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ABSTRACT OF THE DISCLOSURE 

An additive that is useful as a sludge dispersant, anti 
wear agent, antioxidant, and inhibitor of harmful deposit 
formation in hydrocarbon compositions of the class of 
gasolines, fuel oils, heating oils and lubricants is pre 
pared by condensing an alkenyl succinic anhydride with 
an aliphatic polyamine or with an aliphatic polya'mine 
and a carboxylic acid, followed by further reaction of 
the condensation product with a phosphosulfurized hydro 
carbon and with a dialkyl dithiophosphoric acid. The al 
kenyl succinic anhydride has an alkenyl group totaling 
from about 40 to about 250 carbon atoms, as for exam 
ple the reaction product of 800 molecular weight poly 
isobutylene and maleic anhydride. Examples of the ali 
phatic polyamines include ‘diethylene triamine and tetra 
ethylene pentamine, The carboxylic acid contains from 
about 1 to 30 carbon atoms in an aliphatic hydrocarbon 
chain and is preferably acetic acid. The phosphosulfurized 
hydrocarbon is exempli?ed by Pass-treated polyisobutyl 
ene. Particularly suitable dialkyl dithiophosphoric acids 
are derived from C3 to C16 monohydric aliphatic al 
cohols, including mixed alcohols, such as a mixture of 
isobutyl alcohol and amyl alcohol. The additive can be 
used with conventional additives such as zinc dialkyldi 
thiophosphate. 

This application is a continuation-in-part of applica 
tion Ser. No. 284,842, ?led June 3, 1963, and abandoned 
subsequent to the ?ling of the present application. 
The present invention relates to improved oil-soluble 

additives that are usefulas sludge dispersants and as 
' inhibitors of harmful deposit formation in hydrocarbon 
oil compositions of the class of gasolines, fuel oils, heat 

' ing oils and lubricants. The additives also possess anti 
oxidant and antiwear properties in such compositions 
and can be prepared by reaction of alkenylsuccinic an 
hydrides with polyamines followed by further treatment 
of the products of that reaction with phosphosulfurized 
hydrocarbons, or by reaction of alkenylsuccinic anhy 
drides with polyarnines and carboxylic acids followed by 
reaction with phosphosulfurized hydrocarbons. 

Lubricants for modern high compression piston type 
internal combustion engines are required to have high 
detergency, e?icient sludge dispersing action, and high 
oxidation resistance in order that those engines will be 
kept free of varnish, sludge and coke-like deposits. In 

' other words, a heavy duty detergent type lubricating oil 
must be employed in such engines in order to maintain 
a high degree of engine cleanliness and thus promote 
engine life. 

In the past, the majority of detergents, sludge dis 
persants and antioxidant materials that have been devel 
oped for use in lubricating oils for internal combustion 
engines have been metallic derivatives, particularly al 
kaline earth metal sulfonates, alkaline earth metal salts 

or 
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2 
of alkyl phenol sul?des, colloidal dispersions of metallic 
carbonates (particularly alkaline earth metal carbonates), 
and the like. While in general additives’of these types have 
proved to be quite satisfactory in their function as sludge 
dispersants and detergents, in many instances the ash 
content of these additives has presented a disadvantage 
in that the ash tends to accumulate in the combustion 
chamber of the engine and there causes pre:ignition, 
spark plug fouling, valve burning and similar undesirable 
conditions. For this reason, an effective dispersant that 
is ash-free is preferable over an ash#forming detergent 
additive such as an alkaline earth metal salt of the types 
mentioned above. Ash-free dispersants are also of ad 
vantage in fuel oil compositions and diesel fuels. 

It has now been found in accordance with the present 
invention that a particularly effective ash-free mineral 
oil-soluble detergent and dispersant having antioxidant 
and antiwear properties can be prepared by treating the 
condensation product of an alkenylsuccinic anhydride 
and a polyamine, or of an alkenylsuccinic anhydride, a 
polyamine, and a carboxylic acid, with an acidic reac 
tion product of a phosphorus sul?de with a hydrocarbon 
and, in a modi?cation, by treatment also with a dialkyl 
dithiophosphoric acid. 
The preparation of reaction products of high molecular 

weight alkenylsuccinic anhydrides with various polyamine 
compounds is taught in =U.S. Pat. 3,024,195 and 3,024,237 
and also in British Pat. 922,831. The teaching in the 
US. patents referred to is that alkenylsuccinic anhydrides 
having alkenyl radicals derived from hydrocarbons of 
400 to 3000 molecular weight can be reacted with amine 
derivatives of piperazine. The British patent referred to 
teaches that alkenylsuccinic anhydrides, as for example 
a polyisobutenylsuccinic anhydride, can be reacted with 

" polyamines such as tetraethylene pentamine, diethylene 
triamine, triethylene tetramine, and the like. ' 
The preparation of reaction products of alkenylsuc 

cinic anhydrides with carboxylic acids and alkylene poly 
amines is disclosed and claimed in copending application 
Ser. No. 241,174 of Norman Tunkel et al., ?led Nov. 
30, 1962, now abandoned. Brie?y, such reaction products 
can be prepared by the reaction of about 0.5 to 1.5 mole 
proportions of a C1 to C30 carboxylic acid, about 1 
molar proportion of an alkylene polyamine, and about 
0.5 to 3.0, e.g. 1.0 to 1.5 molar proportions of an 
alkenylsuccinic anhydride (or its corresponding acid) 
wherein the alkenyl group contains in the range of from 
about 40 to about 250 carbon atoms, the reaction being 
effected by heating all the reactants together until an 
oil-soluble product is obtained, or by ?rst reacting said 
C1 to C30 carboxylic acid and said polyamine followed 
by further reaction with said alkenylsuccinic anhydride, 
or by ?rst reacting said alkenylsuccinic anhydride and 
said polyamine followed by further reaction with said 
C1 to C30 carboxylic acid. 

In the present invention, reaction products of the above 
types are further reacted with an acidic organic compound 
containing phosphorus and sulfur, more speci?cally with 
a phosphosulfurized hydrocarbon. In particular, the re 
action products of the above type that are thus employed 
in the present invention are those that contain su?‘icient 
residual amino nitrogen to react with the acidic groups 
of the phosphosulfurized hydrocarbon, as will be more 
apparent in the ensuing description. 
The preparation of an alkenylsuccinic anhydride is well 

known in the art and simply involves reacting maleic an 
hydride with an organic compound having an ole?nic 
linkage. Generally, about equal molar proportions of 
maleic anhydride and the ole?nic material are merely 
heated together, although the present invention is not 
limited by any particular mode of preparation of the al 
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nylsuccinic anhydride. -The reaction involved is illus 
ted by the following equation: 

[n the above equation R and R' can be hydrogen or 
:lrocarbon radicals but at least one of them must be a 
irocarbon group. The hydrocarbon radicals may be 
let substituted, as for‘ example chlorinated or sulfu 
ed, or they may be unsubstituted, and they will include 
phatic, acyclic and aromatic radicals. Preferably, the 
al number of carbon atoms in R and R’ combined is 
1hin the range of from about 40 to 250, more prefer 
y within the range of from about 50 to about 120. 
rticularlydesirable for use in this invention because of 
v cost and ready availability are alkenyl groups ob 
ned by polymerization of a C2 to C5 monoole?n 
erein the polymer has a molecular weight within the 
me of from about 600 to about 3000. Especially useful 
ducts are obtained when the molecular weight range 
from about 800 to about 1200. As speci?c examples, 
alkenyl group may be derived from polypropylene 

polyisobutylene. 
l‘he aliphatic polyamino that is employed in preparing 
reaction products of the present invention'rnay be an 
ylene polyamino ?tting the following general formula: 

NH: ( C Hz) ..—[NH( 0 Helm-NH: 

erein n is 2 to 3 and m is a number from 0 to 10. Spe 
: compounds coming within the formula include di 
ylene triamine, tetraethylene pentamine, dipropylene 
mine, octaethylene nonamine, and tetrapropylene pen 
iine. N,N-di-(2 - aminoethylJet-hylene diamine may 
1 be used. Other ‘aliphatic polyamino compounds that 
I be used are the N-aminoalkyl piperazines of the 
mula 

:rein n is a number 1 to 3, and R is hydrogen or an 
noalkyl radical containing 1 to 3 carbon atoms. Spe 
: examples include N-(Z-aminoethyl) piperazine, N 
amin'oisopropyl) piperazine, and N,N'-di-(2-amino 
71) piperazine. ' ‘ 

‘he use of mixtures of alkylene polyamines, mixtures 
~I-arninoalkyl piperazines, and mixtures of the alkylene 
{amines with the N-aminoalkyl piperazincs is also 
templated. v 

Vhen preparing reaction products of the alkenylsuc 
c anhydrides with'the alkylene polyamines and/ or the 
minoalkyl' piperazines, equimolar proportions of the 
:nylsuccinic anhydride and the nitrogen-containing ma 
al can be employed, or anexcess of the anhydride or 
he nitrogencompound can be used. Similarly, when 
paring there-action product of an alkenylsuccinic an 
ride,'a polyamine and a carboxylic acid, equimolar 
portions of the three reactants can be used. However, 
ation in these relative proportions can be made, for 
nple 1 t0 .3, es. 1.0 to 1.5 moles of the anhydride 
1.0 tof1.5 moles of the carboxylic acid can be used 
mole of polyamine. .. 
he carboxylic acid'component of the reaction mix 
, when such is used, comprises a carboxylic acid of 
n 1 to] 30 carbon atoms in an aliphatic hydrocarbon 
n, which can be either branched or straight chain 
either saturated or unsaturated. Both monocarboxyl 

.cids .and dicarboxylic acids are included. More gen 
ly,vcarboxylic acids having from 1 to 18 carbon atoms 
used, including acetic acid, fumaric acid, adipic acid, 
ricacid, oleic acid, linoleic acid and stearic acid. Ace 
acid is particularlypreferred. ‘ 
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While the reactants, i.e. the alkenylsuccinic anhydride 

and the polyamino compound (and, when used, the C1 
to C30 carboxylic acid), upon simple mixing will interact 
to some extent to form salts, the products will generally 
be oil-insoluble. However, upon heating (e.g. to about 
ZOO-250° F.) the reaction mixture will become mineral- ' 
oil-soluble, and upon continued heating condensation re 
actions will begin to take place with the evolution of 
water. The evolved water can be readily removed by blow 
ing nitrogen or other inert gas through the reaction mix 
ture during the course of the reaction. The reaction may 
be carried out by heating the reactants for about 1 to 30 
hours at 200 to 400° F, e.g. 250 to 350° F. Preferred 
reaction' conditions include heating for 6 to 20 hours at 
275 to 300° F. ' 

Preformed alkenylsuocinic anhydride can be used, or the 
alkenylsuccinic anhydride can be made by ?rst reacting 
the ole?nic material with the maleic anhydride to form 
the alkenylsuccinic anhydride, thereafter adding the poly 
amino compound to the hot‘ alkenylsuccinic anhydride, 
and then preferably further heating to form a condensa 
tion product. Similar procedures are used in the case of 
the 3-component reaction involving a polyamino com 
pound, van alkenylsuccinic anhydride and a carboxylic 
acid. Preferably, a light mineral oil is added to the reac 
tion mixture as a diluent after the formation of the al 
kenylsuccinic anhydride and before the addition of the 
polyamino compound or the polyamine plus fatty acid. 
An antifoamant agent such as a polysilicone can be added 
to the reaction mixture in order to prevent foaming dur 
ing the addition of the amine. 

In accordance with the present invention the reaction 
product of the alkenylsuccinic anhydride with a poly 
amino compound as hereinbefore described, or of the 
alkenylsuccinic anhydride with such a polyamino com 
pound and a carboxylic acid, is further reacted with a 
phosphosulfurized hydrocarbon and it may be addition-‘ 
ally reacted with a dialkyldithiophosphoric acid. To facili 
tate the ensuing discussion, these two types of reactants 
may be referred to as organic thio-acids of phosphorus. 

For convenience, the reaction product of the' alkenyl 
succinic anhydride with a polyamino compound or with 
a polyamino compound and a carboxylic acid will be 
referred to as the amine-containing intermediate. As pre 
viously stated, the amine-containing intermediate must 
have suf?cient amino nitrogen remaining so that reaction 
with the acidic groups of the organic thio-acid of phos 
phorus is possible. ' 

The amine-containing intermediate may be reacted with 
varying amounts of the phosphosulfurized hydrocarbon 
or with mixtures consisting of at least 15 wt. percent 
of phosphosulfurized hydrocarbon with 85 wt. percent 
or less of dialkyldithiophosphoric acid, in amounts suf 
?cient to give partial or complete neutralization of the 
amine portion of the amine-containing intermediate. Since 
the potency of the amine-containing intermediate is re 
lated, in part, to its basicity, the ratio of amine to organic 

, thio-acid of phosphorus is limited in practice by the 
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balance of the several functions of this additive. That 
is, if all the amine functions are neutralized by stoichio 
metric amounts of organic thio-acids the antioxidant and 
antiwear properties of the additive are maximized at the 
expense of dete'rgen-cy or deposit control. Most advan 
tageously, ratios of amine'to thio-acid are chosen so that 
dispersancy, antiwear and antioxidant potency are opti 
mized. Generally. if at least one amino group per mole 
of amine-containing intermediate is left unreacted, this 
optimization can be accomplished. 
As little as 0.01 mole of the organic thio-acid of phos 

phorus may be reacted with 1 mole of the amine-contain 
ing intermediate.v The ‘maximum number of moles of the 
organic acid that can thus be reacted will depend on the 
number of amino nitrogen groups that are still available 
for neutralization in the intermediate’, but normally com 
plete neutralization of all of the amino groups is not 
desired. Generally, for each mole of amine-containing _' 
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intermediate, in the range of about 0.01 to 0.2 mole‘ of 
phosphosulfurized hydrocarbon will be sul?cient to im 
part antiwear and antioxidant properties, although higher 
ratios of the reactant may be used, as already discussed. 
For the purpose of ascertaining the molar equivalent of 
the phosphosulfurized hydrocarbon, it is assumed that all 
of the phosphorus in that material is available as a mono 
basic acid. Reaction may be effected merely by mixing the 
reactants together and heating the mixture for from 1 to 
30, e.g. 1 to 6 hours, or more usually from 2 to 5 hours 
at a temperature in the range of from about 100° F. to 
about 400° F., e.g. 100 to 250° F., or more generally 
from about 150° F. to about 225° F. The reaction may 
be aided by blowing a stream of inert gas through the 
mixture during the heating period. 
The preparation of phosphosulfurized hydrocarbons is 

well known in the art and is described for example in U.S. 
Pat. 2,875,188. Thus the phosphosulfurized hydrocarbons 
may be prepared by reaction of a sul?de of phosphorus 
such as P285 with a suitable hydrocarbon material such 
as a heavy petroleum fraction, a polyole?n, or a terpené 
such as alpha-pinene. The heavy petroleum fractions that 
may be employed include distillates or residua containing 
less than 5% of aromatics and having viscosities at 210° 
F. in the‘ range of about 140 to 250 SUS. The preferred 
hydrocarbons are polyole?ns having Staudinger molecular 
weights in the range' of from about 500 to about 200,000 
and containing from 2 to 6 carbon atoms per ole?n 
monomer. Particularly preferred are the polyisobutenes 
having Staudinger molecular weights inthe range of from 
about 700 to about 100,000. The phosphosulfurized hy 
drocarbon can be prepared by reacting the hydrocarbon 
with from about 5 to 30 wt. percent of a sul?de of phos 
phorus, preferably with from about 10 to 20 wt. percent 
of phosphorus pentasul?de under anhydrous conditions at 
temperatures of from about 150 to about 600° F. for 
from about one-half to about 15 hours. 
The preparation of dialkyldithiophosphoric acids is also 

well known and involves the reaction of aliphatic alcohols 
with P285. Normally, about 4 moles of an aliphatic 
alcohol, or more usually a mixture of alcohols, is treated 
with 1 mole of phosphorus pentasul?de. Reaction tem 
peratures are normally in the range of from about 100° 
to about 250° F. and reaction times may range from 
about 1 to about 6 hours. 

Dialkyldithiophosphoric acids that are particularly 
suited for use in the present invention are those derived 
from C3 to C16 monohydric aliphatic alcohols and include 
not only those derived from the' simple alcohols and mix 
tures thereof, such as isopropyl, normal butyl, iso 
butyl, methylisobutyl carbinyl, n-decyl, and so on, but 
also those derived from mixed alcohols such as the C8 
or C13 alcohols that are obtained by reacting ole?ns with 
carbon monoxide and hydrogen and subsequent hydro 
genation of the resultant aldehyde's. Mixed alcohols in 
the Cg-Cls range, consisting chie?y of lauryl alcohols, 
obtained by the hydrogenation of coconut oil, e.g. those 
sold under the trade name “Lorol," can also be employed 
in preparing the ' dialkyldithiophosphoric acids. Other 
alcohols obtained from the hydrogenation of natural fats 
and oils may also be used. _ 

Suitable mixed dialkyldithiophosphoric acids include 
those prepared from isobutyl alcohol and mixed primary 
amyl alcohols; from isopropyl alcohol and C8 oxo al 
cohols, from a mixture of mixed amyl alcohols and tech 
nical lauryl alcohol (e.g. Lorol); from a mixture of 
isopropyl alcohol, methylisobutyl carbinol and C5 oxo 
alcohols; and others. 
The invention will be further understood by the fol 

lowing examples. 
EXAMPLE 1 

i A mixture of 180 pounds (0.180 pound mole) of poly 
isobutylene of about 800 molecular weight and 22.5 lbs. 
(0.230 pound mole) of maleic anhydride was heated for 
24 hours at 450° F. under a nitrogen blanket to form 
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6 
polyisobutenylsuccinic anhydride. The product was found 
to have a saponi?cation number of 86.6 mg. KOH/ gm. 
of reaction mixture. A light mineral lubricating oil having 
a viscosity of 150 SUS at 100° F. was added as a diluent 
in suf?cient quantity to result in a solution containing 75 
wt. percent of the polyisobutenylsuccinic anhydride. Then 
30 p.p.m. of Dow Corning 60,000 cs. polymethyl silicone 
was added as an antifoamant. Next, 17.22 lbs. (0.091 
pound mole) of tetraethylene pentamineand 5.46 lbs. 
(0.091 pound mole) of acetic acid were added. The' reac 
tion mixture was then heated at 300° F. for 10.5 hours 
while nitrogen was blown through it until no more water 
came off. The reaction product concentrate, after ?ltra~ 
tion, contained 2.22 wt. percent nitrogen based on the 
total product, i.e. the actual reaction product and oil 
diluent. 

EXAMPLE 2 

A phosphosulfurized hydrocarbon was prepared by re 
acting 100 parts by weight of polyisobutylene having an 
average Staudinger molecular weight of about 940 with 
15 parts by weight of phosphorus pentasul?de for about 
8 hours at temperatures in the range of 425-450° F. 
During the reaction the mixture was stirred and blown 
with nitrogen. The resulting phosphosulfurized polyiso 
butylene analyzed about 3.5 wt. percent of phosphorus 
and about 6.6 wt. percent of sulfur. Its viscosity at 210° 
F. was about 20,000 SUS For convenience in handling 
in subsequent reactions, the product was diluted with a 
light mineral oil to form a 70 wt. percent concentrate. 

EXAMPLE 3 

Mixed dialkyldithiophosphoric acids were prepared by 
reacting a mixture of 35 wt. percent of primary amyl al 
cohols and 65 Wt. percent of isobutyl alcohol with phos 
phorus pentasul'?de using a mole‘ ratio of alcohol to 
P285 of 4 to l. The reaction was conducted at about 
170° F. for a period of about 4 hours until a speci?c 
gravity of about 1.05 was attained, measured at 78° F. 
The reaction product was then stripped of hydrogen sul 
?de with the aid of a stream of nitrogen, the product 
being cooled to about 90 to 100° F .,‘and the product was 
then ?ltered. 

EXAMPLE 4 

A mixture of 1200 parts by weight of the reaction prod 
uct concentrate of Example 1, 133 parts by weight of the 
phosphosulfurized hydrocarbon concentrate of Example 
2, and 256 parts by weight of the dialkyldithiophosphoric 
acids of Example 3, was heated at 212° F. for 1 hour, 
with a stream of nitrogen bubbling beneath the sulface 
of the mixture. The product was a very viscous, oil-solu 
ble material. It was diluted with 1589 parts by weight 
of solvent 150 neutral mineral oil, giving a 50 wt. per 
cent additive concentrate, hereinafter referred to as “Ad 
ditive A.” ~ 

EXAMPLE 5 

Using the procedure of Example 4, a mixture of 3700 
parts by weight of the concentrate of Example 1 and 
‘1245 parts by weight of the phosphosulfurized hydrocar 
bon concentrate of Example 2 was heated for 2 hours 
at 212° F., with nitrogen stripping. This additive con 
centrate is hereinafter referred to as “Additive B.” 

EXAMPLE 6 
Using as the base oil a mineral lubricating oil having 

a viscosity of 325 SUS at 100° F. and a viscosity index 
of about 100, the following compositions were prepared: 

Composition 1.—3.97 wt. percent-of the “Additive A” 
concentrate of Example 4 and 96.03 wt. percent of the 
base oil. ‘ 

Composition 2.~—3.5 wt. percent of a commercial deter 
gent inhibitor, 0.9 wt. percent of a zinc dialkyldithiophos 
phate antiwear additive, 95.6 wt. percent of the base oil. 
Composition 3.—3.33 wt. percent of “Additive B” con~ 
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atrate of Example 5, 0.9 wt. percent of zinc dialkyl 
hiophosphate antiwear additive, 95.57 wt. percent of 
: base oil. 
The commercial detergent inhibitor mentioned above 
s a mineral oil solution containing an additive pre 
red by reacting a mixture of a phosphosulfnrized poly 
butylene, and ‘ nonyl phenol with barium hydroxide 
atahydrate and blowing the reaction mixture with car? 
it dioxide. The approximate analysis of the concentrate 
s 27 wt. percent of phosphosulfurized polyisobutylene, 
.7 wt. percent nonyl phenol, 10.6 wt. percent barium 
ide, 2.5 wt. percent carbon dioxide, and 48.2 wt. percent 
mineral oil. - 

The zinc dialkyldithiophosphate antiwear additive was . 
oil solution consisting of about 25 wt. percent of min 

rl lubricating'oil and about 75 wt. percent of zinc di 
yldithiophosphate prepared by treating a mixture of 
butanol and mixed amyl alcohols with Pgsspfollowed 
neutralizing with zinc oxide. ' 
Bachjof the compositions l to 3 described above was 
ted for sludge dispersing ability in the 'ER4-90 Ford, 
dging test. Prior experience has shown that this sludg 
test gives sludge deposits similar to those obtained 

stop-and-go driving, such as would be experienced in 
icab operation. Brie?y described, in this test a Ford 6 
inder engine is run on a dynamometer stand through 
ying cycles consisting of a ?rst cycle operating at 500 
m. for 1% hours, a second cycle operating at 2000 
.m. for 2 hours, and a third cycle also operating at 
l0 r.p.m. for, 2 hours but using slightly ‘higher oil 
1p and water jacket temperatures. The three cycles 
repeated over and over again in‘ sequence until the 

ired‘ total test time ‘has elapsed. Make-up oil is added 
required so that the crankcase oil level is maintained 
all times between about 3% and 4 quarts. After a 
:cted test time has elapsed, the engine is inspected 
disassembling it su?iciently to permit visual examina 
1 of the rocker arm cover, the rocker arm assembly, 
cylindervhead, the push rod chamber, the push rod 
.mber cover, the crankshaft, the oil pan, and the oil 
:en. The oil screen is rated as “percent covered with 
ige” and the other parts are visually rated for sludge 
osition using a merit system in which a numerical rat 
of 10 represents a perfectly clean part and 0 a part 
ered- with the maximum amount of sludge possible. 
:se merit ratings are averaged to give an overall engine 
it rating. ’ 

‘."he results of the preceding ER4-90 test are sum 
rized in'Table I. From these results it will be seen that 
h of the compositions in which an additive of the pres 
‘invention was employed, i.e.~ Compositions 1 and 3, 
e better performance than the composition contain 
the commercial detergent additive, i.e. Composi 

12. 

TABLE L-ER 4-90 ENGINE TES'I‘VRESULTS 

. Merit ratings 

rson test ......... .._.... ...... _. 100 200 286 

tposition 1 _____ .- 9. 95 9. 7 9. 1 
tposltion 2 ..... . - 9. 9 7. 4 6. 7 
rposition 3. ................... - - 9. 99 9. 9 9. 5 

ill screen ratings were zero, except for Composition 
t 286 hours, in which case 10% of the screen was 
ered sludge. 

EXAMPLE 7 

L composition was‘ prepared consisting of 3.97 wt. 
:ent of the “Additive A” concentrate of Example 4 
, 96.03 wt. percent of an SAE 10 grade mineral lubri 
ng oil. This composition was subjected to the Volks 
gen Valve Train Wear Test. In this test the Volks 
‘gen engine is lubricated with the oil in question and 
engine is run for a period of 100 hours using the fol 
in'g electronically controlled operating cycle, which is 
ltinuously repeated for the duration of the test: 
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8 
(a) Five minutes at about 600 r.p.m., no load 
(b) Ten minutes at about 1200 rpm, no load 
(c) Shut down for one minute > 

The oil temperature during the test is the temperature 
normally reached by the oil during engine operation; i.e. 
no attempt is made to hold the oil temperature at a con 
trolled level. _ 

The wear on each tappet is measured and the wear for 
the 8 tappets _is averaged, The oil is considered to have 
failed the test if wear exceeds 10X 10-4 inch on any tap 
pet. . 

The test composition described above passed this test 
with an average wear of less than 1x 10'“; inch and the 
wear did not exceed 1><l0-4 .inch on any individual tap 
pet. In contrast to this, amultigrade 10W-30 motor oil 
containing 0.9 wt. percent of the commercial antiwear 
additive and about 3.5 wt. percent of a commercial deter 
gent inhi-bitor similar to that described in Composition 2 
of Example 6 gave an average wear of about 8><10"4 
inch.‘ > 

EXAMPLE 8 

A composition similar to Composition 3 of Example 
6 was prepared by simple mixing of 3.33 wt, percent of 
the “Additive B” concentrate of Example 5, 0.9 wt.’ per 
cent of the zinc dialkyldithiophosphate concentrate used 
in the said Composition 3, and 95.57 Wt. percent of an ’ 
SAE 30 grade mineral lubricating oil. This composition 
was subjected to the industry-recognized General Motors 
MS Procedure, Sequence I through III, as described in 
the special technical publication, STP No. 315 of Tech 
nical Committee B of ASTM Committee D-2, dated J an. 
22, 1962, In this test the oil is run in an Oldsmobile en 
gine in accordance with the outlined test procedure and 
various parts arethen rated on a merit basis. . 
The test results obtained are given in Table H in com 

parison with similar results obtained on a General M0 
tors referenceoil identi?ed as GM'R6063. It will be seen 
that the composition of the present invention had a higher 
rating than the reference oil. 

TABLE II 

Merit ratings 

_ Test composition Reference oil 

Lifter rust. ___________________ _ . 9. a 7. 1 
Engine rust, ___________________ .. 8. 0 6. 9 
Avg. varnish ................. _- 9. 7 9. 0 
Avg. sludge ___________________ .. 9. 9 9. 2 

-; EXAMPLE 9 
Polyisobutenylsuccinic anhydride of about 1000 molec 

ular weight prepared in the manner of Example 1 is re 
acted with tetraethylene pentamine in the proportion of 
2 moles of the anhydride to 1 mole of the pentamine, the 
two reactants being mixed together at about 160° F. and 
then heated to 275° F., the latter temperature being main 
tained for a period of about 6 hours while bubbling a 
stream of nitrogen beneath the liquid surface of the mix 
ture. At the end of the 6 hours, sufficient solvent neutral 
mineral oil (150 SUS at 100° F.) is added to give a 75 
wt. percent concentrate of reaction product. 
A portion of the concentrate prepared as just‘descirbed 

in a quantity of 2000 parts by weight is reacted with 
about 460 parts by weight of a 70 wt. percent concentrate 
of phosphosulfurized ,polyisobutylene prepared in the 
manner of Example 2 from polyisobutylene of about 780 
molecular weight by reaction with v15 wt. percent of P285. 
The reaction between the phosphosulfurized hydrocar 
bon and the alkenylsuccinic anhydride-polyamine conden 
sation product (i.e. the amine-containing intermediate) is 
conducted for 90 minutes at 225 °_ F. while blowing with 
nitrogen as described in Example 4. The molar ratio of 
phosphosulfurizcd hydrocarbon to amine-containing inter 
mediate in this reaction is about 0.5 to 1. 
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EXAMPLE 10 
To a heating oil comprising a mineral oil distillate hav 

ing a boiling range of about 350° to 680° F. and derived 
from mixed cracked and straight run distillates is added' 
0.05 wt. percent of the product of Example 9 as a sludge, 
dispersant, antioxidant and pump wear reducing agent, 

EXAMPLE 11 

About 0.006 wt. percent of the product of Example 5 
is added to a leaded gasoline to serve as a carburetor 
detergent additive. 

EXAMPLE 12 

A compounded lubricant suitable for use as a crank 
case oil is prepared by blending into a light mineral base 
oil having an‘ added viscosity index improver to place it 
in the SAE 10W-30 viscosity class, 5 wt. percent of the 
ditive A” concentrate of Example 5, 1 wt, percent of a 
high alkalinity (59 total base number) barium sulfonate 
derived from hydrocarbon sulfonic acids of about 440" 
molecular Weight and 0.7 wt. percent of zinc dialkyldi 
thiophosphates derived from mixed C4 and C5 alcohols. 

EXAMPLE 13 

An additive concentrate suitable for blending into a 
mineral lubricating oil composition to give combined 
sludge dispersing and antiwear properties is prepared by 
mixing together 80 parts by weight of the “Additive B” 
concentrate of Example 5, 20 parts by weight of a com 
mercially available synthetic high alkalinity calcium sul 
fonate concentrate consisting of a 46 wt. percent con 
centrate in mineral oil of a calcium sulfonate prepared 
from alkylbenzene sulfonic acids of about 420 molecular 
weight, containing 11.4% calcium and having a total base 
number of 319, and 12 parts by weight of the zinc dial 
kyldithiophosphate concentrate described in Composition 
2 of Example 6. 
For use as lubricating oil additives the reaction products 

of this invention may be incorporated in lubricating 
oil compositions in concentration ranges of from about 
0.1 to about 10 wt. percent, and will ordinarily be used 
in concentrations of from about 0.1 to about 5 wt. per 
cent. The lubricating oils to which the additives of the 
invention may be added include not only mineral lubri 
cating oils but synthetic oils. The mineral lubricating oils 
may be of any preferred types, including those derived 
from the ordinary para?inic, naphthenic, asphaltic, or 
mixed base mineral crude oil by suitable re?ning meth 
ods. ' 

The additives of this invention may also be employed in 
middle distillate fuels for inhibiting the formation of 
sludge and sediment in such fuels. Concentration ranges 
of from about 0.002 to about 2 wt. percent, or more 
generally from about 0.005 to about 0.1 Wt. percent, are 
employed. Petroluem distillate fuels boiling in the range 
of from about 300° F. to about 900° F. are contem 
plated. Typical of such fuels are No. 1 and No. 2 fuel 
oils that meet ASTM Speci?cation D~—3-96—48T, diesel 
fuels qualifying as Grades 1D, 2D‘ and 4D of ASTM 
Speci?cation D-975-51T, and various jet engine fuels. 
The additives may also be employed in gasolines in 

concentrations ranging from about 0.001 to about 1.0 
Wt. percent as deposit preventing additives, carburetor 
detergents, and the like. 

In either the fuel or lubricant compositions, other con 
.ventional additives may also be present including dyes. 
pour point depressants, antiwear agents, antioxidants 
such as phenyl-alpha-naphthylamine, tert. octylphenol sul 
?de, bis-phenols such as 4,4'-methylene bis(2,'6-di tert. 
butylphenol), viscosity index improvers such as polymeth 
acrylates, polyisobutylene, alkyl fumarate-vinyl acetate 
copolymers, and the like, as well as other dispersants. The 
latter may be of the conventional metal-containing type, 
including lbarium tert. octylphenol sul?de, calcium non 
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10 
including barium tert. octylphenol sul?de, calcium nonyl 
phenol sul?de, or any of the sulfonate detergents of either 
the normal type or the Well-known high alkalinity type, 
containing excess metal base. over that required for sim 
ple neutralization of the sulfonic acids. Such sulfonates 
include barium or calcium petroleum sulfonates, calcium 
di-Ca alkylbenzene sulfonate, barium dl-Cg alkylbenzene 
sulfonate, and calcium C16 alkyllbenzene sulfonate. The ' 
alkyl groups may be derived from simple ole?n polymers, 
e.g. C8 from diisobutylene, C9 from tripropylene, and C12 _ 
from tetraisobutylene. . _ 

As is apparent from the foregoing examples, it is with 
in the contemplation of this invention to prepare additive 
concentrates in which the concentration'of additive is 
greater than would normally be employed in a ?nished 
lubricant. These concentrates may contain in the range 
of from 20 to 80% of additive on an active ingredient 
basis, the balance being mineral oil. Such concentrates 
are convenient for handling the additive in the ultimate 
Iblending operation into a?nished lubricating oil composi 
tion. The additive concentrates may be made up simply 
of an additive of the present invention in a suitable min 
eral oil medium or they may include other additives that 
are intended for use along with the additives of the in 
vention in a ?nished lubricant. Thus if the additives are 
to be used in conjunction with conventional detergents, 
an additive concentrate can be prepared containing say 
30 to 60 wt. percent of an additive of the invention and 
5 to 20 wt. percent of a metal sulfonate, e.g. calcium 
petroleum sulfonate, or a metal alkylphenol sul?de, e.g. 
calcium nonylphenol sul?de, with the balance being a 
mineral lubricating oil. Alternatively 5 to 15 wt. per 
cent of an antiwear agent such as a zinc dialkyldithio 
phosphate may also be present in the additive concentrate 
package. . ' 

The additives of this invention are particularly useful 
in lubricating oil compositions in conjunction with metal 
dialkyldithiophosphate antiwear additives as taught in the 
foregoing examples. Suitable metal dialkyldithiophos 
phates include the oil-soluble zinc, nickel, cadmium, and 
lead salts of dialkyldithiophosphoric acids derived by re 
action of sul?des of phosphorus, particularly P255 with 
alcohols having in the range of from about 3 to about 
20 carbon atoms, more usually in the range of from about 
3 to 10 carbon atoms. Metal salts of any of the speci?c 
dialkyldithiophosphoric acids disclosed earlier in the speci 
?cation may be employed. In lubricating oil compositions 
the metal dialkyldithiophosphates are normally employed 
in concentration ranges of from about 0.1 to about 3 wt. 
percent, depending upon the particular metal salt em 
ployed as well as its intended function, i.e. as an anti 
oxidant and/or as a wear reducing agent. 

It is also within the contemplation of this invention to 
prepare additive concentrates in which the reaction be 
tween the phosphosulfurized hydrocarbon and the amine 
containing intermediate is conducted in the presence of a. 
metal dialkyldithiophosphate. Proportions will vary some 
what, depending on relative molecular weights and other 
factors, but they may range from about 5 to 20 wt. per 
cent of phosphosulfurized hydrocarbon, 5 to 20 parts 
by weight of metal dialkyldithiophosphate and 10 to 50 
parts by weight of the amine-containing intermediate, to 
gether with su?icient mineral lubricating oil to give a 
concentrate of the desired active ingredient content. As 
a speci?c example, 44.4 Wt. percent of the reaction prod 
uct concentrate of Example 1, 13.7 wt. percent of the 
phosphosulfurized polyisobutylene of Example 2, 21.3 
wt. percent of the zinc dial-kyldithiophosphate concentrate 
employed in preparing Compositions 2 and 3 of Example 
6, and 20.6 wt. percent of a light mineral lubricating oil of 
150 SUS viscosity at 100° F. may be. mixed together and 
heated at 210 to 215° F. for 2 to 3 'hours, using nitrogen 
blowing. 
The scope of this invention is to be determined by the 
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rims appended hereto and is not to be limited by the 
amples presented in the‘ foregoing speci?cation. 
What is claimed is: 
1'. A method of preparing an oil-soluble additive for I 
.neral oils which comprises reacting together at about 
0 to 400° F. about 1 mole proportion of a condensa 
in product, selected from the class consisting of: 
(a) products obtained from the reaction at about 200 

to 350‘ F. of about 0.5 to 3.0 molar proportions of 
alkenylsuccinic anhydride and about 1 molar pro 
portion of aliphatic polyamine, and 

(b) products obtained from the reaction at about 200 
to 350° F. of about 0.5 to 3.0 molar proportions 
.of alkenylsuccinic anhydride, about 1 to 1.5 molar 
proportions of C1 to C3,,‘ carboxylic acid, and about 
1 molar proportion of aliphatic polyamine, 

with at least 0.01 molar proportion of phosphosulfur 
ized hydrocarbon, and with at least 0.01 molar pro 
portion of dialkyl dithiophosphoric acid, 

said alkenylsuccinic anhydride having an alkenyl group 
totaling in the range of from about 40 to 250 car 
bon atoms, 

said aliphatic polyamine being selected from the class 
consisting of ‘N,N-di-(2-aminoethyl) ethylene di 
amine, alkylene polyamines having the formula 

lerein n is 2 to 3 and m is a number from 0 to 10, 
d N-aminoalkyl piperazines of the formula 

iereiu n is a number 1 to 3, and R is selected from 
a group consisting of hydrogen and aminoalkyl radicals 
ntaining 1 to 3 carbon atoms. 
2. Method as de?ned by claim 1 ‘wherein said dialkyl 
hiophosphoric acid comprises mixed dialkyl dithio 
osphoric acids derived from isobutyl alcohol and amyl 
ohol. . 

3. Method as de?ned my claim 1 wherein said con 
asation product is a product obtained from 1 to 1.5 
>lar proportions of alkenylsuccinic anhydride and about 
nolar proportion of aliphatic poly-amine. 
4. Method as de?ned -by claim 1 wherein said con 
nsation product is a product obtained from 1 to 1.5 
)lar proportions of alkenylsuccinic anhydride, 1 to 1.5 
>lar proportions of C1 to C30 carboxylic acid and about 
nolar proportion of polyamine. 
5. Method as de?ned by claim 1 wherein said alkenyl 
:cinic anhydride contains alkenyl groups derived from 
polymer of a C2 to C5 monoole?n having a molecular 
ight in the range of from about 600 to about 3000. 
6. Method as de?ned by claim 1 wherein said phospho 
furized with hydrocarbon is the product of treatment 
polyisobutylene with PZSB. 
7. Method as de?ned 'by claim 1 wherein said reac 
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tion with phosphosulfurized hydrocarbon is conducted at 
100 to 250° F. _ 

8. Method as de?ned by claim 1 wherein said conden 
sation product is the reaction product of tetraethylene 
pentarnine and polyisobutenylsuccinic anhydride derived 
from polyisobutylene of molecular Weight in the range 
of about 800 to 1200. 

9. Method as de?ned by claim 1 wherein said con-I 
densation product is the reaction product of acetic acid, 
tetraethylene pentamine, and polyisobutenylsuccinic an 
hydride derived from polyisobutylene of molecular weight 
in the range of about 800 to 12-00. 

10. The product obtained by the method of claim 1. 
11. Oil composition comprising a major proportion of ‘ 

a mineral oil selected from the class consisting of gaso 
line, middle distillate fuel, and lubricating oil and from 
0.1 to 10 wt. percent of the additive de?ned by claim 1. 

12. Lubricating oil composition comprising a major 
proportion of a mineral lubricating oil and from 0.1 to 
10 wt. percent of the additive de?ned by claim 1. 

13. Gasoline containing 0.001 to 1.0 wt. percent of the 
additive de?ned by claim 1. 

14. A concentrate of an additive having sludge dis 
persancy, deposit inhibiting, antioxidant and antiwear 
properties, which comprises a mineral oil to which has 
been added in the range of 20 to 80 wt. percent of the 
product obtained by the method of claim 1. 

15. A concentrate of an additive having sludge dis 
pe'rsancy, deposit inhibiting, antioxidant and antiwear 
properties, which comprises a mineral lubricating oil to 
which have been added in the range of 30 to 60 wt. per 
cent of the product obtained by the method of claim 1 
and in the range of 5 to 20 wt. percent of a conventional 
metal-containing lubricating oil additive. 

16. An additive concentrate as de?ned by claim 15 in 
cluding in the range of 5 to 15 wt. percent of a zinc di- . 
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alkyldithiophosphate. 
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