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WD 2004/ 033582 PCT/ GB2003/ 004421 REFRI GERANT

COVPOSI TI ONS The present invention relates to

refrigerant conpositions, particularly | ow

tveorpon/edssze refrigerants for use in cold Storﬁ%‘/c;@mosmmm
There is a need for a |ow tenperature refrigerant for .
use in cold stores. Prior to the Mntreal Protocol,

this function wasREFRIGRRANITRGORMPGSYTIONE rope of R115
and R22. This refrigerant was particularly attractive
in low tenperature situations where R12 (CCLl2F) or

R22 werEhepeaeltingnkdtielatdhd RESJeVRt M?:Eﬁf)blﬁgng EB?HL
theselow tLqrrperatures it was poss e to’

PP %P@é%wpm%%%nes 5y over that 10
Obt al nal‘ﬂeﬁ: %h&d% lWWtI. 0P I‘E.II;.B q‘éﬁ'lg&ggtfflogu 8]]1 c(gd stores. Prior

operation at_considerably | owe |scha
t elfybes MenireakProtagolethis fungtionoes RES2bCRFN2A kb SzeBkdfe of W11 § bind

S ter, il i.s,now no |onger
av%?zl g]fﬁisor@?lg}a use. p%ﬁgggaala giigapiive ip }ﬂ"%teF’QEﬁ’j‘W"e%ﬁ?oqﬁé@efe
beRi2 (Sﬂfﬂm R22 mete roychit tﬁ@r éﬂuau&zd woimg Hﬁﬁf&t Alt MeStow

flrst 1 R404A i ¢ch consists of
Rjtg‘gﬁ"’ vas pq %‘ %?S%W HRLInFE2E A GALiiE) overthet

seﬁmﬁﬁblesnfﬁmAmtﬂ\Qma Geasit
e of RLZS sowﬂ\ﬁ/) GHast Blise, §rﬁ8%%?w&§§l&ér Y fower

' p § ?Fa‘i“F@s EopiegsrasindeR Y08 gontaineR1 Hawhichds ¥ sthingh

9|&b@dee§feﬂﬂ'no@95%}lg5 VE@R%/}P elne concept of a

A obal rm ng Potentia a5 been devel oped to
20 conpabsequeh abnslrﬁqweofentahzgrlﬁembﬁusl@ @6 by Asin o blends

h I h
CXPianihy, REd " ERD Mt SR C e et o Biaremm

| gé@ats@zm/v@msuansm%vawy OFhe bddBda AT ARSI Oéb'nggtg of an

The?/\P géglowarethose iven in | PCC
oY gRle ﬁ@ﬁoio/%ﬂ@andl'ﬁb“ %wiOr bl ends are
cal cul The? Ob%msmﬂ%e Bf&ﬁds Brtﬂg.’%n%'s eR;e tvtegﬁla% %{E)gl Xarmmg

fraction tinmes the individual onen
gPEEHIE U™ R)as is a gas that causes the Earth' s

Ehe. sn it Gonbdhe of BRREA'adhite pHEEEE 1BNS 15 ede 6ovokoped to
e e S

e Fhrges lf’ﬁél%a ?é@ﬁﬁ&a?&% ShOSELY 15 Exferprcs gemi Since GWP’s are
r el thep fre HinuAbioe AP TREGRAL l‘qdo‘fgd‘%elomo%éuggggi’ﬁlbn—g 995

éﬂpqa& hence traps it in _the atnosphere
yegs @@W@Mﬂm GVWGi$ for Jllengh pieycaloutagedaby S@6fing the

et e G R AR By o 1 ne

ot her zhﬁleenh@mqgasmsra gas Ribﬂﬁauswshh@Earﬂﬁs mbsph%&&@ trap hed®2%Zhe
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 CRSREPB el g 1 DS Bt o e s Baths . dBisaBn's

Adusﬁhce ib heateaf Hyi thils @4Miation fandéritlonsdd val Q¥hgth infra-red radiation due
to the heating, The greenhouse gas now prevents this radiation from escaping back into
space by absorbing it and hence traps it in the atmosphere.

RS07 has a GWP of 3300 and R404A is only slightly less at 3260. These high

- GWP’s are due to the presence of R143a. Pure R143a has a GWP of 3800 compared

to that of the ot_her main component, R125, which is only 2800.



tenperatures required for cold storage is poor. There
i's now consi derabl e concer n, about gl obal warm ng and,
hence, it is inportant to ‘Use blends with as Iow a
GAP as possible. Clearly there is a need to find a

S Ubﬁﬁﬂ }Gr% al&)r’ggen W £ Bl %hlg %4 aﬁ‘rc])z ong e8! @LElvill be
OB 8 F the

phiidh ¢ ?Lgrppvefé et Wﬁ 55, iRy kR sty
LeMPETAFEES JePrEeq sfagage P a refrigerant
conmposi tion which conprises: (a) pentafluorethane,

t r i Thewerie metshootysid édably aneeh@ABo@ global warming and hence, it
is iRfpERtdritab se W R WRANS. lo®a @wmg WHoBsiBle, (10
neéch&{ Eﬁé{ ’a s 'bﬁtlﬁﬂe ?&DR%% Q/\rhl%fl &’faﬁé 3 ({ g 38 nhééj § Iow

cgr&cg:{errgﬁe' IHSF% i y’ at low temperatures required than

2%r34q foPH W}oxypent af l uoroet hane or a m xture of two
or nore thereof, in an anount of from5 to 24% by

vei ha fibstsepet) tHidre is prigltd afrefrieraANRRADLSiBBnaTKICHC)
Corﬁ ngéshyl enically unsaturated or saturated hydrocar bon,

'b0| { Sna| {)gnt%?lﬂto?éﬁ]ﬂ Ré 5%&% ?{)m%%y%gﬂggn at %Ps witha

{her eof , b tlorg G IRPTOP RSN OF AR froer grrephereat,
on the wl Yhamsunt ioéattpapodi% besed onéhweggiut ofgheo of
conponentorgppsitiooyrponent (b) being at least 3:1. The

per@gnt agesd, Ettﬁtleﬂ22bl@h&%ﬂh@h%thah@ particular, to the

e

of the c‘d’ |Q| f compesdigneadnt ages preferably apply
bot {e) i n amethylenjgally ansatuaped qpisatested hydraadong
aspect, bpgoralipcaiainidgdnbhe mor: & g@nfawﬁﬂﬁw&ﬂhq]b@ﬁmg
defined phpyerdia -@O"@ftb'-ﬂﬁtaﬁ}a'r&x%lfeetfl‘ﬂék&ﬁ diP8mount
appar at Uo| fodoldd 1 SRR basd S Bhd e F%ﬁ

process for rlses
conden3|?@n8g@g‘ﬁﬁo§'f€t 81(8 §a@%P? ﬁ‘é‘é‘?&ﬁ@ ponent (b)
t her eaf t beIng\aipeashBilng t he conposition in the vicinity
of a body to be cooled. In a fourth aspect, there is

pr ovhélg @rc@nf ok iqERted h@@v@ﬁﬁf&r ﬁrtlcﬁﬂéht % BhdHguRBphase.
Thé & Irrb%?d’ %é%"f%?%ﬁé i ill Con”ponent
as,(é'1 at feaS ggl%: b5] 276 3% an (ill?O o o3 by we1g‘¥1t %Bse%hon

the weight of the composition. These percentages preferably apply both in the
liquid and vapor phases. '

In a second aspect, there is provided the use of a composition as
defined above as a refrigerant in a refrigeration apparatus.

In a third aspect, there is provided a process for producing
refrigeration which comprises condensing a composition as defined above
and thereafter evaporating the composition in the vicinity of a body to be
cooled. In a fourth aspect, there is provided a refrigeration apparatus
containing, as refrigerant, a composition as defined above.

Component (a) is present in an amount of at least 75% by weight based
on the '



E

on the 3 weight of the conposition. In practice, the
concentration will generally be at |east 80% by

wei ght with a preferred range of 80 to 90 to % by

wei ght, especially 83 to 88% by weight, in particular
about 85% by weight. Prefefably, conponent (a) is
R125 (pent afI uorethane) or a m xture containing at

! eaérg gﬁ? oPld ﬁ?&rﬁllh% Qtthbrjj e@lﬁtco}lpé Ille &E&% be
(alao ey S0 g %m@ ¥ PRI é 5?? y wéight
ﬁ&gﬂfﬂﬂzﬁ 6 Gieth 1 ey fﬂh %@hw&&ht
neéerp bfommpgn@r&pia):rﬁtrwa rﬁﬁe@ﬁﬂu@reéh@;e) onA Myture
obttaumaamrvg atfeasth anthalfsespeRibly . at Gaasp threatjudittdrsi(by mass) of
pr eREIR Mast phefeebifpashpoienti () BR126Galohe). Gefiefallytthe 24%
by &Eﬂﬂgca pasBofe LRI pHB tﬂﬁtm@feag@ﬁlﬁqm&& ®125 content;

¥ood /hng ggagpﬂﬁ%@c oy ¢4 BE o'b{hlfi‘éh Uouk 58%

%@@e

aI |y about 11. 5% by wei ght . Con'ponent (b) S
preferabl y a m xture containing at |east an half,

especi al CgmponeniAb) istpsant in the canposition imar pmetnRirgy5
(1, ,282by etaight hased et hae)eighitd thecahpositiby. Typically, the
co Fﬁmmptﬁﬁen(t B9 pieseritin4a dpabterom THEY, W6 RGN} ér&i‘dll@y 0% to
CO”TS%]WWE%}[{ ég@ﬂ?ﬂ!}?ﬂﬁoﬁt@l 3% b tth,‘lgﬁlsto%‘i nent ?IS

glre?ér S18L4 g}sﬂe%la ra thyee
or TG %‘P%; E@ gﬁotﬁﬁ %t&ﬁs q?g
corﬁoé’illi’f?l?f’@tg gs ygen at orrB | n partl cul ar
one oxygen atom with a boiling point from-50 Cto
-12C or 'Ehe weightiratid dferoeopondiit éd)ecormpohgrdr(byrarabdrast 3:1,

wWhi gdhedlly Bdeaksad, pageRdty 5:11t620:1tadl dspeciaBy Panodktons.
They can be acyclic or cyclic. Acyclic hydrocarbons

whi ch ca%, g HEEdc 1 %'s%ﬁﬁa LLRANR B afﬁga rafed

|s bu ane an

SEHPPD PRGNy GBINIRG Qi IRGTe eyen atoms, in
hy dPRsESKIgE ARe WY 69N R, E/@ﬂmeb@lhrr&waéfr@ytﬁp Butod@ Cora
cy chixtpreieresf. Prefarrad hygreicarboms perich ami beueecdipossess three
Pr efodivestrbydaiones. Fheyg canbé ucheclia-oryttlan hydrocarbons
i's odamr@n beldsad |1§élu3é' h%t&ﬁ@ @m& peRiager ed.
1 ane. Cychc
I sq@ @aiﬁxét&\ éﬁé{lé te&lé? 20901 I%g

no S5 fracti

e ﬁéﬁq}% E*Jﬂfﬂwﬁ%ﬁ Shec (gl %é)a yegh S iGiingene
CormetEheydn ety Tefesredday FReATRaRHn
al thaasand jsobutaney withhso-byinsshaing aspsciallyqoefsrrese
t hdsthutase éspanticilaklycoited e predudng aurdnkflan madbemtixtuae in
| eastvorgtdasafractidition due to a leak.

The presence of at least one further component in the composition
is not excluded. Thus although, typically, the composition will comprise
the three essential components, a fourth component, at least, can also be
present. Typical further components include other fluorocarbons and, in
particular, hydrofluorocarbons, such as those having a boiling point at
atmospheric pressure of at most 40 °C, preferably
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present. Typical further conponents include other
fluorocarbons and, in particular, hydrofl uorocarbons,
such as those having a boiling point at atnospheric

weemsdessssaf at nost 40 C, preferably WO 2004/ Q3388%03/004421
PCT/ GB2003/ 004421 -0O at nost -49C, especially those
where the F/Hratio in the nolecule is at |east 1,
preferably R23, trifluoronethgne and, nost preferably,
R32, difluoronmethane. In general, the maximm

C o ot 44 c,mepsafauy RSewhérb ee B/RGHE NS xﬁolgg}ﬁ&sg?fﬁoasrt L

exc%e ¥’l q %Bld especi al I% not exceedi ng 5
&R 53 wosipraerebly R3% difwermatinnt hin
Sl-gfh@:ﬁl ﬂi&%ﬂﬁﬁhﬂ‘ﬁk&c@ﬁ&&ﬁﬁ%@ @&h&%} enf%&s %}g&n te};ceeg I?8%

aence of ydr of | uor ocar ons gen
especighly é%ttex'éﬂqdmﬁ 8%hsdimare egpeciply tat exceecﬁmg b®,by wei ht

f o
| B Ol DR oD R IR1S, BN ot
prherd@ﬂamwarmns|muyaﬁ%aamamrf@taﬁﬂfe%ﬁ&h rcqiem%Qo@th@y

Wn:gﬁ:}t} theS ot al _wei ght of hydrocar bons inth
COMpOSI t 1 on. lfaPyvﬁnIe o g Biegteely o-butsge of lﬁo'bstane,
prerfreseats laeleasmm,qfordfeﬁeryfhalte@ﬁéyom it BAdfbIP kYo%, 8§

ffect dt
P triEHh BF B ) et pEbgpacnrt engmgl\a/eoclmmsmm oy will besppreiated
t d@pitfid profetddR to avdl@ Pérﬁﬁl%ar@dm %‘gs tg dee g ?{!g%%%o%%‘;ﬁ'ect

shoul d advanta eously not excee
afe fosveiddy, azﬂnycemb@%mmwmr glbi‘e haldgeinheaviee tian flostic,

t t i t
théhf"ty‘Q?%“%E%% Sy Rer B AR B Rigo i 0l et
\Nh‘;PGhaﬁsa!/% abémor&:ma&:ablyl G)mjh byyweisied wi t h CFfC )

t t t
b ese e b ﬁ%@ah”%e% Gpus Qb e gresgat Apentianane bighly
symmteomltméhﬁ@f& RS wRRh Y %el%%ﬁ‘é&n%reﬁtf’ %919;{ used with

p yl enegl ycol s (PAG) and pol yoxypropyl ene
0&7 ‘E‘EFII%r Arrprdiaelpithe cempositions| o@mresantﬁe«emag&abz used

bﬁtﬁ%ﬂ%ﬁﬂpsm1ﬁﬁ{ aHl rﬁhﬁts g{kﬂag ‘g&%lf benz(gﬁﬁél ubricants

20 i ncl udi ng” nap heni'c ol and
spelyallgrieneglycels &?Aﬁmmmob@smﬁpﬁmfglﬁbls or ﬂuonnaied oil as

h | ub
RO B M-A0bs] AR S Ehacret ol i 4G borzclebricants
i includini DapHtRic REpaRIERS SI M1 sARInAGs' N8 AixeuRI Bk Lok §fis and

dat on apgd thermal stabilit nprovers, COrrosi
Oﬁf}h’f‘ YWFWW%%@M%@M&@ pour poi nt

depre s Sal a. ent S, a

Vi sco?l&?y adjaﬁﬁ“ggs Eéx e@Pfc %sw ess'éra qda‘}légrear

]?E}délt]rVﬁ% |logiglation and Tadninal Sﬁ?ht}f iﬂlﬁ‘;larAverﬂ EE&&&&J inBibRors, viscosity
ur t i|lustrate.the present

MR Sbeks AR bR doPle iRl dtopb, A ospadgaseie and

priseosityr @ftsteny é'i‘:ah:cptee of sili@ble GV atdinclhdd iRTeE D hUPE-

%5%9 4/ 033552 PCT/ GB2003/ 004421

The following Examples further illustrate the prese;nt invention.

Examples

Determination of vapour pressure/temperature relationship for the blends to be
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-5- tested. The sanples used for testing are detail ed
in Table 1. 5 Equi pnment and experinental The

equi pnent used for determ ning the vapour

woeseysssgt enperature rel ationship consi st ed gfr@sabosinosdzi
litre Parr reactor inmersed conpletely in a
thernostatically controlled water bath. The bath
tenperature was neasured usigg a 10 calibrated

pl ati num resi stance thernmoneter with an Isotech M

| Rebtedat or. The resolution of the thernoneter is

0. 01C. The pressure (press) was read with a
calibrated pressure transducer with an experi nental
aqee! %&ﬁﬁ a Druck DR1

inst?u eﬁse{@fcgr oxXl %ﬂe%qgé[%& 31‘ the refrigerant
was charged into the Tarr reactor. 15 The reactor was

ﬁﬁgg,ra%qltggd% er nl%} IS‘SV\hen it had reached

ure ure and t enperatures were

_ recorded every ten minutes until constant. The data

obt ai n% does not |ve t he, dew poi nt and hence does

not g “E‘Pfﬂ’meglﬂ' Tordetonpiging thereapeuenrassunsiteroperasiret he

g kdldRnea cdibi t?sﬁto@hrl&} program
The rel at?onlsshl of ﬂre%tg::l%gggﬁ)ﬂ’ﬁ 5@:115%@%0' nt is

u%amsg;aﬁgeﬂsr@arrpl}ed vaiesdetla Tie bath treparaipreows meesrddusing a

I of, R4 bi noni al
eﬁﬂ%ﬁ?ﬁ%ﬁw ag t og%’cgzh use 5 A gsg Féfﬂ&ﬁ?lclgﬁ‘c?] B e
usee@lulm afi thethalmoan&.Dm &he Ipredﬁné Qress)Ras read with a

ntaII de erm ed bubple points. This is
o PRbtae Rty o0 SRP e agcaraci pAY.ALbegs andacadon

thBrIR:k[IH{lI mﬁhﬁéﬂtydeterm ned data. The pressure of

t he de ;POI nt an now_be approxi mat ed by appl ying the
25 rel)gi’ »fl Fke oEtep Eattgaumns es ekazgaddntowths Rdur mector.

fmartarwgsnsenber@ﬁh%vm ot WAt el fRBLERNS e

obt ai ned are al so sho
CERSSHS\GnE éempesasures wersrecairded wesyp tan minutes until constant.

/ bl te f th
per 1 or iy TRER i oR P B8 P (o8 i G AP LA
S@G@Lﬁ)l @ﬁmméﬁlwumm&éli&%&éﬁgoﬁgﬁé CB2063 t994421

nt and operating conditions

p‘é'r' 'f" ‘*r'gﬁg’é"%?mt enﬁ’ﬁ?ﬂ%&%ﬁh@hﬁa@ thebubbis n@@t 1®nsuaﬂne
| ety BATHE B &Hindbe rggrférs}me@bﬂhﬁ{ars u&b | Q¥ RATREES

is fitted Wwth a Bitzer sem ndensi ng
(Rinqmighsepation bng tohe iged Shhese bquatitms danmowa:p mmrd tpgheas

Ao RimA Biac B SR el St tle PR 31'5111{ o
estfectiely 4 hantisgtion s6the calsuliepplidean &Ie&ﬁtberﬁﬁe teﬁfrm@d
pf‘a?al.( eﬁle %l asguge of th Fe dg\rv point can now be approXimated by applying the
relationship for temperature/pressure, which was found for the bubble point. The
 glide equations obtained are also shown in Table 2. These equations can now be
used to obtain vapour pressure/temperature tables.

Determination of the performance of the refrigerants on the low temperaiure
(LT) calorimeter. |
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val ve. The refrigerant then travels along the liquid
line to the evaporator. The evaporator is constructed
from 15mm Cu tubing coiled around the edges 10 of a
Wwollbodiodgsghated 32 litre SS bath. The bath is gfi

wi th 50i 50 glycol:water solution and heat i sl%g}lj%gﬁmg%“n
to it by 3xl kWheaters controlled by a PID controller.
A stirrer with a | arge paddl g ensures that the heat is
evenly distributed. The evaporating pressure is

C EHuiph bChndYeeR Braft d sion valve. The
rﬁqri%ﬁelr ant %apour%%?ﬁéﬁgoﬁﬁgt@%e conpressor through a
suction |ine heat 15 exchanger. Twelve tenperature

r eadi ngg, é"f&a? essure.r eadi ngs,, conpressor_ power and
heat i inJP ?Jgor e a‘{eIO%r e@%@&%”%&‘%ﬁﬂ%f? 4 Gp the lopgjemperature
D4EY) caborin®iie. The LT calorimetet R fitfed /it BISRS{AE hermetic

t ure, of . 4QC evaporator superheat of 8C
( %E@%.ﬁ}‘%mk‘i?r“%ﬁg Sﬂf‘gl ftafgﬂ%e het ¥appur passesamitiofishe t he

e vappuesson) throfigh 4PdiNdcPirA@Hlarli ature
eg%}hval.en to the evaporati nlgé%rlee?sﬁg%[lgéﬁ Egl? ﬁ?ﬁ%?%:tqggfsure
r

F G2t Afribe coupressarip kent constanhby mhanserid padked plend shut-off

evaRe BeQbiridetmt 1By [ .above t he tenperature
equi val entﬁ-%gg thﬁgéﬁgﬁﬁ%e%ﬁggﬁertg%eﬂwm 'nt) 25

The nebif evpgraionissonttmnod fatmisent Su sy giled Souid W8S 8iges
ot APLaEa 42 To SELEH, ThePaRiath 3035 atietomani o
pesilutiontaat} heat anshippkikdl to ¢ byGx1 bW thehielsicohitdiica bl 488 bordddft

o BTPFREME Klocad g sodiivs X terhemiiapreblisrioged. Thee.

an e L
PevRpSTing Moste ik befironed Eﬁﬁfﬂd'_ukbir;%agﬁg&%ggﬁg g%ﬁ%; 2 at there

was 8C_30 superheat present:

nmeasur B¢ refrigameni AP rete {iho cornpressor thraigh alNaction line heat
agicHslogent s were made during the run, except for

possi bly m nor changes to the WD 2004/ 033582

PCT/ CBRo&d e@pdatire redding| fiee Bbssifdgefigs, RnphddSor power and
c&gp#lg SOI 411 40 géqdeg tQ, ﬁglep,the conditions as
consPRmred PUEET Brgnatieply g Dagglabs hen conti nued for
at | edftic tesnewdto tin 4 dicbiiEny E’F‘PE"JF% &4@@%&’& RS Gr

takePl i'f"’ every 10 mnutes. hese readi ngs
SUREPR of HL{H0REr  average was cal cul ated. 5 Specific

exper IRBAS ldehe rle SAEHELEEANe Fppaerc

refrigerant lis
baYLife trmpemtwe cenivalent td thel evapbratid®pressure.

For the other refrigerants the temperature at the end of the evaporator was
maintained at 8°C above the temperature equivaient to the evaporating pressure (Dew
point) .

The mean evaporator temperature (ev. temp) for these reﬂ‘igerénts was
calculated by taking the temperature equivalent to the evaporator pressure from the
bubble point table and adding to that half the glide at that temperature.

Irﬁtially, the pressure was roughly set and then the temperature of the bath

. was set. The pressure would then be readjusted to ensure that there was 8°C

superheat present. The superheat was measured from the third evaporator outlet. No

adjustments were made during the run, except for possibly minor changes to the
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R22: R22 (3.477kg) was charged into the liquid

receiver. Since this was the first tine that the LT

cal ori meter had been used since a major nodification
waseodazssz for R22 was requi red. Accordi ngl ypcardqdibosiooddazs
data points were obtained between the evaporating
tenperatures of -33C to -210C. 15 75% R125:

Approxi mately 3.54kg were charged into the liquid
receiver. Four data points were obtai ned between the

nevalye et/fap gx:aof nhg compepens iniorder t6keepfie fonditdns L3onstant as
r orating tenperature of-23C .

t He expanS| oﬁwaﬁgfe\?g’g%g?%%lgﬂelafﬂe%@mm dwineRtlEch time 6
Appecings watéathyend.coblely Vi ERAIRM, el et flon their

receiver. é&g ur data poi nts were obtal ne
t RECTARENRS Bgf'eﬁtlng tenperatures of -31 C and 250.
At a mean evaporating tenperature of -26C the

ansion valve was fully opened. 85% R125 (R600a):
A;%P ?P?-'ﬂleeiﬂsﬂn@l%t@h\ﬂar@chhefrngadnt nto the liquid
recei ver. Five data points were obtained between the
nean evaporating tenperatures 25 of -44.5C and-28C.

| R407C Thprofrigeramlistliy giSerbich: oéren whﬁhafeqnéa@&@mkﬁt@were

|‘§i rece| ver. Five data points were obtained
be ween ‘mean evaporati ng tenperatures of -32C to
- 20C. 70% R125: Approxi mately 3.5kg were charged into

the |i receiver. Five 30 data points were
obt ai nﬁ%z A28 &7 Tie) avasrehengashinip dhediquittretaivane Sai:ejﬂmwafthe

/ GB2003/ 004 8
R LRt i R

|b fog dR2a was esjuired.. Aﬁxomhngl:a,teagbpdatﬂp&nw@feﬁe wﬁ@d&axf Segenc the
- ean \Y, | tenperatures of -: to

%ﬁﬁ,@,ﬁ JE‘%H g elshog 3@@{1 gT%bt ai ned are summarised in

Tabl es75% R12bk @IPPMSNB kPR chﬁr%@@ﬁf@ﬁlé Hg?ld reﬁ:elver

_ ﬁnlgﬁrature A r Condenser = erature
[

8ta,PgHHs ‘f"F?SPbta}@d beiBiren e mean ¢vaperatinglewmperdtures of -31°C
CRNOSAS RispeclPéy UALH mekhs Ev_aﬁ&?fgl{s%t%lggérgt& ?ﬁ{; %?JCP @ﬁ agpagglgrrl

10 t he condenser ress
dvadeamsasifolly openedhe experimental results Graph 1 shows a
evapor ating

conpar aciti a mea

t errpergasts/a rﬁeﬁg %@Br@ %&3 %W‘Z\‘Fé 25! dechsliqurghregeiver.

eE'Gm datapbing weePBhRAAbAwhe BORSIOSEST bR t@ﬁ erétﬁ%eE Io?— 1°C
%ﬁ% where a | ow tenperature refri nt 03

be™e SJ&t WP PERLSYepRiing temperature of ~26°C the expansmn valve was
fully opened.

85% R125 (R600a): Approximately 3.56kg were charged into the liquid
receiver. Five data points were obtained between the mean evaporating temperatures
of -44.5°C and -28°C.

R407C: Approximately 3.59%g were charged into the liquid receiver, Five

.data points were obtained between mean evaporating temperatures of ~32°C to
-20°C.

70% R125: Approximately 3.5kg were charged into the liguid receiver. Five
data points were obtained between the mean evaporating temperatures of -32°C to
-21°C. '
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can be seen that 85% R125 and 85% R125 (R600a) have a
slightly better relative capacity than R404A, whereas
the other refrigerants tested are poorer. R22 and 75%
@]322504%5g35 he next best. At this tenperature F
the poorest, but it inproves 20, relatively aé@?c%zﬁﬁmoml
mean evaporating tenperature increases. Cenerally,
there is an inprovenment in ﬁool ing capacity as the
R125 content increases. G aph 2 shows the COP results
obt ai NR4o44¢ ASPRNENIINGE 25 and 85% R125 (R600a)
gi ve the best %ie}ffl Cl eﬁcﬁg%/%%oc and are the only
e(fhmgg% Pémths liguidireeeiver.hEine StOpoints More@taiing [ tvades tith mean

naci.ty f c.any gi ven refrigerant

9&\240%:1\'5}2 fet?%f'c 'fcsﬁjﬂg?gpg ggn ‘show the sinilarity of
85% R125 and 85% R125 (R600a) to R404A, which are all
5;%%0‘{1%% on R22. The preferred fornul ati ons are

PEor e 85% R125 and 85% R125 (R600a). Assunmi ng
that n-butane and i sobutane have the same GWP as
met hane (21),. This is 30 22% | ess than that of R404a
and 23&?@%BPPHFP@WWEWRM7BWGS PBeMean Ed. Temp Mean

et - 34a.

29 /osgssgﬁp%w ot 0 op st~ e R P i g
i .M&fmwr thpramohavm@nssam@nmemmmemwg&wer
5 %Q[o%s gse to that of RA04A. For exanple,
tr A0AR qwd has a vapour pressure of
0. 209I\/Pa (3 0.3psia) and the preferred conpositions
hay ressure above the |iquid. of 0.218MPa
gfmg’pf'gf a ‘“’d@f‘%@“ Shfexperimengpbresalfss2. 3psi a) f or
|sobut ane i.e. only 4-6 % hi gher. WO 2004/ 033582
PCT/ GB2003/ 004421 - 10- Tabl e 1 Details of test .
ref ri &Rk showseeqomearienm afomaoities dtamead. evéiib%hﬁg%peranne

% .R125 R125/ 134
5% B RIDER Phigedand g aBialiati spieidem o g
8@@%%1121531 0 GheREAbW IS AGH6 teBie rﬁf’& %111215%1&;{:5&%{1?3 Qpdeate. It
a a
(i vt R W B R im0 (e stbrionalae
capacity than R404A, whereas the other refrigerants tested are poorer. R22 and 75%
R1 25 are the next best. At this temperature R407C is the poorest, but it improves

ﬂ

relahvely as the mean evaporating temperature increases. Generally, there is an
improvement in cooling capacity as the R125 content increases.

' Graph 2 shows the COP results obtained. It shows that 85% R125 and 85%
R125 (R600a) give the best efficiency at —30°C and are the only refrigerants better
than R404A,

Graphs 3 and 4 show the capacity and COP for any given refrigerant relative
to R22. These again show the similarity of 85% R125 and 85% R1'25 (R600a) to
R404A, which are all 5-10% up on R22. o '

The preferred formulations are therefore 85% R125 and 85% R125 (R6004).
Assuming that n-butane and isobutane have the same GWP as methane (21). Thisis
22% less than that of R404a and 23% less than that of RS07, .

. The preferred compositions are 85%w/w R125, 11.5%w/w R1 342 and



-11 Table 2 Results of the experinental SVP
measurenents and the glide from REFPROP6 5
Description SVP equation (see note 1) dide equation
woaeownisnz 2) 70% R125 Y--2 357.53678x + 13. @22AR2003/004421
-0.02391x + 3.22225 R2 = 0.99786 75% R125 y =
-2318. 71536x +.12.93301 y = -0.02122x + 2.84478 R2
=1. 00000 R2 = 0.99704 85% R125 y = -2318.35322x +
12.98687 y = -0.01305x + 1.85013 R2= 0.99998 R2 =
0 399%@ BifiarREstiRbdiand Fi&ﬁ@aaavy aI&%Xu %%%%&2% é%a 4359 y
/X + 1.7337 = 0.999 9 407C .
( §?la 1?2’21? fe(thitso 66 Jorexamplpon 130K the RA04A liquid

: y 2363‘ o e N é%md’g BLEE e opmposigomanave s
0 VeRryy presuroabeve ﬂggagnﬂpfm 8¥/Pe €3 Infips fok Jbutint and 0.223MPa

a 1 fhis equation x=1/T where
Tl?jl;ds3 ?ﬁzkﬁl}%‘%ﬁe poi’ n (43@1*} #% y=-In(p), where pis
the saturated vapour pressure in psia (2) hi this
equation x=t, where t is |iquid tenperature (bubble
point) in degree C and y=glide in deg C at the bubble
poi nt tenperature. 20 (3) The data used.was from

Ref prop, but was in agreenment with that fromthe
Ashrae handbook and fromICl. (4) The vapour pressures
for R22 were obtained fromthe Ashrae handbook by

i ntepol ati on. 25 WO 2004/ 033552 PCT/ GB2003/ 004421 -12
aNNNNNNIalL -~3fy ZONNwWNVOW3a ¥
V<it CatitOONOamO ssssSssss
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o l,,, Dssss.asss~0.%Z cnat WA- WAW%
woodn/o3is2 S co VO wWNe mq /VZ ~~/ O OP@r@Bg,dngm
OOmmD Ofit -+ Afit sfAOas "'~ aon OO0
O0O000O0Ogeb, %a WNoco'co)O41N,pco
NOWArv % mm 71 - O pNNNfPbVVO' W~ C
'JtTO?<it CONCmMm3De O ONfN/L1 tN71 NV OW

T ? <i
~Tablélﬂbetﬁls%ft&lt9&'ngér9t58 arjrj ssssssssos3
.. ''s s

S

ma tNO 00) O00) Nco Te3u to NNNN -
~ mmCh -4 i4il) wto o O WmN A Esn
' 5_ } Descrjption " | Composition
70% R125 R125/134a/600 (70.0/26.5/3.5)
75% R125 . R125/134a/600 (75.0/21.5/3.5)
85% R125 R125/134a/600 (85.0/11.5/3.5)
- 1.85% R125 (R600a) R125/134a/600a (85.0/11.5/3.5)
10 R407C . ' R32/125/134a (23.0/24.0/52.0)
R404A R125/143a/134a (44.1/51.9/4.0)

15
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Table 2 Results of the experimental SVP measurements and the glide from

REFPROPs
Description SVP equation (see note 1) Glide equation (see note 2)
70% R125 ¥y=-2357.53678x + 13.02249 |y =-0.02391x + 3.22225
R2 =(0.99786
75% R125 y =-2318.71536x + 12.93301 { y =-0.02122x + 2.84478
. R?= 1.00000 R? = 0,99704
85% R125 y=-2318.35322x + 12.98687 | y =-0.01305x + 1.85013
RZ=(.99998 R?=(.99456
85% R125 (R600a) | y=-2307.282362x+12.964359 | y =-0.0157x + 1.7337
RZ=(.999973 R?=(0.998
| R407C (3) y=-2422.08237x+13.27060 y=-0.000118x2 - 0.027343x +
6.128020
R2 0.998575
| R404A ¥y =-2367.62611x+ 13.14935 | y =-0.005014x + 0.547125
' R?=0.99994 Rz =0.995941
R22 | (see note 4) Not applicable
Notes:

(1) In this equation x=1/T where T is the bubble point in Kelvin: y=In(p),
.~ where pis the satirated vapour pressure in psia
(2) In this equation x=t, where t is liquid temperature (bubble point) in degree
C and y=glide in deg C at the bubble point temperature. )
(3) The data used was from Refprop, but was in agreement with that from the
Ashrae handbook and from ICI.
(4) The vapour pressures for R22 were obtamed from the Ashrae handbook by
- mtepolailon
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Table 3 R22 CONDENSING AT 40°C IN LT-CALORIMETER

v | ot | _anon | s | contrn |t fon e uon| cmerssr |l con, | 20
-33.0 159.5 24.2 1.532 . 40.0 0.144 -33.0 -33.0 ._.wwm. ‘_..NNA. 0.91 8.5
-30.2 153.1 18.8 1.545 40.3 0.163 -30.2 | -30.2 1.412 1367 | 0.97 8.5
278 | 1524 | 206 | 1538 | 404 | 0480 | 273 | 278 | 1486 | 1653 ) 111 | 85
-27.5 156.6 24.4 1.516 39.5 0.182 ~27.5 ~27.5 1 .th. 1.704 1.15 . 7.7
-25.4 155.6 Mw.w , 1.547 40.4 0.199 «25.4 | -25.4 ._.m,cm 2.020 1.26 8.4
«25.0 155.2 24.2 1.538 40.1 0,205 -25.0 | -25.0 1.660 2.139 1.29 8.8
«22.5 154.5 26.3 1.551 40.5 .o.MNu -22.5 | -22.5 1.686 2.323 1.38 7.9
207 | 1505 | 247 | 1555 | 406 | o238 | 207 | 207 | 1729 | 2526 | 1.48 8.1

Noke: All tempensties are b ‘¢
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Table 4 70% R125 (69.98% R125 / 26.51% R134a / 3.51% R600)

CONDENSING AT 40°C IN LT-CALORIMETER (ITS 7694)

I i | oetisi | ST e o] Compr | | cor. | E
-32.4 117.7 23.4 1.697 40.5 0.160 -34.4 ..“.wa.h 1.302 1.148 0.88 8.3
..M.m.m 115.6 24.8 _ 1.690 40.3 0.180 -31.6 ...Nq.m 1.384 1.389 1.00 7.9
264 | 1088 | 21.2 1.686 | 40.2 0207 | 284 | 242 | 1490 | 1768 | 118 | 80
-23.5 108.1 23.4 1.691 40,3 0.230 254 | 21.6 1.589 2.046 1.29 8.2
-21.5 ‘._ 07.3 24.4 1.691 40.3 0.248 -23.4 -19.6 1.657 N.mmc .1.36 8.0

Notes ATl teuperatires are b 'c
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Table 5 75% R125 (75.02% R125 / 21.48% R134a / 3.50% R600)

CONDENSING AT 400C IN LT-CALORIMETER (ITS 7616)

M Ev. || Disch AlrO Discharge Condensi Evaporator E T E T c ‘ Capacity Evap.

o | o | contoaer | pcbmluts | S | sbsoone | ST P Tl ST | gt | 7. | (200
307 | 1152 | 250 | 1736 | 40.0 0.187 | 324 | 289 | 1421 | 1.403 | 099 | 8.1

. 27.8 12.4 25.7 1.746- 40.3 0.210 -29.5 | -26.0 1.476 1.644 1.11 7.7

-25.0 110.9 28.1 1.733 39.9 0.234 -26.7 .Mm..w 1.610 1.981 1.23 7.6

-23.3 | 108.0 26.7 1.731 39.9 0.250 250 | 216 .._ 653 2.190 1.33 7.6

Note: All tengperatures are fn '
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Table 6 85% R125 (85.05% R125/ 11.45% R134a/ 3.50% R600)

CONDENSING AT 400G IN LT-GALORIMETER (ITS 7677)

Discharge

Evaporator

Evap Temp

Compressor

Capatity

M Ev. Disch Alr O . Condensi E' T Evap.
M.“”ﬁ,‘ .MM:H& ° oozmas_wo.. v“ﬂﬂnﬂﬂ& oﬂmﬂw " mw_mmﬂuﬁaﬁ_mwn Mﬂuwww..mw . DEW Power kwh Emﬂqﬁu ut C.OP, m:vﬁﬂmﬁ
-31.4 | 109.3 20.3 1.839 | 40.1 0.197 -32.6 | -30.3 1.482 1501 | 1.03 8.1
287 | 100.8 22.6 1.844 40.2 0.219 29.8 | -27.6 1567 | 1724 | 110 | 84
-26.6 | 107.2 23.1 1.823 39.7 0.238 27.7 | -25.5 1.626 1.070 | 1.21 7.8
252 | 103.9 20.4 1.845 40.2 0.251 26.3 | -24.1 1.688 | 2190 | 1.30 8.2

Nte: All temperatrres are be °c
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Table 7 R407C (23.02% R32/ 25.04% R125 / 51.94% R134a)
CONDENSING AT 40°C IN LT-CALORIMETER (ITS 7361)
_ Discharge Evaporator . Gapagity
Mean By, || Disch: Alro Condensi Evap T Evap T c Evap.
g | e | snon | S | oo | S el o | (S| cor. | o
..uwN.h. 135.3 19.8 1.735 39.7 - 0447 ,..wm..c «28.9 1.287 0,974 0.76 7.6
«29.4 | 133.8 18.9 1.738 39.7 0.167 -32.9 -26.0 1.428 | 1.405 0.98 7.7
 -25.7 132.4 20.1 1.746 39.9 0.196 «29.1 | -22.3 1.499 1.736 1.16 7.8
T .
w «23.0 130.8 . 20.8 1.733 39.6 0.218 -26.4 | -19.6 1.650 2.190 1.33 7.6
9N. -19.6 129.0 225 1.761 ho.w Q.M.mo ~22.9 1.774 2.649 1.49 m.o.

Y
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Table 8 R404A (44% R125 / 52% R143a | 4% R134a)
CONDENSING AT 40°C IN LT-CALORIMETER (ITS 7726)

. A /! Discharge Condensi Evaporator Evap Tem| m<. Te noa_u_.ommc._. Capacity Evap.
Mremp | Toms | Gononsr | pausate | D | absolto et | o ) oew™ | poverkun | Hoiopst] 0% upamen
-33.0 | 1234 23.7 1.831 39.7 0.182 .wm_.h -32.7 1.405 1.291 0.92 8.0
312 | 1205 | 234 | 1820 | 3e7 | o196 | -315 | -30.8 | 472 | 1473 | 100 | 7.6
206 | 1184 | 228 | 1824 | 396 | 0210 | 200 | 202 1522 | 1624 | 107 | 77
269 | 1182 | 2514 | 1.850 | 404 | 0233 | 27.3 | 266 | 1641 | 1910 | 116 | 8.
-24.7 | 112.6 214 1.865 40.5 0.254 -25.0 § -24.3 1.740 2.272 1.31 8.1

Nofe: All feuperatires are by ‘e
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m 2o %A o wno | . . . o
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composition,

(b) 1,11,2- or 1,1,2,2-tetrafluoroethane,
trifluoromethoxypentafluoroethane or a mixture of two or more
thereof, in an amount of from 5 to 24% by weight based on the
weight of the composition and -

(c)  anethylenically unsaturated or saturated hydrocarbon,
optionally containing one or more oxygen atoms, with a boiling
point from -50°C to -11°C, or a mixture thereof, in an amount
from 1% to 4% by weight based on the weight of the
composition, the weight ratio of component (a): component (b)

being at least 3:1.

2. A composition according to claim 1 in which component (c) is present in an
amount from 3 to 4% by weight based on the weight of the composition.

3. A composition according to claim 2 in which component (c) is present in an
amount of about 3.5% by weight based on the weight of the composition.

4. A composition according to any one of claims 1 to 3 in which component (c)
is one or more of propane, isobutane, cyclopropane, dimethylether, propene.

5. A composition according to claim 4 in which component (c) is isobutane.

6. A composition according to any one of the preceding claims, wherein (a) is
pentafluoroethane.

7. A composition according to any one of the preceding claims in which
component (a) is present in an amount from 80 to 90% by weight based on the

weight of the composition.

8. A composition according to claim 7 in which component (a) is present in an
amount from 83 to 88% by weight based on the weight of the composition.

9. A composition according to any one of the preceding claims in which
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refrigerant conposition which conprises: (a)

pent af | uor oet hane, trifl uoromethoxydi fl uoromet hane or

hexaf | uor ocycl opr opane, or %) mixture of two or nore

thereof, in an anount of at |east 75% based on the

wei ght of the <conposition, (b) 1,1,1,2- or
coipbnén®(t) &¢ 1,81l Vateghiddb&hane.

trifluoronmethoxypentafl uoroethane or a mxture of two

10.% cORPBoicbASER i B Ay BHPU O] 22%%5 Q2 4o
wel sed on ey ght Cor e SAps AR vy
corl O'g‘f‘ﬁgﬁil’éﬁﬁﬁ JEAA AR R L RN
weightiob H3g $9MEeFHHANNI ng one or more oxygen atoms, with
boiling point from-50C to -11C, or a mXxture
11.tAeompbsition aacoraimg td any oneof tHb receting ylagisghtwiias e

weiphtirhigo veiahboféntt (AR cosRytmeat (1) e95:1tHgonei ght ratio of
conmponent (a): conmponent (b) being at least 3:1. 2. A

: d] aim.l.ipn which coopo
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18. A composition according to any one of the preceding claims in which the
further component is present in an amount not exceeding 5% by weight based on
the weight of (a), (b} and (c).

19. A composition according to claim 18 in which the further component is
present in an amount not exceeding 2% by weight based on the weight of (a), (b)
and (c).

20. A composition according to claim 1 substantially as hereinbefore defined.

21. Use of a composition as claimed in any one of the preceding claims as a
refrigerant in a refrigeration apparatus

22. A process for producing refrigeration which comprises condensing a
composition as claimed in any one of claims 1 to 20 and thereafter evaporating
the composition in the vicinity of a body to be cooled. '
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to 9:1. 13. A conposition according to any one of the
precedi ng cl ainms which conprises a further conponent.
14. A conposition according to claim113 in which the
further conmponent is a hydrofluorocarbon. 15. A
conmposition according to claim14 in which the
hydr of | uorocarbon has a boiling point at atnospheric
pressure of at nost -40 C. 16. A conposition according
to claim14 or 15 in which the FfHratio in the
hydr of | uorocarbon is at least 1. 17. A conposition
according to claim 16 in which the hydrofl uorocarbon
is difluoronethane or trifluoronethane. 18. A
conposition according to any one of the preceding
claims in which the further conponent is present in
an anmount not exceedi ng 5% by wei ght based on the
wei ght of (a), (b) and (c). 19. A conposition

~according to. claim18 in which the further conponent
Is present in an anmount not exceedi ng 2% by wei ght
based on the weight of (a), (b) and (c) 20. A
conmposition according to claim 1l substantially as
herei nbefore defined. 21. Use of a conposition as
claimed in any one of the preceding clains as a
refrigerant in a refrigeration apparatus 22. A process
for producing refrigeration which conprises condensing
a conposition as clained in any one of clainms 1 to 20
and thereafter evaporating the conposition in the
vicinity of a body to be cooled. 21 23. A
refrigeration apparatus conprising, as refrigerant, a
conposition as clained in any one of clains 1 to 20.
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