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Nearly Azeotropic Mixtures To Replace Refrigerant 12 
These mixtures would cause less damage to the ozone layer of the atmosphere. 
NASA's Jet Propulsion Laboratorx Pasadena, California 

Mixture 
Number 

1 
2 
3 
4 
5 

Measurements have indicated that a 
number of nearly azeotrcpic fluid mixtures 
have saturation pressures similar to that 
of Refrigerant 12 (R12. dichlorodifluoro- 
methane, CCi,F,) while being about 2% 
as damaging as R12 is lo the ozone layer 
in the atmosphere. Moreover, these mix- 
lures are of low toxiciv, are mflammable, 
and are more compatible with convention- 
al lubricating oils than is Refrigerant 134a 
(R134a. 1,1.1.2-tetraflw~tha~ CH,FCF,; 
boiling temperature -27.89 %),which is 
now the leading replacement for Rt2. The 
mixtures may be usable in commercial, 
automotive, and househdd refr@aoCs and 
air conditioners. 

R12. now used in many refrigerators and 
air conditioners, is known to leak from 
these machines and ascend into the u p  
per atmosphere, where it damages the 
ozone layer. One of the proposed replace- 
ments, R134a. does not damage theozone 
layer because it contains no chlorine. But 
because of its lack of chlorine, conven- 
tional lubricating oils do not dissolve as 
well in It, and consequently compressors 
are likely to fail prematurely through non- 
lubricated wear. Dupont has recently pat. 
ented an oil-compatible ternary mixture of 
R22 (chlorodifluoromethane, CHUF,; boil- 
ing temperature -40.76 "C), R152a (1,ldi- 
fluoroethane, CHF2CH3; boiling tempera 
ture -25.00 "C), and Rt24 (ZchIcfel,l,1,2- 
tetrafluorcethane, CHCIFCF,; boiling tem- 
perature -12.00 "C). Because the boiling 
temperatures of these three fluids differ slg 
nificantb, and because the mixture of them 
is not azeotropic. leaks could substantial- 
iy change the composition and, thereby, 
the pressure characteristics of this fluid. 

A thorough search of fluids and hun- 
dreds of measurements provided five near. 
iy azeotrcpic mixtures (see table) of R134a, 
RWa, R124. and R142b (chlorodifluoro. 
ethane, CH3CCIF,; boiling temperature 
-9.70 "C) that have low bilingpoint 
spreads, low toxicity, and low ozonedam- 
aging capability, that are nonflammable, 
and that are more compatible with c" 
tional oils than is R134a. The data from the 
tests indicate that the pcessure of any of the 
combinations in the table is nearly equal 
to the pressure of R12. and thus the mix- 
tures may be a good "dropin substitute" 
for R12. Because the mixtures are nearly 
azeotropic. the overall composition should 
not be significantly altered by leakage. 

Component A Component 8' Component C' 

0.5 < R134a < 1.0 R124 < 0.5 
0.5 < R134a < 1.0 R142b < 0.5 
0.5 < R134a < 1.0 13124 < 0.5 R142b < 0.5 
0.5 < R134a < 1.0 R152a < 0.5 R124 < 0.5 
0.5 < R134a < 1.0 R142b < 0.5 R152a < 0.5 

These Blnaty and Ternary Nearly Azeotroplc Mixtures of liquids are polenllal replace- 
ments for Refrigerant 12, which is now commonly used. Each of these mixtures has 
an ozone.depietion potential less than one-hundredth that of Refrigerant 12. 

I IDENTIFICATION OF COMPONENT REFRIGERANTS I I  
Normal Boiling 

Temperature. 'C 

R134a 1,l.t ,2-Tetrafluaroethane 
R152a 1.1.Dllluoroethane - 25.00 

- 12.w 
R142b -9.70 
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LOW-OZONE DAMAGING FLUID MIX SUBSTITUTES FOR REFRIGERANT 12 

The work described here was carried out at the Jet Propulsion Laboratory, 
California Institute of Technology, unaer contract wiiii the National 
Aerounatics and Space Administration. 

Reference herein to any specific commercial product, process, OK service 
by trade name, trademark, manufacturer, or otherwise, does not constitute or 
imply its endorsement by the United States Government or the Jet Propulsion 
Laboratory, California Institute of Technology. 

ABSTRACT 

Tes t  measurements made a t  JPL have i n d i c a t e d  a number o f  n e a r - a z e o t r o p i c  
f l u i d  m i x t u r e s  have s a t u r a t i o n  pressures s i m i l a r  t o  R e f r i g e r a n t  12, bu t  
t h e  m i x t u r e s  a r e  a t  l e a s t  100 t imes l e s s  damaging t o  t h e  e a r t h ' s  ozone 
l a y e r .  Furthermore, t h e  m i x t u r e s  a r e  o f  low t o x i c i t y ,  a re  non- 
flammable, and a r e  l i k e l y  t o  have an improved c o e f f i c i e n t  o f  performance 
and b e t t e r  c o m p a t i b i l i t y  w i t h  o i l  than  R e f r i g e r a n t  134a, t h e  present  
l e a d i n g  replacement f o r  R e f r i g e r a n t  12. 
JPL b lends  a r e  l i k e l y  t o  c o s t  more than t h e  r e c e n t l y  pa ten ted  Dupont 
t e r n a r y  blend, t hey  a re  a t  l e a s t  f o u r  t imes  l e s s  ozone-damaging than the  
Dupont blend, and t h e y  a r e  a t  l e a s t  t w i c e  as a z e o t r o p i c .  

A l though t h e  newly d iscovered 

INTRODUCTION 

E a r l i e r  i n  t h e  e a r t h ' s  h i s t o r y ,  b e f o r e  t h e  s t r a t o s p h e r i c  ozone l a y e r  had 
formed, an ima ls  and p l a n t s  were m o s t l y  c o n f i n e d  t o  a p r o t e c t i v e  underwater 
environment.  As p l a n t s  genera ted  oxygen, which s l o w l y  d i f f u s e d  up t o  t h e  
s t r a t o s p h e r e ,  a p r o t e c t i v e  ozone l a y e r  was b u i l t  which absorbed harmful  
u l t r a v i o l e t  (UV) r a d i a t i o n .  As s t a t e d  by S h e l l  (Reference l ) ,  " L i v i n g  t h i n g s  
were then  a b l e  t o  c l i m b  o u t  o f  t h e  p r i m o r d i a l  s l i m e  and on to  l and . "  We have 
eve r  s i n c e  been b lessed  w i th  n a t u r e ' s  s t r a t o s p h e r i c  "sunscreen". I n  1974,  
however, F. Sherwood Rowland, a chemist  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  
I r v i n e  and M a r i o  Mo l ina ,  t hen  a p o s t d o c t o r a l  f e l l o w  and now a s e n i o r  research  
s c i e n t i s t  a t  JPL, became t h e  f i r s t  two peop le  t o  document t h e  p o t e n t i a l  
c a t a s t r o p h i c  d e s t r u c t i o n  o f  t h e  e a r t h ' s  ozone l a y e r  by man's 
c h l o r o f l u o r o c a r b o n  (CFC) r e l e a s e  i n t o  t h e  atmosphere (Ref.  2 ) .  The c h l o r i n e  
i n  CFCs a c t s  as a c a t a l y s t  i n  t h e  breakdown o f  ozone. A s i n g l e  atom o f  
c h l o r i n e  can h e l p  turn t e n s  o f  thousands o f  ozone molecu les  i n t o  an impoten t  
p i l e  o f  oxygen molecu les .  
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Rowland and M o l i n a ' s  t h e o r i e s  have more r e c e n t l y  been conf i rmed,  w i t h  the  
recen t  d i scove ry  o f  ozone "ho les"  bo th  over  t h e  A r c t i c  and t h e  A n t a r c t i c  and a 
r e d u c t i o n  o f  as h i g h  as 5% (ove r  t h e  l a s t  17 yea rs )  o f  t h e  ozone l a y e r  over  
l a t i t u d e s  cor respond ing  t o  t h e  Un i ted  S ta tes  (Ref.  3 ) .  There i s ,  i n  f a c t ,  
s t rong  ev idence t h a t  human s k i n  cancer r a t e s  have a l ready  s t a r t e d  t o  soar 
(Ref.  I ) ,  and t h a t  t h e  ocean's phytoplankton,  which i s  t h e  ve ry  b a s i s  o f  the  
e a r t h ' s  food  chain,  has been reduced by 25%. The phytoplankton,  which l i v e  
ve ry  near  t o  t h e  ocean's sur face ,  a r e  n o t  a f f o r d e d  t h e  same UV p r o t e c t i o n  t h a t  
lower  l i v i n g  f i s h  and p l a n t s  have. There i s  a l s o  evidence t h a t  t h e  e a r t h ' s  
c l i m a t e  i s  warming up due t o  t h e  "greenhouse e f f e c t "  r e s u l t i n g  from man's 
dumping o f  CFC's and o t h e r  i n f r a r e d - t r a p p i n g  gases i n t o  t h e  atmosphere. 

PROTECTIVE LEGISLATION 

S t a r t i n g  f rom t h e  t i m e  CFC's were f i r s t  d iscovered by Thomas M idge ly  o f  
General Motors  i n  1928 u n t i l  50 yea rs  l a t e r ,  CFC's had r o u t i n e l y  been used as 
aeroso l  p r o p e l l a n t s ,  i n d u s t r i a l  c leaners ,  foam i n s u l a t i o n ,  and as 
r e f r i g e r a n t s .  I n  1978, however, t h e  U.S. Environmental P r o t e c t i o n  Agency 
(EPA) announced t h a t  i t  was phasing o u t  t h e  use o f  CFC's f o r  most nonessent ia l  
aeroso l  p r o p e l l a n t s  (Ref .  4 ) .  Then, on September 16, 1987, a landmark 
i n t e r n a t i o n a l  agreement t o  p r o t e c t  t h e  ozone l a y e r  was completed i n  Mont rea l ,  
Canada (Ref .  5). The agreement, known as t h e  "Montre.al P r o t o c o l "  was 
n e g o t i a t e d  under  t h e  sponsorship o f  t h e . U n i t e d  Nat ions  Environment Programme 
(UNEP). I t  s e t s  up a wor ldwide  process t o  c o n t r o l  substances t h a t  c o u l d  
d e p l e t e  t h e  ozone l a y e r ,  and c a l l s  f o r  a r e d u c t i o n  i n  consumption and 
p r o d u c t i o n  i n  1993 t o  80% o f  t h e  l e v e l  o f  1986 CFC's, and a f u r t h e r  r e d u c t i o n  
t o  50% o f  t h e  1986 l e v e l  by 1998. 

Numerous o t h e r  l e g i s l a t i v e  p roposa ls  have been submi t ted,  i n c l u d i n g  a t o t a l  
ban o f  common a i r  c o n d i t i o n e r s  f o r  automobi les (Ref.  6 ) .  I t  seems more 
l i k e l y ,  however, t h a t  a l t e r n a t i v e  r e f r i g e r a t i o n  systems can reduce CFC 
consumption, as a l t e r n a t i v e s  t o  CFC's a r e  now i n  t h e  process o f  do ing  f o r  the  
aeroso l ,  i n d u s t r i a l  c leaner ,  and foam i n s u l a t i o n  i n d u s t r i e s .  

POSSIBLE SUBSTITUTES FOR R12 

Numerous researchers  have proposed a l t e r n a t i v e s  t h a t  e l i m i n a t e  t h e  use o f  R l Z ,  
which i s  t h e  most commonly used r e f r i g e r a n t  f o r  au tomobi le  a i r  c o n d i t i o n e r s  
and o t h e r  systems. A l t e r n a t e  r e f r i g e r a t i o n  cyc les ,  such as a b s o r p t i o n  cyc les ,  
S t i r l i n g  c y c l e s ,  e v a p o r a t i v e  c o o l i n g ,  e t c .  have been proposed, b u t  none seems 
t o  have t h e  o v e r a l l  e f f i c i e n c y ,  v e r s a t i l i t y ,  economy and l o n g - l i f e  i n h e r e n t  i n  
t h e  t r a d i t i o n a l  J-T c o o l i n g  r e f r i g e r a t i o n  cyc le .  Thus, an a l t e r n a t i v e  
r e f r i g e r a n t  seems t o  be  the answer. 

The Mon t rea l  P r o t o c o l  i s  a p p l i e d  s p e c i f i c a l l y  t o  R11, R12, R13, R113, R114, 
and R115, a l l  o f  which have an ex t remely  l o n g  l i f e  expectancy i n  t h e  
atmosphere, and which can t h u s  s l o w l y  d i f f u s e  t o  t h e  s t r a t o s p h e r e  and wreak 
havoc w i t h  t h e  ozone. 
more r e a d i l y  decomposed i n  t h e  atmosphere, pose l i t t l e  o r  no danger t o  t h e  
e a r t h ' s  ozone l a y e r .  

No s i n g l e  r e f r i g e r a n t  i s  known t h a t  can adequately rep lpc$ R12. The c l o s e s t  
s i n g l e  s u b s t i t u t e  t o  R12, i n _  terms o f  b e i n g  non- tox i c ,  non-f lammable, and non- 
ozone-damaging i s  R134a. T h i s  r e f r i g e r a n t ,  however, c o n t a i n s  no c h l o r i n e  a t  

Other r e f r i g e r a n t s ,  which have no c h l o r i n e  o r  which are 
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a l l ,  and since chlorine makes CFC's soluble in oils,, R134a is not soluble in 
the present lubricating oils used to lubricate the compressors. Furthermore, 
R134a is not quite as energy-efficient as R12. 
expensive (expected bulk cost will be 3 to 5 times that of R12), it is still 
the present leading contender as a replacement for R12, assuming adequate 
soluble lubricating oils are discovered. 

Numerous fluid mixtures have been proposed that overcome R134a's 
disadvantages. These mixtures generally fa1 1 into the category of azeotropic 
or non-azeotropic. 
change with evaporative leakage. 
fact, tend to leak, with time, it seems that an azeotropic or near-azeotropic 
mixture would be desired. The number of flu.ids suggested for mixing the 
replicate R12 properties i s  limited for a variety of reasons (to be discussed 
in the next section). 
fluids listed in Table 1 as potential fluid mixture replacements for R12 
(Ref. 8-14). With the exception of the Dupont mixture, which was recently 
patented, there has been absol'utely no publication of any azeotropic or near- 
azeotropic mixture data for potential R12 substitutes. The Dupont blend, 
which mixes R22, R152a, and R124, has an ozone depletion potential of about 
twenty times less than R12, it i s  non-flammable, and is expected to be non- 
toxic (toxicity studies in progress for R124). 
azeotropic, its vapor pressure only changes by about 9.4% with a 50% leakage, 
and thus it may be acceptable for commercial use. Its oil-compatibility is 
better than R134a and the blend is expected to be considerably cheaper. 

The goal o f  this project, then, has been to find an azeotropic or near 
azeotropic blend of fluids that surpasses both R134a and the Dupont mixture. 

Although it is rather 

For an azeotropic mixture, the mixture's properties do not 
Since most air conditioning systems do, i n  

Seven researcher groups have proposed using the various 

Although the blend is non- 

POTENTIAL FLUID M I X  CANDIDATE SELECTIONS 

Table 2 contains a listing of all potential fluids that have normal boiling 
point (NBP's) from -82°C to -5°C. Next to each fluid is listed acceptance or 
rejection comments. In summary, of all the fluids considered, only six appear 
to be acceptable in terms of cost, toxicity, ozone-damage-potential, other 
environmental damage potential and relative flammability. These six are R23, 
R22, R134a, R152a, R124, and R142b. A seventh fluid, R134, was also selected 
for testing, even though its toxicity data is unknown since it was felt that 
its properties were likely to be very similar to R134a, which was not 
immediately available at the commencement of testing. 

Although the total number of binary, ternary, and quaternary combinations o f  
these seven fluids is over 1000, by selectively choosing binary combinations 
that were considered "most-1 ikely-to-succeed" in forming acceptable 
azeotropes, the binary field was reduced from 42 combinations to 17 
combinations. Based on these results, the "most-likely-to-succeed" ternary 
combinations were then reduced from 210 to 5, and the quaternaries were 
subsequently reduced from 840 to only 1. Thus the total number of actual 
combinations tested was reduced to only 23. 

It should be mentioned that we attempted to discover only the more common 
positive or negative azeotropes, and thus the far less common saddle azeotrope 
(similar to the Dupont blend - near-azeotrope) would not be detected in the 
aforementioned methodology. 
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TEST PROCEDURE 

A relatively simple test to determine the existence of a binary azeotrope i s  
to measure the pressure of a binary mixture at various concentrations of one 
component in the other at a fixed temperature (Ref. 15). A maximum in the 
vapor-pressure curve of the binary mixture is indicative of a minimum-boiling 
azeotrope while a minimum in the vapor-pressure curve of the binary mixture i s  
indicative of a maximum constant-boiling mixture. 
plotted typical curves of the former and latter type, respectively. The 
straight lines in each figure are the partial pressures of each component of 
the solution calculated from Raoult's law for ideal gases. The sum of the 
ordinates of these two lines, shown dotted and designated at A t B, is the 
vapor pressure of the mixture predicted from Raoult's law. The actual vapor- 
pressure curve of the mixture in Figure 1 shows a maximum at Z, while in 
Figure 2, the vapor-pressure curve of the binary mixture shows a minimum at Z. 

Deviations of mixture pressure from the ideal dashed line in Figures 1 and 2 
are caused by intermolecular interactions between the two fluids. If the real 
mixture pressure was in fact, the dashed line, then the more volatile 
component A ,  would preferentially boil, and a vapor leakage would eventually 
result in only component B remaining in the system. 

Near-azeotropic mixtures are mixtures that almost have a maximum or minimum 
point, i .e. the slopes of the pressure curves are very small. Ternary 
azeotropes (mixtures of three fluids) have maximum or minimum pressures at 
some combination of all three fluids. 

The test fixture shown in Figure 3 (sketch) and Figure 4 (Photo) was 
fabricated and numerous potential fluids were purchased. The fluid mole 
fractions, as determined by pressure additions to the transfer volume, were 
mixed and allowed to condense in the O°C (tO.l/-0.0"C) ice bath. 
was then measured for a number of separate mole fraction ratios for each 
mixture. 

A s  a test of this procedure, a known azeotrope, R500, was tested. R500 is an 
azeotropic mixture consisting of 74% R12 plus 26% R152a. Our data (Figure 5) 
does, in fact, indicate that an azeotrope occurs, although the indications are 
that it occurs at about 30t% R152a. Azeotrope mixture combinations are known 
to vary somewhat with temperature, and thus our measurements at 0°C seem to be 
reasonable compared to the reported valve which was likely taken at room- 
temperature. 

RESULTS AND CONCLUSIONS 

The results o f  seventeen binary mixture combinations are shown in Figures 6-22 
with an additional 5 ternary mixture combinations in Figures 23-27 and a final 
quaternary mixture combination i n  Figure 28. Other than the known azeotrope 
- of R12 and R152a previously tested (Figure S), none of the other fluids 
exhibit an actual minimum or maximum pressure occurrence. Numerous fluid 
combinations, however, have nearly flat pressure characteristics in the 
pressure range of R12, i.e. about 44.7 psia, and thus can be considered to be 
"near-azeotropic". 

In Figures 1 and 2 are 

The pressure 
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The s i x  cand ida te  m ix tu res  t h a t  have been s e l e c t e d  from t h i s  da ta  as p o t e n t i a l  
" d r o p - i n "  s u b s t i t u t e s  f o r  R12 a re  l i s t e d  i n  Table 3 ( p o s s i b l e  p a t e n t  pending- 
Ref.15).  B a s i c a l l y ,  a l l  t h e  combinat ions i n c l u d e  a t  l e a s t  80% R134a w i t h  the  
remain ing  20% t o  be c o n s t i t u t e d  from one o r  more o f  r e f r i g e r a n t s  R124, R142b, 
and R152a. 
flammable, and near -azeo t rop i c .  T o x i c i t y  s t u d i e s  a r e  completed f o r  R152a and 
R142b and a re  scheduled f o r  comple t ion  f o r  R134a around 1992 and f o r  R124 
s h o r t l y  t h e r e a f t e r .  Furthermore, a l l  combinat ions shou ld  be more o i l -  
compa t ib le  than  R134a, due t o  t h e  ex i s tence  o f  c h l o r i n e  i n  R124 and R142b. 

I t  shou ld  be no ted  t h a t  a t  room temperature o r  above, t h e  vapor p ressure  o f  
R134a i s  a c t u a l l y  s l i g h t l y  h i g h e r  than R12, and thus a t  h i g h e r  temperatures,  
t h e  s i x  cand ida te  m i x t u r e s  should a c t u a l l y  be expected t o  more c l o s e l y  
approximate R12 than does R134a by i t s e l f .  I n  a d d i t i o n ,  i t  has been no ted  
t h a t  t h e  c o e f f i c i e n t  o f  performance (COP) i s  l ower  f o r  R134a than  f o r  R12, b u t  
t h a t  t h e  COP of  R152a i s  a c t u a l l y  b e t t e r  than t h a t  f o r  R12 (Ref. 16) .  Thus, 
combina t ions  o f  R152a and R134a w i l l  more l i k e l y  approximate t h e  COP o f  R12 
than  does R134a by i t s e l f .  A p o s s i b l e  optimum t e r n a r y  b l e n d  f o r  near te rm use 
migh t  c o n s i s t  o f  R134a ( t o x i c i t y  t e s t s  t o  be completed i n  1992) t R142b ( f o r  
o i l  c o m p a t i b i l i t y )  t R152a ( f o r  improved COP). 

All t h e  l i s t e d  JPL/CalTech m i x t u r e s  a re  expected t o  be a t  l e a s t  100 t imes l e s s  
damaging t o  ozone than R12, as compared t o  t h e  Dupont m i x t u r e  (Ref. 8), which 
i s  o n l y  about 25 t i m e t  l e s s  damaging than R12. Furthermore, t h e  JPL m i x t u r e s  
tend  t o  be a t  l e a s t  t w i c e  as a z e o t r o p i c  as t h e  Dupont m i x t u r e .  Dupont r e p o r t s  
a 9.4% p r e s s u r e  d rop  wi th  a 50% leakage, whereas a measurement o f  one o f  t h e  
new m i x t u r e s  ( t y p i c a l  o f  t h e  o t h e r  m i x t u r e s )  shows about a 4% p ressu re  drop, 
o r  l e s s ,  depending on t h e  r e l a t i v e l y  c o n s t i t u e n c y  amount o f  R134a ( F i g .  29). 

It shou ld  be no ted  t h a t  t h e  JPL/CalTech b lends  a re  l i k e l y  t o  be more expensive 
than t h e  Dupont blend, s i n c e  t h e  c o s t  o f  t h e  p r imary  JPL c o n s t i t u e n t ,  R134a, 
i s  expec ted  t o  be 3-5  t imes  t h a t  of R22, which i s  t h e  p r i m a r y  Dupont 
c o n s t i t u e n t .  The JPL/CalTech blends, however, have advantages o f  b e i n g  over 
t w i c e  as a z e o t r o p i c  and h a v i n g  ove r  f o u r  t imes l o w e r  o z o n e - d e p l e t i o n - p o t e n t i a l  
than t h e  Dupont b lend.  F u r t h e r  exped ien t  t e s t i n g  and development o f  these  new 
b lends  a r e  t h e r e f o r e  v e r y  s t r o n g l y  urged. 
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Chem ("C) Ref 8 Ref 9 Ref 10 Ref 11 Ref 12 Ref 13 Re€ 14 
NBP Dupont Midwest McLinden Creswick Vineyard Kruse Weisfelo "e - pefriq Formula 

R2 3 
R3 2 
R125 
R143a 
R2 2 
R218 
R12 
R1113 
R134a 

R152a 
R134 

21 

R124 

R124a 

CHF3 Trifluoromethane -82.06 

CHP, Methylene Fluoride -51.61 

CHF,CF3 Pentaf luoroethane -48.50 X 

CH(PlF2 Chlorodifluoromethane -40.76 X X 
CF3CF2CF3 Octaf luoropentane -39.00 X 

CH3CF3 Trif luoroethane -41.61 

CCl,F, Dichlorodif luromethane -29.79 
CClF=CF, Chlorotrifluoroethylene-27.89 X 
CH2FCF3 1, 1, 1,2- -26.50 X 

Tetrafluoroethane 
CHF,CH3 1,l-Dif luoroethane -25.00 X 
CHF,CHF, 1 , 1 , 1 ,2- -19.72 

Tetrafluoroethane 

Tetrafluoroethane 

Tetrafluoroethane 

CHC1FCF3 2-Chloro-l,1,1,2- -12.00 x 

CHF,CClF, 1-Chloro-l,l, 1,2- -10.22 

X 

X 

R142b CH3CC1FZ Chlorodif luoroethane -9.7 

R31. 10CF3CFZCFZCFJ Perfluorobutane -5.00 

R318 C,F, Octafluorocyclobutane -5.83 

X 
X 
X 

X 

X 

X 
X 

X 
X 

X X 
X X 

X X X 
X 

X 

X 

X 

X X 
X 

X 

X X 

X 



Refriq 

23 
13 
116 
744 
41 
1114 
1141 

1381 
504 
32 

m 1123 
125 
1270 
143a 
502 
290 
22 
115 
218 
161 
500 
C270 
717 
C216 
12 
505 
1216 
1132 
1113 
134a 

- 

Chem 
Formula 

CHF3 
CClF3 
CFJCF3 

CHjF 
CFZ=CF2 
CH2=CHF 
F6 
CBrF. 

co2 

R32/i(115 

CF,=CHF 
CHZF2 

CHP2CF3 
CH.=CHCH, 

-1 
CH;CF3 
R22/R115 
CH3CH2CH3 
CHClF, 
CC1F2CF3 
CF3CF2CF, 
CH,CH2F 
R12/R152a 
CH,CH,CH, 
NH. 

CF,&FCF, 
CHF=CHF 
CC1 F=CFZ 
CH2FCF3 

152a cnF2cn3 

Table 2. Potential R12 

- Name 

Trifluoromethane 
Chlorotrifluoromethane 
Hexfluoroethane 
Carbon Dioxide 
Methyl Fluoride 
Tetrafluoroethane 
Vinyl Fluoride 
Sulfur Hexafluoride 
Bromotrifluoromethane 
(Azeotrope) 
Methylene Fluoride 
Trifluoroethane 
Pentafluoroethane 
Propylene 
Trifluoroethane 
(Azeotrope) 
Propane 
Chlorodifluoromethane 
Chloropentafluoroethane 
Octafluoropropane 
Fluoroethane 
(Azeotrope) 
Cyclopropane 
Ammonia 
Perfluorocyclopropene 
Dichlorodifluoromethane 
(Azeotrope) 
Perfluoropropane 
1,2-Difluoroethane 
Chlorotrifluoroethylene 
1,1,1,2- 

1,l-Difluoroethane 
Tetra f luoroethane 

Replacement Fluid Mix Selections 

("C) Accept/ 
NBP Reject 

-82.06 
-81.44 
-78.50 
-78.44 
-78.39 
-76.28 
-72.22 
-63.78 
-57.75 
-57.22 
-51.61 
-51.00 
-48.50 
-47.70 
-47.61 
-45.44 
-42.07 
-40.76 
-39.11 
-39.00 
-37.22 
-33.50 
-33.50 
-33.33 
-31.50 
-29.79 
-29.61 
-29.00 
- 2 8 . 0 0  
-27,89 
-26.50 

A 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
A 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
A 

Comments 

Very low NBP (unlikely good azeo) 
Ozone damage 
Greenhouse effect 
Possibly reactive 
Very flammable 
Reactive 
Reactive 
Toxic 
Toxic 
Ozone damage 
Flammable (unlikely good azeo) 
Reactive 
Too expensive 
Flammable. Toxicity unknown. 
Possibly toxic 
Ozone damage 
Very flammable 
Low ozone damage 
Ozone damage 
Greenhouse effect 
Very flammable 
Ozone damage 
Very flammable 
Toxic 
Greenhouse effect 
Ozone damage 
Ozone damage 
Reactive 
Reactive 
Reactive 
Toxicity tests in progress 

-25 .00  A Slightly flammable 



I Table 2. Potential R12 Replacement Fluid Mix Select ons (Cont nued) 

Chem 
Refriq Fornu 1 a 

40 CH C1 
1131a CCiF=CH, 
1261ya CH,CF=CH, 
115B1 CBrF2CF3 
1225212 CF,CH=CF, 
134 CHF CHFt 
1122 CHC~=CF, 

I 
227ea 

1243Zf 
245Cb 

227ca ro 

22B1 
1140 
506 
124 

600a 
124a 

764 
142b 
281ea 
31 
630 
C3 18 
31.10 
1122a 

- Name 

CF,CHFCF, 

CF,CH=CH, 
CF,CF,CH, 

CF3CF2CHF2 

CHBrF, 
CHCl=CH, 
R31/R114 
CHC1FCF3 

C$lO 

so2 

CHF2CC1F, 

CH3CC1F2 
CH,CHFCH, 
CHXlF 
CH~NH, 
C,F, 
CF,CF2CF2CF, Perf luorobutane 
CClF=CHF l-Chloro-1.2- 

Difluoroethane 

Methyl Chloride 
1-Chloro-1-fluoroethane 
2-Fluoropropene 
Bromopentafluoroethane 
1,1,1,3,3-Pentafluoropane 
1,1,2,2-Tetrafluoroethane 
l-Chloro-2,2- 
Difluoroethane 

1,1,1,2,3,3,3,3- 
Heptafluoropropane 

l,l,l-Trifluoropropane 
1, 1, 1,2,2- 
Pentafluoropropane 

1, l,l, 2,2,3,3- 
Heptafluoropropane 

Bromodifluoromethane 
Chloroethane 
(Azeotrope) 
2-Chloro-1,1,1,2- 

Isobutane 
l-Chloro-1,1,2,2- 
Tetrafluoroethane 

Sulfur Dioxide 
Chlorodifluoroethane 
2-Fluoropropane 
Chlorofluoromethane 
Methylamine 
Octafluorocyclobutane 

Tetrafluoroethane 

("C) - NBP 

-24.22 
-24.00 
-24 .OO 
-22.00 
-21.00 
-19.72 
-18.48 

-18.00 

-18.00 
-17.72 

-17 .OO 

-15.00 
-13.89 
-12.44 
-12.00 

-11.73 
-10.22 

-10.00 
-9.78 
-9.39 
-9.11 
-6.72 
-5.83 
-5.00 
-5.00 

Accept/ 
Reject 

R 
R 
R 
R 
R 
A 
R 

R 

R 
R 

R 

R 
R 
R 
A 

R 
R 

R 
A 
R 
R 
R 
R 
R 
R 

Comments 

Toxic 
Reactive 
Reactive 
Toxic 
Reactive 
Toxicity unknown (sim to R134a?) 
Reactive 

Toxicity unknown 

Reactive 
Toxicity unknown 

Toxicity unknown 

Toxic 
Reactive 
Ozone damage 
Low ozone damage 

Very flammable 
Toxicity unknown 

Toxic 
Low ozone damage 
Very flammable 
Toxic 
Very flammable 
Greenhouse effect 
Greenhouse effect 
Reactive 



Table 3. JPL Near-Azeotropic Mixture Replacements for R12 

Mixture Somaonent A 

1 0.8<R134a<1.0 

2 

3 

4 

5 

6 

*O. O <  (B+C+D) <O. 2 

ComDonent B* ComDonent C* Comaonent D* 

R124<0.2 

R142b<0.2 

R12 4<0.2 R142b<0.2 

R152a<0.2 R124c0.2 

R152a<0.2 R142b<0.Z 

R124<0.2 R142b<O.Z R152a<0.2 

All fractions are given as molefractions 
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FIGURE 24 TERNARY MIXTURE OF R134A + R152A + R142B 
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FIGURE 25 TERNARY MIXTURE OF R134A t R152A t R124 
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FIGURE 26 TERNARY MIXTURE OF R134A t R124 t R142B 
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FIGURE 27 TERNARY MIXTURE OF R134A t R134 t R142B 
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