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PARTI AL SYNTHETI C TRANSM SSI ON FLUI DS W TH | MPROVED LOW TEMPERATURE

PROPERTI ES This invention relates to conpositions and nmethods of inproving
properties of transmission fluids, particularly to obtaining partial
synthetic automatic transm ssion fluids of Inproved | ow tenperature
properties. 10 woorpedagt OMODI | € manufacturers continue to seekpdBifdoshfsi

i nprove automatic transm ssion operation, especially at |ow tenperature,
through advances in autonatic transmissign fluid (ATF) technol ogy.

| mprovenents in transm ssion operatlon at Iow t enperatures are acconpli shed
by 1 owering the allowabl BARTK BVIS SIOM FLUURS WHH, r g by a

Brookfield 15 visconeter. 'WROVED:EWICETCM'O&Em !ﬂm@Pamg Brookflield
viscosity at -40[err]C of @an was cent1 pol se Thi s upper
limtsexisted until approximtely 1990, when it was reduced to 20,000 cP.
This dramatic reduction in viscosity at | ow tenperatures significantly

i nproved trangm ssion operation, which has been well document ed ( SAE paper

. 870356 (1987)). 20 e teceptly 40[err] C VI cosi been
further reduced to a fﬁYﬁf‘g N 9IRS t8P°<L %@aﬁdﬁ?@d‘%o
nmore than 5, 000 @roperias phgrmgﬁs:mrmmda rpamalarm tﬂvqbéatp!sgapamal synthetic

requi rements has _dﬁ%?ﬁhtfdlﬁhﬁs?ﬁibﬁoﬁhuﬁé‘d‘l imgRaed fdw temperafipe prapertistial i ty,
synthetic base oils, and 25 | ow i nprovers. W have now found that merely

addi ng synthetic base oils to conventional mneral oils, viscosities in the
range of 5, 00B- 10, ooowmmebtimnawaqbrersmutlwqmﬁektws tad@pyveautematis a

"flow inprover”. tfanshissi fatieh, espetidlly ételawrt%ﬁiyemdré GhAsugh RVEhcE it
depr essant, |saco at |n’flu n.%estllﬁ-cl Illzatlon of ni(s ?the
| ubricating oil %‘q cHpBSMmisSiaD | g (A nology.“®" 'mproveme n

transmission operation at low temperatures are accomplished by iowering the
allowable viscosity of the ATF at -40°C, as measured by a Brookfield

15 viscometer. Historically, the maximum allowable Brookfield viscosity at -40°C
of an ATF was 50,000 centipoise (cP). This upper limit existed until
approximately 1990, when it was reduced to 20,000 cP. This dramatic
reduction in viscosity at low temperatures significantly improved transmission
operation, which has been well documented (SAE paper 870356 (1987)).

20 More recently, -40°C viscosity limits have been further reduced to a maximum
of 15,000 cP, and in some applications to no more than 5,000 cP.

Meeting these very stringent low temperature requirements has been
the focus of much research into basestock quality, synthetic base oils, and
25 flow improvers. We have now found that merely adding synthetic base oils to
conventional mineral oils, viscosities in the range of 5,000-10,000 cP cannot
be achieved without the incorporation of a “flow improver”. A “flow improver”,
sometimes referred to as a pour point depressant, is a compound that
influences the crystallization of wax in the lubricating oil as the temperature is -
30 decreased. More specifically, the "flow improver” modifies the crystal
structure of the wax such that it cannot form "gel structures” in the lubricant.
This phenomenon is well known and is described in, for example, "Crystal-
Growth Poisoning of N-Paraffin Wax by Polymeric Additives and its
Relevance to Polymer Crystallization Mechanisms", G. A. Holder and
35 J. Winkier, Nature, 207 (4996) 718-21. What has previously not been
reported is the dramatic adverse effect of the wax on the -40°C viscosity of
partially synthetic ATF's.
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PCT/ US96/ 11681 -2- This invention overcomes“this | ow tenperature probl em by

providing partially nt hetl ATFs W S g
t he theoretical visco rgg ﬁ%u‘% t;rggé(ﬂ 2 "f'IOb ynt ‘%4'89'8&%
SUMMARY OF THE | Retiaily @xmmtle AW% Wity AG°C) visiasities aPFPﬁ“éﬁéWs epretical
conprising: io viscosities of wax-free ATRS, Uwea fullygyntheticiATF"si | having a
kinematic viscosity from2.0 to 8.0 nmmferr]/s at 100[err]C, (b) a
synthetic lubricating oil having a kinematic viscosity from2 to 100
mierr]/s at %00[err]C 15 (c) a seal swelling agent; (d) 0.001 - 5.0

wei ght percent of a friction nDdsUWAR¥I®F?HE INVENTION (e) 0.05to 2.0
wei ght percent of a non-wax gellThg 10

This invention relates to a transmission fluid comprising:

10 (@) a natural lubricating oil having a kinematic viscosity from
2.0to 8.0 mm2/s at 100°C;

(b) a synthetic lubricating oil having a kinematic viscosity
from 2 to 100 mm2/s at 100°C;
15
(c) aseal swelling agent;

(d) 0.001 - 5.0 weight percent of a friction modifier; and

20 (e) 0.05 to 2.0 weight percent of a non-wax gelling flow
improver;

providing the fluid has a kinematic viscosity of at least 3.8 mm2/s at 100°C
and a Brookfield viscosity of no greater than 10,000 centipoise at -40°C.

An advantage of this invention is that the transmission fluid produced
does not derive significant kinematic viscosity from high molecular welght
polymeric viscosity modifiers.

30
DETAILED DESCRIPTION OF THE INVENTION

The invention relates to a combination which uniquely produces a
transmission fluid with Brookifield viscosities of less than 10,000 cP, and in

35 some cases less than 5,000 cP. In addition, these fluids do not contain
viscosity modifying amounts of high molecular weight polymeric viscosity
modifiers. That is, they do not derive any significant amount (i.e., less than 2,



| mprover; providing the fluid has a kinematic viscosity of at |east 3.8
mierr]/s at 100[err]C and a Brookfield viscosity of no greater than 10, 000
centipoise at -40[err]C. 25 An advantage of this invention i.s that the
transm ssion fluid produced does not derive significant kinematic viscosity
from hi gh nol ecul ar wei ght polyneric viscosity nodifiers. 30 DETAILED
DESERI PTI ON OF ™HE97/0408NTI ON The invention relates to a Conbin?&+ﬁﬂbéﬁ9h§h
uni quely produces a transm ssion fluid with Brookfield viscositires o Ss
t han 10,000 cP, and in 35 sone cases |ess than 5,000 cP. In addition, these
flufds do not contain viscosity nDdifying' ount s of hi gh nDIecuIar wei ght

olymeric viscosity nmodifiers. That he not .derive an i nificant
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PCT/ U$96/ 11681 -100°Qfadne pelyimericdisickarierss 1 nmierr]/s (cSt) at 100[err]C) of
t hei r “ki nemati ¢ vi scosi ty at 100[err]C from polymeric thickeners. Natural

Lubricatino Gls 5 ural Jubrjcating oils include animal oils (e.g.,

castotr oil and Imﬁlﬂhﬁm : umoils, mneral oils, and oils derived

fromcoal or shale. Typically, these oils will have kinematic viscosities

of from 2.0 mnierr]/ Sydtarah JubriBathd oildih&iLbb ahimal oils (s.g., castor oil and lard oil),
petroleum oils, mineral oils, and oils derived from coal or shale. Typically,
these oils will have kinematic viscosities of from 2.0 mm2/s (cSt) to 8.0 mme/s
(cSt) at 100°C. More preferably the natural lubricating oil will have a

10 kinematic viscosity at 100°C of from about 3.0 and 5.0 mm®/s (cSt).

The preferred natural lubricating oil is mineral oil. This includes oils
that are naphthenic or paraffinic in chemical structure. Qiis that are refined
by conventionatl methodology using acid, alkali, and clay or other agents such

1S as aluminum chloride, or they may be extracted oils produced, for exampie,
by solvent extraction with solvents such as phenol, sulfur dioxide, furfural,
dichlordiethyl ether, etc. They may be hydrotreated or hydrofined, dewaxed
by chilling or catalytic processes, or hydrocracked. The base oil may be
produced from natural crude sources or be composed of isomerized wax
20 materials or residues of other refining processes.

Typically, the transmission fluid will contain from 1 to 80, preferably
from 10 to 75, more preferably from 20 to 50 weight percent natural
lubricating oil.

Synthetic Lubricating Qils

The synthetic lubricating oils used in this invention are one of any

number of commonly used synthetic hydrocarbon base oils which include, but

30 are not limited to, polyaiphaolefins, alkylated aromatics, and mixtures thereof.

Examples of these oils are polymerized and interpolymerized olefins (e.g.,

polybutenes, polypropylenes, polypropylene-isobutylene copolymers, poly(1-

hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes ({e.g.,

dodecylbenzenes, tetradecylbenzenes, dinonyl benzenes, di-(2-

35 ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated

polyphenols); alkylated diphenyl ethers and derivatives, analogs and
homologs thereof.



(oSt) at IOJerr]C. Mre preferably the natural lubricating oil will have a
10 kinematic viscosity at 100[err]C of fromabout 3.0 and 5.0 nmmferr]/s

(cSt). The preferred natural lubricating oil is mneral oil. This includes
oils that are naphthenic or paraffinic in chemcal structure. Gls that are
refined by conventional nethodol ogy using acid, alkali, and clay or other

agents such 15 woozkspds num chl oride, or they may be, extracted 168
produced, for exanple, by solvent extraction with sol vents such as pheno
sul fur dioxide, furfural, dichlordiethyl ethgr, etc. They may be

hydr ot reated or hydrofi ned, dewaxed by chilling or catalytic processes, or

hydrocracked. The bas ' e iV be
conposed of isoneri ze?%léfypw&@ﬁ%ﬁé@ Sgééslbg‘yag g&ﬁgﬁﬁ
processes. Typi cdhose pelyaiphaciaing prodyged bu.qugmerwea restane apeh1 ﬂqcsnso
preferably from10 to 75, nore preferably from20 to 50 wei ght percent.

b cating of Is. useq Tt SRHBHR O Ufed WL Ii€ By “ﬂ?mﬂ@ YRl Ay kibmatie,
used syntheti & hydsmmeaoaf batweepi Rsangli th9 immaf/adcSthat MP°Cavdthn the imoasitt ed

to, polyal phaol efdrgferred dild niivitig ViédtsRidsqA thé | of NS minil/e piSt) Eamepes of
these oils are polynerized and |nterpolyner|z olefins (e.qg. polybutenes

pol ypropyl enes, pol ypropyl ene-sobutyl ene co yners pol y(1- hexenes)
poly(1l -octenes), pol'ﬁvpmaﬂﬁcmeesr)apsmis,ﬁlmy Milh ceontaip. é‘om 2 to 80 welght

dodecyl benzenes, whbmem to 75l @ivhinlost mérabweﬁom 30lic 66 weight
et hyl hsyl )ben ne@# '8 id 'g tl’\&]‘ﬁpenyl s, terphenyls, alkylated
pol yphenol s) ; ™al ﬁ? ﬁfép%gﬁ{‘ﬁl elf'ﬁ o derivatives, anal ogs and
honol ogs t her eof.

eal il Agents

The seal swell agents useful with this invention are esters, aicohols,
15 substituted sulfolanes, or mineral oils that cause swelling of elastomeric
materials. The ester based seal swellers of this invention would include
esters of monobasic and dibasic acids with monoalcohois, or esters of
polyois with monobasic acids. Examples of ester type seal swelling agents
are: diisooctyl adipate, dioctyl sebacate, di-iscoctyl azelate, dioctyl
20 phthalate, di-hexyl phthalate. Alcohol type seal swellers are linear alkyl
alcohols of low volatility. Exampies of suitable alcohols are decyi aicohol,
tridecyl alcohot and tetradecyl alcohol. Examples of substituted sulfolanes
are described in U.S. Patent 4,029,588. Mineral oils useful as seal swellers
are typically low viscosity mineral oils with high naphthenic or aromatic
25 content. Examples of suitable mineral oiis are Exxon Necton-37 (FN 1380)
and Exxon Mineral Seal Oil (FN 3200). Typical fluids produced by this
invention will contain from about 1 $o about 30 weight percent seal sweller.
Preferred ranges of seal sweller are from about 2 to about 20 weight percent
and most preferred are from about 5 to about 15 weight percent.
30

Non-Wax Geliing Flow Improvers

The flow improvers of the current invention are oil solubie polymers

that modify the crystallization of any wax contained in the lubricating oil so

35 that "gelling" of the lubricating oil is prevented, and viscosity increase at low
temperature i minimized. Thus, for the purposes of this discussion, the
expression "non-wax gelling flow improver” refers to a polymer that lowers

the -40°C Brookfield viscosity of a wax-containing lubricant. To determine
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Particularly preferred synthetic oils are the pol yal phaol efins, especially
t hose pol yal phaol efi ns produced by oligomerizing 1 -octene and 1-decene.
The synthetic oils used in this invention will typically have kinematic s
viscosities of between 2 and 100 mierr]/s (cSt) at 100[err]C, with the
nost preferred wologoboayi ng viscosities in the range of 2 to 6 pgiiuvélied
(cSt) at 100[err]C. Typically, the transmssion fluid will contain from 2
to 80 weight percent, preferably from10 tq 75, and nost preferably from 30
t0:60 weight 10 percent of the synthetic l'ubricating oil. Seal Swell
Agents The seal ﬁ*‘l' a%?ts useful with this_invention ire esters,

al cohols, 15 s 81,8 RPIITRY 5 3 per-way gelling.flaw igjpraver, 1,0 mass peesent of g
of el astoneric rtheepolymer iShadded ¢o = aexccontainingwiubricant dleridai sThe-40*Con
voul o i ncl ude eirBERAGIE VIRARIRS IO ¥ bR With @RaCAithiut dRERAAERS Sare O

esters of polyols with nonobasic aclds. Eéa | es of esé.ereﬁ e Sea

swel | j ng agents tﬁg%:megﬁqrg og%ﬁ?la BRfYEE 1P 8?%6‘?9%9& ing ,ﬁfmﬁ’@&%tfpﬁ
azel ate, di octy|-4Q%C viscosity obthecblend:cgritaiping the-flaw improveninust /e iowerl than
swellers are Ii Qﬁgl@ﬁbggég? §Bm3%ﬁﬁﬁuﬁtﬂg’ﬂgﬂiﬂ{ﬂrﬁéﬂ" Exanpl es of suitable

al cohol s are decyl alco ridecyl alc and tetradecyl al cohol.
Exanpl es of substituted sulfol anes are described in U S. Patent 4,029, 588.

M neral oils useful &dhesren-waxgellingflowrimptovers att yy modifying thes size, number|
oil's with high ngRhbR{AKC I ' ; '

m neral oils_are Exgon %?gﬁ%ﬁ?ﬁqg%?&ﬁﬁbe&k ﬁ?(.%ﬁm Paswa& ég%%&

10 improved low temperature handling, pumpability, and or transmission

operability. There are two common types of polymers used as flow improvers

— one derives its activity from the backbone, the other from the sidechain.

The active backbone variety, such as ethylene-vinyl acetate (EVA) co-

15 polymers, have various lengths of methylene segments randomly distributed

in the backbone of the polymer. These ethylenic segments, which associate

or co-crystallize with the wax crystals, inhibit further crystal growth due to
branches and non-crystallizable segments in the polymer.

20 The active sidechain type polymers, which are the preferred fiow
improvers for this invention, have methylene segments in the side chains,
preferably normal aikyt groups. These polymers work similarly to the active
backbone type except the side chains have been found to be more effective
in treating isoparafiins as well as n-paraffins found in lubricating oils.

25  Representative of this type of polymer are Cg to C4g dialkylfumarate vinyl
acetate copolymers, polyacrylates, polymethacrylates, and esterified styrene-
maleic anhydride copolymers.

While the polyacryiates, polymethacrylates, and styrene-maleic
30 anhydrides may function as viscosity modifiers (i.e., polymeric compositions
used to increase the viscosity index of lubricating compositions), it is

. appreciated by those skilled in the art that these compositions aiso function
as flow improvers depending on their molecular weight and treat rate. Thus,
. for the purposes of this invention, non-wax gelling flow improvers inciude

35 polyacrylates, polymethacrylates, and styrene-maleic anhydrides having
average molecular weights no greater than 500,000 atomic mass units as
determined, for example, by gel permeation chromatography. The term



and Exxon M neral Seal G| (FN 3200). Typical fluids produced by this
invention wll contain fromabout 1 to about 30 wei ght percent seal

swel ler. Preferred ranges of seal sweller are fromabout 2 te about 20

wei ght percent and nost preferred are fromabout 5 to about 15 wei ght
percent. 30 Non-Wax Gelling Flow Inprovers The flow i nprovers of the
current inventi owos®4039! sol uble polyners that nodify the Crquﬁhkb pn
of any wax contained in the lubricating oil so 35 that "gelling" t
lubricating oil Is prevented, and viscosity_gncrease at Iom1tenperature is
nininized. Thus, for the pur poses of this discussion, the expression

"non- wax gelling. OV ELw

40[ err] C Brookfi elagor&lﬂ% Q@E 3? a%ihr%%?ﬁ#n i %%egngﬁlﬁé thg?n§3%oﬁe
WO 97/ 04049 a carbon atom of mass 12. PCT/ US96/ 11681
whether a polymer is a non-wax gelling flow inprover, 1.0 nass percent of

Br ookt 1 o1 d vi scosi t1 esERCaIBeF %@F%W@ﬁ&%@hﬁ?ﬁ f'PFGPFS*Q SR 40,
are then measus edweight perceot fow improver Brefasred eenapstratings of How improversraret he
5 -40[err]C vi SCf?é:htdboaiotﬂe dbloRin 2. 0PWEIERY pirEdnt!dil rhbstpriefertedare fibibabolt

| ower than-the co sp b out the flow i nprover. The non-wax
gelling flow i mré‘é@??gﬂv{ﬂg ?’gﬁﬁ?% the size, nunber, and growth of wax
crystals in lubricating oils in such a way as to inpart 10 i mproved | ow
t enper at ur e handl gRék Bid ity, and or transm ssion operability. There
are two com"mnmtypes of polyners used as flow inprovers
A wide variety of friction modifiers may be employed in the present
invention inciuding the following:

()  Alkoxylated Amines
15
Alkoxylated amines are a particularly suitable type of friction modifier
for use in this invention. These types of friction modifiers may be selected
from the group consisting of (1), (If), and mixtures thereof, where (1) and (il)

are:
20
1’!5
25 Ry = (X)p - R2 -n\ (D
(1?403 nH
Ry
30
and
Ts
35 R (R30)n8
1"(x)m"R2°f|"89-N (11)
{RgO) nH (R40) pH
10 |
Rg Ry
where:

45 Ris Hor CH3;



-one derives its activity fromthe backbone, the other fromthe sidechain.
The active backbone variety, such as ethyl ene-vinyl acetate (EVA) co- 15
pol ymers, have various |engths of nethyl ene segnents randomy distributed
in the backbone of the polyner. These ethyl enic segnents, which associate
or co-crystallize with the wax crystals, inhibit further crystal growh due
to.branches andwwweaéggst al | i zabl e segnents in the pol yner. ZOPCTIUs%/n-Eﬁf
active sidechain type polynmers, which are the preferred flow inprovers for
this invention, have nethyl ene segnents i n‘.,t_he side chains, preferably
normal al kyl groups. These polynmers work simlarly to the active backbone

type except the side_chain ve heen found to be <effective |
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ide
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pol ynmet hacryl ates, a
viscosity nodifiers (C2-€3; pol yneric conpositions used to increase the
viscosity index of | igat i Oimdbbérdontly | the | San®d BF dffferé i e
skilled in the art t%ﬁ 'ﬁ;fﬁws (5;?0% ?ltuitolgs algo ?é&%ﬁ@és ?gsvbiil$$]g?}ers
depending on their gg'ﬁfaﬂ' pRlig '?ao!t : ¥t he pur poses
of this invention, ndg, Ry andRg are indeperideptytiorChaic! ude 35 _

pol yacryl ates, polyng} @éﬁﬁyﬁorﬁ%cﬁbur&&ﬁfﬂgg%ﬁlk@ﬁm%%ﬁ pralératly

S no

average nol ecul ar wei z_b . reater than 500, atom c mass units as
determ ned, r exa ~3py gel perneation chromat ography. The term
X is oxygen or sulfur, preferably oxygen; m is O or 1, preferably 1; and

n is an integer, independently 1-4, preferably 1.

In a particularly preferred embodiment, this type of friction modifier is

1s characterized by formula (1) where X represents oxygen, R and R4 contain a

combined total of 18 carbon atoms, R represents a C3 alkylene radical, R3

and R4 represent C; alkylene radicals, Rg and Ry are hydrogens, m is 1,

and each n is 1. Preferred amine compounds contain a combined total of
from about 18 to about 30 carbon atoms.

Preparation of the amine compounds, when X is oxygen and m is 1, is,
for example, by a multi-step process where an alkanol is first reacted, in the
presence of a catalyst, with an unsaturated nitrile such as acrylonitrile to form
an ether nitrile intermediate. The intermediate is then hydrogenated,

25 preferably in the presence of a conventional hydrogenation catalyst, such as
platinum black or Raney nickel, to form an ether amine. The ether amine is
then reacted with an alkylene oxide, such as ethylene oxide, in the presence
of an alkaline catalyst by a conventional method at a temperature in the

range of about 90-150°C.
30
Another method of preparing the amine compounds, when X is oxygen
J and mis 1, is to react a fatty acid with ammonia or an alkanol amine, such as
ethanolamine, to form an intermediate which can be further oxyalkyiated by
. reaction with an alkylene oxide, such as ethylene oxide or propylene oxide.

35 A process of this type is discussed in, for example, U.S. Patent No.
4,201,684. '
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"atomc mass unit" is a neasure of atom c nmass defined as 1112 the mass of
a carbon atom of mass 12. Typically, products of this inventicon wll
contain fromO.05 to about 2.0 s wei ght percent flow inprover. Preferred
concentrations of flow inprovers are fromabout 0.1 to about 2.0 weight
percent and nostwousbiy ed are fromabout. 0.2 to about 2.0 vveh,g-b}uspg{lgﬁnt.
Friction Modifiers 10 A wide variety of friction nodifiers nay be enpl oyed
in the present invention including the follgow ng: (1) Al koxyl at ed Am nes
15-Al koxyl ated am nes are a particularly suitable type of friction nodifier

for use in this invegpany IRGRG dndPESisOf, the idrhine Fritii mbaifying'BYmpeunds
selected fromthe %(r)up consi st ng@oﬁ‘sgﬁi d:fl 1) ag&iqrﬂnﬁ §$ i%gerreg%
where (1) and ( FAR be-formed, fop eypmple, by gifecting acony fﬁgé qies
97/ 04049 between a long chain alpha-olefin with a hydraxgaikyisoercaptsy such as
beta-hydroxyethyl mercaptan, to produce a long chain alkyl hydroxyaikyl
s sulfide. The long chain alkyl hydroxyalkyl sulfide is then mixed with thionyl
chiloride at a low temperature and then heated to about 40°C to form a long
chain alkyl chloroalkyl sulfide. The iong chain alkyl chloroalkyl sulfide is then
caused to react with a dialkanolamine, such as diethanolamine, and, if
desired, with an alkylene oxide, such as ethylene oxide, in the presence of an
10 alkaline catalyst and at a temperature near 100°C to form the desired amine
compounds. Processes of this type are known in the art and are discussed
in, for example, U.S. Patent No. 3,705,139.

In cases when X is oxygen and m is 1, the present amine friction
15 modifiers are well known in the art and are described in, for example, U.S.
Patent Nos. 3,186,946, 4,170,560, 4,231,883, 4,409,000 and 3,711,406.

Exampies of suitable amine compounds inciude, but are not limited to,
the following:

N,N-bis(2-hydroxyethyl)-n-dodecylamine;
N,N-bis(2-hydroxyethyl)-1-methyl-tridecenylamine;
N,N-bis(2-hydroxyethyi)-hexadecylamine;
N,N-bis(2-hydroxyethyl)-octadecylamine;

25 N,N-bis(2-hydroxyethyl)-octadecenylamine;
N,N-bis(2-hydroxyethyl)-oieyiamine;
N, N-bis(2-hydroxyethyi)-stearylamine;
N,N-bis(2-hydroxyethyl)-undecylamine;
N-(2-hydroxyethyl)-N-{hydroxyethoxyethyi)-n-dodecylamine;

30 N,N-bis{2-hydroxyethyl)-1-methyl-undecylamine;
N, N-bis{2-hydroxyethoxyethoxyethyl)-1-ethyl-octadecylamine;
N,N-bis(2-hydroxyethyl)-cocoamine;
N,N-bis(2-hydroxyethyi)-tallowamine;

. N,N-bis{2-hydroxyethyl)-n-dodecyloxyethylamine;

35 N,N-bis(2-hydroxyethyl)-lauryioxyethyiamine;
N, N-bis(2-hydroxyethyi)-stearyioxyethylamine;
N,N-bis(2-hydroxyethyl)-dodecyithioethylamine;
N,N-bis(2-hydroxyethyl)-dodecyithiopropylamine;



-7- Rerr] is aderr]-CJerr] saturated or unsaturated, substituted or
unsubstituted, aliphatic hydrocarbyl radical, preferably Cerr]-Cerr],
nost preferably CJerr]-Clerr]; R2 is a straight or branched chain
Cerr]-Cerr] alkylene radical, preferably 5 Cerr]-Cerr]; Rerr],
Rlerr], and Rlerr] are independently the sane or different, straight or
branched chain @@vndsodol err] al kyl ene radical, preferably ( erpdrfésghichi
Rlerr],Rerr], and R err] are independently Hor CH3; R err] is a straight
or branched chain Cerr]-Cerr] al kylene radical, preferably 10
Clerr]-Clerr]; X is oxygen or sulfur, preférably oxygen; mis 0 or 1, -

preferably 1; and n | n.loteger, . independe - oreferably 1. In a
particularly preferr Bﬁ“’gﬁ%ﬁvﬁ%ﬁvéW'Srﬂ&Q??%ﬁWPM@?@% nodifier is 15
characterized by for N,N-bis(2-hydioxyethyi)-hepadesyltbiopropylRineR and R[err]

contain a conbined t RLAhvdtbxyethPN-IN'His(ZEhyd sents a C3 al kyl ene
radi cal, R3 and yzar!j;‘gg%e e fl' égqjhl éyﬁeng ra igy)g, Rlerr] and R err]
are hydrogens, mine amin& 8Nd" pr of erred ami ne conpounds contain a

conbined total of frdﬂWﬁtﬁﬂtN}[wNmis(zmmmm ons. 20 Preparation of

the am ne conpoygga mg%téérin% ygen and mis 1, is, for exanple, by a
mul ti-step process Vmer an alkanol is first reacted, i.n the presence of a
catalyst, with an unsaturated nitrile such as acrylonitrile to form an

ether nitrile interndbeat anostThepreferrednedadditive s ishenMNiy-bis{bydraxyethyl-

pr ef f’rf‘-b' y i B| t W&Waa@i Nvitiis a8ddve W?ﬁmﬁoﬁﬂ'fgﬁlhm?ﬁhpa@l?h
A Pl ati num Bl ack R v Seslgrsion Tomah E-23.6p2" ©tNer am ne. Theether am ne

The amine's hydrocarbyl chain length, the saturation of the
hydrocarbyl chain, and the iength and position of the polyoxyaikylene chains
can be varied to suit specific requirements. For exampie, increasing the

15 number of carbon atoms in the hydrocarbyl radical tends to increase the
amine's melting temperature and oil solubility, however, if the hydrocarbyi
radical is too long, the amine will crystallize from solution. Decreasing the
degree of saturation in the hydrocarbyi radical, at the same carbon content of
the hydrocarbyl chain, tends to reduce the meilting point of the amine.

20 Increasing the amount of alkylene oxide, to lengthen the polyoxyalkyiene
chains, tends to increase the amine's water solubility and decrease its oil
solubility.

The amine compounds may be used as such. However, they may also

25 be used in the form of an adduct or reaction product with a boron compound,

such as a boric oxide, a boron halide, a metaborate, boric acid, or a mono-,

di-, and trialkyl borate. Such adducts or derivatives may be illustrated, for
example, by the following structural formula:

30
R | (R30)
* Ry = (X)p - Rz"N\ B~0-Rjio0
35 (RgO)n

where R, R, Rz, R3, R4, X, m, and n are the same as previously defined
and where R is either hydrogen or an alkyl radical.



then reacted with an al kyl ene oxi de, such as ethylene oxide, in the
presence of an al kaline catal yst by a conventional nethod at a tenperature
in the range of about 90-150C. 30 Anot her nethod of preparing the am ne
conpounds, when X is oxygen and mis 1, is to react a fatty acid with
amoni a or an al kanol am ne, such as ethanolamne, to forman internediate
which can be fumderesepyal kyl ated by reaction with an al kyl enep@yighnisaych
as et hyl ene oxide or propylene oxide. 35 A process of this type Is

di scussed in, for exanple, U S. Patent No. g,.201, 684. WO 97/ 04049

PCT/ US96/ 11631 When X is sulfur and mis 1, the amne friction nodifying
conpounds can be forned, for exanple, by effecting a conventional free

radi cal reactiron between a_l ong chai n al pha,—ol %3’ wi t h, a hydroxyal kyl
mer capt an, such as bdith- hyeArBRMdicAgIds/an €8 a | ong chain
al kyl hydroxyalkyl s sulfide. The | ong chaln al kyl hydroxyalkyl sulfide is

about a0[err] C to f orinsecnf e o et 5%9%?#@% b Wnﬁ*ﬁ@“ﬁ%&
chain al kyl chl d?eaatmypmdmtpﬂamyamﬂaad@ m ojanhydride. Briefly,
di al kanol am ne, thePblyiimifeteddan cotitaiAs frome to 60 eslicafisbn atois #d frdr g Bne

and i o temper Si%i‘ﬁ@ abiiEvit w6 Er B0 165 pitooh s Rk i il '

Processes of t hi@f @ ppmaly amine\groum and &t Jeast iwa of the Jemaining pitragenratoms
exanple, U S. Papresént\in te f6fm bf rimary or secondary amine groups. Non-limiting
10 examples of suitable amine compounds include: polyethyiene amines such
as diethylene triamine (DETA); triethyiene tetramine (TETA); tetraethylene
pentamine (TEPA); polypropyiene amines such as di-(1,2-propylene)triamine,
di(1,3-propyiene) triamine, and mixtures thereof. Additional suitable amines
include polyoxyaikylene polyamines such as polyoxypropylene triamines and
15 polyoxyethylene triamines. Preferred amines include DETA, TETA, TEPA,
and mixtures thereof (PAM). The most preferred amines are TETA, TEPA,
and PAM.

The carboxylic. acid or anhydride reactant of the above reaction
20 product is characterized by formula (1ll), (IV), (V), (V1), and mixtures thereof:

o)
I Ié '
R" - C - OH (III); -O-C—R" (Ivy;
0
P |
R?— RY— QH
0 (M: and o (VI)
u S

where R" is a straight or branched chain, saturated or unsaturated, aliphatic
2s hydrocarbyl radical containing from 9 to 29 carbon atoms, preferably from 11

fo 23. When R" is a branched chain group, no more than 25% of the carbon

atoms are in side chain or pendent groups. R" is preferably straight chained.



In cases when X is oxygen and mis 1, the present amne friction 15
nodifiers are well known in the art and are described in, for exanple, U S
Patent Nos. 3,186,946, 4,170,560, 4,231, 883, 4,409,000 and 3, 711, 406.

Exanpl es of suitable am ne compounds include, but are not limted to, the
fol owi ng: 20 N, N-bi s(2-hydroxyethyl)-n-dodecyl am ne;

N, N- bi s(2- hydr oxseddeqp- 1 - net hyl -tri decenyl am ne; PCT/US96/11681
N, N- bi s( 2- hydr oxyet hyl ) - hexadecyl am ne;

N, N- bi s( 2- hydr oxyet hyl ) - oct adecyl am ne; 2511
N, N- bi s(2- hydroxyet hyl ) - oct adecenyl amne; """

N, N- bi s( 2- hydr oxyet h oIe ani.n N, N: bi s I 0X st e | am ne;
N, N- bi SE 2- hgdr oxyet h}l") y QEoup mcluée Om"%T"hY )"'Yh carby!’groups

m— (N-2b _hyslr2 o>r<]y§t h)ds)w%H“ ehypﬁr?zam%@%z tgr:l)ps: dbeedgdcam:mof 3bese groups as
: I's(2-hy roig,\‘&? rﬂlﬁ‘ 6adng' th&E they contain no non-hydrocarbyl

N, N- bi s(2- hydro 0X 0 t 2"|\P1\§- et h oGt adec {

N, N- bi s( 2- hyd Kiyents Yhgect the bysirmcacy

(LS AR e b R 1 e

N, N-bi s(2- hydr oxjgy Eﬁé{e}j herdU" Bor Oé%?ﬁﬁl&' armsg hydrocarbyl Cog alkyl group and a

N, N-bi s(2- hydr 0% I?ﬁ . ear%ﬁﬁg&wm Méthoxy substituent are substantially

N, N- bi s(2- hydro
N, N- bi s(2- hydr o>gimiidryin) theéio peoperties @ndowplilthbe econsidered hydrocarbyl within the

context of this disclosure.
10
Non-limiting examples of substituents that do not significantly aiter the
hydrocarby! characteristics or properties of the general nature of the
hydrocarby groups of the carboxylic acid or anhydride are:

15 Ether groups {especially hydrocarbyloxy such as phenoxy, benzyioxy, -
methoxy, n-isotoxy, etc., particularly aikoxy groups of up to ten carbon
atoms);

Oxo groups (e.g., -O- linkages in the main carbon chain);
. o _
Ester groups (e.g.. -(":-O-hydrocarbyl);
(o)
Sulfonyl groups (e.g., - g - hydrocarbyl); and

Sulfinyl groups (e.g., - ﬁ - hydrocarbyt).

20
These types of friction modifiers can be formed by reacting, at a
temperature from about 120 to 250°C, at least one polyamine and one
carboxylic acid or anhydride in proportions of about 2 to 10 molar equivalents
of carboxylic acid or anhydride per mole of amine reactant.



WO 97/ 04049 PCT/ US96/ 11681 - 9-
N, N- bi s(2- hydr oxyet hyl ) - hexadecyl oxypr opyl am ne;

N, N- bi s( 2- hydr oxyet hyl ) - hexadecyl t hi opr opyl ani ne; C

N- 2- hydroxyet hyl , N N , N - bi s(2- hydroxyet hyl ) ethyl am nel - oct adecyl am ne;
and 5 - N2- hydroxyet hyl N-[ N, N - bi s(2-hydroxyet hyl ) ethyl am nel
-stearyl am ne. TWes7idess pref erred additive 1is

N, N- bi s( 2- hydr oxyet hyl ) - hexadecyl oxypropyl am ne. This additi VgC'Irlgsmlmsn
avai l abl e from Tomah Conpany 10 wunder the designation Tomah E-22-S-2. The
am ne's hydrocarbyl chain | ength, the saturd®ton of the hydrocarbyl chain,
and the Iength and position of the polyoxyal kylene chains can be varied to
suit specific requir efiiihQsherfictiondvied %Bfﬁ ncreasing the 15 nunber of
carbon atons in the hydrocar byl rad| cal tends to increase the anine's

[ ti t t | t |
"5 o0l ong. the ami nORISNAIYG GHBE ricub PRARER, v %“"B@Z?E’S@?ﬁ% 6 °2
degree of satur atmmbmailonhathm domgomg described, frigtion modifigrs t@aﬁ&'@ﬂ'ﬂ:ﬂlﬂ ent

(2)1;) t Pﬁcrgggogﬁr ?)#gsﬁ-gamn &ﬁu%tegﬁlt;teésfasm'dtmayné RRidR AN
i
pol yoxyal kyl ege (ﬂﬁ‘& 18% & <8 ‘?'ﬁ'cr rﬂégtlgcﬁﬁ? é&g%?‘ﬁbﬂ?'ﬁ'ﬁ“%nd

decrease its oi | consisbof atpplar kerminal gmum(eﬂ[hnmls hyrdpxyle aminal ete) sovaiently
However, they ma)bcﬁhﬁﬂt@ﬁnoie? ﬁié@ﬁd?o@?ﬁoﬁ%éiho‘c an adduct or reaction
nd, suc

product with a boron conpou boric oxide, a boron halide, a
net aborate, boric acid, or a nono-,

10 Partxcularly preferred esters of carboxylic acids and anhydrides with
alkanols are described in, for example, U.S. Patent 4,702,850. This
reference teaches the usefulness of these esters as friction modifiers,
particularly the esters of succinic acids or anhydrides with thio-bis-alkanols,
most particularly with esters of 2-octadecenyl succinic anhydride and

15 thiodiglycol.

Examples of other conventional friction modifiers (i.e., polar terminal
group + oleophilic hydrocarbon chain) are described by, for example, M.
Belzer in the "Journai of Tribology" (1992), Vol. 114, pp. 675-682 and M.

20 Belzer and S. Jahanmir in "Lubrication Science" (1988), Vol. 1, pp. 3-26.

Typically the friction modifiers will be present in finished transmission
fluid composition in an amount between 0.01 to 5, preferably 0.1 to 3 weight
percent.

Other Additives

Other additives known in the art may be added to the transmission

fiuid. These additives include dispersants, antiwear agents, antioxidants,

30 corrosion inhibitors, detergents, extreme pressure additives, and the like.

They are typically disclosed in, for example, "Lubricant Additives” by C. V.
Smalheer and R. Kennedy Smith, 1967, pp. 1-11 and U.S. Patent 4,105,571.

Representative amounts of these additives are summarized as follows:



di- and trialkyl borate. Such adducts or derivatives may be illustrated,
for exanple, by the follow ng structural fornula: 30 where R, Rerr],
Rlerr], Rerr], Rerr], X, m and n are the sane as previously defined and
where R err] is either hydrogen or an al kyl radical. WO 97/ 04049

PCT/ US96/ 11681 -10- (ii) Carboxylic Acids/Anhydrides wth Polyam nes A
second type of Wwoioyipsoam nodi fier useful with this invention ifl’dl'gﬁﬁusm
reaction product of a polyam ne and a carboxylic acid or anhydri de.
Briefly, the polyam ne reactant contains fgpom2 to 60 total carbon atoms
and from3 to 15 nitrogen atons with at | eaSt one of the nitrogen atons
present in the formof a primary am ne group and at |east two of the

remai ni ng nitrogen atons present in the E S)f pri mar egcondary am ne
groups. Non-limti ng\@.ﬂreexarrpl es of sui %‘h@& am ne co%i ncl ude:
pol yet hyl ene ami i et hyl ene tTTarime (DETA); 1 yl ene

tetram ne ( TETA)Corksdisrmhibidopne pent am goN TEPH) ; pol y@.opylene anmi nes such

as di- (1, 2- prop)Antiogidantsan ne, di (1, 3- po@tyl-er®) trianm@e, agl mxtures

t hereof . Additi dispersantsabl e am nes i nclOuklk -ptd yoxyal ky2 ene-@®I| yam nes such

as pol yoxypr opy|AntcamingAgests and 15 p@lgaxye‘t hyl ene tQ.08h+ k8. Preferred
]

am nes incl ude %ﬁ!’gel'SIA, TEPA, and m S %hereof (@@1) - 3rhe nost
preferred antnedVHMeaFAGRMSTEDA  and PA e Rarboxyl i%2act® or anhydri de
reactant of the above reaction
Suitable dispersants include hydrocarbyl succinimides, hydrocarbyl
succinamides, mixed ester/amides of hydrocarbyi-substituted succinic acid,
hydroxyesters of hydrocarbyl-substituted succinic acid, and Mannich
15 condensation products of hydrocarbyi-substituted phenols, formaldehyde and
polyamines. Mixtures of such dispersants can also be used.

The preferred dispersants are the alkenyl succinimides. These
include acyclic hydrocarbyl substituted succinimides formed with various
20 amines or amine derivatives such as are widely disclosed in the patent
literature. Use of alkenyl succinimides which have been treated with an
inorganic acid of phosphorus (or an anhydride thereof) and a boronating
agent are also suitable for use in the compositions of this invention as they
are much more compatible with elastomeric seals made from such
25 substances as fluoro-elastomers and silicon-containing elastomers.
. Polyisobutenyl succinimides formed from polyisobutenyl succinic anhydride
and an alkylene polyamine such as triethylene tetramine or tetraethylene
pentamine wherein the polyisobutenyl substituent is derived from
polyisobutene having a number average molecular weight in the range of 500
30 to S000 (preferably 800 to 2500) are particularly suitable. Dispersants may
be post-reated with many reagents known to those skilled in the art. (see,

e.g., U.S. Pat. Nos. 3,254,025, 3,502,677, and 4,857,214).

Suitable antioxidants are amine-type and phenolic antioxidants.

. 35 Examples of the amine-type antioxidants include phenyi alpha
naphthylamine, phenyl beta naphthylamine, diphenylamine, bis- alkyiated
- diphenyl amines (e.g., p,p™-bis(alkyiphenyl)amines wherein the alkyl groups

contain from 8 to 12 carbon atoms each). Phenolic antioxidants include
sterically hindered phenols (e.g., 2,6-di-tert-butyiphenol, 4-methyi-2,6-di-tert-

4 butylphenol, etc.) and bis-phenols (e.g., 4,4'- methylenebis(2,6-di-tert-
butyiphenol), etc.) and the like.



20 product is characterized by formula (111), (IV), (V), (VI), and m xtures
thereof: [err] where R' is a straight or branched chain, saturated or
unsaturated, aliphatic 25 hydrocarbyl radical containing from9 to 29
carbon atons, preferably from1ll to 23. Wen R' is a branched chai n group,
no nore than 25% of the carbon atons are in side chain or pendent groups.
R' .i's preferabl ywetormadoght chai ned. WO 97/ 04049 PCT/US96/11681
PCT/ US96/ 11681 -11- The R' hydrocarbyl group includes predom nantly

hydr ocar byl groups as well as purely hydroces-byl groups. The description of
these groups as predom nantly hydrocarbyl neans that they contain no
non- hydr ocar byl substituents or non-carbon atons that significantly affect

t he hydrocarbyl 5 a rJ stlcs 0 r.o t to
their uses as descrl b e&el&fspﬁ%%i“@ggﬁ%?h@ﬁ
group and a C20 mdd}ﬂer,gerpNSde'lth,u otherdesirad: addifjves, iy | hatral andéo
ﬁugst ant 'ba: ly tSIhEK'I‘ i¢ 'Tuﬁrﬂﬁtlhgpbﬂ’pﬁf trelgﬁv@ryiom&ﬁh Iuchothek dsy edding thel
ydrocar byl wi_thi e his. dis % es
~ of substituenfs pﬂgcper@gg%& gﬁ@ﬂ fﬁ'E%Hn‘ o aa#"ﬁés{et “%ta%}mg%ﬂ&' 6 the
characteristics mesqﬁngoeﬂuldemlbf contairy ceacha| of n theur ingsedients Hndthe adesired
(cspeci al 1y hycr coactitelon, That ‘““““‘“‘*‘“%feﬁ? y) Sontain 8 PyTiRENG bR 4B the
etc., particular Iébrﬁﬁﬁ'& ?3‘&%?9856330"@?;"?@!4"% ?ﬁmﬁﬁé 4 feksdr amdlit dr
synthetic oil relative to the mineral cil. The concentrate typically will contain
10 between 25 to 100, preferably from 65 to 95, most preferably from 75 to 90
weight percent of the viscosity modifier, friction modifier, other desired
additives, and synthetic and/or natural oil.

The following examples are given as specific illustrations of the
is claimed invention. It should be understood, however, that the invention is not.
limited to the specific details set forth in the examples. Although the following
examples are directed to automatic transmission fluids (ATF), this invention is
aiso equally applicable to powershift transmissions, manual transmissions,
hydrostatic transmissions, continuously variable transmissions, and the like.
20 All parts and percentages in the examples as well as in the remainder of the
specification and claims are by weight uniess otherwise specified..

EXAMPLE 1

25 Table 1 shows nineteen (19) automatic transmission fluids (BLENDS
1-19) that were produced by blending 8.0 mass percent of an additive
package devoid of any flow improvers, into suitable ATF base oils. The
additive package contained conventional amounts of a succinimide
dispersant, antioxidants, antiwear agents, friction modifiers, a corrosion

30 inhibitor, an antifoamant, and a diluent oil.

Each ATF contained Exxon solvent 100 neutral oil (~4.0 mm2/s (cSt)
at 100°C) (FN 1365) and PAO-4 (=4.0 mm&2/s (cSt) at 100°C) (1-decene
oligomer). The ratio of 100 neutral oil to PAO-4 was chosen such that a

35 properiy freated blend could achieve a ~40°C viscosity of less than 10,000
cP, and a kinematic viscosity at 100°C of at least 3.8 mm</s (cSt).
-Additionally, BLENDS 1-19 contained diisooctyl adipate as a seal swelling



atons); Oxo groups (e.g., -0- linkages in the main carbon chain); 0O Ester
groups (e.g., -G O0-hydrocarbyl): Sulfonyl groups (efg., - S - hydrocarbyl);
and Sul finyl groups (e.g., - S - hydrocarbyl). 0 20 These types of friction
nodi flers can be forned by reacting, at a tenperature fromabout 120 to
250[err]C, at |east one polyam ne and one carboxylic acid or anhydride in
proportions of awowwmedddd o 10 nol ar equi val ents of carboxylic aw 1]
anhydride per nole of amine reactant. 25 - WD 97/04049 1681

PCT/ US96/ 11681 -12- (iii) Other Friction Nggl fiers Optionally, other
friction nodifiers may be used either alon€”or in conbination with the
foregoi ng described friction nodifiers to achieve the 5 desired fluid
per f or mance. Anf88nthedBe apMBRsiticas #f the i @8ndcthelr Jneasuie ykinematic vi t h
al kanol s. O her visoosities ab100°C and Brookfisidiviscosities @t 40°Q are shown intTable B
pol ar *term nal group (carboxyl hydroxyl, am no, etc.) covalently bonded to
an ol eophilic hydrocarbgon chain. 10 . Paft tJ _cuIL %rl 34 |Jor?‘fgarred esters of
carboxyl i c aci ds andTQﬁﬁWImqupmed are identified in Table 1 by their irade names.
5 The PARAFLOW® products are fumarate-vinyl acetate copolymers with
varying sidechain lengths. The ACRYLOID®, TLA (Texaco) and
VISCOPLEX® products are polymethacrylates of varying molecular weights

and sidechain lengths.

10 BLEND 1 in Table 1 is a 'blank’ in that it contains no flow improver. As
shown, this blend has a very high -40°C Brookfield viscosity of 87,000 cP
which is totally unexpected for an ATF containing over 40% of a synthetic
lubricating oil, PAO-4. In addition, BLENDS 8 and 8 show the resuits
obtained when an ineffective flow improver is used. While not wishing to be

15 bound to any particular theory, it is believed that the PARAFLOW 394 flow
improver used in BLENDS 8 and 9 polymerizes with the wax present in the
naturat lubricating oil to form a crosslinked wax gel which causes viscosities
at -40°C higher than those of the ‘blank’. However, all of the other "flow
improvers" in Table 1 provide a significant reduction in -40°C Brookfield

20 viscosity relative to the 'blank’. As shown, some flow improvers are more.
effective than others; compare BLENDS 4 and 10, both at 1.00 percent treat
rate, and BLENDS 3 and 5 both at 0.25 percent treat with essentially equal
kinematic viscosities at 100°C. Thus, Table 1 demonstrates the dramatic
effect that certain flow improvers, specifically the non-wax gelling flow

25 improvers of this invention, can have on the -40°C Brookfield viscosity of
partial synthetic ATF's.

EXAMPLE 2

30 Fluid viscosity at -40°C is not only a function of flow improver type but
also flow improver concentration. Table 2 shows a series of blends using
three effective flow improvers for this system. Table 2 shows that for each
flow improver there is an optimum treat rate to obtain the lowest -40°C

> Brookfield viscosity (see BLENDS 23, 27, and 31). While not wishing to be

35 bound to any particular theory, it is believed that this result occurs because
there is not enough flow improver at very low concentration. to disrupt
crystallization of all the wax and consaguently the Brookfield viscosities are
elevated compared to the minimum Brookfield viscosity obtainable in these



al kanol s are described in, for exanple, U S. Patent 4,702,850. This

reference teaches the useful ness of these esters as friction nodifers,
particularly the esters of succinic acids or anhydrides with :
t hi o- bi s-al kanol s; nost particularly with esters of 2-octadecenyl succinic
anhydride and 15 t hi odi gl ycol . Exanpl es of other conventional friction

nodi fiers (i

. €. ,Woetesodd er m nal group + ol eophilic hydrocarbonp

descri bed by,
Vol . 114, pp. 675-682 and M 20 Bel zer apggsS. Jahanmir in "Lubrication

Sci.ence" (1988),

Vol . 1, pp. 3-26. Typically the friction nodifiers wil

Dot " 1 Wil S ENER, e TR P71 Y TGl g

addi tives known concenteations tm@méoadun!u the flomeimpraman,meesly, @dFFLH‘QF"Wéée

0.01 to 5, pref

additives inclu

i nhi bitors,

ShfeSheffow iipbrovétais ikeffd polyaweri (see BLENDS 3D, 20 ands

el dq"wr B r&%’éﬁﬁf@ﬁﬁ%ﬁd@ 8 Bt e

typically di scl

Smal heer and sR. dftauiedﬂo@mnpﬂmveﬂmaﬁbq)qieteunmedand u. S Patent 4, 105, 571.
Representative amounts of these additives are sunmari zed as fol I oWs:

97/ 04049
(Broad)

10

15

25

30

35

PCT/ US96/ 11681 - 13-

EXAMPLER j)

Table 3 shows a number of ATF blends made using the Exxon solvent
100 neutral oil that produce fluids that completely meet very stringent targets,
i.e., kinematic viscosity at 100°C of no less than 3.8 mm2/s (cSt) and
Brookfield viscosities at -40°C less than 5,000 cP. BLENDS 37, 39, 42, 43,
44, 45, and 46 fully meet these stringent requirements, this is only possible
due to the incorporation of non-wax gelling flow improvers.

EXAMPLE 4

The compositions of this invention work in a variety of lubricating oiis.
Table 4 shows blends meeting the stringent requirements described in
Example 3, but with various natural lubricating oils: Exxon 100 neutral (~4.0
mm2/s (cSt) at 100°C); Exxon 75 neutral (=3.0 mm2/s (cSt) at 100°C);
Chevron RLOP 100 neutral — a severely hydrotreated and catalyticaily de-
waxed basestock having a kinematic viscosity of ~4.1 mmZ2/s (cSt) at 100°C;
and Imperial MXT-5 — a basestock produced by isomerizing sfack wax
having a kinematic viscosity of ~3.8 mm2/s (cSt) at 100°C. In each cass, the
composition was evaluated without a flow improver, BLENDS 47, 52, 56, 60
and ail show the unexpectedly high -40°C Brookfieid viscosities exhibited by
mixtures of mineral oils and synthetics without flow improvers. Table 4 shows
that any of these natural lubricating oils, when treated with synthetic
components and flow improvers, can be made to meet the most restrictive
requirements of high and low temperature viscometrics. This is exemplified
by BLENDS 48, 51, 53, 55, 57, 59, 61, and 63, all of which have kinematic
viscosities at 100°C of at least 3.8 mm</s (cSt) and Brookfield viscosities at -
40°C under 5,000 cP.

The results in Tables 1 - 4 are unexpected. One skilled in the art
would expect that treating a natural lubricating oil based ATF having a -40°C
Brookfield viscosity of 20,000 cP with a synthetic lubricating oil having a

1681
for exanple, M Balzer in the "Journal of Tribology' (1992

)
be
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Addi ti ve W. % W.%5 Corrosion |Inhibitor

0.01 - 3 0.02 - 1 Antioxidants 0.01 - 5 0.2
- 3 Dispersants 0.10 - 10 2 - 5 Antifoam ng

Agent s 0.001- 1 0.001 - 0.5 Detergents

0.01 - 6 0.01 - 3 10 Antiwear Agents 0.001- 5

0.2 - 3 Suitabwestisgmer sants include hydrocarbyl succini m depcrjidépiss PY!
succi nam des, m xed ester/am des of hydrocarbyl-substituted succinic acid,
hydr oxyesters of hydrocarbyl -substituted syccinic acid, and Mannich 15
condensati on products of hydrocarbyl-substituted phenols, forml dehyde and

| yami nes. M xt f h di | hg . d
i shersanc s ar 4D Brdefoln iseast o o003 @, Yol 42les &Ml GHRLRCT,
substituted suodscositydins bstweeni vHowever; iweishav® founchdhatothes gifeet of the
derivatives Su%rgéinﬁ{ wﬁﬁ{ﬁé Ritardl Aitridating oiicoverésthés thiel iinafisiab offblts Of
I ﬁ a)
8

phosphor us. (or AN Fating o) sa e e kst 74 %ééﬂfatﬂéﬁ"%@fi%g%‘%
& blarg cantainingh

e
sui t abl e f ors usfiow rimpraver doabtaini athof e eupectedvhenefgno
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pol yam ne such untreatedtway bas: atvery large megative impactign Brackfieldiviscosily véter ei n
t he pol yi sobut eggde substituent is derived from polyi sobutene having a
nunber avera&;e nol ecul ar weight in the range of 500 30 to 5000 (preferably
800 to 2500}%are particularly suitable. Dispersants nay be post -treat ed
with many reagents kThesprinciplesppreferred embodimerts; and modasef operation of this
invention have been described in the foregoing specification. However, the
invention which is intended to be protected herein is not to be construed as
limited to the particular forms disclosed, since these are to be regarded as
15 illustrative rather than restrictive. Variations and changes may be made by
those skilled in the art without departing from the spirit of the invention.



e.g., US Pat. Nos. 3,254,025, 3,502,677, and 4, 857,214). Suitable
anti oxi dants are am ne-type and phenolic antioxidants. 35 Exanples of the
am ne-type antioxidants include phenyl alpha naphthyl am ne, phenyl beta
naphthylanine, di phenyl am ne, bis- al kyl ated di phenyl am nes (e.g., '
p, p' - bi s(al kyl phenyl') ami nes wherein the al kyl groups contain from8 to 12
carbon atons eaokdorbdogol i c antioxidants include sterically hi’&i‘ﬁl&fﬁlﬁm
phenols (e.g., 2,6-di-tert-butyl phenol, 4- nethyl 2,6-di-tert-

but yl phenol, etc.) and bi s-phenols (e. g ﬁ - nethylenebis(2,6 di-tert-
but.yl phenol ), etc.) and the I|iKke. 54049

PCT/ US96/ 11681 -14- The additive concentrates of this invention wl|l
contain the viscosity nodifier, friction nodifier, and other desired

additives in a natural and/or synthetic lubricating oil, in relative
proportions such that by adding the s concentrate to a |arger anount of a
sui tabl e natural andlor synthetic oil the resulting fluid will contain each
of the ingredients in the desired concentration. Thus, the concentrate nmay
contain a synthetic oil as the lubricating oil if the desired final
conposition contains a If¢] H’é L RSIVAY 1 AL L e )lr Me to the
m neral oil. The concentirpt e E¥BISHE q-«jh¢§ocn.éh et yden 25 to 100,
preferably from65 to 9%, noskjdrEtlet dbl vl frlom [75 °\ hHt .percent of
the viscosity nodifier, frictigls 6l fiar“ of hef ldedi 1,¢ lifti ves, and
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15 clainmed invention. It should be understood, however, that the

I nvention is not limted to the specific details set forth in the exanples.
Al t hough the foll owi ng exanples are directed to autonmatic transm ssion
fluids (ATF), this invention is also equally applicable to powershift
transm ssi ons, manual transm ssions, hydrostatic transm ssions,

conti nuously vawologesdr ansm ssions, and the like. 20 All . pargcrnidgnies:
percentages in the exanples as well as in the renmai nder of the
specification and clainms are by wei ght unlLeggqat herwi se specified. EXAVPLE
I 25 Tabl e I shows nineteen (19) automatic transm ssion fluids (BLENDS
1-19) that were produced by blending 8. 0 mass percent of an additive
package devoid of any flow inprovers, into suitable ATF base oils. The
addi ti ve package contai ned conventional anounts of a succinimde

di spersant, antioxidants, antiwear agents, friction nodifiers, a corrosion
30 inhibitor, an antifoamant, and a diluent oil. Each ATF contai ned Exxon
solvent 100 neutral oil (4.0 mferr]/s (cSt) at 100C) (FN 1365) and PAO-4
([err]4.0 mRls (cSt) at 100C) (1-decene oligoner). The ratio of 100
neutral oil to PAO 4 was chosen such that a 35 properly treated bl end

coul d achi eve a -40[ err ~g=v+gep o N 240 B BB oA =y n o g 1 gl a ki nematic
viscosity at 100[err]C pfl at Ig}gg@&.m[wr.]{ 1 (i 'dti)nally,
BLENDS 1-19 contai ned dj ljsoogt {yl}= te |a$ ja|skedl |9 WO 97/ 04049
PCT/ US96/ 11681 -15- agept. Thergop Ht-gad—oT—Htetd afhd [ heir nmeasure
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viscosities at 100[err]C and Brookfield viscosities at -40[err] C are shown

in Table 1. The flow inprovers used are identified in Table 1 by their

trade nanes. 5 The PARAFLOWerr] products are fumarate-vinyl acetate

copolyners with varying sidechain Ilengths. The ACRYLO D err], TLA

(Texaco) and VI SCOPLEX[err] products are pol ynmethacryl ates of varying

m)l ecul ar wei ghtwoangless dechain | engths. 10 BLEND | in T?Ei'@s#/i
"bllank' in that it contains no flow i rrprover As shown, this b

very high -40[err] C Brookfield viscosi rygof 87,000 cP whi ch is totally

unexpected for an ATF containing over 40% of a synthetic lubricating oil,

PAO-4. In addition, FENDS

Db} ai ned when an
i neffective flow i mprover S tp be 15 bound to
any particular theody} it s | QN 394 f 1l ow i nprover
used in BLENDS 8 anq 9 pol yni enf in the natural
| ubricating oil to flofm a talises viscosities at
-40[ err] C hi gher thdn{thos #f | of the other 'flow
i mprovers” in Tablel]l {provig ]i n -40[err]C '
Brookflield 20 visdogity tel« b2 phown, sone fl ow
| nprovers are nore effecti %\l S 4 and 10, both at
1.00 percent treat rfate 5 percent treat with
essentially equal kiln matl hus, Table |
denonstrates the drgmjtic glst overs, specifically
the non-wax gel ling}f fow 2 g) : bn, can have on the
-40[err] C Brookfield {i scoj Q | F's. EXAMPLE 2 30
Fluid viscosity at 40[ferr] 8.1H onl e a §_.= | ow i nprover type
but al so flow i nprojenq con %9 el lebl 238 $eri es of bl ends
using lsgoo 9 !o E%
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three effective flow inprovers for this system Table 2 shows that for each
flow inprover there is an optimumtreat rate to obtain the |owest -40[err]C
Brooki el d viscosity (see BLENDS 23, 27, and 31). Wile not wishing to be 35
bound to any particular theory, it is believed that this result occurs
because there is not enough flow inprover at very |ow concentration. to

di srupt crystal hygafdspys of all the wax and consequently the Br

viScosities are elevated conpared to the g ni num Brookfield viscosity

obt ai nabl e in these WD 97/ 04049

PCT/ US96/ 11681 systens (see BLENDS 24 28, 29 and 34) It is also believed

that at concentratio G ppeerda =i TET €l y adds
viscosity at -40[err] wj i | f| & pol yner (see
BLENDS 21, 28 and 30)|. e h| tih¢g{ype and
concentration of the ' Audt |9 det er m ned.
EXAMPLE 3 Table 3 shq 2 AIF i ng | he Exxon sol vent
| O 1?0 neutral oil t I s y [mt&{ very stringent
targets, i.e., kinengti -+ Hegs [T pan 3.8
mierr]/s (cSt) and H ¥9silt Cik¢8$ than 5 000 cP
BLENDS 37, 39, 42, -43 8|t -E'gmgent
requi renents, this ig HeHire: Eipp of non-wax
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Tabl e 4 shows bl ends neeting the stringent requirenents described in 20
Exanple 3, but with various natural lubricating oils: Exxon 100 neutral
([err]4.0 mierr]/s (cSt) at 100[err]C); Exxon 75 neutral ([efr]3.0
merr]/s (cSt) at 100[err]C); Chevron RLOP 100 neutral - a severely
hydrotreated and catal ytically de- waxed basestock having a kinematic
viscosity of [erigdlerospggl err]/s (cSt) at 100[err]C and Inperi -5 - a
basest ock producg% by 1sonerizing slack wax 5 havi ng a ki nena 1681
viscosity of [err]3.8 mjerr]/s (cSt) at 10 rr]C In each case, the
conposition was evaluated without a flow inprover, BLENDS 47, 52, 56, 60
and all show the unexpectedly high -40[err]C Brookflield viscosities

exhi bited by m xtures of mneral oils and synthetics w thout flow

i nprovers. Table 4 shows that any of these natural l|ubricating oils, when
treated with synthetic 30 conponents and flow i nprovers, can be nade to
neet the nost restrictive requirenents of high and | ow tenperature
visconmetrics. This is exenplified by BLENDS 49, 51, 53, 55, 57, 59, 61, and
63, all of which have klnenatlc viscosities at 100[err]C of at least 3.8

mierr]/s (cSt) and B a T C under 5,000 cP. 35
The results in Tables|1 %i -Feggg_ Iera in the art would
expect that treating i Ea of || P4ged AIF having a -40[err]C
Brookfield viscosity If ' h synlre“jg lfjubrfi cati ng oil having a
W7/ 04049 JMNE < o RCT/ US96/ 11681 - 17-
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viscosity in between. However, we have found that the effect of the
containing wax in the natural lubricating oil overcones the beneficial
effects of the synthetic lubricating oil and, the wax nust be treated with
a non-gelling s flowinprover to obtain all of the expected benefits of a
bl end containing synthetic lubricating oils (partial synthetic). It is

evi dent even i Nyl &agiggecont ai ni ng only about 25% mi neral | ubri | |
(BLEND 47), thatVR% he ung'freat ed wax has a very |l arge negative ifn%%’*é%gg%ﬁ
Brookfield viscosity at - 40C. 10 The principles, preferred enbodi nents,
and nodes of operation of this invention had¥1been described in the

f oregoi ng specification. However, the invention which is intended to be
protected herein is not to be construed as limted to the particular forns

di scl osed, since these are to be regarded as 15 illustrative rather than
restrictive. Variations and changes may be nmade by those skilled in the art
W t hout departing fromthe spirit of the invention. WO 97/ 04049
PCT/ US96/ 11681 - 18 - [err] WD 97/ 04049
PCT/ US96/ 11681 - 18/1 -
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WD 97/ 04049

PCT/ US96/ 11681 - 19 - WO 97/ 04049
PCT/ US96/ 11681 - 20 -

PCT/ US96/ 11681 - 21- [err] m’""uuﬂmﬂmmﬂﬂg

PCT/ US96/ 11681 - 21/1 - [err

WO 97/04049 PCT/US96/11681

.2.

CLAIMS:

1. An transmission fluid composition comprising

(a) anatural lubricating oil hav:ng a kinematic vnscosrty from
2.0 to 8.0 mm?/s at 100°C; .

(b) a synthetic lubricating oil having a kinematic viscosity
from 2 to 100 mm2/s at 100°C;

(c) aseal swelling agent;
(d) 0.001 to 5.0 weight percent of a friction maodifier; and

(e) 0.05 to 2.0 weight percent of a non-wax gelling flow
improver;

providing the fiuid has a kinematic viscosity of at least 3.8 mm2/s at 100°C
and a Brookfield viscosity of no greater than 10,000 centipoise at -40°C.

2.. The composition of claim 1 where the synthetic oil is poly-alpha- -
olefin-, monoester-, diester-, polyolester-based oil, or mixtures thereof.

3.  The composition of claim 2 where the oil is a mixture of mineral
oil and poly-aipha-olefin.

4.  The composition of claim 3, where the flow improver is selected
from the group consisting of Cg to C4g dialkylfumarate vinyl acetate
copolymers, poiymethacrylates, polyacrylates, styrene-maleic anhydride
copolymers, and their mixtures. '

5. The composition of claim 4, wherein the friction modifier is
selected from the group consisting of (l); (}); reaction products of polyamines
with (Ill), (IV), (V), (V1); and mixtures thereof, where (1), (1}, (llI), (IV), (V), (V1)
are: '



WO 97/ 04049 PCT/ US96/ 11681
-22- CLAIMS: 1. An tran SS|on fluid conposition conprising (a) a
natural |ubricating oil E’ ,”ﬂ V|SCOS|tyfrom20to 8.0
merr]s at 100[err]C, (b ubrlcatlng oi |l having a kinematic
viscosity from2 to 100 m’r{err]/s at 0'[err]C (c) a seal swelling
agent; (d) O.O®dosm4abae0 wei ght percent of a friction rmdifierl',cﬁﬁg‘éia&
0.05 to 2.0 weight percent of a non-wax gelling flow inprover, proviadlng
the fluid has a kinematic viscosity of at |east 3.8 merr]/s at 100[err]C
and a Brookfield viscosity of no greater t@3n 10, 000 centi poi se at
-40[err]C. 2. The conposition of claim1l V\/nerﬁfthe synthetic oil is

pol y-al pha- ol efin-, nonoester-, diester-, pol ester-based oil, or

m xture thereof. 3. The conQosition of cIairw e the oil is a mxture
of m®*neral oil and poly-al phatol efin. 4. Thg conposition of claim 3,
where the fldw inprover is s fc-t-eck)‘,ﬁo-mnjﬁeugroup consisting ofryCerr] to
Cl18 di al kyl fumarate vinyl acetate copol yners, \pol ynet hacryl at es,

pol yacryl ates, styrene-nal eic anhydri de copol yR4@) nfind their m xtures. 5.
The conposition of claim4, wherein the frictiof nodifier is selected from
t he group c0ﬁ3|st|ng of (1); (11); reaction prottcts of polyamnes with
(reey, (rv)y, (v, (M); and m xtures thereof, where (1), (Il), (111), (1V),
(V), (VI) are: and

15 o Re
R (R30)pnH
" ll!:_-(x)m-RZ'N‘Rs‘N (IT)
(R50) pH (RgO) nH
Rg £7
0
R™ - y: - oH (III);  R" - L_o- u: ~-R"  (IV);

o

(o]
I S
—_ R" —
0. (V) : and Cgﬁ (VI)

where:

Ris Hor CHg;
Rt is a Cg-Cog saturated or unsaturated, substituted or unsubstituted,
aliphatic hydrocarbyi radical;
* Rz is a straight or branched chain C4-Cg alkylene radical;
R3, R4, and Rg are independently the same or different, straight or branched -
chain Co-Cs alkylene radical;
Rg, R7, and Rg are independently H or CH3;
Rg is a straight or branched chain C4-Cs alkylene radical;



WO 97/ 04049 PCT/ US96/ 11681 - 23-
[err] 10 and where: Ris Hor CHerr]; Rerr] is a derr]-Cferr] saturated

or unsaturated, substit or unsubstituted, aliphatic hydrocarbyl
radical; R2 is a strai ght or bra chain C[err] Clerr] al kyl ene radical;
Rlerr],-Rerr], and R[err Iﬂ/ M@penden y the sane or different,

straight or bra | kyl ene radi cal;

and Rlerr] are |ndepen ently Hw }”/:rr] is a strai ght ori’ﬁvgﬁ%gé{l
chain (err]-Cerr] alkylene radi caI * W97/ 04049

PCT/ US96/ 11681 -24- X is oxygen or sulfur 3Ls Oor 1; nis an integer,
i ndependently 1-4; and R' is a straight or branched chain, saturated or

unsaturated, al ')?i?&ﬁanorsulfur;
misOort;
n is an integer, independently 1-4; and
R" is a straight or branched chain, saturated or unsaturated, aliphatic
hydrocarbyl radical containing from © to 29 carbon atoms with the proviso
that when R" is a branched chain group, no more than 25% of the carbon
atoms are in side chain or pendent groups.

6. The composition of claim 5, where the friction modifier is an
ethoxylated amine, alkyl amide, or mixtures thereof.

7. The composition of claim 6, where the composition further
comprises a borated or non-borated succinimide dispersant, a phenolic or
amine antioxidant, such that the sum of the dispersant, antioxidant, and
friction modifier is between 2.0 to 11 weight percent of the composition.

8.  The composition of claim 1, wherein said composition is an
automatic transmission fluid. -

9. A method for producing the composition of claim 1 comprising
the steps of:

(a) providing a major amount of the natural and synthetic
lubricating oil; and

() adding to the lubricating oil the flow improver, seal
swelling agent, and 0.01 to 5.0 weight percent of the friction modifier.



hydr-ocar byl radical containing from9 to 29 carbon atons with the prow S0 *
that when R' is a branched chain group, no nore than «of_}[ ffle_cAr
atoms are in side chain or .pendent groups. 6. The ﬁ/ﬁg&s \1 n of

where the friction nodifier is an ethoxyated ani ne, aI kyl am de,

m xtures thereof. 7. The conposition of claim®6, where the n‘z],:»fsx

further conpri Seslﬁiorat ed or non borated _succi ni i de di sper s ,‘\J‘-';
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(54) Tile: PARTIAL SYNTHETIC TRANSMISSION FLUIDS WITH IMPROVED LOW W PROPERTIES
(57) Abstract
‘This invention relates to a composition and method for producing parti syn&etxctmmmssionﬂmdshavinga-&'CBrookﬁeld

viscosity no greater than 10,000, preferably no greater than S,OOOeennpdsewimmtmeneedmkmmeVWmomfymgmoum
of high molecular weight polymeric viscosity modifiers.




