L1 QU D COMPQSI T ONS  CONTAI NI NG CARBOXYLI C ESTERS Thi's invention rel atesng o
| i qui d conpositions conprising a major anount of at |east one *

fl uori ne-contai ni ng hydrocarbon, and a mnor anount of at |east one

| ubl'icant., More particularly, the invention relates to |iquid conpositions
useful as refrigeration |iquids. chl orbf | uor ocar bons, generally referred to
in the industry as CFCs, have been widely use as propellants in aerosols,

al t hough use.in aerosols has been dimnishing in recent years because of
demands of environentalists for the reduction if not a conplete ban on the
use of CFCs because of the detrinental effect of CFCs on the stratosphere's
ozone | ayer. CFCs al so have been used because of their unique conbination
of properties as refrigerants, foamblow ng agents, and-specialty solvents
within the el ectrony @%Wﬁx@ﬁ“& !, Sy (AR

have been utilized T0O €se purposes i ncl ude CPC
chlorotrifluoromethane, CFC-12 which is dichlorodifluoronethane, and
CFC-1[err]13 -which is 1,2,2-trifluoro-1,1,2-trichloroethane. Since 1976,
when the aerosol industry began to feel the pressure to reduce if not
elimnate the use of CFCs,.the-aeresel-industrytigs progressively noved

t owar d t he substitutioj of hydrbthrbon fiapel | ants for CFC propel | ants.

The hydrocarbons, such as |Hufamep:iar ertiegdi-ty "dV&iY aplel and i nexpensive,
and the quality of the finsl (product :generdl-t Y HAY Been| unaf fected by the
substitution of propellantis) iHowever : ptié --pr--obﬂl"é"ﬁ‘?%'f"'f'i' ndi ng a safe

repl acenent of CFC refrigerantsirand f: garmdbl owiorigg ged e

This invention relates to liquid compositions comprising a2 major amount
of at least one fluorine-containing hydrocarbon, and 2 minor amount of at least one
lubricant. More particularly, the invention relates o liquid wmpositidns useful as
refrigeration liquids. .

been widely used as propellants in aerosols, although use in aerosols has been
diminishing in recent years because of demands of environmentalists for the reduction
if\not a complete ban (mhthe use of CFCs because of the detrimental effect of CFCs
on the stratosphere’s ozone layer. CFCs also have been used because of their unique
combination of properties as refrigerants, foam-blowing agents, and specialty soivents
within the electronics and acrospace industries. Examples of CFCs which have been
utiiized for these purposes include CFC-13 which is chlorotrifluoromethane, CFC-12
which is dichlorodifluoromethane, and CFC-113 which is

1,2,2-trifluoro-1,1,2-trichioroethane.
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agents has been nore difficult to solve. Several replacenent candi dates
have been suggested as alternatives to the fully hal ogenated hydrocarbons,
and these include hal ogenated hydrocarbons containing at |east some
hydrogen atoms such as HCFC-22 which |s difluorochl oronethane, HCFC 123
which'is 1,1-dichloro- 2,2, 2-trifluor®ethane, HFC 134a which is 1,

1,1, 2- tetrafluoroethane and HCFC- 141b which is 1, 1-dichloro-1-fl uoroethane.

The ozone depl.etion patential of these Q

si'ani 11 cats yroeeedte R kS Hedned mongBRien s SIS o iy ocbans, |
used CFCs.gudihgs ®aBRE, dRPHIIQhvARANO lnd! inkfpeRsive] akd Ui qealintrel it i
capability of the material to destroy the ozone |ayer in_the atnosphere. It

is a conbipreduchgensralih dapbeancunaifpstadbyticgwbstisution od propeliepise HOWEYEhat

G 154a ooy &y BT, BAR skl o ERL e B0 ARY e st 20

appl i cati qBgnts Xa¢ Mé@nﬁfn&uﬁ%%ﬁé' asémtsep@@émm feoRlaes liadve meane
depl etion potential has been reported as bei n%‘ Zero. In order for any of

" the repl acuggastednas lterastives gopide fully halogenated socarons, @apé must
be conpatible w

used ref rig&E @@MH Sl L\tggt#éggﬂw %%@@%8@% m nera?§ent Y

| ubri cati Rgpigh ! Snsvm'(ﬁﬂu@fo‘éhuxtrbiﬁem@as Hwd-yhsi camic N @i r 1¢DaidHibaRer
conpressors. The above-described ref i gerant candi dates, however have

di ff erent m;zemﬂwgems HECG1 342 whichtibanl, ﬂr%maﬁuvwﬁm&m%ﬁ@%@r 41bi
use. For e ricating oil is inconpatible (i.

i nsol ubl e)w Lﬁ%f@r M@?ﬁmati bility results in unaccept abl e -
conpressor life '%S%&%ﬁ@ﬂoﬁWﬁﬁ%ﬁ"ﬁ&é@%@ﬁﬁe&mﬁsﬁmwmm

refrigerators and air-conditione ncl udi ng”auto, hone and industri al
ai r - condi tlessnthas .the ozone depletion potential of the prevnousﬁy used CFCs. The ozone

depletion potential is a relative measure of the capability of the material to destroy

the ozone layer in the atmosphere. It is a combination of the percentage by weight
of chiorine (the atom that attacks the ozone molecule) and the Bfg&ime in the
atmosphere. HCFC-22 and HFC-1342 genenally are recommended as being -
candidates in refrigerant applications, and HFC-134a is particularly attractive because
its ozone depletion potential has been reported as being zero.

In order for any of the replacement materials to be useful as refrigerants,
the materials must be compatible with the lubricant utilized in the compressor. The
presently used refrigerants such as CFC-12 are readily compatible with mineral
lubricating oils which are udlized as the lubricant in air-conditioner compressors.
The above-described refrigerant candidates, however, have different solubility
characteristics than the refrigerants presently in use. For example, mineral lub-
ricating oil is incompatible (i.e., insoluble) with HFC-134a. Such incompatibility
results in unacceptable compressor life in compression-type refrigeration equipment
including refﬁigemtérs and air-conditioners including auto, home and industrial
air-conditioners.

In order to perform as a satisfactory refrigeration liguid, the mixture of

refrigerant and lubricant must be compatible and stable over a wide temperature range



In order .to performas a satisfactory refrigeration liquid, the m xture of
refrigerant and |ubricant nust be conpatible and stable over a w de
~tenperature range 3 such as from about O[err]C and above 80[err]C. For
sonme uses, it is generally desirable for the l'ubricants to be soluble in

t he refrlgerant at concentratlons corrdsponding to the ratios customary in

t he environment of use, about 5 to 15 % over a tenperature range from
-30[err], or.prele ocbe 80[ gt olis o k&
R

accept abl ethe m@m&aﬁzx ts barsahubie irstheqefiigirah @ concetmationsicay _,.\.;,..
tenperatures, and the refrigeration |iquid should noi %;ve a detriment al
effect on momuanogmgxé@%ﬂwwmmhof R, EnAPRYLDIQ 15 G P BT tamgprzature

conpri sing %éﬁaf“ er 4aPel YW@y vi. AradlidGised in
U S. Patenfﬁggte ?g @ﬁg conp S|t|§hs are ‘gvs&écfg? I N rﬁﬁérl ger at |Lon

syst ens. Reeringbr sfability,0i the aefrigiesion Déghids biu® Radeerdcseptalild 8 visedsignd
4,267,064 whi chconprl se_m xtures of a poI ygl ycol and O. to 1 of . 3

glyci dyI e CRATACHE i BmPERLyTEs.t 4 FEAARRC
and option [ g [ T, H@hhﬁ 20i e
_reported t%‘&@ ﬁg&g ﬂéﬁﬁ?‘é r%’lgera %‘r@ %fsf.ecnt b %a ogen- cont alsl:ﬁiﬁrsgl'iﬁ the
crefri geranb@@pﬁgm Freons 11, 12, 13,22, 113 114, 500 and 502 (avai | abl e
from DuPont), and in particul ar W|th Freon 12 or 22. U.S fl 557
describes fluid corfpRfBPesitnns conmsisingatesriinoropthaneandpoly hioglsni ng

refrigerant,. &sMdbPEAH0E rPa%z{z 4, %513?6‘ %é&&ﬁ&sn&éﬂsdﬁe %g&“uf ﬁn"z%fngera@on
systems. Refrigeration oils are described in U.S. Patents 4,248,726 and 4,267,064
which comprise mixtures of 2 polyglycol and 0.1 to 10% of glycidyl ether type epoxy
compounds, or epoxidized fatty acid monoesters, and optionally, epoxidized vegetable
oil. The lubricating oils are reported to be useful in refrigerators using a
halogen-containing refrigerant such as Freons 11, 12, 13, 22, 113, 114, 500 and 502
{available from DuPont}), and in particular with Freon 12 or 22.
© U:S. Patent 4,431,557 describes fluid compositions comprised of a fluoro-
and chloro-contzining refrigerant, a hydrocarbor oil, and an alkylene oxide additive
compound which improves the thermal resistance of the oil in the presence of the
refrigerant. Examples of hydrocarbon oils include mineral oil, aikyl benzene oil,
dibasic acid ester oil, polyglycols, etc. The composition may contain other additives
including load-carrying additives such as phosphorus acid esters, phosphoric acid
esters, etc. Examples of fluorocarbon refrigerants include R-11, R-12, R-113, R-114,
R-500, etc. |
U.S. Patent 4,428,854 describes absorption refrigerant compositions for
use in refrigeration systems oomﬁﬁsing 1,1,1,2-tetrafluoroethane and an organic
solvent capable of dissolving the ethane. Among the solvents disclosed are organic
amidés, acetonitrile, N-methyl pyrroles, N-methyl pyrrolidine, N-methyl-2-pyr-
mlid@ﬁe nitromethane, various dioxane derivatives, givcol ethers, butyl formate,

butyl acetate, diethyl oxalate, diethyl ‘malonate, acetone, methyl ethyl ketone, other



conmpound whi ch inproves the thermal resistance of the oil in the presence
of the refrigerant. Exanples of hydrocarbon oils include mneral oil, alkyl
benzene oil, dibasic acid ester oil, polyglycols, etc. The conposition nmay
contain other additives including |oad-carrying additives such as
phosphorus acid esters, phosphoric aci¥ esters, etc. Exanpl es of
fluorocarbon refrigerants include R-11, R 12, R 113, R 114, R-500, etc.

U. S. Patent 4,428, 854. describes absorption refrlgerant conposi tions, for use
in refriger detoses 294 gliebyéasnpretbyhphosploric tiamise; srielisiess mhosphaie,dtrigthy]
organic solv§gg%%&pagge of dissolving the ethane. Anong the sol vents

di scl osed aP gani ¢ ami des, acetonitrile, N-nethyl pyrroles, N nethyl
pyrrolidine, N methyStabitigdr -ays@ﬂpg@ﬁn%mp@ngﬁgt BafPrisingr | @Y'S adiRkieaa
derivatives | ycal ethers butyl formate, butyl acetate dlethyl ‘oxal at e,
di et hyl mal @a% |h@sd1§hsox%aub aba polysthylene glycolsmetsyketherad

al dehydes, y I
phosphat e, %B%@ﬁ %E%;gg&ﬁ%{szg} %‘%Ea %%@sﬁ?o%gﬁ?%gb%?% Fx%nh?ﬁ%@f
hal ogenat ed skiiif-een inehuerptospegs abtess, ( x? cbn?uuﬁﬁglm@r@ganomi compounds.

pol yet hyl ene_ gl ycoI met hyl et her, and ast one_stabilizer are
descri bed i Fhe polysthyiens giae@enemtem@cmmmmn § are of thergenprad (foraula
phosphat e esters, epoxy compounds, and organotin conpounds. The

pol yet hyl ene egcoI met hyl ether-type conpounds are of the general formula
CHerr]-O(CHerr]Herr]OnR CH,-O-(CH,H,0),R

wherein n is an imeger of ] to 6, and R is H, CHs- or CH,CO-. A variety of
halogenated hydrocarbons are described including 1, 1-difluoromethane, 1,1,1,2-tetra-
fluoroethane, etc

U.S. Patent 4,559,154 relates to absorption heat pumps utilizing as
working fluid, 2 saturated fluorohydrocarbon or fiuorohydrocarbon ether having from
3 to 5 carbon atoms. Solvents reported to be usefu] with such fluorohydrocarbons
include ethers such as tetragiyme, amides which can be lactams such as the N-alkyl
pyrrclidones, suifonamides and ureas including cyclic ureas.

rine-containing hydrocarbon containing one to three
atoms, amd a lubricant compmmg (B) at least one carboxylic ester of (I) a
ompound, and (IT) a combination of (a) a monocarboxylic acylating
agent having fom' or ﬁwe carbon atoms, (b) a monocarboxylic acylating agent having
from about 7 to about 15 carbon atoms and (¢) a polycarboxylic acylating agent.
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wherein nis an integer of 1 to 6, and Ris H, CHerr]- or CHerr]CO. A
vari ety of hal ogenated hydrocarbons are described incl uding

1, 1-difluoronethane, 1,1,1,2- tetrafluoroethane, etc. U S. Patent 4,559, 154
relates to absorption heat punps utilizing as working fluid, a saturated

f I uvor ohydr ocarbon or fl uorohydrocarbdm ether having from3 to 5 carbon
atons. Solvents reported to be useful with such fluorohydrocarbons incl ude
et hers suedrdsgt vt magthereasparitdes thhi plesean ireehbivmabiereuéh pAsvidrd N- al kyl

pyrroli qo(‘?saiés%n‘;p%@?ﬂﬂme%w@ﬁﬁs% as including cyclic-ureas. Accordng to
one aspéct Bt “t he present invention themis provided a |iquid conposition
(A) at | east (dne=t [lgast mae doneLl PTG IRANEHE AMMIGACETREaTHIL AT Bi%e t'® t hr ee
car bons 1af oy, 2Rcha haPhinea8in GAUPFine 18 1B) cdly IMABGFenOBLegEmrDOXYE | C ester
of (1) a pol yhydroxy.conmpound, .and (l1) a conbination of t(%) %s (
nonocar Box%bFé@%FyIWﬁ¥%ean)hﬁFi g EBuPPE o CRFVRRYEEF b&HE S oits, (Th) a
br anched ; ppRaeak BO)tbl Cora eyl pdritagrngedtohavhd | Ifi) cncabbistac Yo @fabout 15
carbon atons and (g), a palycarboxylic acylatin ent, - - efhyncl uded
; ; oRyLS ye Gt arb € ;
wi t hin tah@"’%%ﬁg@’g‘ﬁ’*Fh%&ma&%tag?%i/kﬁ\’ﬂ% fops 9% g%fed conpositians
conpri siangrarfohed aberloeastoxylée fdaydative egattaineivimg Hydre cabatbbrtecehewti ning 1
to 3. Car%bongfb%%p[a@masn % r)e%rbglbvgggﬂzﬂgli% ae ?a&ugyagé%!tqgen present, and a
| ubri carit’ %onpr|5| ng at [east one carboxylic ester of (Ig
According to yet another aspect of the present inventien Chere is
provided & liquid composition comprising:
(4) at least one fluorine~containimg hydrocarbea containing 1 to
3 carbon atoms and wherein fluorine is the only halogen present; and a
lubricant comprising (B) at least omne carboxylic ester of (I) e
trimethylolalkane, and (I1) a combination of (a) a monocarboxylic
agcyleting agent having four or £five carbon atoms, {b) a branched
monocarboxylic acylating agent heving from about 7 to about 15 carbon
atoms, and' {¢) a polycarboxylic acylating agent. .
According to a further aspect of the present inventiom there is
+  provided a liquid composition comprising (A) at least ome fluorime-
conteining hydrocarbon containming 1 to 3 carbon atoms; and a lubricant
comprising (B) at least one carboxylic ester of (I) e polyhydrexy
compound, and (II) a combination of {(a) a monocarboxylic acylating
agent having four or five carbon atoms, (b) a monocarbexylic acyiating
agent having from s&bout 7 to about L5 carbon atoms, and {e) a
polvcarboxylic acylating agent; and {C) st least one additive selected
from an alkyl phosphite, an alkyl phosphonic acid ester, a nitrogen-
containing heteroecyecle, and a2 mixture thereof.

The liquid compositioms may additionally contain {C) an additive
selected from an alkyl phosphite, an alkyl phosphonic acid ester, a
nitrogen—containing heterocvcle, and a mixture thereof. Ligquié
compositions alse are described wherein the fluorine~containing
hydrocarbons also centain other halogens such as chlorine. Methods of

r'd .
lubricating refrigeration systens are also described.



di pentaerythritol or tripentaerythritol, and (11) a conbination of (a) a
nonocar boxyl i ¢ acyl ati ng agent having four or five carbon atons, (b) a

- branched nonocar boxylic acyl ati ng agent having fromabut 7 to about 15
carbon atons and (c) a polycarboxylic acylating agent.- Also included
within the scope of the present invention are |iquid conpositions
conprising: (A at |east one fluorine- cdhtaining hydr ocarbon containing 1
to 3 carbon atons and wherein fluorine is the only hal ogen present; and a

| ubri cant cﬂweﬁm %gmnm}nms at@mﬂmxm@wmmm@g@@@@n liguidsiip refrigerators
t t hyl ol bayy t
agr;laﬁ hgv?r‘% %‘%Fmg&&% e & '&H@ﬁggf‘@%@(%%ﬁ h&%)r;’a 8ﬁ;rréti;éﬁlocar boxyl?swéja '

acyl ating agesdnditivnersg from about 7 to about 15 car bon atons, and (C) a
pol ycarboxyl i ¢ Q&X&@&%& é@?&]ﬁrg %maaubé'éﬁé}@r @ﬁ%’ LeZE0t:n0h 5 o%i SUPLESEN
8ed B A‘”) fml east

i nvention thers CONPOST tT on orrprl SI ng

one fluoriné- ‘cont r%@ ont I N él.l % ? é nd a
| ubri cant conpri si ﬁ@““?%?“ gl‘ @8%@ é ’-‘ﬁ‘fb%%?m% %r%gf@droxy
conpound, agp&gktl t@}nﬁmﬁlaﬁeﬁiﬂ@m@s céeaamsa anenReSuPRark bt opfisdraitinosphvgient
havi ng four or five carbon at ons, é nonocar boxylic acyl ating agent

havi ng f r orpressung: uniessotharuiise qlsariy tei.ons, and (c) a pol ycar boxyl i c
acyl ating agent; a d i ve sel f n
phosphite, an al kyl‘gsp&g%qaﬁ% t#’% M@g&éd@d i ?&?@%ﬁ@oﬁ%ﬁ ﬁ% It%&ns
het er ocycl ehyafgadyin ¥idIFRy rb&h’@ﬂéne“Tb@xdte 4 Ureus MV 4 c&BBnESM directly
additionally cont ain (Cl)a:' an additiv

attached to the polar group and havmg a hydrocarbon or predominantly hydrocarbon

character within the context of this invention. Such groups include the following:

' (1) Hydrocarbon groups; that is, aliphatic, (e.g., alky! or alkenyl),
alicyclic (e.g., cycloalky! or cycloalkenyl), and the like, as well as cyclic groups

wherein the ring is completed through another portion of the molecule (that is, any

‘two indicated- substituents may together form an alicyclic group). Such groups are
known to those skilled in the art. Examples include methyl, ethyl, octyl, decyl,
octadecyl, cydohexyﬁ, ete.

(2)  Substituted hydrocarbon groups; that is, groups containing
non-hydrocarbon substituents which, in the context of this invention, do not alter the
predominantly hydrocarbon character of the group. Those skilled in the art will be
aware of suitable substituents. Examples include halo, hydroxy, alkoxy, etc.

' 3) Hetero groups; that is, groups which, while predominantly
hydmcarb@n' in character within the context of this invention, contain atoms other
than earbon in a chain or ring otherwise composed of carbon atoms. Suitable hetero
atoms will be apparent 1o those skiiled in the art and include, for example, nitrogen,
oxygen and sulfur.

in generaﬂ, no more than about three substituents or hetero atoms, and
prefera?iy no more than one, will be present for each 10 carbon alpms in the
hydrocarbyl group.



selected froman al kyl phosphite, an al kyl phosphonic acid ester, a
nitrogen-containing heterocycle, and a mxture thereof. Liquid
conpositions also are described wherein the fluorine-containing

hydr ocar bons al so contai n ot her hal ogens such as chl orine. Methods of

| ubricating refrigeration systens are %gso descri bed. The |iquidd
conposi tions are useful particularly as refrigeration liquids in
refrigerators and-@ihs e S » 4 a biriRgs dABEous Ry Ci al
and industrial air- con&?ﬁ%e?ﬂgﬁf tﬁ‘gp:g?eﬁ“eé&mf eatur es and enbodi nents
of the pr aseve withrespectow hydmcamwm h@nwbﬂdn@y way of non-limting

ber cont ages. are. by hedrn I sRbaeas AP bt fhedeige BuenBRoR o3H be et
pfessuresﬁﬁ% &Esgegﬁiymzﬁtt&@ﬁﬂ Wﬁé@k’ %%naéémvgré sqﬁae@fgy :

I ndi cat ed I's specftication an he appended cl ai s,

t er ns " hydroaconbstbin mem;immbambmem gtemp.te a group having a car bon

atomdirectly attaghed to,the polar group, and having a_hydrocarbop or
pr edoni nant |y hyd?@@a@@n W&Fa@?e@w&i h ECUHRT W(B% “ﬁge i on

a1 phat | c PECREYLE IRV bvlent) alkfl MIBRHE Aok 32*%“?;4“%3%“%?@

cycl oal keiykydedaodesdribd suioh gmupwlﬁchmnmnimﬂgubupm Wreartmimatoms, péhg i s
IC(I‘)lglpLg.E gg%%MnOt ! pgﬁé}gﬂem; 1 Q%lﬂ@%@?ﬂ ué‘?’f—)}n 83?@9@% 'é?fch gr oups
are Viscosity, unless otherwise indicated, is kinematic viscosity and is
measured by ASTM D-2270.
For purpose of this invention, equivalent weight of polyol is detesmined

by dividing the formula weight of the polyol by the number of hydroxyl groups.
'Eguivalents of polyol is determined by dividing the amount of polyol by its equivalent
weight. For polycarboxylic acylating agents or anhydrides, the equivalent weight is
determined by dividing the formula weight of the acylating agent or mhy&ride by the
number of carboxylic groups which form esters. "For example, an anhydride
contributes two carboxyl groups which can form ester. Therefore, the equivalent
weight of anhydride, such as succinic anhydride, would be the formula weight of the
anhydride divided by the number of carboxyl group. For succinic anhydride, the
number is two,

) When a compound or component is indicated herein zs being "soluble”,
the compound or component is soluble in the liquid compositions of the invention
comprising the fluorine-containing hydrocarbon and the lubricant. For example, a
compound or component is considered "soluble” so long as it is soluble in the liquid
compositions, even though it may be insoluble in the fluorine-containing hydrocarbon
per se.

The term “consisting essentially of™ refers to compositions that include the
ingr@dieﬁ{n&s Jisted in the claim as well as other ingredients that do not materially affect

the basic and novel characteristics of the liquid compositions.



known to those skilled in the art. Exanples include nethyl, ethyl, octyl,
decyl, octadecyl, cyclohexyl, etc. (2) Substituted hydrocarbon groups;
that is, groups containing non-hydrocarbon substituents which, in the

- context of this invention, do not alter the predom nantly hydrocarbon
character of the group. Those skilled imthe art will be aware of suitable
substituents. Exanples include hal o, hydroxy, alkoxy, etc. (3) Hetero

groups; tht is, groyieaMy Gt atuhe off SMGHRNEG hividly BhAFRRRMA i aChAjGCT er

within the context of thi's 1 nventi on, contain atonms o her than carbon in a
chain or riampust tfer mmmmmamnw befimgarasios. spusmabl Ofheoursey kvesrs
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substi t uentsg mmoﬁg}n@[@r@ﬁgﬁm@nd pr ef er ably no nore than one, will be
present for each 10 car bon atoms in the hydrocar byl _group. Terms such as

"al kyl ", "al kyl ene", etc. i ntammng diysirecaroon.he above with respect
to hydrocar byl and c b Iene The term dr qcar bon- based" al so has
the sane neaning ah@/‘ti’ﬂ C‘é%snpﬂ’t‘ser‘gh&ﬁg@g%%@ WYFEORe SPBPRIHy U 8% by |
when referrmﬂeneoarm@se%m?%mw%f@% e r%iiai,:%lr%”hrféu e, v to

the polar group. The“team "lower" as use nction vmth t'er ms
such as hydhefetipt-cottgitingahydroembonsatdnthierst, least lone, C& Mmﬂla,s stk as \C-Fand

the 11ke, Ib%n@'ls In addition to these two essential types of bonds, the hydrocarbon also may
contain other carbon-halogen bonds such as C-Cl bonds. Because the liquid
compositions of the present invention are primarily intended for use as refrigerants,
the fluorine-containing hydrocarbon preferably contains one to three, or to two carbon
atoms, and more preferably two carbon atoms.

As noted above, the fluorine-containing hydrocarbons useful in the liquid
compositions.of the present invention may contzin other halogens such as chlorine.
However; in one preferred embodiment, the hydrocarbon contains 'only carbon,
hydrogen and fluorine. These compounds oonminir;g only carbon, hydrogen and
finorine are referred to herein as flucrohydrocarbons or hydrofluorocarbons. The
hydrocarbons containing chlorine as well as fluorine and hydrogen are referred to as
chiorofluorohydrocarbons or hydrochlorofluorocarbons. The fluorine-containing
hydrocarbons useful in the composition of the present invention are to be
distinguished from the fully halopenated hvdrocarbons which have been and are being
used as propellants, refrigerants and blowing agents such as CFC-11, CFC-12 and
CFC-113 which have been described above.

Specific examples of the fluorine-containing hydrocarbons useful in the
liqui¢ compositions of the present invention. and' their reported ozone depletion
potentials are shown in the foliowing Tabie 1.




I ntended to describe such groups which contain a total of up to 7 carbons
atons, per se, and includes nethyl, ethyl, propyl, butyl pentyl, hexyl and
heptyl groups. Viscosity, unless ot herwi se |nd|cated is kinematic
viscosity and is neasured by ASTM D-2270. For purpose of this invention,
equi val ent wei ght of polyol is determ ngd by dividing the fornmula weight of
t he polyol by the nunber of hydroxyl groups. Equivalents of polyol is
determ ned by dividing the amount of ogyply by its equival ent weight. For
pol yoxylic acyl ating agents or anhydrides, the equivalent weight is

det erm ned G?ﬁEQWKﬁlng the fornmul a wei ght of the acylating agent or
anhydri de Besisghetioninber of carboxyl i Eomgmgbaps whi ch form estRB* For
exanpl e, an anhydrlde contributes two carboxyl groups which can formester.
Ther ef ore, Hdwcogui val ent wei ght of @HiNEEy i de, such as succ@i@sc anhydri de,
woul d be the fornul a wei ght of the anydride divided by the nunber of

car boxyl gEBeEC-183r succi ni c anhydri GECHEHS nunber is two. a conpound
or conpone i cated herein as ol uble", the co d or
conponent ?@mgéﬂﬁgge in the liquid d@%%@g Fsons of the I nven n conpri sing
t he fluori pEsEAB4ai ni ng hydrocar bon @Hgﬁgp Iubrlcant. Foraexanple a
conpound or conponent is considered "soluble" so long as it is soluble in-
~the liquid conpositions, even though it may be insoluble in the

fl uori ne-cént ﬂmma@eﬂ@dm@aﬁ&n@m serepored im ProeassnEngineerisgi ppy %gé,nlulm ly
of" refers to1888positions that include the ingredints listed in the claim
as well as other ingredients that do not materially affect the basic and

novel charact gxpbldsof thér Budrint\toneHaRE $3itdcafbons which may be useful in the
liguid compositions of the present inveation inciude trifluoromethane (HEC-23),
i,1,1-trifluorcethane (HFC-143a), 1I,1-difluoroethane (HFC-152a),
2-chloro-1,1,1,2-tetrafluoroethane (HICEC-124), i-chloro-1,1,2,2-tetrafluoroethane

. (HCFC-124a), l-chloro-1,1-difluoroethane (HCFC-142b), and
l,ll,z,znten“aﬂé@roemgne (HFC-134). Other refrigerants such as perflioropropane

(HFC-218), pesflucrocyclopropane (HFC-216), perfluoropropylene oxide, 1,3-

perfluoro pmpﬁene oxide and pentafluorodimetnyl ether may be used with the

lubricant. In the refrigerant art, the fluorohydrocarbons are often identified merely
with the prefix "R® in place of the above letters. For example HFC-23 is R-23,
HCFC-124 is R-124, etc.

) In general, fluorine-containing hydrocarbons which are useful as
r@fﬁgemts are fluoromethanes and fluoroethanes boiling at a relatively low
temperature at atmospheric pressure, e.g., below 30°C. Mixwres of
fluorine-containing hydrocarbons may be used, and the amount of each
fluorohydrocarbon in the mixture may be varied as desired. Examples of
fluorchydrocarbon mixtures useful as (A) include: 142(b)/22; 134(a)/23;
22/1247152(a}, etc. The useful fluorocarbon refrigerants serve to transfer heat in 2
refrigeration system by evaporating and absorbing heat at a low temperature and
pressure, €.g., hear ambient temperature and atmospheric pressure, and by releasing

heat on condensing at a higher temperature and pressure.



-7- Cenerally the anmpbunt of fluorine-containinrg hydrocarbon is a major
anount for autonotive and stationary refrigeration systens. O course,

| ower anounts, e.g. less than 50% of the fluorine-containing hydrocarbon
are useful, such as in household refrigerators. (A) Fluorine-Containing
Hydrocarbon. The |iquid conpositions of @he present invention conprise, in
one instance, a mgjor anount of at |east "one fluorine-containing

hydr ocarbon. That i gn LM %86 Ve Ripfdally east
one C-H bond as wel | gtsaﬂ%_uh gﬂrilh&%ln a%iglmt%d}to th@g%&?a% essentlgn{se(%ypes
of bonds, tfwmmfngmn@mswm rﬁsplmmdammpwnems @@hbmmnmwmmm@uch

Sfi%ﬂli"’{‘ﬁ»pm@@&?iﬁ <8 UL 20 B o5 250 Sp Pt Ho- Bak ST ot he
hydr ocar bonsasefe irfg0 mnsaat&ame U gn { S Bmiidifent %éﬂd@ﬁﬁe@h@@ﬁm@”d

nore preferably rbon”atoms. As noted above, thé fluorine-containi ng
hydr ocar bonhydrewh@n mmpmumqmmmmwm wbons4HE , oh @bputc¥ifn; of a3 nay

2&823: Tont 5P H H90E QRS bR ‘BOHEE HD%Bicy Carbon 7%€vd8bg@%gﬁﬁa%ftﬁw+q%
Ioeﬁgrg?nmoﬁﬁ@%mgr bons ‘or Eggido%ocar bons. The %él?g%ﬁ%gggsmd

cont ai ni ng mmx Qﬁ%a&} welght of tifd flsonineecantainingihwiyocarhor. iekaotherembodis
- chl orofluoro droc ns_or drochlor qu 0C ons
f1uorine-co sﬁ@%@q“f@&?@&’&% ﬁ?ﬁ‘eﬁ%ﬁﬁ@?@%%@y"@i@t&fé@%m
I nvention afgokfe-Sntaining hydmm’bon. When the fluorine-containing hydrocarbon is used
at levels greater than 50% by weight of the liquid composition, then the liguid

compositions are generally suited for use as automotive and commercial and industrial
refrigeration systems.

I one embodiment, the fluorine-containing hydrocarbon is present in an
amount from-about 10%, or about 25%, or about 30% up to about 55%, or to about
50%, or to about 45% by weight of the lubricant. When the fluorine-containing
hydrocarbon is present in an amount less than ‘ about 45%, then the liquid
compositions are generally suited for household refrigeration systems.

In additon to the ﬂuomeuconmmmg hydrocarbons described above, the
liguid compositions also contain at least one carboxylic ester of (I} a polyhydroxy
cdbmpound and (If) a2 combination of (a) a monocarboxylic acvliating agent having four
or five carbon atoms, (b) a monocarboxylic acylating agent having from about 7 to
gbout 15 carbon atoms and (¢} a polycarboxylic acylating agent.

The carboxylic ester lubricants utiized as component (B} in the liquid
compositions are reaction products of one or more carboxylic acylating agent with
polyhydroxy compounds containing at jeast two hydroxyl groups. The polyhydroxy
camp?unds may be represented by the general formula

R(OH), @)



di stingui shed fromthe fully hal ogenated hydrocarbons whi ch have been and
are being used as propellants, refrigerants and bl om ng agents such as
CFC-11, CFC-12 and CFC- 113 which have been descri bed above. Specific

~ exanpl es of the fluorine-containing hydrocarbons useful in the liquid
conposi tions of the present invention apd their reported ozone depletion
potentials are shown in the follow ng Table 1. -8- TABLE | Conpound

Egg g 3 wherein R is a hydrocarbyl g@%aa[ngﬂr er%%[ %@g@t 2. The hydrocarbyl gro%potﬁgy 05

HCFC- 141b contain from 4 to about 20 or ﬁd&’@&éﬂ%ﬁ'dﬁ@hﬁ ind the hydrocarbyl group méﬁ 05
HFC- 134a CHerr]F Jﬁgrr

Qzone depl é@o@@%@@eﬁﬁ%lmaéanépmlm D CYESENYPASer | IS Wlf’h}@'@ﬁﬂ
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trifl uor onpidferably (ﬁ—m Et SJmhbéuti 10 hivdexobgivape. (HFC-143a), 1,1
-di f | uor oet hane HFC- 152a), 2-choro 1,1;1 , 2- t et raf | uor oet hane

(HCFC-124), 1-chl or p@lurhyéroztmmmrﬂmwwmmqqm@m&ﬁm groups,

22 T Ao e il e i

The number of carbon atoms and number of hydroxyl groups contained in the polyhy-

droxy compound used to form the carboxylic esters may vary over a wide range, and
. it is only necessary the carboxylic ester produced with the polyhydroxy compounds
be soluble in the liguid compositions of the present invention. |

The polyhydroxy compounds used in the preparation of the carboxylic
esters (B) alsc may contsin one or more nitrogen atoms. For example, the
polyhydroxy compound may be an alkanolamine containing from 3 to 6 hydroxyi
groups. In one preferred embodiment, the polyhydroxy compound is an alkanolamine
containing at least two hydroxyl groups and more preferably at least three hydroxyl
groups.

The polyhydroxy compounds include n?imgmﬁoﬂaﬂ@nes, such as
trimethylolmethane, trimethylolethane, trimethylolpropane, and wimethylolbutane.
The polyhydroxy compound also inciude pentaervthritol, dipentaerythritol, and
tripentaerythritol.  In one embodiment, the polyhydroxy compounds are neo
poiyhydroxy compounds. Specific examples of polyhydroxy compounds useful in the
present invention include ethylene givcol, diethylene glycol, tricthylene glycol,
propyiene glycol, dipropylene glycol, glycerol, neopenty! giycol, 1,2-, 1,3- and
1,4-butanediols, pentaerythritol, dipentaerythritol, tripentaerythritol, trigiycerol,
trimethyloipropane, di-trimethyloipropane, sorbitol, hexaglycerol,
2,2 4-trimethyl-1,3-pentanediol, etc. Preferably, the Mixtures of any of the above
polyhydroxy compounds can be utilized.

‘ ‘The above polyhydroxy compounds are reacted with carboxylic acylating
agents to form the esters (B). The carboxylic acylating agents include (II) 2



(HFC- 218), perfluorocycl opropane (HFC-216), perfluoropropyl ene oxide, 1, 3-
perfluoro propyl ene oxi de and pentafl uorodi nethyl ether may be used with
the lubricant. In the refigerant art, the fluorohydrocarbons are often
identified nmerely with the prefix "R'" in place of the above letters. For
exanpl e HFG 23 is R-23, HCFC-124 is R-124; etc. In general,

fl uori ne-contai ni ng fydrocar bons which are useful as refrigerants are

f | uor omet h@nebingonféiua) o thentes: 'n ailic ngylating agehthrviag foub@r tEvepearaenr e

Pl uor | no- carEnnPRS TOMCAETPIb: SSRags o2 %éﬂiﬂaavk%ﬁemﬁ%b%ﬁﬁf Bt &g 10

fluorine- c@fﬁ

f1 uor ohydr ‘iﬁéﬁ‘&b%‘ bxf‘ té *&B@ﬁi‘ X5 Ub 1HBabolif 10a¢iBoh aforfleand €& ?h@f
f1 uor ohydr ocarbon m xtures useful as (A) include: 142(b)/22 134 (a)

22/ 124/ 152 @eyliating @geMhe ‘E&@emylaﬁngmgmm@der atids,genhyidrides @ndeiowgr alkarhsf er
heat in a refrig atlo ste evaporati and absaor bi hea | ow
t enper at ur?scgﬁsd g §§ T B%e g%&éﬂa&[ §tat§F%E p% Fic

pressure, %f@dn a@n&asmgnéeﬁm@am&@n@ﬁr&ymgt emblagéafambwerature and

pressure. -9- The anount of fluorine-containing hydrocarbon is the |evel

typically used for Mpﬁ&oﬁmymmngmgsme@mmnw smeighistheindawenf t he
present in | O ontain fr bo.ut or ab ut 20%.up a out 9 % or
Do about BEYRHCRIE FPER AnHESE SRR P8, Roicotlin BROTIOHE A5
the fluori RareRl rueasnéwgéia%éﬁaaomcm A8 AhhydtidRE of BRE beibis. om@g&e& 45%
or about 50% or about
of mxyhc acyianng agents wherein the hydrocarbyl group is a2 branched chain
hydrocarbyl group include isobutyric acid, Zeeﬁmyﬂan-butyﬁc acid, 2-methylbutyric

acid, 2,2,4-trimethylpentanoic acid, 2-hexyldecanoic acid, isostearic acid, 2-methyl-

hexanoic acid, 3,5,5-trimethylhexanoic acid, Z-etinyihexamﬁc acid, isooctanoic acid,
isononanoic acid, isoheptanocic acid, isodecancic acid, neoheptanoic acid, neodecanoic
* acid, and ISO Acids and NEO Acids available from Exxon Chemical Company,
Houston, Texas USA. ISO Acidg arc isomer mixtures of branched acids and include
commercial mixtures such as ISO Heptanoic Acid, ISO Octanoic Acid, and ISO
Nonanoic Acid, as well as developmental products such as ISO Decanoic Acids and
ISO 810 Acid. Of the ISO Acids, ISO Octanoic acid and ISO Nonanoic acid are
preferred. In one embodiment, the ISO acid may be isopentanoic acid (available
commercially from Union Carbide), which is a mixture of 66% by weight valeric acid
and 34% by weight 2-methylbutyric acid. Neo acids include commercially available
mixtures such as NECQ Pentanoic Acid, NEO Heptanoic Acid, and NEQO Decanoic
Acid, as well as developmental products such as ECR-909 (NEO () Acid, and ECR-
903 (NEO C,y4) Acid and commercial mixtures of branched chain carboxylic acids
such as the mixture identified as NEQ 1214 acid from Exxon. .
The polycarboxylic acylating agents may contain 2 up to about 4, or tv
about 3, preferably two carboxylic groups. In one embodiment, the polycarboxylic
acylatifig agent is a dicarboxylic acylating agent. Examples of useful polycarboxylic

acylating agents include maleic acid or annydride, succinic acid or anhydride, adipic



up to about 90% or to about 80% or to about 75% by weight of the liquid
conposition. More generally, the liquid conpositions will conprise from
about 50%to about 99% by wei ght of the fluorine-containing hydrocarbon. In
anot her enbodi - nent, the liquid conpositions contain fromabout 70%to
about 99% by wei ght of the fluorine-containing hydrocarbon. Wen the

fl uori ne-contai ni ng hydrocarbon is usedZat |evels greater than 50% by

wei ght of the |iqui

d i tjon, then the |iguid j b e .
Goner al | y 264 areaNF SRS, SRHG 35K AN B sm RAdih 57 PE PLITIen TSR afic
ref ri ger at} Qnn S Wberld'adl GrHAQHHHE Nhzeidif icfd HP khRANTRIR) ssbdtid geid or

hydrocarbon'1s’ present I n an anmount friom about 10% or about 25% or about
30% up toankyltidedB8sh or to about 50% or to about 45% by wei ght of the

| ubri . W £l I ne: I ni hyd . ont. |
| oos Chan abour 49gHEiRIPRRBIRR Jor tPRammen hh 06 Qe BhpafiohLufRad T T
househol d g ﬁk@@gtﬁaﬁys&ﬁ&m Bt GRash0xe iffuokileCESnthiningd Mytitorarton t he

fl uori ne-contal ni rocarbons described above, the |iquid conpositions
al so cont gbmaiting emesto three casbdoapkis; aed (B) a ahiner pmaupof afleass ope selublsund

and (I1) a conbination of (@) a nonocarboxyl,jc acylating agent V] f our
or five c&FERRC dubpqant (%’}“9&‘ & Jeat ORe cémi’%?i ﬁ@%&gn? gﬂ?ﬁ«")@?@"’?ﬁ%m
about 7 t 3%@&@ a hfondSathaivilttandoent .
The car b&&?‘?@%é@%%gﬁﬂéﬁ‘?@@ tilize dgf’@%%ﬁ%%%ﬁ%%%%‘)@ni n theyl iquid
conposi t i icarbuyliceyldting agentuand aopolyhgpdruxyncompaundo containing ey fleast g
agent wi th pol yhydroxy conpounds ntai nin | eqst two hydroxyl groups.
-IR-’?eO—Ingl yh]@d’ﬂwl 8@%@@3§%‘%@$%ﬁ?§mg@f%w&§ general formula

err

R{OC(O)R'], @

wherein R is a hydrocarbyl group, each R® is independently hydrogen, a straight
chain lower hydrocarbyl group, a branched chain hydrocarbyl group, ora straight
chain hydrocarby] group containing from 8 to about 22 carbon atoms provided that
at least one R* group is hydrogen, a lower straight chain hydrocarby! or a branched
chain hydrocarbyl group, or a carboxylic acid- or carboxylic acid ester-containing
hydrocarbyl group, and n is at least 2. ;

The carboxyli¢ acids utilized in the preparation of the carboxylic esters
useful in the liquid compositions may be characterized by the following general

forimula
R!COOH Ly

wherein R! is (2) H, (b) a straight or branch chain lower hydrocardyl group
(preferably about three to five, or to four carbon atoms), (c) a branched chain
hydrocarby] group, or (d) 2 mixture of one or both of (b} and (c) with a straight chain
hydrm;byi group containing from about 8 to about 22 carbon atoms or (¢} a
carboxylic acid- or carboxylic acid ester-containing hydrocarbyl group. Stated



-10-"wherein Ris a hydrocarbyl group and n is at |east 2. The hydrocar byl
group may contain from4 to about 20 or nore carbon atons, and the

hydr ocar byl group may al so contain one or nore nitrogen and/ or oxygen
atons. The pol yhydroxy conpounds generally will contain fromabout 2 to
about 10 hydroxyl groups and nore preferably from about 3 to about 10

hydr oxyl groups. The pol yhydroxy conpourie®hay contain one or nore

oxyal kyl ene_gr oups, _.and .t hus, ., the pol yhydr ox ONPOHIE ' | nds
Sueh as pol GEERERHTy BY OHFOR Ert T B Hrarene: S kRS RS A
groups cont piwie Grhight BReiR Bhifatartil S¥ourf 65 Briihats kit Gyfiicarblyhgroupr ithey| 1 C
esters may vary over a wide rangé, and it is only necessary the carboxylic
ester pr odummchmmmphy@mw%wkgrw@dhmmm Togt dite abgul Traaeboniaiene
conmpositiong of the present.invention. .The.pol drox S in
the prepar af?4 @&Pﬁﬁﬁ%‘%@g%‘ R »e??%*?@s(%ﬁmaﬂ% ?@ﬁyg%&#%@#o?ﬂ%re
nitrogen at mm&mﬁmghgwglmw%mm 20,9 TReNbRE offBarbbs afbins and will

al kanol am ne cont ai ni ng" from 0 k&/droxyl groups. In one preferred
enmbodi ment , getesathotsisiarfosm 4 trpooit 20 earbon alomsollaong @ embadiment,| east
two hydroxyl, groups .and. nor referably at | east r hydr oxyl . grqups. The
pol yhydr oxy“Coft FOUTM s"hﬁﬁmwmﬂ‘?w&%@“ ys}ﬁgg %ga atbmsEnd 10 %
trimethyl ol gRkdaRfedréd BRHBNINRIR! Eitidins FoniRbOM PIPESARNE cafBifh atoms. The

trimet hyl ol butane. The pol yhydroxy conpound al so include pentaerythritol,
di pent aer yt highenmplegniar weight straight chain hydrocarbyl group containing from 8 to about
22 carbon atoms will contain in some embodiments, from 8 to about 18 carbon
atoms, and in more preferred embodiments from 8 to about 14 carbon atoms.
In one embodiment, the branched chain hydrocasbyl groups are

characterized by the structure

CRHIRHR?)

wherein R?, R® and R® are each independently alkyl groups, and at least one of the
alkyl groups contains two or more carbon atoms. Such branched chain alkyl groups,
when attached to a carboxyl group are referred to in the industry as neo groups and
the acids are referred to a neo acid. The neo acids are characterized as having aipha-
, alpha-, disubstituted hydrocarbyl groups. In one embodiment, R? and R® are metnyl
groups and R* is an alky] group containing two or more carbon atoms.

Any of the above hydrocarbyl groups (R'} may contain one or more
carboxy groups or carboxy ester groups such as -COOR® wherein R® is a lower alkyl,
hydroxyalkyl or a hydroxyalkyloxy group. Such substituted hydrocarbyl groups are
present, for example, when the carboxylic acid RICOOH (TII) is a dicarboxylic acid
or a monoester of a dicarboxylic acid. Generally, however, the acid R'COOH (III)
is a monocarboxylic acid since polycarboxylic acids tend to form polymeric products

¢
if the reaction conditions and amounts of reactants are not carefully regulated.



tripentaerythritol. In one enbodi nent, the pol yhydroxy conpounds are neo
pol yhydr oxy conpounds. Specific exanples of pol yhydroxy conpounds useful in
the present invention include ethylene glycol, diethylene glycol,
triethylene glycol, propylene glycol, dipropylene glycol, glycerol,
neopentyl glycol, 1,2-, 1,3- and 1, 4-butanediols, pentaerythritol,

di pentaerythritol, tripentaerythritol,-¥4eiglycerol, trinethylol propane,

di -trimet hyl ol propane, sorbitol, hexaglycerol,

2,2, 4-tr] 1es 1053 memREaTRewy s acids candominer aspqunts 0 dicasborRYIc afids Qe of

t he above pol yhydr ; ds_.can yti ki zed. The above pol yhydr oxy
conpounds %ﬁg&ﬁ%%c e&%W@%él@%%f& ml ng agents to formthe esters
(B). The carboxyl i eeytmbbdithentchb Sestat G Ytepdrbd Jrem onecsfhihe palydredy (a) a
nonocar boxyl i c acyl atjng agent having four or five carbon atons, (b) a
monocar boxSarRpouad ¢eseribag abgunenda mangcatoeny ie scylating agent hewingdTom adgtapout

15, t b t t '
2oyl ati ng LodnbobtR s PeBP T, ool RBGHCER ThORTRAE 10%ckrforl RoRr Bee 10,
al kyl est egabodimest)ethe ninofbs@Bbxylich acRANE asdnt Yina¢ Be Vimdar ngr dganhed.) | b)

contains 8 or, 9 carbaon atons. In _one enbodi nent, the ac%l ating agents are

br anched. mmgummvmwhaagyiam$m? _m!ﬁfgy_nd BYliht
acta bu A RRE HnBhBHEE RS RIBRNE ™S hepianor o acia, and

anhydrides of thesphagifistypEofraitRkynit a@ﬂ@aﬁ%ﬂgm whichakah e wiliosd sn deer ei n
the hydrocarbyl group is a branched chain hy '

. [ 'drocar byl group |I ude
i sobut yri cpraparatiomofthn garbaxylie ¢sters asethe acplafipg lmgenss contpining a straight chain

hydrocarbyl group containing from 8 to about 22 carbon atoms. As noted previously,
these higher molecular weight straight chain acylating agents can be utilized only in
combination with one of the other acylating agents described above since the higher
molecular weight stwaight chain acylating ogents are not soluble in the
fluorohydrocasbons. Examples of such higher molecular weight straight chain
acylating agents include decanoic acid, dodecanoic acid, stearic acid, lauric acid,
behenic acid, etc.

In another embodiment, the carboxylic acylating agents utilized to prepare
the carboxylic esters may comprise a mixture of 2 major amount of monocarboxylic
acylating agents and a minor amount of dicarboxylic acylating agents. The presence
of the dicarboxylic acylating agents -resuits in the formation of esters of higher
vistosity. The complex esters are formed by having a substantial portion of the
dicarboxylic acids or anhydrides react with more than one poﬁyoi The reaction is
generally coupling of polyols through the dicarboxylic acid or ajhydxside. Examples
of mixtures of mono- and dicarboxylic acylating agents include succinic anhydride and
3,5,5-uimethylhexanoic acid; azelaic acid and 2,2,4-trimethylpentanoic acid; adipic
acid and 3,5,5-trimethylhexanoic acid; sebacic acid and isobutyric acid;_ adipic- and
a mixture of 50 parts 3,5,5-trimethylhexanoic acid and SO pasts neoheptanoic acid;
and ne@%ﬁepmnoic acid and a mixture of 50 parts adipic acid and 50 parts sebacic acid.

The use of mixtures containing larger amounts of dicarboxylic acylating agents should



;acid, 2,2,4-trinethyl pentanoic acid, 2-hexyldecanoic acid, isostearic acid,
2- et hyl - hexanoic acid, 3,5,5-trinethyl hexanoic acid, 2-ethyl hexanoic
acid, isooctanoic acid, isononanoic acid, isoheptanoic acid, isodecanoic
aci d, neoheptanoic acid, neodecanoic acid, and | SO Acids and NEO Aci ds
avai |l abl e from Exxon Chem cal Conpany, Houston, Texas USA. |SO Acids are

i somer nixtures of branched acids and il ude commercial nixtures such as

ol eSS el e B! LA P
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enbodi nent , acl | sopent anoi c acid (avail able comrercially
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enbodi ment m@'éﬁgn%@% W%ﬁﬁa - bﬂﬂcﬁ%lﬂﬁié §icid ofliapPydiideywith atdagsnt i ng

agent. Exanp ycar boxyl1c acylating agents include maleic
aci d or anlydpolitydsmyocompoundiotntining hydast dwp hydipivt groups1 Theformatgen

T e, el by e iniradtion oF carboxflic s ar aiforils &R Lhlfred bl ' ©
a reversible process which can be made to proceed to completion by use of a large
amount of alcohol or carboxylic acylating agent, or by removal of the water as it is

formed in the reaction. If the ester is formed by transesterificaton of a lower
molecular weight carboxylic ester, the reaction can be forced 1o completion by
removal of water, or the low molecular weight aloohol or acid formed as a result of
a transesterification reaction. The esterification reaction can be catalyzed by either
organic.acids or inorganic acids. Examples of inorganic acids include sulfuric acids
and acidified clays. A variety of organic acids can be utilized including
pmt@menesulfonic acid, and acidic resins, such as Amberlyst 15, etc. Organo-
metallic catalysts include, for example, tetraisopropoxy orthotitanate.

The amounts of carboxylic acylating agents and polyhydroxy compounds
included in the reaction mixture may be varied depending on the results desired. If
it is desired to esterify all of the hydroxyl groups containing in the polyhydroxy
compounds, sufficient carboxylic acylating agent. should be inciuded in the mixture
to react with ail of the hydroxyl groups. When mixtures of the alcohols are reacted
with a polyhydroxy compound, the carboxylic acylating agents can be reacted
sequentially with the polyhydroxy compounds or a mixture of carboxylic acylating
agents can be prepared and the mixture reacted with the polyhydroxy compounds.
In one %referred embodiment wherein mixtures of acylating agents are utilized, the

polyhydroxy compound is first reacted with one carboxylic acid, generally, the higher



or anhydride, suberic acid or anhydride, azelaic acid or anhydride, sebacic
acid or anhydride, etc. Liquid conpositions for refrigerators may be liquid
conpositions which conprise (A a najor amount of at |east one fluorine
cont ai ni ng hydrocarbon containing one to three carbon atons; and (B) a

m nor anount of at |east one sol uble organlc | ubricant conprising at |east
one carboxylic ester of a pol ycarboxyli- cylatlng agent and a pol yhydr oxy

agents. and TG TR %&a?w%%gﬁéiﬁ%%‘éﬁ%ﬁé%ﬁﬁ%b%% A B ana
characteri g gmgbhﬁﬁg%%%ﬁg&@r% (DErS9ir dakbStylie acid. (1) wherein

R is a hydrocarbyl group, ea S |ndependently hydr ogen, a strai ght
chain | ower hydr oc%hgdghgnb pecificatomentd claims, mmuﬂdémtmd
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chai n hydr s BF ary gf@%ﬁ%e%&ﬁb&’%ﬁ& 1R heiflé. O%fe%mﬁlecékt@ma&hl c

acid- or car Ic acld ester-contal ning hydrocarbyl group, and n is at

| east 2. Twﬂiyapmlb; reaCting the pobybydroxyt cempoundiareithep with acatic aié I95xy| i c

esters useful in_the liquid conpositions may be characterized by the
fol | owi ng 8EFHEaYER#I a R err] COH (1'11) wherein
Rlerr] is (a) H (Bheaaniduntl %f&&g fih aflY@) 08dd )| ma¥ Dep
(preferably about ?ﬁnree tdgﬁfﬂﬂ\r}%e or t ﬁ? (ojr]ns (c)w branched

chai n hydr easiedsd otaimugpprotiucy( fir the esired mmm ohepmpamng mmst@s)&mdﬁﬂ e)

e bon ot ofpbinatias oh(a) honocatbokytidacyting apeats having Joor of Rve calbon udias, | 7
() m@n@caxb@xyhc acylating agents having from about 7 to about 15 carbon atoms,
and (c) polycarboxylic acylating agents, one equivalent of polyhydroxy compound is
reacted with from about 0.1, or about 0.2 up to about 0.83, or to about 0.8, or to
about 0.7 moles of (a); from about 0.1, or about 0.2 up to about (.83, or to about
0.8, or to about 0.7 moles of (b); and from about 0.07, or about 0.1 up to about 0.3,
or to about 0.2 moles of {¢). In one embodiment, each equivalent of polyhydroxy
compound is reacted with from about 0.5, or about 0.55, or to about 0.6 up to about
0.8, or to about 0.7, or to about 0.65 mole of (a); from about 0.15, or about 0.2 up
to about 0.3, or to about 0.25 moles of (b); and from about 0.075, or about 0.1 up
to about 0.2, or 1o about 0.15 moles of {c). The molar sum of (a), (b) and (c) will
generally equal about one for each equivalent of polvhydroxy compound; of course,

more than one equivalent of acylating agent, and particularly of monocarboxylic acid,
may be used. _

in one embodiment, the esters are made by reacting a polyol with a
mixture of a dicarboxylic acylating agent and 2 monocarboxylic acylating agent.
Preferably, one equivalent of polyol is reacted with from about 0.07, preferably from
about 0.17 to about .33, preferably to about 0.23 moles of dicarboxylic acylating
agent and‘fmm about 0.67, preferably from about 0.77 to about 0.93, preferably to
about @.§3 moles of monocarboxyiic acylating agen!.



carboxylic acid- or carboxylic acid ester-containing hydrocarbyl group.

St at ed -13- otherwise, at least one R err] group in the ester product of
Formula | mnust contain a |l ower straight chain hydrocarbyl group or a
branched chai n hydrocarbyl group. The straight chain | ower hydrocar byl
group (Rerr]) contains from1l to about g carbon atons, and in a preferred
enbodi nent, contains from1 to about 5 ¢ Fbon atoms. The branched chain

hydr ocar byl group ' WV, N r. of rk , Te JATY , rally
contain from4 to %&@%&@r@%@ﬁy%@ cu@%g?%&g?%ﬁ?da@ gg’:a%ﬁﬁ??@@he

branched chgiepdlysivdresy bompaimisiesaitiedi bovd canddeffertedby pedting the acyatingd i n
a nore preferred embodi nent, contains fromabout 5 to aboyt 14 carbon
atoms. The REgHSrthawobiyRExyROPAUNGS, WithI9F Withauham peidsala v to c?i?}'at@d

cont ai ni ng ﬁg%! 3 n ' by ol £
enbodi nment s?‘é om gé)rgﬁgg%%@?gwcag#bgﬁi a o%&hiéuhﬁ%m%gasr%g?gﬁ?eﬁmw
enmbodi ment s i wsenréaction.abGederdily C entprataies rof. frbm shomt F5BCdionzbout 2008C or
branched chain hydrocarbyl groups are characterized by the structur

-C(R[ err]) ( higher pye suficient fopihs magtieg.c Ihe reactipn s eoraplried when valep Qriow

I ndependent | (1 t,L.east I : ai.ns
two or nor e“igg%%%%l ?ivf%[;%é pﬁ@éﬁ %r %@%@ﬁigdnogﬁ%}g%g aﬁc%@gg%éuggéﬁﬁgiﬁégb#a%hed
to a carboxyidigned wheh ovdtef, airl o6 fndldclal Reeigitcdlsdhols €S a¢ido cait aoisngertbet he
acids are referred to, g neo acid. The neo acids are characterized as having

al pha- , al peRoved by disgla8@R.ed hydr ocarbyl groups. In one enbodi nent,

| Rlerr] and Rierr] ang gelMlances, it is desired to prepare carboxylic esters wherein not
| all of the hydroxy! groups have been estesified. Such partial esters can be prepared
by the techniques described above and by utilizing amounts of the acid or acids which

are insufficient to esterify all of the hydroxyl groups.

The following exampies illustrate the preparation of various carboxyilic
esters which are useful as lubricants (B) in the liquid compositions of the invention.
Example 1

A mixture of 92.1 parts (i mole) of glycerol and 316.2 parts of apetic
anhydride is prepared and heated to reflux. The reaction is exothermic and continues
to reflux at 130°C for about 4.5 hours. Thereafter the reaction mixture is maintained
at the reflux temperature by heating for an additional 6 hours. The reaction mixture
is stripped by heating while blowing with nitrogen, and filtered with a fiiter aid. The
filtrate is the desired ester.

Example 2

A mixture of 872 parts (6.05 moles) of 2-ethylhexanoic acid, 184 parts
(2 moles) of glycerol and 200 parts of toluene is prepared and blown with nitrogen
while heating the mixture to abowt 60°C. Para-toluene sulfonic acid (5 parts) is
added to the mixture which is then heated to the reflux temperature. A water/toluene
azeotrope distills at about 120°C. A temperature of 125-130°C is maintained for
about § hours foliowed by a temperature of 140°C for 2 hours while removing water.
The residue is the desired ester.



groups and R err] is an al kyl group containing two or nore carbon atons.
Any of the above hydrocarbyl groups (R err]) may contain one or nore

car boxy groups or carboxy ester groups such as -COOR[err] wherein Rerr] is
a lower al kyl, hydroxyal kyl or a hydroxyal kyl oxy group. Such substituted
hydr ocar byl groups are present, for exanpu , Wwhen the carboxylic acid
Rlerr]COCH (Il'l1) is a dicarboxylic acid or**a nonoester of a dicarboxylic

acid. Generally, however, the acid R[eg%a%%i (I'1'l) is a nonocarboxylic
acid since polycarboxylic acids tend t ' r?ol ymeric products if the

reaction conditions amtb aMpedtkion OvessEiachaB!t sredichaftel 600 epdttsd Y2.5c msle) esff
M xtures of nonocar boxgl I c_acids and m nor anounts of dicarboxylic acids or

anhydri des arteglysefolang 1428 pets (i malkes) @ftasetic anhydride. ohbe spiBie Aehtated toe

o monocar boxy et iy FAREAE adiosne ot i B3P R AERSSE U BTG,
15, or to abquf abdut 95 heurshOThe Heaction Dpiktaico IS nitidEer EripIR0Si ISORC ablidlS
monocar boxylic acyl ating agent may be linear or branched. Particularly

usef ul nonocanmesgl | Theargsidue is filtaged through laufilben pish andthadHbse s she (desired
acyl ating agents containing 8 or 9 carbon atons. The third type of
carboxylic a ting agent which can be utilizing the preparation of the
carboxylic esters are the acylating ag Exatngie @t ai ning a straight chain
hydrocar byl group containing from8 to about 22 carbon atons. As noted

previ ously, these hi gh&eactiohaesschis chergediwith 23 paris (C.04imole)ef hexegiycergkands
322 c??bgtdi !aibé 23 gqgl;% ij%%ﬁ?ﬂ&ﬁgﬂy a%@tiéM My&é&e()f’rﬁgh%ﬁ%;?ge is REMLA e BERH S
temperature (2bout 139°C) and maintained at this temperature for 2 total of about 8
hours. The reaction mixture is stripped with nitrogen and then vacuum stripped to
150°C at 15 mm.Hg. The residue is filtered through 2 filter aid, and the filtrate is
the desired ester.
Example §

A mixture of 364 parts (2 moles) of sorbitol, and 340 parts (2 moles) of
a commercial Cqq Straight chain methyl ester (Procter & Gamble), is prepared and
heated 1o 180°C. The mixture is a two-phase system. Para-toluene sulfonic acid (1
part) is added, and the mixture is heated to 150°C whereupon the reaction commences
and water and methanol evolve. When the solution becomes homogeneous, 250 parts
(2.5 moles) of acetic anhydride are added with stirring. The reaction mix ure then
is stripped at 150°C and filtered. The fltrate is the desired ester of sorbitc..

_ Exampie 6

A mixture of 536 parts (4 moles) of trimethylol propane and 68C parts (4
moles) of a commercial Cyyq straight chain methyl ester is prepared, and 5 parts of
tetraisopropoxy orthotitanate are added. The mixture is heated to 200°C with
nitrogen blowing. Methanol is distilied from the reaction mixture. When the
distillation of methanol is completed by nitrogen blowing, the reaction temperature
is E@weréd to 150°C, and 408 parts (4 moles} of acetic anhydride are added in 2 slow

stream. A water azeotrope begins to evolve when 350 parts of toluene are added.



nol ecul ar wei ght straight chain acylating agents are not soluble in the

fl uorohyrocarbons. Exanples of such hi gher nol ecul ar wei ght straight chain
acyl ating agents include decanoic acid, dodecanoic acid, stearic acid,

| auric acid, behenic acid, etc. In another enbodi nent, the carboxylic
acylating agents utilized to prepare the carboxylic esters may conprise a
m xture of a major amount of nonocarboxylic-&ylating agents and a mi nor
anount of dlcarboxyllc a | ati ng agents. The presence of the dicarboxylic

acyl ating agent ¥k 73 paitnel 7 waslaceic amd m@%hﬁfbﬁpﬁﬂ@@‘ﬁ Shedisgljation

The conpl ex est re f

di car boxylic acig%%e%r aéﬁ%&? dé% ﬁ%@rﬂga& m)re éh%ﬁ%@é Sgglac xmre 15
reaction is geneslidced. Cmﬂ)h@m atd padiyioh ds trepegh withehedtiag rintiX yioi wammcdndue
anhydride. Exanples of mxtures of nono- and_di car boxyl LC acyl ti ng agents
i ncl ude succi ni ETaMNRidrY distiligieons, She resigueets ltores and & Kgtired

and 2,2,4-trinethyl pentanoic acid; adipi C%%h@l d 3, 5 5 tr| nmet hyl hexan0|c
aci d; sebacic acid and i sobutyric acid, I pl ®ahd a mixture of 50 parts
3,5, 5-trinmet hyl hexanoi Cﬁamdmed;fw.gmiss@nmpmmﬁmmn ropaxe, 660 parts (3
neoheptanoic acid and a m xture of 50 parts adipic acid and 50 parts

sebaci ¢ aci d. Tﬁrmee o commetnialsstrdght ghain, methyl gsier LOMPISINER m%sﬁ& g6 Rboytc

"o gor anounts. of ?y%& %4 SheP SR Bh 280 o b HEE (CR B0 e BN 8

the fl uorohydrocsa Tp@x@bﬁﬁb@ﬁmﬁe@@ fid BEx1Ed0 2000C with mild
neohept anoi ¢ acid an 20 parts of succinic aci i scosity and average
mol ecul ar wei ghfitesgen fowinge r Thesreagiion isalloanddoiprorasd vamiighy at ks sevaparature,

and in 16 hours, 110 parts of methano! is collected. The reaction mixture is cooled
to 150°C, and 100 parts of acetic acid and 50 parsts of toluene are added foliowed by
the addition of an additional 260 parts of acetic acid. The mixture is heated at about
150°C for several hours yielding the desired ester.
Example 8
A mixture of 408 parts (3 moles) of pentaerythritol and 660 parts (3
moles) of the CE1270 methy] ester used in Example 7 is prepa:'ed with 5 parts of
tetraisopropyl orthotitanate, and the mixture is heated to 220°C under 2 nitrogen
purge. No reaction occurs. The mixture then is cooled to 130°C, and 250 parts of
acetic acid are added. A small amount of para-toluenesulfonic acid is added and the
mixture is stirred.al about 200°C for 2 days, and 60 parts of methanol are removed.
At this time, 430 parts of acetic anhvdride are added and the mixture is stirred at
150°C until the acetic acid/water azeotrope no longer evolves. The residue is filtered
through a filter aid, and the filtrate is the desired ester of pentaerythritol.
Example
A mixture of 850 pasts (6.25 moles) of pentaerythritol, 3250 parts (25
- moles) of neoheptanoic acid, and 10 parts of tetraisopropoxy orthotitanate is prepared
and heated to 170°C. Water is evolved and removed by distillation. When the
eveluéon of water ceases, 50 parts of acidified clay are added and some additional
water is evolved. A total of about 250 parts of water is removed during the reaction.



of dicarboxylic acyl ati ng agent and decreasi ng the anount of nonocarboxylic
acyl ating agent. The carboxylic esters of the |iquid conpositions are
prepared , as nentioned above, by reacting at |east one carboxylic acid or
anhydride with at | east one pol yhydroxy conmpound containing at |east two
hydr oxyl groups. The formation of esters by the interaction of carboxylic
acids and al cohols is acid catal yzed and i s28 reversi bl e process which can

be made to proceed tq conpletion by use of a large a t of alcohol .or, .
car boxyl i ¢ acyTa¢ RpcHeR Fxtuse lmm%ﬁﬁmmfa&@%% Wi@aﬁﬁmyﬁﬁde
the reaction. @{agg ol oy ot @g@ t2hibd CRhd @B8siRH atedr QVBbtained.
nol ecul ar wei g%%e %ar gétf?{egigeg@%u%grﬂ ac %gﬁ%%é]s bzﬁforced to conpl etion
by renoval of water, or the | ow nol ecul aExampightd al cohol or acid formed as
a result of a transesterificatign reaction. %ge sterif'c.atri' reacH onlc?n
be catal yzed by eit her %o PHERTe ohoftlpegs (f fBolga ! :n@éaﬁ%qm moies

i norgani ¢ aci dge hpgl furd | hed bbRthntd fbm BAxNR" 468 Yat (4
organi ¢ aci ds %gn eﬁ}t%i ?‘lﬂé’e %@%ﬁﬁgﬁﬁ@tﬁ%%msu fonic ac?d’, and ¢

aci di c resins, niilesh of acéibenhyirideldnd $9 partOofAwmbeniyst 45| is preparad pad deated to

i nclude, for exanple 1,9 ,:@:. T&?@?@@%M%Gm

oL.etrai sopropoxy grthoti
carboxyl i ¢ acyReautig0agarharcupen waleyiand 26stc acH
reaction m xtu . 8 i QG 2 i i drvaio
et eac o o BB S AORENMS B FACKOF R ety ahdut 0.
pol yhydr oxy cofmpeunistere i5irhdintabied atathisotepdpesatamsy bfisevers! alzgs and Istrigpedb d.cetic

included in the mxture to react with all ,of the hydroxyl qgroups, We
m xt ures of thén@ldé’@ﬁé?@WOQM@W&W&WSWNO%@MWF@M

car boxylic acy hﬂ%ﬁ a#sﬂsd ted sequentially with the
oun s&%r@iass%ﬁx ure o

pol yhydr oxy co Carboxylic acyl ating agents can be
prepared and the m xture reacted w th thgxgapletnidr oxy conmpounds.

A mixture of 1088 parts (8 moles) of pentaerythritol, 1360 parts (8 moles)
of a commercial methyl ester of an acid mixture comprising about 55% of C8, 40%
of C,o and 4% of C; acids ("CE810 Methyl Ester”, Procter & Gamble}, 816 paris of
acetic anhydride and 10 parts of paratoluene sulfonic acid is prepared and heated to
reflux. About 500 parts of a volatile material are removed. A water azeotrope
mixture then distilis resulting in the removal of about 90 parts of water. Acetic
anhydride (700 parts) is added and the mixture is sticred as a water/acetic acid
mixture is removed. The reaction is continued until no more water is evolved and
no- free hydroxyl groups remain (by IR). The reaction product is stripped and
filtéred.

Example 12

A mixture of 508 parts (2 moles) of dipentaerythritol, 812 parts (8 moles)
of acetic anhydride, 10 parts of acidified clay as catalyst and 100 parts of xylene is
prepared and heated to 100°C. This temperature is maintained until the solid
dipentaerythritol is dissoived. A water/acetic acid azeotrope 15 collected, and when
the rate of evolution diminishes, the reaction mixture is blown with nitrogen. About
100-200 parts of acetic acid are added and the reaction is continued as additional

waterfacetic acid/xylene azeotrope is collected. When an infrared analysis of the



In one preferred enbodi mrent wherein m xtures of acylating agents are
utilized, the pol yhydroxy conpound is first reacted with one carboxylic
acid, generally, the higher =16- nol ecul ar wei ght branched chain or
strai ght chain carboxylic acylating agent tpj-l owed by reaction with the
strai ght chain | ower hydrocarbyl carboxylic acid. Throughout the

speci fication pedtion aiikBre iﬁdnadm& dmamumdéﬁ‘mmgdmxlyhgmupe thetrezcsioal reixtemn

be fornmed by reactlon of the pol yhydr ox ‘Jh th nhydri des of
any of the abo¥eStHRR Oﬁ% f %@g ﬁ&% easily

prepared by reacting the poI yhydr oxy cormﬁfiﬁlé;glther W|th acetic acid or
acetic anhydride. The anount of the carboxyl’ic acyl ating agents (a), (b),

and (c) rrayhbe vari edf téommmufmq)pﬁ%m@.% motafshefmpsn rthrétoly 9|t $ parts (1.25
reparing the esters fro a Go tion a), m oxylic
gcyloatl ng agen?"g) &\%ﬁ' H\S@@g@%? ?éﬁéb&’(yﬁ') Qﬁﬁﬁ@’@v and
| o
acyl ating agengg, @‘t{)”ﬂad com R?%Es mJbﬁ ?@%%?6}%% QFw, 88d wiieh the,

pol ycar boxylic a i g agents one ent o yhydroxy conpound |
reacted with f tompeadters isQaiséd toi5006 wbobt 65 Bwfithe theont wateB 35 collecied. mst

0.8, or to abot 0.7 noles of (a); from ahout abo 0,2 t o, about
0.83, or to ah@@oupis®l W@%@%rﬂ% 20‘3”19 %é‘gﬁk Yiseaus
or about 0.1 ug about 0.3, or to about 0.2 noles of (c). I n one

enbodi nment , eacﬁ equi val ent of pol yhydroxy conpound is reacted with from

about 0.5, or about 0.55, or to about O.Exampié @4about 0.8, or to about 0.7,
or to about 0.65 nole of (a); from about 0.15, or about Q.2

A mixture of 372 parts (1 mole) of tripentaerythritol, ﬁ% pafts (7 moles)
of necheptancic acid and 30 parts of Amberlyst 15 catalyst is prepared and heated to
110°C as water is removed. The mixture is heated for a total of 48 hours, and
unreacted acid is removed by stripping the mixture. The residue is the desired ester.

Example 15
A mixture of 1032 parts (6 moles) of neodecancic acid, 450 parts (3
~moles) of triethylene glycol and 60 parts of Amberlyst 15 is'pfepamd and heated to
130°C. A water azeotrope is evolved and collected. The residue is the desired
product.

Example 16
A mixture of 1032 parts (6 moles) of neodecanoic acid and 318 parts (3
moles) of diethylene glycol is prepared and heated to 130°C in the presence of 20
parts of Amberlyst 15. After heating for 24 hours and removing about 90 parts of
water, 20 parts of Amberlyst 15 are added and the reaction is conducted for another
24 hours. The reaction is stopped when the theory amount of water is obtained, and
the residue is the desired ester.

Example 17
A mixture of 200 parts (2 moles) of succinic anhydride and 62 parts (1
mole) of ethylene glycol is heated to 120°C, and the mixture becomes a liquid. Five
parts of acidic clay are added as catalyst, and an exotherm to about 180°C occurs.



to about 0.3, or to about 0.25 noles of (b); and from about 0.075, or about
0.1 up to about 0.2, or to about 0.15 noles of (c). The nolar sumof (a),
(b) and (c) will generally equal about one for each equival ent of

pol yhydroxy conpound; of course, nore than one equivalent of acylating
agent, and particularly of nonocarboxylic d, may be .used. In one

enbodi nent, the esters are made by reactingf ponoI wth a mxture of a

Proforabl y. oneXBRcy SPRNELSH DarEn Facnrbor i R HRERA0R haippioed a

preferably fromgagos watek is trémovedlt méﬁ,m@m&@%ﬁtﬁk@ trieontes @ioddymal samiof

di carboxylic acylating agent and from about 0.67, preferably from about
0.77 to about 2N®B} qumaw adged asdt the. wtntﬁ i5s stiredrgh dOAPE vpraight. The

acyl ating agent e to ti f Qf
carboxylic ac?%%qgﬁ @%ﬁ%(&ﬁﬁ?ﬂyﬁ @%ﬁ%@gﬁ#ggaﬁescrl D ﬁm IiE)ove
can be effect qgbsiyd Bgat.i ng t he acyl ati ng agent s the pol yhydroxy conpounds,

with or without an acid catalyst to an el evat ed terrperature whi | e renovi ng
wat er, or | ow nol ecul ar wei ght al cohol sm formed in the reaction.

Coner al 1Y, Lomper atur og e bRl BILGER S ‘Sl an s &2 e IS
| ow nol ecul ar @ﬁzﬁﬂ&néggfeaphnm ol sfpmmnumm&mqs PR res
conpl etion is indi‘cated when wat'er, or |ow nolecul ar weight al cohol S or
aci ds can no |8-8@%C.oé¢ twmammr@u the irtaction degins and an exotherm to 140°C results.
The mixture is stirred at 130-140°C for 15 minutes after 160 parts (2 moles) of
2,2, 4-wimethylpentanol are added. Water evolves quickly, and when all of the water
is removed, the residue is moovemd as the desired product.
Example 19
A mixture of 294 parts (3 moles) of maleic anhydzide and 91 parts (1.5
moles) of ethylene glycol is prepared and heated at about 180°C whereupon a strong
exotherm occurs and the temperature of the mixture-is raised to about 126’0. When
the temperature of the mixture cools to about 100°C, 222 parts (3 moles) of n-butyl
alcohol and 10 parts of Amberlyst 15 are added. Water begins to evolve and is
collected. The reaction mixture is maintained at 120°C until 50 parts of water is
collected. The residue is filtered, and the filtrate is the desired product.
Example 20
A mixmre of 1072 parts (8 moles) of wimethylolpropane, 2080 parts (16
moles) of necheptanoic acid and 50 parts of Amberlyst 15 is prepared and heated to
about 130°C. A water/acid azeotrope evolves and is removed. When about 250 of
the azeotrope has been removed, 584 parts (4 moles) of adipic acid are added and the
reaction continues to produce an additional 450 parts of distillate. Al this time, 65

)

parts of trimethyiolpropane are added to the mixture and additional water is removed.
The residue is filtered and the filtrate is the desired ester.

‘ Example 21



In sonme instances, it is desired to prepare carboxylic esters wherein not
all of the hydroxyl groups have been esterified. Such partial esters can be
prepared by the techni ques descri bed above and by utilizing amounts of the
acid or acids which are insufficient to esterify all of the hydroxyl

groups. The follow ng exanples illustrate hRe preparation of various
carboxylic esters which are useful as lubricants (B) in the liquid-

conposi tions of the ingegtd 8R plesarBl By tetif} Xhikhered fof %Bodorabicsadid (1plakd
of glycerol and 316.2 parts of acetic “anhydride is prepared and heated to
reflux. The reatipicoarid {2k sathhtimetbylmiptopanet (3)ués the preseuse af al@[ﬂ@rsopwmv

about 4.5 hours re r. th eaction mxture,is t ai Jal qux
t enperature by %&%ﬁ% F’%?lyﬁmh ang@ﬁ%a:%ch m?[@asﬂ [}\%%Warﬁn

stripped by heglakslg avidicusd BVdithindtion df'%&gﬁnec%@u{ b lgtestiadonirap, ﬂt\fvhicher
aid. The filtrate is the desited ester. Exanple 2 A m xture of 872 parts

(6.05 nol es) opeint éemq@enmn@ew wachegdpbout 220°C Aovassyings agpyesicemens

200 parts of tol u repar n ni %gg ’

m xture to abo‘ﬂ? ﬁ% %a?@édtﬂ%q &%‘ﬁ‘e%@%ﬁ%@g@%%ﬁg @%’%@)ﬁgr a‘%e@gto
the m xture whi dé@g} degated to the reflux tenperature. A water/tol uene
azeotrope distills at about 120[err]C. A tenperature of 125-130[err]Cis
mai ntai ned for about 8Pperdestafthe peatiuots are medpllows:ure of 140[err]C for 2
hours whil e renovi ng water. Ml:rle resi dl&mistt he de&r re es§t

Molecuiar
et () 2 () gmams 40°C  100°C  Weight
A 44 2 16 i3 76.6 9.1 611
B 40 4 16 12 116 12.3 694
C 16 2 6.7 5 141 13.9 723

As can be seen, increasing the fraction of dicarboxylic acid results in a higher
¢ viscosity, higher average molecular weight (as measured by vapor phase osmometry)
ester material, '
Example 22 “
The procedure of Example 21 is used to prepare esters from isononanoic acid
(1), adipic acid (2) and neopentylglycol (3), giving the following product properties:

Moles Catalyst, Viscosity, ¢St ' Molecular
Product (1) ) & grams 40°C 100°C  Weight
A 2 1 2 2 80 10.5 588

B 10.7 6.7 . 12 5 106 13.2 665
C 83 83 125 8 220 22.1 758



-18- Exanple 3 Into a reaction vessel there are charged 600 parts (2.5

nol es) of triglycerol and 1428 parts (14 noles) of acetic anhydride. The
m xture is heated to reflux in a nitrogen atnosphere and nmintai ned at the
reflux tenperature (125-130[err]C) for about 9.5 hours. The reaction
mxture is nitrogen stripped at 150[err]C and 15 nm Hg. The residue is
filtered through a filter aid, and the filttate is the desired ester.
Exanple 4 A reaction vessel is charged gxa&p?ézgarts (0.05 nole) of

hexagl ycerol and 43.3 parts (0.425 nole) of “acetic anhydride. The m xture
is heated to the refl Ukhe propedure of Exantpie 2 1 18 9pat o] Bepane cestzrs froai isenbmahoic
this tenperature for.a total of out 8 hours, The reaction mxture is .
stripped with a4 @39 ISROGABOIC e &Scﬁ@ﬁ?@’ﬂciﬁ‘}ffg@% adipig peid (f .pgn‘gaem{t%ﬁ@gi
The residue ig<fi cg,ﬁ?%q AV F}Gé& ,tpggp%-g. and the filtrate is the
desired ester.S(DE(égrrp e % gmm' x? re o%‘ 4 pa%'ts (2 noles) of sorbitol, and
340 parts (2 noles) of a comercial (erMoksraight chain nethyl atadyst

(Procter & Ganble), is pregpared d heatgd to 1&(;[err] The m xture is a
t wo- phase sys&%@éﬁar a-t ene sm oni c@i d (2% is -a@ed, and t @&Pd xt ure

is heated to O[err] C whereuponyt he regcti on cpgnenceg and wat er sand
nmet hanol evol ve. When the sol ution becones honbgeneous, 250 parts (2.5
nol es) of acetBc anhydri de2are a@dked wi tth stirri.Bg. Thé reaction i xture
then is stripped at 150[err]C and filtered. The filtrate is the desired
ester of sorbito. Exanple 6

Product Viscosity, ¢St ~ Molecular

A 149.5 140 733

B 194 16.9 802
Example 24

The procedure of Example 21 is used to prepare the ester in Table



A m xture of 536 parts (4 noles) of trinethylol propane and 68C parts (4
nol es) of a commercial Cerr] straight chain nethyl ester is prepared, and
5 parts of tetraisopropoxy orthotitanate are added. The mi xture is heated
to 200[err]C with nitrogen blowing. Methanol is distilled fromthe reaction
m xture. Wen the distillation of nmethanol is conpleted by nitrogen

bl owi ng, the reaction tenperature is | owered23-0 150[err]C, and 408 parts (4
nol es) of acetic anhydride are added in a slow stream A water azeotrope
begins to evol ve when 50 parts of toluenef&BiBdded. -19- When about 75
parts of a water/acetic acid mxture has begen collected, the distillation

ceases. Acetic acid (50 parts) is added-entd tEti-t+onal Water/acetl c acid

m xture is collected. The acetic acid mF;d on IS #§ GicWM th heating

until no water can be rempved distillation. The residue i-s filtered and
EXpBDle aﬁm Exanfgid 7 A ni xpade2bf 402 parts (3

)L .propane, 660 parts (3 noles) of a commercial straight
chai n ‘net hyl FEUIPri sing a mixture of about 75% CJerr] nethyl ester
and about 25%% iemet hyl gster, (CEXR70 from Prpcter & Ganble), and
tetrai sopropoxy _orthotitanate is prepared and heated to 200[err]C with mld
~nitrogen bl ow n§4AThe reactidn is allofkl to proceZa,B overnight at this
t enper at ure and &g 16 hours, ,110 parts { thano %g col l ected. The
reaction mxtur% s cool ed tc} 150[ err] 100 p% s of acetic acid and
50 parts of tolpgpne are addeq foll oweddoz the addi4 gen of an additional 260
parts of acetic acid. The mixture is heat ed at abolit

0.30 2.4
24E B 0.35 2.3
Viscosity
- @40°C @100°C

Example 52.25 7.25
. 24A : 69.4 8.65

24B o 76.6 . 9.14

24C ' 119 12.3

24D 140 14

24E 185 16.8

O TMP - Trimethylo! propane

(2) Available from Exxon Chemical Company

As can be seen from Table 3, as the level of dicarboxylic acid is increased,
the viscosity of the ester increases.

The following examples iliustrate esters prepared from a combination of
acylating agents (II) comprising (a) 2 monocarboxylic acylating agent having four or
five carbon atoms, (b) a monocarboxylic acylating agents having from bout 7 to about
15 w‘byn atoms, and (c) a polycarboxylic acylating agent.



150[err] € for several hours yielding the desired ester. Exanple 8 A m xture
of 408 parts (3 noles) of pentaerythritol and 660 parts (3 noles) of the
CE1270 nethyl ester used in Exanple 7 is prepared with 5 parts of

tetrai sopropyl orthoitanate, and the m xture is heated to 220[err] C under a
ni trogen purge. No reaction occurs. The mxture then is cooled to
130[err]C, and 250 parts of acetic acid arggdded. A small anount of

par a-tol uenesul fonic acid is added and the m xture is stirred about about
200[err]C for 2 days, and 60 parts of nEkhmpid 2%ire renoved. At this tine,
450 parts of acetic anhydride are added and the m xture i at

[ : sti d
150[err] C until theh ¥88F} %@?%}WM%W%&@M&MM@W%%%&WF% 650

ecter of pent ABFSRAAED G Hoplhlo, 21l pOL bl € bigiésh of nbf geiniE sk 3o,
~ pentaeryt hrit glasts 30 mole) of (sBbcinkel scig, ahd e astoihtire-isspropoxn ttahftepa Mhs

of tetraisopropoxy qrthotitanate is prepared and heated o 170[err]C. ter
i s evol ved andmxgws\;ém@éwﬁga@é@emmn@eé&mm@ﬁd#m agtwr%eﬁ@s,

50 parts of acjdif] £ 144 o, ' }SQJ’?X«E‘Q
A total of ab%#%%@sﬂ%k ﬁ@?%%%%%% *r‘?g g%éﬁ%ﬁ%ﬁ@ - 20-
The reaction I sidisteined fopQhcmburn rThenplodomcisafilured and thel fesiduetis thd paiati.c

anhydride are added to _esterify the renainj n% diroxyl groups. The desired
ester is obtaiThedfesidia kps & Kuematic viscosity of 830 c5t. '

Example 26
An ester is prepared by the procedure of Example 25 using 134 parts (1 mole)
of trimethylolpropane, 269 parts (1.9 moles) of isooctanoie acid, 77 parts (0.75 mole)
of Neo pentanoic acid, 34 parts (0.2 mole) of azelaic acid, and 4 pasrts of
tetraisopropoxytitanate.

Example 27
An ester is prepared by the procedure of Example 25 using 136 parts (I moile)
of pentaerythritol, 325 parts (2.5 moles) of neo heptanoic acid, 88 parts (1 mole) of
isobutyric acid, 37 pants (0.25 mole) of adipic acid, and 4 parts of
" tetraisopropoxytitanate.,
Exampie 28
An ester is prepared by the procedure of Exarmple 25 using 372 parts (1 mole)
of tripentaerythritol, 790 parts (5 moles) of 3,5,5-trimethylhexanoic acid, 204 parts
{2 ‘moles) of isopentanoic acid, 73 parts (0.5 mole) of adipic acid, and 4 parts of
tetraisopropoxytitanate.
Example 20
An ester is prepared by the procedure of Example 25 using 372 parts (1 mole)
of tripentaerythritol, 260 parts (2 moles) of neo heptanoic acid, 510 parts {5 x;noies)
of neo pentanoic acid, 59 parts (0.5 mole) of succinic acid, and 4 parts of
tetraisopropoxytitanate. '



A mxture of 544 parts (4 noles) of pentaerythritol, 820 parts (4 noles) of
Neo 1214 acid, a comercial acid m xture avail able from Exxon, 408 parts (4
nol es) of acetic anhydride and 50 parts of Anberlyst 15 is prepared and
heated to about 120[err] C whereupon water and acetic acid begin to distill.
After about 150 parts of water/acetic acid are collected, the reaction
tenperature increases to about 200[err]C. &% nixture is nmaintained at this
tenperature of several days and stri pped. Acetéé anhydride is added to
esterity any remaining hydroxyl groups. uc |s filtered and the

fil he d
of pent aerythr'tol , 388" oo @a@%@g@wﬁ% Foi, 2 W Y e

aci d mi xture cofipertssrpriadip U588 parts (If mohe) of 3% 6#@1&@!};1@363@!@6@%&)1‘22@[]@@5](2 3
acids ("CE810 I\/E Ester", Procter & Ga pats of, ,ace
anhydri de and W??grq {isghutysic Akl 3 hPasts| @%5 @@%(Pf #‘We{ﬁi@e&n n% naEtse ofy

to refl ux. ro% fﬁaﬂﬁ a volatile material are renoved. A water
azeotrope mxture tﬁ g st t?s resultlng in the renoval of about 90 parts
of water. Acetic ankydné @émbpdidenpathesjarboxydigcesters prefedablyontainebraschei alkpld

as a water/acetic acid mxture is renoved. The reaction JS cont| rJued t||
No nore water BEOUPSANde BERRRil, 3¢ (It R ACERXIEnIE - ANGH STOMARS

reaction produgj..i ri xt 5
parts (2 nol es@%%en‘?@gﬁyt 9?? tsgék& un%iﬁtﬁ&%@ jla?’es) of %@gtﬁfec 4 the
anhydride, 10 ﬁaﬁmmoénmu@ﬁ &dmbms aThe abbjeslubsinghtd @ tpiarifeention alse are

is prepared and heated to err]C. This tenperature is, naintained until
. the solid di peBreigRbbrires igiuBsatAlgn exceps (st same Olefinic PRsARyateR By e

col l ected, andpﬁ%@r&ﬂ so long as &he lubricant is soluble.
The carboxylic esters (I) are soluble in the fluorine-containing hydrocarbons
and, in particular, in the fluorohydrocarbons such as 1,1,1,2-tetrafluorosthane. The
lubricants are soluble over a wide temperature range and, in particular, at Jow

temperatures. The solubility of the lubricamts in fiuorohydrocarbons such as
1,1,1,2-tetrafluoroethane at low temperatures is determined in the following manner.
The lubricant (0.5 gram) is placed in a thick-walled glass vessel equipped with a
removable pressure gauge. The tetrafiuoroethane (4.5 grams) is condensed into the
cooled (-40°C) glass vessel, and the contents are warmed to the desired temperature
and mixed to determine if the lubricant is soluble in the tetrafiuoroethane. If soluble,
the temperature of the mixture is reduced until a separation and/or precipitate is
observed. The results of this solubility test conducted with several examples of the
carboxylic ester lubricants are summarized in the following Table II.



the rate of evolution dimnishes, the reaction mxture is blown wth

ni trogen. About 100-200 parts of acetic acid are added and the reaction is
continued as additional water/acetic acid/xylene azeotrope is coll ected.
Wien an infrared analysis of the -21- reaction mxture indicates a

m ni nrum of free hydroxyl groups, the reactggn m xture is stripped and
filtered. The filtrate is the desired prodatt which solidifies. Exanple 13
A mxture of 320 parts (1.26 noles) of dipentaerythritol, 975 parts (1.25
mol es) of neoheptanoic acid and 25 part s-of=Amber|yst 15 catalyst is
prepared and heated to 130[kigoidCoftkidifg S t enper Sblubilityat er evol ution is

sl ow, but when the tenperatprofuétSoffBiaifglet 0 150[ errdpbt,yabout 65% of the
theory water is collected. The as%gg%ts of water are renoved by heating
to 200[err] C. The product is a darkgviscous |iquid. anple 14 A m xture of
372 parts (1 nole) of tripentaerythritol, 910 partsu{ﬁ; nol es) of

neohept anoi ¢ acid and 30 parts of Agbertyst 15 catal§®t is prepared and
heated to 110[err]C as water is renoved. The mxture is heated for a total
of 48 hours, and unreacted acid is ldenoved by stripptthg the nixture. The
residue is the desired ester. Examilze 15 A m xture 95(?11032 parts (6 nol es)

of neodecanoic acid, 450 parts (3 ndles) of triethyl®ehe glycol and 60 parts

of Anberlyst 15 is prepared and heded to -18
15 -30

16 10

17 =25

J3Y -10

21(A) -35

21(B) -30

' 210 -30

23 - <30

_ In one embodiment, the liquid compositions comprise a major amount of a
fivorine-contzining hydrocarbon and 2 minor amount of at least one soluble organic
lubricant comprising at least one carboxylic ester (I). By “major amount” is meant
an amount greater than 50% by weight such as 50.5%, 70%, 99%, etc. The term .
“minor amount® includes amounts less than 50% by weight such as 1%, 5%, 20%,
30% and up to 49.9%. In one embodiment, the liquid composition will comprise
from about 70% to about 99% of the fluorine-containing hydrocarbon and from about
1 to about 30% by weight of the lubricant. In other embodiments, the liquid
compositions may contain from about 5% to about 20% by weight of the lubricant.

The liquid compositions may additionally contain (C) at '=ast one additive
selected from the group consisting of an alky! phosphite, an alkyl phosphonic acid
ester, a %imgen-comajning heterocycle, and a mixture thereof. The phosphite and/or

the alkyl phosphonic acid ester are present in an amount sufficient to provide antiwear



130 C. A water azetrope is evolved and collected. The residue is the
desired product. Exanple 16 A m xture of 1032 parts (6 noles) of
neodecanoi ¢ acid and 318 parts (3 noles) of diethylene glycol is prepared
and heated to 130[err]C in the presence of 20 parts of Anberlyst 15. After
heating for 24 hours and renovi ng about 90 parts of water, 20 parts of
Anmber | yst 15 are added and the reaction is-39nducted for another 24 hours.
The reaction is stopped when the theory anount of water is obtained, and
the residue i sapdfer XFEMmEdPEsEs propeatios o e mmmuaadouﬁqmmqmqsmqnz The

nol es) of succ arts D et hyl ene ol
heated to 120[@%%&ﬁg %[Ok%%ﬁ%ﬁg ?éé""r F‘%ﬁ ’*5 %gg pg%‘“%%c
clay are added@mwatalw@rcmmobmmemmsw ghahaul, éﬁ@[ml@m%ﬁ@ about
-22- lsooctanol (260 parts, noles) is added, and the reaction m xture i's

mai nt ai ned at 98 @Wr\y@@svmms ¥ therjubacant.\\idA nitegen-e@Risingeerocycie is

becones cl oudy I S| [E

stirred at 100? rir i!@o@eiﬁﬁ?g &gﬁh@bﬁggwlﬁf gﬁ&d@@%g’nr&s me@é% Yy to

renpve traces ghowr!3%pees,aboar2%)cor id bb@itel %S orte dlrsit RE%EBY SleighX afMhe

18 A mi xture of 200 pars (2 noles) of succinic anhydride, 62 parts (1 nole)
lubricant.

The phosphite and/or the alkyl phosphonic acid ester provide beneficial
antiwear and extreme pressure properties to the liquid compositions. The phosphite
may be a dialkyl or trialkyl phosphite, preferably a dialky! phosphite. The alkyl
phosphonic acid ester may be an alkyl phosphonic acid diester, preferably a
dialkylester. The alkyl groups of the phosphite and the phosphonic acid ester
independently contain from I, or about 3 to about 20, or to about 18, or to about 8

carbon atoms. In one embodiment, the phosphite and the phosphonic acid ester have
alkyl groups independently containing from about 3 to about 6, or to about 5 carbon
atoms. A number of dialkyl phosphites are commercially available, such as lower
dialkyl phosphites, which are preferrad. Lower dialkyl phosphites include dimethyl,
diethyl, dipropyl, dibutyl, dipentyl and dihexy] phosphites. Phosphites and their
preparation are known and many phosphites are available commercially. Also mixed
alkyl phosphites, made from a mixture of alcohols, are useful in the present inven-
tion. Exampies of mixtures of alcohols include ethy! and butyl alcohol; propyl and
pentyl alcohol; and methy! and pentyl alcohol. A particularly useful phosphite is
dibuty] phosphite. . '-

Alkyl phosphonic acid esters are prepared by Eheans known to those in the art.
For example, alkyl phosphonic acid esters may be prepared by reacting an alkyl
halide with a trialkyl phosphite. Examples of alkyl phosphonic acid esters include
diethyl, butylphosphonate; dibutyl,butylphosphonate; 2-ethylhexyl,2-
ethylhe;ylphasphom&e, etc.

The lubricant may additionally contain a nitrogen-containing heterocycle, such

as dimercaptothiadiazoles, triazoles, amino-mercaptothiadiazoles, imidazoles,



of ethylene glycol and 1 part of paratoluene sulfonic acid is prepared and
heated to 80-90[err]C. At this tenperature, the reaction begins and an
exothermto 140[err]C results. The m xture is stirred at 130-140[err]C for
15 mnutes after 160 parts (2 noles) of 2,2,4-trinethyl pentanol are added.
Wat er evol ves quickly, and when all of the water is renoved, the residue is
recovered as the desired product. Exanple 14h.A m xture of 294 parts (3

nol es) of maleic anhydride and 91 parts (1.5 noles) of ethylene glycol is
prepared and ‘hehizeslest um@nmlmméxéq@m&egumﬂm&nssr@mmmmt:tyemuopbms

and the terrperat e of e mxtur Is raised to ab 120 e {%C en he
t enperature of ﬂ{ﬂ S0 FlHnQliges, ) benzoretipes r ‘%2 %ﬁﬂ’ tgf of

n-butyl al COhOlcpdl I ﬂméo% Foirihed) trABRE! |a}$ﬁtdex3:§a@e§ oﬁgﬁﬁ,egne Hoherte ﬁsn%bf'sm 6ne

evolve and is ect e The reaction mxture 1s naintained at 120[err] C
until 50 parts egibodiment, the ritoper containifigchatarotybieis & azblecraderivative theeeof,

filtrat th d le 20 A mixture of
ol 5y of | ui moehy TR SpiE Y sRERT o e %?@"g%%%é?%%%f%ﬁf %nd
50 parts of A”Qﬁa&mw& dmvaﬁ@pﬁ{e@&fammmy@mmﬁt&m&meembﬁof A'mese -

wat er/ aci d azeotrope evolves and is removed. \Wen_about 250 of  the ‘
azeotrope has pédittves nsovide mefal deactivating, ypeial passivating snd mm&r goTH Rl

o ot o2h YA U5 A RRAA BEHeE UL Bl dcsctl
mi xture and ad cazmemdn@m:azoiamdeimmms ﬂk@wfesmuﬁmm:ﬁmsmamMMes
filtrate is the desired ester, hExanple
{e.g., benzotriazole, tolyhmzoﬁe octylbenzotriazole, and the like),
mercaptobenzothiazoles, etc. Examples of these compounds are benzotriazole, alkyl-
substituted benzotriazole (e.g., tolyltriazole, ethylbenzotriazole, hexylbenzotriazole,
octylbenzotriazole, etc.), aryl-substituted benzotriazole (e.g., phenol benzotriazoles,
etc.), and alkylaryl- or arylalkyl-substituted benzotriazole and substituted
benzotriazoles where the substituent may be hydroxy, alikoxy, halo (especially
chloro}, nitro, carboxy and carboxyalkoxy. Preferably, the triazole is 2 benzotriazole
or an alkylbenzotriazole in which the alkyl group contains i to about 20 carbon
atoms, preferably 1 to about 8 carbon atoms.
The nitrogen containing heterocycle may also-be the reaction product of at

least one of the above benzotriazoies, at least one amine and an aldehyde or aldehyde

precursor. The amine can be one or more mono or polyamines. These monoamines
end polyamines can be primary amines, secondary amines or tertiary amines. The
amines may be monoamines or polyamines. Exampies of polyamines inciude
polyalkylenepolyamines, and heterocyclic polyamines. The polyalkyleneamines
include polyethylenepolyamines, such as diethylenetriamine, triethylenetrimine,
tetraethylenepentaamine, etc.

The aldehyde is typically 2 hydrocarbon-based aldehyde, preferably 2 lower
aliphatic aldehyde. Suitable aldehydes include formaldehyde, benzaldehyde, acetalde-
hyde, ‘the butyraldehydes, hydroxybutyraldehydes and heptanals, as well as aldehyde

precursors which react as aldehydes under the conditions of the reaction such as



-23- Esters are prepared by reacting m xtures of isononanoic acid (1) and
adipic acid (2) with trinethylol propane (3), in the presence of a

tetrai sopropoxy orthotitanate catalyst. The reactants ar charged to a flask
and heated until reaction ceases, as indicated by term nation of water
collection in a distillation trap, at which point the reaction m xture has
reached about 220[err]C. A vacuumis applied.to renove volatile conponents,
and the flask contents are cooled and filtered to produce the |Iquid ester

product . Propergarafernediddtipde, ppadidehydenr @f@ﬁuﬁ dnldowwmamll esFormaldehgde adngds its

Vi scosity, cSt | ecul ar, A 6
9 1 y 61 Pregursors eag pamjormai@hvde, ox@v) are preferrf%l\éixtmes ggalgﬁhyd%s
694 C 16 Zbe 5 141 13.9 723 As can

be seen, |ncreaS| ng t e fractlon of dicarboxylic acid results in a hjgher
vi scosity, higher aver emnpbbéamﬁm mgluddmamn&&ﬁwﬂeﬁ)ﬁg«m mmggzs a

22 Th | 21 i d
o apare bt or o RO PN ATRb R el e Chatopi g Sl © S 9% 1O

neopentyl gl ycol (3); mlM@u&&cém@smnkwwpmvem@p&wmmmé@m havmg
Cat al yst, Vi scosi t cS | ecu Pr oduct (1) (2)

40[err]C  100@mpronst gharmal and chem&mgmbmt} over 2 wide tempezature range. The Egmxd

ég 55 588 B @@mp@siﬁez}sohaze n%p;oved ja%nweaf md corrosion smbzﬁm};gpopez’MS. Tﬁe:gh@ad
compositions hiave beneficial viscosity properties. Preferably the liquid compositions
have a viscosity of S-400 centistokes (cSt) measured at 40°C.

Liguié compositions containing carboxylic esters derived from polyols such
as neopéntylgiyeol, trimethylol propane and pentaerythritol, have beneficial thermal
and hydrolytic stability. Liguid compositions containing carboxylic esters derived
from branched acids, such as iso or neo acids, preferably neo acid, have improved
thermal and hydrolytic stability. In one embodiment, the carboxylic esters are
derived from the above polyols, a polycarboxylic acid and an iso or neo acid. The

liquid composition may contain one carboxylic ester reaction product or in another
embodiment, the liquid compositions may contain a blend of two or more carboxylic
ester reaction products. A liquid composition of a desired viscosity may be prepared
by blending a higher viscosity carboxylic ester with a lower viscosity carboxylic ester.
Other additives, if soluble in the liguid, known to be useful for improving the
properties of halogen-containing hydrocarbon refrigerants can be included in the
liquid compositions of the present invention to improve the characteristics of the
‘liquid as 2 refrigerant. However, hydrocarbon oils such as mineral oil generally are
not inciuded in and are most often excluded from the liquid compositions of the
invention, particularly when the fluorine-containing hydrocarbon contains no other
halogens. Hydrocarbon lubricants, however, mdy be present if the liquid
compositions are used to retrofit a compressor system which had previously used a
hydrdcarbon lubricant.



C - ' 8.3 8.3 12.5 8 220 22.1 758 - 24-
Exanpl e 23 The procedure of Exanple 21 is used to prepare esters from

i sononanoic acid (1), isooctanoic acid (2), isobutyric acid (3), adipic
acid (4) and pentaerythritol (5), giving the follow ng product properties:
Mol es Catal yst A 7 7 7
1.5 6 7.2 -32-7.2

i 4PBOdUCt 733 B\/ 53105'3&%@%5 may g included in L&%%gu%rwmposn% oéngﬁar%s%gg 5
The procedure C&w@&%ﬁ'ﬁb @nRdndeSthe SRFoFRaCHRIR RdifdsehRide dxtrbbifesture and

-25- TABLE 3 Adipic I so Nonanoi c
anti-wear agems oxidation and thermal-stability improvers, corrosion-inhibitors,
vascosnty-mdex improvers, pour point and/or floc point deprcssams detergents,
dispersants, anti-foaming agents, viscosity adjusters, metal deactivators, etc. As
noted ébove, these supplementary additives must be soluble in the liguid compositions
of the inveation. Included among the materials which may be used as
extreme-pressure and anti-wear agents are phosphates, phosphate esters,
thiophosphates such as zinc diorganodithiophosphates, chlorinated waxes, sulfurized
fats and olefins, organic lead compounds, fatty acids, molybdenum complexes,
borates, halogen-substituted phosphorous compounds, sulfurized Diels Alder adducts,
organic sulfides, metal salts of organic acids, etc. Sterically hindered phenols,
aromatic amines, dithiophosphates, suifides and metal salts of dithioacids are useful
examples of oxidation and thermal stability improvers. Compounds useful as
. corrosion-inhibitors include organic acids, organic amines, organic phosphates,
organic alcohols, metal sulfonates, etc. VI improvers include polynléﬁns such as
polyesterbutene, polymethacrylate, polyaliyl sty:renes, etc. Pour point and fioc point
depressants include polymethacrylates, ethylene-vinyl acetate copolymers, succinamic
acid-olefin copolymers, ethylene-alpha olefin copolymers, etc. Detergents include
sulfonates, long-chain -alkyl-substituted aromatic suifonic acids, phosphonates,
phenylates, metal salts of alky! phenols, alky] phenol-aldehyde condensation products,
metal saits of substituted salicylates, etc. Silicone polymers are a well known type
of anti-foam agent. Viscosity adjusiers are exemplified by polyisobutylene,
polymethacrylates, polyalky! styrenes, naphthenic oils, alkyl benzene oils, polyesters,
polyvinyl chloride, polyphosphates, etc.
The following examples (TABLE 1) relate to formulations which are useful

as organic jubricant (B).



1 0 3 24A _ 1

Conpar at i ve Exanpl e

0.1 2.8 24B 1 0. 125 2.75 24C

1 0.25 2.45 24D 1 _ 0. 30 2.4

24E . 1 0. 35 33 2.3 @O[err]C @oof[err]C

Exanpl e 52. 25 7.25 24A

69. 4 8. 65 24B 76. 6 9.14 24C

119 12.3 24D 140 14 24E

185 16.8 (1) ™ - ;{rlne yl ol propane %b)mwmalkable from Exxon
CasSt e 1eveb of dicarboxylic

Chem cal Conpany As can be seen fron1TabIe
acid is increased, the viscosity of the ester i ncreases. The foll ow ng

exanpl es i |lustrate esters prepared fram a conbi nati on of acylating agents

(11) conprising (a) a nonocgf boxylic acy Iathg agent Raving four or five
carbon atons, (b) a nonocarboxylic acylating Qgéfts h&ing frombout 7 to

about 15 carbon atons, and (c) a polycarboxylic acyl ating agent.
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Exanpl e 25 A vessel reaction is charged with 372 parts (1 nole) of
tripentaerythritol, 650 parts (5 noles) of neo heptanoic acid, 204 parts (2
nol es) of neo pentanoic acid, 59 parts (0.5 nole) of succinic acid, and 4
parts of tetra-isopropoxy titanate. Thg m xture is heated to 150[err] C and
the tenperature is maintained for 48 hours. The m xture becones thick and
the tenperature is raised to 200[errJc> and the tenperature is maintained
for 24 hours. The product :é fllkgred and-t he. residue~i s the product. The
resi due has a kinematic viscosity*of 830 @StcwExampleQZG An ester is
prepared by the procedure of Exanple 25 using 134 parts (1 nole) of

tri met hyl ol propane, 269 parts (1.9 nDIes) of isooctanoic acid, 77 parts
(0.75 nole) of Neo pentanome acid, 34 @ar?s (0.2 mol e) of azel ai ¢ acid, and
4 parts of tetrai sopropoxytltanate Ex8nhpPe 27 @n @ster is prepared by the
procedure of Exanple 25 using 136 parts (1 nole) of pentaerythritol, 325
parts (2.5 noles) of neo heptanoic gcid, 88 parts (1 nole) of isobutyric
acid, 37 parts (0.25 nolek of adipg? acid, and=4 parts of

tetrai sopropoxytitanate. Exaﬁple 28°An ester i <prepared by the procedure
of Exanple 25 using 372 parts’(1 nole) of tripentaerythritol, 790 parts (5
nol es) of 3,5, 5- trlnethylhggan0|EEaC|d 204 parjs (2 nol es) of i sopent anoi ¢
acid, 73 parts (0.5 nole) & adlgc aci d, and {i;parts of

tetraisopropoxytitanate.
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Exanple 29 An ester is prepared by the procedure of Exanple 25 using 372
parts (1 nole) of tipentaerythritol, 260 parts (2 noles) of neo heptanoic
acid, 510 parts (5 noles) of neo pentanoic acid, 59 parts (0.5 nole) of
succinic acid, and 4 parts of tetrai sopropoxytitanate. -27- Exanple 30
An ester is prepared by the procedure of Exanple 25 using 136 parts (1

nol e) of pentaerythritol, 158 parts (1 nol egsof 3,5, 5-trinmethyl hexanoic
acid, 220 parts (2.5 noles) of isobutyric acid, 37 parts (0.25 nole) of
adipic acid, and 4 parts of tetraisopropoxytitanate. |In one enbodinent, the
carboxylic esters preferably contain branched al kyl groups and eneral Iiy
are free of acetyl enfie diqul a@@fﬁmﬁt@ﬁﬁr@aﬁ@rmﬁt investien AsePeTirge as

hyar ocar bons. TR CGRiRLviFRls PerigPRtoH el whig 4 UELNGS6E! %ﬁ#ﬂtﬁg%?hy

free of ol efinigs vefsigbratet) @Wﬁemhdtiiﬁmmiﬁmmb attnékladmgummuael hom&amd)e
present so |ong, e Jubricant is u The c rbo C ester ),. are
soluble in the HW&W%@H@&FWQ f@ﬁ%%‘@n b@F‘F’F ? riaRrk

f | uor ohydr ocar b, iﬁdﬁs%‘?tﬂﬂ M ,ﬁ@éﬂr@ | uor oet hane The | ubri cant s are
sol ubl e over a w de terrperatu e range an in particular, at |ow
tenperatures. The solubility of the |ubri cant s in fl uorohydrocar bons such
2 Paris by Wi,
1,1,1,2-tetrafluoroethane (BHEC-134a) 90
Lubricant of Example 25 ‘ 10
DBPH 0.625
Benzotriazole 0.02
‘ 3,1, Z»tstmﬂuumhms ' &
Lubricant of Exampie 25 . i 15
DBBP 0.2
Example C
HFC-134a | 60
Lubricant of Example 25 40
DBPH 0.1
benzotriazole _ 0.01
Example D : |
HFC-134a 55
Product of Example 28 - 45
tolyltriazole 0.025
Example E
HFC-134a 8S
Product of Example 29 15

benzotriazole 0.02



1,1,1,2-tetrafl uoroethane at |l ow tenperatures is determned in the

foll ow ng manner. The lubricant (0.5 gram is placed in a thick-walled

gl ass vessel equipped with a renovabl e pressure gauge. The

tetrafl uoroethane (4.5 grans) is condensed into the cooled (-40[err]C

gl ass vessel, and the contents are warned to the desired tenperature and

m xed to determne if the lubricant is solublke in the tetrafluoroethane. [f
sol ubl e, the terrperature of the mxture is reduced until a separation

and/ or precipitate i Yasioseeomdns Rirether eRumples @ff thé ligukiotonypdsitions tof the present
conducted with several exanples of the carboxylic ester lubricants are

summari zed in tH’é’cﬂ%?n ow ng Table I1. -28- Liquid Containing
Solubility Products of Exanple [err Hapleopt.) 6 -45
10 -50 11 40 12 : -50 13
-15 15 -30 16 E E 117 1 I  -2519
-10 21(A) HFC-134a o0 80 85 45 90 55

Lubricant of

Example:

I -20

v 15 i0

YIi 55 45

While the invention has been explained in relation to its preferred
embodiments, it is to be understood that various modifications thereof will become
apparent 1o those skilled in the art upon reading the specification. Therefore, it is to

¢ be understood that the invention disclosed herein is intended to cover such
modifications as fall within the scope of the appended claims.

Cross—-Reference to Related Applications

This application is related to U.S. Serial No. 07/728,441 filed
July 11, 1991, which is & continuation-in-part of U.S. Serial No.
608.60C £iled on Uctober 30, 1990, which is a continuation of Serial
No. 342,087 filed or April 25, 1989 and now sbandoned, the disclosures

of whichh are herebvy incorporated by reference in their ent:irecy.°




21( B) -30 21(0O -30 25 -30 In
one enbodi nent, the liquid conpositions conprise a major anmount of a

fl uori ne-contai ni ng hydrocarbon and a m nor anount of at |east one soluble
organi c lubricant conprising at | east one carboxylic ester (1). By "nmmjor
~anount” is nmeant an anount greater than 50% by wei ght such as 50.5% 70%
99% etc. The term"m nor anount" includes anounts |ess than 50% by wei ght
such as 1% 5% 20% 30%and up to 49.9% I m éne"enbodiment, the liquid
conposition will conprise fromabout 70%to about 99% of the

fl uori ne-contai ni.ng hydrocarbon and from about 1 to about 30% by wei ght of
the lubricant. In other enbodi nents, the |iquid conpositions nmay contain
from about 5% to about 20% by wei ght of ”}fe[f bricant. The liquid
conpositions may additionally contain (C) "at™l %%t one additive sel ected
fromthe group consisting Bfampleal kyl phosphite, an al kyl magsehonic acid
ester, a nitrogen-containipng,heterocycle, and a m xture thereof. The
phosphite and/ or the al kyI“gﬁosphoni c acid ester are presedt3$f82an anount
sufficient to provide antigsear -29- and/or extene presswp@sperti es to
the lubricant and Iiquid conposition. The phosphite and/or kyl
phosphonic acid ester are present in an anount to provide 0.001% or to
0.015% or about 0.025% to about 1% or to about 0.5% or to about 0.2% by
wei ght phosphorus to the lubricant. The nitrogen-containing heterocycle is

———— e
—_—
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present in an anmount from about 0.001 % or about 0.02 % or about 0.03% up
to about 5% or to about 2% or to about 1% or to about 0.5% by wei ght of
the |ubricant. The phosphite and/or the alkyl phosphonic-acid ester provide
beneficial antiwear and extrene pressure properties to the liquid
conpositions. The phosphite may be a dial ¥/~ or trial kyl - ghEEsHin |
preferably a dial kyl phosphite. The al kyl phosphonic acid e ] umlz!”ﬂ!
al kyl phosphonic acid di ester, preferabElRisdi al kl ester. The &l kYl Brotipss
of the phosphite and the phosphonic acid ester independently contain from
1, or about 3 to gbout .20, or to about 18, or to about 8 carbon atoms. In
one embodi ment, the pH8SphPtPEEAHPY AemRIEEsEoni ¢ aci d ester have al kyl
groups i ndependentfy atohemitnbng finemnabestc a3ni 0 Qﬁ?@%ca@’b@@rco%ga%%%t 2
carbon atonss & URNRL=0T" Akl I%lbrghga%phi tes are c?m*rer cially avali abl e,
such as |ower dialkyl_ bSO T eolr e PE Lning EB) ot LedntepRicitkykyiic
phosphi t es iﬁ%“f%fd@fdﬁﬁgt%)ﬂﬁ,lywd@phylQ@m@qud)mﬁd, (UL P YombthdQBhYLE A0

di hexyl phosgéidcasbo:os i ejr..preparation are known and pany
phosphites are avaj I?gl e cg%i%%f%rg %H} héhlgig ‘?n@%egraﬁiﬁ’fl SHIPIE pHTIRES, (Hade
froma i xt uPESETAPEINGI AeYLaFEre sesin hivinghérom esbent 1 eeabodd 0B5. c&DHRRD! €5
of m xtures afomsl axhdk$ 4 Poblyshvekivie é@&é&!&%{l%%e:ngghol ; propyl and pentyl
al cohol ; and nethyl and pentyl alcohol. A parTi arly useful phosphite is
di butyl phosphite. Al kyl phosphonic acid esters are prepared by nmeans known
to those in 4he abtlickdd @xpopltdon addagl s (RS AN G a2 EY q,feg%fr&% ﬂ%scb%qe '
prepared by §RaciidG ﬁ@sﬂxlihélh gl ide with a trialkyl “phosphite. anplés of
al kyl phosphonic aci g esters et tdechicorhginingnlityl hisashamonters, and (B)

di but yl , but yitpAt3henateerboridehsdtaexyl (23 LibyyhaskphRspbanitbes S »

combination of (a) a monocarboxylic acylating agent having four or five

carbon atoms, (b) a monocarbexylic acylating agent having from about 7

to about 15 carbon atoms, and (¢) a polycarboxylic acylating agent.

3. A liquid composition of either of claims ] and 2 wherein fluoﬁine

is the only halogen in the fluorinewcontai@ing hydrocarbon (4).

4 4 ligquid composition of any preceding claim whereinm the fluorine-
containing hydrocarbon (A) is 1,1,1,2-tetrafluoroethane.

5. A liquid_ composition of any preceding eclaim wherein the
polyhydroxy compound (1) is s trimethylolalkane.

5. A 1liquid composition of any preceding claim wherein the

polyhydroxy compound (I) is trimethylolpropane.
7. 4 liquid composition of any preceding claim wherein the
polyhydroxy compound (I) contains an average of five or more hydroxvl

groups.

oo o PN
8. A "liguid composition of any preceding claim wherein the

polyhydroxy compound (I} is dipentaerythritol or tripentaervthritol

9, A 1liquid composition of any preceding claim wherein the

This Sheet Hes Been Repl
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The lubricant may additionally contain a nitrogen-cont a.\m\“\\m‘“}n\!\wm

"such as di nercapt ot hi adi azol es, triazol es, ami no-mercapt ot hitadi*azol es,

i m dazol es, -30- thiazoles, tetrazoles, hydroxyquinolines, oxalines,

i m dazol i nes, thiophenes, indoles, indazoles, quinolines, benzoxazines,

di thiols, oxazoles, oxatriazoles, pyridi A8s; piperazines, triazines, and
derivatives of any one or nore thereof. |n_one enbodinent, the nitrogen
cont ai ni ng I“F@F‘é‘?""ﬁ%%ﬂéci S lpringorgetr d&fYatfve SCRBYEGE, &4'KFitrol & or
derivative wheseohsyadyestapbpbddabakcadid deramaidicyéet hereof and a

t hi adi azol e or derivative thereof, preferably a triazole or derivative
thereof. These additives provide netal deactivating, netal passivating and
corrosi on céRtroldl i higiuéhareopesitiont hef | iapyi dpoeneddeg t icdase Ehanplnes tbé

useful net alm@%@a%fb%ﬁ;i@ écyil%%LHg%gghgeffmt oL @&Q%g@gj es and derivatives

t hereof, substitute nd unsubstituted triazol es , benzotriazol e,
tolyltriazole, octylbenzotriazole, and the I|ike),

ner capt obenz gt hi azql:@sia eldmpobXadml &5 of1diRes@ GARPOUNUBRAN fonocarboxrylic
benzotrial zol e, al kyl - substituted benzotriazole (e.g., tolyltriazole,
et hyl benzot AEEbL8E %&%I(&eﬁiﬁr? Jr8rehed, RE PRI BY a3 @t 1RE @gpnt with
aryl -substi Bubed besrtat atéxnl € (e.g., phenol benzotriazoles, etc.), and
al kyl ar ¥§ or arylalkyl-substituted benzotriazole and substituted
benzotriazol es where the substituent may be hydroxy, al koxy, halo
(especi al | y1@hl ora0) 1iquitr ogompasbiobop aofl cauybopsededdny. cPeédendibrgin t hike

triazole is a,be ' | e or %B tria ll y g@'c‘ the . I%% group
contains 1 %l’a %u%k}%%c%t‘%g%&%% éﬁfé E?g%}grigbﬁ ég %Dggg outag§“%§fl%o %gqums.
13. & liguid composition of any preceding claim wherein the

‘15 polyecarboxylie acvliating agent (Ilc) is an acylating agen:t selected
£

rom maleic, suceinie, adipic, and azelaiec acylating agents.

14. 4 liquid. composition of any preceding claim further comprising
(C) an additive selected from an alkyl- phosphite, an alkyl phosphenic

20 acid ester, a nitrogen containing heterccycle, and a mixture thereof.

13, & liquid composition of claim 14 wherein (C) is an alkyl
phosphite or alkyl phosphonic acid ester independencly having from
about ! to about 20 carbon atoms in each alkyl group.

Z5
16. A liguid composition of eclaim 14 wherein (C) is a phosphite or
alkyl phosphonic acid ester independently having frcm about 3 to about

8 carbon atoms in =sach alkyl group.
30 17. & liquid composition of claim 14 wherein (C) is dibutyiphosphite.

18. & liquid composition of claim & wherein (C) is dibutyl, butyl

phosphonate.
&

35 19. & liquid compositicn of claim 14 wherein (C) is a triszole or

derivative thereof. L —
This Shest Been 1ﬁﬁxd:
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The-ni trogen contai ning heterocycle may al so be thmf at
| east one of the above benzotrial zoles, at |east one, ainuivy yith @ 3‘=‘ ehyde

or al dehyde precursor. The am ne can be one or nore 3\"“"” g T L

These nonoam nes and pol yani nes can be primary am ne! ecotnavrysam nes or
tertiary amnes. The am nes nay be mormoai® nes or pol yam nes. Exanpl es of
pol yam nes i ncl ude pol yal kyl enepol yam nes, and het erocycl iC Iool yam nes. The
pol yal kyl ent&mi néshlqﬁé%/u%@?ﬁéi‘jﬂe’@hyfeﬂead@ﬂ yaAntvhfsein s{fch 1gstelyltriazele,

di et hyl enetﬁénﬁl&kﬂﬁzo&él edhyl epgddibri Eﬁocutcet beed mtlv@mléenh@aéﬁme AldC an The

al dehyde is t ﬁ ‘g%l A eé%’gr ocar bon- based al dehyde, preferably a | ower

al i phatic ?jd%" Ve °Tshr9eIBF e BGRRSRfes i ncl ude formal dehyde, benzal dehyde,
acet al de- hyde, the butyral dehydes, hydroxybutyraldehydes and heptanal s, as
wel | as _al dg yde r.ecursors i,Gh rea t;as, nder | ons
of the Peac‘f}ihon suclgmg C@mpg%\‘ﬁhoga?af raﬁal p raI “defi %ﬂ%u?%%%la%l n and
met hanal . #kviabusipydee dmdepemiept by Uravdng (@ag abomarlaftermhdeﬁgd@*b@ﬂ

Ll oxane)  af gt o QLe by Xpigo nf ALOPIYIES LR boniSEUencbogxanl e of
useful triazole derivativé is Reonet err] is material is a triazole
derivative avail able comercially from C| ba Gei gy corp. The liquid

conposi ti ongp of m@ed%gss@tz,ameaéﬂ;&n 22 @£ FHANREL G 658 €eR Scdip¥idiGgl FREOVed
t hermal _and chem caI st abi I|ty over wi de tenperature ran% The I| UI d

conposi ¥4 ot a4fdy &Fi FCEEFIaRL iREar haﬁd TRETYERTREIP TS ISP ¢ ROBPRENE @ The

liquid sccording to any one of claims ! to 21; and operating the system.

TN



conmposi tions have beneficial viscosity properties. Preferably the liquid
conpositions have a viscosity of 5-400 centistokes (cSt) neasured at
40[err] C. Liquid conpositi'ons containing carboxylic esters derived from

pol yol s such as neopenyl gl ycol, trimethylol propane and pentaerythritol,
have ﬁeneficial thermal and hydrolytic stability. Liquid conpositions
contai ni ng carboxylic esters derived from branched aci ds, such as iso or
neo acids, preferably neo acid, have inproved thermal and hydrol ytic
stability. In one enbodi nent, the carboxylic esters are derived fromthe
above pol yols, a polycarboxylic acid andaBSTRA&T or neo acid. The liquid
conposition nmay contain one carboxylic ester reaction product or in another

enbodi nent, the |i quUIGQUIDPOSMPOSEIUNS CONPAINENG I CARBOX YIWC BSTERSE
carboxylic ester reaction products. A liquid conposition of a desired

viscosity nmay be prepared by blending a higher viscosity carboxylic ester
wth a |ower viscosity carboxylic ester. O her additives, if soluble in the
| iquid, known to be useful for inproving the properties of

hal ogen- cont ai ni ng hiite dvention reledes itg figaid conspositivas iwhithickmprises (Apad Jeagtiote
conpositions of _the %rﬁ‘gge,nt I nvention to inprove the characteristics of the

liquid as a ref FRGEPAPREIRRERNCOCARON SRMHIBE C9PI1Q thatr FIaan HPRs:y and jupricant
a1 one o CPREASAY 87t Bt ARYSE oL 81T SR OB
hydr ocar bon conaaiombinasiont dfefs) laainogesssboxyiticoaaylating ageht baviag fiews, orhfivee eambon
Ry Do present  Mocht Told S RORAR i AbR B 5t Rkl o BotPTRLERRE"
atoms and (c) 2 polycarboxylic acylating agent. In another aspect of the invention,
the liquid compositions consist essentially of (A) at least one fluorine-containing
bydrocarbon, and (B) at ieast one ester of (I) at least one polyhydroxy compound
described herein and (II) at least one combination of carboxylic acylating agents as
described herein. The lubricant may additionally contain (C) an additive selected
from the group consisting of an alkyl phosphite, an alky! phosphonié acid ester, 2
nitrogen-containing heterocycle, and a mnxmre thereof. Liquid compositions aiso are
described wherein the fivorine containing hydrocarbons also contain other halogen
such as chiorine. The liquid compositions are useful particularly 2s refrigeration
liquids in refrigerators and air-conditioners including automotive, home and industrial

air-conditioners.



-32- O her -additives may be included in the Iiquid conpositions of the-
present i nvention to enhance the per f or mance- of -t he |iquids i ncl udws®-*
exteme: pressure and anti-wear agents, oxidation and thermal-stability
inprovg&s, corrosion-inhibitors, viscosity-index inprovers, pour point
and/ Afl oc poi nt depressants, detergents, dispersants, anti-foam ng
fi\s, viscosity adjusters, netal deactivators, etc. As noted above, these
upgpl enentary additives nust be soluble in the I|qU|d conpositions of the
|nvent|on I - terials which may be used as
extreme- press At agents are phosphates, phosphate esters,
t hi ophosphat ef . uch as zinc d of ganodi t hi pphosphat es, chl ori nated waxes,
sul furized fats|af® AU&®PHE, brigani c | ead conpounds, fatty acids,
nol ybdenum copp} exes, boratesj hal ogen-substituted phosphorous conpounds,
sul furized D ¢l §° organi ¢ sul fides, netal salts of organic
acids, etc. Sterically hlndered phenol s, aromatic am nes, dithiophosphates,
sul fides and netal salts of dithioacids are useful exanples of oxidation
and thermal stability inprovers. Conpounds useful as corrosion- inbibitors

i ncl ude organi c acids, organic am ne RELSARE
“al cohol s, netal @M@’é%a@dm wgg@%&\ Hernde pf?yoﬁﬂl ns such as
pol yest er but ene, pol yrmet hacryl at e, poI yal kyl styrenes, etc. Pour point and

fl oc point depressants include polynethacryl ates, ethylene-vinyl acetate
copol ynmers, succinam ¢ aci d-pl ef+n Ec,qpq sy e‘t‘hyl‘eﬁe‘- attpha ol efin

- copol yners, etc. Det ergents [ ngl-ude s "at.e&mok@ng hai n
al kyl -substituted aronatic sulg ! gsphonates, phenyl ates, netal
salts of alkyl phenols, alkyl p N "Co tl on products, netal

salts of substituted sali cyl ates, A core p _m%‘rs are a well known
type of anti-foam agent. \/ stosity adJ uster s are""-e“xerrpl | f I ed by

ol yi sobut yl ene, :
PoLY Y RS B
This invention relates to liquid wmposiﬁons wmpnsmg a major amount
of at least one fluorine-containing liydrocarbon, and 2 minor amohnt of at least one
lubricant. More particularly, the invention relates to liquid wmﬁosiﬁons useful as
refrigeration liquids.

Chilorofluorocarbons, generally referred to in the industry as CFCs, have
been widely used as propellants in aerosols, 2ithough use in aerosols has been
diminishing in recent years because of demands of eavironmentalists for the reduction
if not a complete ban on the use of CFCs because of the detrimenita] effect of CFCs
on the stratosphere’s ozone layer. CECs also have been used because of their unique
combination of propexrties as refrigerants, foi%n«bfowﬁag agents, and speciaity solvents
within the electronics and aerospace industries. Examples of CFCs which have been
utilized for these purposes include CFC-13 which is chlorotrifluoromethane, CFC-12
which is dichlowdiﬂuommeihaﬁe, and CFC-1113 "which is
1,2,2-trifluoro-1,1,2-trichloroethane.

Since 1976, when the 2eroso} industry began to feel the:pressure to reduce
if not eliminate the use of CFCs, the aerosol industry has progressively moved toward

AMENDED ° SHEET




pol ymet hacryl ates, polyal kyl styrenes, naphthenic oils, aIkyI benzene oils,

pol yesters, polyvinyl chloride, polyphosphates, etc RED o e it };@ anpl es
(TABLE 1) relate to formul ati ons which are useful a$iflef B *15 it (B).
33 [err] -34- [err] -35- The liquid conpositi )np of the prese ;
invention are particularly useful as refrigerants ih m@@@&ﬂ@r‘gﬁ% gE\r tion
“systens which are conpression-type systens such as fe rlgerators fyeezers
and air-conditioners including autonotive, home andji MOUSTTT!
air-conditioners. The follow ng exanples are illustfative of the |liqgujd
conmposi tions of the present invention. 1,1,1,2-tetrafl uoroethane (HFC- 134a)
90 ketones and aldehydes, triethyi phosphonc mamude, triethylene phosphate, triethy!

phosphate, efc.

Stabilized absorption compositions comprising {(a) a halogenated hydrocarbon
refrigerant, (b) a liquid absorbent of a polyethylene glyco! methy! ether, and (c) at least
one stabilizer are described in U.S. Patent 4,454,052. Examples of stabilizers include
phosphate esters, epoxy compounds, and crganotin compounds. The polyethylene
glycol methyl ether-type compounds are of the general formula

CHs“O“(CHEH4O)ﬂR

wherein n is an integer of 1 to 6, and R is H, CHy- or CH;CO-. A variety of
halogenated hydrocarbons are described including 1,1-diflucromethane, 1,1,1,2-
tetrafiucroethane, etc.

U.8. Patent 4,559,154 relates to absorption heat pumps utilizing as working
fluid, a saturated fluorchydrocarbon or flucrohydrocarbon ether having from 3 to 5
carbon atoms. Solvents reported to be useful with such fluorchydrocarbons include
ethers such as tefraglyme, amides which can be lactams such as the N-alkyl
pyrrolidones, sulfonamides and ureas including cyclic ureas.

According to one aspect of the present invention there is provided a liquid
composition {A) at least one fluorine-containing hydrocarbon containing one to three
carbons atoms; and a lubricant comprising (B) at least one carboxylic ester of (I) a
polyhydroxy compound, and (i1} a combination of {a) a monocarboxylic acylating agent
having four to five carbon atoms, {b) a branched monoccarboxylic acylating agent
having from about 7 to about 15 carbon atoms and {c) a polycarboxylic acylating
agent.

e




Lubr| cant of Exarrpl e 25
‘0. 625 Benzotri azol e
1, 2-tetrafl uoroet hane

.25 .
0.2 HFC 134a

Exanpl e 25

0.1 benzotriazole e ==

55 Product of Exanple 28 45 tolyltriazole
0. 025 HFC 1¥4miuded within the scope of the preseat invention areghiamifq,ct of
Exanpl e 29 15 benzotrlazole

0. 02 é’zemmf%lgﬁmnﬁ comﬁpéﬁ’lnsg furt her exanpl es .of the CL, &p §| tions
of the present in é?]ﬁto?'n@as'f‘a%ee fjuprine-gontainipg hYdF““bS“ ontain to

3 carbon atows and wherein fluorine is the only halogen present, and
a lubricant comprising (B) at least ove carboxylic ester of {1}
dipentaerythritol or tripentaerythritel, and (I1) a combimation of (a)
a monocarboxylic acylating agent having four or five cacbon atoms, (b)
2 branched monocarboxylic acylating agent havinf from abut 7 to about
15 carbon atoms and (c) a2 polycarboxylic acylating agent.-

_Also included within the scope of the present invention
are liquid compositions comprising:

(&) at least one fluorine-containing hydrocarbon coutaining 1 to
3 carbon atoms and wherein flucrime is the only halogen present; and a
lubricent comprising {(B) at least ome cardoxylic ester of (13 3
trimethylolslkane, aad (II1) a coubimation of (a} a aonocarboxylic

. acylating agent . having - four -or five carbon stoms, (b) a branched
uonocarboxylic aéylating ageﬁz having from about 7 to about 15 carbon
atous, and (c) a polycarboxylic acylating ageat.

In 8 Ffurther embodiment of. the present invention there is
provided a liquid composition comprising (A) sc least one fluorine—
e@hcaining hydrocarbon containing ! te 3 carbom atems; and & lubéicant
comprising (B) at least ome carboxylic ester of (I) & polyhydroxy
compound, and (II} a combinatfon of {a) a monocarboxylic acylating
agent having four or five cacdon atoms, (b) 2 monocarboxylic acylating
agent having from about 7 to about 15 carbon atoms, and (c) a
pelyearboxylic atylacing agent: and (C) st least one additive selected
from an alkyl phosphite, an alkyl phosphoniec acid ester, a nitrogen-
containing hetecocycle, and a2 mixture thereof.

The liquid compositibus may addicionally contain {C) an addicive
selected from an alkyl phosphite, an 2lkyl phosphonic acid ester, a
nitrogen—-containing heterocycle, and a amixture thereof. Liquid
compositions alse are describé&- vherein the fluorine-containing
hydrocarbons also contaln other helogens such se chlorine. Yethods of

lubricating refrigeration systeus are also described.




HFC- 14\ 34a 80 85 45 90 55 Lubricant of Exanple:

I . 20 V _

15 . 10 VI - 55 45 Wl e
the-invention has been explained in relation to its preferred—enhntitients,
it is to be understood that various noifications there RE@LACE"LW.E%?"T

apparent to those skilled in the art upon readi ng the gpe
- Therefore, it is to be understood that the3#nvention dilsc
~intended to cover such nodidications as fall within theisfope o
appended clai ms. Thissappligation i £réfatedd o S Sefi bMNo—FrT78 |
filed July 11, 1991, which is a continuation-in-part of §U.S. Serial No——*
608, 600 filed on October 30, 1990, which is a continuatilemot=S&rial No.
343,087 filed on April 25, 1989 and now abandoned. CLAI M5 1. A liquid
conposition conprisingg (A at | @stgone H ugy i ne-cont ai ni ng hydrocar bon
containing 1 to 3 carbon atons, and a lubricant conprising (B) at |east one
carboxylic ester of (I) a polyhydroxy conpound and (11) a conbi nation of
(a) a nonocarboxylic arcyl ati ngnhagent having four or five carbon atons, (b)

a branched nonocarboxyl i ¢ acyl@ting agent &3
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having from 7 to 15 carbon atons and (c) a pol ycar boxyl i cREP&A@hﬁ%I&@HﬁET
2. - Aliquid conposition of clai m 1" wherein fluotine id

in the fluorjine-containing hydrocarbon (A). 3. A liqui
either of clains 1 and 2 wherein the fluorine- containing
is 1,1,1,2-tetrafl uoreothane. 4. A |'i qui ggconposition
~claimwherein the pol yhydroxy conpound (I) i's a trimethyl
| i qui d conposition of any precedi ng clai mwherein the polyty OOt
(1) is trimethyl i claim
wherein the pol ;g%y%rg)%%ﬂé%gnﬁsgfgﬁﬁﬁf%ﬂ%%ﬁt@ﬁﬁ%@dgaad&g'fﬁabégagyoplrﬂ?/\éé%ﬁé%sgﬁtbre
hydr oxyl grinveption:7. A liquid conposition of any precedi ng clai mwherein
t he pol yhydroxy compound (1) is dipent aeryitéﬁééol or tripentaerythritol. 8.
A liquid conposition of any preceding arm wherein the

nonocar boxyl i c acyl ati ng agent (11a) i s i sobutyric, valeric,

2- et hyl butyric, or neopentanoic ad ydrH de. -38 - 9. A liquid
conposition of any preceding cl ar‘rn ein the m)nocar boxylic

acyl ati ng ent (11 b) is a branched nonoc rbo I iC ing agent with 8
or 9 car bo%%&’ Aliquid ccﬁ@pom ?8 ding claim

wher ei n t hé-upkdeané of boxyl ic
Example:
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While the invention has been explained in relation fo its preferred
embodiments, it is to be understood that varicus modifications thereof will become
apparent {o those skilled in the art upon reading the specification. Therefore, it is to
be understood that the invention disclosed herein is intended fo cover such
modifications as fall within the scope of the appended claims.

This application is related to U.S. Serial No. 07/728,441 filed July 11, 1891,
which is a continuation-in-part of U.S. Serial No. 608,800 filed on October 30, 1880,
which Is a continuation of Serial No. 343,087 filed on April 25, 1689 and now
abandoned.




acylating agent (llc) is a dicarboxylic acylating agent. 11. A liquid
conposition of any/gr,e,csd—im m wherein the polycarboxylic acylati nﬂ
agent. (Il1e) is—an acyl ati_ ant sel ected from nal ei IRF '\ngm‘ :gg?fg] c

and azel ai ¢ acy, i A liquid conpositj"
n S h| te
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claimfurther ¢ YR addit i.wg .selected fromp
an al kyl phosphbk ¥ d ester a nitrogen cont ai ni ng{ hpt
m xure thereof. 13. A liquid corrpositi on of claim12fwherein (C) isS.k

al kyl phosphite or al kyl phosphonic ester independentfy having from1 t 20

car bon atons, i n. each al kyl group. 14. A liquid conpesition—et—et-et-rmi

wher ei n e‘ LAy phosphite or al kyl phosphonic acid ester independently
having from3 to 8 carbon atons in each al kyl group. 15. Aliquid

conposi tion of claim12 wherein (C) is dibutylphosphite. 16. Aliquid

;:orrpozl tion of &l ai nf\ligoidgrepesifion egmpasing:but yl , butyl phosphonate. 17. A
i qui d composi tion 0faC Wha focaboh Soditta [ i ge

t her eof . -39- 18. { Aéﬂgaélﬁsﬁ%gonpoﬁn&l(%ﬁ%:) ﬁgciﬁgfim hmherelﬁiﬁg(g% .

tol yl t ri azedrbon latores)tandaa dbiricant camprising (Binatpeastuene ﬁfng}{ﬂm#@fe" @)na ani ne,
and an al dggﬂghy%mxy compound and (Ii) a combination of (a} a monocarboxylic acylating agent

having four or five carbon atoms, (b) a branched monocarboxylic acylating agent
having from 7 to 15 carbon atoms and (c) a polycarboxylic acylating agent.

2. A liquid composition of claim 1 wherein fluorine is the only halogen in
the fluorine-containing hydrocarbon {(A).

3. A liquid composition of either of claims 1 and 2 wherein the flucrine-

containing hydrocarbon (A) is 1,1,1.2-tetrafluoreothane.

4, A liquid composition of any preceding claim wherein the polyhydroxy

compound {1} is a trimethyloclalkane.

5. A liquid composition of any preceding claim wherein the polyhydroxy
compound () is trimethylolpropane.

6. A [liquid composition of any preceding claim wherein the polyhydroxy
compound (1) contains an average of five or more hydroxy! groups.

[£ A liquid composition of any preceding claim wherein the polyhydroxy
compound (1) is dipentaerythritol or tripentaerythritol.

8. A liquid composition of any preceding claim whereﬁn_ the
monccarboxylic acylating agent (ila) is isobutyric, valeric, 2-methylbutyric, or
neopentanocic acid or anhydride.




atons-in each
nmet’hod of ‘ g
i ntroducing i nt o the refr| geration systgm a conposi tion accordi
one of claims 1 to 19; and operating the system 21. A procegss
preparation of a Iiquid conposition conprising adm xing: (A)aj

| ubri 17'[

ation system conprising the

f1 uorine-containing hydrocarbon containing 1 to 3 carbon aton&;™

| ubricant conprising (B) at

agent .

bifsa Hang

with 8 or 9 carbon atoms.

10. A liquid composition of any preceding claim wherein the polycarboxylic
acylating agent (lic) is a dicarboxylic acylating agent.

11. A liguid composition of any preceding claim wherein the polycarboxylic
acylating agent (lic) is an acviating agent selected from maleic, succinic, adipic, and
azelaic acylating agents.

12. A liquid composition of any preceding claim further comprising {C) an
additive selected from an alkyl phosphite, an alkyl phosphonic acid ester, a nitrogen
containing heterocycle, and a mixture thereof.

13. A liquid composition of claim 12 wherein {C) Is an alkyl phosphite or
alky! phosphonic ester independently having from 1 to 20 carbon atoms in each alkyl

group.

14. A fliguid composition of claim 12 wherein {(C) is a phosphite or alkyl
phosphonic acid ester independently having from 3 to 8 carbon atoms in each alkyl
group.

18.  Aliquid composition of claim 12 wherein (C) is dibutylphosphite.

18. A liquid composition of claim 12 wherein (C) is dibutyl, butyl
phosphonate.

17.  Aliquid composition of claim 12 wherein {C) is a triazole or derivative
thereof.
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18. A liquid composition of claim 12 wherein {C) is tolyitriazole,
benzotriazole, or a reaction product of a triazole, an amine, and an aldehyde or

aldehyde precursor.

18. A liquid composition of claim 12 wherein {C) Is a mixture of an alky!
phosphite independently having from 1 to 20 carbon atoms in each alkyl group and a
triazole or derivative thereof.

20. A method of lubricating a refrigeration system comprising the steps of
introducing into the refrigeration system a composition according to any one of claims
1 to 19; and operating the system.

21. A process for the preparation @f é liquid composition comprising
admixing:
(A)at least one fiucrine-containing hydrocarbon containing 1 to 3 carbon atoms, and a
lubricant comprising (B) at least one carboxylic ester of {I) a polyhydroxy compound
and {il} a combination of (a) a monocarboxylic acylating agent having four or five
carbon atoms, (b} a branched monocarboxylic acylating agent having from 7 fo 18
carbon atoms and {(c) a polycarboxylic acylating agent.
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