
---------~----------~;;;:::::==========------ ······----

· WO 93/01152 ThisSheet Has Been RepJa d 

11111111111111 m1m111f . . 1 

PCT/US92/0S445 

5 

-1-
I 

. AZEOTROPIC OR AZBOTROPB-UKE COMPOSITIONS-OF 
PBNTAFLUOROElHANB AND PROPANE OR ISOBUTANE 

10 FIBI n OF 1J1B JN\1EN]JON 

. This invention relates to mixtures of fluorinated hydrocarbons and 
more sJ)ecifically relates to constant boiling mixtures comprising pentafluoro- -
ethane mid propane or isobutane. Such mmures are useful~ refrigerants, 
aerosc>I_ propellants, beat transfer media, gaseOus dielectrics, fire extinguishing 

15 agents, expansion agents for polyolefins and polyurethanes and as power cycle 
working flQ.ids. These mixtures are potentially environmentally safe substitutes for 

. . . . . . 

Refrigerarit-502 (R-502), which is a commercial, binary-azeotropic refrigerant. 

: BACKQROuNn ()F THE INVENDON 
2.0 In the early.1970s, cop.cem 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 froin the release of fully halogenated chlorofluoro­
carbons .. · These chlorofluorocarbons are used as propellants in aerosols, as 

25 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 o~ne depletion ~eory, these compol1nds do not deoompose in · 
the earth's atinosphere but reach the stratosphere where they slowly degrade, 
liberating chloririe atoms which in turn react ~th the ozone. 

30 During the period of 1978-1987, much research was conducted to · 
studf the ozone depletion theory. Because of the complexity of atmospheric 
chemistry, many questions relating to this theory rem8in unanswered. However, 
assuming ~e theory to be valid, the health risks which would result from depletion 
of the ozone layer are Sipificant. This, coupled with the fact that worldwide 

35 production of chlorofluorocarbons has increased, has res1J(ted in international 
efforts to reduce chlorofiuoro-carbon use. Particularly, in September 1987, the 
United Nations, through its Environment Programme (UNEP) issued a tentative 
proposal Calling for a SO percent reduction in worldwide production of fully , 1 

halogenated chlorofluoro-car~ns by the year 1998 .. This proposal was 'rati~ F 
4 o January 1, 1989 and became effective on July 1, 1989. .., 

. ~t .... : . 

·, 
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5 Because of this proposed reduction in availa-bility of fully 

halogenated chlorofluorocarbons such as CFC 11! CFC12 and R-SOZ. alternative, 

more environ-mentally acceptable productS are urgently needed.· 

As early· as the ~970's With the ~tial ·emergence of the <!7-0ne . 

depletion theory, it wa5 knoWn that the iQtroduction of hydrogen ~to previouslY 

10 fully halo-genaied chl~Ouorocarboils markedly reduced the cheJiiical stability of 

these compounds. Hence, these now destabimed c:ompOunds would be expected 

to ~e in the at111m.J>here 8nd not rel.ch the stratosphere and the .mone.layer. 

The accomPanYinl Table 1 lists·the· oZone depletion potential of s0me fully.and 

pariially halogenated :halo-carl;>ons.. Haloc:arbOn Global wamrlng Potential .data 

15 (J>Otential fo~ ·renectini infrared radiation (heat) ~act· to eaith arld thereby raising 

the ·earth's~ temperature) are also ·shown. .. 

20 

TABLE 1 

OZONE DEPLETION. AND ~ENHOOSE POTENTIALS 
Halocarbon 

. ozone Deplet_ion . ·Global warming 

Refrigerant J)ot&ntial Potential 

. CFC•11 (CFCl3) 1.0 l~O 

CFC-12 (CF2Cl2). 

25 HFC-125 (CF3CHF2) 

. R-502 

.1.0 

o.o 
0.23 

3.0 

o.-ss 
4.0 

PropQ.De and isobutane do not contain chlorine or bromine, and are 

therefore zero ozone depleters. 
30 There_ is· a limit to the number of single Ouormated hydrocarbon 

substances which could be environmentally saf~ materialS. Mixtures of known 

· materials, however, might be used if the desired combination of properties co1J}d 

be found in a given mixture. Simple mixtures, boweve~, create problems in design. 

~operation of refrigeration &nd other eqUipmen~ ~e of Component 

35 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 &Om eomponent segregation 

problems. 

· .. ..,.·•/irtr :. 
: {: . .:t·:: .. 
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5 Unfo~tely, as recogniud in the art, it is not possible to predict 
the formation of azeotropes, which complicates the search far novel ueotropic 
compositions that~ the desired combination of properties. 

SUMMARY OFlJIE INVENTION 
10 -The preient invention relates to the disc:ovely of azeotropic or 

azeottope-like. compositions comprising admixtui'es of effective amounts of 
·peJitifluoroetbane (HFC-125) and propane, or effective amounts of Pc:ntafluoro­
ethane ind isobutane. One way to define the invention is in terms Of weight 
percenis of the components. Azeotropic or azeotrope-like compositions of 

. 15 · pentafluoroethane and propane comprise about 65 to 99 pereent propane, and . 

azeotropic or azeotrope-like compositions of pentafluoroetbane and isobutane 
comprise about 90 to 99 weight percent pentafluoroethalie and about 1 to 10 

weight percent isobutane. 
Another way to define the invention is as a composition that 

2 o comprises effeetiVe.amounts of pentafluoroethane and propane, or effective 
. amounts of pentafluoroethane and isobutane, such that the difference between the . 
dew point temperature and. the bubbl~ point temperature of the composition is 

less than: or equal to one degree.Celsius • 
. Still another way to define the invention is as a composition that 

2 5 comprises effective amounts of pentafluoroethane and propane, ~r effective 

30 

amounts of pentafluoroethane and isobu~e, such that after 50 weight percent of 
··the composition is r~moved, sue~ as by evaporation or boiling off, the difference in 
. vapor pressure between the original composition of the remaining composition is 
· less than 10%. 

· DETAJI ED D§SCRIPDON 
The compositions of the instant invention are constant-boiling, 

~tropic or azeotl'Ope-like compositions; or mixtures, comprising effective 
amounts of pentafluoroethane·(HFC-125) and propane or effective am0unts of 

35 pentafluoroetbane and-isobutane. . . 
· One way to define the invention is in terms of weight percents of the 

components. Constant-boiling, azeotropic or azeotrope-like compOsitiom of 
pentafluoroethane and propane comprise about~ to 99 weight percent penta· 

· ··fluoroethane and about 1 to 35 weight percent propane. A preferred composition 
4 o comprises about 75 to 99 weight percent PeDtUluoroetbane and about 1 to 2S 
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. 5 weight percent propane. A more preferred composition of the invention is the 

at.eotrope, ·which Comprises about 79.4 weight percent pentaftuoroethane (CF3-

CHF2. boiling point =. =48.S°C) and about 20.6 weight percent propanC 
(CH3CH~3' boiling.point= -42.l°C), and which boils at.·14°Cat 75.6 psia. 

The.·eonsia.,.t-bOiling, ~c or azeotrOpe.like ccHnpositions of . 

10 peniafluoroethane and isobutane comprise about 90 to 99 weight percent penta· 

fluoroethane and about 1 to 10 weight perCent isobutane. A preferred ~ 

sjtioJJ comprises about 94 to 99 weight percent pentaftuoroethane and about 1 to 6 · 

weight percent isobu~ A more preferred composition of the iDvention is the 

azeotrope, which Comprises abOut 98.3 weight percent pentanuoroethane (cF3-

1s CHF2t boifu1.g point = ~8.SOC) and about 1.7 w~igbt percent isobutane 

((Cln3)3CH, boiling point.= -U.'7°C), and which boils at 11.2°C at 135.9 psia. 
. . 

It is recognized in the art that a small difference between the dew 
. . . . 

point temperature and· the bubble point temperature of a composition at a 

··particUlar pressure is an indica.tion that· the composition is azeotropic or 

2 o . azeotrope-like. ~y· a n5man,; difference is meuu a difference in dew point 

temperawre ~d bu~ble point temperature ofless than or equal to one degree 

Celsiils. It has been linex.pectedly found that compositions some distance away 

from the true ~~tropes .of HFC125 and propane.~t HFC-125 and isobutane 

have differences ·in dew point and bubble point temperatures of less .than .or equal 

25 to.one degree Cel$ius. · 

· Therefore, includCd in this invention are mixtures of effective 
. . . . . . 

amounts of ~Fe-125 and propane or mixtures at: effective amounts of HFC-125 

and isobutane such that the mixtures have a difference in dew point temj>erature 

and bubble point temperature of Ies5 thaI1 or equai to one degree Celsius. 

3 o It is also recognized in the art, as discussed in U.S. Patent No~ 

4,810,403, the text ofwhich is hieorporated here~ by reference, that a mixture is · 

~tropic or azeotrope-like if, after 50 wt. 9& of the mixture is removed, such as by. 

evaporation or boiling off, the difference in vapor pre$SUl'C between the original . 

Inixture and the ~re remaining after SO wt. 90 of the original has been removed 

3 s 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 centhneter, millimeters of mercury, inches of water, and other equivalent 

terms well kn(>WD in the·att. 
Therefore, included in this invention are mixtures of effective 

4 o ~ounts of HFC-125 and propane or effective amounts of HFC-125 and isobutane 



W093/0lm. ~1iifii1~i~Dr 
) 

-s- PCT/US92/0S44S 

.5 such·that after SO wt.% of an original mixture is evaporated or boiled off to 
produce a remaining mixture, the difference in the vapor pressure between the 
original.mixture and the remaini!ll mixture is 10% or less. 

For purposes of this invention, •effectfye amount" -is defined as the 
amount of each componen~·of the inventive admixture wbich, when co~ed, 

10 · results~ the formation of an a=>ttopic or azeotrope-like composition. 1bis 
definition includes the amounts of each component, which amounts may~ 
depending upon_the press1Jl'C applied tO the composition.so long as the azeottopic 
or ueotrope-like compositi• continue to e.i:ist at the different pressures, but 
with posSible different boiling points. 'lberefore, effective amount inciudes the · 

15 amounts,5uch as may be expressed in weight_perc=tages, of each component of. 
·the compositio~ of the instant invention which form ueottopic or azeotrope-like 
compositions at pressures other than the pressures d~bed herein. .. 

For the purp~ of this discussion, azeotropic or constant-boiling is 

hitended to mean also essentially ueotropic or essentially-constant boiling. In 
2 o . other words, included within. the nieaning of these tenils are not only the 

true &Zeotr~ descn~ed above, but also other· compositions containing the same 
components in different proportio~ _which are true azeotropes at other· 
temperatures and pressures, ~well as those.equivalent compositions which are 
. part of the sam~ azeotropic $)'Stem and·are azeotrope-like in th~ir properties. As 

25 ·. is well recognized in_ this art, the~e is a ~e of compositions which contain the 
. same components as the azeotrope, which not only will exhibit essentially 
equivalent properties for refrigeration IUl.d other applications, but which will also 

exhibit-essentially equivalent propertie5 tO tlie true azeotropic composition in 
terms of constant boiling characteristics or tendency not to segregate or . 

3 o fractionate on boiling. 
It is possible t<> characte~ in effect, a constant boiling admixture 

which may appear under many guises,. depending upon the conditions chosen, by 
any pf several criteria: 

* The ·composition can be defined as an azeotrope of A, B, C (and 
3 5 · D ... ) since the very term "azeotrop~" is ai 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. 

• It is weil known by those skilled in the art, that, at different 
pressures, the composition of ·a ~ven azeotrope will vary at l~t to some degree, · 

4 o and changes in pressure will also change, at least to some degree, the boiling point 
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s temperature. ThUs, 8n azeotrope of A, B, C (and D ••• ) represents a unique type of 
· relationship bUt with a variable compoSition ~ch depends on temperature 
and/or pressure. Therefore, compOsitional ~es, rather than fixed compOsitions, 
are often~ to define azeotropes. 

* 1be compoSition caia be ddined as a pardeular weight percent 
10 rel&tionship or ~olepercent:~cmship of A, ·e, C (and I)_), while tCcognizing 

that such specific values Point' out only one particular SU~ relaticmship -~ that in 
actuality, a series of such relationships,~~ by A, B, C (and D-.) actually 

. exist for a given ueotrope, varied by the blflue~ ~ prelsure. · 
•Ail~ of A, B, C (and D ... ) can iJe charaCtemed by 

1s · .defiriing the c:Omposition as an azeotrope characterized by a boilliag point at a 
given pressure, thus giving identifying charaetCristics without unduly iimitmg the 
scope of the invention by a si)etjfic nume~cal composition, which iS limited by and 

is only as accurate as the analytical equipment aviilable. 
. · · Binary_ ~es of about 6s to 99 weight percent HFC-125 and 

2 o about 1 to 35 weight percent prOpane and bmary mixtures of 90 t0_99 weight · 
perce~t.HFC-125 an~ 1 tO 10 weilbt percendsobuiaiie ·.re ch8.racterized as 
aze0tropic or ~troi>e~like in that niixtm~ withhi these ranges exlu"bit a 
substantially. constant .boiling point at constant J>ressure. Being_ substantially 
".Onstant boiling, the niixtures do not tend to fractionate to ~y great extent upon 

2s· evaporation. After evaporation, only a small difference exists between the . 
c<>mposition of the vapor and the composition of the initial liquid phase. This 

difference is such that the ~mpositions of the vapor and liquid phases .are . 
considered substantially identical. Accordingly, any mixture within this range 
exhibits properties which are characteristic of a true bimuy =ottope. · · 

· 30 · ·The ~tropic or·aZeotrope~like compositic:tns of the· instant 

invention can be prepared by any convenient method including mixing or 
combiD.ing the desired component amounts. A preferred method is tO weigh the 
~esired component amolints and thereafter combine them in an ·•PPJ'Opriate 
coittainer. 

35 . · SJ>ecifi~ examples filtistrating ·the invention ate given below. Unless 
otherwise stated there~ all percentages are by weight. lt"is to be Understood that 
these examples are merely fillistrative and in no·way are to be interpi:eted as 
limiting the scope of the inVentioa 
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s HFC125 and Prgpaue 
EXAMfI.fil 

A phase study was made on pentafluoroethane and propane, 
wherein the composition Was varied and the vapor pressures measured, at a 
constant temperature of-14C An ueottopic composition was·obtained as 

10 evidenced by the maximum vapor pressure observed and was identified as .folloWs: .. 
- Pentafluoroethane = 79.4 weight percent 

. - Propane = 20.6 weight percent 
•Vaporpresslire = 75.6psiaat-14°C 

1s EXAMJ>JE2 
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 'Yith virtually no temperature differentials~ ~-is 
well known in the art, a small difference between dew point and bubble point 

2 o temperatures is an indication of the azeouoi>e-like behavior of mixtures. 
A ~~dy of dew point and bubble point temperatures for various 

lnixiures "indicates that the difference!i in dew point and bubble point temperatures· 
. . 

of the azeotrope-like mixtures of the invention are very small with respect to the 
differences in dew point and bubble point temperatures of several known, 

25 nonazeotropic, binary compositions, namely, (SO+SO) weight percentinixtures of 
pentafluoroethane (HFC-125) and 1,1,1,2-tetrafluoroethane (HFC-134a), and 

. . 

(SO+ 50) weight percent mixtures of chlorodifluorometbane (HCFC-22) and 1-
~oro-l, 1· fluoroethane (HCFC-142b). These data confirm the azeotrope-like 
behavior of the compositions of this· invention. 
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5 
1

~6111.il 2 

Temperatures c·c> at 14.696 psia 

B•fi::iS11i::ant COJllRQliti~ · ·bK 2'21Dt lubble Egint 4T 

HFC-125 + HFC-134a -30.5 -35.7 5.2 

(50+50) 

10 BCFC-22 ·+·BCFC-142b ~18.6 -28"3 9.7 

(50+50) 

HFC-125 + Propane •5o.6 -49.8. o.8 

(99+1) 

BFC-125 + Propane -53.5 -52.6 o.~ 

15 (95+5l 
HFC-125 + Prppane -53.8 -54.3 0.5 

.(90.f.10) 

HFC~l25 + Propane -54.2 -53.5 0.7 

. (85+15)· 

20 HFC~l25 + Propane -54.3 -54.3 o.o 
(79.4+20.6) 

HFC-125 + Propane -54.3 -54.2 0.1 

(75+25) 

2 5 Compositions of about 75 to 99 weight percent p~ntafluoroethane 

and .1 to 25 weight percent propane exbi~it a difference in dew and bubble point 

tempera~res of less than l°C ~t atmospheric pressure~ which indicates that the 

compositions.are essentially co~taJit·b~iling. 

The more preferred eomposition according to th~ ins~t invention 

30 is _the azeotrope which comprises 79.4 weighi percent pentafluoroethane and 20.6 

weight percent propane, and which boils at -14°C at 75.6 psia. 

F.xample3 

A study eompares the refrigeration properties of ihe azeottopic 

3 5 ~es of the invention with Refrigerant-502 and pentafluoroethane (HFC-125). 

The refriger~tion capacity 1s based on a compressor with a fixed displacement of 

3.5 cubic feet per minute. The data are based on a refrigeration cycle with a· 

suction-line heat exchanger .. 
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COMPARISON OF REFRIGERATION PERFORMANCES 

Refrig. IFC-125/ptgpmle fwt pergentsl 

10 so2 HFC-125 Mixture Azeotrope ' Mixture 

(99.0/1.0)(79.4/20.6)(75~0/25.0) 

Evaporator 
~emp, •F -30.0 •30.0 -30.0 .-30.0 

15 · Evaporator 

20 

Pres,· psia 24. 04 26. 68 

condenser 
Temp,. •F 

Condenser 

115-. o · 11s. o 

· Pres:, psi a 281. 96 3 27. 50 

Return Gas 
25 Temp; •F 65 .• 0 65.0 

30 

compressor 
·Dis-
c~arqe, •p 238.0 223.l 

Coefficient 
of 
Performance 1.89 1.69 

35 capacity 
·atu/min · so.·01 ·.-19.41 

27.69 35.96 35.70 

115.-0 115~0 i1s.·o 

333.41 321.30 314 .60" 

65.() 65.0 65.0 

222.s 210.2 209.9 

1.70 1.96 2.00 

81.37 107.20 108.02 

Capacity is intended to mean the change in enthalpy of the 
refrigerant in the evaporator per_pound of refrigerant circulated, i.e., the heat 

4 o rem<>Ved by the refrigerant in the evaporator per time. 
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Coefficient of performance (COP) is intended to mean the ratio of 
·the capacity to the compressor.work. It is a measure of refri$erant energy 
efficiency. · · 

For a reqeration cycle typified by the above conditions, botli the 
COP and capacity increase by adding propane to HFC12S. Also~ the discharge 

. . . . . 

10 temperature.froJll·the.mmp~r ~by adding propane, which is 
imp0rtant for increasing the lifetime of the cOIDpressor. These results show that 
mixtures of HFC12S and pro~ improve the capadty, energy efficiency, and 
discharge temperature of a refrigeration cjcle when compared to HFC12S alone. 

15 EXAMpl E 4. · 
. A phase study· on pentafluoroeth~e and pro}>ane. verifies minimal 

fractionation and change in vapor pressure and composition during a vapor loss at 
25°C. Initial liquid (IQ), final liquid (FQ), vapor composition (1-6), vapor 
pr~ssure,_and change in vapor pressure from: the initial Vapor pressure are shown 

2 o for four mixtures. 

2:1gl,g 4. 

§IGle i I.Qss ·CO)DJ2. (wti) lliU:!Qr P;ress. f;ress. Qiang:e 

HFC-125 f;ro:gane . (ESIAl ill. 
25 ·IQ 0 90.0 10.0 233.S 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.l 232.6 0.4 

4 30 .87.3 12.7· . ·231.9 0.7 

. 30 5 40 . 87.9 12.1 231.0 1.1 

6 . 50 88.S 11.5 229.9 1.s 

FQ 50 92.6 7.4· 229.9 1·.s 

This miXture ot 90% l{FC-125 and 10% propane is essentially constant-
35 boiling and exhibits a 1.5% change in vapor pressure after 50% of the original 

. mixture evaporates. Also, the propane concentration decreases~ that if the 

40 

· original mixture were nonflammable then the mixture would remain 
nonflammable. · 
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'l'Able 5 

Sample ' LOSS Comp •. · <wtl> vapor rress ~ Pr@sS. · Cbange 

IQ 

1 

2 

3 

4 

5 

6 

FQ 

0 

0 

10 

20 

30 

40 

50 

so 

BFC-125 Propaue· 
95.o . s.o· 
·91.2 8.-8 

91.7 

92.2 

92.8 

93.6 

94,4 
97,3 

. 8.3 

7.8 

,7.2 

6.4 

5.6 

2.7 

Rah 
224.3 

224.3 

·223.1 
221.a 

220.2 

218.2 
216.0 

216.0 

1 
0 

0 

0~5 

1.1 

1.8 

2.7 
3.7 

3.7 

This mixture of 95% HFC-125 and 5% propane is essentially constant­
~iling and Cxbibits only a 3.7% change in vapor pr~e after 50% of the original 
mixture evaporates. Again; the propane concentration decreases so that if the. 

2 o originaJ mixture were nonflammable the mixture woUld remain nonflammable. 

35 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 formulat_ed to .be nonflammable the mixture could 
·become flammable upon a vapor leak. Even though this mixture is probably 

4 o flammable or can become flammable it is .essentially constant-boiling and may 
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5 · have several uses, ·Sudl as a refrigerant where flammability is acceptable, aerosol 
propellants, heat ttansfer media,. gase_ous dielectrics, expansion agents for 
polyoletins and polyurethallc;s, and as power cycle working fluids. 

10 

15 

20 

'l'able·z 

&1m12l•- l'IQ1& .· ~QilR1 (Bil 21R21: Pre111 21:111111 ainng• 
DPC-125 a:oane Rall 1 

:IQ 0 65.·0 . 35.0: 232.4 0 

1 io 75 .• 7 24.3 231.7 0.3 

2 20 75.'2 24.~ 230.8 0.7 

3 30 74.6 25.3 229.7 1.2 

4 40 73~8 26.2 227.9 1.9 

5. 50 72.6· 27.4· 225.3 3.1 

!:'Q so· 52.4 47.~ 225.3' 3.1 

. . 
This mixture of6S% HFC-125 and 35% propane is essentially constant-

. . 

boiling· apd exhibits only a 3.1 %'d1ange in. vapor pr~e after SO% of the origirial 
mixture evaporates. · H<>W~ver, th.e propane con'!Cntration increases so that even if 
the original mixture were formulated to be. ~o~amniable ~e mixture could 

2 5 become flammablC upon a vapor leak: Everi though this mixture is probably 
flammable or can become flammable, it is essentially constant-boiling and niay 
have several uses, -such as a refrigerant where flammability is-a'cceptable, aerosol 
propellants, heat transfer .media, gaseous dielectrics, expansion agents for 

polyolefins ·and polyurethanes, and ·as p<>wer cycle working fluids. 
3 o In SUDlll18J)', the· data in Tables 4-7 confirm the existence of an 

35 

azeotropic or ~otrope-like composition consisting essentially of about 6S to 99 
·weight percent pen1afluoroetharie and about 1 to 35 weight percent propane, 
~herein the composition boils at about 2S°C when the pressure is adjusted to 
about226 + /- tOpsia. · · 

HFC-125 and 1somrrANE 
EXA¥fIE_S 

A phase study W8$ made on pentafluoroethane and isQbutane, 
.. wherein the· ~mposition was varied and the vapor pressures measured, at a 
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5 constant temperature of 11.2°C. An azeotropic composition was obtained as 

· 10 :·· 

evidenced by the maximum vapor pressure.observed and was identified as follows: 

-Pen~uoroethane • 98~ weight percent 
-Isobu-.e = 1.7 weight percent-
• Vapor pressure= 135~9_pSiaat ll.2°c-

BXAMPIR6 

The novel azeotropic or. azeotrope-lilce compositions of HFC-125 
and isobutane exln"bit dew and bubble poin~ with virtually no temperature 

differe~. As is well tnown·in the art, a small difference between dew point 
15 and bubble point temperatures 1s an indication of the azeotrope-like behavior of 

·mixtures. 
A study of d~w 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 

20 with respect to the differences in dew point and bubble point·temperatures of 
several known, nonazeotropiC, binary compositions, namely~ (SO+ 50) weight 
percent mixtures of pentafluoroethane (HFC-125) and 1,1,1,2-tetrafluoroethane 
(HFC-µ4a), and (50+ 50). weight percent mixtures of chlorodifluoromethaiie 
(HCFC-22) and 1-chloro-1,1-difluoroetb&ne (HCFC-142b). These data confirm 

2 s the azeotrope-like behavior of the compbsitioliS of this invention. 

Befrigerant Composition 
30 HFC-125 + HFC-134a 

(50+50) 
HCFC-22 + .HCFC-142b 

•. (50+~0) 

HFC-125 + Isobutane 
35 . (99+1) 

40 

HFC-125 + Isobutane 
(98.3+1.7) 

HFC-125 + Isobutane 
(96+4) 

'J'ABLE 8 

Temperatures c•c> ot 14.696 psia 

Dew Point Bµbble Point ~ 

-30.5 -35.7 5.2 

-18.6 -28.3 9 .• 7 

-48.6 -48.6 o.o 

-48.6 -48.6 o.o 

-48.4 . -48.5 0.1 
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5 BFC-125 + .lsobutane -48.0 -~8.5 o.s 
(95+5) 

HFC~125 + Isobutane -47.5" -48.4 0~9 

(94+6) 

·10 · . ·Compositions of about 94 to 99 weight percent pentafluoroethane 
. . 

and about 1 to 6 weight percent iSQbutane exhibit differences in dew and bubble 
points of _lesS than l°C at atmospheric ptessure which indicates that ~e 
·compositio~ are essentially consiant~ilini . 

The mote p~erre4 ~mpoSitionacco~ ~·the instant invention 
15 . is the azeotrope which. CQmprises about·98.3 w~ight percent pentafluoroethane 

20 

· _and about 1.7 weight pereent isObutane, and which boils at 11.2°C at.135.9 psia. 

'fiXAMJ>lB7 
A study compares the ·refrigeration.propertie5 of the ~tropic 

mixtures of the invention with Refrigerant-502 amt HFC.125. The refrigeration 
capacity is based on: a compressor with a fixed displac:ement of 3S cubic feet per 
minute. The data are.bas~· on a r~geration_ cycle -~th a suction-line heat 

. . .· . . . 

exchanger. 
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5 TABLE 9 

COMPARISON OF REFRIGERATION PERFORMANCES 

Refrig. HFc-ia5ll&QbYtAD• en R•rg•ntl 
:222 B~-J.2~ AllH2i=ma K1xtJim Kixtum· 

10 (98. 3/1. 7) . (95.0/5.0) (90.0/10.0) 

Evaporator 
Temp, •r -30.0 -30.0 -30.0 -30.0 -30.0 

Evaporator 
Pres, psia 24.04 26 •. 68 -27.0 27.33 5.81 

15 Condenser-· 
. Temp, •p 115 •. 0 115.0 115.0 120.2 118.8 

Condenser 
Pres, psi a . 281. 96 327.5 326•7 309.5 276.6 

Return Gas 
20 Temp,' •F 65.0 65.0 65.0 65.0 65.0 

Compressor 
Dis-
charqe, •F 238.0 223.1 221.s 215.5 208.5 

coefficient· ·of 
25 Performance l: •. 89 1.69 1.70 1.79 l.95 

capac·ity 
Btu/min 8().01 79.41 79.60 82.61 83.0 

Capacity is intended to ~an the chang~ in enthalpy of the 

3 o refrigerant in the evaporator per pound of refrigerant. circulated, i.e., the heat 

removed by the refrigerant in the evaporator per time. 

Coefficient of performance.(COP) is intended to mean the ratio of 

the capacity to the compressor \vork. It is a measure of refrigerant ene.-gy 
efficiency. 

35 . 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 HFC12S and isobutane improve capacity," energy efficiency, and 

4 o discharge temperature of a refrigeration cycle when compared to HFC-125 alone. 
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A·pbase study on pentafltioroetbane·and isobutane verifies minima] fraction­
. ation and.change in vapor p~e and colDposition during a vapor loss at 2S°C. · 
. · · bif.ial liquid. (IO), final liquid (FQ),·vapor compOsition (1-5), vapor pl--..e, and 

10 · . change in vapor pres.mre ·from the initial ~r pres.mre are shown for three 
miXtures. 

15 

20 

'l'abl• J.12 

IAJllRlll i L21i s;:gmg'Q. (Ktil XARm:: Pre11 •. E:Ctllil1 s;:JJ.109• 

llFC-12~ :11ga:t1.n• (fl:tAl ill.. 
.IQ 0 99.0 1.0 199.5 0 

1 0 99.0 1.0 199.5 0 

2 50 99;.0 1.0 199.5 0 

FQ 50 99.0 1.0 199.5 0 

This mixture ~f 99% HFC-125 and 1 % isobutane is essentially con5tant-

. boiling and exhibits a 9% change in vapor pressure after 50% of the original 

inixtllre evaporates. Also, the jsobutaiie concentration remains constant so that if 
the original mixture were nonflammable then the mixture would remain 

25 nonflammable. 

~bl• 11 
sa.mgl.e :t 1,Qss como. (lf:t!l 'JZIJ2Q[ E[iH!li • EBS§a Cba.nge 

JIFC-12:! 11oby:t1.~ (ESJAl .w. 
30 IQ 0 95.0 5.o. 198.2 0 

1 0 96.2 3.8 198.2 0 

2 10 96.l 3.9 198.1 o.os 
3 20 96.0 . 4.0 198.0 0.1 
4 30 '95.9 4.1 197.9 o._15 

35 .s 40 95.8 4.2 197.7 0.25 
6· so 95.7 4.3 197.S 0.3S 

FQ so 94.0 6.0 197 .• 5 0.35 
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s . This mixture of 95% ~C-125 and 5% isobutane is essentially 
constant-boiling 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 jf the original mixture were fOl'lllulated to be nonflammable, the 
mixture.could become flaminab\e upon a vapor leit. ·Even though this mixture 

. . . . . . 

10 could become Oammabte, it is esseDtially constant-boiling 8nd may have several 

15 

20 

25 

uses, sudl as a refrigerant where ftammability is aeceptable, am.>501 prq»ellants, 
heat .transfer m~ gaseous dielectrics, expansion agents for poljolefins and 

polyurethanes, and as power cycle working fluids. 

f Al2l• 12 

6URJ.e i lQ§S -co:m:go. cnil XAR'2l: El:illi1 ~-··· 
Cbllnsie · 

1u:c-i2~ ;tsg~llliADI lpgl:Al . .Lll 
IQ 0 90.0 10.0 194.5 0 

1 0 94.2 5.8 194.5 ·o 
2 l.O 94.·l 5.9 194.1 0.2 

3 20 . 93.9 6.1 . 193.6 o.s 
4 30 93.7 6.3 193.0 . ·o.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 SO% ~f 
the original mixture evaporates. Again, the isobutane concentration incrc;ases so 

30 that even jf the original mixture were f~rmulated to be nonflammable the miXture 
could }>ecome ftammable upon a vapor leak. Even though this mixture is probably · 
flammable or can bec(;me flammable. it is essentially cc>nstant-boifuig and may 
have several uses such as a refrigerant where flammability is acceptable, aerosol . 
propellants, heat transfer media, gaseous dielectrics, expansion agents· for· 

35 polyolefins and polyurethanes, ancl as pow~ cycle ~rking fluids. 
In summ.aiy, 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 pentafluQroethane and about 1 to lOweight percent.isoblitane, 
wherein the composition boils at a temperature of about 2S°C when the pressure is 

. . 

40 · adjusted to about 195 + / .. S psia. 
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s · · The novel azeotropic or ~like inixtures of HFC-125 and 

propane or HFC-125 and ~tane may be·used to produce refrigeration by 
condensing the mixtures and thereafter evaporating the condensate in the vicinity 
of a body to be cooled 

· ·.· ·The novel &Zeotropic·or motrope-like miXtures may.also be used to 

10 produce bC&t by condensing the refrigerant in the vicinity of the bOdy to be heated 
and thereafter evapOrating the refrigerant. · · 

1be use of'ar.eotrOpic ~ motropip-like mixtures eHmiDates the 
probl~ of.component fractiomitian ·and b'ancDmg in system.operations, because 

these mixtures behave esseDtially as a single substance. SeVera1 of :the novel 
15 azeotrope-like Dlixtures alSo_ offer the ad\rantage of being essentially ; 

·nonflammable~ · · 
The novelazeotropiC or azeotrope-like mixtures have Zero OZQne. 

depletion potentials comi>ared with re~erani 502, ~hich has a 0.23 ozone 
depletion potential. "Ille aforementione~ data were taken from "Scientific 

20 Asses5ment·o~Stratospberic OzOne, 1989", ~/WJ!AO ~·Repo~ · 
september 5, 1989 •. 

1n· addition to refrigeration _applications, the novel ~nstant boiling 
co~positions of the invention are i.lso useful· as aerosol propellattts, heat transfer 
me~ gaseous dielectrics, fire extinguishing agents, expansion agents for 

25 polyolefiris and polyurethanes and as power cycle ~orking fluids. 
Additional components can be added t~ the constant-boiling 

mixture of HFC-125 ~d propane without changing the azeotrope-like properties 
of the mixture~ Examples of such c:Omponents include chloroditluoromethane 
(HCFC-22), 1,zz2-tetrafluoroeth8ne (HFC-134a), 1,1,2,2-tetrafluoroethane 

30 (HFC-134), l<bioro-1,1,2,2-tetrafluoroethane (HCFC-124a), 1-chloro-1,2,2,2-
tetrafluoroethane (HCFC-124), 1~1,1,2,3,3,3-heptafluoroprop&ne (HFC227ea), 
·.1,1,1,2,2,3,3-heptalluoropropane_ (HFC-227ca), perftuorocyclopropane (FC-218), 
..difluoromethane (HFC-~2), fluorometbane (HFC41), trifluorometbane (HFC-
23), 1,1,1-trifluoro~ethane (HFC-143a), 1,1-difluoromethane (HFC-1S2a), and 

35 fluoroethine (HFC-161).. · 

Addi~s su~h as lubricaJi~ corr~on inlu"bitors, stabilizers, dyes 
and other appropriate ma~rials maybe added to the novel compositions of the 
inventiQn for a variety pf pirpos"C$ p~ded they do not have an adverse influence 
on the composition, for their intended applicatiom •. 
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QATMS , ·.·. 

... · . 
.. •. 

1. An azeotropic ~ azeotrope-like composition eonsistbig ·. 
essentially of about 65 to 99 weight percent pentafluoroetbane and about· 1 to 35 

• • • I . • 

weight per~nt propane, wherein the composition boils at about 2S°C ~en .the 
pressure is adjusted to about 226 psia. 

2. An azeottopic or azeotrope-like composition cOnsisting 
c:Ssentially of about 79.4 weight percent i»entduoroedwle aDd about 20.6 weight 
perceni propane wherein the comJ»osition bOils at about-14°Cwhen the pressure· 
is adjusted to about 75.6. psia. 

3. An azeotropic or azeotrope-like composition ~ting 
essentially of about 90 to.99 wei$ht percent pentatluoroetbane and about 1 to 10 
weight percent isobu~e, .wherein the Composition boils at a temperature of about 
25°C when the pres5ure is adjusted .to about 195 psia. . 

4.· An azeotropic or aze_otrope·like composition ·consisting 
essentially of about 98.3 ·weight percent pentafluoroethane and aoout 1. 7 weight . 
. percent isobutane wherein the composition boils at a temperarure of about 11.2°C 

2 5 when the pressure is adjusted to about 135~9 psia. 

5. Ari_azeotropic or azeotrope-like camposition comprising effective. 
amounts of pentafluoroethane and propane or isobutane such that the difference 
in dew point temperature and bubble point temperature of the composition at 

3 o atmospheric pressure is less than or equal to one degree Celsius. 

6 .. An azeotropic or 8zeot'rope-like composition comprising eff~ctive. 
8.D)ounis of pentafluoroethane &D;d propane or isobu~e such that wheJ'.l SO weight 
percent of the composition is removed, the difference in the vapor pressure of the 

35 original composition and ~e 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 l through ~ and 

4 0 thereafter evaporating said composition in the vicinity of a body to be cooled. 
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8. A piocess for producing heat colilprising co~ensing au 
aze0tropic or azeotrope-like composition of any of Cairns 1 through 6 in the 
vicini~ of a body to be heated, and thereafter evaporating ~d composition in the 

. . -vicini~ of a body to be heated. 

9. A proeess for preparinl_a polyiner foam f.rom a polymer foam 
formulation utilizing an effective amount of the compositions of any of Cairns 1 . 
through 6 as ·the _blowing agent. · . 

15 10. A process for preparing.aerosol formulations wherein active 
ingredientS are. combined in an aerosol container With. an effective amount of an 
azeottopic or azeotrope-like composition of any of Oaims .1 through 6. 

· .. ---- .. 


