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[5 7] ABSTRACT 
An additive package particularly useful for use in in 
ternal combustion engine lubricating oils comprises 
from 30 to 80 wt. percent of a-nitrogen-containing dis 
persant made by reaction of an alkylene polyamine 
with a mono- or dicarboxylic acid or anhydride substi 
tuted with a C50—C250 essentially hydrocarbon chain, 
3.0 to 30 wt. percent of an antiwear agent prepared by 
reacting a terpene, petroleum fraction or 500-20,000 
molecular weight Cz-C6 polymer with a phosphorus 
sul?de, and 3.0 to 30 wt. percent of a phosphothionyl . 
disul?de‘ of a CFC“, alkyl phenol as an antioxidant. 

8 Claims, No Drawings 
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ASHLESS OIL ADDITIVE COMBINATION 
COMPOSED OF A NITROGEN-CONTAINING 

ASHLESS DISPERSANT PHOSPIIOSULFURIZED ’ 

OLEFIN AND PHOSPHOROTI-IIONYL DISULFIDE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an additive package particu 

larly suitable for use in lubricating oils comprising an 
ashless nitrogen-containing dispersant, a phosphosulfu 
rized olefinic hydrocarbon antiwear agent and a phos 
phorothionyl disulfide antioxidant. This additive pack 
age can be used in gasoline, fuel oils, heating oils and 
lubricating oils. The nitrogen-containing dispersant is 
the reaction product of a high molecular weight car 
boxylic acid with an alkylene polyamine while the an 
tiwear agent is the reaction product of a phosphorus 
sulfide with an olefinic hydrocarbon. The antioxidant 
phosphorothionyl disulfides are derived from CFC“, 
alkyl phenols. 

2. Description of the Prior Art 
U.S. Pat. No. 3,394,179 teaches the use of phos‘ 

phosulfurized hydrocarbons with high molecular 
weight carboxylic acid-polyamine ashless dispersants as 
additives for gas engine oils. The present invention is an 
improvement over that invention. 
The use of phosphorothionyl disulfides derived from 

alkyl phenols as antioxidants in mineral oils is known. 
See U.S. Pat. No. 2,443,264. Preparation of such mate 
rials through the use of sulfoxides as an oxidizing agent 
is disclosed in U.S. Pat. No. 3,376,313. The use of such 
phosphorothionyl disulfide with other phosphorus 
containing materials such as ammonium phosphodithi 
oates is also known in the art. See British Patent specifi‘ 
cation l,27l,955. 

SUMMARY OF THE lNV‘ENTlON 
lt has now been found that an additive package of su— 

perior antioxidant and wear-preventing capabilities is 
comprised of the combination of (i) an ashless nitro~ 
gen-containing dispersant made by reaction of an alkyl 
ene polyamine with a mono- or dicarboxylic acid or an 
hydride substituted with a CMVCZM,substantially hydro 
carbon side chain. (ii) a phosphosulfurized olefin made 
by reaction of a terpene, petroleum fraction or a 
5(,)0-2(l.()0() molecular weight C2-C6 olefinic polymer 
with phosphorus sulfide and (iii) a phosphorothionyl 
disulfide of a C,—C,,, alkyl phenol. Preferably. the'se ad~ 
ditive packages are used in petroleum mineral oils hav_ 
ing viscosity indices between 50 and 110 and which are 
suitable for use as engine lubricants. 
Although the above-noted ‘179 patent disclosed the 

use of an ashless additive for use in engine lubricating 
oils, the use of ash-containing lubricating oil additives 
has continued because it has been generally found that ‘ 
prior art ashless oils have been deficient in their ability 
to protect lubricated metal parts, particularly rings and 
cylinder liners, against excessive wear and scuffing. 
The additive packages of this invention are particularly 
useful in this regard. Furthermore, the components of 
the present package do not need to be intentionally 
prereacted as do those of the ‘179 patent. 

lt has now been found that the ashless materials of 
the ‘179 patent can be further improved by combining 
them with a phosphorothionyl disulfide so as to make 
a package superior to the known ash-forming packages 
with respect to deposit formation and antiwear activity. 
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The desirability of using ashless additives is well known 
to the art in that, upon combustion, they prevent exces 
sive engine deposits composed of ash-forming metal 
salts and burdening of the environment with unneces~ 
sary pollutants. 
The additive packages of this invention are particu~ 

larly useful in oils used to lubricate gas engines. Gas en 
gine oils are subjectedto an environment particularly 
prone to cause oxidative degradation because the gas 
engines generally produce relatively high amounts of 
nitrogen oxide in the exhaust stream. Such exhaust 
streams are often passed through the oil sump and as 
is well known, nitrogen oxide can induce and/or cata 
lyze oxidative deterioration of hydrocarbons. There 
fore, it is particularly desirable that a gas engine oil be 
resistant to oxidative deterioration. Such oxidative de 
terioration of an oil shows up primarily as an increase 
in the viscosity of the 'oil. Under extreme conditions, 
the viscosity increases to a point where the oil can no 
longer satisfactorily lubricate the engine, It is believed 
that gas engines produce high nitrogen-oxide eshaust 
because for reasons of fuel efficiency, they are often 
operated at lean air/fuel ratios and conditions of spark 
advance which induced high combustion temperatures 
which tend to convert atmospheric nitrogen into corro 
sive nitrogen oxides. 

ASHLESS, NITROGEN-CONTAINING 
DISPERSANTS 

The nitrogen-containing dispersant additives used in 
the present invention are generally those known in the 
art as sludge dispersants for crankcase motor oils. 
These dispersants include mineral oil~soluble salts, am 
ides, imides and esters made from high molecular 
weight mono- and dicarboxylic acids (and where they 
exist the corresponding acid anhydrides) and various 
amines or nitrogen-containing materials having amino 
nitrogen or heterocyclic nitrogen and at least one 
amido or hydroxy group capable of salt, amide, imide 
or ester formation. 

These dispersants generally contain a long chain by 
drocarbon group or groups attached to the acid, so the 
acid has a total of about 50 to 25f) carbon atoms, said 
acid being attached to the amine either through salt, 
imide, amide or ester groups. Usually, these dispersants 
are made by condensing a monocarboxylic acid or a di 
carboxylic acid of anhydride, preferably a succinic acid 
producing material such as alkenyl succinic anhydride, 
with an amine or polyamine. Usually, the molar ratio of 
acid or anhydride to amine is between 1:1 to 5:1. 
Monocarboxylic acid dispersants have been de 

scribed in British Patent specification 983,040. Here, 
the high molecular weight monocarboxylic acid can be 
derived from a polyolefin, such as polyisobutylene, by 
oxidation with nitric acid or oxygen; or by the addition 
of halogen to the polyolefin followed by hydrolyzing 
and oxidation. The monocarboxylic acid may also be 
obtained by oxidizing a monohydric alcohol with potas 
sium permanganate, or by reacting a halogenated poly 
olefin with a ketone. 
Another method is taught in Belgian Patent 658,236 

where a polyolefin, such as polymers of C2 to C5 mono 
olefin, e.g. polypropylene or polyisobutylene, is haloge 
nated, e.g. chlorinated, and then condensed with an al 
pha, beta-unsaturated, monocarboxylic acid of from 3 
to 8, preferably 3 to 4, carbon atoms, e.g. acrylic acid, 
alpha-methyl-acrylie acid (i.e., ‘Z-methyl propenoic 
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acid), crotonic, or isocrotonic acid, tiglic acid (alpha 
methyl crotonic acid), angelic acid, (alpha 
methylisocrotonic acid), sorbic acid, cinnamic acid, 
etc. Esters of such acids, e.g. ethyl methacrylate, may 
be employed if desired in place of the free acid. 

Primarily because of its ready availability and low 
cost, the hydrocarbon portion of the mono-, or dicar 
boxylic acid or anhydride is preferably derived from a 
polymer of a C2 to C5 monoolefin, said polymer gener 
ally having between 50 and 250 carbon atoms. A par 
ticularly preferred polymer is polyisobutylene. 
Polyalkyleneamines are usually used to make the dis 

persant. These polyalkyleneamines include those rep 
resented by the general formula: 

wherein n is 2 to 3 and m is a number from 0 to 10.Spe 
cific compounds coming within the formula include di 
ethylenetriamine, tetraethylenepentamine. di 
propylenetriamine, octaethylenenonamine, and tetra 
propylenepentamine', N,N—di'(2-aminoethyl) ethylene 
diamine may also be used. Other aliphatic polyamino 
compounds that may be used are the N-aminoalkylpip 
erazines of the formula: 

wherein n is a number from 2 to 3, and R is hydrogen 
or an aminoalkyl radical containing 2 to 3 carbon 
atoms. Specific examples include N-(2-aminoethyl) pi~ 
perazine, N-(2-aminoisopropyl) piperazinc, and 
N,N’~di-(2-aminoethyl) piperazine. 
The use of mixtures of alkylene polyamines, mixtures 

of N-aminoalkyl piper-azines, and mixtures of the alkyl 
ene polyamines with the N-aminoalkyl piperazines is 
also contemplated, and the term aliphatic polyamine is 
intended to embrace all of these materials. 
The reaction temperatures for amide formation will 

generally be in the range of from about 200° to 400°F. 
In most cases, a narrower range of from about 250° to 
about 350°F will be used. The reaction time will de 
pend to some extent upon the reaction temperature. 
The composition of the reaction can be determined by 
measuring the amount of water or alcohol that is split 
off during the reaction. If desired, a water-entraining 
solvent, such as toluene, can be employed to remove 
the water as an azeotrope. 

Representative dispersants, formed by reacting about 
equal molar amounts of polyisobutenyl succinic anhy 
dride and a tetraethylenepentamine. are described in 
U.S. Pat. No. 3,202,678. Similar dispersants, but made 
by reacting a molar amount of alkenyl succinic anhy~ 
dride with about two molar amounts of polyalkylenea 
mines, are described in U.S. Pat. No. 3,154,560. Other 
dispersants, using other molar ratios of alkenyl succinic 
anhydride and polyalkyleneamines, are described in 
U.S. Pat. No. 3,172,892. Still other dispersants of alke 
nyl succinic anhydride with other amines are described 
in U.S. Pat. Nos. 3,024,195, 3,024,237 (piperazine 
amines) and 3,219,666. An ester derivative is taught in 
Belgian Patent 662,875 where N-alkyl morpholinone 
esters, e.g. N-(Z-hydroxyethyl)-2-morpholinone, are 
formed by reaction with polyisobutylene succinic anhy 
dride. The prior art also teaches that the alkenyl suc 
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4 
cinic polyamine type dispersants can be further modi 
fied by reacting a fatty acid, having from 1 to 22 carbon 
atoms, e.g. acetic acid, with the reaction product of the 
alkenyl succinic anhydride and polyamine (see U.S. 
Pat. No. 3,216,936). 
Any of the nitrogen~containing dispersants described 

in any of the aforementioned patents can be used in the 
present invention. 

THE PHOSPHOSULFURIZED OLEFINIC 
HYDROCARBON 

The preparation of phosphosulfurized hydrocarbons 
useful as antiwear agents is well known in the art and 
involves reacting a sulfide of phosphorus such as P253, 
P255, P487, and the like, preferably P2S5, with a hydro 
carbon material such as a terpene, heavy petroleum 
fraction or polyolefin. A terpene is an unsaturated hy 
drocarbon having an empirical formula Cml-l16 which is 
usually isolated from plant sources. The preparation of 
phosphosulfurized hydrocarbons is more fully de 
scribed in U.S. Pat. Nos. 2,875,188 and 2,316,078. 
Among the preferred hydrocarbon materials for 

treatment with phosphorus sulfides are olefin polymers 
having Staudinger molecular weights in the range of 
about 500 to about 20,000 and containing from 2 to 6 
carbon atoms per olefin monomer. Polymers of ethyl 
ene, propylene, butylene, isobutylene or isoamylene 
may be employed. Particularly preferred are the poly 
mers of butylene or isobutylene having Staudinger mo 
lecular weights in the range offrom about 600 to about 
10,000 and still more particularly phosphosulfurized 
polybutene of about 800 to 1900 molecular weight. 
The term “polybutene" is intended to embrace poly 
mers of both butylene and isobutylene. 
Phosphosulfurized hydrocarbons can be prepared by 

reacting a hydrocarbon base stock with from about 5 
to 40 wt. percent of a sulfide of phosphorus, preferably 
with from about 10 to 20 wt. percent of phosphorus 
pentasulfide. The reaction is conducted under anhy 
drous conditions at temperatures from about 150° to 
about 600°F for from about 1/2 to about 15 hours. Simi 
larly, low molecular weightolefins can be reacted with 
the above-described phosphorus sulfides. Such olefins 
include isobutylene, decene, dodecene, cetene, octa 
decene, cerotene and terpenes such as dipentene, ter 
polene and pinenes such as alpha pinenes. A particu 
larly preferred phosphosulfurized olefin for use in this 
invention is that formed by the reaction of P255 with 
alpha pinene. 

THE PHOSPHOROTHIONYL DlSULFlDE 

The phosphorothionyl disulfides of this invention are 
derived from acids of the general formula 

in which R‘ and R2 are each phenyl or C1 to C18 alkyl 
phenol groups, X‘, X2 and X3 are oxygen or sulfur, sul 
fur being preferred for X3 and oxygen being preferred 
for X‘ and X2. The groups RI and R2 are usually, but 
need not necessarily be, the same. Suitable specific R1 
and R2 phenyl groups are tolyl, xylyl, nonyl phenyl, do 
decyl phenyl, octadecyl'phenyl, dibutyl phenyl, butyl 
pentyl phenyl, dinonyl phenyl, etc. 
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The preferred thiophosphoric acids are the dithio 
phosphoric acids, i.e., ones where X‘ and X2 are oxygen 
and X3 is sulfur. A particularly preferred dithiophos 
phoric acid is that in which R1 and R2 are nonyl phenyl 
groups. ‘ 

The above'described thiophosphoric acids are easily 
converted into the disulfides used in this invention by 
oxidation. Air, oxygen, peroxides or sulfoxides, for ex 
ample, can be used as the oxidant. Further details are 
contained in the above-noted British specification 
1,271,955. 

THE OILS OF THE PRESENT INVENTION 

The lubricating oils to which the additive package of 
the invention can be added include not only mineral lu 
bricating oils, but synthetic oils also. The mineral lubri 
cating oils may be of any type, including those derived 
from the ordinary paraffinic, naphthenic, asphaltic or 
mixed base mineral crude oils by suitable refining 
methods. Synthetic hydrocarbon lubricating oils can 
also be employed. Other useful synthetic oils include 
dibasic acid esters such as di‘Z-ethyl hexyl sebacate, 
carbonate esters, phosphate esters, halogenated‘ hydro 
carbons. polysilicones, polyglycols, glycol esters such 
as C“, oxo acid diesters of tetraethylene glycol and 
complex esters as for example the complex ester 
formed by the reaction of mole of sebacic acid with 2 
moles of tetraethylene glycol and 2 moles of Z-ethyl 
hexanoic acid. Polyol esters, such as those made by the 
reaction of polyols (e.g., pentaerythritollhaving 3 to 6 
hydroxyl groups with C, to Cu fatty acids can also be 
used. 

In a preferred embodiment, the additive packages of 
this invention are used in a petroleum mineral oil hav 
ing a viscosity index between about 50 and 110 and 
suitable for use in lubricating gas engines. 
The additive package of this invention comprises 30 

to 80, preferably 50 to -75 wt. percent of the above 
described ashless nitrogen~containing dispersant, 3.0 to 
30, preferably 5 to 25 wt. percent of the above 
described phosphosulfurized olefinic hydrocarbon, and 
3.0 to 30, preferably 5 to 25 wt. percent of the above 
described phosphorothionyl disulfides, all weight per 
cents being based on the total weight of the package. 

The additive packages of this invention are used in 
the above~described lubricating oils in the amounts of 
1.0 to 15, preferably 2.5 to 7.5 wt. percent, based on 
the total weight of the oil formulation. 
The additive packages of this invention. when com 

bined with the aforesaid petroleum base oils, provide a 
lubricating oil particularly suited for use in gas engines. 
Such engines are internal combustion engines which 
utilize gaseous fuels such as methane, natural gas. town 
gas, synthesis gas, liquefied petroleum gas, etc. They 
are also very useful in the lubrication of diesel, gaso 
line, rotary and turbine engines. 
The additive packages of this invention may also be 

employed in middle distillate fuels. Concentration 
ranges of from about 0.002 to about 2 wt. percent or 
more, generally from about 0.005 to about 0.2 wt. per 
cent are employed. These petroleum distillate fuels 
generally boil in the range of from‘about 300° to about 
900°F. Typical of such fuels are No. l and No. 2 fuel 
oils that meet ASTM, Specification D-396-48T, diesel 
fuels qualifying as Grades 1D. 2D and 4D of ASTM 
Specification D-975~5lT and various jet engine fuels. 

6 
Because they are ashless, these additives are particu 
larly desirable for such fuels in that they do not give rise 
to glowing ashes nor deter from the burning qualities of 
the distillates. These additives may also be used in con 

5 junction with other prior art ashless additives for fuels, 
I such as polymers of acrylic or methacrylic acid esters, 
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high molecular weight aliphatic amines, etc. 
The additive packages of this invention can also be 

employed, either along or in combination with other 
hydrocarbon-soluble additives, in jet fuels and gaso 
lines in concentrations ranging from 0.00l to 1.0 wt. 
percent as detergent and/or rust preventive additives. 

In any of the above-described fuel or lubricant com 
positions, other conventional additives may also be 
present, including dyes, pour point depressants, an 
tiwear agents, e.g., tricresyl phosphate, zinc dialkyl di 
thiophosphates of 3 to 8 carbon atoms, antioxidants 
such as phenylalphamaphthylamine, tert. oetylphenol 
sulfide, bis-phenols such as 4,4’-rnethylene bis (2,6-di 
tert. butylphenol), viscosity index improvers such as 
polymethacrylates, polyisobutylene, alkyl fumarate 
vinyl acetate copolymers, and the like, as well as other 
dispersants. 

THE ASHLESS DlSPERSA NTS 

Two ashless dispersants of essentially equivalent ac 
tivity were used in the tests described below. Each was 
an oil concentrate of about 53 wt. percent of a light 
mineral oil and about 47 wt. percent of the reaction 
product of a polyisobutenyl succinic anhydride with a 
tetraethylene pentaamine. Dispersant D-l was formed 
by reaction of L3 moles of the above-described anhy 
dride to 1 mole of pentaamine while Dispersant D-2 
was formed by reaction of 2.8 moles of anhydride to 1 
mole of pentaamine. The polyisobutenyl group of the 
succinic anhydride had a molecular weight of about 
1,000. ' 

THE PHOSPHOSULFURIZED OLEFlN 

The phosphosulfurized olefin was prepared by react 
ing alpha pinene with phosphorus pentasulfide for sev 
eral hours at a temperature ofabout l80° to 250°C, the 
mixture being stirred and blown with nitrogen during 
the reaction to eliminate the hydrogen sulfide evolved. 

To make the finished additive composition, the 
above~described P285 treated alpha pinene was blended 
with a light mineral oil. The final formulation contained 
60 to 65 wt. percent of phosphosulfurized alpha pinene 
with 40 to 35 wt. percent mineral oil. This formulation 
has a ?nal phosphorus content of 4.96 wt. percent and 
a sulfur content of l3.l5 wt. percent. 

THE PHOSPHOROTHIONYL DlSUl'sFlDE 
The phosphorothionyl disulfide used in the evalua 

tions described below was a derivative of nonyl phenol. 
A typical laboratory preparation of this disulfide is as 
follows: 

a. Preparation of the Dithiophosphoric Acid 

A total of 968 g of nonyl phenol was heated with 222 
g of phosphorus pentasulfide at l35°~l45°C for 30 to 
60 minutes until all the phosphorus pentasulfide had 
dissolved. The product was dinonyl phenyl dithiophos 
phoric acid. 
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b. Preparation of Di-nonyl Phenyl Phosphorothionyl 
Disulfide 

The acid produced in (a) above was cooled to 30°C 
and 300 ml of a paraffinic hydrocarbon solvent (b.p. 
70°—90°C) was added. 
A total of 86 g of dimethyl sulfoxide was added with 

stirring and the temperature rose to about 55°C. A 
Dean-Stark trap was fitted to the reaction vessel and 15 
ml water (>90 percent theoretical amount) was col 
lected on re?uxing. The solvent and remaining by 
products were then removed by straight distillation at 
50°C with the pressure initially atmospheric and finally 
under reduced pressure at 15 mm Hg. leaving 1,280 g 
of product. 
The disulfide obtained by this method had a TAN of 

2 and an ASTM D-l30 copper corrosion (1% in min 
eral oil) of J2. 

DESCRIPTION OF COMPARATIVE ADDITIVE 
COMPONENTS NOT OF THIS INVENTION 

To demonstrate the superior properties of the addi 
tives of the present invention in the below-described 
evaluation tests, certain comparative tests were carried 
out with known commercial additives. These additives 
are briefly described as follows: 
Additive A-l was 4,4’methylene bis(2,6-ditertiary 

butyl phenol) which is a commercial antioxidant. 
Additive A-2 was very similar to Additive A-l except 

it contained poly- as well as bis-di-tertiary butyl phenol. 

Additive A-3 was the ammonium salt of dinonyl 
naphthalene sulfonic acid. It is known as a commer 
cially available antioxidant. 
Additive A-4 was a combination of 33.3 volume per 

cent of a first oil concentrate containing an alkaline 
earth alkyl phenol sulfide and a second oil concentrate 
containing 40 volume percent of an alkaline earth or 
ganic sulfonate. 

LUBRICANT STABILITY TEST (LST) 

The oxidative stability of the below-described addi 
tive formulations was evaluated in a lubricant stability 
test. Briefly, this test consisted of heating a sample of 
the formulated oil to a temperature of 340°F for a 
stated period of hours in the presence of a gas engine 
copper-lead bearing while intimately mixing the lubri 
cant sample with air. The viscosity increase ofthe lubri 
cant in terms'of SUS at I00°F and the weight loss or 
gain of the bearing were measured at the end of the 
{ESL 

PANEL COKER TEST 

This test is a modification ofthe standard panel coker 
test using a model C standard coker obtained from the 
Roxanna Machine Works of St. Louis, Missouri. The 
modifications are summarized as follows: 

Table I 

Item Modified Standard Model C 

Oil Sump Temp.. °F. 400 Not Controlled 
Sump Air 'I‘empq “F. 400 Not Controlled 
Sump Air Flow. ecJmin. 300 None Supplied 
Testing Range. °F. sou-moo (100-700 
Test Panel Material 32l s.s. Aluminum 
Venting of Sump. Special L'nrestrieted \'ent 

Baffle 
Test Period 8 Hours 8 Hours 
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ENGINE TESTS 

L-l ENGINE TEST 
This test engine and the method used with it are de 

scribed in US. Federal Test Method No. 791, Method 
No. 332 and also in the Institute of Petroleum (Great 
Britain) Standard for test petroleum and its products, 
IP 124/64. The L-l test is run on a single cylinder 4 
cycle diesel engine normally asperated. Fuel of a sulfur 
content of 0.4 wt. percent is used and the test is run for 
480 hours. Evaluations are in the range of wear. ring 
sticking and deposit. 

L-38 ENGINE TEST 

The “L-38 Engine Test” is also known as “CLR L-38 
Engine Test” and is designed to evaluate high tempera 
ture oxidation stability of the formulated lubricant oil. 
Such evaluations are based on piston varnish deposit 
and copperlead bearing corrosion observed during the 
test. In this test a single cylinder water cooled Labeco 
oil test engine is operated at 3,150 rpm. for 40 hours 
with the test oil formulation. The oil is maintained at 
300°F and cooling water is maintained at 195°F. Cop— 
per-lead connecting rod bearings are weighed before 
and after the test. Bearing weight loss (BWL) of 50 mil 
ligrams or less is desired. After the test, the piston is vi 
sually evaluated and a varnish value is assigned by com 
parison to varnish deposit pictorial standards having 
assigned values of l to 10 for the color and extent of 
varnish deposit. In this varnish value scale of l to 10, 
the value 10 represents a clean and varnish-free piston 
and the value 1 represents a substantially complete 
dark varnish coated piston. 

HOMELITE ENGINE EXHAUST PORT PLUGGING 
TEST 

The Homelite Engine Export Port Plugging Test uses 
a Model 250 engine supplied by the Homelite Com 
pany of Port Chester, New York. This engine is the 
driving component of a two-cycle gasoline engine 
electric generator unit capable of delivering approxi 
mately 1,800 watts. The engine is lubricated by a fuel 
oil vapor which reaches all of the critical rubbing metal 
surfaces in the engine. The fuel and oil are charged di 
rectly to the gasoline tank in proportions of 1/:>. pint of 
oil per gallon of fuel. Fuel and oil are fed to the carbu 
retor, vaporized and then drawn into the engine crank 
case on the upward stroke of the piston. On the piston 
downward stroke, the fuel-oil-air mixture is forced past 
the piston underside through intake ports in the cylin 
der wall into the combustion chamber. Compression 
and ignition occur during the following piston upward 
stroke. The engine is operated at 3600:25 r.p.m. so as 
to deliver ll5i3V and 15.7:1 amperes. The exhaust 
ports are inspected after 50 hours of operation. 
Due in part to the large quantities of lubricating oil 

vapor throughout the engine, engine deposits build up 
rapidly during operation. The deposits formed by sev 
eral lubricants in the cylinder exhaust ports have been 
found to correlate on a demerit basis with similar de 
posits formed by the same oils in ?eld operations. 

CHEVROLET o-CYLlNDER GAS ENGINE TEST 

This engine test was carried out substantially as de 
scribed by T. Lonstrup and J. W. Wilson in SAE Trans~ 
actions 76 3267, 1967. Briefly. a 6-cylinder Chevrolet 



3,850,822 

engine having a displacement of 250 cubic centimeters 
is operated at an engine speed of approximately 1,500 
rpm. for a period of 250 hours using a natural gas car 
buretor and methane as fuel. At the end of the test, the 
engine is dismantled and various" parts are rated using 
a demerit system in which zero represents a perfectly 
clean part and 10 represents a maximum of deposits. 

GE. SCUFF TEST 

The GE. Scuff Test uses a mechanical device 
wherein a segment of a piston ring is mounted so as to 
be in contact with a segement segment a cylinder wall 
liner. Pressure is applied to the rubbing ring against the 
cylinder liner by means of hydraulic cylinders. The ring 
is oscillated through a three inch stroke at 640 rpm. 
Pressure against the ring is applied in 6 preset incre 
ments to a maximum ring interface pressure of 4,160 
psi. Lubrication to the ring cylinder liner innerface is 
supplied by 2 electrically driven positive displacement 
type pumps. Oil flow is increased with each increase in 
pressure. At least two minutes of oil flow is allowed be 
fore beginning the oscillation at each pressure incre 
ment. The test is carried out for 270 minutes. Then the 
cylinder liner segment is also determined by subtract 
ing the final ring weight from that of the initial ring 
weight. 

RESULTS OF LABORATORY EVALUATlONS 

The formulations shown in Table 2 are evaluated in 
a series of the above-described laboratory tests. The 
base oil used was a severely hydrofined, phenol 
extracted SAE grade 30 oil having a viscosity at 2l0°F 
of 59.2 SUS. a viscosity at l00°F of 5.28 SUS and a vis 
cosity index of 66.5. 

Table 2 

5 

20 

. 10 

which is representative of the present invention. Sim-i; 
larly,‘ the ashforming composition of Control l pro 
duced excessive deposits in the panel coker test and 
showed further viscosity increases in the nitrogen oxi 
dation test. 

The oil formulation of Control 2, which was made 
from the above-described dinonyll naphthalene sulfo! 
nate ammonium salt (Additive A-3) produced a viscos 
ity increase twice that of Example 1 in the LST and a 
viscosity increase of more than 6 times that of Example 
1 in the nitro-oxidation test. This is despite the fact that 

‘ the composition of Control 2 contains 2 out ofthe 3 ad 
ditives used in the formulation of Example 1. Thus, by 
merely replacing one of the components of the present 
invention with the material not within the scope of the 
present invention, a composition of significantly lesser 
effectiveness is produced. 
Controls 3 and 4, which each contain one of the 

‘above-described bisphenol commercial antioxidants 
(Additives A-1 and A-2) in conjunction with the ash 
less dispersant ofthe present invention, produce viscos 
ity increases in the LST of 30 to 60 times that of the 
composition of Example 1. They also produce deposit 
levels in the panel coker test 5 to l0 times that pro 
duced by the formulation of Example 1. 
Controls 5 and 6, which contain two of the three 

components of the packages of this invention do not 
perform as well as Example I particularly with respect 
to the panel coker and oxidation tests. 
The above laboratory evaluation data clearly show 

that the compositions ofthis invention are significantly, 
better in their ability to protect the oil against oxidation 
than our compositions made of various prior art materi 
als in combination with some but not all of the compo 
nents of the present invention. 

Laboratory Bench Test Data 

produced a viscosity increase in the LST which was 
some 15 times that of the composition of Example >1 

Ex. Control Control Control Control Control Control 
Material in base oil 1 l‘ 2 3 4 6 

Additive A-4, wt. ‘71 — 3.6 — —- — -— — 

Dispersant D-2, wt. "/1 —- — 2.5 3.0 3.0 —- 7.‘.5 
Dispersant D-l, wt. ‘It 3.0 — — —- — 3.0 — 

Phosphorothionyl disul?de, wt. '70 0.5 —- 0.5 — -— — l 0 

Phosphosulfurized olefin, wt. ‘7a 0.5 - — —-— — l.0 — 

Additive A-3, wt. ‘,4 —- -— 0.5 — -— —- - 

Additive A-l, wt. "/1 - —- — ‘0.5 -~ -- - 

Additive A-Z, wt. 7: - - — - 0.5 — -~ 

LST (340°, 23 hr) 

Vise inc 7: 5 74 l0 I2] 364 23 l3 

Panel Coker Test (3 hr) 
Wt deposits (600°F) mg ll l9 3 110 68 ll 12 
Wt deposits (650"F) mg 69 98 —— — —— 84 — 

Nitro~oxidation Test (340°F, 7 hr) 
Visc inc "/4 3 43 29 -— — 18 25 
IR abs/cm 5.3 (oxid) 24 5] l6 — —_- 31 37 

6.l (nitr) l7 23' 5 — —— l5 29 

From an examination of the data in Table 2, it can be ‘ . 
, . _ . _. , ENOlNE TESTS ‘seen that ( ontrol I, an ash-lot mtng lubricant composi 

tion formulated from the above-described additive A-4, 65 The formulations of Example 1 and Controls 1 and 
2 were tested in a series of the above-described engine 
tests. Results are shown in Table 3. 



l 1 

Table 3 
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Preliminary Engine Test Data 

Ex. Control Control 
L-38 Test, 40 hr 1 l 2 

Cu/Pb loss, mg 354 7527 443 
Vise inc % 5 628 31 
TAN 4.4 l7.7 4.0 

Cat. L-l (480 hr, 0.4% S fuel) 
PM-l 99.8 98.1 70.6(1) 
TGF % 7 7 10 
Total Ring gap inc (in X 10“) 22 20 - 

Homelite Engine Test, 100 hr 
% port plugging 

50 hr l8 l2 13 
100 hr 18(2) 22 l7 

Piston rating good good dirty 

(l) at 240 hrs. 
(2) at 60 hrs. 

From an examination of the data contained in Table 
3. it can be seen that the ash-forming composition of 
the prior art (Control 1 ) produces copper-lead-bearing 
losses 20 times that produced by the formulation of Ex 
ample l and viscosity increases some lOO times that of 
the formulation of Example I when evaluated in the 
L-38 test. 

Similarly. from an examination ofthe performance of 
the formulations of Example 1 and of Control 2 in the 
Homelite Engine Test, it can be seen that Example 1 
gives a good piston rating while the control formulation 
gives a dirty piston rating. These results again demon~ 
strate that compositions formulated in accordance with 
the present invention are more effective in maintaining 
engine cleanliness and reducing wear losses than those 
of prior art ash-forming materials or those formulated 
from some but not all of the ashless components of the 
invention. 
The formulations of Example 1 and Controls l and 

2 were also evaluated in a gas engine test. The results 
are shown in Table 4. 

As can be seen from the data in Table 4, the ash 
forming package of the prior art (Control 1) gave al 
most 50 times the amount of con-rod bearing weight 
loss and ring weight loss as did that of Example 1. The 
superior wear protection provided by the package of 
this invention is evident from a comparison of the vari 
ous top ring weight losses obtained with the various 
package. That obtained with Example l is one'sixth 
that obtained with the next best package (Control 2). 
Similarly, the viscosity increase ofthe Control 1 oil was 
more than 8 times that of the increase observed with 
the oil of Example 1 demonstrating that the formula 
tion of Example 1 satisfactorily controls the oxidation 
of the oil. Similarly, the viscosity increase of Control 2 

is three times that of Example 1 further demonstrating 
the effectiveness of Example 1 in protecting an oil 
against oxidative deterioration and corresponding vis 
cosity increases. 

25 Control 2 performs similarly in this test to Example 
1 except that with it engine cleanliness is somewhat 
less. 

In the above—described G.E. Scuff Test, formulations 
prepared in accordance with this invention were com 

3" pared with formulations containing some. but not all, 
of the components of the additive packages of this in 
vention. 

35 
Table 4 

250 Hour (ias Engine Test Results 

Engine Ex Control Control Base 
4() Cleanliness (merits) l l 1 Oil 

Overall average 9.5 9.0 9.2 (1.7 
Ring Zone 9.1 8.4 8.4 (v.4 
Piston \"arnish l(l.(l 9.4 9.4 4.8 
Exhaust Valve Stems 7.9 7.8 7.8 5.8 
Comp. ring grooves 8.5 8.0 8.0 5.4 

45 Oil res. sludge 9.5 8.5 9.8 7.0 

Wear. mg 
No.3 con-rod (Cu/Pb] I26 5636 8K) 3] l" 
'l‘otal top ring wt loss 10 47a 62 2| 

Top ring inc. (in.><l()“l (i "9 6 I4 
50 Used Oil 

,7! visc. inc. _ 4 39 I2 I08 
"71 Pl. 0.8 1.4 0.5 2.3 
Oxid. abs/cm l7 86 15 I55 
Nitration. abs/cm ll 26 l7 38 
Final pH 3.8 4.2 2.] 2.9‘ 

gs TAN 1.9 3.3 1.5 7.8 
" ' Fe. ppm 26 190 39 22 

Table 5 

G.E. Scuff Test Data 

Example Control Control Control Base 
Material 1 7 8 9 Oil 

Dispersant D-l. wt. % 3.0 3.0 3.0 5.0 —— 
Phosphosulfurized Ole?n Wt. ‘7a 0.5 0.5 — — — 

Phosphorothionyl disulfide Wt. 7! 0.5 — 0.5 -— —— 

Scuff Rating Demerits (l0=max.) 3 5 6 8 5 
Average Ring Wt. Loss. mgs 2.3 3.2 2.6 4.2 5.1 
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As can be seen from the data in Table 5, the formula 
tion of Example 1 containing the additive package of 
this invention, gave significantly lower scuff demerit 
ratings and ring weight losses than did formulations 
containing only two of the components of the present 
invention. It can also be seen that while the base oil 
gave only a moderately severe scuffing rating, the addi 
tion of dispersant 1 to it increased it (Controls 8 and 9). 
The addition of one of the two other components to a 
dispersant-containing formulation only brings the 
scuff-rating back to the base level. Surprisingly, how 
ever, the addition of both other components to the 
dispersantcontaining formulation (Example 1) pro- 
vides a total formulation of substantially improved 
scuff rating. It is also observed that this formulation 
provides the best wear protection as measured by ring 
‘weight loss. This conforms the findings discussed above 
in relation to Table 4. These data again illustrate that 
the packages of this invention provide greater wear 
protection than do similar compositions not within the 
scope of the invention. 
What is claimed is: 
1. An additive package for use in lubricating oil for 

an internal combustion engine which comprises in 
combination 30 to 80 wt. percent of a nitrogen 
containing ashless dispersant, 3.0 to 30 wt. percent of 
a phosphosulfurized olefinic hydrocarbon and 3.0 to 30 
wt. percent of a phosphorothionyl disulfide of phenol 
or of a CFC", alkyl phenol, said nitrogen-containing 
ashless dispersant being selected from the class consist 
ing of salts, amides, and imides derived by condensa 
tion of an aliphatic hydrocarbyl polyamine with a hy 
drocarbyl monocarboxylic acid, hydrocarbyl dicarbox 
ylic acid, or hydrocarbyl acid anhydride, said acid or 
acid anhydride having a total of from about 50 to 250‘ 
carbon atoms. 

2. A lubricating oil for an internal combustion engine 
comprising a major proportion of oil and l.() to 15 

20 

35 

45 

50 

55 

14 
weight percent based on the total oil formulation ofthe 
additive package of claim 1. 

3. A lubricating oil as claimed in claim 2 wherein the 
oil has a viscosity index between 50 and l 10. 

4. The additive package of claim 1 wherein the phos 
phosulfurized ole?nic hydrocarbon is prepared by the 
reaction of a phosphorus sul?de with a terpene. 

5. The additive package of claim 1 wherein the nitro 
gen-containing dispersant is formed by the reaction of 
an alkenyl succinic anhydride with an alkylene poly 
amine selected from the group consisting of com 
pounds of the general formula 

wherein n is 2 or 3 and m is a number from 0 to 10; and 

CHr-‘CHi 

wherein n is as defined above and R is a hydrogen atom 
or an amino alkyl radical of 2 to .3 carbon atoms. 

6. An additive package as claimed in claim 5 wherein 
said dispersant is made by reacting said anhydride with 
said polyamine in a molar ratio between 1:1 to 5:1 an 
hydride to polyamine. 

7. An additive package as claimed in claim 5 wherein 
said anhydride contains a polyisobutenyl group of50 to 
250 carbon atoms. 

8. An additive package for use :in an oil formulation 
which comprises 50 to 75 wt. percent of an ashless dis 
persant made by the reaction of a polyisobutenyl suc 
cinic anhydride with a tetraethylene pentaamine, 5 to 
25 wt. percent of an antioxidant made from the reac 
tion of P255 with alpha pinene and 5 to 25 wt. percent 
of a phosphorothionyl disulfide of a nonyl phenol. 
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