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WD 2004/ 033582 PCT/ GB2003/ 004421 REFRI GERANT
COVPOSI TI ONS The present invention relates to

WO edoriogpssant conpositions, particularly |ow  PCT/GB2003/004421

tenperature refrigerants for use in cold stores. 5
There is a need for a |ow tenperature refrigerant for
use in cold st orREFRRGERANT COMPOSITIONS Prot ocol ,
this function was filled by R502, an azeotrope of R115
and R22. This refrigerant vvas particularly attractive
inlo Ll CCl r
R22 vve)fq}rlée reac Wﬁg?lﬁ%ﬁérﬂ%et y\%g{c\%ont %l%ﬁlé)gl? i5 tc arlg(tlow

tehq&mnhmwefntgaﬁmerfatuseeﬁcdﬂﬂ sw;ae‘s possible to achieve a
significant increase in capacity over that 10
obt ai hAHF& WneeH froplog tepparatap siTigeariipt ussgh ngld stores. Prior

RABE AR RIR L ET AR BBl BSPR I Bguopg 115
Rb2 CiThisSefbigslahiongs pRdait@lyaph@ivelin 10w tehfpeftdiYe RRuALRRY Yhere
avai | abl e for use. Subsequently, this requirement has
BéaCphF ) 0nRRy vers repghi u&t?w effgeiivs worlfing linits. adhthesg low

g, P@&*%&M@’é’m fitafRRe e oy o

sleeianble ivdthAYEY With WithG6r Beaes telisy era@ién aﬁé‘&@lde@&ﬂ}elower
m xture of R125 50%/\// w) and Rl143a (50%W w).
Hisdsrestempeiaturese Jtowgven gince R50H a@ntmnemhé,\mlnvlersya $tionh

otent| als The concept of a
%O%g%fep]%rqhﬁgo ot%e lﬂlflgeélav?la%\%qpﬁgss been devel oped to
20 copme etnﬁsa ] tdqwe@émaaag rRen lf»@ztﬂfaﬁy@ﬁe& Byouilﬁgv\@wo blends
heat in t at nosphere rel ative to another

caaingdRadiae B0 s Baehicndien sessieieof IR eI,

BRBaGa e R Blaliogh v "Tho B FLRsVHCT Wk 208836 of an
4226trd 80 migdfe 41 IR 5H90%:3PRP andREAISEVBwIY. bl ends are
cal cul ated by sunmming the products of t mass

f r act Tl probless withethesedblondsuialthatoheo have veay @’gh glbalpAwarming
}g{t?%gngqg@gP?as is a gas that causes the Earth's

¥ o trap heat. The greenhouse gas all ows
the spms sSorcasti ¢t o0 WaaGhy ‘PB%nEQr(‘G'WP% i B@éhedev-g ed to

Earth's surface is heated by this radiation and S
qoorpses thaebilityeafgerechduse gasdd trapbigad tbmatmspephetr@retamere to another

h Th h t

PRaCaPl dofal SRR Rt ARt Hh e YRl b9 apiogs Gvg's are

fatio@ By BRI Reldi@ISs] Thd GWHEq tﬁﬁém)%w&@ tho%@gl%% tb@@ 4995

GWP of 3300 and R404A is onl y slightly less at 32

Phd 9@ yhirgime yzansa r"Eheo@WPt  farHdeplsewe n@leulafedeMﬂmmmg the

P R1. h GWP. 0 0 ared tg of the

P TR o SR B R B oGt 5386, "o

2004/ Q33RBROBEFAIBAA31HAD4hdds the Eaﬁ%% aﬁh@e?ﬁeﬂa@étr ﬁ@dt The

been used, but this 1s an ozone depleter that wl

gmaéledse gmtallowe the 1w’ nmdiatide dadeach AlhesBr;trth b gurddei cTtmE;@rth
tur

sélf%?eald éle?.tga E% 8}15 radta%nge hEemits Isonger aveﬁength mfra—rec{ 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.

R507 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 other main component, R125, which is only 2800.
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There is now consi derabl e concern about gl obal warm ng
and, hence, it is 5 inportant to use blends with as

WO 43338 as possible. Cearly there i s a neerCT/6GBRi0BMEO4421

a substitute for R502, which is not an ozone depleter,
has a | ow GAP and can operate nore efficiently at the
| ow tenperatures required than R22, R404A or R507.

According to the present invention there is provided a

ref ri Bep alne GAHIOS bddnQited, Wit ik & ARRLbREE Il thawill be phased
pent af | uor et hane, trifluoronethoxydifl uor onet hane or

pebayer themext degadeoplsoptheeiiiciency ofiReuat theddwitewparaturasirequired
fol?%{)ﬁfsfmr i n. an anmount of at | east 75% based on the
Wei g JfeT e 8r0nposi tion, (b) 1,1,1,2- or

1, 1, 2TRerb 6t ma¥ s8R ncern about global warming and, hence, it is
triflworonet hoxypentafl uoroethane, 1, 1, 1,2,3,3
impeagstant louse blsndpwiil aplovea GIWR ax possible. 1edrlychere ismonezd to find

thereof ., i unt of from 4% ,ght based
BRTERB B ayD2 GF Rero ombeiA ol et oy SRVE and o Gperat
RIoRYEBIcARY hithé! vplealBdedfeqiRtdhah RI2 WATQCH o, |
optionally containing one or nore oxygen atons, W th

a boi Arergdipgitothefpresamt-i8¢enCon sherd & (Epvided a refrigethntroemposition
tHe{qeof, in an amount from1l1l %to 4% by wei ght based

BHc ﬁgn\%rq‘egsht, of the 20 conposition, the weight ratio

of cogponepdntdfRibretHeP %&o&%o?ﬁiiﬂ_ﬁbr@ﬁle{hﬁﬁéla I?éxéﬂltloro'-

The percentages quoted above refer, in particular, to
eyiséorrorpaE corpimissire THiovo aronoreshwe] mpnraanmpas of arledshes%
vag(iur has g as follows: (a) at least 85% (b) 2
ba5°q 98 e eiglof Shefompogiion, | |- by wei ght based on  t he
vei ghtp) of {he CRPPASi 3 infudiiesanger cent ages

preferably apply both in the Iiqu’d 25 and vapor

il rosnetiirey pentaidemocthange hil 1633, At wptafinavprbpanaony mioess of

O EREE G o BAGEIERDH GPm hB T4 EENEGth pRwe P hemeieht

$hBE eahp&itiorearor ating the conposition in the
vicinity of a body to be cooled. The invention also

provi@gs aanaliylemjeal btunsatusmpplboratusatedintdrocirog, optsonally
refri.gerant, a conposition of the 30, present o
‘ioﬁ‘gféﬂgg BRC OB ARERED LGS, Withyp g%‘i‘ﬁg PP GRMamB R0 635 At or
0, . | 0 . .

T R g UG vt of the
nIsitios, the weight rtiertf cetpomen(d)| coyepoaeat (bybding atledseast
80% wei ght with referred ran of 80 to 90 to %
by welisierctblasttqubet e FeSer Bumrby eisioght liapid phase. The

f 9 ' .ably, conponent
P o Golbl MRl |
cont aehi nept ddastl 886 t(bphtchHI% an& &P OA @l 3%, aditbyl weight tased on

hree quarters (b s) of R125. st _preferably . . .
the WEtHGRL e aympéﬂ*?&*z"?ﬁtea? Bﬂ@ﬁ@tageé@%g?rsbwpplwévo&w the fquid
#n8RAFbIphaSds. the conposition increase with incr easi ng

R125" content; the best cooling capacity and
ef fi cilermyseniinvérgioolatsaiprexddesi a proedse fdr pd&®icing refrigeration

which comprises condensing a composition of the present invention and thereafter
evaporating the composition in the vicinity of a body to be cooled. The invention
also provides a refrigeration apparatus containing, as refrigerant, a composition of the
present invention.

Component (a) is present in an amount of at least 75% by weight based on the
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R125. Conponent (b) is present in the conposition in
an anount fromb5 to 24% by 10 wei ght based on the

woweioghs3sef the conposition. Typically, the conpCreBR003H04421

present in an anmount from7.5%to 20% generally 10%

to 15% by weight, especially about 11.5% by wei ght.

Conmponent (b) is preferably -8 m xture containing at

| east an half, especially at |least three quarters (by

weipdy obthe B&&ﬁasmdn JIanraibtibetth@f:dmt@ﬁt@ﬁiohaﬂﬁ)gener%Be at least
eferabl conmponent (b) is Rl34a (al one

thtl t Witlog DredwSE Mate O(f 310 88 ﬁ?)%@hWelgbt) epscially 83 to

FEE T I i RETHOREE
Ra2S (p&hﬁﬁlu@feﬂﬁahb)’dr%ﬁhﬁi&irb Yot finigHoltt ddaSChn Hatk @sﬁﬁ&ﬁﬂ’i‘ at least

optienally contalnlngsone of nore oxygen at ons,

e quarersr(bp masyef 84 A5 aMes praferably aommnenh@) psdmts (atoun)

f. P
R0 G s 8 Ao Db s B RSO v 23
éom@tcae Bedt casaEcapddiYand @Ffidienc @4E b 6biained ¥&ihi dbout 85%

Acyclic hydr ocar bons whi ch can be used incl ude
%%ane n- butane i sobut ane, pentane, isopentane and

Oyl i oGP T pRERH R OSho fiodBar APl BBA g6 by

WigdtiBase€ Y& |tKé Wéi SR Ehe dORIPO¥HI0RY Cﬂy?ma]ﬂ’f FRAHnFIAENt is present
oxetan. Preferred hgdrocarbons i ncl ude n- butane and

InFEATGHRE ﬁom 1.5%8 2D %o gtnsralyel e tntp %espewsight, gspecially about

rred butane par arly suited.to
B S506! Fgent CRbb PR chEisRE e Pty ot Binate s dusstan batt
EspacihllpaAbasd thrébGuatters fw gaks) of RE 304 ASENQQeteifldbockiRRSY.
one further conponent the conposition is not

Iost mg@dablyrmm,pcmenﬁberWymlom)l y, the conposition

Four ¢ KEBFSBREHE of et a5 CairPapert (RS AR Ay seneraly a

1ENSR |4etahxé‘farabt9e51 mmpﬁtpp&?e&aly nelyde ot her
f1 uorocarbons and, in particul’ar, hydrofl uorocarbons,

such Cempertays ) hﬂawangafad boethylegicplhy nusatitrated hydrpeeebarg

A L
Fb&liBe bbiat bl 500 & +35 NG dmb@skiRrist teféR@Hyddocarbons

preferably R23, trifl uoronethane and, nost preferably,
Waeh cai b¢ ussd possehstheee 1 five g@hem alomst Adeyreati brawyclic or cyclic.

KRR e SR b Y s e G Dt
1%?1&@1@' 1@6}5@{1’[&{1‘1@%@ &ﬁ&@l%}l RAd 8&@Bﬂeﬂt\ﬁleﬂt& as @e@ as EL%F%)& t(%b?chc

sum of t'he wei ghts of conponents (a),

Ityide@@riws othichhgad be fubedoindude bjmhs bgteme rCad:lb y)rdpase anethyl cyclo

tral .effect t th .
PG e oHan Rty rerogrs RERES Bt Eednd sSBuera i
iBo- butaaa Beiflf ebpBily %)fé‘?&red tsesttﬁﬁ@ﬁtp‘an@tuauzaﬁﬁedm gmducmg a
preferably at | east 80% and nore preferably at

nner@tmmdﬁletrmgmmmal wapsi e frmtldmymIodmtb@dwkl n the

conpasi tion. reciated 10t

o o erigsengs b Aapstsiie A SPBRET &Y s SPoriirhis et
éxddaded eeRROSBu S, ftﬁﬁéallyaﬂh@ cbﬁp@é{ﬁbr‘}jwﬂl comprise the three essential
hydr ohal ogenocaf bons with one or nor e hal ogen heavi er

qohmonénts,ay fonsh 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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The total anmount of such hal ocarbons shoul d
advant ageousl y not exceed 2% especially 1% and nore

wee@hesakly 0. 5% by weight. It has been foundreTi@B2GoB@04421

conpositions of the present invention are highly 15
conpatible with the mneral oil lubricants which have
been conventionally used witlh. CFC refrigerants.
Accordingly the conpositions of the present invention
S0 4975 dspe . | |
such as o|IBPﬁggﬁgkg“?%%E?éFh%%?@ﬁﬁ?%ﬁ%ﬁ%&hg?%#igggﬁ
k@) blp RA3 phoilfly oroppeticmy laed engpt prdérablyr R92, tdiflddrom@e thaed, e
oil as. disclosed in EP-A-399817 but aJ.so with mneral
eyl BaR P EPAHERT ST, otk Othep Bnareripuiag ot exceed 10%
Aaph [ [ 7 ' j ] i L . Qisk .
R el s B2 2 il mle Sp AP kB oy o Wi
based be thesuhudiithe aeightsarfdofipundritn),&d) aid (c). The prsede of
@%ﬁié@ges can be used includ%%%‘"extrene pressure" and
pikeeapearbongisensyally has,a nedtrrloriTeshen thedleriead nsepastios afyhe
foBRLAMEH S DGRBS rhdt bilahe) Seneliafif AShutahe of A Biane,
I hprovers, pour poi nt depressants, ergents,

@pteserftoairteasy 76idepieferaiiyl ai2basy B8 asid tnyora grdfstbly it 90%, by
dditives are included in Table D

Exappl es of suitabl e i |
TekkotAhe iprejsepigt of hudtperheniin ¢hemsemmesidions {frwillehe appreciated

ﬂggt!t ig R ek fbld1B a?!')@z)%fﬁald.cg%%ﬂg 598 1o If}lginlﬁé?%ge&%enhouse effect

rmnation o our pressure/tenpera
angll tabvaid dlyihblogeddeerbbhewils ohe ob@ ol halE}e4/hea3&QRan fluorine.
_FCT/ C£2003/ 004421 -5- tested. The sanples used for
hestotal gmare of sl haleparhong ghudd advantageensivngt sxcesd @%,
Enpyt j far determning the
(52%%%% pf@géS%g§P%%%g$g?g?%%®sg?éﬁionship consi sted of

a 1 |Jthasbdeafoundehattths compusitivnd of higpreest itvdnfioa are highly
atically controlled water bath. The bath

t her npst a, ! . ! ) .
qograﬂgglétwléﬂmgn%b@h%m%m Which have begnicppeanignally used with
' Si r . | n.l h TTI
A U S S05R AELIRFRS el AUk ERL By Thbe s
1t 0K, witthéullyrsgathetielubfic@tsIuchas polgaleswdrs (PGE),
cal i brated pressure transducer with an experinental

pedvalipdeseebicols (BAGa aad aeldoxepsepydene slyikvitRuorinated oil as

s : . | . f ef riqerant
[ R e
ih¢lading @apleberdy 6i9) paatiin Miemdistlidaaél olleathatktures of such oils and

tenperature, the pressure and tenperatures were

hlricsntsapitle (il pypibatigduptieands ansiflyorizaisdotint . The dat a

obt ai ' . - NOI nce doe

o0t a5 G P R 00 LD
agtitides, @aidatien aid tiefgd stpillg imgrotére, corfokiBRGMiBitdis, 0adcasity
.The relationship_ of the glide to the bubble point is
IS AMPyOVELS, REW RNt depreaselisn detergantp eanticormingrcerts pyd a

VidBERS a AL BRampIBs bHGitGHE Gd@livEARE Sctied in Table D in US-A-
4755316.

The following Examples further illustrate the preseﬁt invention.

Examples
Determination of vapour pressure/temperature relationship for the blends to be
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bi nom al equation had to be used. These equations can
now be used to give an .approximte glide for the

wexpensasent al | y determ ned bubbl e points. Thi SPEEGB2003/004421

effectively a normalisation of the calculated glide to
the experinentally determ ned data. The pressure of
the dew poi nt can now be apptoxi nated by applying the
25 rel ationship for tenperature/pressure, which was
fegtléﬂd for the bubble point. The gI i de equati ons
talned are also shown in Table 2. These equati ons
can now be used to obtain vapour pressure/terrperature
,ﬁabl es %m nati on of .the Eerformance of the
@m&s&ﬁ? P esting afeqistailerie Tallede 30 (LT)
calorinmeter. WD 2004/033582 PCT/ GB2003/ 004421 -6
Equi prent and general operating conditions The
Peuiparentnae egperidentakl ri gerants was determ ned on the
| ow tenperature (LT) calorineter. The LT cal orineter
is fitted wwth a Bitzer sem -hernetic 5 condensi ng

gﬂlt t fl%r%iﬂ?ﬁéﬁg u%gl?g} de%Qtrrﬁﬁmg él}lehxgaﬁggrt Ifresssslf) Zﬁggﬁ;

, nelmtmnsthli}Ecdmﬁfbﬁnﬁarl litlBarflfeactoainifeidb @ ssibiplBtelydih af he

exit of the conpressor is kept constant by nmeans of a
sraastrtigrlhrengmiled water bathy ¢ ée bath derpperatitpeiasmeastisd using a

t
SUBKELRARARE 0ol et PR ah e 2581 Al 05
rasotutivth dfhige BdgRSMetdNis 0f01aCWathk gte@ﬁh‘é firesk) 34s tdall MBthSS

bath. The bath is filled with 50: 50 ycol : wat er
cghibratedgiessing trrasducprwih pp PXredimental acqzonyacmf R\Wlherataed gead on

Cﬁﬂfck%ﬁ d%ﬁtj?&’m&ltpl D controller. A _stl rrer wth a

ge paddlre ensures that the heat is evenly

d| st rAgpibdthately) 6 . 2L@VERY R diean? RS ShirBed Bt B PhlrbRhr.
an autommtic expansion valve. The refrigerant

%g@%#orrvasl}hmcqoaﬁdtqv@n@giﬁp Néendt hadﬂembgﬂ teinm@meothe

N Rt

i np uwmrdataadﬂtalﬁ@p@fed Qe @ué ﬂﬁ&tewqﬂﬁﬁmnu sbne doas Métag@ve the

The tests were run at a condensi nge o nperature of  40C
pbta

gide An a@p@gsan%t@ @Valu@,wa@f hleeaghd@fca@ BE)l by 28inEdhe R22
Ml rﬁ al n ur e g]tleoél(g fléen%gﬁz? ﬁfeobr %&P\?&Fé%‘f“?%‘f ‘

richidy Biap @ﬁcﬁ&dﬂ"& rﬁﬁl%%iﬂcﬁey zi:HxﬁeaE B§uaBibRen the 8hdel FRUBNE Sa
the tenpefrature at the end of the evaporator was

birgmpiabsgyatioraladgo bt These earpionstanmevebpiised tegive tm

of. at ressure 5 The
LSV EA LR PIERal PRt el TR
effeétizelies AdtutliM@on df@lh&ckdlcﬂﬂaﬂ@d Bdel 8 hd & peAiBchaNP @ét@xtn'ﬁhgd
equi val ent to the evaporator pressure fromthe bubble

dgigi rithe praspuse af thealewi printicen nhwibelaproxithased by eeplying theat
rélgtrWn%fll%tfl(“)'r teemperature/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 temperature

(LL'T) calorimeter.
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Initially, the pressure was roughly set and then the
tenperature of the bath was set. The pressure woul d

WO b@n/0k3s8r eadj usted to ensure that there was SECBGB2003/004421

super heat present. The superheat was neasured fromthe

third evaporator outlet. No adjustnents were nmade

during the run, except for pgssibly mnor changes to

t he WO 2004/ 033582 PCT/ GB2003/ 004421 -7 valve at the
utpé o to keep the

ggnoﬁtingtﬁgaaggﬁgig{ilg?%%?mﬁsfgng%gglg ble. The test was then

continued for at |east one hour during which tine 6

readi hgs were taken i.e. every 10 mnutes. If these

r eadi ﬂ%&p W@r@ag?%ﬂ;ﬂg? reg%%?ﬁafttﬁ‘éfﬁf’r deterpnipeyen thadow temperature
GHlo® ] f ' -al Lls. for each

érlzﬂf) ri 5 e%?ﬁetr ?ﬁg@?g%aéérggcﬁégﬁg ﬁhg%?&iﬁsa %lg\?gﬁerﬁnﬁhetni’?g“%r der

¢andesinghurtiheontaiainy IShek SDsoileT e hot /igdue Bastbl out bP 1HR22:

R22 (3.477kg). was_charged into the |liquid receiver.
gnmréssinh i%go&égaq b serprairiand inta thegpndenser. | Thecdisabeigemressure

13Kk BeEIFtHS ' : ' réﬂﬂgj Leat i.on _base dat
for R22 msﬁ%é%ﬂﬁ%b:&ggf’keg\{g%oglﬁt I'n I%/I?%ioé‘ﬁtp 4 %agl?@isﬁf‘gc’ff
vedvee Distrefrigerinbtieneenelt Aleng eredppidlihd1e thesRPbAL €S of
-33C t,0 -21C. 15 75% R125; Approximately 3.54kg were

char getf TAPYAtoRE fongliicied erilyaym Cupehing geiled apaindtthe edges
IR RelPRLALRE @2?&&%&??@%13%%%1% 56‘?9 glygplwater,

tenperatures o respecti ve

solsivorend heay it smppiiedtoit by G)‘c1k\ﬁ&@at&ﬁ&oﬁ%@lms}oﬁmﬂé’dn‘ﬁ%ﬂer.

s full pened. 85% R125: Appr oxi mat.el . 55kg were
KRt nles wreidls chsves ek dr st is orniodistibted. oEnt

D B e R ) g T ARy apor at i ng
t enpélitetrefirigeniht vAHG fdngnewnaa sompreyRdt HRoMAS, sdctbh ¥ne heat

opened. 85% R125 (R600a): Approximately 3:56kg were
eéﬁl%f%%rd into the liquid receiver. Five data points

wer e | -1 an _evaporatin

terpey ot o e Bt AR Tk T 2R g mpressor power and
hapinpkianedltegorded SkigmaticAlyaRapdDsyiaBt 0 the |iquid
receiyer. Five data paints were obtained between nean
evapdrat§sHyVes R ita tpndensyig tempeatuge of 415€C. and @aERIPBator

s&p&ﬁ&%miégscgkg were charged into the liquid

receive O data points were obtained between
t he FeaR2R iapemAtiange MENPEEBEMAE Sy RbratdfastRaint G at YO

a gV%A% e0 ?esr,r?p%%amace{{;g%%l%gf t/o(%]fcl)edr é‘rvzal%orating 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 refrigerénts 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.

Initially, 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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-8 R404A: Approximately 3.51 kg were charged into the
liquid receiver. Five data points were obtained

wheiesdsst he nmean evaporating tenperatures of PEBB862106/004421

-25C. 5 Results The results obtained are sunmarised in

Tabl es 3-8. Mean By. Tenp = Mean evaporation

tenperature; Air On Condensek.= tenperature of the air

in the roomthat 1is blown over the air cool ed

GRS NAE Exit FEMAS UbRPrdsst! inRd { | it dHls QU 0\ OV &1
i rdssbr! inRrddtto k&gtﬂ%%%tﬁgé%g ﬁga%tanY &

10 the condenser; Press = pressur

- possibles sThertegsrwastbereooméiniiedefior al ledse snd haur Guapg whichhiaMs6 a

conpari son of capacities at mean- evaporatin )
{eailioas wPiakenrss. Syery 48 aninglgs i isde resdRgDaare Pl then their
sl ARulgiperature is considered to be fairly
typical of where a |l ow tenperature refrigerant woul d
be expected to operate. It can be seen that 85% R125
gn%é&S% R125 QR600a have a slightly better relative
ResARG expermmantpldetals fop eadyrefyigerapt her refrigerants
tested are poorer. R22 and 75% R125 are the next
best. At this tenperature R4AO7C is the poorest, but it
i npr oViesreRfparait disi 18 @ivwends tHelveddre@whshape mRhdui@ments were
te rature increases. Cenerally, there is an
?%n? ¥nent in cooling capacity as the RL125 content
i ncreases. Graph 2 shows the COP results obtained. It
shows that 85% R125 and 85% R125 (R600a) give the

best R2Z:iRI2%(0y77at) waDéhaasd ietd ¢hd i@ Ackivee Sin@ehanys the
etter than R404A. 25 G aphs 3 and 4 show the
biaas that Hed- Ceporimetenhyd baen aised Bngei aympjanmodifcatiorvase data

b2 Sps EIGEe) RATH BB el okt MinRiet o Bl Y5,
onphatng Eheepieteof €38°Casrpla.i ons are therefore 85%

R125 and 85% R125 (.RGOOaE. Assumi ng that n-butane and
i sobutSXaR Ry eApmrexigwiady awereshhtgae into the liqrid eceiger.

% | : R4Q4 d 23%. h hat .,
e B ol b nebl e el S epng Kt 98 s 1oc
td L25%vresb&RtiFély. and Mn2Resd BRI R Bat B2 0RB A4S hnsion

-9 3.5%Vv w butane or isobutane. These have a vapour
heskasrfplly epgnedat ure rel ati onship very close to that

fRAQMAL 5 | -30C the RA04A Liquid h
vapour s RIES, R RRistB st Vel sferad S it recder”

Houe gk peThtS ABRUbtAihd e rhaieh@meMPARAYRbraBhe Bttt BRO¥L-31°C
the liquid of 0.218WPa (31.6psi) for butane "and

ad 223 RaAba F@Z{lgmoaﬁ)thlgdébmpgmdn@G?c the azphr;& oh U was
ﬂlhngggﬁedvm 2004/ 033582 PCT/ GB2003/ 004421 -10-

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 3.59kg 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 liquid receiver. Five
data points were obtained between the mean evaporating temperatures of -32°C to

-21°C.
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Table 1 Details of test refrigerants Description Com
osition 5 70% R125 R125/134a/600 (70.0/26.5/3.5)

wQ 20064813382 R125/ 134a/ 600 (75.0/21.5/3.5) 85% RICHGB2003/004421

R125/ 134a/ 600 (85.0/11.5/3.5) 85% R125 (R600a)

R125/ 134a/ 600a (85.0/11.5/3.5) 10 R407C R32/125/134a
(23.0/24.0/52.0) R4A04A R1258.143a/ 134a (44.1/51.9/4.0)
15 WD 2004/ 033582 PCT/ GB2003/ 004421 -11 Table 2

Resul R3049A; réiRSely e Igl weayP nmeasurenents and the
glide from FPROP6 "5 Description SVP equation (see .
gbarged intathiedigustygativeon Fieettaptiats Aere F@¥nR B&ween the mean
Y= 2387. 3678&& 1%%. %49 ¥o: -0.02391x + 3.22225 R2

=V aROIGY s RS RES 8 993?5 19348 G1536x +, 12.93301 y =
-0.02122x + 2.84478 R2 = 1.00000 R2 = 0.99704 85%
R125.y = -2318.35322x + 12.98687 y = -0.01305x +
Red913 R2 = 0.99998 R2 = 0.99456 10 85% R125 (R600a)
y=-2307. 282362x+12. 964359 y = -0.0157x + 1.7337 RZ =

0. 999973 R2= 0.998 R407C (3) y=-2422.08237x+13.27060 y

= -0. ; . = 75
RA04A Y S Sy e P SEURCS.S. ey T Mean
aparationtenRRratuld; A0IWICRItensd) =0OmPdrhtR? 3f the @i i tHe@odth that

. appli cabl.e 5 tes: (1) Ip this equation x=1/T
ARleBE e BiEcosltaoatben membirsdivgt priorge e hlowing over
b 86:R1cRserSPiefie= Rkt ed vapour pressure in Asia (2)

In this equation x=t, where t is liquid tenperature
(bubbl e point) in degree C and y=glide in deg C at

he bubbl e, poi nt, tenperature. 20 (3) The.data used was
MGHER ?ﬂ%g’sc‘bﬁ’co"v%’st §XBeEeRahiesiitt h t hat from the

Ashrae handbook and fromI1Cl. (4) The vapour pressures
for R22 were obtained fromthe Ashrae handbook by
Graph 1 shows a comparison of capacities at a mean evaporating temperature

of -30°C, compared to R404A. This evaporating temperature is considered to be
fairly typical of where a low temperature refrigerant would be expected to operate. It
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%

'R125 are the next best. At this temperature R407C is the poorest, but it improves

relatively 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% RléS (R600a) to
RA404A, which are all 5-10% up on R22. |

The preferred formulations are therefore 85% R125 and 85% R125 (R600a).
Assuming that n-butane and isobutane have the same GWP as methane (21). This is
22% less than that of R404a and 23% less than that of R507.

The preferfed compositions are 85%w/w R125, 11.5%w/w R134a and



I ntepol ati on. 25 WO 2004/ 033582 PCT/ GB20CB3/ 004421 -12

> ONCN’/L CNY11 NVOW3 3a. ' 4CAO.POcoNO
WO Q0008382 CA CA (n (n (ncn th (n p - CA 1 CCI/GBDIED4421
d/V C7l1 wNC7) d . U aNN O C i NgYrnc

oo 0 wNwPl. (DPCONHZvV my O N2zZ Cr7 Clt W
{i i W{i wy DScn C/il1i go VO coONN'omQC) Y
O0O0OO0OO0O0O0OO0OO0O0M OCA- .P (771 WOONvomO
0 71 w N
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as a vapour pressure ofna 209MPa (30.3psia) and the preferred composmons have a
vapour pressure above the liquid of 0.218MPa (31.6psi) for butane and 0.223MPa

(32.3psia) for isobutane i.e. only 4-6 % higher.
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Description | Composition
5 ,

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)
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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Padle D KQulls of the experimental SVP measurements and the glide from
REFPROPé6
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
R2=0.99998 R?=0.99456
85% R125 (R600a) | y=-2307.282362x+12.964359 |y =-0.0157x + 1.7337
R%=0.999973 R?=0.998

R407C (3) y=-2422.08237x+13.27Q60 y=-0.000118x2 - 0.027343x +
6.128020
R*=0.998575
R404A y =-2367.62611x + 13.14935 | y =-0.005014x + 0.547125
| R?=0.99994 R2=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),
V where p is the saturated 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 obtained from the Ashrae handbook by

intepolation.
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Table 3 R22 CONDENSING AT 40°C IN LT-CALORIMETER

Discharge . Evaporator Capacity
M Ev. || Dischar Air 0 Condensi Evap Ti Evap Ti [of Evap.
o | oo™ | o | st | S5 | st | SR e [t 200 | il

-33.0 159.5 24.2 1.5632 40.0 0.144 -33.0 { -33.0 1.339 1.224 | 0.91 8.5
-30.2 153.1 18.9 1.545 40.3 0.163 -30.2 -30.2 1.412 1.367 0.97 8.5

~27.8 152.4 20.6 1.538 40.1 0.180 -27.8 27.8 | 1.486 1.653 1.1 8.5
-27.5 156.6 24.4 1.516 395 0.182 2785 | -27.5 1.482 1.704 { 115 7.7
-25.4 155.6 24.3 1.547 40.4 0.199 -25.4 | -25.4 1.606 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 0.223 -22.5 -22.5 1.686 2.323 1.38 7.9
-20.7 150.5 24.7 1.555 40.6 0.238 .N,o.w -20.7 1.729 | 2.526 1.46

8.1

Netez All temperatures are n ‘e
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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)

Discharge

e | o™ | coviomer | ot | s | st | e el Somrer | g | cor. | (S
-32.4 117.7 23.4 1.697 40.5 0.160 -34.4 | -304 1.302 1.148 0.88 8.3
.N.m.m 115.6 24.8 , 1.690 40.3 0.180 -31.6 ..N.N.m 1.384 1.389 1.00 7.9
-26.1 108.8 | 21.2 1.686 40.2 0.207 -28.1 -24.2 1.499 1.768 | 1.18 8.0
-23.5 108.1 234 1.691 40.3 0.230 254 | -21.6 1.589 2.046 1.29 8.2
-21.5 107.3 24.4 1.691 40.3 0.248 -23.4 | -19.6 1.657 2.260 | 1.36 8.0

Note: All temperatures are fi 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)

. : Discharge . Evaporator Capacity
M Ev. || Disch Airo Condensi E T E T C Evap.
o | "o | condomsr | bsotute | ST | absolte i | LR FIImeY ST | et | cor. | oot
-30.7 115.2 25.0 1.736 40.0 0.1 m,w -324 | -28.9 1.421 1.403 0.99 8.1
-27.8 112.4 25.7 1.746- 40.3 0.210 -29.5 -26.0 1.476 1.644 1.11 7.7
25.0 | 1109 | 28.1 1.733 39.9 0.234 | 267 | 233 | 1.610 | 1.981 | 1.23 7.6
-23.3 108.0 26.7 1.731 39.9 0.250 -25.0 -21.6 1.653 2.190 1.33 7.6

Note: All temperatures are in ‘c
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5 Table 6 85% R125 (85.05% R125/11.45% R134a/ 3.50% R600)
“es=2C CONDENSING AT 400C IN LT-CALORIMETER (ITS 7677)
NN ] , o
NS . .
0 yW e M Ev. I Disch Air O Emo_._m_.cm Condensi Evaporator Evan T Evap T c Capacity Evan.
m OO0 MM”:u< .m_.MqMMmm oozﬁms.Mmq _qucmmch___.“_n_mmv oﬂmﬂm.:m qummom_Mﬁ_ﬁ%ﬁ Mﬂuwmmr:mv <m%m<m=€ vﬂﬂﬂﬂmmﬂﬂq Emmﬂ__.__wucn C.0P. w:_on_wmm»
< O :
o . Z
O« N
Z< o
)
< tm> .
e e -31.4 109.3 20.3 1.839 40.1 0.197 ..wN.m -30.3 1.462 1.501 1.03 8.1
o w ke
o> w w \/..Nm.aﬂ 109.8 22.6 1.844 40.2 0.219 -29.8 | -27.6 1.567 1.724 1.10 8.4
WmWWO
w . ~_ o PVVJ..NQ.Q 107.2 231 1.823 39.7 0.238 27.7 -25.5 1.626 1.970 1.21 7.8
a »moll
. e— o (&) .r\
wi ~3F 25.2 | 103.9 20.4 1.845 40.2 0.251 26.3 | -24.1 1.688 | 2190 | 1.30 8.2
— W m <
N .— =
= Olo
Sa< o
= s = o s
Z o O o
oo > O @ee: Al temperatures are i ‘c
0O0".Z2o
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Table 7 R407C (23.02% R32 / 25.04% R1 25/ 51.94% R1 34a)

CONDENSING AT 40°C IN LT-CALORIMETER (ITS 7361)

Discharge

Evaporator

Capacity

_sww_w w<. cwmﬁ.“% noﬂﬁ M:Mmq uwmwohmw ) noﬁﬂwsa m__uﬂm_M . __“_ M_% mmww wm_.qm_u m<m%mﬂav wwﬁwﬂmmwﬂq Emm_ ﬁus C.0.P. m:.w“wnma
-wN.h. 135.3 19.8 1.735 39.7 -0.147 r ..wmi.w -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
-25.7 132.4 201 1.746 39.9 0.196 -29.1 -22.3 1.499 1.736 1.16 7.8
-23.0 130.8 1 208 1.733 39.6 0.218 -26.4 -19.6 1.650 2.190 1.33 7.6
-19.6 129.0 22.5 1.761 40.3 0.250 -22.9 1.774 2.649 1.49 m.c.

-16.2

, 0
Note: All temperatures are in'C
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Table 8 R404A (44% R125 | 52% R143a / 4% R134a)

CONDENSING AT 40°C IN LT-CALORIMETER (ITS 7726)

" . Discharge . Evaporator . : Capacity

M Ev. || Disch Air On Cond n E T E T C S Evap.
MM:3n< _Mmaﬂumm nos_mmsmm_. _uwm”mmﬂ_u_ﬁmv o._.mﬂ.dw_ ¢ m_wqmmom_mﬁaﬁ_mwn Mﬂﬂmﬂﬂu <m%ms.w3ﬁ vﬂﬂﬂﬂmwiﬂ_. Em_w“.\”wucn C.0.P. m:vﬂw”mmﬂ
-33.0 1234 23.7 1.831 39.7 0.182 -33.4 -32.7 1.405 1.291 0.92 8.0
.w.,‘_ 2 120.5 23.1 ‘_.m.mm 39.7 0.196 -31.5 -30.8 1.472 1.473 1.00 7.6
-29.6 118.1 22.8 1.824 39.6 0.210 -29.9 -29.2 | 1.522 1.624 1.07 7.7
-26.9 118.2 251 1.850 401 0.233 -27.3 -26.6 1.641 1.910 1.16 8.1
-24.7 | 112.6 21.4 1.865 40.5 0.254 -25.0 -24.3 1.740 2.272 1.31 8.1

Note: All temperatures are i ‘c
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~ m.w _ W ........... i
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9°gs7 nmgwgm:!:m mhﬁ fu C in LT-Calorimeter
m W.u > S .n_ W;mw:wwm_\ Discharge Air On Discharge Condensing Evaporator Evap Evap Temp | Compressor | Capacity : Evap
oz=3 mu t Z .-.mN_g Temp Condenser M“MM Temp HS_MWuMum_%nu mﬁmﬂmm DEW Power kwh (kW) - €.o.p. Superheat
~Z ~_ Ou = = S 4 .
n N//.\U.| it O ~r W
e ‘
g8'zz oY =285 | 115.4 | 245 | 256.0 | 40.2 2.0 | -45.8 | -43.3 | 1.022 |0.313|0.31] 8.5
azz Ao :
— QN 1O~ - ! o s/
"IZELH 3F% | 116.6 | 24.6 | 254.7 | 40.0 58 | -41.1 | -38.7 | 1.137 |0.623|0.55| 7.9
W 22 V,.N | Z - ' ' 4 .
9B-%. Li36z | 1142 | 218 | 2582 | 39.9 9.3 |-37.3 | -35.0 | 1.319 |1.025]0.78| 8.3
@% ‘o = VN .
B'>=3,-3r8 | 107.4 | 19.1 | 251.6 | 39.5 14.1 | -32.9 | -30.7 | 1.462 |1.482|1.01| 8.5
4W~QN. .wNA._._W. . -
ot 14,284 | 1065 | 20.8 | 254.0 | 39.9 18.8 | -29.17 -26.9 | 1.605 |1.827 {1.14| 8.3
o\  Z .
OWZ + . N2 -
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pent af | uor et hane, trifl uoronethoxydifl uoronet hane or
hexaf | uoro- cycl opropane, or a mxture of two or nore
thereof, in an anount of atqdeast 75% based on the
wei ght of the comnposition, }b) 1,1,1,2- or
1,1,2,2-tetrafl uoroetliane,

trifluoromethoxypentaflu ne,

1,1,1, 2,3, 3- hept af | uor opr%fo]%gfrrl\gsor a mxture of two or
nore thereof, in an amount of 10 fromb5 to 24% by
Inei ght TeHASSEAN SAMPRBLRIVEIR COFPHRS conposi tion and (c)
an Sl eBLaAHMIRA WRlR T AhoSAMALAINE" ° D oro-
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20 £2) I | pr opane,
X YR BRESOT 1k g AR, i) /e Lt anky, Weight based @aﬁﬁq weight of the
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RS PRRNRBEL et AP B0 AN T
conpasi ti ancoagmeitibnragedrding t@tlaing 1iin whivhcdongoaaient present
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5. A composition according to claim 4 in which component (c) is n-butane
and/or isobutane.

6. A composition according to any one of the preceding claims (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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18. - A composition according to any one of claims 13 to 17 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 (), (b) and (c).

20.  Acomposition 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.  The process for producing refrigeration which comprises condensing a
cofnposition as claimed in any one of claims 1 to 20 and thereafter evaporating the
composition in the vicinity of a body to be cooled. .

23. A refrigeration apparatus containing, as refrigerant, a composition as

claimed in any one of claims 1 to 20.



