ENHANCI NG THE PERFORMANCE AND/ OR DURABI LI TY OF CERTAIN WET FRI CTI ON
MATERI'ALS, This invention relates to inproving the frictiona,petfornmnce
and/ of the durability-performance of nmechani gal apparatus havi ng frictional
surfaces that 5 operate while in contact with an oil-based |ubricant or
functional fluid. Frictional material S that operate in this manner are.
sometimes referred to hereinafter as "wet service fri ction materials". Mre
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It has previously been observed that a glaze tends to develop over the surface
over wet service friction materials. The polishing of such glaze can markedly
dinﬁnish the effectiveness cf the friction surface. Moreover, pieces or chunks of
the glaze can break away from the surface and thereby destroy the integrity and

20 greatly impair the durability of the friction surface.
~ So far as is known, no satisfactory explanation heretofore existed for the
cause of such glaze formation or ways by which its formation can be controlled,
 if not eliminated. |

This invention is based,; in part, on the discovery of the cause of the glaze

25 problem, and in part on the discovery of a highly effective solution to this problem.
In addition, pursuant to this invention it is now possible to achieve excellent long-
term performance and durability in mechanical apparatus which utilizes wet service

| friction materials. | )

In the first place, it has now been discovered that the glaze that develops .

30 on .the surface of wet service friction materials is caused by thermal decomposition

of various additives present in oil-based lubricant or functional fluids. Friction



-2 - surface tenperatures neasured at 320 C and higher were found in many
case to cause such deconposition and anal yses of the resultant gl azes
“provided confirmation of this discovery, Secondly, it was found that
phosphor us- cont ai ni ng ashl ess (i.e.,rﬁ%%ﬂ-free) 5 di spersants unlike nmany
ot her dispersant or detergent additives have sufficient thermal stability
to resist such thermal deconposition. Thus not only do such additives not
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functional fluids cooperate to achieve results that cannot bhe achieved by -

ot her d&nbPi-baseslibsicans erfunetional flwig containing the phosphorus-containing ashless
dispersant is devoid of metal-containing components such as zinc dithiophosphates,

~and contains at most 100 ppm of alkali and/or alkaline earth metal detergent
additives such as calcium phenates or the like. In short, the lubricants or functional
fluids used are preferably "ashléss" or "substantially ashless".

20 In one of its embodiments this invention provides, in combination, friction
means having at least one friction surface in contact with an oil-based lubricant
and/or functional fluid wherein the friction surface comprises-at least 10, preferably
at least 15, more preferably at least 20, still more preferably at least 25, and most
preferably at least 30 percent by weight of fibrous aramid polymer, and wherein

25 the oil-based lubricant and/or functional fluid contains a minor amount of at least
one oil-soluble or oil-dispersible phosphorus-containing ashless dispersant. Such
combinations of wet service friction materials and oil-based lubricants and/or
functional fluids cooperate to achieve results that cannot be achieved by other
combinations of such materials. |

- 30 . Inparticular, pursuant to this invention_, the excellent strength and frictional
- properties of aramid fiber-containing friction surfaces that operate while wet with

oil are, in a sense preserved by using an oil that contains a phosphorus-containing



30 In particular, pursuant to this i nvent i on, the excellent
strength and frictional properties of aramd fiber-containing friction
surfaces that operate while wet with oil arezin a sense preserved by using
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functional fluid containing a minor friction-performance enhancing and/or friction-
- durability enhancing amount of at least one oil-soluble or oil-dispersible phosphorus-
contalmng ashless dispersant. |

Other embodiments will appear in the ensuing description and appended

20 claims. _

Figures 1 through 8 are plots of test data obtained with 8 different automatic
transmission fluids. Two of the figures present data obtained by the practice of
this invention.

.- Figure 9 is a plot of torque versus time for a single engagement in the
25 friction tester used in generating the data plotted in Figures 1-8. Figure 9 also
. defines visually the midpoint and peak torques which are plotted in Figures 1

- . through'8. -
- As is apparent from the foregoing, this invention in one of its aspects
comprises providing apparafﬁs equipped with a wet service frictional material
30 . containing at least 10% by weight of aramid fibers, and providingand/or employing -
as factory fill and/or service fill lubricant and/or functional fluid for said apparatus,

- a lubricant and/or functional fluid cdmprising oil of lubricating viscosity and a minor
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surfaces ed in.th r ice of this invention include,  but are not
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fibers. |tinypdrtarticofifthéeflf0 The deRlBp&Cf3h&sipslgaters, B.E duP¥£Idd NBmioBird'0t
limted to aramd fibers made by any parti- cular manufacturer or by fl_ber.s

based &h akaepmpaoy,ypraducesand is¢llspoly(paraipbenyleneterephthalamide) products
under the KEVLAR trademark, and poly(meta-phenyleneisophthalamide) products

under the NOMEX trademark. Highly useful fibers for use in the manufacture
of friction surfaces used in the practice of this invention include, but are not limited
- to, KEVLAR® 49 aramid fibers and KEVLAR® 29 aramid fibers. It will of course
20 be appreciated that this invention is not limited to aramid fibers made by any parti-
 cular manufacturer or by fibers based on aramid polymers made by any particular 7
manufacturer. The only requirement is that the fibers or fibrids are produced from
at least a major proportion of a fiber-forming long-chain synthetic polyamide in
which at least 85% of the amide linkages are .attached directly to two aromatic
25 rings. ' '
Among the highly desirable properties of aramid fibers for use in the
fabrication of friction surfaces are their high strength, high toughness, high wear
resistance, non-abrasivéness, high therfal stability, low density, low electrical and
~ thermal conductance, and their dimensional stability and non-softening char- |
30 - acteristics at elevated temperatures. Another advantage is their high strength to

weight ratio.
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15 a fibrous aramid polymer. However as much as 30% or more can be present. In
general, the higher the amount, the more preferable the surface for use. While
various other components can bé utilized in forming the finished friction surface,
the following types of components are preferred:

a) Particulate fillers such as barium sulfate, graphite, silica, Wollastonite,

- 20 molybdenum disulfide, magnesium oxide, metal powder (copper, zinc, aluminum,

L/ brass, and iron), kyanite, sodium carbonate, calcium carbonate, gypsum, calcium
oxide, zeolite, powdered polytetrafluoroethylene, calcium stearate, lime, zirconium

stearate, serpehtine, calcium titanate, aluminum phosphate, talc, antimony sulfide,

cryolite, copper oxide, dolomite, and many others. A preferred material is

25 diatomaceous earth. Another preferred material is particulate glass.

b) Reinforcing fibers such as fibrous glass, cellulose fibers, metal fibers
(e.g., steel or brass), graphite fibers, rock wool fibers, rayon fibers, ceramic fibers,
or nylon fibers. Use pf -fibro?.s_ glass is preferred. = e R'TM)
_ - ¢) . Resinous binders such as cashew-derived resins (e.g., CardoliteLD-lO,

30. . FF1080, FF1600 and NC-300 resins; Cardolite Corporation), melamineformaldehyde -
resins, and Novolac resins. The préferréd binders are phenolformaldehyde resins.

~ d) Resin modifiers such as natural and synthetic rubbers, and silicones.



a) Particulate fillers such as bariumsulfate, graphite, silica,
Wl | astonite, 20 nolybdenum di sul fide, nmagnesi um oxi de, nmetal powder
(copper, zinc, alumnum brass, and iron), kyanite, sodium carbonate,

cal cium carbonate, gypsum cal cium oxi de, zeolite, powdered

pol ytetrafl uoroet hyl ene, cal cium stearate, |linme, zirconium stearate,
serpentine, calciumtitanate, alum num phosphate, talc, antinony sulfide,
cryolite, copper oxide, dolomite, and marfy others. A preferred material is
25 diatonmaceous earth. Another preferred material is particulate ghags b)
Rei nforcing.fibers such as fibrous glass, cellulose fibers, netal fibers
(e.g., steel or brass), graphite fibers, rock wool fibers, rayon fibers,
ceram c fibers, or nylon fibers. Use of -fibrous glass is preferred. c)

Resi nous bi nders such as cashew derived resins (e.g., CardolitelLD 10, 30
FF1080, FF1600 and NC-300 resins; Cardolite Corporation),
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practice of this.1nvention is SD 2050 friction material” under devel opnent

by Borg- Vanpte MU £HPNudd CIRSEREEE 588086kI Qppandatiemiscal anal yses
appears to contain 30% by weight of aranmid fibers (apparently KEVLAR[erku%
d

fibers), d|atonacqmmstﬁ@ml&riylpfefefrbd0ﬁ31eﬂdbnrmaaekuaul&b& sas4nl5
a polynerized phenol -fornal dehyde resinous binder. Phosphorus-containing
ashl es9.0ali dpher gewrdct ie cdFf chlnibeinvention is SD 2050 friction material
under development by Borg-Warner which upon microscopic
inspection and chemical anaiyses appéars to contéin 30%-by
weight of aramld flbers (apparently KEVLAR° flbers),
. diatomaceous earth filler, fibrous and/or partlculate glass
15 and a polymerized phenol—formaldehyde_res;nous blnder.
Phosphorus—containing ash;ess dispersants which can be
used in the oil-based lubricant and/or functional fluid,
and methods for their production are described; for O
example, in U S 'Pat Nos. 3, 403 102'3 502, 677;3 511, 780:
20 3, 513 093:4,615,826; 4 648,980 as well as ln GB 1, 153 161
and GB 2,140,811. Preferably the phosphorus-contalnlng
-ashless_dispersant is comprised of at least one phosphorus-
- containing alkenyl succinimide of an alkylene polyamine.
The dispersant used pursuant to this inventioh.can, and
25 preférably does, alee contain boron. Patents desériﬁing

phosphorus-and boron—contalnlng ashless dlspersants are

U.S. Pat. Nos. 4 857,214 and 4 338 205.-



used in the oil-based |ubricant and/or functional fluid, and nethods for
their production are described, for exanple, in US. Pat. Nos. 3,403, 102;
3,502,677; 3,511, 780; 20 3,513,093;4, 615, 826; 4,648,980 as well as in GB

1, 153,161 and GB 2, 140, 811. Preferably the phosphorus-containing ashl ess
di spersant is conprised of at |east one phosphorus- containing al kenyl
succi ni m de of an al kyl ene pol yam ne. The diezersant”used pursuant to this
i nventiog~can, and 25 pref erably does, al so éontaih 'boron. Patents
describiﬁgﬂphosphorus-and bor on-cont ai ni ng ashl ess di spersants are U. S.
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formul ati ons for preparing oil ubricants and functional fluids for
use in the praCbi:_é?_aninbhbili-%&%@Hi Qabaieahbe BhdEEhacthonRIMFAGds fd
420 series of additives produced and sold in the United States by E jym)
Pet r ol eum Addi t{1gesinl the Preseiaddofi vhipatkegasioantaentaehBATEC® j410

di spersants whi ch contain both phosphorus and boron. Preferably the®ashless
di spersant i5 aapfiogpbosesiasddfondditdnesi produakldeant soddi dnnitde dmikelDd
m xture of pol yethyl ene polyam ne havi ng an average overall conposition
falling in the 8tagesobydEthyyll Petrodieam Addisiyent adnhy| cFhesexadididive
Recommended dosage | evels for natural and synthetic base oils fall in _the
range of 5 to 2Bapgkrgest coptadingRshBessd ddapereanssawhiehgFonspinhdoth
finished oil blend. _Another phoesphorus-cantaining ashl ess dispersant ,
package that caRRBEPHOEYS ang BOrem-e PrE&EERRSY gﬁ@nﬁ§8ﬂeéﬁnﬁéﬁPﬁqﬁﬁQﬁﬁ¥%

Di vi si on, as Par anpx M . 445 additive. Sone.of t advant ages .r W4 b
t he hLactice of 2t R gs%§g¥Ls-and oron—contagglng agﬁeny suc %nld% e 5¥ja.y

10 mixture of poiyethylene'polyamine having an average overall
composition feiling in the range of diethylene triamine to
pentaethylene hexamine. Recommended dosage levels for
natural and sfnthetie base oils fall in the range of 5 to.
25 percent by weight baeed on the total weight of the

15 finished 0il blend. Another phosphorus-containing ashless
dispersant package that can be used is available from Exxon
'Chemicel.cempany, Paramins Division, as Paranggzzzg
additive;

Seme of ﬁhe adventagee realized by the pfactice of this

20 invention are illustrated by the results of a series of
tests. 1In these tests a number of commercially available
auteﬁatic.transmission fluids were subjected to severe
repetitive teStiﬁg and analyzed for frictional profiles and
clﬁtch'piete'sﬁrfeEe composition for evidence of additive

25 'deeoﬁﬁoeition{ )

o inlthese teste, anISAE #2 Friction Test Machine from

Greening Associates



20 invention are illustrated by the results of a series of tests. In
these tests a nunber of commercially avaiabl e automatic transm ssion
Fluids were subjected to severe repetitiv€ testing and anal yzed for
frictional profiles and clutch plate surface conposition for evidence of
~additive 25 deconposition. In these tests, an SAE #2 Friction Test Mchine
from G eeni ng Associ ates Wi th standard HEFCADT fixt NQescrlbed in the

DEXRON[ ERR] . (RTM - I | s cification was used for .the re t|t|ve
engage- di ssituyendet HEFCADD fixeres dercribedn tha REXRONI sperifisatiset

[ Tmed i  h a8 AaeigH P rephfirseadn Ren e RSBk < ColosPl Efinfordnd Sete ' o
steel 5 reaequisitionl aﬁéeﬁtegﬁlwhﬁe &stmﬂ Mhedluichgyackaconmsisted of three dutél 9
kg.m2 with an initial noto 3600 .rpm gave a total system energy of

32 kJ. ThePlpteskined wt&ﬁﬂr&\ﬁa@@sﬁmﬂéﬁnm nigd altegnating with f%qréae 0 .
t a I 2 25-
pzlsgr\%l%r 9?1?& EEH %enp@ra%%?%d;?m%gﬁ]egﬁ Qnmmt%'goﬁ 2{4 éd’glegvfehr ‘{@{naﬁl ut ch
pack at 2 iditiahmoiarspeed of 3600trpargdve hQoead systeraretergywf 324 The pasumaticer e
sanpl ed and rfcorded at m Lnterval s dyring each engagenent. The cycle
time was 3@PBLY RISSHIIEIGs ¢dhopgly and, wteriév@merm;m 1=ngassmm,93| nt
dynami c ”Emgﬁw (fé’s’? q:&gmgﬁ P% s B}&nc:)(tc Bk feinperd
anal yses, s nducti ve Asma (1 an supgfur anal'ysi s
tec h%i ques ofd0B 12 e@d was airmlnwd neezetherﬂutchlpackrmdsll/hhnn ’Edrqtlilbl\;got&uidanals 15
fluids. Additipnal a ses were perfor err] tqg determne
addi t1 8 ¢ Spead R0, aPRR Al BreSRiEn e ceBb g andirepTaecker s il o o
Scanni ng EleﬁEﬁ eaga%ngrlﬂﬁmwt R ?Q[%E%e% ﬁﬁ@r%cﬁltéa%?s' E%xt 0 k&oscopy

(EDS) anal ysi's connecti on, Postek, anm ng
El ect ron Mot nogit thpe midpoidt Ryammccfhcuonldmppe&bto M(I)f itseatue lae 2680 opdesat i ons,

the clutch 20 pla te re,cut in mse ons coa W t OA of
carbon to mi nim q"?‘b’é?s Efﬁabﬁfdﬁ&%afﬁ‘f QHB]*’?@%‘SI“% kﬁg@r@w .
consi der ed ahalysie rtéélﬁﬁép@estv@et% used to determine elemental composition of the various
15 fluids. Additional analyses were performed by FT-IR, C and P NMR to °

determine additive types. The used clutch plates were evaluated visually prior to

Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy
(EDS) analysis. (Note in this connection, Postek, M.T., Editor; Scanning Electron
Microscopy, Ladd Research Industries, 1980). For these operations, the clutch

20 plates were cut into 1 cm sections and coated with 200A of carbon to minimize
electrical charging during analysis. The analysis is considered to penetrate toa
depth of 1 u. The semi-quantitative analysis excluded carbon (C) and oxygen (O)
from the calculations of surface composition, which were 90-95% of the surface,
in order to emphasize elements distinctive to additives. Limitations of the EDS

25 analysis are that nitrogen (N) cannot be distinguished from carbon in these samples
and that boron (B) cannot be detected.

In the SEM-EDS analyses, the clutch plates were exémined to assess any
changes caused by the friction testing or by the fluids. Asa réferénce, an unused
plate was also examined, and SEM micrographs at 50- and 200-fold rﬂaghiﬁcations

30 were obtained in order to obtain a clear visual picture of the surface appearance .

of the plates before and after the tests.



a

depth of .[err] The sem -quantitative anal ysis excluded carbon (C) and
oxygen (0) fromthe cal cul ati ons of surface coeposition, which were 90-95%
of the surface, in order to enphasize elenents distinctive to additives.
Limtations of the EDS 25 analysis are that nitrogen (N) cannot be

di stingui shed fromcarbon in these sanples and that boron (B) cannot be
detected. In the SEM EDS anal yses, the clutch plates were exam ned to

‘assess any changes ca ;Hﬁ icti WeToMe (PX : '

referendst an unused %ﬁg&%@\xgs a ét(q)ﬁcg@ae%&nré&%hang %gﬁm&?@&%ﬂﬁh@gﬁg&ﬁese
and 200-fol d magresfsi gaMarlia Jagpeviieemoboisple probeofdidmetdérd.Sbimm was imseeted into
vi sual picture of the surface, appe&lgﬁnce of the plat bef ore and af.ter the

tests. - I nter fa0o0mARolgdrflled fadially afoANOWtEF Aninger stgel rraction plate.

of these tests. "8’_’%’8‘5%‘?},1 \Oiﬁegﬁ %ﬁg@n}ﬁ&ﬂ%@%ﬁ wWer® REnfbilied Wit EpOxyPand Mikbite

Inserted into a d radially 1nto an outer tahg  of an
i nner steel rfachibber pt twcepladése Theablermoceuplemrobe mas attachedto g¥okagawa3655E

i mobi 1§ zed with y and silicone.5 . rubber at two pl T
{her nocoupl o pr oABRRAPEIERENRRIOF Beriodis AR AR RSy OB SAR #2757
periodi c measur egBREg cbﬁﬁispﬁﬂij&{}f; Ihx%xgﬁtibﬁgys?&ﬁ; Hhe$hrallih&OfThe 9%&%%@4%%

data acquisition system The sma ss of" the probe and | arge mass o
reaction pl ates massirafdtheapieactions phates ersnred gapide rpsponse r dmee 1L temparatun
The testing conditions enployed for friction durability were rather severe,
di ssi pating twi c@eﬁﬂgeg}?ggy' of a DEXRON[err] -11 HEFCADT during each
engagenent. kpgure 1 ghewsstihghlontitiins leediployed/for $Hetién dRrdbilityavéretatifer severe,
engaQre/mant- and visual |y defines the mdpoint _and peak tgégues. The .
repetttive testidigsipatingotwdoettbd energichf 13 LDEX%Q%I‘IZ’OHO FCART duriggt pach
t he m dpoi nt dynamic coefficient 15 of fri.cti f % h

bt 200 Gyl es. ToRARSIRN: TR s Bl Sotal P gl 07 4, Sl e BedtEon
friction surfaceahadissABpdetin6d e midsihi a6 peule tbieplesi Ol fepetinwe destiy was
decrease in |level of certain el enent s(b,gresent in the frjction material _but

not contributed pynductedien esefaiddosQ000qyries o uaHktheimidpgint dyRamiecasificigee
of the new plat e,e Bty dPreiClo 8655t thE VaMe 4¢26D cycles.

‘Two techniques were used for evaluating how much the friction surface had

changed during testing. One technique followed the decrease in level of certain
elements present in the friction material but not contributed by fluids. For example,
silicon and zinc are on the surface of the new plate, but do not result from fluid
20 decomposition (eXcept in two cases where zinc is in the fluid). To the extent that
‘levels of these elements decrease, a new surface layer from additive is covering
them over. The second technique is to follow the increase of elements present
in fluid over levels present on a new plate. Phosphorus is not present on the surface
of a new clufch plate but is presént in all of the automatic transmission fluids used

25 in these tests. .
In all, eight different automatic transhl_ission fluid (ATF) conipositions were
tested. The eiemental analyses of each such ATF, coded A through H, are
summarized in Table 1 wherein values are in ppm from standard ICP and sulfur

analysis techniques.



20 deconposition (except in two cases where zinc is in the fluid). To the"
_extent that |evels of these el enents decrease, a new surface |ayer from
“additive is covering themover. The secoﬁﬂ)technique is to follow the

i ncrease of elenents present in fluid over |levels present on a new plate."-
Phosphorus is not present on the surface of a new clutch plate but is
present in all of the automatic transm ssion fluids used 25 in these
tests. In all, eight different automatic transm ssion fluid (ATF)
conposi tions were tediable 1TH¥ew HnishAanlysisafythe ATFs dgstedsuch ATF, éefied A
through H, are summarized in Table 1 wherein values are in ppmfrom

standard | CP and sul fur anal ysis techni ques. 10 Table 1. New Fluid

Anal ysis of the ATFs Tested ELEMENT - _ 'FLUI D [err] The
types Of ————;*5*‘“7':*'—?***;5—-*-—"-“-—~~*———~~—¥~~ "'T*:&—“i*’—:'—*g““—*"“C d A
- A factiaeneMenr (and service fill for use by one | ainge

vol ume caifl manuf act

T o B P rpeTerg [T AN SeEv e Tl T AT
reconmend —py—aRetier—ts - —ae—y-ohtHre—e-af
manuf act utler .CaFl ui d C825] A fadt ory5fli 11 2nd gaevi cg7oill | APR lr ecorr?rérlded

for usg bj‘ ag@i rd|l argeg {vol ugg car gnanuf gcjt ureg.| Fluisd D - 4 |A 4
i IS f t

factory-f
fluid whi

poy by—afourtiTt=a TarrEnutactuT e g
h 1fdbs zilne 28Rthi apRdsphatlel S ry s 1 1
antiwear dgemdg. Fl (i difk7-{ 3Asf actaeyl f idds [ATR7anpl awsd by 23till | apes Her
| ar ge vol e car nui_actur er; T Urj[d whi_cn contjal ns. _c@al cr.gmul 1 onates,
and as antL-Mi:—a-ggnt 299038 t ot - Zdd oH®doni gd5 i) i 428l A
fluid that] i ssnot dormomodi alisg-laviasioabl 2sdouk advioch 2809 | orangoal ed B850 O
W th ”118 samasflddl tli ve package ‘as FI0u|| d Eolp a %O|| y- aTGppa'- ol gff n

Thé types of ATF composiﬁons involved in thésé tests were as follows:
Fluid A -  Afactory-fill and service fill ATF recoimﬁe_:nded_ fof use by one large
volume car m_anu‘factur;er. o
Fluid B- A factory-fill and service fill ATF recommended for use by another
15 o large volume car manufacturer. |
Fluid C- A factory-fill and service fill ATF recommended for use by a third
large volume car manufacturer.
Fluid D- A factory-fill ATF employed by a fdurth_ large volume car
manufacturer; a fluid which uses zinc dithibphosphate as the primary o/
20 antiwear agent. |
Fluid E - A factory-fill ATF employed by still another large volume car
manufacturer; ei fluid which contains calcium sulfonates, and as
antiwear agents, phosphites and sulfurized phosphites.
Fluid F- A fluid that is not commercially-available but which was formulated
25 with the same additive package as Fluid E in 2 poly-alpha-olefin
(PAO) base oil rather than in a solvent-refined mineral oil. A similar
synthetic A'I-'P_‘r wl‘ available commercially with DEXRON® -II,
MERCON®/and Allison C-4 approvals.
| Fluid G - A commercially-available ATF with DEXRON®-I[, MERCON® and
30 Allison C-4 approvals; a fluid based on HITEC® 410 ATF additive



(PAO base oil rather than in a solvent-refined nmineral oil. A sinilar

synthetic ATF is available comercially with DEXRON -11, MERCONerr] (RTM
and lison G4 approvals. Fluid G- - Acommercifbl | y-avail abl e ATFwi th DEXRON
-1L MERCON[err] and 30 Allison C4 approvals; a fluid based on

Hi TECerr] 410 ATF additive package (Ethyl Petrol eum Additives, Inc.)
‘whi ch includes a phosphorus- and boron-containing succinimde. Fluid H -
Acommer ci.al | y- avai | abl eATEwi::H | 1. NEE Aaiitld LERDY G p S;
a fluid\which is based on ,%&ﬁé%%g@e,t@éﬁﬁﬁﬂ tidts, ﬁ‘*-)pag’c*ﬁg'ge‘*%@y Suid
G but in a poly-al pha-ol gilicsphéiss) ahdderon-contaiting sucudniptide ¢ vi scosity

index inprover. It wll be recalled that, each test. involv
clutch plates i #id B sp éGQ@I‘W‘F’@W@Hamléﬁgwltaqﬁﬁégﬁg%ﬂfégéh%fqﬁ Radr

devel opnent by Bor g- War ner I i CLhaR ; : .
therefore each fresh fri ct‘i“cl)irgﬁgtﬁ?%@g@&m?oﬂ%fﬂgﬁﬂé%g?%%ﬁna%@%lgg‘%jgﬁ}we
wei ght of filfrous aranid ppdckapeas FoidbGobutgh u polyrsiphasiefim(@ADybase ail without

Fluids G and H represent th(g ractice ,of, thig invention. The tests
conducted with Fluids A tH H‘S‘ﬁnﬁ"éﬁcgm% AP est s and do not

constitute the pract ifsqifbelRbRIddHHAF EhCH1edP ARONEIIAR bf Yot chitch pidied I RHI

F contains a phosphorus-containing ashless di spersant.

provi des a bri efSID265Qfrictiommmateyiahfa friction asatetial urslenidevelopmentby Borg-Warner,
eight tests. In Table 2, the_nuober qf cycl.es at, faplure ar i yen. al on

with a descri ptiv$ B?edtzﬂ%ﬂ'tﬁ]?é?tt% S‘HS‘&?& c abfh?rﬁt"rEI ' hgfﬁ?‘a Tictial; $yrface
testing. Isbl rised adpkdti ' P J AR,
FLUD ova e T8 riprise @Eﬂ%ﬁ%ﬁ@%‘gﬁgﬁgﬁ%@“@lﬁms &ﬁ%ﬁé‘:‘%@ . §
10,0 Bl ack,thaitests ponductedi withy BuidsdG angd Hyepresent the practice of this invention.

The tests conducted with Fluids A through F are comparative tests and do not

constitute the practice of this invention because none of Fluids A through F contains
a phosphorus-containing ashless dispersant.

15 . o Table 2 provides a brief overall summary of the results obtained in each
of these eight tests. In Table 2, the number of cycles at failure are given along
with a description of the physical appearance of the clutch plates after testing.



5 1 friction material flaked off: reaction ﬁlates are -

nmediumto dark gray B 9, 300 Bl ack, shiny regions mxed with
Textured regions; reaction plates have bl ack and iridescent discoloration
10 C 2,300 Bl ack, shiny and gl azed; reaction plates have dark
br own discoloration D 2,300 G ayi sh-brown, shiny, glass-Ilike
surface; reaction plates are light gray E 15, 900 Bl ack, shiny and
gl azed: e medium to dark gray F

15, 200 " gakla 2 “;ﬁarj&els @?aeamﬁéaam Ghgh Rie RGBT e aar il
i scol oration G oun Ack 't o , gy
Mcx OF b's;—:n cﬁt@i’ﬁh Yonaks Bl ackened,

20, 000 rkaghirenl nhddes ahe Ilght
t ext ured, { non-sh nynu,ﬁﬁgt:e ~ 20,000 reactlon pl at es._are Ilght ghiay -

Failure i goerrned as. a L.UTETTEOTbB T L 1E CO&l 1T Clent Ol o e namc
friction {romthe vaPuRo%t edy ‘Fﬁ"i' rf_:é pPbts f
mi dpoi’nt flynani c| t or que (coj 'f‘,;igﬁ ;l?ji’]@a nl‘m {lagﬁw JI (:atc on

condi tion )ﬁ ortret pUaJTJTLLu et ot eSPortt1g—t0o stattc—trTctTonrcormit

ons),

for each ATF Eonposi Pir3R0A fBleghh wxmemmnﬁemyxew%mt §§§d t hg¢ peak
torque ing¢reasinfly diverges Eeﬁgl?er AhPLAER u’éa‘f?l gpd the lest .
An arrow EWPVY-YSEErh SEERC I3on8 : ;

crited on) Itccaph be2san thealackp élhimdar(d?galade@) faa¢@d=ratplat860 c
two (Fluids_ A_and 30 B)__fldiaveddark xmn (4isE0louatioR| o5 and twn

(Fluids Efland, F) |f ai 3 efbt * 1%:dQ9sh¥5EGin, QHihy, h81546- cOMGsircheas
representiing thejpractice of id&b&xbﬂvﬁmté&\ ddd WiidReGyea H) survi vedr
beyond 20000 Cy¢Tes -w_t hout ure. . lapl e rrzes the nt a
anal ygses df the Qised3¢ PdPch p& &&M‘%w‘gﬂﬁ oF 2T Te é’sta%?%n af du
al so se fortir—tor—conpart+sorr—the—etrerrentar—arfar-ysts—35 of—eactrTptiat e
prior to tihe Test r3.r298l udsBlaisdwnshinTadnd daged: |ﬁe§\%‘$§ﬂﬂ P&éFéént,
onm tting dachan loxygen niti/hayennaRHlem dark discoloratio

G | down 15% Blackened, textured, non-shiny surface:
~at 20,000 | reaction plates are light gray

cl es,

20 H down 4% at | Blackened, textured, non-shiny surface;
20,000 | reaction plates. are light gray

" Failure is defined as a 20% decrease in the coefficient of midpoint dynamic
friction from the value at 200 cycles.
Figures 1 through 8 are plots of midpoint dynamic torque (corresponding
25 to dynamic friction conditions), and peak torque (corresponding to static friction
conditions), for each ATF compositioxi A through H, respectively. In most cases,
the peak torque increasingly diverges from the midpoint torque throughout the
test. An arrow on most traces indicates the failure point by the 20% fade criterion.
It can be seen that two ﬂuids (C and D) failed at 2,300 cycles, two (Fluids A and
30  B)failed at 9,000 to 10,000 cycles, and two (Fluids E and F) failed at 15,000 cycles.
Only the two compositions representing the practice of this invention (Fluids G
and H) survived beyond 20,000 cycles without failure.
Table 3 summarizes the elemental analyses of the used clutch plates after
completion of the test rﬁn and also sets forth for comparison the elemental analysis
35 of each plate prior to the test run. Values shown in Table 3 are in weight percent,' _

omitting carbon, oxygen, nitrogen and boron. .



13 Table 3. Elenental Conposition fromEDS Anal ysis of New and Used Cl utch
Pl at es. ELEMENT FLUD NEW A B C D E
F GHS5 PLATE [err] Interpretati of the data obtained in
the tests are as follows: Fluid A shows highly friction-nodified behavior
when new, with the peak 20 torque sonmewhat | ower than the m dpoint dynamc
|torque As this severe testing continues past 4,000 cycles, the static

LSO Lo SO0 ERRRHR R iof HUR DS Al PRk bl 1480 Bl

Per haps 10-15%0 %% frictionmaterial has flaked off. of the pl at es SEM
m cr ogr aphs show a vastly al tered surface vmth chh resi due surroundi ng 25
the fibers of t friction -

substantial |evel greiee@l Ci um (Ca) ~zinc (Zn) th@lwor us ( P) and sul fur

(S), fromcal ciym sul fon T orgate, prgam P Spitep and|suligrized
phosphite. All t hese ¢l abe pr@s Nt ‘abﬁve traceEIe eIFs on tThdg n
top | ayer Of Ph L1 t.hat . hao .nnf o H ]
carbon, oxygen, |hitrsagen]asd.bojon.7 W1 hé nbshesd 3@ ¢

a.t 12 1 V\K% a.n . "~ UaUo GCITOTTT UAT
attack of the fljuid ®n the 8oppd27.of - lz:he45 otempimea | In26 o cRRN8 ©8.Bras8.7

fittings and su%Eeq%nt iincgrgotag i;on 4 nfolthe davel o|pi_n_g_9 aze |Bhg quldiw

! 80
copper (Cu) dom'c{ at eg th yse )I_ate |a£“(§7 %ﬁ‘z’/q Tf',;lol LY ,_32".77.9yvt %ﬁ_gn
I &6 -g—Ate

I'evel in the gl agge—rshrgter—tigmaverage—tor—thrs—group—oforgs;
suggesting t e @ thérndkPyllabrle2shl { ur-tdopoundsl-¥i hedws | prohably=

added to the top|Wamr ‘a3 Weld . |The_deawease.in |sgl4 con (Si) contant —

i ndi ¢t es conceaf MENT_Of [T Or fjgf mat| Sur Fgce- :
. Fe 2.6 --- | 1.7 k8.4 |1.2 3.4 0.6 [3.9 | 2.0

Mg 1.5 et T [N ' :
0.9

15 P |--- 5.8 fh4.8 4.7 Pp1.7 | 2.5 3.8 2.5 [30.5
' Cu - 37.0 k6.9 |8.4 |o.6 |29.7 [18.8 |3.3 117.9
TOTAL| 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Interpretations of the data obtained in the tests are as follows:

Fluid A shows highly friction-modified behavior when new, with the peak
20  torque somewhat lower than the midpoint dynamic torque. As this severe testing
W ' continues 'ﬁast 4,000 cycles, the static friction at low sliding speeds rises as reflected
by the peak torque. The used plates appear very shiny and black with small cracks
in the surface. Perhaps 10-15% of the friction ‘material has flaked off of the plates.
SEM micrdgtaphs show a vastly altered surface with much i'esid_ue surrounding
25 the fibers of the friction material. The new fluid analysis reveals substantial levels
of calcium (Ca), zinc (Zn), phosphorus (P) and sulfur (S), from calcium sulfonate,
zinc oleate, organic 'phbSphités and sulfurized phosphite. All of these elements
are present above trace levels on the new top layer of the glazed plate. Recall
‘that the content calculatlons omit carbon, oxygen, mtrogen and boron Within these

30 * “constraints, however copper (Cu) dommates the used plate at 37 wt%, followed -
by S, 27.7 wt%, Zn at 12.1 wi%, and P at5.8 wt%. This dominance is interpreted

" as chemical attack of the fluid on the copper of the system heating element or brass



5 Fluid B survives about as long as Fluid Ain durability; but ’
generates a different kind of glaze during use. The |arge difference

“bet ween the peak and dynami c torque | evel &§shows this fluid to be the |east
friction-nodified fluid in the group. The new fluid anal ysis shows
phosphorus and sul fur as the major elenents revealing of additive

chem stry. The antiwear additive was detern1ned to be a- 10 sulfurized
phosphat e ster or, amne s . _The,.low |e netals results.dn, a kow
ah Frui . it aggabssriistbincomptaten ioThe deeloPgeited, “Se stifhl e
surface w fhyhehiiaye 1s%1%§oﬁdtlfaﬁ§ﬂv@fh%e £oh €his Wrbss of Faidi! Saidexting tiee ask af shown

by SEM ni crogra hs with |arge areas of fluid-deri ved residue. which is
flattened y mbxmlfys rempeundse Zineisquebably added tothedpplayer@svall. sul f ur

2 2. 4% 288 MIBRARELYSigls b B iphiealls Btbe inehEBE R bAERaPhREG. 29 1.
originap surf acmxﬁa B Isuivivededboue disr16ag i FluithAsinf duriabilitp St genératdshe

hi ghest | evel of -copper, which again_Is apparently renoved by chemi - cal
di ssol uti ofit wmm@grpﬂ%lmdmnaslw hdhedaega 4ﬂ=ﬂi@mceobe@(ﬂenutheu pPeakhandhew

20" ' GRBRARCOREICYA Lk Ria I e SRR Rn b ety 1

tor ques ar grdu?t The séwrtluit ardadysisishoGe physp tmrus bmdsu:lﬁmdslthednajer glememte
m dpoi nt coeffjcient of friction f%h ed at 2,300.cycles. The new fluid
anal ysi s rEvegliag @ﬁ.aéfingﬂ grantivgar addftivenwas determired S dbephi t es,

but The
used o0t SUBLERNPHESEE cSter BF il sk CTRC R IRRPOLmitI0 rdblis B B0 |
very dif f easinfluizip JEze appearhinwnfahamae@ phdte is 4 neixtung of teitereddutdcewich i n
The e ght FBEH: ﬂ%é'r%ﬁfogap?ﬁs?pr?r a1 Bty RBCiedls SBoRm Y SRR oF2BHS o o
or chem calyi!] gﬁ.hd V.’!bh@ed? PhSidEd, vitfich & AdMEerfldPERd WorH € a

torque plot sho st level of friction nodification 30
di mi ni shesomm mlsgdustmemgs copperas ¥6.9%hculfur ati224fmand phaspharus at 34. 8% er

oY oot 3oney VRl or B BRE oS Al BN I dlct iRl BB TEbes o
Wi th the opkighgioé covérage cof theC&ﬁgahﬂt Qirfaceby Raidacavety réstdudluerhiyWiui® areas

in the mcrographs are interpreted
- resulted in the highest level of copper, which again is apparently removed by chemi-

| _cal dissolution. Although Fluid B has the lowest level of sulfur in the new fluid,
it concentrates in the glaze about as much as with the other fluids.

(-n—

20 - Fluid C. After a short break-in period, the peak and midpoint torques are
fairly similar for 1,000 cycles, but quickly diverge. The midpoint coefficient of
friction failed at 2, 300 cycles The new fluid analysis reveals chxeﬂy phosphorus
and sulfur from sulfurized phosphites, but no significant l_evels of metals, therefore
qualifying as low ash. The used plate appeared black and giaze_d. SEM views of -

25 the surface have avery d_iffgrem appéarance than a new piate. The major elements
found in the glaze by EDS are su_lfur, phos_phbrus and iron. This fluid is the only
one .of' the eight resulting in an iron level on the used plate indicative of wear or
chemical attack bn steel With collection ixi the glaze. _ .

Fluid D gave a torque plot showmg a modest level of friction modification
30 which diminishes rapldly during the test. The fallure point was reached after only
- 2,300 cycles. __The used plates have a brown, glass_y glaze. SEM micrographs show

one of the highest deg;ees of change from a new plate, with the original surface



as indicating sites of the nost intense |ocalized heating, wth cooler,
surroundi ng areas bei ng deeper and further away fromthe steel reaction
plate. Qualitative EDS anal ysis reveal s high Il&el s of sulfur and

gphosphor us but noderate zinc. These 5 deconposition products are directly
attributable to the ZDDP in the fluid. The reduction in silicon and cal cium
fromdnew IF;: atg | evel s denonstrates the extensive coverage by fluid-derived
residue..Fluid E. During. frizgtiaon testing, this fliid begins wth .a hi
ogr e6 SEb1 11 ot FormpIRseh PbLIATRiR byresxie, Wilareas i ettt okt teb Beefpiled

The peak 'tor .qUeFS'Lﬂldi&% 1%8{9‘?3‘3%?*;‘3‘ jdiendeidkalfie dt Mt WithCcdord S\arrbhding

drops until failure a The used plates appear black and
shiny. SEM i cr arpasibeing tleéjper ambfurthext awaydfropl the stoelereagtioniplatgl Qualitative

but there is clear| oe resj due surroundi n h di scernable fjbher. D

anal ysi s shows ﬁi@%&ﬂiﬁ‘s %ﬁﬂég‘éﬁi'ﬂgvedﬁoﬁfguﬁgﬁggﬁoﬁﬂ%ﬂ%ﬁ?@ nb%&gﬁﬁzg ¢ THSe

consi stent wist h gt bsmkHaH6n Predidy Gfe dREELCARABELabI® iRl ZDIDP 1 the Guid. The

about the sane as on a new plate as are chlorine, alum num and iéﬁn’ i ndj -
&y

cating that soneeductigninisiliconaadealcumifmaew platederels semonstrgtes teostye
is present as well but thi.s js. | o be minor conpared to the levels
of other additi §3Y5J§$? {%Jﬂﬂﬁggﬁt‘:’#‘gqg%éhl gh |l evel of copper present in the
gl azed surface is notFla@ Bi dufifg richorrestitg, thierfiid bdgins with a high degreeant
formulated in PAOto all ow conpari son between mneral oils, |

whi ch
contain vari ous frictionmadification and destsdopganthan Fiuids A gupugly It Jﬁﬁ@ ing% torque

hydrocar bon,, known_f.or super| L dat i I i1 :

Fricei on redd 26as HFouBhRGIhetes? i Fl iBnR orgiE ity tghS drdfpinfietet 15,000
]ggglr%re’eof T];\ ri ctglcgaef_m?m@maipzlgtea? péék]ebb,md lndLshiﬂyd .| SEM nfibroppdaphsyaf the wsed
i1 ure. e used plates are 25 _ black. an . SEM m h how..
sprrﬁ Zi milariti @latepdisplaysosre indiyidnatiibggs; h&et%?%lé&th%gpgqol%%@ﬁgsgﬁggﬁvdmg

W t econposi ti resi I | s Sdtl :

deposi t od are 1 fach SREb{fiBre e, EER dhelfsjsiigesah 0P CmpOAcds ohithe azed
are hi glhe.r an?htﬂlﬁeftbmwulﬁﬂ_ Vednsistert with the kiown additives; gindreapper.efbeatcalcium
errors | eave ese conparisons suspect. Ov 11, t t fluid 0 qgive.
simlar perfby nagted 1s ahoygdhe same ﬁ%glfl Aiey E)lﬁ{%%ﬁ%@qurfp%gﬁgﬂnﬁﬁ 73“6 rotl, indi-

bl endi ng_thi s a%thggﬁggﬁggag%m BARO 35 Exfdsbii IA ARl AMBERNEY phespLRANEis

residue is due to ackage.
present as well, but this is judged to be minor compared to the levels of other

additive-derived products. The high level of copper present in the glazed surface
is not as high as with Fluids A or B.

20 Fluid F was formulated in PAO to allow comparison between mineral oils,
which may contain various nitrogen and sulfur compounds, and a pure synthetic
hydrocarbon, known for superior oxidative and thermal stability. The friction test
results are very similar to tixose of Fluid E, with the same degree of friction
modification and the same durability, 15,200 cycles to failure. The used plates are

25 black and glazed. SEM micrographs show some similarities to those of Fluid E,
with exposed fibers interspersed with decomposition residue. The levels of silicon
exposed and of sulfur deposited are the same with Fluids E and F. Phosphorus
and calcium levels are higher and the copper level is lower with F, although
measurement errors leave thése comparisons suspect. Overall, these two fluids

30 give similar performance, suggesting no friction durability benefit from blending
this additive system with PAO base fluids. The tendency to leave a residue is due

to the additive.'package.' .



-

Fluid G is a lowash fluid. The noderate | evel of friction nodi fi cation
evident at the beginning of testing is maintained for about 6,000 cycles,
“before a nodest divergence in torque Ieggl s occurs. At the end of 20000
cycles, the mdpoint coefficient of friclion had dropped only 15% The
used' pl ates were bl ackened but 5 not shiny or glazed. By SEM at two
different nmagnificatioens, the plates show a great simlarity to new pl ates
with many individual fibers distinctly visible. There is no discernable
resi-due- ar ound Ritid Giisea $owashfluid. Fhepmodetate dévelhaf firidtioni modifidatiohdt . The
fibers are,, however, cqnsjderably fl attened d worn' fromthe severe

Lesti ng. . SCRDAL e bemnagaf deating s majntaed Far apout 6.0 Syelss, S0 & g
silicon | gy gl ' 'élé&fu.%ﬁh@ Bd 820 'f}x&e%mbﬁﬁted
fluid. The sF%@g‘r:l%é&b%?h?g?%]E‘r’n §su frﬁr ZI %c, Ba'l u’ﬂ??l m_as’ndei o tO new

pl at e - | evedeffictent iof fmctidn baddaipped onlyPti%p Thewsed plateswerd hlackdrsddntti al
additiqQn to the surface alo i th a mi.nor anount..of - copper. The relatively
Sl | 911 Pt Sy el B SRt iRk BRI e ity ShG Plath St aor
testing s gfeeﬁ sithtrity® rdew ﬁratésnlwﬁp g!riatdy%éivﬁiual fibBAVds@tRSsibR. tTiereur f ace

15 of thé friction“material. Fluid H based on .the sane additive package
as Flui d & nouisceonahle gesidue arenmhtheptibersforuothenicomponents| ginthei rictioncosi ty

i ndex i nprover. testi wi.th the, s spread between m dpoint and
peak t o qAEHaL FikhrFate, BBty ctrpiecr B AR SRR nREbPRER oMM Ere) T i ¢
tested. AtdseingZButdstdcliatipes attribitablOfS fhecfhifid ar®€vident. AV Righ silidontleee]l had
decreased by only 4% The used pl ates were, %&glﬁa,_ bl ackened hut not

gl azedO Aindirates theleastcoverage byresiduefgay tesis Fhe simlarity of eagium,

nmechani cal r_.and_nolishi ng. _ - RN Um
sul fur anau}ﬁlgnnﬁg’vg S Ihétglrd yg)ﬁt Edog{eaJr ?s{%et %ﬁsﬁf Fgﬁrﬁ%’%tggé%%%gst a
| ar gel y oPhgiplirusisitheogly sibstamiiiadbitivn o eiecsurfacy long with @ sithex aifiowitd
copper as conpared to Fluid Gdid 25 not affect the friction durability

adver sel y of qoppesd dherelativelyemgtl differencobetween sidpeingapd peak tosaneleselshar nf ul

I P v X e P
Lo f11 ot | QBRI LSl chR (BRARE il BB IR ARG R A |1 1Y
' 15 of the friction material. : - . . .

Fluid H, based 'Qn the same additive package as Fluid G, but formulated
in a PAO base fluid withoiit polymeric viscosity index improver, began testing with
the same spread between midpoint and peak torques as-did Fluid G, and suffered
the smallest change of any fluid tested. After 20,000 cycles, the coefficient of

- 20 dynamicfriction had decreased by only 4%. The used plates were, again, blackened

"' but not glazed. As with Fluid G, the only changes evident by SEM are from o

mechanical wear and polishing. The high level of silicon with calcium, sulfur and

iron levels similar to those resulting from Fluid G suggest a largely original surface.

The somewhat higher level of phosphorus and copper as cOmpéred to Fluid G did

25 not affect the friction durability adversely. The additivé package used in Fluids

- G and H is the least harmful to friction materials during severe testing, and shows
improved: durability on changing the base fluid to PAO. '



The simlar low'levels of sulfur residues for Fluids G and H shows that the
sul fur-containing additives common to both fluids do not deconpose in a
harnful manner. Mneral oils comonly contain 8900 to 4000 ppm of sul fur
but the solvent- refined paraffinic oil contribdtes no nore sulfur to the
clutch plate surface than 5 does PAQ a sul fur-free hydrocarbon. These
iobservations led to the conclusion that sulfur conpounds in solvent-refined

200t vastare T mpl i oA HIAR e e qumiiEFeyies Br ENidk CERl HROR BhEppe
of the signific %ﬂffu*-g&gﬂa@ig% additivie$ cotimon®oBoth Aidd ¥ 6t dBebhifdsé fih @ harmful

testing. 10 ] ses the neasured effects of friction-mdifyin
addi tives in ATkeamer. Mineradl silscommonheoptaind 009 toeA 0 ppamofsulfus byt thresobient-

The durability of .the initial frictional profile.vari 0 |

degr eg of | clha%géegﬂ? 8IF"B"IEf IIBEF ?ILG‘I”&tIriPPfﬁ ‘b‘?g{oélg .suﬁ’é t%ﬁiea{;lg}’cﬁ{ ﬁ@kés( ﬁ'\é\fffél%’e{&%
alteration ui ) PORTHEH. : d dlesth lusi
alteration f? ac&(%rsrgé%?[eglégy“ _?getbgf}' ddur a%ﬁﬁeiééﬁgfdggatgﬁg H)e. §5con_?_r1]1;§[on

changes occur orthatsalfuri compoungisrin solrentrrefinest minerah eils dpiaat| dgpgsitsybstantial

denonstrated by Low Vel oci.t riction .at us (LVFE :

fluids. Al shovﬁs&\gf‘Fﬁ H{ﬁﬁ%yﬁﬁgdﬁ?‘é’g ﬂeég&ﬁf{&%sa%?éﬁfpé ?@§%%£F%°§gh lﬁgfvﬁ’d
fluids. To rul e etabidebflcpositiohiof thexighifieanitdarsisiof sulfur ba the theeteplaess during
between fluids or changes in durability other used fluid analyses were

per formed. Virtuhis tgstiag.20 changes in | R absorbance at 1723 [err] or in
the total acid nunbery (T, _ [ Dt e i« Ny hhRival il QCrEy
nor g hours aw][ err], It%@f?"‘?ege‘hg rg\%ss%%ggffg& s‘?gﬁu 1|ﬁ(1:an dléﬁ?%g?{m(}r‘{.g : \l/l\%

concldde that t hgedhmaristest b} dHaggesretheheich pratosiinfades. The dueability of the initial
deconposition of additives on the hot friction surfa

. es. Te rat ures r
measured at t he fristional profile vanigscinversely with: the degreg) ng’]éa% § rﬁ‘i g% ﬂ?ﬁffﬂﬁ“&
t hi ckness durin s | .d . By i
adequate to est g‘?)lﬁgsgh g’;"r gil\/\%t&{ #Hr% %ixr?@re aﬁ?ﬁé@%‘?@f‘?‘ é‘](j:ggkp g{r;rki) alt) ?gé sgl&rr}gfej the
t he tenperat ur e wiehll lifeol ess altérationds ackdnipmred by bettehdumabilitydFluids Ghand H).

center of the_cooler reaction plate where the thernocpuple is |ocated..
Bet ween cycl &8 5Ehainghanges pcqur ony the Ictop$rages and, 2ot 11g, Fsl']e. %\@fﬁﬂ%ﬁuﬁ”ﬁs

F, the tenperat ugg, 30 1ag . i6) AlpparatiO(IVEAS fiMasureitents én dseli
Cat cycles 4000 (?%n 16}:15&%%]6}1&3% erg%lﬁﬁr{ep\?gﬁsus.( ti rre;duri%gssi ngle .

engagenents of tfieidsesll siiawedrictionFnoidifipatiorecharaeteriatitsccamparablestooraye flids.
the syst em The maxi mf’g]rhfeng&rfﬁ}ig ro?cidation as the reason for the differences between fluids

or changes in durability other used fluid analyses were performed. Virtually no

20 changes in IR absorbance at 1723 ecm™ or in the total acid number (TAN) were
observed in the fluids. In spite of 100 or more hours at 105 °C, there is no evidence
of significant oxidation. We conclude that the observed differences are due only
to thermal decomposition of additives on the hot friction surfaces.

Temperatures were measured at the center of an inner steel reaction plate

25 of 1.78 mm thickness during runs of two fluids, A and F. This method was

. considered adequate to establish a lower limit for the interface temperature, since
the'temperature will drop as the heat diffuses from the surface to the center of
the cooler reaction plate where the thermocouple is located. Between cycles 55
and 100 of Fluid A the temp_:éfature was 364°C. With Fluid F, the temperature

30 was 320-324° Cbetween cycles 100 and 2000, and 331-334 ° C at cycles 4000 to 4016.

Plots of temperature versus time during single engagements of the test with Fluid

F displayed the rapid time response of the system. The maximum temperature



I's generated during the 0.8 second of engagenent, and then exponenti al -
cooling is observed until the applied preisure Is rel eased. Cooling occurs
“Wth a different exponential rate until e clutch pack begins spinning for
t he next engagenent which brings the tenperature down to the bulk fluid
tenperature of [err] 5 [I'lustrative |lubricant and functional fluid
conposi tions suitable for use in the practice of this invention are

presented in the foI | OWI n anpl es_wherein all parts and percentages are
by ‘viei ght . iST&enesateg; gnw 8$geendhphERgAgEHANL md mrhemmﬁrai Gao

boron and i%%du me at .
No. 4,857, Iﬁéﬁgﬁ ot %ﬁh?‘ iﬁﬁﬁérjgﬁg{]éag gt e pr efl eHr) gfe?‘cnp
conposi ti orexpmxmmngl mt¢ hotil thelchuch packfbegin splmmgaﬁordné nbamga:gdmer(t@vlgjch 100
ol vent ne tral neral i | th a it err or

PAC. based Pringsdhe ssgperatugs dow 46 the fitl - fmporerze HABS G o ©

avai |l ablse from é,g@a and
20% of dii sodec?lﬁ%&z}%@gi’%%hggng ﬂ%%ﬁﬂﬁgg&Pg%M ?w an%egg% é?é:g? but yl
15 - pht hal ahepramwmsmveﬁmnrqte peesented in the following Examples whereinfadl 1
EX 77% 3 ﬁuz'ts épﬁ@ﬁﬁcgqtqge‘%‘f?? won %h%\s,H]g !5,31},95'0 t(?trni'fjl sugcipimide @%7 1 bogh 772

0.10 20 Slﬂhbi}%dﬂli 8Ad &9FdA and is formed substantxall? aégescntﬂd‘iﬁ Examplé‘l& 85 o

H TEC[err] 314 additive _

Ant i f oam ad#t Pat. No. 4,857,214, 0. 06 o 06 ' o 06 0. 06 :
lglzlig%al tjﬁ'l\/;l 38L (ﬁraMples 1 through 4 1llbstfge prgtgn@g com;ﬁ)sg;oons ustpg(fgﬂ%g%g)@gph

aci d refmed xmneral oil base ditsQe.g., 100-s8fven? nehtral mindtal &2 Wikh E/hskﬁm R%
0. 05 0.05 Pluronic L-81 (RT

0.01 . 0 @1 100° @ o@j cfit)z o PAQ-pased fluids (e.g., gl blend of 80% E'I'HYUJEBOp PAO
02055 —flui&-evaflable from Ethyl Corporauon - with a wscosuy %t 100 ‘Cof4 Cst amP 3

20% of diisodecyl adipate; or 95% of ETHYLFLO 4 PAO fluid and 5% of dlbutyl
15 phthalate) :

EXAMPLES 1-4

- Components o _ Ex. 1 - Ex. 2 Ex. 3 Ex. 4
P- & B-contg ashless dispersant 3.772 3.772 3.772 3.772
' Ethomeen T-12 (RTm) 0.10  0.10 0.10 0.10
20 Sul-Perm 10S (RTm) 0.48 0.48 - =\
HiTEC® 314 additive 0.04 0.04  0.04 0.04
Antifoam agent _ 0.06 0.06 0.06 0.06
‘Naugalube 438L'('€T“') 0.26  0.26 . 0.26 0.26
‘oroa 216c (ATm) 0.05 0,05  0.05  0.05
25 Octanoic acid 0.05 - 0.05 - 0.05  0.05
Tomah PA-14 l'(“") 0.05  0.05 _ 0.05  0.0S
Pluronic L-81 {R'Tm) 0.01  0.01  0.01  0.01
Mazawet 77 0.05 - 0.05 -
PC 1244 0.03 - 0.03 -
30 Diluent oil _ 1.76 1.84 2.24 2.32
TC 9825 or TLA 5010 3.50 3.50 3.50 3.50



30 Diluent oil ' 1.76 1.84 2.24 2.32 TC
9825 or TLA 5010 - 3.50 - 3.50 3.50 3.50 Exanpl es
5 through 8 illustrate preferred additive packaﬁ%s especially suitable for
use in hydrocracked mneral oil base oils (e.g., 100 neutral mneral oi
with a viscosity at [err] of 4 Cst). EXAMPLES 5-6 5 Conponents

Ex. 5 Ex. 6 Ex. 7 Ex. 8 P- & B-contg ashl ess dispersant 3.772

8' IZ)Z & zZ)ZSuI BPZZﬁhJ;t hoEr%eg t];rough 8 illustrate prefetd*eqlétddmbe Eégkages eéb%cxally

-- HTECerr] 3liiamMié oV fse in hydrocracked mmeﬁthﬂl base001%4(e 8., 1004heutrad mihetsl

Ant i f oam agent 0. 06 0. 06 Naugal ube
438L oil with a.viscogityat 100t¢2164 CSt()L 26 0.26 OLOA 216C

0. 05 0. 05 0. 05 0. 05 octanoic acid 0. 05

0. 05 0. 05 0. 05 Tormah PA-14 ' 0. 05 0. 05

0. 05 0.05 15 Pluronic L-81 EXAMPLES Z-3 0.01 0.01 0.01
toas o co"et &7 conponents D003 ) Exgipy Ex 8 PUEx.a Ene
1.76 1.84 P2 g4B-comtg32shipasclismersARERTM) 3-772  3.772 3.332 %.'O'b?
2. 00 -2.00 ZOEt]iGmQSRBr-OIz TLA 5010 0.10 3.8010 3..600 30500
3.50 Exanples 9 t_\lli g dfsillustrate preferred aggigti vegpagkages.— _—
especially suitab or use i n PAO based fluids containing no viscosity

i ndex i nprover FEETECT 314|addidre80% of ETHYLFLO & ¥A0 PPl -- %ldi | abPe?
from Et hyl CH penxtifoam-agemtt h a viscosity at [erd]oeof 60386 and-28% of 0.06

di i sodecyl adi pafa@gadubb eibi0f 95% 25 of ETHYLRLQH PAQ, $éuid and 5% of2s
di butyl pht hal at %tA JqLgnd of 85% of ETHYLFLO 6 PAQS| u.p a0d 15%6 o on
e;

di -n-octyl pht hal bI end of 95% of ETHYLFLO ‘8 F’AO f UI d -- ava| I abI e
from Et hyl Corpcﬂcé:taln@ﬂc acifth a viscosity 05 -05
Tomah PA-14 0.05 0.05 = 0.05 0.05
15 Pluronic L-81 0.01 0.01 0.01 0.01
Mazawet 77 0.0S -~ 0.05 ——
PC 1244 0.03 - 0.03 = ==
Diluent oil 1.76 1.84 2.24 2.32
panasol aN-3N (RTm) 2.00 2.00 2.00 2.00
20 TC 9825 or TLA 5010 3 3.50 3.50

.50 3.50

Examples 9 through 12 illustrate preferred additive packages especially
suitable for use in PAO-based fluids containing no viscosity index improver (e.g.,
a blend of 80% of ETHYLFLO 6 PAO fluid -- available from Ethyl Corporation -
- with a viscosity at 100° C of 6 Cst and 20% of diisodecyl adipate; a blend of 95%
25 of ETHYLFLO 6 PAO fluid and 5% of dibutyl phthalate; a blend of 85% of
"ETHYLFLO 6 PAO fluid and 15% of di-n-octyl phthalate; a blend of 95% of
ETHYLFLO 8 PAO fluid -- available from Ethyl Corporation -- with a viscosity
-at 100°C of 8 Cst and 5% of dibutyl phthalate; or a blend of 80% of ETHYLFLO
8 PAO fluid and 20% of diisodecyl adipate).



at [err] of 8 Cst and 5% of dibutyl phthalate; or a blend of 80% of -

ETHYLFLO 8 PAO fluid and 20% of diisodecyl adipate). 20 EXAMPLES 9-12
“Conponent s : EXg%% Ex. 10 Ex. 11 Ex. 12 P- &
B-cont g ashl ess di spersant 3.772 A72  3.772 3. 772 Et honeen
T-12 0.10 0.10 0.10 0.10 5 Sul -Perm | CS
0.48 0. 48 - - -- HTEC[err] 314 additive

0. 04 0. 04 0. 04 0.04 Antifoam agent - 0~06

0. 06" o 06  0.06 Naugal ube 438[EXAMPLES 9-12 = - 0.26 @26

0. 26 %@6C 0.0

0.05 10 %anmc aci d | EBx. 9 6%“15—0%%—— 0—%‘:‘;E

0. 05 Tomah F5A 1 -contg ashless dlspersant 03..(75—;2 8- HE2 337038 39715

Pl uroni ¢ LEg§homeen T-12 _ 0.01 0.1® 01 o0.16. 01 0.100. 010 Mar avnet
77 5 Sul-Perm 10S 0 05 - o. 483- 050,43 . RC 1244 I

0. 03 . ® In accor ance W th conventiona
practi ce, varFSuspl{)%edrdlﬁﬁ‘éﬁn corrponent s car ¢ prege?ﬁ in%R& ol eAfl%ous

conposi t i oASTEAOYP o provide the propertd-@$ engender ed hpéuse @fossuch
known addi Neugslubdéausssany additive can be inglagded 9246 ong oaiés( a) dlxd S

conpat i bl eowpohh2péel sol uble or at |east capgplg of §x6§t| ng 3 05
shel f-stable, dis erS|on in the finished ol eagi nous uid conp05|t|on (b)

it doell 20°FFABPIE A bute to the presence B®5more®t®an 166%8pm - %t al
in the finiToRal Bhekgi nous | qui d conposi tidnosand ¢c9sit does noto.os
adversel y aitieehid hp-aui scometrics or stabilidyidesigegh in the,finishgd
ol eagi nous yGoOPESi44 on or otherw se adverselo?/ i_npair_the perfor mance ofJe
fini shed conposition. Described below are i 19" ®strative exafpPes of the
types of c8fvéftfonal 25 additives that ar%e9ften enpl oy@dotn the--
| ubricant or functional fluid corrposi t i ons Seal perfor mance (el ast oner
conpatibility) ipprovers sucfi_l di ester
15 accordance wit convennon ractlce various other known components
 canbe present in the oleaginous compositions in order to provide the properties
engendered by use of such known additives. Thus any additive can be included
so long as (a) it is compatible with and soluble or at least capable of existing as
a shelf-stable dispersion in the finished oleaginous liquid compositibn, (b) it does
.20 not contribute to the presence of more than 100 ppm of metal in the finished
oleaginous liquid composition, and (¢) it does not adversely affect the viscometrics
or stability desired in the finished oleaginous composition or otherwise adversely
impair the performance of the finished composition. : : W
Described below are illustrative examples of the types of conventional
25  additives that are often employed in the lubricant or functional fluid compositions.
Seal performance (elastomer compatibility) improvers such as dialkyl diesters
typified by (a) the adipates, azelates, and sebacates of C;-C,; alkanols (or mixtures
-thereof), and (b) the phthalates of C,-C,; alkanols (or mixtures thereof), or
combinations of (2) and (b) are often used.  Examples of such materials include
30  the n-octyl, 2-ethylhexyl, isodecyl, and tridecyl diesters of adipic acid, azelaic acid,
and sebacic acid, and the n-butyl, isobutyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, and tridecyl diesters of phthalic acid. Also useful are aromatic .
hydrocarbons of suitable v1scosny su h as Panasol AN-3N; products such as Lubrizol (2T M)

730; polyol esters such as Emery 2935 2936, and 2939 esters from the Emery Group



typified by (a) the adipates, azelates, and sebacates of [err] al kanols (or
m xtures thereof), and (b) the phthalates of [err] alkanols (or m xtures

t hereof), or conbinations of (a) and (b) are af{en used. Exanples of such
materi al s include 30 the n-octyl, 2-ethyl hexyl, isodecyl, and tridecyl

.di esters of adipic acid, azelaic acid and sebacic acid,,and t he n-butyl,

éisobutyl pentyl, hexyl, heptyl, octyl decyl, undecyl, dodecyl, and
1@%

‘tridecyl diesters Ofgfht hal i C aCl @uggg %@% 29335 g%ﬁ}c%?

of suitable viscete

(Arm 730; polyo ??*‘f‘lgfgf&“ 2936, and 2939 esters from
the Enery G oup A3ﬁ§éa¥€ln poratlon rybd Hat col (RTM 2352, 2962, 2925,
2938, 2939, 2970, 3178he amhpéﬁﬁﬁnpniay@bnwnene oﬂ'rlmnelmm@mda@wpmgatqmmr Iore

conposi tions may con .al n_one, nore anti oxi dants

phenol i ¢ ant i oxi ‘sarr???én%tth‘i i m‘&an?%"o’%%%ﬁu H’Z‘H"Bﬁéngpf‘%o%c
ant i oxi dants, San&tﬁxﬂﬁﬁtscaﬂh clphdsplafEsHinérg Whers. Exaniples indlidd 2)64di-tert-bu-
2,6-di-tert- bu- tyl phenol | uid 'm xtures of rtiary butylated phenols,

2,6-di - tert-buttylphenoh ﬂionaid nmttemslof tertiary butylated phenols, 2,6-di- tert-butyl-4-methyl-

4, 4' hyl bi but

2. 2 - mot hyl enebi SRk Ebleasti 8RS bwipenod, 22 metulonsistmetivhgert
pol yal kyl ~ phenol Sutylp Hendwlxﬁﬁkea (rdethflchi bridgédipRilyalkylipheBBR4) |4)-th10bls$2-methyl-
N, N -di -sec- butyl-p- | enedi am he, 4-isopropylam nodi - 10 phenyl am ne

phenyl - [ er r] - napié-ieyt- &MP‘EHOBHH,EhWC- PP@'J'IP]'PW nediamiset-isopsepydaminodi-

oi 's. Exanpl 401 BT ARPEptefotiaeRRT Ak AL, bid bReddFnsthbConid. 70T
talINeil fatty acids, C@h@sibnélﬁhﬂntoks surhptise :&ibtliertgpebfleoﬁxtﬂ(m adalimﬁs‘ea inthe

this type cur- rently ayvailable fromvarious commercial sources,
the dimer and trfinished gils. xagmples inluderimergad FN@FRERE&%“&BW F

Humco Chem cal Dy ?zﬂtgpacl){g toﬁa&%ﬁmﬁﬁla?géﬂoB?Eﬁé)ﬂk@“ﬂﬁb%I o s | ngﬁf@?ur-

trademar k by Errery use cdrrosionin
the al-kenyl succietitly aaildblnftoml arils comumerdial soningedy irbbudeotireodimer and trimer

Lot 1 apr Speny S ads Eod e e, HY STRINEDRGHe R by ate, Birlco Chemical Division

tetradecenyl succl, pﬂ:ﬁé’?
hexadecenyl succi n?gﬁgéhyg?ﬂ%ﬁ@dﬂﬁgrgugg H%g%&lté e est ers%g?’m?rl‘(,en
succi ni ¢ aci ds heals.nQtlertusefd comosion irdtibinsrsiincludée the alkenyl succinic acid and alkenyl

succinic anhydride corrosion inhibitors such as, for example, tetrapropenylsuccinic
acid, tetrapropenylsuccinic anhydride, tetradecenylsuccinic acid, tetradecenylsuccinic
20 anhydride, hexadecenylsuccinic acid, and hexadecenylsuccinic anhydride. Also useful
are the half esters of alkenyl succinic acids having 8 to 24 carbon atoms in the
. alkeny_l group with alcohols such as the polyglycols. Other suitable corrosion
~ inhibitors. include ether amines; acid phosphates; amines; polyethoxylated
‘compounds such as ethoxylated amines, ethoxylated phenols, and ethoxylated

25 alcohols; imidazolines; and aminosuccinic acids or derivatives thereof.
. Foam inhibitors are likewise typically used in the finished oils. These include

- . silicones, polyacrylates, surfactants.



al kenyl group with al cohols such as the polyglycols. Oher suitable -
corrosion inhibitors include ether am nes; acid phosphates; am nes;

ol yet hoxyl at ed conpounds such as et honyaT«ed am nes, ethoxyl ated phenol s,
and et hoxylated 25 al cohols; imdazolines; and am nosuccinic acids or
derivatives thereof. Foaminhibitors are |ikew se typically used in the
finished oils. These include silicones, polyacrylates, surfactants. 22
Copper corrosion inhibitors constitute another class of additives oftken use
in the fini shed @opper cetrobiondnhibitarsconsidtuteianathenclasswf additives siften usday

t hi adi azol es | es.,of .such co unds L hcl.ude benzotriazple, .. =,
tolyltriazof g,’eEﬁgirFTB?(fﬂl%z%"f- ’co&ﬁnﬁﬁ fréélb(?ee&u?ft?. t Wﬁ% thiddigzgles, ; o
benzot hi az @xampledof i@ eaRpbuAdslinttudebénzobriazbié Zolyitriazole, octyltriazole,

2- mer capt o- 5- hydr ocar byl t hi 0- 1, 3, 4-t hi adi azol es, 2-rier capt o- 5-"hydr ocar byl -
di t hi o-1, 3,Mqlmaaqleazlodw!m@c&e,tﬁ-@(ammoobmshlma;)zs-@m,maptmlaﬁh

~€S,

can oo deosiaeliey Bl cdio’) fa e Re aSfercablock hplobifvk O °
al i phat i ¢ idithio:18p4-thiadiadeles, 28-bis{taidrecasbyltiris) p-tadiazoles, antat S-bidp

carboxylic esters, aliphatic car boxyfl i c ester-am des, aliphatic
phosphonat dwdrogarbyldithie)p hddnthiadiazoles. i phati ¢ t hi ophosphonat es, and

al i phatic thiop t : ' | ' ( taihns
above eight car Eﬁéﬁa Or?&édgﬁg?géﬁ{%e '?%?dgéhtp%gﬁgglﬁgéu lnﬁ%&ﬁ@ﬁ | ubl e.
Al so sui t alpbatiarsmines,paliphaticstauyt adid tagnidss) caliphatic deabdyliveseity, dlffaticng . one
or nore aliphati¢ succinj¢ acids or, anhydrides wiith 15 anmmoni a.

Met al - céht SAFhorglicesters aliphatic carhodic estet-amidesnalinhatis phesphonatasnaliphatis: es,)

cal ci um sul i | . HOWRN el @S

not e:juabg\ljg,h QI agtgs,g.lff? H@%ﬁ%@ﬁ%ﬁ?ﬁ%@?&%@gﬁ%ﬁ% t_Sr’ su\fgfcl)lntg? eis

used it shaliptiatie goowp astallyneshtains aboketeightecarbon abemls fsbudsdtac perider ntheno

nmore than 100 m.of . net al.,, apd preferably.no nore than 50 ppm of

metal . Sti[PTHH A spis ﬁé‘ﬁ?ﬁ‘%%a(&gegwtﬂge ‘“eégﬁlanfﬁegﬂﬂgtqqﬁ?#@‘weégent s

such as sulthithéd Gy téictingSend Wr! ddfe labipRafiv sG@nictadté dr Rtpdtites' WA and

sul fur-lbsrl dged pf;enol S : ~ o - o
o ammonia. : : :

Metal-containing detergents such as calcium phenates, magnesium phenates,
calcium sulfonates, magnesium sulfonates can also be used. However, as noted
above, if an oil-soluble or oil-dispersible phenate or sulfonate is used it should be
proportioned such that the finished fluid contains no more than 100 ppm of metal,

20 and preferably no more than 50 ppm of metal.

Still other components that can be present include lubricify agents such as W,
sulfurized fats, sulfurized isobutylene, dialkyl polysulfides, and suifur-bridged phenols
such as nonylphenol polysulfide. Dyes, pour point depressants, viscosity index
improvers, air release agents, and many other known types of additives can also

25 be included in the finished oil compositions used in the practice of this invention.

In selecting any of the foregoing optional additives, it is of course important
to ensure that the selected COmpbnent(s) are soluble or stably dispersible in the
oleaginous liquid, are compatible with the other'componehts of the composition,
and do not interfere significa:ixﬂy with the propertiés, such as the viscosity and/or

30 shear stability properties, desired in the overall finished oleaginous composition. .

In general, the additive components are employed in the oleaginous liquids

.in minor amounts sufficient to improve the .performance characteristics and



sucth as nonyl phenol polysul fide. Dyes, pour point depressants, viscosity

i ndex i nprovers, air release agents, and nany other known types of
additives can also 25 be included in the finisBdd oil conpositions used in
the practice of this invention. In selecting any of the foregoing optional
additives, it is of course inportant to ensure that the sel ected
conponent (s) are soluble or stably dispersible in the ol eagi nous |iquid, :
are conpatible with the ather .conpp s of the masition, and do no

i nt er f erlefsi gni fATCRERLIES Q%itgﬁ' HB*‘QS&’? ?E‘Q“n%%’ﬁfﬁjst%@' n éﬁ%&%‘}‘%ﬂt};‘é}m
30 shear stabi 'fh&%r%.f’l?ﬁé Wistasit/ Rdraliiristicd BE thY Pasd ffuld %hghsgedeltﬂegﬁwrﬁy
conposition. In general, the additive conponents are enployed 1n the

ol eagi nous | i quiakaracternistiosrdesired it she dinisheidefluid; the sqrvice econkditionscfor ovhiain ¢he

h teristi ti f. th flui,d. Th | ts, W)l .th
PN T ST R CMEE R T SR
the base fluigl eﬂﬁihp%qvbﬂ%ehbﬁél@_%gké{kiﬁ FhaTh R | oRcEIRPAtGHL (WeightDercent)

finished fluid, the service conditions for which the finished fluid i's-
i nt ended,  and t i thercompanents (active dngnedismts)sindbei base fhuids Are {llusirarize: 5
fluid. However, generally speaking, the follow ng concentrations (weight
percent) of the conponents (active ingredients) g#ilche base f1 ui dprferred

illustrative: Typical Preferred Ranceange Raramge
P- cont ai ni ng di spersant 0.2 - 15 0.5 - 510
Seal performanc®-ceptadiming dispersant ( - 30 0.2 - 15 -2 - 20 9.5 -5
Ant i oxi dant orf . ver 0 7 1 o - 30 0.25 - 1, _ 59
Corriosj on i nH? biSEgt performance improvey — g 0.01 - 0.1 Poam
i nhi br't or Antioxidant 0 - 0.01 0.9Q0% - 0.005 Copper.2s ~ 1
corrosion inhibitor 0- 0.5 : 0.01 - 0.05 15 Friction
modi fier Corrosion inhibiftor 1 . ©.9%.5 0.5 Lubricidlagefil
0- 1.5 0.5 - 1 Viscosity index inprover - 0.-
0 - 4 Dye Foam inhibitor Y s 0B 0-01 0. 91%% ¢ 83‘3‘}‘9
Al though addi ti ves, SUCH, A% S nERidgNed abovey MRy, he included,o fdie- o.0s
: 15 Friction modifier 0 -1 0.05 - 0.5
Lubricity agent o 0 - 1.5 0.5 - 1
' viscosity index improver 0 - 10 : 0 -4
Dye | "0 - 0.05 ~ 0.015 - 0.035

Although additives such as those mentioned above may be included, the
U 20 - only requirements as regards the oil are that the oil must contain a phosphorus-
containing dispersant which optionally (and preferably but not necessarily) also
contains boron, and that the oil composition be suitable for its intended usage.
The remainder of the components in the finished oil of lubricating viscosity are
matters well within the skill and expertise of lubricant manufacturers and their addi-

25 tive suppliers.
It will be appreciated that the individual components can be separately
~ blended into the base fluid or can be blended therein in various subcombinations,
if desired. Ordinarily, the palfticular sequence of such blending steps is not critical.
Moreover, such components can be blended in the form of separate solutions in
30  adiluent. Itis preferable, however, to blend the components used in the form of

an additive concentrate such as the HITEC® 410 and 420 series of additives of Ethyl



20 only requirenents as regards the oil are that the oil nust contain a ~
phosphorus= contai ni ng di spersant which oRtionally (and preferably but not
“necessarily) also contains boron, and tha he oil conposition be suitable
for its intended usage. The renmi nder of the conponents in the finished oi
of lubricating viscosity are matters well within the skill and expertise of
| ubricant manufacturers and their addi- 25 tive suppliers. It wll be
appreci ated that the individual conponents can be_separately bl endege nto
the base fPefroleym AdditivesplnsnaeBaranoxA43 additiey pHExxan bhemiralComp

desired. quane o S -not
critical. Cﬁ%ﬁ%\‘/’i’a&r bwﬁnﬁl) gﬁpo?tseﬁﬁﬁsplcan g& &1 éﬁe% ({bé}{;ﬁgﬂ%’g&%ﬁ% zle‘!f)ar ate
sol uti ons Jikelikdod of blenditig ertdrs, shdnakdseidvhrage bOR\OmMp atubxmteﬁd sblability
conponents used in the formof an additive concentrate such as the

Hi TEC[ er r | chagactgrigticsrafforded dy the avemll coreenyratest hy | Pet rol eum Addi ti ves,

ety o1 AL I b KGroBbinE 8L ORAL et SR NOREY RTRA sl ' o

bl endi ng edeneé shatahd cb ﬁigbﬁ ﬂdﬁﬁqﬁe%ﬂﬁn Gbs tsmcmvﬁomwitym yh@sb:leaeh Wake i ty

characteri ‘i}l CS afforpl t he overall concentrate. used in -
the foregd®hit Qtsﬂtaérqwmmtm%mes%amm@n@tmge t hat

the conpo to@ﬁ. w&{evet gt tt?ﬁgg @Mtdé&lé&th@%eﬁﬁts%t&ﬂcpase

oil in orde eln a y tenperatures t

concent r at foo mlnd:h theaxkditivelis uselde rﬂrekmbly;élowemmﬂmsohrhmh!ytaf stichocompopent ed t o
achiev the r eff, for which _the additive is used. Preferably,
noveverd' (RdhEgFinsied base il ke T sigera o ds Ry cougsitatn, suB088 | o |

be in excegﬁr@fls %CFE@JEM ek Qﬁé‘tcbgﬁioﬁ@m %Et%ﬁ’%lﬂg 1hhﬁ1'ee aPP in all

requi renent that the Conponent e soluble 1n th ase ol
propor t i onpropastionsyaAsiscgands therterri 601l-dd;psmbls'|‘ lt)hmﬁb skilleakin thklalrt ae well t he

art are wel | re that c ful addi o not, c t el dlssolve
" base o Peaiiafeartiin usetul Ve Jomes SoBplarels QiR ah bis s Hug g

di sper si ongreividet g tivd tomgflssam@&ts@eﬂs;aﬂs éédxsﬁé@tangtﬁﬂerﬁﬁcbﬂé%ﬁth&ﬁﬁg of. can
al so be_enployed in the practice of this invention provided such oils do

not si &di fsushrdispersed additives of can alpe bp emipleyadhinghe practideof thisinyéntion:
conposi ti o R Vneh ol 8% ndt SiefiTRbONS e FersSuR e [ bt marlce of uBLGREEP! ©

of the composition in which they are employed. Given a choice, it is preferable

to use any oil in which all components thereof are oil-soluble, but this is not a

requirement in the practice of this invention.
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to use any oil in which all conponents thereof are-qil-soluble, but this is
not a requirenent. in the practice .of this invention. CLAIMS 1. In

combi nation, friction means having at |least 5 one friction surface in
contact with an oil-based |ubricant and/or functional

‘'surface conprising at |east 10 percent by wei of fi brlmﬂler"l‘“ m ;"E
‘conprising a fiber-form ng | ong-chain synthetic polyam de i waic ~ast
85% of the am de |linkages arg attached 10 directly.to two aromatic rings,
sai d oi kebased. | ubri cant and/or functional fluid cont ai ning a mnor anount
of at |least one oil-soluble or oil-dispersible netal-free :
phosphor.us- cont ai ni ng dlspersant 15 cr2IMs A conbination according to
claiml1l wherein said friction neans conprises at |east one clutch plate or
ring operatively encased within an automatic transm ssion; wherein said
surface is conprised of at |east 15 percent by weight of fibrous aramd

pol ymer; wherein sai d surfraceonsiidtion ; hex icoim i seansfhéuinganti tehste
filler, (b) fibrous and/or particulate glass, and (c) at |east one

pol yrer i sed 5 esine i tniten | swhPaee nis acontadt bekell anbeitahasgddivbricant
functional fluid is a fornmulated automatic transm ssion fluid; and wherein
sai d d|spersanmndyqxwﬁnmgxmbnﬁlaflmhésts@gdoﬁél%ﬁbéphﬁPE§a€8nF&PRFﬁ§1ng

al kenyl succinim de of an al kyl ene pol yam n 3. conbi, atlg
according to maﬁrﬁqastggépgr@ﬁ@t by welght ‘of flbrous araml olymer

comprising a fiber-forming long-chain synthetlc polyamide

o in which af_least 85% 6f the amide linkages are attached

10 directly to two argmétic rings, .said oil-based lubricant
and/or functi§nél fluid containing a minor amount of at

least one oil-soluble or oil-dispersible meta;-free'

phosphorus-containing dispersant.

15 2. .A combination according to claim 1 wherein said
friction méans ¢omprises at least one clutch plate or ring
operatively encased within an automatic transmission;

U ‘wherein said surface is comprised of at least 15 percent by
weight of fibrous aramid polymer; wherein said surface is

20 further comprised of (a) particulate filler, (b) fibrous
and/or particulaté glass, and (c) at least one polymerised
resinous binder; wherein said oil-based lubricant and/or
functional fluid is a formulated automaﬁic transmission
fluid; and wherein said dispersant is comprised of at least

25 one phosphbrus—contaiﬁing alkenyl succinimide of an |

alkylene polyanine.
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fibrous aranid polymer is poly(p-phenyl enet ere—phthatamde). 5 4. A-
conbi nati on according to claim3 wherein said fr]cti npri ses at
| east one clutch plate or ring operatively enci\“‘ﬁ\}ﬂ@‘“ﬁﬁ““ﬂt omatic
transm ssion; wherein said surface is cogrcﬁi sedoT ¢ sl ¢ at* | east 20

rep

percent by wei ght of poly(p-phenylenete thalam de) in 10 the form of
fibers or fibrils, (b) particulate filler, (c) fibrous and/or particulate

glass, and (d) jone or JBHK Al I TdRRAJieY T TIRING W12 She SaRd.
conponents (a), (b), and (c) being held in place at |least in part byggfid

conponent £ #hyrocush &r@in & Pl yaldr Gas esbilwiy gty lanét@irel 5. f uncti onal ™ Tl ui d
Is a fornmul ated automatic transm ssion fluid;, and wherein said di spersant
I's conpri phthafl aiidedast one phosphorus-containing al kenyl succini m de of
an al kyl ene pol yam ne. 20 . 5. In an automatic transm ssion which

I ncludes an automatic transmssion fluid, and at |east one nenber having a
friction surface engageabl e by another surface, at |east a portion of said
fricti &n surfade cod mpubimnatdom aaconding diad dladim dwwheregpesatdon of
said 25 transm ssion, the inprovenent pursuant tqQ which (i) said friction
surface i §TécHieseesmsacquasiser) JlerEaftt Bpans lgchPle BT oERIf i br ous

P
aram d pol yners,, cQnprisin fiher-formng | ong-chain synthetic pol yam de
in whi ch Peratiyedy @%atﬁgeqal’f@ iTH &N ﬁ‘r‘&%}@&’g’r é“%ﬁ“ﬁé‘tlﬁ%‘ﬂl?ﬂ;r ectly to two

aromatic rings,, and.(ji) said transmssion fluid,conpryses | of . amount
of oil of Wh’ﬁ%ﬁlé’atsi%g‘j \ﬁ) 1S y-S PP TSRS °§ﬁn@ﬁt B, ot RSty 180
O'l-SO|Ub£%r%%%%|EE[%%ighp of poly(p-phenyleneterephthalamide) in

10 the form of fibers or fibrils, (b) particuléte.filler, (c) i
fibrous ahd/or particu;ate glass, and (d) one or more
polymefised resinous binding materials,ISaid compénents
(a), (b); and (cf being held in place at least in part by
said cémponent (d) ; wherein said oil-based lubficant and/or

15 functional fluid is a formulated automatic transmission
fluid; and whérein said dispersanﬁ is cémprised of at least
one phosphorus-containing alkenyl suééiﬁimide of an

alkylene polyamine.

20. - 5. In an automatic transmissionlwhich includes an
automatic transmission fluia, and at least one member
having a friction surfacé engageable by another surface, at
least.a portion'of'said friction surface'coming into
contact with said fluid during operation of said

25 transmission,_the impgovement pufsuant'to which (i) said
friction surféce is composed of at least 10 pefcent by
weight of Qne-or more fibrous aramid polymérs, comprising a

fiber-forming léng—chain synthetic polyamidé in which at
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5 phosphorus-contai ning additive. 6. The i nprovenment according to claim
5 wherein said additive is a phosphorus- and boron-containi | i
10 7. In an automatic transm ssion ®Al ch includes aﬂMHMﬁHWMHHI
transm ssion fluid, and at | east one nenber having a frictioh surftace s '«
engageabl e by another surface, at |east a portion of said friction surface
com ng ingp_contact with said fluid during operation of said 15

transni ssi'on, leastnpbévefethepamigentl inkagesciare prégiched idimest urtace
is conprised of (a) at |east 20 percent by weight of =~ .

pol y( p- phenyl ehepepspRakiCarisgs i rnche ifddr Made fpasiigsigmfluid (p)
particulate filler, (c) fibrqus and/or parti.cul | ass, .and (.d) one or
nore pol yneri zEBMRPHLSEEs P HFI AR r?&}c}‘l’d‘tnﬁafrreﬂ:‘;l é’?ft mﬁélsg?%ﬁlt¥ b) ,
and (c) being hel.d_ in,place_at |ea LN .part by sai.d co en AN

(ii) said tran8hfsd BiPPr AR AL & 45 Jtor%aerr%t}ﬂ't Sc?;img)lr%e E')?é"f% r%:a?i ng
vi scosity apd L.nor D f. an { {1\ conpl enment whi ch includes at

| east one o?l-8E§EB§8F%%FggﬁgggfﬁgFggggﬁgégﬁ%rus-containing additive. 8.

The i nprovenent according to claim7 wherein said particulate filler
conpri ses diatomaceous nmaterial; wherein sai d conponent (d) conprises at

| east one phenol - fgrmal defy degr@iidhertNGMEYEINYy T T 19 Whedsh Sé8id
essentially of a phosphorus- and boron-contai ning al kenyl succinimde of a

m xture of pol yghyke¢ae ﬂgp.la_y%mdmdmgﬂguﬁi bﬁto&i%biﬂ:%i@ﬁefgaldiwﬁtl on
falling in the range of diethylene triamne to pentaethyl ene hexam ne. 9.
A nethod of inproving the frictional performance and/or frictional
duraQLJity of an automatic transm ssion o . _

10 R In an automatic transmission which includes an
automatic transmission fluid, and at least one member
having a friction surface engageable by another sﬁrface, at
least a portion of said friction surface coming into
contact with said fluid during operation of saia

15 transmission, the improvement pursuant to which (i) said
friction surface is comprised of (a) at least 20 percent by
weight of poly(p-phenyleneterephthalamide) in the form of
fibers or fibrils, (b) particulate filler, (c) fibrous

LJ‘ and/or particulate glass, and (d) one or more polyﬁerized

20 resinous binding materials, said components (a), (b), and
(c) being held in place at least in part by said component
(d) ; and (ii) said transmission fluid comprises a major
amount of o0il of lubricating viscosity and a minor amount
of an additive complement which includes at least one oil-

=

25 soluble metal-free phosphorus-containing additive.

8. The iﬁprovement according to claim 7 wherein said

particulate filler comprises diatomaceous material; wherein



10 which conprises (i) providing as a frictional member wthin said ﬁ:}\
transm ssion, a nenber having at least its m'ml surface

‘conposed of (a) at |east 10 percent wei g Imn QL@F fibrous

aram d pol ynmer conprising a fiber-f i ng | ong- ¢haitn syn c polyamde in
which at 15 |east 85% of the am de |inkages are attached directly to two
aromatic ‘rings, (b) partlculate filler, and (c) at | east one cured resinous

bi nder naaéd sompament i(d) DICPRRYiRESSta Yaask ieaPlanekt for the ope ration

of said transmssion, a fornulated automatic transmission fluid 20 e
cont ai ni ﬁgrala%idﬁéwder irasigh- ANG sfhaneis Sadch @dy tiite gonsists

durabi | i ty-enh [l east tal-free .
phosphor BEPEBRMAMING t RIS & nd' B CenatiPe. £ IRa 1o

claim9 wher el n sad f |ct|o bearl osed of ,at |l east 20
per cent %ﬁ‘f i aé]%ﬂ g'fyslr%}e iy %%m%%?%%?v*?%ers or
fibrigs

an average overall composition falling in the range of

diethylene triamine to pentaethylene hexamine.

9. A method of improving the frictional performance
and/or frictional aurability of an automatic transmission
10 ﬁhich comprises (i) providing as a frictional meﬁber within \5)
said transmission, a member having at least its friction-
bearing surface composed of (a) at least 10 percent by
weight of at least one fibrous aramid polymer comprising a
fiber-forming long-chain synthetic polyamide in which at
15 least 85% of the amide linkages are attached directly to
two aromatic rings, (b) particulate filler, and (c) at
least one cured resinous binder material; and (ii)
providing as a functional fluid for the operation of said
transmission, a formulated automatic transmission fluid W/
20 containing a minof friction-performance enhancing and/or
durability-enhancing amount of at least one metal-free

phosphorus-containing dispersant.

25 10. A method as claimed in claim 9 wherein said
friction-bearing surface is composed of at least 20 percent
by weight of at least one aramid polymer in the form of

- fibers or fibrils.



