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"GEAR O L COMPCSI TI ONS' TECENI CAb; FleFLeThi s i nventi on rel.at 60éta-g¥4r oils,
sand mere.pafticularlysto manual  transm'ssion gear oils that:have the -~ -
capability of sharply reducing if not elininating clashing of gears Under
.-l 6w t enper at ur e_condi ti.ons: 5 TECNI CAL PROBLEM SOLVED BY THE | NVI TION A
= gol d-cl ash" gear problemhas recently been experi€nced by at |east one
“wel | -known commerci al manufacturer of manual transm ssions TF‘E hagpkiss BagReplaced

cars and other vehicles. Wen the transmssion is cold, as

vehicle operation after 10 expos%wwy ng w nt M’W‘EH"’ L
wcold climatic re- gions of the worfld, € transm ssion does not opera

properly. The operator usually finds it necessary to exert excessive force
‘upon t he gear TECHNICASVEXEEND in addition there can be and often is a
" pronounced cl ashi ngnak ihver@dnsréldtdd] tbhgedihicilsCanPivte Birticudasly

Wile the sourge of (e RLARKEMIch YUarkAYE Yhib fiffe the capability of
. sharply reducing if not eliminating clashing of gears under low
temperature conditions.

S TECHNICADL PROBLEM SOLVED BY THE INVENTION
A "cold-clash” gear problem has recently been experienced
by at least one well-known commercial manufacturer of manual
transmissions for passenger cars and other vehicles. When the
transmission is cold, as dquring initial vehicle operation after
10 exposure to the cold during winter months in cold climatic re—-
gions of the world, the transmission does not cperate 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 the gears during the shifting opera-
15 tions. While the source of the problem is not known with cer-
- tainty, it is a real world problem crying for a solution. As a
matter of fact, even use of the best current factory-£ill synthe-
tic 75W-90 GL—-4 gear oil fails to alleviate this perplexing pro~
blem.

-.-?f;_:..";s- Lo -

20 THE INVENTION
This invention provides an effective solution to the cold-

clash problem.

In accordance with this invention an essentially metal-free
and essentially halogen-free, boron—-containing gear 0il lubricant

25 composition is provided which comprises: )
a) base 0il consisting essentially of a blend of (1) at least
one dialkyl ester of an aliphatic dicarboxylic acid having
a maximum pour point of about -55°*'C and a maximum kinematic
viscosity at 100°C of about 4 ¢St (mm?/sec): (2) hydrogen-
30 ated poly-e~olefin oligomer having a Kinematic viscosity at
100°C of about 40 cSt; (3) at least one hydrogenated poly-
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Ctainty, "i't.is a real world pr@@iqggqu@ng for a solution: As a matter .of
if-act, -even-use of the best current factory-fill synthe- ti¢: 75W90 GL:4 &
igear oil fails to alleviate this perplexing pro- blem 20 THE | NVENTI ON
#This invention provides an_effective solution to thg cold- clash problem
Z..n accordancecyké hetHgzy7-nvention an essentially netal -free and essentially
i~hal ogen-free, boron-containing gear oil lubricant 25 conposition is
-provi ded which conprises: a) base oil consisting essentially of a blend
»=of- (1) at |east one dialkyl ester of an aliphatic dicarboxylic acid having
“'a maxi mum pour point of about -55[err]C and a maxi mum ki nematic viscosity
~at 100[err]C of about 4 cSt (mmferr]/sec); (2) hydrogen- 30 at ed
~poly-[err]-olefin oligonmer having a kinematic viscosity at 100[err]C of
-about 40 cSt; (3) etolefint obigouerdbayitnehclinepatic viscosity at 100°C in
: the range of about 4 to about 8 cSt; and (4) hydrogenated
poly~-a—-olefin oligomer having a kinematic viscosity at
100°C of about 2 ¢St, in proportions such that for each 100
5 parts by weight of (2) there are about 10 to about 40 parts
by weight of (1), about 3 to about 25 parts by weight of
(3), and about 11 to about 30 parts by weight of (4);

b) about 0.7 to about 7 wtt of at least one oil-soluble

organic sulfur-containing antiwear and/or extreme pressure
10 agent having a snlfur content of at least about 20% by
weight: '

c) about 0.2 to about 3 wti of at least one oil-soluble or-
ganic phosphorus-containing antiwear and/or extreme pres~
sure agent;

15 d) about 0.05 to about 0.35 wtt of at least one oil-soluble

copper corrosion inhibitor;

P e) about 0.1 to about 0.8 wt$ of at least one oil-soluble rust
o inhibitor;
1) about 0.005 to about 0.06 wti of at least one oil-scluble
20 foam inhibitor; and

g) about 0.15 to about 3 wt$ of at least one oil-soluble ash-
less dispersant;
all of the foregoing percentages being based on the weight of the
total composition, said composition being still further charac-
25 terized in that the sulfur:phosphorus weight ratio of said compo-
sition is in the range of about 8:1 to about 35:1, in that the
boron content of said composition is in the range of about 0.0025
toc about 0.07 wt%, and in that the kinematic viscosity of 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 100°C.

Preferably, the dialkyl ester is a dialkyl adipate, a dial-
Xyl sebacate, or a mixture thereof.

5 ) ) - - e —— . [ —
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e [err] olefln ol i goner haV|ngp@,h8n@qmt|c vi scosity at 100[err]C i f the.
fﬁrange of.- abput 4 to about 8 csf; and” (4) hydr ogenat ed potys[err]- oleflh
Zkigoner havi ng a ki nematic VISCOSIty at 100[err]C of about 2 cst, in
tiprooportions such that for gach 100 5 parts by,melght of (2) there are
-~about 10 to abose Rm}épthB by wei ght of (1), about: 3:to about 25 parts by
m6|ght of (3), and about 11 to about 30 parts by weight of (4); b) about
i :0-7 to about 7 wt% of at |east one oil-sol uble organic sulfur-containing
~'ant|mear and/ or extrene pressure 10 agent having a sul fur content of
-.at | east about 20% by wei ght; c) about 0.2 to about 3 wt % of at |east one
‘0|I-saluble or- gani c phosphorus-containing anti wear and/or extremne pres-
- sure agent;

Pursuant to one embodiment 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 oligomer

having a kinematic viscosity at 100°C of about 40 cSt; (3) hydro-

5 genated poly-e-olefin oligomer having a kinematic viscosity at

100°C of about 8 cSt; and (4) hydrogenated poly-a-olefin oligomer

having a Xinematic viscosity at 100°C of about 2 cSt, in

proportions such that for each 100 parts by weight of (2) there

are about 24 to about 40 parts by weight of (1), about 3 to about

10 12 parts by weight of (3), and about 11 to about 20 parts by
weight of (4).

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 this invention is the method of alle-
_ 15 viating the problem of cold-clashing ¢of gears in a manual trans-
a mission upon, during and shortly after exposure to low tempera-
' ture climatic conditions, which method comprises providing as the
lubricant in said transmission a gear oil composition of 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 gear oil composition of this
invention. '

In another embodiment, the base oil of the above composition

25 consists essentially of a blend of (1) di(iscoctyl)adipate; (2)
hydrogenated poly-c—clefin oligomer having a kinematic viscosity

at 100°C of about 40 cSt; (3) hydrogenated poly-a-olefin oligomer
having a kinematic viscosity at 100°C of about 4 ¢sSt; and (4) hy-
drogenated poly~a-olefin oligomer having a kinematic viscosity

30 at 100°C of about 2 cSt, in proportions such that for each 100
parts by weight of (2) there are about 15 to about 30 parts by
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*15 -d) "~ abgut 0.05 to about Q Eanw %pf at |east one oil-sol uble copper s
#°corrosj pAt.i-phi bitor; e) . abolif? ¢ 5t°8“'aj;1"l_)0ut 0.8 wt % of at.l'east ong =" .
i} -soluble:rust inhibitor; f) about 0.005 to about ©.06%“wt % of at “}east
#one oil-soluble 20 foam i nhibitor; and g) about 0.15 to about 3 W%
#.0f -at | east oeg.sé)idbr_ngb{e" ash- |ess dispersant; all of the foregoing
<-percent ages beli ng based on the weight of the total conposition, said
-conposi tion being still furthér charac- 25 terized in that the
=rsul fur: phosphorus weight ratio of said conpo- sition is in the range O
¢dbout 8:1 to about 35:1, in that the boron content of said conposition is
“l.Ln the range of about 0.6025 to about 0.07 wt% and in that the kinematic
"vi-scosity of said conmposition is in the range of about 13 to about 15 cSt
s4{and pre- 30 &eigi Wei (1) heabcutge €6 &vuY 153parts Wbasighd . &f q3)) and

-100[err] C. PrgfGLalley vl Dot 36k ybr &S 1§ wbigi Ulky! adipate, a dial-

In still another embodiment, the base o0il of the above
composition consists essentially of a blend of (1) Qdi(isode~

5 cyl)adipate; (2) hydrogenated poly-a-olefin oligomer having a
kinematic viscosity at 100°C of about 40 ¢St; (3) hydrogenated
poly-z-olefin oligomer having a kinematic viscosity at 100°C of
about 4 cSt; and (4) hydrogenated poly-c-olefin oligomer having

a kinematic viscosity at 100°C of about 2z cSt, in proportions

10 such that for each 100 parts by weight of (2) there are about 10
to about 20 parts by weight of (1), about 10 to about 25 parts

by weight of (3), and about 15 tc about 25 parts by weight of

(4).

15 The base oil of the compositions of this invention is made

- up of four essential components, namely one or a mixture of cer-
tain synthetic esters, and three different hydrogenated oligomers

of specified viscosities, and these components are employed in

specified proportions relative to each other. The synthetic es-

20 ter is one or more dialkyl esters of an aliphatic dicarboxylic

acid each of which has a maximum pour point of abont =55°C and

a maximom kinematic viscosity at 100°C of about 4 cSt (mm’/sec).

Suitable esters meeting these reguirements are di(2-ethylhexyl)-

sebacate, di(2—ethylhexyl)adipate, di(iscoctyl)adipate, di(isc-

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

adipate. Materials of this type are available commercially. For

example, Hatco Corporation markets di(2-ethylhexyl)adipate, di-
(isococtyl)adipate, (2-ethylhexyl) (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, and

HATCOL, 2910, respectively. If necessary, other octyl, nonyl and

AT decyl adipate or sebacate isomers may be used together with or
in lieu of the foregoing esters, provided that the product satis-

-4 -
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Ikyl sebacate or a mxture tha¢

Qo027

3 Pursuant to one .enbodi ment Qf t.hi s

of
Li*nventi ons the base oil- of the” a o&g 58 osition consists. éssentially.of a

;?b!end of

Fi goner

(1)° di (2- ethylhexyl) sebacate (2) hydrogenated poly-[err]-
having a kinematic viscosity at 100[err]C of about 40 cSt;

Blefin:

(3)

hydro- 5 genatedepBI+6778A] -'ol ef i n ol i gomer having 'a ki nematic V|scosity at

?lOO[err]C of about 8 cSt; and (4) hydrogenated poly-[err]-olef in oligoner

>.having a kinematic VISCOSIty at 100[err]C of about 2 cSt,

i n proportions

<¥stech that for each 100 parts by weight of (2) there are about 24 to about

340 parts by weight of (1),

about 3 to about 10 12 parts by weight of (3),

-and about 11 to about 20 parts by wei ght of (4).

‘this invention_has been foupd to
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fies the v1scosz.ty 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
derived by oligomerization of a l-alkene 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 molecule, and hydrogenation
of the resultant oligomers. The hydrogenated poly-c—-olefin oli-
gomer having the highest viscosity of the three has a kinematie
viscosity at 100°C of about 40 cSt. Of the three oligomers, the
hydrogenated poly-a-olefin ocligomer of next highest viscosity i:as
a kinematic viscosity at 100°C of about 8 ¢cSt. The hydrogenated
poly—a—olefin oligomer with the lowest viscosity of the three
oligomers has a kinematic viscosity at 100°C of about 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 ocligomer there are about 10 to about 40 parts pre-
fera.bly about 10 to about 36 parts, and more preferably about 12
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 about 15 parts of the 4 to 8 cSt oligomer; and about
11 to about 30 parts, preferably about 12 to about 25 parts, and
more preferably about 12 to about 20 parts of the 2 c§t oligomer.
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 cSt oligomer, about 3 to about 4 parts by weight of the
8 cSt oligomer, and about 18 to about 20 parts by weight of the
2 cSt oligomer. Another especially preferred base oil blend con~
gists of zbout 18 to about 22 parts by weight of di(isococtyl)adi-~
pate, about 100 parts by weight of the 40 cSt oligomer, about 9
to about 13 parts by weight of 4 cSt oligomer, and about 16 to

-5 =
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sharply redyce if not- totallyé | the col d-cl ash problem Thus
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arkot her enbgdi ment of -this

-hod conpri @esepsp»mchmg as the lubricant in said transm ssion a gear

ctarrp05| tion of this invention. Still another enbodi ment is the nethod of

transm ssi on when the transm ssion has been exposed
+t:0 | ow tenperature climatic conditions, which nmethod conprises | u-
ibricating said transmi ssion with a gear oil
- -I'n anot her enbodi nent, the base oil of the above conposition 25 consists

.-,.'_.,operatl ng 20 a manual
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weight o the 40 cSt oligomer, out 18 parts by

weight of 4 cst oligomer, and about 16 to about 20 parts by

weight of the 2 ¢St oligomer.

Metal~free sulfur-containing antiwear and/or extreme pres-
sure agents used in the practice of this invention include dihy-
drocarbyl polysulfides; sulfurized olefins: sulfurized fatty acid
esters of both natural and synthetic oxrigins; trithiones; sulfur—
ized thienyl derivatives; sulfurized terpenes; sulfurized poly-
enas; sulfurized Diels-Alder adducts, etc., provided that the
sulfur content of the product is at least about 20 wt%, prefer-
ably at least about 30 wti, and most preferably at least about
40 wt%. Specific examples include sulfurized isobutylene, sul-
furized diisobutylene, sulfurized triisobutylene, dicyclohexyl
polysulfide, diphenyl polysulfide, dibenzyl polysulfide, dinonyl
polysulfide, and mixtures of di-tert-butyl polysulfides such as
mixtures.of di-tert-butyl trisulfide, di-tert-butyl tetrasulfide
and di-tert-butyl pentasulfide, among others. Combinations of
different types of metal-free sulfur-containing antiwear and/or
extreme pressure agents can also be used, again provided that the
combination has an average sulfur content of at least about 20
wti, preferably at least 30 wt% and most preferably at least 40
wt$. Examples of suitable combinations include combinations of
sulfurized iscbutylene and di-tert-butyl trisulfide, combinations
of sulfurized isobutylene and dinonyl trisulfide, combinations
of sulfurized tall oil and dibenzyl polysulfide, and the like.
The most preferred vil-soluble metal-free sulfur-containing anti-
wear and/or extreme pressure agents from the cost-effectiveness
standpoint are the sulfurized clefins containing at least about
40% by weight of sulfur, the dihydrocarbyl polysulfides containe
ing at least about 40% by weight of sulfur, and mixtures of such

- =

This Sheet Has Been Replaced

(T

conposition of this invention.

do2s

: t:he nmethod of all@g-:.15 V|at|ngthe
3 pr ‘obl em of tol d-cl ashing of gears in a manual trans- mi $sion upon, during
?a@d shortly after exposure to low tenpera- ture climatic conditions, which

oi |



.. . 04/12/98  08:48 T804 788 5688 LTHYL HQ _ o029
230 at T0P[€rr]C of about 2 cSggy iq?g mgegortions such that for each 1Q0:-parts
Py weighfi:of (2) theré.are about 15 to.about 30 parts by * 4 weight *of *.
t2(-1), about ® to about 15 parts by wei ght of (3), and about 15 to about 25
#’parts by weight of (4). In_still another enbodinent, the base oil of the

. above conposiddsenegess?Bias essentially of a blend of (1) di(isode- 5

74yl ) adi pate; (2) hydrogenated poly-[err]-olefin oligoner having a kinematic
s viscosity at 100[err]C of about 40 cSt; (3) hydrogenated poly-[err]-olefin
++ol-i gorer having a kinematic viscosity at 100[err] C of about 4 cSt; and (4)
i-hydrogenat ed poly-[err]-olefin oligomer having a kinematic viscosity at
""100[ err] C of about 2 c¢St, in proportions 10 such that for each 100 parts

by weight of (2) there are about 10 to_about 20 parts b¥ wei ght of (1),
about 10 to aB¥furigedflefins and polysulfides. Of these materials, sulfur-

ized iscbutylene having a sulfur content of at least 40% by
weight and a chlorine content of less than 0.2% by welight is the
nost especially preferred material. Methods of preparing sulfur-

5 ized olefins are described in U.S. Patents 2,995,569; 3,673,090;
3,702,504; 3,703,505; 3,796,661; and 3,873,454. Also useful are
the sulfurized olefin derivatives described in U.S. Patent
4,654,156. '

Typical metal-free phosphorus-containing antiwear and/or ex-
10 treme pressure additives used in the practice of this invention
include esters of phosphorus acids, amine salts ¢f phosphorus
acids and phosphorus acid-esters, and partial and total thio ana-
logs of the foregoing. In this connection, for the purposes of
this invention an antiwear and/or extreme pressure agent that
15 contains both phdsphorus and sulfur in the molecule is deemed a
- phosphorus-containing antiwear and/or extreme pressure agent.
Examples of suitable compounds which may be used as phosphorus-—
containing antiwear and/or extreme pressure agents include tri-
hydrocarbyl phosphites, phosphonates and phosphates, and dihy-
20 drocarbyl phosphites; such as tricresyl phosphate, cresyl di-
phenyl phosphate, tributyl phosphate, trioleyl phosphate, tri-
lauryl phosphate, tributyl phosphite, trioctyl phosphite, tri-
phenyl phosphite, tricresyl phosphite, tricyclohexyl phosphite,
dibutyl lauryl phosphonate, dibutyl hydrogen phosphite, dioleyl
25 hydrogen phosphite, and tolyl phosphinic acid dipropyl ester.
Typical sulfur analogs of such compounds are illustrated by
tricresyl mono-, di~, tri-, and tetrathiophosphates, tris(decyl)
mono—, di-, tri-, and tetrathiophosphates, trinonyl mono-, di-,
and trithiophosphites, dioleyl ester of hexadecylthiophosphonic
30 acid, and amyl thiophosphinic acid dimyristyl ester. Among the
amine salts which can be employed are amine salts of partially
esterified phosphoric, phosphorous, phosphonic, and phosphinic
acids and their partial or total thic analogs such as partially

-7 -
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by weight of (3), and about 159@407@[3‘???8 25 parts by weight.of (4). 1&. .. . .
*The base"ocild: of the conpositions of  thi'sinvention is made-up of foub=:- -
messential conponents, nanely one or a mixture of cer- tain synthetic
-esters, and three different, hydrogenated ol i goners of specified
-vi-scosities, cauk HIes®7Temponents are enpl oyed in specified proportions
Srelative to each other. The synthetic es- 20 ter is one or nore dialkyl
~esters of an aliphatic dicarboxylic acid each of which has a nmaxi mum pour
.poi nt of about -55[err]c and a nmaxi mum ki nenatic viscosity at 100[err] C of
about 4 cSt (mierr]/sec). Suitable esters neeting these requirenents are
di. (2-ethyl hexyl) - sebacate, di(2-ethyl hexyl)adi pate, di(isooctyl)adipate,
di (i so- 25 nonyl) adipate, di(isodecyl) adipate, and (2-ethyl hexyl)
(i sodecyl) - estiqritdedmenothivphasphopic, djpeiophospherianreithiophrephot y.
l(:or exarrFI) e, di_-:b& cm&ztwﬁ:iiaphmﬁ?ﬁe dbﬁafi; hgjj.ﬁe@dntgdiftngi;mc
i sooctyl ) adi P an?ehb &Eﬁm bad | 5ale. sfbod At bRbhpies
hexy ) sebacat o ekt ES AL e WS A S denar oo
5 diethyl hexyl ammonium salt of dioctyl dithiophosphoric acid, the
octadecylammonium salt of dibutyl thiophosphoric acid, the di-
laurylammonium salt of 2-ethylhexylphosphoric acid, the dioleyl

ammonium salt of butane phosphonic acid, and analogous compounds.

2mong the preferred materials for use as metal-free phospho-
10 rus-containing antiwear and/or extreme pressure additives are (i)
at least one oil-soluble amine salt of a monohydrocarbyl and/or
dihydrocarbyl ester of a phosphoric or thiophosphoric acid, such

acid having the formula '

(mx') (rx?) (x3) px

15 wherein each of X!, X2, X’ and X* is, independently, an oxygen
- atom or a sulphur atom, and most preferably wherein at least
three of them are oxygen atoms; (ii) at least one oil-soluble
Phosphorus— and nitrogen-containing composition formed by reac-
ting a hydroxy-substituted triester of a phosphorothiocic acid
20 with an inorganic phosphorus acid, phosphorus oxide or phosphorus
halide to produce an acidic intermediate, and neutralizing a sub-
stantial portion of said acidic intermediate with at least one
amine or hydroxy amine; (iii) at least one oil-soluble amine salt
of 2 hydroxy-substituted phosphetane ox a hydroxy-~thiophosphetane
25 (sometimes referred to as Yphosphetans" or "thiophosphetans"):
or a combination of any two oxr all three of (i), (ii) and (iii).
The phosphorus— and nitrogen—containing compositions of type (ii)
are described in G.B. 1,0092,913; G.B. 1,009,914 U.S. 3,197,405
and/or U.S. 3,197,496. In general, these compositions are formed
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
neutralizing a substantial portion of said acidic intermediate

S
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~230 tions of HATCOL 2908, - HATCGE, 290600 HATCOL 2911, HATCOL 3110, and HATCOL
%2910, respecilvely I f necessary ot‘her octyl, nonyl and degyl adi pate-or
.isebacate i somers may be used together with or in lieu of the foregoing
- esters, provided that the product satis- fies the viscosity and pour
=pornt requi rerKHHeSEgi-am-above and that the conpatibility characteristics
.*of "the ester or ester mix- ture are substantially the same as the synthetic
'esters specific- ally identified herein. 5 The other three essential
“components of the base oil are all derived by oligonerization of a 1-al kene
having in the range of 6 to 20, preferably 8 to 16, nore preferably 10 to
" 12 and .nost preferably 10, carbon atons in the nolecule, and hydrogenation

of the resultant oligomers. The hydrogenated poly-[err]-olefin oli- 10
gonrer havi ng tWidhhan landne\ o bydroxy-cubshitutadcanine. are rgpat(idi) phos~

phorus~- and nitrogen-containing antiwear and/or extreme pressure
additives which can be used in the compositions of this invention
are the amine salts of hydroxy-substituted phosphetanes or the

5 amine salts of hydroxy-substituted thiophosphetanes. Typically,
such salts are derived from compounds of the formula

A Basel \pf;:

lc/ \Bl

wherein each of R, R,, R;, R, R; and R, 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 hydrocarbonaceous chae-
racter of the hydrocarbyl group; X is a sulphur or an oxygen atdm
and Z is a hydroxyl group 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 this invention is comprised of thiazoles, tria-
zoles and thiadiazoles. Examples include benzotriazole, tolyl-

20 triazole, octyltriazole, decyltriazole, dodecyltriazole, 2-mer-
captobenzothiazole, 2,5-dimercapto-1,3,4~thiadiazole, 2-mercap-
to—-5-hydrocarbylthio-1,3,4-thiadiazoles, 2-mercapto~5-hydrocar-
byldithio~1,3,4~thiadiazoles, 2,5~bis (hydrocarbylthio)~1,3,4~
thiadiazoles, and 2, 5-bis(hydrocarbyldithio)-1,3,4~thiadiazoles.

25 The preferred compounds are the 1,3,4-thiadiazoles, especialiy
the 2-hydrocarbyldithio=-5-mercapto-1,3,4~dithiadiazoles and the

P
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;100[err] C of aboy B%ﬁé qﬁ%B O the three oligomers, the j_-i"

poly-a-olefin oli next hi ghest viscosi‘ty has a

ffklnenatlc viscosity at 100[err]C of about 8 cSt. The hydrogenat ed
.spoly-[err]-olefin oligoner with the | owest viscosity of the three 15

-0} j gomer s has @add Haagtyg-yTscosity at 100[err] C of -about 2 cSt.

.essential conponents of the base oil are enployed in proportions, on a
such that for each 100 parts of the 40 cSt oligonmer there are

. eight basis,
.-dbeut 10 to about 40 parts pre- ferably about 10 to about 36 parts,

The f our

and

doaz

?nDre preferably about 12 20 to about 34 parts of thhe synthetic ester; about
-3 t'p about 25 parts, preferably about 3 to about 20 parts, and nore
‘preferably about 3 to about 15 parts of the 4 to 8 cSt oligomer; and about

It to about 302 faibis(hpardcemyhyiehin)t- 12,40 taboiiazd2 e A bl RunbdRth Pk fon

' f bl b
BLeLET Y s btk s oeboblied St Ry Sl

‘the sebacate &% &° aﬁoﬁ?nffﬁi‘ OBarPel \ﬁé‘Pﬁﬁta‘B’f“ﬁ%eP%Y%@P’%ﬂlPﬁﬁﬂe?m'about
3 to about 4 MSbﬁ“% aghetiypeylpted anines, ethoxylated phenols, and eth-

5

10

15

20

25

30

oxylated alcohols; imidazolines; and the like.

The compositions of this invention alse contain a rust inhi-
bitor. This may be a single compound or a mixture of compounds
having the property of inhibiting corrosion of ferrous metal sur-
faces. Such nmaterials include oil-soluble monocarboxylic acids
such as 2-ethylhexanoic acid, lauric acid, myristic aeid, palmi-
tic acid, oleic acid, lineleic acid, 1linolenic acid, behenic
acid, cerotic acid, etc., and oil-soluble polycarboxylic acids
including dimer and trimer acids, such as are produced from tall
oil fatty acids, oleic acid, linoleic acid, or the like. Other
suitable corrosion inhibitors include alkenylsuccinic acids in
which the alkenyl group contains 10 or more carbon atoms such as .
for example, tetrapropenylsuccinic acid, tetradecenylsuccinic
acid, hexadecenylsuccinic acid, and the like; long-chain a,®-
dicarboxylic acids in the molecular weight range of 600 to 3000;
and other similar materials. Products of this type are currently
available from various commercial sources, such as, for example,
the dimer and trimer acids sold under the HYSTRENE trademark by
the Humco Chemical Division of Witco Chemical Corporation and
under the EMPOL trademark by Emery Chemicals. Another useful
type of acidic corrosion inhibitors are the half esters of al-
kenyl succinic acids having 8 to 24 carbon atoms in the alkenyl
group with alcohols such as the polyglycols. The corresponding
half amides of such alkenyl succinic acids are also useful. al-
though added in acidic form, some or all of the carboxylic groups
of these carboxylic acid type corrosion inhibitors may be neutra-
lized by excess amine present in the compositions. Other suit-
able corrosion inhibitors include ether amines: acid phosphates:
amines: polyethoxylated compounds such as ethoxylated amines,
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il

AR




04/12/96  08:50 T804 788 5688 LTHYL HQ @033
- 8 ¢St oligoner, and about 18 Qﬁ aggq@ go parts by weight of the 2 cSt™ .

B &l.i-gomer . - Andt her especially p Aéf (‘Di base oil blend con- 30 sists of

~about 18 to about 22 parts by weight of di(isooctyl)adi- pate, about 100
~parts by weight of the 40 cSt oligoner, about 9 to about 13 parts by wei ght
‘ZOI 4 cSt oligocese Exr@7abaait” 16 to about 20 parts—”by weight of the 2 cSt

zOl4.goner. Yet another es- pecially preferred base oil blend consists of
fuabout 13 to about 17 parts by weight of di(isodecyl)adipate, about 100
-parts by wei ght of the 40 cSt oligoner, about 14 to about 18 parts by 5
“weirght of 4 ¢St oligonmer, and about 16 to about 20 parts by weight of the 2
¢St oligonmer. Metal-free sulfur-containing antiwear and/or extrene pres-
sure agents used in the practice of this invention include dihy- drocarbyl
~pol ysul fides; ethdilated phehtls, ethdxylated hAcoholkwi dimidazolines: and
: : aminosuccinic acids or derivatives thereof represented by the
formula: '
S R® 0
Rt l I
R7— ¢ — ¢ — oRS
R ‘
s>N — ¢ — ¢ — or’
L R '
SR R o

wherein each of R!, R?, R®, RS and R’ is, independently, a hydrogen

5 atom or a hydrocarbyl group containing 1 to 30 carben atoms, and
wherein each of R’ and R* is, independently, a hydrogen atom, a
hydrocarbyl group containing 1 to 30 carbon atoms, or an acyl
group containing from 1 to 30 carbon atoms. The groups R, Rr?,

R, ®%, ®°, R® and R’, when in the form of hydrocarbyl groups, can

10 be, for example, alkyl, cycloalkyl or aromatic containing groups.
Preferably R' and R’ are the same or different straight-chain or
branched-chain hydrocarbon radicals containing up to 20 carbon
atoms. Most preferably, R' and R® are saturated hydrocarben
radicals containing 3-6 carbon atoms. R?, either R° or R¢, R® and

15 R’, when in the form of hydrocarbyl groups, 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 R!' and R® are the same or different
alkyl groups containing 3-6 carbon atoms, R?> is a hydrogen aton,

20 and either R’ or R‘ is an alkyl group containing 15-20 carbon
atoms or an acyl group which is derived from a saturated or unsa-
turated carboxylic acid containing 2-10 carbon atoms. Most pre-
ferred of the aminosuccinic acid derivatives is a dialkylester

of an aminosuccinic acid of the above formula wherein R! and R°

25 are iscbutyl, R? is a hydrogen atom, R’ is octadecyl and/or octa-

- 11 - R
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10 'esters:pfiboth natural andggy origins; trithiones;- sulfur--r_ze;d
SRR SRS R

'{thlenyl derrvatlves ; sul furi hes; :sulfurlzed poly—-enes ;
“sulfurized Diels-A der adducts, etc. prOV|ded that the sul fur content*of -
the product is at |east about 20 mﬁ@b prefer- ably at |east about 30 w %
~and nost prefeﬁaBPyEznsﬁﬁgast "about 15 40 wt% Specific exanpl es include
;?svlfurlzed i sobutyl ene, sul- furized diisobutylene, sulfurized
2triisobutylene, dicyclohexyl polysulfide, diphenyl polysulfide, dibenzyl
~zpelysul fide, dinonyl polysulfide, and m xtures of di-tert-butyl

~.pol ysul fides such as nmixtures of di-tert-butyl trisulfide, di-tert-butyl
stetrasul fide 20 and di-tert-butyl pentasul fide, anong others. Conbinations
of different types of netal-free sul fur-containing antiwear and/ or extrene
“pressure agent Secenvihiang Bé is Sdcanbexyrlyoyertaroperylt helic sushnestan Hias

-an average sul kna Roarentostf preférasiy abaréged atols, preferably at |east 30
w % and nost preferably at least 40 25 wt % Exanples of suitable

_ corrbl nations inclu (;: | nat | ons of suI furized i sobutyl ene and
_ch -tert-butyl tris 8P 3%$0ts for use in the compositions of this

1nvention :mclude szlz.cones and organic polymers such as acrylate
5 polymers. Various antifoam agents are described in Foan Contro
Agents by H. T. Rerner (Noyes Data Corporatiocn, 1976, pages 125-
176) . Mixtures of silicone-type antifoam agents such as the 1i-
quid dialkyl silicone polymers with various other substances are
also effective. 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 carboxylates.
Other such mixtures include combinations of a dimethyl silicone
oil with (i) a partial fatty acid ester of a polyhydric alecohol
(0.S. Patent 3,235,498); (ii) an alkoxylated partial fatty acid
15 ester of a polyhydric alcohol (U.S. Patent 3,235,499); (iii) a
. pPolyalkoxylated aliphatic amine (U.S. Patent 3,235,501); and (iv)
P an alkoxylated aliphatic acid (U.S. Patent 3,235,502).

The ashless dispersants utilized in the compositions of this
invention include carboxylic ashless dispersants , Mannich base
20 dispersants, polymeric polyamine dispersants , and post-treated
dispersants of these types. At least some of the ashless disper-
sant used is a boronated ashless dispersant. These are typically
formed by heating the dispersant to a suitable temperature above
about 100°C with a boronating agent. Procedures suitable for ef-
25 fecting boronation of ashless dispersants are described for ex-
ample in U.S. Patents 3,087,936; 3,254,025; 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; 4,45%5,243; and 4,652,387,

The carboxylic ashless dispersants are reaction products of
30 an acylating agent (e.g., a monocarboxylic acid, dicarboxylic
acid or other polycarboxylic acid, or derivatives thereof) with
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“oft sul furized isobutyl ene andq §+ naBydeghri sul fide, conmbinations of ST
SUIfurlzed tall oil and..di benzyl ‘pol &sulflde and the like, -The nost - .-
pTeferred oi | -sol ubl e netal -free sul fur-contai ni ng anti- 30 wear and/of °
-extreme pressure agents fromthe cost-effectiveness Standpoint are the
ssul furized ol efPRS BETR™ ' ng at | east about 40% by “wei ght of sulfur, the
..di.Hydrocar byl polysul fides contain- ing at |east about 40% by wei ght of
wsukfur, and mixtures of such 7 sulfurized ol efins and pol ysul fides. O
these materials, sulfur- ized isobutylene having a sulfur content of at
““feast 40% by wei ght and a chlorine content of |ess than 0.2% by weight is
the nost especially preferred rraterlal Met hods of preparing sulfur- 5
l.zed ol efins are described in %tents 2.995,569; 3,673,090; 3,703, 504;
3,703, 505; 3, 738"6%"1’“°5ﬁoP%1Y§?3“a%$“ APE PRUYBYAFOXY gompounds. These pro-

ducts, are described in many patents, including British Patent
1,306,529 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 3,415,750; 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;3,576,743;3,630,904;3,632,510;3,§32,511;3,697,423:
3,725,441; 3,868,330; 3,948,800; 4,234,435; and Re 26,433.

10 There are a number of sub—categories of carboxylic ashless
dispersants. One such sub-category which constitutes a preferred
type is composed of the polyamine succinamides and more prefera-
bly the polyamine succinimides in which the succinic group con-
tains a hydrocarbyl substituent, usually an alkenyl substituent,

15 containing 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 5,000, praferably 700 to 2,500, and more prefer-

20 ably 700 to 1,400. The polyamine used in forming such compounds
contains at least one primary amino group capable of forming an
imide group on reaction with a hydrocarbon-substituted succinice
acid or acid derivative thereof such an anhydride, lower alkyl
ester, acid halide, or acid-ester. The literature is replefe

25 with descriptions of polyamines suitable for use in forming such
carboxylic ashless dispersants. See for example U.S. Patent
5,034,018 which describes not only simple polyamines but amido-
amine adducts which are suitable for use in forming such carboxy-
lic ashless dispersants. Representative examples of such disper-

30 sants are given in U.S. Patents 3,172,892; 3,202,678 3,215,936;
3,219,666; 3,254,025; 3,272,746; 4,234,435; and 5,034,018. As
used herein the term “succinimide" is meant to encompass the com-
pleted reaction produect from réaction between the amine reac-~

Wi
A
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the sul furized ol efin derivatjyemgdesgri bed in U S. Patent. 4, 654, 156..
Typl cal fetal-free phosphorus cont al ni ng-anti wear and/ or exs 10 treme”
=‘_-pressure additives used in the practice of this invention include esters of
:“phasphorus acids, amine salts of phosphorus acids and phosphorus
..acid-esters, Mepahﬁ'%w"and total thic ana- logs of the foregoing. In this
~-eonnection, for the purposes of this invention an antiwear and/or extrene
“.pressure agent that 15 contains both phosphorus and sulfur in the nolecule
~..is deemed a phosphorus-containing antiwear and/or extreme pressure agent.
~Exanpl es of suitable conpounds which aay be used as phosphorus- containing
-antiwear and/or extrenme pressure agents include tri- hydrocar byl
phosphi t es, phosghonat es_and hos hat es, ang di hy- 20 drocar byl phosphl tes
, such as tri &P drecarkan-ghbstifathed carRowic aqld ox Aphy-
phosphate, tr m'héyl (qemdsikleaaexd derivative)l rph@@}i‘ta(tse, and st yhtakispiubt e,
trioctyl phos &ht:bﬁpagg compbenid whBeSIH ahe pidductaidy halke Bidks, amidine,
tricyol ohexyl 9.998{? sa&% linkages in addition to the imide linka

ge of the type
L 5 that results from the veaction 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 atoms and 1-6 hydroxyl groups. Typical examples are de-
scribed in U.sS. Patents 3,331,776; 3,381,022; and 3,522,179. The
alkenyl succinic portion of these esters corresponds to the al-
kenyl succinic portion of the succinimides described above. Al-
cohols useful in preparing the esters include methanol, ethanol,
15 2-methylpropancl, octadecanol, eicosanol, ethylene glycol, dieth-
ylene glycol, tetraethylene glycol, diethylene glycol monoethyl-
ether, ;)ropylene glycol, tripropylene glycol, glycerol, sorbitol,
1,1,1- trimethylol ethane, 1,1,1~trimethylol propane, 1,1,1-tri-
methylol butane, pentaerythritol, dipentaerythritol, and the

20 1like.

The succinic esters are readily made by merely heating a
mixture of alkenyl succinic acid, anhydrides or lower alkyl
(e.g., C,-C,) ester with the alcohol while distilling out water
or lower alkancl. In the case of acid-esters less alcohol is

25 used. In fact, acid-esters made from alkenyl succinjic anhydrides
do not evolve water. In another method the alkenyl succinic aciq
or anhydrides can be merely reacted with an appropriate alkylene
oxide such as ethylene oxide, propylene oxide, and the like,
including mixtures therecf.

30 still ancther sub-category of carboxylic ashless dispersants
useful in forming compositions of this invention comprises an al-
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dlbutyl Iauryl phosphonat e, dighutyk énggrogen phosphate, dioleyl 25 hydrogen

~phosphi t é,” -ard tol yl phOSphInIC acl | propyl ester. Typlmal -sul fur - aﬂalogs
uof -such conpounds are illustrated by tricresyl nono-, di-; fri-, and-
.itetrathlophosphates tris(decyl) nono-, di-, tri-, and
fgtetrathlophosﬁﬁﬁﬁeﬁI-677im@nyl mono-, di-, and trithi ophosphites, dioleyl
Tdster of hexadecyl t hi ophosphoni ¢ 30 acid, and anyl thiophosphinic acid
;d}nyrlstyl ester. Anong the am ne salts whi ch can be enpl oyed are am ne
~salts of partially esterified phosphoric, phosphorous, phosphonic, and

.. phosphinic acids and their partial or total thio anal ogs such as partially
-esterified nonothi ophosphoric, dithiophosphoric, trithiophospho- ric and

tetrathlophosphorlc aci,ds; am ne salts of phosphonic acids and their thio
‘anal ogs; and 978t ?{'lfclgﬁﬁc?sf‘ief'é’%ﬁﬁ)l"é?% U’E‘E’%Eaﬁlh?euﬂ%mmmalt
..of dodecyl pho$beorbeversiescribed alkenyl succinic acids, anhydrides or lower

alkyl esters or etc. with an alcohol and an amine either seguen-
tially or in a mixture. The alcohols and amines described above

5 are also useful in this embodiment. alternatively, 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 1-20
carbon atoms, 1-6 hydroxy groups and 1-4 amine nitrogen atoms.
Examples are ethanolamine, diethanolamine, N~ethanol-diethylene

10 triamine, and trimethylol 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; 3,862,981;
3,936,480 3,948,800; 3,950,341; 3,957,854; 3,957,855; 3,991,098;
4,071,548; and 4,173,540.

15 As in the case of the other carboxylic ashless dispersants
discussed above, the alkenyl succinic anhydride or like acylating
agent is derived from a polyolefin, preferably a polyisobutene,
having a number average molecular weight of 500 to 5,000, prefer—
ably 700 to 2,500, and more preferably 700 to 1,400. Likewise,

20 residual unsaturation in the polyalkenyl substituent group can
be used as a reaction site as for example, by hydrogenation,
sulfurization, or the like.

The polymeric polyamine dispersants are polymers containing

basic amine groups and oil solubilizing groups (for example, pen-

25 dant alkyl groups having at least about B carbon atoms). Such

materials in_clude, but are not limited to, interpolymers of decyl

methacrylate, vinyl decyl ether or a relatively high molecmlar

weight olefin with aminoalkyl acrylates and arinoalkyl acryla-

mides. Examples of polymeric polyamine dispersants are set forth

30 in the following patents: U.S. 3,329,658; 3,449,250; 3,493,520;
3,519,565; 3,666,730; 3,687,849; and 3,702,300.

- 15 -
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.~ o diethyl "héxyl amoni um sal tgpaf g yl di thi ophosphori c.acid, the L

Loct adecyl ammpni um sal t- of. dibuty{ t hi ophosphoric acid, the. di- AT

“:lauryl ai ntoni um salt of " 2- et hyl hexyl phosphoric acid, the dioleyl anmbhium’

-salt of butane phosphonic acid, and anal ogous conpounds. Anong the
:preferred nat easal EI+@772+2¢ as netal -free phospho- 10 rus-containi ng

--antiwear and/or extrene pressure additives are (i) at |east one oil-soluble

“¥fami ne salt of a monohydrocarbyl and/or dihydrocarbyl ester of a phosphoric

=’or . thiophosphoric acid, such acid having the fornula (HX[err]) (HX[err])

SHHX[err]) PX[err] 15 wherein each of Xerr], Xerr], Xerr] and Xerr] is,

findependently, an oxygen atomor a sul phur atom and nost preferably
~wherein at |east three of themare oxygen atoms; (ii) at |east one
0i | - sol ubl e phosphtramichahdseidispgeaarts vhieh mancbessd persyaatntel yisr eac-
ting a hydroxyinveheion wrd cohdedationl produtts pharmid bei Cormlen@ing aviidhgan
;L nor gari ¢ PhoRRYK Uity Bl ddryBROSRIA 30X | fhRnli PGP BRA" S e BRsihelicOduCe
an actdicin %&ge ;[gese . u%gal{lf %ogrgai&ell{]}%eaoz? % formaldehyde precursor, and
5 one or more polyamines, usually one or more polyalkylene poly~
amines. Examples of Mannich condensation preducts, including in
wany cases boronated Mannich base dispersants, and wmethods for
their production are described in the following U.S. Patents:
2,459,112; 2,962,442; 2,984,550; 3,036,003; 3,166,516; 3,236,770;

10 3,368,972; 3,413,347; 3,442,808; 3,448,047; 3,454,497; 3,459,661;
3,493,520; 3,539,633; 3,558,7437 3,586,629 3,591,598; 3,600,372;
3,634,515; 3,649,229; 3,697,574 3,703,536;7 3,704,308; 3,725,277;
3,725,480; 3,726,882; 3,736,357; 3,751,365; 3,756,953; 3,793,202;
3,798,165; 3,798,247; 3,803,039; 3,872,019; 3,904,595; 3,957,746;

15 3,980,569; 3,985,802; 4,006,089; 4,011,380; 4,025,451; 4,058,468;
4,083,699; 4,090,854; 4,354,950; and 4,485,023,

(%3

The boron content of the gear oils of this invention can be
supplied entirely by use of a boronated 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
boronated partial ester of a polyhydric alcohol which preferably
is complexed with a succinimide (e.g., U.S. Patent 4,455,243),
by use of a finely dispersed hydvated inorganic borate (e.g.,
U.S. Patent 3,997,454), 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 dAifferent kinds of
oil-soluble or dispersible boron-containing components, such as
one or more boronated ashless dispersants together with a finely
divided dispersed hydrated inorganic borate or a boronated par-
30 tial ester of a polyhydric alcohol, is still another appropriate
alternative. Preferably, at least 50 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.
R - 16 -

This Sheet Has Beepy Replaced

LT



04/12/968  08:53 804 788 5688 LTHYL HQ

-“st'anti al portl

hydroxy ‘an ne;

“hydr oxy- Subst i
“"ref'erred to as
Samo-or all thr
2l t rogen-cont ai ni ng conpositions of type (ii) are described in G B.

*’¥,009,913; G B. 1,009,914: U S. 3,197,405 and/or U S. 3,197,496. In
-genéral , these conpositions are forned 30 by form ng an aC|d|c i nternedi ate

on of said aCIdh ™ ~gpdi ate with at | east: ohe am ne: OF..
'@ i %

(iii) at least® 0 ol.ubl e anmine salt @fiia
tuted phosphet ane or a hydroxy- thlophosphetane 25 (sonet4
"phosphet ans” or "thi ophosphetans”); or a conbination of

88:0frrdeh77Lal) and (iii). The phospherus- and

"by:the reaction of a hydroxy- substituted triester of a phosphorot hioic

‘acid with an i
hal i de,” and neutralizing a substanti al
‘9 with an am nRost pretessylyllFubstantihlay e chtért)iherdn cbpatét®Df said

10

- 15

20

25

30

nor gani ¢ phosphorus aci d, phosphorus oxi de or phosphorus

composition (i.e., from 80 to 100% by weight of the boron con-
tent) is introduced into the compositions of this invention as
one or more boronated ashless dispersants.

It should be understood that as used herein the term
"aghless" in connection with the dispersants refers to the fact
that they do not contain any metallic constituent other than
perhaps trace amounts of metal impurities or contaminants. The
term does not denote that the product must not form any residue,
as the dispersants used preferably contain either or both of
boron and phosphorus. Aalthough these elements are not metals,
small amounts of deposits or residues can result from the pre-
sence of these eclements in the dispersant.

As noted above, the compositions of this invention are es~
sentially metal-free and essentially halogen-free. By this is
meant that if any metal-containing additive component is employ-
ed, it is employed in amount such that the finished gear oil con~
tains by weight a total of no more than 500 ppm of metal intro-
duced by way of added metal-containing additive(s), and that if
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 moxe than 300 ppm of halogen introduced by
way added metal-containing additive(s). Preferably, no metal-
containing additive is used. Typically there may be trace
amounts of chlorime 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 common to react the polyisobutene with chlorine
to enhance the reaction with maleic anhydride. Thus the finished
product in which such dispersants are used is likely to contain
small amounts of chlorine. Likewise, certain organic sulfur an-

..17..
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_ hydroxy subst i

.-;fR[err] Rl err]

" .gr oup such as

tuted thi ophosphetanes. Typically, such salts are deri ved

r'om corrpoundscaéetmwavnul a wherein each of Rlerr], Rerr], Rerr],

and R err] is a hydrogen atom or a carbon-bonded organic
a hydrocarbyl group or a sub- stituted hydrocarbyl group

;2wherein the substituent(s) do(es) not 10 materially detract fromthe

*predoninantly

hydr ocar bonaceous cha- racter of the hydrocarbyl group; X

@o40

s-phorus- and nltrogen cont ai ni Rgy aagn;\e@@r and/ or extrene pressure addlttves
WhICh can-: bﬁn ‘used in the: corrpOS|t|ons of ;t'his invention are.: the am ne s-alts
et hydroxy substituted phosphetanes or the 5 anine salts of™

i's

« @ sul phur or an oxygen atomand Z is a hydroxyl group or an organic group
nore aci di c hydroxyl groups. Exanples of this general type of
Franti- wear andtmeaaxtanénerm“wmel agentsc cahccantiadn smwd s alyrntds

‘dr oxyphosphet aggsedidubl %lﬁ@rﬂﬁe Sﬁ. Eﬁl@flﬁ%&ﬁwiﬁﬁboPmﬁ% atéisia

wihavi ng one or

. type of copper corros
invention is conprlse

5

190
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20

25

| azo
ried over :Lnto the fa.m.shed ashless dispersant and thus intro-

duced into the finished gear lubricant in this manmner. Prefer-
ably however, deliberate use of halogenated additives in order
to utilize their halogen content (e.g., for antivear or extreme
pressure performance) is avolded in the practice of this inven-
tion.

Preferred finished gear oils of this invention utilize compo~
nents proportioned such that the kinematic viscosity of the compo-
sition at 100°C is at least 13.5 cst and the Brookfield viscosity
of the composition at -40°C is 50,000 cP or less. Also preferred
are compositions characterized in that the sulfur-containing anti-
wear and/or extreme pressure agent is selected from sulfurized
olefinic hydrocarbon, aliphatic polysulfides, and mixtures of sul~
furized olefinic hydrocarbon and aliphatic polysulfides; in that
the ashless dispersant consists essentially of at least one suc-
cinic derivative ashless dispersant selected from boronated al-
kenyl succinimides, boronated alkenyl succinic esters, and bor-
onated alkenyl succinic ester-amides; and in that the entire
boron content of the composition is introduced therein as the
succinic derivative ashless dispersant; and in that the composi-
tion is devoid of any metal-containing additive.

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 limiting the generic aspects of this invention
in any manner whatsoever.

- 38 -
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.’zol es and tthi adi azol es. Exanp%ﬁg @ sgge benzotriazole, .tolyl- 20 triazole,
octyltrlazole decyltrlazole dé &I irazol e, 2-nmer- capIobenzothlaz@Ie
"2, 5-dimercapt o- 1, 3, 4-t hi adi azol e, 2-nercap- '

...t'0- 5- hydrocarbyl t hi o- 1, 3, 4-thi adi azol es, 2-nercapt o:5-hydrocar -

byl di t hi 0-1, cabe In:u:ad‘raz-aal es, 2,5-bis( hydrocar byl thio)-1, 3, 4-
thladlazoles and 2, 5-bis (hydrocarbyldlthlo) -1, 3,4- thladlazoles. 25 The
preferred conpounds are the 1, 3, 4-thi adi azol es, especially the

‘2= hydr ocar byl di t hi o- 5- ner capt o-1, 3, 4- di t hi adi azol es and t he 10

_2 5- bi s(hydrocarbyl dithio)-1, 3, 4-thi adi azol es, a nunber of which are
.avail able as articles of commerce. O her suitable I nhi bitors of copper

.. corrosion include ether am nes; pol yethoxyl ated com pounds such as
et hoxyl ated ami nes, ethoxyl at ed phenoF§F”éHﬁ1eth- 5 oxyl ated al cohols;
i m dazol i nes; andat heatridaditive package containing (i) a sulfur-phosphorus

antiwear/extreme pressure additive combination formed by inter-

action among 37.6 parts of sulfurized isobutylene, 4.8 parts of

5 dialkyl hydrogen phosphite, 6.6 parts of primary aliphatic momno-

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

13.3 parts of trihydrocarbyl dithiophosphate; (iii) 3.3 parts of

a thiadiazole copper corrosion inhibitor; 0.8 part of carboxylice

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

10 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(2-ethylhexyl) sebacate, (2) a hydrogenated

poly-e-olefin oligomer having a kinematic viscosity at 100°C of

about 40 cSt, (3) a hydrogenated poly-a—-olefin oligomer having

15 a kinematic viscosity at 100°C of about 8 cSt, and (4) a hydro-

genated poly-a-olefin oligomer having a kinematie viscosity at

-- 100°C of about 2 cSt. The components are proportioned such that
Ve the finished gear oil contains 3.25% of the additive package,

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

20 oligomer, 2.00% of the 8 cSt oligomer and 12.25% of the 2 cSt

oligomer. This Gi~4 finished oil has a kinematic viscosity at
100°C of 13.76, a Brookfield viscosity at ~40°C of 33,600 cP, a

sulfur content of about 0.64%, a phosphorus content of about

0.062%, a nitrogen content of about 0.026%, a chlorine content

25 of about 0.005%, and a boron content of about 0.0057%. The
finished lubricant is deveoid of any metal—containiqg additive.

EXAMPLE 2
A finished gear lubricant formed as in Example 1 was em-
ployed as the lubricant in new manual transmissions produced by
30 a well-known transmission manufacturer. The transmissions were
operated under cold conditions simulating wintertime exposure in
cold climates, and under conditions known to produce the cold-
clash problem. It was found that the gear lubricant of this

- 19 -
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*The conp05|t|ons of this |nveqh4o? gg contain a rust inhi- bitor: This '
“way -be @ srngle conpound or E f- conpounds haV|ng t he property -of .
g Jnhlbltrﬁg “‘corrosion of ferrous netal sur- faces. Such maierials include
: ‘o'l -sol ubl e nonocar boxylic _acids 10 such as 2-ethyl hexanoic acid, lauric
“acid, nyristicaseiRE=-6@AVme™- tic acid, oleic acid, i nol ei ¢ acid, linolenic
i acrd behenic acid, cerotic acid, etc., and oiI-squbIe polycarboxylic
5 aC|ds i ncl udi ng di mer and tri mer aC|ds such as are produced fromtall oi
“fatty acids, oleic acid, linoleic acid, or the like. Other 15 suitable
- €orrosion inhibitors include alkenylsu00|n|c acids in which the al kenyl
~-group contains 10 or nore carbon atons such as, for exanple,.
‘tetrapropenyl succinjc acid, tetradecenylsu00|n| SCId hexadeceny! succi ni c

‘acid, and thelﬁY%‘éth”oﬁé”&H%ﬂtr?d[ Ehe[oqlgrriashyiREaPheRy | (T BRFEHCHATy 12S
_ ol ecul ar wei ghhpared) o fthe0besd SHGBry? Eidhdgeathambriigahtrapprayvedaksd

Products of théciﬂé% Bj}%éﬁﬁdaﬁuﬁ&ﬁ@o&h&@ VL SNthak | M sROSERNT,| She

e SUCh ERy P Wl 3h oo L BeaU s b I Skl SRl Yadebud he

5 test conditions by use of 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 cperator 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 fill gear lubricant approved and
specified by the manufacturer for use with this transmission.

EXAMPLE 3

In oxder to qualify for use as a manual transmission lubri-
cant it is necessary that tkhe finished gear oil mnot exhibit ex-
15 cessive antagonism 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 using polyacrylate, nitrile, and
fluoroelastomer (VITON® elastomer) seals. It was found that in
20 each case, the seal performance was satisfactory at the end of

1000 hours of testing.

EXAMPLE 4
A GL-5 gear oil of this invention is formed by utilizing the
components of Example 1 in proportions such that the finished
25 Jlubricant contains 6.5% of the additive package and 93.5% of the
hase oil of Example 1.

EXAMPLE 5
A finished gear o0il is formed as in Example 1 except that
the 37.6 parts of sulfurized isobutylene is replaced by 37.6
30 parts of a combination of 60% sulfurized isobutylene and 40%
dialkyl polysulfide. '

- 20 ~
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“the Hunto Chenical Di'vision oflgy &0 ﬁ@enical Cor poration and under:. the : -
+EMPQ, tradegark by Enery Chen1% & i at her useful 25 type=of acidié: >
{corr05|on inhibitors are the half esters of al- kenyl suc¢i'fiic acids™ haV|ng o
“8.,t0 24 carbon atoms in the alkenyl group wth alcohols such as the :
ipel ygl ycol s. Jhee ®X-sespendi ng hal f ani des of such 7al kenyl succinic acids

#are al so useful. Al- though added in acidic form sone or all of the
“@arboxyllc groups 30 of these carboxylic acid type corrosion inhibitors my

_mbe neutra- |lized by excess am ne present in the conpositions. Qher suit-
:abl'e corrosion inhibitors include ether aniner: acid phosphat es, am nes:
_polyeLhoxyIated conpounds such as et hoxyl ated am nes, et hoxyl at ed

'phenols et hoxyl at ed al cohol s; im dazolines; and am nosuccinic acids or
derlvatlves t hereof represented by thEXAUPER €.

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

the dialkyl hydrogen phosphite, the primary aliphatic moncamines,

the mono— and dialkyl acid phosphates and the trihydrocarbyl di-

5 thiophosphate are replaced by an egquivalent amount of phosphorus

as a product made by the following procedure: 53 parts of phos~

phorus pentoxide is added to 430 parts of hydroxypropyl-0,0!-

di(4-methyl-2-pentyl)phosphorodithioic acid at 60-63°C within a

period of 5.5 hours. The reaction mixture is heated to 75-80°C

10 and held at this temperature for 2 hours. To this reaction mix-

ture is added over a period of 1.5 hours 219 parts of a mixture

of tertiary alkyl primary meoncamines having 11 to 14 carbon atonms

while controlling the temperature to 30-60°C. Then the product

mixture is majntained at 50-60°C for 0.5 hour and filtered. The

15 resultant product should have a phosphorus content of about 8%,

_?" : a sulfur content of about 10.4% and a nitrogen content of about
- - 2.2%.

EXAMPLE 7

A finished gear oil is formed as in Example 1 except that
20 (i) the sunlfurized iscbutylene is replaced by an equivalent
amount of sulfur as a diisobutene polysulfide containing an ave-
rage of 3.2 sulfur atoms per molecule prepared by stepwise reac—
tion of isobutene with sulfur monochloride and sodium sulfide,
and (ii) the dialkyl hydrogen phosphite, the primary 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

Example 6.

EXAMPLE 8
30 A gear additive package containing (i) a sulfur-phosphorus
antiwear/extreme pressure additive combination formed by inter-
action among 37.6 parts of sulfurized isobutylene, 4.8 parts of

T
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"“['érr] wHet'ej h each of Rierr], sRlesglensRerr], Rlerr] and:Rlerr] is, .-
e

1ndependent1y a hydrogen 5 at’ ydrocarbyl group cortaining 17teo 30
*carbon atons, and wherein each of R[err] and Rlerr] is, |ndependently, a
hydrogen atom a hydrocarbyl group containing 1 to 30 carbon atons, or an
4cyl group corfe®enEEyéT?tvh 1 to 30 carbon atons. The groups Rerr], Rerr],
F{err] Rlerr], Rerr], Rerr]Jand R err], when in the form of hydrocarbyl
Egroups can 10 be,-for exanple, alkyl, cycloalkyl.or aromati c cont ai ni ng
z'groups. Preferably R err] and R err] are the sane or different

'stralght chain or branched-chai n hydrocarbon radicals containing up to 20

i'carbon atons. nost preferably, Rerr] and R[err] are saturated hydrocarbon

radi cal s contaLni;g 3-6 carbon atons elter errl. or RLeHum _
Rlerr] and 15 SR@&R¥T, Xﬂ?@ﬁef‘ri’*ﬁ?é’hﬁ?m 158 &&r %&f@h&g i
preferably themianes anddl G @aght of twiqghandcAialaEs agid Bhesphatiesh (1)

saturat ed hydrm@rﬁw 3¢i eairyarBeaiwypaliyn fostictiphyite eYidl) of . Bpasta @BUC-
cinic acidis U a| LILY Mcg ebreseidd € 1b =y t@eeﬁﬁ &¥ clbhégpam

al kyl groups con ar on atons rogen ato
i g p acid rust 1nh1b1tors, 6 part o 1§Lf%1 r, g% par£2 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) Qi(isocctyl) adipate, (2) a hydrogenated poly-
a-olefin oligomer having a kinematic viscosity at 100°C of about
10 40 cSt, (3) a hydrogenated poly—c-olefin oligomer having a kine-
matic viscosity at 100°C of about 4 cSt, and (4) a hydrogenated
poly-a-olefin oligomer having a kinematic viscosity at 100°C of
about 2 cSt. The components are proportioned such that the fi-
nished gear oil contains 3.25% of the additive package, 13.00%
1S of the di(2-ethylhexyl) sebacate, 64.25% of the 40 cSt oligomer,
7.50% of the 4 cSt oligomer and 12.00% of the 2 cSt oligomer.
This finished o0il has a kinematic viscosity at 100°C of 14 est,
a Brookfield viscosity at -40°C of 37,800 c¢P, a sulfur content
of about 0.64%, 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%. The 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 performance after the required 240 hours
25 of operation on both the nitrile and the fluorcelastomer seals.
In the case of the polyacrylate seal materials, the percent

-";{'-: . elongation was only slightly belaw the specification limits.

Wi/ .
e

BXAMPLE 9
An additive package as in Example 8 is added to a base oil
30 consisting of (1) di(isodecyl)adipate, (2) a hydrogenated poly-a-
olefin oligomer having a kinematic viscosity at 100°C of about
40 ¢st, (3) a hydrogenated poly-c-olefin oligomer having a kine-
matic viscosity at 100°C of about 4 cSt, and (4) a hydrogenated

This Sheet Has Been Replaced
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20 and elther Rlerr] or R[errLrASQchgékyl gr oup contalnlng,15 20 . carbon-.

v

4“atons -of ariyacyl group.which i's derived-from a saturat ed,9f: unsa- turated
carboxyflc aci d containing 2-10 carbon atons. Mst pre- ferred of the
““ani nosuccinic acid derivatiyes is a dialkylester of _an am nosucci nic acid
--Qf t he above feameuEd~6l&tdin R err] and Rlerr] 25 are isobutyl, Rerr] in a
:>.hydrogen atom R err] is octadecyl and/or octa- 12 decenyl and Rerr] is
,QB .car boxy- 1- oxo- 2-propenyl. In such ester [err] and R err] are nost
pr-eferably hydrogen atons. Suitable antifoam agents for use in the
‘;conposi tions of this invention include silicones and organic polymers such
as acrylate 5 polyners. Various antifoam agents are described in Agents by
H T. Kerner (Naoyes Data Corporation, 1976, pages, 125- 176). M xtures of

si i cone- t ype RAHITPoRKEEE AL doeRRT ba¥ipg a (kinematic viscosity at 100°C of
' about 2 ¢St. The components are proportioned such that the fi-

nished gear cil contains 3.25% of the additive package, 10.00%

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

5 of the 4 cst oligomer and 12.00% of the 2 cSt oligomer. This

finished oil has a kinematic viscosity at 100°C of 14.7 cSt, a

Brookfield viscosity at «40°C of 46,233 cP, a sulfur content of

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

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

10 a boron content of about 0.0057%. The finished lubricant is
devoid of any metal-containing additive.

As used herein the term "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 minimun concen-

15 tration required for use as described herein. Preferably, the
- material has a solubility or dispersibility in the base oil well
in excess of such ninimum concentration. However the term does
not signify that the material must dissolve or be dispersible in
all proportions in the base ocil.

20 Some additive components are supplied 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 ~-

N i.e., the amount of solvent or diluent that may be associated

B 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 fully set forth herein.
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" gui d-di al; kyi“ Silicone polymergpmis g@ \éﬁgl ous ot her substapncés are al so, o -

.j:."_.e‘ffectlve :Typi cal of .such mixt Ureg iy e sili conés m xed; 10 Wi th ar-:zis:

“igeryl ateé pof ymer, silitofhés mixed with ‘one or nore am rfes " and sili COnes

“’mixed with one or nore amine carboxylates. other sugh mixtures include
“conbi nations ¢hsa Eivetink Silicone oil with (i) a ‘partial fatty acid

.:--easter of a polyhydric alcohol (U S. Patent 3,235, 498) (1i).an aI koxyl at ed
"partlal fatty acid. 15 ester of a polyhydric al cohol.

,--,-:-3 -235,499); (iii) a polyal koxyl ated ali phati C’a “ “\Ea\

1=3;°235,501); and (iv) an al koxyl ated aliphatic ac m\ { ent 3 235, 502) .

-":,_-;The ashl ess dispersants utilized in the conpositi of “thi's invention

;ﬁlnclude carboxylic ashl ess dispersants, Mannich base 20 di spersants,

.. pol ymeric pol wxaiMe: di spersants, and post-treated di spersants of these
types. At |east sone of t he ashl ess disper- sant used is a boronated

ashl ess di spersant SCedl Qgg ;}ﬁr ant to
. a suitable errpera%ure DV été‘égi'; éferﬁ][%eﬁ‘f%s g.rhggg%:giogéﬁ -
-~ Procedur es %u,hpggp-ecqmﬁa@ﬁ.ng gear oil lubricant composition is prov:.de which

' 3 comprises:

4 a) bace o0il consisting essentially of a blend of (1) at least
5 one dialkyl ester of an aliphatic dicarboxylic acid having
6 a maximum pour point of about -55°C and a maximum kinematic
7 viscosity at 100°C of about 4 cSt (mm?/sec); (2) hydrogen-—
8 ated poly-c~olefin oligomer having a kinematic viscosity at
9 100°C of about 40 cSt; (3) at least one hydrogenated poly-
- 10 a~olefin oligomer having a kinematic viscosity at 100°C in
i1 the range of about 4 to about 8 cSt; and (4) hydrogenated
12 poly-a-olefin oligomer having a Kinematic viscosity at
13 100°C of about 2 cSt, in proportioms such that for each 100
14 parts by weight of (2) there are about 10 to about 40 parts
; ) by weight of (1), about 3 to about 25 parts by weight of
' 16 (3), and abont 11 to about 30 parts by weight of (4);
17 b) about 0.7 to about 7 wti of at least one oil-soluble or-
18 ganic sulfur-containing antiwear and/or extreme pressure
19 agent having a sulfur content of at least about 203 by
20 weight:
21 c) about 0.2 to about 3 wt}% of at least one ocilesoluble or-
22 ganic phosphorus—-containing antiwear and/or extreme pres-
23 sure agent:
24 4) about 0.05 to about 0.35 wt% of at least one oil-socluble
25 copper corrosion inhibitor;
26 e) about 0.1 to about 0.8 wt% of at least one oil-soluble rust
RN 27 inhibiter:
I 28 f£) about 0.005 to about 0.06 wt% of at least cne oil-soluble
L 29 foam inhibitor; and
30 gq) about 0.15 to about 3 wti% of at least one oll-soluble ash-~
31 less dispersant;
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1725 . fecti'ngiboronation.of ashke gs’ gé%@ rsants are described for ex- arrpl e
-',2:_‘=|n U.S. ‘Patents 3,087,936 3, 5 (.8) 281, 428: 3,282, 955:- 2, 284, 409;:.
'="-.=2!:284 4107 3,338, 832; 3,344, 069; 3,533, 945 3, 658, 836; 3; 103 536;-
:73,718,663[err] 4,455,243; and 4, 652,387. The carbo ersants
.ane reaction meduzi-ssm—sz an acyl ating agent (e. aﬂllmlm:“mgmlmm
X am d, dicarboxylio acid or other polycarboxylic acid, ¢r derMvatives
\thereof) with 13 one or nore polyanines and/or pol yhydroxy conpounds.
These pro- ducts, are described in nmany patents, including British Patent
1, 306, 529 and the followng U S. Patents: 3,163,603; 3,184,474; 3,215,707,
3,219, 666: 3,27,310; 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, 750;33, 233 ofi#hefaregoing pegcanBagrsbedng 2@sed Pn the weight of the
33 total composition, said composition being still further charac-
34 terized in that the snlfur:phosphorus weight ratio of said compo-
35 sition is in the range of about 8:1 to ahout 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 of about 13 to about 15 cSt at 100°C.

1 2. 2 composition of Claim 1 wherein the kinematic visco-
sity of said composition is in the range of about 13.5 to about
3 14.5 cst at 100°C.

N

1 3. A composition of Claim 1 wherein said dialkyl ester is
2 a dialkyl adipate, a dialkyl sebacate or a mixture thereof.

. 1 4. A composition of Claim 1 wherein said dialkyl ester is
- 2 di(2~ethylhexyl)sebacate.
1 5. A composition of Claim 1 wherein said dialkyl ester is

2 di(isococtyl)adipate.

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

TV

7. A composition of Claim 1 wherein said base oil consists
essentially of a blend of (1) di(2-ethylhexyl)sebacate: (2) hy-
drogenated poly-a—olefin oligomer having a kinematic viscosity -
at 100°C of about 40 ¢St: (3) hydrogenated poly-a-oclefin oligomer
having a kinematic viscosity at 100°C of about 8 cSt; and (4)
hydrogenated poly-a-olefin oligomer having a kinematic viscosity
at 100°C of about 2 cSt, in proportions such that for each 100
parts by weight of (2) there are about 24 to about 40 parts by
weight of (1), about 3 to about 12 parts by weight of (3), and
about 11 to about 20 parts by weight of (4).

O ® N v 01 & W N M

=
(=}
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"3,451,933; 3,454,607; 3, 467, 6@@4 @gﬁ@%gl?g 3,541,012; 3,542, 678;
(3574, 10%: - 3, 576, 743; * 3, 630, 904; 510; 3,632,511, 3,697, 428; SR
3 725, 4417 "'3,868, 330; '3, 948, 800; 4, 234,°435: and Re 26, 433.-710 Ther'e

are a nunber of sub-cat egor| es of carboxylic ashl ess- di spersants. -One such

s.ub cat egory waiseheteesti4aiies a preferred type i l“l mm ﬂm an
#Pp0i’yam ne succi nani des and nore prefera- bly the E 1des in

whl ch the succinic group con- tains a hydrocarbyl $ub&titueht,® usually an
"at kenyl substituent, 15 containing at |east 30 carbon atons. These

_d| ‘spersants are usu- ally forned by reacting a polyaimne with an al kenyl
succinjc acid or anhydride such as a pol yi sobutenyl succinic acid and
anhydri de wherein the polyisobutenyl group has a nunber average nol ecul ar
~wei ght of 500 to 53000,A moabesition AgGorédimg 380 Clakm hovhenedinf said 2@seabl y
;700 to 1,408. ofhe seokyRpdits ubeeelbbﬂtfﬂz raafﬂsssy‘hwsﬂmtowrdsuwnaﬁéw 1o
east one [ ?E;é ! up, 0 ction
-with a hyd%c on-s s?ﬁhq:t (fggz &oqtam S'ron QQ%%J (rPerl va%f ere f
such an anh’ydrl 3de, 2pd @Y lg}ﬂ to about 20 parts by weight of (4): where:m

: said sulfu_r-containing antiwear and/or extreme pressure agent is

selected from sulfurized olefinic hydrocarbon, aliphatic poly-

sulfides, and mixtures of sulfurized olefinic hydrocarbon and

aliphatic polysulfides; wherein said ashless dispersant consists

essentially of at least one ashless dispersant selected from

10 boronated alkenyl succinimides, boronated alkenyl succinic

11 esters, boronated alkenyl succinic ester-amides and boronated

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

13 composition is introduced therein as said boronated ashless

14 dispersant. '

W O oM

9. A composition of Claim 1 wherein said base o0il consists
essentially of a blend of (1) di(isooctyl)adipate; (2) hydrogen=
ated poly—c-olefin oligomer having a kinematic viscdsity at 100°C
of about 40 c¢st; /3) hydrogenated poly-a-olefin oligomer having
a kinematic viscosity at 100°C of abont 4 cSt; and (4) hydrogen-
ated poly-a-olefin oligomer having a kinematic viscosity at 100°C
of about 2 cSt, in proportions such that for each 100 parts by
weight of (2) there are about 15 to about 30 parts by weight of
(1), about 6 to about 15 parts by weight of (3), and about 15 to
about 25 parts by weight of (4).

W 0O N oW e

[y
o

10. A composition according te Claim 9 wherein said base
0il is composed of about 18 to about 22 parts by weight of (1),
about 100 parts by weight of (2), about 9 to about 13 parts by
weight of (3), and about 16 tc about 20 parts by weight of (4):;
wherein said sulfur-containing antiwear and/or extreme pressure
agent is selected from sulfurized olefinic hydrocarbon, aliphatic
polysulfides, and mixtures of sulfurized olefinic hydrocarbon and
aliphatic polysulfides; wherein said ashless dispersant consists

0 N NG SE WN N
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.ester, aC|d hal i de, or, acid-eghermggTpggliterature is replete 25 Wi t hi. :
desCrl pt10n$ of pol yam nes sui tabl e for use in form ng such car boxy1|c .
ashl ess di spersants. See for exanple U S. Patent 5,034,018 which describes
".not only sinple pol yan nes but anido- anine adduct s-whi ch are_suitable for
“use in forni nfasecEItedWoRy- |ic ashless di spersants.
exarrpl es of such diaper- 30 sants are given m’ﬂl jmm\igm}zwz
"3, 202, 678; 3,216,936; 3,219, 666; 3,254,025; 3,2 , and
f5 .034,018. As used herein the term "succininide" ‘s meant to enconpass the
~:com pleted reaction product fromreaction between the am ne reac- 14
tant(s) and the hydrocarbon-substituted carboxylic acid or anhy- dride (or

T R O e oS0 R

boronated alkenyl succ:.nm:.des, boronated alkenyl succinic es—
11 ters, boronated alkenyl succinic ester-amides and boronated
12 Mannich bases; and wherein the entire boron content of said
13 composition is introduced therein as said boronated ashless
14 dispersant.

1 11. A composition of Claim 1 wherein said base oil consists
2 essentially of a blend of (1) di(isodecyl)adipate; (2) hydrogen-
3 ated poly-a-olefin oligomer having a kinematic viscosity at 100°C
¢ of about 40 cSt; (3) hydrogenated poly-c-olefin oligomer having
S a kinematie viscosity at 100°C of about 4 cSt; and (4) hydrogen-—
6 ated poly-c-olefin cligomer having a kinematic viscosity at 100°C
7 of about 2 cSt, in proportions such that for each 100 parts by
8 weight of (2) there are about 10 to about 20 parts by weight of
9 (1), about 10 to about 25 parts by weight 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 welght of (2), about 14 to about 18 parts by
4 weight of (3), and about 16 to about 20 parts by weight of (4);
5 wherein said sulfur-containing antiwear and/or extreme pressure
6 agent is selected from sulfurized olefinic hydrocarbon, aliphatic
7 polysulfides, and mixtures of sulfurized oclefinic hydrocarbon and
8 aliphatic polysulfides; wherein said ashless dispersant consists
¢ essentially of at least one ashless dispersant selected from
10 boronated alkenyl succinimides, boronated alkenyl succinic es-
11 ters, boronated alkenyl succinic ester-amides and boronated
12 Mannich bases:; and wherein the entire boron content of said com-
13 position is introduced therein as said boronated ashless dis-
14 persant.
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and/or salt ‘|l i nkages in addit igpn 79 5t6|9§’ i.m de |inkage of. the type 5 that
‘i-esul ts fromthe react’i-on- of a prinary agino group and an: anhydrlde rmrety
E Anot her sub-category of car boxylic ashless di spersants ‘whi ch can be Used in

. the conpositions of this invention includes alken- _ succ;Hﬂ—c aC| id esters
< ahd di esters ofasel ®akeé¥®7-dontai ning 1-20 10 carbon ydroxyl
._..'g'roups Typi cal exanples are de- scribed in U.s. Nm

7:3,381,022; and 3,522,179. The al kenyl succinic port oft tHesé esters

ﬂpQTresponds to the al- kenyl succinic portion of.the succinindes described
-above. Al - cohols useful in preparing the esters include nmethanol, ethanol,
15 2-net hyl propanol, octadecanol, eicosanol, ethylene glycol, dieth- ylene
gl ycol , tetraethylene gl ycol , diethyl ene egcoI nonoethx ether propyl ene

glycol . tribropyl eRd-gl % AmPogition ecording g Claim 1) whereinthe| PERIhane,
-1 ,1 1-trinet hndmtis phepeafoare, p]:opbrt:mnedmuhlyIfdiatbtn@mnepmcamycmmyol
di pent aer yt §r i §Plsaianbddtd i29on ldtk@00°c is at least 13.5 cSt and the Brook=

4 field viscosity of said composition at -40°C is 50,000 cP or

5 less, and wherein at least 50 wt% of the boron content of said
6 composition is introduced therein as boronated ashless disper-
7 _

sant.

)

14. A composition according to Claim 1 wherein at least 75
wt% of the boron content of said composition is introduced there-
3 in as boronated ashless dispersant.

(M)

1 15. A composition according to Claim 1 wherein substantial-
2 1ly the entire boren content of sajd composition is introduced
3 therein as boronated ashless dispersant.
- 1 16. A composition according to Claim 1 wherein said oil-
2 soluble organic 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
é (mx") (Hx®) (ux%) PX°
7 wherein each of X', %2, X and X* is, independently, an oxygen
8 atom or a sulphur atom; (ii) at least one oil-soluble phosphorus-
9 and nitrogen-containing 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 produce
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 -
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“carboxylic ashless dispersants useful in fornming conpositions of "this
'invention conpri ses an al - 15 kenyl succinic ester-amde m xture. These
.may he made by heating the above-described al kenyl succinic acids,

“anhydri des Dr
'.- 2

N o Lae w
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| ower7. A composition according to Claim 1 wherein said oil-
soluble organic phosphorus-containing antiwear and/or extreme
pressure agent is at least one ocil-soluble amine salt of a
wmonohydrocarbyl and/or dihydrocarbyl ester of a phosphoric or
thiophosphoric acid, said acid having the formula

(8xY) (8x?) (%) PX°
wherein at least three of X', X%, ¥® and X* are oxygen atoms.

18. A composition according to Claim 17 wherein said sul-
fur-containing antiwear and/or extreme pressure agent is selected
from sulfurized olefinic hydrocarbon, aliphatic polysulfides, and
mixtures of sulfurized olefinic hydrocarbon and aliphatic polysul-
fides; wherein said ashless dispersant consists essentially of
at least one ashless dispersant selected from boronated alkenyl
succininides, boronated alkenyl succinic esters, borocnated
alkenyl succinic ester-amides and boronated Mannich bases: and
wherein substantially the entire boron content of said com-
position is introduced therein as said boronated ashless dis-
persant.

19. The method of alleviating cold-clashing of gears in a
manual transmission upon, during and after exposure to low tem-
perature climatic conditions, which method comprises providing
as the lubricant in said transmission a gear oil composition
which comprises:

a) Dbase oil consisting essentially of a biend of (1) at least
one dialkyl ester of an aliphatic dicarboxylic acid having

a maximum pour point of about =55°C and a maximum kinematic

viscosity at 100°C of about 4 cSt (mm?/sec):; (2) hydrogen-

ated poly-e-olefin oligomer having a kinematic viscosity at
100°C of about 40 cSt; (3) at least one hydrogenated poly-
a—olefin oligomer having a kinematic viscosity at 100°C in
the range of about 4 to about 8 cSt; and (4) hydrogenated
poly-a-olefin oligomer having a kinematic viscosity at

This Sheet Has Been Replaced
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:*The suceinic esters are readlhg mgggpgy merely heating a nmi*xture of. alkenyl
;.é-subm ni.c- acrd anhydri-des or 0 4/\/6{ (e.qg., (err]- C[err]) eat-er.: wth
w1 he ‘al cohol “while distilli ng out water or-| ower al kanol . I n the casé ot
idcid-esters less alcohol is 25 used. In fact, acid-esters made from
i.alkenyl SUCCi RakedBfYEHF749S do not evol ve water., In’another t he

«al kenyl succinic acid or anhydrides can be rrerely g‘\
5 vappropri ate al kyl ene oxi de such as et hyl ene oxi de , and the
>1Jke i ncluding m xtures thereof. 30 Still anbth r sub cat egory of
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“al’kyl esters or etc. with an g!gﬁgﬁlr\ d an anmi ne either sequen- tlally or

- a mioxture.
“this enbodifrent. Altefnativel y, am no alco- hols can be used al one or Wi t h
and/ or amne to_formthe ester-am de m xtures.-~The—amno

-t he al cohol
_-al.cohol can cogdsd EI+6297<€mr bon atons, 1-6 hydroxy g

_.Ni-frogen atons. Exanpl es are ethanol anm ne, diethanol almm‘ ‘m(“m“‘“em““
.'N-et hanol -di ethylene 10 triamne, and trimethylol  anihorfet tané.
~.Representative exanpl es of suitable ester-am de mxtures are ref erred to in

-'U. S. Patents 3,184,474; 3,576,743; 3,632,511; 3,804,763; 3,836,471;
- 3,862,981; 3,936,480: 3,948,800: 3,950,341: 3,957,854; 3,957, 855;

3,991, 098; 4,071,548; and 4,173,540. 15

The al cohol s an descri bed above 5 areg al so useful

carboxyl i c BBshl ess A0S FePE APPYL R S8%s siR PROBOELIqNA SuFk Fhat 0% @agP 100
~anhydride ae |ike aaitatbyngedgattof (2ficthersdake ahartpbo yiel abowl; qﬂrpaetabl y

a pol yi sobyhene,  hay G@sgneber1)avabade IDLE o ¥S! 4Bt 50£00,
brErer-“anily 100 104 B A oo kel 19 detiie

19
20
21
22
23
24
25
26
27
28

a oW

ok bswl se,

b) about 0.7 to about 7 wt} of at least one 011-soluble or-
ganic sulfur-containing antiwear and/or extreme pressure
agent having a sulfur content of at least about 20% by
welight;

c) about 0.2 to about 3 wt% of at least one oil-soluble or-

' ganic phosphorus—-containing antiwear and/or extreme pres-
sure agent;

a) about 0.05 to about 0.35 wt% of at least one oil-soluble
copper corrosion inhibitor;

e) about 0.1 to about 0.8 wt% of at least one oil-soluble rust
inhibiter;

£) about 0.005 to about 0.06 wt% of at least one oil-soluble
foam inhibitor: and

q) about 0.15 to about 3 wtt of at least one oil-soluble ash-
less dispersant;

all of the foregoing percentages being based on the weight of the

total composition, said composition being still further charac—

terized in that the sulfur:phosphorus weight ratio of said

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

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

0.0025 to about 0.07 wt%, and in that the kinematic viscosity of

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

100°¢C.

20. The method of operating a manual transmission when the
transmission has been exposed to low temperature climatic condi-
tions, which method comprises lubricating said transmission with
a gear oil composition which comprises:

a) base oil consisting essentially of a blend of (1) at least
one dialkyl estexr of an aliphatic dicarboxylic acid having

- 30 -~
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20 residual funsaturation in the, pgkygkkenyl substituent gioup can be- used
' ?éf“byuhydrogenatidn, sul farization, :or“the

‘7as‘-a reacti@n site as for examp _
“{i'ke.” The pol yrmeric pol yam ne di spersants are polyners containing basic

-amne groups and oil solubilizing groups (for exa A
~:groups havi ng aéseé esxsi67aparit 8 carbon atons). Sch?
“dre not limted to, interpolymers of decyl nethacr -
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B804 788 5688 LTHYL HQ

Qo053

i -

.or a relatively high ol ecul ar weight olefin wth ani noafkyl acr tes and

..am noal kyl acryl a-

m des. Exanpl es of polyneric pol yam ne di spersants are

“-set forth 30 in the follow ng patents: U S. 3,329, 658; 3,449, 250;

-'3,493,520; 3,519,565; 3,666, 730; 3,687,849; and 3, 702, 300.
di spersants which can be used pursuant to this invention are condensation
products fonmed by

8
9
10
11
12
13
14
1s
1le
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
| 35
e 36
o 37

38

39

40

b)

<)

q)

e)

£)

g)

& JRNiNSh RPUz PRy of about -55°C and a maximun kinematic
viscosity at 100°C of about 4 cSt (mm?/sec); (2) hydrogen~-
ated poly—e—olefin oligomer having a kinematic viscosity at
100°C of about 40 cSt; (3) at least one hydrogenated poly-
a-olefin oligomer having a kinematic viscosity at 100°C in
the range of about 4 to about 8 cSt; and (4) hydrogenated
poly~-a-olefin oligomer having a kinematic viscosity at
100°C of about 2 cSt, in proportions such that for each 100
parts by weight of (2) there are about 10 to about 40 parts
by weight of (1), about 3 to about 25 parts by weight of
(3), and about 11 to about 30 parts by weight of (4):;
about 0.7 to about 7 wt$ of at least one oil-soluble or-
ganic sulfur-containing antiwear and/or extreme pressure
agent 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-
ganic phosphorus-containing antiwear and/or extreme pres-
sure agent; _

about 0.05 to about 0.35 wt% of at least one oil-soluble
copper corrosion inhibitor;

about 0.1 to about 0.8 wti of at least one oil=soluble rust
inhibiter;

about 0.005 to about 0.06 wti% of at least one oil-soluble
foam inhibitor; and

about 0.15 to about 3 wt? of at least one oil-soluble ash-
less dispersant;

all of the foregoing percentages being based on the weight of the
total composition, said composition being still further charac-
terized in that the sulfur:phosphorus weight ratio of said
composition is in the range of about 8:1 to about 35:1, in that
the boron contant of said composition is in the range of about
0.0025 to about 0.07 wt%, and in that the kinematic viscosity.of
said composition is in the range of about 13 to about 15 cst at
100°C.
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v.chai n hydrogar bon-substi tut Edggﬂﬁhwﬁlsgm th one or nore aliphatic al defiydes,
ousual 1y for al dehyde -or a formal dehyde -precursor, and 5 ‘one or norei:-=r =
*pot yam nes, usually one or nore polyal kyl ene poly- naiines” Exanple$ of
“:Manni ch condensati on products, including in many casgs boronated Mannich
“*base di spersamase BRe6IMM-AOds for their productioniare described in the
“following U S patents: 2,459,112; 2,962,442; 2,984,550; 3, 036, 003;

3,166, 516; 3,236,770; 10 3,368,972; 3,413, 347; 3,442,808; 3,448, 047:

By, 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, 536;

©-3,.704, 308; 3,725,277; 3,725,480; 3,726,882; 3,736,357; 3,751, 365;

+33,756, 953; 3, 793,202; 3,798, 165; 3,798,247; 3,803,039 3,872,019; 3,904, 595;
©-3,957,746; 15 3,980,569; 3,985,802; 4,006,089; 4,011, 380; 4,025, 451;

- 4,058, 468; 4,083, 699; 4,090, 854; 4,354,950: and 4, 485, 023. The boron
“content of the gear oils of this invention can be supplied entirely by use

->of -a boronated ashl ess dispersant.. _Al-_ternati t he boron can be
supplied in its entirety by use ort. Cafbhyfohs :

Abstract of the Disclosure

A "cold-clash" gear problenm associated with vehicular manual
transmissions exposed to the cold is overcome by use of a special
all-synthetic gear oil composition. The composition is composed
of base oil and specified additive components. The base o0il is

5 a blend of dialkyl ester of an aliphatic dicarboxylic acid having
a2 maximum pour point of about -55°C and a maximum kinematic vis-
cosity at 100°C of about 4 ¢St, and three hydrogenated poly-a-
clefin oligomers bhaving kinematic viscosities at 100°C of about
40, about 4-8 cSt and about 2 ¢St in specified proportions. The

- 10 additive components comprise an organic sulfur—containing anti-
wear and/or extreme pressure agent, an organic phosphorus-con-
taining antiwear and/or extreme pressure agent, a copper corro-
sion inhibitor, a rust inhibitor, a foam inhjibitor, and an ash-
less dispersant. The gear oil has a boron content of about
15 0.0025 to about 0.07 wt$.

LS - - 32 -
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20 one or other boron containing additive. conmponents, such as a boronated
"partial ester of a polyhydric al cohol which preferably is conplexed with a
succinimde (e.g., U'S. Patent 4,455,6243), by use of a finely 4lifsiget ked
hydrated inorganic borate (e.g., U S. Patent 3,997,454), or by use of one
or nore other types of 25 suitable bq{on-containing addi tive conmponents.
The addition to the base oil of a conblnation of two or nore different

ki nds of oil-soluble or dispersible boron-containing conponents, such as

one or nore boronated ashl ess dhﬁﬂﬁr&ﬂ’ﬁcﬁl‘b@gﬂméFWith a finely divided
di spersed hydrated inorganic borate or a boronated par- 30 tial ester of a
pol yhydric al cohol, is still another appropriate alternative. Preferably,
at | east 50 TECENEGAINFIBLBreferably at |[east 75 wt % of the boron content of

the conpositions ®fis Antehbiciidelates to)lgeatussls | haicmwdraspdaiicRabety
ashl ess dispgrsailval transmission gear oils that have the capability of

sharply reducing if not eliminating clashing of gears under low
temperature conditions.

S STECHNICAL PROBLEM SOLVED BY THE INVENTION
A "cold-clash" gear problem has recently been experienced
by at least one well-known commercial manufacturer of manual
transmissions for passenger cars and other vehicles. When the
transnission is cold, as during initial vehicle operation after
10 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 the gears during the shifting opera-
15 tions. While the source of the problem is not known with cer-
tainty, it is a real world problem crying for a solution. 2as a
matter of fact, even use of the best current factory-£ill synthe-
tic 75W-90 GL~4 gear oil fails to alleviate this perplexing pro-
blen. .

20 THE INVENTION
This invention provides an effective solution to the cold-
clash problem.

In accordance with this invention an essentially metal-free
and essentially halogen-free, boron-containing gear oil lubricant

25 composition is provided which comprises:
a) base o0il consisting essentially of a blend of (1) at least
one dialkyl ester of an aliphatic dicarboxylic acid having
a maximm pour point of about -55°C and a maxinum kinematic
viscosity at 100°C of about 4 cst (mm?/sec): (2) hydrogen-—
30 ated poly-a~olefin oligomer having a kinematic viscosity at
100°C of about 40 cSt; (3) at least one hydrogenated poly-
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17 Most preferably, substantially the entire boron content of said

"conposition (i.e

., from90 to 100% by wei ght of the boron con- tent) is

i ntroduced into the conpositions of this invention us one or nore boronated
ashl ess dispersants. 5 It should be understood that as used herein
the term "ashl ess” in connection with the dispersants refers to the fact
that they do not contain any netallic constituent other than perhaps trace
anounts of metal inpurities or contam nants. The term does not denote that
t he product nmust not formany residue, 10 as the dispersants used

preferably contain either or both of boror® and phosphorus.

Al t hough t hese

el enments are not netals, small anobunts of deposits or residues can result

fromthe pre- sence of these elenents in the dispersant.

As not ed above,

the conpositions Q:f-oha'ﬂni SVRfme@NhavEne o kihesstic aMikyosttylatf 1.66°@Nh

essentially hal og% Q_gﬁgFBgft&&e oY qgaggo&@ag dsfr. agxdnﬂ)alhy%%&gh&g@

addi ti ve conponent

po].y-a—ole in oligomer having a kinematic viscosity at
100°C of about 2 cSt, in proportions such that for each 100

5 paxrts by weight of (2) there are about 10 to about 40 parts
by weight of (1), about 3 to about 25 parts by weight of
(3), and about 11 to about 30 parts by weight of (4);

b) about 0.7 to about 7 wti of at least one oil-soluble

organic sulfur-containing antiwear and/or extreme pressure
10 agent having a sulfur content of at least about 20% by
weight:

c) about 0.2 to about 3 wt% of at least one oil-soluble oxr~
ganic.phosphorus-containinq antiwear and/or extreme pres-
sure agent;

15 4d) about 0.05 to about 0.35 wty of at least one oil-soluble
copper corrosion inhibitor;

e) about 0.1 to about 0.8 wt$ of at least one ocil-soluble rust
inhibitor:;

L) about 0.005 to about 0.06 wti of at least one oil-soluble

20 foam inhibitor; and

qg) about 0.15 to about 3 wt% of at least one oil-soluble ash-
less dispersant:;

all of the foregoing percentages being based on the weight of the

total composition, said composition being still further charac-

25 terized in that the sulfur:phosphorus weight ratio of said compo-
sition is in the range of about 8:1 to about 35:1, in that the

boron content of said composition is in the range of about 0.0025

to about 0.07 wt%, and in that the kinematic viscosity of 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 100°C.

Preferably, the dialkyl ester is a dialkyl adipate, a dial-

kyl sebacate, or a mixture thereof.




ed, it is enployed in anount such that the finished gear oil con- tains by
“weight a total of no nore than 500 ppm of netal intro- duced by way of
added netal -containing additive(s), and that if 20 any hal ogen-cont ai ni ng
additive conmponent is enployed, it is enployed in anmount such that the
finished gear oil contains by weight a total of no nore than 300 ppm of

hal ogen i ntroduced by way added netal -containing additive(s). Preferably,
no nmetal - containing additive is used. Typically there may be trace. 25
amounts of chlorine in the finished gear oil introduced as an inpurity in
one or nore of the additive conponents. For exanple, succinic derivative
ashl ess di spersants wherein in the formalion of the succinic acylating
agent such as polyi sobutenyl succinic anhydride it is conmon to react the
pol yi sobut ene Wi plirsdn itde o &ﬂamhmmeothenieaﬂdeamwhtfhér&aa%iecou

anhydri de. L@um%@{i&gggsg%%#sw bR i Y ORI U (57 10

likely to contarn snal orine
sul fur an- 9i(2-ethylhexyl)sebacate: (2) hydrogenated poly-a-olef:.n olxgomet

having a kinematic viscosity at 100°C of about 40 cSt; (3) hydro-
S genated poly—c-olefin oligomer having a kinematic viscosity at
100°C of about 8 cSt; and (4) hydrogenated poly-a-olefin oligomer
having a kinematic wviscosity at 100°C of about 2 cSt, in
proportions such that for each 100 parts by weight of (2) there
are about 24 to about 40 parts by weight of (1), about 3 to about

10 12 parts by weight of (3), and about 11 to about 20 parts by
weight of (4).

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 this invention is the method of alle-

15 viating the problem of cold-clashing of gears in a manual trans-
mission upon, during and shortly after exposure to low tempera-—
ture climatic conditions, which method comprises providing as the
lubricant in said transmission a gear oil composition of 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 gear oil composition of this
invention.

In another embodiment, the base oil of the above composition

25 consists essentially of a blend of (1) di(isococtyl)adipate; (2)
hydrogenated poly-c—olefin oligomer having a kinematic viscosity

at 100°C of about 40 cSt; (3) hydrogenated poly-a-olefin oligomer
having a kinematic viscosity at 100°C of about 4 ¢st; and (4) hy-
drogenated poly~a-olefin oligomer having a kinematic viscosity

30 at 100°C of about 2 cSt, in proportions such that for each 100
parts by weight of (2) there are about 15 to about 30 parts by
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tiwear and/or extrene pressure agents can contain snmall anmounts of residua
‘chlorine if chlorine-containing reagents are used in their manufacture.
Such residual anmounts of chlorine can be car- ried over into the finished
ashl ess dispersant and thus intro- 5 duced into the finished gear |ubricant
in this manner. Prefer- ably however, deliberate use of hal ogenated
additives in order to utilize their hal ogen content (e.g., for antiwear or
extrene pressure perfornmance) is avoided in the practice of this inven-
tion. 10 Preferred finished gear oils of this invention utilize
conpo- nents proportioned such that the kgnematic viscosity of the conpo-
sition at 100[err] Cis at least 13.5 cSt and the Brookfield viscosity of
the conposition at -40[err]C is 50,000 cP or less. Also preferred are
conposi ti ons, ta%fferﬁedaséhé Ao Qﬁ?@vlﬂ‘wrpaeeatey%&@w (3P, v

and/ or extreme ressure ent. 1s s EUL{UFIZE
about 15 to ut 25 pa we:l.

In still another embodiment, the base o0il of the above

composition consists essentially of a blend of (1) di(isode-

5 cyl)adipate; (2) hydrogenated poly-a-olefin oligomer having a

kinematic viscosity at 100°C of about 40 cSt; (3) hydrogenated

poly-e~olefin oligomer having a Xinematic viscosity at 100°C of

about 4 cSt; and (4) hydrogenated poly-a-olefin oligomer having

a kinematic viscosity at 100°C of about 2 cSt, in proportions

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

to about 20 parts by weight of (1), about 10 to about 25 parts

by weight of (3), and about 15 to about 25 parts by weight of
(4) .

15 The base 0il of the compositions.of this invention is made
up of four essential components, namely one or a mixture of cer-
tain synthetic esters, and three different hydrogenated ocligomers
of specified viscosities, and these components are employed in
specified proportions relative to each other. The synthetic es-

20 ter is one or more dialkyl esters of an aliphatic dicarboxylic
acid each of which has a maximum pour point of about -~55°C and
a maximom kinematic viscosity at 100°C of about 4 cSt (mm%/sec).
Suitable esters meeting these requirements are di(2-ethylhexyl)-
sebacate, di(2-ethylhexyl)adipate, di(iscoctyl)adipate, di(iso-

25 nonyl)adipate, di(isodecyl)adipate, and (2-ethylhexyl) (isodecyl)-
adipate. Materials of this type are available commercially. For
exawple, Hatco Corporation markets di(2-ethylhexyl)adipate, di~
(isooctyl)adipate, (2-ethylhexyl) (isodecyl)adipate, di(2-ethyl~
hexyl)sebacate and di(isodecyl)adipate under the trade designa-

30 ¢tions of HATCOL 2908, HATCOL 2906, HATCOI. 2911, HATCOL 3110, and
HATCOI: 2910, respectively. If necessary, other octyl, nonyl and
decyl adipate or sebacate isomers may be used together with ox
in lieu of the foregoing esters, provided thdt the product satis=
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ol efini c hydrocarbon, aliphatic polysulfides, and m xtures of sul- furized
-ol efinic hydrocarbon and aliphatic polysulfides; in that the ashless
di spersant consists essentially of at |east one suc- cinic derivative
ashl ess di spersant sel ected from boronated al - 20 kenyl succini m des,
boronat ed al kenyl succinic esters, and bor- onated al kenyl succinic
ester-am des; and in that the entire boron content of the conposition is
i ntroduced therein as the succinic derivative ashless dispersant; and in
that the conposi- tion is devoid of any netal -containing additive. 25
The foll ow ng exanples in which parts andgpercentages are by wei ght
illustrate the practice of this invention. These exanpl es are not
intended to limt, do not Iimt, and should not be construed as limting
t he generic &ipsctize ofischsity mrehipoarn pointnyrequinenentisagiver cabove, and
that the compatibility characteristics of the ester or ester mix-
ture are substantially the same as the synthetic esters specific~
ally identified herein.

5 The other three essential components of the base oil are all
derived by oligomerization of a l-alkene 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 molecule, and hydrogenation
of the resultant oligomers. The hydrogenated poly-e-olefin oli-~

10 gomer having the highest viscosity of the three has a kinematic
viscosity at 100°C of about 40 cst. Of the three oligomers, the
hydrogenated poly-a-olefin oligomer of next highest viscosity has
a kinematic viscosity at 100°C of about 8 ¢cSt. The hydrogenated
poly—ac—olefin oligomer with the lowest viscosity of the three

1§ oligomers has a kinematic viscosity at 100°C of about 2 cSt.

The four essential components of the base o0il are employed
in proportions, on a weight basis, such that for each 100 parts
of the 40 cSt oligomer there are about 10 to about 40 parts pre-

ferably about 10 to about 36 parts, and more preferably 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 about 15 parts of the 4 to 8 cSt oligomer; and about
11 to about 30 parts, preferably about 12 to about 25 parts, and
more preferably about 12 to about 20 parts of the 2 c8t oligomer.
25 One especially preferraed base oil blend consists of about 32
parts by weight of the sebacate ester, about 100 parts by weight
of the 40 cSt oligomey, about 3 to about 4 parts by weight of the
8 cSt oligomer, and about 18 to about 20 parts by weight of the
2 cSt oligomer. Another especially preferred base oil blend con-
30 sgists of about 18 to about 22 parts by weight of di(isooctyl)adi-
pate, about 100 parts by weight of the 40 cSt oligomer, about 9
to about 13 parts by weight of 4 cSt oligomer, and about 16 to
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19 A gear additive package containing (i) a sulfur-phosphorus
“antiwear/extrene pressure additive conbination forned by inter- action
anong 37.6 parts of sulfurized isobutylene, 4.8 parts of 5 dialkyl hydrogen
phosphite, 6.6 parts of primary aliphatic nono- am nes and 1.0 part of
nono- and di al kyl acid phosphates; (ii) 13.3 parts of trihydrocarbyl

di t hi ophosphate; (iii) 3.3 parts of a thiadiazole copper corrosion
inhibitor; 0.8 part of carboxylic acid rust inhibitors, 0.6 part of foam
inhibitor, 12.7 parts of 10 a 62% oil solution of a boronated succinimde
ashl ess dispersant, and 1 9.5 parts of pracess oil diluent is added to a
base oil consisting of (1) di(2-ethylhexyl) sebacate, (2) a hydrogenated
poly-[err]-olefin oligomer having a kinematic viscosity at 100[err]c of
about 40 cSt, abdyt Rohperbgdnnwaight| of [ther 2-cttefoligoheyon¥et mnotherl s~ a

Ki nematic vis ;ﬁé&] eota ibeyéné daafsi €8 Goff 4bodt N4 ted
poly-[err]- g%é#%ﬁ[ | ;:':QQ %;né]a% a}gl ne \, s§ Si txbéi&:: JJ.Q)%[ eru__tssﬁ?l
about 2 cSt. 1:e"%\r fat s
welght of the 40 cSt oligomer, about 14 to about 18 parts by
5 weight of 4 cSt oligomer, and about 16 to about 20 parts by
weight of the 2 cst oligomer.

Metal~free sulfur—-containing antiwvear and/or extreme pres-
sure agents used in the practice of this invention include dihy-
drocarbyl polysulfides; sulfurized olefins: sulfurized fatty acid

10 esters of both natural and synthetic oxigins: trithiones; sulfur-
ized thienyl derivatives; sulfurized terpenes; sulfurized poly-
enes; sulfurized Diels~Alder adducts, etc., provided that the
sulfur content of the product is at least about 20 wty, prefer-
ably at least about 30 wt%, and most preferably at least about

15 40 wt%¥. Specific examples include sulfurized isobutylene, sul-
furized diisobutylene, sulfurized triisobutylene, dicyclohexyl
polysulfide, diphenyl polysulfide, dibenzyl polysulfide, dinonyl
polysulfide, and mixtures of di-tert-butyl polysulfides such as
mixtures of Qi-tert-butyl trisulfide, di-tert-butyl tetrasulfide

20 and di-tert-butyl pentasulfide, among others. Combinations of
different types of metal~free sulfur-containing antiwear and/or
extreme pressure agents can also be used, again provided that the
combination has an average sulfur content of at least about 20
wtt, preferably at least 30 wt% and most preferably at least 40

25 wti. Examples of suitable combinations include combinations of
sulfurized isobutylene and di-tert-butyl trisulfide, combinations
of sulfurized isobutylene and dinonyl trisulfide, combinations
of sulfurized tall oil and dibenzyl polysulfide, and the like.
The most preferred oil-soluble metal~-free sulfur-containing antji-

30 wear and/or extreme pressure agents from the cost-effectiveness
standpoint are the sulfurized olefins containing at least ahout
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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the finished gear oil contains 3.25%of the additive package, 20.00% of the
"di (2-et hyl hexyl) sebacate, 62.50% of the 40 cSt 20 oligoner, 2.00% of the
8 cSt oligoner and 12.25% of the 2 cSt oligoner. This G.-4 finished oil has
a kinematic viscosity at 100[err]C of 13.76, a Brookfield viscosity at
-40[err] C of 33,600 cP, a sulfur content of about 0.64% a phosphorus
content of about 0.062% a nitrogen content of about 0.026% a chlorine
content 25 of about 0.005% and a boron content of about 0.0057% The
finished lubricant is devoid of any netal -containing additive. EXAVPLE 2 A
finished gear lubricant fornmed as in Exafple 1 was em ployed as the
| ubricant in new manual transm ssions produced by 30 a wel | - known
transm ssi on manufacturer. The transm ssions were operated under cold
condi tions surthrizewjolefins andipalyisudfiides n @O thesk i natierdalangulfiver
condi ti ons EQQ&“;E&R&W HeAng0lad-sullsash cBhebhembe ht Weast owag bpat the
gear | ubri C%z&.gt?t :;[.nty 2 chlorine content of less than 0.2% by weight is the

most especially preferred material. Methods of preparing sulfur-

5 ized olefins are described in U.8. Patents 2,995,569: 3,673,090;

3,703,504; 3,703,505; 3,796,661; and 3,873,4564. Also useful are

the sulfurized olefin derivatives described in U.S. Patent

4,654,156.

Typicel metal-free phosphorus-containing antiwvear and/or ex-

10 treme pressure additives used in the practice of this invention
include 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 of
this invention an antivear and/or extreme pressure agent that

15 contains both phosphorus and sulfur in the molecule is deemed a
phosphorus-containing antiwear and/or extreme pressure agent.
Examples of suitable compounds which may be used as phosphorus-
containing antiwear and/or extreme pressure agents include tri-
hydrocarbyl phosphites, phosphonates and phosphates, and dihy-

20 drocarbyl phosphites; such as tricresyl phosphate, cresyl di-
phenyl phosphaté , tributyl phosphate, trioleyl phosphate, tri-
lauryl phosphate, tributyl phosphite, trioctyl phosphite, tri-
phenyl phosphite, tricresyl phosphite, tricyclohexyl phosphite,
dibutyl lauryl phosphonate, dibutyl hydrogen phosphite, diocleyl

25 hydrogen phosphite, and tolyl phosphinic acid dipropyl ester.
Typical sulfur analogs of such compounds are illustrated by
tricresyl mono-, di~, tri-, and tetrathiophosphates, tris(decyl)
mono—, di~-, tri-, and tetrathiophosphates, trinonyl mono-, di-,
and trithiophosphites, dioleyl ester of hexadecylthiophosphonic

30 acid, and amyl thiophosphinic acid dimyristyl ester. among the
amine salts which can be employed are amine salts of partially
esterified phosphoric, phosphorous, phosphonic, and phosphinic
acids and their partial or total thio analogs such as partially
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20 invention elimnated the cold-clash problem In particular, as conpared
to the best factory fill gear |ubricant approved and specified by the

manuf acturer for use with this transmssion, the ring blocking tinme in the
transm ssion was reduced under various 5 test conditions by use of the gear
| ubricant of this invention to tine ranges between 5 and 10 seconds, which
I's deened entirely satisfactory under these severe operating conditions.
Further, the shift pressure that the operator had to apply to the shift
knob to conplete a gear shift was reduced by 20 to 30 pounds as 10

conpared to the best factory fill gear |lubgicant. approved and speC|f|ed by
the manufacturer for use with this transm ssion. EXAMPLE 3 In order to
quality for use as a nmanual transm ssion lubri- cant it is necessary that

the fini shedagears iels S¥HotREBpRbEpIDYic, dithiophosphoric, trithiophospho-
ric and tetrathiophosphoric acids; amine salts of phasphonic

acids and their thio analogs; and the like. Specific examples

include the dihexylammonium salt of dodecylphosphoric acid, the

5 diethyl hexyl ammonium salt of dioctyl dithiophosphoric acid, the
octadecylammonium salt of dibutyl thiophosphoric acid, the di-
laurylammonium salt of 2-ethylhexylphosphoric acid, the dioleyl

ammonium salt of butane phosphonic acid, and analogous compounds.

Among the preferred materials for use as metal~free phospho-

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

at least one oil-soluble amine salt of a monohydrocarbyl and/or

dinydrocarbyl ester of a phosphoric or thiophosphoric acid, such
acid having the formula

(Ex') (Ex?) (P PXC

15 vherein each of X!, ¥2, X’ and X* is, independently, an oxygen

atom or a sulphur atom, and most preferably wherein at least

three of them are oxygen atoms: (ii) at least one oil-soluble

phosphorus— and nitrogen-containing composition formed by reac-

ting a hydroxy-substituted triester of a phosphorothioi.c acid

20 with an inorganic phosphorus acid, phosphorus oxide or phosphorus

halide to produce an acidic intermediate, and neutralizing a sub-

stantial portion of said acidic intermediate with at least one

amine or hydroxy amine: (iii) at least one oil-soluble amine salt

of a hydroxy~substituted phosphetane ox a hydroxy-thiocphosphetane

25 (sometimes referred to as “phosphetans™ or "thiophosphetans®);

or a combination of any two ox all three of (i), (ii) and (iii).

The phosphorus— and nitrogen—containing compositions of type (ii)

are described in G.B. 1,009,913; G.B. 1,009,914: U.S. 3,197,405

and/or U.S. 3,197,496. In general, these compositions are formed

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

neutralizing a substantial portion of said acidic intermediate

oo s,

" REPLACENENT Sﬂ@ﬁ“? |




15 <cessive antagoni smtowards various polyneric materials used in the
“fabrication of seals used in the transm ssions. A finished gear |ubricant
formed as in Exanple 1 was subjected to the stan- dard PG 1 and PG 2 seal
tests using polyacrylate, nitrite, and fluorcel astonmer (EI TON err]

el astoner) seals.
was satisfactory
gear oil of this
1 in proportions
addi ti ve package
fini shed gear oi

It was found that in 20 each case, the seal performance
at the end of 1000 hours of testing. EXAMPLE 4 A -5
invention is formed by utilizing the conponents of Exanple
such that the finished 25 lubricant contains 6.5% of the
and 93.5% of the base oiy of Exanple 1. EXAMPLE 5 A

Is fornmed as in Exanple 1 except that the 37.6 parts of

sul furized i sobutylene is replaced by 37..6 30 parts of a conbination of

60% sul f uri ZA thSoR WninaNEr Aoy sttt apive.| e type (iii) phos-

10

15

20

25

phorus- and nitrogen-containing antiwear and/or extreme pressure
additives which can be used in the compositions of this invention
are the amine salts of hydroxy-substituted phosphetanes or the
amine salts of hydroxy-substituted thiophosphetanes. Typically,
such salts are derived from compounds of the formula

] ]
Lt

By . \..=X

:?\C/Pzz
lc/\‘c

wherein each of R,, R,, Ry, R, B and R, 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
materially detract from the predominantly hydrocarbonaceous cha-
racter of the hydrocarbyl group; X is a sulphur or an oxygen atom
and Z is a hydroxyl group 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 thé amine salts hy-

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

One type of copper coxrosion inhibitors which are used in
the practice of this invention is comprised of thiazoles, tria-
Zoles and thiadiazoles. Examples include benzotriazole, tolyl-
triazole, octyltriazole, decyltriazole, dodecyltriazole, 2-mer-—
captobenzothiagzole, 2,S5-dimercapto-1,3,4~thiadiazole, 2-mercap-
to-5-hydrocarbylthio-1,3,4-thiadiagzoles, 2-mercapto-5-hydrocar-
byldithio-1,3,4~thiadiazoles, 2,5-bis(hydrocarbylthio)-1,3,4-
thiadiazoles, and 2,5-bis(hydrocarbyldithio)-1,3,4~thiadiazoles.
The preferred compounds are the 1,3,4~-thiadiazoles, especialiy
the 2-hydrocarbyldithio-5-mercapto-1,3,4~-dithiadiazoles and the
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REPLACEMENT SHEET 21 EXAMPLE 6 A finished gear oil is forned as in
"Exanpl e 1 except that the dial kyl hydrogen phosphite, the primary aliphatic
nonoam nes, the nono- and dial kyl acid phosphates and the trihydrocar byl
di- 5 thiophosphate are replaced by an equi val ent amount of phosphorus as
a product nade by the follow ng procedure: 53 parts of phos- phorns

pent oxi de is added to 430 parts of hydroxypropyl-o,o[err]-

di (4- nmet hyl - 2- pentyl ) phosphoroditlioic acid at 60-63[err]C within a period
of 5.5 hours. The reaction mxture is heated to 75-80[err]C 10 and held at
this tenperature for 2 hours. To this reagion mx- ture is added over a-
period of 1.5 hours 219 parts of a mxture of tertiary alkyl primry
monoam nes having 11 to 14 carbon atons

'2,5-bis(hydrocarbyldithio) -~ 1,3,4~thiadiazoles, a number of which

are available as articles of commerce. Other suitable inhibitors

of copper corrosion include ether amines; polyethoxylated com-

pounds such as ethoxylatad amines, ethoxylated phenols, and eth-
5 oxylated alcochols; imidazolines; and the like.

The compositions of this invention alsoe contain a rust inhi-
bitor. This may be a single compound or a mixture of compounds
having the property of inhibiting corrosion of ferrous metal sur-
faces. Such materials include oil-scluble monocarboxylic acids

10 such as 2-ethylheXanoic acid, lauric acid, myristic aciq, palmi-
tic acid, oleic acid, linoleic acid, linolenic acid, behenic
acid, cerotic acid, etc., and oil-soluble polycarboxylic acids
including dimer and trimer acids, such as are produced from tall
oil fatty acids, oleic acid, linoleic acid, or the likea. Other

15 suitable corrosion inhibitors include alkenylsuccinic acids in
which the alkenyl group contains 10 or more carbon atoms such as,
for example, tetrapropenylsuccinic acig, tetradecenylsuccinic
acid, hexadecenylsuccinic acid, and the like; long~-chain a,b-
dicarboxylic acids in the molecular weight range of 600 to 3000;

20 and other similar materials. Products of this type are cun-entiy
available from various commercial sources, such as, for éxample,
the djwer and trimer acids sold under the EYSTRENE trademark by
the Humco Chemical Division of Witco Chemical Corporation awnd
under the EMPOL trademark by Emery Chemicals. Another useful -

25 type of acidic corrosion inhibitors are the half esters of al-
kenyl succinic acids having 8 to 24 carbon atoms in the alkenyl
group with alcohols such as the polyglycols; The corresponding
half amides of such alkenyl succinic acids are also useful. Al-
though added in acidic form, some or all of the carboxylic groups

30 of these carboxylic acid type corrosion inhibitors may be neutra-
lized by excess amine present in the compositions. Other suit-
able corrosion inhibitors include ether amines: acid.phosphatéss
amnines: polyethoxylated compounds such as ethoxylated amines,

3
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while controlling the tenperature to 30-60[err]C. Then the product m xture
-is maintained at 50-60[err]C for 0.5 hour and filtered. The 15 resultant

product shoul d have a phosphorus content of about 8% a sul fur content of
about 10.4% and a nitrogen content of about 2.2% EXAMPLE 7 A finished gear
oil is forned as in Exanple 1 except that 20 (i) the sulfurized
| sobutyl ene is replaced by an equi val ent anobunt of sulfur as a diisobutene
pol ysul fi de contai ning an ave- rage of 3.2 sulfur atons per nolecule
prepared by stepw se reac- tion of |sobutene wi th sul fur nonochl oride and

sodium sul fide, and (ii) the dialkyl cdiipgen phosphate, the primary
al i phatic 25 nonoam nes, the nono- and al kyl acid phosphates and the tri-

hydr ocar byl dithi ophosphate are replaced by an equi val ent anmount of

phosphor us aethoxykates phencls; tefhoxydstedr alcehelshetmiduzBlingsr 6nd
EXAMPLE 8 aminosuceinic acids or derivatives thereof represented by the

formula:

R® o
| i
R7Te— ¢ — ¢ — oO&S
R‘\N ‘ cl: — ¢ oRr'
RS | I
-

wherein each of R!, R?, R%, R® and R! is, independently, a hydrogen

5 atom or a hydrocarbyl group containing 1 to 30 carbon atoms, and
wherein each of R’ and R* is, independently, a hydrogen atom, a
hydrocarbyl group containing 1 to 30 carbon atoms, or an acyl
group containing from 1 to 30 carbon atoms. The groups R, RrZ,

B, R*, ®°, R® and R’, vhen in the form of hydrocarbyl groups, can

10 be, for example, alkyl, cycloalkyl or aromatic containing groups.
Preferably R' and R° are the same or different straight-chain or
branched-chain hydrocarbon radicale containing up to 20 carbon
atoms. Most preferably, R' and R° are saturated hydrocarben
radicals containing 3-6 carbon atoms. R?, either R or R®, R® and

15 R’, when in the form of hydrocarbyl groups, are preferably the
same or different straigﬁf- chain or branched-chain saturated
hydrocarbon radicals. Preferably a dialkyl ester of an aminosuc-
cinic acid is used in which R! and R’ are the same or different
alkyl groups containing 3-6 carbon atoms, R? is a hydrogen atom,

20 and either R’ or R‘ is an alkyl group containing 15-20 caxbon
atoms or an acyl group which is derived from a saturated or unsa-
turated carboxylic acid containing 2-10 carbon atoms. Most pre-
ferred of the aminosuccinic acid derivatives is a dialkylester

of an aminesuccinic acid of the above formula wherein R' and R’

25 are isobutyl, R? is a hydrogen atom, R’ is octadecyl and/or octa-
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30 A gear additive package containing (i) a sulfur-phosphorus

- antiwear/extrene pressure additive conbination fornmed by inter- action
anong 37.6 parts of sulfurized isobutylene, 4.8 parts of 22 di al kyl

hydr ogen phosphite, 6.6 parts of primary aliphatic nono- amines and 1.0

part of nono- and dial kyl acid phosphates; (ii) 13.3 parts of

tri hydrocar byl dithiophosphate; (iii) 3.3 parts of a thiadiazol e copper

corrosion inhibitor: 0.8 part of carboxylic 5 acid rust inhibitors, 0.6

part of foaminhibitor, 12.7 parts of a 62% oil solution of a boronated

succi ni m de ashl ess di spersant, and 19. 33darts of process oil diluent is

added to a base oil consisting of (1) di(isooctyl) adipate, (2) a

hydr ogenated poly- [err]-olefin oligoner having a kinematic viscosity at

100[err] C of ghQuy1l@ndadRt A3 3-ErbokyidbRECA RPN Y - ax&'@&dm e8tbgORer

having a kinei 4 g7 are most preferably hydrogen atoms.

suitable antifoam agents for use in the compositions of this
invention include siliconas and organic polymers such as acrylate
5 polymers. Various antifoam agents are described in Fgam Control
Agents 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 effective. 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 carboxylates.
Other such mixtures include coubinations of a dimethyl silicone
oil with (i) a partial fatty acid ester of a polyhydric alcochol
(U.S. Patent 3,235,498); (ii) an alkoxylated partial fatty acia
15 ester of a polyhydric alcohol (U.S. Patent 3,235,499); (iii) a
polyalkoxylated aliphatic amine (U.S. Patent 3,235,501); and (iv)

an alkoxylated aliphatic acid (U.S. Patent 3,235,502).

The ashless dispersants utilized in the compositions of this
invention include carboxylic ashless dispersants, Mannich base
20 dispersants, polymeric polyamine dispersants, ‘and post-treated
dispersants of these types. At least some of the ashless disper-
sant used is a boronated ashless dispersant. These are typically
formed by heating the dispersant to a suitable temperature above
about 100°C with a boronating agent. Procedures suitable for ef-
25 fecting boronation of ashless dispersants are desoribed for ex~
ample in ﬁ.s. Patents 3,087,936; 3,254,025; 3,281,428: 31,282,955;
2,284,409; 2,284,410;7 3,338,832;7 3,344,069; 3,533,945; 3,658,836;
3,703,536; 3,718,663;7 4,455,243; and 4,652,387,

The carboxylic ashless dispersants are reaction products of
30 an acylaf:i.ng agent (e.g., a monccarboxylic acid, dicarboxylic
acid or other polycarboxylic acid, or derivatives thereof) with
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matic viscosity at- 100[err]C of about 4 cSt, and (4) a hydrogenated
“poly-[err]-olefin oligoner having a kinematic viscosity at 100[err]C of
about 2 cSt. The conponents are proportioned such that the fi- nished gear
oil contains 3.25%of the additive package, 13.00% 15 of the

di (2-ethyl hexyl) sebacate, 64.25% of the 40 cSt oligonmer, 7.50% of the 4
cSt oligoner and 12.00% of the 2 ¢St oligonmer. This finished oil has a

ki nematic viscosity at 100[err]C of 14 cSt, a Brookfield viscosity at
-40[err] C of 37,800 cP, a sulfur content of about 0.64% a phosphorus
content of about 0.062% a nitrogen 20 ntent of about 0.026% a chlorine
content of about 0.005% and a boron coftent of about 0.0057% The finished
| ubricant is devoid of any netal -containing additive. When subjected to a

revi sed stangge byagye ﬁglfﬁiheénﬂxd?é’rzpéﬁﬁl %geksco&ém gsUble- cant gave
satisfactory 1xge{ésf ormance af %geﬁl rod DAG Rour of operatPBY an
both the nitPPFEFafFS AesFr ™ patents, inelpding Britisht Ratent
pol yacryl at e1s306.5%% and dhe foklkowingr®niS.cPatrptisi:ors /63,608y 35/188hivy; bel ow
the specificaj21s), 1077 3219,666; 3,271,310; 3,272,746; 3,281,357; 3,306,908;
$ 3,311,558: 3,316,177; 3,340,281; 3,341,542; 3,346,493; 3,381,022;
3,399,141; 3,415,750; 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; 3,576,743; 3,630,904; 3,632,510; 3,632,51%; 3,697,428;
3,725,441; 3,868,330; 3,948,800; 4,234,435; and Re 26,433.

10 There are a number of sub—categories of carboxylic ashless
dispersants. One such sub-category which constitutes a preferred
type is composed of the polyamine succinamides and more prefera-
bly the polyamine succinimides in which the succinic group con-
tains a hydrocarbyl substituent, usually an alkenyl substituent,

15 containing 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 5,000, praferably 700 to 2,500, and more prefer-

20 ably 700 to 1,400. The polyamine used in forming such compounds
contains at least one primary amino group capable of forming an
imide group on reaction with a hydroéarhon-substituted suceinic
acid or acid derivative thereof such an anhydride, lower alkyl
ester, acid halide, or acid-ester. The literature is replete

25 with descriptions of polyamines suitable for use in forming such
carboxylic ashless dispersants. See for example U.S. Patent
5,034,018 which describes not only simple polyamines but amido-
amine adducts which are suitable for use in forming such carboxy-
lic ashless dispersants. Representative examples of such disper-

30 sants are given in U.S. Patents 3,172,892; 3,202,678; 3,216,936;
3,219,666; 3,254,025; 3,272,746; 4,234,435; and 5,034,018. As
used herein the term ¥succininide" is meant to encompass the com-
pleted reaction product from reaction between the amine reac-
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EXAMPLE 9 An additive package as in Exanple 8 is added to a base oil 30
"consisting of (1) di(isodecyl) adipate, (2) a hydrogenated poly-[err]-

ol efin oligoner having a kinematic viscosity at 100[err] C of about 40 cSt,
(3) a hydrogenated poly-[err]-olefin oligoner having a kine- matic
viscosity at 100[err] C of about 4 cSt, and (4) a hydrogenated 23
poly-[err]-olefin oligonmer having a kinematic viscosity at 100[err] C of
about 2 cSt. The conponents are proportioned such that the fi- nished gear
oil contains 3.25% of the additive package, 10.00% of the

di (1 sodecyl)adi pate., 64.25% of the 40 c3% oligoner, 10.50%5 of the 4 cSt
ol igonmer and 12. 00% of the 2 aSt oligoner. This finished oil has a

ki nematic viscosity at 100[err]C of 14.7 cSt, a Brookfield viscosity at
-40[err] C of #3133} aM} theshydxwcarbioheatbstituted carboxylic 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 linkages in addition to the imide linkage of the type

5 that results from the rea.ction of a primary arino 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 atoms and 1-6 hydroxyl groups. Typical examples are de-
scribed in U.S. patents 3,331,776; 3,381,022; and 3,522,179. The
alkenyl succinic portion of these esters corresponds to the al-
kenyl succinic portion of the succinimides described above. Al-
cohols useful in preparing the esters include methanol, ethanol,
15 z-methylpropanol,' octadecanol, eicosanol, ethylene glycol, dieth-
ylene g}ycol, tetraethylene glycol, diethylene glycol monoethyl -
ether, propylene glycol, tripropylene glycol, glycerol, sorbitol,
1,1,1~ trimethylol ethane, 1,1,1~trimethylol propane, 1,2,1-tri-
methylol butane, pentaerythritol, dipentaerythritol, and the

20 1like.

The succinic esters are readily made by merely heating a
mixture of alkenyl succinic acid, anhydrides or lower alkyl
(e.g., C,=C;) ester with the alcohol while distilling out water
or lower alkanol. In the case of acid-esters less alcohol is

25 used. In fact, acid-esters made from alkenyl suceinic anhydrides
do not evolve water. In another method the alkenyl succinic acid
or anhydrides can be merely reacted with an appropriate alkylene
oxide such as ethylene oxide, propylene oxide, and the like,
including mixtures thereof.

30 S5till another sub-category of carboxylic ashless dispersants
useful in forming compositions of this invention comprises an al-
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about 0.64% a phosphorus content of about 0.062% a nitrogen content of
-about 0.026% a chlorine content of about 0.005% and 10 a boron content of
about 0.0057% The finished lubricant is devoid of any netal -containing
additive. As used herein the term"oil-soluble"” neans that the mate- rial
under di scussion can be dissolved in or be stably dispersed in the base oil
of this invention to at |east the m ni num concen- 15 tration required for
use as described herein. Preferably, the material has a solubility or

di spersibility in the base oil well in excess of such m ninmum
concentration. However the termdoes not signify that the material nust
di ssol ve or be dispersible in all propor*fons in the base oil. 20

Sonme additive conponents are supplied in the formof solu- tions of the

ECt ive i n?r ec&:@utéﬁéciﬂa?lasteﬁximid!é HHEurY. IR hay %&éﬁg 1?& &f oi | A
sglr usrgg e&ﬁss ex e%%%%ﬁ ?k%qflo %#gi@%%%’arcgrd%\” gﬁb" tgrglirﬂ?'er >
concent r at i FHY, or etc. with an alcohol and an amine either sequen-
tially or :.n a mixture. The alcchols and amines described above
5 are also useful in this embodiment. Alterpatively, amino alco-~
hol_s can be used alone or with the alcohol and/or amine to form
the ester-amide mixtures. The amino alcohol can contain 1-20
carbon atoms, 1-6 hydroxy groups and 1-4 amine nitregen atoms.
Examples are ethanolamine, diethanolamine, Ne-ethanol-iethylene
10 triamine, and trimethylol 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; 5,836,471: 3,862,981;
3,936,480: 3,948,800; 3,950,341 3,957,854; 3,957,855; 3,991,09¢;
4,071,548; and 4,173,540.

15 As in the case of the other carboxylic ashless dispersants
discussed above, the alkenyl succinic anhydride or like acylating
agent is derived from a polyolefin, preferably a polyisobutene,
having a number average molecular weight of 500 to 5,000, prefer-—
ably 700 to 2,500, and more preferably 700 to 1,400. Likewise,

20 residual unsaturation in the polyalkenyl substituent group can
be used as a reaction site as for exawple, by hydrogenation,
sulfurization, or the like.

The polymeric polyamine dispersants are polymers containing

basic amine groups and oil sclubilizing groups (for example, pen-

25 dant alkyl groupe having at least about 8 carbon atems). Such

materials J.nclude, but are not limited to, interpolymers of decyl

methacrylate, vinyl decyl ether or a relatively high molecular

weight olefin wi';h aminoalkyl acrylates and aminoalkyl acryla-

mides. Examples of polymeric polyamine dispersants are set forth

30 in the following patents: U.S. 3,329,658: 3,449,250; 3,493,520;
3,519,565; 3,666,730; 3,687,849; and 3,702,300.




25 additive conmponent are expressed in terns of active additive -- i.e.,

- the anount of solvent or diluent that may be associated wth such conponent
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 fully set forth herein. 1 1. An essentially

netal -free and essentially hal ogen-free, 2 boron-containing gear oi

| ubri cant conposition is provided which 3 conprises: 4 a) base oi

consisting essentially of a blend of (1) at least 5 one di al kyl ester
of an aliphatic dicarboxylic acid havi ngt® a maxi mum pour point of
about -55[err]C and a maxi num ki nematic 7 viscosity at 100[err]-C of
about 4 cSt (mjerr]/sec); (2) hydrogen- 8 ated poly-[err]-olefin

ol i gomer having aulgh{iiPbhte dfietishiitévhich can be used pursuant to this
invention are condensation products formed by condensing a long
chain hydrocarbon-substituted phenol with one or more aliphatic
aldehydes, usually formaldehyde or a formaldehyde precursor, and

S one or more polyénines . usually one or more polyalkylene poly-
amines. Examples of Mannich condensation products, including in
many cases boronated Mannich base dispersants, and methods for
their production are described in the following U.S. Patents:
2,459,112; 2,962,442; 2,984,550; 3,036,003; 3,166,516 3,236,770;

i0 3,368,972;3,413,347; 3,442,808; 3,448,047 3,454,497 3,459,661;
3,493,520; 3,539,633; 3,558,7437 3,586,629; 3,591,598; 3,600,372;
3,634,515; 3,649,229; 3,697,574; 3,703,5367 3,704,308; 3,725,277;
3,725,480 3,726,882; 3,736,357; 3,751,365 3,756,953; 3,793,202;
3,798,165; 3,798,247; 3,803 ,039; 3,872,019; 3,904,595; 3,957,746;

15 23,980,569; 3,985,802 4,006,089; 4,011,3807 4,025,451; 4,058,468;
4,083,699; 4,090,854; 4,354,950; and 4,485,023,

The boron content of the gear oils of this invention can be
supplied entirely by use of a boronated 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
boronated partial ester of a polyhydric alcohol which preferably
is complexed with a succininide (e.g., U.S. Patent 4,455,243),
by use of a finely dispersed hydrated inorganic borate (e.g.,
U.S. Patent 3,997,454), 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 twe or more different kinds of
oil~soluble or dispersible boron-containing components, such as
orie or more boronated ashless dispersants together with a finely
divided dispersed hydrated inorganic borate or a boronated par-
30 tial ester of a polyhydric alcohol, is still another appropriate
alternative. Preferably, at least 50 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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9 100[ err] C of about 40 cSt: (3) at |east one hydrogenated poly- 10

‘[err]-olefin oligonmer having a kinematic viscosity at 100[err]Cin 11

the range of. about 4 to about 8 cSt; and (4) hydrogenated 12

poly-[eer]-olefin oligorer having a kinematic viscosity at 13

100[err] C of about 2 cSt, in proportions such that for each 100 14

parts by weight of (2) there are about 10 to about 40 parts 15 by

wei ght of (1), about 3 to about 25 parts by wei ght of 16 (3), and

about 11 to about 30 parts by weight of (4); 17 b) about 0.7 to about. 7

wt % of at |east one oil-soluble or- 18 45 ganic sul fur-containing

anti wear and/or extrenme pressure 19 agent having a sul fur content of

at | east about 20% by 20 weight: 21 «c¢) about 0.2 to about 3 wt % of

at | east oneyQi{ - r- tial ' rys-containi ng anjiwear

and/ or extre!r‘rgiérp}g-#%slg' S&S%t}rme‘ ageﬁl%bgngfpéi% %ﬂt cﬁ"%:‘»&t 8ga5 0. 35

W% of at | eSCPPRFAFIOM (doPyp) TFORs 90° to 100% by weighsPh the bospnoson-
tent) is introduced into the compositions of this invention as

one or more boronated ashless dispersants.

Qg

5 It should be understood that as used herein the temm
"ashless" in connection with the dispersants refers to the fact
that they do not contain any metallic constituent other than
pezhaps trace amounts of metal :i.mpﬁrities or contaminants. The
term does not denote that the product must not form any residt;e ‘

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 metal-free and essentially halogen-free. By this is
meant that if any metal-containing additive component is employ-

ed, it is employed in amount such that the finished gear o0il con-
tains by weight a total of no more than 500 ppm of metal 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 moxe than 300 ppm of halogen introduced by
way added 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,
sucecinic derivative ashless dispersants wherein in the formation

of the succinic acylating agent such as polyisobutenyl succinic
anhydride it is common to react the polyisobutene with chlorine

30 to enhance the reaction with maleic anhydride. Thus the finished
product in which such dispersants are used is likely to contain
small amounts of chlorine. Likewise, certain organic sulfur an-




26 e) about 0.1 to about 0.8 wt% of ‘at | east one oil-soluble rust 27
“inhibitor: 28 f) about 0.005 to about 0.06 wt% of at |east one

oi | -sol ubl e 29 foam i nhibitor; and 30 Q) about 0.15 to about 3 W%
of at |east one oil-soluble ash- 31 | ess di spersant; 25 32 all of
t he foregoi ng percentages being based on the weight of the 33 total
conposition, said conposition being still further charac- 34 terized in
that the sul fur:phosphorus weight ratio of said conpo- 35 sitionis in the
range of about 8:1 to about 35;1, in that the 36 boron content of said
conposition is in the range of about 0.09g5 37 to about 0.07 wt% and in
that the kinematic viscosity of said 38 conposition is in the range of
about 13 to about 15 cSt at 100[err]C

tiwvear and/or extreme pressure agents can contain small amounts
of residual chlerine if chlorine-containing reagents are used in
their wmanufacture. Such residual amounts of chlorine can be car-
ried over into the finished ashless dispersant and thus intro-
S duced into the finished gear lubricant in this manner. Prefer-
ably however, deliberate use of halogenated additives in order
to utilize their halogen content (e.g., for antiwear or extreme

pressure performance) is avoided in the practice of this inven-
tion.

190 Preferred finished gear oils of this invention utilize conpo-
nents proportioned such that the kinematic viscosity of the compo-
sition at 100°C is at least 13.5 cst and the Brookfield viscosity
of the composition at -40°C is 50,000 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
olefinic hydrocarbon, aliphatic polysulfides, and mixtures of sul~
furized olefinic hydrocarbon and aliphatic polysulfides; in that

 the ashless dispersant consists essentially of at least one suc—
cinic derivative ashless dispersant selected from boronated al-

20 kenyl succinimides, boronated alkenyl succinic esters, and bor-
onated alkenyl succinic ester-amides; and in that the entire
boron corntent of the composition is introduced therein as the
succinic derivative ashless dispersant: and in that the composi-
tion is davoid of any metal-containing additive.

2s 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 limiting the generic aspects of this invention
in any manner whatsocever.
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1 2. A conposition of Claim1. wherein the kinematic visco- 2 sity
-of said conposition is in the range of about 13.5 to about 3 14.5 cSt at
100[err]C 1 3. A conposition of Claim1l wherein said dial kyl ester

is 2 a dialkyl adipate, a dialkyl sebacate or a m xture thereof. 1 4.
A conmposition of Caim1l wherein said dial kyl ester is 2
di (2- et hyl hexyl ) sebacate. 1 5.

A conposition of Caiml wherein said
di al kyl ester is 2 di (isooctyl) adipate. 1 6. A conposition of

Claim1l wherein said dialkyl ester is 2 di(isodecyl)adipate. 1 7. A
conposition of Claim1l wherein said basasoil consists 2 essentially of a
bl end of (1) di(2-ethyl hexyl)sebacate; (2) hy- 3 drogenated

poly-[err]-olefin oligomer having a%&'z&&?@t{lc viscosity 4 at 100[err] C of
about 40 cSt: (3) hydrogenated poly-Terf]-olef in oligomer 5 having a
ki nemati ¢ vi scodh gpaxt addifise peckhge gantagning - (i},3 Falfer-phoRPRMAL ed
pol y-[ err] - ghefuearyektioehne prassagecadditdive convireddont formed by inter-
action among 37.6 parts of sulfurized isobutylene, 4.8 parts of
5 dialkyl hydrogen phosphite, 6.6 parts of primary aliphatic mono-
amines and 1.0 part of mono- and dialkyl acid phosphates; (ii)
13.3 parts of trihydrocarbyl dithiophosphate; (iii) 3.3 parts of
a thiadiazole copper corrosion inhibitor; 0.8 part of carboxylic
acid rust inhibitors, 0.6 part of foam inhibitor, 12.7 parts of
10 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(2-ethylhexyl) sebacate, (2) a hydrogenated
poly-a-olefin aligomer having a kinematic viscosity at 100°C of
about 40 cSt, (3) a hydrogenated poly-a-olefin oligomer having
‘15 a kinematic viscosity at 100°C of about 8 cSt, and (4) a hydro-
genated poly-a-olefin oligomer having a kinematic viscosity at
100°C of about 2 cSt. 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 cst
20 oligomer, 2.00% of the 8 ¢St oligomer and 12.25% of the 2 csSt
oligomer. This Gi~4 finished oil has a kinematic viscosity at
100°C of 13.76, a Brookfield viscosity at -40°C of 33,600 cP, a
sulfur content of about 0.64%, a phosphorus content of about
0.062%, a nitrogen content of about 0.026%, a chlorine content
25 of about 0.005%, and a boron content of about 0.0057%. The
finished lubricant is devoid of any metal-containing additive.

EXAMPLE 2
A finished gear lubricant formed as in Example 1 was em-
ployed as the lubricant in new manual transmissions praduced by
30 a well-known transmission manufacturer. The transmissions were
operated under cold conditions simulating wintertime exposure in
cold climates, and under conditions known to produce the cold-
clash problem. It was found that the gear lubricant of this
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7 at 100[err]C of about 2 cSt, in proportions such that for each 100 8
"parts by weight of (2) there are about 24 to about 40 parts by 9 wei ght of
(1), about 3 to about 12 parts by weight of (3), and 10 about 11 to about
20 parts by weight of (4). 26 1 B. A conposition according to
Claim?7 wherein said base 2 oil is conposed of about 32 parts by wei ght of
(1), about 100 3 parts by weight of (2), about 3 to about 4 parts by wei ght
of 4 (3), and about 1.8 to about 20 parts by weight of (4): wherein 5 said
sul fur-containing antivear and/or extrenme pressure agent is 6 selected from
sul furized ol efinic hydrocarbon, aliphateo poly- 7 sulfides, and m xtures
of sulfurized olefinic hydrocarbon and 8 aliphatic pol ysul fides; wherein
sai d ashl ess di spersant consists 9 essentially of at |east one ashl ess

di spersant sglRGh3dnf EPfhinated the cold-clash problem. In particular, as
compared to the best factory fill gear lubricant approved and
specified by the manufacturer for use with this transmission, the
ring blocking time in the transmission was reduced under various

5 test conditions by use of 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 fill gear lubricant. approved and
specified by the manufacturer for use with this transmission.

EXAMPILE 3

In oxder to qualify for use as a wanual transmission lubri-
cant it is necessary that the finished gear o0il not exhibit ex-
15 cessive antagonism towards various polymeric materjals 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 using polyacrylate, nitrile, and
fluoroelastomer (VITON® elastomer) seals. It was found that in
20 each case, the seal performance was satisfactory at the end of

1000 hours of testing.

EXAMPLE 4
A GL~5 gear o0il of this invention is formed by utilizing the
components of Example 1 in proportions such that the finished
25 Jlubricant contains 6.5% of the additive package and 93.5% of the
base oil of Example 1.

EXAMPLE 5
A finished gear oil is formed as in Example 1 except that
the 37.6 parts of sulfurized isobutylene is replaced by 37.6
30 parts of a combination of 60% sulfurized iscbutylene and 40%
dialkyl polysulfide. '
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10 boronated al kenyl succininmdes, boronated alkenyl succinic 11 e
boronat ed al kenyl succinic ester-am des and boronated 12 Manni ch base
wherein the entire boron content of said 13 conposition is introduce

therein as
of daiml
di (i sooctyl

a kinematic viscosity at

poly-[err]

about 4 cSt;

sai d boronated ashless 14 dispersant. 1 9. A conpos
wherein said base oil ‘consists 2 essentially of a blend of
)adi pate; (2) hydrogen- 3 ated poly-[err]-olefin oligoner

| oo[err] C 4 of about 40.cSt; (3) hydrogenated
-olefin oligonmer having 5 a kinematic viscosity at 100[err] C of
and (4) hydrogen- 6 ated pa@y-[err]-olefin oligonmer having a

sters,
s; and
d
ition
(1)

havi ng

kinematic viscosity at 100[err] C 7 of about 2 cSt, in proportions such
that for each 100 parts by 8 wei ght

of (2) there are about 15 to about 30
parts by weight of 9 (1), about 6 tdmgﬁgﬂ% $5 parts by weight of (3), and
about 15 to 10 abottnxabegagearbgilmisgﬁprned(as 1n1ExaMPle11)exccptotpusut|on

th(ﬁam& ViRirRigenStickphite, 2nel priviargoapipiad iefnaHoaminds, t 0
about 22 pa%& Ipé"l %ﬂﬁtdﬂn@l acid phosphates and the trihydrocarbyl di-

according t

5

10

1s

20

25

thiophosphate are replaced by an equivalent amount of phosphorus
as a product made by the following procedure: 53 parts of phos-
phorus pentoxide is added to 430 parts of hydroxypropyl~0,0!-
di(4-methyl-2-pentyl)phosphorodithioic acid at 60-63°C within a
period of 5.5 hours. The reaction mixture is heated to 75-80°C
and haeld at this temperature for 2 hours. To this reaction mix-
ture is added over a period of 1.5 hours 219 parts of a mixture
of tertiary alkyl primary monoamines having 11 to 14 carbon atoms
while controlling the temperature to 30-60°C. Then the product
mixture is maintained at 50-60°C for 0.5 hour and filtered. The
resultant product should have a phosphorus content of about 8%,

a sulfur content of about 10.4% and a nitrogen content of about
2.2%.

EXAMPLE 7
A finished gear o0il is formed as in Example 1 except that
(i) the sulfurized iscbutylene 1is replaced by an equivalent

amount of sulfur as a diisobutene polysulfide containing an ave—

rage of 3.2 sulfur atoms per molecule prepared by stepwise reac-
tion of isobutene with sulfur monochloride and sodium sulfide,
and (ii) the Aialkyl hydrogen phosphite, the primary aliphatic
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

30

BExample 6.

EXANPLE 8
A gear additive package containing (i) a sulfur-phiosphorus
antiwear/extreme pressure additive combination formed by inter=-
action among 37.6 parts of sulfurized isobutylene, 4.8 parts of
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3 about 100 parts by weight of (2), about 9 to about 13 parts by 4 weight
‘of (3), and about 16 to about 20 parts by weight of (4); 5 wherein said

sul fur-containing anti wear and/ or extreme pressure 6 agent
sul furized ol efinic hydrocarbon, aliphatic 7 polysulfides,

is selected from
and m xtures of

sul furized ol efinic hydrocarbon and 8 aliphatic polysulf ides; wherein said
ashl ess di spersant consists 27 9 essentially of at | east one ashl ess

di spersant sel ected from 10 boronated al kenyl succini m des,

bor onat ed

al kenyl succinic es- 11 ters, boronated al kenyl succinic ester-am des and
boronated 12 Mannich bases; and wherein 2Re entire boron content of said 13
conposition is introduced therein as said boronated ashless 14 di spersant.

1

11. A conmposition of Caim1l1 wherein said base [err]il consists

10

20

25

30

dialkyl hydrogen phosphite, 6.6 parts of primary aliphatic mono-
amines and 1.0 part of wono- and dialkyl acid phosphates; (ii)
13.3 parts of trihydrocarbyl dithiophosphate; (iii) 3.3 parts of
a thiadiazole copper corrosion inhibiter; 0.8 part of carboxylic
acid rust inhibitors, 0.6 part of foam inhibitor, 12.7 parts of
a 622 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-olefin oligomer having a kinematic viscosity at 100°C of about
40 cSt, (3) a hydrogenated poly-a-olefin oligomer having a kine-
matic viscosity at 100°C of about 4 cSt, and (4) a hydrogenated
poly-a-olefin oligomer having a kinematic viscosity at 100°C of
about 2 cSt. The components are proportioned such that the fi-
nished gear oil contains 3.25% of the additive package, 13.00%
of the di(2-ethylhexyl) sebacate, 64.25% of the 40 cSt oligomer,
7.50% of the 4 cSt oligomer and 12.00% of the 2 cSt oligomer.
This finished oil bhas a kinematic viscosity at 100°C of 14 est,
a Brookfield viscosity at ~40°C of 37,800 cP, a sulfur content
of about 0.64%, a phosphorus content of about 0.062%, a nitrogen
content of about 0.026%, a chlorine content of about 0.005%, and
a boron content of about 0.0057%. The 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 performance after the required 240 hours
of operation on both the nitrile and the fluorocelastomer seals.
In the case of the polyacrylate seal materials, the percent
elongation was only slightly below the specification limits.

EXAMPLE 9
An additive package as in Example 8 is added to a base oil
consisting of (1) di(isodecyl)adipate, (2) a hydrogenated poly-c-
olefin oligomer having a kinematic viscosity at 100°C of about
40 cst, (3) a hydrogenated poly-ec-olefin oligomer having a kine-
matic viscosity at 100°C of about 4 csSt, and (4) a hydrogenated
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2 essentially of a blend of (1) di(isodecyl)adipate; (2) hydrogen- 3 ated
"poly-[err]-olefin oligoner having a kinematic viscosity at 100[err] C 4 of
about 40 cSt; (3) hydrogenated poly-[err]-olefin oligoner having 5 a
ki nematic viscosity at 100[err] C of about 4 cSt; and (4) hydrogen- 6 ated
poly-[err]-olefin oligonmer having a kinematic viscosity at 100[err] C 7 of
about 2 cSt, in proportions such that for each 100 parts by 8 weight of (2)
there are about 10 to about 20 parts by weight of 9 (1), about 10 to about
25 parts by weight of (3), and about 15 10 to about 25 parts by wei ght of
(4). 1 12. A conposition according3ato Caim1ll wherein said base 2
oil is conposed of about 13 to about 17 parts by weight of (1), 3 about 100
parts by weight of- (2), about 14 to about 18 parts by 4 weight of (3), and
about 16 to mcm-ebeﬁim tod igpmexi ipwingf a (inemtifecysgesisydat 100°c of

sul fur-cont muwzaastmemnﬁadﬁﬁnaw &ﬁE wwuienﬁa &aﬁ&t that sai&ftﬁed from

sul furized d I o] ﬁ#! nd es of
sul furized ole | n| %%%dé% ‘%%ig%d ZPIQC po ySlﬁ ﬁﬁglégg ‘V\/:?éa( sai d
ashl ess di srféfr gpgl)ad:.pate., 64 25 of the 40 cSt oligomer, 10. 50%

5 of the 4 @Gt oligomer and 12.00% of the 2 cSt ocligomer. This
finished oil has a kinematic viscosity at 100°C of 14.7 c¢St, a
Brookfield viscosity at «40°C of 46,233 cP, & sulfur content of
about 0.64%, a phosphorus content of about 0.062%, a nitrogen
content of about 0.026%, a chlorine content of about 0.005%, and

10 a boron content of about 0.0057%. The finished lubricant is
devoid of any metal-containing additive.

As usad herein the term "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 minimum concen-

15 tration required for use as described berein. Preferably, the
material has a solubility or dispersibility in the base oil well
in excess of such ninimum concentration. However the term does
not signify that the material must dissolve or be dispersible in
all proportions in the base oil.

20 Some additive components are supplied in the form of solu-~
tions of the active ingredient(s) in an inert diluent or solvent,
such as a diluent cil. 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 amount of solvent or diluent that may be associated
with such component as received is excluded.

The disclosures of each patent or patent ptiblication cited
in the foregoing disclosure is incorporated herein by reference
30 as if fully set forth herein.
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9 essentially of at |east one ashless dispersant selected from 10 boronated
- al kenyl succini m des, boronated al kenyl succinic es- 11 ters, boronated

al kenyl succinic ester-am des and boronated 12 Manni ch bases; and wherein
the entire boron content of said com 13 position is introduced therein as
sai d boronated ashless dis- 14 persant- 28 1 13. A conposition
according to Claiml wherein the. copo- 2 nents thereof are proportioned
such that the kinematic viscosity 3 of said conposition at 100[err]C is at

| east 1.3.5 cSt and the Brook- 4 field v'gc03|ty of. s
-40[err]Cis 50,000 cp or 5 less, and rein at Ieagl@mmm# 'i[,E D or on
content of said 6 conposition is |ntroduced thereln as*bor ona
di sper- 7 sant.

CLAINMS:

1 1. An essentially metal-free and essentially halogen-free,

2 boron-containing gear oil lubricant composition is provided which

3 comprises:

4 a) base oil consisting essentially of a blend of (1) at least

5 one dialkyl ester of an aliphatic dicarboxylic acid having

6 a maximum pour point of about ~55°C and a maximum kinematic

7 viscosity at 100°C of about 4 cSt (mw’/sec); (2) hydrogen-

8 ated poly~a-olefin oligomer having a kinematic viscosity at

9 100°C of about 40 cSt; (3) at least one hydrogenated poly-
10 a-olefin oligomer having a kinematic viscosity at 100°C in
11 the range of about 4 to about 8 cSt; and (4) hydrogenated
12 poly-a-olefin oligomer having a kinematic viscosity at
i3 100°C of about 2 cSt, in proportions such that for each 100
14 parts by weight of (2) there are about 10 to about 40 parts
15 by weight of (1), about 3 to about 25 parts by weight of
16 (3), and abont 11 to about 30 parts by weight of (4);
17 ») about 0.7 to about 7 wtt of at least one oil-soluble or—

18 ganic sulfur-containing antiwear and/or extreme pressure

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

20 weight:

21 c) about 0.2 to about 3 wty of at least one oilesoluble or-
22 ganic phosphorus—containing antiwear and/or extreme pres-

23 sure agent:

24 4d) about 0.05 to about 0.35 wti of at least one oil-soluble

[
3]

copper corrosion inhibitor;
e) about 0.1 to about 0.8 wt% of at least one oil-soluble rust

N
)]

27 inhibitor:

28 f) about 0.005 to about 0.06 wty of at least one oil-soluble
29 foam inhibitor; and -

30 g) about 0.15 to about 3 wti of at least one oil-soluble ash~

W
-

less dispersant;
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1 14. A conposition according to Claim1 wherein at least 75 2 wt%
‘of the boron content of said conposition is introduced there- 3 in as

boronat ed ashl ess dispersant. 1 15. A conposition according to Caim
1 wherein substantial- 2 |y the entire boron conte i osition is

I ntroduced 3 therein as boronated ashless di spersantum“l)“m‘“llg lU“‘
conposition according to Claiml1l wherein said oil- ;2 .
phosphor us-cont ai ni ng antiwear and/ or extreme 3 pressufe Ggent s (i) at
| east one oil-soluble amne salt of a 4 nonohydrocdrbyl and/or

di hydrocar byl ester of a phosphoric or 85t hi ophosphoric acid, said acid
having the fornmula 6 (HX[err])(HXerr]

) ( SX[ er i) tF’Xiﬁrdd tiHe Vi&%@bﬂnt&m%ﬁ lﬂﬁiné([lﬁide]d, of‘_[‘tiﬂ’er %,a{%%erﬂé S,
| ndependen a 0 r easf one
oi | - sol dBl e%ﬁ%rgp %ﬁ?gégnhns}'?% %?%éeéngécic? tglg*ﬁﬁ?sr‘(é‘g?fpgg'f HSn *Nﬁ%‘a by
reacti n@4a ﬁ?ﬁi%ﬁ@/inlﬁ“é’a%Fiﬁ%%‘&‘???w&e’gb%nﬁﬁ%%tﬁiﬂ gompdd with
an i nor gani sitdowhizs Mmothe pange qthadphtrsisy it dboet PHOBPHIN &haBathéle to
produce 36 poron content of eaid 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 of about 13 to about 15 cSt at 100°C.

1 2. A composition of Claim 1 wherein the kinematic visco-
2

sity of said composition is in the range of about 13.5 to about
3 14.5 cSt at 100°C. :

1 3. A composition of Claim 1 wherein said dialkyl ester is
2 a dialkyl adipate, a dialkyl sebacate or a mixture thexeof.

1 4. A composition of Claim 1 wherein éaid dialkyl ester is
2 di(2-ethylhexyl)sebacate.

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

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

[ M)

7. A composition of Clainm 1 wherein said base oil consists
essentially of a blend of (1) di(2-ethylhexyl)sebacate; (2) hy-
drogenated poly—a—olefin oligomer having a kinematic viscosity
at 100°C of about 40 cSt; (3) hydrogenated poly-a-olefin oligomer
having a kinematic viscosity at 100°C of about 8 cSt; and (4)
hydrogenated poly-a-olefin oligomer having a kinematic viscosity
at 100°C of about 2 cSt, in proportions such that for each 100
parts by weight of (2) there are about 24 to about 40 parts by

weight of (1), about 3 to about 12 parts by weight of (3), and
about 11 to about 20 parts by weight of (4).

© O N AWM
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12 an acidic internediate, and neutralizing a substantial portion 13 of
‘'said acidic internediate with at | east one am ne or hydroxy 14 amne; (iii)
at | east one oil-soluble amne salt. of a hydroxy- 15 substituted

phosphet ane or a hydroxy-thi ophosphet ane; or a 16 conbination of any two or
all three of (i), (i) and (iii). 29 1 17. A conposition according

to Caim1l wherein said oil- 2 soluble organic phosp - '
antiwear and/or extrene 3 pressure agent is at |east mmm&rm@um@mlam ne
salt of a 4 nonohydrocarbyl and/or dihydrocarbyl est «Cc or 5

t hi ophosphoric acid, said acid having th&€&fornul a i6
(HX[err],) (HX[err]) (HX[err]) PX[err] 7 wherein at |east three of Xerr]
Xerr], Xerr] and X[ err] are oxygen atons. 1 18. A conposition

according fo Cai 17 yhelgldis$hfl &dlording to Claim 7 wherein said base

2 oil is composed of about 32 parts by weight of (1), about 100
parts by weight of (2), about 3 to about 4 parts by weight of
(3), and about 18 to about 20 parts by welght of (4): wherein
said sulfur-containing antiwear and/or extreme pressure agent is
selected from sulfurized olefinic hydrocarbon, aliphatic poly-
sulfides, and mixtures of sulfurized olefinic hydrocarbon and
aliphatic polysulfides; wherein said ashless dispersant consists
essentially of at least one ashless dispersant selected from
10 boronated alkenyl succinimides, boronated alkenyl succinic
11 esters, boronated alkenyl succinic ester-amides and doronated
32 Manmnich bases:; and wherein the entire boron content of said
13 composition is introduced therein as said boronated ashless
14 dispersant.

O O N0 0 AW

9. A composition of Claim 1 wherein said base oil consists
essentially of a blend of (1) di(isooctyl)adipate; (2) hydrogen=-
ated poly-a~olefin oligomer having a kinematic viscosity at 100°C
of about 40.cSt; 73) hydrogenated poly-a-olefin oligomer having
a kinematic viscosity at 100°C of about 4 cSt; and (4) hydrogen-
ated poly-a-olefin oligomer having a kinematic viscosity at 100°C
of about 2 cSt, in proportions such that for each 100 parts by
weight of (2) there are ahout 15 to about 30 parts by weight of
(1), about 6 to about 15 parts by weight of (3), and about 15 to
about 25 parts by weight of (4).

YV O NN & bW

-
Q

10. A composition according to Claim 9 wherein said base
0il is composed of about 18 to about 22 parts by weight of (1),
about 100 parts by weight of (2), about 9 to about 13 paxts by
weight of (3), and about 16 to about 20 parts by weight of (4):
vherein said sulfur-containing antiwear and/or extreme pressure
agent is selected from sulfurized olefinic hydrocarbon, aliphatic
polysulfides, and mixtures of sulfurized olefinic hYdrocarbon and
aliphatic polysulfides; wherein said ashless dispersant consists

O oAU e WM
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2 fur-containing antivear and/or extrene pressure agent is selected 3 from
"sul furized ol efinic hydrocarbon, aliphatic polysulf ides, and 4 ni xtures of
sul furized ol efinic hydrocarbon and aliphatic polysul- 5 fides; wherein
sai d ashl ess di spersant consists essentially of 6 at |east one ashl ess

di spersant sel ected from boronated al kenyl 7 succinim des, boronated

al kenyl succinic esters, boronated 8 al kenyl succi ni c ester=anrdes—and

boronat ed manni ch bases: and 9 wherein substantially th
content of said com 10 position is introduced therein Jﬂmmmuumum
ashl ess dis- 11 persant. 1 19. The2wethod of alleviatirfg col d- cfashing

of gears in a 2 manual transm ssion upon, during and after exposure to | ow

tem 3 perature clipatic _conditions, which nethod conprises providing 4 as
the | ubriRarf®seRtiatdy ( PAnaki depsh angcashlass dimpersantnséledtiedh from

conpri se30 @oxpnabed calikénylo rmicehnimidas e boirohated falkedyNguddidib el | east
7 Off Aed's(Y|bditnditedl Akelt PiRACEEN S CRELX VL aeaC! Gid al\:ltlazr'] ated

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

13 composition is introduced therein as said boronated ashless

14 dispersant.

11. A composition of Claim 1 wherein said base il consists
essentially of a blend of (1) di(isodecyl)adipate; (2) hydrogen~
ated poly-a-olefin oligomer having a kinematic viscosity at 100°C
of about 40 cSt; (3) hydrogenated poly-a-olefin oligomer having
a kinematic viscosity at 100°C of about 4 cSt; and (4) hydrogen~
ated poly-c~clefin oligomer having a kinematic viscosity at 100°C
of about 2 cst, in proportions such that for each 100 parts by
weight of (2) there are about 10 to about 20 parts by weight of
(1), about 10 to about 25 parts by weight of (3), and about 15
to about 25 parts by weight of (4). '

W 0 NN GO B & @ NV W
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12. A composition according to Claim 11 wherein said base
‘0il is composed of about 13 to about 17 parts by weight of (1),
about 100 parts by welght of (2), about 14 to about 18 parts by
weight of (3), and about 16 to about 20 parts by weight of (4):
wherein said sulfur-contajining antivear and/or extreme pressure
agent is selected from sulfurized olefinic hydrocarbon, aliphatic
polysulfides, and mixtures of sulfurized olefinic hydrocarbon and
aliphatic polysulfides; wherein said ashless dispersant consists
essentially of at least one ashless dispersant selected from
boronated alkenyl succinimides, boronated alkenyl succinic es-
ters, boronated alkenyl succinic ester-amides and boronated
Mannich bases:; and wherein the entire boron content of said com-
position is introduced therein as said boronated ashless dis-~
persant.

W o NOO U e W N
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8 - a maxi mum pour point of about -55[err]c and a maxi num ki nematic 9
‘viscosity at 100[err]C of about 4 ¢St (mjerr]/sec) (2) hydrogen- 10
ated poly-[err]-oletin oligomer having a kinematic viscosity at 11

100[ err] C of about 40 cSt; (3) at |east one hydrogenated poly- 12

[err]-olefin oligomer having a kinematic viscosity at 100[err
the range of about 4 to about 8 cSt: and (4) hydrogenat ed ml\@:“@l“mm‘“\“\
poly-[err]-olefin oligonmer having a kinematic viscosity at

100[err] C of about 2 cSt, in proportions such that for each 100 16

parts by weight of (2) there are about 188to about 40 parts 17 by

wei ght of (1), about 3 to about 25 parts by weight -of 18 (3), and

about 11 t]?)eabout 130 P? EPQ%#R‘QQ ”L,i Q’to 8191:;; out ég téﬁto about 7

wt % of at ast one o € of - ganre Sl FeRge~
antiwear #hdPSRtEEhexReL, pRES g{ﬁogortioned such that the kinenatic viscosity

3 ' of said composition at 100°C is at least 13.5 cSt and the Brooke
4 field viscosity of said composition at -40°C is 50,000 cP or
$ 1less, and wherein at least 50 wti of the boron content of said
6
7

composition is introduced therein as boronated ashless disper-
sant. '

1 14. 2 composition according to Claim 1 wherein at least 75
2 wt% of the boron content of said composition is introduced there-

3 in as boronated ashless dispersant.

1 15. A composition according to Claim 1 wherein substantiai~
" 2 ly the entire bhoron content of said composition is introduced

3 therein as boronated ashless dispersant.

1l 16. A composition according to Claim 1 wherein said oil-
2 soluble organic phosphorus-containing antiwear and/or extreme
3 pressure agent is (i) at least one oil-soluble amine salt of a
4 wnonohydrocarbyl and/or dihydrocarbyl ester of a phosphoric or
5 thiophosphoric acid, said acid having the formula

6 (Hx) (Bx?) (HX5) PX*

7 vherein each of X', X%, X° and X* is, independently, an oxygen
8 atorm or a sulphur atom; (ii) at least one oil-soluble phosphorus-
9 and nitrogen-containing composition formed by reacting a hydroxy-
10 substituted triester of a phosphorothioic acid with an inerganic
11 phosphorus acid, phosphorus oxide or phosphorus halide to produce
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-
1S substituted phosphetane or a hydroxy-thiophosphetane; or a
16

combination of any twe or all three of (i), (ii) and (iii).




21 agent having a sul fur content of at |east about 20% by 22

s weight; 23 O about 0.2 to about 3 wt% of at | east one oil-soluble or-
24 .gani ¢ phosphorus-containing anti wear and/or extreme pres- 25
sure agent; 26 d) about 0.05 to about 0.35 wt % of at | east one

oi | -sol ubl e 27 copper corrosion inhibitor; 28 about 0.1 t
about 0.8 wt% of at | east one oil-soluble rust 29 -

about 0.005 to about 0.06 w % of at |east one oil -sél Lﬂlm Hﬁl“ mlfﬁm
inhibitor: and 3 Q) about 0.15 to about 3 wt % oft

oi | -sol ubl e ash- 33 | ess dispersa?®; 34 all of t he foregm ng
percent ages being based on the weight of the 35 totial conposition, said
conposition being still further charac- terized in that the

sul fur: p hftsghggggy e ok Sikdhathg SSTBEELL PUlbotd 6 18 ©
soluble organic phosphorus-containing antiwear and/or extreme
pressure agent is at least one oil~-soluble amine salt of a
monohydrocarbyl and/or dihydrocarbyl ester of a phosphoric or
thiophosphoric acid, said acid having the formula

(8x") (Bx®) (1X°) PX*
wherein at least three of X', X2, X® and X* are oxygen atoums.

NS0 e W

18. A composition according to Claiwm 17 wherein said sul-
fur-containing antiwear and/or axtreme pressure agent is salacted
from sulfurized olefinic hydrocarbon, aliphatic polysulfides, and
nixtures of sulfurized olefinic hydrocarbon and aliphatic polysul-
fides; wherein said ashless dispersant consists essentially of
at least one ashless dispersant selected from boronated alkenyl
succinimides, boronated alkenyl succinic esters, boronated
alkenyl succinic ester-amides and boronated Mannich bases: and
wherein substantially the entire boron content of said com-
position is introduced therein as said boronated ashless dis-
persant.

W 00 N O N AW
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18. The method of alleviating cold-clashing of gears in a
manual transmission upon, during and after exposure to law tem~
perature climatic conditions, which method comprises providing
as the lubricant in said transmission a gear oil cémpo_sition
which comprises:

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

a maximum pour point of about =55°C and a maximum kinematic

viscosity at 100°C of about 4 cSt (mm?/sec): (2) hydrogen-

ated poly-e-clefin oligomer having a kinematic viscosity at
100°C of about 40 cSt:; (3) at least one hydrogenated poly-
12 a—olefin oligomer having a kinematic viscosity at 100°C in
the range of about 4 to about 8 cSt; and (4) hydrogenated
pely-ec-olefin oligomer having a kinematic viscosity at

VW O N AW N
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38 the boron content of said conposition is in the range of about 39
*0.0025 to about 0.07 wt% and in that the kinematic viscosity of 40 said
conposition is in the range of about 13 to about 15 cSt at 41 100[err]C 1
20. The nethod of operating a nmanual transn ssion mhen t si on

has been exposed to | ow tenperature climatic condi- thod
conprises lubricating said transmssion with 4 a gea ! whi ch
en of (51)

conprises: 5 a) base oil consisting essentially of *at
| east 6 +one dialkyl ester of an aliphatic dicarboxylic acid having
EE1 7 a maxi num pour point of aB®ut -55[err]C and a maxi mum
ki nematic 8 viscosity at 100[err] C of about 4 cSt (m“r[err]/sec); (2)
hydr ogen- 9 ated poly-[err]olefin oligoner having a kinematic
vi scosi t y1%it 100°C of about 2 est, in proportions such that for each 100
16 parts by weight of (2) there are about 10 to about 40 parts
17 by weight of (1), about 3 to about 25 parts by weight of
a8 (3), and about 11 to about 30 parts by weight of (4):
19 b) about 0.7 to about 7 wt% of at least one oil-soluble or-
20 ganic sulfur-containing antiwear and/or extreme pressure
21 agent having a sulfur content of at least about 20% by
22 . weight;
23 c¢) about 0.2 to about 3 wt¥ of at least one oil-soluble or-
24 ganic phosphorus-containing antiwear and/or extreme pres-
25 sure agent;
26 4) about 0.05 to about 0.35 wt% of at least one oil-soluble
27 copper corrosion inhibitoer; '
28 e) about 0.1 to about 0.8 wt% of at least one oil-soluble rust
29 inhibitor; .
30 f£) about 0.005 to about 0.06 wt% of at least one ocil-soluble
31 foam inhibitor: and
32 g) about 0.15 to about 3 wti of at least one oil-soluble ash-
33 less dispersant;

34 all of the foregoing percentages being based on the weight of the
35 total composition, said composition being still further charac-
36 terized in that the sulfur:phosphorus weight ratio of said
37 composition is in the range of about 8:1 to about 35:1, in that
382 the boron content of said composition is in the range of about
35 0.0025 to about 0.07 wtt, and in that the kinematic viscosity of

40 said composition is in the range of about 13 to about 15 cSt at
41 100°C.

20. The method of operating a manual transmission when the
transmission has been exposed to low temperature climatic condi-
tions, which method comprises lJubricating said transmission with
a gear oil composition which comprises:

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

Ot & W N
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10 100[ err] C of about 40 cSt; (3) at |east one hydrogenated poly- 11
- [err]-olefin oligonmer having a kinematic viscosity at 100[err]Cin 12

the range of about 4 to about 8 cSt; and (4) hydrogenated 13
poly-[err]-olefin oligomer having a kinematic viscosity at 14
100[ err] C of about 2 cSt, in proportions such that for each 100 15
parts by weight of (2) there are about 10 to about 40 parts 1
wei ght of (1), about 3 to about 25 parts by wei ght: of 17

M
%&ugf 1;tto about 30 parts by weight of (4); 18 b) ‘!!\m‘“mimumi “\7

| east one oil-soluble or- 19 31 gani c sulfu niwg s
antivear and/or extrenme pressure 20 agent having a sul fur content of
at | east about 20% by 21 wei ght; 22 c¢) about 0.2 to about 3 wt % of

at | east one oi | e akitiien Gour’Boint of Fhdntt —5B0E PN usmm\ﬁd R AemEdd Wear
and/ or exprene phA¥ecdity Jed 1o°d”c90§9é53ut 4O cst) WQQEf }%ﬂf@g&'{t 0.35

wt % of at Ieast one o0i

ated poly—a—ot?l.e%:m ol:.gomer apx&nrg k{xgesnla% c vxscos:.ty at
10 100°C of about 40 cSt; (3) at least one hydrogenated poly-
11 a~olefin oligomer having a kinematic viscosity at 100°C in
12 the range of about 4 to about 8 cSt; and (4) hydrogenated
13 poly~a-olefin oligomer having a Kkinematic viscosity at
14 100°C of about 2 est, in proportions such that for each 100
s 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 weight of (4):;
18 b) about 0.7 to about 7 wtt of at least ohe oil-soluble or-
19 ganic sulfur-containing antiwear and/or extreme pressure
20 agent having a sulfur content of at least about 20% by
21 weight;
22 c) about 0.2 to about 3 wti of at least one oil-soluble or-
23 ganic phosphorus-containing antiwear and/or extreme pres-
24 sure agent; _
25 4) about 0.05 to about 0.35 wti of at least one oil-soluble
26 copper corrosion inhibitor;
27 e) about 0.1 to about 0.8 wtt of at least one oilesoluble rust
28 inhibitor;
29 €) about 0.005 to about 0.06 wt% of at least one oil-goluble
30 foam inhibitor; and
31 qg) about 0.15 to about 3 wtt of at least one oil-soluble ash-
32 less dispersant;

33 all of the foregoing percentages being based on the weight of the
34 total composition, said composition being still further charac-
35 terized in that the sulfur:phosphorus weight ratic 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 0.07 wt%, and in that the kinematic viscosity.of

39 said composition is in the range of about 13 to ahout 15 <8t at
40 1l00°C.
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27 e) about 0.1 to about 0.8 wt%of at |east one oil-soluble rust 28
“inhibitor; 29 f) about 0.005 to about 0.06 wt% of at |east one

oi | -sol ubl e 30 foaminhibitor; and 31 g) about 0.15 to about 3 Wm %
of at |east one oil-soluble ash- 32 | ess dispersant; 33 all of the

f oregoi ng percentages being based on the weight of the 34 total

conposition, said conposition being still further charac- 35 terized in

that the sul fur:phosphorus weight ratio of said 36 conposition is in the
range of about 8:1 to about 35:1, in that 37 the boron content of said
conposition is in the range of about 38 3§.0025 to about 0.07 wt% and in
that the kinematic viscosity of 39 said conposition is in the range of
about 13 to about 15 cSt at 40 100[err]C.

GEAR_OYI. COMPOSITYONS
Abstraet of the bDisclosure

A "cold-clash" gear probler associated with vehicular manual
transmissions exposed to the cold is overcome by use of a special
all-synthetic gear oil composition. The composition is composed
of base oil and specified additive components. The base oil is

5 a blend of dialkyl ester of an aliphatic dicarboxylic acid having
a maximum pour point of about -556°C and a maximum kinematic vis-
cosity at 100°C of about 4 cSt, and three hydrogenated poly-a-
olefin oligomers having kinematic viscosities at 100°C of about
40, about 4-8 ¢St and about 2 ¢St in specified proportions. The

10 additive components comprise an organic sulfur-containing anti-
wear and/oxr extreme pressure agent, an organic phosphorus~con—
taining antiwear and/or extreme pressure agent, a copper corro-
sion inhibitor, a rust inhibitor, a foam inhibitor, and an ash-—
less dispersant. The gear oil has a boron content of about
15 0.0025 to about 0.07 wts. '
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