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' AZEOTROPIC OR AZEOTROPE-LIKE COMPOSITIONS OF
' PENTAFLUOROETHANE AND PROPANE OR ISOBUTANE

: . This invention relates to mixtures of fluorinated hydrocarbons and
more specifically relates to constant boiling mixtures comprising pentafluoro- -
ethane and propane or isobutane. Such mixtures are useful as refrigerants,
aerosol  propellants, heat transfer media, gaseous dielectrics, fire extinguishing
agents, expansion agents for polyolefins and polyurethanes and as power cycle
working fluids. These mixtures are potentially envxronmenta.lly safe substitutes for
Refngerant-SOZ (R-502), Wthh is a commercial, binary-azeotropic refngerant

In the early 1970s, concern began to be expressed that the

stratospheric ozone layer (which provides protection against penetration of the
' earth's atmosphere by ultraviolet radiation) was being depleted by chlorine atoms

introduced to the atmosphere from the release of fully halogenated chlorofluoro-
carbons.- These chlorofluorocarbons are used as propellants in aerosols, as
blowing agents for foams, as refrigerants and as cleaning/drying solvent systems.
Because of the great chemical stability of fully halogenated chlorofluorocarbons,.
according to the ozone depletion theory, these compounds do not decompose in
the earth’s atmosphere but reach the stratosphere where they slowly degrade,
llberatmg chlorine atoms which in turn react with the ozone.

' During the period of 1978-1987, much research was conducted to-
study the ozone depleuon theory. Because of the complexity of atmospheric
chemistry, many questions relating to this theory remain unanswered. However,

‘assuming the theory to be valid, the health risks which would result from depletion

of the ozone layer are significant. This, coupled with the fact that worldwide
production of chlorofluorocarbons has increased, has resulted in international
efforts to reduce chlorofluoro-carbon use. Particularly, in September 1987, the
United Nations, through its Environment Programme (UNEP) issued a tentative
proposal calling for a 50 percent reduction in worldwide production of fally ..
halogenated chlorofluoro-carbons by the year 1998. This proposal was rauﬁé,d 3‘
Januaxy 1, 1989 and became effective on July 1, 1989
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Because of this p'roposed reduction in availa-bility of fully
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" halogenated chlorofluorocarbons such as CFC-11, CFC-12 and R-502, alternative, -

more environ-mentally acceptable products are urgently needed.”
As carly as the 1970’ with the initial emergence of the ozone

_ depletion theory, it was known that the introduction of hydrogen into prevnously

fully halo-genated chlorofluorocarbons markedly reduced the chemical stability of
these compounds. Hence, these now destabilized eompounds would be expected
to degrade in the atmosphere and not reach the stratosphere and the ozone layer.
The accompanying Table 1 lists the ozone depletion potential of some fully.and

- partially halogenated halo-carbons. Halocarbon Global Warming Potential data
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(potential for reflecting infrared radiation (heat) back to earth and thereby raising
the earth’ s surface temperature) are also shown. -

TABLE 1
OZONE" DEPI.ETION AND GREENHOUSE POTENTIALS
'Halocarbon
. . Ozone Depletion _-Global Warming
Be.t:igsr_ans ___.Egt.%ntial__ : —potential
' CFC-11 (CFCla) . 1.0 . 1.0
CFE-12 (CF2Clz) | ‘1.0 3.0
HFC-125 (CF3CHF2) 0.0 . 0.58

R-502 - : 0.23 4.0

Propane and 1sobutane do not contain chlonne or bromme, and are
therefore Zero 0zone depleters

There is a limit to the number of smgle ﬂuonnated hydrocarbon
substances which could be environmentally safe materials. Mixtures of known

X matenals, however, might be used if the desired combination of properties could

be found in a given mixture. Simple mixtures, however, create problems in design.
and operation of refrigeration and other equipment because of component
segregation in both the vapor. and liquid phases. To avoid component segregation
problems, it is particularly desirable to discover new azeotropic or constant boiling
fluorocarbon mixtures. Such mixtures do not suffer from coniponent segregation )
problems. ' :

w .
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. Unfortunately, as recognized in the art, it is not possible to predict
the formation of azeotropes, which complicates the search for novel azeotropic
compositions that possess the desired combination of properties.

PCT/US92/05445

SUMMARY OF THE INVENTION
The present invention relates to the discovery of azeotropic or
azeotrope-hke compositions comprising admixtures of effective amounts of

pentafluoroethane (HFC-125) and propane, or effective amounts of pentafluoro-

ethane and isobutane. One way to define the invention is in terms of weight

. percents of the components. Azeotropic or azeotrope-like compositions of
_pentafluoroethane and propane comprise about 65 to 99 percent propane, and .

azeotropic or azeotrope-like compositions of pentaﬂuomethane and isobutane
eompnse about 90 to 99 weight percent penmﬂuoroethane and about 1 to 10
weight percent lsobutane '

Another way to define the mvenuon isasa composmon that
comprises effective.amounts of pentafluoroethane and propane, or effective

" amounts of pentaﬂuoroethane and isobutane, such that the difference between the

~ - dew point temperature and the bubble point temperature of the eomposmon is
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less | t.han or equal to one degree Celsius.

Still another way to define the invention is as a composmon that
comprises effective amounts of pentafluoroethane and propane, or effective

“amounts of pentaﬂuoroethane and isobutane, such that after S0 weight percent of
- the eomposmon is removed, such as by evaporation or boiling off, the difference in
_vapor pressure between the ongmal eomposmon of the remalmng composmon is .
 less than 10%.
30

- DETAILED DESCRIPTION
The compositions of the instant invention are constant-boiling,
azeotropic or azeotrope-like compositions, or mixtures, comprising effective
amounts of pentaﬂuoroethane'(HFC-IZS) and propane or effective amounts of
pentafluoroethane and isobutane.
- One way to define the invention is in terms of welght pereents of the

_components. Constant-boiling, azeotropic or azeotrope-like « compositions of

pentafluoroethane and propane comprise about 65 to 99 weight percent penta-

-fluoroethane and about 1 to 35 weight percent propané. A preferred composition

comprises about 75 to 99 weight percent pentafluoroethane and about 1 to 25
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'weight percent propane. A mofe preferred composition of the inwientipn is the

azeotrope, which comprises about 79.4 weight percent pentafluoroethane (CF3-
CHFs, boiling point = =48.5°C) and about 20.6 weight percent propane
(CH3CH;CH3, boiling point = ~-42.1°C), and which boils at -14°C at 75.6 psia.

- The constant-bonlmg, azeotropic or azeotrope-llke composmons of

_ pentaﬂuoroethane and isobutane comprise about 90 to 99 weight percent penta-
| fluoroethane and about 1 to 10 weight percent isobutane. A preferred compo-

sition comprises about 94to99we1ghtpercentpenmﬂuoroethaneandabout 1to6
weight percent lsobutane. A more preferred composition of the invention is the
azeotrope, whlch comprises about 98.3 weight percent pentafluoroethane (CF3-
CHF>, boiling pomt = -48.5°C) and about 1.7 weight percent isobutane
((CHI3)3CH. boiling point = -11 .7°C), and which boils at 11.2°C at 135.9 psia.

' Itis reeogmzed inthe art thata small difference between the dew -
point temperature and the bubble point temperature of a composition at a

‘particular pressure is an indication that the composition is azeotropic or
. azeotrope-like. By a "small” difference is meant a difference in dew point

temperature and bubble point temperature of less than or equal to one degree

- Celsius. It has been unexpectedly found that compositions some distance away
~ from the true azeotropes of HFC-125 and propane or HFC-125 and isobutane
- have differences in dew point and bubble point te_mperatures of less than or equal

to one degree Celsius. :
Therefore, mcluded in this mvenuon are mixtures of effecuve

amounts of HFC- 125 and propane or mixtures of effective amounts of HFC-125
- and isobutane such that the mixtures have a difference i in dew point temperature
~ and bubble point temperature of less than or equal to one degree Celsius.

| It is also recognized in the art, as discussed in U.S. Patent No. |
4,810,403, the text of which is in¢orporated herein by reference, that a mixture is -
azeotropic or azeotrope-like if, after SOwt.% of the mixture is removed, such as by

- evaporation or boiling off, the difference in vapor pressure between the original

mixture and the mixture remaining after 50 wt.% of the original has been removed
is less than 10%, when measured in absolute units. By absolute units is meant |
measurements of pressure in, for example, psia, atmospheres, bars, torr, dynes per

square centimeter, millimeters of mercury, inches of water, and other equivalent

terms well known in the aft.

~ Therefore, included in this invention are mixtures of effective
amounts of HFC-125 and propane or effective amounts of HFC-125 and isobutane
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such that after 50 wt.% of an original mixture is evaporated or boiled off to
produce a remaining mixture, the difference in the vapor p'ressure between the
original mixture and the remaining mixture is 10% or less.

For purposes of this invention, “effective amount” is deﬁned as the

" amount of each component of the inventive admixture which, when combined,
 results in the formation of an azeotropic or azeotrope-like composition. This
- definition includes the amounts of each component, which amounts may vary

depending upon the pressure applied to the composition so long as the azeotropic
or azeotrope-like compositions continue to exist at the different pressures, but o
with possible different boiling points. Therefore, effective amount includes the

. amounts,such as may be expressed in weight percentages, of each component of

the oomposmons of the instant invention which form azeotropic or azeotrope-hke
eomposmons at pressures other than the pressutes described herein. -

For the purpose of this discussion, azeotropic or constant-boilingis =

intended to mean also essentially azeotroplc or essentially-constant boiling. In

. other words, included within the meaning of these terms are not only the

true azeotropes described above, but also other compositions containing the same
components in different propomons, which are true azeotropes at other

temperatures and pressures, as well as those. eqmvalent compositions which are
part of the same azeotropic system and are azeotrope-like in their properties. As
. is well recognized i m this art, there isa range of compositions which contain the
_same components as the azeotrope, which not only will exhibit essentially

equivalent properties for refrigeration and other applications, but which will elso

- exhibit essentially equivalent properties to the true azeotropic composition in

terms of constant boiling charactenstus or tendency not to segregate or .
fractaonate on boiling. :

_ It is possible to charactenze, in eﬁect, a constant boiling adm:xmre '
whxch may appear under many guises, dependmg upon the conditions chosen, by
any of several criteria: . :

* The composmon can be deﬁned as an azeotrope of A, B, C (and
D...) since the very term “azeotrope” is at once both definitive and limitative, and
requires that effective amounts of A, B, C (and D...) form this unique composition
of matter which is a constant boiling admixture. .

'ltxswellknownbythoseshlledmtheart,that,atdlfferent
pressures, the composition of a given azeotrope will vary at least to some degree, -
and changes in pressure will also change, at least to some degree, the boxhng pomt
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temperature. Thirs, nn azeotrope of A, B, C (and D...) represents a nnique type of

PCT/US92/05445

' relationship but with a variable composition which depends on temperature

and/or pressure. Therefore, compositional ranges, rather than fixed compositions,

: areoftenus_edtodeﬁneazeon'opes.

* The composition canbe deﬁned asaparncularwerght percent
relauonshrp or mole percent relatronshrp of A, B, C (and D...), while Tecognizing
that such specific values point out only one particular such relatronslnp and that in
actualrty, a series of such relationships, represented by A, B, C (and D... ) actually

' -e:nstforagwenazeotrope,vanedbytheinﬂneneeofpressure

‘AnazeotropeofA,B,C(andD ) can be characterized by

'.deﬁmngtheoomposmonasanazeotropecharactenzedbyaboﬂmgpomtata |

gwen pressure, thus giving identifying characteristics withont unduly limiting the
scope of the invention by a specific numerical composition, which is limited by and

is only as accurate as the analyueal equrpment available.

. Binary mixtures of about 65 to 99 weight percent HFC-125 and
about 1035 werght percent propane and bmary mixtures of 90 to 99 weight
percent. HFC-125 and 1 to 10 weight percent: isobutane are characterized as
azeotroplc or azeotrope-hke in that mixtures wrthm these ranges exhibit a
substantially constant boiling point at constant pressure. Bemg substantially
constant boiling, the mixtures do not tend to fractionate to any great extent upon
evaporatxon After evaporation, only a small difference exists between the
composition of the vapor and the composition of the initial liquid phase. This
difference is such that the compositions of the vapor and liquid phases ere

' considered substantially identical. -Accordingly, any mixture within this range

exhibits propemes which are characteristic of a true bmary azeotrope.

' The azeotropic or azeotrope-like compositions of the instant
invention can be prepared by any convenient method including mixing or
combining the desired component amounts. A preferred method is to weigh the
desired component amounts and thereafter combine them inan appropriate
container. :
. " Specific exarriples illﬁSn'a_tin'g the invention are given below. Unless
otherwise stated therein, all percentages are by weight. Itiis to be understood that
these examples are merely illustrative and in no-way are to be rnterpreted as
hmmng the seope of the invention.
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~ A phase study was made on pentafluoroethane and propane,

wherein the composition was varied and the vapor pressures measured, at a

constant tempei'atme of -14C. An azeotropic composition was obtained as
evidenced by the maximum vapor pressure observed and was identified as .follows: -
' - Pentafluoroethane = 79.4 weight percent
- - - Propane = 20.6 weight percent
- Vapor pressure = 75.6 psia at -14°C

The novel azeotropic or azeotrope-like compositions of the present
invention exhibit a higher vapor pressure than either of the two constituents and
exhibit dew and bubble points with virtually no temperature differentials. As is
well known in the art, a small difference between dew point and bubble point

 temperatures is an indication of the azeotrope-like behavior of mixtures.

~ A study of dew point and bubble point temperatures for various
mixtures indicates that the differences in dew point and bubble point temperatures'
of the azeotrope-hke mixtures of the invention are: very small with respect to the

-dlfferenqes:m dew point and bl_xbble point temperatures of several known,
nonazeotropic, binary compositions, namely, (50+50) weight percent mixtures of -

pentafiuoroethane (HFC-125) and 1,1,1,2-tetrafluoroethane (HFC-134a), and
(50+50) weight percent mixtures of chlorodifluoromethane (HCFC-22) and 1-
chioro-1,1- fluoroethane (HCFC-142b). These data confirm the azeotrope-like
behavior of the compositions of thisinvention. '
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 HFC-125 + HFC-134a . -30.5 ' -35.7 5.2
| (50+50) R s
HCFC-22 + HCFC-142b .~ =18.6 .  =28,3 9.7
(50+50) ' : B
HFC-125 + Propane . ~50.6 . =49.8 0.8
' (99+1) ' ' o ' '
HFC-125 + Propane  =53.5 -52.6 0.9
HFC-125 + Propane . =~ <=53.8 -54.3 0.5
. (90+10) o | | .
HFC-125 + Propane . -54.2  =53.5 0.7
. (85+15). o |
HFC-125 + Propane . . ~54.3 . -54.3 - 0.0
 (79.4+20.6) | o
HFC-125 + Propane . =54.3 -54.2 . 0.1
.(75f25)l- . o o _

25

" 30

35

Composmons of about 75 to 99 weight percent pentaﬂuoroethane

and 1 to 25 weight percent propane exhibit a difference in dew and bubble point

temperatures of less than 1°C at atmosphenc pressure, which indicates that the
compositions are essentlally constarit-boiling. i

The more preferred composition according to the instant invention
is the azeotrope which comprises 79.4 weight percent pentaﬂuoroethane and 20. 6
weight percent propane, and which boils at -14°C at 75.6 psia.

Example 3 |
A study compares the refrigeration properties of the azeotropic
mixtures of the invention with Refrigerant-502 and pentafluoroethane (HFC-125).
The refrigeration capacity is based on a compressor with a fixed displaeement of
3.5 cubic feet per minute. The data are basedona refngerauon cycle with a
suction-line heat exchanger
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COMPARISON OF REFRIGERATION PERFORMANCES

Refrig. = -~ HFC-125/Propane (wt percents)

502  HFC-125 - Mixture Azeotrope ' Mixture
- : (99.0/1.0) (79.4/20.6) (75.0/25.0)
Evaporator ' ' ; -

Temp, °F -30.0 <=30.0 «30.0 -30.0 = . =30.0
Evaporétor R o _ _
Pres, psia - 24.04 26.68 27.69 - 35.96 35.70
léondenser - :

Temp, °*F - 115.0 115.0 115.0 115.0 115.0
Condenser o . '
- Pres, psia  281.96 327.50 '333.41 . 321.30 314.60

Return Gas

Temp; °F  65.0 65.0  65.0 65.0 65.0

Compressor

-Dis=~

charge, 'F 238.0 223.1 - 222.8 210.2 °  209.9

Coefficient

‘of

Performance 1.89 1.69 1.70 . 1.96 2.00

Capacity

‘Btu/min ' 80.01 '379.41 - 81.37 107.20 108.02

Capacxty is mtended to mean the change in enthalpy of the
refrigerant in the evaporator per pound of refrigerant circulated, i.e., the heat
removed by the ret_‘ngerant in the evaporator per time.
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Coefficient of performanee (COP) is intended to mean the ratio of

‘the capacity to. the compressor ‘work. Itis a measure of refngerant energy

efficiency. - _ |
For a reﬁ'lgeratxon cycle typlfied by the above conditions, both the

- COPandcapacxtymcreasebyaddmgpropanetoHFC—lZS Also, the discharge
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temperature from the compressor decreases by adding propane, which is
important for increasing the lifetime of the compressor. These results show that
mixtures of HFC-125 and propan_e improve the capacity, energy efficiency, and

- discharge temperature of a refrigeration cycle when compared to HFC-125 alone.

EXAMPLE4 -
- Aphase study on pentaﬂuoroethane and propane verifies mxmmal
fractionation and change in vapor pressure and composition during a vapor loss at
25°C. Initial liquid (IQ), final hqmd (FQ), vapor composition (1-6), vapor

. pressure, and change in vapor pressure from the initial vapor pressure are shown

for four mixtures.
| o | Table 4 -
sample % Loss Comp. (wt%) Vapor Press. Press. Change
| HFC-125 Propane  (PSIA) A
I 0  90.0 10.0 233.5 0
1 0 86.3 13.7 233.5 0
2 10 . 86.6 13.4  233.1 0.2
3 20 ° 86.9 13.1 232.6 0.4
4 30 87.3 12.7 .-231.9 0.7
5 40 87.9 = 12.1 231.0 1.1
6 '50°  88.5 11.5 229.9 . 1.5
FQ 50 92.6 - 7.4 229.9 ' 1.5

P

"This mixture of 90% HFC-125 and 10% propane is essentially constant-

* boiling and exhibits a 1.5% change in vapor pressure after 50% of the original
_ . mixture evaporates. Also, the propane concentration decreases so that if the
- original mixture were nonﬂammable then the mixture would remain

. nonflammable.

40
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Sapple % Loss  Comp.. (wtd) YVapor Press. Press. Change
HFC-125 Propane peia S 1
1Q 0 95.0 . 5.0 . 224.3 )
1 o 91.2 8.8 224.3 0.
2 210 - 91.7 = . 8.3 223.1 0.5
3 20  %2.2 7.8 . 221.8 | 1.1
4 30 92.8  .7.2 220.2 - 1.8
5 40 93.6 = 6.4  218.2 2.7
6 " 50 94.4 5.6 216.0 3.7
FQ. 56  97.3 . 2.7 ' 216.0, - 3.7

This mnmn-e of 95% HFC-125 and 5% propane is essenually constant-
boiling and exhibits only a 3.7% change in vapor pressure after S0% of the original
mixture evaporates. Again, the propane concentration decreases so that if the

original mixture were nonflammable the mixture would remain nonflammable.

' :ihlg_g'

Sample § Loss Comp. (wt3) Yapor Press. Press. Change
| FC=125 Propane = - psia .8
i 0 75.0 25.0 ~  236.1 0
1 - 0o . 79.0 21.0 - " 236.1 ' o
2 10  78.9 21.1 236.0  0.04
3 20  78.7 21.3-  235.9 ~ 0.08
4 30° 78.5 . 21.5 235.6 0.21
5 40  78.2 21.8 235.3  0.34
6 50  77.8 22.2 234.9 . 0.51

FQ 50 77.1  -28.9 - .234.9 . 0.51

This mixture of 75% HFC-125 and 25% propane is essentially constant-
boiling and exhibits only a 0.5% change in vapor pressure after 50% of the original
mixture evaporates. However, the propane concentration increases so that even if .
the original mixture were formulated to be nonflammable the mixture could

‘become flammable upon a vapor leak. Even though this mixture is probably -

flammable or can become flammable it is essentially constant-boiling and may
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propellants, heat transfer medla, gaseous dielectrics, expansion agents for
polyolefins and polyurethanes, and as power cycle worlnng fluids.

:mnu |

samnl_ i_Leas ngna_L!:il Yapor Press. BIEEEL_QhQBQQ
- nzg_lzi_zznnane psia : 1
10 0 5.0 35,00  232.4 o
o 10 75.7  24.3  231.7- . 0.3
2 20 75.2 24.8 . 230.8 0.7
3 30 74.6  25.3  229.7 1.2
4 40 73.8 . 26.2 227.9 1.9
S .50 . 72.6  27.4 -  225.3 3.1

FQ. 50° 52.4 = 47.6 . 225.3° : 3.1

_ Thls mixture of 65% HFC-125 and 35% propane is essentrally eonstant~
boiling: and exhibits only a 3.1%'change in vapor pressure after 50% of the original

. mixture evaporates. However the propane conoentratlon increases so that even if

the original mixture were formnlated to be nonﬂammable the mixture could
become flammable upon a vapor leak. _Eve_n though this mixture is probably

- flammable or can become flammable, it is éssentially constant-boiling and may

have several uses, such as a refrigerant where flammability is-acceptable, aerosol -
propellants, heat transfer media, gaseous dielectrics, expansion agents for
polyoleﬁns and polyurethanes, and as power cycle working fluids.

In summary, the data in Tables 4-7 confirm the existence of an
azeotropic or azeotrope-like composition consisting essentially of about 65 t0 99

-weight percent pentafluoroethane and about 1 to 35 weight percent propane,

wherein the composition boils at about 25°C when the pressure is adjusted to
about 226 +/-10 psra.

A phase study was made on pentafluoroethane and isobutane,

- wherein the composition was varied and the vapor pressures measured, ata -
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 constant temperature of 11.2°C. An azeotropic composition was obtained as

evidenced by the maximum vapor pressure observed and was identified as follows:
" -Pentafluoroethane = 983 weight percent
-Isobutane = 1.7 weiglit percent.
-Vapor pressure = 1359 psia at 11.2°C.

: The novel azeotropic or azeotrope-like compositions of HFC-125
and isobutane exhibit dew and bubble points with virtually no temperature

. dlfferenuals As is well known in the art, a small difference between dew point

and bubble point temperatures is an indication of the azeotrope—hke behawor of

’mixtures.

A study of dew point and bubble point temperatures for various
mixtures indicates that the difference in the dew point and bubble point
temperatures of the azeotrope-like mixtures of the instant invention are very small

‘with respect to the differences in dew point and bubble point temperatures of

several known, nonazeotropic, binary compositions, namely, (50+50) weight

~ percent mixtures of pentaﬂuoroethane (HFC-125) and 1,1,1 ,2-tetrafluoroethane

(HFC- 134a), and (50+50) weight percent mixtures of chlorodifluoromethane
(HCFC-22) and 1-chloro-1,1-difluoroethane (HCFC-142b). These data confirm
the azeotrope-like behavior of the compbsitions of this invention.

. TABLE 8
' ures (° 't 696 psi

_nggig rant gom_pos1t;o1__1 - Dew_Point m_b_lg_g_in_ AT

HFC-125 + HFC-134a  =30.5 -35.7 . 5.2
(50+50) L
HCFC-22 + HCFC-142b -18.6 -28.3 9.7
(50+50) ' , |
HF’C,-;125 + Isobutane : -48.6 -48.6 " 0.0
“(9941) o |
' HFC-125 + Isobutane ~48.6 ~48.6 0.0
(98.3+1.7) |
HFC-125 + Isobutane . ~48.4 ~48.5 0.1
(96+4)
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HFC~125 + Iscbutane ' -48.0 L. ~48.5 0.5

| (95+5) | S |

HFC-125 + Iscbutane ~  =47.5  <-48.4 .09
(94+6) |

i Composmons of about 9% to 99 werght percent pentaﬂuoroet.hane
and about 1 to 6 weight percent isobutane exhibit differences in dew and bubble
points of less than 1°C at atmospheric pressure which indicates that the '

= 'composmons are essentially constant-boilmg.

The more preferred composition according to the mstant mventron
is the azeotrope which eompnses about 98.3 weight percent pentaﬂuoroethane

. and about 1.7 weight percent mobume, and which boils at 11.2°C at 135.9 psia.

EXAMPLE 7 -

: A study compares the refrigeration propemes of the azeotroprc
mixtures of the invention with Refrigerant-502 and HFC-125. The refrigeration -
capacity is based on a compressor with a fixed displacement of 3.5 cubic feet per
minute. The data are. based ona refngerauon cycle with a sucnon-hne heat
excha.nger : -
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Evaporat_or

|  TABLE S
COMPARISON OF REFRIGERATION PERFORMANCES

Refrig. | e nI::1zizlsehnssne_iut_nszcgnzl
_592___ nzc_lzs.Azse;:nns Mixture - Mixture
(98. 3/1 7) (95.0/5.0) (90 0/10.0)

Temp, °F -30.0 -~ =30.0 =30.0 -30.0 -30.0
Evaporator o ' ' ] _
Pres, psia 24.04 26.68 27.0 ' 27.33 5.8
Condenser' = . . ' - - ' | |

. Temp, °F - 115.0 115.0 115.0 120.2 118.8
Condenser ' o | _
Pres, psia 281.96 327.5 326.7 309.5 . 276.6
Return Gas _ . o
Temp,” °F  65.0  65.0  65.0 65.0  65.0
Compressor | ' '

- Dis- _ , R . -
‘charge, °F 238.0 - - 223.1 221.5 . 215.5 . 208.5
coefficient of D _ '
Performance - 1.89 _ 1.69 ~ 1.70 - 1.79 1.95
Capacity :

Btu/min 80.01  79.41 79.60  82.61 83.0

Oap_aéity is intended to mean the chaﬂg_e in enthalpy of the
refrigerant in the evaporator per pound of refrigerant circulated, i.e., the heat
removed by the refrigeraht in the evaporator per time. "

Coefficient of performance (COP) is intended to mean the ratio of
the capacity to the compressor work. It is a measure of refrigerant energy '
efficiency. - |
.For a refrigeration cycle typified by the above conditions, both the
COP and capacity increase by adding isobutane to HFC-125. Also, the discharge
temperature from the compressor decreases by adding isobutane, which is

. important for increasing the lifetime of the compressor. These results show that

mixtures of HFC-125 and isobutane improve capacity, energy efficiency, and
discharge temperature of a refrigeration cycle when compared to HFC-125 alone.
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H A'phas’e study on pcntaﬂuoroethane-and isobutane verifies minimal fraction-
ation and change in vapor pressure and composition during a vapor loss at 25°C.-

5 ‘Initial liquid (IQ), final liquid (FQ), vapor composition (1-5), vapor pressure, and -

10

15

 change in vapor pressure from the initial vapor pressure are shown for three

o Table 10 .
- _samnls i_Lnss QQEEQ;_iHSil !angr_zzgsg; Press. Change
6 o0 . 99.0 1.0 © 199.5 0
i o 9%.0 1.0 © 199.5 0
2 50 99.0 1.0  199.5 0
0

20

25

30

35

FQ 50 99.0 1.0 199.5

This mixture of 99% HFC-125 and 19 isobutane is essentially constant-

'bomng and exhibits a 9% change in vapor pressure after 50% of the original

mixture evaporates. Also, the jsobutane concentrauon femains constant so that 1f
the ongmal mixture were nonﬂammable then the mixture would remain

nonﬂammable
Sample % Joss comp. (wt%) Vapor Press. Press. Change
I FC-125 Isobutane  (BSIA) %
10 - o0 . 95.0 5.0  198.2 0
1 .0 96.2 3.8 - 198.2 0
2 10 96.1 3.9 198.1 0.05
3 20  96.0 .4.0 °  198.0 0.1
4 30 ' 95.9. 4.1 197.9 . 0.15
'S 40 . 95.8 4.2 . 197.7 | 0.25
6 50  95.7 4.3  197.5 | 0.35

FQ 50 94.0 6.0 197.5 0.35
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. This mixture of 95% HFC—IZS and 5% isobutane is essentially
constant-boxhng and exhibits only a 0.35% change in vapor pressure after 50% of
the original mixture evaporates. However, the isobutane concentration increases

so that even if the original mixture were formulated to be nonflammable, the
mixture could become ﬂammableuponavaporleak. Even though this mixture

couldbeeomeﬂammable,msessenuaﬂyconstantboxhngandmayhaveseveral '

uses, such as a refrigerant where flammability is acceptable, acrosol _prgpellant_s, _
. heat transfer media, gaseous dielectrics, expansion agents for polyolefins and
' - polyurethanes, and as power cycle working fluids. -

-

Sample i_Leg_ SL!ML.a.i!I&l !angz_zresg; EIEE§;.SEEHEL.'
HFC-125 Isobutane - (PSIA) {3
10 0 0.0  10.0 194.5 0
1 0 94.2 5.8 - 194.5 0
2 10 94.1 5.9 . 194.1 0.2
3 20 . 93.9 6.1 193:6 0.5
4 30 93.7 6.3 . 193.0 0.8
5 40 93.5 . ° 6.5  192.2 - 1.2
6 50 93.1 = 6.9 191:1 . 1.7
FQ 50 85.9 14.1 191.1 1.7

 ‘This mixture of 90% HFC-125 and 10% isobutane is essentially.
constant-boiling and exhibits only a 1.7% change in vapor pressure after 50% of
the original mixture evaporates. Again, the isobutane concentration increases so
that even if the original mixture were formulated to be nonflammable the mixture
could become flammable upon a vapor leak. Even though this mixture is probably -
flammable or can become flammable it is essentially constant-boiling and may
have several uses such as a refrigerant where flammability is acceptable, aerosol .
propellants, heat transfer media, gaseous diclectrics, expansion agents for
polyolefins and polyurethanes, and as power cycle working fluids.

In summary, the data in Tables 10-12 confirm the existence of an

azeotropic or azeotrope-like composition consisting essentially of about 90 to 99
weight percent pentafluoroethane and about 1 to 10 weight percent isobutane,
wherein the composition boils at a temperature of about 25°C when the pressure is
adjusted to about 195 +/ 5 psm.
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o Thé novel azeotropic or azeorrope-like mixtures of HFC-125 and
propane or HFC-125 and isobutane may be used to produce refrigeration by -
condensing the mixtures and thereafter evaporatmg the eondensate in the vrcnmty
ofa body to be cooled. .

: 'l‘henovelazeotropxcorazeotrope—likemuturesmayalsobeusedto
produce heatbycondensmgtherefngerantmtbevmmtyofthebodytobeheated
andthereafterevaporaungthereﬁ-lgerant. S

The use of azeotropic or azeotropic-like lmxtures eliminates the
problem of component fractionation and handling in system operations, because
these mixtures behave essentially as a single substance. Several of the novel '
azeotrope-hke mrxtures also offer the. advantage of being essentrally '

: nonﬂammable ' ' : .

The novel azeotroplc or azeotrope-hke mixtures have zero ozone
depletxon potentials eompared with refngerant 502, which has a 0.23 ozone
depleuon potential. The aforemennoned data were taken from "Scientific
Assessment of Stratospheric Ozone, 1989" UNEO/WMO AFEAS Report,
September 5, 1989. - '

In addition to refngeratron appheauons, the novel constant bonlmg
compositions of the i invention are also useful as aerosol propellants, heat transfer
media, gaseous dielectrics, fire extinguishing agents, expansion agents for
polyoleﬁns and polyurethanes and as power cycle working fluids.

: Additional components can be added to the constant-boiling
mixture of HFC-125 and propane without changing the azeotrope-like properties
of the mixture. Examples of such components include chiorodifluoromethane -
(HCFC-22), 1,2,2,2-tetraﬂuoroethane (HFC-134a), 1,1,2 2-tetrafluoroethane
(HFC-134), 1-chloro-1,1,2,2-tetrafluoroethane (HCFC-124a), 1-chloro-1,2,2,2-
tetrafluoroethane (HCFC-124), 1,1 ,1,2,3,3,3-heptafluoropropane (HFC-227ea),
1,1,1,2,2 3 3-heptafluoropropane (HFC-227¢a), perfluorocyclopropane (FC-218),
difluoromethane (I-IFC-32), fluoromethane (HFC-41), trifluoromethane (HFC-
23), 1,1, 1-trifluoromethane (HFC-143a), 1, l-drﬂuoromethane (HFC 152a), and
fluoroethane (HFC-161).. '

Additives such as lubricants, corrosion mhibrtors, stabilizers, dyes
and other appropriate materials may be added to the novel compositions of the
invention for a variety of purposes provided they do not have an adverse influence
on the composition, for their intended applications.

||| ' PCT/US92/05445
= -18- -
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weight percent propane, wherein the eomposxtnon boils at about 25°C when the
pressure is adjusted to about 226 psm. :

2 An azeotropic or azeotrope-hke eomposmon eonslstmg .
essentially of about 79.4 weight pereent pentafiuoroethane and about 20.6 we1ght :
percent propane wherein the eomposmon boils at about -14°C when the pressure' :
is adjusted to about 75.6 psia.

. 3. An aze_otropic or azeotrope-like composition consisting
essentially of about 90 to 99 weight percent pentafluoroethane and about 1 to 10
weight percent isobutane, wherein the composition boils at a temperature of about
25°C when the pressure is adjusted to about 195 psxa. -

4 An azeotropic or aze_otrope-_like composition-eonsisting

o essentially of about 98.3 weight percent pentaftuoroethane and about 1.7 weight | |
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percent isobutane wherein the composition boils at a temperature of about 11.2°C
when the pressure is adjusted to about 135.9 psia.

5. An azeotropic or azeotrope-like composition comprising effective
amounts of pentafluoroethane and ;iropane or isobutane such that the difference
in dew point temperature and bubble point temperature of the compositionat
atmospheric pressure is less than or equal to one degree Celsius.

6. An azeotropxc or azeotrope-hke eomposmon comprising effective
amounts of pentafluoroethane and propane or isobutane such that when 50 weight
percent of the composition is removed, the difference in the vapor pressure of the
original composition and the vapor pressure of remaining composition is 10
percent or less.

7. A process for producing refrigeration, comprising condensing an
azeotropic or azeotrope-like composition of any of Claims 1 through 6, and
thereafter evaporating said composition in the vicinity of a body to be cooled.

'Y
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' mgrednents are combined in an aerosol container with an effective amount of an
azeotropic or azeotrope-like composition of any of Claims 1 through 6.

WO 93/01152 - | © PCT/US92/05445
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g A process for producing heat comprising condensing an
azeotropic or azeotrope-like eomposmon of any of Claims 1 through 6 in the
vicinity of a body to be heated, and thereafter evaporatmg said eomposmon m the

: .-wamtyofabodytobeheated.
p L)

9. A Pprocess for preparing a polymer foam from a polymer foam
formulation utilizing an effective amount of the eomposmom of any of Clams 1 -

: through 6 as the blowing agent. -

10 A proeess for prepanng aerosol formulations wherein active

e
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