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WD 2004/ 050787 PCT/ GB2003/ 005227 -1 CHILLER
REFRI GERANTS 5 This invention relates to refrigerant

w@eooposiTeT ons, particularly conpositions whi chctag2Bnos227
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~over the next .ﬂ-‘" LR REFRISGTRANTS

used for chillers. In particular, these are devices
for producing chilled water or aqueous sol utions at
tenperatures typically from1l to 10C Chillers
require |arge anounts of coolj |nNg. Recent ly R22

(CHC F2) has 10 been used for this purpose. However,
there is the need for an alternative refrigerant,

since R22 is an ozone depl eter that will be phased out
" *h the
Montreal . protocol. Therefore, there is a requirenent

for a refrigerant that has simlar properties to R22,

but | STAAtnAhRAGERrA P ek BErantboRPEHIEMY, BirtcAReR N 1S
that the <5 tenperat ure/vapour pressure tel ationship

f mmptnmmoms wlath lcgebansedéhou}luﬁextse Is phfticolagnthiese & devias for

IﬁﬁZ t hat t can be used R22 equi pnment wit u}
Rﬁé‘ér RIHAEIUEDH S tl%niﬁ BRRPSRHES) tapigally from 1 to

ﬁy Iy programTed in the factory making the chiller.

This”is of particular concern for systems. that have

sensi t Chdlegorinie lﬁrﬁé/i:ﬁ@ﬁnts o2 Boolttige IR dcet %r B2 BOHTIFeh

i nl et pressure to the expansion val ve an the out | et

phessgyedlorthspurpasat Fbiweysitbets iarhe rad éer aralfepative

t T. f t t,e d
R e he B Pzt fePet cpant 3@'&\%”68?% &5 flznext
t@ecagczm a&é&?daﬁXé%v‘?ﬂPﬂt%Noﬁ’c?éaj pebatie correctly. By

simlar we mean that the vapor pressure of the
subst i Thérefslahiéd inatequiending fera ﬂaf/rigmm thivdms i284and

. preferably_not mpre than 3&&% |ven mean
ter,
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cREORETUIFE 10§22 3 et BT ATORWE & heridagonperm ig that the
all.el?ag) h{!&%/%%%r H»‘ Ay, R @Maagrgﬁﬁgg{r@ggfg ?th Bas. &:o%!ld‘laé ar

I Cl ency ar capaci
vextigadlpsiedpag RY2 tHhat dag BRussdIER INaquipRied Fihbur havmcr to

- change the control systems which are usually programmed in the factory ma.kiﬁg

| t_he chiller.

This is of particular concern for systems that have sensitive control devices,
which rely on both the inlet pressure to the expansion valve and the outlet
pressure. 1hese control systems are based on R22 propemes Therefore, ifan R22
substitute does not have a temperature/ vapour pressure. behaviour similar to R22,
the system will not operate correctly. -

By similar we mean that the vapour pressure of the substitute should not
differ by more than +12% en.d preferably not more than +6% at any giv_en-mea.n
evaporating tempeérature between .-40.°C to +10°C. |

It 15 also important that any such refrigerant has a similar capacity and

~ efficiency as R22.

By similar cépacity Ve mean a capacity that is no more than 20% lower
than R22 and preferably not more than 10% lower than R22 at mean evaporating

temperatures between -35°C to -28°C. By similar efficiency we mean not more
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30 than R22 and preferably not nore than 10% | ower
than R22 at nean evaporating tenperatures between -35

wowe0s02®& C. By simlar efficiency we nmean not pPOmGB28B/005227
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2004/ 050787 PCT/ GB2003/ 005227 than 10% | ower and
preferably not nore than 5% ower at nean evaporating
tenperatures between -35 to -28" C. 5 According to the
present invention there is pravided a refrigerant
conposi tion which conprises: (7a) pentafl uoroethane,

-trifluoronethoxydifl uoronmethane or hexafl uoro-

cycl opropane, or a mxture of two or nore thereof, in
ammaaridtinowet ahd pref&@blyonat0fore. thyn Gfi lgiver basedn evrpbheing
wei ght of ﬁ}he co oositigp 10 .(b) 1,1,1,2- or
1TCPBSTIUEES PPATICH o1 -0 ITAR -

trifl URE&@E&%%XH@E{-eééﬂt%ﬁ{r&ﬁ{o'&%%e]is n%ro’vi a?’&?&é‘%&@' u

or opropané orF a mXxture o WO of re ereof?1n an
amﬁasiﬁnﬁmmcaﬁpﬁges%% by wei ght based on the wei ght

of the conposition and (c) an ethylenically :
unsat uf@t edpestatburentlanedirilpgrosesthtrodifiugpehethang ¢ hexafluoro-

cont ai_ni ng one _Qor N oxygen .ato with a. bailin o
pcaic prepag qrf%;ghge Qﬁg’{‘f’ o%x%orea ?ﬁeaﬁm%u ‘FH%‘F% &?ﬁ-%?%g to 70%
%?(Wgﬁtﬁse@ﬁﬁtﬁ%rwﬁgﬁt%ﬁﬁéé’oﬁy&hﬂﬁ?r bons with one or

nore ot her hydrocarbons, sai'd m-xture having a bubble

poi nt ) om },12,2Cor 3,142.2-t@rafluoreethangnount from 1% to 4%

i e S bbb o

_ emto be us
refphacanernitidnamdR22. The percent ages quot ed above

refer, in partjcular, to the |iquid phase. The ;
corre sﬁﬁiﬁ ndi Fphurriealst ‘&?S&Fﬁ%e‘i/%fp%ﬂifa% ggtgrog@rgo%§pmnaﬂy

¢ Lat o , : .
V\‘c,?]xfogfﬁl Dg‘?{g g{bze : et e&%lﬁl@ Bfl mgé gf 3 6%:’ g?[; F%fe?]@ﬁ "bhéon the weight

PP b DR RO R, MR S Aokt o0 C, o

Ehesaupehgert agesipuef eficabloy mappsad hptrbedrborsheitlh baiddmore
and 25 vapor phases. The present invention also -. .
pthsritréepcarbpps seidgnipgire hygag aibnbble epif eratlof to whp ¢ in an
Aot ?r%% f;’% Eéjtg'ﬂ;?rf;%{;@gf Q&E@ §ﬁ Itﬂeoxpmg}gt el @Jxﬁﬁo%mon. It has
suprisingly been found that these particular formulations have the condition of
prdpe_rties which enable them to be used as a m drop in" replacement for R22.

The percentages quoted above refer, in particular, to the liquid phase. The
corresponding ranges for the vapour phase are as follows:

@ 750 87% (b) 10-28% and (c) 0.9 - 4.1%, all by weight based on the

* weight of the composition. These percentages preferably apply both in the liquid and

vapor phases.
The present invention alse provides a process for producing refrigeration

which comprises condensing a composition of the present invention and thereafier

 evaporating the composition in the vicinity of 2 body to be cooled. The invention

also provides a reﬁ'igération apparatus containing, as refrigerant, a composition of the
present invention.

Component (a) is present in an amount from 60 to'70% by weight based on
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evaporating the conposition in the vicinity of a body
to be cooled. The invention also provides a -

worebs/isger7at i on appar at us cont ai ni ng, as refri garEGB2008005227

conposition of the 30 present invention. Conponent
(a) is present in an anount from 60 to 70% by wei ght
based on WO 2004/ 050787 PCT/ GB2003/ 005227 -3 the

wei ght of the conposition. Prgferably, the .
concentration is 62 to 67% especially above 64% and

Uph el 0e; 66%e¢ - ' ' bl,y, conponent ' .
RS e oY b o, r I BL R s co b TRRNRR & 6 o, cspesially
| slaste Gale hrad ip toetEdE WyabdiyhatPriRasly, bhiSEnenfAkd R S5 (bY

n&ss of R125. Mbst preferably conponent (a) is R125

( GBEQPPT@W&@WUIG lgpntaming Bdeast an helf, kepaciiiyas idastohree

' f 6 1,0 36% ially 28 % b
S B LA NSt BB e s &l 2s (slohe).”
ConponeBinpbiint () iP pREGT 3R BriPoitivh &&Q%Qﬁﬁ}iﬂ:@n 3k ia36%

| east. an half, especially at | é&ast ree quarters

nespsgially 28133 iy, weightbased pmfHewesigittdf alredompdaiion.

R ALt 5§ RO R SR o Sttty at st
- dsder

Rk hRastr k154 hE . 1 :
especl al IK/SQ%LYS: 1 Iogk%%%g’l’%a%%%ﬂg%%%f%n %?.Sl\/fggtp%et]éra%%g
smmposesid bpis Rt3gl(@nne)al | y unsat ur at ed hydr ocar bon,

opti Onﬁllpl‘%/r .cont ai ni.ng one or nore oxy%gn__at ons, in

par t i ctlaFEI8RE2HR P eMmRRnSH (akicormponems ab) is sigsippbinat leasoins:1,
- . Lal; 0 -5 Cor a mxture
trﬁgﬁegggflﬂi%io%?‘é} %ﬁ%ﬁbﬁéﬂg%@;ﬁgo@%?mm ch can be used
possesSompomeeat (chifd seturatad bosthalenitally Theynraead AyB®carbon,
aciiglﬂélf}' or gyclic.. Acyclic. hydrocarbons which can be

IRy CFUPARIGH O PT MAET XYEEN ploBlsalieparticuilartonn @xygen atom, with

S GO el O AR

Prefered bydroyabaoarkionsard Relsed gossesdWtanS fA8 €4B6n atoms, They

-1 sobutane. Conponent (c) can also be a m xture of such

&2 DB ASYCHE 196 AY DS i oyRliohxdreearbansevtchhenn teyused crbislerome or

TG oA VBB o By i ST o i S roghons

cdtichenisagded fchide %etﬂ”g?l@blb%?oﬂaﬁ@.' PAZerR RG2S include n-

i sopent ane, propene, net hyl "et her, cycl obut ane,

butane and/or 150 utane. Component (c}lcan also be a mixture of such a hydrocarbon -
with one or more other hydrocarbons, said mixture having a bubble point ﬁ-om -12°C
to +10°C, especially -12 ch to -5°C.. Other hydrocarbons which can be used in such
mixtures include pentane and isopentaﬁe, propene, dimethyl ether, cyclol;utane, |
cyclopropane and oxeta, . ) ‘ '

Thé 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 foqrth component, at least, can also be present. Typical further‘ N
components include other fluorocarbons aﬁd, in particular, hydroﬂuorocarbons, such
as those having a boiling point at atmospheric pressure of at most -40°C, preferably -
at most -49°C, especially those where the F/H ratio in the molecule is at Jeast 1,

prefe;rably R23, trifluoromethane and, most preferably, R32, diﬂuoromcthane;, In
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cycl opropane and oxetan. The presence of at |east one
further conponent in the conposition is not 25

woezosiasdest. Thus al t hough, typically, the conpoBCT/GBROG3/005227

will conprise the three essential conponents, a
fourth conponent, at |east, can al so be present.

" Typical further conponents i ncl ude ot her

fluorocarbons and, in particular, hydrofl uor ocar bons,
such as those havi ng a. boiling p0| nt at at m)spherl c
of at nost -40.C

SRR il o aiorholire CpPaEITERS b Bdrgeed 10%
' §1daets pb&a% ndt: ex@@admgg )@faﬁ& Y eFRBianty bl éx*é%u%@%%%ewmght

and m)st preferably, R32, difludoronethane
2%&01 §)5) ﬂ?eBszP&ﬂ%@Bm tﬁﬂ)‘@ﬁﬂi)nenfé (g)e (tOmad (c)t Tiee prxdnoe of
conc trati n of th ot her %redl ents does not

OEG%I AcReR 15 aq %9@1}#@8 s oadhs desged arpertiss of the

'Sum Gia8bhy TROk Y GREH Bt eh iy  BASRLOORC Hie.

e el g conmponent’s

PfepRReie a0lbast TR, pfdfatalslo aaldaartody and makd prefrpsblRat least 90%, by
neutral effect on the desired properties of the 5

f right efithe ﬁptﬂ]Dé%lEhtélflh?d@ﬁéf 6ps wdhe cempasmu Ié%’é@p apprgciated

Rk R R A Ao PR Y T RlpiR oy P gyoe effct

98dto *aymmagckﬂal@fené&mm&@wh oﬁ%lc&lh&or@fhangﬁmaﬁi@pm ifforine.

the conposition. It will be appreciated that it is

p’ﬂea‘ Totad s unbolzpeh Halpearbenssbanld adyaniagenysly @oheiveed 3":—;6,

ﬁ?‘gﬁ‘%{eggﬁﬁa‘?ffsg’ﬁ%w&ﬂp% obg%%]l’gg]lt ‘e hal ogens heavi er

] t han f hHQIriRE to aﬂa&fé?fb% én%cﬁﬁm@ﬁ?tﬂ'étcoﬁf poSitieh comgnses, as

hal ocar bons Shoul'd advant ageousiy. not exceed 2%

‘ e@prqmnam ) 62T besedomp el weight of the Eﬁaalpmﬂmfg ht .

Accor ﬂg%gaa d%%géﬁgbfgo g’t‘i’g@}%tg’ g(r]g) | t| o t of the

V\%ﬁ&xﬂn dfmer, ?9'%’9@9%11}0&6&'&1&% an@ea&tc% géﬁéxﬁ% h%ﬁ!ﬁne ﬁﬁi/or
conponent (b)y '3 to 35% by wei ght baséd on t’he wei ght

asobthaneldy acsarmmmtnme@ﬁ hpdrotarbords, @ubped siref lemecmﬂhm Abutane.
as conpon tane and/or _.isobut

(), b
s WIMER RYTEPORSET { I?ngraal%er&r B APEBRHI G R or' ﬁvﬂaﬁw inthe .
i ]ﬁg@[ﬁ{g efermggt 9{{2 %eﬂyxg%%iﬁ és}ogaﬂ 5§ 7&'%903( weight, more

Concentr Ion utane 1n't
npriferdby bislemst 0B Bblvyight andessh nvdd/pivferdly ghleast 90% by weight,

e‘t?ageeé: (I)z:{il 1n]-_!engtgh’tl o?faﬂfg co;g);é)sg%n.ml"lh% Igt‘chef rrrsgzrnponent of the mixture is
preferably pentane.

It has been found that the compositions of the present invention are highly
compatible with the mineral oil ‘Iubrii:ants which have been conventionally used with
CFC refrigerants. Accordingly the composiﬁdns- of the present inﬁe_nﬁon can be used
not only with fully syathetic lubricants such as polyol esters (POE),
polyalkylenegiycols (PAG) and polfoxypmpylene glycols or with fluorinated oil as
disclosed in EP-A-399817 but also with mineral oil and alkyl benzene Iubricants
including ﬁaphthenic oils, paraffin oils and silicone oils and mixtures of such oils and

~ lubricants with fully synthetic lubricants and fluorinated oil.

The usual addltwes can be used including "extreme pressure” and anuwear
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"preferably at |east 80% by weight and even nore
preferably at |east 90% by wei ght, 20 based on the

wouneiighe780f t he conposition. The ot her conpone®CTEFB2¢RD05227

m xture is preferably pentane. It has been found that

t he conpositions of the present invention are highly
conpatible with the mneral oil lubricants which have
been conventionally used withs CFC refrigerants.

Accordi ngly the conpositions of the present invention
CaTi s USAlateh HAthQRaY stubilily ﬁﬁﬁrb*yeﬁ ¥PiB&b, Eahibitors, viscosity

| ubricants such as pol yol esters (PCE),

polyaigroremghare pbimt dm&mmemgm ymudmawmg eg@it;s/mi s

or. with fluorinated oil |.osed in EP-A-3
UL G HEIPS S om bRy A HobAel Mt B YS-A-
| ppdsyglsng naphthenic oils, paraffin oils and silicone
oil's and m xtures of such oils and |ubricants with
ful |y Shafdiletiicg Exdmplesfurthesifidstate ctiel ppaseprinoédtion30 The
usual additives can be used including "extrene
pressure” and antiwear WO 2004/ 050787

a&g" 903/005227 -5 additives, oxidation and thernal
staorrrty inprovers, corrosion inhibitors, viscosity

i ndex inprovers, pour point depressants, detergents,
anti-foam ng agents and viscosity adjusters. Exanples

‘ofhessappiest used fefitesting grepdegatled delavsd in Table D in US A

4755316. 5 The followi ng Exanples further illustrate
the present invention. Exanples The sanples used for
tBshid@. SpbRad:ai | ed mpmmwéb@ (B5baNs/4.8) 5% bl end:
R125/ 134a/ 600 (65.0/31.5/3.5 I sobut ane (3.5% bl end:
QB4 3/ 5660 4. 9/131_1_251133132@0% Kef9/P @t 4and
experinmental 15 The sanpl es, each approxi mately 600g,
used for the determ nation of the vapour pressures

VE{BpRIcaPah8 dxh&ibagl Ni um di sposabl e cans
Eenbehalter - product

The samples, each approximately 600g, used for the determination of the vapour

pressures were prepared in aluminium disposable cans (Drukenbehalter - product

' - 3469), which were then fully submerged in a thermos-taﬁcally controlied water bath.

‘For each de’germiﬁation the can was charged with about 600g. A maximum of two

. samples could be processed at any one time. The bath temperature was measured

using a calibrated platinum resistance thermometer (152777/1B) commected 1o a

calibrated Isotech TIII indicator. Pressure readings were taken usmg the two
calibrated Druck pressure tansducers, DR1 and DR2.

The iemperature of the bath was set to the lowesf temperature required and it was
then left until it had cooled. When the temperature and pressure had remained
constant for at least a quarter of an hour they were then recorded. Further _
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had-¢oo
- r egendbegithemonst ant for at | east a quarter of an hour

3469), which were then fully subnerged in a
thernostatically controlled water bath. For each

W(Dlﬂmefnsmmtl on the can was charged wi th about BODGB2083/005227

maxi mum of two 20 sanples coul d be processed at any

one tinme. The bath tenperature was neasured using a

cali brated platinumresistance thernoneter.

(152777/1B) connected to a calibrated Isotech TTII

i ndi cator. Pressure readings re taken using the two

cal i brated Druck sure transducers, DRl _apd DR2. 25

iR g TS BF RS SHTF S BOPCE et TP dadied st of

| STRSEALHEE E@ﬂﬂh Bitht 3G vhdre WRBSHy fohSMNeheh ubﬁ@éldfaml before
I ° en ghe tegperaturg 5 tq " our Beer ‘

and pressure h

they were then recorded. Further WO 2004/ 050787
PCT/ GB2003/ 005227 -6 tenperature and pressure

FAPGRSOAA BRI LSR5 e A e

aknla@peixifate eadltigtionadf fienglivelian be obtnediyast:g thg REFPROP 6

* 5 The data obtai ned does not ﬂgl ve the dew point and as

spr@gr@bé&mékah@w@ elitbe giidede the bpbblpprisieandiedepresented by a

Lyat 'agn o t gL !‘I : um? gﬁ:alimsv&éﬁg égedntg%\?%an aépncguﬁ:t%}t% glide for

\

time eﬁﬁ&hh@nmy astexﬁaﬂecK&Ubw@w nEigsl mtéﬁ'e@uvdlja hyibafaliktion of

equation. This e& uati on can now be used to give an

afbpcalcitatadegligicite efeé&penmmalbss(@@cmm éﬂmka@eie@mﬁuﬁéuessures

bubb oints ffectiv a, nor on_of
o B peltp et G R e EahsrE ey i he Rrperature

dﬁttﬁéghﬂgg gt Bquafife dew poi'nt pressures can then be

appr oxi mat gd by subtracting the tenperature glide from

t he terrperature in the bubble point equation. These

e ations are then u o obt ai our pre ULE - ental
S ST S WP DI TrS  Sbeime

b RS T e RHEFD

&g}ahs%g% [ nOT bhfi]ﬁe%klot es: %@%hf%]e uﬁﬁﬁlﬁgﬁequatiﬁgﬁsae

xsHown i, Tableet.e T is the bubble point in Kelvin: y=

In(p), where p is the saturated vapour pressure in

psia. To convert psia to MPa

Note_s:

1. In this equation x=1/T, where T is the bubble point in Kelvin: y=1n(p),

where p is the saturated vapour pressure in psia. To convert psia tolMPa

absolute pressure, multiply by 0;006895_ .

2. In this equation x = t, where t is liquid temperature (bubble point) in degree C
and y = glide in degree C at the bubble pdiﬁt temperature. '

The vapour pressures for R22 were obtained from the Ashrae handbook by

Ly

interpolation.
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absol ute pressure, multiply by 0.006895. 2. In this
equation x =t, wheret is liquid tenperature (bubble

oResMsp7shn degree C 25 and y = glide in degr e€T@BI003/005227

t he bubbl e point tenperature. 3. The vapour pressures
for R22 were obtained fromthe Ashrae handbook by

_interpolation. 30 WD 2004/ 050787 PCT/ GB2003/ 005227 -7

Det ermi nati on of the performgﬁ_ce of the refrigerants

on the low tenperature (LT) calorinmeter. 5 Equipnent
and general operating conditions The performance of

the refrigerants was determ ned on the | ow tenperature
gﬁéaermﬁﬂlltﬁh' dﬁﬁﬁéerﬁmﬁaﬂc—g R TOFfPRERI T n thd foRcketipebatare
Itzer sem-hernetic condensing unit containing Shell
SDDicalorthetehot vapour passes out of the conpressor,

‘through 10 an oil separator and into the condenser.

The di scharge pressure at the exit of the conpressor
[ .of a packed gl and
s%%'ﬁ’gieﬁ\g}gﬁggﬂér‘?m‘g&gﬁﬁggﬁ@ %“ has an effect on the
condensi ng pressure/tenperature - the systemis

actual |y condensi ng_at a tenperature bel qw 40C. The
r Bier pegormanceraidhe xe%ésﬁéanés ¥ em%lﬂ%f o3 %ﬁﬁﬂw (tFTRReTRYTS ()

CERAR T 1 et SRR B g

| it ok A6ing Zhbil BDeoiB T eaids vapthe phaehoitsofithd dompressbl) through
50: 50 glycol :water solution and heat is supplied.to

. i an ojy/sepribkonvand ante ke eomdenser. | Ehe digcharge mewsuina §1q it ofghe

Dasyl.ab,

stirrer wth |_ar ddl S | By
g e By B8 M5 LB chAS et i
CRBYi Dl B an2@reBYorPie dbhdRAELE Pred¥iafehiutatvad vihe syktem is
refrigerant vapour returns to the conpressor through a
sasttallyreohdersiniged v tenpshetgdelow F0%T.y Ehe wipesrent dhen travels along
r@gg{liqn , five _gr essure readi ngs, conpressor.power and

h' ' :

to% v

PBOTRIM- recorded automatical |y using

The evaporator is constructed from 15mm Cu tubing coiled around the edges of a well-

insulated 32-litre SS bath, The bath is filled with 50:50 glycol:water solution and heat

is supplied to it-by 3x1k'W heaters controlled by a PID controller. A stirrer with a large

| paddle ensures that the heat is evenly distributed. The evaporating pressure is controlled

. by an automatic expansioﬁ valve. .

The refrigerant vapour returns to the compressor through a suction line heat exchanger.

~

Twelve temperature readings, five pressure readings, compressor power and heat input

are all recorded automatically using Dasylab.

The tests were run at a condensing temperature of 40°C and an evaporator superheat of -

§°C (+0.5°C).

For R22 the temperature at the end of the evaporator was maintained at 8°C above the

H



10

- 15

20

25

The tests were run at a condensing tenperature of 40C
and an evaporator superheat of 8C (0.5C). 30 For R22 -

wo eeybsemgyer at ure at the end of the evaporator PAFGB2003/605227

mai nt ai ned at 8C above the WO 2004/ 050787

PCT/ GB2003/ 005227 -8 tenperature equivalent to the
evaporating pressure (bubble point). For theother
refrigerants the tenperature gt the end of the
evaporator was mai ntained at 8C above the tenperature

equi val ent t.0 the evaporati.n ressur Dew point) 5
rEnRe coualar o SHpRLPaPEETar (PR Paf | ger ant s

was cal cul ated by taking the tenperature equival ent

to the evaporator pressure fromthe bubble point table

alfet theddhengefiti geratia theltenperahee gl thelendiof thiaavaporator was maintained

te rature. 10 Wien running.the cal orineter th ;

B0 PR e AR O R B8 67 SO THE APy i)

to an approxi mate value along with the tenperature of

the bath. The calorinmeter is then allowed time for

t Tiee wemtétaporsorttampdratord fos thes®raftiperanisiveas pelcilettddydnlsiag the

HOPPERER AWV BFHdp T VHRRELS B drom i b ol and
I S13:. 08l | f 3..avoid any liquid
g%%d%‘%?&'{g%%%jft%%ﬁ%e%?ﬂ%e %%J%'/\hen the 15 systemis

virtually steady fine adjustnments of pressure and

tenperature are nmade until the calorineter has

sWabn runméng the calpmeleyilie FEaPOBHSIRA CORAPLFR S BEETIECS A8 fuitially set

condensi n [EeSSW e i ) : . .

30 A 3P Ric B SR diohe S HE b e BR e, T calorimeteris then
NBRSWIeEnd fRAhd ddithing ¢ eMIRSY. Bheihg@hik beidd AfrsEhdjstients can
is then commenced and run for a period of one hour

cherdamtedanitend itimmst also bampoiderad i erderte mﬁk@@mg'dhqtﬁ@ﬁﬁcient heat is

R P PO S L oo o

ty8reARvERialiyREARY Bhd! a@ustan%nﬁgggés Gre N0 @irhfBpatiA are made until

3
détails for éach refrigerant The. calorineter was ,
che cgledmatdrthaR2@biliBedb kigtht mequinedl evapagating pregsate/with 2 cpadensing

data poi nts_were qhtained between the evaparatin
R SRTEden fo 4@%@9{:}3 3}’%%%@%}?&? ﬁ%ggés ote'd the superheat

REH 5208 #oBPRe Afird evaporator outlet)

The run is then commenced and run for 2 period of one hour, during which time no

 adjustments are made to the system, except for possibly minor changes to the

condensing pressure to compensate for fluctuations in the ambient temperature.

‘Specific experimental details for each i'efrigerant

. R22: The calorimeter was charged with R22 (3.5kg into the liquid receiver). Ten

data poinis were obtained between the evaporating temperatures of ~38°C and -22°C.
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-9 Butane (3.5% blend: Approximately 3.55kg were
charged into the liquid receiver and five data points

wowesmsolszai ned bet ween the mean evaporating  PCT/GB2003/003227

tenperatures of -38C and -22C. .5 Isobutane (3.5%

bl end: Approxi mately 3.48kg of the blend were charged
into the liquid receiver of the LT-calorineter. Five
data points between the mean gvaporating tenperatures
of -38C and -22C were obtained. 10. Results The

S S A N 0 LA e 0t

el %}ﬁ%ﬁfa PoikiS RS SHih&l HrwditthinieahleQupdpaiigMemptitures of

con ser;” Press = pressure. 15 Comments and

di38tliasd e22°Gn t he experinental results The results

obt ai ned are shown graphically in Gaphs 1 to 6. G aph

1 shows the 20 saturated vapour pressures for the

| en i N ' ; ;
Ol XSSO MIRLE Rt 0 b SO et e
A RiDRk¥vE! dfahs LY-daloginestert Fiam dutagiointt betwisl theGoeguievaporating
shows a conparison of the capacities with respect to
F@@Paﬁwcﬂgpm%%m&ra?ﬁo@ﬂq%@btﬂ@ﬁﬁer ature of -30C - a

typi cal tenperature at which these blends would be
expected to operate. At this tenperature the butane
blend is only 4% down on capacity agai nst R22,

whereas the capacity of isobutane blend is slightly
iRésaltsor, being 5.5% down on R22. WD 2004/ 050787

PCT/ GB2003/ 005227 The COP results obtained are shown

in Gaph 3. This graph shows that at a mean

bﬁdéﬁet i gﬂ%tdbﬂﬁnédeﬁp%ﬁﬁnﬂﬁﬁédq{l TaBRE 214 eVIEkPEY Al digs= Ofiean

0 e

hydrocarbon blends are |ess than 1% down on

. RRZporatibmicBrmpium; Alrlve congraseny tampetatisdithe ainblovwdng over the

R22 at' the ev_g&orati ng tenperature of -30C. The COPS
aondensst; Foers PSSt paci ty for the different
refrigerants can now be

Comments and discussion on the experimental resuits

The resulis .obtaihed are shown ;graphitgaﬂy in Graphs 1t06. Graph 1 shows the
saturated vapour pressures for the blends invéstigated along with that for R22. The
graph shows -that- the vapour pressures of the blends are 6nly slig]_atly highe; than that
for R22. |

Graph 2 shows a comparison of the capacities with respect to R22 at a mean
evapox:éiing temperature of ~30°C - a typical temperatureiat which these blends
would be expecfed to op.erate.' At this temperature the butane biend is only 4% down
‘on capacity against R22, whereas the capacity of 'isobutane I?lend is slighﬂ'y inferior,

' being 5.5% down on R22.
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conpared. The graph shows that both the butane bl end
(by 2.5% and the isobutane blend (by 3.0% are nore

wetdoofoesit than R22 for this given capacity., ROT/GBR003/005227

capacity of the hydrocarbon blends relative to R22 is
shown in Gaph 5. The lines for the two blends are

parallel to one another and the capacities are simlar

with  that of the isobutane %nd being slightly
inferior. Gaph 6 shows the of the RX bl ends

rel atj-ve t . The of. 2, and, t hat f e

t T8 ek SoGmsii e Setln GRePh 3 T dRioh 8vgitgl & mean
hyeHpeRahE eRspRAERAT CIPEShe QVRIvaARS oABOIHNAE hi@BehriAdlends
at a nean evaporating tenperature of -32C show ng the :
i aredesadwmni iodhenoalREd.ve COP of R22 and the decrease

in the relative COP of the isobutane blend. As before

t hough the differences are only mnimal. 20 WO

2 ! 22k hti e &t et

e hnet e A L S A ERoP et IR afork e Bt of
REFPRCOPhe D66 rat {hid comsiSyRcapacint foo the(diHerentterigeyran® ¢agenow be

AL RN NN A —

BB OB P i, -

12999729 y = -000001x3 10 R125/1 34a/600a R2=0.999956
0. 000012x2 - (64.9/31.7/3.4) 0.028998x .+_  3.628 1%%
( Shecapeeity of thrbydrapbpe klsnds relativodo R22 is shown n Graph ». 1he

lines for the two blends are paraliel to one anotherand the capacities are similar with
that of the isobutane blend being slightly inferior.

Graph 6 shows the COP of the RX blends relative to R22. The COP of R22 and that
of the two biends is shown to be similar.. The lines of-the hydrocarbons blends cross
over one another (and R22) at a mean evaporating temperature of -32°C shdwiﬁg the
increase in the relative COP of R22 and the dectease in the relative COP of the
isobutane blend. As before though the differences are only minimal. |
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H-_HMh4) ~-i MbOC f nhR<o m sbO oo.
.nC d- hbb NNMMrrtee V~ ~mb<ClLObHh
oo +v ~ Oti F3 U~ ~'I .Tigi of oc ti. ~1 C N -

"~ ~0y. GL~oM'" -1 M'"~-1 NN'NNNN VA_G HQ u
;l‘gbl?'hﬂlesgltp dt 8 é’xpe'rfme(thll\l’ SVP fhefsutements' ind the EHdb from

REFPROP 6

Description SvP Equéﬁon (see note 1) Glide equation
- B " | {see note 2)

Butane (3.5%) blend |y =-2347.46820x + 12.96325 7 = -0.00618x +
R125/134a/600]R2=0.99999 3.51740
(65.0/31.5/3.5) : | ~ |R2=0.99790
Tsobutane (3.5%) blend | y =-2356.045324x + 12999729 |y = -000001x’ -
R125/134a/600a]|R*=0.999956 . 0.000012x? -
(64.9/31.7/5.4) , 0.028998x +|

: 3628716
R22 | _ (see note 3) | | Not applicable
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'eoO0OClOInNnC "F~1' VUON M..i. L hhhhhHhn
‘e ti ti ti ti ti Viec - NN4N NNNNN VSV
WubN” ti R uo*-C+i TM OO ray, QI MC N
h EUc~0j) entl NNMNgG5 CLAIMS 1. A
refrigerant conposition which conprises: (a)
pent af | uor et hane, trifl uoronet hoxydi fl uoronet hane or
hexaf | uor ocycl opropane, oCLaINmSKture of two or nore
thereof, in an amount of from 62 to 67% by wei ght
based on the weight of the conposition, (b) 1, 1,
11, 2- O befridordnt 2ohPbEifibh WAIBRLAMRSes:
trifluoromethoxypentafl uoroethane,
1, 1, {8)2, 3 pentailpepthans. fafepermptnsydiflueromefliane er of  two

. _ . % .
R R U s S e
62 o biYedryew¢ipletrtmséd omtha weagihn ofithefoonmpoitibn, 4% by wei ght

baseq\on 41 5 1r1,1.2.2-tetrafluoroethane,

trifluoromethoxypentaftuoroethane, 1,1,1,2,3,3,3-heptafluoropropane or a mixture of

two more thereof, in an amount of from 28 to 32% by weight based on the weight of
the composition and

(c) isobutane thereof in an amount from 3 to 4% by weight based on the
weight of the composition.

(d) wherein the composition contains no more than 5% of another

fluorocarbon component.

2. A composition according to claim 1 in which component (c) is present is an

amount about 3.5% by weight based on the weight of the composition.

3. A composition according to claim 1 or 2 which further comprises another
hydrocarbon.
4. A composition according to any one of the preceding claims in which

component (a) is pentafluoroethane.



wei ght of the conposition. (d) wherein the conposition
contains no nore than 5% of another fl uorocarbon
conmponent. 2. A conposition according to claim1l in

whi ch conponent (c) is presggt is an anount about

3.5% by wei ght based on the weight of the conposition.

3. A conposition according to claiml or 2 which

5t ur t HeFompesitiorns according heelainh dnodzclb oempdnen\(a) is present in an
aBRIRO 8hd et FrioW6dh BeighPbABY of AR Wight T Y @8slisAn.

clainms in which conponent (a) is pentafl uoroethane.

16 5. A conposition, according to _claiml jin which, .

O ompSh&RMPEion sa%P%éreanto iARYate QfoiiatPragsding leimp ip gwhich
ceBpendit htis bubed, bretraflaormethgit of the conposition. 6.

7A COMPRSinpbHTloR G EhS gotaftﬁy&ﬁﬁé SMNheredddth P EBERA NN Ghich the

: 1 s 1§00 i

“%I,l%t %#&%@5’% Fﬁ%&%g? ‘ﬁ%ﬁ@.mg& E?:tcl)e@rrap%ls'lstli' on accordi ng

to any one of the preceding clains in which the

Swei ghit comapostticaf acconmipnendlaifra] in edhighothe naid (vindightatéad is 1.5:1 to
jlieast 1.5:1. 8. A conposition according to claim?7 in
which the said weight ratiois 1.5:1to 3:1. 9. A
conposition_according to any one of the precedin )
¢l ai AsCARRRSHIBAEITINEL0 any ene phibe pespeding rlaimp whie prises,
apenmpdhandr(@ptdlatetZs wammiluofiethagb)as dmponedSH),bY6 to 35% by
WO Has&PBRIHENwERAL W1 180 tco a)ogilﬁgn COTRSHelthRbbroethane and as
c1 1 1e E-ct)e_t_ba{?lﬂuor el hane and,as congl%gﬁnt c), .. i
POROMCRE)- T-LBYRE-ARPUe, oF & Sid) mtprg, plehysfro EampEFLe n
butenp isobuiegerpr aynixsure therendbut ene, or a mi xture ther eof
10. A conposition according to claim1 in which the

' [ 4 ) .
o SRR 8 AR, SRR B oo

e n‘ﬁosn t
}ﬁ‘i}a BIPEBPOtar bon has a boiling point at atnospheric
pressure of at nobst -40C. 12. A conposition according

11.0 chaédmpdditin dckoidingMy 6lRink NO ift/ WwhitRithOhydtoflidocarbon has a
boiling point at atmospheric pressure of at most -40°C.

12. A composition according to claim 10 or 11 in which the F/H ratio in the
hydrofluorocarbon is at least 1.

13. A composition according to claim 12 in which the hydrofluorocarbon is
difluoromethane or trifluoromethane.

14. A composition according to claim 1 in which the further component is present
in an amount not exceeding 2% by weight based on the weight of (a), (b) and (c).



hydr of | uorocarbon is at least 1. 13. A conposition
according to claim12 in which the hydrofl uorocarbon
is difluoronethane or trifluoronmethane. 14. A
conposi tion according to clggm1 in which the further
conmponent is present in an anount not exceedi ng 2% by
wei ght based on the weight of (a), (b) and (c). 17
195, U of a xonpapition tas whaimesd dh aanyeehe of theyprocmling clafms as a
rsﬁ@@ﬁﬂfﬁ@&h@gdﬁﬁio@&‘apparaﬁﬁf rigerant in a refrigeration
apparatus. 16. A process for producing refrigeration

ich conprises congensing.a conposition as clained .
1% an@‘ SRS eSF fgy d?rﬁgucing d’%&ygegmlgg?ﬁ@g%fqog‘pnses corr{gensmg a
comgppaition iamglaimed icamposd of dainin] tthd 4vandi theregftarfevapdratiyg the
chmpbsitien &l @d viclmty JF A 1Rkd%itg8E abdleq appar at us
containing, as refrigerant, a conposition as cl ai ned
in arR/ one of clains 1 to 14. . . .
17. refrigeration apparatus containing, as refrigerant, a composition as claimed

in any one of claims 1 to 14,



