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This is a division application of my copending applica 
tion Serial No. 540,159, filed October 12, 1955. 
This invention relates to the improvement of the vis 

cosity index, detergency, and depression of the pour point 
of oleaginous compositions including lubricating oils, 
greases, power transmission fluids, and shock absorber 
fluids, which are characterized by a boiling point in excess 
of 400° F. and a flash point in excess of 200 F. More 
particularly, the invention embraces lubricating oils, 
greases, power transmission fluids, and shock absorber 
fluids, of the aforementioned type, which contain vis 
cosity index improving amounts of substantially oil com 
patible hydrocarbonaceous condensation products formed 
by contacting a hydrocarbon starting material having a 
molecular weight in excess of about 500 while at a temper 
ature of at least about 400 F., for example, about 400 
F. to about 600 F., with a free oxygen-containing gas. 
The wide use of automobiles, aircraft, and other types 

of machines and apparatus, which are operated through 
widely varying temperature ranges requires lubricating 
oils, greases, power transmission fluids, and shock ab 
sorber fluids which have a boiling point in excess of 400 
F. and a flash point in excess of 200 F., and which are 
further attended by superior viscosity-temperature char 
acteristics. Materials known to the art to have the neces 
sary boiling and flash points, such as mineral oil frac 
tions, demonstrate excessive variations in viscosity with 
temperature. Ideally, the viscosity of lubricating oils, 
power transmission fluids, and shock absorber fluids, would 
be substantially constant throughout wide ranges of tem 
perature. The art has, therefore, sought to combine 
appropriate additives with lubricating oils, greases, power 
transmission fluids, and shock absorber fluids, to improve 
the viscosity index thereof. 

It is a primary object of this invention to provide com 
pounded lubricating oils, greases, power transmission 
fluids, and shock absorber fluids of improved viscosity 
index. 

It is an additional object of the invention to provide 
compositions effective as viscosity index improving agents 
and detergents for oleaginous compositions, such as 
lubricating oils, greases, power transmission fluids, and 
the like, which are resistant to oxidation. 

It is yet another object of the invention to provide 
lubricating oils, greases, power transmission fluids, and 
shock absorber fluids which are compounded with addi 
tive materials effective to simultaneously improve the 
viscosity index and depress the pour point thereof. 

In accordance with this invention, there are provided 
compounded oleaginous compositions including lubricat 
ing oils, greases, power transmission fluids, and shock 
absorber fluids having a boiling point in excess of 400 
F. and a flash point in excess of 200 F. containing a 
viscosity index improving amount of a substantially oil 
compatible hydrocarbonaceous condensation product hav 
ing a combined oxygen content not in excess of about 5% 
by weight, said condensation product being produced by 
contacting a hydrocarbon starting material having a 
molecular weight in excess of about 500, while at a tem 
perature of at least about 400° F., preferably about 425 
F., to 575 F., with a free oxygen-containing gas, for a 
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time period requisite to produce a final product effective 
in a concentration of about 10% by weight to increase 
the viscosity index of a 60 at 100 SUS standard base 
mineral oil derived from a paraffinic crude source at 
least 10 viscosity index units more than a like amount of 
the hydrocarbon starting material from which said con 
densation product is formed. 
The viscosity index improving agents of this invention 

are usually characterized by a ring and ball softening 
point, as measured by A.S.T.M. method E 28-42T, of 
more than about 80° F. Some viscosity index improving 
agents comprehended by the invention have a ring and 
ball softening point or viscosity too low to be effectively 
measured in accordance with the aforementioned pro 
cedure. Such materials are characterized by a viscosity 
of at least about 700 SUS at 210 F., preferably at least 
about 2000 to 5000 SUS at 210 F. and, in any event, a 
viscosity of at least about 500 SUS at 210 F. greater than 
the hydrocarbon starting materials from which the vis 
cosity index improving agents are produced. 
The substantially oil compatible hydrocarbonaceous 

condensation products which constitute the viscosity index 
improving agents of this invention appear to result from 
the chain reaction of free radical intermediates which 
are formed thermally or by the reaction of at least some 
of the molecules of the hydrocarbon starting materials 
with oxygen. The high molecular weight condensation 
products which are contemplated as viscosity index im 
provers by the invention contain a small amount, not in 
excess of 5% by weight of chemically combined oxygen 
and, therefore, are different in kind from products such 
as those resulting from the relatively low temperature air 
oxidation of paraffin waxes which, as the art has recog 
nized, are essentially highly oxygenated compounds, gen 
erally of relatively low molecular weight, such as car 
boxylic acids, hydroxycarboxylic acids, lactones, ketones, 
and the like. 
Any free oxygen-containing gas can be employed in the 

production of the viscosity index improving agents of 
the invention. Air is preferred. Substantially pure gase 
ous oxygen can be employed. Gaseous oxygen in com 
bination with diluents inert under the conditions, such 
as nitrogen, carbon dioxide, and the like, can be employed. 
The rate of supply of free oxygen-containing gas to 

the reaction mixture is not critical to the production of 
the viscosity index improving agents of the invention. 
Generally, the free oxygen-containing gas is passed through 
the condensation reaction mixture at a rate requisite to 
provide at least about 10 cubic feet of free oxygen per 
gallon of hydrocarbon starting material per hour. Pref 
erably, the free oxygen-containing gas is supplied to the 
reaction mixture at a rate of from about 11 to 27 cubic 
feet per hour per gallon of hydrocarbon starting material. 
The corresponding air rates are at least about 50 cubic 
feet of air per hour per gallon of hydrocarbon starting 
material, the preferred range being from about 55 to about 
135 cubic feet per hour per gallon of hydrocabron starting 
material. Reactive materials, such as chlorine, hydrogen 
chloride, phosphorus pentoxide, and like materials, which 
serve as activators can appropriately be introduced into 
the reaction mixture in conjunction with the free oxygen 
containing gas. Conventional catalysts known to the art, 
such as the metal naphthenates, including cobalt naphthe 
nate, can be employed, if desired. 
The reaction time alone is not a critical aspect of the 

process for the production of the viscosity index im 
provers of the invention, the condensation process being 
continued for a time period requisite to produce a product 
having the previously defined characteristics. In some 
types of equipment, the process is completed in about 
5 to 15 hours. In other types of equipment, and with 
variations in starting materials, 10 days or more may be 

  



3,243,424 
3 

required. The required reaction time is a function of the 
temperature at which the condensation process is effected, 
the rate of supply of free gaseous oxygen to the reaction 
mixture, and the rate at which the heat of reaction is 
dissipated. 
The hydrocarbon starting materials which are employed 

in the production of the viscosity index improving agents 
of the invention must be characterized by an average 
ebullioscopic molecular weight of at least about 500, pref 
erably at least about 1000. An optimum average ebullio 
scopic molecular weight range is from about 1200 to 1700. 
The most appropriate starting materials for the produc 

tion of the viscosity index improving agents contemplated 
by the invention take the form of suitable fractions of 
crude oils. Appropriate fractions derived from crude oils 
of any source, including Pennsylvania crude oils, Mid 
Continent crude oils, West Coast crude oils, Canadian 
crude oils, and the like, can be employed. All types of 
crude oils, including paraffin base crude oils, asphalt base 
crude oils, and naphthenic crude oils provide Suitable 
sources from which petroleum fractions useful in the 
production of the viscosity index improving agents of the 
invention can be derived. 
While the invention contemplates the production of 

viscosity index improving agents from pure or substantially 
pure individual hydrocarbons, such materials do not con 
stitute optimum starting materials. It will be appreciated, 
however, that such pure hydrocarbons of appropriate 
molecular weight can be suitably employed. 
With respect particularly to fractions derived from 

Pennsylvania crude oils, it is preferred that the hydrocar 
bon starting materials from which the viscosity index im 
proving agents of this invention are produced be charac 
terized by a bromine number not in excess of 10. 

It is additionally preferred that hydrocarbons which 
are utilized as starting materials for the production of 
the viscosity index improving agents of the invention 
contain more than about 2 naphthenic rings per molecule, 
which rings can be individually integrated with the 
paraffinic chain portion of the hydrocarbon molecules or 
condensed with aromatic rings and/or with other naph 
thenic ring systems. It is also preferred that the hydro 
carbon starting materials contain an average of not more 
than about 50% aromatic carbons per molecule. Hydro 
carbons which contain an appreciable quantity of highly 
condensed ring systems, such as those hydrocarbons which 
are found in the phenol or furfural extracts of lubricat 
ing oils, are operable and are most appropriately em 
ployed as starting materials for the production of vis 
cosity index improving agents for synthetic lubricating 
oil compositions such as the diester oils. 

Additionally, it is preferred that the petroleum fractions 
from which the viscosity index improving agents of the 
invention are produced contain not more than about 10% 
of wax type materials. The wax content herein referred 
to is determinable by a procedure similar to that described 
under A.S.T.M. designation D-721-51T with the excep 
tion that methyl isobutyl ketone is employed to precipitate 
the wax, the sample size is reduced to 0.5 gram, and the 
determination is conducted at 0" F. While the starting 
materials which contain substantially more than 10% by 
weight of wax, as determined by this test, e.g., petrolatum 
which may reflect a wax content on the order of 40% by 
weight, can be employed in the production of the viscosity 
index improving agents of the invention, such materials 
are not preferred. Such materials can be best LiScd by 
blending with more desirable starting materials, such as 
the preferred petroleum fractions above described, in pro 
portions up to about 25% by weight of the total blend. 
Normal or vacuum distillation residual stocks and 

analogous fractions of paraffin base crude oils, such as 
Pennsylvania crude oils, are highly appropriate starting 
materials for the production of the viscosity index im 
proving agents employed in this invention. Hydrocar 
bons precipitated by conventional propane precipitation 
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4. 
processes from such residual stocks are particularly suit 
able. 

Further refinement of such propane precipitated, high 
molecular weight hydrocarbons, which include both light 
and heavy resin fractions, by extraction with furfural or 
phenol in conventional manner, yields a raffinate from 
which viscosity index improving agents of maximum ef 
fectiveness are produced. Conventional solvent extrac 
tion processes are utilized to obtain such raftinates. Such 
processes are well known to the prior art and are de 
scribed in detail, inter alia, in Industrial and Engineering 
Chemistry, 40, pages 220-227 (1948), and at pages 335 
336 of "Chemical Refining of Petroleum' by V. A. Kali 
chevsky and B. A. Stagner, Reinhold Publishing Co., 
1942. Generally, the degree of extraction should be such 
as to yield about a 70% to 85% raffinate. More drastic 
extraction, for example, to yield 50% to 60% raffinates, 
may be practiced to obtain still more desirable starting 
materials for the production of the viscosity index im 
proving agents of the invention. 
The most preferred starting material for the production 

of the viscosity index improving agents of this invention 
embraces a solvent extracted Pennsylvania crude oil frac 
tion having a molecular weight of from about 1200 to 
about 1700, a bromine number of not more than about 4, 
which is substantially wax and asphalt free, which con 
tains not more than about 5% by weight of hydrocarbon 
molecules containing more than 5 aromatic rings, and 
which consists primarily of hydrocarbon molecules con 
taining an average of from about 2 to about 7 naphthenic 
rings. 

In some environments, it may be desired to protect the 
viscosity index in proving agents of this invention against 
oxidation. In accordance with one feature of this inven 
tion, such protection is effected through chemical modifi 
cation of the hydrocarbonaceous condensation products, 
heretofore described, to produce non-equivalent materials, 
More specifically, the oxidation resistance of such con 
densation products is increased by further chemical treat 
ment to neutralize reactive groups and/or simultaneously 
build antioxidant properties into the molecular structure. 
Appropriate inorganic reagents for this purpose include 
PSs and elemental sulfur, which function to incorporate 
phosphorus, Sulfur, or a combination thereof, in the 
condensation products. Further, partial reaction of such 
condensation products with sulfur followed by reaction 
with aromatic amines and diamines, such as diphenyl 
amine, o-phenylenediamine, B-naphthylphenylamine, and 
the like, has been shown to reduce oxidation susceptibility 
of the viscosity index improving agents of this invention. 

Also, ammonia and polyalkylene polyamines derived 
from ethylene diamine, such as diethylene triamine, tri 
ethylene tetramine, tetraethylene pentamine, and the like, 
or mixtures thereof, are also suitable modification agents 
for the otherwise unmodified hydrocarbonaceous con 
densation products of the invention. 

Additionally, the various isocyanates which respond to 
the following formula: 

in which R is an alkyl group containing from 1 to 10 
Carbon atoms, and n is any integer from 1 to 3 inclusive, 
can be employed to modify the oxygen condensation 
products of the invention. Typical alkyl groups which 
are represented by R include methyl, ethyl, propyl, iso 
propyl, butyl, isobutyl, hexyl, octyl, decyl, and the like. 
R may also be aryl, including tolyl, phenyl, diphenyl 
methane, alpha-naphthyl, and the like, in the foregoing 
isocyanate formulae. 
As illustrated in the ensuing examples, the aforemen 

tioned inorganic and organic reagents are utilized, alone 
or in combination, by heating a mixture of the condensa 
tion product and the selected reagent or reagents at an 
appropriate temperature for a short period of time. In 
general, at least about 0.25% by weight, preferably about 
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0.25% to about 5.0% by weight of the organic or in 
organic reagents, or mixtures thereof, are employed, based 
on the weight of the condensation product. Such quan 
fitics generally afford an excess of the reagent, which is 
not objectionable. The time and crimperature of the re 
action is not critical, the chemical routineer having requi 
sitc skill to carry out the process. In general, a tem 
crature of from about 75 F. to about SOO. F. and a 

reaction time of at cast about 20 minutes, preferably 
from about 20 to 120 minutes, can be observed with sat 
isfactory results. In the case of certain of the organic 
reagents, temperatures must be controlled to prevent de 
composition. A preferred procedure is to convert by 
blowing the hydrocarbon fraction to a condensation prod 
lict having a ring and ball softening point somewhat be 
low. for example, 10 to 20 below the softcning point 
desircd in the final product, followed by reaction with 
thc ahove described rcagents to an extent requisite to 
raisc the ring and ball softening point to the ultimately 
desired value. 
inasmuch as many condensation products are readily 

workable only at relatively high temperatures, i.e., 350 
to 450 F., an alternative method for modifying such 
products is advantageously employed when reagents are 
tutilizcd which may be unstable at such high temperatures. 
Such atternative proccodure embraccs first blending the 
condensation product which is to be modified with the 
base stock in which it is to be ultimatcly utilized in 
appropriate proportions followed by the addition of a 
suitable quantity of rcagent. More spccifically, the con 
densation products may be mixed in proportions from 
about 20% to 50% by weight with the ultimate base 
stock in which thcy arc to be utilizcd. To the mixture 
so obtainct, there is then addict from about 1 to about 
5% by weight of the desircd reagents, bascd upon the 
condensation product, preferably in small proportions, 
under an atmospherc of nitrogen. The desired reaction 
is then c?l.ccted at a temperature of from about 175' F. 
to 275 F. Thc ultimate product so obtained is then 
admixed in appropriate concentration with additional 
quantitics of the basc stock employed. This proccdure 
is particularly applicable in the modification of the con 
densation product usc?ul as a viscosity index improver 
through utilization of such reagents as PS and the iso 
cyanates, as above dc?incid. 

Alternatively, the viscosity index improving agents of 
his invention and fluids containing such agents, may be 
inhibited against oxidation by incorporation thercinto of 
various antioxidant matcrials, including those known to 
the prior art. 

has bc.cn discovered that the compositions of this in 
vention constitute an excellcnt medium for bicnding with 
lubricating oils, various antioxidant and other materials 
which arc insoluble in oils alone and which, therefore, 
havchcrctofore been considered unsuitable for use in 
lubricating oil compositions. Typical of such antioxi 
dants is phicnothiazinc, and the substittitcd phcnothiazines 
responding to the following formula: 
(i) s 

t 

? 

R and R arc hydrogen or alkyl groups containing not 
marc than 10 carbon atoms including, by way of cxample, 
thosc various specific alkyl groups specified with respect 
to Formula . There can be from 0 to 4 such R sub 
stituents in cach aromatic nucleus. 

Prsuant to this aspect of thc invention, the conden 
sation products formed by contacting the hydrocarbon 
starting matcrials with a free oxygen-containing gns are 
first heated to above the softening point and the phcro 
liazinc or other antioxidant nr matcrial to bc incor 
porated is then blended thercwith, The blend so formed 
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is thereafter dissolved or dispersed in a lubricating oil, 
power transmission fluid, or the like, in conventional 
manner. Antioxidants, other than phenothiazines, which 
can be similarly employed, include ascorbic acid, low 
molecular weight dithiophosphatic esters, such as the zinc 
dithiophosphates of which the zinc salt of chyl dithio 
phosphoric acid is represeptative, aromatic amines, such 
as A-naphthylphenylamine, die-naphthyl amine, and the 
like. 

Also, there may be blended with the oils, power trans 
mission fluids, and the like, containing the viscosity index 
improving and pour point dcrressing agents of this in 
vention, antioxidants known to be useful in lubricating 
oil. Typical of such antioxidants are the various phe 
natics, dithiophosphatics, amincs, phenols, dithiocarban 
atcs, phosphites, and the like. It is the intent of this dis 
closure to cm brace such antioxidants generically. Since 
these materials are well known to the art, thcy will not 
be further enumerated herc. - 

Additional materials which can be incorporated into 
lubricating compositions through the mcdium of the vis 
cosity index improving agents of this invention include 
alkalinc carth carbonates, such as those of barium and 
calcium, the various alkaline earth oxidcs and hydroxides, 
boric acid, boric acid esters, and thc like, 

It will be appreciated that the condensation products 
disclosed as being uscful as viscosity index improving 
agents in this invention can bc cmployed in fuel oil matc 
rials to prevcnt the precipitation of solids thcrefrom as a 
result of the capability of such condensation products 
to suspcnd finely divided solids, A typical example is a 
blend of virgin distillate gas oil and catalytically cracked 
fict oil with 0.1% by weight of thc viscosity index in 
proving agent of Example I of this specification. 
Thc viscosity index inproving agents contemplated by 

this invention can bc operably employed in wide and 
effective proportions in all typics of mincrat oils, greases, 
power transmission fluids, shirck absorbcr fluids, and like 
materials, which are characticized by a boiling point in 
excess of 400' F. Specifically with respcct to lubricating 
oils and grcases, the viscosity index improving agents of 
the invention arc appropriately utilizcd in a concentration 
of at least about 1.0% by weight, preferably from about 
3.0% to about 5.0% by weight. 
Thc invention contemplates the usc of the viscosity 

indicx improving agents in all proportions effcctive to im 
nrove the viscosity of all olcasinous compositions hav 
ing a boiling point in cxcess of 400' F. and a flash point 
in cxcess of 200" F. including basic oils, grcascs, power 
transmission fittils, shock absorber fluids, and the like, 
in which they arc incorporated. Thc viscosity index im 
proving agents can bc employed in oils, greases, and 
power transmission fluids derived front Pennsylvania 
crude oils, Mid-Continent crude oils, asphalt base oits, 
and all other types of mineral oils, as well as synthetic 
oils, including particularly the synthetic estcr type oils, 
such as di-2-hexylethyl scbacate and di-2-ethylhexyl adi 
patc, and phosphonate oils, such as dibutyl diphospho 
natc, ctrabutyl tetramethylcne disphosphonate, and 
bis(2-cthylhexyl) 2-ethylhexyl phosphonate, Thc inven 
tion contenplates such olcaginous matcrials gencirically. 

EXAMPLE 
Separation front cylinder stock of 'icolas hydrocarlons 

for fasci in the preparation of viscosity inder improving 
agents 

About 75,000 grams of a cylinder stock derived by 
distillation from paraffin base Pennsylvania crude oil and 
characterizcd by a boiling point in excess of about 850 F. 
a noccular weight of about 750, a viscosity at 210" F. of 
225 SUS, an A.P. f. gravity of a hot 24.R. and a flash 
point (Cleveland Open Cup) of about 600 F. is mixcd 
with nropane heated to a temperature of about 190 F. 
and then coolcd to a temperature of about 65 F. The 
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cylinder stock-profane solution is thereafter trans?crred 
into a chilling tank where in the pressure is reduced to an 
cxtent requisite to volatilize sufficient propane to lower 
the temperature of the solution to about -20' F. to 
about t -50 F. Makeup propanc is added during the 
chilling orcration, such that the ratio of propane to cylin 
dkr stock is about 3 to 1 at the end of the chilling cycle. 
During the chilting cycle, pict rolatum iv piccipitated from 
the solution. The chilled cylinder stock-propane solution 
containing precipitated pctrolatum is transferrcd to a 
fitic? ?ced tank and thence passcd through an appropriatic 
fitter to e?cot removal of thc petrolatun from the chillcd 
solution. 

Propanc is addicd to the filtrate in an annotint sufficicnt 
to raise thc propane-cylinder stock ratio to about 10 to 1 
and the ten pcrature of the solution so obtaincod is cle 
watcd to about 50' F. to 80 F. whercupon about 
5,000 grains of high molecular weight viscous materials 

arc precipitatcd. These viscous materials still contain 
Some ropanc. 
Thc material so obtainca is then mixed at a tempcrature 

of about 130' F. to 35 F. with additional profane to 
increasc the propane-oil ratio to about 20 to t. The tem 
nerature of the resulting solution is lovercul to about 
100" F. whereupon about 6,000 grams of viscous hydro 
carhons are priccipitated. These materials after renoval 
of all residual propane arc dcsignatcd as heavy resins and 
arc characterized by a molecular weight of about 400, a 
viscosity of about 4100 SUS at 210" F., and a bromine 
numbcr of 3.7. 
The renaining oil-propanc solution is heatcd to about 

1SO' F. whicrcupon 9,000 grams of additional viscous 
hydrocarbons which are designated as light resins arc 
riccipitalcd. Any residual propanc is cnoved in a flash 
chamber. Thevc hydrocarbons arc characterizcd by a 
molecular weight of about 300, a viscosity of about 
150 SUS at 21 O' F., and a brominc number of about 4.0. 

Preparation of viscosity inder in proving agent 
About 9,000 grams of the vico is matcrials separated 

from the cylinder stock, in the manner above describcd 
and designatcd as light resin, and 1,000 grams of bright 
stock arc charget to suitable apparatus for air blowing 
and initially heated to a temperature of 500' F. Air is 
passcd through the mixture at a rate of about 60 cu. ft./ 
sal. Ahr, as thc tempcrature was raised. The air blowing 
is continued at about the sane rate for anproximately 8 
hours during which time the rcaction mixture is main 
tainc at a temperature of approximatcly 500 F. to pro 
duce a final product characterized by a ring and ball soft 
cning point of about 250 F. The hright stock referred 
to is a fraction of Pennsylvania para?fin base crude oil 
having a boiling point rangc greater than about 850 F., 
a viscosity of about 150 SUS at 210" F. and obtaincci by 
solvent dewaxing and dcresining of cylinder stock. 
Lubricating oil compositions containing the viscosity inder 

in prover as produced in the manner above described 
The viscosity indcx improvcr produccd by thc blowing 

process abovc describcd is blended with a neutral oil hav 
in a viscosity of about 60 SUS at 100" F. dcrived fron 
Pennsylvania para?lin base crude oil by redistillation of 
a widc boiling primary distillate which has undergone 
chilling to remove wax, in the concentrations and with the 
rcs its indicated in Table 1. 
T. 1.- ...-1.-:Nths () visconsiTY Nn:X Mi'il () V1:It 
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The foxes described with reference to Table is 

recated with the cxception that in this instance there is 
used a neutral oil having a viscosity of 60 SUS at 100 F. 
derived as a distillate from a naphthcnic base crude. The 
icsults are reported in Table 2. 

TABL 2 

wit. Fr. 
rett W.I. 
ingrover 

EXAMPLE I 

4% by weight of the viscosity indcx improver described 
in Examplc is dissolved in the commercial synthetic 
lubricating oil sold under the trade name "Plcxol 201," 
which is cssentially di-2-ethylhcxylsebacate. The di-2- 
cthylhexylscbacate containing no viscosity index improver 
is characterized by a Yiscosity index of 15.5. The addi. 
tion of 4% by weight of the viscosity index improving 
agents of this invention increase thc Yiscosity index of the 
di-2-ethylhexylsebacate to 179.7. 

Similarly 4% by weisht of the viscosity index improvcr 
describcd in Examplc is dissolvcd in a synthetic lubri. 
cating oil consisting of di-2-ctlylhexyl-adipate. The di-2- 
cthylhcxyl-adipate containing no viscosity index improver 
is charact.crizcd by a viscosity index of 19.3. The addi 
tion of 4% by weight of the viscosity index improving 
agcnt of Example increascd the viscosity index of thc 
di-2-cthylhexyl-adipate to 183.6. 

EXAMPLE II 

it is the pirpose of this cxamplc to dcnnonstratic the 
c?ectiveness of the viscosity indcx inproving agents of 
this invention as pour point depressants. The viscosity 
indcx improving agent described in Examplc is blendicul 
with a fraction of Pennsylvania nara?in bavc crude oil 
characterizcd by a viscosity of 60 SUS at 100" F. in the 
proportions and with the results indicatcd in Table 3. 

TAF 3 

Wrr. 
r1tt V. 
titrover 

"for 
wit at 

The proccdurc describcd with rcspect to Table 3 is re 
catcd with the cxception that in this instance thcre is 

cmployed a meditim neutral raffinale, i.e., a solvent c. x 
tracted neutral obtaincd from Pennsylvania nara?in hatc 
crude and having a viscosity of about 45 SUS at 21) F. 
and a boiling range of about 740 F. to about 850 F. in 
licu of the 60 at 00 oil fraction cmployed in obtaining 
the data reportcd in Table 3. 
Thc medium incut ral ra?tinate cmploycd is characterized 

by a pour point of -- 15' F. A blend of nucdium incut: 
ra??inate with 5% by weight inf the viscosity indicx in 
proving agents of the invention is characterizct by a four 
point of -20' F., whercas a blend of meditin nct trial 
raflinate with about 7% by weight of thc viscosity indicx 
improving agents of thc invention is characterized by a 
potir point of -30' F. 
The proccdurc describcd with reference to Table 3 is 

repcalcid with the exception that in this instance thcre is 
cmployed a Pennsylvania critide oil fraction having a hoi 
ing point range of about 508" to SS6 F. The results 
obtainct arc reflected in Table 4. 
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Wt. Per 
ce, W.I. 
improver 

POr 
()ilt 

Wis. 
at 

Wis. 
at 2G W., 

i : 
EXAMPLE IV 

A viscosity index improver is prepared in a manner 
identical to that described in Example I with the ex 
ception that the blowing process was terminated when the 
product was characterized by a ring and ball softening 
point of about 130 F. The material so formed was 
blended with a 60 at 100 neutral oil fraction, of the type 
described in Example I, in the concentrations and with 
the results in improvement in the viscosity index, as re 
ported in Table 5. 

TABLE 5 

Wis. 
at 0() 

W. Cr 
cit W.I. 
improver 

Wis. 
it 2 () W.I. 

35.1 
i) 3.2 
2 3.2 12. 
8 2S. 
2 13.5 
5 152.1 

G. 3S. 
f7. 104.2 
3. 

. 
S5 
105. 

37.9 
38.9 
4.8 

EXAMPLE V 

The process of Example I is repeated but in this in 
stance the blowing process was stopped at a point requisite 
to produce a product having a ring and ball softening 
point of about 160 F. The material so formed is blended 
with a 60 at 100 neutral oil fraction of the type described 
in Example I in the concentrations and with the results in 
improvement in the viscosity index as reported in Table 6. 

TABLE 8 

Wit. Per 
cert W.E. 
fill prover 

Wis. Wis. 
at 100 at 2G W.I. 

(0.7 
37.4 
82. () 
93.3 
106.9 
122. O 

SR. 
107.0 
3f. 
18, 8 
19. 
56.5 

O, () 
2. () 
4. () 
5. 
. 
... O 

35. 1 
33.3 
38. 6 
40. 
4.8 
A4, 4 1. 

EXAMPLE WI 

The viscosity index improver is prepared by the method 
described in Example I with the exception that in this in 
stance the blowing process was stopped at a point requisite 
to provide a product characterized by a ring and ball 
softening point of about 190 F. The material so formed 
is blended with a 60 at 100 neutral oil fraction of the 
type described in Example I in the concentrations and 
with the results in improvement in the viscosity index as 
reported in Table 7. 

TABLE 

Wit. 'er- Wis. Wis. 
fe it. W.I. at J} at 20 W.I. 
Improver 

f).0 60. 35.1 88.7 
2.0 67.8 36.3 105.7 
4.0 5.2 3.5 25. 
5.0 80, 4 38. 3. 4 
7.0 88. 39.8 48.8 
S. 0 99.4 41.4 59.3 

i 
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EXAMPLE VII 

The process of Example I is repeated with the exception 
that in this instance the blowing process was stopped at 
a point requisite to produce a product having a ring and 
ball softening point of about 220 F. The material so 
formed is blended with a 60 at 100 neutral oil fraction of 
the type described in Example I in the concentrations and 
with the results in improvement in the viscosity index as 
reported in Table 8. 

TABES 

Wi. I'er 
cert W.T. 
Improver 

Wis. 
at 100 

Wis. 
at 210 

35. 
36, 6 
33.3 
42.3 

EXAMPLE VII 
The process of Example I is repeated with the exception 

that in this instance the blowing process is stopped at a 
point requisite to produce a product having a ring and 
ball softening point of about 270 F. The material so 
formed is blended with a 60 at 100 neutral oil fraction, of 
the type described in Example I, in the concentrations and 
with the results in improvement in the viscosity index as 
reported in Table 9. 

TABLE G 

W. tr. 
CEtt W.I. 
Ilroyer 

Wis. 
at its 

Wis. 
at 2C) 

EXAMPLE IX 
A. The process of Example VII is repeated to produce 

a viscosity index improving agent having a ring and ball 
softening point of 220 F. The product so obtained is 
then admixed with about 3 parts by weight of PSs under 
at atmosphere of nitrogen and heated for a period of 
about 2 hours at a temperature of about 500 F. to pro 
duce an ultimate product characterized by a ring and ball 
softening point of about 250 F. 
A blend of dewaxed paraffin base oil fraction derived 

from Pennsylvania crude oil and characterized by a vis 
cosity of 100 F. at about 60 SUS is blended with 10% 
by weight of the product formed in the manner above de 
scribed. 
The viscosity index of the original oil fraction was 

about 88.7 and the viscosity index of the blend was 154.2. 
The viscosity of the blend at 100 F. was 139.3 and at 
2 O. F. was 46.5, 

B. The procedure above described is repeated with the 
viscosity index improving agent prepared by the method 
of Example I, with the exception that the blowing process 
was stopped at the time the condensation product is char 
acterized by a ring and ball softening point of about 237 
F. Three parts by weight of distilled PSs is introduced 
into the condensation product while at a temperature of 
about 240 F. These reactants were mixed at this tem 
perature for about 120 minutes to obtain an ultimate prod 
lict having a ring and ball softening point of about 249 F. 
The viscosity index improver so obtained is similar in 
effectiveness to the product of Example IX-A. 

C. As an alternative procedure designed to prevent de 
composition of the phosphorus products, a condensation 
product is produced by the method of Example I, with the 
exception that the blowing process is terminated to pro 
duce a product having a ring and ball softening point of 
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about 230 F. About 33 parts by weight of the material 
so obtained are blended with about 67 parts by weight of 
a mixture containing 25% by volume of a neutral oil frac 
tion separated from Pennsylvania crude oil and having a 
viscosity of 70 SUS at 100 F. and about 75% by volume 
of light neutral raffinate obtained by phenol extraction of 
a neutral derived from Pennsylvania crude oil and having 
a viscosity of 89 SUS at 100° F. To the mixture so ob 
tained, there is added 1% by weight of P2S5 in Small pro 
portions with nitrogen agitation. The temperature of the 
mixture so obtained is raised to about 225-250 F. and 
maintained within that range for a period of approxi 
mately 2 hours. The product is diluted to a concentration 
of 25% by the addition of the same mixture of 70 at 100 
neutral and light neutral raffinate, as above described. 
This blend contained about 0.54% sulfur and 0.20% 
phosphorus. When diluted further to a concentration of 
about 10%, this product demonstrated similar effective 
ness as a viscosity index improver as the product described 
lander Example IX-A. 

EXAMPLE X 

The process as described in Example IX was repeated 
with the exception that in this instance about 0.5% by 
weight of flowers of sulfur is used in lieu of P2S5. In this 
example the Sulfur is added at the time the ring and ball 
softening point of the blown product was about 230. 
When blended in the same proportion and with the same 
oil as the viscosity index improver of Example IX-A, 
there was obtained a composition having a viscosity at 
100 F. of 148.5, at 210 F. of 48.2, and a viscosity index 
of 57.6. 

EXAMPLE X 

A viscosity index improving agent is prepared in the 
manner described in Example I with the exception that 
the blowing is terminated at a point requisite to produce 
a material characterized by a ring and ball softening point 
of about 217 F. The temperature of the product is low 
ered in the final stages of the blowing process from about 
500 F. to about 400 F. and the blowing then discon 
tinued. 50 grams of flowers of sulfur is then added and 
the mixture agitated with nitrogen while maintained at 
a temperature of 400 F. for a period of about 2 hours to 
obtain a final product having a ring and ball Softening 
point of about 277 F. and a sulfur content of about 13% 
by weight. This product when blended in the proportion 
of about 7% by weight raised the viscosity index of the 
60 SUS at 100 F. neutral fraction described in Exam 
ple 1 from about 88.7 to about 161.0. 

EXAMPLE XI 

This example is illustrative of a grease composition con 
taining a viscosity index improving agent of the type 
contemplated by the invention. Approximately 88 parts 
of prime tallow and 85 parts of hydrated barium hydrox 
ide, Ba(OH)28H2O, are mixed at room temperature in 
a suitable steam jacketed kettle, following which the tem 
perature is raised to above the boiling point of water to 
remove water of crystallization of the hydrated barium 
hydroxide and to form the barium Soaps. In order to 
solubilize the barium soaps, there is added a suitable quan 
tity of a naphthenic base stock having a viscosity of about 
533 SUS at 100° F., 57 SUS at 210 F. and a viscosity 
index of about 46. During this addition the temperature 
is raised to about 350 F. to initiate gelation. Comple 
tion of the grease manufacture is effected by adding an oil 
mixture consisting of 10% by weight of the viscosity index 
improving agent described hereinbefore in Example I and 
90% by weight of the 60/100 neutral fraction derived 
from Pennsylvania paraffinic base crude oil described in 
Example I, the total mixture having a viscosity of 47.6 
SUS at 210 F., 149.4 SUS at 100 F., and a viscosity 
index of 153.3. 
The resulting grease contains approximately 25% by 

weight of barium soap, about 15% by weight of the 

5 

O 
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naphthenic neutral fraction described above, and about 
60% by weight of the high viscosity index oil mixture 
referred to above, and is characterized by the following 
properties: 
Worked penetration (ASTM D217-52T) --------- 270 
Moisture content (ASTM D128-47) ----- Percent 0.1 
Dropping point (ASTM D566–42) --------- F 499 
In addition, the grease had good shear stability and pos 
sesses excellent pumpability properties even at low 
extremes of temperature. 

EXAMPLE XII 

A shock absorber fluid was compounded of the follow 
ing ingredients: 

Percent 
by weight 

Overhead distillate from Pennsylvania base kero 
sene, viscosity 30 SUS at 100 F., flash point 215 
F., boiling point range 404 F. to 500 F. ------ 34.4 

Fuel oil-overhead distillate from coastal crude, vis 
cosity 31.1 SUS at 100° F., flash point 230 F., 
boiling point range 440° F. to 500 F. --------- 51.6 

Wiscosity index improver of Example 1 ---------- 13.5 
Tricresyl phosphate --------------------------- O.5 
The shock absorber fluid so prepared was attended by the 
following properties: 
Viscosity indeX ----------------------------- 1971 
Wiscosity at 100 F. ------------------------- 85.7 
Viscosity at 210 F. ------------------------- 42.2 
Flash point ---------------------------- F 2 OO 
Pour point ----------------------------- F. --50 

EXAMPLE XIW 
4.0% by weight of the viscosity index improver de 

scribed in Example I was blended with 96% by weight of 
a synthetic lubricant consisting of bis (2-ethyl hexyl) 2 
ethylhexyl phosphonate. The synthetic lubricant bis 
(2-ethylhexyl) 2 ethylhexyl phosphonate was character 
ized by a viscosity index of 79.0. The blend of the Syn 
thetic lubricant and the viscosity index improver of Ex 
ample I was characterized by a viscosity index of 109.4. 

EXAMPLE XV 
A viscosity index improving agent is prepared in the 

manner described in Example I with the exception that the 
blowing process is terminated at a point requisite to pro 
vide a condensation product having a ring and ball Soften 
ing point of 180°-200 F. 311.8 grams of the condensa 
tion product so obtained are heated to a temperature of 
about 400 F. and 0.78 gram of toylene diisocyanate is 
added. The temperature of the mixture is maintained at 
400 F. with agitation for about 20 minutes, during which 
time the reaction mixture thickened. The product so ob 
tained is characterized by a ring and ball softening point 
of about 245 F. This material, when blended in the 
proportion of about 10% by weight with the 60 SUS at 
100 F. neutral oil, described in Example I, raised the 
viscosity index of the oil from about 88.7 to about 163.0. 

EXAMPLE XVI 
A viscosity index improver is prepared in the manner 

described in Example I with the exception that the cyl 
inder stock described in that example is used per se as 
the starting material from which the viscosity index in 
prover is derived. 
The viscosity index improver so obtained is similar in 

effectiveness to that described in Example I. 
EXAMPLE XVII 

A viscosity index improving agent is prepared from a 
fraction of Pennsylvania paraffin base crude oil designated 
as heavy resin described in Example I, which has been 
further processed by solvent extracting with phenol to a 
65% raffinate yield. 
The material above described is characterized by an 
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average molecular weight of about 1680, a viscosity of 
about 1550 SUS at 210 F., a bromine number of 1.2, 
and is substantially wax and asphalt free. This ima 
terial is heated to a temperature of about 475 F. and 
air is passed therethrough while the reaction mixture is 
maintained within a temperature range of 450-500 F. 
for a time requisite to produce a product having a ring 
and ball softening point of about 245 F. 
The effectiveness of the composition so obtained 

as a viscosity index improver in the Pennsylvania oil 
fraction having a viscosity of 60 SUS at 100 F., of 
the type previously described, is reflected in Table 10. 

TABLE 10 

Wter 
cert W.I. 
In prover 

Wis. 
at 100 

Wis, 
at 210 W.I. 

35. 
3.2 
39.8 
4. 
53.2 

88.7 
128.6 
162.5 
17.7 
159.9 

The viscosity index of a neutral derived from a naph 
thenic base crude and characterized by a viscosity of 
60.6 SUS at 100 F. and 34.2 SUS at 210 F. is raised 
from 25.9 to about 149.1 by the addition of 10% by 
weight of the composition of this example. 

EXAMPLE XVIII 
The process of Example XVII is repeated with the ex 

ception that in this instance there is employed in lieu of 
the starting material described in Example XVII a bright 
stock raffinate produced as follows and having the follow 
ing properties: the bright stock referred to in Example I 
is extracted with phenol to a 92% raffinate yield and is 
characterized by a viscosity of about 140 SUS at 210 
F., a bromine number of 7.1, and a molecular weight of 
about 690. 
The effectiveness of this material as a viscosity index 

improving agent is reflected by Table 11. 
TABLE 

Wt. Per- Wis. Wis. 
cent V.I. at 00 at 210 V.I. 
Improver 

5.0 38.4 9. 144.5 
10.0 44.1 9.3 15.3 

EXAMPLE XX 

The process of Example XVII is repeated with the 
exception that in this instance petrolatum resin is em 
ployed as a starting material from which the viscosity 
index improving agent is formed. The petrolatum resin 
is obtained by treating the petrolatum described in Ex 
ample I with propane so that the propane:oil ratio is 
approximately 10:1 and heating the resulting mixture to 
about 135-160 F. Petrolatum resin which is thereby 
precipitated from the solution is characterized by a vis 
cosity of about 2800 SUS at 210 F., a gravity of about 
18.6 API, and a wax content of about 40%. 
The effectiveness of the condensation product produced 

by blowing petrolatum resin when employed as a viscosity 
index improver in the 60 at 100 neutral described in 
Example I is reflected by Table 12. 

TABLE 2 

Wt. Per- Wis. Wis. 
cert, W.I. at CO at 210 W.I. 
Ilarover 

O. O. 60.7 35.1 88.7 
5. 79. 38.3 135.5 
i. 109.0 42.3 52.9 
15. 165. 48.9 49, 4 
2.0 275. 60. 43.9 

O 
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EXAMPLE XX 

About 83.8 parts by weight of the viscosity index im 
proving agent produced in the manner described in Ex 
ample I was heated to a temperature of about 300 F. 
and about 16.2 parts by weight of phenothiazine having 
the following formula was incorporated into the viscosity 
index improving agent by a colloid mill: 

r ls ^ Ná 
i 

The product so obtained was cooled and when blended 
with a base oil demonstrated marked resistance to oxida 
tion as reflected by the results of a Cub Engine KRC-17 
test. 

In conducting the Cub Engine KRC-17 test, there 
were employed two aliquot portions of an oil containing 
about 94 parts by volume of a medium neutral 95% 
raffinate such as described in Example III, and about 0.3 
part by volume of a commercial antioxidant whose es 
sential active ingredient is a zinc alkyl dithiophosphate in 
which the alkyl portion of the compound contains six 
to ten carbon atoms. To one aliquot portion of the 
above described blend, there was added about 6.8 parts 
by volume of the phenothiazine containing product of 
this example, whereas to the other aliquot portion of 
the above described blend, there was added about 6.4 
parts by volume of the product of Example I. With re 
spect to the portion containing the phenothiazine product 
of this example, the Cub Engine KRC-17 test reflected a 
bearing weight loss of .042 mg., yielded a used oil con 
taining about 2.9% by weight of pentane insolubles, and 
about 2% by weight of benzene insolubles. The portion 
containing 6.4 parts by volume of the product of Example 
I in an identical test resulted in a bearing weight loss 
of 0.089 mg. and a used oil containing about 5% by 
weight of pentane insolubles and about 4.8% by weight 
of benzene insolubles. 

EXAMPLE XX 

The process of Example I is repeated with the ex 
ception that in this instance the reaction mixture is main 
tained at a temperature of 425 F. during the blowing 
operation. A product having a ring and ball softening 
point of about 250 F., similar to that of the product of 
Example I, is obtained after about 15 hours. The prod 
uct was analogous in other respects to the product of 
Example I. 

EXAMPLE XXII 

The process of Example I is repeated with the excep 
tion that in this instance the reaction mixture is main 
tained at a temperature of 575 F. during the blowing 
operation. A product having a ring and ball softening 
point of about 250 F., similar to that of the product of 
Example I, is obtained after about 5 hours. The product 
was analogous in other respects to the product of Ex 
ample I. 

EXAMPLE XXIII 

The viscosity index improving agents are prepared by 
the process of Example I with the variations of starting 
Inaterials and ring and ball softening points in the final 
condensation products as indicated in Table 13. The 
effectiveness of these viscosity index improving agents 
when blended in the proportions indicated with the neutral 
oil having a viscosity of about 60 SUS at 100 F., de 
scribed in Example I, is reflected by the data which ap 

5 pears in Table 13. 
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TABLE 13 The Underwood oxidation test is carried out as de 
scribed by H. C. Mougey in a preprint of World Auto 

Ring and ball Percent SUS SUS Air lown materials softening W.I.I. in at at W.I. OWe Engineering Congress, SAE, New York city (May 
point of Belic OO 210 1939) with the exception that the test time is extended 

W.I.I., F. 5 to about 20 to 25 hours. 

Bright stock, 83.5%, raf. 242 3 69.6 S. 5 
filiate (zero pour). A 5 8.2 15.1 86, 4 3.0 EXAMPLE XXV 

96.2 3. d 5. E. O Automatic transmission fluids were compounded from 
Solvent extracted mixed 241 3 69.1 O the products of Examples I, IX-A, X and XV, as follows: 
base bright Stock.b SO. ... 8 

S8.9 ... 2 
7 TABLE 5.-). O TNTING AT-ATT.O.C. 
g 3.9 . TRANSMISSION FLU) FORMULATIONS 
) Fe, 

Light resin, 58%, raffin- 188 55. 5 - i 
a. 2 .5 lj Dewaxed 60,100 Neutral, a percent 41. 43 57.51 57.5 57.51 53.30 

4 12.5 ... 2 500 at 100 Naphthelic Neutral,b 
5 122. ... 4 percent. v 

228 1. 34.3 8 Product of Ex, I, percent------ 
2 5S .9 Product of Ex. IX-A percent 
4 O3. . Product of Ex. X, percent--- 
5 124. Product of Ex. XV, percent----- 

O 4. 12.3 .8 20 Detergent-inhibitor-oiliness i 
Heavy Tesin 659, raffin- 205 4. 9.8 agent, Deceit ------------------ 65 5. f65 | i. (35 | Ei. G5 6.5 
atc.d 18, 2 9 For point depressant,d perce it.-- 0.10 E 0, 10 O. i0 O. 10 ------ 

25 .8 8 Commercial viscosity index in 
4 8.0 5 prover, percent-------------------------------|- - - - - - - - - - - - - - 4.50 
5 96.3 

255 38.9 9. --- 

4 8.8 0 or . ... 1 : 28 2 68.8 is 25 a The dewaxed 60/100 neutral is the same type of neutral derived from 
8.5 9 Pennsylvania lase crude describe under Excaliple I ?ut which as 'eil 

5 8. further dew axed to a pour point of -35 F. w 
EIeavy resin 44%, rafi- 236 S. 3 ... 5 b The 500 at 100 naphthelic neutral is a straight distilate. Ost: i) { 
nate (extraction 307).e 5 90.3 s from a naphthenic base crudead is characterized by a osity of 57.6 

281 65. SUS at 210° F. and 539 s US at 100. F. and a purpoint of 30 F. 
6 85.6 a A commercial product sold as Lutorizol LZ-2s2 contailing all anti 

341 2 68.3 3 30 ?on agent, a mild extreme pressure agent, aid all untioxidal it. 
5 89. 9 d The pour point depress: it is an oil solution of a polyi il Eric icta 

crylic oster having a viscosity of yout 3000 SCS at 219 F. 
e The commercial viscosity index improver is all oil stylution contil 

B. The right stock, 83.5%, raftinate (zero pour) is derived by propane ing a polymeric methacrylic ester and having a viscosity of about 4000 
dewaxing of Pennsylvania crude residual cylinder stock followed by SS at 210 F. 
pilcino (lxtraction to a 83.5% Tafilate yield. This Stock is characterized 
by a viscosity of 140 SUS at 210 F., a molecular weight of about 740, and 
a brielleefalut. t 3. These materials were subjected to the Underwood oxi 

Soviet extracted mixed base briglit stock is prepared by solven r treatinent of a Mid-Continent las: crude residuum and is characterized dation test with the results after 25 hours reflected in 
by a viscosity of 152.8 SUS at 210 F., a rollie IlunbCr of 2.4, all d a Table 16. 
molecular weight of about 770. 

a The light resin 58% ratinate is obtained by phenol extraction of the 
light resins described under Example I aid is characterized by a 3E 6 
Jilolecular weight of about 1490, a viscosity of 807.2 SUS at 210 F., and a 0 
bronine nuinter of a) out 1.5. 

d The heavy resin i5% ratinate is prepared by phenol extraction of tie 
heavy resin described under Example:I to a 65% ri?inate yield aid is Iroduct of Example- Copyrcial 
clharacterized by a rolecular wieght of about 1680, and bromine number ---------------mm-mm-------------- improver 
of about 1.2, and a viscosity of about 1575 SS at 210 F. IX-A X XW 

e The heavy resin 44 railinate is prepared by phenol extraction of 
El EY resin descried under Example I and is giggity, molecular weight of about 1570, a viscosity of about 1645 SUS at 210 F., is w r Bearing weight loss 
and aroline number of about 1.5. (mg.)---------------- 48 4. 40 35 25 

Percent viscosity in 
EXAMPLE XXIV crease at 210 F-----. --5 --3 --1 -- 4 --15 

Lubricating oils are compounded including the viscosity SSEE), 
index improving agent of Example I and the viscosity oil)------------------ 2.0 2.5 2. 1 2.4 98.3 
index improving agent of IX-C. In each instance, the ----------- 
base oil formulations contain about 70.03% by weight of 
a light neutral raftinate and 23.3% by weight of 70 at 
100 neutral of the same type as described under Exam EXAMPLE XXVI 

ple IX-C. a re 
To two aliquot portions of the base oil blend there is . There is compounded a hydramatic transmission fluid 

added 6.60% by weight of the viscosity index improving from the following ingredients: 
agent of Example I and 6.60% of the viscosity index 
improving agent first described in Example IX-C, To a 61.1% by weight of double dewaxed 60 at 100 neutral of 
third aliguot portion of this base oil blend there is added Site in footnote a of Table 15. 
4.50% by weight of a polyisobutylene fraction having a 60 24.8% by weight 500 at 100 naphthenic neutral. 
molecular weight of about 15,000 and 8.00% by weight 0.5% of zinc alkyl dithiophosphate additive in which the 
of a solvent extracted neutral derived from Mid-Conti- alkyl groups are derived from aliphatic alcohols con 
nent base crude and having a viscosity of about 160 SUS w b toms and sold as Lubrizol LZ 
at 100 F. The compounded oils so obtained had equiv- ins 6 to 10 carbon at Onn 
alent viscosities at 210°F. and were subjected to Under- is 6.65% of a commercial oil additive sold as Lubrizol LZ 
wood oxidation tests with the following results after 20 282 and containing an antifoam agent, a mild extreme 
hours test time. pressure agent, and an antioxidant. 

TABIE 4 6.82% of the viscosity index improver of Example . 
0.1% of the pour point depressant described in footnote Product of Product of Polyisobu. () Ex, I Ex. X-C tylene d of Table 15. 

Rearing wt. loss, Ingms. --. 22 3 65 in Sludge (notia insol.), a The 500 at 100 naphthenie neutral referred to is is traight 
Ing. 10 grins--------------- O 2O 145 disiliate derived from a nahitheric base crude and is cl: g. Og ...toriei by a viscosity of 57.6 SCS at 100 F. at 5:3) SUS 

5 at 210° E., and a pour point of -30 F. 
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The results obtained from testing this fluid in the hydra 
matic transmission of a 1953 Oldsmobile are as follows: 

late----------------------------------- 2-7-53 -6-54 2-24-54 
Test Iniles--------------------------...- 63 98. 

Wis. at 100 F. SUS--------- 232.6 ... 3 9.5 
Wis. at 210 F. SUS--------------------- 543 50, 49. Ei 
W. I.----------------- - -- 39 35 13 
Neut. No., p-------------- 8. 7. 

TAN-E(ASTM I-684-5 9 
TBN-E(ASTM I)-664-52) ig 

EXAMPLE XXVII 

Approximately 5670 grams of 90% light resin, as de 
scribed in Example I, is blended with 10% bright stock 
raffinate, as described in footnote of Table 13, and is 
air blown at a temperature of about 500 F. to a ring 
and ball softening point of about 200 F. This product 
is lowered to a temperature of 430 F. at which time 
about 383.5 grams of elemental sulfur are added. After 
a reaction time of about four hours, the ring and ball 
softening point of the product rises to about 290 F. and 
the product contains about 1.63% sulfur. To about 
5200 grams of this product, there is added 244 grams of 
diphenylamine while the reaction mixture is held at a 
temperature of about 400-450 F. for two hours. There 
is produced in this manner a final product having a ring 
and ball softening point of 293 F. 
About 7.5% by weight of this product is blended with 

92.5% by weight of a 70/100 light neutral raffinate of the 
type described and the resulting oil is tested by the Under 
wood oxidation test procedure. The Underwood oxida 
tion test results, after 20 hours test time, are as follows: 
Bearing Weight loss -------------------- mg-- 5.7 
Sludge, naphtha insolubles --- mg. A 10 gm. oil -- 16.3 
Viscosity increase ------------------ percent-- -5.0 

EXAMPLE XXVIII 

3860 grams of the same mixture of light resin and 
bright stock raffinate, as described in Example XXVII, 
air airblown at a temperature of about 500 F. to a ring 
and ball softening point of about 190 F. At this point, 
there is added 10% by weight of a mixture of polyalkyl 
ene polyamines consisting predominantly of diethylene 
triamine and triethylene tetramine. The temperature of 
the reaction mixture is maintained at 400 F. for a period 
of two hours, following which the product is stripped of 
volatile light ends by bubbling nitrogen vigorously there 
through. The product so produced is further blended 
with about 0.3% by weight of a zinc dithiophosphate of 
the type described in Example XXVI. This material was 
tested by the Cub Engine KRC-19 test procedure with the 
following results: 
Piston color --------------------------------- 6.6 
Bearing weight loss -------------------- grams-- .05 
Viscosity increase -------------------- percent - 140 
Pentane insolubles ----------percent by weight-- .79 
Benzene insolubles ---------------------do---- -66 

EXAMPLE XXIX 

400 grams of the viscosity index improver of Example 
I are mixed with 66.8 grams of B-naphthylphenylamine 
with agitation and at a temperature of about 450 F. 
When the amine is completely dispersed, there is added 
4633.2 grams of a medium neutral raffinate, such as de 
scribed in Example II, and 17.5 grams of a zinc dithio 
phosphate of the type described in Example XXVI. The 
resulting composition is tested by the Cub Engine KRC 
19 test procedure with the following results: 
Piston color -------------------------------- 6.0 
Bearing Weight loss ------------------- grams-- ,032 
Wiscosity increase -------------------percent-- 38 
Benzene insolubles --------------------- do---- 0.31 
Pentane insolubles --------------------- do---- 0.35 

O 
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EXAMPLE XXX 

About 100 parts by weight of a heavy neutral raffinate 
is heated to a temperature of about 450 F. and airblown 
to a ring and ball softening point of about 250 F. The 
product so obtained is mixed in a concentration of about 
4% by weight with the synthetic oil di-2-ethylhexyl adi 
pate. The viscosity index of the di-2-ethylhexyl adipate 
alone is 19.3. The viscosity index of the mixture of 
di-2-ethylhexyl adipate and the viscosity index improving 
agent of this example in a concentration of 4% by weight 
is 144.4. 
The heavy neutral raffinale employed is a neutral oil 

product derived from Pennsylvania crude oil as an over 
head distillate. The overhead distillate is dewaxed by 
propane and solvent refined with phenol to produce a 
final raffinate product characterized by hydrocarbons hav 
ing an average ebullioscopic molecular weight of about 
5OO. 

EXAMPLE XXXI 

Example XXX is repeated with the exception that in 
this instance di-2-ethylhexyl sebacate is employed as the 
base synthetic oil to which the viscosity index improving 
agent produced in the manner described in Example I 
is added. The viscosity index of the di-2-ethylhexyl seba 
cate alone is 154.5. The viscosity index of the mixture of 
di-2-ethylhexyl sebacate with 4% by weight of the vis 
cosity index in prover is 180.2. 

EXAMPLE XXXII 

About 100 parts by weight of a Pennsylvania bright 
Stock extract which is a fraction of Pennsylvania crude 
oil removed from Pennsylvania bright stock by phenol 
extraction was employed as a starting material for the 
production of a viscosity index improver. This bright 
Stock extract is characterized by the following physical 
characteristics: 

Gravity, API ---------------------------- O.4 
Wiscosity at 100 F., SUS ------------------ 840,000 
Vsicosity at 210 F., SUS ----------------- 210 
Viscosity index --------------------------- -173 
The bright stock extract is blown at a temperature of 

about 450 F. with air to produce a final product having 
a ring and ball softening point of about 250° F. Dil-2- 
ethylhexyl sebacate, a synthetic oil characterized by a 
viscosity index of 154.5, was blended with 4% by weight 
of the blown bright stock extract product. The mixture 
So produced was characterized by a viscosity index of 
6.6. 

EXAMPLE XXX 

The process of Example I is repeated with the excep 
tion that the blowing process is stopped at a point requisite 
to produce a product having a ring and ball softening 
point of about 120 F. The product so produced is then 
treated at a temperature of 500 F. with 1% by weight 
thereof of phosphorus pentasulfide added in four J4% 
increments, one increment every fifteen minutes. The 
phosphorous pentasulfide modified product so produced is 
characterized by a ring and ball softening point of 184° 
F. This product is further treated at 500F. with about 
39.8% by Weight, based on the original blown product 
prior to treatment with phosphorus pentasulfide, of ele 
mental sulfur added in small increments over a period of 
approximately five hours to produce a final product char 
acterized by a ring and bail softening point of 242° F. 
and containing 0.19% by weight phosphorus and 1.34% 
by Weight sulfur. This product when blended with a 
Pennsylvania 60 at 100 neutral in a concentration of 4%, 
by weight gives a product having a viscosity at 100 F. 
of 69.8 SUS, a viscosity at 210°F. of 37.1 SUS, and a 
Viscosity index of 36.7. 

EXAMPLE XXXIV 
1/2 parts by weight of barium nonyl phenate contain 
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ing 18.03% by weight of barium is blended with one part 
by weight of a medium neutral raffinate of the type de 
scribed in Example III, together with one part of water 
for each 12% parts of phenate to provide a more com 
patible mixture. The blend so produced is added in six 
increments to a mixture of one part by weight of the 
viscosity index improver described in Example I, and four 
parts by weight of the same medium neutral raflinate. 
The mixing is effected at a temperature of 220 C. Sub 
sequent to the addition of each increment, the mixture is 
stirred for 30 minutes and blown with carbon dioxide 
for an additional 30 minutes, with the exception of the 
final increment, the addition of which is followed by a 
30 minute stirring period and a 60 minute period of 
blowing with carbon dioxide. 
The exhaust gas, which carries nonyl phenol, is passed 

through a condenser in a benzene scrubber. 65.7% by 
weight of the nonyl phenol is recovered. 
The finally produced blend is centrifuged and filtered 

and contains 3.12% barium. This blend is diluted with 
the same medium neutral raffinate to a concentration of 
8% 9% by weight thereof in said raffinate. At this dilution, 
the viscosity of the mixture at 100 F. is 394.5 SUS, 
the viscosity at 210 F. is 62.5 SUS, and the viscosity index 
is 108.4. A comparative mixture containing 10% by 
weight of the viscosity index improver of Example I and 
90% by weight of the medium neutral raffinate is char 
acterized by a viscosity at 100 F. of 413.0 SUS, a 
viscosity at 210 F. of 66.5 SUS, and a viscosity index 
of 1258. 
The KRC-17 engine test referred to in Example XX 

is a test procedure run in a Cub engine, which procedure 
is designed to coordinate with the CRC L-4 test. Spe 
cifically, the conditions observed in the KRC-17 test 
entailed operation of the engine at 2500 r.p.m. at 11 
brake horsepower for 40 hours, with an oil temperature 
of 265 F. and a water jacket outlet temperature of 
200 F. 
The KRC-19 engine test referred to in Example XXVIII 

is analogous to the KRC-17 test with the exception that 
a jacket outlet temperature of 250 F. is maintained. 
The condensation products which constitute the viscosity 

index improving agents of this invention are somewhat 
heterogeneous in character. It is postulated that such 
compositions, at least in substantial part, partake of a 
microgel structure which is responsible for the remarkable 
effectiveness of the compositions as viscosity index im 
proving agents. 
The term microgel denotes resins condensed to super 

polymeric size, each superpolymer molecule being essen 
tially a small particle of condensate of colloidal dimen 
sions. The formation of microgel may occur in situ 
during reaction due to the heterogeneity of the oxygen 
condensing agent employed with the charge Stocks (e.g., 
butadiene polymerization in emulsion produces microgels 
of size approximately that of the starting latex particles, 
W. V. Baker, Ind. & Eng. Chem., 41, 511-520, 1949) or 
due to subdivision of macrogels to submacrogels of 
microgel size through mechanical or thermal means, or 
due to some obscure means. w 

It is noted that initially both the intrinsic viscosity 
and the ring and ball softening point of the viscosity index 
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improving agents of the invention increase with the time 
of the blowing or condensation reaction. However, after 
a blowing or condensation time period, for example, of 
about five hours, the intrinsic viscosity values remain 
essentially constant for an additional time interval and 
then slightly decrease, whereas the ring and ball softening 
point values continue to progressively increase as the 
condensation proceeds. As previously found by Baker 
and others (Morton, Ind. & Eng. Chem, 47, 333) in 
studies of inherent viscosity (a measure of intrinsic 
viscosity) against percent conversion of diene emulsion 
polymerizations, the inherent viscosities tend to pass 
through a maximum when microgel formation occurs. 
While the percentage of conversion cannot be specified 
with respect to the viscosity index improving agents of 
the invention, it is evident that condensation proceeds 
throughout the duration of the reaction steadily inasmuch 
as the ring and ball softening point values progressively 
increase with reaction time, 
The phenomenon of constant or maximal intrinsic 

viscosity values with time of reaction has been attributed 
in diene emulsion polymerization (Baker, loc, cit.) to a 
change in molecular structure, i.e., formation of microgels. 
The microgel as with other gelations incorporates the 
longest chains, leaving a decreased weight average molec 
ular weight component in the sol residue. The observa 
tions of the present work appear to be immediately 
analogous to the emulsion polymerization studies in 
volving microgel formation reported above. 
We claim: 
1. A hydrocarbonaceous condensation product having a 

combined oxygen content not in excess of about 5% by 
weight, said product being produced by contacting a 
petroleum fraction starting material in which the hydro 
carbons present have an average ebullioscopic molecular 
Weight in excess of about 500, while at a temperature of 
at least about 400 F., with a free oxygen-containing gas, 
and thereafter reacting the condensate so produced with 
a material selected from the group consisting of elemental 
Sulfur and the phosphorus sulfides, 

2. The condensation product of claim 1 wherein the 
material employed for reacting with the condensate is 
elemental sulfur. 
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