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UQUID COMPOSmONS CONTAI~'1NG CARBOXYLXC ESTERS 

Eidd gf the Inveptigin 

This invention relates to liquid compositions comprising a major amount 

of at leut one fluorine-containing hydrocarbon, and a minor amount of at least one 

lubricant. More particuB.a:rly, the invention relates to liquid compositions useful as . -

refrigeration liquids. 

Background of tlw Inv;nticm 

Chlorof!uorocarbonst generally referred to in the indusny u CFCs, have 

beM widcly used as propellants in aerosols, although use in aerosols has been 

dinnnishlng.in recent years because of demands of environmentalists for the reduction 

if •not ~ complete ban oo the use of CFCs because of the detrimental effect of CFCs 

on th~ stra.tosph.ere's ozone layer. CFCs also have been used because of their unique 

rombination of properties u refrigerants, foam~blowing agents, and specialty solvents 

within the clectronits and aerospace industries. Examples of CFCs which have been 

~tiii:r.00 for these purposes include ClFC=l3 which is cMomtrifhmromethane, CFC~li2 

which is dilchnorodifhnoromethane, and CFC= l 13 which is 

1,2,2=triJll.u.noro--1, 1,2=ttichloroethane. 

Since 19761 when tht aerosoU inuh~stry began to feel 

if not d.iminate the use of CFCs, the aeroroU industry has prog 
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the substitution of lrnydIFocarbon prropellimts for CFC propellants. The hydirocarl>ons, 

sud11 as bu~e1 are readily awilable and inexpensive, and the quality of the finru 

product generally has ~ unaffected by the substitmiorn of propelllants. However, 

the problem of finding a safe replacement of CFC refrigerants and -foam-blowing 

agoou has been more difficult to sollve. Several replacement candidates have ~ 

sugg~ as al~atives to the fulny halogenated hydrocarbons, and these include 

halogmatOO hydrocmbons containing at least some hydrogm atoms such u HCFC~22 

which is difhmmchloromethane~ HCFC-123 which is l, 1-dich!oro-

2,2,2-trifluometlume, HFC-134a which is l,l,l,2~tetrafluoroethaneamd HCFC-141b 

which is 1, 1 ~ichloro= l =fluoroethane. 

The ozone depletion potential of these proposed substitutes is significantly 

l~s thaw the ozone depletion potential of the previously used CFCs. The ozone 

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

the ozone layer in the atmosphere. It is a combination of the percentage by wcight 

of chlorine (the atom that attacks the ozone molecule) and the lifetime in the 

a11tmosphere. HCFC-22 and HFC-134a generally .are recommended as being· 

amdidat.es in refrigerant applications, and HFC-134a is particularly attmciive because 

its omnc depletion potential has beeltl reported u being zero. 

In order for my of the Ieplacement materials to be useful as refrigerants, 

the ma~rials must be compatible with the lubric:Mt utilized in the compressor. The 

presmtlly used refrigerants such as CFC-12 are readily compatible. with minei.""21 

lubria.ti.ng oils which are utilized as the Uuibriama in air-conditioner oomp.ressors. 

The aboveoodescrlbed refrigerant candidates, however, have different solubility 

charactenistics than the refrigerants presently in use. For exrunpi.e, mineral lub~ 

ricating oin is inoompatible (i.e., insoluble) with HFC-!34a.. Such moompatibility 

results in umacceptable compressor life in oompressnon-type refrige."1ll.tion equipment 

includliing refrigerators and air-conditioners including aUllto, home and im:h.nstriru 

rur-ronufiitioners. 

11!1 order to perform as a satisfactory refrigeratiolii liquid, the mixrure of 

refrig~rant and lubricrult must be compatible and stabne over a wide temperature range 
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su~h a_s from about 0°C an.d above 80@C. For some uses, his generally desL"'abie for 

the lubricants to be soluble m the refrigerant at oonrem:nnions oor.respooding to the 

1ratios ~stommy m the environment of use, e.g. about 5 to 15 % , over a temperature 

w1ge from -30"', or preferably -40°C, or be.low, to 80@C or above. "In additio11 to 

thmmll stability, the :refrigeration liquids must have acceptable viscosity 

ch~stlcs which are retained even at high temperatures, Wld tile refrigeration 

liquid mowd not have a detrimental effect on sraaterials used as sea!s in the 

oompresson. 

Compositlons comprising a tetn.fluoroothane and polyoxyalkylooe gRycols 

m'C discussed in U.S. Patent 4, 755 ,316. The compositions are useful in refrigeration 

systems. Refrlge.ratlon oils arc described iri U.S. Patents 4,248, 726 and 4,267,064 

which oomprise mixtures of a po!yg!yool and 0.1 to 10% of giycidyl ether~ epoxy 

oompounds, or epoxidized fatty acid monoesters~ and optionally, epoxidized vegetable 

oil. The lubri~ting oils are reported to be useful in refrigerators using a 

!Wogm=ronwrung refrigerant such as :Fmom 11, 12, 13,_22, U3, 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 fiuoro-­

and clall.oroeoonraining refrigerant, a hydrocarbon oil, and an alkylene oxide additive 

oompound which improves the thermal resisumce of the oil in the presence of the 

refrigerant. Examples of hydrocubon oils includ~ mineral oil, alkyl benzene oil, 

dibuic acid ester oil, po!yglycols1 etc. The oomposntioru may contain other additives 

in~ludmg ioad=canymg additives such as phosphorus acid esters, phosphoric acid 

esters, etc. Examples of fluorocarbon refrigerants im:lude R-11, R-12, R-113, R-114, 

R-500, etc. 

U.S. Patent 4,428,854 describes absorption refrigerant compositions for 

use m refrigeration systems comprising 1, 1, 1 ~2-tetrafluoroethane and an organic 

solvent capable of dissolving the ethane. Among the solve~ts disclosed are organic 

amides, acetonitrD.ie, N-methyn pyrroles,. N-melliyI pyrrolidine, N~methyi-2-pyr­

rolido~e, nitrometham:, various dioxane derivatives. gliyro! ethers, butyl formate, 

butyl acetate, dnelhyl oxalate, diethyl malonate, acetone. methyn ethyn ketone, oaher 
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ketorrnes Md rude!tuydes, triethyil phosphoric triamide, methylene phosphate, methyl 

phosphate, etc. 

Stabilized absorption compositions comprising (a) a halogenated 

hydroarbon refrigerant, (b) a liquid absorbent ofa polyethy1meglyooR methyl ether, 

and (c) at least one stabilizer are described m U.S. Patent 4,454,052. Examples of 

smbilizers include phosphate esters, epoxy compounds, and orpnotin compounds. 

The polyethylene glycol methyl ether-type compounds are of the general formula 

wh~ n is M mrege.r of l to 6, and R is H, CH3° or CH3CO=. A variety of 

hruogmated hydrocarbons are described irrnclundmg 1, l "1ifluorometiume, 1, 1, 1,2-tetra­

fil!.Boll'OOthane, etc. 

U.S. Patent 4,559,154 relates to absorption heat pumps utilizing as 

worldng fluid, a saturated fluorohydJ:1C>CUbon or fluorohydrocmbon ether having from 

3 to S carbon atoms. Solvents reported to be usefu} with such- fluomhydrOcarboims 

include ethe.'f'S web as tett:rag!yme. amides which am be lai...--utms such as the N~altyl 

pyrrolidooes, sulfonamides and ureas including cyclic urea.~. 

Symmao· oLth.tlm!mtior; 
.. , 
. ,. 

According to one aspect of the prescm invention them is· provided a liquid 
oomposmoo (A) at least one floo~ hydrocarbon oonmming ooo to three 
cuOOn atoms; and a bJlbriamt compming (B) at least 000 cuboxylic ester of ro a 
polyhydroxy compound, and (1I) a oombimtion of (a) a monocamoxyUc acylating 
agm ·tmvmg four or five carbon atoms, (b) a monocm-boxylic m:ylatmg agent having 
from about 1toabout15 carbon atoms and (c) a polycarboxynic acyiating agent. 
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According to a~other aspect of the present inve~tion the~e is provid~d 

a liquid composition co~prising: 

(A) at least one flucrine-concalnlng hydrocarbon containing l to 

3 carbon atoms and wherein fluorine is th~ only halogen pres~n~, and 

a lll1©rictutt comprhing (B) at leHt cme «:~rbcxylie ~rnter ©l (I) 

di~~nta~rythritol or trip~nt~erythritol, and (II) ~ combination @! (a) 

~ ~n<H!arb·©>:ylk a11cyl~ting aitrnt having fo'lllr or Uve c:n."boira ~tom6, {b} 

a branche@ mon@c~:::'bi@xyU.c acylating a~~mt having frollli1 abut 1 to about 

15 carbon ~to~s and (c) a polyc~rboxylic ~cylating ~ge~t. 

Accmrding t:o y@t 1moth@r 1up~ct of th~ ~r~s~mt inv~mticn there is 

~t'©\•i@~d ~ liquid CO!lllj?©Si ticrm CCll!ll~risfo.g: 

(A) ~t l~ast one f luorine-cormtaining hydrocmrbcn containing l to 

3 c~rb©n ~tc~s and wherein fluorine is th~ only halogen pr~sent; and a 

l'llbt'k&lnt comprising on at least ©Kt@ carbcxylic est~r cf (l) a 

tiri~~thyl@lglkan~. ~md (!!} a co:t®bimation cf· (a) a 11Mmociu:bcxylic 

~u::yl~ti~ a~~mt havin~ four or five c~rbcn atoms, (b) ~ branched 

UJl©ll©carboxylic cllcylat:tng agent having from ~bmu: 1 to about 15 carbon 

ato~s, ~nd·(c)·a polycarboxylic acylatin1 ~g~nt. 

Acccrdin1 to a further aspeet cf th~ pres~nt invention there is 

pr@\•id~d ~ U.qu.id comipositicm ccimpdsing (A) ~t least en@ flunodne­

c@nt~ini~g hydr@c3rbou containing 1 to 3 c~rb©llTl atc~s; anc ~ lubricant 

C@lliiilpl'.'i$ing on ~t l~ast COie! Cttirbo:x:ylk. ~~ter @f (I) ~ p@lyhydroxy 

c@llilllpi@mrud, ~:m@ 0::0 a colllbi11uttion of (~) ~ moncc.!ll:-boxylic ~u:ylating 

®l@:rnt h~virtt~ four or fiv~ e~rbollTl ~to~s, (b) a mcl'HH:~r'b©xylic ~cylating 

a1®nt h<!llving from about i to about l5 · carbon ~tom~, ~nd {c) a 

p>©l?e~rb@xylic ~cylatiim~ ~g~nt; and (C) ~t l~a~t ©ft~ tll«:lditiv~ s~leeted 

fr©J~ ~m ~lkyl phos~hit~, an alkyl phosphcmie .fllcid ~st~~, ell nitro~~n­

C©~t~ining h~t~r©eycl~, and a aixture th~re©f. 

Th~ liq~id co~positi©ns may ~dditionally cont~in (C) an ~dditiv~ 

s®lect~d fr©m ~n alk1l ph©$phit~, an ~lkyl ph©$ph©nic ~cld ~seer, ~ 

nitr©gen-contai~in~ het~r~cycl~, ~nd a mixture th~~~@f. Liq~i© 

cc~positi©~s ~1$© ar~ de$crib~d wher~in th~ fl~orin~-contmining 

hydiroc~rb©ns ah© contain oth~r halcge111.s sZJt~h ;rn chhnrine. M~thods of 
{ 

l~bric~ting refrig~ration syst~~$ are ~ls© describ®d. 
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The liq~nd compositions ate usefu] particularly as remgemtion liquids m refrigerators 

and rur=rondlitioners mch11ding automotive, home, rommereiru and induse:riru 

air<.omllitioners. 
\.'~~ ~referred features N.d mrood:Wm~ of ~ p!'~ mvmtioo -will OOf>\ oo 

described ~- way of n~-l:i.-::i::ing ~le. 
Throimghout this specification and claims, all pans and percentages are by 

weight, temperatures are in degrees Celsius, and pressures are at or neu atmospheric 

pressure unless otherwise clearly indicated. 

As used m this specification and m the appended claims, the terms 
11hydrowbyr8 and ehydrocubylenel'I denote a group having a carbon atom directly 

1.ttachoo to me polar group and having a hydrocarbon or pmdomimmtly hydrocarbon 

character within the context of this invention. Such groups include the fol!owmg: 

(1) Hydrocarlxm groups; that is, aliphatic, (e.g., alkyl or alkenyl), 

~icyelic (e.g., cycloaU •. ')11 or cycloalkentyl), and the like, as well as cyclic groups 

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

. two mdirated· substiruents may together form an alicyclic group). Suc_h groups are 

known to those skilled in the art. Examples inclu~e methyl, ethyl, oetyl, deeyl, 

oct1.decyU, cyclohexyl, etc. 

(2) Substi.tuted hydrocarbon groups; that is, groups conwmng 

rmn°hydroaubon substitmmts which, in the context of this mvention, do not alter the 

p!!'OOomi1mmtly hydrocarbon character of the group. Those skilled m ·the art will be 

aware of sudtable sunbstituents. Examples include halo, hydroxy, alkoxy, etc. 

(3) Hetero groups; that is. groups whnch, while pre.domimmtly 

hydrocmbon ilil cha.""acter within the context of iliis inve:iition, contain atoms other 

thM cubon in a chain or ring otherwise composed of carbon atoms. Suitable hetero 

atoms wm be apparent to those skilled in the art and im:lude, for example, nitrogen, 

oxygelfll and! sulfar. 

lni genera!!, no more than about three substimerots or hetero atoms, ;md 

preferably no more than one, wm be present for each 10 cmbon atoms ira the 
{ 

hydlroca.rbyl group. 



Terms such as "aU •. -yr, •rukylene", etc. have meruuings MaJ!ogous m the 

above with respect ~ hydmcarbyl and hydrocarby!ene. 

The term "'hydrocubon-based" also has the same meaning and am be used 

mterchmugeably "with the teirm hydrocubyl when referring to molecular groups having 

a arbon atom attached dirediy to the polar group. 

·The term 11lower'" as used herein m conjunction with terms such as 

hydrocarbyl, hydmcubylme, alkylene, alkyl, alkenyl, alkoxy, Md the like, is 

intended to describe such groups which contain a tot.a]. of up to 7 carbon atoms, per 

se, 11nd includes methyl, ethyl, propyl, butyl, pentyl, hexyl and heptyi groups. 

Viscosity» unless otherwise indicated, is kinematic viscosity and is 

measured by ASTM D~2270. 

For pmpo~ of this invention, equivalent weight of polyol is determined 

by dividh1g the formula weight of the polyol by the number of hydroxyl groups. 

Eqwmmu of polyol is determined by dividing the amount of polyon by its equivalent 

wcl&ht. For polycuboxylic acylating agents or mlhydrides, the equivalent weight is 

determined by dividing the formula weight of the acylating agent or anhydride by the 

number of camoxylic groups which fonn est.en. For example, an anhydride 

contributes two camoxy! groups which am fotm ester. Therefore, the equivalent 

weight of anhydride, ~ch as succinic anhydride, wooldl be the fomuula weight of the 

mhydrlde divided by the number of carboxyl group. For succinic anhydride, the 

number is two. 

W1um a compound or component is indicated herein as being "soluble'\ 

the oompmm.d or romponumt is so]ubie m the liquid compositions of the invention 

oomprising me fiuorine-oonwning hydrocarbon and tile lubricant For example, a 

oompo~md or component is considered "soiu.uble" so long as it ns soluble in the liquid 

compositions, even though it may be insoluble in the fluorine=rontainmg hydrocmbon 

~r se. 

T'ne term 11oonsisting essemiaUy of' refers to oompositions that include tlte 

mgiredie~ts listed in the claim as wdl as other ingredients that do not materially ufeci 
the basic and novel chairacterist.ics of ilie Hqund oompositioirns. 
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Generally fue amount of fluorine-containing hyd.rocarixm is a major 

amount for automotive and stationary refrigeration systems. Of course, iower 

amounts, e.g. less tllum 509', of the fluorine-oontairung hyd~n are useful, such 

as m ho-ansehold refrigerators. 

{A) Ehnorine-Containing Hydmgrbon. 

The liqund compositions of the present inventiQn comprise, in one 

mstmnce, a major amount of at least one fiuorine=rontaining hydrocmbon. That is, 

the f!uoonec00nwrung hydrocarbons contain at least one C-H bondl as well as C-F 

bonds. m addition to these two essential types of bonds, the hydrocarbon also may 

amt.run other carbon-halogen bonds such as C~Cl bonds. Because the liquid 

rompositions of the present invention am primarily intended for use as refrigerants, 

me fl.~orinec00nwmng hydrocarbon preferably oonwm one to three, or to two carbon 

atoms, rutd more preferably two carbon atoms. 

As ooted above. the fluorine..contaimng hydrocmboos useful in the liquid 

oomposntions.of the present invention may contain other halogens such as chlorine. 

However,· m one preferred embodiment, dle hydrocarbon oonmins only camon~-. 
hydro1M amd fluorine. These oompo~mds containing o.nly cmbon, hydrogen and 

fluorine are referred to herein as fluorohydrocarbons or hydrofluoroarbons. The 

Jhyd~ns containing chlorine as weU as fluorine and hydrogen are referred to as 

cbloroftuorohydroca.'i>ons or hydro:hnorofluorocarbons. The fluorine-containing 

hydrocarbons useful in the rompositnoro of the present invention are to be 

distingqnished from the fu!Dy halocemued hydrocarbons which have been and Me being 

~sed ru; propellMts, refrigerants a11d b}(lwi~g agents such as CFC-H, CFC=l2 and 

CFC-1 B which have bee~ described ahcwe. 

Specific examples of the fhm:'ine=cont.3._fo,ing hydrocarbons usefon in the 

!iql!.ki rompositions of the present im·cntion. and' their reported orone depletion 

poumtialls are shown in the foniowilllg Table I. 
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IhBLE I 
Compovmd 
~sigrrnatiori ~ .. . m'.llUi m2f * 

HCFC-22 CHC1F2 0.05 

HCFC=l23 CHCl2CF~ <0.05 

HCFC=141b CH3CCI2F <0.05 

HFC-134a CH2FCF~ 0 

Owirne depletion potential as reported in Process Engineering, pp. 33-34, July, 
1988. 

Eumples of other fluorineooonwrung hydrocarbons whlch may be useful m the 

liquid oomposirions of the present invention include trifluoromethane (HFC*23), 

1,1,1-tdfhmroethane (HFC-143a), 1,1-difluoroethane (HFC=l52a), 

2<('.hloro= ll, l, 1,2-tetraftuoroethane (HCPC0 124), 1=ehloro-1,1,2,2-tettafiuoroethane 

, (HCl~C~l24a), l~chloro .. i, l .. difluoroethane (HCFC=142b), and 

1,1,l,2-um--afloo.roetbane (HFC .. 134). Other refrigerants such u perl!Uoropropane 

(HFC-218), pe.rfiuorocyclopropane (HFC=216), perlluoropropylcne oxide, 1,3 .. 

perfi~oro propylene oxide and pentafluorodirmefuyU ether may be used with the 

lubriccmt. In the refrigerant art, the fluomhydrocmbons are often identified merely 

with the prefix 11Ri<J m place of th~ above letters. For example HFC .. 23 fa R-23, 

HCFC=l24 is R-124, etc. 

:m general, fluorineo.tonmining hydrocarbons which ue usefal as 

refrigerants are fluoromet!wles and fluo.roetlumes boiling at a relativeJy low 

Mixtures of 

fluorine=ronta.ining hydrocarbons may be used, Md tile amount of each 

fbmmhydrocarbon in tile mixture may be varied as desire<t Examples of 

fhnomlhydrocamon mixtures useful as (A) include: 142(b)/22; 134(a)/23; 

221124H52(a), ere. n~e useful fluorocarbon refrigerants serve to transfer heat in a 

refrigeration system by evaporating and absorbing heat at a low temperamre and 

press~re, e.g., near ambient temperature and a~mospheric pressure, Md by releasing 

heat cm oondensing at a higher temperature and pre-..ssmre. 
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The amoum of fl.11.Uorine-oontaining hydrocarbon is tile level typic.iilly used 

for the refrigeration system. The liquid compositions of the present invention contain 

fmm about 10%, or about 20% up to about 90%, or to aooua 853 of the 

fll~oruu~cCOintammg hydrocarbon. In one embodimtmt, the fluorin~nwning 

hydrocarbon is present m L'1 amount from about 45%, or about 50~, or about 55'6 

up to about 90", or to about 80%, or to about 75% by weight of the liquid 

composition. More generally, the liquid compositions will comprise from about 50" 

to aooUJit 99 % by weight of the fluorine""OOnmining hydrocarbon. In another embodi~ 

l!mmt, the liquid compositions contain from a.boot 70 ~ to about 99 9b by weight of the 

fluorme=amtaining hydrocarbon. When the floorineorontainmg hydrocarbon is used 

at nevds greaw than 509' by weight of the liquid oomposition, then the liquid 

oompositions are generally suiled for use as automotive and commercial and industrial 

refrigeration systems. 

In one embodiment, the fluo:rine"'(X)ntaining hydrocarbon is present in an 

amount from-I.bout 10%, or about 25~, or about 309' up to about 55%, or to about 

509t, or to about 45 % by weight of the lubricant. V\;'hen the fluorineooeontaining 

hydrocubon "is present in an amount less than about 45 ", then the liquid 

oompositions are generally suited for household refrigeration systems. 

m>~--Esten 
:rn addition to· the fluorine--oontaining hydrocarbons described above, the 

Uquidl compositions also contain at least ooe carboxylit ester of (I) a poiyhydroxy 

oompoumd cmd (Il) ~ combimation of (a) a monoca:rboxylic acylatlng agent having four 

or fnve carbon atoms, (b) a monocarboxyiic acylating agent h3.ving from about 7 to 

aoo~a 15 carbon atoms and (t) a poiycuboxylic acylating agent 

The cuboxylnc ester lubricants utilized as component (B) in the liquid 

oompositions are reactiolll products of one or mor~ carboxylic acylating a.gm~ with 

poiyhydrnxy compounds containing at leas~ two hydroxyl groups. The po]yhydroxy 

oompmmds may be represented by the general formula 

' 
{II) 
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wherem Risa hydroaubyD group and n is illt least 2. The hydrocruby! group may 

rorntain from 4 to aooua 20 or more carbon atoms, and the hydrocarbyl group may 

al!so rontrun one or more nitrogen Md/or oxygen a1oms. The palyhydmxy . . 
compounds gmemlly will contain from about 2 to about 10 hydroxyl groups and more 

preferablly from about 3 to about 10 hydroxyl groups. 

The polyhydroxy compound may contain one or more oxyall."Yiene groups, 

and thus, the polybydroxy compounds include compounds such as polyetherpolyols. 

The irmmber of cubon atoms and number of hydroxyl groups oontdned m the polyhy= 

dmxy oompound used to form the carboxylic esters may vary over a wide mnge, and 

. it is oruy necessary the carboxylic ester produced with the polyhydroxy compounds 

be solu~ble in the liquid compositions o:f the present invention. 

The polyhydroxy compounds used in the preparation of the camoxylic 

esters (B) ruse may amwn one or more nitrogen atoms. For example, the 

polyhydroxy compound may be an alboolamme containing from 3 to 6 hydroxyl 

groups. In Ol!le preferred embodiment, the poiyhydroxy oompound is an ~olamine 

oontmcing at least two hydroxyl groups and more preferably at least three hydroxy! 

groups. 

The polyhydroxy compomuis include trimethyloialbnes, such as 

trimethylolmethane, ttimethylolethane, ttimethylolpropne, · and trimethylolbutane. 

·Th~ polyhydroxy compound also include pent.aerythritol1 dipentaerythrltol, and 

mpenmwytluirot In one embodiment, the polyhydroxy compounds are neo 

pdlyhydroxy compounds. Specific examples of polyhydroxy compounds useful in the 

presel!llt invention include dhylene g!yrol, diefuylene glycol, methylene glycol, 

p:mpylMe gUyool, dipropyiene g!yool, glyceroil, nropemtyl glyoo!, 1,2-, 1,3- and 

1.4-buxtrulediols, perntaerythritol, dipentaerytltritol, ttipentamythriml, ttiglycerol, 

trim~thylolpropirne, di-tdmethylolpropane, sorbitol, hexaglycerol, 

2,2,4=trimethylpl,3~pentanediol, etc. Preferably, the Mixtures of a.my of the above 

ponyhydmxy oompounds cm be utilized. 
( 

The above po!yhydroxy compounds are reacted with carboxylic acylating 

ageirnu to form the esters (B). Tne carboxylk acylatiirng agents include (U) ~ 
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combination of (a) a monocarl>oxylic acylating agent havmg, four or five arbo!I1 

atoms, (b) a monocruboxylic acyfati.n1g agent having from about 7, or about 8 up to 

aoout 15, or to about 12, or to about 10 carbon atoms and (c) a polycarooxylic 

acylating agent. The acylating agents include acids, anhydrides and! lower alkyn 

esters. In one embodiment, the monocarl>oxylic acylating agent (Ilb) coma.ms 8 or 

9 ~n atoms. llfi one embodiment, the acyb.ting agents are bnmclted.. 

Examples of carboxylic acyb.ting agents oonwrung a sttaigbt cu lower 

hydrocamyl group include formic acid, acetic acid, propionic acid, butyric acid, 

valeric acid, hexanoic acid, heptanoic acid, and anhydrides of these acids. Enmples 

of cmboxylic acylating agents wherein the hydrocarl>yl group is a branched chain 

hydroaubyl group include isobutyric acid, 2=ethyli-n-butyric acid, 2-methylbutyric 

acid, 2,2,4qttimethylpentmoic acid, 2-bexyidecanofo acid, isosaric acid, 2°methyl~ 

hcunoic acid, 3,5,5-ttimethyllicunoic acid, 2..ethylhexrunoic acid9 isooctanoic acid, 

isonoinoooic acid, isoheptmoic acid, isodecanoic acid, neoheptanoic acid, noodecmtoic 

acid, Md ISQ Acids and NEO Acids avaiJable from Exxon Chemical Company, 

Houston~ Texas USA. ISO Acids me isomer mixmres of branched acidS and include 

oommerciru mixtures such as ISO Heptanoic Acid, '1so Octanoic Acid, and ISO 

Nonanoic Acid~ as well as developmental products s~ch as ISO Decanoic Acids and 

ISO 810 Acid. Of the ISO Acids, ISO Octmoic acid and ISO Nonanoic acid are 

prefeirred. In orme embodiment, the ISO acid may be isapentanofo acid (available 

oomm~iallly from Union Carbide), which is a mixwre of 66~ by weight valeri.c ac::io 

and 34 % by weight 2 .. methylbutyric acid. Noo acids include oommercially a\'ruilable 

mixtiures s~ch as NEO Pentmoic Acid, NEO Hepranoic Acid, and NEO Decanoic 

Add\, ru; wcl.Il as developmental products such~ ECR-909 (l\1EO C,) Acid, znd ECR-

903 (NEO Cl2u4) Acid and commercial mixtures of bwuchoo chain cmi>oxyHc acids 

s1Jch as the mixture ideu1tified as NEO 1214 acid from Exxon. 

The polycarboxylic acylating agents may contain 2 up to about 4, oir to 

about 3, preferably two carboxyiic groups. In one embodiment, the ponyrarooxylic 

acyiati~g agent is a diairboxylic acylating agent. Examples of usefun poHyca.i>oxylic 

acy~ating agents i~dude mrueic acid or anhydride, succinic add or anhydride, adipic 



acid! or miliydride, oxalic acid or anhydride, pimeHc acid or anhydride, ghnaric acid 

or runhydride, suberic acnd or anhydride, azclak acid or anhydride, sebacic acid or 

· Mhydride, etc. 

Liquid compositions for refrigerators may be liquid compositions which 

comprise (A) a major amount of at least one fluorine coowmng hydrocaroon 

oonwrung one to three carbon atoms; and (B) a minor amount of at least one soluble 

organic lubriamt oomprising at least one carboxylic ester of a polycarboxylic 

acylating agent and a polyhydroxy compound, or of a mixture of monocuboxylic and 

dicarboxylic acylating agents and a polyhydroxy compound containing at least 2 

hydroxyl groups and cban.derlzed by the general formula 

wherem R is a hydroaubyl group, each Rn is independently hydrogen, a straight 

clminl lower hydrocarbyl group, a branched chain hydrocarbyl group, or a straight 

clWn hydrocarbyl group containing from 8 to about 22 carbon atoms provided tha~ 

at least one R1 group is hydrogen, a lower straight chain hyd:rocubyl or a brnnched 

chain bydrocarbyl group, or a cm:boxylic acid= or carboxyiic acid ester-a>nwmng 

hydmcmbyl group, and n is at least 2. 

The carboxylic acids utilized in the pirepamtion of the all'boxylic e$ters 

usefuil m the liquid compositions may be characterized by the following general 

fmnm1~ 

R~COOH (Ill) 

wherein R 1 is (a) H, (b) a straight or branch chain lower hydrocarby1 group 

(prefornbly about three to five, or to four cairbon atoms), (c) a branched chain 

hyd~yD group, or (d) a mixture of one or both of (b) and {c) with a straight chain 
I 

hydrocubyl group containing from about 8 to about 22 Carbon atoms or (e) a 

cru-OO:icynie acid- o:r cal'boxylic acid ester-containing hydroarbyl group. Stated 



otherwise, at least one R i group in the ester product of Formula I musa rontain a 

lower stranght chain hydrocubyl gmup or a brruu:hoo chain hydrocm-byl group. The 

straight chain liower hydrocarbyR group (R') contains from 1 to about 1 auborn atoms. 

~di m a prefenoo embodiment, contains from l to about S arbolll atoms. The 

b:ranclloo chain hydrocamyl group may conUlm any number of carbon atoms and will 

gm~y contain from 4 to about 20 carbon atoms. In one preferred embodiment, 

the branched chain hydrocarbon group oontains from 5 to 20 carbon atoms tmd in a 

more preferred embodiment, contains from about 5 to aboTJ.Bt 14 cmbon atoms. The 

higher molecuiar weight straight chain hydroaubyl group coinwmng from 8 to about 

22 cmbon atoms will contain in some embodiments, from 8 to about 18 carbon 

atomst amd in more preferred embodiments from 8 to abo~t 14 carbon atoms. 

In one embodiment, the branched chain hydroa.l'byn groups are 

~~ by the structure 

wherem R~, R3 and R4 are each independently allcyU gmups, and at least one of the 

l.ll.kyl groups oonwns two or more carbon atoms. Such branched chain alkyl groups, 

whm attached to a carboxyl group are referred to m the industry u noo groups and 

the acids are referred to a noo acid. The noo acids are characterimd as having alpha~ 

, alphl~, disubstituted hydrocarbyl groups. In one embodiment, R2 and R3 are methyU 

groups amd R4 is an alkyl group containing two or more carbon atoms. 

Any of the above hydrocarbyl grolnps (Rn) may oonurln one or more 

cmmxy groups or cm'boxy ester groups such as -COOR5 wherein R$ is a lower alkyl, 

byd:roxyall-yl or a hydroxyalkyloxy group. Such substituted hydrocarbyll groups are 

present, for examplie, when tile cuboxylic acid R ~COOH (III) is a dicarboxylic acid 

or a monoosrer of a dicarboxylic acid. Generany, however, the acid R ncooH (Ill) 
is a monocarboxyUk acid since polycarboxylic acids tend to fonn polymeric products 

«' 

if the r~ction oonditions and amounts of reactrunts are not crurefunly regulated.. 



Mixrures of monocrurboxylk adds and mmor amounts of diarboxylic acids or 

ruiliydrides are useful m preparing the esters (I). 

m one embodiment, the ester is prepared from one of the polyhydlroxy 

wmpcnmd descrlbed above and a monoauboxylic acylating agent having from about 

1, or aoont 8 up ro about 15, or to about t2, or to about 10 carbon atoms. In one 

embodiment, the monoca.rboxylic acylatlng agent may be linear or branched. 

Putiwluly usefuil mooocarboxylic acylating agents include branched monocamoxylic 

acyll.ati!lg agents oonwning 8 or 9 cubon atoms. 

The third type of carboxyilic acylati.ng agmt which am be utilized in the 

prepm-1.tion of the cuboxylic esters are the acylatirng agents containing a straight clWn 

hydrocubyl group oontmning from 8 to about 22 aroon atoms. As noted previously, 

these higher molecular weight straight chain acylatmg agents am be utilized only in 

combination with one of the other acylatlng agents described above smc.e the higher 

molr.cu!u weight straight chain acyilating agents are not soluble in the 

fluorohydrocarbons. Eumples of sueh higher moiecuiu weight ~gbt chain 

L'1'hltmg agmu include deamoic acid, dooecanoic acid, stearic acid, hmric acid, 

behenic acid, etc. 

In anomcr embodiment, the carboxyllic acylaM.g agents ut:illud to prepare 

the arboxylic esters :may oomprise a mixture of a .major amount of monocarboxylic 

acylating agoots and a minor ammmt of diarboxylic acylatlng agents. The presence 

of the dnCMboxylic acylating agents -results in the formation of esters of higher 

visroshy. The complex esters are formed by bavi1rng a suibsmnti.a! portion of the 

dncarooxylic acids or anhydrides react with more tha."'B one· poiyot The reaction is 

generuny coupling of poRyoRs through the dicuboxyllk acid or anhydride. F..xampUes 

of mbm.ure.~ of mon°"' and dicarboxylic acylating agents include succink: anhydride and 

3,5,S=mmetluylhexMok acid; arelaic add and 2,2,4=trimetlhylpentanoic acid; adipic 

acid Md 3,5,S=ttimethylhexanoic acid; sebadc acnd and isobutyric acid; adipic and 

a mixrure of 50 pans 3,5,S-trimetliylhexanonc acid and SO parts neoheptanoic acid; 
t 

mull miooheptmok acid and a mixtQ.Jlre of 50 parts adipnc acid and 50 parts sebacic acid. 

The use of mixrures oonmining Harger amounts of diarboxyHc acylating agents shound 
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be avonded since the product ester will contain larger amounts of polymeric esters, 

rund su.uch mixtures may be insoluble in the fluorohydrocmbons. An example of such 

a mixture is 80 parts of nooheptmoic acid and 20 pms of succinic acid. Viscosity 

. and avaage molecular weight of the ester am be increased by increasing me amount 

of dicarboxylic acylating agent and decreasing the amountt of monocuboxylic 

acylating agent. 

The carix>xylic esters of the liquid compositions are prepamdl, as 

m~tioned above, by reacting at least one cuboxylic acid or mhydride with at least 

one polyhydroxy compound oonwmng at least two hydroxyl groups. The formation 

of esters by the interaction of carboxylic acids arid alcohols is acid catalyzed and is 

a reversible process which cm be made to proceed w completion by use of a large 

amount of alcohol or carboxylic acylmng agent, or by removal of the water as it is 

fanned in the reaction. If the ester is formed by ttansesterification of a lower 

molecular weight carboxylic ester, the reaction an be forced to completion by 

removal of water, or the low molecular weight alcohol or acid formed as a result of 

a ttmlsesterification reaction. The esterificati.oo reac~on am be catalyzed by either 

organic.acids or inorganic acids. Examples of inorga.nic acids include sulfuric acids 

and acidified clays. A variety of orpnic acids can be utilized including 

pamtoluen1esulfonic acid, and acidic resins, such as Amberlyst 15, etc. Organo-­

metrulic catalysts include, for example, tetraisopropoxy orthotitanare. 

The amounu of carboxylic acylating agents and polyhydroxy compounds 

meluded in the reaction mixture may be varied depending on the resunlu desired. If 

it is desired to esterify an of the hydroxyl groups oonmining in !he polyhydroxy 

compounds, srufficimt carl>oxyHc acylating agent. should be included m the mixture 

to react with aU of the hydroxyl groups. When mixtures of the woohols wre reacted 

with a polyhydroxy compound, the carboxylic acylating agents can be reacted 

seq,uentiruJy with the polyhydroxy compoumds or a mixture of carboxylic acylatlng 

age11ts an be prepared and the mixture reacted with the poUyhydroxy compounds. 

" lliil Ol'lle preferred. embodiment wherein mixtures of ~cylating ~ents are uti.liu:d, the 

po!yhyd!mxy oompournd is first reacted with one cmboxyHc acid, generaUy, the higher 
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molecanlm- weight branched chain or straight chmn carboxylic acyi2ting agent followed 

by reaction with the straight chain lower hydirocarbyl carboxylic acid. 

Throughout the specification and claims, it should be understood that the 

es~ also am · be fo!D?eci by reaction of the polyhydroxy compound with the 

anhydride$ of 111y of the above--described carboxylic acids. For example, esters are 

easily prepamd by reacting the polyhydroxy compounds either with acetic acid or 

~tic Mhydride. 

The amount of the carboxylic acyla.&g agents (a), (b), and (c) may be 

vmoo to obtain a product for the desired result In preparing the esters from (ll) a 

oombimition of (a) monocuboxylic acylating agents having four or five carbon aroms, 

- (b) mon~xylic acylating agents having from about 7 to about 15 carboo atoms, 

m»d (c) poliycuboxylic a.cylating 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 0.1 moles of (a); 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 (b); and from about 0.07, or about 0.1 up~ about 0.3, 

or to about 0.2 moles of (c). In one embodiment, ~h equivalent of polyhydroxy 

oompcnmd is reacted with from about 0.5, or about 0.55, or to about 0.6 up to about 

0.8, m to about 0.7, or to about 0.65 mole of (a); from about 0.15, or about 0.2 up 

to abount 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 w about 0.15 moles of (c). The molar sum of (a), (b) and (c) will 

gmcrnlliy eqwtl about one for each equivalent of polyhydroxy compound; of course, 

more than one equivalent of acylating agent, and particnmly of monocarboxyJic acid, 

may be used. 

m one embodiment, the esters are made by reacting a po!yol wi~ a 

mnxture of a dicuboxylic acylating agent and! ~ monocarboxylic acylating agent. 

Prefon:"Wly, one equivalent of polyoU is reacted with from about 0.07, preferably from 

about 0.17 to about 0.33, preferably to about 0.23 moles of dicarboxylic acylating 

agent and from about 0.67, preferably from about 0.17 to about 0.93, preferably to 
~-

I.bout 0.83 moles of monocarboxylic acylating age~t 
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The formation of esters by the reaction of arboxylic acylating agents witth 

the polyhydmxy compounds described above can be effect.00 by heating the acyiating 

agents, the polyhydroxy compounds, with or without an acid catalyst to an elevated 

tem~wre while removing water' or low ~oleculu weight aJ.oohols or acids fonned 

in dm reaction. Generally, temperatures of f-rom about 75ec to about 200°C or 

hlgher are sufficient for the reaction. The reaction is completed wh~ water, or low 

mollecum weight alcohol or acid is no longer formed, and such completion is 

mdia.t.00 when water, or low molecular wci.ght alcohols or acids am no longer be 

removed by distillation. 

In some instances, it is desired to prepare Cllboxylic es~s wherein not 

dl of the hydroxyl groups have been esterified. 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 rul of the hydroxyl groups. . . 

The following examples illustrate the preparation of various carnoxylic 

esters which.are useful· as lubricants (B) in the liquid compositions of the invention. 

&ample l 

A mixture of 92.l puts (1 mole) of glycerol and 316.2 parts of .4Cetic 

mihydride is prepared and heated to reflux. The reaction is exothennic and continues 

to reflux at 130cc for about 4.5 hours. ~ the readio!ll. mixture is maintained 

at the reflux temperature by heating for an additional 6 ho~rs. The reaction mixture 

is stripped by heating whiHe blowing with nitrogen, and filtered with a filter aid. The 

f~trate is the desired ester. 

Example 2 

A mixture of 872 parts (6.05 moles) of 2-etlnyUhexanoic acnd, 184 parts 

(2 moles) of glycerol and 200 parts of toluene is prepared Md blown with nitrogen 

while heating tile mixture to about 60@C. Para-toh~em: sulfonic: acid (5 parts) is 

added to the nwmure which is then heated to the reflux temperature. A water/toluene 

amotrope distills at about l20@C. A temperature of 125=130°C is maintained for 

about 8 homrs fonlowed by a temperamre of 140@C for 2 hours while removing water. 

1~e residue is the desi!Fed ester. 
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Example 3 

Into a reaction vesscl there are charged 600 parts (2.5 moles) of 

trigDycerol and 1428 parts (14 moles) of acetic anhydride. The mixture is heated to 

refimt in a nitrogen atmosphere and maintained at tlie refhtx temperature 025s 130°C) 

for about 9.5 hours. The reaction mixture is nitrogen stripped at 150°C and 15 

mm.Hg. The residue is filtered through a filter aid, and the filtrate is the desired 

ester. 

Example 4 

A readion vessell is charged with 23 parts (0.05 mole) ofhenglyceroil and 

43.3 parts (0.425 mole) of acetic anhydride. The mixrure is heated to the reflux 

remperatu.are (about 139°C) and maintlined at this temperature for a total of about 8 

hol.i!n. The reaction mixture is stripped with nitrogen and thm ~"&CUum stripped to 

lSO@C at ns mm.Hg. The msidue is filtered through a f»Jrer aid, and the ftltirate is 

the desired ester. 

Enmple5 

A mixture of 364 parts (2 moles) of s_orbitol, and 340 pans (2 moles) of 

a commercial Cami straight chain methyl ester (Procter & Gamble), is prepared and 

hea~ to l80°C. The mixture is a twcrphue system. Paraato!ume sWfonic acid (l 

part) is added, and the mixture is heated to 1S0°C where\npon the reaction commences 

and water and metbamoil evolve. When the solution becomes homogeneous, ?SO J>a-i"tS 

(2.5 moiles) of acetic anhydride are added with stirring. The maction mix:ure then 

is smpped at 150°C amd filtered. The filtrate is the desired ester of sorbito .. 

Example 6 

A mixture of 536 parts (4 moles) of ttimethylioil propane and 68C parts (4 

moles) of a commercial C1110 straight chaiirn methyl ester is prepared, and 5 parts of 

retrnisopmpoxy orthotiwiate are added. The mixture is heated to 200®C with 

nitrogen blowing. Methanol is distilled from the :reaction mixture. When tlle 

dnsti.Uation of methanoil is completed by nitrogen blowing, the reaction temperature 

" is lowered! to lSO@C, and 408 parts (4 moles) of acetic anhydride are added in a snow 

stream. A water urotrope begins to evolve when 50 parts of toiuene are added. 
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Wheirn about 75 parts of a water/acetic acnd mixture has been oollected, tile distillation 

~s. Acetic acid (50 pans) is added and additional \\--aterlaretic acid mixture is 

ooUected. Tne acetic acid addition is repeated witll heating untiil no \\rater crul be 

removed by disilllation. The residue is filtered and the filtrate is the desired ester. 

Example 7 

A mixture of 402 pans (3 moles) of trimethylo1 propane, 660 pmts (3 

moles) of a commercial straight chain methyl ester comprising a mixwre of about 

15% Cu2 methyl ester and about 259' Cn4 methyl ester, (CE1270 from Procter & 

Gamble), and tetraisopropoxy orthoti.tanate is prepared and heated to 200°C with mild 

nitrogen blowing. The reaction is allowed to proceed overnight at this tempe.ramre, 

and in 16 hours, HO parts of methanol is collected. The reaction mixture is cooled 

ro l50°C, and 100 parts of acetic acid and 50 parts of tolue:1e are added followed by 

the addition of an additional 260 pai-u of acetic acid. The mixwre is heated at about 

150°C for several hours yielding tile desired est.er. 

Example 8 

A mixture of 408 pans (3 moles). of pentaerytruitol and 660 pa.ru (3 

moles) of the CE1270 methyl ester used m Example 7 is prepared wi~ S pans of 

tettaisopropyl orthotitanate, and the mixture is heated to 220°C under a 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-toh1ooesulfonic acid is added and the 

mixture is stirred.at about 200°C for 2 days, and 60 parts of methanol are removed. 

At this ti.me, 450 parts of acetic anhydride are added and the mixture is stirred at 

lSO®C amtin the acetic acidiwaaer noon-ope no Ilonger evo]ves. The residue is filtered 

thrrough a fUter aid, and the filtta~ is the desired ester of penttacrythritol. 

Example 9 

A mixture of 850 parts (6.25 mohes) of pemaerythritol, 3250 parts (25 

· moles) of noohepumoic acid, and 10 pans of tettaisopropoxy orthotitmate is prepared 

mnd! heated to l70@C. Water b evolved and removed by distillation. When the 
~ 

evolution of water ceases, 50 pm1S of acidified clay are added and some additional 

water is evolved. A total! of about 250 parts of water is removed during the reaction. 
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Tm~ reaction mixture is cooled to room temperature and 310 pmU of acetic anhydride 

~ addoo to esterify the remaining hydroxyl groups. The desired ester is obtained. 

Example 10 

A Mixture of 544 parts (4 moles) of penttaerythritol, 820 parts (4 moles) 

of Noo 1214 acid, a commercial acid mixture available from Enon, 408 parts (4 

moles) of ~c anhydride and 50 parts of Amberlyst 15 is prepared Md heated to 

~oo~t l20°C whemupon water and acetic acid begin to distill. After about 150 parts 

of water/acetic acid are collected, the reaction temperature inc~ to about 200°C. 

'fhe mixture is maintained at this temperature of several days and stripped. Acetic 

anhydride is added to esterlfy any remaining hydroxyl groups. The product is filtered 

and the filtrate is the desired ester. 

Example 11 

A mixture of 1088 parts (8 moles) ofpentaerythritol~ 1360.paru {8 moies) 

of a oommei'cial methyl ester of an acid mixture comprising about 55 9' of C8, 40" 

of Cle and 4" ·of~ acids ("CE810 Metlhyl Ester11
, Procter & Gimble),. 816 pans of 

- . 
acetic anhydride and 10 parts of pan.toluene smfonic acid is prepared and heated to 

reflux. About 500 pans of a volatile material are removoo. A water u.eotrope 

nilitture then distills resulting in the removal of about 90 parts of water. Acetic 

mhyddde (700 parts) is added and the mixture .is stirred as a water/acetic acid 

mixture is removed. The reaction is continued until no more water is evolved. and 

no. frre hydroxyl groups remain (by IR). The reaction product is stripped and 

filtered. 

Example 12 

A mixture of 508 parts (2 moles) of dipenmerythritoi, 812 parts (8 moles) 

of ~cetic anhydride, 10 parts of acidified clay as catalyst and 100 ~ of xylene is 

preprured and heated to 100°C. This temperarure is maintained until the solid 

dipentaerythritol is dissolved. A water/acetic acid urotrope i~ oollected, and when 

the rate of evolution diminishes, the :reaction mixture is blown with nitrogen. About 
. <I 

l 00<200 pmU of acetic acid are added Md the reaction is oonwmed as additional 

waterfaretic add/xylene u.eotrope is ooUected. VV'he:rn an infrared analysis of the 



~ction mixture indicates a minimum of free hydroxyl groups, the reaction mixrure 

i$ sttip~ and filtered. The filtrate is the desired product whlch solidifies. 

Example 13 

A mixtUre of 320 parts (1.26 moles) of dipentaerythritol, 975 parts (1.25 

moles) of nroheptanoic acid and 2S parts of Am.berlyst 15 catalyst is prepared and 

heated to 130°C. At this t.emperature water evolution is slow, but when the 

temperature is raised to 150°C, about 65% of the thoory water is collected. The last 

ammmts of water are removed by heating w 200°C. Tile product is a dark viscous 

liquid. 

JB.umple 14 

A mixture of 372 parts (1 mole) of ttipentaerythrito!, 910 parts \I moles) 

of nooheptailoie acid and 30 parts of Ambcrlyst 15 catalyst is prepared imd heated to 

110°C as water is .removed. The mixture is heated for a total of 48 hours, and 

tmreactod acid is removed by stdpping the mixture. The residue is the desired ester. 

Example lS 

A ·mixture of 1032 parts (6 moles) of neodecanoic acid, 450 pmU (3 

. moles) of _t;riethylme glycol and 60 parts of Aml?erlyst 15 is prepared and heated to 

130@C. A water IU'Ottope is evolved mad collected. The residue is the desired 

product 

Bnmple 16 

A mixture of 1032 parts (6 moles) of noodeca.noic acid and 318 pans (3 

moles) of methylene glycol is prepared and heated to 130°C in the presence of 20 

pU1s of Amberlyst 15. After heating for 24 hours md removing about 90 parts of 

water, 20 puts of Amberlyst 15 am added mid the reaction is oondud"M for another 

24 hours. T'm~ reaction is stopped when the theory amount of water is obtained, and 

the residl1e i$ the desired ester. 

Example 17 

A mixture of 200 parts (2 nmles) of succimc anhydride and 62 parts O 
mole) of ethylene glycol is heated to 120°C, and the mixture becomes a liquid. Five 

parts of acndic clay are added as catalyst, Md an exotherm to about 180°C occurs. 
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Isooctruml (260 parts, 2 moles) is added, and the reaciion mixture is maintained at 

130®C as water is removed. When the reaction mixture becom~ cloudy, a small 

· amounrrnt of propanol is added and the mixture is stirred at 100°C overnight. The 

r~ciion mixture then is filtered to remove traces of oligomers, and the filtrate is the 

desi:re.d ~ta. 

Example 18 

A nilitture of 200 parts (2 moles) of succinic anhydride, 62 puts (l mole) 

of ethylene glycol and 1 part of pa.mtolume sunfonic acid is prepared and heated to 

8Q..90°C. At this temperature, the reaction begins and an exothenn to 140°C results. 

The mixture is stirmd at 130sl40°C for 15 minutes after 160 parts (2 moles) of 

2~2~4~trimethylpentanol are added. Water evolves quicldy, and when all of the water 

is removed, the residue is recovered u the desired product 

Example 19 

A mixture of 294 parts (3 moles) of wleic anhydride and 91 pam (l.5 

moles) of ethylene glycol is prepared and heated at about 180°C whereupon a strong 

exotherm oecm and the temperature of the mix~re·is raised to about 120°c. When 

the temperature of the mixt.ure cools to about lOO@C, 222 pans (3 moles) of n-butyl 

:ialoohol and 10 parts of Amberlyst 15 are added. Water begins to evolve and is 

-oollected. The reaction mixture is maintained at 120°C u.mlil 50 pans of water is 

roll.cc~. The residue is filtered, and the filtrate is the desired product 

Example 20 

A mixture of 1072 parts (8 moles) of trimethylolpropane, 2080 puts (16 

moles) of noohepumoic acid and 50 pmts of Ambernyst 15 is prepared and heated to 

about 130@C. A water/acid azeotrope evolves and is removed. \Vhen about 250 of 

fue urotrope has been removed, 584 pans (4 moles) of adipic acid are added and the 

:reru:ticm continues to produce an additlonzli 450 parts of disillla~. At this time, 65 

puts of trimethyiolpropane are added to the mixture and additiomtl water is removed. 

The residue is filtered and the filtrate is the desired ester. 

Example 21 
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Esters are prepared by reacting mixtures of isononrunoic acid (1) and 

adipic acid (2) with trimethylolpropane (3), m the presence of a tetiraisopropoxy 

orthoti.tanare catalyst. The irea.ctcmts are charged to a flask and heated until reaction 

~, IS indica.tOO by termination of water collection m a disfillation trap, at whlch 

point the reaction mixture has reached about 220@C. A vacumn is applied to remove 

volatile components, and the flask contents are coolr.d and filtered to produce the 

liquid ester product. 

Properties of the prodUllcts are as follows: 

Moles Catalyst, Viscosity, cSt Molecular 

Produd ill m Dl mm iO:.C lOO®C Ws;i&bi 

A 44 2 16 13 76.6 9.1 6U 

B 40 4 16 12 116 12.3 694 

c 16 2 6.7 5 141 13.9 723 

As am be seen, increasing me fraction of dicarboxylfo acid results in a higher 

viscosity, higller average molecular weight (as measured by vapor phase osmomctty) 

ester material. 

Example 22 

The procedure of Example 21 is used to prepare esters· from iso:rnommoic acid 

(1), adipic acid (2) and noopentylg~yco! (3), giving the following product propenies: 

Moles: Catalyst, Viscosity, cSt MoiecuUar 

Fmd,~ca ill rn ill g__mm 40@C lOO®C 
~-.=-=.:: ... 

Wei ah~ 
~~~-" 

A 2 1 2 ") 80 10.5 588 ""' 

B 10.7 6.7 12 5 106 13.2 665 

c 8.3 8.3 12.5 8 220 22.l 758 
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Example 23 

TIM~ procedure of Example 21 is used to prepare esters from isonommoic 

ru:idl (1)~ isooctanoic acid (2), isobutyric acid (3), adipic acid (4) and.pen~ritol 

(5), giving the following product properties: 

fmdu~ 

A 

B 

A 

B· 

Moles 

ill m ru 
1 7 7 

7.2 7.2 6 

Viscosity, cSt 

~ lOOCi>C 

149.5 14.0 

194 16.9 

ID !il 
LS 6 

1.8 6 

Molecular 

w~ 

733 

802 

Example 24 

.. ,. Catalyst 

Uimi 

5 

5 

The procedure of &ample 21 is used to prepare the es1Ie! in Table 

3. 
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Comparative 

Example 

24A 

24B 

24-C 

24D 

'.ME 

mmpje 

24A 

24B 

24C 

24D 

24E 

l 

1 

1 

1 

1 

1 
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:rABLE 3 

Moles 

Adipic 

Md 

0 

0.1 

0.125 

0.25 

0.30 

0.35 

v· . _UiCQSJty 

@40•c 
52.25 

69.4 

76.6 

U9 

140 

185 

nso Nommoic 

3 

2J! 

2.15 

2.45 

2.4 

2.3 

@100°C 

7.25 

8.65 

9.14 

12.3 

14 

16.8 

0) TMP. ~ Trlmdhylol propane 

(2) Available from Exxon Chemical Compruty 

As can be seezJ from Table 3, as the level of dicarooxyUc acid is inc~, 

the viscosity of the ester increases. 

The folilowing examples illustrate esters prepared from a combination of 

acylatirrng agents (II) comprising (a) a monocuboxylic acylatfog agent having four or 

five a.rbon atoms, (b) a monocarooxylic acylmtlng agents having from bout 7 to abOll!t 

15 carooira atoms, and (c) a polyca.."boxylic acylatiing agent. 
~ 
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Example 25 

A vessel reaction is charged with 372 parts (1 mole) of tripemaerymritol, 650 

parts (S moles) of noo heptanoic acid, 204 pans (2 moles) of De<? penumoic acid, 59 

pmU (0.5 mole) of succinic acid, and 4 puts of tetra0 isopropoxy titw.te. The 

mixture is heated to l50°C. and the temperature is mammined for 48 hours. The 

mixture becomes thick and the temperature is raised to 200°c> and the temperature 

ii anaintainoo for 24 hours. The product is fil~ md the residue is the product. 

The residue has a kinematic viscosity of 830 cSt. 

Example26 

An ester is prepared by the procedure of Ewnple 2S ming 134 pans (1 mole) 

of mmethylolpropane, 269 partS (1.9 moles) of isood3!1oic acid, 77 parts {O. 75 mole) 

of Noo pentanoic acid, 34 pans (0.2 mole) of u.elaic acid, and 4 parts of 

rettaisopropoxyt;itanate. 

Example 27 

An ester is prepared by the procedure of Eumple 25 using 136 pans (1 mole) 

of pentaerythrlto!, 325 parts (2.5 moles) of noo heptuoic acid, 88 paru (1 mole) of 

isobutyric acid, 37 parts (0.25 mole) of adipic ~d, and 4 pans of 

· temtlsopropoxytituate. 

Example 28 

An ~w is prepared by the procedurn of Example 25 using 372 pans (1 mole) 

of ttiperuaerythritol, 790 pans (5 moles) of 3,5,S=ttimethylheunoic acid, 204 pans 
\ 

{2 moles) of isopentanoic acid, 73 pans {0.S mole) of adipic acid, and 4 parts of 

temrlsopropoxytitanate. 

Example 29 

An ester is prepared by the procedure of Enmpne 25 using 372 par.s (1 mole) 

of tripentaerythrito!, 260 pans (2 moles) of noo heptanofo acid, SW pans (5 moles) 

of irneo pemrunoic acid, 59 parts (0.5 mole) of sm:cinic acid, and 4 parts of 

tetraisopropoxytiumate. 
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Eumple 30 

An ~st.er is prepared by the procedure of Example 25 using 136 parts (i mole) 

of penuaerythritol, 158 parts (1 mole) of 3,5,5-trimethylhexanoic acid, 220 parts (2.5 

moles) of isobutyric acid, 37 parts (0.25 mole) of adipic acid, and 4 parts of 

ietrni.sopropoxytlumatc. 

In one embodiment, the carboxylic esters preferably contain branched alkyl 

groups and generally are free of acetylenic mud aromatic unsatumtion. Some 

oompooods which contain such unsa.t.uration may be insoluble in the 

fll]orin~nwmng hydrocarbons. The soluble lubricants of tills invention also are 

preferably nee of olefutic unsaturation except that some olefinic uTnsa.turation may be 

present so long as the lubricant is soluble. 

The carboxylic esters (I) are soluble in the fluor-ine-oonwning hydrocarbons 

;md, n~ particular, m the fiuorohydrocarbom such as 1,l,1,2-tettUluoroethane. The 

lubricmts are soluble over a wide temperature range and, m particular, at low 

temperatures.- The solubility of the lubricants in fluomhyd~s such as 

1, lL, l ,letdrafluoroethane at low temperatures is detmnined in the following manner. 

The lubricant (O.S gram) is placed in a thick~wdled glass vessel equipped with a 

removable pressure gauge. The tetta11uoroethane (4.S grams) is condensed mto the 

cooled ( "40°C) glm vessel, and the oontmts are wumed to the desired temperature 

and mixed to determine if the lubricant is soluble in the tettafluoroethane. If soluble, 

the tempemrure 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 

cmboxylic ester h1bricants are summarized in the following Table n. 
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l:A~__LE H 

Liquid Contruning 
fr~_g_g[Examp1~ 

6 

10 

11 

12 

~3 

15 

16 

17 

19 

21(A) 

2l(B) 

_ 2l(C) 

25 

Solubility 
~_c_ (,m>t,L 

=45 

-50 

'"40 

=50 

=15 

=30 

10 

-25 

-10 

-35 

-30 

-30 

~30 

In one embodiment, the liquid oompositiom comprise a major amount of a 

fbiorine..a>ntaining hydrocarbon and a minor amoumt of at least one soluble organic 

bvbriamt oomprismg at least one carboxylic ester (I). By 11major amount" is meant 

M mnount greater than 50% by weight such as 50.5%, 705', 99", etc. The term 
00 minor amcnnint"" includes amounts less than 50~ by weight such as 1 ", S", 209', 

30% and up to 49.9%. In one embodiment, the liquid composition will comprise 

from about 709' to about 999b of the fluorine=eontaining hydrocarbon and from about 

1 to abollJlt 30 9' by weight of the lubricant. In other embodiments, the liquid 

oompositions may oontmn from about 5 % to about 20~ by weight of the lubricant. 

Tne liquid compositions may additionally contain (C} at ~ .. ~ one additive 

selected from the group consisting of an ali..-yl phosplhhe, an alkyl phosphonic acid 

est~, a ~itrogen-oonwning hetemcyde, and a mixture thereof. The phosphite and/or 

the ruky1 phosphonic acid ester are p~tt in an amount sufficient to provide antiwerur 
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Md/or extreme pressure properties w me hllbrica.nt and! D.iquid! composition. The 

phosphlre and.for the alkyl phosphonic acid esa.er are present m M amount to provide 

0.001 %, or ro OJH53, or about 0.025%, to about l %, or to ~ut 0.5%, or to about 

0.2 % by weight phosphorus to the lubricant. The mtrogen-a>ntaining heterocycle is 

pr~t man amount from about 0.001 %, or about 0.02%, or about 0.03'° up to 

about 5%, or to albmnt 29', or to about 19', or to about 0.5% by weight of the 

lubricant. 

The phosphite and/or the alkyl phosphonic acid ester provide beneficial 

a_ntiweu and extreme pressure properti~ to the liquid oompositlons. The phosphite 

may be a dialkyl or ttialkyl phosphnte, preferably a diall. •. ')'l phosphite. The alkyl 

phosphomc acid ester may be :m alkyl phosphonic acid diester, preferably a 

diall..7lester. The alkyl groups of -the phosphite and the phosphonic acid ester 

mdepmdentlly contain from 1, or about 3 to about 20, or to about 18, or to about 8 

carbon atoms. In one embodiment, the phosphite and the phospbonic acid ester have 

alkyl groups independently oonwrung from about 3 to about 6, or to al?out s carbon 

arom.s. A number of dialtyB phosphites are commercially available, such as lower 

dwkyl phosphlres, which are preferred. Lower dialkyl phosphires include dimethyl,· 

diethyl, dipropyl, dibutyi, dipentyl and dihexyn phosphltes. Phosphites and their 

pmpuation are mown and many phosphltes are available commercially. Also mixed 

alkyl phosphites, made from a mixrure of alcohols, are usduli m the present inven­

tion. Examples of mixtures of alcohols include ethyl and butyl alcohol; pmpyl and 

peh~l ruoohol; rund methyl arnd pentyil aloohoL A particularly useful phosphitc is __ 

dibutyl phosp~Jte. 

Alkyl phosphonic acid esters are prepared by meru:s mown to those in the art. 

For ~mple, rukyn phosphonic acid esters m2y be prepa.-red by reacting an alkyB 

hruide with a ti"iallkyl phosphite. ExmmpDes of rull"}'D phosphonnc acid esters include 

diethyl, buntyiphosphcmaae; dibintyl,bu.ntylphosphonate; 2-etltnylhexyl,2-

ethylhe;ylphosi)homue, etc. 

The lubriomt may addntionallly oontrurrn a liiintrogen-amtai.ning heterocycle, such 

as dimerraptothiadiarolies. triawUes, runfoo-merraptotlrniadnaro~es, imidaw!es, 
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lliiawles, tetrnwles, hydmxyquinofo'tes, oxaro!ines. imidu.olines, miophene:s, 

.indoles, ind&mles, quinolines. bemoxmines, ruthiols, ouzoles, oxatriuoles, 

pyrid.ines, pi~razilrles, trlumes, and derivatives of any one or more thereof. In O!l1e 

embocilmmt, the nitrogen conwmng hererocycle is a tthw>Ke or derivative thereof, 

a thiamle or derivative thereof, a mereaptothlu.oie or derhoative thereof and a 

thla.diamle or derivative thereof, preferably a mamle or derivative thereof. These 

additives provide metal deaciivating1 mml pusiw.dng md oorrosion controlling 

clwacter to the liquid compositions. Examples of useful metal deactivators include 

dimereapttodliadiu.oles and derivative$· theroof 1 substituted and unsubstituted tri.azoles 

(e.g.~ benzottiazole, tolylttiuole, octylbenzotriuole, and the like), 

m~pt.obmz.othiuoles, etc. Eumples of these compounds are bem.otriuole1 allcy19 

sf!1bstituted benmtrlamle (e.g., to!yltriuole, ethyibemotriu.ole, hexylbmzottiamie, 

octylbmmmu.ole, etc.), aryl~substitutcd benmtriuoie (e.g., phenol bmzottiuoies, 

etc.)» and alkylatyl= or arylaltyl~substituted benzotri.m>le and substituted 

bmmtria.wles where the substitumt may be hydroxy, alkoxy, hai? (especially 

chloro), mtro, carboxy and carboxyallroxy. Preferably, the triu.ole is a benzomuole 

or an allcylbcnwtriamle in which the allcyl group oonmms 1 to about 20 carbon 

atoms9 preferably 1 to about 8 carbon atoms. 

The nitrogen containing heterocycle may a!so ·be the teaed.on pmduc¢ of at 

lew;t one of the above benmtriazoles, at least one amine and am aldehyde or aldehyde 

pre::ursor. The amine can be one or more mono or polyammes. These monoamines 

md poilyamincs am be primary amines, secondary am.mes or tertiary W!!1ines. The 

amines may be monoammes or polyamines. Examples of polyamines include 

ponyrukylenepo~yamines, and heterocyclic po?yamines. The polyall-yleneamines 

indu.nde polyetlJylenepo!yamines, such as dnethylenemaminc, triethylcnet.Timnne, 

tetraethylenepentaamine, etc. 

The aldehyde is typicaUy a hydrocubon=based allddnyde, preferably a lower 

ruiphatic aldehyde. Suitablea]dclliydes include formalldlehyde, benmdehyde, acewde­

hyde, 'the butyraldduydes, hydmxybrutyraRd~hydes Md heptanrus, as welD as alldefrnyde 

precursors. which react as aRdehydes under the conditions of ilie reaetiol!'I sruch as 

I 
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paraformrudehyd~. pru;Udehyde, forw..alin and metllanru. Formaldehyde Mid nts 
precursors (e.g., paraf~nnaldchyde, trioxane) are preferred. Mixtures of aldehydes 

may be used. 

A:rn example of a useful mu.ale derivative is Rromet® 39; "This material is a 

mamle derivative available commercially from Ciba-Geigy oorp. 

The liquid compositions of the present invention are characterized as having 

improvec:!I thamal\ and chemiad stability over a wide temperature range. The liquid 

rompositions have improved antiwear and oor.msion s~mey properties. The liquid 

compositions have beneficial viscosity properties. Preferably the liquid compositions 

mrve a viscosity of 5-400 centistokes (cSt) measured at 40°C. 

Liqwd compositions conwmng carboxylic esters derived from po!yols such 

as neopentylglyool, trimethylol propane and pentamythritol, have beneficial thermal 

and hydroiytic stability. Uqui(i compositions containing cai."'boxylic esters derived 

from branched acids, such as iso or noo acids, preferably nro acid, have improved 

~ and hydmlytic stability. In o~ embodiment, the camoxy~c esters arc 

derived from the above poiyols, a po!ycarboxyµc acid and an iso or nee acid. The 

liquid! composition may conmin one carboxylic ester ttAction product or in another 

embodiment, the liquid compositions may oonmn a blend of two or more carboxylic 

ester reaction products. A liquid composition of a desired viscosity may be prepared 

by blmdbng a higher viseosity camoxylic ester with a lower viscosity carboxylic ester. 

Other additives, if mlubB.e in the liquid, known to be useful for improving the 

properties of halog~-oontaimng hydrocarnon refrlgerrults can be included in the 

liql!lid oomposntions of the presmr hwemion to improve the characteristics of tlle 

· uq~nd as a refrigerant. However, hydimcrubo!ii oils such as minerru oi! generalily are 

not included in and are most often excluded from tthe liquid oomposi.ticms of the 

i:nvention, pa.-Ucuburly when the fluorine-.oonwning hydrocari>on oo:rnwns no other 

hruog~s. Hydrocarbon lubricrults, however, may be present if the liquid 

oompositionu arc used to retrofit a compressor system which had previousliy used a 

hydr~r.i lubricrutt 
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Oilier additives may be included in the liquid oompositions of the present 

invention to enlw'lcc the performance of the liquid$ include extreme=pressure and 

oot:ipwea.r agents, oxidation and thermru=stability improvers, cormsion-inhlbitor.s, 
. -

viscosity-index improven, pour point and/or floe point depressants, detergents, 

rusperss.nts1 anti-foaming agents, viscosity adjusters, metal deactivators, etc. As 

notted above, these supplementary additives must be soluble in the liquid compositions 

of the invention. Included am~ng the materials which may be used as 

extreme0 pressure Md ;mti.ewezr agents are phosphates, phosphate esters, 

thlophospmtes such as zinc diorganodithiophosphates, chlorinated waxes, sulfurtted 

fats md oidins, organic lead compounds, fatty acids, molybdenum complexes, 

ooratesi halogen-substitutm phosphorous compounds, suUUrized Die!s Alder adducts, 

orgmuic sulfides, metal salts of organic acids, etc. Sterica.lly hindered phenols, 

aromatic amines, dithiophosphatcs, sulfides znd mctall salts of dithloacids are useful 

en.mples of oxidation and themml stability improvers. Compounds useful as 

oorrosion~inldbitors include organic acids, organic amines, organic phosphates, 

orpmc alcohols, metal sulfom.tes, etc. VI impmvers include polyolefins such as 

poly~urenc, polymethacrylate, polyalkyl styrenes, ~· Pour point md floe point 

depresmu include polymethacrylatcs, ethyiene~vinyn acetate oopo!ymm, succinamic 

acici--0lefm oopolymcirs, ethylene-alpha. olefin copolymers, etc. Detergents include 

swfomr.tes, loog--chain ·alkyl0 subSfiiture.d aromaitlc sulfonic acids, phospbonates, 

phenyD.ates, metal sal~ of alkyl phenols, alkyl phenolaaldcllyde coodensatioo products, 

metal wu of substlruted sa.licylates, e~. smoone polymers are a well mown type 

of anti=foam 1>.gent Viscosity adjusters are exemplified by polyisobutylene, 

polymetlnacryla~, polyaUcyl styrenes, naphthenic oils, aKkyD benzene oils, pollyeste.rs, 

polyvinyl chloride, po!yphospha~s. etc. 

The foUowing examples (TABLE 1) llcla~e ro formulations which are useful 

as orgrunic hnbricru'lt (B). 
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I u . IU iv v ... Vl vu VHI IX x •j Product of Ex. ,. 

21C 97 99.5 96.8 99.3 96.8 96.88 96.85 91.5 22/\ 

23B 97.9 
w w ·99.J Trlcresyiphosphate J 3 3 3 3 2 2 Dibuty~J,fmsphitc 0.5 0.6 o. n OJ 0. » 0.5 O.! TolyhriazoRe 

Benzotriawie 
. 0.02 o.os 0.1 0. A 0.05 

0.5 O!eyamide 
0.2 0.1 

0. H O.! Str.aramide 
0.3 

0.2 
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PrQduci of Ex. 

25 
5 28 

uo 

30 

rmrH1 

DBnr2 

Tolyhriaw!c 

Oleyamidc 

R«:omcl~ 39' 

l n 

99.38 99.S 

0.62 o.s 

IABLE l 

nn IV 

... 
99. 18 99. ~ 

0.6 
0.62 

0.2 

0.3 
( ~) Dibulyi phosphitc, (2) Dib~wty~ ,buty~1>hospho~1ate, 

v Vi VH .. 
99.8 99.88 99.85 

0.] 0. j 

o. n 
0.02 0.05 

0.1 

~i 
O> Re<>mct~ 39 i~ ~ tria7.r,le derivative available commerdaHy from C~ba~Gcigy Corp. 

J .. -=:Cl) II 

~! .,.: 
~r 
iiiiiiiliiill:~ 

51 
................. ···.· ,; 

. -· 

... ·-·· :~- .·. I 

.: 

VIU 

99.9 

O.l 

!X 

99.3 

0.5 

0.1 

O.! 

x 

99.5 

O. l 

0.1 

0.1 

0.2 

~ 
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The liquid compositions of the present mvention are particularly useful as 

refrigenmu in various refrigeratioo systems which are compression-type systems such 

M refrigerators, ~"'S, and air-conditioners mcluding automotive, home Md 

mdusmru mr-a>nditione.rs. The foUowh1g examples are illustrative of the li.qtuid 

compositions of die present ~vention. 

Example__A 

1,A,l,2~tdrafluoroethane (HFC~l34a) 

Lubricant of Example 25 

DBPH 

Benmtrl»_nle 

Exvnwk.li 
1,1~ 1,2-tetrafluomethane 

Lubricant of ~ple 25 

DBJBP 

12;aumle C 

HFC-134a 

Lubri.OMit of F...xample 25 

DBPH 

bmmtriuole 

mm pl~ 
HFC-D4a 

P!iOOlllCtt of Exrunple 28 

tollyltriaroile 

mm•E 
iWC-!34a 

Product of Example 29 

boo:wufa.wle 

Parts bv Wt. 

90 

10 

0.625 

0.02 

85 

15 

0.2 

60 

40 

0.1 

0.01 

55 

45 

0.025 

SS 
15 

0.02 
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Tablle 2 oontams further exruwpiles of die liquid oompositio:rns of the present . 

mve."iltion. 

HFC-134a 

Lubricant of 
E.umple: 

J[ 

v 
vn 

E 
80 

·20 

Table 2 

E 
85 

15 

li 
45 

SS 

I 
90 

10 

J. 
55 

45 

While the invention has been explained in rdmon to its prefcm.'d 

embodiments~ it is to be understood that various modifications thereof will become 

~ppa.rent to those sldUcd in the art upon mWing the specification. Therefore, it is to 

· · ' be understood that the invention disclosed here.in is intended to cover such 

modifications u fall within the scope of the appended claims. 

f!_oss:Befe:rem:.~ t© lel~t:~d A~plic3t.ion~ 

:his applic~tiollll is rel~ted to U.S. s~~i~l No. 07/728,441 filed 

July 11. 1991, which is ;; cmu:.inimtiollll=in-part of l!J.S. Seiri®l lfo. 

60S.60C ::':H~d cm Oet:o'ber 30, 1990, whk.h is a c~mtirmaticm of s~rial 

~o. 34~.0~7 £il~d on April 25, 1989 and n@w ~~~ndon~d, the disclosures 

of whiet ~r~ h~reby incorporat~d by r~ferer.e~ in th~ir entir~ty. 
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Example 

25 

Source 

2456-02 

990N~195 
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l. A liq~id c©Mpositi©n cc~prising: 
(A) at l~ast o~~ fluorine-c©ntai~ing hydrocarb©n containing A to 

J c~rbo~ at©~s~ ~nd ~ lubrica~t cowpri$ing (B) at l~a$t ©~~ c~rb@xylic 
S$t~r of (1) ~ p©lyhydroxy c~mpound and (II) ~ C©~bin~ti©n of (~) a 
~©n©carb©xylic ~cylating agent having f©ur @r five c~rbo~ ~to~s, (b) a 
~onoc~rb©xylic @cylating ag~nt h~ving fr©~ ab@ut 1 to ~b©ut 15 carbon 
~t©::i:n® ~im~ (c) a ?Olyc1:1.rboxyU.c :u:ybting ag~nt. 

2. A liquid composition co~$isting essentially of (~) at l~ast ©U~ 
fluorine~contai~ing hydrocarbc~ contmining 1 to 3 c~rbon atoms, and (I) 
~t 1~~$t on~ earbcxyHc ester of (I) a polyhydroxy comapcmv:ui am.d (II) f!. 
c@mbi~~tion @f (~) m monocarboxylic ~cyl~tin~ agent having four or fiv~ 
c~rbon ~toms, (b) ~ £!il0nocarboxylic ~cyl~ting ~~ent having fro~ about 7 
to about 15 carbon ato~s. and (c) a polycarboxylic aeylating agent. 

J. A liq!lllid· ccrmpos:ition cf ei.thtH.· of cll!ims l and 2 wh~r~in fluodn(? . . is th~ only halogen in the fluorine~contai~ing hydrocarbon (A). 

4. A liqui~ compo~ition of any pr~ceding claim wher~in th~ fluorine~ 
containing hydr©c~rbon (A) i~ l,l,1~2=t~tr~f1uoro~than~e 

5. A liquid composition of ~ny pr~c~din~ clai~ wher®in the 
;pioly!raydr©xy coli:lp©und C:O h ~ trill!l~::~1yl©l.t\lk~m~. 

6. A liQuid compo~iti@n @f ~ny pr~c~ding claim wh~r~in the 
polyl:ydiroxy ·:!Omp@imd (I) is trimethyl~lprop~uH~. 

1. A liq~id cc~p©$ition of any ~receding claim wh~r~i~ the 
polyhydr©xy c©~p©und (I) cont§in~ an ~v~r~g~ ©f f!v~ ©r ~or~ hydroxyl 
giro~p>$. 

8. A «'iiq~id comp©~ition of ~ny preceding ~l~i~ whe~eir. the 
p©lynydroxy e©mpound (I) i~ dipentaerythritol or tri~entaerythritol. 

---·----·---------

iiiif.r 



monoc~rboxylic acylating agent . . va.1.er1c, 

~ethylb~tyric, or neopentanoic acid or a~hydride. 

lO. A liquid co~p©~ition of ~ny pr~e~ding cl~im wherein the 

5 ~©noc~rb©xylic acyl~ting ag~nt (Ilb) i~ branch~d. 

l 1.. A liqlllid C<lillllpl~Hd tii:m ©f claim HJ wh~rein th~ mcm©ea:r."b@xyl:k 

~cyl~ting ~g~nt (IIb) is a br~nch~d monocarbcxylic acylating ~g~nt with 

8 ©r ~ c~rb©n at©m~. 

12. A li~~ie comp©$ition of any pr~eeding cl~im wh~r~in th~ 

~olyc~rboxylic ~cylating agent (Ile) is a dicarb~xylie ~eylating ag~nt. 

13. A li~n:;:.d comp@sit:ion of any pr~e~ding cl~im w'h~rdn th~ 

15 polyc~rb@>:ylk ~cylatfo.g ag1:rnt (Ile) is an acylating agfmt: $d~ct~d 

fro~ m~l~ie, $UCcinic, adipic, and az~l~ic acylating ag~~t~. 

14. A liquid. ~ompodtion oi. aoy prec@ltUng claim fu:-th~:::- eo~pid~ing 

(C) &ll.tl ~dd.itiv~ ~~l~cted f:romi an lllkyl· phosphite, an ~lkyl plms;?honic 

2~ acid ~st~r, ~ nitrogen cont~ining h~t~roeycl~, ~nd ~ mi~tur~ th~r~of. 

25 

·, 

13. A li©luid c©lllf!.podti@n @f el~im 14 wh~rein (C) :i.$ an ~ltyl 

p>h@~pUilit~ ©r alkyl phosphonk aeid 1HUr itrul~pend~n::ly h~ving fr©!!» 

ab@ut l co ~bout 20 carbon atoms i~ ~~ch alkyl group. 

16. A li~uid compO$ition of clai~ 14 wh~r~in (C) i~ a pho~phit~ @r. 

~lkyl ph@sph@nic acid est~r ind~p~nd~ntly havin' from ~bout 3 to ab~ut 

8 c~rbon ace~$ in ~ach alkyl group. 

i .. a I e 

18. A liquid compo$ition of claim 14 wherein (C) is dibutyl, butyl 

pho~pi!ruoria te. 

~ 

A liquid composition of claim 14 wher~in (C) is a triazole l(l)r 

d~rivative thereof. ·-------- --------

ii iii if 
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20. A liquid co~position af claim 14 wherein (C) is tolyltriazcle, 

benzotriazole, or a reaction product of ~ triazole, an a~ine, and an 

aldehyde or aldehyde precursor. 

alkyl p.ho$phite ind~pend~ntly lu~ving fr©im ~bcut L to ~'.!.)o\Ut 20 cmrbon 

~toliiit® in ®~ch ~lkyl group and a tri~zal~ or d~riv~tiv~ thereof. 

22. A mlt!thod of lubricating a refrig~n.ticm ~ysua comprisiimg the 

10 ~t~p$ of illltro@ucing intc t.he refrigeration syst~~ a composition 

according to a~y one of claims l to 21; ~nd op@ratin' the syste~. 

iiiiiif 


