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This invention relates to lubricating oil additives and 
particularly concerns additives adapted for addition to 
mineral lubricating oils to produce lubricating oil com~ 
positions of a high viscosity index having excellent deter 
gent, dispersant and anticorrosion characteristics. The 
invention further relates to lubricating oil compositions 
containing such additives. 
Among the requisite characteristics of lubricating oil 

compositions suitable for use in modern gasoline engines, 
particularly of the spark ignition type, are high viscosity 
index, detergent, dispersant and anticorrosion properties. 
The viscosity index (V.I.) of an oil is a measure of the 
extent to which the viscosity of the oil changes with tem 
perature, high V.I. oil being one whose viscosity changes 
only slightly with change in temperature. The property 
of detergency is one of preventing the formation of car 
bonaceous and/or varnish-like deposits from accumulat 
ing on the various internal parts of the engine, e.g., on 
pistons and cylinder walls, in piston ring grooves, etc. 
The property of dispersion is one of preventing deposi 
tion of sludge in the form of a pasty or semi-?uid mass 
on various surfaces within an engine. Such surfaces in 
clude rocker arm assemblies, rocker arm cover, push rod 
cover, oil screen, crankcase oil pan, push rod chamber 
and valve top deck. The property of anticorrosiveness‘ 
is one of preventing the formation and/or accumulation 
in the oil of acidic bodies which attack the metal parts 
of the engine under conditions of use. Since no mineral 
lubricating oil itself possesses all of these properties to 
the extent required by modern high performance engines, 
they are attained by incorporating minor amounts of 
various agents, generally referred to as lubricating oil 
additives or additive concentrates, into a suitable base 
oil. Many attempts have been made to prepare a single 
additive which is capable of imparting all of the afore 
mentioned characteristics to the base oil, but for the most 
part such so~called all-purpose additives have not proved 
entirely satisfactory. Moreover, even though several 
additives are employed with the object of making the 
lubricating oil suitable for use in spark ignition engines, 
particularly automotive engines used in stop-and-go driv 
ing, they generally leave something to be desired with 
respect to some of the characteristics, at least to the 
extent considered necessary by automobile manufacturers 
and the oil industry. 
Among the many additives disclosed by the prior art 

are the metal salts and in some cases the superbased metal 
salts of acidic compounds prepared by reacting a phos 
phorus sul?de, e.g., phosphorus pentasul?de with a hydro‘ 
carbon oil or with a hydrocarbon polymer, e.g., polyiso 
butylene or a hydrocarbon copolymer, e.g., isobutylene 
butadiene copolymer, or polymers produced by polymer 
izing cracked products obtained during oil re?ning. Cer 
tain of such products have proved reasonably satisfactory 
from a standpoint of imparting the requisite detergency 
characteristics and, where polymers are concerned, the 
required viscosity index. Moreover, some of such prod 
ucts have been found to impart satisfactory anticorrosion 
properties, and furthermore, in some instances sufficient 
dispersive properties to prevent objectionable deposits of 
sludge in the engine. However, of the above compounds 
the only ones which are capable of imparting to lubricat 
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ing oil all of the characteristics described herein as being 
necessary and of imparting these characteristics to the 
desired degree are those obtained by treating certain 
hydrocarbon copolymers with a phosphorus sul?de and 
neutralizing and superbasing the resulting acidic prod 
ucts. Although the prior art has taught the preparation 
of some of such compounds and their use in lubricating 
oil has been taught in a general way, it is found that 
many of the compositions within such teaching cannot 
be made and‘ if made arenot soluble in mineral lubricat 
ing oils. Thus, oil solutions of many of the products 
obtained by reacting a hydrocarbon copolymer, e.'g., a 
copolymer of a monoole?n and a diole?n, with a phos 
phorus sul?de and neutralizing the resulting acidic prod 
uct cannot be superbased by treatment with excess base, 
e.g., an alkaline earth metal base, because the products 
gel and form a mass which is not ?lterable even at ele 
vated temperatures, and which is not soluble in further 
quantities of lubricating oil. It has been found that 
when an agent such as an alkyl-substituted phenol, as 
described in U.S. Patents 2,695,910, 2,767,164 and 
2,7 67,209, is used as an aid to superbasing, the amount 
of gelling or the tendency to gel is reduced, but that this 
technique still does not permit the superbasing of many 
of the compositions which have been described in the 
art as being suitable for treatment in this manner in the 
production of lubricating oil additives. 

It is accordingly an object of this invention to provide 
a single additive material capable of imparting to mineral 
lubricating oil an exceptional degree of detergency and 
dispersiveness together with anticorrosion and high vis 
cosity index characteristics. - - 

it is another object of this invention to. prepare a 
lubricating oil additive having the above mentioned prop 
erties by reacting a phosphorus sul?de with a copolymer 
of a monoole?n and a diole?n. ~ ' 

It is still another object of this invention to provide 
a method of preparing a lubricating oil additive havin 
all of the above characteristics. - 

It is a further object of this invention to provide an 
equation by means of which it is possible‘ to predict 
whether a given lubricating oil additive composition can 
be prepared and thus an equation which de?nes composi 
tions which are sui?ciently oil-soluble to prevent gelation 
during neutralization and superbasing. r, v 
A further and more general object is to provide lubri 

cating oil compositions having all of the above ‘indicated 
characteristics. a - . 

Other and related objects will be apparent from the 
following detailed description of the invention and vari 
ous advantages not speci?cally referred to herein will 
occur to those skilled in the art upon employment of the 
invention in practice. . 
We have now found that the above objects’ andat-i‘ 

tendant advantages may be realized by reacting )a pho's- ‘ 
phorus sul?de, e.g., phosphorus pentasul?dewith certain . 
hydrocaron copolymers and then reacting the acidic prod. 
ucts so obtained with an alkaline earth metal basepin; the 
presence of an alkylated phenol as a solnbilizing agent .» 
permitting incorporation of amounts of alkaline earth 
metal base greater than those required to neutralize the 
acidic reaction products. The resulting product may or 
may not be blown with 002 to improve their compatibility 
in oil with certain other additive ‘materials. . Products 
obtained in this manner are capable of imparting to min-vv ' 
eral lubricating oil the desired detergent, dispersant, anti! 
corrosion and V1. characteristics.’ . The exact nature of 
the phosphorus- and sulfur-containing copolymerfreac 
tion products, the manner in which the excess alkaline 
earth metal base is combined therewith, and the func: 
tion of the alkyl phenol in solnbilizing the excess base 
are not known and accordingly the additives of the present ' 
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invention must be described and claimed by their manner 
of preparation rather than as de?nite chemical entities. 
The invention thus consists in lubricating oil additives 
prepared from certain hydrocarbon copolymers of ole?ns 
and diole?ns, a phosphorus sul?de, an alkyl phenol and 
an alkaline earth metal base and in lubricating oil com 
positions comprising such additives. 

In order to obtain lubricating oil additives and lubri 
cating oils of this invention using the mentioned re 
actants and having all of the desired characteristics, it is 
essential that the copolymers be of a speci?c type and 
have a molecular weight within certain limits; the amount 
of phosphorus sul?de used to react with the copolymers 
must be controlled within certain limits; and the amount 
of alkyl phenol employed must also be controlled. The 
reactants and the proportions in which they are used are 
described more fully herebelow. In all of the descrip 
tion which follows and in the examples where the propor 
tions of materials are expressed in parts, it is meant parts 
by weight. 

HYDROCARBON COPOLYMERS 

The hydrocarbon copolymers which are employed as 
starting materials are copolymers of isobutylene with iso 
prene. The isobutylene and isoprene may be employed 
in more or less pure form (in which case they are usually 
polymerized in the presence of an inert liquid poly 
merization medium) or they may be employed in admix 
ture with inert components. For example, in preparing a 
typical copolymer for use in accordance with the inven 
tion, the isobutylene may be provided in relatively pure 
form or it may be employed in the form of a mixture 
of isobutylene and butane, such as is produced as a by 
product from petroleum re?ning processes. Similarly, 
the isoprene may be employed in relatively pure form 
or it may contain inert ingredients. 
The polymerization reaction is effected at low tempera 

tures, e.g., at from about -30° C. to about —100° (3., 
preferably from about —50" C. to about —80° C., under 
the in?uence of a Friedel-Craft type catalyst such as 
aluminum chloride, aluminum bromide, zinc chloride, 
boron tri?uon'de, titanium tetrachloride, etc., and prefer 
ably in the presence of an inert liquid hydrocarbon or 
halogenated hydrocarbon reaction medium. In general, 
conventional techniques, such as those described in US. 
Patent No. 2,356,128, are employed, and the various proc 
ess variables are controlled in the known manner to 
produce a polymeric product whose molecular weight is 
between about 10,000 and about 150,000. Conveniently, 
the reaction is carried out continuously in a tubular re 
actor which may take the form of a copper coil provided 
with exterior cooling means capable of maintaining the 
desired low polymerization temperature. The mixture 
of monoole?n and diole?n, and the liquid reaction medi 
um, either as separate entities or as a previously-formed 
mixture, are continuously introduced into the refriger 
ated coil. At the point Within the coil where the unsatu 
rated reactants and the reaction medium have been 
thoroughly mixed and/or cooled, for example, to about 
--75° C., there is introduced a stream of catalyst, e.g., 
a mixture of boron tri?uoride in methane, ethane, pro 
pane, or other inert diluent, containing 5 to 50 parts of 
diluent per part of boron tri?uoride. The polymeriza 
tion reaction is exothermic, and the reaction tempera 
ture and reaction rate (and hence also the molecular 
weight of the product) can readily be controlled by 
suitably varying the rate of catalyst addition and/or the 
catalyst concentration. Generally, between about 0.1 
and about 3 parts by weight of catalyst are provided per 
100 parts by weight of polymerizable unsaturates. The 
polymerization may be carried to completion, i.e., to 
point of maximum molecular weight of the product un 
der the particular conditions employed, or it may be 
stopped at any desired intermediate point by quenching 
the reaction by the addition of an alcohol, ether or 
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4 
ketone. As stated, the polymerization reaction should be 
so controlled, either by suitably selecting the reaction 
temperature, the amount of inert liquid reaction medium 
present, the identity, concentration and rate of addition 
of the catalyst, by use of a quenching agent, or by a 
combination of these means, to stop the reaction at the 
desired point so as to obtain a polymeric product having 
an average molecular weight between about 10,000 and 
about 150,000. Within this range the copolymer prod 
ucts are of high enough molecular weight to be V.I. im 
proves and yet not so high as to have poor shear stability. 
Preferably, the copolymer Will have an average molecu 
lar weight of between about 20,000 and about 80,000. 
The most desirable copolymers contain from about 0.005 
to about 0.05, preferably from about 0.01 to about 0.05, 
part of the diole?n per part of the copolymer. For pur 
poses of convenience as will appear hereinafter, the 
amounts of diole?n to be employed will be expressed as 
parts of diole?n per 100 parts of resulting copolymer. On 
this basis the desired copolymers will be prepared using 
from about 0.5 to about 5.0 parts of diole?n per 100 
parts of copolymer, and preferably from about 1 to 
about 3 parts of diole?n per 100 parts of copolymer. This 
is substantially equivalent to expressing the amount of 
diole?n as parts per 100 parts of the mixture of mono 
ole?n and diole?n fed to the copolymerization reaction 
and may be determined in this manner. 

It is to be pointed out that unless as much as about 
0.5 part of diole?n is used per 100 parts of copolymer, 
the products obtained do not have the ability to impart 
the desired high dispersancy to lubricating oils. This lack 
of dispersancy is also observed when monoole?n polymers 
are used in place of the copolymers of this invention. 
Moreover, if amounts of diole?n greater than about 5 
parts per 100 parts of copolymer are employed, the tend 
ency for the products to form gels is increased to a 
point such that the products are not generally useful. 
This point is discussed more fully and the reason for 
it explained hereinbelow. 
Upon completion of the copolymerization reaction, the 

product is obtained in the form of a viscous solution of 
the same in the liquid reaction medium. If the copolymer 
is to be stored for any appreciable period of time be 
fore being reacted with a phosphorus sul?de, it is pref 
erably washed several times with Water to remove any 
catalyst and a portion of the solvent is distilled off to 
strip off traces of water and unpolymerized ole?n or di 
ole?n. 
The molecular weights of the copolymers were esti~ 

mated from the viscosities of solutions in diisobutylene 
according to the method described by Flory, “Molecular 
Weights and Intrinsic Viscosities of Polyisobutylenes," 
Paul J. Flory, J. Am. Chem. Soc., 65, 372 (1943), and 
“Effect of Molecular Structure on Physical Properties of 
Butyl Rubber,” Paul J. Flory, Ind. Eng. Chem., 38, 417 
(1946). 

PHOSPHORUS SULFIDE 

The phosphorus sul?de used to react with the copol 
ymers described above is preferably phosphorus penta 
sul?de (P255), although other sul?des, such as P283, P334, 
P487 and P4510 may be employed if desired. 
The amount of phosphorus sul?de to be used will be 

between about 0.01 and 0.1, preferably between about 
0.03 and about 0.1, part per part of copolymer. This cor 
responds to between about 1.0 and about 10; preferably 
between about 3 and about 10 parts of the phosphorus 
sul?de per 100 parts of the copolymer. In order to avoid 
separating unreacted phosphorus sul?de from the reac 
tion product, it is preferred to employ only that amount 
which will react completely with the copolymer, which 
amount will vary according to the nature of the copolymer 
and its molecular weight. In any particular case, the op 
timum proportions of the two reactants can readily be de 
termined by experimentation. However, if an excess of 
the phosphorus sul?de is employed it can readily be re 
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moved from the reaction product by ?ltration, preferably 
after ?rst diluting the latter with a solvent such as hexane. 
Using amounts of the phosphorus sul?de described here 
in, the total amount employed will generally be substan 
tially completely consumed in the reaction. 
The reaction itself may be carried out simply by’ mix 

ing the two reactants and subjecting the mixture to a 
temperature between about 90° C. and about 260° (1., 
preferably between about 150° C. and about 200° C., 
until the reaction is complete and a maximum amount 
of the phosphorus sul?de has combined with the polymer. 
Usually the reaction is complete in from about 2 to about 
8 hours. During the heating period, oxygen should be 
excluded from the reaction mixture as by carrying out 
the reaction under a blanket of an inert gas such as 
nitrogen. According to an alternative and preferred mode 
of operation, the reaction is carried out in the presence 
of an inert liquid reaction medium which is suitably a 
boiling hydrocarbon and is preferably a mineral oil frac 
tion of such nature that it may be allowed to remain with 
the reaction product and eventually serve as a diluent for 
the ?nished additive as well as a component of lubricat 
ing oil compositions comprising such additive. A partic 
ularly suitable mineral oil fraction of this nature is the 
light neutral lubricating fraction having a viscosity of 
about 38 SSU at 210° F. and a viscosity index of about 
84, and customarily‘ referred to as “90 neutral oil.” 

METAL BASE 

The reaction products prepared as described above con 
tain both phosphorus and sulfur in chemically combined 
form, and show a titratable acidity which can be neutral 
ized with a metal base. Such neutralization can be ef 
fected using an alkali or an alkaline earth metal base. 
The neutralized products are then superbased, i.e., addi 
tional base can be incorporated therein in soluble or dis 
persible form following certain techniques as described 
later. The additional base must be an alkaline earth 
metal base. By the term “alkali metal base” is meant the 
oxide, hydroxide or carbonate of sodium, potassium or 
lithium. By the term “alkaline earth metal base” is meant 
the oxide, hydroxide, hydrated oxide or carbonate of cal 
cium, barium or strontium. It will be apparent that 
one or more of the mentioned metal bases can be used 
to effect neutralization, and one or more alkaline earth 
metal bases can be used to effect superbasing. Of the 
above metal bases, barium oxide, barium hydroxide or the 
hydrated oxide of barium are preferred. 

Preferably, the neutralization and superbasing is ef 
fected in one step. The acidic sulfur~ and phosphorus 
containing polymer produced as above described is re 
acted with between about 1.5 and about 3.5 chemical 
equivalents of an alkaline earth metal base. Alternatively, 
the mentioned acid polymer is neutralized by reaction 
with the required amount of an alkali or alkaline earth 
metal base and the neutralized product then superbased by 
reaction with between about 0.5 and 2.5 chemical equiva 
lents of an alkaline earth metal base. 
As previously stated, if it is attempted to combine the 

sulfur- and phosphorus-containing acidic polymer with an 
alkaline earth metal base in an amount beyond that re 
quired for neutralization, the excess base does not dis 
solve completely to form a liquid homogeneous product, 
but instead there is formed a non-uniform sticky gel which 
is very di?icult to handle and is completely unsatisfactory 
for use as an additive. This difficulty is overcome, how 
ever, by carrying out the superbasing or neutralization 
and superbasing in the presence of required proportions 
of an alkyl phenol as described herebelow. 

ALKYL PHENOL 

Alkyl phenols which are useful in e?ecting the desired 
solubilization of excess metal base in the additives of this 
invention are the oil-soluble alkyl phenols having between 
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6 
about 4 and about 10 carbon atoms in the alkyl group 
or groups. Such phenols may contain one or more alkyl 
groups and preferably one or two alkyl groups. The pre 
ferred phenols are octyl or nonyl phenols. Particularly 
effective compounds include tert-butyl phenyl, isobutyl ' 
cresol, p-octyl phenol, mixed nonyl phenols, mixed do 
decyl phenols and dihexyl phenol. Amounts of alkyl phe 
nol to be used vary between 5 parts and 100 parts per 
100 parts of the acidic sulfur- and phosphorus-containing 
copolymer. Unless about 5 parts are used the effect of 
the alkyl phenol is not generally enough to assist ap— 
preciably in effecting superbasing and to use over '100 
parts (equal parts of alkyl phenol and acidic copolymer) 
is generally uneconomical; Moreover, greater amounts of 
the alkyl phenol are sometimes objectionable in the ?n 
ished additive. " 

Preferably both the neutralization and superbasing will 
be carried out in one step in the presence of the alkyl 
phenol. According to such preferred mode of operation, 
the acidic copolymer reaction product is admixed with 
from about 5 to about 100 parts by weight of one or a 
mixture of alkyl phenols of the present class, after which 
the mixture is heated to between about 100° C. and about 
180° C., and the desired amount of the desired alkaline 
earth metal base is added gradually with stirring over a 
period of l to 4 hours. 

During neutralization of the acidic reaction product with 
the metal base at the elevated temperatures stated above, 
the water which is formed in the neutralization reaction 
vaporizes from the mixture. It is preferred to replace 
such water more or less continuously, as by adding water 
drop-wise to the reaction mixture, or by using a base con 
taining water of crystallization, during the initial part of 
the heating period. After addition of the metal base the 
reaction mixture is heated for 1 to 4 additional hours to 
ensure completion of the neutralization reaction and to 
evaporate off all the water. The resulting product is then 
diluted with a petroleum fraction, preferably of light lubri 
cating oil viscosity, and is clari?ed by ?ltration to obtain 
the additive as a 15% to 50% solution in mineral oil, 
which is the form in which lubricating oil additives are 
conventionally handled and marketed. Such additive so 
lutions are usually referred to as “additive concentrates.” 

Although the particular reactants described above em 
ployed under the conditions and in the amounts indicated 
above will generally produce satisfactory additives and 
additive concentrates, unless additional restrictions are 
placed on the composition, i.e., on the molecular weight 
of the copolymer, the amount of phosphorus sul?de and 
the amount of alkyl phenol, many of the compositions 
are found to produce additives which gel during the neu 
tralization and superbasing step and are thus unsatisfac 
tory. It has been found that the following equation de 
?nes compositions which are useful and which do not gel: 

Minimum alkyl phenol 
__rnol. Wt.XisopreneXphosphorus sul?de 
_ 10,000 

where “mol. wt.” is the molecular weight of the copoly 
mer; “isoprene” is the parts by weight of isoprene per 100 
parts by weight of the copolymer; “phosphorus sul?de" 
is the parts by weight of phosphorus sul?de per 100 parts 
by weight of the copolymer; and “alkyl phenol” is the 
parts by weight of alkyl phenol per 100 parts by weight 
of the phosphorus sul?de treated copolymer. Thus, the 
equation shows the minimum amount of alkyl phenol 
which must be used for a given copolymer-phosphorus 
sul?de reaction product to prevent gel formation in the 
additive concentrate during or following neutralization 
and superbasing. 
The amount of superbasing within the limits indicated 

herein does not appear to in?uence the values set forth 
in the above equation. Whether or not gelling occurs and 



3,003,959 
7 

unsatisfactory additives are obtained depends upon the 
factors taken into consideration by the above equation. 

In applying the equation to an additive prepared from 
the minimum molecular weight copolymer (10,000), con 
taining the minimum proportion of isoprene (0.5 part per 
100 parts of copolymer), and treated with the minimum 
proportion of P255 (1 part per 100 parts of copolymer), 
only 0.5 part of alkyl phenol would be required to prevent 
gelling. It is pointed out, however, that at least about 5 
parts of alkyl phenol are generally required to effect solu 
bilization of the desired excess base. However, in the 
preferred embodiment of the invention, the isoprene is at 
least 1 and the P285 at least 3 for molecular Weights of 
10,000 to 40,000. For very high molecular weights the 
preferred isoprene may be 0.5 and the preferred P255 at 
least 3. Consequently, in all of the preferred examples 
the alkyl phenol will be at least 5%. On the other hand, 
if the calculated value for alkyl phenol is greater than 100, 
the products cannot be made economically and the com 
binations of molecular weight, isoprene content and P285 
treatment requiring such an excess of alkyl phenol are not 
preferred embodiments of the invention. 

Application of this equation will be made in the ex 
amples set forth herein to show its criticality and its 
usefulness in selecting reactants, and amounts of reactants 
to be used in preparing additives of this invention. 

While the additive compositions provided by the inven 
tion are “all-purpose” in the sense that they impart a 
high viscosity index and detergent and anticorrosion prop 
erties to the base oils with which they are compounded, 
it is frequently desirable that they be employed in con 
junction with the other additives which are conventionally 
employed to impart special properties to ?nished lubri 
cating compositions. Thus, they are frequently employed 
in conjunction with pour point depressants, such as acry 
late polymers, (for example, Rohm and Haas Co. “Acry 
loid 710” and “Acryloid 917”), and with hearing corro 
sion inhibitors such as the oil-soluble metal salts of the 
acidic reaction products obtained by reacting phosphorus 
pentasul?de with an alcohol. A commercially available 
product of this type, Lubrizol 1060, is a zinc dialkyl 
dithiophosphate. These latter products are often referred 
to as organic-substituted thiophosphates. The alcohols 
employed in the preparation of the thiophosphates include 
aliphatic alcohols such as butyl, amyl, isoamyl, hexyl, 
heptyl, octyl, lauryl and cetyl alcohols. These alcohols 
may be modi?ed by the inclusion of phenyl or other 
aromatic groups forming alkaryl or aralkyl-substituted 
alcohols. Also cyeloaliphatic alcohols such as cyclo 
pentanol, cyclohexanol, cycloheptanol or alkyl-substituted 
cycloaliphatic alcohols in which the substituents contain 
less than about 10 carbon atoms. The method of pre 
paring these thiophosphates is fully described in the 
Freuler US. Patent No. 2,634,284. Metals used to neu 
tralize the acidic reaction products include the alkali 
metals sodium, potassium and lithium, the alkaline earth 
metals calcium, strontium, barium and magnesium, and 
the various heavy metals. Of this latter group zinc is the 
preferred metal, although tin, antimony, lead, nickel, etc., 
may be employed in some instances. 
The particular thiophosphates which appear to have 

exceptional bearing corrosion inhibition are the metal 
dialkyl dithiophosphates in which the alkyl substituents 
contain a total of between about 8 and about 30 carbon 
atoms. Of this group the zinc dialkyl dithiophosphates, 
such as zine dioctyl dithiophosphate are particularly pre 
ferred. 

Although it is often desirable to incorporate a metal 
dialkyl dithiophosphate such as particularly a zinc dialkyl 
dithiophosphate in lubricating oils containing the additive 
of this invention, it is found that where such a combina 
tion is included in mineral lubricating oil there is often 
produced small amount of insoluble material which must 
be ?ltered from the oil following incorporation of the 
combination additive. This di?iculty is eliminated, 110w 
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8 
ever, if the additive of this invention is treated with carbon 
dioxide prior to being compounded with the thiophosphate. 
This treatment consists simply in passing a stream of 
carbon dioxide through the additive or the additive con 
centrate at a temperature of about 80°—l50° C. for from 
about 1 to about 4 hours. The resulting additive is 
found to be entirely compatible with the metal thiophos 
phates described. 

In preparing the lubricating oil compositions of the 
invention, a sufficient amount of the additive, usually in 
concentrate form, is added to the base oil to impart 
thereto the desired viscosity index, detergent, dispersant 
and anticorrosion properties. In general, the ?nished 
composition will contain between about 1% and about 
10% by weight of the additive, corresponding to between 
about 3% and about 25% by weight of the above 
described additive concentrate. Substantially any mineral 
oil of lubricating viscosity produced from parat’?nic or 
naphthenic erudes may be employed as the base oil. 
Because the additives and additive concentrates are easily 
oil-soluble and/or dispersible it is merely necessary to 
mix them with base oil at ordinary temperatures to pre 
pare the ?nished lubricating oil product. In order to 
hasten the mixing, particularly with the more viscous 
grades of oil, it may be advantageous in some instances 
to mix at somewhat elevated temperatures. 
Amounts of supplemental additives will generally be 

in the range of 0.2% to 2% for the metal dialkyl dithio 
phosphate and between 0.2% to 4% for the pour point 
depressant. The amount of the latter will depend to a 
great extent on the amount of additive of this invention 
which is employed. With larger proportions of the 
additive of this invention, smaller proportions of Acryloid 
710 or Acryloid 917 will be used. 

In order to obtain the advantages of the invention to 
the greatest degree, it is preferred that the base oil be 
one which has been re?ned by solvent extraction methods 
to remove aromatic constituents. Also, it is preferred 
that the base oil have a viscosity index of 80-85 or higher 
in order that the ?nished composition may have a viscosity 
index of 100 or above without the necessity of employing 
more than about 10% of the additive. Moreover, the 
detergent characteristics of the ?nished composition are 
usually higher when the base oil is one having a viscosity 
index above about 80. On the other hand, the additives 
provided. by the invention are very effective in raising the 
viscosity index of base oils which are of poor quality 
in this respect, i.e., base oils whose viscosity indexes 
are of the order of 20 to 70, to that of medium to good 
quality oils. Similar improvement in the detergent and 
anticorrosion characteristics of relatively low quality base 
oils may be obtained through the use of the present 
additives in only moderate amounts. _ 

Typical oils used in preparing the lubricating oils .of 
this invention are “90 neutral oil” and “300 neutral oil” 
and mixtures of these oils. These oils have the following 
characteristics: 

Viscosity, SSU at Viscosity 
100° F. 210° F. Index 

90 Neutral oil ___________________ _. 89 _ 38 84 
300 Neutral oil __________________ -. 326 a2. 5 86 

Engine tests to determine the detergency and dispers 
ability characteristics of the additives of this invention 
have been made in standard 1954 Chevrolet “Power 
Glide” engines. Tests in these engines have been made 
for two different periods of time, i.e., for 54 hours and 
for 96 hours. The engine is operated under varying 
conditions of load and temperature. Thus, the engine 
is operated for 2 hours under the conditions set forth in 
column A of the table below, then for 2 hours under 
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the conditions set forth in column B, and ?nally for 
2 hours under the conditions set forth in column C. This 
cycle is repeated nine times in the 54-hour test‘ and 
sixteen times in the 96-hour test, and at the end of the 
time indicated the engine is disassembled and inspected 
for general condition and cleanliness. 

TEST CONDITIONS 

A B 0 

Speed, r.p.m _____ __ 600 2, 500 2, 500 
Load, lbs___ - 0 64 64 
Brake H.P- - _ - 0 40 40 

Water Temp.: 
° F. in. 855:5 ________ - 

° 13‘. out; __________________________ _- 125315 955:5 200=|:5 
011 Temp., ° F _______________________ -- 120:1:5 185:1:5 200i5 

In examining the disassembled engine following com 
pletion of the test, the following ratings are given. 

Piston rating-This is the average cleanliness rating of 
the thrust and antithrust faces of 6 pistons. The rating 
scale is from 0 to 100 with 100 indicating a perfectly 
clean surface. 

Varnish rating.—ln this rating 6 parts of the engine are 
rated for varnish deposit. These parts are piston skirts, 
rocker arm cover, push rod cover, cylinder walls and 
crankcase oil pan. The rating scale is 0 to 100 with 
100 indicating complete absence of varnish. 

Slz-zdge rating.—Seven parts of the engine are rated on 
a scale of 0 to 100 with 100 indicating complete absence 
of sludge. The sludge appears on the surfaces as an 
oil-wet deposit of appreciable thickness. The engine 
parts rated are the rocker arm assembly, rocker arm 
cover, push rod cover, oil screen, crankcase oil pan, push 
rod chamber and valve top deck. 

It will be noted that several of the same engine parts 
are rated for both varnish and sludge. In these cases, 
the sludge is ?rst rated, then removed by washing with 
hydrocarbon solvent, e.g., naphtha, and the varnish is then 
rated. Both types of deposits are found on these parts. 

Another engine test which has been used to evaluate 
additives of this invention will be referred to as the 
“Oldsmobile light duty detergency test,” or simply the 
“Oldsmobile test.” This is a cyclic test run for 144 hours 
in a 1956 Oldsmobile V-8 engine, under conditions 
simulating average passenger car service. Engine coolant 
is controlled at 85° F. for 15% of the time, and at 135° 
F. for the remainder of the operating period. Engine oil 
temperature is varied from 115° F. to 145° F. in a man 
ner simulating actual service. The engine speed is con 
tinuously cycled from idle to 1700 r.p.m. at a moderate 
road load. At the end of the test period, the engine is 
disassembled and rated for piston cleanliness and sludge. I 
In each instance the rating is on a scale of 0 to 100, 
where 100 indicates a perfectly clean engine. In the 
sludge rating, the engine parts rated are the same as those 
described in connection with the Chevrolet test. 
The following examples will illustrate several ways in 

which the additive compositions of the invention have 
been prepared, but are not to be construed as limiting 
the invention. All proportions are given in parts by 
weight unless otherwise indicated. 

Example I I 

The apparatus consists of 18 feet of 0.25-inch copper 
tubing in the form of a coil mounted in a Dry Ice and 
acetone bath. The inlet end of the coil is equipped with 
two ?ttings through which monomeric ole?n and solvent 
containing diole?n can be introduced into the coil. A 
second ?tting for the introduction of catalyst is positioned 
about 14 feet from the inlet end of the coil, and the outlet 
end of the coil feeds into a receiver. Suitable throttling ' 
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valves, ?ow meters and associated equipmentare pro 
vided for controlling the rate at which the ole?n, solvent 
containing diole?n and catalyst are introduced into the 
coil, and thermocouples are provided for determining the 
temperature of the reaction mixture within the coil. 

‘In 'a typical copolymer preparation 400 parts of iso~ 
butylene and 1,300 parts of pentane containing 9 parts 
of isoprene are introduced per hour into the coil. The 
catalyst consisting of a mixture of one part of boron tri 
?uoride and 20 parts of propane is introduced at a rate 
of about 1.5 parts -per hour. At these flow rates the 
temperature of the reaction mixture is about —65° C. 
to —-75° C., and the reaction time is about 1.5 minutes. 
The product collected in the receiver is a pentane solu 
tion of about 23% concentration of an isobutylene-iso 
prene copolymer having an average molecular weight of 
about 20,000. This solution is concentrated to about 35% 
by distilling off the required amount of solvent. Ap 
proximately 4,000 parts of this copolymer solution ( 1,400 
parts of copolymer) are admixed with 1,400 parts of 90 
neutral oil, and the resulting mixture is heated at about 
150° C. while blowing with nitrogen to remove the pen 
tane solvent. The resulting product is then admixed with 
70 parts (equivalent to 5 parts per 100 parts of copoly 
mer) of phosphorus pentasul?de and the temperature is 
increased to about 180° C. and held there for about six 
hours. The product is then ?ltered and cooled. This 
product should require at least 22 parts of alkyl phenol to 
prevent gelation as determined by substituting the above 
values in the equation set forth herein: 

20,000X 2.2 X 5___' 
10,000 22 Minimum alkyl phenol: 

A 100-part portion of the phosphorus- and sulfur-con 
taining product so prepared is then heated with stirring 
atabout 130° C. while 17.5 parts of barium hydroxide 
pentahydrate are added over a period of one hour. Heat 
ing is continued for about 4.5 hours, during which time 
12.5 parts of water are added to replace that lost by evap 
oration. During the heating, the product becomes very 
thick and viscous and tends to climb up the stirrer shaft 
and stick to the walls of the vessel. Because of these 
di?iculties, it is of non-uniform appearance and composi 
tion.’ Upon completion of the heating period the product 
is dehydrated by heating to about 165° C., after which it 
is diluted with 100 parts of 90 neutral oil and is ?ltered. 
The ?ltration operation is rendered di?icult by the fact 
that the product takes the form of a thin gel which clogs 
the interstices of the ?ltering medium. The ?nished prod 
uct has a base number of only about 5.12. 
A second 100-part portion of the phosphorus- and sul 

fur-containing copolymer is admixed with 25 parts of 
nonyl phenol, and is then treated with barium hydroxide 
as described above. Throughout the operation, the reac 
tion mixture remains quite ?uid and presents no di?iculties 
in ?ltration. The ?nished product has a base number of 
about 25. When 35 parts of the nonyl phenol are em 
ployed, the ?nished product has a base number of about 
26, and if 50 parts of the phenol are employed the base 
number of the product is ‘about 30. Substantially the 
same results are obtained when tert-butyl phenol is em 
ployed instead of nonyl phenol. 
A 54-hour Chevrolet engine test on a lubricating oil 

containing 4% of the additive prepared by neutralizing 
with 17.5 parts of barium hydroxide pentahydrate in the 
presence of 25 parts of nonyl phenol in a neutral oil of 
SAE 10W grade gives the following results: 

Piston rating 95 
Varnish ‘rating 91 
Sludge rating 83 

For comparison, in the same test the base oil gives the 
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following results after 39 hours when the test was dis 
continued: 

Piston rating. , 43 
Varnish rating ______________________________ _... 63 

Sludge rating _______________________________ __ 39 

For further comparison, a sample of base oil contain 
ing 12% of Paratone N was tested in the Chevrolet en 
gine. Paratone N, which is a commercial additive, was 
added in order to make the viscosity and VI. of the base 
oil similar to that of the oil containing additive. The 
results were as follows: 

Piston rating- ____ _--- 44 

Varnish rating ______________________________ _.. 72 

Sludge rating _______________________________ __ 53 

Example 11 

A copolymer of 97 parts of isobutylene and 3 parts of 
isoprene is prepared using the conditions set forth in 
Example I. This copolymer with a molecular weight of 
about 10,000 is heated to vaporize a portion of the sol 
vent, mixed with 90 neutral oil and further heated to 
150° F. to drive on” all of the pentane solvent leaving a 
35% solution of copolymer in mineral lubricating oil. 
To 2,800 parts of the copolymer solution (980 parts of 

copolymer) is added 70 parts of phosphorus pentasul?de 
(7.1 parts per 100 parts of copolymer), and the mixture 
heated to 180° C. for about six hours. The product is 
?ltered and cooled. Substituting the above values in the 
equation: 

10,000X3X 7.1 
10,000 =21'3 Minimum alkyl phenol: 

Thus, at least about 21 parts of phenol are required for 
100 parts of P285 treated copolymer or 273 parts of the 
oil solution. 
To 273 parts of the above oil solution is added 40 parts 

of barium hydroxide pentahydrate and the mixture heated 
with stirring at 130° C. for one hour. During this heat 
ing, water is added at intervals to maintain small amounts 
of Water in the react-ion mixture. A total of about 12 
parts of water are used. The product is then heated to 
165° C. to expel water. At this time and in fact shortly 
after starting the heating in the presence of barium hy 
drate, the reaction mixture is in the form of a gel which 
is not dispersible in oil to produce a satisfactory lubri 
eating oil. 
A second 273-part portion of the oil solution of the 

phosphosulfurized product is treated in the same manner 
as above, eXcept that .15 parts of nonyl phenol is added 
to the phosphosulfurized product prior to treatment with 
barium hydrate. This product also forms a gel and is 
unsatisfactory. 
A third 273-part portion is treated in the same manner 

except that 25 parts of nonyl phenol are used. In this 
case, the reaction product remains ?uid and does not gel. 
Approximately 20 parts of the above concentrate pre 

pared with 25 parts of nonyl phenol is dissolved in 80 
parts of 90 neutral oil and the product tested in the Chev 
rolet test engine for 54 hours with the ‘following results: 

Piston rating _________________________________ _.. 90 

Varnish rating _______________________________ _.- 85 

Sludge rating ________________________________ __ 80 

Example Ill 

Example II is repeated up to the neutralization with 
barium hydrate using a 98 to 2 copolymer of isobutylene 
and isoprene having an average molecular weight of 50, 
000. 
According to the equation set forth herein, a minimum 
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of 71 parts of alkyl phenol is required. Neutralization 
is carried out with 75 parts of barium hydrate and 72 
parts of nonyl phenol following the teaching of Example 
I, except that additional oil was added to give a 25% 
solution. This product is ‘free of gelation and is readily 
?lterable and dispersible in mineral oil. This concen 
trate containing about 30% of neutralized copolymer has 
a base number of about 50. 
A lubricating oil containing 10% of this concentrate 

gives the following results in the 54-hour Chevrolet test: 

Piston rating _________________________________ __ 95 

Varnish rating _______________________________ .._ 87 

Sludge rating ________________________________ __ 76 

This example, repeated using octyl phenol in place of 
nonyl phenol, gives substantially similar results. 

Su?icient of this latter concentrate is added to 89 V.I. 
mineral lubricating oil of SAE 10 grade to give an oil 
containing 6% of the superbased additive. A 54-hour 
Chevrolet engine test shows the ‘following: 

Piston rating _________________________________ __ 93 

Varnish rating _______________________________ __ 88 

Sludge rating ________________________________ __ 84 

Example IV 

To 100 parts of a copolymer of 99.5 parts of isobutyl 
ene and 0.5 part of isoprene having an average molecu 
lar Weight of 140,000 is added 100 parts of 90 neutral oil, 
and the resulting solution is reacted as described in Ex 
ample -I with 5 parts of P255. This product is further 
diluted with an additional 200 parts of 90 neutral oil to 
give a 25% (approximate) concentrate of P2S5-copoly 
mer. 

According to the equation, a minimum of 35 parts of 
alkyl phenol is required to prevent gelation during neu 
tralization. Thus 

Neutralization with 40 parts of barium hydrate per 
100 parts of P2S5-copolymer (approximately 400 parts 
of the oil concentratelin the presence of 25 parts of 
nonyl phenol results in a very heavy, almost rubbery gel. 

Repeating the above with 40 parts of nonyl phenol re 
sults in an entirely satisfactory product that is ?lterable 
to give a clear, bright, non-gelled concentrate. 
A lubricating oil containing 8% of the oil concentrate 

in a base oil consisting of 25% of 300 neutral oil and 
75% of 90 neutral oil gives the following test results in 
the Chevrolet engine: 

Piston rating _________________________________ _.- 92 

Varnish rating _______________________________ __ 87 

Sludge rating__ _-.. 81 

Example V 

To 100 parts of a copolymer of 99 parts of isobutylene 
‘and 1 part of isoprene having an average molecular weight 
of 12,000 is added 100 parts of 90 neutral oil, and the 
resulting solution reacted with 4 parts of phosphorus 
pentasul?de per 100 parts of copolymer. The tempera 
ture is maintained at about 180° C. for 5 hours and the 
product is ?ltered and cooled. According to the equation 
set vforth herein in order to prevent gelation during neu~ 
t-ralization at least about 4.8 parts of alkyl phenol are 
required. 

Neutralization and superbasing is carried out using 15 
parts of barium hydrate and 5 parts of nonyl phenol per 
100 parts of the phosphosulfurized copolymer. Neutrali 
zation takes place without gel formation. 
A lubricating oil prepared by dissolving 10% of the 
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above product in an SAE 10 mineral lubricating oil of 84 
V.I. gives the following results in a Chevrolet engine test: 

Piston rating _ 89 
Varnish rating 86 
Sludge rating 81 

Example VI 

Example V is repeated, except that in place of barium 
hydrate, calcium hydroxide is employed in substantially 
equivalent amounts. During the neutralization small 
amounts of water are added at intervals in order to main 
tain water in the reaction mixture. After completion of 
the reaction at about 135° C., the temperature is increased 
to 165° C. in order to vaporize water ‘from the reaction 
product. I , 

A lubricating oil prepared by dissolving 8% by weight 
of the above product in a mineral oil such as employed 
in Example V gives the following test results: 

Piston rating ____ __ 88 

Varnish rating 84 
Sludge rating- 80 

Example VII 

To 100 parts of a copolymer of 98 parts of isobutylene 
and 2 parts of isoprene having an average molecular 
weight of 40,000 is added 100 parts of 90 neutral oil, 
and the resulting solution is reacted as described in EX 
amp'le I with 5 parts of P255. This product is further 
diluted with su?icient 90 neutral oil to give a concentrate 
containing 25% by weight of the phosphorus- and sul 
‘fur-containing copolymer. The minimum quantity of 
alkyl phenol necessary to prevent gelation during neu 
tralization calculated from the equation herein is 40. 
To 400 parts of the ‘above solution (100 parts of the 

v PzSg-copolymer) is added 35 parts of barium hydrate 
‘and 50 parts of nonyl phenol, vand the reaction mixture 
is heated and stirred ‘for approximately four hours at 
135 ° C. At the end of this period, the product is ?ltered. 
No gelation occurred during its preparation. 
"A lubricating oil is prepared by dissolving 20 parts of 

the above concentrate in 100 parts of mineral lubricating 
oil. This oil gives the following results in the Chevrolet 
engine test: 

Piston rating 94 
Varnish rating I 86 
Sludge rating 83 

To another similar portion (20 parts) of the concen 
trate prepared above is added one part of a commercial 
zinc dialkyl dithiophosphate which consists of approxi 
mately 75% to 80% of the phosphate in mineral lubri 
cating oil and 100 parts of mineral lubricating oil. This 
particular thiophosphate is obtainable on the market un 
der the designation “Lubrizol 1060.” Upon adding the 
thiophosphate' a precipitate occurs in the oil which is 
dif?cult to remove by ?ltration. ' 
A portion of the above oil concentrate of the phos 

phosulfurized copolymer is diluted with 100 parts of 
mineral lubricating oil and heated to 130° C. and blown 
with carbon dioxide for a period of three hours. Fol 
lowing this treatment one part of Lubrizol 1060 is added, 
and the resulting product is clear with no evidence of in 
solubility or precipitation of insoluble materials. This 
product gives the following results in the Chevrolet en 
gine test: . 

Piston rating____._ 7 89 
Varnish rating_.,.___ 84 
Sludge rating 82 

Example VIII 

The v‘phosphorus- and sulfur-containing copolymer of 
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Example VII is neutralized with strontium hydrate in 
place of barium hydrate as described in ExampleVII. 
Lubricating oils prepared from thisoil concentrate be 
fore and after blowing with CO2 as described in the same 
example, and with and without the presence of Lubrizol 
1060, are tested in the Chevrolet engine with the follow 
ing results: 

Piston Varnish Sludge 
Rating Rating Rating 

No C 0; treatment __________ _ - 95 89 84 
Treated with CO2 __________ _. 94 88 85 
Treated with CO2 and containing 1% of 
Lubrizol 1060 _______________________ -- 94 89 83 

,, The presence of the zinc dialkyl dithiophosphate is ob 
served to have little, if any, effect on the detergency or 
dispersancy of the ?nished oil. 

Example [X 

To 100 parts of a copolymer of 98 parts of isobutylene 
and 2 parts of isoprene and having a molecular weight 
of 30,000 is added 200 par-ts of 90 neutral oil and the 
resulting solution reacted with 7 parts of P2S5 under con 
ditions described herein. This product contains approxi 
mately 35% by weight of the phosphorus- and sulfur 
containing copolymer. From the equation set forth here 
in, a minimum of 42 parts of alkyl phenol. is required to 
prevent gelation during neutralization and superbasing. 
One portion of the above product containing 100 parts 

of the phosphorus-' and sulfur-containing copolymer is 
neutralized with the theoretical quantity of sodium hy 
droxide, and then further reacted with 40 parts of barium 
hydrate after adding 50 parts of ‘nonyl phenol. The 
product is free from any tendency to gel and when added 
to mineral lubricating oil in quantities greater than about 
2% to 3%, imparts the desired high detergency and high 
dispersancy characteristics. Also it imparts improved 
V.I. characteristics. 
The foregoing neutralization step is repeated using 

lithium hydroxide in place of sodium hydroxide. This is 
followed by treatment with barium hydrate and 50 parts 
of nonyl phenol as described above. The product is 
similar in characteristics to the product obtained with 
sodium hydroxide and lubricating oils prepared therefrom 
have all of ‘the desired characteristics. 

Example X 

A 41% pentane solution of a 98 to 2 copolymer of 
isobutylene and isoprene of 20,000 molecular weight is 
prepared according to the teaching of Example I. To 
3,218 parts of this solution is added 1,270 parts of 90 
neutral oil and the pentane is removed by distillation. 
To this oil solution is added 63.5 parts of P2S5, and the 1 
mixture is heated at 185° C. for 5 hours. The product 
is then diluted with an additional 1,270 parts of 90 neu 
tral oil and the product ?ltered. To 3,659 parts of the 
above ‘product, containing about 1,280 parts of phos 
phorus- and sulfur-containing copolymer, is added 1,219 
parts of 90 neutral oil, 305 parts of nonyl phenol (24 parts 
per 100 parts of the P2S5-copolyrner) and 427 parts of 
barium hydroxide pentahydrate. The base is added'over 
a period of 1.75 hours at a temperature of 120° C. The 
product is heated an additional hour at this temperature 
and then dehydrated at 165° C. and ?ltered. Follow 
ing this treatment, carbon dioxide is blown into the prod- I 
not for 21/2 hours at 100° C. 
A lubricating oil is prepared by dissolving 20% of the , 

above additive concentrate, one part of zinc dioctyl di 
thiophosphate and 0.9 part of Acryloid 710, a com 
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mercial methacrylate polymer, in 53.1 parts of 90 neu 
tral oil ‘and 25.0 parts of 300 neutral oil. This oil has 
a viscosity at 100° F. of 337 SSU and at 210° F. of 64.3 
SSU with a viscosity index of 137. 
The Chevrolet engine test run on this oil for a period 

of 96 hours gives the following results: 

Piston rating. ____ ___ 76 
Varnish rating __._ 86 
Sludge rating ____ 61 

Example XI 

A 97 to 3 copolymer of isobutylene and isoprene hav 
ing an average molecular weight of 15,000 is prepared 
following the teaching of Example I. To 3,620 parts of 
a 31% solution of this copolymer in pentane is added 
1,122 parts of 90 neutral oil, the pentane distilled off, 
and 56.1 parts of P285 is added. The mixture is heated 
at 185° C. for 5 hours, diluted with an additional 1,122 
parts of 90 neutral oil and ?ltered. To 3,197 parts of 
the above concentrate is added 1,066 parts of 90 neutral 
oil, 266 parts of nonyl phenol and 373 parts of barium 
hydroxide pentahydrate. The base is added at 120“ C. 
over a period of 11/: hours, and heating is continued for 
an additional 1 hour, following which the mixture is de~ 
hydrated at 165° C. and ?ltered. The product is blown 
for two hours with CO2 at 100° C. 
A lubricating oil is prepared from the above additive 

concentrate by dissolving 20.0 parts of the concentrate, 
3.0 parts of Paratone N and 1.0 part of zinc dioctyl di 
thiophosphate in 51 parts of 90 neutral oil and 25 parts 
of 300 neutral oil. The resulting oil has Saybolt Uni 
versal viscosity at 100° F. of 368 and at 210° F. of 
65.3, giving a viscosity index of 132. This product has 
a base number of 5.64. 

In the 96-hour Chevrolet engine test the following 
results are obtained: 

Piston rating ________________________________ __ 73 
Varnish rating ______________________________ __ 84 

Sludge rating _______________________________ __ 75 

Example XII 

For purposes of comparison with the additives pre 
pared from copolymers, the following preparation was 
carried out. Using the apparatus described in Example 
I, isobutylene and pentane are introduced into the coil 
at rates of about 400 parts and about 1,300 parts per 
hour, respectively. The catalyst consisting of a mixture 
of one part of boron tri?uoride and 20 parts of propane 
is introduced at a rate of about 1.5 parts per hour. The 
temperature of the reaction mixture is maintained at 
about —65° C. to —75° C., and the reaction time is 
about 1.5 minutes. The product collected in the receiver 
is a pentane solution of about 23% concentration of an 
isobutylene polymer having an average molecular weight 
of about 100,000. This solution is concentrated to about 
35% by distilling off a portion of the solvent. 

Approximately 4,000 parts of the 35 % polyisobutylene 
solution is then diluted with 1,400 parts of 90 neutral oil, 
and is heated to about 150° C. and blown with nitrogen 
to remove the pentane solvent. Without reducing the 
temperature, 70 parts of phosphorus pentasul?de are 
gradually added to the solvent-free product, and the tem 
perature is increased to about 180° C, and held there for 
about six hours while blowing with nitrogen. The 
phosphorus- and sulfur-containing reaction product so 
obtained is then ?ltered hot and allowed to cool. 

100 parts of the reaction product so obtained is ad 
mixed with 10 parts of n-hexyl phenol and is heated with 
stirring to about 135° C., after which there is then added 
17.5 parts of barium hydroxide pentahydrate over a 
period of about one hour. Heating is continued for 
about four hours, during which time about 13 parts of 
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16 
water are added to the reaction mixture to replace the 
Water lost by evaporation. The product is then dehy 
drated by heating to about 165° C., after which it is 
diluted with about 100 parts of 90 neutral oil and ?ltered 
through diatomaceous earth to obtain a ?nished additive 
concentrate. This concentrate contains approximately 
25% by weight of additive and has a base number of 22. 
A lubricating oil containing 18% of the above additive 

concentrate su?icient to impart an additive concentration 
of 4.5% of additive is prepared using a solvent-treated 
and dewaxed Western paraf?nic mineral lubricating oil 
of 89 V1. Engine tests in the Chevrolet tests engine for 
54 hours show: 

Piston rating ________________________________ __ 92 

Varnish rating ______________________________ __ 87 
Sludge rating ___ 65 

Another 100 parts of the phosphosulfurized product is 
neutralized with the equivalent amount of barium hy~ 
droxide in the absence of phenol. After neutralizing the 
product is heated to 165° C. to remove Water, diluted 
with 90 parts of 90 neutral oil and ?ltered to obtain a 
?nished additive concentrate. 
A lubricating oil is prepared by incorporating 12% of 

the additive concentrate in solvent treated and dewaxed 
Western paraf?nic mineral lubricating oil. The ?nished 
oil, which has a viscosity at 100° F. of 304 SSU, 65.5 
SSU at 210° F., and a V.I. of 146, shows the following 
test results in the Chevrolet engine: 

Piston rating _______________________________ __ 90 
Varnish rating ______________________________ _. 84 

Sludge rating _______________________________ __ 63 

It will be observed that tests on the two oils described 
in this example show that piston and varnish ratings are 
similar to the ratings obtained with oils containing the 
additives of this invention, but sludge ratings are far 
lower, i.e., 65 and 63, respectively. 

Example XIII 

For purposes of comparison, the two lubricating oils 
described in Example XII are run in the Chevrolet test 
engine for 96 hours. These oils contained isobutylene 
polymer reacted with P285 and then neutralized with and 
without the use of phenol. The oil containing the reac 
tion product neutralized in the presence of phenol shows 
the following: 

Piston rating ________ _, ______________________ .._ 72 

Varnish rating ______________________________ __ 80 

Sludge rating _______________________________ __ 34 

The oil containing additive neutralized in the absence 
of phenol shows the following: 

Piston rating _______________________ ____, _____ __ 70 

Varnish rating _______________________________ __ 76 
Sludge rating _______________________________ __ 28 

Example XIV 

A series of copolymers prepared following the teach 
ing herein are treated with P285 and neutralized using 
barium hydrate and nonyl phenol. ‘In each case sul? 
cient mineral lubricating oil is added to produce an addi 
tive concentrate containing 25% by weight of the addi 
tive. The mineral lubricating oil consisted of 90 neutral 
oil. In each case the additive concentrate is blown with 
CO2 for two hours at 100° C. 

Data with respect to the molecular weight and isoprene 
content of the copolymer, the amounts of P2S5 and 
barium hydrate employed, the calculated amount of nonyl 
phenol required to prevent gelation and whether or not 
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gel formation occurred is presented in the following tabu 
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I obtain an acidic phosphorus- and sulfur-containing prodQ ' 
net; ('2) further reacting said acidic product with between 

TABLE 1 

Copolymer Calculated 
Additive ’ Nonyl Barium Nonyl 
Concen- P185, Phenol, Hy- Phenol Gel 
trate Molecular Iso- percent percent drate, Re- Formation 
No. Wt. prone, percent quired, *1 

percent percent 

20,000 2 5 25 35 20 No. 
50,000 1 5 25 35 25 No. 
60, 000 1 5 25 35 30 Yes. 
35, 000 1. 5 5 25 35 26 Slight 
60,000 1 5 75 75 30 N0. 
60, 000 1 10 100 100 60 No. 
50, 000 1 10 50 70 50 N0. 
50, 000 1 10 40 70 50 Yes 

130, 000 1 5 75 75 65 No. 

e These calculations are made using the equation: 

mol. wt. isoprenexPesr 
10,000 

Lubricating oils are prepared from some of the additive 
concentrates described above and the resulting oils tested 
in the Oldsmobile light duty detergency test. The lubri: 
cating oil employed in preparing the ?nished oil is a mix 
turevof 90 neutral oil and 300 neutral oil in such propor 
tions that the ?nished oil, containing additive concentrate, 
contains one pant of 90 neutral oil to three parts ‘of 300 
neutral oil. Supplemental additives are added to many 
of the oils; however the e?ect of these additives alone are 
also determined for purposes of comparison. 
Data concerning the amount and numberot the additive 

concentrate used; the base number of the ?nished oil; the 
amounts and proportions of supplemental additives; and 
the results of the Oldsmobile engine tests, are presented in 
the following tabulation: 

Minimum alkyl phenol= 

30 

about 1.5 and about 3.5 chemical equivalents of an alka 
line earth metal base in the presence of between about 5 
and about 100 parts of an alkyl phenol containing be 
tween about 4 and about 10 alkyl carbon atoms per 100 

25 parts of said acidic product, the amount of said alkyl 
phenol being at least that amount represented by the 
equation: . ' ’ 

Minimum alkyl phenol _ v ,- ' 

__mol. Wt. >i<isoprenie§<iphosphorus sul?de 
10,000 

where “alkyl phenol” is expressed in parts per 100 parts 
of said acidic product, “mol. wt.” is the average molecular, 
weight ‘of the copolymer, “isoprene”,represents the parts a 

35 of isoprene per 100 parts of copolymer, and “phosphorus 

TABLE 2 

Additive Supplemental Additives Oldsmobile 
Engine Test 

' ‘ Results 

Lubricating ' " Base No., Lubrlzol Acryloid ‘1 
Oil, No. Percen MgKOH/g. 1060,b 

No.e by wt. percent Piston Sludge 
by wt. Percent No. Rating Rating 

by wt. 

_ _ 0. 5 0.9 710 39 42 
_. __ 1.0 5. 8 917 79 54 
1 20 4. 6 0. 5 0.9 710 88 91 
2 12 2. 4 0. 5 0.9 710 82 83 
4 12 2. 8 0. 5 0.9 710 82 75 
7 6.0 2.6 1. 0 3.0 917 89 81 
9 10 5.2 1. 0 92 73 

a See Table 1 for additive description. 
b A commercial zinc dialkyl dithiophosphate. 
c Acrylold 710 and 917 are described hereinnbove. 
<1 Base oil contained 19% 90 neutral, 60% 300 neutral, and 21% 150 Bright Stock. 

Other modes of applying the principle of our invention 
may be employed instead of those explained, change being 
made as regards the methods or materials employed, pro 
vided the compositions stated‘ by any of the following 
claims, or the equivalent of such stated compositions, be 
obtained. I ‘ , 

In the following claims, “parts” in all cases is to be in 
terpreted as meaning parts by weight. ' ' 
We claim: ' l 

1. A lubricating oil additive composition adapted to be 
diluted with mineral lubricating oil to produce a lubri 
cating oil composition having high viscosity index, de 
tergent, dispersant and anticorrosion characteristics, said 
additive composition consisting essentially of mineral lub 
ricating oil containing between about 15% and about 5 0% 
by weight of a product prepared by (l) reacting‘ 100 parts 
of an isobutylene-isoprene copolymer having an average 
molecular weight between about 10,000 and about 150, 
000 and containing between about 0.5 and about 5 parts 
of isoprene per 100 parts of copolymer, with between 
about 1 part and about 10 parts of a. phosphorus sul?de at 
a temperature between about 90° C. and about 260° C. to 

sul?de” represents parts of phosphorus sul?de per 100 
55 parts of copolymer. 

2. A lubricating oil additive composition according to 
claim 1 in which said isobutylene-isoprene copolymer has 
an average molecular weight of between 20,000; and'80,— 
000. 

60 3. A lubricating oil additive composition according’ to 
claim 1 in which the metal of said alkaline earth metal 
base is barium. ' y * ~ ' > 

' 4. A lubricating oil "additive composition according to 
claim 1 in which said phosphorus sul?de is phosphorus 

65 pentasul?de. 
5. A lubricating oil'additive composition adapted‘ to 

be diluted with mineral lubricating oil to produce a lubrie 
eating oil composition having high viscosity index, deter-, 
gent, dispersant and anticorrosio-n characteristics, said 

70 additive composition consisting essentially of a mineral 
lubricating oil containing between about 15% and about 
50% by weight of a product prepared by reacting an 
alkaline earth metal base with a neutralized phosphorus 
and sulfur-containing reacting product, said neutralized 

75 reaction product having been neutralized with .a metal 
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base selected from the class consisting of alkali and alka 
line earth metal bases, said reaction product being ob 
tained by reacting, at a temperature between about 90° 
C. and about 260° C., between about 0.01 and 0.1 part 
of a phosphorus sul?de with 1.0 part of an isobutylene 
isoprene copolymer containing between about 0.5 and 
about 5 parts of isoprene per 100 parts of copolymer, said 
copolymer having an average molecular weight between 
about 10,000 and about 150,000, said reaction product 
being characterized by ability to enhance the viscosity 
index, detergent and dispersant characteristics of mineral 
lubricating oils, and the said reaction between said alka 
line earth metal base and said neutralized phosphorus 
and sulfur-containing reaction product being effected in 
the presence of between about 5 parts and about 100 
parts, per 100 parts of copolymer-phosphorus sul?de re 
action product, of an oil-soluble alkyl phenol containing 
from 4 to 10 side-chain carbon atoms and with between 
about 0.5 and about 2.5 ‘acid equivalents of said base 
being provided per acidequivalent of said reaction prod 
uct, said amount of alkyl phenol, expressed in parts per 
100 parts of the copolymer-phosphorus sul?de reaction 
product, being at least that amount represented by the 
equation: 

Minimum alkyl phenol 
__mol. wt.><isoprene><phosphorus sul?de 

10,000 

where "mol. wt." is the average molecular weight of the 
copolymer, “isoprene” represents the parts of isoprene per 
100 parts of copolymer, and “phosphorus sul?de" repre 
sents the parts of phosphorus sul?de per 100 parts of the 
copolymer. 

6. A lubricating oil additive composition adapted to 
be diluted with mineral lubricating oil to produce a lubri 
cating oil composition having high viscosity index, deter~ 
gent, dispersant and anticorrosion characteristics, said 
additive composition consisting essentially of mineral 
‘lubricating oil containing between about 15% and about 
50% by weight of a product prepared by (1) reacting, at 
a temperature between about 90° C. and about 260° C. 
100 parts of an isobutylene-isoprene copolymer having 
an average molecular weight between about 10,000 and 
about 150,000 and containing between about 0.5 and 
about 5 parts of isoprene per 100 parts of copolymer, with 
between about 1 part and about 10 parts of a phosphorus 
sul?de to obtain an acidic phosphorus- and sulfur-contain 
ing product; (2) further reacting said acidic product with 
‘between about 1.5 and about 3.5 chemical equivalents of 
an alkaline earth metal base in the presence of between 
about 5 and about 100 parts of an alkyl phenol containing 
between about 4 and about 10 alkyl carbon atoms per 
100 parts of said acidic product, the amount of said alkyl 
phenol being at least that amount represented by the 
equation: 

Minimum alkyl phenol 
__mol. wt.><isoprene><phosphorus sul?de 

10,000 

where “alkyl phenol” is expressed in parts per 100 parts 
of said acidic product, “mol. wt.” is the average molecu 
lar weight of the copolymer, “isoprene” represents the 
parts of isoprene per 100 parts of copolymer, and “phos 
phorus sul?de” represents parts of phosphorus sul?de per 
100 parts of copolymer; and (3) blowing carbon dioxide 
through the product of step (2) for a period of about 
one to about four hours at a temperature of about 80° 
C. to about 150° C. 

7. A lubricating oil additive composition adapted for 
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addition to mineral lubricating oil to produce a lubricat 
mg oil composition having high viscosity index, deter 
gent, dispersant and anticorrosion characteristics, said ad 
ditive composition consisting essentially of a product pre 
pared by (1) dissolving in a mineral lubricating oil an 
acidic phosphorus- and sulfur-containing product obtained 
by reacting an isobutylene-‘is'oprene copolymer containing 
between about 0.5 and 5 parts of isoprene per 100 parts 
of copolymer, said copolymer having an averagemclecu~ 
lar weight between about 10,000 and about 150,000, with 
between about 1 and about 10 parts of phosphorus penta 
sul?de per 100 parts of copolymer, at a temperature be 
tween about 90° C. and about 260° C., said phosphorus 
and sulfur-containing product when neutralized being 
characterized by its ability to enhance the viscosity index, 
detergent, and dispersant characteristics of mineral lubri 
cating oils; (2) adding to the solutionv so obtained be 
tween about 5 and about 100 parts per 100 parts of said 
phosphorus~ and sulfur-containing product contained 
therein, of an oil-soluble alkyl phenol containing from 4 
to 10 side~chain carbon atoms; (3) heating the resulting 
composition with between about 1.5 and about 3.5 acid 
equivalents of barium hydroxide pentahydrate per acid 
equivalent of said phosphorus- and sulfur-containing prod 
net present, said heating being effected at a temperature 
between about 100° C. and about 180° C. over a period 
from about 2 to about 8 hours; (4) treating the resultingr 
product with carbon dioxide at such temperataure and for 
such length of time that substantially no precipitate 
forms upon admixing the treated product with a metal 
dialkyl dithiophosphate; and (5) diluting the product so 
obtained with su?icient mineral lubricating oil to obtain 
a composition containing between about 15% and about 
50% by Weight of the neutralized phosphorus- and sulfur 
containing product; the amount of alltyl phenol added in 
step (2) being at least that amount represented by the 
equation: .. _ . .. .. .. . _ 

mol. wt. ><isoprene >< P555 
10,000 

Minimum alkyl phenol== 

where “alkyl phenol” is expressed in parts per 100 parts 
of copolymer-P2S5 reaction product, “mol. wt.” repre 
sents the average molecular 'weight of the copolymcr, 
“isoprene” represents the parts of isoprene per part of co 
polymer, and “P285” represents the parts of phosphorus 
sul?de per 100 parts of'copolymer. 

8. A lubricating ‘oil composition consisting essentially 
of a mineral lubricating‘ oil having dissolved therein sufr'u 
cient of a composition of claim 1 to enhance substantially 
the viscosity index, detergent, dispersant and anticorrosion 
characteristics of said oil. 

9. A lubricating oil composition consisting essentially 
of a mineral lubricating oil having dissolved therein suffi 
cient of a composition of claim 2 to enhance substan~ 
tially the viscosity index, detergent, dispersant and anti 
corrosion characteristic of said oil. 

10. A lubricating oil composition consisting essentially 
of a mineral lubricating oil having dissolved therein sut?~ 
cient of a composition of claim 3 to‘ enhance substantially 
the viscosity index, detergent, dispersant and anticorrosion 
characterstics of said oil. 

11. A lubricating oil composition consisting essentially 
of a mineral lubricating oil having dissolved therein sutli~ 
cient of a composition of claim 6 to enhance substantially 
the viscosity index, detergent, dispersant and anticorrosion 
characteristics of said oil. 1 

12. A lubricating oil composition consisting essentially 
of a mineral lubricating oil having dissolved therein su?i 
cient of a composition of claim 7 to enhance substantially 
the viscosity index, detergent, dispersant and anticorrosion 
‘characteristics of said oil‘. '_ _ > s - i 

13. A lubricating oil composition consisting essentially 



v 

3,003,959 
21 

of a mineral lubricating oil having dissolved therein suf? 
cient of a composition of claim 6 to enhance substantially 
the viscosity index, detergent, dispersant and anticorrosion 
characteristics of said oil, and between 0.2% and 2% by 
weight of zinc dialkyl dithiophosphate. 

14. A lubricating oil composition consisting essentially 
of a mineral lubricating oil having dissolved therein su?i 
cient of a composition of claim 7 to enhance substantially 
the viscosity index, detergent, dispersant and anticorrosion 

characteristics of said oil, and between 0.2% and 2% by 
22 

weight of zinc dialkyl dithiophosphate. 
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