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BLENDED POLYOL ESTER LUBRI CANTS FOR REFRI GERANT HEAT
TRANSFER FLUI DS CROSS- REFERENCE TO RELATED APPLI CATI ON
This application is a continuation-in-part of co- pendi ng
Internationalvgﬁﬁ}hﬁgtlon No. PCT/ US92/ 04438 desi gnat peryusdsmssiai t ed
States and fi fune 3, 1992, 5 the entire disclosure of which, except
to the extent contrary to any explicit statement herein, is hereby

i ncorporated by reference. prewnen po c - .pﬁto, OF THE .

| NVENTI ON 8 REFRN ?. 91 gy R EEh Q.o bl Thi s

i nvention relates to polyol ester u-rlcant hase Stoc S, which can

al so serve as conplete | ubricants in sonme cases, refrlgerant wor ki ng
f l-ui ds i ncluding lubricants accordlno to the |nvent|on al ong
with_primary heat t r ansf e =EPPRT R ERRICRe LD RELALED, AASUIGALION or using these

materials in refrigeratihds appliijcathon is a coftdnbabiomdmt-pazfdof uds+ cant

base stocks are gop Idgymemat&uhaﬁbéﬁpiﬂatuaﬂ bt *bd@%bsﬁ{oi‘us
hal ogar bon frliaaants an are use

particul
with substantiall B9 he, | H=ﬁ‘6 %‘ Bn§o¥1f %JHP&. Ar ni2%a
transfer flui8s suthe ®ptire diqaépsuféunf ofdtﬂmneexée-gt ctiof Itherentélme 1,1, 1-

trifluoroethane, %Kht%a%yltg é@t 131 0thaRRent herein, is ?
ui ds are

State of Related Art ori ne-free heat transfer f

desirabl e 25 f GPISPFROFREFD A 58 S¥F8and air conditioning systens,
because their escape into the atnosphere causes | ess damage to the
envi ronnment than the current!ypgeg RO yeoy chl or of | uor ocar bon

heat transfer fluids, suc Vf_ _‘h uor onet hane and 30
di chl orodi fl uoromet hane. The wi doShE t use of
chlorine-fre¥@refriger Zhis hzala{enmﬁ-anstelcaﬁaautespolyol eseerbdubricanter ed,

however, by the | asdgedltocks, WwhaBHEESh Aldb ddedHahe dddpregants. This is

lubricants in some cases, refrigerant working fluids
including lubricants according to the invention along
with primary heat transfer fluids, as well as methods

s for using these materials in refrigeration equipment.
The lubricants and lubricant base stocks are generally
suitable for use with most or all halocarbon
refrigerants and are particularly suitable for use
with substantially chlorine-free, f£luoro-group

20 containing heat transfer fluids such as
pentafluorcethane, 1,1-difluorcethane, 1,1,1-
trifluorcethane, and 1,1,1,2-tetrafluorocethane.

Sta of Rela rt
Chlorine-free heat transfer fluids are desirable
25 " for use in refrigeration and air conditioning systems,
because their escape into the atmosphere causes less
damage to the environment than the currently most
commonly used chlorofluorocarbon heat transfer fluids,
such as trichlorofluoromethane and
* 30 dichlorodifluoromethane. The widespread commercial
use of chlorine-free refrigerant heat transfer fluids
has been hindered, however, by the lack of
commercially adequate lubricants. This is
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particularly true for one of the nost desirable heat transfer fluids,

1,.1,1, 2-tetrafl uoroet hane, commonly known in the art as "Refrigerant

134a" or sinply "R134a". O her fluoro-substituted ethanes are also 5

ef fective heat R{&ﬁ;ﬁ&gr fluids; The foll owm ng pat eoTAIS96I8584

publ i shed pate applications disclose a nunber of general classes

and speci fic exanpl es of polyol esters as useful refrigerant

| ubricants with chlori,ne- free fluoro 10 rQup-cont ai ni ng_heat transfer .

flui ds: US 4,851, BAFCiculariyljerye tor cne qfd theqpast rigs e0882806; WO

90/ 12849 (me; fEﬁGA%lMQz-(Wl@r??t@eO £98meBYy

g Ash?i Deﬂka Kg atuth 433:&63rﬂ\hspmeﬁi§erant 1§4£Pdi- S4mphy0 a?d 0 ﬁ45
11 (Hoechst Al R a44 Uni cherma

Chem e BVY); nsg EP 0 &%%rg?%z ﬁ :)iQ%Qd ettiandd §§§ rlégér ation

| ubricants t haﬁge&tﬁ’ﬁe“%r 23 1"(5‘1ds\n scosities and ot her physical

and ch_em' cal pr offeet faidowingcpa ket o pindphbkisherdt patents i_n the 20
many different ty ﬂt:aﬁx{gnea@%g;bgg £ BUmbER"br generallLARBLLY ddjs 150

For exanpl e, conve I Qna rrgerator y are desi gned
to maintain cool tTRAGEEAE AeTPles of polyal &%&Fﬁt?ﬁ/é!s? flai | and wel |
i nsul at ed space. ZEefrigéeamr dubgigant®withvehlopips-fxeer £laveogeneral |y

enpl oyed Toraguch gl skaliaiag A 'Ll f1lldd! Us 4,858 fl4YClY ToW

vi scosities at nor ggr g er at ures are ge
sati sfactory for e é 541 8 \5_09\?’:/%%7 spﬁy k B85 0%t ?oa?@/#%ﬁ%rred for
econony of 30 ofiabxtizol),; ERcAU4@E W (Rylodot QEL) f &Pt Or 430e6%'y equal ,

a refrigerant workixahali! dbshaC@EPL | 80N 434 Q\y3V|(ﬁ§pp<d,; Vil) ; | ubri calnt -
[pduces, pouer CONSHIRL W8 503570 St i, iomsBls 4o £5y5, Rlo AL 1"
cost of 35 15¢| ec&’ﬂcmenpm Lcﬁﬁs@mﬁ% 584 (Ungghena Fhgmiat BY) ; and
efficiency in theigp lpoags appl (BDERERL) . By contrast, autonobile air
condi tioners and Refrigeration lubricants must l?ave a wide variety
of viscosities and other physical and chemical
properties to achieve optimal effectiveness in the
20 many different types of refrigeration equipment
currently in use. :
For example, conventional home refrigerators
generally are designed to maintain cool temperatures
‘within a relatively small and well insulated space.
25 Accordingly, low power compressors are generally
employed for such refrigerators, and lubricants with
relatively low viscosities at normal operating
temperatures are generally satisfactory for such use.
Low viscosity lubricants are preferred for economy of
30 operation, because with all other factors being equal,
a refrigerant working fluid comprising a low viscosity
lubricant reduces power consumption because of the
greater ease of circulation of the lower viscosity
refrigerant working fluids. With the rising cost of
35 electric power, consumers are requiring greater
efficiency in their home appliances.
By contrast, automobile air conditionexrs and
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I ndustrial refrigeration systens require relatively hi gher
viscosity lubricants by reason of the nore extrene conditions
under which such systens operate. Even in | ow power
CONpressors, avi@bédddg M Ni num 5 viscosity is requipcgfisb§ossseo! d
excessi ve depl etion of the lubricant fromthose surfaces of
refrigeration machi nery t hat need | ubri cation during
operation, but IS in the refrigerant vvorklng
f1uid, indantri 16,[1& er | gg§n %ﬁ EhTEEED ¥el¥nd ot her

ur'l
10 noving parts olFﬁl‘%L? P’é??‘?%;&YathubﬁigﬂﬁerﬁyareasmeOf the more
Mut ual miscibility éextnemencomitietsi gadentwitith such ‘systems opdht&ant of

the refrigerant working leh 15w pefer comgresso{:ﬁévr (r:)%( m%r t an%!tmﬁlsg';]hgr

| ubri.-cant shoukd naqt, sepa
| ow t enper at urés 166R3ES & ig, requized; L@ aNQ4 pxpesgien e#'mmﬁnt and

refri ger ant the lubricinby from those asurfaokst b refriceeasioen system
may S GhahifBr FHatUhedf 1&15%%%&%@ %yeze.@m% Buk o

In addition, the |uhrica t for a refrlger 32%'
hi gh hydrol ytic stabid PPy, refgigepant Jquldinge fluidne
refrigerating nachis-y, dmmmlodl in which tbe cimpressoryafi@asthe th the

refrigerant oxer amdvi@g parts of the | AIBA Gt Soh it TQ%ehiﬁi oIyt ¢ ant.
y i nportan

stability of a- refr 1onI rlcat 1 S trene

Est er | ubr i T8GR Pﬁg?‘-%?% &FB FiT Ty osTaRt ar@nd to
25 react wth noildbrieank ofcghei nefwegmqtr working Elfuddnis also

aci di ¢ substances tvexty taportand,t &sCelid Quik¥AcaAd should not seﬂém.yvi se

interfere with the ﬂ%g,p%? %‘%&Qb&?&@faé hgh or 1ow otre"l?ﬁF ressoaafd in the

rel at ed conce %1 % atlLve
| ubri cant . hi gﬁ%EF"bllltY lsetwe%t‘mec%bglwn &nd wgfnigexant val ue

of no nore than is low, moving Pirtm\of alee reffiguia¥ion! SPEESH nify

Accor di ngly, the eSTEF[ub Skt ot MBdEARE HRARAtn e SO IS
acid val ue of no great e* £403. kh eazl“%r"canESEr e Zefrigeratione test for

hydrol ytic stabili sys&em must have higlphyderodptjc retapdddte; ke dotl AV,
Wi th increasizty prkee6riivg 86CEE rdfidlePallug hadfinbdy) O nfedd
- 3- not chemically react with the refrigerant over a wide
temperature range. The hydrolytic stability of a
refrigeration lubricant is extremely important. Ester
lubricants that are not hydrolytically stable tend to
25 react with moisture present in the compressor to form
acidic substances that can lead to corrosion and
otherwise interfere with the proper operation of the
compressor. .A related concern is the relative amount’
of unreacted acid in the lubricant. In this regard,
30 lubricants containing an acid value of no more than
- 0.2 AV may cause corrosion problems or otherwise
interfere with the effectiveness of the compressor.
Accordingly, the ester lubricant base stocks should
have an acid value of no greater than 0.2 AV as

* 35 measured by the test for hydrolytic stability and
preferably no greater than 0.1 AV, with increasing
. preference no greater than 0.08, 0.06 and 0.05, 0.04,
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0.03, 0.02, and 0.01 Av. Under the laws of nmany countries, any
new chem cal has to be tested for safety before it can

| egally be sold for general use, and any product 5 obt ai ned by

reacting new mybubaealf 1 ngredients is usual | y defi neg-rassogosssv
chem cal. Therefore, every distinct m xture of polyol esters is
likely to be subject to regulatory approval at very substanti al

expense for each su&.l‘bg'i %t.bQ,Cta:{H . gheayi n order to be 10 | egal ly sold
I n:any country where such |laws are in effect. One such regul atory
systemis the European URder thg Naws pgjpany Founkyies, fmyom@Ml ating a

| ubricant for chemgicail gbamttico bbeappsterhificon safety itefadbel 48bk&nt 0 use

copeci al Ty Lhoge t bt et Ds cedtcPE8E! bBsertnd Wi, Lankd any BRREL D Al
regul atory 5 agd tcﬂqﬁta g'% miﬁﬁe%%giié‘tﬁgﬁi‘%)mdﬁﬂgﬁl%ﬁi ons

are of ten exenpt ed Ysuahlyedefinedyasr amew shesrical. Theawfoxeorgveppr oval ,
or at |east subjectasbtincteosixttite of PR Kot d NBRRHQ FF' £8S

expensi ve, testing than i s.required for -mxtures |egally, categorized
as new chem ¢HPIERE £P ege_gu{sﬁgggyiasqprpﬁg}eftgr@ry é“ﬁgEHﬂgbﬂ and
economi ¢ i ncenti ve expepsevior daghr suchtdistdnct mixtwegclia erdenbte Heor nost

or all of thergv de Neyaileyysdfd 4 anyCEdidithhOUfed dudt ha@Bt 25814 ce by

bl ending fromthe effe s%est ﬁossi | e nunmber,_of ,chem cal conponents.
Accordingly, it is Arcob}ectiof FheT system i, the Burcpean i de a

| ubricating oil foEINCER| vegirtxy. Thusrdn Cormulatimg 2 Anbiricamarficrcul ar
1,1,1, t2_— 30 t th et rw&u?éeﬁmtappgiéAQ%a@gt ittb@tad'tv&ssbisit b &uadut
unreactive, Wi .r VEr. a e gnper at ur e, r ange.

Anot her obj ect_ of ?ﬁé’gﬂﬁné%n. Jic(;%‘ Iegt:ft:.es %SSSrBW%t&e uBFFc‘&?‘Pt{ havi ng a
control | ed radye ofcharactexizedyospng eanegdsllyisthese thetshaveibaswory

hydrol ytic 35 s prieivi oyl Rppyevyd | geveeanéntdll egaiaterpact ed
acid. A further obiagghePhs! %mg{égﬁgé%erdi%‘éigt 18NaifFernt FormPl RS 2

| ubricant fromregi stergd C
are often exempted from legal requirements for

regulatory approval, or at least subjected to less

20 extensive, and therefore less expensive, testing than
is required for mixtures legally categorized as new
chemical entities. There is, therefore, a technical
and economic incentive to provide lubricant base
stocks suitable for most or all of the wide variety of

25 conditions of lubricant service by blending from the
smallest possible number of chemical components.

Accordingly, it is an object of the present
invention to provide a lubricating oil for a chlorine-
free refrigerant, and in particular 1,1,1,2-

30 tetrafluorocethane refrigerant, that is miscible, but
unreactive, with the refrigerant over a wide
temperature range. Another object of the invention is
to provide a lubricant having a contrclled range of
viscosity values, as well as satisfactory hydrolytic

35 stability and very low concentration of unreacted .
acid. A further object of the present invention is to
prepare a lubricant from registered chemicals or

-4-
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bl ends of chemi cals that are approved for comrerci al use, or require
little effort and expense to obtain pre- mar keting approval .

SUMVARY OF THE | NVENTION 5 It has now been found that high quality
ester I i can be obtai ned which have the requi reerus96/o8sss

vi scosity grades “and which are highly stable with chlorine-free
fluorocarbon refrigerants over a w de tenperature range. These esters

al so have excell en b. t%:gﬁg,@ 0 ons. of
fr.ee aci d. T%ééigdsst &%xgiﬁr;ai}éilt%e i;*é eh se?ecte %%‘i esters,

In
as described bel ow?8%hi¥h 58 tl’:llBrrFE §nra "gef’ﬁﬁi%‘f #iBneni cal s.
The |ubricant conpbretmagkesfinghapgyoyedat 15 i nvention consists
essentially of an ester blend i ncluding ester (A) having

neopentyl gl ycol and a sour g e L e acid as its reactive
conmponents, in an anmount of abo st total weight of

sai d conpositi%n and esI"erhaFB?OWH?ﬁﬁnn§°md thagi‘erhlﬁbr Wﬁ?—-’!—ﬁbles&ﬂu a source
of 2-ethyl hexanoi clabiitants cafishd icbtatAéd i wiiciD Hav8cBhE  reguigdganount from

22%2& tion. H0-70 %éégglfﬁeg%gﬁrl Ca&ﬁ%ﬂi&? éﬂte %&&&e%@w%% ];%;Pgl ns 50-

25 85 wei ght peFE%?Elqﬁ’fE%eﬂ‘{qﬂif"’&ﬁh°25r€ﬁﬁ\ﬁ@?@ﬁ!=s over apé'P-éént of
ester (B). A corrposempmmat pamgeg THeB86 esters wlisghhaperexpillent est er

(A). and 15-30 gpar@aenat :.la.tyogngsiﬁo; cfo%ggh%raemh&%@%& preferred.

The above- descrlbe be use Qr ependlng on

the end use, may h§9 ond iy esters "“ﬁ&r@ btatped \Péfsbﬂ'ﬁﬁe?"b%r%ﬁ]éﬁ eferein to
provi de a coemterrieds| descciberl below, which @re waderfiuimeBINCES t he

i nvention is used }lesteredpgﬁémgﬁr advant age as a conponent of a
refrigerant 35 ;Pg et her, w tnh ofathgusrgsrg aorine-free,
f1 uoro- group cont ai ni ndﬂ% ﬂ’%ﬁf‘stf Pm???ﬂ"ﬁ'so P
15 invention consists essentially of an ester blend
including ester (A) having necpentylglycol and a
source of 2-ethylhexanoic acid as its reactive
components, in an amount of about 30-90% based on the
total weight of said ' composition and ester (B), having
20 pentaerythritol and a source of 2-ethylhexanoic acid
as its reactive components, in an amount from about
10-70 weight percent, based on the total weight of the
composition.
The lubricant compos:.tion preferably contains 50-
25 85 weight percent of ester (A) and 15-50 weight
percent of ester (B). A composition containing 70-85
weight percent of ester (A) and 15-30 weight percent
of ester (B) is particularly preferred.
The above-described ester blend may be used as
30 such, or, depending on the end use, may have one or
more additives incorporated therein to provide a
compounded lubricant. .
The ester blend of the invention is used to
. particular advantage as a component of a refrigerant
35 working fluid, together with various chlorine-free,
. fluoro-group containing heat transfer fluids,

-5 -
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PCT/ US96/ 08584 especially 1,1,1,2-tetrafl uoroethane (R-134a).

The refrigerant working fluids of the invention produce good results
in practice in operating a refrigerator conprising cyclic

conpr essi on, %w)mmhb&uefactlon expansi on and evapor ati on ofrcasnusesitssss
transfer fluid. ' DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Except in the clainms and the operating exanples, or where ot herw se

expressly indicat ede?ﬁé&aﬁlﬁei' £a ;ﬁwetﬂﬁﬁgﬂ’éﬂﬁe' priDdgy)description

I ndi cati ng anmounts teri’ on action and/or use
are to be understo% 5?%%%&“% #Jé']'%s"ago iyention
defining the broadeprodugspacod remulits dm pyactice in epexating & the

i nvention within thge ﬁ: gscg,@nsﬁ,gr &?&pﬁl(&dﬂﬂrégsié}? exact quantities
stated is usu era ach of the
esters which aPe bl Sﬁ@gﬁ%cﬁl?ﬂe exﬂans?‘P&bFFéa?\‘faQP(}ﬁ‘Bbg‘?t?‘{;r? S‘Faf:he '
invention, it is potramsfier fluidio.obtain the sanme esters by reacting acid
derivatives 20 such as acid anhydrldes acyl chl orides, and esters of

the acids instead of react| NO e acids are

generally preferred for ecof SARLE - P e e e n, but it is
to be understood that Excepthi é’éleercé-aéelﬁlm %épﬁrﬁi%m&emth

acids can 25 be eﬂtwﬁelne vEhérviliedieRpiteByly citilicatedf a1l1C hRksivhih
the corr espong_bng f\gﬁ J.'egaﬂhvtﬁﬁs E?%c&fﬁaofcﬂitd‘i@aung at“}%‘“&& afper

2- et hyl hexanol c ac as used her ei

as wel | as to the Bkexiadonnierpditigns of reaghien aed/qx ysenarpdte and'
ester derivatives. Bé understood tammdlmeadeujae&hermahal tabotitdWint hat t he-

est er of n.eopﬁ%y&zﬂé HSREEEOLLps N nlf ycicion.
et hyl hexanoi ¢ acid IS very usef I'ng stock,
because it is nisciPfaetigeapf the m"ﬁPBﬁBFt‘?’b‘fﬁ"’WtPﬁ mﬂaﬁlea I

fl uorocarbon BEfri geesxardepod8ing tow ¢heaeksopequmntitiesgpated ds | east
-55[err] C up to 80[g4dd13y preferable, however.

For each of the esters which are blended in the
lubricant composition of the invention, it is possible
to.obtain the same esters by reacting acid.derivatives

20 such as acid anhydrides, acyl chlorides, and esters of
the acids instead of reacting the acids themselves.
The acids are generally preferred for economy and are
exemplified herein, but it is to be understood that
the esters defined herein by reaction with acids can

25 be equally well obtained by reaction of alcohols with
the corresponding acid derivatives. The term *"source
of 2-ethylhexanoic acid" as used herein thus refers to
the acid per se, as well as to the corresponding acid
anhydride, acyl halide, and ester derivatives.

30 It has been experimentally shown that the ester
of neopentylglycol (henceforth "NPG"_ with 2-
ethylhexanoic acid ("EHA") is very useful as a
blending stock, because it is miscible in all
proportions with most or all fluorocarbon refrigerants

35 over a temperature range of at-least -55°C up to 80oC.
This ester is also capable of solubilizing other

-6 -



This ester is also capable of solubilizing other WO 96/ 40848

PCT/ US96/ 08584 hi gher viscosity and | ess sol ubl e hi ndered pol yol
esters. Anot her advantageous property of this ester is that it
effectively reduces the viscosity of other . types of bl ending stock
with which it ocisdg! Xe€d, 5 and is substantially | ess @gyﬁ,&@n
esters of acidgﬁy with fewer than five carbon atons per kgrecu eto
pronote corrosion. However, the viscosity of such an ester is |ower

than is normally dyi%@}l %iLQSs:FBQ %tnh g?ss solu%eferﬁ%&at |c€% gﬁ‘ghl nery. 10

The desired range |scosma¥ about 40
centistokes at 40[ F54%ES+i s "tl?ﬁ“hédl" tageque preee¥hRy dfc thisvescescri bed
NPG EHA ester whi chidnaszat it effestivibiy petuselsi ohal viscRadtyl y£\bthedN ester

f or med f1OM PO Yt Bl depin | EEcx} vgml Whfen WY Gl 83 @:3004¢ 15
accept abl e visgosit The ast .ref e i however, {s not as
m sci bl e as thg gtantially ess (]:&%5 YnEhap @Rbers ef aeids

conponent s of the %:'été? g?ewer thaghifivef carharhatbubrpexamoleonpests i on of the
i Invehn‘t : on. dl tpichote asrﬂmit | Qﬁxst%féﬁgt eh&h\?&%bs%&ryokhgu sig ed 20t
al cohol s and aci s £ ci ecifie unt 0 e sor
of inpurities norna } )igs Vb *hapx 18 ’f°£ﬁf]ri¥n$e§frr%&uggﬁ exigk

products may be nigeratinne machdpexy cases. For exanpl e, tech

5en]§ aeryt hrP |E th)'l' (PE) ngh&gdéﬂzw&ﬁhﬁ dﬁ“v&héo@.{%ﬂ e, be@{na&?{ 9|0 V\BiDgEt
6 of mono al on aerythrito "
and 0-3 % of tri- gaﬁ@ 'y pen erﬂv}%‘# %%Fe("‘f‘ﬁé"%esaﬁ?d%%g qUF' a"s%ﬁji-%qéactory
for maki ng hikyh b4ndirg \thes mbpye | desepniped MRQ-EHA egter whicH dwmrer ci al
neopentyl gl ycol " (NieEs Bhan®ad Yptdbhal NHstdsity Uit ad WBtERt s3bndiUri ti es.

Sim larly, " oM gl enta?z,t BRULI o130 o i (Gl BLLY iont 1 ns

on the der of u o i_nmpur ctice,
it has been f nd t3FSEP ?l"dﬁ"“’-ty bé‘i’\ﬁeéﬁs‘éh’éefﬁréﬁﬁﬁfi(%t% t he
aci d(s) reactants diowg¥er, ishmotcapemisciblestsrcheNPGeBHA adtex. ef fectively

Lo s o S s Bl Satere
y 9 wh:l.chp%orm the g.ug fcant composition of the invention,

it is to be understood that although only the desired
20 alcohols and acids are explicitly specified, some
amount of the sort of impurities normally present in
technical or industrial grade products may be
tolerable in most cases. For example, *"tech
pentaerythritol" (PE) normally contains on the order
25 of 85-90 weight % of mono PE, along with 10-15 weight
% of di-pentaerythritol ("DPE") and 0-3 % of tri-
pentaerythritol ("TPE"), and is quite satisfactory for
making high quality esters in many cases. - Also,
“commercial neopentylglycol" (NPG) normally contains
30 up to 3 weight % impurities. Similarly, “"commercial
2-ethylhexanoic acid®" (EHA) normally contains on the
order of up to 2 weight % impurities.
In practice, it has been found that reaction
between the alcohol(s) and the acid({s) reactants of

e 35 the respective esters proceeds more effectively if the
quantity of acid charged to the reaction mixture
. initially is enough to provide an excess of 10-25% of
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PCT/ US96/ 08584 equi val ents of acid over the equival ents of al cohol
reacted with the acid. (An equivalent of acid is defined for the
pur poses of this description as the anount contai ni ng one gram

equi val ent wei g‘gh car boxyl groups, wherein an equi Vvacansebssss
SR,

al cohol is unt- cont ai ni ng one gram equi val ent wei ght of
hydr oxyl groups.) The conposition of the m xture of aci ds and

al cohol s that have agllghlynf&a Gi&Adle cne equicheldiensd Dlcaid vsis of
m Xt ur

t he produce ester

I'ts ac ont e ] I'n
maki ng the ester bl é‘?ﬁ?"(’fﬁﬁpﬁ"h‘?htthea%%jcﬂ'dl n‘é“t eafe’PﬁP PRYRS on, the
acid reacted will belefdped Sof |thegpurposes kdnthhe descriptioy asateed and

the product ester(Slamount coMihihdisng eqs OB ahe Svedghe g preferred to
renove 15 excess .aci rena d .of t he

t bul Al
esterification eacﬁag o afoﬁ%‘i"rplsl' YRR equ:.gaf?ﬂtepgr 38 FOROY 18 | ow
pressure such as 1-3heoamount contaimngqu:er gramhequivalenti weightatafon, t he

product is - of tRAreaptYg fa.gpsuse e & s&egah @fQﬂﬁl RSl o £20
according to this invention rlwt cell In nt f}ﬁ t he products
is desired, the contaé:r}?so?n?r%]éz 38 & URL O FRRCEPE 721 RS £ r ot
vacuum di sti | | ati on degpripéned by aﬂ%llrﬁi@r qfe@yeegrg9ue;¢ @ftermixttute epoxy
esters, as 10 tagg ;_tg abfl dreus rﬁon%eﬁ% 754 or by neutralization 25

with any suitable alkali su al '
hydr oxi des, or alkali nme aI ca%go@ié? escterailehgecom??n%nt F?feérﬁd%%aﬁ epoxy
esters is used, exc&hds inventigm. theiagid yepchedrwibl&e Bovwer haiddim

distillation thEar tueraaddwlpépwdtedmhnaethéepwmdﬂcésﬁr (rsaact i on

30 bet ween t he eg,%é%mgﬁ*?r %Qrz{&?'o‘i‘:‘éilxngc' é?eée‘?&&d to ref ﬁnd in

t he product w thout neul’ra I zat I S. used

refinenent nethbd, the bulp Rk 0Nt e¥erss 2Gid FRAVGARLNT atothe rﬂﬂf’e%ﬁny
unr eact ed exceshef asterification trezsicties by dhstillexiion, imo=sl5

strongly preferred B%@E?aﬂﬂrr}& Tahfo‘Prﬂ%‘é%hrbnsLQﬁnégﬁh-s torrd | Ubricant
ester blend. After such vacuum distillation, the product is
often ready for use as a lubricant blending stock
20 according to this invention. If further refinement of
the products is desired, the content of free acid in
the product after the first wvacuum distillation may be
further reduced by treatment with epoxy esters, as
taught in U.S. Patent 3,485,754 or by neutralization
25 with any suitable alkaline material such as lime,
alkali metal hydroxides, or alkali metal carbonates.
If treatment with epoxy esters is used, excess
epoxy esters may be removed by a second distillation
under very low pressure, while the product of reaction
30 between the epoxy ester and residual acid may be left
behind in the product without harm. If alkali
neutralization is used as the refinement method,
subsequent washing with water, to remove any unreacted
excess fatty acid neutralized by the alkali, is
3s strongly preferred before using the product in forming
a lubricant ester blend.
Ester base stocks according to this invention



Ester base stocks according to this invention WO 96/ 40848

PCT/ US96/ 08584 consi st essentially of about 30-90 wei ght percent of
the NPG EHA ester (A) and 10-70 wei ght percent of the PE- EHA ester
(B). Additionally and i ndependent ly, it is preferable for the

bl endi ng stoc ing to this invention to be sel agirastoossghat a
bl end of any QO%&@@% gr ade betvveen 10 and 32, inclusive, may be

prepared fromthe two bl endi ng stocks. Under some conditions of

use, the ester bl end erein will fungtjon satisfactorily as

a .10 conpl ete | EBPFE%ﬁtessePFi?glygégeFﬂf’P? I e?oel’”éﬂ'ﬁgt percenthefever, for
“a conpl ete | ubri cakhet SPe<EHAaester i) and 10A70 oveight peremrtd by knawn in

the alrt as addltIVQg,-m estei'UQb) asm&d%hamf%&iastiaaese@a&t t, 5!
TUbrici ty addi ti vels Hrsfarailc’ fok Fhel RpBuL Séte”?ﬁsaacco%drs?rfl oc
poi nt’ depressdnt s, thé se;lgi@qtg.on to be aségeﬁsémcs thagam biendcitngnwgent s,
anti f oam ng 280Ngfade) Petwdbia102@88! 52, a{&mstlwewemﬁwure

resistant additive ot anti-wear and
§S| I\% ?‘jrpro‘ﬁerts';l“'ga)S:Le'n’ragﬂé t{: 5}ﬁ’ct i on

extrenme pressure r both as a netal
deactivator and a U‘?S%ﬁ’-‘r §9M8 reongicapngrof Gtﬁﬂ)l &bpvesyer Hlenddditi ves

preferably do not QuseeibePhbyeiwiwjll, fahctioe satisfaptefilyalkyado not

exceed 5% by jyei gh m@[ 5 Sl S:?a[it formul ati on.
An effect(l)ve \germun{: t‘{?qf"s?%é%?@nq I&d Qn€ ﬁq_f #Qéf general ly in
the range of 0.01 ’E’B‘”S‘%‘f'orfWhé co et&n% iepRk tE’oFFBB'EFI‘PtP °(§ ¥ to 5% for

t he corrosion matebhidlis genevaldyné&nownf inntle Gt s Additiwks; t he netal
30 deacti vator gQaROLeRhei ahE PSR Qe%xhﬁaﬁc(& e t&zQ%mal stak:l:.li?i{:gc' ty

additives, fromO0.01 to 2% for _each géhh iog | mprovers
and pour and/or flOEPFRVERS °°rr°§i’(?ﬁ‘ré TRtEors, (5‘1‘?\‘:5 t’é@"anB‘Fseach of
t he detergentls lubnigiity edditivass, viscasityOhdex @mn%\fems f pamxpr onot i ng

35 agents or an&hdf&.aml%&eﬁbfnt Haprbssahes 1 d?e%e&geneach of the

anti -wear and extr ure re5| st an t hese
percent ages are bysﬁi?éﬁﬁ promogzng agents,ngggf¥baming

agents, antl-wear agents, and extreme pressure

resistant additives. Many additives may impart both
20 .anti-wear and extreme pressure resistance properties,

or function both as a metal deactivator and a

corresion inhibitor. Cumulatively, all additives

preferably do not exceed 8% by weight, or more

preferably do not exceed 5% by weight, of the total
25 compounded lubricant formulation.

An effective amount of the foregoing additive
types is generally in the range of 0.01 to 5% for the
antioxidant compound, 0.01 to 5% for the corxcsion
inhibitor component, from 0.001 to 0.5 ¥ for the metal

30 deactivator component, from 0.5 to 5% for the
lubricity additives, from 0.01 to 2% for each of the
viscosity index improvers and pour and/or floc point
depressants, from 0.1 to 5% for each of the detergents
and dispersants, from 0.001 to 0.1% for foam promoting

3s agents or anti-foam agents, and from 0.1-2% for each
of the anti-wear and extreme pressure resistance
. components. All these percentages are by weight and

-9 -



-9- WD 96/ 40848

PCT/ US96/ 08584 are based on the total l|ubricant conposition. It is
tqQ be understood that nore or |ess than the stated amount s of
additives may be nore suitable to particul ar circunstances, and that
a single nol ecww type or a mxture of types nmay be uPCuEASIEISSRiCH
type of additive conponent. Also, the exanples listed bel ow are
intended to be nerely illustrative and not limting, except as

circumscribed by thgeABRsEdiemh the tofdPibritint composi®ifib! Py Ofg Suitable

oxi dation resistance and t he | stabili | qProvers are d lI"Ien | -,

di napht hyl - .ar h‘é‘?ﬂﬁ"-sﬁgﬁat %F@asm,c’ri ﬁ]xﬁ\%%nt ﬁé‘epﬁﬁ?ﬁﬁégnd Y

napht hyl groups cargusuntsef additives wpy be more suitabdiephenyl

e e
enyl -1 -na m ne, enyl -2-n ne - dodec

- pﬁeny%l- 2- pg %a tehﬁf aarlﬂiﬁ:&’rai 9€- H?V:ﬁ? Hﬁéddﬁrdﬁé‘i‘-’ tlgge g

napht hyl ani ne; phercfi additive compopenty. Also, bh&exsmpdeshlisterds;

I m no(-bisbenzyl); mildwhirslanedndld to e Marel§uLiner@tie batid!nohenol ,

, 6-di -b . I : hyd - - diss (L - I h I 4 "
ﬁe?hy: egfabi gt y%) 6- &I%P%%?Bégggéﬁuan tc%éfb%‘ls IPS’UE}A& agpgﬂged Ejaipl es of

sui tabl e cuprous nEtl@im8eacti vators are imdazol e, benzam dazol e,
2- mer capt oberxa hi azol e, EXdmples2of- duiEiklaporifabibmzest stanté Cand di ne-

D et by bansan dasrecnfl SAGBITAE iilve:d WEd dflefiyl-, dingonchyl-
bi s- benzotri azol e. 3EnFReRYIspgpbtyl-anings,i 5t yhich the Bh@?léi/r%%ﬂ Qt her
exanpl es of nore 3Gaphthpheyreupsetan lsteatibstatoted akdgo;, NONTOSi ON o
and anhydr de, e. PR E oAy by B fhin BihBe P cad
napht henat e, Jtﬁ)decgﬂff’gg pylapine, N-p gﬁbj'}'f%apﬁ‘ﬁpﬁ’?'af‘mg‘é‘f'er%’ and
am des, and 4- nonyipbespbx2~n@phthylcanine ,adi-dp-godenyly -pbespherr y, and
tertiary al | phghtByPshiaN¢! @8liRhpnthyRahias, and aglpe salts of
naphthylamine; phenothazines such as N-
alkylphenothiazines; imino(-bisbenzyl); and hindered
20 phenols such as 6-(t-butyl) phenol, 2,6-di (t-butyl)
phenol, 4-methyl-2,6-di-(t-butyl) phenocl, 4,4"-
methylenebis(-2,6-di-(t-butyl)phenol), and the like.
Examples of suitable cuprous metal deactivators
are imidazole, benzamidazole, 2-mercaptobenzthiazole,
25 2,5~-dimercaptothiadiazole, salicylidine-
propylenediame, pyrazole, benzotriazole, tolutriazole,
2-methylbanzamidazole, 3,5-dimethyl pyrazole, and
methylene bis-benzotriazole. Benzotriazole
derivatives are preferred. Other examples of more
30 general metal deactivators and/or corrosion inhibitors
include organic acids and their esters, metal salts,
and anhydrides, e.g., N-oleyl-sarcosine, sorbitan
monooleate, lead naphthenate, dodecenyl-succinic acid
and its partial esters and amides, and 4-nonylphenoxy
35 acetic acid; primary, secondary, and tertiary .
aliphatic and cycloaliphatic amines and amine salts of
organic and inorganic acids, e.g., oil-soluble

- 10 ~-



or'ganic and inorganic acids, e.g., oil-soluble

- 10 - W06/ 40848

PCT/ US96/ 08584 al kyl anmoni um car boxyl at es; heterocyclic nitrogen
cont ai ni ng conpounds, e.g., thiadiazoles, substituted i m dazol i nes,
and oxazol i nesygiéiageHg! N€S. qui nones, and ant hr aqui nonpeT/USYEAIBS4

gal l ate; bariumdinonyl 5 napht haI ene sul fonate; ester and am de
derivatives of al kenyl succini c anhydri des or acids, _
di t hi ocar bamat es, t a acid .
phosphat es and the| rﬁg’le%?@%?‘gg§%§b°mark%ss @e%f%dlo ngtgél%ﬁﬁe | ubricity
addi tives include RPntaiping eqmponndes |%ﬁ-lrv§§16¢1?‘%ﬁ¥§ﬁvaé}’h%t%%t ur al

oils, such as estemmmmes,armdesxazdmﬂwl gagsolines, gaixbrey,ates.
Exarrpl es of suitablggyi u

pol ynet hacryl g es c%%aigﬁﬂé‘yu#&g?né %ilag? dbénlreﬁg'ng rrerf}ﬁac | at es,
pol ybut enes, tapeng SuE §“‘" derivatives of)| es of
su: tab![ﬁ poulr {)m nmwﬂ Losuédndcptanthrm ides ogigcfssant S |£cl ude t

pol ynet hacryl at es Yi¢hidsarbamat :)Hpi{o% YL €NGaivieN e

terpol yners; 20 J'I a?%%am ef;garene de vat ves, .\a{ind)ép}%%ﬁ% s of
Friedel -Crafts cat aiéﬂédaﬁ oqg’r% b9F and, tbglit; Rerivativefannt hal ene or
phenol s. _ ExaRpampled ofustitidbdeddubrjeity additdves include

di spersants ifgl udadpgl EﬁHiﬁfBéﬁ%‘e‘iﬂsC c&mfatepn Q@ﬁs Znd nafi@lasbut enyl

phosphonic acid deri at | YeSh I ong hai n Kk substituted aromatic
sul foni ¢ aci ds and9 F?E f zfﬁ'd’nﬁst’ h?ﬁ"’%%ﬁ"t slmé‘fiaﬁ? ®8sul fi des,

of al kyl pheﬁaldsboahﬁlei)-f condensat i on products of al kyl phenols

anld al dehydles Exa@mm:o@s-@itmlet ibBoaty - friiem agpfﬁfx&:dwcl ude
silicone po yrrers iﬂﬁém oam pronoters
I nclude silicaone iﬁ@]ﬁ&@e @ﬁét%?%lat(?sf'f g?@ﬁ% ele'Iear %]t r ucture than

t he si 1} one%F?Eéﬁi%n%saé’d methanryvlesesy agetykutenss, an Exanpl es

of suitable anti-wsgyrand-ascitylate copolymers.

Examples of suitable pour point. and/or floc point
depressants include polymethacrylates such as
methacrylate-ethylene-vinyl acetate terpolymers;

20 alkylated naphthalene derivatives, and products of
Friedel-Crafts catalyzed condensation of urea with
naphthalene or phenols.

Examples of suitable detergents and/or
dispersants include polybutenylsuccinic acid amides;

25 polybutenyl phosphonic acid derivatives; long chain
alkyl substituted aromatic sulfonic acids and their
salts; and wmethyl salts of alkyl sulfides, of alkyl
phenols, and of condensation products of alkyl phenols
and aldehydes.

30 Examples of suitable anti-foam agents include
silicone polymers and some acrylates.

Examples of foam promoters include silicone
polymers with a different molecular structure than the
silicone polymers used as anti-foam agents.

35 Examples of suitable anti-wear and extreme
pressure resistance agents include sulfurized fatty

. acids and fatty acid esters, such as sulfurized octyl

- 11 -



pressure resistance agents include sulfurized fatty acids and fatty

acid esters, such as sulfurized octyl WO 96/ 40848 '
PCT/ US96/ 08584 tallate; sulfurized terpenes; sulfurized ol efins;
or ganopol ysul fi des; organo phosphorus derivatives i ncl udi ng am ne
phosphat es, al osoked Phosphates, di al kyl phosphant es pcT/US96/08584
am nedi t hi ophosphates, trialkyl 5 and triaryl phosphorothi onates,
trialkyl and triaryl phosphi nes, and di al kyl phosphites, e.g., anine

salts of pho ric acid nonahexyl ester L ne_gal.ts .of
di_.nonyl napht hal enegggfﬁ%ﬁafgégﬁﬁzﬁﬁeﬁﬁ#ﬁ%ss’pr‘?é'}lannE °]t%’ﬁ’§|5ht hyl
phosphat e, di phenypreanepalyanififes:coygany phogpheays deviyatdves, napht hyl
giugﬂegxsfl phOSpgﬁt gim_:ludi;xgtg_ain' WMA%F?EEWI Qiikyanaiced ﬁ&ﬁérilimabt)anat oS or
fluorinated h drocgi'%%% pahgﬁxarﬁe%ét es?ﬁé‘im%?ss%\%eér' %tcﬁ'gl%gﬁdi tions
of operation, Jt i3&dsriaryd| phesphoratbienatres csadadkyh anshtirdamyd of the
typef_t t offpo-l yhddpirineel, yahd dih@kyhplmﬁlﬁﬂieqqrﬁn'gnerﬁmine sal}::s ) .
constituents of no r - u as usefu
of agﬂno@ié A&i{g hEAGheRAS ﬁ&tegcw y %trn:én? sa1r3UgR

wi th fluorocarbon refrigérant, worKing ess than optimally
stabl e and or 20 df??ﬁ%@&&&?@%ﬁ%ﬁﬁhf%@w%@&nﬁl Rhaspbagsst usef ul

| ubri cant additi vesrinkphthyl nplosphatepddiphenydfl cresyl and dilctéegli on, it isS
preferred th th i Rass q I ﬁg@ be

substanti al | ?/bf regp% slu%ﬁgkp qﬂgﬁo a%?%%ip(g&?}%ﬁg; Eﬂéé su ts‘f’t’ant lally
free", it is 25 CHRAfYLRRpsphaFct tei cﬂc")'k:"fh?ﬁ’f"ﬁ %‘“"‘Pﬁ?%?&"{‘hﬁﬁ about
10% by wei ght, predmraxitiijony dialkylhdithionark@amdebychlorinatedht and nore
preferably no noreaddifdy #Qstidace¥ Rydrocarbiisdnanal xhhvhatieri al s noted.

One maj or enbodi nent of_the present .iLpventi s 30, a . refrigerant
working fluid conprisi M5965t AoRe SoP g?‘%ns of °‘ﬁ?§ﬁ’gl??an]§ &f fluid such as
a fluorocarbdf andbelieved thakrtthed prepencerin dabsidants taf thestypesntion.

Preferably, the reéfigiiyebhe0sdiyddsf thael @ been promidenended | ubricant,
shoul d have chem C@éﬁﬁh@ﬁ&?éé%ﬁé ﬁ?ior dlgﬁr%gﬁgrgas'ensg &g @

proportion to each ot her a . the workin ul [enal Ns nonmbgeneous,
i.e., free from taughf ﬁa???f‘-ﬂeFéEPaﬂ@mg%EafﬁgﬁﬂtoWﬂﬁ%’w dity,

fluids are less than optimally stable and or

20 inadequately compatible with some of the most useful
lubricant additives. Thus, in one embodiment of this
invention, it is preferred that the lubricant base
stocks and lubricant be substantially free of such
polyether polyols. By "substantially free®*, it is

25 meant that the compositicns contain no more than about
10% by weight, preferably no more than about 2.6% by |
weight and more preferably nc more than about 1.2% by
weight of the materials: noted.

One major embodiment of the present invention is

30 a refrigerant working fluid comprising both a suitable
heat transfer fluid such as a fluorocarbon and a
blended lubricant according to this invention.
Preferably, the refrigerant working fluid and the
blended lubricant should have chemical characteristics

35 and be present in such a proportion to each other that
the working fluid remains homogeneous, i.e., free from
visually detectable phase separations or turbidity,

- 12 -



--12 - WP 96/ 40848

PCT/ US96/ 08584 over the entire range of working tenperatures to

whi ch the working fluid is exposed during operation of a
refrigeration systen1in which the working fluid is used. This working
range may verxzar $H0C to as 5 much as 175[err] C. |t PCINISDE/08S84
adequate if th |ng fluid remai ns single phase up to +30[err]C,
although it is increasingly nore preferable if the single phase

behavi or is naint alo%d eme leRcéfe e7Jef WBrkohg Mberitizes to whdkHi |l arly,

t ft d ki
i ngl e phase whan- S8 T’%d“tngwﬂui‘i] U sxratd, f"t“ﬂm@gnﬁgg%“iog"‘f 5 mafs.”n& y
nore preferable if refnge’faﬁé%lW'-‘@“bﬁ-&'sé’%@ha‘?h%rw%ﬁ%gsﬁ - 20,
- 30, 40, or usefer riiSs Goriiny pHange Mkl véss fmhh-sﬂ?botbnas

- free _hydrofl ug OCaEanH Eflﬁrst‘é an&Ee;_sfgﬁ%gﬁ é%?é?;u%fﬁke{‘f re?err t ai ned

wi th bl ended ester escribed ab d ester
bl ends being nost FIREEremgins smﬁ}ﬁvé*?&&h“&?@;l*@“pﬁas’ét ghi 8% d9er a
wi de . t enper atinceeasingdy théres preifeériablaocif lichalingle iphase!

necessary for the g méagiétﬁsiﬁm%gag €8 46, 2%, 115980l a4he s Dol e

phase behavior in or { f.or exanpl e, t he
B+

ester of PE with iicften é‘dﬁvﬁl"ﬁt??e‘ffr |t§‘$r‘é‘?’n'k’~?§4§1b‘éﬁow
-31[err]F (- 10 ctbpesiticns hmiam bl eddgdé ghast!Sthehychidilgld tef this

ester with 5gsd 6%lth¥u§’§'ﬂ:h5.soin&?§a§fﬁﬁr %ré'%éﬁeﬁrﬁb%g5
exhi bits single ph

e beh VI 0 a
t enper at ur e. Ehe qj’ Héﬁ?é’?hla?”'f’gf BFf%W'iﬁ 1‘:P| ttlx tzﬁ' réQrct -
exactly how nuch | 4By i@mantS5ig! | Sdeghe xpbase (ixthresceith Chlcri-naﬂsf er fluid

to forma working Ereé thydroflGoXBsirbd heaBl ffrisHere fldids@anUubEbeant

fo”pos' tion E%r s ie%&galﬁa[e with Q)H.%%?ed eél:éré”é%%% Eiaé’é‘sab‘Weh Errhghheat
ransfer flui ’f are ran

however, is a verytd Fr'!“?ﬁj’eﬂlfe %"Eﬂﬁdr ERERT, b&ﬁ@gﬁ tbei1§9 most likedw §afficient

if there is si ngl egih@ssudheBigXy phase behaviéhevert arwideenperature range
}‘ 3[” ?C‘Qﬁ[ king flui demperatulbXtilide COREALALAY Whe ebd Diaat0lE Rbe
necessary for the blending stocks themselves to
20 exhibit such single phase behavior in order for the
blends to do so. For example, the ester of PE with
EHA is immiscible with Refrigerant 134a below -31°F (-
35°C), but a blend of 47.24% by weight of this ester
with 57.76% by weight of the ester of NPG with EHA
25 exhibits single phase behavior with Rl34a to a much
lower temperature.

Inasmuch as it is often difficult to predict
exactly how much lubricant will be mixed with the heat
transfer fluid to form a working fluid, it is most

30 preferable if the lubricant composition forms a single
phase in all proportions with the heat transfer fluid
over the temperature ranges noted above. This
“however, is a very stringent requirement, and it is
often sufficient if there is single phase behavior

, 35 over the entire temperature range for a working fluid
mixture containing up to 1% by weight of lubricant
. according to this invention. Single phase behavior

- 13 -



according to this invention. Single phase behavi or

- 13 - W96/ 40848

PCT/ US96/ 08584 over a tenperature range for m xtures containing up
to 2, 4, 10, and 15% by weight of lubricant is successi vely
nore preferabl ewoysmms In sone cases, single phase behawdyusogosssd 5
required. The term™"mscible is used in the refrigeration | ubri cant
art and hereinafter, except vvhen part of the phrase "mi scible in all
proportions”, d 12¥hras Codriadink e of
bei ng m xed i nto a uni forry di S‘gelé}l %n a%‘fega?:g ié 6stabkeg;‘?ﬁ%gng as
it is at |east nodefatk ag?‘fl t R: FE§RR%S®e refri geration
(and ot her) meoséuetymedosegewhm operate satisfactorily

wi-th such m scible m xt¢negoné dddies, I81AdN bnﬁehav1or1¥suhgtand
lubricant. In ontrast,i mgxtu sthatnlea . 110 CO g@la on or

si gni fi cant thPckefiSH {Rfg™ "misc 2 o8 PR unaccept abl e

comercially and arxefrigeratiben dibrddante rattn and hemmmﬁze" except
Anot her maj or enmbodiENpaet bba;néﬂwabervmi%came in all reiézw)f' cant

bl end according to h|$|nvet|on her to ubr i

| ubri cant base st ocBePa&W p sﬁsutﬁrl g?&-mqe##g% P% g“%"1’17"0 SPﬁﬁf
refrigerating beiashmixed 1¢F°s§cﬁnéfmﬁéﬁpﬁﬁa!-°¥ rféiﬂtub’ﬁméém isin
contact with tibe rejuabjer ast 1wy lasngtfisiat least moderatEly hgig@cesind

Pemper atur e for | uiociRsally 2" B8 redfdedal iin lald sl M (001 o,
are generally We§&ﬁ§5a%r%§9&b!m%eﬁ? PHeFﬂEea'F‘!mﬁﬁaCFBBﬂEant s to
be used in refrigendithosuelshisamitlegnikaures blf sefeiderant wokkimsfer fluid,

particularly a flunqaar iR #adQang)  1m ClbRERLELCKORALRAN HER L LJAnST o1

flurd. In gen er al erred ubrlcants according to this

i nvention hav&®I nt éﬁ&??ﬁﬁé?t@fgﬁ signyiiqegt thickerdng, and fommitywe (| SO')
vi scosity grade nurbemere phasdreimmecnnddreptadble. ciimendiaddyi apdraxreges for

sone of 35 the |fd2ighacadi kerdindds Milidc3baee®, given in Table. |.
| Ancther major embodiment of the invention is the
use of a lubricant blend according to this invention,
20 either as total lubricant or lubricant base stock, as
lubricant in a process of operating refrigerating
machinexry in such a manner that the lubricant is in
contact with the refrigerant working fluid.
The ranges and preferred ranges of viscosity and
25 variation of viscosity with temperature for lubricant
compositions according to this invention are generally
the same as established in the art for lubricants to
be used in refrigeration systems together with a heat
transfer fluid, particularly a £luorocarbon and/or
30 chlorofluorocarbon heat transfer fluid. In general,
it is preferred that lubricants according to this
invention have Internmational Organization for
Standardization ("ISO") viscosity grade numbers
between 10 and 32. The viscosity ranges for some of
35 the ISO viscosity grade numbers are given in Table 1.
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PCT/ US96/ 08584 Table 1
Visscosity Range In | SO Vi scosity Grade Nunber Centi st okes at
40[err] C M ni mum Maxi mum 5
2 06/40848 1.98 2.42 _ BCT/US96/08584
2.88 3.?&? 5 4. 14
5. 06 7 6.12 7.48
10 9. 00 1 15 :
13.5 16.5 22 ]Eébiéll _ 19.8 24. 2
32 28.8 35.2 Viscosity 4ange In
41. 4 50. 6 IS0 Viscosity Grafie Number Céentist o° 74.8
15 100 90.0 Minimmgn i
150 . 5 138, 165. 1.98  22p2.42
198. 242, 320 i e 288.2-32 352.
460 413. 506. 20 .12 680 7.48
612. - 748. 10 1000 9.00 -900. 7. 1100.
1500 10 1360. " 1650. : 13.5 The pniacki ce of the
i nvention may be further 2522 understood and appretPa8@ed by @angi deration
of the fol | owi ng exanBRes and conparative exaﬁgL%s. 35.2 Cenera
Ester Synthesis Procedure 46 The al cohol an id to 158-Feact ed,
toget her wt a suitqﬁ e catal yst such a di bufytfin diqg +8te, tin 30
oxal ate, phoSphoric acid, ggg/or tetrabutyl titanatgg’ g€ charged
into a round bottoned fl aslgzequi pped with 198. . 242.

320 288. 352.

460 414. 506.

20 680 612. 748.
1000 : 900. 1100.
1500 1350. 1650.

The practice of the invention may be further
25 understood and appreciated by consideration of the
following examples and comparative examples.

S egls cedur
The alcohol and acid to be reacted, together with

a suitable catalyst such a dibutyltin diacetate, tin
30 oxalate, phosphoric acid, and/or tetrabutyl titanate,

were charged into a round bottomed flask equipped with

a stirrer, thermometer, nitrogen sparging means,

condenser, and a recycle trap. Acid was charged in

about 15% molar excess over the alcohol. The amount
35 of catalyst was from 0.02 to 0.1% by weight of the

weight of the total acid and alcohol reacted.

' The reaction mixture was heated to a temperature
between about 220 and 230°C, and water from the
resulting reaction was collected in the trap while

40 refluxing acids were returned to the reaction mixture.
Partial vacuum was maintained above the reaction

- 15 -



a stirrer, thernoneter, nitrogen spargi ng neans, condenser, and a

recycle trap. Acid was charged in about 15% nol ar excess over the

al eohol . The anount 35 of catalyst was from0.02 to 0.1% by wei ght of

t he wei ght of the total acid and al cohol reacted. The
reaction m xturgoimedigated to a tenperature bet ween abpgtugetibsesad
230[err]C, and water fromthe resulting reaction was collected in the
trap while 40 refluxing acids were returned to the reaction m xture.
Partial vacuum was RRigLabned RUAYEaPGd SR8 a reflux rate of
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PCT/ US96/ 08584 VeRR 3 AR 12% RE dhe AFiginat (Feartign gixtpre ate of
bet ween 8 and 12% ofvoinwmecpéxyihoar.r eacti on mxture - vol ume per hour.

'rll'hg realct i opmrri xture vva;s-m@tr%&@igﬁcn@ﬁgf@ h,gff Bampd ﬁ“ﬁsﬁf‘f‘fgﬂ%' nl of5 .
ydroxyl nunberg an e dr,oxyl . nunber al I en“bél 0w 5.
my of KOH per 5 %‘eg;ﬁﬁ#ﬁt%PﬁrWH@}g@?{y ?ﬂdﬁgéeﬁx%s aci d was
removed by distill abydroxyl drumbep| had Fallenhbghewt5.0 mg of VEQHIpexobt ai nabl e
with the apparatus gsadl of Grixtuse] 'aePaafoRiryOof €15 iediabs RGP Vg Of
about 0. 0 | i.n r eactj on rature. e
reactions m xture Wa%m?ﬁ%?] %oﬁﬁggi%"gh?gﬁgﬁ ?R%\#Y"ng ggggtt’ﬁnﬁ was
removed, if desiredVagyum ehiaioableiwith the appapatuspised: hydr oxi de, or
gp_ox3d/ esters. Jghfe_ llﬁorr?jémf ih'gneolalkifdsﬁ.mhl%ﬁéé&t{fe_cwt abGRe R lgack was

rie an [ r | conpat i il it
t esting. Gen‘é?a ‘] roéeqﬁ?gégérg'%agggéﬁﬁ% Irglgweﬁ%tﬁdﬁ%g The

One milliliter ("nT$agtiqne migbure Has thepeconled, mad: anyiresidwadd i nto a
t_hlelr mal shoc? ;rrensi)sgaﬂdj.ty was rEfbuEE! HIFC dbbiréd A BiA tedathafts wti%ﬁg t ube ﬁ?
mllineters ("mi | amys 0 est tube is then
st opper ed andflgl ace%ﬁf‘%to a ?(F)“o %&iﬁe%%a%%iﬁtgfgd t'fhe- 29[ err] [err]

0.2[err]C.  Afer tFhesHiibdg,Aybricant %n@&hficﬁia@@eﬁt%ﬂﬂiﬂaisbﬁéﬂiﬁﬂg in
the cooling bath, and filtered before blending and phase compatibility

testing.

B Procedure For Phase Compatibility Testing

One milliliter ('"ml%") of the lubricant to be

20 tested is placed into a thermal shock resistant,
volumetrically graduated glass test tube 17
millimeters (*mm*) in diameter and 145 mm long. the
test tube is then stoppered and placed into a cooling
bath regulated to -29°+ 0.2°C. After the tube and

25 contents have been equilibrating in the cooling bath,
the tube contents are visually examined for evidence
of phase separation. If there is any such phase
separation, the combination is recorded as immiscible.

If there is no evidence of phase separation at
30 -29°C, the temperature of the cooling bath is usually
. lowered at a rate of 0.3° per min until phase

_separation is observed. The temperature of first
observation of phase separation, if within the range
of the cooling equipment used, is then noted as the

35 Rl34a miscibility temperature.

- 16 -



thée tube contents are visually exam ned for evidence of phase

separation. If there is any such phase separation, the conbination is
recorded as inm scible. If there is no evidence of phase
separation at 30 -29[err]C, the tenperature of the cooling bath is

usual I'y at a rate of 0.3 per min until phase pcrusssoEsgsati on
I s observed. The tenperature of first observation of phase

separation, if within the range of the cooling equi pment used, is
then noted as the 8 6 Lok gger ature.
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PCT/ US96/ 08584 %ﬁ%ért P&ndS?cﬁh%‘?dPth& J¢a& prepared by Ester A,
as described abovereseting eparmddobyl which wasceubstattialighnbowvined) was

substantial |y | 00%y;MRGn acid tmhleamddsaaaeaﬁeﬂugeaeg gybsantial ly

100% 2- 5 efhylh ol c acld e resulti est er
vi scosity of 8§cen %EY Gige-1mlyy égr results &5 descri bed

above, was preparegiggosity off Gacenhgﬁmkal ebh#0°d.n whi ch substantially
100% PE, with an gséék tmaaswaéséf&ﬁaaabbaél Wajsogﬁéﬁaréé)

et hyl hexanoi ¢ acid__ T, roduct cbgnt | st okes at
40[err] C. ﬁgﬁé@ a@ﬁsgsfﬁc“ taally 100% P 'Exarrpl es
of ester bl ends ac@éthlﬂg aqic nbaprmmubstantlakhem%n%hat wer e made by

m xi ng the abpye- deshyikethnkic abigndime progkst M seivibebsity Rt E?
e,

foll ow ng tabl e, +C e seen fromthe datalntheta
ester bl endscg?t%%tfoskelér?%en | oéz exhi bit good conpatibility wth
refrigerant R134a over a w de terrperature range and have high

hydrol ytic stabil i gyamg egEe¥d esenti ng concentratien

of free acid). o oL ¥t E!ih%y X@é: syre ol l ows: 70
grans of the ester | ubri cé@iggals)e és%% P dﬁg &b gh?ﬁif g
contai nng 1000 ppriR¥eRkich Fhakavere itads By mixing the above-descnbed

15 blending stocks are set forth in the following table.

As can be seen from the data in the table, ester
blends of this invention exhibit good compatibility
with refrigerant Rl34a over a wide temperature range,
and have high hydrolytic stability and low acid value

20 {representing concentration of free acid).

Hydrolytic stability was measured as follows: 70
grams of the ester lubricant base stock and 70 grams
of Rl134a containng 1000 ppm water are placed into a
tube that is then sealed. The sealed tube is heated

25 to 1750 C. and held at that temperature for 14 days.
Then the acid value of the products is measured for
hydrolytic stability by the ASTM D-924 procedure which
is incorporated herein by reference.

To measure the thermal stability of the ester

30  lubricants as described above, with 1,1,1,2,-
tetrafluorcethane refrigerant, the sealed tube test
was performed at a high temperature. The test method
involves the following steps: first, 1.5 ml of ester
lubricant, 1.5 ml of 1,1,1,2-tetrafluorocethane, and

35 one piece each of iron, copper and aluminum test

- pieces (1.7 mm in diameter, 40 mm in length) were

- 17 -



tube that is then sealed. The sealed tube is heated 25 to 175[err] C

and held at that tenperature for 14 days. Then the acid.val ue of the
preducts is nmeasured for hydrol ytic stability by the ASTM D 924
procedure which is incorporated herein by reference. To
measure the thekjgdesntsgbi |1ty of the ester 30 | ubricants aw@gm' f5d
above, with 1,1,1,2, - tetrafl uoroethane refrigerant, the seal ed tube
t est was performed at a high tenperature. The test rret hod

i nvol ves the follow e f 5 est icant, 1.5
m.of 1,1,1,2-tetra (;)rgzc%e?‘aanélai'g é%e angngh %@é é'fc?hhﬁ?‘ é(ﬂ‘: copper
and al unmi num t est 175 £P% b days 7(33f muashnetltﬁtem@hmwp lwasgt h) wer e

- CEI|-'/7 -S 06/ 0858 WO 9&&1@8&83& the change of color of the specimen cﬁ.l wag
P U 584 e S eate at
175[err]for 14 gays 338 %g by g\f #H_Bﬁ?eéf'%ﬁé‘%et:ﬁ g%%f) ® the

change of col or® of & %PF%%E’: es of \gha pater &Hhr%mondl tions
of the netal pieces smphes and ¢hanbtiesk tEse pesylyd isre ehoieieThele

| ubri cant sanphepetdy. t he ot her test resul ts are shown in Table
bel ow. WO 96/ 40848

PCT/ US96/ 08584 E- 4159- X

E- 4160- X E-4161- X E-4162- X E-4164- X
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NPG di - 2- et hyl hexanoat e 100 78. 54

52.76 30. 83 PE tetra-2-ethyl hexanoate -
100 21. 46 47. 24 69. 17 Viscosity G ade
8 44 10 15 22 5 Properties
Visc. @100[err]C 2.06 6. 27 PCT/US96/08584 46
3.20 AYJ‘b‘lf"&’%‘E Visc. @40[err]C. cSt 8. 01
44, 38 10. 05 14. 94 22. 26 Vi
22 84 47 " 62 g aplea 66 Flash, *F
i 50 g0 rdd) moes  EfaCesns i
Mscibility, *F WPG ai-2-athyle®PYT- 70 T.31 ™ $3-Ferr] 3
-41.5 - - 32FE teera-2-echylhexancaq®y dr ol-yti ¢ SBMbi | i t $f4&rr] 47-24 69.17
Fi nal AV Visco3ty (Sitade 0.02 4« 0.02 2 B.02 = 0. 02
Seal ed Tube Tersn Nakropdddtes Stability[err]
0i | No Effafd¥®™ ***No chande® No tHange ***No cfdhge *#* change
Copper O afitfe ® 4°°¢. B ange 8.01 .30 W0y ch#rie  Weschange
No change A 22 8¢ Aboves? AMaove ¢
Li qui d Li qui d  riasa, *r St eel  aes 388l UE- @GN 4 Tan
Above No cltange,,,., Bl ue/ green Bl yg/ gr eepy, 90 5 7
Li qui d; . Bel ow
B ue- gr een Ri3da Miseibility, °P <-1|o Li qui-:la Lt .¢-7o | ~41.5 =32
Bel ow Rydrolytic Seabilicy' Tan Above 20 1 Test
Met hod: Seal ed Tube. oi ™*R¥4a. 1000-%pm wat-® , 178F%rr] C**14 dag<:
2 175[ errgeC. 14 SertedJube gamiinaR]134a (1:1) Al t hough the
vari ous aspects of the pregent No change | [y e Orfoltbrme e @mnseleswrehsl@d and
exenplified above in Alunimum [ €1 TBo d@dngeC € Iwh Sthdde 0 fe@bge € O eidlaodi RRRALS,
vari ous other 25 eNbOGBPENT S MYRe APRALENT 140 hall@S O Sk | € challe t NE
art. The invention is, therefore, n@iNdi Mm% to the enmbodi ment.s
specifically described an emplifjed rein, S abl e of
variation and nodificati o(r%u% J“Sm ho%a%icﬁ?f Pioa%qg?'ﬁe E@g’ﬁ"e of
t he appended 30 cl ai ns. Below Tam Above

20 1 Test Method: Sealed Tube, oil/R13da, 1000 ppm water, 175°C, 14 days

2 175°C, 14 days, oil:R13da {1:1}

Although the various aspects of the present
invention have been described and exemplified above in
terms of certain preferred embodiments, various other

25 embodiments may be apparent to those skilled in the
art. The invention is, therefore, not limited to the
embodiments specifically described and exemplified
herein, bhut is capable of variation and modification
without departing from the scope of the appended

30 claims.
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i ncludi ng ester (A
2- et hyl hexanoi c
30- 90% based on

havi ng pentaerythrito
reactive conponents,

based on the 10

| ubricant conposition as
(A and Y5

percent of ester
A | ubricant conpesseéentialdy of camesbtier blemdnintludingiesteri(d) 70- 85

B O P eq | onidd nebBentylglycol adll ddicenSE C2EIY1HEXARDL D
oragfd ls SR8 rSactibe compaReRtiyy 1Boal, HORRY . PLPRE

3.

4.

A conpounde%
t

90 wei ght perce

a

10

15

20

25

30

5

t OfzRA

T 1S CLAIMED |

WO 96/ 4 S 1. A
| ubri cant conpositi on conS| sﬂl“'llw!uy ll! m aI |y of an ester blend
ol and a source of

acid as its reactive conponents, in an amount of about

al weight of said conmposition
and a source of

angicrebssosssd) |

2-et hyl hexanoic acid as its

inan amount from about 10-70 wei ght percent,

vg ng.d corrp05|t|on 2. A
c

%FQNP%%‘?%F%?’-% (B).

30-90% based on the total weight of sald composition
and ester (B), having pentaerythritol and a source of
2-ethylhexanoic acid as its reactive components, in an
amount from about 10-70 weight percent, based on the
total weight of said composition.

2. A lubricant composition as claimed in claim
1, including 50-85 weight percent of ester (A) and 15-
50 weight percent of ester (B).

3. A lubricant compogition as claimed in claim
1, including 70-85 weight percent of.ester (3A) and 15-
30 weight percent of ester (B).

4. A compounded lubricant consisting
essentially of at least about 90 weight percent of a
lubricant composition according to claim 1 and a
balance of one or more additives selected from the
group of oxidation resistance and thermal stability
improvers, corrosion inhibitors, metal deactivators,
lubricity additives, viscosity index improvers, pour
and floc point depressants, detergents, dispersants,
anti-foaming agents, anti-wear agents and extreme
pressure resistant additives.

5. A compounded lubricant consisting
essentially of at least about 90 weight percent of a
lubricant composition according to claim 3 and a
balance of one or more additives selected from the
group of oxidation resistance and thermal stability
improvers, corrosion inhibitors, metal deactivators,
lubricity additives, viscosity index improvers, pour

- 20 -
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20 bal ance of one or nore additives selected fromthe group of

oxi dation resistance and the' "m,'"amujmnml, i Nnprovers, corrosion
inhibitors, metal deactivatof gt y additives, viscosity index
. L L] :

| mprovers, pour and floc point depréssants, detergents, dispersants,
25 anti-foang ts, -anti-wear agents and extrene FRESI¢i08584
resi st ant add%ﬁ%&@m 5. A conpounded | ubricant consisting
essentially of at |east about 90 wei ght percent of a . lubricant
conposi tion accordi l.aiim,.3 %&d n f Qne or re .
addi tives sel ected a?'rgg‘%nf?‘%é)ao& d o%%ag’%%x?%%%%t%ésa%%%?ﬁs@%ﬁi t her mal
stability i npeBtaricaning agenke i @mtii-weas agantd apdaettzemer s,
lubricity additivepregsars Ydsistafe addpivesl s, pour

- -20 - WO 96/40848

PCT/ US96/ 08584 and floc_point depressants, detergents, dispersants,
anti-foanmi ng agents, an®i - wiarefFigrrant, wogking fpluid conpigtiag e resi st ant
additives. 5 essentinlly/ofeht | Basanabont k5 grdightdpers@itsiofig 5

essentially of at gﬂasrftmt géaﬁ@émﬂa@acs&e&e@fm ?hé”dx%@’ heat

transfer fluid sel &cte om t he group Gconsi st 0
pent af | uor oet hane, C?Fsg‘!’ G&r BeRtRfjgoroethang, Jfk,l‘fg-g%‘l"?’f‘?m'hane,
tetrafl uor oet hanes 1ahdl pixifiluogoethane,t tetraflwmmbetibanbal @nt misdtures

lubricant conpositicglyrdff and@eheBhIMhde0 ol &l hbricant compositibn A

refrigerant king fluid consistin essentially of at |east about 85
wei ght perce\r,#; of gcc"rémgp °rrﬁi§i'ﬁglat transfer fluid selected fromthe

group consi sting of pentafluoroethane, 1, 1-difluoroethane, 15
1,1, 1-trifluoroethane, 1etraf kesripdramtewopRing slidiideeonsistidgher eof and

o KT goran VEPRSELRSOBRCRL ey, pons 68 Lol bl U
primary heat transfer fluid selected from the group
consisting of pentafluoroethane, 1,1l-difluorcethane,

15 1,1,1-trifluorcethane, tetrafluorocethanes and mixtures
thereof and the balance of a lubricant composition
according to claim 3.

8. A refrigerant working fluid consisting
essentially of at least about 85 weight percent of a
20 primary heat transfer fluid selected from the group
consisting of pentafluoroethane, 1,l-difluorocethane,
1,1,1-trifluorcethane, tetrafluoroethanes and mixtures
thereof and the balance of a lubricant composition
according to claim 4.

25 9. A refrigerant working fluid consisting
essentially of at least about 85 weight percent of a
primary heat transfer fluid selected from the group
consisting of pentafluorocethane, 1,1-difluoroethane,
1,1,1-trifluorcethane, tetrafluoroethanes and mixtures

30 thereof and the balance of a lubricant composition

) according to claim 5.

I 10. A refrigerant working fluid according to
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essentially of at |east about 85 we ent of a 20 primary heat
transfer fluid selected frc““\“ﬂ“ !‘ﬁﬂ\‘mﬁ“ consi sting of
pent af | uor oet hane, 1, 1-difl 1,1, 1-trifluoroethane,
tetrafl uor oet hanes and mi xt uf es’ t hereof and the bal ance of a

| ubri cant CO”ind @ﬁ, according to claim4. 25 U
refrigerant working uid consisting essentially of at |east about 85

wei ght percent of a primary heat transfer fluid selected fromthe
gr oup consi st ehgimfe,peheséin xdd Prifary Heali trunsser hemeid is

1,1,1-trifl uoroet hagel 1 ol.eatLypl aaidetigneand m xtures 30 t her eof énd

t he bal ance of a |ubficant conmposi tion accor di ng to claimb5.
10. A refrigerant working fluid according to
- <21 - - WO 96/ 40848 & refrigerant working fluid according to

PCT/ US96/ 08584 claif |3 nhérewesra&anpﬁwruéw ¥rifafet ANy f I UIdD i
1, 1,1,2 -tetr A refrigerant vvorklngflwd

, 1,1, fluor
according to 5 gqﬂ%geﬁﬁﬁ"rm&%ﬁﬁm mary heat transfer fluid is 5

1,1,1,2-tetraf|uoroethane 12. Arefrigerant working fluid

according to cl ai rﬂz8 m’“féf‘:!-ﬁe'iﬁhﬂ %ﬂeﬂg/fliﬁaa a&éaféﬁ{ fd idis

1,1,1,2 -tetrafluorg refrigeran Jluid
according to 10 f%{] 89 wﬂﬁ'é?’éf Fadsh B‘-‘b‘f‘?ﬂé&%ﬁﬁ Faf‘?g?féf &Pd i's
1,1,1,2-tetrafl uor obt hah@-tetrafluoroethane. A process for operating a
refrigerator conprising cyclic conpression, |iquefaction, expansion

and evaporation of a hegl‘s trﬁnSfézttigggéhg wcsaia-liczc.jnghﬁt i&SaccorcﬁinSf er fluid

consi sting essentially
1 claim 9, wherein said primary heat transfer fluid is

1,1,1,2-tetrafluoroethane.

14. A process for operating a refrigerator
comprising cyclic compression, liquefaction, expansion
and evaporation of a heat transfer fluid, said heat

15 transfer fluid consisting essentially of at least 85%
by weight of 1,1,1,2-tetrafluoroethane and a balance
of a lubricant composition according to claim 1.

15. A process for operating a refrigerator
comprising cyclic compression, liquefaction, expansion
20 and evaporation of a heat transfer fluid, said heat
transfer fluid consisting essentially of at least 85%
by weight of 1,1,1,2-tetrafluorcethane and a balance
of a lubricant composition according to claim 3.

16. A process for operating a refrigerator
25 comprising cyclic compression, liquefaction, expansion
and evaporation of a heat transfer fluid, said heat
transfer fluid consisting essentially of at least 85%
by weight of 1,1,1,2-tetrafluoroethane and a balance
of a lubricant composition according to claim 4.

30 17. A process for operating a refrigerator
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by wei ght of 1,1,1,2-tetrafl aI ance of a lubricant
conposition accordl ng to cl al E imm 15. A process for operating a

refrigerator conprisin on, liquefaction, expansion
20 and evaporation of a heat transfer fluid, said heat transfer
fluid consistingoggsgiially of at least 85% by wei ght
1,1,1,2-tetrafl uoroethane and a bal ance of a lubricant corrpgg0
according to claim3. 16. A process for operatlng a
refrigerator 25 gy ction, _expansion
N SR O e g L S T

and evaporation of a eat traéeig
consi sting essenti att$ ORPOFation ofzgoheat trﬁ%ﬁﬂﬁ?’éﬁﬁléf said heat
1,1,1, 2-tetrafl uor oE¥arefierafluid kminmisting essenitiallybef cantleagapasyti on
according to clai m¥y weight of 1,1,4/2- eeé’fmehaﬂé’eéﬁd I§%Bi§%?ﬁ0848

refrisgerator

PCT/ US96/ 08584°  ©F & JyBFLcHnR, °%PF&%%‘?1&“€§’§F&H9 ¥ fRleria Bt on,
expansi on and evaporation of a heat transfer fluid, said heat
transYer fluid consisting essentially of at |east 85% by wei ght of
1,1,1,2-tetraf |l uoroet hane and a bal ance 5 of -a lubricant conposition
according to claimb5.
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