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This invention relates to improved lubricants.
In one embodiment it relates to new gelation
agents and their preparation, and to their use
in the manufacture of ashless greases. In an-
other embodiment this invention relates to im-
proved lubricating oils. In another embodiment
it relates to the manufaciure and use of new ad-
ditive materials in lubricating oils. In still an-
other embodiment it relates to the reduction of
the deposition and accumulation of sludge on oil
lubricated engine parts, in an engine system.
This application is a confinuation-in-part of our
copending application Serial No. 44,575, filed
August 16, 1948.

In the manufacture of lubricants, a great many
substances have been used as gelation agents.
These materials are incorporated with mineral
oils under the proper conditions to produce lubri-
cants and lubricating greases. The most com-
mon among these gelation agents are the so-
dlum calcium, and aluminum salts of the higher
mo]ecular weight fatty acids. Certain other
metal salts of fatty acids have also been used
‘s_ta‘r‘\c,es mahoga‘r;y acids have been used in place
of the fatty acids. Such mahogany acids are the
result of the action of sulfuric acid on petroleum
oils, and their comesLt.lon varies widely depend-
ing 6n the oil treatéd, and conditions of treat-
ment, and the volume and strength of sulfuric
acid used. Usually they are used in the form
of their sodium or calc:;um salts.

.Sa.lts of the fatty acids and mahogany acids
Just descnbed are often called gelation agents.
It is one of their properties that ‘when added to
oils of the proper type and under certain con-
ditions they will cause gelling and thickening of
ihe oils, making them have utility as lubricants
and lubrlcaimv greases,”

“"At the present time it is common practice to
enhance or modify certain of the properties of
iubrxea.tmg oils through the use of various ad—
dmves or unprovement agents. The lubncati.ng
oils emploved in mterna] combust;on engmes
such ‘as automotive, light aircraft, and diesel
in particular, require the use of additive
its to render them serviceable under the ad-
"envzronmental condltlons encountered in
the,se engmes Among the various addxt.xves em-
ployed ﬁ; modey;n erigine oils, one of the most

artant is the type which acts to’ prevenst ac-

ulauon af slidge in the crankease and on

‘the ¢ylinder walls, thereby preventing sticking

of the pxston rings, and the formation’ of varnish-
g}:e coatmg on the pistons and’ cylxnder walls.

cause of thelr general function of maintain-
ing a clean engine, additives of th1s nature are
term,ed "detelgents,” although it is now under-
stood that ’chey have little utility in cleaning a

vdlrty engme but by virtue of dispersant activity

prevent or greatly retard engine fouling.
It has long been recognized that ash content
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of detergents and othér additives in a lube oil
employed in engine operation contributes to up-
per eylinder deposits which in turn contribute to
and predispose toward pre-ignition, valve burn-
ing, and general rough engine operation. The use
of ash-forming deterzont additives in engine
operation, is for these reasons, often inadvisable,
particularly in aircraft engines. Our invention
is concerned with new and novel ashless oil de-
tergents, and with improved lubricating oil con-
taining such detergents.

It is an object of our invention to provide im-
proved lubricants. Another object is to provide
improved lubricating greases. Another object is
to provide improved lubricating oils. Another
object is to provide additive agents for impart-
ing improved properties to lubricating nils. An-
other object is to provide gelation agents, and for
their manufacture, and for their use in the
manufacture of ashless greases. Another object
is to provide ashless lubricating oil detergents.
Another object is to provide a method for the
manufacture of new and improved lubricating
oil detergents of the sulfonate type. Anather
object is to provide a method for preventing an
accumulation of oil degradation products on oil
lubricated engine parts. Other objects will be
apparent to those skilled in the art from the ac-
companying discussion and disclosure.

In accordance with a broad embodiment of our
invention we have provided improved ashless
lubricant compositions comprising mineral oils
mcorporated with a guanidine salt of an organic
sulfonic acid selected from the group consisting
of §ynthet1c guanidine alkyl aryl sulfonates and
guanidine petroleum sulfonates, and contaming
from 0.1 to 60 weight per cent ot the guanidine
salt.

The term “lubricant” is used herein to denote
not only a lubrlcatmg grease but also a lubricat-
ing oil, and 1ncludes composmons formed by in-
corpora,tmg a guamdme sulfonate of the type
described above with a mineral oil.

We haye dlscovered that certain alkyl aryl

suifonic gcjds can be neutralized with guanidine

or & hasic guamdine salt to form guamdme alkyl
ax:yl sulfonates. Certam of these new and navel
guanidine g.lkyl aryl sulfonates disperse readily
in mineral oilas gelatlon agents to form improved
greases of the ashless type, while certain athers
of relatively high molecula,r weight are oil-sol-
uble and when dissolved in a lube oil base stock
impart valuable detergent properties to it thus,
forming 1mproved lubricating oils. We have fur-
ther discovered fhat certain petroleum sulfonic
acids can be neutralized with guanidine or a
basic guanidine salt and that certain guanidine
petroleum sulfona,tes thus produced are oil-
soluble, and when dissolved in a base lube oil

‘stock impart valuable detergent properties to it.

Additionally, as described hereafter, other gua-
nidine petroleum sulfonates dxﬁering from the
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detergent types principally in molecular weight
and degzree of sulfonation have pronounced gell-
ing tendencies when dispersed in oil and may be
utilized to advaniage in the preparation of
greascs.

The guanidine alkyl aryl sulfonates as grease
gelation agents contain from 17 to 35 carbon
atoms in the molecule, although certain of these
serve also as detergents in oil systems, dependent
to a large degree upon the concentration of the
guanidine salt added, particularly those formed
from alkyl aryl sulfonic acids containing at least
24 carbon aton:s per molecule. However, when
we employ guanidine alkyl aryl sulfonates as oil
detergents, we prefer to employ those formed
from alky! aryl sulfonic acids containing from
about 40 to 70 carbon atoms per molecule or
higher. When employing our novel guanidine
petroleum sulfonates as oil detergents, we employ
those formed from petroleum sulfonic acids con-
taining at least 40 carbon atoms in the molecule.

In forming our lubricating grease compositions
we disperse the guanidine alkyl aryl sulfonate in
a mineral oil hase stock to form a composition
containing from 5 to 60 weight per cent of the
guanidine aikyl aryl sulfonate.

The alkyl aryl sulfonic acids, which on com-
bining with guanidine form our gelation agents,
may be produced by the alkylation of an aromatic
nucleus such as benzene, naphthalene, diphenyl,
or anthracene, or their alkyl derivatives, with ole-
fins which Boil in the approximate range of 190 to
215 €. When alkylating alkyl aromaties such
as, for example toluene or xylene, a fraction of
olefins in the 190 to 315° C. range must be selected
so that after alkylation, the total number of car-
bon atoms in the alkyl groups is not more than
about 20. The preferred boiling range of the
alkylating olefins is usually 180 fo 315° C. and
such olefins generally contain from about 10 to
20 carbon atoms per molecule, however, a nar-
rower range of, say 230 to 250° C., may often be
desirakle and is quite satisfactory. Straight chain
olefins having the double bond in the “one” posi-
tion are well suited for use in our invention.
Branched chain clefins are also guite applicable.
It is to be noted, however, that a branched chain
olefin containing the same number of carbon
atoms as a straight chain olefin acts as a straight
chain olefin containing less carbon atoms inso-
far as oil-solubility is concerned.

A suitable gelation agent is a guanidine salt
of an alkyl aryl sulfonic acid in which the alkyl
group coniains at least 10 cariton atoms. When

there are more than ten carbon atoms present in ;

the alkyl groups, a satisfactory gelation agent is
cne with at least one alkyl group containing 10
carbon atoms. Another satisfactory salt or gela-
tion agent is a guanidine alkyl aryl sulfonate
having two aiky! groups having at least 8 car-
bon atoms each. Another is one having three
alkyl groups of at least 6 carbon atoms each.
Generally speaking, when only one alkyl group
is present in the guanidine alkyl aryl sulfonate,
it should contain at least 10 carbon atoms, and
no matter how many alkyl groups are present
they should preferably contain a total of not
more than about 23 carbon atoms.

The above described guanidine alkyl aryl sul-
fonates having utility both as gelation agents
and as oil detergents, and the guanidine petro-
leum sulfonates described more fully hereinafter
are new compounds.

Any conventional method is suitable for alkyl-
ating aromatics with olefins to produce alkyl aro-
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matics for sulfonation and subsequent neuirali-
zation in the preparation of our synthetic guani-
dine alkyl aryl sulfonates. Such a method may
employ sulfuric acid, hydrofluoric acid, or boron
trifiuoride as catalyst for the alkyvlation; however,
the invention is not to be limited by the particu-
lar means used for alkylating aromatics. Other
methods for obtaining alkyl aromatics, such as
alkylation of aromatics with alcohols, alkyl hal-
ides, ethers, or esters, are well suited for our
invention. Suitable alkylatable aromatics atre
those ‘containing only one ring such as benzene,
toluene, and xylene as mentionsd above. Satis-
factory results may also be obtained from multi-
ring compounds, in particular naphthalene, di-
phenyl, anthracene, and their lower alkyl home-
logues. Ii is generally preferred that not more
than three rings be present in the aromatic hydro-
carbon. The compounds, alkylated with olefins
as described above, are then sulfonated by suit-
able means, such as by fuming sulfuric acid, as
ts well known to those skilled in the art, to pro-
duce alkyl aryl sulfonic acids. However, our proc-
ess is not to be limited by the means of sulfona-
tion employed. These latter compounds are then
combined with the strong organic base guanidine
to form a gelation agent which is the guanidine
salt of the sulfonic acid. Usually this material

-may he used to thicken an oil and to obtain a

lubricant having the form of a solid or semisolid
cake, but in special cases where extremely light
lubricants are desirable, the final lubricant mix-
ture may be in the form of a liguid, usually being
thick and having a texture similar to syrup or
honey. When referring to the neutralization of

- the alkyl aryl sulfonic acid with a guanidine com-

pound in either the specification or the claims,
we mean to include also the use of guanidine by
itself.

One specific method for the preparation of one
of our novel guanidine alky aryl sulfonates is as
follows. A suitable aikyl aryl sulfonic acid hav-
ing the requisite number of alkyl carbon atoms
as described above, is dissolved in a low-boiling
alcohol such as, for example iscpropyl alcohol or
butyl alcohol. 'Ta the thus-formed solution is
added a molar excess of a concentrated aqueous
solution of a guanidine compound, suitably the
carbonate. The solution separates into an alco-
hol layer containing ihe guanidine alkyl aryl sul-
fonate and a water layer. It is preferable not
to use an aicohol boiling below isopropyl alcohol
because inadequate separation of the aleohol
layer from the water layer is obtained. The
alcohol layer is removed by suitable means, such
as decanting, and then filtered to remove any
solid material, after which it is evaporated to
recover the guanidine alkyl aryl sulfonate. If
no solid material is present in the alcohel layer,
it may be evaporated dirvectly without filtering.
PFor further purification (if desired) the guani-
dine sulfonate may be extracted with anhydrous
aleohol, the alcohol then being evaporated

In order to make an improved grease in accord-
ance with our inventicn, the novel guanidine
alkyl aryl sulfonate already described is admixed

ith a mineral oil of suitable properties such as
viscosity, density, flash and fire, pour-point, spe~
cific gravity, color, and specific dispersion, chosen
in accordance with the type of grease desired.
Generally 5 to 60 weight par cent of the salt is
adequate and it is often preferred to use 15 to 50
weight per cent. Ranges of properties which
cover oils suitable for use in making lubricants
in accordance with our invention are given in the
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‘following table. Broadly, an oll with some Tubri-
cating properties & desirable and may have a
vincosity in the range of 50 te 700 SUB @ 100° ¥.,
but may go as high as 2000-4009 SUS @ 160° P.
1§ is preferable that the viscosity index of the @il
be abowve 60, although lower viscosity index ofls
ey be used. Mere narrow and preferred ranges
for the mineral oil are the following:

Viscosity, SUS at 190° F__________ 125-500
Retfractive index, W20 ___________ 1.4760-1.4920
Speciflc gravity Ds®______________ 0.8400-0.8890

Usually it is necessary to heat the salt and oil so
that the salt becomes a liquid and will disperse
throughout the oil, i. e., to a temperature above
the melting point of the gelation agent to insure
a homogeneous mixture of components. Care
must be taken, however, not to heat the mixture
to such a temperature that decomposition of the
Pparticular salt used takes place. The tempera-
ture to which it will be necessary to heat the qil
and salt will be readily discernible to one skilled
in the art of grease making. After admixing the
salt and mineral oil at an elevated temperature,
the mixture is cooled by suitable means. It is
preferable to chill the grease rapidly, that is,
bring it to room temperature within a period of
about 10 minutes or less. Following such cool-
Ing, the material is milled to a smooth grease.
Grease milling is ordinarily considered as a sim-
ple process for smoothing out and obliterating
the clots or lumps of heavy grease formed by
chilling. Suitable apparatus for such processing
are stone buhr mills and the like.

Conventional grease manufacturing equipment |
frequently may be utilized for the practice of our *

nvention; however, the invention is not to be
limited by any particular type used. For exam-
Dle, a Jacketed ketile through which may be cir-
culated a heat transfer material is satisfactory
for dispersing the gelation agent in the oil, At
times, it may be desirable to pass a coolant
through the jacket so that the mixture may be
cooled quickly once the proper amount of gela-
tion agent has been dispersed. In cases of higher
concentration, discharge of the dispersion and
external cooling may be necessary due fo the firm
texture of the cooled mass. It is often advan-
tageous to use mechanical stirring means because
hy so doing the time of manufacture is greatly
reduced.

As stated above we have found that certasin
guanidine petroleum sulfonates can be utilized
as gelation agents in the manufacture of greases.
Those guanidine petroleum sulfonates are formed
from petroleum sulfonic acids contgining from
20 to 40, preferably from 22 to 35, carbon atoms
in the molecule, and can be prepared by the sul-
fonation of a lube oil stock of SAE 10 or 20 grade
followed by neutralization of the sulfonate
formed with guanidine or a guanidine basic salt.
We have found that in preparing the guanidine
petroleum sulfonate gelation agents in this mat-
ter, some oil-soluble guanidine sulfonates may be
formed. However it is generally unnecessary to
remove these oil-soluble sulfonates for use of the
guanidine sulfonate product as a gelation agent.
‘We have also found that by sulfonating a heavy
petroleum fraction, say as high as one contain-
ing 70 to 80 carbon atoms in the molecule and
by neutralizing di- or polysulfonic acids thus
formed, with guanidine, the resulting polyguani-
dine sulfonates are excellent gelation agents, and
have such a malecular weight that the molecule
contains one sulfonate group per 20 to 35 carbon
atoms.
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In accordance with one embodiment of our dn-
vention we have provided improved odl composi-
tions comprising lubricating oils and from 0.1 $0
25 weight per cent of an gcil-soluble guanidine
salt of an organic sulionic acid, as an ashless
oil detergent, selected from the group consisting
of synthetic guanidine alikyl aryl sulfonstes and
guanidine petroleum sulfonates. Higher concen-
{rations of active ingredient may be useqd insofar
as they sre compatible with viscosity require-
ments and economics,

In another embodiment of our invention we
provide a method for preventing accumulstion of
sludge and associated deteriorative oHl reaction
materials on oil-lubricated engine parts by incor-
porating with the lubricating oil as an ashless de-
tergent an ail-soluble guanidine salt of the type
described above,

In another embodiment we provide a method
for the manufacture of the eil-soluble detergenmts
described above,

In the preparation of ashless detergents of the
sulfonate type the employment of derivatives af
ammonis as the cationic portion of the molenile
is .one approach. However, in the conversion of
the petroleum sulfonic acids of commerce to wsh-
iess lube oil detergents, the requirements of geod
thermal stabilily and resistance to hydrotysis
tend to discourage ammonis, amines and ordi-
nary quaternary bases such as tribenzyl methyl
ammonium hydroxide and the Like. 'On the other
hand, the imide of urea, guanidine, is a strong
base, and while unstable in the form of the free
‘base, it exhibits a high degree of thermal amd
hydrolytic stebility in the form of its salts of
strong acids and to a lesser extent as salts of
weak acids. As discussed herein and shown in
our aforementioned copending application,
guanidine salts of certain synthetic alkyl aryl
sulfonic acidls of moderate molecular weight are
quite useful as thickening agents in the prepara-
tion of greases. Likewise, we have found that
certain guanidine salts of sommercially gvailable
petrojeum sulfonic acids exhibit gel-forming ten-
-dencies, when associated with mineral oils, detri-
mental to their application as lubricating oil de-
‘tergents. In pemeral the umfavorable solubility
relationships of guanidine sulfonates mecessitate
special selection of species and special treatment
prior to their application in lubricating oils where
excessive deviation frem true sohitions cannot be
tolersted.

We have now discovered that oil-soluble Buan-
idine salts of petroleum sulfonic acids can be

-~ Tormed by careful selection of sulfonation stocks

and by appropriate refining of the crude sulfonic
wcids and/or guanidine sulfonates. ‘We have fur-
ther found ttmt the certdin oil-soluble and ash-
free guanidine sulfonates of this invention when
dissolved ‘in -oil provide excellent detergency in
‘the operation of internal eombustion engines.
The hydrecarbon raw materials for produetion
of oil detergents of this invention may be of
synthetic or petroleum origin although the latter
In the case
of synthetic sulfonation stoeks alkylated aro-
matics of ‘gbout 24 carbon atoms represent the
approximate lower limit of useful guanidine
alkyl aryl sulfonates from the oil solubility stand-
point. Since guanidine sulfonates even in this
molecular weight range exhibit somewhat Hmit-
ed sohibility in tubricating oil, we prefer to em-
ploy synthetic hydrocarbon sulfonation stocks of
about 40 carbon atoms per molecule and higher
‘to insure additive solnbility in all concentrations
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and in various types and viscosity grades of
oil. In the case of naturally occurring petrol-
eum sulfonation stocks, adequate oil solubility
of the guanidine sulfonates can only be realized
from bright stock fractions having at least 40
carbon atoms per molecule with most favorable
results being obtained with oils having from 50
to 70 carbon atoms per molecule.

In the practice of one embodiment of our in-
vention, the following steps are involved in the
manufacture of our guanidine petroleum sul-
fonate ashless detergents: (1) sulfonation; (2)
neutralization of the sulfonic acid formed, with
guanidine:; (3) separation of oil and oil-soluble
additive from gel-forming oil-insoluble compo-
nents; and (4) preparation of additive-oil solu-
tions of known concentration. In the case of
synthetic hydrocarbons such as alkylated aro-
madtics, conventional sulfonation techniques may
be applied as already discussed.

When employing our preferred solvent-ex-
tracted bright stocks in the preparation of our
guanidine petroleum sulfonate detergents, an-
hydrous SOz dissolved in ethylene chloride is
the sulfonation agent of choice since such hy-
drocarbons are resistant to fuming acid and be-
cause the more potent SOz produces a rapid clean
cut sulfonation reaction with virtually no for-
mation of acid sludge. The crude sulionation
product may be subjected to purification as such,
or it may be directly neutralized with aqueous
guanidine or preferably guanidine carbonate. In
the former case, the crude sulfonation reaction
mixture is extracted with water to remove in-

organic acids thus conserving guanidine in the o

neutralization step to follow. The sulfonic acids
are thereafter extracted from the washed reac-
tion mixture with an alcohol of 1 to 6 carbon
atoms such as isopropyl alcohol. The alcoholic
solution, i. e., extract, is then neutralized with
a suitable guanidine derivative. An alcohol-in-
soluble portion separating on neutralization and
which contains the desired product is repeatedly
extracted with alcohol until all oil-inscluble sul-
fonates have been removed. Molecular weight

determination and guantitative nitrogen assay’

on this material provide a convenient means of
computing the final sulfonate concentration, I
the crude sulfonation reaction product is direct-
ly neutralized without purification, the crude
neutralized sulfonation product, i. e., the mixture
of oil and guanidine monosulfonates, polysul-
fonates, sulfate, sulfite and carbonate, is washed
with water to remove sulfate, sulfite, carbonate,
and some polysulfonates, and the purified residue
is then extracted with an alcohol of 1 to 6 car-
bon atoms per molecule at about 70 to 75° F. in
order to remove oil-insoluble guanidine sulfo-
nates.

Ordinarily the extraction of the neutralized
petroleum sulfonic acid is completed on reduc-
tion of the nitrogen content to about 1.0 to 1.5
per cent which provides an oil concentrate hav-
ing a nominal sulfonate content of about 20 to
25 percent active ingredient. Since in many
cases the unreacted carrier oil may have an un-
desirable high viscosity, it is often advantageous
to carry out an exhaustive fractional extraction
thus completely denuding the carrier oil of its
sulfonate content and utilizing those sulfonate
fractions showing complete oil solubility in pre-
paring the final assayed and diluted additive.

- The purification of the petroleum guanidine
sulfonates is an Important feature of the present
invention since the total petroleum guanidine
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sulfonates formed are found by engine tests to
be not only devoid of demonstrable detergent
activity, but actually to contribute to overall
engine sludge and varnish, While the alcohol
extraction step referred to hereinbefore appar-
ently serves to segregate oil-soluble from oil-in-
soluble guanidine sulfonates other effects may
be operative and pertinent to the ultimate effec-
tiveness of our novel detergents.

One method by which an oil-scluble guanidine
alkyl aryl sulfonate detergent of our invention
can e prepared comprises the conventional al-
kylation of an aromatic hydrocarbon such as
zenzene, naphthalene, diphenyl, or anthracene,
or their alkyl derivatives, with an olefin of a
molecular weight selected so that the resulting
alkylate contains at least about 24 carbon atoms
per molecule, and preferably from 40 to 70 car-
bon atoms or even higher. Suitable olefins may
include decene, octadecene, triacontene and the
like or commercial mixtures of such olefins. In
most instances more than one alkyl group is in-
troduced into the aromatic nucleus in order to
arrive at a sulfonation stock of adequate mo-
lecular weight. The resulting alkylate is then
sulfonated employing any suitable sulfonating
agent such as fuming sulfuric acid, sulfur tri-
oxide, or the like, and the sulfonic acid thus
formed is reacted with guanidine or a basic salt
of guanidine, as for example guanidine carbonate,
to form a guanidine alkyl aryl sulfonate deter-
gent of our invention.

One procedure for carrying out this latter re-
action comprises dissolving an alkyl aryl sulfonic
acid, formed as indicated above, in a lower boil-
ing alcohol as a solvent, as for example isopropyl
alcchol or butyl aleohol. To the thus formed
alcohol solution is added a stoichiometric excess
of a concentrated aqueous solution of a quanidine
compound, preferably the carbonate. The result-
ing reaction solution separates into a solvent
layer containing the guanidine alkyl aryl sul-
fonate, and a water layer. Tt is preferable to use
an alcohol as a solvent containing at least 3 car-
bon atoms in the molecule since inadequate sep-
aration of the alcohol and water layers otherwise
occurs. The alcohol and water layers are then
separated, as for example by decantation, and the
alcohol is removed from the solvent layer by va-
porization to provide the desired guanidine alkyl
aryl sulfonate detergent material. In some cases
solid materials may be present in the solvent
layer, in which case it is desirable to filter the
layer and then vaporize the alcohol solvent from
the filtrate.

In a more specific embodiment of our invention
relating to the manufacture of oil-soluble and
ash-free quanidine petroleum sulfonates having
exceptional lube oil detergent properties, a sul-
fonation base stock is selected from the more vis-
cous or bright stock fractions of petroleum. More
specifically we prefer to employ a deasphalted
and solvent refined petroleum fraction having
a viscosity range between about 80 and 700 SUS
@ 210° F. A preferred sulfonation stock is a pro-
pane-fractionated, solvent-extracted and de-
waxed Mid-Continent oil of about 200 to 230 SUS
@ 210° F. having a viscosity index of about 35
to 95 or higher. Similar bright stocks of Pennsyl-
vania or naphthenic origin while less desirable
may be used. It will be appreciated by those
skilled in the art that by the term “propane-frac-
tionated” is meant fractionation of the oil or
bright stock with propane to effect deasphaltiza-
tion and also separation of oil components on
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beals of viscosity and that by “solvent. refiming™
is. meant the vemoval by solvent extraoctien of the
mere highly aromatic fragtions from the deas-
phalted bright stock. In the latter step any suit-
able seleetive solvent ean be emwployed, among
whieh are included phenol, eresylie aeids, chlopi-
nated ethers such as chloreethyl ether, nitroben-
zene, furfural, and the lize. The deasphalted and
solvent refined oil is generally dewaxed priof to
sulfonation altheugh dewaxing ean be dispensed
with if complete segregation of sulfonic acids
from the waxy oil is carried out at temperatures
above the solution temperature of the wax. n
any case prior deasphalting and extraction is
definitely required. In general, lube stocks light-
er than about 80 SUS @ 210° P. are ynsatistac-
tory for use in the manufaeture of our lubrieating
ait detergents sinee the resulting guanidine pe-
troleum sulfonates are not sufeiently soluble in
qil to serve as detergent additives.

A feature of our suceess in sulfonating the high
molecular weight oils of this invention is the am-
ployment of stabilized liquid sulfur trioxide as
the sulfonating agent. Our procedure for sulfo-

nating with this reagent is well known in the art o

and involves dissolving the anhydreus liquid 85Qs
in from 2 to 5 times its weight of dry ethylene
chloride to provide an easily manipulated sulfo-
nation reagent. The hydrocarbon sulfepatien

staek may likewise be dissolved in ethylene chlo- ¢

ride or any other siitable non-reactive solvent
such as carhon tetrachloride, chloroform, nen-
tane, hexane, or the like,

Sulfonation in a preferred embodiment can he

carried qut in a continuous flow system or in :

batch agitators. In either case the quantity of
803 added is ordinarily adjusted to give a molar
ratio of SQ; to sulfonation stock of hetween about
1:1 and 3:1. The reaction between the hydroe-
carbon and SOs, even in the case of extremely vis-
cous bright stocks having molecular welghts in
the range of 800 to 900, is very rapid and exo-
thermie. Sulfonation temperatures are ordinarily
controlled within the range of about 50 to 200° 7
with a preferred operating range between 80 and
136° F. Lower temperature may be employed
without seriously slowing down reaction rates, but
neo particular advantage accrues therefrom. At
temperatures above about 200° F. excessive oxlda-
tion with liberation of sulfur dioxide oceurs,

On eompletion of the sulfonation reaction suf-
ficlent sgueous guanidine earbonate solution is
added to bring both the oil and water phases to
a pH value within the range of 8 to 8 as deter-
mined on a pH meter. The aqueous phase is sep-
arated and water-soluble reaction produets such
as guahidine sulfate, sulfite, carbonate and cer-
tain polysulfonates are washed from the oil phase
with water or water containing some isopropyl
alcohol if sericus emulsion difficulties sre en-
countered. Separation of oil-insoluble sulfonates
is accomplished by extracting the water-washed
oll solution and/or dispersion with an anhydrous
alecohol. We have found that petroleum suifo-
nates of poor oil solubility characteristics are
more soluble in anhydrous alcohols such as iso-
propyl alcchol than are the oil-soluble sulfo-
nates. Since the guanidine petroleum sulfonates
are strongly surface-active, emulsion formations
can be avoided in this extraction step by dissolv-
ing the oil sulfonate mixture in an equal vol-
ume of hot alcohol, i. e. above 100° F. and as high
as 150° P. or higher, as for example at its boiling
point, and then slowly cooling to room tempera-
ture, e. g, to below about 100° F. followed by
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separation of the alcoholic phase. We have
found that comtinuation of this batchwise €X-
traction is desirable until the alcohol extract no
longer forms guanidine picrate when ireated
with aleobglit picric agid. Foy reasons nof clggr-
ly woderstooe, aesergemi-aetive quanidine pe-
troleum sulfonates de not reaet with alcohelic
pierie aeid, Oxdinarily 3 te 4 extraetions using
one velume of alcohol per volume of oil per ex-
traction suflices to eomplete the eswed sep-
aration. Resjiaual aleehol is siyipped from the
oil-detergent, solytion. to give a concentrate syit~
able for direet addifion to lubricating oils. The
activity or potency of the detergent is determined
from its mitrogem cobtent on the basis of a stoi-
chiometric N/S weight rotie of 1.33/1. The syl-
fonate sulfur content is thex computed to arrive
al; the quantity of agtive ingredient. availahle. On
the basis of equivalent sulfonic acid radicals, oux
suamidine petxolewm suifonates are equal to or
hetter than comvemtional caleium and harium
suifonate detergents.

An alternative aleohol extraction procedure
may be employed where the viscosity of the
unsulfonated oil is too high for use in light fubri-
cants. Thus, extraction may be carrted out at
moderately elevated temperatures of about 96
ta 120° F. until substantially complete removal
of sulfonate 1s realized. ‘The picric acid test,
previously referred to, when applied to the ex-
iraet fractions is o useful first mdieation of the
oll-selubility of produet sulfonates. After evape-
ration of the alcoholic solvent, the semi-solid
or plastic guanidine sulfonates are dissolved in
a earrier oil of suitable viseosity, the concentra-
tion of active ingredient being determined hy
the nitrogen content as previously described.

Another alternative in the petroleum sulfongte
purification procedure results in substantial
economy with respeet to guanidine ecarbonate
but requires additional investment in eorrosion
resistant eguipment. In this variation the erude
sulfonation mixture is washed free of soluble
aeidic substances with water. The sulfonie acids
are then extracted with an alcohol such as isos
propaneol to yield an oil substantially free of
sulfonic acids ang an aleoholie mixture of pe-
troleum sulfenic acids eontaining only s miner
proportion of oil. The alecholic solution is neu-
tralized with aqueous guanidine carbonate and
the agueous phase is separated. The sulfonates
are then separated into oil-scluble and substan-
tially oil-insoluble guanidine sulfonates as pre-
viously described.

‘While guanidine itselt has been the base used
to illustrate the various types of sulfonates of
our invention, other derivatives of guanidine such
as alkyl or aryl guanidine, Laldgen substicuted
guanidine or condensed derivatives of guanidine
may be used. With variations in the base 1t is
necessary to use selected fractions of sulfonie
aclds in order to spcure the desired solubility
chavacteristics of the product. Examples of the
ahove types of hases are méthyl guanidine, mofg-
phenyl guanidine, diphenyl guanidine, wax syb-
stituted guanidines, ehloroguanidine, phenyl
biguanide, ammelide, diorthotolylguanidine, amyl
guanidine, and the like. Thus when employing
the term “a guanidine salt” herein it is meant
to include not enly guanidine itself but also sub~
stituted guanidines as describeq ahove.

The advantages of this invention are jllus-
trated in the following examples. The reagtants
and their proportions and their speeific ingre~
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dients are presented as being typical and should
not be construed to limit the invention unduly.

EXAMPLE 1

Topped Mid-Continent crude was distilled to
produce two separate distillates corresponding to
SAE 10 and 20 raw base stocks. The final dis-
tillation kettle product or vacuum reduced crude
was then subjected to a two step solvent extrac-
tion employing liquid propane as the selective
solvent. The propane extract of the first step
contained oil of an average viscosity of about
100 SUS @ 210° F. (SAE 50 base stock) and
the propane extract of the second step contained
oil of an average viscosity of about 220 SUS @
210° F. (SAE 250 base stock).

The raw SAE 2560 base stock was recovered
from the total extract of the second extraction
step and then subjected to solvent extraction
employing phenol as the selective solvent and to
propane solvent dewaxing to produce a highly
paraffinic raffinate comprising a lubricating oil
stock having the following properties:

Viscosity, SUS @ 100° P e 5313
Viscosity, SUS @ 210° F. o 223.3
Viscosity index —eoe—mmmmmmeere—ee 89
Gravity, “API @ 60 F. e 24
Average molecular weight o cm 730

A solution of 1000 grams of the lubricating oil .

stock described above dissolved in liquid ethylene
chloride was slowly mixed with a solution of
176 grams of sulfur trioxide also dissolved in
liquid ethylene chloride at a temperature main-

tained within the limits of 75 to 115° F. at at- -

mospheric pressure, under which conditions re-
action of sulfur trioxide with the lubricating oil
began almost immediately to produce petroleum
sulfonic acid. Reaction was completed shortly
after admixing of the reactants was terminated.

To the resulting reaction mixture (including
ethylene chloride) was added 103 grams of guani-
dine carbonate. The mixture was stirred vigor-
ously at a temperature within the limits of 70 to
110° F., whereby the guanidine carbonate re-

mixture of guanidine petroleum sulfonates,
guanidine sulfate, guanidine sulfite and traces of
guanidine carboxylates. Ethylene chloride was
then removed from the reaction mixture by vapor-
ization.

The total reaction product, free of ethylene
chloride, comprised guanidine petroleum sulfo-
nates in oil solution and was admixed with an
equal volume of anhydrous isopropyl alcohol
with vigorous stirring, at a temperature near the
boiling point of the alcohol at atmospheric pres-
sure. Under these conditions the guanidine
petroleum sulfonate reaction product and oil
were dissolved in the alcohol. The alcohol mix-
ture contained some suspended solids and was
filtered at its existing temperature. The filtrate
was permitted to cool to room temperature, and
a large portion of the solute then separated there-
from, as a gummy viscous liquid. The cooled
alcohol solution, i. e., at about 70° F., containing
guanidine petroleum sulfonates not readily dis-
persible in oil was decanted from the separated
viscous liquid, the latter comprising an oil solu-
tion or dispersion of oil-soluble guanidine petro-
leum sulfonates. The oil solution was then
washed with alecohol at room temperature and
the washings were added to the previously de-
canted liquid. The remaining alcohol was
stripped from the gummy viscous liquid, and the
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liquid was purified, 1. e, freed of occluded salts,
by dissolving it in benzene, washing the benzene
solution with water, and then stripping until the
product was benzene-free. The purified prod-

. uet consisted of 600 grams of a dark brown,

viscous oil solution of guanidine petroleum sul-
fonate, and is referred to hereinafter in this
example as the “alcohol-insoluble product,” 1. e,
insoluble at room temperature. Several prop-

* erties of the alcohol-insoluble product are listed

as follows:

Specific gravity, 60/60 F. o 0.8887
Gravity, "API @ 60 F, oo 217
Per cent nitrogen e 1.08

Aleohol was stripped from the decanted alcohol
solution described above. The remaining alco-
hol-free liquid was purified by dissolving it in
toluene, water washing, and then stripping until
free of toluene. Toluene was used in the puri-
fication of this liquid instead of benzene, in view
of its higher boiling point, thus permitting a
higher solution purification temperature for the
guanidine petroleum sulfonates. The resulting
purified guanidine petroleum sulfonates, soluble
in isopropyl alcohol at 70° F., as compared with
the alcohol-insoluble liquid described above, are
referred to hereafter in this example as “alcohol-
soluble” guanidine petroleum sulfonate.

The aleohol-soluble and alcohol-insoluble
guanidine petroleum sulfonates were each in-
corporated with separate portions of a lube oil
base, and each resulting blend was tested in ac-
cordance with the NBS stability test (McKee and
Fritz, “Analytical Chemistry” 21, 568, 1949). In
carrying out this test, thermal stability of an oil,
in this case a lubricating oil containing a guani-
dine petroleum sulfonate as an additive, is de-
termined by passing it as a thin film over a steel
strip under controlled temperature conditions,
over a specified period, and the amount of any re-
sulting deposition of degradation product on the
strip is measured. Flat steel strips are employed.
The tests conducted were modified in two par-

acted with the acidic constituents to pro duce a 43 ticulars: (1) the steel strips were curved slightly

upward at the edges to prevent the test oil from
running off the sides, and (2) a single 12 hour
period was used instead of the two 6 hour periods.
Each product, i. e., the alcohol-soluble and the
alcohol-insoluble guanidine petroleum sulfonate,
was added to the base oill in a concentration
which yielded an oil-additive solution contalning
the same number of milliequivalents of additive
as does a 2 per cent solution of a commercially
available detergent sold under the trade name
of “Paranox 64” and comprising an alkaline
earth metal salt of an alkylphenol sulfide. A
blend of the same base oil with 4 volume per cent
of Paranox 64 was tested in the same manner for
comparison. The results of these thermal sta-
lloi};i_ty tests are summarized in the following tabu-
ation:

Material tested Deposit, {Appearance
me. of strip
Baseollt . _____. G0, 6 o
e .6 | Poor
Base ofl I+aleohol-soluble guanidine pe-| 2247 fery
Btroletim sulfonate. € e pe 7 Very poor.
ase oll 14-alcohol-insoluble guanidine pe- ro
troleum sulionate. Enaniiine pe 126} Very good.
Base oil 1-4-4 percent Paranox 64.___. ... .. 9.8 Do.

1 4 solvent refined SAE 30 lubricating oil containing 8.75 vol
pereent of a commercially available axllati ihitor, Py un:.)e
ac}ebliterrienes. ¥ e oxhiation Inhibiter, P2Bpre-

The aleohol-soluble guanidine petroleum sulf i
solve completely in the base oil. v sullonate diul not dis-
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Phe alvohol-insoluble guanidine petroleum sul-
fonate was evaluated as a lubricating oil additive
by dissolving it in the base oif already de-
seribed and then testing the resulting blend in a
mounted single cylinder H2 Lauson test engine
operated under conditions simulating the CRC
L4 test conditions. The test performed consists
of placing 900 grams of the lubricating oil in the
crankcase of the single cylinder engine, and op-
erating the engine under a 1.2 H. P. load at
160020 R. P. M., while maintaining a cooling
jacket temperature of 210° F., and oil temperature
ef 310° ¥, and an air to fuel ratio of 13.5:1. At
the end. of 60 -hours operation under these condi-
tions, the engine. is stopped, disassembled, and the
piston, erankecase, and bearings are examined.
‘The piston varnish, crankcase, base sludge, over-
all varnish and earbon, and overall sludge are
rated on an arhitrary scale of 1 to 10, the value
10:representing as nearly perfect as ascertainable,
number 1 being “very poor” and numbers 2 ta 9.
each representing intermediate- ratings. As a
standard for further evaluation of the blend of
lybricating: oil and alcohol-insoluble guanidine
petroleum sulfonate, the same base oil, but with-
out added guanidine petroleum sulfonate, was
testied: in exactly the same manner, ‘The base oil
blend tested contained the same per cent by

weightr of the: alcohol-insoluble guanidine pe- .

trolewm. sulfonate as used in the strip test de-
seribed in the foregoing paragraph. Fer a fur-
ther comparison, a.blend of the same base oil with
4.4 volume: per cent of a commercially available

oil detergent seld as Lubrizol 67 and comprising a

bariumn petroleum sulfonate was tested in the
LEauson engine, in the same manner. This lat-
ter blend of base oil with Lubrizol 67 contained
the same number of equivalents of sulfonate
groups as the tested blend: containing guanidine
petroleum sulfonate. The following is a tabula-
tien of the results of the Lauson type engine
test described:

T h
B Baseoll i Base oil - | v o0 4
alrakol- alcohal- },"qur%iz];t
Rase | irsolnble | insowlla |° \Fr‘{}'(;nf" '
oil enarilive [ erarilire Inmirdml
petrolen | petrolenpe 4 .67 3
.sullopate 4 | sulionates |
Piston vamnish ... 5.0 9.0 9.8 9.0
Crankease and base
sludpe. ISR 6.2 8.2 8.8 8.8
Overall shadge .- 7.0 8.5 8.9 8.8
Overall varnish and
carbon. _._.____ 6.3 8.4 9.3 8.8
Ring stickin 1.0 10.0 10.0 9.0
Bearing weight loeq,
™ME s 12.1 3.8 7.3 4.8

t:8olvert refired SATE 30 lubricating oil, containing 0.75 voluma
percent of a comrvercially available odidation inhihitor comprising
T8g-reactad terpones.

3'This blend contains an amount of Lubrizol 67 in a concentration
equivalent to the number of active detergent proups in an oil con-
taining 2 yvolume percert Psranox.

&/ d-containg an. smount of alcohokinsoluble granidine
netrolenms: silionate in a concertration eguivalent to the number of
acthg; detergent groupsin an ofl containing 4 volume percent Parg-
nox-

4.Phig: hlend gontairs an amwount of alcohol-inseluble guanidire
petrolenm snl’onate in o coneentration equivalert to tie numver of
aetive dotergent gronpsin an oil containing 2 volumapercent Paranox
64,

The data listed in the preceding tabulation
clearly illustrate that the ash-free guanidine pe-
troleum sulfonates of our invention are com-
parable in effectiveness with well established com-
mercial metal-containing detergents.

EXAMPLE II
A water solution containing- guanidine carbo-
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nate in slight excess of that réguired to rusek
with sodium petroleum sulfonate was added with
agitation to an aqueous dispersion of a com-
mercially available sodium petroleum sulfonate
maintained at 70° F. Under these conditions the
sodium petroleum sulfonate reacted with the
guanidine carbonate to form a firm plastic mass
which separated from the resulting reaction mix-
ture, and which upon cooling formed a gel that
while suitable as a grease was not suitable for use
as an oil detergent. This reaction demonstrates
that a guanidine petroleum sulfonate detergemnt
material of our invention cannot be prepared
merely by reacting a commercially available pe-
troleum sulfonic acid or a salt thereof, with a
guanidine salt such as guanidine carbonate. Fur-
ther, it demonstrates the commerically available
sodium petroleum sulfonate to be sufficiently
water-soluble to be reactive in aqueous medium
with guanidine carbonate.

EXAMPLE III

The SAE 250 lube oil stock of Example I was
sulfonated in accordance with the procedure of

) Example I. The petroleum sulfonic acid prod-

uct was then converted to a sodium salt by neu-
tralization with sodium hydroxide, and the total
resulting neutralization product was subjected
to solvent extraction with isopropyl alcohol at
room temperature. A portion of g resulting &~
eohol-insoluble sodium salt thus formed;, was
treated with aqueous guanidine carbonate in se~
cordance with the procedure of Example IT. Nb
reaction appeared to take place and the sodium
sulfonate layer was separated from the agueous
guanidine carbonate layer and then contacted
with a fresh agqueous guanidine carbonate solu-
tion. The sulfonate layer was again separated
and water washing was attempted but resulted
in formation of a stable emulsion. A sample of
the sulfonate layer upon analysis for nitrogen
was found to contain 0.55 per cent nitrogen. The
sulfated ash content of the sulfonate product was
determined and was found to be 4.68 per cent,
indicating a high sodium content. These two
analytical results indicate that the sodium pe-
troleum sulfonate of this example was substan-
tially unreacted with the guanidine carbonate.
In this regard the sodiiumm petroleum sulfonate
prepared from the SAE 250 oil, as already de-
seribed in this example, differs markedly from
the commercially available petroleum sodium sul-
fonate of Example I, inasmuch as in the pres-
ent example the sodium petroleum sulfonate is
too insoluble in water to be reacted with the
aqueous guanidine carbonate, whereas the com-
mercially available sodium petroleum sulfonate
was sufficiently soluble in water so as to be re-
acted with guanidine carbonate.

EXAMPLE 1V

An additional portion of the isopropyl alcohol-
insoluble sodium petroleum sulfonate prepared
as destribed in Example III was trented in the
same manner as in Examnple TIT except that bari-
um chloride was substituted for guanidine car-
bonate. The resulting reaction product was an=-
alyzed for sulfated ash. The sulfated ash formed
was leached with water to remove water-soluble
ash. The total sulfated ash content was 18:3
per cent and the water-insoluble sulfated ask
content was only 1.6, thus indicating that thke
aleohol-insoluble sodium petroleum sulfonate was
substantially unreactive to form the barium salt:
These-data further distinguish the commereially
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available sodium petroleum sulfonates from the
sodium petroleum sulfonates of Example IIT in-
asmuch as that material can be converted to the
barium szlt by the method of this example.

EXAMPLE V

Listed as oil compositions I-V in the following
tabulation are several lube oil blends and also a
base oil free of any additive material, each of
which was evaluated in a series of Lauson engine
tests of the type described in Example I. These
evaluation tests are summarized as follows:

Compaosttion
¥ 11 I | 1v v

Toabricatine oil. vohte perec-t.. 1700.0 189,25 | 9.0 [94. 75 | 04.50
Oxitation int-ititor! volume ter-

cent. e - [NV A 0.8 ]0.75 1.00
Guaritine octadecyltoletie sul-

fonate, wighh i 0.0100 05100 0.t
U, B. Bray duier "m! \uiEltnex

eent_____ . . 0.010.0 0.0]45 4.5

t Commerctally uviilable (Pe%-cacted terpencs) ovilation hhib.
itor.

The oil employed as the base oil in these com-
positions was a solvent-refined Mid-Continent oil
of lubricating grade having the following char-
acteristies:

Gravity APY _ e 30.3
Viscosity, SUS at 210° F. ___ . 61.8
Viscosity index - . 98

Neutralization No.

Ratirg of corr y ovitior (evelna-
tlon seale, 1-16)

I 17 A Ay
I i
marttish rating . 0.2 7.9 9.5 | il
ase and base slndger ating. 9.0 5 8.0 a3

v \ll\amlalz‘mlL'nlonmung,_A .
Civersl sludrerafing

erinpx\-(-mhtloss.v'f;__,,,‘ o !,(195 6.5 180

The data of Example V illustrate the base oil
alone to exhibit desirable piston varnish ratings
and crankcase and base sludge ratings. How-
ever use of the base oil alone results in high bear-
ing weight loss. Accordingly an oxidation in-
hibitor is employed as illustrated in column II
for the purpose of reducing bearing weight loss.
The use of such an inhibitor effectively reduces
piston varnish rating, and crankcase and base
sludge rating. Guanidine octadecyltoluene sul-
fonate, although it contains only 26 carbon atoms
in the molecule and is for that reason less desir-
able than are cther oil detergents having a larger
number of carbon atoms in the molecule, pro-
vides an improvement in the bearing weight loss
and in the varnish rating of the base oil tested.

EXAMPLE VI

A guanidine petroleum sulfonate detergent was
prepared substantially in accordance with the
procedure outlined hereinbefore. The petroleum
sulfonation stock was the same as described in
Example I. Batch sulfonation was carried out
in a stainless steel vessel by slowly adding with
agitation 450 grams of SQOs, stabilized against
polymerization, and dissolved in 2080 grams of
ethylene chloride, to 4000 grams of oil dissolved
in 3000 grams of ethylene chloride. The sul-
fonation temperature was maintained at 70° F
throughout the reaction. The reaction mixture
was immediately neutralized by stirring in 700
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grams of commercial guanidine carbonate in the
form of an agueous slurry. The neutralized re-
action mixture was washed four times with water
using one volume of wash water per volume of
total reaction mixture per wash. The ethylene
chloride solvent was evaporated from the water-
washed product and separation of undesirable
guanidine sulfonates was effected by multiple
batch extraction with isopropyl alcchol. Four
batch extractions were carried out using 2 vol-
umes of the aleohol per volume of hydrocarbon
phase in the first extraction and 24 volume of
alcohol in the subsequent extractions. After
evaporation of isopropyl aleohol from the final
extraction residue the yield of guanidine petrole-
um sulfonates plus unreacted oil amounted to
2500 grams. The total nitrogen content of this
concentrate was 0.96 per cent by weight which
indicates a guanidine petroleum sulfonate con-
tent of about 20 per cent by weight.

For purposes of engine evaluation 21.4 weight
per cent of the above concentrate was added to
a base oil, the same as that of Example I, which
contains the oxidation inhibitor primarily to pro-
vide bearing protection for the test engine. Ex-
pressed as the number of ionic weight equivalents
the preceding blend provides a concentration of
guanidine and sulfonate groups exactly equal to
that of the barinm and phenate groups contained
in a2 4 volume per cent concentration of the com-
mercigl detergent “Paranox 64” in the same base
oil, also containing 0.75 volume per cent of the
oxidation inhibitor. The two test oils, therefore,
were exactly equivalent insofar as concentration
of surface active groups are concerned; i. e., two
sulfonate molecules per one “Paranox 64” mole-
cule since the latter contains 2 active phenolic
groups per molecule,

Parallel engine tests were completed on both
of the above oils using a modified H2-Lauson
engine operating under severe conditions simu-
lating the CRC L1 diesel engine test for lube oil
detergents. The essential test difference between
these tests and those of Example I are: oil tem-

- perature 225° P. and jacket temperature, 300° F

On completion of the tests, the engines were rated
as described in Example I to give the following
results:

Base oil 14 A G

L]Il-"olhhlt BRS_G{;]‘}‘”I:!—

R . pereent
" wnlfonate | Doranos 64
Piston varnish. - 7.4 7.7
k aiLd hase shiudge £.5 92
2 wige . 8.6 9.2
Overall \amish and carbon__.. . 7.1 7.1
Qilring plugging . U 9.8 9.1
Ring sticking_.._ .. I, [ 100
Bearing weipht loss, ;g .. f.3 10. 8

1 The samme us ernployed in E‘;;w‘p!v 1.
The above results are especially significant inas-
much as Paranox 64 is a gqualified diesel oil deter-
gent capable of passing the stringent L-1 test.
The only unfavorable comparison between the
two additives is that of ring sticking where the
actual difference was not as pronounced as the
rating would indicate.

EXAMPLE VII

Table 1 gives the physical properties of the
white mineral oil used in the preparation and
attempted preparatmn of greases as shown in
Table 2.

Table 2 shows clearly how the alkyl aryl sul-
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fonates of the metals ordinarily used in grease
making did not form the proper gels under simi-
lar conditions as did the corresponding sulfonates
of guanidine. Listed across the top of the table
are the various aromatics. and the olefins. with
which they were alkylated. After alkylation, each
alkyl aromatic was sulfonated and then neutral-
ized to form the salt of the element or compound
in the left-hand vertical column. In each edlumn

beneath the particular alkyl aromatic! indicated 10

are the results of attempting to form a grease
with the mineral oil deseribed in Table 1.

Table 3 indicates the micropenetration of two
of the better greases, those formed with guanidine
dodecyltoluene-sulfonate and guanidine hexa-
decyltoluene sulfonste, shown itr Table 2, per in-
dicated strokes of a: grease: worker. The test
method used for determining the micropenetra~
tion of the grease is that of the American Society
for Testing Materials gnd is designated as ASTM,
D217-47T, as modified. according to. “Industrial
and Engineering Chemistry,” analytiesl edition;.
vol. 11, pp. 108-110 (1939). The micropenetra-
tion is the distance, measured in tenths of g milli-
meter, which the cone penetrates the grease in 5
seconds. According to:this' method, an ASTM
penetrometer is used-with a: modifiled cone weigh-
Ing 20 grams: The grease of which the penetra-
tion is to be: measured is: put in the grease con-
tainer holding sbout: 3" to: 5 grams' and the: top
surface leveled-off. The:container is then placed
on the penetrometer base and tested. The grease
worker referred to above-istalso described in the
indicated ASTM test method. It briefly com-
prises a cup with & top for closing through which
extends a plunger. Attached to the plunger is g
perforated plate which, when:the grease worker
is in operation, passes.back and forth foreing the
grease in the cup to pass through the perfora-
tions,

Table 4 shows the deeresise in-the mieropene-
tration for the gunanidine dodecyltoluene sulfo-
nate grease, for which the: micropenetrations per
indicated strokes in-the grease-worket are showti
in Table 3; after sitting undisturbed for the times
indicated.:

TABLE. 1

Characteristics of white mineio? oif usetd

Viscosity, at 100° F:. SUS.-... - 188:2
Viscosity at 210° F, SUB e o m cmev o #4928
Viscosity indeXu oo NETUUETRIIOSIEE * 1T 1}

Refractive index, NpP_ .. oovumccuns cuno 14748

ao olefitis for alkylating thHe aromatic.

18

Tasre 3
Work- stability
! Bfieropenistintion a Ivdicated work Ay strokiss
il f 80 [IL000 5000:] 10,0001 20,0007 100,000
Guaridine dodex ] . ) !
cylioluene-sul- |, 1. A | L
fonate cremsd>_(© | 46| 88| TH 73T 88 147
Guanidine hexa- ¥ : i
deeyvltoluene-
snjforate grease.| 45 45 62 82 91 115 177

TABLE 4

15 Reversion of guaniding dodecyltoluene sulfonate

worked 180,000 times

Total time-of sitting undisturbe” at room temperature | Micropene-
in:hours tration

EXAMPLE VIII.

This examble shows' ariother great advantage
of ouf”inventlon, that of utilizing a mixture. of
o In this in-
stance, a fraction of cracked naphtha.boiling in
the’ range of 2467 to 260° C. and containing. only
40 per cent olefinis was used to alkylate toluene.
This product was stlfenated and then neu-

35 tralized: with: gusridine: casPorate. The olefins,

some of whicly wers- branehed, had: the: double
bond' in: varicus: pesitions in gddition: to  the
1-position: Thuy;.it iy shown thed: our invention
may be- practived: successfully using: easily ob-

40 tained refinery- cuts: without extensive. purifica-

tion.

The grease was mmde-by dispersing 20 parts
by weight of the guanidine sulfonate in 80 parts
by. weight.of the mineral oil by heating to a tem-

45 Perature of between 200 and 240° C. and then

cooling.. The: resulting gel was then milled to
4 smooth- grease;

Table 1. gives. the. physical- properties of the
mineral oill used to form the grease. with- the

56 guanidine alkyl ary? sulfonate.

In Table 5 the micrbpetietration of the grease
prepared: as described: above is coMipared with
that of three comrhercial all-purpose - greases:
purchased on the open market. Grease A was

Specific gravity, D20___.________________ 0:8690 gg & barium base grease made from lube.oil in which

Specific dispersion_ .. _________ e 102

the gelation agent was derived frowi fatty acids.

Taste 2
Radical with Hydrooutbot groupl-
which sait. : - . - e . . .
Isformed - | preenyibutene-bensene Octeries1-toluene: Deoaniz-l-talaene | Doddootie-14htohierie+ | Hikatorent:t-+Htofiens
TAthiom . e oan Boft, plastie: mess; sHght -} 'Solublesim ofl; rio'gél-...| Soluble inofinewgel: |\ ... . :
gel., B . T
dium: ... .- Tnsolible tnofl ... Stightgel. ... ... ...... Solukl
%%tagsmm ............................... ‘Inselzble- int ol waky+ @ In ollyno gel,
80, . L .
Sluble Uit off; 1o gel..... " Do.
L (- .
-1 Very woakgel . __ .
[ .} Tnsolubledniofy nie gek.
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Great B was a lithium base grease having the
gelation agent made by treating fatty acids.

20

TaBLE T

Commercial grease C is a sodium base grease of Radical with| Salt con-
which the gelation agent was made by saponify- '.ivhffchnfacllt cetntrmm;],t Results
ing nonedible tallow with sodium hydroxide. 5 ormed |Wi peree
As may be observed, our grease is equal to or Sodium 175 | Soluble, no gel
better than the comparative greases. Note that Barium ... 20,0 | Gel aftér cooling, liquefies afier several
commercial grease B exceeded a penetration of Guanidine 5.0 sé}gyesiear grease
4_20: which is about the maximum measuring Do..... : 32.1 | Hard, brittle waxy cake, mills to stiff
limit of the penetrometer, after only 10,000 ;o grease,
strokes in the grease worker.
TAEBLE b
Work stability
Micropenetration at indicated working strokes | Change in micro- [ Percent change in
enertation micropenetra-
etween 1,000 and tion hetween 1,000
1 60 | 1,000 | 5,000 | 10,000 | 50,000 | 100,000 | 100,000 strokes and 100,000 strokes
Guanidine alkyl aryl suifonate 27 52 7% 93 04 122 M8 | 67 86,
£rease,
Commercial grease A __.___...._ 125 f 124 | M5 | 176 192 244 268 | 124 . oo 86,
Commercial grease B 168 | 193 [ 2756 ] 380 L0 I P I Above 145 at 10,000..| Above 52 at 16,000,
Commercial grease C 63 73| 107 137 151 199 28T | 127 e 119,
EXAMPLE IX 25 EXAMPLE XII

A soft grease was made by using the guanidine
salt of an alkyl aryl sulfonic acid in which the
olefins used in producing the alkyl aromatic
boiled in the range of 190° to 200° C., and the
aromatic was toluene. Only a small portion of
the thus formed soap or gelation agent dispersed
in the mineral oil used; however, the portion
which did, produced g satisfactory soft grease.

EXAMPLE X

This example compares in Table 6 the char-
acteristics of our grease with a commercial soda
base grease of similar character as tested by the
conventional grease testing method CRC desig-
nation L-24-745 in a wheel bearing tester, built
by Precision Scientific Company and as described
in the above reference.

TasLE 6
Guanldine | commercial
grease worked| 5008 b"'sﬁ a
100,000 strokes| Brease worke
‘prior to 100,000 strokes
Izestm & prior to testing
Flow of grease {rom:
@) Hbooer oo aacaaenes Very slight..] None.
éb) Spindle_. ... .| None........ Do.

Leakage:

(a) Wt.1o grams. 3.0..........] 0.9, :

(b) Qreaseoroil._.... ... QGrease only .| Grease and ofi.
Condition of grease:

(a) Structure change. _......... None........| Slightly more

fibrous.

(b) Micropenetration cbango. ..} 146 1o 84..... 309 to 61.
Condition of besring:

(@) Deposits. .. .ooiooen None........| None,

() Filn of lubricant or dry.-.... Lubricated._.| Lubricated.

"EXAMPLE XI
In this example a white mineral oil, very simi-
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lar in properties to that used in the previous two -

examples, was used. This oil was admixed with
the sodium, barium, and guanidine salts of tri-
hexyltoluene sulfonic acid under conditions de-
scribed in this specification hereinabove. It is
clearly shown by the data in Table 7 below that
the guanidine salt was the only one which made
a satisfactory grease. It is also shown that a
satisfactory grease may be made by using be-
tween 5 and 32 weight per cent of the guanidine
salt. The sodium and barium salts used in
amounts in about the middle of this range were
unsatisfactory. Although a gel was formed in
the case of barium, on sitting for several days,
it becomes a liquid again.

70

76

This example shows in Table 8 the lack of
utility of trying to make a suitable grease by
attempting to disperse a guanidine salt, of the
fatty acids used in grease making as their metal
salts, in a mineral oil. A mineral oil similar to
those used in the previous examples was used
here,

TABLE 8

Balt Solubility in oil

Guanidine laurate. ...} Iusoluble, stratified on cooling.
Guanidine stearate .. ..} Hard waxy cake, worked to poor greasc.
Pttmilylhiguuni::e cero- | Poor grease.

ate.

In reiteration, advantages of our invention are
the manufacture of a good lubricating grease
from products of petroleum, thus eliminating the
necessity of using animal and vegetable fatty
acids; the production of a substantially ashless
grease; the utilization of compounds not ordi-
narily satisfactory for grease making; and utili-
zation of particular refinery cuts without exten-
sive purification.

As will be evident to those skilled in the art,
various modifications can be made or followed,
in the light of the foregoing disclosure and dis-
cussion, without departing from the spirit or
scope of the disclosure or from the scope of the
claims.

We claim:

1. A method for the manufacture of an oil
detergent, comprising sulfonating a deasphalted
and solvent-refined petroleum bright stock con-
taining at least 40 carbon atoms in the molecule,
neutralizing a resulting sulfonic acid with a
guanidine compound selected from the group con-
sisting of guanidine and a basic guanidine salt, re-
sulting neutralization product containing oil-
soluble and ocil-insoluble guanidine petroleum sul-
fonates, separating oil-soluble guanidine petro-
leum sulfonates from oil-insoluble guanidine
petroleum sulfonates is said neutralization prod-
uct, and recovering said oil-soluble guanidine
sulfonate as a detergent product of the process.

2. A method for the manufacture of an oil
detergent, comprising subjecting a deasphalted
and solvent-refined petroleum bright stock hav-
ing at least 40 carbon atoms in the molecule to
sulfonation employing sulfur trioxide as a sul-
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fonating agent; neutralizing petvoleum sulfonic
acids thus formed: with a guanidine compound
selected from the group consisting of guanidine
and a basi¢ guanidine salt; subjecting product
of said neutralization fo the solvent action of an
alcohol coptaining from. 1 6o, 6 carbon atoms in
the molecule, and recovering a portion: of said
neutralization product- inssluble: in: said alcohol,
as. & detergent product. of the process.

3. A method. for the manufacture of an oil
detergent, comprising deasphalting a petroleum
bright stock having at least 40. carbon atoms in
the. moleeule.and a viscosity within the limits of
80 to 600 SUS at 210° F., by propane fractiona-
tion; solvent-refining =& resulting: deasphalted
hright stock, and sulfonsting a resulting raf-
finate: by dissolving same in: a solvent, chemically
inert to a sulfonation described hereafter, and
ocontacting the. resulting selution at a tempera-
ture:within the limits of-50-ta0.209° F., with sulfur
trioxide dissolved in: fromr 2 to.5 times its weight
of anhydrous ethylene chloride;, in an amount
to provide a sulfur trioxide to petroleum bright
stock mol ratio of from 1:1 te: 3:1; neutralizing
a resulting sulfonation reaction mixture by con-
tacting same with an amount of an agueous solu-
tion of a guanidine compound selected from the
group consisting; of guanidine and & basic guani-
dine salf, to provide- a resulting neutralization
product mixture having a pH of from. 6 to 8;
removing: ethylene. chloride and said chemieally
inert. solvent from. said neutralization product
mixture; contacting- a. resulting solvent~free neu-
tralization produet- mixture with an alechol hav-
ing. from 1 to 6 carbon atoms in the molecule, in
a volume ratio of alcohol to said neutralization
mixture of from 0.3:1 to 3:1; forming an alcohol-
insoluble phase during said contacting, and re-
covering said sleohol-insoluble phase as a deter-
gent. produet of: the process.

4. The method of claim. 3. wherein the last
s&id; contacting: is condueted: at- a temperature
gbove: 100° F, wherein sald mol ratio of sulfur
trioxide to bright: stoek is about: 111, and wherein
subsequent to the- last. said: contacting alcohol
is maintained at a: temperature below 100% F., and
gl least: & portion of. said alcohol-insoluble phase
thereby precipitates from said alcohol,

5. The:methed: of- clgim 3 wherein. said inert
solvent: is. ethylene chloride, wherein phenol. as
a: selective: splvent. is. employed in said solvent-
refining; and whereinx said- alcohol is isppropyl
aleohol.

6. A method for the manufacture of an: oil
detergent. comprising sulfonating a deasphalted
solvent-refined. petrolenm bright stock having at
least 40 carbon atoms in the molecule while em-
ployiniz: sulfar trioxide: as the sulfonating agent;
water washing total sulfonation reaction prod-
uct formed; alcohol extracting water washed
sulfonation reaction produet and separating. an
alechol. phase from the extraction system con-
taining unsulfonated oil and petroleum. sulfonic
aecids; neutralizing petroleum. sulfonic acids, in
said alcohol phase hy admixing. said alcolipl
phase with an aqueous solution of a guanidine
compound selected from the group consisting of
guanidine and a basic guanidine salt; and recov-
ering an oil solution of alcchol-insoluble guani-
dine petroleum sulfonates from the product
of neutralization as a detergent product of the
process.

7. The method of claim 6 wherein said alcohol-
insoluble guanidine petroleum sulfonates are
separated from said oil by alcohol extraction, and

10

25

30

40

50

65

80

85

70

76

formed during the last seid extraetion:

& The method; of claim: 3 wherein. said wmaf-
finate is. an SAE 250; base-sfock. prepared, by the
propanefractionatien: of a topped cxude amd the
phenol extraction of the: resulting: deagphadtes
bright stock, .

9. The method: of claim; 1 wherein said- bagie
guanidine: salt is guanidine carkenate;.

10. A method for the manufacture of a sela-
tion agent. for ineorporation with a. minergl ofl
to. produce: & grease, comprising sulfonsting. a
deasphalted and solvent-refined: petroleumn lue
bricating oif stoek containing at least: 20, earben
atoms: in- the molecule; neutralizing resulting
petroleum sulfonic aeidy. with a guanidine come
pound: selected from the groun consisting of
guanidine and. o basic guanidine salt, resulbing
neutralization product containing oii~soluble aixd
oil-insoluble guanidine petrolenm. sulfbnates,
separating:oil-iniscluble puanidine petroleum: sul-
fonates from: oil-soluble-guanidine petroleunt sul-
fonates in said neutralization product, andreeov-
ering said oil-insoluble: guanidine petraleum: sul-
fonates as gelation agent products: of the process:

11. A lubricating oil containing in solution
from 0.1 to. 25 weight per cent of an oil-soluble
guanidine salt, of an organic. sulfonmic achd,. se-
lected from: the group: consisting- of: ar symthietic
alkyl aryl sulfonic: acid:and a petroleuns. sulfonic
acidi

12. A lubricating: oil: containing in sohstion
from 0.1 to 25 weight per cent of an ofl-soluhle
guanidine: saltof- g petrolenm snifonie acid..

13. A composition of’ claim: 12 wherein said
petroleum sulfonic acid contains from: 40 to: 70
carbon atoms in the: molecule. ‘

14. A lubricatineg oil. conteining. in solution
from 0.1 to 25 weight per-cent. ofr an oil:scluble
guanidine salt: of: & synthetic: alkyl aryl: sulfonic
acid.

15. The.composition of claim: 14 wherein saidg
alkyl aryl sulfonie: acid contains from 24; te. 70
carbon atoms in the. molecule..

16.. A Tubricating oil. containing. in. solution
from 0.1 to. 0:& weight per: cent of guasnidine
ottadecyltoluene: sulfonate.

17! A lubricant comprising: at.least 0.1 weight
per cent of a guanidine salt of an organie: sul»
fonle acld selected from.the group: consisting: of
a. synthetic. alkyl: aryl: sulfonic: acid contsining
ab least 10 carborr atoms in the alkyl groups,.and
& peiroleum: sulforde acid  comtaining at lemst 20
carbont atoms: in: the: molegule, incorporated: in
a. mineral oif;

18: A: prease lubricant: of: olaing. 17 comprivihg
said: mineral oil: inecorporated with a: gusnidine
salt of: ai petroleum sulfoniec acid:containing:fione
20 tb 40 carbon atoms in the:moleculs:

19. A grease lubricant: of:claim 17 comprising
seid mineral oil. incorporated with: a: polyguani-
dine petroleum sulfonate. containing fronr 20: to
36 carbon atoms per sulfonate:group..

20. A lubricant of claim 17 wherein saidiguani+
dine salt is a salt of’ a substituted guanidine:

21. A lubricating oil composition comprising s
solvent refined SAE 30 lubricating oil base stoel;
in solution with axy oil seluble gusnidine:salt: of
an organic sulfonic acid selected from the group
consisting of a synthetic alkyl aryl sulfonic acid
and a petroleum sulfonie acid, said composition
containing from 0.1 to 25 weight per cent of said
oil-soluble guanidine salt.

22. The composition of claim 21 wherein said
oil soluble salt is a guanidine salt of a synthetic
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alky! aryl sulfonic acid containing from 24 to 70
carbon atoms in the molecule.

23. The composition of claim 21 wherein said
oil-soluble salt is g guanidine salt of a petroleum
sulfonic acid containing from 40 to 70 carbon
atoms in the molecule.

24. In the oil lubrication of engine parts dur-
ing operation of an engine, wherein oil deteriora-
tive reactions take place to form oil sludge, and
wherein said oil sludge deposits and accumulates
on the engine parts to cause general malfunction,
the improvement of preventing said deposition
and accumulation of sludge, comprising lubri-
cating said engine parts with & lubricating oil
containing from 0.1 to 25 weight per cent of an
oil-soluble guanidine salt of an organic sulfonlc
acld selected from the group consisting of a
synthetic alkyl aryl sulfonic acid and a petroleum
sulfonic acid.

95. The improvement of claim 24 wherein said ¢

guanidine petroleum sulfonic acid contains from
40 to '70 carbon atoms in the molecule.

26. The improvement of claim 24 wherein said
alkyl aryl sulfonic acid contains from 24 to 70
carbon atoms in the molecule.

27. As a new class of compositions, guanidine
petroleum sulfonates containing more than 20
carbon atoms in the molecule.

28. A mineral oil-soluble guanidine petroleum

sulfonate derived from s propane fractionated ;

solvent refined petroleum bright stock having a
viscosity within the limits of 80 and 700 SUS
at 210° F.

29. A guanidine salt of a petroleum sulfonic

acid containing from 40 to 70 carbon afoms in

the molecule.

30. A guanidine petroleum sulfonate contain-
ing more than 20 but not more than 40 carbon
atoms in the molecule.

31. A mineral oil-soluble guanidine petroleum
sulfonate derived from a propane fractionated
solvent refined petroleum bright stock having a
viscosity index within the limits of 200 and 230
SUS at 210° F., by first sulfonating said bright
stock and then neutralizing the petroleum sul-
fonic acid thus formed, with guanidine.

32, A diguanidine salt of a petroleum disul-
fonic acid containing from 70-80 carbon atoms
in the molecule.

33. A lubricant containing at least 0.1 weight

per cent of guanidine dodecyltoluene sulfonate.

34, A lubricant containing at least 0.1 weight
per cent of guanidine hexadecyltoluene sulfonate.

35. A lubricant containing at least 0.1 weight
per cent of guanidine trihexyltoluene sulfonate.

36. A lubricant comprising a sufficient quantity
of & guanidine alkyl aryl sulfonate containing
at least 10 carbon atoms in the alkyl groups
dispersed in a mineral oil to cause an increase
in the viscosity of the oil.

37. A lubricant comprising 5 to 60 weight per
cent of a guanidine alkyl aryl sulfonate contain-
ing 10 to 20 carbon atoms in the alkyl groups in
mineral oil.

38. A lubricating grease comprising 15 to 50
weight per cent of & guanidine alkyl aryl sulfonate
containing a total of 10 to 20 carbon atoms in
the alkyl groups dispersed in mineral oil,
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39. A lubricant comprising a sufficlent quantity
of a guanidine alkyl aryl sulfonate dispersed in
a mineral oil having a viscosity index above 60 to
cause an increase in the viscosity of the oil, where-
in the total number of carbon atoms in the alkyl
groups of said sulfonate are within the range of
10 to 20.

40. A lubricating grease comprising 5 to 60
weight per cent of a guanidine alkyl aryl sulfonsate,
wherein the total number of carbon atoms in the
alkyl groups is at least 10, dispersed in a mineral
oil having a viscosity in the range of 50 to 4000
SUS at 100° F., wherein said sulfonate is pre-
pared by alkylating an aromatic hydrocarbon
with olefins boiling in the range of 230 to 250° C.,
sulfonating the zlkylated aromatic hydrocarbon,
and forming the guanidine salt of the sulfonate.

41, A lubricating grease comprising 5 to 60
weight per cent of a guanidine alkyl aryl sulfonate
dispersed in a mineral oil having a viscosity in
the range of 125 to 500 SUS at 100° F.,, wherein
the alkyl groups of said sulfonate contain a total
of 10 to 20 carbon atoms per molecule.

42, A lubricating grease comprising 5 to 60

» weight per cent of a guanidine alkyl aryl sulfonate,

wherein the total number of carbon atoms in the
alkyl groups is at least 10, dispersed in a mineral
oil having o viscosity in the range of 125 to 500
SUS at 100° F., wherein said sulfonate is pre-
pared by alkylating an aromatic hydrocarbon
with olefins boiling in the range of 190 to 315° C,,
sulfonating the alkylated aromatic hydrocarbon,
and forming the guenidine salt thereof.

43. A lubricating grease comprising 15 to 50
weight per cent of a guanidine alkyl aryl sulfonate
dispersed in a mineral oil having a viscosity in the
range of 50 to 700 SUS at 100° F., wherein the
alkyl groups of said sulfonate contain a totel of
10 to 20 carbon atoms per molecule.

44. A lubricating grease comprising 15 to 50
weight per cent of a guanidine alkyl aryl sulfonate,
wherein the total number of carbon atoms in the
alkyl groups is at least 10, dispersed in a mineral
oil having a viscosity in the range of 50 to 700

1% SUS at 100° P., wherein said sulfonate is pre-

pared by alkylating an aromatic hydrocarbon
selected from the group consisting of benzene,
naphthalene, diphenyl, anthracene, and their
lower alkyl homologs with olefins boiling in the
range of 190 to 315° C., sulfonating the alkylated
aromatic, and forming the guanidine salt thereof.
45, A polyguanidine petroleum polysulfonate

containing one sulfonate group per 20 to 35 carbon
atoms.

WILLIAM N. AXE.

WILLIAM B. WHITNEY.
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