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2,884,445
METAL PETROLEUM SULFONATES

‘William N. Axe and James T. Gragson, Bartlesville, Okla.,
assignors to Phillips Petroleum Company, a corpora-
tion of Delaware

Application December 17, 1956, Serial No. 628,780
9 Claims. (Cl. 260—504)

This invention relates to a method for making an im-
proved metal petroleum sulfonate and to a lubricant em-
bodying such metal petroleum sulfonate as an additive.

Copending application, Serial No. 478,839, filed De-
cember 30, 1954, by W. B. Whitney, describes a method
for preparing oil soluble metal petroleum sulfonates from
highly refined, solvent extracted, high molecular weight
petroleum stocks. by treatment with a sulfonating agent,
peutralization of the resuliing oil-acid mixture with anhy-
drous ammonia, extraction of an ammonium petroleum
sulfonate with an organic solvent, and conversion of the
ammonium petroleum sulfonate to the metal petroleum
sulfonate by reaction with an excess of a metal salt or
hydroxide. It had heretofore been considered impossible
.to produce oil-soluble sulfonates from high molecular
‘weight hydrocarbon fractions such as a Bright Stock hav-
-ing & viscosity of about 200 SUS at 210° F. because treat-
ment of such highly refined lubricating oil stocks with
fuming sulfuric acid produced no precipitate of acid
-sludge. " Neutralization of the resulting acid-oil mixture
-with sodium hydroxide resulted in a very stable emul-
sion. .Extraction of the petroleum sulfonate from such
‘emulsion produced a low yield of product which was, in
each case, contaminated with inorganic salts.

- In accordance with the present invention, an improved
rprocess is provided for making metal petroleum sulfonates
-from heavy oil stocks. We have discovered that the ash
.content of oil-soluble metal petroleum sulfonates pre-
pared from highly refined, solvent-extracted high molecu-
lar weight petroleum stocks is dependent upon the contact
.time of the sulfonating agent with the oil and also the
manner in which the contact is attained. By the proc-
.ess -of our invention, an additive is obtained having a
high metal and ash content with resulting high activity
.and. detergency. It is an object of this invention to pro-
vide a process for increasing the yield of metal petroleum
sulfonates prepared from high molecular weight petro-
leum stocks. It is also an object of this invention to pro-
.vide an improved metal petroleum sulfonate useful as a
lubricating oil additive. It is a further object of this
invention to provide a means for preparing a metal petro-
leum sulfonate having 2 high ash content. It is still an-
‘other object of this invention to provide a simplified
process for the preparation of metal petroleum sulfonates
of high quality and in high yield. Other and further
objects of this invention will be apparent to one upon
study of the disclosure of the present invention.

Broadly, the invention contemplates admixing the oil
to be sulfonated with the sulfonation agent in a short
period of time, preferably not exceeding 10 minutes, vig-
orously agitating the mixture to attain intimate contact
of :the oil with the sulfonation agent and then allowing
the mixture to rest in a quiescent state for a period of
_one to one and one-half hours and then neutralizing the
reaction mixture with the oxide or hydroxide of the de-
.sited metal. An excess of the base is used so as to as-
sure: complete neutralization. The neutralized  reaction
product, is then diluted with an inert organic solvent, heat-
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ed to expel moisture present, after which the metal petro-
leum sulfonate together with unreacted oil is separated
from the inorganic salts by centrifugation, filtration, de-
canting, or other known means of separation. The prod-
uct can be used in the form in which it is obtained or can
be concentrated by removal of a portion or all of the un-
reacted oil by a separation step such as propane fractiona-
tion. Thus, a high quality lubricant additive is obtained
which can be mixed with lubricating oil of, say SAE-SW
to SAE-50 grade in an amount of 0.1 to 20 percent by
weight based on the oil whereby a high detergency oil
with improved characteristics is obtained. The additive
of this invention is also useful in the formation of greases
upon addition of suitable thickening agents.

The drawing is a graphical illustration of the advan-
tages which are gained by practice of the invention.

According to more specific aspects of the invention, the
starting material is a refined lubricating oil stock such as
a de-asphalted and solvent-refined petroleum fraction hav-
ing a viscosity range between about 120 and 700 SUS at
210° F. An especially preferred sulfonation stock is a
propane-fractionated, solvent-extracted and de-waxed
Mid-Continent oil of about 200 to 235 SUS at 210° F.
having a viscosity index of about 85 to 95 or higher.

In the sulfonation step, the oil starting material is in-
timately contacted with a sulfonation agent of which fum-
ing sulfuric acid and chlorosulfonic acid are especially
suitable. A temperature within the range of 50 to 200°
F., and preferably 130 to 150° F. is maintained during
the sulfonation together with an acid-to-oil weight ratio
of 0.175:1 to 1:1 using 20 percent oleum. An acid-oil
weight ratio of about 0.3:1 to about 0.6:1 is preferred
from a standpoint of yield, reaction rate and color of
product. When a high ratio of acid to oil is employed
the product is dark, almost black, and tarry in contrast
to the red, resinous product obtained employing the pre-
ferred acid to oil ratio. It is believed that oxidation
occurs at high acid to oil ratios. The sulfonation agent
is preferably added to the oil as rapidly as possible and
with vigorous agitation. The agitation is continued only
so long as is required to assure satisfactory dispersjon of
the sulfonation agent in the oil. The mixture is then
allowed to rest in a quiescent state for the required reac-
tion time after which it is immediately neutralized with
an excess of the desired metal oxide or hydroxide. The
reaction temperature is maintained during the time the
mixture is quiescent.

All metals are suitable for preparing the metal petro-
leum sulfonates of this invention. Metals which have
been found to be particularly suitable for preparing the
metal petroleum sulfonates include barium, calcium, lithi-
um, potassium, nickel, cobalt, cadmium, silver, iron, alu-
minum, copper, magnesium, lead, beryllium, mercury,
sodium, tin, and zinc. The alkaline earth metals are
preferred and barium and calcium are especially preferred
in preparing metal petroleum sulfonates for use as addi-
itves in lubricants. :

The following examples will illustrate the invention but
are not to be construed as limiting the invention.

EXAMPLE 1

A solvent refined and de-waxed lubricating oil frac-
tion containing an average of about 52 carbon atoms per
molecule derived from a Mid-Continent petroleum and
having a viscosity of 208 SUS at 210° F. and a viscosity
index of 96 was sulfonated with 20 percent fuming sul-
furic acid at an acid-to-oil ratio of 0.4. The sulfonation
was carried out in a reaction vessel equipped with a
stirrer and 5 runs were made in the following manmer:
the fuming sulfuric acid was added to the oil at a start-
ing temperature of about 65° F. Fuming sulfuric acid
was added with rapid stirring in a period of 30 seconds
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-and -after an additional 30 seconds stirring ‘the - stirrér
was removed and the mixture allowed. to. remain motion-
less at a temperature niaintained: at. 130° F. for the te-
;mainder of thie reaction’time. - The rteaction thixture was
‘then- meutralized ‘with ‘an excess of calcium ‘hydroxide
“slurtied ‘in ‘water. The neutralized ‘material was then
stripped ‘of water by heating to about 400° F. and ‘was
‘then diluted with -about -3 volumes ‘of ‘pentane ‘and cen-
trifuged to remove ‘inorganic-salts.- The ‘pentane was
then ‘evaporated and a sample -analyzed for ‘ash, The

‘data -are‘presented in Table 1 and are -plotted in the

drawing, :
Fable ]
R , Ash content,
‘Total ‘reaction. time: ‘weight percent
‘10 tinites L 4.9
30 minutes: 539
'50 minutes 542 .
‘134 hours 5.8
‘3 'hours 5.17
EXAMPLE I

. Samples of ‘the oil “described in Example T*were sul-
‘fonated ‘with 20 percent fuming sulfuric acid ‘with an
“acid-to-oil -ratio of 0.4 'in the following manner: -the
‘reaction vessel equipped with a stirrer was charged with
the “oil ‘and ‘the.
“time shown ‘in Table II ‘and stirring was maintained at
130° 'F, for 'the total reaction time shown in Table Il
after ‘which ‘the ‘material wds neutralized and treated in
thi

fuming “sulfuric acid ‘was. ‘added -in- the.

‘same manner as described in Example I - The results..
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‘of ‘éight runs are presented in Table I and are graphical--
Ty illustrated in the-drawing, i
Table I
LR : . Ash
Total Reaction | Time of Actd Content, -
Time - Addition 7). Weight
Percent
15 minutes .| 10 minutes....| 448
35 minutes_..| 15 minutes. . 4.83
| 45 minutes... | 10 minutes . - 497
il :-1-hour.: <15 minutes. . 6.37
:1%4 hou; :30 minutes 5.5
-2 heurs ‘30 minutes 5.46
.4 :hours, 25 {25 mirutes_ . ;- 4.72
. minutes. S T R
T-hours... . 5 hours, .. 23,66
UTime of seld addition tndided i total-reattion Hine,

zation,
o oo EXAMPLE I
‘The “data shown in Table

‘plant operation ‘iinder two sets of conditions. - “These con-

+ ¥ Btood 72-hours at-room temperature without stirring ‘befors neutrall- s

50

HI were obtained 'in pilot - .

-ditions were: (1) the dcid and oil were mixed ‘ina-cen-

trifugal - pump -and ‘then passed into a jacketed steel pipe
and-allowed.to starid for the Téquired residence time; (2).
‘the acid-and 'oil ' were mikxed in acenirifuigal puinp-and the
‘product 'was - allowed to stand ‘inglass beakers at the e+
-quired temperature for-the desired resideice time. . In'all
cases the samples after standing for the desired residence
time were -neutralized “Wwith an excess ~of -calcium hy-
droxide slurried in water.  Ths water was-evaporated by
heating to about 400° F., the residue was -cooled, dituted
with pentane and centrifuged ‘to remove inorganic salts.
The pentane solvent was evaporated and the -ash content
‘determined on the residue, -

Table 1T
.. CONDITION:

. Acid-Oll | Residence’| Ash,
Temperatare, °-F; Ratio Time, Welght
; minutes .| Percent
0.4¢. 53 534
0.42 53. -5.93

55

‘CONDITION:2 -
138. 0.4 65 6.21
138 “ Pk 0.4 95 6.89
149, - 0.4 66 5.77
131 o - 0.4 65 6,17
) B A I I 0.4 30 4.97

The data of the examples show the increase in‘the ex~
“tenit ‘of sulfonation ‘as teflected by ‘the increase in“ash, ‘in
the runs wherein rapid acid. addition followed: by ‘a soak-
ing period of one to one ‘and a half hours ‘was practiced.
The ash is corréspondingly more when ‘a higher acid-to-
oil-ratio.and/or a higher reaction temperature are utilized
in the sulfonation step.  The forimation of sulfonate is
dependent upon - several ‘variables including‘acid-to-oil
ratio and temperature but in ‘each case. the sulfonate for-

- iation 'is increased by rapid acid -addition followed by a

sbaking iperiod ‘of ‘one to-one and ‘a. half hours. “The
data in ‘the examplesalso show that -an-acid-oil contact
time of less than one houror more than one and-a ‘half
hotrs decredses the ‘yield of sulfonate as'reflected by:the
‘decrease in‘ash content. ‘One explanation of this may be
that a contact time of less than-one hour is not sufficierit
for: complete 'sulfonation while ‘a- contact time in excess
‘of ‘one “and “a 'half Hours: permits deconiposition of ‘those
sulfonic -acids “unstable in -the ‘preésencé -of - concentrated
‘sulfuric acid. : Lonl

Variations ‘and ‘modifications  are ‘possible within ‘the
'scope of the-disclosure of ‘the ‘present invention ‘the ‘es-
'sence of which is-the discovery-that the extent of sulfons--
‘tion-of a highly refined, high Viscosity lube oil fraction can
"be ‘iricreased by rapid-‘addition ‘of the ‘sulfonation ‘agent
followed by ‘a‘soaking period of about: an-hour to'an hour
and a half. , ' s

That which is claimed is: e S

1..The process:of:making ‘an alkaline'earth inetal petro-
‘leum sulfonate ‘which: comprises ‘adding-oleum ‘to:a"pro-:
pane-fractionated, . solverit:extracted ‘and: de-wixed “Tu-
‘bricating oil stock ‘having a viscosity -‘of -aboit 200
10.230.SUS:at 210° F. in a period of about one minute -
ahd ‘with- ‘agitation; ‘maintaining the resnlting -mixture
quiescent- for ‘about-one and ‘one half ‘hoursat” reaction
‘temperidture; neuitralizing - the ‘mixtire with an -alkaline
-¢arth ‘metal ‘hydroxide; diluting the mixtiire ‘with ‘about
‘three. volumes. 6f pentarie;: and recovering ‘the ‘resulting
‘alkaline earth metal petroleum ‘sulfonate. . .

2. The 'process of ‘claim '1 wherein tHe ‘alkaline sarth
metaldscaldiom, v ‘ : e

3. The 'procéss of claim ‘1 wherein ‘the alkaline earth
etal s barium. : e

4. The ‘process ‘of claim 1. wherein the alkaline ‘earth

‘meétal is magnesium.

5. The process of ‘claim 1 wherein ‘the alkalitie ‘esrth
‘frietal is stroAtium, B : SEE
6. The procéss for making a ‘metal pétroleum silfonate
which ¢omprises radding oléum -at an :icid-to-‘oil_‘Wei'glgt
ratio of 0.2 t6.10.7 ‘to..a ‘de-asphalted, “solventirefined

- lubricating oil ‘stock-Having a viscosity ‘of ‘about 120 to
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700 SUS at 210° F. within a period ‘of about 10 minttes
‘and " with - agitation; ‘maintaining the resulting mixture
‘quiescent ‘for a time in'flie Tange of onie to one and ‘one-
half liours at ‘a‘terfipérature in the rafige 120 to 150° Fy;
neutralizing the reaction ‘mixture with a basic ‘metal ‘com-
pound; ‘and recovering the metal petroleum sulfonate.

7. In ‘the preparation of metal petroleum siilfonatés
wherein ‘a 'de-asphalted,  solvent-refified lubricating ‘oil
stock having ‘a viscosity of absut 120 to. 700 SUSat:210°
F. is'sulfonated with a sulfonation agent at a ‘temperdtire
in the range of about 50 to 200° E., -and the product of
sulfonation is. neutralized ‘and converted 'to .the mistal
petroleum  sulfonate, the ifiprovemient comprising con-
ducting the sulfonation step ‘by adding ‘the sulfonation
agent to ‘the ‘6il ‘within a period of time Jess than 10 min-
utes and with ‘agitation; maintaining the reaction mixtiire
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quiescent for a period of time in the range of one to one
and one-half hours at the reaction temperature before
neutralizing the reaction product; and recovering the
metal petroleum sulfonate.

8. The process of claim 7 wherein the reaction mixture
is neutralized with a basic metal compound; the reaction
mixture is diluted with from 1 to 5 volumes of an inert
organic diluent; and the metal petroleum sulfonate is re-
covered by centrifugation.

9, The process of claim 7 wherein the reaction mixture
is neutralized with ammonia; the ammonium sulfonate is

10

6

extracted with an organic solvent and is converted to the
metal petroleum sulfonate.
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