WO 2004/050787 PCT/GB2003/005227 1-CHILLER REFRIGERANTS 5
This invention relates to refrigerant compositions, particularly

compositions which can be used for chillers. IA particular, these are
dayoeswrgproducing chilled water or aqueous solutions at tempestiress227
typically from 1 to 10 C. Chillers require large amounts of cooling.

Recently R222 (CHCIF,)-has 10 been used for this purpose. However,
there is the need for an alternative refrigerant, since 22 is an ozone' -
depleter that will. be-phased out over thelrext decade, in accordance with
the Montreal .protocol. Therefore, there is a requirement for a refrigerant
that has similar properties to R22, but is not an ozone depleter. Of
particular concern is that thieH1b-kdth Yk Bdanaly ifressure relationship
for such a refrigerant should be sufficiently similar to R22 that it can
be.used in R22 equipment without having to change the control systems
Which are &”Mmgmlmdwmgmmmamgommus is of
particular.con Qﬂ% tﬁé"x?séﬁ%xh §§”%ﬂ"§r&%1f£?'t%2¥é%§ ces for
which rély on ein et pressure to the expaPnsmn valve and the oU!
pregsurbicTyedelbdrmotsys wmerasstiasedon F&Z@pmm@@lﬂmé@ml to
if a 52& substitute does not have a temperature/vapour pressure. '
behawour similar to R22, the system. will not operate correctly. By

similar we Gielerthreqithe hagmgmassuf@cuﬂmg é&@m@m@d@ﬂlﬁﬁzﬁ&s
iffer ore than 12% and efer ot mQ e tha 6% at iven
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| thatrahygstcts, refrig 82k ha&amwd@d@gpdmtyvaﬁcbeqihmg&lom&e next

decade, in accordance with the Montreal protocol.
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Therefore, there is a requirement for a refrigerant that has similar
" properties to R22, but is not an ozone depleter. Of particular concern is that the
15 teméerature/ vapour pressure relationship for such a refrigerant should be |
sufficiently similar to R22 that it can be used in R22 equipsient without havmo t0
change the costrol systems which are usually programmed in the facrory making
‘7 the chiller. '
‘ Tlus is of particular concern for systems thar have sensitive control devices,
20 which rely on both the inlet pressure to the ex?msion velve and the outler .
pressure, These control systems are based on: R22 properties. Therefore, .E.ann R22
substirute does not have 2 temperarure/ 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 |
25 differ by more than +12% s.ud preferabiy not more than 6% at a.uy ngen mean
evaporaring remperature berween ~40°C to +10°C.
Irisalsoi imporant that amy such refrigerant has a sm:uﬂar capacity and
_efficiency as R22.
By similar capaciry we mean a capaciry that is no more than 20% lower
30" than R.Z?. and preferably not more than 10% lower than R22 at mean evaporating

temperatures berween -35°C to -28°C. By similar efficiency we mean not more



By similar capacity we mean a capacity that is no more than 20% lower

30 than R22 and preferably not more than 10% lower thanR22 at mean
evaporating temperatures between -35C to -28 C. By similar efficiency we
Wigabi#osumsore WO 20041050787 PCT/GB2003/005227 -7 thevaB3/005227
lower and preferably not more than 5% lower at mean evaporating
temperatures between -35 to -28 O C. 5 According to the present

invention there is provided a refrigerant composition which comprises: (a)
pentafluoroetbane, trifluoromethoxydiflueEemethane or hexaf luoro-
cyclopropane, or a mixture of two or more thereof, in an amount of from

60 to 70% by weight based on the weight of the composition, 10 .(b)

1,152 0% @2 -deth pfitfordethane more than 5% lower at mean evaporating
tdfluoromethoxypentafluorgethaneg,l,1,1,2,3,3-heptafluoropropane or a

mix u?:épg%ragfvu\fg%gr)etrﬁg% f%gerétgf?ilgrgl gﬁ amount of from 26 to 36% by weight
Hased on thecorelightrcoflihpreempositioncandée) apetidiehicaliigerant
unsgct}%a})%giga%%%ﬁaégd h ollersqcarbon, optionally, 15 containing one or
more 0>Pygen atoms; wi %Qiling point from -12C to +10C, or a mixture .

thereof, or(a)mixipmetaffone=thaneo re fhaebmsdiogpdifhnsonitihamneco hexafitioro-

other hydrocarbons, said mixtyre havin bub(%le oint from - to o
O AP A SRR O a0k B bl BRORE Rt e 0%
-, contpositight tkdtdorsipresiadlydicsnctanpebitiai,these particular
rmulations, hav conditjan.nf 20' properties which enable them to be
lgjsed as a“'drop i?fig%ggghaéﬂ%ge%fﬁfﬁ%%%&centa.ges quoted above

refetriftuprrtichlary pertafuimoithahask 1 1153 Sereptiimotingprang es doritnere of
VaDgyt, e 915 S5 Gl ou (L5 0819040 102000 A (B0 10

all by weight base he wel € composi Se percentages
prefed disyeppbyiticthand the liquid and '
" {c)  anethylenically unsaturated or safurated hydrocarbon, optionally
15 -+ containing one or more oxygen atoms, with a boiling point ﬁém -12°C 1o +10°C, or
a mixture thereof, or a mixture of one or more said hydrocarbons with one or more |
other hydrocarbons, said mixture having a bubble point from -12°C to +1-0'°C, in an
;amo_uni from 1% to 4% by weight based on the weight of the composition. It has
~ suprisingly been formd that these parﬂmﬂar formulations have the condition of
20° Prdpe:_r‘r:ies which enable them to be used as a " drop in" repiacement for R22.
The percentages quoted above refer, in particular, to the Hquid phase. The
corresponding ranges for the vapour phase are as follows: | o
@ 751t 87% (b) 10-28% and () 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 aiso provides a process for producing refrigeration
which comprises condensing a composition of thé. present invention and thereafier _
' evaporating the composition in the vicinity of a body to be cooled. The invention
also provides areﬁigéraﬁon apparaius containing, as refrigerénﬁ a composition of the
present invention. ' ' |

Component (z) is present in an amount from 60 to 70% by weight based on
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25 vapor phases. The present invention also provides a process for
producing refrigeration which comprises condensing a composition of the
present invention and thereafter evaporating the composition in the
wigifity/efoaghody to be cooled. The invention also provides a¢afiiigonationz7
apparatus containing, as refrigerant, a composition of the 30 present
invention. Component (a) is present in an amount from 60 to 70% by

~weight based on WO 2004/050787 PCTIGB20 03100 5 22 7 -3 the weight
of the composition. Preferably, the concehtration is 62 to 67%; especially
above 64% and up to 66%, by weight. Preferably, component (a) is R125
(pertsiicidt iRy epapenitione Refrhinghe toastdrimifisehocialy, etpecially
leastibie 40 ALIaLs 143690 fgﬁé%%ék%ﬁhp% ?Jesfg?jﬂgqgggt (a) is

R125 (alone). 5 Component (b) is present in thé compositior in an amount

frontEE8 S ABEH RSB A BEcter B piRing g hebbE bk sprataliyveiphstabree
the qmg?&agpmm@gnmﬂ&ef@;ﬁx@@mf@m@qgg@;@it&%}.

least an half, especially at least three quarters (by mass) of R134a "

(1,1,1,2-tefrSmRSRSEHH B his)PIoRsE} &R FaBIposmpE raartoyis RABA4 to 36%,

(aloagyeclAliy he weigh! Ie0fE YRR RERLIRNCAMPORS s, desirably

at Iesﬁsgﬁl.S:S:[L, referab%? 1.%%1@;[9 3:1 angﬁégg)eé%éllly 18%%?%%%8 '
ﬁﬁﬁ%ﬁ*ﬁ%&}%& i3 Rstrahbr SSRGS ARIaIE i dearhrocdpiirersattilinat least

optionedyeeriaiingens SFHISIE amg;eﬁt@&@mﬁyr&mggum&%?&%ﬂﬁg‘
atom, with a boiling point from -12C to +10 C, especially -12Cto-5Cora -

mixﬁ?ﬁ@‘ﬁ%‘?‘?&)fs tai@lepRYdrocarbons which can be used possess
three to fivehearEpRatem Icki&yoﬁéiﬁé? BNt AU FICAEMGYG Teast 1.5-1,

hydrocg};?;%%s which can be used include one or more of propane, n

-butdf L d® aneathsrredil &brditoile hydrocarbons which

. can be usesbingdues: BRibysexEieRORARARERIRr eH AYAOE BURORSbon,

include n- . - . .
optionally containing one or more oxygen atoms, in particular one oxygen atom, with

a boiting péint from -12°Cto +10°C, especially -12°C to -5°C or a mixture thereof,
Preferred hydrocarbons which can be used possess thres 1o five carbon ators. They
 cain be acyclic or cyclic. Acyclic hydrocarbons which can be used include one or
- more of propane, n-butane, isobutane, and etbyltfxeﬁij-;l ethér. Cyclic hydrocarbons
which can beused include me‘thyl cyclo pz_*dpane. Préfczred hydrocar’éaons include n-
butane and/or isobutane.: Component {c) can also be a mixture of such a hydrocarbon °
with one or more other hydrocarbons, said mixture having a bubble point from '.-12“0
to +10°C, especially ~12‘:C to -5°C.. Other hydrocarbons which cari be used in such
mixtures nclude pentane and isopentaﬁe, propene, dimethyl ether, cyclbi)utanﬁ,
cyclopropane and oxetan, ' : |
T}:';e presence of at Jeast one further .compcnent in the composition is not
excluded. Thus although, typically, the composition will comprise the three essential
- components, a fourth componest, at least, can also be present. Typical furﬂa&r' |
- components include other flnorocarbons and, in particular, hydrofluorocarbons, such
. as those having a boiling point at atmospheric pressture of at most 40°C, preferably
at most -49°C, especially those where the F/H ratio in the molecule is at least 1,
prefera?cﬂy R23, tiﬂuommeth_anel and, mqst preferably, R32, difiucromethane.. In
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butane and/or isobutane. Component (c) can also be a mixture of such a
hydrocarbon ' 20 with one or more other hydrocarbons, said mixture

having a bubble point from -12C to +10 C, especially -12 C to -5'C.. Other
Wdieasbars which can be used in such mixtures include pgitapa:aRgoesia7
isopentane, propene, dimethyl ether, cyclobutane, cyclopropane and

oxetan. The presence of at least one further component in the

- composition is not 25 excluded. Thus although, typically, the camposition

will comprise the three essential compogents, a fourth component, at

least, can also be present Typical further components include other

quo_Eé@%IF&dhs thml@ramm rdfthevo otreomgralisits dsdhoseexceed 10%
havigg G S o S

at most -49'C, éspeciall se where the rati he moletule

- leadrasedon. theafarabiyiR 2@ighiudomatranisda) () astl frdEhatirsRR2 of

difl 5227 -4 |,
he B B e o e B e
10%0@1&a_§'§pe@&n§ra’cdr eneertiery bytaaes] eapreisiipediatipmot Brdesating -

2% hyweight: haserhon éﬁ?%f%% of E&t"é%‘%hééé’&%‘%“ SIS Q?lr%%s%()%, by

and (c). The presence of” hy orocarbons generally has a reut
effebeighithbtbie iabvnigheriibzdsterdentomibiationpBesiraflyvaidoappreciated
Mok Jput ially.g e Qnisa:hut t

70%, gr_e?i}%%fmat R e s
of tife @lﬁ"\ﬂﬂéﬁ 8 AR Wﬁ@@mmmmmyﬁr than fluorine.
appraciaia Mokt by RielarabledR.avaid peRRIace PP Ged 2%,

minimise any greenhouse effect and to avoid hydrohalogenocarbons.with

one*SremeiE hilcgemorearasrabiad flerineweiziihe total amount of suich

-~ halo=bonssshgiieh adyaniaaeRusymohexce e 2% m &A%bﬁ%%éms
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more preferably 0.59%, by W&e%'i%ht. According to a preferred emb ment,
the EUREFBEHGA CBiRpTise bases et distait @ thowremsitared on the

weighlaf Hig-eHRROSKIBbnent (b) 3 to 35% by weight based on the weight of the
composition of i,l,i,}teimﬂuqroethane and, as component (¢), butaﬁe and/or:
isobutane or a said mixture of hydrocarbons COTOprising butane and/or isobutane.
.When component (¢} is a mixfure the concentration of huﬁéne and/or isobuténe mthe |
mixture is preferably at least 50% by weight especially at least 70% by weight, more
preferably at least 80% by weight and even more preferably at least 50% by weight,
based on thé weight of the composition. The oth_ef component of the mixture ig

" preferably pentane. ‘ B
' It has been found that th_e compositions of the present invention are highly

compatible with the mineral ceiﬁ hibricants which have been conventionally used with
CFC refrigerants. Accordingly the Composiﬁdns- of the present invention can be used
not only with fully syntheﬁé lubricants such as polyol esters (POE),
polyalkyleneglycols (PAG) and polyoxypropylene glycols or with fluorinated ol as
disclosed in EP-A-3998 17 but also with mineral oil and alky] benzene lubricants
including naphthenic ofls, paraffin ofls and silicone oils and mixtures of such ofls and

- lubricants with ﬁ:lly synthetic lubricants and fluorinated oil.

The usual additives can be used including "extreme pressure” and antivear
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pentafluoroethane, as component (b) 3 to 35% by weight based on the
weight of the 15 composition of 1,1,1,2-tetrafluoroethane and, as
component (c), butane and/or, isobutane or a said mixture of

whyehoeadyens comprising butane and/or isobutane. When cenyosamis(ep:./

is a mixture the concentration of butane and/or isobutane in the mixture is
preferably at least 50% by weight especially at least 70% by weight, more
preferably at least 80% by weight and even more preferably at least 90%
by weight, 20 based on the weight of the<composition. The other

-compenent of the mixture is_preferahly pentane. It has been found that |
e e e TR e PR oo ot BT sy

miriedakGibprotieantmulpol iyechaen cosivansionai-aseawitheGF G
o TR R T AR o AL 6 B e B PoBISD  U5-A-

(PCGE},Pdlyalkyleneglycols (PAG) and polyoxypropylene glycols or with
fluorinated.il disclosed in ER-A-399817 but also with.mineral oil and
alkyl benzd(l;%% %’?%‘r’?’é”él oéns’ﬁa]r’éir’:ﬂ%ﬁ r‘f‘éér?ﬁrpﬁfﬁsezﬁu & 5E PRAFRHRSHE%hd

silicone oils and mixtures of such oils and lubricants with fully synthetic
lubgj ants and fluorinated oil. 30 The usual additives can be used
%Tngggxtreme pressure" and antiwear WO 2003/050787 YCSIL,
hUU3iuvalLL C additives, oxidation and thermal stability improvers,
congaion lahibars. ¥iseesiy Jndeximproyers, pour point depressanis
;- anti-foaming ag A B Viscosity adjusters. Examples of
suitable additives are included in Table D in US-A--4755316. 5 The

-foll%{ggeli%d fglgl%zmrther "hfﬁ%@égb%%ﬁ%%dm%'% Examples Thg

samples used for testing are detai
Isobutane (3.5%) blend: R125/134a/600a (64.9/31.7/3.4)

'Eqﬁipmént and experimental

The samples, each approximately 600g, used for the determination of the vapour
pressures were prepared in aluminfum disposable cans (Dful;cnbehalter - product
' ' 3469), which were then fully submerged in a thermostatically controlled water bath,
" . -For each det‘enniﬁation the can was charged with about 600g. A maximum of two
. samaples could be processed at any one time. The bath tempa:éime was measwed.' |
uvsing 2 caliﬁrzited'piaﬁniﬁn resistance thermometer (1 527?7/11-3) comnected 10 2
calibrated Isote;:h TTI! indicator. Pressure readings %ére_’cak_en using the two
calibrated Druck pressure transducers, DR1 and DR2.

The temperature of the bath was set to the lowest 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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Butane (3.5%) blend: R125/134a/600 (65.0/31.5/3.5) Isobutane (3.5%)
blend: Ri25/134a/600a (64.9/31.7/3.4) Equipment and experimental 15

The samples, each approximately 600g, used for the determination of the
vapour/AFassures were prepared in aluminium disposable capeT/icrro63/065227

- (Drukenbehalter - product 3469), which were then fully submerged in a

thermostatically controlled water bath. For each determination the can
was charged with about 600g. A maximum of two 20 samples could be
processed at any one time. The bath teraperature was measured using a
calibrated platinum resistance thermometer (I 52777/1B) connected to a

califFEeTABEeEd TTERsie m%ngw@ggméemmrgm QB R¥H o simytiroum of
two sgefibLateq REUck PrES BTG HEINAIUCRISH PR A é]agé 1,
temperature of the bath was set? the Iowest temperatur requw%% efore‘
wasregRsAmerthgmil it had cooled. When the temperature and pressure had
remained constant for at least a quarter of an hour they were then
recorded. Further WO 2004/050787 PCT/GB2003/005227 -6 temperature
and Predatiatiaastheechrrbardbeidoareiniand @rsagbd@anmm@m gide.
50%@@@9%&9 vringhipb ey et Sleadnional i@fsgk@} 6
does not give th

hour before recording them. 5 The data obtained

poirfraitias Sicrlgaeashipiite gldiyleithe hﬁbéﬁm@sah@a@ebe\m@ﬁ@ﬁcbby a .

‘the gheesambe el éiﬂqgl?¥dﬁ§ﬁ&% REFPRLE® Ef@@é.ﬁ%g e ghde for
relatlonshlp of the |de to the bubble point can be represented by a
polyi6 FrareEsE randRpiRigibleRr W Pasus sfeiyrla apormalisation of

ap pmmﬁwgm z&%%mmw&%mamum&wa&wﬂ%m

is effectlveléa normallsatlon of 10 the calculated glide to the
exp&f B
: appm)gmgmlgksgﬁgbg@ﬁﬁ@g_the temperature glide from the temperature

FRAR ARBTERmAEE Barab e heismppries ebde Somifheiggeperature

These equaﬁoﬁs' are then used to obtain vapomfp:éssme tables. The experimental
equation derived for the bubble poinfs and the glide equation from REFPROP 6-are
shown in Table 1.

Notes:
1. In‘this equation x=1/T, where T is the bubble point in Kelvin: v=In(p),
where p is the saturated vapour pressure in psia. To convert psia i:oll\‘ﬂ?a

absolute pressure, multiply by 0;006893 .

2. Inthis equation x =1, where t is liquid temperatire (bubble point) in degree C
- and y = glide in degree C at the bubble pdiﬁt temperature. ‘

Ly

The vapour pressures for R22 were ciatained from the Asbrae handbook by

interpolation.



10

in the bubble point equation: These equations are then used to obtain
vapour/pressure tables. The experimental 15 equation derived for the
bubble points and the glide equation from REFPROP. 6 are shown in

wakls deddigtes: 20 1. In this equation x---f/T, where T is the bubRle RPiRbss27

-in Kelvin: In(p), where p is the saturated vapour*pressure in psia. To

convert psia to MPa absolute pressure, multiply by 0.006895. | In this
equation x = t, where tis liquid temperature (bubble point) in degree C 25
and y = glide in degree C at the bubble goint temperature. 3. The vapour
pressures for R22 were obtained from the Ashrae handbook by
interpolation. 30 WO 2004/050787 PCT/GB2003/005227 -7

Determinatio oft erfo ance of ref erants on the

tem%gature Q{’L ) i rfﬁ? "“%‘Equm ge?fseranl %‘pé?}a |F\empemmre
con@lifijnalbtimpetformance of the refrlgerants was determined on the low
temperature (LT) calorimeter. The LT calorimeter is fitted with a Bitzer
semi-hermetic condensing unit containing Shell SD oil. The hot vapour
pasEesipnt aft el omprdsseratingugddionn oil separator and into the
condenser. The discharge pressureat the exit of the compressor is kept
constant by the means of a packed gland shut-off valve. This inevitably
has e pﬁémmmemd@ﬁlﬁﬁ@m* assudeftompet anthe itveteppreanrs (LT)

actugly condensing ' iempeiAliehelon é%%tzm%ﬁfﬁ&%éﬂ} Bbnsing

trave ng the 1 |qU| ne to the evaporator
umt containing Shell SD oil. The hot vapour passes out of the compressox through

an oil separator and into the condenser. The discharge pressure at the exit of the -
compressor is kept constant by the means of a packed gland shut-off vatve. This
inevitably has an éﬁ?cct on the condensing pressmef{emperattxre ~ the system is
actually condensing at 2 temperature below 40°C. The refrigerant-then travels along
the fiquid line to the evaporator. o

‘ The evaporator is constructed from 15mm Cu tubmg coiled around the edges of awell-
insulated 32-litze S bath. The bath is filled with 50:50 glycol:wrater solution and heat
is supplied to it by 3x1kW heaters controlied by a PID coniroller. A stirrer with a large

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

. by an automatic expaﬂsioﬁ valve. .

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

~

Twelve temperature readings, five pressure readings, conipressor power and heat input
are all recorded automatically using Dasylab. '

 The tests were run at 2 condensing temperatare of 40°C and an evaporator sup&rheat of-
8¢ {£0.5°C).

¥ pi R22 the temperature at the end of the evaporater was maintzined at §°C above the

i



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 3x1kW heaters
wonisedleshzy a PD) controller. A stirrer with a large paddle epstitessiied/oos2z7

_ the heat is evenly distributed. The evaporating pressure is controlled 20

.15

20

by an automatic expansion 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 25

are all recorded automatically using Dasylab. The tests were run at -
a.COPERFISIHG ripwielentie h s0omERdndPessperdreibiepeittipat of 8C

(0.5C). 30 For R22 the temperature at the end of the.evaporator was
maintained at 8C above the WO 2004/050787 PCT/GB2003/005227 _8. ‘
temiper die pshetyrizagerani Hrtavnpretaniy breesdd thupisieopomty s orgivtained
othet gefigeranis.the-IRmRetaltiR ALH &40 SLIS.4R BRALRIGK WSy poin)
maintained at 8C above the temperature equwalent to the evaporatlng
pressure (Dew point) 5 The mean evaporator temperature for these

re T A S WSk ?éﬁ%éi’%t&é’é‘i@g ihge %ﬁi%@féﬂér %a%%[!éi&@&@ytﬂﬁ‘mm the

evaporator pressure fr he bubble point table and adding to that half

the Emmq%@%w%e SORDOTRARY RIRRRA et e hirbate paiet tzble and
AREENAeNHNgPIRASHISSARNItially set to an approximate

value along with the temperature of the. bath. The'calorimeter is then

allowed time for the conditions to stabilise. During this period coarse

adjuRtes RisAAR AR ABHIRL L W AR bAuSE ﬁiﬁ%&ﬁéﬁ%@f@ﬁd&@ﬁ%ﬁzﬂy set

make sure that sufficient heat |s beln put into the bath to av0|d any liquid

gettAGHEREIS NG Resrsrté e saidhnyadmipsier is then
f ne%lﬁé&ﬂ%@%‘cﬁ&ﬁé%@ﬁ&f@oﬁ@% REARRKAIRI AFRHTIMA I e tieadjustments can

calgrimeter has stabilised at the required evaporating pressure with a
Coneﬁ ﬁgﬁﬁ@d out and it must also be monitored in order to make sure'tbai sufficient heatis .

being put into the bath to avoid any liquid getfing back to the compressor. When the
system i$ virtually steady fine adjustments of pressure-and {emperature are made until
‘the calorimeter has stabilised at the reqxﬁi_red evaporating pressure with a condensing
pressure equiiralent to 40°C and an evaporator superheat of 8°C. (Note ~ the superheat

is measured from the third evaporator outlet)

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

| _ .adjustmenis are ma&e to the system, except for possibly minor changes to the

condersing pressure to compernsate for fluctiations in the ambient temperature,

Specific experimental details for each refrigerant

. R22: The calorimeter was charged with R22 (3.5kg into the liquid receiver). Ten
. data points were obtained between the evaporating termperatures of ~38°C and -22°C.



pressure equivalent to 40C and an evaporator superheat of 8C. (Note- the

superheat is measured from the third evaporator outlet) 20 The run is

then commenced and run for a period of one hour, during which time no
vagdiusimenig;are made to the system, except for possibly .mipefralen@ssos227
to the condensing pressure to compensate for fluctuations in the ambient
-temperature. 25 Specific experimental details for each refrigerant R22:

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

Ten data points were obtained betweermthe evaporating temperatures of

-38C and -22C. WO 2004/050787 PCT/GB2003/005227 -9 Butane (35%)

bleBeridyspfosihcuiyds &by wimrscih 3rbSitimereisbdigeddriochis Baushpcetver

five iNts W i '
e R e e R T e et
3.48k¥f Ofative-BREAd were charged into the liquid receiver of the
LT-calorimeter. Five data points between the mean evaporating
temperatures of -38C and -22C were obtained 10.., Results The results

obt#nbutare (.5 driestt kpPabliseaely, Mg BT dapdwresharged into the

evapRIAIRN SRS ALY P AV RGO HRSEL R SRS AdIEBH eveporating
blow% over the condenser; Press = pressure. 15 Comments and
disdesgmmaianrtié-S3fie inde evuttoamedsults obtained are shown

- graphically in Graphs 1 to 6. Graph 1 shows the 20 saturated vapour

15

20"

pressures for the blends investigated along with that for R22. The graph-

- shows that the vapour pressures of the blends are only slightly higher than
10 -

thalé% {1@22. Graph 2 shows a comparison of the capacities with respect
to > at a mean .

The results obtained are summarised in Tables 2-4. Mean Ev. Temp = Mean
evaporation temperature; Air on condenser = temperainre of the air blowing over the

condenser; Press = pressure.

Comments and discassion on the experimental resuifs .

The results .tha.ihed are shown graph;ca.}ly in Graphs-l to 6. Graph 1 shows the"

saturated vapour pressures for the blends invcgﬁga‘ted along with that for R22. The

graph shows that the vapour pressures of the blends are dnly sﬁg@aﬂy higher than that
. for R22 | ' ' ‘

Graph 2 shows a comparison of the capacities with respect to R22 at a mesn

evapogéﬁng temperature 0f ~30°C - & typical'temparamre’at which these blends

would be gxpecfad 1o operate. At this temperature the buiane blend is only 4% down
“on capacity against R22, whereas the capacity of .isobuta;:ie I?Iend ig slightfy inferior,

 being 5.5% down on R22.



25 evaporating temperature of -30C - a typical temperature at which these
blends would be expected to operate. At this temperature the butane

blend is only 4% down on capacity against R22, whereas the capacity of
ysobdianeiend is slightly inferior, being 5.5% down on R22. pMEX;B2003005227
2004/0S0787 PCT/GB20U310USZ27 40 The COP results obtained are
shown in Graph 3. This graph shows that at a mean .evaporating
temperature of -30C the COP values of both the hydrocarbon blends are
less than 1% down on R22. 5 In Graph 4itthe capacity is fixed to that of

- R22 at the evaporating temperature of -30C. The COPS at this constant

capabity-for thalliffdreinerefrigeramsiodrrmuws bEnisamaphde wWtbatrhpmean
shows dbalngthihe bulang blepd-(ay 2590.A00 e i30 NG, DGt Bitnas
3.0%) gre mgre é!#iment E%%an JRZZ(%% é@s@ven capagﬁy., 1(5} 8rrﬁe capacity .
of theesasrbearbbribrends Ralative to R22 is shown in Graph 5. The lines

for the two blends are parallel to one another and the capacities are

similar with that of the isobutane blend being slightly inferior. Graph 6

sholusCirmpich bosaprsimisfisndsa dhativt ReRat therersimonsfimmperse of
that_3mef-Hie & blends (5aRawR-008, SPIRL IRe dReSMEDS s can now be

hydrocarbons blends cross over one another (and R22) at @ mean

evaporngchp eraniyehorsshe Srdvifrgbiiens blersdde thiee Tedaligdsobutane

‘ CO%Q&&’(%% 208 ihe.deGeaseining Lo e .CHE aliik sphytane biend.
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As before though'the differences are only minimal. 20 W U LW WUZDU tit
/rt. Li V DW-VJ1vtrJ[.t r -11- Table 1 Results of the experimental SVP

meagiy %592&5 aPsdne ide il REERRHRIRESHRIEN MR REHNlITE:
(see note 1) Glide equation . ' . i
Eines for the two blends are parallel to one another and the capacities are similar with

that of the isobutane blend being slightly inferior,

Graph 6 shows the COP of the RX biends relative to R22. The COP of R22 and that
of the two Qlénds is shown 1o be similar. The Hines of-the hydrocarbons blends cross
over one another (and R22) at a mean evaporating temperature of ~32°C showing the
increase in the relative COP of R22 and the decrease in the relative COP of the
isobutane blend. As Eefore though the diﬁt‘ereﬁce's are only minimal. |
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(see note 2) 5 Butane (3.5%) blend y = -2347.46820x + 1296325 y =
-0.02618x + R1251134a/600 R2=0.99999 3.51740 (65.0/31.5/3.5) R2 =
0.99790 Isobutane (3.5%) blend y = -2356.045324x + 12999729 y =
woDBBHIB¥10 R125/134a/600a R2=0.999956 0.000012X2 - ¥t tromauusrwuiss
(64.9/31.7/3.4) 0.028998x + 3.628716 R22 (see note 3) Not applicable
1520 25 3p WO 200-1050787 PCTIGB2003/005227 12MhM M 4~ ti 7
M"~.b7 aosctncai-c06 a;,0f 06 QO OtiCiti,4A{titi,4 NNWbNh
N.ou=7MWtiOambMON'a~"-Hal'vM H.mC'm'yNN M M-

- C' CIn101n ObO10Q~Coaro. O '*y

Table 1 Results of the experimental SVP measurements and the glide from
REFPROP 6

Description SVP Equétion (see note 1) Glide equation

{see note 2)

Butane (3.5%) blend | y = -2347.46820% + 12.06325 |7 = -0.02618x +
R125/1342/600|R2=0.99999 3.51740

(65.0/31.5/3.5) . , R2 = 0.99790
Isobutane (3.5%) blend | y = -2356.045324x + 12999729 |y = -000001x’

R125/1342/600a} R?=0099956 . 0.000012x% -

(64.9/31.73.4) o 0.028998x +{
3.628716

R22. | {seenote 3) Not applicable
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1. A refrigerant composition which cogrises: (a) pentafluorethane,
trifluoromethoxydifluoromethane or hexafluorocyclopropane, or a mixture
of two or more thereof, in an amount of from 62 to 67% by weight based
on the weight of the composition, CLAIMS

1. A refrigerant composition which comprises:

(a)  pentafluorethane, triflucromethoxydifluoromethane or
hexafluorocyclopropane, or a mixture of two or more thereof, in an amount of from
62 to 67% by weight based on the weight of the composition,

{s)] 1,1,1,2-o0r1,1,2,2-tetrafluoroethane,
triflucromethoxypentafluoroethane, 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 onme of the preceding claims in which

~ component (a) is pentafluoroethane,



(b) 1,1,1,2-0rl,1,2,2-tetrafluoroethane, trifluoromethoxypentafluoroethane,
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 coygposition. (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

5. come@%&% gtﬁchaa ag%aas%d'ﬂqn%% xS %xgh guﬂh%sem in an

AnSOmpri oSl cor one

AT recedlné) c alms‘f .‘He asegmpé Vﬁ?l(%% it %fé’fﬁ% 1éﬂli'ane 16

5 A composmon according to clalm I in which component (a) is present in

6.an afhBRMPaHEoR BAUPRS SBRIGIIBbR etreriing Waimhibpthieh component
(btesmbbditioistelpotertiposition according to any one of the preceding

claims in which component (b) is 1, 1, 1,2-tetrafluoroethane. 7. A

7.composiiapoaiiordirgriniang 0Re ehdhst prepesing laimminiwlisRENge weight
ratNEIgRbIRIARE EOMPANRINR LSNPS () is at least 1.5:1. 8. A

composition according to claim 7 in which the said weight ratio is 1.5:1 to

3 1. 9. A compaosition a cordln to e of the ecedjng claim

comﬁ%ses PSS %)grfa\pé)ﬁ(gn 96%?9‘9“’1 n‘i}éfflua(’)fgo‘g?ﬁ%ﬁ%gaéé’ e

component (h), 26 to 35% by welght based on the weight of the

9. compbERIBRACHEOT screrdinadrortnane ahthasresedinsipine)whishburmaeises. as
copponsbiosiith atordingteoctsifranna isiomihecurthir Aotpdiféntisvesight
based on the weight of the composition 1,1,1,2-tetrafluoroethane and as component (c),
isobutane.

10. A composition according to claim 1 in which the further component is a
hydrofluorocarbon.
11. A composition according to claim 10 in which the hydrofluorocarbon 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 (¢).



hydrofluorocarbon. 11. A composition according to claim 10 in which the
hydrofluorocarbon has a boiling point at atmospheric pressure of at
most-40C. 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 hydrofluorocarbgs is difluoromethane or
trifluoromethane. 14. A composition according to claim | in which the

fur ger c?%g) ent |s resent |n ount not exceeding 2% by Welght
PRPPRCAATS 17 A5/ 0% o B IRTHOLHD ams o o

CI5 rﬁ?%fﬂ)f’S g ARy claims as a refrigerant in a
refrigeration apparatus. 16. A process for producing refrigeration which
co¥fprised coruessitier aprdmpesitiefrigeretaimedtiviangoomei et Cleimisrsiiy 2
14amgdiidoaadter] sivadoating dhe of@lapasition iMthedviinfef avapeyiag the
becenptattid/inAhelilgerattdn BRBakaBESEeRIRININg, as refrigerant, a
composition as claimed in any one of claims 1 to 14.
17. A refrigeration apparatus containing, as refrigerant, a composition as claimed
in any one of claims 1 to 14,



