Office de la Proprieté Canadian CA 2272961 C 2006/09/19

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 272 961
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 199/7/11/28 (51) Cl.Int./Int.Cl. CO9K 5/04 (2006.01)
(87) Date publication PCT/PCT Publication Date: 1998/06/04 | (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2006/09/19 ROBERTS, NEIL, GB
85) Entrée ph tionale/National Entry: 1999/05/26 (73) Proprietaire/Owner:
(85) Entree phase nationale/National Eniry £. . DU PONT DE NEMOURS AND COMPANY, US
(86) N° demande PCT/PCT Application No.: GB 199//003286 i
o o (74) Agent: MACRAE & CO.
(87) N° publication PCT/PCT Publication No.: 1998/023702
(30) Priorité/Priority: 1996/11/28 (GB9624818.2)

(54) Titre : COMPOSITION REFRIGERANTE
(54) Title: REFRIGERANT COMPOSITION

(57) Abregé/Abstract:

A non-azeotropic refrigerant composition having a vapour pressure at -20 °C of from 70 to 190 kPa (0.7 to 1.9 bar), at +20 °C of
from 510 to 630 kPa (5.1 t0 6.3 bar) and at +60 °C of from 1620 to 1740 kPa (16.2 to 17.4 bar), which composition comprises: (a)
1,1,2,2-tetrafluoroethane (R134), 1,1,1,2-tetrafluoroethane (R134a), difluoromethoxytriffuoromethane (E125) or a mixture of two or
more thereof, in an amount of from 60 to 99 % by weight, based on the weight of the composition; (b) from 1 to 10 % by weight,
based on the weight of the composition, of an unsubstituted hydrocarbon of the formula C_H_ in which n is at least 4 and m Is at

least 2n-2; and, (c) up to 39 % by weight, based on the weight of the composition, of a vapour pressure depressant.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02272961 1999-05-26

PCT ' WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6: (11) International Publication Number: WO 98/23702
C09K 5/04 Al

(43) International Publication Date: 4 June 1998 (04.06.98)

(21) International Application Number: PCT/GB97/03286 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,

BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,

(22) International Filing Date: 28 November 1997 (28.11.97) GH, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK,

LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO,
NZ, PL, PT, RO, RU, SD, SE, SG, S], SK, SL, TJ, TM, TR,
(30) Priority Data: | TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO patent (GH,
| 06248 18.2 28 November 1996 (28.11.96) GB KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL,

(71) Applicant (for all designated States except US): RHODIA PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
LIMITED [GB/GB]; St. Andrew’s Road, P.O. Box 46, ML, MR, NE, SN, TD, TG).
Avonmouth, Bristol BS11 9YF (GB).
(72) Inventor; and -_ Published |
| (75) Inventor/Applicant (for US only): ROBERTS, Neil [GB/GBI:; With international search report.

38 Partridge Road, Ducklechurch, Bristol BS17 3SP (GB).

(74) Agent: ELLIS-JONES, Patrick, George, Armine; J.A. Kemp
& Co., 14 South Square, Gray’s Inn, London WCIR 5LX

(GB).

| 54) Title: REFRIGERANT COMPOSITION

(
(§7) Abstract

A non-azeotropic refrigerant composition having a vapour pressure at —-20 °C of from 70 to 190 kPa (0.7 to 1.9 bar), at +20 °C
| of from 510 to 630 kPa (5.1 to 6.3 bar) and at +60 °C of from 1620 to 1740 kPa (16.2 to 17.4 bar), which composition comprises: (a)

1,1,2,2—tetrafluoroethane (R134), 1,1,1,2-tetrafluoroethane (R134a), difluoromethoxytrifluoromethane (E125) or a mixture of two or more
thereof, in an amount of from 60 to 99 % by weight, based on the weight of the composition; (b) from 1 to 10 % by weight, based on the
weight of the composition, of an unsubstituted hydrocarbon of the formula CyHm in which n is at least 4 and m is at least 2n—2; and, (c)
up to 39 % by weight, based on the weight of the composition, of a vapour pressure depressant.
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REFRIGERANT COMPOSITION

The present invention relates to a refrigerant
composition suiltable for use in compression refrigeration.

Chlorofluorocarbons (CFCs), such as
dichlorodifluocromethane (CFC-12), have traditionally been
used as refrigerants for compression refrigeration systems.
Refrigeration systems that use CFCs as refrigerants
generally use mineral oils to lubricate the compressor.
These lubridating mineral oils are also known as
napthalenic oils. A lubricating mineral oil is typically a
lube o1l fraction having a viscosity index of from -300 to
140, which has been dewaxed, deasphalted and hydrogenated.
The mineral o0il may contain up to 15% by weight of an
additive such as an antioxidant or a corrosion inhibitor.
Typically, it has a kinematic viscosity at 40°C of from 10
mm‘/s to 220 mm’/s (10cSt to 220 cSt).

In compression refrigeration systems it is desirable
that all the lubricant should remain in the compreééor to
ensure that the compressor i1is adequately lubricated. In
practice, however, an amount ofvlubricant 1s i1nvariably
aspirated i1nto the surrounding pipework of the
refrigeration cycle. If the lubricant is insoluble in the
refrigerant, there is a danger that it will separate from
the refrigerant and fail to return to the compressor. In

this event, the compressor becomes inadequately lubricated.
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Refrigeration systems that use CFCs such as CFC-12
generally use mineral oil lubricants becayse such CFCs are
soluble with the mineral oils throughout the entire range
of refrigeration temperatures.

However, recent concern regarding depletion of the
ozone layer by CFCs has led to the use of CFCs being
restricted. CFC-12 has an ozone depletion potential of
0.9, where the ozone depletioﬁ"potential ot
trichloromethane is defined to be 1. Alternative
refrigerants are therefore required. Perfluorocarbons are
not suitable as alternative refrigerants as they have a
high global warming potential (GWP) and excessive
atmospheric lifetimes. The GWP is the-time-integrated
commitment to climate forcing from the instantaneous
release of 1kg of refrigerant expressed relative to that
from 1lkg of carbon dioxi&e, which is taken as having a GWP
of 1.

1,1,1,2-tetrafluoroethane (R134a) is becoming widely
used as an alternative to chlorofluorocarbon refrigerants.
It has substantially no ozone depletion pofential. It has
a GWP, measured on the basis of a 100 year integrated time
horizon, of about 1300. However, R134a has the
disadvantage that it is substantially immiscible with the
mineral oil lubricants used in existing refrigeration
equipment. In other words, R134a cannot be used by itself

1in such equipment.

Various attempts have been made to find lubricants

— —
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which can be used with fluorinated hydrocarbons such as
R134a. Various polyolesters and polyalkylene glycols have
been proposed for this purpose.

Unfortunately, however, these new lubricants are
conslderably more expensive than the conventional mineral
oil lubricants. Also, they are often hydroscopic and
absorpb atmospheric moisture. Clearly, in order to minimise
the changes necessary to the eguipment or operating
conditions when replacing CFCs in compression refrigeration
systems with alternative refrigerants, it is desirable to
be able to use the conventional mineral oils as used with
the CFCs.

There 1s therefore a demand for a refrigerant which
possesses the desirable properties of R134a but which can
be used with the conventional mineral oil lubricants as
used with the CFCs. Existing refrigerants which can be
used with the mineral oil lubricants are invariably
deficient in some other respect.

A novel refrigerant composition has now been devised,
according to the present invention, which has substantially
no ozone depletion potential, which is sufficiently
compatible with the conventional mineral oil lubricants to
be used With them and which has an operating performance
equal to or superior to fluorinated hydrocarbons such as
Rl34a and chlorofluorocarbons such as CFC-12.

The present invention provides a non-azeotropic

refrigerant composition having a vapour pressure at -20°C
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of from 70 to 190 kPa (0.7 to 1.9 bar), at +20°C of from
510 to 630 kPa (5.1 to 6.3 bar) and at +60°C of from 1620
to 1740 kPa (16.2 to 17.4 bar), which composition
comprises:

(a) 1,1,2,2-tetrafluorcethane (R134), 1,1,1,2-
tetrafluoroethane (R134a), difluoromethoxytrifluoromethane
(E125) or a mixture of two or more thereof, in an amount of
from 60 to 95% by weight, based on the weight of the
composition;

(b) from 1 to 10% by weight, based on the welght of
the composition, of an unsubstituted hydrocarbon of the
formula CH, in which n is at least 4 and m is at least
2n-2; and,

(c) up to 39% by weight, based on the welght of the
compésition, of a vapour pressure depressant,

Typically, a composition is "non-azeotropic" if, at
any given pressure and temperature, the composition of the
liquid and the composition of the vapour above the liquid
are substantilally not equal. Thus, any loss of vapour from
a non-azeotropic composition will result in a composition
change of the remaining liquid. 1In contrast, loss of
vapour from an azeotrope does not result in a change of
liquid composition.

Preferred non-azeotropic compositions are those in
which, after about 50% of the composition is removed such

as by evaporation-or boiling off, the difference in the

original composition and the composition remaining is more

-
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than about 2%, more preferably more than about 10%.

Typically, component (a) is present in an amount of
from 70 to 95%, preferably from 80 to 90%, more preferably
from 82 to 86%, by weight based on the composition.

Component (bf 1s an unsubstituted hydrocarbon of the
formula CH,, 1n which n is at least 4 and m is at least
2n-2. Typically, n is from 4 to 6, preferably 4 or 5.
Tybically, the unsubstituted hydrocarbon has no triple
bonds. Preferably, the unsubstituted hydrocarbon is
saturated except for one double bond. More preferably, the
unsubstituted hydrocarbon is fully saturated.

Typically, the unsubstituted hydrocarbon is
methylenecyclopropane, 1l-butene, cis and trans-2-butene,
butane, 2-methyl propane, cyclopentene, cyclopentane, 2-
methyl-1l-butene, 2-methyl-2-butene, 3-methyl-1-butene, 1-
pentene, cis and trans-2-pentene, 2-methylbutane, pentane
or a mixture of two or more thereof. Preferably, it is
cyclobutane, more preferably n-butane (R600) or 2-methyl-
propane (R600a).

Typically, the unsubstituted hydrocarbon is present in
an amount of from 1 to 8%, preferably from 2 to 6%, more
preferably from 2 to 5%, by weight based on the
composition.

The unsubstituted hydrocarbon serves to improve the
compatibility of the refrigerant composition of the
invention with mineral oil lubricants. Unfortunately it

increases the vapour pressure of the composition of the
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invention. It may also increase the flammability of the
composition of the invention.

Accordingly, component (c¢) is required in order to
reverse the ilncrease in vapour-pressure caused by component

> (b). Component (c) is a vapour-pressure depressant, i.e. a
compound capable of lowering the vapour pressure of the
refrigerant composition.

Typically, the vapour-pressure depressant is 1,1-
difluoroethane, 1,1,1,2,2,3,3-heptafluoropropane,

10 1,1,1,2,3,3,3?heptaf1uor0propane, octafluorocyclobutane,
1,l,1,2,2-pentafluoropropane, 1,1,2,2,3-pentafluoropr0pane;
trifiuoromethoxymethane, trifluoromethoxypentafluoroethane,
difluoromethoxypentafluorcethane, trifluoromethdxy-l,z,2,2—
tetrafluoroethane, fluoromethoxytrifluoromethane,

15 difluoromethoxymethane, pentaf1uoroethoxypentaflug;pethane,
difluoromethoxydifluoromethane, trifluoromethoxy-2, 2, 2-
trifluoroethane, fluoromethoxymethane, difluoromethoxy-
1l,2,2,2-tetrafluorocethane, fluoromethoxyfluoromethane,
difluoromethoxy-2,2,2-trifluoroethane, methoxy-2,2, 2-

20 trifluoroethane, methoxy-1,1,2,2-tetrafluoroethane or a
mixture of two or more ﬁhereof. Preferably it is 1,1-

—~ difluoroethane (R152a), 1,1,1,2,2,3,3—heptafluoropro§ane
(R227ca) , 1,1,1,2,3,3,3-heptafluoropropane (R227ea),
1,1,1,2,2-pentafluoropropane (R245cb),

2> octafluorocyclobutane (RC-318) or a mixture of two or more

thereof.

- Component (c) is typically present in an amount of
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from 4 to 29%, pretferably from 8 to 18%, more preferably
from 12 to 16%, by weight based on the composition. The
amount of vapour-pressure depressant depends on the nature
and amount of components (a) and (b). If a large amount of

5 component (b) 1s present (i.e. more than about 5% by
weight, based on the composition), then a correspondingly
greater amount of component (c) (or of R134) will be
required to achieve an appropfiate vapour pressure.

The amount of component (c), if any, should be such

10 that the composition has a vapour pressure at -20°C of from
70 to 190 kPa, preferably from 90 to 190 kPa; more
preferably from 120 to 180 kPa, at 20°C of from 510 to 630
kPa, preferably from 530 to 630 kPa, more preferably from
580 to 620 kPa, and at 60°C of from 1620 to 1740 kPa,

15 preferably from 1630 to 1720 kPa, more preferably from 1650
to 1700 kPa. This amouﬁt can, of course, be readily
determined by routine experiment. It is particularly
preferred that the vapour pressure depressant is present in
an amount so that the composition has a vapour pressure

20 substantially equal to that of Rl34a. |

When the vapour-pressure depressant is present in an
amount of more than 20% by weight, based on the weight of
the composition, it is preferred that the vapour-pressure
depressant comprises two or more compounds, each of which

25 being present in an amount of 20% by weight or less, based

on the weight of the composition.

The refrigerant composition of the invention may
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further comprise component (d), a flammability supressant.
Preferably, the composition comprises a flammability
supressent when the unsubstituted hydrocarbon (b) 1is
present in an amount greater than about 2% by weight based
on the compositioﬁ. It is particularly preferred that the
composition comprises a flammability supressent when the
unsubstituted hydrocarbon (b) is present in an amount of
abéut 3% by weight or more based on the composition. Thus
compositions which do not contain a flammability supressent
typically contain less than 3%, for example from 1 to 2%,
by welght of the hydrocarbon (b) based on the compositionf_

Typically the flammability supressant is
1,1,1,2,2,3,3-heptafluoropropane, 1,1,1,2,3,3,3-
heptafluoropropane, octafluorocyclobutane,
octafluoropropane, trifluoromethoxytrifluoromethane,
difluoromethoxytrifluoromethane,
trifluoromethoxypentafluoroethane,
difluoromethoxypentafluoroethane, trifluoromethoxy-1,2,2, 2-
tetrafluorocethane, or a mixture of two or more thereof.

The vapour-pressure depressant may also function as a
flammability supressant. Vapour-pressure depressants
which also function as flammability supressants include
1,1,1,2,2,3,3-heptafluoropropane (R227ca), 1,1,1,2,3,3,3-
heptafluoropropane (R227ea), octafluorocyclobutane (RC-318)
trifluoromethoxypentafluoroethane (E218),
difluoromethoxypentafluoroethane (E227ea) and

trifluoromethoxy-1,2,2,2-tetrafluoroethane (BE227ca) .
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If component (d) is present, components (c¢) and (d)
are typilically together present in an amount of up to 39%,
preferably from 4 to 29%, more preferably from 8 to 18%,
most preferably from 12 to 16%, by weight based on the

5 composition. Typically, when component (d) is present,
component (c) 1s present in an amount of up to 19% by
welght, based on the composition and component (d) is
present 1n an amount of up to 20% by weight, based on the
composition.

10 When the flammability supressant and the vapour -
pressure depressant are together present in an amount of
20% by weight or more, based on the weight of the
composition, it is preferred that no single compound
comprised in the flammability supressant or vapour-pressure

15 depressant 1is presenf in an amount of 20% by welight or
more, based on the weight of the composition.

Clearly, any flammability supressant of vapour -
pressure depressant used must not render the refrigerant
composition unsuitable for use in compression

20 refrigeration. Thus, the choice of vapour-pressure
depressant or flammability supressant should not be such as
to significantly decrease solubility in the mineral oil
lubricants. Typically, addition of the vapour-pressure
depressant or flammability supressant causes no more than a

25 10%, preferably no more than a 5%, decrease in the

solubility of the composition in the mineral oil

lubricants.
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Typically, any flammability supfessant oY vapour -
pressure depressant used should have a GWP, measured on the
basis of a 100 year integrated time horizon, of less than
5,000, preterably less than 4,000, most preferably less

5 than 3,500.

In addition, any flammability supressant or vapour -
pressure depressant used should not impart undue toxicity
to the refrigerant composition. The Occupational Exposure
Limit (OEL) of the refrigerant composition of the invention

10 1s typically from 800 to 1000, preferably from 850 to 950,
ppmn.

The flammability supressant and vapour pressure
depressant should have substantially no ozone depletion
potential.

15 'Furthermore, the flammability supressant and/or
vapour-pressure depressant should not unduly decrease the
operating performance of the refrigerant composition of the
invention. Typically, the cooling capacity of a
compression refrigeration apparatus, using, as refrigerant,

20 the composition of the invention, is not more than 10%
less, preferably not more than 5% less, more preferably not
less than, the cooling capacity of an identical compression
refrigeration apparatus, operating under identical
conditions, using, as refrigerant, CFC-12 or R134a.

25 Typically, the refrigerant composition of the

invention contains substantially no lubricant such as

polyalkylene glycol.
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Typically, the energy consumption of a compression
refrigeration apparatus using, as refrigerant, the
composition of the invention, is not more than 10% less,
preferably not more than 5% less, more preferably not less
than, the energy consumption of an identical compression
refrigeration apparatus, operating under identical
conditions, using, as refrigerant, CFC-12 or Rl34a.

The following compositions are particularly preferred:

1) compositions in which component (a) is R134
and/or Rl34a, component (b) is R600 and/or R600a and
component (c) 1s R152a, R227ca, R227ea or a mixture of two.
or more thereof;

2) compositions in which component (a) is R134
and/or Rl34a, component (b) ig R600 and/or R600a and
component (c¢) 1s Rl52a; . -

3) Compositions in which component (a) is R134
and/or Rl34a, component (b) is R600 and/or R600a and
component (c) 1is R227ca and/or R227ea.

Typically, in the refrigerant composition of the
present invention, the ratio of the total number of
fluorine atoms in the cbmposition to the total number of
hydrogen atoms in the composition is desirably at least
1.25:1, preferably at least 1.5:1, more preferably at least
2:1. Typically, the refrigerant composition has a lower
flammable limit (LFL) of more than 7% v/v in air,

preferably; a LFL of more than 14% v/v in air. Most

preferably, the refrigerant composition is non-flammable.
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Preferably, the refrigerant composition of the present
invention has a vapour pressure substantially equal to that
of R134a. Rl1l34a has a vapour pressure at -20°C of about
134kPa (5 psi.g), at 20°C of about 572kPa (68 psi.g) and at
60°C of about 1680kPa (229 psi.qg). Typicaily, the
composition of the invention has a vapour pressure not
exceeding + 60 kPa (0.6 bar), preferably not exceeding + 40
kPa (0.4 bar) of that of Rl1l34a between -30°C and +60°C.

The refrigerant composition of the invention has
substantially no ozone depletion potential. Typically, it
has a global warming potential (GWP), measured on the basis
of a 100 year integratéd time horizon, of less than 2000,
preferably less than 1600, more preferably less than 1300.

The refrigerant composition of the present invention
1s preferably used in a domestic refrigeration apparatus.
Typically, it‘is used 1n a compression refrigeration
apparatus which &ontains not more than 1kg of refrigerant.

The present invention also provides a process of
producing refrigeration, comprising condensing a
composition of the invention and thereafter evaporating the
composition in the vicinity of a body to be cooled.

The refrigerant composition of the present invention
can be prepared by transferring the individual components
by autogenous pressure into an initially evacuated pressure
vessel, 1n order of ascending vapour pressure at room

temperature. The amount of each component can be checked

by welighing the vessel and contents before and after
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transferring it.

The refrigerant composition of the present invention
1s advantageous as it does not deplete the ozone layer, it
has a low global warming potential (GWP) relative to CFC-12
Oor Rl34a, 1t 1s compatible with mineral oil lubricants and
1t has an operating performance equal to or superior to
conventional refrigerants such as R134a and CFC-12.

The refrigerant composition of the present invention
ls compatible with the mineral oil lubricants as used with
CFC refrigerants. Prior to the present invention it was
thought thaﬁ, for a refrigerant and lubricant to be
compatible, the liquid phases must be miscible. However,
1t has now surprisingly been found that satisfactory
results are achieved if gaseous refrigerant is at least
partly soluble in the liquid lubricant. Although the
refrigerant composition of the present invention is not

fully miscible with mineral oil lubricants when in its

liquid phase, in the gaseous phase it is partially soluble

in the mineral oil. The refrigerant composition of the

invention is thus compatible with mineral oil lubrieants.
The refrigerant compositiop also has a high operating
performance. Refrigeration systems containing the
composition of the present invention are up to 10% more
efficient than refrigeration systems containing
conventional refrigerants.
It is surprising that the above advantages are

achieved by the refrigerant composition of the present
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invention beeause the refrigerant composition is a blend of
fluorohydrocarbons and hydrocarbons rather than a single‘
compound. Prior to the present invention it was thought to
be undesirable to use non-azeotropic mixtures as
5 refrigerants as these mixtures show a temperature glide. A
temperature glide of a mixture is the absolute value of the
difference between the starting and ending temperatures of
the gas/liquid phase change by the mixture. It can be
measured by determining the difference between the bubble
10 point of the mixture (the temperature at which the mixture
of liquids starts to boil) and the dew point of a
corresponding mixture of gases (the temperature at which
the mixture of gases starts to condenee).

Temperature glide was thought to lead to variable
15 temperatures in the evaporator of a compression
refrigeration system and hence was thought to be
undesirable. However, although the refrigerant
compositions of the present invention are found to have up
to a 9K temperature glide when tested in the laboratory, it
20 has surprisingly been found that the temperature of an
evaporator of a domestic refrigeration system containing
the refrigerant composition of the present invention is

substantially constant.

The following Examples illustrate the invention.
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EXAMPLES 1 TO 6

1000g of refrigerant composition was prepared in each
case by mixing together varying amounts of compounds in a

1000cm® pressure vessel. The amounts of each compound used

are shown 1in Table 1.

Amount of Amount of Amount of Amount of Anmount of Amount of

R134a7/10 R152a/10 | R227ea/10 | R227ca/10 R600/10 R600a/10

. —

EXAMPLE 7

The vapour pressure of the-refrigerant'composition of
Example 1 was measured at varying temperature using a

300cm’ internal volume stainless steel cylinder, fitted

with a calibrated Bourdon gauge suspended in a temperature

controlled bath containing a glycol solution. The

temperatures were determined using a calibrated platinum

resistance thermometer.

- The results are shown in Table 2.

S

!
F
;
!
!
|
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Saturated Bubble Point
Vapour Pressure / kPa

Temperaure /°C | Example 1 | _R134a
400 | 722 | 536 | [ 110 | 4126 | aoi7
380 | 755 | 563 120 | 871 | 4358 |
380 | 786 | b01 | [ 13.0 | 5018 | 4504
370 | 824 | 620 |
360 | 861 | 651 | | 150 | 5325 | 4806 |
9.5 160 | 5483 | 4963 |
340 | 38 | 715 |
330|616 | 74e | 18.0
5.0 l
310 | 1065 | 822 | 20.0
300 [ 1110 | w00 |
260 | 1157 | 900
—-28.0 —120.5 —94.1 —23.0 —669.5 —617.9 '
—or0 | Tare T esri ]
26.0
220 26.0
21.0 00 1 w098 [ verd |
-20.0 31.0
19.0
330 | 8763 | s303 |
7.0
450 | 1889 | 1631 || | 360 | o469 | 9035 |
— 30| 2139 | 1767 || | 380 | 9862 | 557
12,0 390 | 10215 | o604 _
A0 | 2208 | 1e14 |
100 410 | o737 | 10376 |
o0 | o466 | 2065 | 42.0
B0 | 2553 | 2145 430 | 11278 | 10951 _
70 | 2643 | 2208 440 | 11556 | 11248 |
450 | 11830 | 11551 |
50| 2831 | 2402 | | 460 | 42127 | 11858
40 | 2028 | 2403
30 | 3028 | 2567
20 | 3131 | 2683 | | 490 | 13022 | 12824
40 | 3236 | 27182 | | 500 | 13331 | 13168
00 | 3344 | o884 _ 510 | 13646 | 1340.9 |
10 | 3455 | 2080 || | 520 | 13965 | 13847
20 | 3568 | 3008 | | 530 | 1429.1 | 14201 |
30 | 3685 | 3208 _ 540 | 14621 | 14562
40 | 3804 | 3323 | | 550 | 14958 | 14930
B0 | 387 | 3441 | | 560 | 15300 | 15305
60 | 4052 | 361 | 57.0
560 | 16001 | 16076
5.0 3813 | | 500 | 16360 | 1647.3 _
90 600 | 16725 | 16876 _
00| 4885 | 070 |

TN A P Vi A B PRTN TIA S PAr THI $hretcorrror v- e 8 A s v s Al A P P Lo Atk 1 = TN T MO e A ki M B DA TS
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EXAMPLE 8
The vapour pressure of the refrigerant composition of
Example 2 was measured at varying temperature in the same

way as in Example 7. The results are shown in Table 3.

EXAMPLE 9
The vapour pressure of the refrigerant composition of
Example 6 was measured at varying temperature in the same

way as 1n Example 7. The results are shown in Table 4.

EXAMPLE 10

The global warming potentials (GWPs) of the.
compoSitions of Examples 2 to 6 were calculated on a mass
ratio basis, i.e. by taking the sum of the products of the
global warming potentials of each component of the
composition in question with the mass ratio of that
component in the composition

Thus, the GWP of the composition of Example 2 is

calculated as follows:

Component of Mass Ratio GWP Mass Ratio x GWP
-~ Example 2

R134a 0.845 1300 1098.5
R152a 0.125 140 17.5
R600a 0.030 3

I “

GWP of composition of Example 2 = 1098.5 + 17.5 + 0.09 = 1116.09

- The global warming potentials of R134a and CFC-12 are
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provided as comparisons (data taken from RS 4434, 1995) .

The results are shown in Table 5.

e
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2 | 1e11

9 | 2407 | 2065
8 | 2404 | 2145
7 | o882 | 2228
6 | 2673 | 2314
5 | o767 | 2402
4 | oee3 | 2493
3 | 2062 | 2567
2 | 3063 | 2683 _
0 | 374 | 2884
2 | 3408 | 3008
3 | 3611 | 3200 |

3

5 | 3851 | 3441 |

5
8 | 4233 | 3813 _
9 | a6 | aoad _
0| 4503 | 4078

PCT/GB97/03286

Saturated Bubble Point
Vapour Pressure / kPa

E&rmperature /°C
11 4643 | 4217
12 4787 | 4358
13 4933 | 4504
14
15
16 5305 | 4963 |
17 5556 | 5124
18 | 5720 | 5200
T
[ 20
21 | 6236 | 5810
22
23 6599 | 6179
24
25
26
27
28
29
30
31
|32 | 8436 | 5068 |
38
34
35 9126 | 8788
36 9365 | 9039 |
37 9608 | 9205
38
T
40 | 10369 | 1009.7
41
42
43
44
45
46 12023 | 11859
47 12317 | 12175
48
49 12020 | 12824
50 13229 | 13158
51 13545 | 13499
52 13865 | 13847
53 14191 | 14201 |
54
55
56 15203 | 15305
57
58

59 1626.7 1647.3
60 1663 .4 1687.6

gm
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Table 4

Saturated Bubble Point
Vapour Pressure / kPa

Saturated Bubbie Point
Vapour Pressure / kPa

— 400 | 671 | 536 | [ 100 | 7 | o5
300 | 702 | 563
80 | 735 | b1 | [ 120 | 4753 | 4%
170 | 5529 | 5124 ]
320 | 858 | 785
307 | 1013 | 833 |
200 | 1088 | 900
200 | 6389 | so87
53.0
24.0
350
230 | 1392 | 1170 |
570
20.0
19.0 31.0
80 | 1663 | 444 32.0
70 | 1759 | 1504 | [ 330 | sere 1 305
—A60 | 1827 | 167 34.0
150 | ieos [ 1631 || | 350 | o152 | sree
30 | 0396 | 6035
3.0 370 | os4d | 935
12,0
410 | 2200 [ 1911
400 | 10420 | 10067
00 | 2%5 | 2065 | [ 410 | doses | 10376
80 | o451 | 2145 || | 420 | 0862 | 10661
70 | 2640 | 2028 || | 430 | 11241 | f0e57
60 | 631 | 2314 | (440 | Tisrs | 1245
50 | ov24 | 2402 | [ 4m0 | qi8is | 1151
40 | 2820 | 2483 | (460 | 12106 | 11855
B0 | 2019 | 2687
20 | 3021 | 2683
0| 3125 | 2782 | | de0 [ 1s027 | 12854
00 | 32 | 2884 || [ 500 | 13344 | 13155
10 | 3342 | 089 510 | 13667 | 1349.9
20 | 3455 | 3008 || | 520 | 13955 | 13847
530 | 14330 | 14200
40 | 3ees | 3323 54.0
50 | 8ti_| 3441 | |50 | 15016 | 14030
60 | 3936 | 3564 || | 560 | 15%8 | 15305
57.0
80 | at95 | 3813 | | 580 | 16080 | 16076
90 | 429 | 3044 | [ S50 [ 6461 | TedT3
600 | 16837 | 6876
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TABLE 5 - Comparison of Global Warming Potential

Working Fluid GWP (100 year ITH)

EXAMPLE 11

The rate of cooling in a BauknechngKC 3333/0 WS Class
N freezer having a gross volume of 332 litres and a
refrigerant charge of 180g was measured using the
composition of Example 1 as a refrigerant. The rate of
cooling in the same domestic freezer using Rl34a as a
refrigerant was also measured.

Thermocouples were connected to the inlet and outlet
of the evaporator coil inside the freezer compartment as
well as the compressor discharge line. A further
thermocouple was placed inside the freezer compartment near
the thermostat sensor. Pressure gauges were fitted to the
suction and discharge lines and the power supply to the
freezer was passed through a kilowatt hour meter.

The temperatures from the thermocouples were logged by

a data logger typically at 1 minute intervals. The

freezer, factory charged with Rl34a, was placed 1in a

*Trade-mark
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temperature controlled environment,ftypically 22°C + 1°C,
and allowed to temperature equilibrate for at least 24
hours. The freezer and data logger were turned on and the
time taken to reduce the internal freezer temperature to a
level at which the thermostat cut-in was determined.

The procedure was repeated after replacing the R134a
with the composition of Example 1.

Placing the freezer in a temperature controlled
environment ensured that the quantity of energy which must
be removed 1in each case to reduce the internal temperature
by a given amount 1s approximately equivalent. A
comparison of refrigerating effect can therefore be made
between the two refrigerants. The faster the internal
temperature reached the desired temperature, the larger the
reffigeration effect. The power consumption, taken
directly from the kilowatt hour meter, gives a direct
comparison of the efficiency of the refrigerant composition
of Example 1 compared to Rl34a.

The results are shown in Table 6

EXAMPLE 12

The rate of cooling was measured in the same way as in
Example 11 except that the composition of Example 2 was
used 1n place of the composition of Example 1.

The results are shown in Table 7.

> il
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Table 6
~ R134a Example 1 R13da Example 1

——— b —r——r——— A -

., 10255 | 1477 | 10302 ] .15
: ‘ 17 4 | 0:01:00 | 175 ] |_1:03:59 | 1475 | 1.04.02 | -15.87
[ 00200 | 1242 1 0:02:00 | 991 | [ 10458 | 1500 | 10502 | 1555
' | 10555 | 1525 | 1:06:02 | -1604 ]
(00400 | 057 00400 [ 607 | 1:06:59 | 1549 | 1:07.02 | 1637 ]
‘ (00500 | 558 [ 00500 | 546 | [ 10780 | 1574 | Tosos | eer—
00600 | 472 [ 0:06:00 [ 51 | 108:50 | 1664 | 1.09:02 | 1662 ]
| 0:07:00 4.47 1:09:59 | -1622 | 1:10:02 | 1689 .
["0:08:00 (11056 | 1606 | 1.11.00 | 1720
0:09:00 01158 | 1635 | 11200 | AT
J 11256 | 657 | 11305 | 4772
{ 0:11:00 | 277 | 0:11:00 | 3.03 113:68 | -16.82 | 1:14:02 | 17.85
0:12:00 114:50 | 4707 | 11502 | 4813
0:13:00 | 11656 | 17.30 | 1.16:02 | -18.26 ]
0:14:00 | 1.3 | 0:14:00 1:16:58
| s IS 7 N TS
o600 | 0.5 116:58 | A7.91 | 119:03 | 1891
017:00 | 022 [ 01701 | 059 . 119:50 |~ -18.03 | 1.2003 | 1504
00 | 015 | 01 _1:21:03 | 1916
121:56 | 1825 | 1.22.03 ]

:19:00
-0.78 -0.65
[ 0:21:00 -1.29

0:22:00 -1.52 -1.54
0:23:00 -1.9 -2.04
0:23:59 -2.4
| 02459 | 264 2.93

0-18:0 015 0-18-01 0 1 12058 ~16.00
!

02559 | 315 | 02601 | 33 | | 39
I 0:27:00 0:27:01 f 1:20:36 -19.45 1:30:03 [ -20.61 |}
_0:27:59 [ -377 ] 0:28:01 1:30:37 | -19.69 1:31:03 mf
{ 0:28:59 0:29:01 ,’ 1:31:37 |  -19.81 1:.32:03 |  -20.96
1 0:20:50 | 466 | 0:30:01 | 493 | 1:32:37 -19.93 | 1:33:03 | 2108
| 030:59 | 489 [70:31:01 | 518 | [ 1:33:37 | 2004 | 13403 2131
1 0:31:59 | 541 | 0:32.01 | 556 | 1:34:37 -20.17 1:35:03 2155 |
| 0:32:59 | -566 | 0:33:01 | 593 | |_1:35:37 -20.19 1:36:03 ‘IE-’
1 0:33:59 | 59 | 0:34:01 , |_1:36:37 -20.34 | 1:37:03 | -21.64 (
| 0:34:59 | 6.28 | 0:35:01 658 | |_1:37:37 -20.38 | 1:38:03 | -21.76 ,.
ML I T s T L R
| . . i 1:39: - 219 |
| 0:37:59 0:38:01 [ -7.74 | | 1:40:37 -20.75 1:41:03 [ .22.07 |
0:38:59 | -7.52 | 0:39:01 | 817 | [ 1:41:37 -21.02 m’
0:39.59 0:40:01 -I_[ | 1:42:37 -21.30 | 1:43:03 | 2226 |
040:69 | 828 | 0:41:01 | 888 | | 1:43:37 | -21.30 _1:44:03 | 2228 |
041:59 | 863 | 042:01 | -9.15 | 1:44:37 2143 | 14503 | -21.26 |
| 0:42:59 | 891 | 04301 | 9.7 | 1:45:37 -21.54 1:46:03 | -2023 |
04359 | 916 | 0:44:01 | -9906 | 1:46:37 -21.79 1:47:03 |  -19.73
| 044:59 | 866 | 045:01 | 1036 | [ 14737 [ 2191 1:48:04 | 1921 |
—g.:g:gg 891 _g::;s:g; 1075 | m -22.02 M—-w.ss
46:59 | -10.03 | 0:47:02 | 1113 | 1:49:37 -22.13 — 18.56 |
0:47:59 -10.68 0:48:02 | -11.39 ) 1:50:37 2224 | 1:51.04 | -18.15 |
| 04859 | 1066 | 0.49:02 | -11.63 | | 1:51:37 -22.35 1801 ]
0:49:59 0:50.02 | -12.02 | 1:52:37 -22.47 1:53:04 -17.88 |
 0:5050 | 113 086102 | 1227 | [ 15337 -22.44 1:54:04 18.35 |
| 0:51:59 | -11.69 | 0:52.02 1265 | | 1:54.37 -22.56 _-2006 §
| 0:52:59 | 1185 | 0:53:02 1303 | [ 1:56:37 2267 | 1:56.04 | 2069 |
 0:5359 | 1214 | 05402 | 1314 | | 15637 | -22.78 157:04 | 2107}
' | 0:54:59 | -12.31 | 0:55:02 -13.39 | | 1:57:37 | 2289 1:56:04 | -2144 |
| 055:58 | -12.73 | 0:56.02 1377 | | 1:58:38 | -2300 | 15904 | 2182 |
:lm-m-, | 1:59:37 |  -2311 -21.94 |
= -13.19 0:58:02 i | 2:00:38 | 23.09 2:01:22 -22.3 '
‘ _0:58:59 13 46 05902 [ -1438 | |_2:02:34 2176 2:07 22 2151 |
05950 | 1374 20834 | 1981 | 21320 | 867 ]
| 10059 _-14 10102 | -1513 | 21434 1812 f
10159 14 25 102.02 1538 |

!
' Elapsed Freezer Elapsed Freezer ! Elapsed Freezer .m. Freezer
Temperature / *C T{ Tempe rature / °C - Time Temp rature / . m Temg: 2rature / °C
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Table 7
‘ — R134a Example 2 [ Ri34a Example 2
Elapsed Freezer Freezer Elapsed Freezet 1
Time | Temperature /°C Time _
0:00:00 -16.46
0:01:00 21.14 -16.25 _
0:02:00 1611 | 1:03.02 | -1683 |
0:03:00 6.84 0:03:00 6.49 -16.47 -
-16.72
) 16,57
0:06:00 -16.94
0:07:00 215
0:08:00 1.91
0:09:00 0:09:00 1.28 -17.56
| 0:10:00 1.17 1:11:02 -17.55
_ 0.79 1:12:02 -18.06
0:12:00 054 | 113.02 19.01
0:13:00 0:13:00 0.16 | 11402 |  -1829 | 1:14:02 |  -19.12 |
0:14:00 1:15:02 -18.41
0:15:00 -0.5
| 0:16:00 0:16:00 1:17:02
1 0:17:00 417 | -19.03
0:18:00 -1.56 -20.01
0:19:00 -1.95 12002 | 19 [ 120:02 [ -20.14
I 0:20:00 221 | ~-19.38 -20.53
0:21:00 -2.21 247 ] -19.76 2066
-2.46 -2.73 -20.51
23.
-3.72
0:26:00 -4.67
| 0:27:00 -5.91 :27:
0:28:01 :28: 1:29:03
0:29:01 29:01 ] 609 |
| 0:30:01 1:31:03 -21.07
0:31:01 1.32:03
0:32:01 | 1:33:03 | 2114 | 1:33:03 | 22568
[ 0:33.01 |  -8.18 mm 1:34.03
-7.86 | 1:35:03 | 2141 | 1:35:04 | 2243 |
0:35:01 0:35:01 | 1:36:03 | -2156 | 1:36:04 | 2267 |
0:36.01 0:36:01
1037:01 ] 943 | 0:37:01 | 862 | 1:38:03 | 218 | 1:38:04 | -2292
1 03801 § -95 | 0:38:01 | -927 -22.91
1 0:39:01 § 102 | 0:39:01 | 965 ] 1.40:03 | -2153 | 1:40:04 | -23.16
1 0.40:01 | -1046 | 0:40:01 | 991 | 1.41:03 | -22.04 | 1:41:04 | -23.01 |
[ 041:01 | 1084 ] 04101 | 103 | [ 14203 [ 2216 | 14204 | 2327 |
| 0:42:01 | -10.83 | 0:42:01 [ -10.94 | 1:43:03 | 2227 | 1:43:.04 | -2287 |
EIIEEl! | 144:03 | -2226 | 1:.44:04 | -21.83 |
m[ | 1:45:03 | -2253 | 14504 | 2038
1 045:01 | -1155 | 045:01 | 121 | | 1:46:03 | -2268 | 1:46:04 | -19.47
[046:01 [ -11.94 | 046:01 | 1247 | [ 147:03 | 2281 | 14704 | 1669 ]
‘E&-[ ii
| 0:48:01 | -1242 | 0:48:01 | -12.98 | 1:49:03 | -2291 | 1:49:.04 | -1818
;m{ 1. 1:50:03 | -2316_ | 1:50:04 | -18.44
§ 05001 | -13.05 | 0:50:01 | -13.88 ] 1:51:03 | -2326 | 1:51:04 | -195 |
| |lmnnm_
1 0:52:01 | -1341 | 05201 | 1388 ;lm-nm
| 0:53:01 | -13.79 | 0:53:01 | -1453 { 15403 | -2346 [ 1:54:04 | -21.98
[ 0:54.01 | 1404 | 05401 | 1479 | [ 15503 | 2356 | 15504 | 2211
| 05501 | -1428 | 0:55:02 | -1479 | _1:56:03 | -2394 [ 1:56:04 | 2237
| 0:56:01 |  -14.53
-15.17 2221 | 1:58:04
| 05802 | -149 | 0:58:02 1 -21.01 1:59:04
i -15.4 0:59:02 2:00:04 | -20.46
| 10002 | -15.38 1:00:02 -16.08

—

Temr wydewesadyibemis
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EXAMPLE 13 -
The rate of cooling was measured in the same way as in
Example 11, except that the composition of Example 6 was

used in place of the composition of Example 1.

The results are shown in Table 8.

EXAMPLE 14

The maximum and minimum cabinet temperature, average
evaporator and condenser pressure, average compressor
discharge temperature and average power consumption of the
freezer used 1n Example 11, using the composition of
Example 2 as a refrigerant, were meastired while the freezer
was running.

Similar measurements were taken with the same freezer
using Rl1l34a as a refrigérant.

Thermocouples were connected to the inlet and outlet
of the evaporator coil inside the freezer compartment as
well as the compressor discharge line. A further
thermocouple was placed inside the freeZef compartment near
the thermostat sensor. Pressure gauges were fitted to the
suction and discharge lines and the power supply to the
freezer was passed through a kilowatt hour meter.

The temperatures from the thermocouples were logged by
a data logger typically at 1 minute intervals.

The freezer, factory charged with Rl34a, was placed in

a temperature controlled environment, typically 22°C + 1°C,
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Table 8
. i, e . o -
R134a Example 6 | R134a Example 6
Elapsed Freezer Elapsed |  Freezer Freezer Elapsed
TDime _|Temperature/°C|  Time | Temperature/*C Time | Temperature/°C| Ti
~0:00:00 20.62 ‘ 14.77
17.40 0:01:00 | 2115 | 1475 | 1.04:02 |
00200 | 1242 | 0:0200 | 1593 | 1:0459 | -1500 | 1.05.02
003:00 | 1055 | 0:03:00 | 11.09 10559 |  -15.25
0.04:00 8.61 1:06:69 | -15.49
005:00 | 558 | 0:05:00 |  6.63
e 72 o060 | 650 J
1:09:59 | -16.22
0:08:00 5.42 m
1:12:02
0:10:00 4.49 1:12:59 -16.57
2.77 0:11:00 397 1:13:58 -16.82 .
- 215 01200 |  3.46 1:14:59 -17.07 .
1.66 2.94 1:15:58 -17.30
0:14:00 1.30 245 | 1:16:58 |  -17.42
0:15:00 0.94 1.95 1:17:58 -17.54
0:16:00 q -17.91 1:19:02
0.22 1.21 1:19:59 -18.03 1:20:02
0:18:00 0.15 1:20:58 -18.00
0:19:00 0.63 1:21:58 -18.25 1:22:02
0:20:00 0.78 0:20:00 0.14 1:22:568 -18.50 1:.23:03
I -1.29 0:21:00 0.22 l
02200 |  -152 | 0:2200 | 058
083 |
} 0:23:59 [ -2.40 -1.22 1:26:58
1:27:36 | _-1921 | 1:28:03 |  -19.17 |
‘!E- | 1:28:36 |  -1933 | 1:2903 | -19.18
|_0:27:00 -3.54 1:29:36 | -19.45 | 1:30.03 |  -1944
0T89S 1:30:57 -nsm-‘
028:59 | 415 | 02901 | -320 | 31:37 | -1981 | 1:3204 | -19.83 |
02969 | 466 | 03001 | 375 | 13257 lm’
0:3059 | -489 | 0:31:01 4.14 | 1:33:37 |  -20. ml
2017 | 1:35:04 | 2031
03259 | 666 | 03301 | 505 | ‘Eﬂ.'
| 03359 | 590 | 0:34:01 [ 556 13637 |  -2034 | 1:37.:04 | 2065 |
1 03459 | 628 | 0:35:.01 | -580 { 13737 | -2038 | 1:38:04 | 2077 |
mmi |_1:38:37 m;
| 0:36:69 | 691 | 0:37:01 ]i
03789 | 727 | 03601 | 678 | 14037 | 2075 | tavoa | 2121 |
| 03869 | 752 | 03901 | 714 | | 1:41:37 | 2102 | 14204 | 2131 )
;m| | 14237 | -2130 | 14304 | -2131 |
| 04050 | 828 | 041:01 | 761 | ;-'ZE':- 1:44:04 ;
| 04159 | 853 | 04201 | 801 | ] 1:44:37 | -2143 | 1:4504 | 2147 |
04250 | 801 | 04301 | 817 | [ 14537 | 2164 | 14604 | 2138 |
04359 | 916 | 04401 | 860 | | 114637 | 2179 | 1.47:04 | 2154 |
04469 | 966 | 04501 | 890 | | 147:37 | 2191 | 14804 | -21.69 |
045659 | 991 | 04601 | 821 | | 14837 | 2202 | 1:4904 | 2198 |
964 | { 1:49.37 | -2213 | 15004 | -212 |
993 | | 1:50.37 | -2224 | 15104 | 212 |
| -1020 | | 1:51:37 | 2235 | 1:5204 | -2224
1061 | 1:52.37 | 2047 | 15304 | 2250 |
. ~ { 1:63:37 | -2244 | 15404 | 2260 |
| 15437 | 2256 | 16604 | 2272 )
|lm§rl;
| 1:56:37 | 2278 | 157.04 | 2293 |
| 15737 | 2289 | 156804 | 2303 |
| 1:58:38 -23.00 1:59:04 | -2248 |
{ 1.50:37 | -23.11 20004 | -2129 |
20038 | 2309 | 20104 | 2051 |
m 2176 | 20204 | 2000 |
o 2:08:34 1981 | 20304 | 1951 |

-19.02 :
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and allowed to temperature equilibréte for at least 24
hours. The freezer and data logger were turned on and the
performance characteristics specified above were recorded
over a period of at least 30 hours.
The procedure was repeated after replacing the R134a
with the composition of Example 2.

The results are shown in Table 9.

TABLE 9 - (Ambient temperature 23°C)

Parameter |

Maximum cabinet -18.4 -18.3
temperature/°C

Minimum cabinet ~23.8 -23.6
temperature/°C

TAverage evaporator 4.5
pressure/psi.a

TAverage Condenser 150 150
pressure/psi.a )

TAverage compressor discharge 87
temperature/°C

Average power 60.7 58.4
consumption/W. hr-*

During on c¢ycle
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CLAIMS

1. A non-azeotropic refrigerant composition having a vapour pressure at -20°C of
from 70 to 190 kPa (0.7 to 1.9 bar) , at +20°C of from 510 to 6:30 kPa (5.1 to 6.3 bar) and at
+60°C of from 1620 to 1740 kPa (16.2 to 17.4 bar), which composition comprises:

(a) 1,1,2,2-tetrafluoroethane (R134), 1,1,1,2-tetrafluoroethane (R134a),
difluoromethoxytrifluoromethane (E125) or a mixture of two or more thereof, in an amount
of from 60% to an amount which is less than 99% by weight, based on the weight of the
composition;

(b) from 1 to 10% by weight, based on the weight of the composition, of an
unsubstituted hydrocarbon of the formula C H  in which n is at least 4 and m is at least 2n-2;
and

(¢) up to 39% by weight, based on the weight of the composition, of a vapour
pressure depressant selected from the group consisting of 1,1-difluoroethane (R152a),
1,1,1,2,2,3,3-heptafluoropropane (R227ca), 1,1,1,2,3,3,3-heptafluoropropane (R227¢a),
octafluorocyclobutane (RC-318), 1,1,1,2,2-pentafluoropropane (R245cb),

1,1,2,2,3-pentafluoropropane, trifluoromethoxymethane, trifluoromethoxypentafluoroethane,
difluoromethoxypentafluoroethane, trifluoromethoxy-1,2,2 2-tetrafluoroethane,

fluoromethoxytrifluoromethane, difluoromethoxymethane,
pentafluoroethoxypentafluoroethane, difluoromethoxydifluoromethane,
trifluoromethoxy-2,2,2-trifluoroethane, fluoromethoxymethane, difluoromethoxy-
1,2,2,2-tetrafluoroethane, fluoromethoxyfluoromethane,
difltuoromethoxy-2,2,2-trifluoroethane, methoxy-2,2,2-trifluoroethane,

methoxy-1,1,2,2-tetrafluoroethane and a mixture of two or more thereof.



CA 02272961 2005-10-14

.20 _
2. A composition according to claim 1 wherein component (b) 1s selected from

an unsubstituted, fully saturated hydrocarbon and an unsubstituted hydrocarbon which

contains one double bond.

3. A composition according to claim 1 wherein component (b) 1s
methylenecyclopropane, 1-butene, cis-2-butene, trans-2-butene, butane, 2-methyl propane,
cyclopentene, cyclopentane, 2-methyl-1-butene, 2-methyl-2-butene, 3-methyl-1-butene,
1-pentene, cis-2-pentene, trans-2-pentene, 2-methylbutane, pentane or a mixture of two or

more thereof.

4, A composition according to any one of claims 1-3 in which component (a) 1s
present in an amount of from 70 to 95% by weight, based on the composition, component (b)
1s present in an amount of from 1 to 8% by weight, based on the composition, and component

(c) 1s present in an amount of from 4 to 29% by weight, based on the composition.

5. A composition according to any one of claims 1-4 in which component (2) is

present 1n an amount of from 80 to 90% by weight, based on the composition, component (b)
1s present in an amount of from 2 to 6% by weight, based on the composition, and component

(¢) 1s present in an amount of from 8 to 18% by weight, based on the composition.

6. A composition according to any one of claims 1-5, in which component (a) is
present in an amount of from 82 to 86% by weight, based on the composition, component (b)

1s present in an amount of from 2 to 5% by weight, based on the composition, and component

(c) 1s present in an amount of from 12 to 16% by weight, based on the composition.
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7. A composition according to any one claims 1-6 further comprising component
(d), a flammability supressant.
8. A composition according to claim 7, in which component (c) is present in an

amount up to 19% by weight, based on the composition, and component (d) is present in an

amount up to 20% by weight, based on the composition.

9. A composition according to claim 7 or 8 wherein the flammability suppressant
1s 1,1,1,2,2,3,3-heptafluoropropane, 1,1,1,2,3,3,3-heptafluoropropane, octafluorocyclobutane,
octafluoropropane, trifluoromethoxytrifluoromethane, difluoromethoxytrifluoromethane,
trifluoromethoxypentafluoroethane, difluoromethoxypentafluoroethane,

trifluoromethoxy-1,2,2,2-tetrafluoroethane, or a mixture of two or more thereof.

10. A composition according to any one of claims 1-9 which has a

vapour-pressure not exceeding ~ 60 kPa (0.6 bar) of the vapour pressure of R134a between

-30°C and +60°C.

11. A composition according to any one of claims 1-10 wherein the ratio of the
total number of fluorine atoms in the composition to the total number of hydrogen atoms in

the composition is at least 1.25 : 1.

12." A composition according to any one of claims 1-11 in which component (a) is

R134 and/or R134a, component (b) is n-butane (R600) and/or 2-methyl-propane (R600a) and

component (¢) 1s R152a, R227ca, R227ea or a mixture of two or more thereof.
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13. A composition according to any one of claims 1-12 in which component (a) is

R134 and/or R134a, component (b) is R600 and/or R600a and component (c) is R152a.

14. A composition according to any one of claims 1 to 12 in which component (a)
is R134 and/or R134a, component (b) 1s R600 and/or R600a and component (c) 1s R227ca
and/or

R227ea.

15.  Use of a composition according to any one of claims 1-14 as a refrigerant in a

compression refrigeration apparatus which contains not more than 1 kg of refrigerant.

16. A process for producing refrigeration, comprising condensing a composition
according to any one of claims 1 to 14 and thereafter evaporating the composition in the

vicinity of a body to be cooled.

17. A compression refrigeration apparatus containing, as refrigerant, a

composition according to any one of claims 1 to 14.
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