXPERIMENT 2

The sulfonation in Experiment 1 was duplicated, pro-
ducing 2,780 cc. of acid oil-naphtha solution with acid
value—30.8. The solution was divided, one-third being
treated with 10% (volume) of water and two-thirds with
5% water. The latter portion was then again divided, one-



3,591 498

half being given a second 5% water treat. Results are as
follows:

Water treatment.___________________.___.. 10%, 5% 2X 5%
‘Volume of solution, €6. . ..ooooooooooooa.o. 900 L,860 oo
Water phase separated, ..o o......_._.._ 42 26 e
Acid value of water phase. . - 129 310 ...
Volume in second 5% treat, ¢ . ooeeo oo 900
Water phase in second, CC. .- lal. 29
Acid value of water phase. . ... T4
Acid value of oil phase..__ 23.2 24.2 21.2
Lime used, grams. ... 28 30.2 23.0
Filter rate, Hy Flo precoa Rapid [©)] Rapid
Alkali value of filtrate_.._. - 10 12 11
Steam stripped to 340° F'., yield, gm.___... 246 261 234
Refiltered, 2gm. Hy Flo__..__________.._ Rapid Rapid Rapid
Appearance. . oo [©)] (3) [©)
Alkalivalue______._._. 2.6 3.5 2.4
Ash, sulfated, percent__ 6.93 7.26 6. 96
QAS calcium, percent. . 1.82 1.82 1.80
Sulfate as NazSO4, percent.. - 0.115 0.133 0.115
Halogemn oo i oo Nil Nil Nil

1 Slow and very slow.

2 Bright, clear.

3 Opalescent, hazy.

EXPERIMENT 3

In another experiment, the sludge was separated from
the sulfonation reaction product without naphtha dilution.
The acid oil was then diluted with naphtha, a small
amount of sludge was separated, and then 5% water was
added. An acid of 195 A.V. separated. On neutralization
with lime, filtration and stripping, the sulfonate obtained
was clear and bright but the QAS calcium was only 1.49
instead of 1.80 showing loss of sulfonate in the sludge
originally discarded.

EXPERIMENT 4

In this series of tests, the same acid oil was prepared
as described in Experiment 1 with 28.3 acid value. The
amount of water used in the water treatment was varied
as shown in the following table:

st NO - o 1 2 3 4 5
Percent HoO oo oo 5(2&3) 5 7.5 10 15
2&3

2056 3056 161 116 75
20.2 2L9 20.7 19.5 181

Acid value of aqueous phass__._..._
Acid value of oll phase_..__..______..___._

These data show that, when the water treatment is
divided into two stages as in Test 1, the acidity of the
aqueous phase in the second stage can be reduced to about
two-thirds that when only a single stage treatment is used
with the same amount of water (Test 2).

Determination of sulfonate by the QAS (quaternary
ammonium sulfonate) method is described in Analytical
Chemistry, volume 26, September 1954, pages 1942-97;
also in Technical Bulletin, Rohm & Haas Company,
February 1960, “Assay of Hyamine Products.” Alkali
value (or acid value) is determined by ASTM Method
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D664-58 and is expressed in milligrams KOH equiv- 5

alent per gram of sample. The ash (sulfated) is deter-
mined by ASTM Method D874-59T.

Having thus described our invention, what we claim is:

1. The process of making oil soluble petroleum sul-
fonates of the alkali and alkaline earth metals, free of
halogens and substantially free of sulfates having a sul-
fonate concentration in the range of 30 to 60 percent,
which comprises blending a neutral oil of about 400-600
molecular weight with about 40-6 percent by volume of
a benzene alkylate of about 25 to 35 carbon atoms pre-
pared from alkylation of benzene with linear alkyl in
presence of a Friedel-Crafts catalyst, sulfonating said
blend with about 55 to 82% by volume of oleum suffi-
cient to completely sulfonate the aromatic hydrocarbons
present, forming desired oil soluble sulfonic acids and
sludge, immediately, without separation or hydrolysis of
said sludge, mixing the reaction product with 1.5 to 3 vol-
umes of non-aromatic naphtha, separating and discarding
sludge, treating the acid oil-naphtha solution with suffi-
cient water to provide an aqueous phase with an acid
value of about 25 to 200, separating the agqueous phase
and neutralizing the acid oil with an excess of a basic
powder selected from the class consisting of the oxides,
hydroxides, and carbonates of the alkali and alkaline earth
metals, filtering insoluble sulfate and excess basic com-
pound from the naphtha solution, and stirpping naphtha
from the oil-sulfonate product.

2. The process of claim 1 wherein the acid oil is neu-
tralized with calcium hydroxide.

3. The process of claim 1 wherein the said basic metal
compound is employed in an excess of 50 to 100% above
the amount calculated on a stoichiometric basis.

4. The process of claim 1 wherein the said alkylate is a
fraction boiling within the range of 400-600° F. at 10
mm. mercury pressure obtained from the alkylation of
benzene with linear hydrocarbons of 11 to 13 carbon
atoms.

5. The process of claim 4 wherein the neutral oil em-
ployed in said blend has a viscosity of about 119 centi-
stokes at 10° F. and the ratio of alkylate to neutral in the
blend is about 45/55 by volume.
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