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Gl!lll O:IL COllPOSUZO.lfS 

'lBC!DlrCAL PDLD 

This invention re1ates to gear oils, and more particularly 
to manual tranSlftission gear oils that have the capability of 
sharply reducing if not eliminating clashing of gears under low 
temperature conditions. 

TECIDl'IC1'L P.ROBLEll.SOLVBD BY '!'BB DlfDTJ:OH 
A "cold-clash" gear problem has recently been experienced 

by at least one well-known commercial manufacturer of manua1 
transmissions for passenger cars and other vehicles. When the 
trans•ission is cold, as during initial vehicle operation after 
exposure to the cold during winter months in cold climatic re­
gions of the world, the transmission does not operate properly. 
The operator usually finds it necessary to exert excessive force 
upon the gear shift lever and in addition there can be and often 
is a pronounced clashing of tbe gears during the shiftinq opera­
tions. While the source of the problem is not known with cer­
tainty, it is a real world problem cryinq for a solution. As a 
matter of fact, even use of the best current factory-fill synthe­
tic 7SW-90 GL-4 gear oil fails to alleviate this perplexing pro­
blem. · 

20 TD nrvBr.r::r:Oll 

This invention prOYides an affective solution to the cold­
clash problem • 

In accordance with this invention an essentially metal-free 
and essentially haloqen-free, boron-containing 9'ear oil lubricant 

25 composition is provided Which comprises: 

30 

a) base oil consisting essentially of a blend of (l) at least 
one d1a1.kyl ester of an aliphatic dicarboxylic acid havin~ 
a maxillllllll. pour point of about -ss • C and a maximum kinematic 
viscosity at ioo·c of about 4 est (mm2/sec); (2) hydrogen­
ated poly-a-olefin oliqomer having a kinematic viscosity at 
1oo•c of about 40 est; (3) at 1east one hydroqenated poly-
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I 

a-olefin oligomer having a kinematic viscosity at 1oo·c in 

the range of about 4 to about a est; and (4) hydrogenated 
poly-a-olefin oligomer having a kinematic viscosity at 

ioo•c of about 2 cSt, in proportions such that for each 100 

5 parts by weight of (2) there are about 10 to about 40 parts 

by weight 0£ (1), about 3 to about 25 parts by weight of 

(3), and about 11 to about 30 parts by weight of (4); 

b) 

10 

c) 

al>out o. 7 to about 7 wt% of at least one oil-soluble 

organic sulfur-containing antiwear and/or extreme pressure 

agent having a sulfur content of at least about 20% by 

weiqht: 
about 0.2 to about 3 wt% of at 1east one oil-soluble or­

ganic phosphorus-containing antiwear and/or extreme pres­

sure agent; 
15 ci) about o.os to about 0.35 wt% of at least one oil-soluble 

copper corrosion inhibitor; 

20 

e) about 0.1 to about o.s wt% of at least one oil-soluble rust 

inhibitor; 

f) a.bout 0.005 to about 0.06 wt% of at least one oil-soluble 

foam inhibitor; and 
g) about 0.15 to about 3 wt% of at least one oil-soluble ash-

less dispersant; 

all or the foregoinq percentages being based on the weight of the 

total composition, said composition beinq still further charac-

25 terized in that the sulfUr:phosphorus weight ratio of said compo­

sition is in the ranqe of about 8:1 to about 35:1, in that the 

boron content of said cOJDposition is in the range of about o.0·025 

to about 0.07 wt%, and in that the kinematic viscosity 0£ said 

composition is in the range of about 13 to about 15 cSt (and pre-

30 ferably in the range of about 13.5 to about 14.5 cSt) at ioo·c • 

Preferably, the dia1k.y1 ester is a dialkyl adipate, a dial­

kyl sebacate, or a mixture thereof • 

- 2 - .. · 
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Pursuant to one embodilnent of this invention the base oil 

of the above composition consists essentially of a blend of (1) 

di (2-ethylhexyl) sebacate: (2) hydrogenated poly-a-olefin oli9omer 
havinq a kinematic viscosity at 100°c of about 40 est; (3) hydro-

s qenated poly-a-olefin oliqomer having a kinematic viscosity at 
1oo•c of about 8 cSt; and (4) hydrogenated poly-a-olafin oligomer 

having a kinematic viscosity at 1oo·c of about 2 est, in 

proportions such that for each 100 parts by weight of (2) there 
are a])out 24 to about 40 parts by weight of (1), about 3 to about 

10 l.2 parts by weight of (3), and about 11 to about 20 parts by 

weight of (4). 

15 

Use of a composition of this invention has been found to 
sharply reduce if not totally eliminate the cold-clash problem.. 

Thus another embodiment of 'f:his invention is the method of alle-
viating the proble?B of cold-clashing of qears in a manual trans­

mission upon, durinq and shortly after exposure to low tempera­

ture climatic conditions, Which method comprises providing as the 
lubricant in said transmission a ~ear oil composition ~f this 
invention. still another embodiment is the method of operating 

20 a manual transmission when the transmission has been exposed to 
low temperature climatic conditions, which method comprises lu­
bricating said transmission with a qear oil composition of this 

25 

invention. 

In another elllbodiment, the base oil of the above composition 
consists essentially of a blend of (l) di(isooctyl)adipate; (2) 
hydroqenated poly-a-olefin oliqomer havinq a kinematic viscosity 
at 1oo·c of about 40 est; (3) hydrogenated poly-a-olefin oliqoaer 

having a kinematic viscosity at ioo•c of about 4 est1 and (4) hy­

drogenated poly-~-olefin oliqomer havinq a kinematic viscosity 
30 at ioo·c of about 2 est, in proportions such that for each ~oo 

parts by weight of (2) there are about 15 to about 30 parts by 
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case EI:-6777-A. 

weight of (1), about 6 to about 15 parts by weiqbt of (3), and 

about 15 to about 25 parts by weight of (4) • 

I.n still another embodiment, the. base oil of the above 

composition consists essentially of a blend of (l) di(isode-

5 cyl)adipate1 (2) hydrog-enated po1y-~-olefin oliqomer havinq a 
kinematic viscosity at 1oo·c of about 40 C:St; (3) hydrogenated 

poly-~-olefin oligomer having a kinematic viscosity at 1oo•c of 
about 4 cSt1 and (4) hydrogenated poly-a-olefin oligomer having 
a kinematic viscosity at 1oo·c of about 2 est, in proportions 

10 such that for each 100 parts by weight of (2) there are about 10 

to about 20 parts J::>y weight of (1), about 10 to about 25 parts 

by weight of (3), and a.bout 15 to about 25 parts by weight of 

(4). 

is 'l'he base oil of the compositions of this invention is ~de 

up of four essential components, namely one or a mixture of cer­
tain synthetic esters, and three different hydrogenated oliqomers 
of speci~ied viscosities, and these eo~ponents are employed in 

specified proportions rel.ative to each other. The synthetic es-

20 ter is one or more dialkyl esters of an aliphatic dicarboxy1ic 
acid each o~ which has a maximum pour point of about -ss•c and 

a maximlllD kinematic viscosity at 1oo·c of about 4 cSt (:mnf!/sec). 

Suitab1e esters meeting these requireJRents are di(2-ethylhexyl)­

sebacate, di(2-ethylbexyl)adipate, di(isooctyl)adipate, di(iso-

25 nonyl)adipata, di(isodecyl)adipate, and (2-ethylhexyl)(isodecyl)­

adipate. Materials of this type are available cOJmercially. For 

example, Hatco Corporation markets di(2-ethylhexyl)adipate, di­
(isooetyl)adipate, (2-ethylh.exyl)(isodecyl)adipate, di(2-ethyl­

hexyl)sebacate and di(isodecyl)adipate under the trade designa-

30 tions Of HATCOL 2908, HATCOL 2906, HATCOL 2911, HATCOL 3110 I and 

DTCOL 2910, respectively. J:f necessary, other octyl, nonyl and 

decyi adipate or sebacate isomers may be used t6gether with or 
in lieu of the for89oing esters, provided that the p:roduct satis-

- 4 -
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fies the viscosity and pour point requirements given above, and 

that the compatibility characteristics of the ester or ester mix­

ture are substantially the same as the synthetic esters specific­
ally identified herein. 

The other three essential components of the base oil are all 
de:rived by oliqomerization of a 1-a1kene having in the range of 
6 to 20. preferably 8 to 16, more preferably 10 to 12 and most 

preferably 10, carbon atoms in the molecul•, and hydrogenation 

of the resultant oliqomers. The hydroqenated poly-a-olefin oli-

10 gomer baving the highest viscosity of the three has a kinematic 
viscosity at lOO"'C of about 40 est. Of the three oli9o:m.ers, the 
hydrogenated poly-a-olefin oliqomer of next hiqhest viscosity has 

a kine111atic viscosity at 100 .. c of aoout a est. The hydr09enated 

poly-c-o1efin· oligomer with the lowest viscosity of the three 
15 oligo:m.ers has a kinematic viscosity at 1oo•c of a.bout 2 cSt • 

The four essential components of the base oil are employed 

in proportions, on a weight basis, such that for each 100 parts 

of the 40 cSt oliqomer there are about 10 to a.bout 40 parts pre­

ferably about 10 to about 36 parts, and more prefera.b1y about 12 
20 to about 34 parts of the synthetic ester: about 3 to about 25 

parts, preferably about 3 to about 20 parts, and more preferably 
about 3 to a.bout 15 parts of the 4 to 8 est oliqotner: and about 
11 to a.bout 30 parts, preferably about 12 to about 25 parts, and 

lDore preferably about 12 to about 20 parts of the 2 est olig0tner. 
25 One especially preferred base oil blend consists of about 32 

parts by weight of the sebacate ester, about 100 parts by weight 

of the 40 est oligomer, about 3 to about 4 parts by weight of the 

s est o1igomer, and about 18 to about 20 parts by weiqht of the 

2 est oligomer. Another especially pref erred base oil blend con-

30 sists of about 18 to a:bout 22 parts by weight of di(isoocty1)adi­

pate, about 100 parts by weiqht of the 40 est oligomer, about 9 
to about 13 parts by weight of 4 est oligomer, and about 16 to 

- 5 -

---------- -· ---- ·- 11as Been Re\' laced 

\i\\\\\\\\ 

Ill 027 

· ... 
·:-· 

.. · ... 
· .... 



~:··: . . . :.·· ....... 

··{· ;• : 
: !· ": ·: 

.. 
. ~. 

·: 

04112196 08:47 '0'804 788 5688 tTHYL HQ 

•' 

": . ~· .. 
. I 804 788 5688. ... 

. ·:.:·;.. ··-~~ :. : . . 

case EI-6777-1 

about 20 parts by weight of the 2 cSt oligomer. Yet another es­

pecially pref erred base oil blend consists of about 13 to about 

17 parts by weight of di(isodecyl)adipate, about 100 parts by 

weight of the 40 est oli9om.er1 about 14 to about 18 parts by 

5 wei9'ht of 4 est oligomer, and about 16 to about 20 parts by 

weight of the 2 est oligomer. 

Metal-free sultur-containing antivear and/or extreme pres­

sure agents used in the praatice of th.is invention include dihy­

droearbyl polysulfides; sulfurized olefins: sulfUrized ;Catty acid 

l.O esters of both natural and synthetic oriqins: trithionesf sulfUr­

ized thienyl derivativesr sulfurized terpenes; sulfurized poly­

enes: su1furized Diels-Alder adducts, etc.,. provided that the 

sulfur content of the product is at least about 20 wt%, pre£er­

ably at least about 30 wt%, and most preferably at least about 

15 

20 

25 

30 

40 wtt. Specific examp1es include suJ..furized isobutylene, sul­

furized diisobutylene, sulfurized triisobutylene, dicyclohexyl 

polysulfide, diphenyl polysulfide, dibenzyl polysulfide, dinonyl 

polysulfide, and mixtures of di-tert-buty1 polysulfides such as 

mixtures.of di-tert-butyl trisulfide, di-tert-butyl tetrasulfide 

and di-tert-butyl pentasulfide, am.onq others. Combinations of 

different types of metal-free sulfur-containing antiwear and/or 

extreme pressure agents can also be used, a9ain provided that the 

co:inbination has an averaqe sulfur content of at least about 20 

wti, preferably at least 30 wt% and most preferably at l.east 40 

wt%. Examples of suitable eo:mbinations include combinations of 

sulfurized isobutylene and di-tert-buty1 trisulfide, combinations 

of sulfurized isobutylene and dinonyl trisulfide, combinations 

of sulfuriged tall oil and dibenzyl polysulfide, and the like. 

The most preferred oil-soluble metal-free sulfur-containing anti-

wear and/or extreme pressure aqents frOlD the cost-effectiveness 

standpoint are the sul~Urized olef ins containing at least a.bout 

40% by weight of sulfur, the dihydrocarbyl polysulfides contain• 

ing at least about 40% by weight of sulfur, and mixtures of such 
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sulturizecl ole£ins and po1ysulfides. Of these materia1s, su1fur­

ized isobutylene having a sulfur content of at least 40% by 

weight and a chlorine content of less than 0.2-t by weiqht is the 

most especially preferred material. Methods of preparing sulfur-

s ized. olefins are described in U.S. Patents Z,995,569; 3,673,090: 

3,703,504; 3,703,505: 3,796,661; and 3,873,454. Also useful are 

the sulfurized olefin derivatives described in u .. s. Patent 

4,654,1.56. 

Typical metal-free phosphorus-containing antivear and/or ex-

10 treme pressure additives used in the practice ot this invention 

inc1ude esters of phosphorus acids, amine salts.of phosphorus 

acids and phosphorus acid-esters, and partial and total thio ana­

logs of the foregoing. "In this connection, for the purposes oj! 

this invention an antiwear and/or extreme pressure aqent that 

15 contains both phosphorus and sulfur in the molecule is deemed a 

. . 
•• I • 

. . . ..... 

. ~ · . 

~· .. 

.· 

4 phosphorus-containing antiwear and/or extreme pressure agent. 
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Exalllples of suitable compounds which 'lllaY be used as phospborus­

containing antiwear and/or extreme pressure agents include tri­

hydrocarbyl phosphites, pbospbonates and phosphates, and dihy-

20 drocarbyl phosphites; such as tricresyl phosphate, eresyl di­

phenyl phosphate, tributyl phosphate, trioleyl phosphate, tri­

lauryl phosphate, tributyl pbosphite, trioctyl phosphite, tri­

phenyl phosphite, tricresyl pbosphite, tricyclohexyl phosphite, 

dibutyl 1auryl phosphonate, dibutyl hydrogen phosphite, dioleyl 

25 hydrogen phcsphite, and tolyl phosphinic acid dipropyl ester. 

30 

Typical sulfur anal09"S of such COJDPounds are i11ustrated by 

tricresyl mono-, di-, tri-, and tetrathiophosphates, tris(decyl) 

mono-, di-, tri-, and tetrathiophosphates, trinonyl mono-, di-, 

and trithiophosphites, dioleyl ester of hexadecylthiophosphonie 

acid, and amyl thiophosphinic acid dimyristyl ester. Amonq the 

amine salts which can be employed are amine salts of partially 

esterified phosphoric, phosphorous, phosphonic, and pbosphinic 

acids and their partial or total thio analogs such as partially 
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esterified monothiophosphoric, di thiopbosphorio, trit:hiophospho• 

ric and tetrathiophosphoric acids; amine salts of phosphonic 
acids and th~ir thio analogs; and the like. Specific examples 
inc1ude the dihexylammonium salt of dodecylphosphoric acid, the 

5 diethyl hexy1 ammonium. salt of dioctyl dithiophospboric acid, the 
octadecyla.mmonium. salt of dibutyl thiophosphoric acid, the di­

laury1ammoni1lln salt of 2-ethylhexylphosphoric:: acid, the dioleyl 
amnonium salt of butane phosphonic acid, and analogous compouncls. 

Amon9 the pre£erred materials for use as metal-free phospho-

10 rus-eontainin9 antiwear and/or extreme pressure additives are (i) 

at least one oil-soluble amine salt of a monohydrocarbyl and/or 
dihydrocarbyl ester or a phosphoric or thiophosphoric aoid, sueh 
acid having the formula 

(HX1) (HX2) (HX3) PX' 
15 wherein each of x1 , x2, x3 and x' is, independently, a.n oxygen 

atom or a sulphur atom, and most preferabiy wherein at least 
three of them are oxygen atoms1 (ii) at least one oil-soluble 
phosphorus- and nitro9en-containing composition formed by reac­
ting a hydroxy-substituted triester of a phospborothioic acid 

20 with an inor9anic phosphorus acid, phosphorus oxide or phosphorus 

halide to produce an acidic intermediate, and neutralizinq a sub­
stantial portion of said acidic intermediate with at least one 

25 

amine or hydroxy amine: (iii) at least one oil-soluble amine salt 
of a hydroxy-substituted phosphetane o:t- a hydroxy-thiophosphetane 
(someti111es referred to as •1phosphetans11 or "thiophosphetans"); 
or a combination of any two or all three of (i), (ii) and (iii). 

The phosphoriis- and nitrogen-containing compositions of type (ii) 

are described in G.B. 1,009,9131 G.B. 1,009,914: U.S. 3,197,405 

and./ or u. S. 3 , 197 , 49 6. J:n general, these compositions a.re f oraad 

30 by forming an acidic intermediate by the reaction of a hydroxy­
substituted triester of a phosphorothioic acid with an inorganic 
phosphorus acid, phosphorus oxide or phosphorus halide, and 

neutralizinq a substantial portion of said acidic intermediate 

8 -
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w-ith an allline or hydroxy-substituted amine. 'l'he type (iii) phos­
phorus- and nitroqen-containinq antiwear and/or extreme pressure 
additives which can be used in tb.e compositions of this invention 
are the amine salts of hydroxy-su:bstituted phosphetanes or the 

5 amine salts of hydroxy-substituted thiophospheta.ries. Typically, 
such salts are derived from compounds of the formuia 

wherein each of :a.., ~, ~, R4 , Rs and ~ is a. hydrogen atom or a 
carbon-bonded organic group such as a hydrocarbyl group or a sub­
stituted hydrocarbyl group wherein the substituent(s) do(es) not 

10 materially detract from the predominantly hydroc:arbona.ceous cha­
racter of the hydrocarbyl group; X is a sulphur or an oxygen atom 
and z is a hydroxyl 9'%'0up or an organic group having one or :more 
acidic hydroxyl groups. Examples of this general type of anti­
wear and/or extreme pressure agent include the amine salts hy-

15 droxyphosphetanes and the amine salts of hydroxy-thiophosphe• 
tanes. 

one type of copper corrosion inhibitors which are used in 
the practice of thi$ in"ention is comprised of thiazoles, tria­
zoles and thiadia2oles. Examples include benzotria2ole, tolyl-

20 triazole, octyltriazole, decyltriazole, dodecyltriazole, 2-mer­
capto:benzothiazole, 2,5-di.mercapto-l.,3,4-thiadiazole, 2-mercap­
to-5-hydrocarbylthio-1,3,4-thiadiazoles, 2-mercapto-5-hydrocar­
byldithio-l,3 ,4-thiadiazoles, 2,5-bis(hydrocarby1thio)-1,3,4-
thiadiazolas, and2,S-bis(hydrocar~yldithio)-1,3,4-thiadiazoles. 

25 The preferred compounds are the l.,3,4-thiadiazoles, especially 
the 2~hydrocarbyldithio-5-mercapto-l,3,4-dithiadiazo1es and the 
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2, S-:bis (hydrocar:byldithio) - 1., 3, 4-thiadia:ioles, a nUJllber of which 
are avai1ab1e as articles of commerce. Other suitable inhibitors 
of coppar corrosion include ether moines; polyethoxylated COlll­

pouncls such as ethoxy1ated a111ines, etho:xyla.ted phenols, and eth­
oxylated alcohols; ilnidazolines; and the like. 

The eomposi tions of this invention also contain a rust inhi­
:bi tor. This may be a sinqle compound or a mixture of com.pounds 
having the property cf inhibiting corrosion of ferrous metal sur­
faces. Such materials include oil-so1ub1e monocarboxylic: a.cid.s 

10 such as 2-ethylhexanoic acid, lauric acid, myristic acid, palmi­
tic acid, oleic acid, linoleic acid, linolenic acid, bahenic 
acid, cerotic acid, etc., and oil-soluble polycarboxylic acids 
inc1udinq dimer and trimer acids, such as ~ produced froJn tall 
oil fatty acids, oleic acid, linoleic acid, or the like. Other 

15 suitable corrosion inhibitors include alkenylsuccinic acids in 
which the alkenyl qroup contains 10 or more carbon atOlllS such as, 
for example, tetrapropenylsuccinic .acid, tetradeceny1succinic 
acid, hexadecenylsuccinic acid, and the like; long-chain ~,&­
dicarboxylic acids in the lllolecular weight ran9e of 600 to 3000; 

20 and. other similar materials. Products of this type are currently 
available from various co211J1.ercial sources, such as, for example, 
the di•er and trimer acids sold under the BYSTRENE trademark by 
the Hwaco Chemical Division of Witco Chemical Corporation and 
under the EMPOL traaemark by Emery ChelJlicals. Another useful 

25 typa of acidic corrosion inhibitors are the half esters of al-
kenyl succinic acids having s to 24 carbon atoms in the alkenyl 
group with a1cobols such as the polyglycols. 'l'he correspondinq 
half' amides of such alkenyl succinic acids are also useful. Al­
though added in acidic form, some or al1 of the carboxylic groups 

30 of these ca.rboxylic acid type corrosion inhibitors may be neutra­
lized by excess amine present in the compositions. Other suit­
able corrosion inhibitors include ether amines: acid phosphatesi 
amines: polyethoxylated compounds such as eth.oxylatad amines, 

- 10 -
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ethoxylated phenols, ethoxylated alcohols; imi.dazolines: and 
aminosuccinic acids or derivatives thereof represented by the 
:tormul.a: 

R' 0 
I II 

R7- c c OR 5 

R' I 
'N c c OR 1 

RV I II 
R2 0 

wherein each of R1, Rf., R5, R.6 and R.7 is, independently, a hydrogen 
5 atom or a hydrocarbyl group containing l to 30 carbon at.oms, and 

wherein each of R3 and R4 is, independently, a hydrogen atom, a 
bydrocarbyl group containing 1 to 30 carbon atoms, or an acyl 
group containinq from 1 to JO carbon atoms. The groups R1, ».2 , 

R3, R', R!i, R6 and R.7, when in the form of hydrocarbyl groups, can 
10 be, for example, alkyl, cycloalkyl or aromatic containin9 groups. 

Preferably R1 and R5 are the same or different straight-chain or 
branched-chain hydrocarbon radicals containing up to 20 carbon 
atoms. Most preferably, R1 and R5 are saturated hydrocarbon 
radicals containing 3-6 carbon atoms. R2, either Ff or R4

, R6 and 
15 R7, when in the form-of hydrocarbyl qroups, are preferably the 

same or different straight- chain or branched-chain saturated 
hydrocarbon radicals. Preferably a dialkyl ester of an aminosuc­
cinic acid is used in which R1 and R5 are the saJDe or different 
alkyl qroups containing 3-6 carbon atoms, R2 is a hydrog-en atom, 

20 and either R3 or R' is an alkyl qroup containing 15-20 carbon 
at0111s or an aey1 group which is derived from a saturated or unsa­
turated carboxylic acid containing 2-10 carbon atoms. Most pre­
ferred of t:he aminosuccinic acid derivatives is a dialkylester 
0£ an aminosuccinic acid of the above formula wherein R1 and R5 

25 are isobutyl, R2 is a hydroqen a.tom, R3 is octadecyl and/or octa-
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deceny1 and R4 is 3-carboxy-l-oxo-2-propeny1. In such ester R6 

and R7 are most preferably hydrogen atoms. 

Suitab1e antifoam. agents for use in the compositions of this 
invention include silicones and organic polymers such as acrylate 

5 polymers. Various ant1foam aqents are described in Foam Control 
Aqents by H. T • .Kerner (Noyes Data Corporation, 1976, pages 125-
176). Mixtures of silicone-type antifoam agents such as the li­
quid dialkyl silicone polymers with various other substances are 
also ef~ective. Typical of such mixtures are silicones mixed 

10 with an acrylate polymer, silicones mixed with one or more 
amines, and silicones mixed with one or more amine ~rboxylates. 
Other such •ixtures include combinations of a dimethyl silicone 
oil with (i) a partial fatty acid ester of a po1yhydr1c alcohol 
(U.S. Patent 3,235,498); (ii) an alkoxylated partial fatty acid 

15 ester of a polyhydric a1cohol (U.S. Patent 3,235,499); (iii) a 
polyalkoxylated aliphatic amine (U.S. Patent 3,235,501); and (iv) 
an alk.oxylated aliphatic acid (U.S. Patent·J,235,502)-

The ashless dispersants utilized in the compositions of this 
invention include carbo:xylic ashless dispersants, Ma.nnich base 

20 dispersants, pol:yllleric polyamine dispersants, and post-treated 
c:Uspersants of these types. At least some of the ashless disper­
sant used is a boronated ash.less dispersant. These are typically 
formed by heating the dispersant to a suitable temperature above 
about 1oo•c with a boronating aqent. Procedures suitable for ef-

25 fecting boronation of ashless dispersants are described for ex­
ample in U.S. Patents 3,087,936; 3,254,02.5; 3,281,428: 3,282,955; 
2,284,409; 2,284,410; 3,338,832: 3,344,069; 3,533,945; 3,658,836; 
3,703,536: 3,718,663; 4,455,243; and 4,652,387 • 

The carboxylic ashless dispersants a:r:e reaction products of 
30 an ac=ylating aqent (e.g., a monocarboxylic acid, dicarboxylic 

acid or other polycarboxylic acid, or derivatives thereof) with 
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one or 111ore polyamines and/or polyhydroxy compounds. These pro­
ducts, are described in many patents, including British Patent 
1,306,S29 and the following U. s. Patents: 3,163,603; 3,184,474; 
3,215, 707; :3,219,666; 3,271,310; 3,272,746; 3,281,357; 3,306,908; 

5 3,311,558: 3,316,177; 3,340,281; 3,341,542; 3,346,493; 3,381,022; 
3,399, 141; 3 ,415, 7501 3,433, 744; 3,444, 170; 3 ,448, 048; 3, 448,049: 
3 ,451, 933; 3 ,454, 607; 3, 467, 668; 3, 522, 179; 3 ,541, 012; 3 ,.542, 678; 
3,574,101; 3,576,7437 3,630,904f 3,632,510; 3,~32,511; 3,697,428; 
3,725,441; 3,868,330; 3,948,SOO; 4,234,435; and Re 26,433 • 

10 There are a nwober of sub-categories of carbox.ylic ashless 
dispersants. One such sub-category which constitutes a preferred 
type is composed of the polyamine succinamides al'ld more prefera­
bly the polyamine succini111ides in which the succinic CJrOUp con­
tains a hydrocarbyl substituent, usually an a1kenyl substituent, 

15 containinq at least 30 carbon atoms. These dispersants are usu­
ally formed by reacting a polyamine with an alkenyl succinic acid 
or anhydride such as a polyisobutenyl succinic acid and anhydride 
wherein the polyisobutenyl group has a number average molecular 
weight of 500 to s,ooo, preferably 700 to Z,500, and more prefer-

20 ably 700 to l, 400. The po1yamine used in forming such compounds 
contains at least one primary amino qroup capable of f o:r:ming an 
imide group on reaction with a hydrocarbon-substituted sueeinie 
acid or acid derivati~e thereof such an anhydride, lower alJtrl 
ester, acid halide, or acid-ester. The literature is replete 

25 with descriptions of polyamines suitable for use in forminq such 
carboxylic ashless dispersants. See for example u. s. Patent 
5,034,018 ~biCh describes not only simple polyamines but amido­
amine adducts which are suitable for use in forming such carbo.xy­
lic ashless dispersants. Representative examples of such disper-

30 sants are given in u.s. Patents 3,172,892; 3,202,678; 3,21G,936; 
3,219,666; 3,254,025; 3,272,746; 4,234,435; and 5,034,018. As 
used herein the term 11succinimide" is meant to encOlDpass the com­
pleted reaction product fro~ reaction between the amine reac-
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Case EI-6777-A ........ 

tant(s) and the hydrocarbon-substituted carboxy1ic acid or anhy­

dride (or like acid derivative) reactant(s), and is intended to 

encompass compounds wherein the product may have amide, amidine, 

and/or salt linkaqes in addition to the imide linka9e ot' the type 

5 that results from the reaction of a primary amino group and an 
anhydride moiety. 

Another sub-category of carboxylic ashless dispersants which 
can be used in the compositions of this invention includes alken­
yl succinic acid esters and diesters of alcohols containing 1-20 

10 carbon a.toms and l.-6 hydroxyl qrouiis. Typical examples are de­

scribed in U.S. Patents 3,331,776; 3,381,022; and 3,522,.l.79. The 

alkenyl succinic portion of these esters corresponcts to the al.­

lceny1 succinic portion of the suceinilllides described al:>ove. Al­

c::oho1s usefUl in preparing the esters include methanol, ethanol, 
15 2-metbylpropano1, oetadecanol, eic:osanol, ethylene glycoi, dieth­

ylene glycol, tetraethylene qlycol, diethylene qlycol monoethyl-.. 
ether, propylene glycol, tripropylene glycol, glycerol, sorbitol, 

l,l,l- tr.imethylol ethane, 1,1,1-tri:methylol propane, l,l,1-tri­

methylol butane, pentaerythritol, dipentaerythritol, and the 

20 like. 

T~e succinic esters are readily made by merely heatinq a 

mixture of alkenyl succinic acid, anhydrides or lower al.k.yl 
(e.g., ·c,-c4 } ester with the alcohol while distilling out water 
or lower alkanol. In the case of acid-esters less alcohol is 

25 used. In fact, acict-esters mada fro111 alkeny1 suceinic anhydrides 
do not ev-olve water. I.n another method the alkeny1 succinic acid 
or anhydrides can be merely reacted with an appropriate alky1ene 
oxide such as ethylene oxide, propylene oxide, and the like, 

including mixtures thereof • 

30 still another sub-category of carboxylic ashless dispersants 

useful in forming compositions of this invention: comprises an al-
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Case EI-6777-A ·· · · 

kenyl succinic ester-amide mixture. Thase may be :made by heatinq 
the above-described alkenyl succinic acids, anhydrides or 1ower 
a1kyl esters or etc. with an alcohol and an amine either saquen­
tia11y or in a mixture. 'l'he alcohols and amines described above 

5 are also useful in this embodiment. Al tarnati vely, amino alco­
hols can be used alone or with the alcohol and/or amine to form 
the ester-amide mixtures. The amino alcohol can contain l-20 
carbon atomsr i-6 hydroxy groups and 1-4 allline nitroqen atoms. 
Examples are ethanolamine, diethanolamine, N•ethano1-diethylene 

10 

15 

triamine, and trimethy1o1 aminomethane. Representative examples 
of suitable ester-amide mixtures are referred to in U.S. Patents 
3,184,474; 3,576,743; 3,632,511; 3,804,763; 3,836,471; 3,862,9811 
3r936r4BO: 3 1 948,800; 3,950,341; 3 1 957,854; 3,957 1 855; 3,991,098; 
4 1 071,548: and 4~173,540. 

As in the case of the other carboxylic ashless dispersants 
discussed above, the a1keny1 suc:cinic anhydrid& or like acy1atinq 
aqent is derived from a po1yo1e.fin, preferably a polyisobutene, 
having a number average molecular weight of 500 to 5, ooo, prefer­
ably 700 to 2r500r and more preferably 700 to 1,400. Likewise, 

20 residual uns~turation in the polyalkeny1 substituent group can 
be used as a reaction site as for example, by hydr09"enation, 

as 

sulfurization, or the like. 

The polymeric polyamine dispersants are polymers containing 
basic amine groups and. oil solubilizin; groups (for example, pen-
dant alky1 groups having at least about e carbon atoms). Such 
materials inc1uder but are not limited to, interpoly:mars of decyl 
metb.acrylate, vinyl decyl ether or a relatively high •olecular 
weiqht ole£in witb aminoa1kyl am:ylates and aminoalky1 acry1a­
mides. Examples of po1ymeric polya:mine dispersants are set forth 

30 in the following patents: U.S. J,329,658; 3,449,250; 3,493,520; 
3,519,565; 3,666,730; 3,687,849; and 3,702,300. 
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Mannich base dispersants vbich can be used pursuant. to this 

invention are condensation products formed by condensing a 1onq 
chain hydrocarbon-substituted phenol with one or •ore a1iphatic 
a.1(1,ehydes, usually form.aldehyde or a formaldehyde precursor, and 

5 one or more polya:mines, usually one o~ mere polyalJcylene poly­
amines. Examples of Mannic::h condensation products, includinq in 
many cases ~oronated Mannich base dispersants, and methods for 

their production are described in the followinq U.S. Patents; 
2,459,112; 2,962,442: 2,984,5501 3,036,003; 3,166,516: 3,236,770; 

10 3,3G8,972; 3,413,347; 3,442 1 808~ 3,448,047; 3,454,497; 3,459,661.; 

3,493,520; 3,539,633; 3,558,743; 3,586,629; 3,591,598; 3,600,372; 

3,634,515; 3,649,229; 3,697,574; 3,703,5361 3,704,3081 3,725,277; 

3 f 725,4807 3, 726,882; 3 t 736, 357; J, 751, 365; 3 I 756,953; 3 I 793 ,202: 

3,798,165; l,798,247; 3,803,039; 3,872,019; 3,904,595; 3,957,7467 

15 3,980,569; 3,985,802: 4,006,0897 4,011,380; 4,025,451.; 4,058,468; 

4,083,699; 4,090,854; 4,354,950; arid 4,485,023 • 

The boron content of the gear oils of this invention can be 
supplied entirely by use of a borcnated ashless dispersant. Al­

ternatively the boron can be supplied in its entirety by use of 
20 one or other boron containing additive components, such as a 

Doronated partial ester of a polyhydric alcohol which preferably 
is complexed with a succinilllide (e.9., u.s. Patent 4,455,243), 

by use of a finely dispersed hydrated inor~anic borate (e.g., 
U.S. Patent 3 1 997,454), or by use of one or more other types of 

25 suitable boron-containing additive components. The addition to 

the base oil of a combination of two or more different kinds of 
oil-soluble or dispersible boron-containinq co~ponents, such as 
one or more boronated ashless dispersants together with a finely 

divi.ded dispersed hydrated inorganic borate or a bo:ronated par-
30 tial ester ox a po1yhydric alcohol 1 is still another appropriate 

alternative. Preferably, at least SO wt% and more preferably at 
least 75 wt% of the boron content of the compositions of this 
invention is introduced therein as boronated ashless dispersant • 
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Most preferab1y, substantia1ly the entire boron content of said 
composition (i.e., from 90 to 100% by weight of the boron con­
tent) is introduced into the eo•positions of this invention as 
one or more boronated ashless dispersants. 

It should be understood that as used herein the term 
"ashless 11 in connection with the dispersants refers to the fact 
that they do not contain any metallic constituent other than 
perhaps trace amounts of metal i11purities or contaJni.nants. The 
term does not denote that the product must not form any residue, 

10 as the dispersants used preferably contain either or both of 
boron and phosphorus. Although these elements are not metals, 
small amounts of deposits or residues can result from the pre-
sence of these elements in the dispersant. 

AS noted above, the compositions of this invention are es-
15 sentially •etal-free and essentially halogen-free. By tbis is 

meant that if any metal-containing- additive component is employ­
ed, it is elllployed in a.mount such that the. finished gear oil con­
tains by weight a tota1 or no more than soo ppm of •etal intro­
duced by way of added metal-containing additive(s}, and that if 

20 any halogen-containing additive component is employed, it is 

employed in amount such that the finished gear oil contains by 

weight a total of no more than 300 ppm of halogen introduced by 
way aoded metal-containing additive(s). Preferably, no metal­
containing additive is used. Typically there may be trace 

25 amounts of chlorine in the finished gear oil introduced as an 
impurity in one or more of the additive components. For example, 
succinic derivative ashless dispersants wherein in the formation 
of the succinic acylating agent such as polyisobutenyl succinic 
anhydride it is collllllon to react the polyisobutene with chlorine 

30 to enhance the reaction with maleio anhydride. Thus the finished 
product in which such dispersants are used is likely to contain 
small amounts of chlorine.. Likewise, certain organic sul"fur an-
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tiwear and/or extreme pressure agents can contain small amounts 
of residual chlorine if ch1orine-containinq reagents are used in 
their manufacture. Such residual amounts of chlorine can .ba car­
ried over into the finished ashless dispersant and thus intro-

5 duced into the finished qear lubricant in this manner. Pre.ter­
a.bly however, deliberate use of halogenated additives in order 
to utilize their halogen content (e.g., for antiwaar or extreme 

:;· pressure perfomance) is avoided in the practice of this inven-

... 

:.., ~ .... 

· .... • .... . 
.;-., ·-
:.:.: 

tion. 

10 Preferred. finished gear oils of this invention utilize COlllPO-
nents proportioned sucb that the kinematic viscosity of the compo­
sition at ioo•c is at least 13.5 est and the Brookfield viscosity 
of the composition at -40°C is so,ooo cP or less. Also preferred 
are compositions characterized in that the sulfur-containing anti-

15 wear and/or extreme pressure agent is selected from sulfUrized ... 
olefinie hydrocarbon, aliphatic polysulfid.es, and mixtures of sul-
:furized. olefinic:: hydrocarbon and aliphatic polysul.f ides; in that 
the ashll!Ss dispersant consists essentially of at 1east one suc::­
cinic derivative ashless dispersant selected from boronated al-

20 kenyl sucoinilllides, boronated alkenyl succinic:: esters, and bor­
onated a1keny1 suceinic ester-alDides; and in that the entire 
boron content of the composition is introduced therein as the 
succinic deri'7ative ashless dispersant: and in that the composi­
tion is devoid of any meta1-containinq additive. 

25 The following examples in which parts and percentages are 
by weight illustrate the practice of this invention. These 
examples are not intended to limit, do not limit, and should not 
be construed as limitinq the generic aspects of this invention 
in any manner whatsoever. 
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A qear additive package containing (i) a sulfur-phosphorus 

antiwear/extreme pressure additive combination formed by inter­

action amon9 37.6 parts of sulfU.rized isobutyiene, 4.8 parts of 

5 dialkyl hydrogen phosphite, 6.6 parts of prima::cy aliphatic mono­

amines and 1.0 part of mono- and dialkyl acid phosphates; (ii) 

13. 3 parts of trihydrocarbyl di thiophosphate; (iii) 3. 3 parts of 

a thiadiazole copper corrosion inhibitor; 0.8 part of carhoxylic 

acid rust inhibitors, 0.6 part of foam inhibitor, 12.7 parts of 

10 

15 

20 

a 62% oil solution of a boronated suc:cini.mide ashless dispersant, 

and 19.5 parts of process oil diluent is added to a base oil 

consisting of (1) di(2-ethylhexyl) sebacate, (2) a hydrogenated 

poly-a-olefin oliqomer having a kine:iuatic.visc:osity at ioo·c of 

about 40 est, (l) a hydr09enated poly-a-olefin oligomer having 

a kinematic viscosity at ioo·c of about 8 cSt, and (4) a hydro­

genated poly-a-olefin oligom.er having a kinematic viscosity at 

ioo•c of about 2 est. The components are proportioned such that 

the finished gear oil contains 3.25% of the additive package, 

20.00% of the di(2-ethylhexyl) sebacate, 62.50% of the 40 est 

oligcmer, 2.00% of the 8 est oligomer and 12.25% of the 2 est 

oli9omer. This GL-4 finished oil has a kinematic viscosity at 

iao•c of 13.76, a Brookfield viscosity at -4o•c of 33,600 cP, a 

sulfur content of about o. 64%, a phosphorus content of about 

o.062%, a nitro9en content ox about 0.026%, a chlorine content 

25 of about o. 005%, and a boron content of about O. 0057%.. The 

finished lubricant is devoid of any metal-containing additive • 

EXJPfPLB 2 

A finished gear lubricant formed as in EXa.mple 1 was em­

ployed as the lubricant in new manual transmissions produced by 

30 a well-known transmission manufaeturer. The transmissions were 

operated under cold conditions silnulating wintertime exposure in 

cold climates, and under conditions known to produce the cold­

clash prob1em. It was found that the qear lubricant of this 
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invention eliminated the -c::old-clash problem. In particu1ar, as 

compared to the best factory fill qear lubricant approved and 

specified by the manufacturer for use with this transmission, the 

ring bloclcinq time in the transmission was reduced under various 

5 test conditions by use cf the gear lubricant of this invention 

to time ranges :between 5 and 10 seconds, which is deemed entirely 

satisfactory under these severe operating- conditions. FUrther, 

the shift pressure that the operator had to apply to the shift 

knob to complete a gear shift was reduced by 20 to 30 pounds as 

10 compared to the best factory rill gear lubricant approved and 

specified by the :manufacturer for use with this transmission. 

BDH.'PLE 3 

In order to qualify for use as a lDanual transmission lubri­

cant it is necessary that the finished gear oil not exhibit ex-

15 cessive antaqonism towards various polymeric :materials used in 

the fabrication of seals used in the transmissions. A finished 

gear lubricant formed as in Example 1 was subjected to the stan­

dard PG-1 and PG-2 seal tests usinq polyacrylate, nitrile, and 

::tluoroelastom.er (VITON9 elastomer) seals. It was found that in 

20 each case, tbe seal performance was satisfactory at the end of 

1000 hours of testing. 

BDHPLB 4 

A GL-5 9ea:r oi1 of this invention is formed by utilizing the 

components of EXample 1 in proportions such that the finished 

25 lubricant contains 6.5% of the additive package and 93 .. 5% of the 

base oi1 of Example 1. 

BDHPJ.B S 

A finished gear oil is formed as in Example 1 except that 

the 37.6 parts of sulfUrized isobutylene is rep1aced by 37.6 

JO parts of a combination of 60% sulfUrized isobutylene and 40% 

dialkyl polysulfide. 
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A finished gear oi1 is fOJ:lned as in Example 1 except that 
the d1alkyl hydroqen phosphite, the primary aliphatic monoamines, 
the ?Dono- and dialkyl acid phosphates and the trihydrocarbyl di-

5 thiophosphate are replaced by an equivalent amount of phosphorus 
as a product ma.de by the following procedure; 53 parts of phos­
phorus pentoxide is added to 430 parts of hydroxypropyl-O,O'­
di(4-methyl-2-pentyl)phosphorodithioic acid at 60-6J•c within a 
period of s.s hours. The reaction mixture is heated to 75-so·c 

10 and held at this temperature for 2 hours. To this reaction mix­
ture is added over a period of l.S hours 219 parts of a mixture 
ot tertiary alkyl primary m.onoamines havinq 11 to 14 carbon atoms 
while controllinq the temperature to 30-60°Ca Then the product 
mixture is maintained at so-60°c for o.5 hour .and filtered. The 

15 resultant product should have a phosphorus content of about s~, 
a sulfur content of about 10.4% and a nitrogen content of about 
2.2%. 

BDKPLE 7 

A finished gear oil is formed as in Example 1 except that 
20 (i} the sulfurized isobutylene is replaced by an equivalent 

amount of sulfur as a diisobutene polysulfide containing an ave­
ra9e of 3.2 sulfur atoms per molecule prepared by stepwise reac­
tion of isobutene with sulfUr monochloride and sodililD sulfide, 
and {ii) the dialky1 hydrogen phosphite, the pri.lnary aliphatic 

25 monoamines, the mono- and dialkyl acid phosphates and the tri­
hydrocarbyl. dithiophosphate are replaced by an equivalent amount 
of phosphorus as a product made by the procedure described in 
Examp1e 6. 

BDKP:t.B a 
30 A qear additive package containing (i) a sulfur-phosphorus 

antiwear/extreme pressure additive ~ombination formed by inter­
action among 37.6 parts of sulfurized isobutylene, 4.8 parts of 
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dia1ky1 hydrogen phosphite, 6. 6 parts of primary al.iphatic :mono­

amines and 1.0 part of •ono• and dialkyl acid phosphates1 (ii) 

13.3 parts of trihydr~carbyl dithiophosphate; (iii) 3.3 parts of 

a thiadiazole copper corrosion inhibitor: 0.8 part of carboxylic 

5 acid rust inhibitors, 0.6 part of foam inhibitor, 12.7 parts of 

a 62% oil solution of a boronated succinimide ashless dispersant, 

and 19.5 parts of process oil diluent is added to a base oil 

consisting of (1) di(isooctyl) adipate, (2) a hydrogenated poly­

a-o1efin oligomer having a kinematic viscosity at ioo·c of about 

10 40 est, (3) a hydrogenated poly-a-olefin o1igomer having a kine­

matic viscosity at 1oo·c of about 4 cSt, and (4) a hydrogenated 

poly-a-olefin oligomer having a kinematic viscosity at ioo·c ot 

about 2 est. 'l'he components are proportioned such that the fi­

nished gear oil contains 3.25% of the additive package, 13.00% 

15 of the di(2-ethylhexyl) sebacate, 64.2Si of the 40 est oliqomer, 

7.50% of the 4 cSt oligomer and 12.00% of the 2 cSt o1igomer. 

This finished oil has a kinematic viscosity at ioo·c of 14 est, 

a Brookfield viscosity at -4o•c of 37,800 cP, a sulfur content 

of about 0.64!t, a phosphorus content of about 0.062%, a nitrogen 

20 content of about 0.026%, a chlorine content of about 0.005%, and 

a. boron content of about 0.0057%. Tbe finished lubricant is 

devoid of any metal-containing additive. When subjected to a 

revised standard group of PG-1 and PG-2 seal tests, this lubri-

cant gave satisfactory perfol:'Dlance after the required 240 hours 

25 of operation on both the nitrile and the fluoroe1astomer seals. 

rn the case o'f the polyacrylate seal materials, the percent 

e1onqation was only slightly below the specification limits. 

BDllPLB 9 

An additive package as in Exa1t1Ple s is added to a Dase oil 

3 O consistin9 of ( 1) di ( isodecyl) adipate, { 2) a hydrogenated. poly-a­

olefin oliqomer having a kinelllatic viscosity at ioo·c of about 

40 est, {3) a hydrogenated poly-a-olefin oligomer having a kine­

matic viscosity at ioo·c of about 4 est, and (4) a bydrog-enated 
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poly-a-olefin o1ig0lller having a kinematic viscosity at ioo·c of 
al>out 2 est. The components are proportioned such that the fi­
niShed qear oil contains 3.25% ot the additive package,· 10.00% 

of the di(isodecyl)adipate, 64.25% of the 40 cSt oliqomer, 10.50% 

5 of the 4 cSt oliqomer and 12.00% of the 2 est oliqomer. This 
finished. oil has a kinematic viscosity at ioo•c of 14.7 est, a 
Brookfield viscosity at -4o•c of 46,233 cP, a sulfur c:ontent of 
about 0.64%, a phosphorus content of about 0.062%, a nitrogen 
content of about 0.026i, a chlorine content of about o.oost, and 

10 a :boron content of about 0.0057-%. · The finished lubricant is 

devoid of any metal-containing additive. 

As usad herein the term 0 oil-soluble" means that the mate­
rial under discussion can be dissolved in or be stably dispersed 
in the base oil of this invention to at least the :minilRUlll concen-

15 tration required for use as described herein. Prefera:bly, the 
material has a solubility or dispersibility in the base oil wel1 
in excess of such minimum concentration. However the terID does 

not signify that the material must dissolve or be dispersible in 
all proportions in the base oil. 

20 SOlDe additive c01nponents are supp1ied in the form of solu­
tions of the active ingredient(s) in an inert diluent or solvent, 
such as a diluent oil. For example, ashless dispersants are usu­
ally provided in the form of such solutions. Unless expressly 
stated to the contrary, the amounts and concentrations of each 

25 additive component are expressed in terms of active additive -­
i.e., the a.mount of solvent or diluent that :may be associated 
with such component as received is excluded. 

The disclosures of each patent or patent publication cited 
in the foregoing disclosure is incorporated herein :by reference 

30 as if fU11y set forth herein. 
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l An essentially metal-free and essentially halogen-free, 
2 boron-containing gear oil lubricant cOJDposition is provided whieh 

3 comprises: 
4 a) 

5 

6 

7 

base oil consistinq essentially of a blend of (1) at least 
one dialkyl ester of an aliphatic diearboxy1ic acid having 

a maximwn pour point of about -55 • c and a maximwa kinematic 
viscosity at 1oo•c of about 4 est (mm2/sec); (2) hydraqen-

8 ated poly-a-olefin oliqomer having a kinematic viscosity at 

9 ioo•c of a.bout 40 cSt; (3) at least one hydrogenated poly-

10 ~-olefin oligomer having a kinematic viscosity at ioo·c in 

ll the ranqe of about 4 to about 8 est; and (4) hydrogenated 

12 poly-a-olefin oligomer having a kinematic viscosity at 

13 ioo·c of about 2 est, in proportions such th.at for each 100 

14 

15 

parts by weight of (2) there are about 10 to about 40 parts 
by weight of (1), about 3 to ilbout 25 parts by weiqht of 

16 (3), and about 11 to about 30 parts by weiqht of (4); 

17 :b) 

18 

19 

20 

21 c) 

about 0.7 to about 7 wt% of at 1east one oil-soluble or­
qanic sulfur-containing antiwear and/or extreme pressure 
aqent having- a sulfur content of at least about 20.\ by 

weight: 
about 0.2 to about 3 wt% of at least one oil-soluble or-

22 qanic phosphorus-containing antiwear and/or extreme pres-

23 

24 d) 

25 

26 e) 

27 

28 :f) 

29 

30 q) 

31 

sure agent: 
about o. 0.5 to about o. 35 wt% of at least one oi1-so1Uble 
copper corrosion inhibitor; 
about 0.1 to about 0.8 wt% of at least one oi1-soluble rust 

inhibitor: 
apout 0.005 to about 0.06 wt% of at least one oil-soluble 
foam inhibitor; 'and 
about 0.15 to about 3 wt% of at least one o1l-soluJ:>le ash-
1ess dispersant; 
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32 all of the foregoing percentages being based on the weight of the 

33 total composition, said composition being still further charac-
34 terized in that the sulfu.r:phosphorus weight ratio of said c:ompo-
35 sition is in the range of about s:i to about 35:1, in that the 

36 boron content of said composition is in the range of about 0.0025 
37 to about 0.07 wt%, and in that the kinematic viscosity of said 

38 composition is in the range ot about 13 to about 15 est at 1oo•c. 

l 2. A composition of Claim 1 wherein the kinematic visco-
2 sity of said composition is in the range ot about 13.5 to about 
3 14.5 cSt at 1oo·c. 

1 J. A composition of Claim l wherein said dialkyl ester is 

2 a dialky1 adipate, a dialkyl sebacate or a mixture thereo'f. 

l 4. A composition of Claim 1 wherein said dialkyl ester is 

2 di(2-ethyl.hexyl)sebacate. 

l s. A composition of Claim 1 wherein said dialky1 ester is 
2 di(isooctyl)adipate • 

1 6. A composition of Claim 1 wherein said dialkyl ester is 
2 di(isodecyl)adipate. 

1 7. A composition of Claim l wherein said base oil consists 

2 essentially of a blend of (1) di(2-ethylhexyl)sebacate; (2) hy-
3 droqenated poly-a-olefin oligomer having a kinematic viscosity 
4 at 1oo·c of about 40 est: (3) hydrogenated poly-a-olefin oligomer 
5 having a kinematic viscosity at ioo•c of about 8 cSt; and (4) 
6 hydrogenated poly-a-olefin oligomer having a kinematic viscosity 
7 at 1oo·c of about 2 est, in proportions suc:h that for each lOO 
s parts by weight of (2) there are about 24 to about 40 parts by 

g weight of (1), about 3 to about 12 parts by weight of (3), and 
10 about 11 to about 20 parts by weight of (4). 
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l s. A composition according to C1aim 7 wherein said base 
2 oil is composed of about 32 parts by weight of (1), about 100 
3 parts by weight of (2), about 3 to about 4 parts by weiqht of 
4 (3), and about 18 to about 20 parts by weight of (4): Wherein 
5 said sulfur-containinq antiwear and/or extreme pressure aqent is 
6 selected from sulfurized olefinic hydrocarbon, aliphatic poly-
7 suJ.fides, and mixtures of sulfurized olefinic hydrocarbon and 
s aliphatic polysulfides1 wherein said ashless dispersant consists 
9 essentially of at least one ash1ess dispersant selected from 

io boronated alkenyl sucoinilllides, boronated alkenyl suceinic 
11 esters, boronated alkenyl succinic ester-amides and boronated 
12 Mannich bases: and wherein the entire boron content of said 
13 co111Position is introduced therein as said boronated a.shless 
14 dispersant. 

1 9. A composition of Claim l wherein said base oil consists 
2 essentially of a blend. of (l) di{isooctyl)adipate; (2) hydrogen-
3 ated poly-a-olefin oliqom.er having a kinematic viscosity at 1oo•c 
4 of abo~t 40 est: ~3) hydroqenated poly-a-olefin o1igomer having 
5 a kinematic viscosity at 1oo·c of about 4 cSt; and (4) hydrogen-
6 ated po1y-o:-o1efin oligomer having a kinematic viscosity at 1oo•c 
7 or about 2 est, in proportions such that for each 100 parts by 
8 weight of (2) there are about 15 to about 30 parts by weight of 
9 (1), about 6 to about 15 parts by weight of (3), and about 15 to 

10 about 25 parts by weight of (4). 

1 10. A composition according to Clai~ 9 wherein said base 
2 oil is composed of about 18 to about 22 parts by weiqht of (1), 
J about 100 parts by wei9ht of (2}, about 9 to about 13 pa:rts by 

4 weight of (3), and about 16 to about 20 parts by weiqht of (4); 
5 wherein said sulfur-containinq antiwear and/or extreme pressure 
6 agent is se1ected from sulfurized o1efinic hydrocar:bon, aliphatic 
7 polysulfides 1 and mixtures of sulfurized olefinic hydrocarbon and 
8 aliphatic po1ysult'ides; wherein said ashless dispersant consists 
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9 essentially of at 1east one ashless dispersant se1ected from 

10 boronated alkenyl succinimides, boronated alkenyl succinic es-

11 ters, boronated alkeny1 succinic ester-amides and boronated 

12 Mannich bases; and wherein the entire boron content of said 

13 composition is introduced therein as said l:>oronated ashless 

14 dispersant. 

l 11. A composition of Claim 1 wherein said base oil consists 

2 essentially of a blend of (l} di(isodecyl)adipate: (2) bydroqen-

3 ated poly-er-olefin oliqomer having a kinematic viscosity at 1oo·c 

4 of about 40 cSt; (3) hyarQCJenated poly-iz-o1efin o1igomer having 

s a kinwnatic viscosity at ioo•c of about 4 est; and (4) hydroqen-

6 ated poly-o-olefin oligomer ha.vinq a kinematic viscosity a.t ioo•c 
7 of about 2 est, in proportions such that for each 100 parts by 

8 weight of (2) there are about 10 to about 20 parts by weiqht of 

9 (1), about 10 to a.bout 25 parts by wei9ht of (3), and about 15 

10 to about 25 parts by weight of {4) • 

1 12. A composition according to Claim 11 wherein said base 

2 oil is composed of about 13 to about 17 parts by weight of (1), 

3 about 100 parts by weiqht of (2), about 14 to about 18 parts by 

4 weiqht of (3), and about 16 to about 20 parts by weight of (4); 

5 wherein said sulfur-containing antiwear and/or extreme pressure 

6 a<Jent is selected from sulfurized olefinic hydrocarbon, aliphatic 

7 polysulfides, and mixtures ot su1furized olefinic hydrocarbon and 

8 aliphatic po1ysu1fide:s; wherein said ashless dispersant consists 

9 essentially of at least one ashless dispersant selected from 

io boronated alkenyl succinimides, boronated alkenyl succinic es-

11 ters, boronated alkenyl succinie ester-amides and boronated 

12 Mannich bases: and wherein the entire boron content of said cOJ11-

13 position is introduced therein as said boronated ashless dis-

14 persant. 
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l 13. A composition according to Claim 1 wherein the compo-
2 nents thereof are proportioned such that the kinematic viscosity 

3 of said composition at ioo•c is at least 13.5 cSt and the Brook• 
4 field viscosity of said composition at -40°C is .50,000 cP or 

S less, and wherein at least 50 wt% of the boron content of said 

6 composition is introduced therein as boronated ashless disper-
7 sant. 

1 14. A composition according to Claim 1 wherein at least 75 

2 wt% of the boron content of said composition is introduced tbere-

3 in as boronated ashless dispersant. 

1 15. A composition according to Claim 1 wherein substantial-
2 ly the entire boron content of said composition is introduced 
3 therein as boronated ashl.ess dispersant. 

l 16. A composition according to Claim l wherein said oil-
2 soluble orqanic phosphorus-containing antiwear and./or extreme 
3 pressure agent is (i) at least one oil-soluble amine salt of a 
4 monohydrocarbyl and/or dihydrocarbyl ester of a phosphoric or 

5 thiophosphoric acid, said acid having the formula 
6 cmc1) (HX2) (HX3) Px' 

7 wherein each of X1, X2, x3 and x4 is, independently, an oxygen 
s atom or a sulphur atom; (ii) at least one oi1-soluble phosphorus-
9 and nitroqen-conta.ininq composition formed by reacting a hydroxy-

10 substituted triester of a phosphorothioic acid with an inorganic 
11 phosphorus acid, phosphorus oxide or phosphorus halide to produca 
12 an acidic intermediate, and neutralizing a substantial portion 
13 of said acidic intermediate with at least one amine or hydroxy 

14 amine; (iii) at least one oil-soluble amine salt of a hydroxy• 
15 substituted phosphetane or a hydroxy-thiophosphetane; or a 
16 combination of any two or all three of (i), (ii) and (iii) • 

- 28 -

la! 050 

l ·. 

. ~-



~-~ . . 

·.: : ... 
·.: ,~.-

;;_•.: ... ·.·· .. 
~·~~:~:. ~:. 
-~-. :. :! 
. ; . ~ ., . 
-~ -. 

. . -. 

.. 
•' . 

. ... ::.: ·: .· 
·~:~- .. ~ . : 

04/12/96 08:58 'ft804 788 5688 ~THYL HQ . \ · . 
. · .. ':. ' 804 788 5688 

.-.... .-. 
. ,.: . .. \' ... ... 

.. . " ·--~ . :.: _. .. 

.-· 

. I 1ftllll 111111 lllll 11111 II 1\11 
* C L M S 

case E:C-6777-A 

l 17. A composition according to Claim 1 wherein said oil-
2 soluble orqanio phosphorus-containing antiwear and/or extreme 
3 pressure agent is at least one oil-soluble amine salt of a 
4 monohydroearbyl and/or dihydrocarbyl ester of a phosphoric or 
5 thiophosphoric acid, said acid having the formula 
6 (RlC1) (mc2) (sxJ) px' 
7 wherein at least three of X1 , X2 , X3 and x4 are oxygen atoms. 

1 18. A composition according to claim 17 wherein said sul-

2 fur-containin9 antititear and/or extreme pressure aqent is selected 

3 from sulfurized olefinic hydrocarbon, aliphatic polysulfides, and 
4 mixtures of sulfUrized olefinic hydrocarbon and aliphatic polysul-
5 fides1 wherein said ashless dispersant consists essentially of 
G at least one asbless dispersant selected from boronated alkenyl 
7 succinimides, boronated alkenyl suceinic esters, boronated 
a alkenyl s~ccinic ester-amides and boronated Mannich bases: and 
9 wherein substantially the entire .boron content of said com-

10 position is introduced therein as said boronated ashless dis-
11 persant • 

1 19. The method of alleviating cold-clashing of gears in a 
2 manual tranSlllission upon, during and after exposure to low t@lll-

3 perature climatic conditions, which method comprises providing 
4 as the l.ubricant in said transmission a 9ear oil composition 
5 which comprises: 
6 a) base oil consistinq essentially of a biend of (1) at least 
7 one dialkyl ester of an aliphatic dicarboxylic acid having 
s a maximum pour point of about -ss • c and a maximum kinematic 
9 viscosity at 100°c of about 4 est (mm2/sec): (2) byd.rcqen-

10 

11 

12 

13 

14 

ated poly-a-olefin oligomer having a kinematic viscosity at 
1oo·c of about 40 est: (3) at least one hydro9enated poly­
Q-olefin oli9omer havinq a kinematic viscosity at 1oo·c .in 
the range of about 4 to about s est; and (4) hydrogenated 
poly-a-ol.efin oligomer havin9 a kinematic viscosity at 
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J.!5 1oo·c of about 2 est, in proportions such that for each l.OO 

16 parts by weiqht of (2) there are about 10 to about 40 parts 

17 by weight of (1), about 3 to about 25 parts by weight of 

18 (3), and about ll to about 30 parts by weight of (4)7 

19 b) 
20 

21 

22 
23 e) 

24 

25 

26 d) 

27 
28 e) 

29 

30 f) 

31 

32 g) 

about o.7 to about 7 wti of at least one oil-so1uble or­

qanic sulfur-containinq antiwear and/or extreme pressure 
aqent having a sulfur content of at least about 20% by 

weight; 
about 0.2 to about 3 wt.% of at least one oil-soluble or­

qanic phosphorus-containing antiwear and/or extreme pres­

sure agent; 
about o.os to about 0.35 wt% of at least one oil-soluble 

copper corrosion inhibitor; 

about 0.1 to about 0.8 wt% of cat least one oil-soluble rust 

inhibitor; 
about o.oos to about 0.06 wt% of at least one oil-soluble 

foam inhi))itor: and 

about 0.15 to about ~ wt% of at least one oil-soluble ash-

33 less dispersant; 

34 all of the foragoin9 percentages beinq based on the weiqht of the 

35 total composition, said composition being still further charae-

36 terized in that tbe sulfur:phosphorus weiqht ratio of said 

37 composition is in the range of about 8:1 to about 35:1, in that 

38 the boron content of said composition is in the range of about 

39 0.0025 to about o.07 wt%, and in that the kinematic viscosity of 

40 said composition is in the range of about 13 to about 15 est at 

41. ioo•c. 

1 20. The method of operating a manual transmission when the 

2 tranSlDission has been exposed to low te~perature climatic condi-

3 tions, which method comprises l ubricatin9 said transmission with 

4 a gear oil cOlllposition which comprises: 
5 a) base oil consistinq essentially of a blend of (1) at least 

6 one dialkyl ester of an aliphatic dicarboxylic acid having 
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7 a :maximum pour point of about -55 • C and a maxi.mW11 kineinatic 
8 viscosity at ioo•c of about 4 est (mm2/sec); (2) hydr09en-
9 ated. poly-a-olefin oli9omer having a kineJDatic viscosity at 

10 1oo•c of about 40 cSt; (3) at least one hydrogenated poly-
11 a-olefin o1i9omer having a kinematic viscosity at ioo·c in 

12 the range of about 4 to about 8 cst1 and (4) hydroqenated 
13 poly-a-olefin o1i9omer having a kinematic viscosity at 

14 ioo·c of about 2 est, in proportions such that for each 100 

lS parts by weight of (2) there are about 10 to about 40 parts 
16 by weight of (1), about 3 to about 25 parts by weight of 

17 (3), and about 11 to about 30 parts by weiqht of (4): 

18 b) about 0.7 to about 7 wt% of at least one oil-soluble or-
19 ganic sulfur-containing antiwear andjor extreme pressure 
20 agent having a sulfur content of at least about 20% by 

21 weight; 
22 c) 

23 

24 

2s a> 
26 

27 e) 

28 

29 f) 

30 

31 q) 

about 0.2 to about 3 wt.% of at least one oil-soluble or­
ganic phosphorus-containinq antiwear and/or extreme pres­
sure agent; 
about o.o~ to about 0.35 wt% of at least one oil-soluble 
copper corrosion inhibitor; 

al>out 0.1 to about 0.8 wt% of at least one oil-soluble :rust 

inhibitor; 
about o.oos to about 0.06 wt% of at least one oil-soluble 

foam inhibitor1 and 
about 0.15 to about 3 wt% of at least one oil-soluble ash-

32 less dispersant1 
33 all of the foregoing percentages being based on the weight of the 
34 total composition, said c03D.Position being still further charao-
35 terized in that the sulfur:phosphorus weight ratio of said 
36 composition is in the range of about 8:1 to about 35:1, in that 
37 the boron content of said composition is in the range of about 
38 0.0025 to about o.07 wt%, and in that the kinematic viscosity.of 
39 

40 

said composition is in the ranqe of about 13 to about 15 est at 
ioo•c. 
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