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OF RESULTS 

Over 500 d i f f e r e n t  worldwide p u b l i c a t i o n s  c o n t a i n i n g  d a t a  r e l a t i n g  t o  

p r o p e r t i e s  of b i n a r y ,  t e r n a r y ,  and multicomponent a b s o r p t i o n  f l u i d s  were 

i d e n t i f i e d .  Of t h e s e ,  ove r  150 manuscr ip ts  i n c l u d e  a p p l i c a t i o n s  of a b s o r p t i o n  

f l u i d  p r o p e r t i e s  d a t a  toward e v a l u a t i o n ,  assessment ,  o r  d e s i g n  of c h i l l e r s  o r  

h e a t  pumps bu t  do no t  i n c l u d e  actual  f l u i d  p r o p e r t i e s  d a t a .  Of t h e  remaining 

350 manusc r ip t s ,  d a t a  have been e x t r a c t e d  and ca t a logued  from 278 manusc r ip t s  

wi th  r e l e v a n t  pr imary s o u r c e  d a t a .  The p u b l i c a t i o n s  d a t e  as f a r  back as 1901, 

bu t  n e a r l y  90% of t h e  documents were pub l i shed  between 1960 and 1987. The 

t e x t s  of t h e  278 manusc r ip t s  are i n  E n g l i s h ,  German, J apanese ,  Russ ian ,  o r  

French. 

The a b s o r p t i o n  f l u i d s  covered i n  t h e  278 documents are combinat ions of 38 

d i f f e r e n t  " r e f r i g e r a n t "  compounds and 131 single, 42 b i n a r y  and 14 t e r n a r y  

"absorbent"  compounds. G e n e r a l l y ,  t h e  38 r e f r i g e r a n t s  are d i v i d e d  among t h e  

fo l lowing  c a t e g o r i e s  of chemical  compounds: 

R e f r i g e r a n t s  I- 

I n o r g a n i c  

Organic  

e Amines 
Alcohols  

@ Halogenated 
Nydroearbons 

3 

35 

4 
5 

25 
1 

The s i n g l e  abso rben t  compounds are g e n e r a l l y  subdiv ided  as fo l lows :  

Absorbents  

I n o r g a n i c  

Organic  

e 
0 

0 

0 

0 

0 

e 
e 
0 

0 

@ 

Alcohols  
E t h e r s  
A lcoho l -e the r s  
Amides 
Amines 
Atnine-alcohols 
Esters  
Ketones 
Acids 
Aldehydes 
Othe r s  

48 

83 

10 
5 
3 
9 
4 
1 

21 
5 
4 
1 

20 

ix 



The b i n a r y  and t e r n a r y  abso rben t s  are v a r i o u s  mixtures  of two or more s i n g l e  

abso rben t  compounds. 

I n  terms oE a b s o r p t i o n  f l u i d  p r o p e r t i e s ,  f o r  which d a t a  are a v a i l a b l e  i n  

the 278 pr imary documents,  t h e  l i s t  below r e v e a l s  t h a t  vapor - l iqu id  

e q u i l i b r i u m  i s  the predominant p r o p e r t y ,  r e p o r t e d  i n  a lmost  60% of t h e  

documents. T o x i c i t y  o r  f l ammabi l i t y  of f l u i d s ,  on t h e  o t h e r  hand, i s  r e p o r t e d  

i n  only  two documents. 

Thermodynamic, t r a n s p o r t ,  and o t h e r  d a t a  * 
Number of r e f e r e n c e s  F l u i d  p r o p e r t y  - 

Vapor- l iquid e q u i l i b r i u m  180 

Enthalpy 74 

S p e c i f i c  h e a t  54 

Viscos i-ty 47 

Dens i ty  53 

C r y s t a l l i z a t i o n  52 

Heat of mixing 52 

Surf ace t e n s i o n  

Cor ros ion  (and i n h i b i t o r s )  

Thermal c o n d u c t i v i t y  

Entropy 

S t a b i l i t y  

R e €  r a c t i v e  index  

Heat t r a n s f e r  

Mass t r a n s f e r  

T o x i c i t y  

Flammabil i t y  

18 

25 

10 

16 

9 

7 

5 

10 

1 

1 

A l i s t  of s e v e r a l  key a b s o r p t i o n  f l u i d s  c u r r e n t l y  of i n t e r e s t  t o  

r e s e a r c h e r s  of advanced a b s o r p t i o n  h e a t  pumps i s  a l s o  shown below: 

Key f l u i d s  
( s e e  T a b l e 3  f o r  a b b r e v i a t i o n s )  

CW30H-LiBr-ZnBr2 
TF E- NMP 
TFE-DMEDEG 

* A g iven  document may c o n t a i n  d a t a  r e l a t i n g  t o  more t h a n  one p rope r ty ;  
t h e r e f o r e ,  t h e  sum of t h e  r e f e r e n c e s  i s  l a r g e r  t h a n  199. 

X 



f o r  

t h e  

0 

0 

9 

e 

@ 

NH3-NaSCN 
H20-Li Br 

H20-EiBr-LiSCN 
M20-LiBr-ZnBr2 

H2O-LiBr-LiCl 

TFE-DHETEG 
CH3NH2-R20-Li B r  
RZP-DMETEG 
R22-DPIEDEG 
R22-DHETEG 

Coarse s c r e e n i n g  and e v a l u a t i o n s  were c a r r i e d  o u t  as pa r t  of t h i s  s t u d y  

s e l e c t e d  o r  key a b s o r p t i o n  f l u i d s .  S e v e r a l  approaches  were cons ide red  f o r  

review and coarse s c r e e n i n g  of d a t a  from m u l t i p l e  s o u r c e s .  These i n c l u d e  

C o n s i d e r a t i o n  of t h e  a u t h o r ' s  s t a t e m e n t s  concern ing  d a t a  q u a l i t y ;  

Assessment of t h e  measurement t echn ique  and a p p a r a t u s  used t o  deve lop  t h e  
d a t a ;  

C o n s i d e r a t i o n  of a g iven  a u t h o r ' s  r e p u t a t i o n  f o r  measuring d a t a ,  where 
on ly  one a u t h o r ' s  d a t a  were a v a i l a b l e  f o r  a f l u i d ;  

Comparison of d a t a  p l o t s  f o r  a g i v e n  f l u i d  u s i n g  d a t a  scat ter  and i n t e r n a l  
c o n s i s t e n c y  c r i te r ia  t o  judge  d a t a  q u a l i t y  and mul t ip l e -au tho r  d a t a  
agreement;  and 

C o n s i d e r a t i o n  of g e n e r a l  t r e n d s  of t h e  p l o t t e d  d a t a  as i n f e r r e d  from d a t a  
f o r  similar or homologous series f l u i d s .  

The c o a r s e  s c r e e n i n g  addres sed  data from m u l t i p l e  S O U K C ~ S  fo r  s e v e r a l  

d i f f e r e n t  f l u i d  s y s t e m s  (PIW3-R209 NZO-LiBr,  CH30H-ZnBr2,  C1130W-LiBr, R22- 

DMETEC), cove r ing  s e v e r a l  p r o p e r t i e s a  The number of a l t e r n a t e  data s o u r c e s  

v a r i e d  from 2 t o  4, and t h e  5 f l u i d s  shown i n  p a r e n t h e s i s  are t h e  only  ones 

w i t h  d a t a  from n u l t i p l e  sources  a b s t r a c t e d  t o  d a t e .  

Data gaps f o r  key f l u i d s  have been summarized- Unresolved o r  p o t e n t i a l  

c o n f l i c t s  i n  the d a t a ,  l a c k  of d a t a  f o r  known key f l u i d s  a t  c o n d i t i o n s  beyond 

t h e  l i m i t s  of p r e s e n t  d a t a ,  and new f l u i d s  wi thou t  p r o p e r t y  d a t a  c o n s t i t u t e  

these summaries. A p r i o r i t i z e d  s y s t e m  t o  f i l l  such  gaps on a f l u i d - b y - f l u i d  

and proper ty-by-proper ty  basis was d e v i s e d  €or qu ick  r e f e r e n c e .  

With very  few e x c e p t i o n s ,  and w i t h  emphasis on c u r r e n t  development a c t i v -  

i t i e s  d e a l i n g  w i t h  advanced a b s o r p t i o n  h e a t  pump c o n c e p t s ,  a lmost  a l l  

c a n d i d a t e  f l u i d s  have data  gaps  t h a t  need t o  be addres sed  i n  t h e  nea r  f u t u r e .  
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ABSTRACT 

Over 500 d i f f e r e n t  worldwide p u b l i c a t t o n s  c o n t a i n i n g  d a t a  t h a t  re la te  t o  

p r o p e r t i e s  of n a r y ,  t e r n a r y ,  and mmlt Lcomponent. a b s o r p t i o n  f l u i d s  have been 

i d e n t i f i e d ;  from tkeae  p u b l i c a t i o n s  278 were s e l e c t e d  as pr imary s o u r c e s  of 

r e l e v a n t  data, F l u i d s  covered  i n c l u d e  combinat ions o i  38 d i f f e r e n t  

r e f r i g e r a n t  compounds, as w e i l l  as of 131 s i n g l e ,  42 b i n a r y ,  and 14 t e r n a r y  

abso rben t  compounds, Generally, t h ~  38 r e f r i g e r a n t s  are d i v i d e d  among t h e  

f a l l  owlng categories of chemai cal compounds E inorganic 3; organic, 35 

(amtnes, 4 ;  alcohols, 5; h a l o g e n a t e d ,  25; and hydrocarbons ,  1).  The s i n g l e  

abso rben t  compounds generally are subdiv ided  as f o l l o w s :  i n o r g a n i c ,  48;  

o r g a n i c ,  83 ( a l c o h o l s ,  10; ethers, 5 ;  a l c o h o l - e t h e r s ,  3 ;  amides,  9 ;  amines,  4 ;  

amine-a lcohols ,  1; e a t e r s ,  21; ketones,  5 ;  acids,  4 ;  a ldehydes ,  1; and o t h e r s ,  

2 0 ) .  The b i n a r y  and t e r n a r y  absorbents  are v a r i o w  mix tu res  of two or more 

single abso rben t  compounds e Coarse s c r e e n i n g  and e v a l u a t i o n s  were 

performed.  Data gaps f o r  key f l u i d s  are summarized and unreso lved  c o n f l i c t s  

in d a t a  are not:ed. Resu l t s  S ~ Q W  t h a t ,  w i th  very  few exceptions, a l l  c a n d i d a t e  

f l u i d s  f o r  development a c t i v i t i e s  dealing with advanced a b s o r p t i o n  h e a t  pump 

concepts have d a t a  gaps that: must be addressed  i n  t h e  nea r  f u t u r e .  
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Over the  p a s t  86 years9 a weal th  of physical.  and thermodynamic p r o p e r t y  

d a t a  has been developed f o r  f l u i d  systems that: are p o t e n t i a l l y  a p p l i c a b l e  t o  

t h e  a b s o r p t i o n  ref rigerationlheat pump eycl.e, 

d a t a  i s  a v a i l a b l e  i n  t h e  l i t e r a t u r e ,  some da ta  remain conf ined  t o  in-house 

f i l es  for var ious  r e a s o n s ,  and other data are p r o p r i e t a r y  bu t  could  be made 

a v a i l a b l e  under c e r t a i n  c o n d i t i o n e  or terms. 

A si n i f i c a n t  portion of t h e  

G e n e r a l l y ,  pub l i shed  data have been generated i n  areas of t empera tu re ,  

p r e s s u r e ,  and composi t ion  of Interest t o  d e s i g n e r s  of a b s o r p t i o n  c h i l l e r s  or 

coolers .  

t i o n s ,  u s ing  m u l t i e f f e c t  o r  m u l t i s t a g e  concepts ~ f o r  both space h e a t i n g  and 

coo l ing .  These new d e s i g n s  operate a t  temgera%urcs and pres su res  s i g n i f i -  

c a n t l y  higher t h a n  t h o s e  encountered  in the c o n v e n t i s n a l  a b s o r p t i o n  caolitig 

cycle. 

t h e  b i n a r y  s ~ l i i t l e ~ n s  normal ly  used i n  the convent ional  cyc1.e. 

Recent r e s e a r c h  has focused on deve lop ing  e f f i c i e n t  cycle conf igu ra -  

Other  new concepts are based an t h e  addition of a t h i r d  component t o  

11% an e f f o r t  t o  d e f i n e  the a v a i l a b i l i t y  and q u a l i t y  of e x i s t i n g  d a t a  and 

the reby  ta assist i n  t h e  d e t e r m i n a t i o n  sf needs f o r  new d a t a  u s e f u l  t o  

advanced concep t s ,  t h e  I n s t i t u t e  of Gas Technology (Tell> has  performed an 

e x t e n s i v e  l i t e r a tu re  s e a r c h  and a coarse s c r e e n i n g  o f  , ?x i s t ing  U . S .  and 

f o r e i g n  l i t e r a t u r e  data t o  identify p o t e n t i a l  c o n f l i c t s  o r  gaps i n  t h e  d a t a  

f o r  e e r t a l n  key f l u i d  systems. This report p r o v i d e s  a d e t a i l e d  account  of 

IGT ' 8 f i n d i n g s  

The i n f o r m a t i o n  and d a t a  rnntakned in t h i s  r e p o r t  are p resen ted  i n  a 

format  u t i l i z e d  i n  two ear l ie r  r e p o r t s  (ORNL/SUB/84-4798/1 and ORNL/SUB/84- 

4798/2) t h a t  covered ,  in p a s t ,  similar data developed i n  t h e  United States and 

abroad over  t h e  past 86 y e a r s c  

1. 



2. METHOD AND SCOPE 

L i t e r a t u r e  s e a r c h e s  and s i t e  v i s i t s  were under taken  t o  i d e n t i f y  and 

o b t a i n  a v a i l a b l e  p u b l i c a t i o n s  - s e v e r a l  d a t i n g  back t o  1981 - on p e r t i n e n t  

p h y s i c a l ,  thermodynamic, and t r a n s p o r t  p r o p e r t i e s  of a b s o r p t i o n  f l u i d s .  The 

bulk  of r e f e r e n c e s  i d e n t i f i e d  c o n t a i n  d a t a  developed mainly i n  the Uni ted  

S t a t e s ,  West Germany, F rance ,  B r i t a i n ,  J apan ,  and t h e  USSR. Cross-checks of 

l i t e r a t u r e  s e a r c h e s  were a l s o  made, u s ing  a v a i l a b l e  pub l i shed  b i b l i o g r a p h i e s  

and l i t e r a t u r e  rev iew a r t i c l e s ,  t o  e l i m i n a t e  secondary  sources  € o r  t h e  d a t a  

and t h u s  i n c l u d e  only  o r i g i n a l  sou rces  and manuscr ip ts .  

2 " 1 .  FLUID PROPERTIES AND DATA 

The p r o p e r t i e s  of t h e s e  f l u i d s  relate t o  t h e  l i q u i d  and /o r  vapor  s t a t e  

encountered i n  normal o p e r a t i o n  of a b s o r p t i o n  equipment employing such f l u i d s ,  

and t o  t h e  c r y s t a l l i z a t i o n  boundary of the l i q u i d  phase ,  where a p p l i c a b l e .  

The a c t u a l  d a t a  were s y s t e m a t i c a l l y  c l a s s i f i e d  acco rd ing  t o  type  of f l u i d  and 

p r o p e r t y  as w e l l  as t o  t empera tu re ,  p r e s s u r e ,  and c o n c e n t r a t i o n  ranges  over  

which d a t a  were a v a i l a b l e .  Data were sought  f o r  a t  l eas t  1 7  d i f f e r e n t  

p r o p e r t i e s ,  as f o l l o w s :  

Mixture  properties- 

1. Vapor- l iquid e q u i l i b r i a  18. Mass t r a n s f e r  rate 

2.  C r y s t a l l i z a t i o n  tempera ture  11. Heat t r a n s f e r  ra te  

3 .  Cor ros ion  character is t ics  12. Thermal c o n d u c t i v i t y  

4 .  Heat of mixing 13 e R e f r a c t i v e  index  

5 .  Liquid-phase d e n s i t i e s  14. Entropy 

6. Vapor-liquid-phase e n t h a l p i e s  15. Sur face  t e n s i o n  

7 .  S p e c i f i c  h e a t  16. T o x i c i t y  

8. S t a b i l i t y  17. Flammabil i ty  

9 .  V i s c o s i t y  

The type  of a v a i l a b l e  d a t a  w a s  of importance,  w i t h  raw expe r imen ta l  d a t a  

cons ide red  t o  be h i g h l y  d e s i r a b l e  f o r  u s e  i n  a c t u a l  p rocess  and equipment 

d e s i g n  and s i z i n g  and € o r  p rocess  d e s i g n  c o r r e l a t i o n  development.  For t h i s  

r e a s o n ,  r a w  t a b u l a t e d  expe r imen ta l  d a t a  were g iven  t h e  h i g h e s t  p o s s i b l e  rank- 

i n g ,  w i th  o t h e r  forms of d a t a  fo l lowing  i n  impor tance ,  as shown below: 

2 



Raw expe r i mental. 

e Tabular 
e Graph ica l  

Smoothed experIra1ental 

9 Tabu la r  
@ Graph ica l  

Empi r i ca l  polynuroial 

Equa t ions  of e t a t e  

E m p i r i c a l  polynomiaP r e l a t ionsh ips  haseel on r a w  or s w o t h a d  expe r imen ta l  

d a t a  are o f t e n  r e p ~ ~ t e d .  Such correlat ions a re  at beat  as good as t h e  expe r i -  

mental  d a t a  and can h e l p  f a c t l i t a t e  t h e  use of the d a t a  i n  performance and 

d e s i g n  c a l c u l a t i o n s  through automat ion (coilaputer s o f t w a r e  and t e r m i n a l s  1. I n  

the absence  of data ,  t-eEiablc methods 0f p r e d i c t i o n  have been sought  (equa- 

t i o n s  of s t a t e ,  g e n e r a l i z e d  eorrelatfons) b u t  are expected t o  posses s  g r e a t e r  

u n c e r t a i n t i e s  t han  the p r e v i o u s  forms sf da ta .  

2 . 2 .  COARSE SCREENING OF LITERATURE DATA 

Several approaches  have been used I n  c a r r y i n g  o u t  q u a l i t y  review and 

c o a r s e  s c r e e n i n g  of data from m u l t i p l e  s o u r c e s  fof each of s e v e r a l  key or  

h i g h e s t - p r i o r i t y  b i n a r y  f l u i d s .  These a l t e r n a t i v e  approaches  i n c l u d e  

* C o n s i d e r a t i o n  of the author's s t a t e m e n t s  concern ing  data quality; 

@ Assessment of the rneasuretnent tachniqiie and a p p a r a t u s  used i n  o b t a i n i n g  
t h e  d a t a ;  and. 

C o n s i d e r a t i o n  of a g i v e n  aiitkl~r's reputatton f o r  measuring dath, where 
only one author's d a t a  were ava.PlabLe f o r  a f l u i d .  

A more r e l i a b l e  method used Lo compare d a m  from v a r i o u s  sourcc6 fat- a 

g i v e n  f l u i d  and p r o p e r t y  has been the p l o t t i n g  a i  data  on a common basis. 

Such p l o t s  have also served t o  reveal the amarxnt of scatter or i n t e r n a l .  con- 

s i s t e n c y  of a given  a u t h o r ' s  d a t a  and ,  therefore, i t s  quality. Another ap- 

proach was based on c o n s i d e r a t i o n  of general. t r e n d s  of t h e  p l o t t e d  d a t a ,  as 

i n f e r r e d  from d a t a  f o r  similar OF homol.ogaus series f l u i d s .  

3 



3 .  DETAILED PRESENTATIONS AND TABULATIONS 

As p r e v i o u s l y  i m p l i e d ,  t h i s  r e p o r t  w a s  o rganized  t o  cover  t h e  v a r i o u s  

work elements  of t h i s  s t u d y  i n  t h e i r  n a t u r a l  sequence. This  p o r t i o n  of t h e  

r e p o r t  c o n t a i n s  a l i s t i n g  o f  t h e  r e f r i g e r a n t s  and a b s o r b e n t s  of t h e  a b s o r p t i o n  

f l u i d s  of t h i s  s t u d y ,  t h e  r e s u l t s  of t h e  c o a r s e  and f i n e  s c r e e n i n g  of d a t a  f o r  

key f l u i d s ,  a l i s t  of gaps i n  t h e  d a t a  of t h e  key f l u i d s ,  and t h e  r e f e r e n c e  

material accumulated.  The d e t a i l s  of t h e  range of c o n d i t i o n s  over  which 

p r o p e r t y  d a t a  e x i s t  f o r  each  f l u i d  a r e  'g iven i n  t h e  Appendix. 

____I 3.1. REFRIGERANTS AND ABSORBENTS - 
Table  1 l i s t s  t h e  38 r e f r i g e r a n t s  grouped i n t o  5 d i s t i n c t  chemical compound 

c a t e g o r i e s :  i n o r g a n i c s ,  amines,  a l c o h o l s ,  halogenated o r g a n i c s ,  and 

hydrocarbons.  For  each r e f r i g e r a n t ,  Table  1 c o n t a i n s  a compound number, chem- 

i c a l  formula and name, molecular  weight ,  and normal b o i l i n g  p o i n t  ( i n  d u a l  

u n i t s ) .  

Table  2 l i s t s  48 s i n g l e  i n o r g a n i c  a b s o r b e n t s  and a number, chemical 

formula ,  name, and molecular  weight f o r  each.  Table  3 l i s t s  83 s i n g l e  o r g a n i c  

a b s o r b e n t s  grouped i n t o  9 d i s t i n c t  chemical compound c a t e g o r i e s :  a l c o h o l s ,  

e t h e r s ,  a l c o h o t - e t h e r s ,  amides,  amines,  amine-alcohols ,  esters,  k e t o n e s ,  a c i d s ,  

a ldehydes ,  and an undefined c a t c h - a l l  ca tegory .  For each o r g a n i c  a b s o r b e n t ,  

Table  3 c o n t a i n s  a compound number, an  a r b i t r a r y  a b b r e v i a t i o n  of convenience,  

chemical formula and name, molecular  w e i g h t ,  and normal b o i l i n g  p o i n t  ( i n d i -  

v i d u a l  u n i t s ) .  

Table  4 l i s t s  56 multicomponent ( b i n a r y  and t e r n a r y )  a b s o r b e n t s  wi th  access 

number and chemical formula.  

a r b i t r a r y  a b b r e v i a t i o n s  keyed t o  t h e  chemical name of t h e  o r g a n i c  compounds, 

Table  5 i s  an  a l p h a b e t i c a l  l i s t i n g  o f ' t h e  
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Table 1. Ref rigetants 

Chemical 
Number formula 

Ino raanics 

Amines 

Alcohols 

8 

9 

10 

11 

12 

Halogenated organics 

13 

14 

15 

16 

1 7  

18 

19 

20 

21 

22 

23 

24 

25 

N-3 

H2O 

so2 

CH30H 

C2H50H 

C3H7 OH 

C F 3 C82 OH 

(CF~)~CHOH 

CHFC1.2 

CHF2C1 

CHZC12 

CH2ClF 

CF3CHC12 

CHC1FCC1F2 

CHC 1F CF 

CHF2CC1 F2 

CHC 1 ZCHC 1F 

CHF2CHClF 

NBP NBP 
MW ( O F )  ("C)  -- Name 

Ammonia 17.0 -28 -33.3 

100.0 Water 18.0 212 

Sulfur dioxide 64.1 14 -10.0 

Me t hyl  ami ne 31.1 21 -6.1 
Ethylamine 45.1 62 16.6 

D l m e  thyl amine 45.1 45 7.4 

T rime thyl ami ne 59.1 38 3.5 

Met hana 1 32.0 149 65.0 
Ethanol 46.1 173 78.3 

n-Pr opanol 60.1 207 97.2 

Tr i f luo roe thanol 100.0 164 73.6 

Hexafluoroisopropanol 168.0 138 59.0 

Refrigerant 11 

Refrigerant 12 

Refrigerant 13 

Re E rig e rant 2 1 

Refrigerant 22 

Refrigerant 30 

Refrigerant 31 

Refrigerant 123 

Refrigerant 123a 

Refrigerant 124 

Refrigerant 124a 

Refrtgerant 131a 

Refrigerant 133a 

137.4 

120.9 

104, S 

102.9 

86.5 

84.9 

68.5 

152.9 

152.9 

136.5 

136.5 

151.4 

118.5 

75 

-2 1 

-8 1 

48 

-4 1 

104 

16 

82 

85 

10 

15 

185 

42 

23.9 

-29.4 

-113.8 

8.9 

-40.6 

40.0 

-8.9 

27.8 

29.4 

-1 2.1 

-9.4 

85.0 

5.6 
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Table 1. (cont.) 

Chemical 
Number formula 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

Hvd r ocarbons 

CHF 2CHF 2 

CC1~NCC1W2 

CH3CF3 

CH2FCH2F 

CHClCHCl 

CClPCClF 

CC12CClH 

C2F3H 
C2F3C1 

C3F6 
CH3CF2Cl 

C3HF58 

NBP 
MI4 ( O F )  -- Name 

Refrigerant 134 

Refrigerant 140a 

Re f'r i ge r an t 1 4 3 a 

Refrigerant 152 

Refrigerant 1130 

Refrigerant 1112a 

Refrigerant 1120 

Refrigerant 1123 

Refrigerant 1 1 1  3 

Refrigerant 216 

Refrigerant 142 

Pentafluoropropionic 
acid 

102.0 

133.4 

84.0 

66.0 

96.9 

132.4 

131.4 

82.0 

116.5 

150.0 

100.6 

164.0 

49 

235 

-5 3 

86 

138 

66 

180 

ND 

-18 

-2 1 

ND 

232 

38 Bexane 86.0 154 

NBP 
("C) 

94.0 

112.8 

-47.0 

30.0 

58.9 

18.9 

82.2 

ND 

-27.9 

-29.4 

ND 

97.0 

68.0 

ND - Not determined. 
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Tab le  2. Absorbents  ( i n o r g a n i c )  

-c 

Number - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14 

15 

16 

17 
18 

19 

20 

21 

2 2  

23 

24 

25 

26 

27 

28 

29 

30 

31 

Chemical 
formula  

NH4 R r 

NH4I 

CaBr2 

CaC 1 2  

CsC2H302 

C s B r  

C S C l  

C8F 

CsOH 

CO ( SCN ) 2 
CU ( SCN ) 2 

CuSCN 

LiC2H302 

L i B r  

LIC103 

L i C  1 

LiH2PO-3 

L i I  

U N O 3  

LiN02 

L i a s 0 4  

LiRF4 

LiScN 

LiCC13CO* 

LiCP3 co2 

N i  (SCN), 

KRr 

KC1 
KF 

ROH 

KNO3 

Name 

Ammonium bromide 

Ammonium i o d i d e  

Calcium bromide 

Calcium c h l o r i d e  

C e s i u m  a c e t a t e  

Cesium bromide 

Cesium c h l o r i d e  

Cesium f l u o r i d e  

Cesium hydroxide 

Coba l t  t h i o c y a n a t e  

Cupr i c  t h i o c y a n a t e  

Cuprous t h i o c y a n a t e  

Li th ium acetate 

Li th ium bromide 

Li th ium c h l o r a t e  

Li th ium c h l o r i d e  

Li th ium hydrogen phosphi te  

Li th ium i o d i d e  

Li th ium n i t r a t e  

Li th ium n i t r i t e  

Li th ium s u l f a t e  

Li th ium t e t r a f l u o r o b o r a t e  

L i th ium t h i o c y a n a t e  

Li th ium t r i c h l o r o a c e t a t e  

Li th ium t r i f  l u o r o a c e t a t e  

Nicke l  t h i o c y a n a t e  

Potass ium bromide 

Potass ium c h l o r i d e  

Potassium f l u o r i d e  

Potass ium hydroxide 

Potassium n i t r a t e  

7 

Mw 

98.0 

144.9 

- 

199.9 

111.0 

192.0 

212.8 

168.4 

151.9 

149.9 

175.1 

179.7 

121.6 

66.0 

86.8 
90.4 

42.4 

96.1 

133.8 

68.9 

52.9 

109.9 

93.7 

, 65.0 

169.3 

112.0 

rJr) 

119 .O 

74.6 

58.1 

56.1 

101 . 1 



Table 2. (cont . )  

Chemical 
Mw 

_c_ 
Number formula Name 
___I 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

RbBr 

R b C l  

RbF 

Rb I 

NaBr 

NaC 1 

NaOH 

NaT 

NaN03 

Na2S04 

NaSCN 

H2 SO4 

H 2 0  
ZnR r 

ZnC12 

Zn(N03 12 
Zn( S CN ) 2 

Rubidium bromide 

Rubidium chloride 

Rub id ium f luo r ide 

Rubidium iodide 

Sodium bromide 

Sodium chloride 

Sodium hydroxide 

Sodium iodide 

Sodium nitrate 

Sodium sulfate 

Sodium thiocyanate 

Sulfuric acid 

Water 

Zinc bromide 

Zinc chloride 

Zinc nitrate 

Zinc thiocyanate 

165.4 

120.9 

104.5 

212.4 

102.9 

58.4 

40.c) 

149.9 

85.0 

142,O 

81.1 

98.0 

18.0 

225.2 

136.3 

127.4 

181.5 
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Table 3. Absorbents (organic) 

NBP NBI 
MW ( O F )  ("C) 

-__ I -  
_I No. Abbrev. Chemical formula Name 

Alcohols 

49 1,4 BDL HOC4HsOH 1, 4-Butanediol 

50 2,3 BDL CH3CHOHCHOHCH3 2, 3-Butanediol 

51 EG HOC2H4OH Ethylene glycol 

52 DEG (HOCHzCH2)20 Diethylene glycol 

53 TEG H( oc2H4) 40H Tetraethylene glycol 

54 n-HA n-C7H15OII n-Ileptyl alcohol 

55 BA CgHgCH20H Benzyl alcohol 

56 GYL CH2 OHCHOH CH2 OH Glycerol 

57 PD HOCHz(CH2) 3CH2OH Pent anedi 01 

58 HDL HOCH2(CH2)4CH2OH Hexanediol 

Ethers 

90.1 455 235. 

90.1 358 181, 

62.1 388 197. 

194.2 622 327.1 

116.2 349 176.: 

108.2 402 205.( 
92.1 554 290.C 

104.2 463 239.4 

118.2 482 250.0 

59 DMEDEG CH3(OCzH4) 2OCH3 Dimethylether diethylene glycol 134.2 324 162.2 

60 DMETrEG CH3(OC2H4)30CB3 Dimethylether triethylene glycol 178.2 421 216.1 

61 DMETEG CH3(OC2H4)40CH3 Dimethylether tetraethylene glycol 222.3 528 275.6 

62 ETFE (C4H70)CH,OC2Hs Ethyl tetrahydro furfuryl ether 130.2 316 157.8 

63 DBC C4Hg(OC2Hq) 20C4Hg Dibutyl carbitol 218.3 ND ND 

A 1  co hol-e thers 

64 MBEDEG HOfCH2)20(CH2)20CqHg Monobutylether diethylene glycol \ 162.2 448 231.0 

65 MEDEG H(OC~H,J+)~OC~H~ Monoethylether diethylene glycol 134.2 383 195.0 

66 METrPG C~HS(OC~H~)~OH Monomethylether of tripropylene 220.3 ND ND 
glycol 

Amides 

67 DMF CHON( CH3) 2 N, N - Dimethyl formamide 73.1 302 150.0 

68 DMA CH-jCON( CH3) 2 N, N - Dimethyl acetamide 87.1 329 165.0 

69 DMH C~H~ICON(CH~)~ N, N - Dimethyl hexanamlde 143.2 428 220.0 

70 DMD CiiH23CON(CH3)2 N, N - Dimethyl dodecanamide 217.3 ND ND 

71 DEF CHON(C~H~) N, N - Diethyl formamide 101.2 351 172.2 

72 TMM [(CH3)2NCOCH2CONCOH3]2 N, N, N, N - Tetramethylmalonamide 158.2 ND ND 
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NBP NBP 
MW (OF) ("C) 

--_I_. 
30. Abbrev. Chemical formula Name 
I_ 

73 TMS (CH3) 2NCOCH2 I 2 N, N, N, N - Tetramethylsuccinamide 172.2 ND ND 

74 DMAN CgHgN (CH3 2 N, N - Dimethyl aniline 121.2 381 193.9 

75 HMPT [ (CH-3) 2N] 3PO Hexamethylphosphoric acid triamide 179.2 NO ND 

Amines 

76 QUN C9H7N 
77 MCAN Cg H5CLNH2 

78 AN 'gHgNH2 

79 OCA C8Hl 7NH2 

Ami ne-a 1 coho1 

Quinoline 

M-Chloro aniline 

Ani 1 ine 

Octylamine 

129.2 465 240.5 

127.6 446 230.0 

93.1 363 183.9 

129.3 359 181.7 

Et ha ti0 1 amine 61.1 338 170.0 80 MEA H2NCH2CH20H 

Esters 

81 PBA 

82 DMPH 

83 DET 

84 DBP 

85 DOP 

86 DDP 

87 DCP 

88 DBS 

89 DOS 

90 TAN 

91 ETL 

92 DE0 

93 DEAP 

94 DEM 

95 MB 

96 EB 

97 PB 

98 n-BB 

Isobutyl acetate 

Dimethyl phthalate 

Diethyl phthalate 

Dibutyl phthalate 

Dioctyl phthalate 

Didecyl phthalate 

Dicapryl phthalate 

Dibutyl sebacate 

Dioetyl sebacate 

Triacetin 

Ethyl laurate 

Diethyl oxalate 

Diethyl adipate 

Diethyl malonate 

Methyl benzoate 

Ethyl benzoate 

Propyl benzoate 

n-Butyl benzoate 

116.1 244 

194.2 540 

222.2 576 

278.3 644 

390.4 ND 
446.3 ND 

334.3 ND 

314.4 651 

426.7 ND 

218.2 498 

222.4 523 
146.1 366 

202.2 473 
160.2 391 

136.1 384 
150.2 415 

164.2 448 

178.2 483 

118.0 

282 .O 

302.0 

340.0 

ND 
ND 

ND 

344.0 

ND 

258.9 

27 2.8 
185.6 

245 e 0 
199 4 

195.5 
212.8 

195.5 

250.6 
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Table 3. (cont.) 

Mw -- - No. Abbrev, Chemical formula Name 

99 TBP (C4Hg0) 3po Tri-butyl phosphate 266.3 

100 MSA C6H4(0H)C02CH3 Methyl salicylate 152.2 

101 BZA CgHg (CH2C02CH3) Benzyl acetate 150.2 

Ketones 

102 4 ,  BLN (CH2)3CO2 4-Butyrolactone 

103 NMP CtjHgNO N-Methyl-2-pyrrolidone 

104 2-(OCN) CaH160 2-Oc tanone 

105 2,4 PON CH3COCHZCOCH3 2-4 pentanedione 
106 APN C6115COCH3 Ace t o p h e no ne 

Acids 

107 PPA 

108 LLA 

109 OA 

110 VA 

A 1  de hyde s 

111 BAD 

Others 

112 TDK 

113 DWA 

114 BZL 

115 DMMP 

116 DMSO 

117 NB 

118 PDS 

119 oc 
120 MM 

121 LBS 

122 UTN 

I- 

CH3CH2COOH Propionic acid 

C18H3202 Linoleic acid 

‘1 8’34’2 Oleic acid 

‘gH1002 Valeric acid 

C7H60 Ben z a Id e hyde 

T e t  radecane 

Dowtherm A 

Benzothiazole 

Dimethyl methyl phosphonate 

Dimethyl sulfoxide 

Nitrobenzene 

Polyd ime t hyls iloxane 

Octyl cyanide 

N-Me thylmorphol ine 

Lithium benzenesulfonate 

Utropin 

86.1 

99.1 

128.2 

100.1 

120.2 

552 28 

4 5 2  23 

420 21 

403 20t 

394 201 

343 172 

282 13E 

396 202 

74.1 287 141 

280.5 ND ND 

282.5 689 365 

102.1 367 186 

106.1 353 178, 

~ 198.4 

170.2 

135.2 

124.1 

78.1 

123.1 

ND 

139.2 

101.2 

164.1 

140.0 

2 52 

446 

448  

175 

3 7 2  

411 

ND 

436 

24 1 

ND 

ND 

122” 

257. 

231. 

79. 

189. 

210. 

ND 

224. 

116. 

ND 

ND 
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Table 3. ( c o n t . )  

MW ( O F )  ("C) 
_I_-- 

Chemical formula Name Abbrev. - 
1,3 Dimethyl-2-imidazolidinone 114.2 433 223.0 
I'D ime t hy 1 et hy 1 enu r ea" 
1,3 Dimethyl-3,4,5,6 tetrahydro- 128.2 450 232.0 
2 (111)-pyrimidinone 
"Dime t hylpropylenurea" 
N-Methyl-E-caprolactam 101.1 ND ND 

N-Formylmorpholine 115.1 471 244.0 

Ethylcarbonate 88.1 460 238.0 

Propylenecarbonate 102.1 467 242.7 

Sulf olane 120.2 5 4 9  287.0 

Dihydrocoumarin 148.2 522 272.0 

L DMEU C5w1 ON20 

i DMPU '6*l 2N20 

5 NMC C7H 13 No 
6 NFM 'gHgN02 

7 EC C3H403 

8 PC C48703 

.9  SL 'qHgS02 

LO CUM c9f1802 

11 DCN '1 9H2602 Dieumylmethane 202,3 ND ND 

ND - Not determined. 

1 2  



T a b l e  4. A b s o r b e n t s  ( m u l t i c o m p o n e n t )  

B i n a r y  Te rna ry  

Chern i  ea1 C h e m i c a l  C h e m i c a l  
No. f o r m u l a  No. formula NO f o r m u l a  

__I - ___I 

B i - 1  L i B r :  L i C l  B i - 2 3  L i I :  EG Te-1 L i B r :  Z n B r 2 :  DEG 

B i - 2  L i B r :  L i S C N  B i - 2 4  L i I :  ZnBr2 T e - 2  L i B s :  Z n B r 2 :  EG 

Xi-3 L i B r :  L i C l O g  B i - 2 5  LiSCN:  NaSCN Te-3 L i B r :  Z n R r 2 :  DMEDEG 

Ri-4 L i R t :  C s B r  B i - 2 6  L i S C N :  DMETEG Te-4 L i R r :  Z n B r 2 :  MBEDEG 

B i - 5  L i B r :  Z n B r 2  B i - 2 7  L i S C N :  EG Te-5 L i B r :  ZnBr2:  PD 

B i - 6  L i B r :  PEA B i - 2 5  LiSCN:  1, 4 BDL Te-6 L i B r :  L i I :  EG 

B i - 7  L i B r :  EG B i - 2 9  LiSCN:  MEA Te-7 L i B r :  Z n B r 2 :  C a B r 2  

Bi-8 L i B r :  H20 Bi-30 LISCN:  DMF Te-8 L i B r :  C s B t :  R b B r  

B i - 9  L i B r :  4 ,  BLN B i - 3 1  NaSCN: NaT Te-9 L i B r :  RbF: CsF 

B i - 1 0  L i B r :  L i I  B i - 3 2  NaSCN: TEG T e - 1 0  NaSCN: NaI: 1, 4 ,  BDL 

B i - 1 1  TABr:  Z n C 1 2  B i - 3 3  NaSCN: 1, 4 BDL Te-11 L i N O 3 :  NaN03: KNO3 

B i - 1 2  L i C 1 :  L i A c e t a t e  B i - 3 4  NaT:  1, 4 BDL Te-12 L i C 1 :  CaC12:  Z Z I ( N O ~ ) ~  

Bi-13 L i C 1 :  C S C l  Bi-35 NHqI:  1, 4 BDL T e - 1 3  R22:  DMETEG: RA 

B i - 1 4  L i C 1 :  Z n B r 2  B i - 3 6  CsF: RbF Te-14  NaOH: KOH: CsOH 

B i - 1 5  L i C 1 :  Z n C 1 2  B i - 3 7  DMETEG: BA 

Bi.-16 L i C l :  L iSCN Bi-38 DMETEG: DMF 

B i - 1 7  L i C l :  CaC12 B i - 3 9  R 2 2 :  DMETEG 

B i - 1 8  LiN03: H20 B i - 4 0  R 2 2 :  DMA 

B i - 1 9  LiNO;?: L i C 1 0 3  B i - 4 1  H 2 0 :  C r O 3  

Bi-20 L i N 0 3 :  1,4 BDL B i - 4 2  NaOH: KOH 

B i - 2 1  L i N 0 3 :  1 ,6  HDL 

B i - 2 2  C a B r 2 :  Z n B r 2  

13 



Table 5. List of arbitrary abbreviations € o r  organic compounds 

Abbreviation 

AN 

APN 

BA 

B AD 

1,4 BDL 

2,3 BDL 

4, BLN 

BZA 

BZTL 

CUM 

DBC 

D BP 

DBS 

DCP 

D DP 

DEAP 

DEF 

DEG 

DEM 

DE 0 

D ET 

D CM 

DMA 

DMAN 

DMD 

DMEDEG 

DMETEG 

DME T r  E G 

DMEU 

DMF 

DMH 

DMMP 

No. 

78 

106 

55 

11 1 

49 

50 

102 

10 1 

114 

130 

63 

84 

88 

87 

86 

93 

7 1  

52  

94 

92 

83 

131 

68 

74 

70 

59 

6 1  

60 

123 

67 

69 

115 

Chemical name 

Aniline 

Ace tophenone 

Renzyl alcohol 

Benzaldehyde 

1, 4-Butanediol 

2, 3-Butanediol 

4-Butyrolactone 

Benzyl acetate 

Benzothiazol 

Dihydrocoumarin 

Dibutyl carbitol 

Dibutyl phthalate 

Dibutyl sebacate 

Dicapryl phthalate 

Didecyl phthalate 

Diethyl adipate 

N, N-Diethyl formamide 

Diethylene glycol 

Diethyl malonate 

Diethyl oxalate 

Diethyl phthalate 

Dicumylme thane 

N, N-Dimethyl acetamide 

N, N-Dimethyl aniline 

N, N-Dimethyl dodecanamide 

Dimethylether diethylene glycol 

Dimethylether tetraethylene glycol 

Dimethylether triethylene glycol 

Dimethylethylenurea 

N, N-Dimethyl formamide 

N, N-Dimethyl hexanarni.de 

Dimethyl methyl phosphonate 

14 



Table 5. (cant.) 

Abbreviation No. 

DMPH 

DMPU 

DMSO 

DOP 

DOS 

DSJ A 

EB 

EC 

EG 

ETFE 

ETL 

GLY 

m L  

H F I P  

HMPT 

IBA 

LBS 

LLA 

MB 

MBEDEG 

MCAN 

MEA 

ME DEG 

METrPG 

MM 

MSA 

n-BB 

n-HA 

NB 

NFM 

NMC 

NMP 

82 

124 

116 

85 

89 

113 

96 

127 

51 

62 

91 

56 

58 

Refrigerant 

75 
81 

121 

108 

95 

64 

77 

80 

65 

66 

120 

100 

98 

54 

117 

126 

125 

103 

Chemical name 

Dimethyl phthalate 

Dimethylpropylenurea 

Dimethyl sulfoxide 

Dioctyl phthalate 

Dioctyl sebacate 

Dowtherrn A 

Ethyl benzoate 

Ethylenecarbonate 

Ethylene glycol 

Ethyl tetrahydro furfuryl ether 

Ethyl laurate 

Glycerol 

Hexane di 01 

Hexafluoroisopropanol 

Hexamethylphosphoric acid triamide 

Isobutyl acetate 

Li thium benzenesul f ona te 

Linoleic acid 

Methyl benzoate 

Monobutylether diethylene glycol 

M-Chloro aniline 

Monoe tha nolarni ne 

Monoethylether diethylene glycol 

Monomethylether of tripropylene glycol 

N-Me thylmorpholine 

Methyl salicylate 

n-Bu t y 1 be nz oa t e 

n-Heptyl alcohol 

Nitrobenzene 

N-Formylmorpholine 

N-Methyl-E-caprolactam 

N-Methyl-2-pyrrolidone 

15 



Table 5 .  (cont . )  

Abbreviation 

OA 

OC 

OCA 

2-( OCN) 

PB 

PC 

PD 

PDS 

PFPA 

2, 4 PON 

PPA 

QUN 
SL 

TAN 

TBP 

T 1lK 

TEG 

T FE 

TMM 

TMS 

UTN 

VA 

No. 
.~ 

109 

119 

79 

104 

97 

128 

57 

118 

Refrigerant 

105 

107 

76 

129 

90 

99 

112 

5 3  

Refrigerant 

72 

73 

122 

110 

Chemical name 

Oleic acid 

Octyl cyanide 

Octylamine 

2 -0 c t a none 

P r o p y 1. hen z o a t e 

Propylenecarbonate 

Pentanediol 

Polydimethylsiloxane 

Pentafluoropropionic acid 

2-4 Pentanedione 

Propionic acid 

Quino 1 ine 

Sul f olane 

Triaeetin 

Tri-butyl phosphate 

Tetradeeane 

Tetraethylene g l y c o l  

T r i € luo  roe t hano 1 

N, N, N, N-Tetramethylmalonamide 

N, N, N, N-Tetranethylsuccinami~~ 

Utropin 

Valeric acid 



3 . 2 .  FLUIDS, P R O P E R T I E S ,  AND NUMBER OF REFERENCES WITH DATA 

For each f l u i d  and p r o p e r t y  addres sed  i n  t h i s  s t u d y ,  t h e  a v a i l a b i l i t y  of 

d a t a  can be q u i c k l y  and r e a d i l y  a s s e s s e d  in a series of t r i a n g u l a r  diagrams.  I n  

each  of t h e s e  f i g u r e s ,  t h e  number of r e f e r e n c e s  f o r  each  f l u i d  and p r o p e r t y  w i t h  

d a t a  available i s  p laced  i n  a g r i d .  Blank g r i d s  i n  t h e s e  c h a r t s  r e p r e s e n t  f l u i d  

and /o r  p r o p e r t i e s  f o r  which no d a t a  r e f e r e n c e s  have been found. 

number of r e f e r e n c e s  are i n d i c a t e d  i n  t h e  g r i d  f o r  a p a r t i c u l a r  f l u i d  and 

p r o p e r t y  of i n t e r e s t ,  d a t a  gaps  are expec ted  t o  be l e s s  c r i t i c a l .  

g r i d  appea r s  f o r  a f l u i d  sys tem of h igh  p r i o r i t y ,  a c r i t i c a l  need i s  suspec ted .  

Where a l a r g e  

Where a b lank  

F ig .  1 l ists  t h e  f l u i d s  and t h e  number of r e f e r e n c e s  wi th  vapor - l iqu id  

e q u i l i b r i u m  d a t a  a v a i l a b l e  f o r  each. F i g .  2 l i s t s  t h e  f l u i d s  and t h e  number of 

r e f e r e n c e s  f o r  each  f l u i d  w i t h  d a t a  on c r y s t a l l i z a t i o n  t empera tu re .  S i m i l a r l y ,  

F ig .  3 l is ts  t h e  number oE r e f e r e n c e s  f o r  d a t a  on c o r r o s i o n ,  F i g .  4 f o r  h e a t  of 

mixing, F i g .  5 f o r  l i qu id -phase  d e n s i t y ,  F ig .  6 f o r  vapor- and l i qu id -phase  

e n t h a l p y ,  Fig. 7 f o r  s p e c i f i c  h e a t ,  F ig .  8 f o r  s t a b i l i t y ,  F i g .  9 f o r  v i s c o s i t y ,  

F ig .  10 f o r  mass and h e a t  t r a n s f e r  r a t e s ,  t he rma l  c o n d u c t i v i t y ,  and r e f r a c t i v e  

i n d e x ,  and F i g .  11 f o r  f l a m m a b i l i t y ,  t o x i c i t y ,  e n t r o p y ,  and s u r f a c e  t e n s i o n .  

17 





td 
m

 
m

 
r
l 

0
 

m
 

cl: 
N

 
N

 

cl: 
m

 
N

 
l-i 

A 

ld 
4
 

m
 

a 
N

 

r-i 

dc; 

0
 

m
 

r
i 

r
i 

I 
!%

 

N
 

8
 

m
 

52 N
 

n
 

U
 

2
 

v
 

z
 m
 

A
 

2
 

u
 

v
 

1.9 



tu x
 .. cl 

cl 
la
 

2
0

 



REFRIGERANTS 

R-133a 

R-124a 

R-134 

R-11 

R-30 

R-31 

R-12 

R-21 

R-22 

R-123 

R-131a 

R-140a 

R-1112 a 

R-1120 

R-1130 

332 

CH3NH2 

: BA: DMETEG 

R-22 : DMA 

R-22: DMETEG 

DMETEG: DMF 

MCAN 

NaSCN 

nh41 
'DL: N a l  

Fig. 1. (continued). 
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Fig. 1. (continued). 



NNP 

AB SORBENTS 

: LiBr: EG 

R - 1 3 3 a  

R - 1 2 3 a  

R-134 

R-152 

R-12 3 

R-143 

R-12 

R-21 

R-22 REFRIGERANTS 
TFE 

h) 
+% 

Fig. 1. (continued). 
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R-1123 
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R-143 . 

R-12 
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R-22 R E F R I G E W T S  

t\, TFE a 

CH3m2 

C3H,0H 

CH30H 

B20 

NH3 

C2B5NH2 
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Fig. 4. Number sf references for heat of mixing data. 
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Fig. 6 .  Number of references f o r  vapor and liquid-phase enthalpy data. 
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Fig. 9. Number of references for viscosity data. 
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Mass Transfer Rate 

Br: Baysilone 

Heat Transfer Rate 

r: CsF: RbF 

Thermal 
Conductivity 

Refractive Index 

Fig. 10. Number of references for mass and heat transfer, thermal 
conductivity, and refractive index data. 
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3 . 3 .  COARSE SCREENING OF DATA FOR SELECTED FLUIDS 

A s  mentioned ear l ie r ,  l a r g e  amounts of d a t a  and r e f e r e n c e s  f o r  any f l u i d  do 

no t  a lways g u a r a n t e e  adequa te  coverage of d a t a  needs a t  a r e q u i r e d  l e v e l  of 

p r e c i s i o n .  I n  f a c t ,  t hey  may on ly  deno te  r e l a t i v e  importance of a g iven  f l u i d  

f o r  an a p p l i c a t i o n  and /o r  t h e  e x i s t e n c e  of c o n f l i c t s  i n  impor t an t  p r o p e r t y  d a t a ,  

which o f t e n  are d i f f i c u l t  t o  measure. I n  such cases, a f i r s t - o r d e r  o r  c o a r s e  

s c r e e n i n g  and e v a l u a t i o n  of d a t a  f o r  key f l u i d s ,  p r o p e r t i e s ,  and regimes i s  of 

paramount impor tance .  Such s c r e e n i n g  and e v a l u a t i o n s  were c a r r i e d  o u t  as p a r t  

of t h i s  s tudy  f o r  s e l e c t e d  o r  key a b s o r p t i o n  f l u i d s .  

S e v e r a l  approaches  were cons ide red  f o r  u se  i n  c a r r y i n g  o u t  t h e  review and 

c o a r s e  s c r e e n i n g  of d a t a  from m u l t i p l e  s o u r c e s .  These i n c l u d e  

0 C o n s i d e r a t i o n  of t h e  a u t h o r ' s  s t a t e m e n t s  concern ing  d a t a  q u a l i t y ;  

0 Assessment of t h e  measurement t echn ique  and a p p a r a t u s  used t o  deve lop  t h e  
d a t a ;  

* Cons ide ra t ion  of a g i v e n  a u t h o r ' s  r e p u t a t i o n  f o r  measuring d a t a ,  where only  
one a u t h o r ' s  d a t a  were a v a i l a b l e  f o r  a f l u i d ;  

0 Comparison of d a t a  p l o t s  f o r  a g i v e n  f l u i d  u s i n g  d a t a  s c a t t e r  and i n t e r n a l  
c o n s i s t e n c y  c r i t e r i a  t o  judge  d a t a  q u a l i t y  as w e l l  as mul t ip l e -au tho r  d a t a  
agreement ; and 

C o n s i d e r a t i o n  of g e n e r a l  t r e n d s  of t h e  p l o t t e d  d a t a  as i n f e r r e d  from d a t a  
f o r  similar o r  homologous series f l u i d s .  

P a r t i c u l a r  emphasis w a s  p l aced  on s c r e e n i n g  d a t a  of f l u i d s  t h a t  were e i t h e r  

a l r e a d y  i n  use i n  commercial o r  p r o t o t y p e  a b s o r p t i o n  c o o l i n g  equipment or 

i d e n t i f i e d  as p o t e n t i a l l y  u s e f u l  i n  a b s o r p t i o n  systems and subsequen t ly  

e x p e r i m e n t a l l y  i n v e s t i g a t e d .  Examples of such f l u i d s  are 

0 I n  commercial equipment ,  NH3-H20, H20-LiBr 

0 I d e n t i f i e d  as p o t e n t i a l l y  u s e f u l  f o r  h e a t  pumps 

- O r g a n i c / f l u i d s ,  R21-DMETEG, R22-DMETEG, e tc .  

I 

I n  most i n s t a n c e s ,  r e s e a r c h e r s  have f i r s t  focused  on t h e  development of 

M e t h a n o l / s a l t ;  CH30H-LiBr,  CH30H-LiBr o r  ZnBr2, etc. 

vapor - l iqu id  e q u i l i b r i u m  d a t a  f o r  t h e s e  f l u i d s  and s e c o n d a r i l y  on o t h e r  prop- 

e r t ies  such as e n t h a l p y ,  v i s c o s i t y ,  s t a b i l i t y ,  etc.  T h e r e f o r e ,  the s c r e e n i n g  

approach  s e l e c t e d  t o  e v a l u a t e  c e r t a i n  p r o p e r t y  d a t a  of t h e  above f l u i d s  has  
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c n n s l s t d  of t h e  s i r lc -by-  side CO~I+ .AL i s o i l  of vapor ~ L - ~ S S U L C  ( r r x i  d a t a ,  q u i -  

l i b r i u u i  vapor  composi t ion  (PTxy) d a t a ,  e i i thalpy d a t a ,  and v ; s c o s i t y  dara of 

v a r i o u s  f l u i d s .  

Vapor-Liquid e q u i l i b r i m  ( P l  -_- s >  - 

The ammonia-water a b s o r p t i o n  f l u i d  p a i r  has  b e ~ ~  c*zrtensively i n v e s t i g a t e d  

-..-- 

f o r  many y e a r s .  Many expeslmencal s t u d i e s  were condrlcted i n  Europe some p r i o r  

t u  1932. 

and S i ~ r n t e r ~ ~  (1932)  and 

s i g n i f i c a n t  anouiit of PTxy d a t a .  

of the published d a t a  and a s i d e - b y - s i d e  comparison of the d a t a  m ~ a s u r e d  by 

s e v e r a l  i n v e s t i g a t o r b  They a l s o  presented  a S P ~  of iecomrru2kaded PTxy v a l u e s  

based on t h e i r  a n a l y s i s .  

C o n t r i b u t o r s  incl i ide Mollie: 145 (1908) ,  Wichercr266 (19321, C l i  f f o r d  

(1959).  

I n  1966 ,  Nacriss et a l .  1’’ p r e s e n t x i  a siirirmary 

r n  t h e  U.S., b J i l s ~ n ~ ~ ~  ob ta ined  a 

Recen t ly ,  Gillespie e t  al. ,64 G u i l l e v i c  and Rizvi187 9 lEi8 obtained asad 

presen ted  PTxy d a t a  Ltiat spanned a w j d e r  range cf p r e s s u r e  and t e a p c r a t u r e  t h a n  

p r e v i o u s l y  r e p o r t e d .  I n  a d d i t i o n  t o  experimelital  J a ?  s e v e r a l  i n v e s t i g a t o r s  

have thermodynamically ana lyzed  h i s t o r i c a l  d a t a  i o  Se~er in inc  t h e l r  L n t e ~ n a l  

cons i s t ency .  

I n  this s e c t i o n  of t h e  report  a side--by-side comparison i s  made o f  s e l e c t e d  

d a t a  sets of t o t a l  p r e s s u r e  and vapor- l iqu id  e q u i l i b r i u m  t o  de te rmine  p o t c n t i a l  

c o n f l i c t s .  F i n a l l y ,  t he  most recent PTxy data are rompatred w i t h  computed v a l u e s  

in t h e  l i t e r a t u r e  developed by thermodynamic f orrnulat tons . 
T o t a l  p r e s s u r e  

The cornpariscjn of the t o t a l  p r e s s u r r  i w ’  . su red  by foiir- i n v e s t i - g a t o t s  over  

t h r e e  diszinct % ~ l u L i o n  c o n s c n t r n t i o n s  ( 5 ,  30, and b.c) wt 7: N l i 3 )  i s  i l l u s t r a c e d  

i n  F i g .  1 2 .  The d a t a  sho<*J.sia in th? L‘igure a r e  a c t u a l  experimental d a t a .  For a l l  

p r a c t i c a l  purposes ,  t h e r e  are no signifi-raixt d i f  f e r e n c c s  between t h e  d a t a  

ga the red  by t h e  fouz  Inves t iga l  o r s ,  ind i  catLng t h a t  f o r  t h e  s p e c i f i c  conccn- 

t r a t i o n s  and t empera tu res  shown, there  are no c o n f l i c t s  i n  the d a t a ,  

Equ i l ib r ium vapor  composi t ion -- (PTxy) 

A s  p r e v i o u s l y  ment ioned ,  Macrice e t  a l .  123 e v a l ~ i a t ~ d  the  d a t a  ob ta ined  by 

Y u r h ~ r e r , ~ ~ ~  C l i f f o r d  and 

“best” s e t  of P I X Y  v a l u e s  f o r  use  ii; process ca1rrilez:ons. ? i t h  t he  a i d  of 

arid !!11s0n,’~’’ cu d2Ecrluiilr .and recornwend a 

4 2 
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s e v e r a l  d i r e c t e d  expe r imen ta l  t e s t s ,  i n  t h e  ammonia-rich s o l u t i o n  r e g i o n ,  

Macriss  et  a l e  compiled a recommended set  of v a l u e s  ove r  t h e  range of p r e s s u r e  

from 0.07 t o  34.5 b a r  and tempera ture  range from -50" t o  215°C. 

The r e c e n t  d a t a  of G i l l e s p i e  e t  were ob ta ined  f o r  p r e s s u r e s  up t o  200 

ba r  and t empera tu res  up t o  316°C.  The G i l l e s p i e  e t  a l .  and Macriss e t  a l .  d a t a  

a t  60°C are shown i n  F i g .  13. There i s  ve ry  good agreement between the new d a t a  

and t h e  recommended compi l a t ion  of Macriss e t  a l .  The G i l l e s p i e  e t  a l .  d a t a  are 

claimed t o  be thermodynamically c o n s i s t k n t  and were w e l l  c o r r e l a t e d  us ing  t h e  

Redl ich-Kis te r  approach t o  f i t t i n g  a c t i v i t y  c o e f f i c i e n t  d a t a .  

Thermodynamic -- e v a l u a t i o n s  

A major t h r u s t  of U . S .  and European i n v e s t i g a t i o n s  has  been t o  thermo- 

dynamica l ly  ana lyze  h i s t o r i c a l  d a t a  i n  o r d e r  t o  de te rmine  t h e  c o n s i s t e n c y  of  

vapor  l i q u i d  e q u i l i b r i u m  d a t a .  For example, i n  1947 Sca tchard  e t  a l .  

c a l c u l a t e d  e q u i l i b r i u m  vapor  composi t ions t h a t  were s i g n i f i c a n t l y  d i f f e r e n t  than  

measured va lues .  Sca tcha rd  reached t h i s  conc lus ion  through a Gibbs-Duhem 

i n t e g r a t i o n ,  assuming water was e s s e n t i a l l y  non-vo la t i l e .  

196 

More r e c e n t l y ,  Edwards4' and then  Won e t  al.265 e v a l u a t e d  t h e  thermodynamic 

c o n s i s t e n c y  of t h e  t a b u l a t e d  v a l u e s  p re sen ted  ear l ie r  by Macriss. Again,  as d i d  

Sca tcha rd ,  Won p r o j e c t e d  water vapor  c o n c e n t r a t i o n s ,  i n  e q u i l i b r i u m  w i t h  

ammonia-rich s o l u t i o n s ,  s i g n i f i c a n t l y  below those  g iven  by Macriss. European 

r e s e a r c h e r s  ~ s p e c i f i c a l l y  S c h ~ l t z ' ~ ~  and Z i e g l e r  and T r e ~ p ~ ~ '  have a l s o  thermo- 

dynamical ly  ana lyzed  t h e  NH3-H20 system and aga in  concluded t h a t  t h e  r e p o r t e d  

measured vapor c o n c e n t r a t i o n s  are h i g h e r  f o r  ammonia-rich s o l u t i o n s  than  t h e i r  

p r e d i c t i o n s .  

The vapor- l iqu id  e q u i l i b r i u m  va lues  a t  60°C computed from t h e s e  thermo- 

dynamic fo rmula t ions  are a l s o  p re sen ted  i n  F i g .  13. It i s  e v i d e n t  t h a t  t h e  

c a l c u l a t e d  vapor  composi t ions  are s u b s t a n t i a l l y  lower than  measured v a l u e s  i n  

t h e  ammonia-rich s o l u t i o n  r eg ion  by as much as a f a c t o r  of 2. This  p a t t e r n  

appea r s  t o  hold t r u e  a t  o t h e r  tempera tures  i n  t h e  ammonia-rich reg ion  o f  con- 

c e n t r a t i o n .  From t h e s e  comparisons,  i t  is concluded t h a t  t h e  thermodynamic 

p r o j e c t i o n s  of vapor composi t ions  (Sca tcha rd ,  BogartIWon, S c h u l t z ,  Z i e g l e r  and 

Trepp)  appear  t o  be i n  e r r o r .  The s p e c i f i c  ev idence  is summarized as f o l l o w s  
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3 The new d a t a  of G i l l e s p i e  e t  al." com are favorab ly  w i t h  h i s t o r i c a l  v a l u e s  
and t h e  compi l a t ion  of Macr i ss  e t  a l .  153 

8 The G i l l e s p i e  e t  a l .  d a t a  are claimed t o  be thermodynamically c o n s i s t e n t  
and w e l l  c o r r e l a t e d  us ing  the Redl ich-Kis te r  approach f o r  f i t t i n g  a c t i v i t y  
c o e f f i c i e n t s .  

Entha lpy  d a t a  

I n  t h e  U.S .  p r i o r  t o  1964, t a b u l a t e d  v a l u e s  of l i q u i d -  and vapor-phase 

e n t h a l p i e s  f o r  t h e  NH3-H20 f l u i d  system were based on European expe r imen ta l  
96 s t u d i e s  conducted between 1929 and 1934. S p e c i f i c a l l y ,  J enn ings  and Shannon 

i n  1938 and Sca tcha rd  e t  i n  1947 produced en tha lpy  t a b l e s  i n  systematic 

increments  of composi t ion  and p r e s s u r e  based on e i t h e r  i n t e r p o l a t i o n s  of 

expe r imen ta l  d a t a  ( J e n n i n g s )  o r  thermodynamic c a l c u l a t i o n s  (Sca tcha rd ) .  A n  

a n a l y s i s  by Macriss e t  a l .  i n  1964 i n d i c a t e d  t h a t  t h e  r e s u l t s  d e r i v e d  from t h e  

method of Sca tchard  were i n  good agreemenr. w i th  h i s t o r i c a l  d a t a  f o r  t h e  low- 

tempera ture  r e g i o n ,  below 25°C. However, S c a t c h a r d ' s  va lues  d e v i a t e d  about  

15% from measured d a t a  a t  h i g h  t empera tu res  and p r e s s u r e s .  

The measurements by Macriss e t  al.123 involved  heat c a p a c i t i e s  of f o u r  

l i q u i d  mix tu res  of ammonia and water c o n t a i n i n g  between 0 and 40 w t  % ammonia 

i n  t h e  p r e s s u r e  range of 3.5 t o  34.5 ba r .  By comparison,  S c a t c h a r d ' s  p ro jec-  

t i o n s  were c o n s i s t e n t l y  h i g h e r  t h a n  the d a t a  of Macr i s s ,  d e v i a t i n g  up t o  15% 

a t  h igh  tempera tures .  The d i f f e r e n c e s  are a t t r i b u t e d  t o  i n s u f f i c i e n t  accuracy  

of t h e  pr imary d a t a  u t i l i z e d  i n  t h e  c a l c u l a t i o n s  of Sca tcha rd .  The Macriss 

d a t a  were c o n s i s t e n t l y  lower t h a n  h i s t o r i c a l  European d a t a ,  bu t  t h e  d e v i a t i o n s  

from t h e  l a t t e r  d a t a  were smaller than  those  found by comparison of the 

Macriss d a t a  t o  t h e  Sca tcha rd  p r o j e c t i o n s .  

Macriss a l s o  p re sen ted  t a b u l a r  v a l u e s  of l i q u i d -  and vapor-phase 

e n t h a l p i e s  f o r  p r e s s u r e s  r ang ing  from 0.07 t o  34.5 b a r .  

b a s i s  of t h e  a n a l y s i s  by Won, 265 summarized e n t h a l p i e s  a t  p r e s s u r e s  ranging  

from 0.4 t o  19.0 b a r .  A comparison of t h e  Won and Macriss v a l u e s  a t  60°C 

( F i g .  14)  i n d i c a t e s  on ly  small d e v i a t i o n s  of 1 t o  2%. The vapor-phase 

en tha lpy  p r o j e c t i o n s  of Won are 1 t o  2% h i g h e r  t h a n  the Macriss v a l u e s ,  b u t  

the o p p o s i t e  t r e n d  is  noted  f o r  the l iqu id-phase  e n t h a l p i e s .  

Bogar t ,24  on the 

I n  Europe, t h e  most r e c e n t  p r e s e n t a t i o n s  of l i q u i d -  and vapor-phase 

e n t h a l p i e s  are c h a r t s  prepared  by E l e c t r o l ~ x ~ ~  (unpub l i shed)  and by Zieg ler  

and Trepp. 2 7 7  The v a l u e s  of t h e  l a t t e r  i n v e s t i g a t o r s  were developed from 
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e q u a t i o n s  of s t a t e .  The l i q u i d  phase d a t a  e x t r a c t e d  from t h e  smoothed c h a r t s  

a t  a tempera ture  of 6 0 ° C  are  a l s o  compared i n  F ig .  14.  

A t  6 O o C ,  t h e  comparison i n d i c a t e s  good agreement between t h e  two sets of 

There is a l s o  good d a t a  a t  a l l  s o l u t i o n  c o n c e n t r a t i o n s ,  i . e . ,  0 t o  100% N H 3 .  

agreement wi th  the  compi l a t ions  of Macriss e t  a l .  and Bogart .  

=:-liquid e q u i l i b r i u m  d a t a  

The R20-LiRr p a i r  has  been u t i l i z e d  i n  commercially a v a i l a b l e  a b s o r p t i o n  

cool ing  machines f o r  many years and ,  t h e r e f o r e ,  a r e l a t i v e l y  l a r g e  number of 

Sources  of publ i shed  d a t a  were found. Data were found i n  Japanese  i n v e s t i g a -  

t i o n s  (1Jemura and H a ~ a b a , ~ ~ ~  Matsuda e t  a l .  

i n v e s t i g a t i o n s  by and Usyukin.2S1 

and Osaka Gas162) and European 

A comparison of vapor  p r e s s u r e  d a t a  from two of t h e  Japanese  i n v e s t i g a t i o n s  

and t h e  t w o  European sources  i s  i l l u s t r a t e d  i n  F ig .  1 5 ,  f o r  a 50 w t  % L i B r  

s o l u t i o n .  The d a t a  from t h r e e  of t h e  sou rces  (Renz, Matsuda, and Usyukin) f a l l  

p r a c t i c a l l y  on t h e  same e m p i r i c a l  s t r a i g h t  l i n e  drawn through t h e  a c t u a l  

p o i n t s .  

t i g a t o r s  by 1 5  t o  20%, p a r t i c u l a r l y  i n  t h e  low-temperature r eg ion  below 3 0 ° C .  

Although not shown, similar behavior  was noted f o r  o t h e r  composi t ions ( 2 0 ,  50 and 

60 w t  % LiRr)  a t  low temperatures.  The re fo re ,  from a concensus v iewpoin t ,  t h e  

d a t a  of Ueiniira should  be excluded from c o n s i d e r a t i o n  a t  temperatures below 30°C. 

The U e r n ~ r a ~ ~ ~  d a t a  f a l l  s i g n i f i c a n t l y  below those  of t h e  o t h e r  inves-  

A l l  d a t a  taken  p r i o r  t o  1928 have been assembled,  e v a l u a t e d ,  and p resen ted  
82 Tn t h e  U.S., Pennington 165 i n  t h e  I n t e r n a t i o n a l  C r i t i c a l  Tables  (TCT) .  

ineasured and r e p o r t e d  vapor  p r e s s u r e s  above s o l u t i o n s  wi th  c o n c e n t r a t i o n s  ranging  

from 50 t o  68 w t  % LiBr and tempera tures  from 25" t o  1 7 7 ° C .  

showed t h a t  t h e  Pennington results d e v i a t e d  from those  p r e v i o u s l y  r epor t ed  i n  t h e  

I n t e r n a t i o n a l  C r i t i c a l  T a b l e s ,  w i th  d e v i a t i o n s  ave rag ing  more than  10% of t h e  

p r e s s u r e  measured. S u f f i c i e n t  exper imenta l  d e t a i l s  were not  a v a i l a b l e  t o  

i n d i c a t e  which group of d a t a  is  more a c c u r a t e .  

E l l i n g t o n  e t  a1.52 

More r e c e n t l y ,  McNeely13' eva lua ted  a l l  known d a t a  t o  p r e s e n t  a c o n s i s t e n t  

se t  f o r  i n c l u s i o n  i n  t h e  ASHRAE Handbook of Fundamentals.  Major a b s o r p t i o n  

coo l ing  equipment manufac turers  were surveyed by McMeely t o  o b t a i n  p r o p r i e t a r y  o r  

unpubl ished in fo rma t ion .  Based on t h e  Pennington d a t a  and p r o p r i e t a r y  d a t a  

___-____-- 1_1-- 
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supp l i ed  by Carrier Corpora t ion ,  McNeely developed polynomial  c o r r e l a t i o n s  

r e l a t i n g  s o l u t i o n  t empera tu re ,  c o n c e n t r a t i o n ,  and vapor  p r e s s u r e .  

Comparison of t h e  dew p o i n t s  c a l c u l a t e d  from t h e  polynomials  t o  measured 

va lues  i n d i c a t e d :  

8 Calcu la t ed  v a l u e s  agreed  w e l l  w i t h  t h e  I C T  d a t a  below L i B r  s o l u t i o n  con- 
c e n t r a t i o n s  of 4 4  w t  %. I n  t h e  c o n c e n t r a t i o n  range of 45 t o  60 w t  % L i B r ,  
t h e  c a l c u l a t e d  dew p o i n t s  are 0.6 t o  2 . 8 O C  lower .  

0 For s o l u t i o n  c o n c e n t r a t i o n s  above 45 w t  % L i B r ,  t h e  McNeely c a l c u l a t e d  
v a l u e s  agreed w i t h  t h e  Pennington d a t a  but  not w i th  t h e  I C T  compi l a t ions .  

Q There i s  l i t t l e  d a t a  a v a i l a b l e  above s o l u t i o n  c o n c e n t r a t i o n s  of 60 w t  % LiBr 
a t  a tmospher ic  p r e s s u r e  (1.0 b a r )  t o  s u b s t a n t i a t e  t h e  c o r r e l a t i o n s .  

Recen t ly ,  Herold and Moran,80 i n  t h e  U.S., developed a method f o r  d e t e r -  

mining v a r i o u s  thermodynamic p r o p e r t i e s  based on a n  expres s ion  f o r  t h e  Gibbs f ree  

energy of t h e  L i B r / H 2 0  s o l u t i o n ,  

and Herold approaches a t  a 50 w t  % LiBr s o l u t i o n  are a l s o  p re sen ted  i n  F ig .  15 

and are compared w i t h  t h e  a c t u a l  expe r imen ta l  d a t a ,  i n d i c a t i n g  good agreement .  

The vapor p r e s s u r e s  determined by t h e  McNeely 

Methanol-Salt  F l u i d s  

Methanol i s  a r e f r i g e r a n t  t h a t  has  been proposed as a replacement  fo r  water 
t o  prevent  system freeze-up problems and t o  deve lop  a i r - coo led  systems.  Most 
work has  focused on methanol i n  combinat ion w i t h  e i t h e r  LiBr o r  ZnBr2 o r  a 
combinat ion of bo th .  I n  t h i s  s e c t i o n  comparisons are  made of PTX d a t a  f o r  two 
b i n a r y  s o l u t i o n s  and of v i scosF ty  d a t a  f o r  ano the r  s o l u t i o n .  

CH?OH-L i B r  - 
Vapor- l iquid e q u i l i b r i u m  d a t a  

Four major s o u r c e s  of d a t a  were found f o r  t h e  CH30H-LiBr system. One from 

Europe by Renz,183 one Japanese  by Uemura e t  a1.,245 and two from t h e  U . S . ,  Aker 

e t  a1.l and Biermann. 19 

The d a t a  from two i n v e s t i g a t o r s  (Renz and Uemura) are compared i n  F ig .  16 

f o r  s o l u t i o n  c o n c e n t r a t i o n s  of 10 ,  30, and 50 w t  % LiBr .  A t  s o l u t i o n  concen- 

t r a t i o n s  below 30 w t  % LiBr ,  t h e r e  is  g e n e r a l  agreement between these two sets of 

d a t a .  A t  t h e  low s o l u t i o n  c o n c e n t r a t i o n  of 10 w t  % L i B r ,  t h e  Renz vapor  

p r e s s u r e s  are about  10 t o  15% lower than  t h e  Uemura v a l u e s  a t  i d e n t i c a l  condi- 

t i o n s .  A t  s o l u t i o n  c o n c e n t r a t i o n s  g r e a t e r  t han  30 w t  % LiBr ,  the Uemura d a t a  
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are  s u b s t a n t i a l l y  h i g h e r  t han  Renz 's  v a l u e s ,  by up t o  100 %. Devia t ions  i n c r e a s e  

as s o l u t i o n  c o n c e n t r a t i o n  i n c r e a s e s ,  Super impos i t ion  of t h e  d a t a  from t h e  two 

U . S .  sources  (Aker and Biermann) shows good agreement wi th  t h e  d a t a  of Renz. 

I n  t h e  prev ious  s e c t i o n ,  where H20-LiBr  d a t a  were d i s c u s s e d ,  it was a l s o  

shown t h a t  t h r e e  i n v e s t i g a t o r s  ( i n c l u d i n g  R e m )  produced d a t a  i n  g e n e r a l  agree-  

ment, wh i l e  Uemura's d a t a  f o r  t h a t  f l u i d  p a i r  a l s o  depa r t ed  from the  t r e n d  l i n e  

drawn through t h e  o t h e r  i n v e s t i g a t o r s  d a t a .  

V i s co s i tx 
and U e m ~ r a ~ ~ ~  measured and r epor t ed  s o l u t i o n  v i s c o s i t i e s  f o r  t h e  

CA3011-LiBr system. 

o f  35 w t  % LiBr.  The Uemura d a t a  are h i g h e r  by one t o  two c e n t i p o i s e s  through 

t h e  tempera ture  range of 10 t o  50'C. S i m i l a r  o b s e r v a t i o n s  were made a t  o t h e r  

s o l u t i o n  c o n c e n t r a t i o n s .  Without a more c a r e f u l  s c r e e n i n g  of t h e  methods and 

i n s t r u m e n t a t i o n  used t o  o b t a i n  t h e  pr imary d a t a ,  KIO s t a t emen t  can be made as t o  

which set i s  more a c c u r a t e .  

The d a t a  are compared i n  F ig .  17 a t  a s o l u t i o n  c o n c e n t r a t i o n  

CH30H-Z nBr2  

Vapor- l iquid e q u i l i b r i u m  

Both and U e m ~ r a ~ ~ l  have a l s o  i n v e s t i g a t e d  t h e  CH30H-ZnBr2 system. 

However, c o n t r a r y  t o  t h e  wide d e v i a t i o n s  found between them i n  t h e  CH3011-LiBr 

sys tem,  t h e r e  is  g e n e r a l  agreement between t h e  two sets of d a t a ,  as shown i n  F ig .  

18. Uemura's measurements are g e n e r a l l y  lower by a few pe rcen tage  p o i n t s  a t  

i d e n t i c a l  c o n d i t i o n s  of tempera ture  and p r e s s u r e .  

I Vapor-liquid e q u i l i b r i u m  

A comparison of d a t a  ob ta ined  i n  t h e  U.S. by Aker e t  al. ' and Biermann" f o r  

t h i s  system is  p resen ted  i n  F ig .  19. A t  a s o l u t i o n  c o n c e n t r a t i o n  of 44.2 w t  % 

C H 3 0 H ,  t h e  vapor p r e s s u r e s  of Biermann are about  20 t o  25% lower than  those  of 

Aker e t  a l .  A t  a lower c o n c e n t r a t i o n ,  27.8 w t  % methanol ,  b e t t e r  agreement i s  

ob ta ined ,  but  t h e  Biermann measured vapor p r e s s u r e s  are now s l i g h t l y  h ighe r  (by  5 

t a  10%).  Again,  t h e r e  i s  no independent  ev idence  t o  judge  which of t h e  two sets 

might be more a c c u r a t e .  
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-- Organic  r e f r i g e r a n t - a b s o r b e n t  f l u i d s  

Ex tens ive  i n v e s t i g a t i o n s  have been conducted t o  de te rmine  t h e  u s e f u l n e s s  of 

o r g a n i c  f l u i d s  as r e f r i g e r a n t s ,  mainly ha logenated  hydrocarbons ,  p a i r e d  w i t h  

h igh -bo i l ing  o r g a n i c  a b s o r b e n t s  such  as e t h e r s ,  amides,  and e s t e r s .  An example 

of an  o r g a n i c  r e f r i g e r a n t ,  methylamine, p a i r e d  w i t h  a s o l i d  adso rben t ,  sodium 

t h i o c y a n a t e ,  i s  also presen ted .  

~ R e f r i g e r a n t s  ll_l 123a ,  133a-ETFE 

For t h e s e  f l u i d s ,  t h e  a v a i l a b l e  U . S .  d a t a  (Murphy 1509151) p r a c t i c a l l y  cover  

most of t h e  impor tan t  f l u i d  p r o p e r t i e s .  Assessment of t h e  accuracy  o r  p r e c i s i o n  

of t h e  d a t a ,  however, cannot  be made from t h e  a v a i l a b l e  r e f e r e n c e s .  

R22-DMETEG 

For t h i s  f l u i d ,  major U.S. expe r imen ta l  i n v e s t i g a t i o n s  on vapor - l iqu id  

e q u i l i b r i u m  have been conducted by Mast rangelo ,  132 Buclez ,  3 5  and Alb r igh t  e t  a l  .3 

Macriss and Mason124 thermodynamically e v a l u a t e d  t h e  a v a i l a b l e  d a t a  and 

produced smoothed PTX cu rves .  The d a t a  of Mast rangelo  showed c o n s i d e r a b l e  

s ca t t e r  around t h e  smoothed i so the rms  of A l b r i g h t  e t  a l . ,  i n d i c a t i n g  poor 

i n t e r n a l  cons i s t ency .  A much smaller sca t te r  of A l b r i g h t ' s  raw d a t a  had been 

e v i d e n t  except  f o r  t h e  two h i g h e s t  t empera tu res ,  121" and 135°C) where t h e r e  were 

only  a few expe r imen ta l  p o i n t s  f o r  t he  e n t i r e  range of c o n c e n t r a t i o n .  Comparison 

of t h e  sca t te r  of t h e  raw d a t a  from a l l  s o u r c e s ,  on t h e  s o l u b i l i t y  of R e f r i g e r a n t  

22 i n  DMETEG ( i n  t h e  range of  25 t o  121°C) are summarized i n  Table  6 .  

One European ( E h ~ n k e ~ ~ )  and two Japanese  sou rces  (Oouchi11i9 and Suzuki and 

The d a t a  from t h e s e  t h r e e  s o u r c e s  are com- Sato2*') were found f o r  t h i s  p a i r .  

pared f o r  s o l u t i o n  c o n c e n t r a t i o n s  of 10 and 40 w t  % R22 i n  F ig .  20. Throughout 

t h e  range of tes t  t e m p e r a t u r e s ,  10 t o  127OC, t h e r e  are no s i g n i f i c a n t  d i f f e r e n c e s  

hetween t h e  t h r e e  sou rces  of d a t a .  

R21-DMETEG 

The d a t a  of B u c l e ~ , ~ ~  A l b r i g h t  e t  a1.,3 and M a s t r a n g e 1 0 ' ~ ~  a t  a s o l u t i o n  

composi t ion of 30 mol % R 2 1  are  i l l u s t r a t e d  i n  F i g .  21 .  The agreement i s  good a t  

tempera tures  below 51.7OC, whereas t h e  Mast rangelo  vapor p r e s s u r e  d a t a  are about  

5 %  lower than  those  of t h e  o t h e r s  a t  t empera tu res  i n  excess of 62.8"C. 

-_^____- 
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Table 6. Deviation of solubility data from various sources from 
the final smoothed values f o r  R22-DMETEG 

Data of Albright et: al.3 Data of Mastrangelo 132 

Temperature Number of Average Number of Average 
("0 p o i n t s  deviation ( % I  points deviation ( X )  

28.3 9 0.74 11 4.6** 

55.8 9 0.22 12 0.7 

85.8 9 0.55 11 0.5 

110.9 9 0.13 3 3 . 3 +  

* Interpolated values. ** 
t 

A l l  values of xr equal or higher than smooth curve. 
All values of xr equal or lower than smooth curve. 
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R2 2 - D m  

Only a small o v e r l a p  e x i s t s  f o r  t h e  d a t a  of P ~ d o l l ' ~ ~  and A l b r i g h t  e t  a l .  

__I_- 

3 

i n  t h e  temperature  range of 24 t o  3 5 O C .  However, w i t h i n  t h a t  range,  t h e  agree-  

ment is good a t  a s o l u t i o n  c o n c e n t r a t i o n  of 26 mol % R22, w i t h  P o d o l l ' s  d a t a  

about  3 t o  5% lower t h a n  t h a t  of A l b r i g h t  e t  al. ( F i g .  2 2 ) .  

R21 o r  R22-DMH 

The d a t a  of P ~ d o l l ~ ~ ~  and Biermann" a t  a s o l u t i o n  c o n c e n t r a t i o n  of 37 mol % 

R 2 1  a r e  i l l u s t r a t e d  i n  F i g .  23. The Biermann d a t a  e x h i b i t  a s i g n i f i c a n t l y  

s tna l le r  s l o p e  t h a n  t h e  t r e n d  l i n e  drawn through P o d o l l ' s  d a t a .  A t  low 

tempera tures  (50"F) ,  d e v i a t i o n s  up t o  30 t o  40% o c c u r ,  w i t h  t h e  Biermann d a t a  

corresponding t o  h i g h e r  vapor p r e s s u r e  v a l u e s .  

For t h e  R22-DMH f l u i d ,  and a t  a s o l u t i o n  c o n c e n t r a t i o n  of 30 mol % R22, t h e  

Biermann d a t a  e x h i b i t  vapor p r e s s u r e s  20 t o  50% l a r g e r  t h a n  t h o s e  of P o d o l l ,  a s  

shown i n  F ig .  23. A s  was t h e  c a s e  f o r  t h e  R21 + DMH f l u i d ,  t h e  d e v i a t i o n s  are 

g r e a t e s t  a t  low tempera tures  and t h e  s l o p e  of t h e  Biermann t r e n d  l i n e  is s m a l l e r .  

CH3NI12-NaSCN 

This  f l u i d  i s  an  example of an  o r g a n i c  r e f r i g e r a n t  i n  combination w i t h  an  

i n o r g a n i c  s a l t  a b s o r b e n t .  Two s o u r c e s  of smoothed d a t a  e x i s t  f o r  t h i s  combina- 

t i o n ,  by Rush e t  a 1 . , l g 4  w i t h  t a b u l a t e d  v a l u e s ,  and Biermann" i n  g r a p h i c a l  

form. The comparison of t h e  vapor pressures from t h e  two s o u r c e s  a t  s o l u t i o n  

c o n c e n t r a t i o n s  of 50 and 62 w t  % CH3NH2 i s  i l l u s t r a t e d  i n  F i g .  24. 

c o n c e n t r a t i o n s ,  t h e  Biermann p r e s s u r e s  are s i g n i f i c a n t l y  lower,  by about  40%,  

t h a n  t h o s e  of Rush e t  a l .  There i s  no obvious reason  f o r  s t a t i n g  which of t h e  

two s o u r c e s  c o n t a i n s  more a c c u r a t e  d a t a .  The exper imenta l  p rocedures  used by 

R i e m a n n  were p r e s e n t e d  i n  t h e  r e f e r e n c e .  

A t  bo th  

3.4. FINE SCREENING OF NH?-H?O DATA 
I 

The NH3-H20 d a t a  were s e l e c t e d  f o r  f i n e  s c r e e n i n g  because the p a i r  i s  used 

i n  commercially a v a i l a b l e  equipment and t h e r e  i s  a need t o  provide  a recommended 

set of PTxy v a l u e s  c o v e r i n g  a wider range of c o n d i t i o n s  ( p r e s s u r e ,  t e m p e r a t u r e ,  

and composi t ion)  t h a n  had been p r e v i o u s l y  r e p o r t e d .  The impor tan t  reasons  f o r  

s c r e e n i n g  a r e  summarized a s  fo l lows:  

0 New d a t a  have r e c e n t l y  appeared i n  t h e  l i t e r a t u r e ,  

0 Discrepancies  have been noted between p r e d i c t e d  and measured PTxy d a t a ,  and 



Temperature, 0 C 

20 40 60 80 0 
1 I 1 I I 

100 

10 

(d 
*d 
rn a 

0) 
k 
3 rn 
rn 
QI 
k 
Pi 

- 

1 

0 PoooLL173 
..-.lr--... A AL.BR1WT3 

26% R22, m o l  X 

- 
( 5 0 )  (100) (150) (200) 

0.1 I I I I 

2,O 1.9 1.8 1.7 1,6 1.5 2.1 

Temperature, OR-' x lo3 (OF', . -, 

1.0 

0.1 

0.01 

Fig. 22. Comparison of R22 t DMA vapor pressure data .  

61 



0 
Temperature, C 

0 20  40 60 80 
\ I \ I I 100 

10 

ni 
.ri 
v) 
a 

a, 
k 
3 
rn 
cn 
e, 
k 
PI 

1 

0.1 

+ 

+ 

D W  

DMH 

o ~ a ~ a - 2 ’ ~  
28 A BI ---..-e- 

*mol  % REFRIGERANT 

1 .o 

0.1 

0.01 
(50) (100) (158) (20’ 

I I I I I 
2.0 1.9 1.8 1.7 1 .6  1 , 5  2.1 

Temperature ,  ORc1 x lo3 (OF> 

F i g .  23. Comparison of  R 2 1  -t- DPN and R22 3- DMtI vapor p r e s s u r e  d a t a .  

62 



Temperature, 0 C 

0.1 
2.0 

100 

10 

crl 
-4 
v1 a 

a, 
k 
3 
(0 
[II 
a, 
k 
& 

n 

1 

50 1 (1001 (150) (200>(250 
I I 1  A - 

1.8 1.7 1 .6  1.5 1.4 1.9 

20 40 60 80 0 
I 4 4 - - .  I I 

0 RUSHLY4 I 

*ut x METHYLAMIME 
------ A A BIERI'UANU~~ 

62*{ 

1.0 

w 
Y 
(D m 
2 
(D 

0- 
pl 
rl 

" 

0.1 

0.01 

Fig. 2 4 .  Comparison of methylamine i- sodium 
thiocyanate vapor pressure data, 

63 

. . . . . . - . 



Advanced c y c l e  c a l c u l a t i o n s  r e q u i r e  a c c u r a t e  PTxy v a l u e s  beyond the  range of 
p r e s e n t  compi l a t ions .  

Recent ly  f o u r  sets of PTxy e q u i l i b r i u m  d a t a  appeared i n  t h e  l i t e r a t u r e  and 

extended t h e  range of p r e s s u r e ,  t empera tu re ,  and composi t ions p rev ious ly  

r e p o r t e d :  

8 G i l l e s p i e  e t  p r e s e n t e d  PTxy d a t a  i n  t h e  range o f  p r e s s u r e  from 0.07 t o  
200 ba r  and t empera tu res  from 40 t o  316°C ove r  t h e  e n t i r e  l i q u i d  composi t ion 
range. 

Gu i l l ev ic68  p r e s e n t e d  d a t a  a t  t h r e e  i so the rms  130, 180,  and 2 3 0 ° C .  o 

@ Rizvi187,188 ob ta ined  and p resen ted  d a t a  i n  ranges  s imilar  t o  those  shown 
f o r  G i l l e s p i e  e t  a l .  

T s i k l i s  e t  a l  .223 presen ted  d a t a  a long  e i g h t  i so the rms ,  t empera tu res  ranging  
from 97 t o  350°C and p r e s s u r e s  from 1 t o  200 ba r .  

e 

I n  a d d i t i o n  t o  d a t a ,  t a b u l a r  va lues  based on thermodynamic fo rmula t ions  and 

e m p i r i c a l  polynomials  developed from d a t a  c o n s i d e r a t i o n s  have a l s o  appeared i n  

t h e  l i t e r a t u r e  t h a t  f a c i l i t a t e  c y c l e  computat ions.  

It i s ,  t h e r e f o r e ,  necessary  t o  compare and e v a l u a t e  pr imary d a t a  sets,  f i r s t  

t o  each o t h e r  and then  t o  thermodynamic p r e d i c t i o n s  and polynomial  estimates. A 

se t  of recommended PTxy v a l u e s  can then  be compiled based on the r e s u l t s  of t h e  

aforementioned a n a l y s i s .  

The e v a l u a t i o n  p rocess  c o n s i s t e d  of t h e  fo l lowing  s t e p s :  

4 Comparison of measured t o t a l  p r e s s u r e  d a t a  ob ta ined  by v a r i o u s  i n v e s t i g a t o r s  
a t  common t empera tu res  t o  de te rmine  r e l a t i v e  sp read  i n  the pr imary d a t a  

0 Comparison of measured PTxy d a t a  a t  common t empera tu res  t o  de te rmine  sp read  
i n  primary d a t a  

o Comparison of PTxy d a t a  and p rev ious  thermodynamic p r o j e c t i o n s  t o  r e c o n c i l e  
d i f f e r e n c e s  

Comparison of PTxy d a t a  and polynomial  p r o j e c t i o n s  t o  de te rmine  u s e f u l n e s s  
of c u r r e n t  e s t i m a t i n g  t echn iques  f o r  c y c l e  c a l c u l a t i o n s  

8 Development of extended PTxy t a b l e s  based on t h e  comparat ive e v a l u a t i o n .  

-- ComEarison ~ of Measured T o t a l  -P_ressure 

To beg in  t h e  a n a l y s i s ,  t o t a l  p r e s s u r e  d a t a  ga the red  by vari .ous i n v e s t i g a t o r s  

were compared a t  two i s o t h e r m s ,  80 and 133"C, as shown i n  F i g ,  25. P r e s s u r e s  
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were g e n e r a l l y  r e p o r t e d  a t  t h e s e  t e m p e r a t u r e s ,  t h u s  e l i m i n a t i n g  t h e  need f o r  

i n t e r p o l a t i o n s  t o  reduce d a t a  t o  a common tempera ture .  

The impor tan t  o b s e r v a t i o n s  made €rom scanning  t h e  d a t a  o b t a i n e d  by s i x  

i n v e s t i g a t o r s  shown i n  F ig .  25 a r e  summarized as f o l l o w s :  

@ There is g e n e r a l  agreement i n  t h e  measured p r e s s u r e  between sources  i n  t h e  
s o l u t i o n  c o n c e n t r a t i o n  range of 0 t o  45 mol % NH3. 
s o l u t i o n  c o n c e n t r a t i o n  of 15 mol % N H 3 ,  t h e  s p r e a d  i n  t h e  p r e s s u r e  i s  only  
about  0.2 bar  compared w i t h  about  1 bar  a t  a c o n c e n t r a t i o n  of 40 mol % NH3. 

For example, a t  a 

0 The spread  i n  t h e  measured p r e s s u r e  i n c r e a s e s  as t h e  ammonia s o l u t i o n  
c o n c e n t r a t i o n  i n c r e a s e s .  

The new d a t a  o b t a i n e d  by G i l l e s p i e  e t  a d 4  appear  t o  be r e p r e s e n t a t i v e  of 
t h e  t o t a l  h i s t o r i c a l  d a t a  set o b t a i n e d  by t h e  o t h e r  f i v e  i n v e s t i g a t o r s .  

@ 

The t o t a l  p r e s s u r e  d a t a  obta ined  a t  133°C by t h r e e  i n v e s t i g a t o r s  ( G i l l e s p i e  

e t  a l . 6 4 ,  G u i l l e v i c , 6 8  and Rizvi187*188) a r e  shown i n  F i g .  26. The impor tan t  

conclus ions  o b t a i n e d  from scanning  t h i s  d a t a  set are summarized as fo l lows:  

0 There i s  g e n e r a l  agreement between them up t o  a s o l u t i o n  c o n c e n t r a t i o n  of 
50 mol % ammonia. A t  r i c h e r  s o l u t i o n  c o n c e n t r a t i o n s ,  t h e  d a t a  of R i z v i  are 
s i g n i f i c a n t l y  h i g h e r ,  by up t o  10 b a r ,  t h a n  t h o s e  o b t a i n e d  by G i l l e s p i e  and 
a l s o  e x h i b i t  an unusual  c u r v a t u r e  i n  t h e  range of s o l u t i o n  c o n c e n t r a t i o n  of 
60 t o  80 mol % ammonia. 

e Because of t h e  unusual  n a t u r e  of t h e  R i z v i  d a t a ,  a smooth curve was drawn 
through t h e  d a t a  of G i l l e s p i e  e t  al. as r e p r e s e n t a t i v e  of t h e  PX 
r e l a t i o n s h i p  a t  1 3 3 ° C .  The d a t a  of G i l l e s p i e  e t  a l .  and G u i l l e v i c  are a l s o  
i n  agreement up t o  a s o l u t i o n  c o n c e n t r a t i o n  of 60 mol % ammonia. 

Comparison of PTxy Data  

G i l l e s p i e  e t  al.64 compared t h e i r  smoothed PTxy d a t a  ( i n  terms of r e l a t i v e  
v o l a t i l i t y )  t o  t h o s e  o b t a i n e d  by Wilson,264 Wucherer ,266 G u i l l e v i c ,  ' 68 

R i z v i ,  187,188 and t h e  c o m p i l a t i o n  of Macriss e t  a l .  123 

approach c o n s i s t e d  of c o r r e l a t i n g  t h e  d a t a  o b t a i n e d  on an  i s o t h e r m ,  u s i n g  t h e  

Redl ich-Kis te r  e q u a t i o n  f o r  f i t t i n g  a c t i v i t y  c o e f f i c i e n t  d a t a .  The comparison 

The G i l l e s p i e  e t  a l .  

between t h e  r e l a t i v e  v o l a t i l i t y  of G i l l e s p i e  e t  a l .  and of t h e  o t h e r  i n v e s t i -  

g a t o r s  is summarized as f o l l o w s :  

e Wilson, f5 .7% 

e Wucherer , f l 1 . 6 %  

0 G u i l l e v i c ,  f 1 4 . 1 %  ( b e t t e r  a t  low t e m p e r a t u r e s ,  8 0 - 1 0 0 ° C )  

0 R i z v i ,  f24.0% 
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Macriss e t  a l . ,  k15.3X (compi l a t ion  of h i s t o r i c a l  d a t a )  

8 C l i f f o r d  and Hunter ,  &8.0%. 

Comparison of PTxy Data and Thermodynamic P r o j e c t i o n s  

Based 01-1 s o l u t i o n  t o t a l  p r e s s u r e  d a t a ,  S c a t c h a r d , l g 6  and made t h e r -  

modynamic p r o j e c t i o n s  of  PTxy va lues .  They bo th  concluded t h a t  f o r  ammonia r i c h  

s o l u t i o n s ,  t h e  e q u i l i b r i u m  water vapor c o n c e n t r a t i o n s  p r o j e c t e d  by thermodynamic 

fo rmula t ions  were s i g n i f i c a n t l y  lower than  r e p o r t e d  v a l u e s  (Macr i ss  e t  al.) and ,  

t h e r e f o r e ,  t h e  measured vapor  c o n c e n t r a t i o n s  were i n  e r r o r .  

I n  an  a t t empt  t o  r e c o n c i l e  t h e  d i f f e r e n c e s ,  a comparison was made between 

t h e  r e l a t i v e  v o l a t i l i t i e s ,  p r o j e c t e d  from thermodynamic c o n s i d e r a t i o n s ,  p re -  

s e n t e d  by B ~ g a r t ~ ~  and t o  d a t a  newly ob ta ined  by G i l l e s p i e  e t  a1.,64 as shown i n  

F i g .  2 7 .  The Bogart  v a l u e s  a t  low t empera tu re  ( 4 0 ° C )  are h ighe r  by a f a c t o r  of 

2 ,  than  those  ob ta ined  by G i l l e s p i e  e t  a l . ,  i n  t h e  ammonia-rich s o l u t i o n  

r eg ion .  S i g n i f i c a n t  d e v i a t i o n s  occur  a t  o t h e r  tempera tures .  

Because t h e  G i l l e s p i e  e t  a l  .64 v a l u e s  are thermodynamically c o n s i s t e n t  and 

have been v e r i f i e d  by comparison w i t h  expe r imen ta l  d a t a ,  t h e  conc lus ion  drawn 

firom the comparison i s  t h a t  t h e  thermodynamic p r o j e c t i o n s  of Won187 are no t  

v a l i d .  

Comparison of PTxy Data and Polynomial - P r o j e c t i o n s  

S e v e r a l  r e s e a r c h e r s  have e m p i r i c a l l y  c o r r e l a t e d  h i s t o r i c a l  d a t a  t o  p rov ide  

polynomial r e l a t i o n s h i p s  f o r  PTxy v a l u e s  t o  f a c i l i t a t e  computer c y c l e  c a l c u l a -  

t i o n s .  Three s i g n i f i c a n t  e f f o r t s  are summarized as fo l lows :  

?a J a i n  and Gableg4 p r e s e n t e d  c o r r e l a t i o n s  f o r  PTxy v a l u e s  t h a t  on ly  a p p l i e d  
w i t h i n  a l i m i t e d  range of p r e s s u r e s :  3,5 t o  5.5 ba r  and 17.2 t o  24.1 b a r  

Elec t ro lux"  polynomials  

El-Sayed and T r i b ~ s ~ ~  p resen ted  c o r r e l a t i o n s  t h a t  covered t h e  p r e s s u r e  and 
tempera ture  range of 0.07 t o  110 ba r  and -62 t o  500°C. 

The p r o j e c t e d  t o t a l  p r e s s u r e  and PTxy v a l u e s  were compared w i t h  measured 

d a t a  t o  de te rmine  t h e  accu racy  of each set of polynomials .  

The t o t a l  p r e s s u r e s  p r o j e c t e d  by E l e c t r o l u x  and El-Sayed and Tr ibus  are 

compared w i t h  the smoothed d a t a  of G i l l e s p i e  e t  

Agreement is q u i t e  good i n  t h e  ammonia-lean r e g i o n  ( l e s s  t han  50 mol % ammonia), 

where d e v i a t i o n s  between them are much less t h a n  1 ba r .  However, i n  the 

a t  133°C i n  F i g .  28. 
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ammonia-rich r e g i o n ,  t h e  p r e s s u r e s  p r o j e c t e d  by t h e  polynomia ls  are h i g h e r  by up 

t o  10 b a r s  t h a n  t h e  smoothed measured values .  

The r e l a t i v e  v o l a t i l i t i e s  are compared i n  F i g s .  2 9 ,  30, and 31. The 

impor t an t  o b s e r v a t i o n s  are summarized as f o l l o w s  : 

Q I n  a narrow r e g i o n  of a p p l i c a t i o n  t h e  J a i n  and Gable polynomials  p rov ide  
a c c u r a t e  e s t i m a t e s  of PTxy v a l u e s  ( F i g .  29) .  

9 The E l e c t r o l u x  polynomia ls  appear  t o  p rov ide  r easonab le  PTxy e s t i m a t e s  a t  
t empera tu res  below 177OC and ammonia-lean s o l u t i o n s  ( F i g .  30).  

The El-Sayed and T r i b u s  p r o j e c t i o n s  appear  t o  b e s t  f i t  t h e  PTxy d a t a  i n  t h e  
s o l u t i o n  composi t ion  range of 40 t o  80 mol % water. S i g n i f i c a n t  d e v i a t i o n s  
occur  i n  t h e  very d i l u t e  ammonia or ammonia-rich s o l u t i o n  c o n c e n t r a t i o n  
range  ( F i g .  31). 

Conclus ions  

Based on t h e  f i n e  s c r e e n i n g  a n a l y s i s :  

The r e c e n t  d a t a  of  G i l l e s p i e  e t  a l .  were found t o  be c o n s i s t e n t  w i t h  
h i s t o r i c a l  PTx and PTxy d a t a .  Because t h e  G i l l e s p i e  e t  a l .  d a t a  are t h e r -  
modynamically c o n s i s t e n t  and have covered ranges of t empera tu re ,  p r e s s u r e ,  
and s o l u t i o n  c o n c e n t r a t i o n s  h e r e t o f o r e  not  a v a i l a b l e ,  t hey  are s e l e c t e d  as 
t h e  c r i t e r i o n  of t h e  u s e f u l n e s s  of o t h e r  thermodynamic and empir ical  
e s t i m a t i n g  t e c h n i q u e s .  

Q Comparison of thermodynamic p r o j e c t i o n s  of PTxy v a l u e s  of Won w i t h  t h o s e  of 
G i l l e s p i e  e t  a l .  showed t h e  Won p r o j e c t i o n s  to be i n  e r r o r  f o r  ammonia-rich 
s o l u t i o n s .  

0 Comparison of PTxy estimates from polynomial  f o r m u l a t i o n s  showed t h a t  none 
of t h e  e q u a t i o n s  could  a c c u r a t e l y  r e p r e s e n t  t h e  en t i r e  range of PTxy d a t a  
as presen ted  by G i l l e s p i e  e t  a l .  Large d i s c r e p a n c i e s  were found i n  bo th  
t h e  ammonia-rich and l e a n  s o l u t i o n  c o n c e n t r a t i o n s .  

3.5. GAPS IN THE DATA OF -D KEY FLUIDS 

The r e s u l t s  of t h e  review and assessment  of t h e  U.S .  l i t e r a t u r e  d a t a  on 

a b s o r p t i o n  f l u i d s  and t h e  i d e n t i f i c a t i o n  of un reso lved  or  p o t e n t i a l  c o n f l i c t s  i n  

t h e  d a t a  p rov ide  t h e  b a s i s  f o r  t h e  d e f i n i t i o n  of gaps i n  t h e  e x i s t i n g  d a t a  

base .  A d d i t i o n a l l y ,  i n f o r m a t i o n  about  t h e  c u r r e n t  a c t i v i t y  of r e s e a r c h e r s  

i nvo lved  i n  t h e  development of advanced a b s o r p t i o n  h e a t  pumps p rov ides  some 

i n s i g h t  as t o  p o t e n t i a l  new regimes ( t e m p e r a t u r e ,  p r e s s u r e ,  o r  c o n c e n t r a t i o n )  

and new f l u i d s  for which f l u i d s  p r o p e r t y  d a t a  must be known. 

A r a t i n g  system h a s  been dev i sed  t o  be used i n  a s s e s s i n g  t h e  importance of 

f i l l i n g  t h e  gaps i n  t h e  d a t a  i n  suppor t  of v a r i o u s  e f f o r t s  d i r e c t e d  a t  t h e  

i d e n t i f i c a t i o n  and development of v i a b l e ,  p r a c t i c a l ,  and commerc ia l izab le  

7 1  
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advanced a b s o r p t i o n  h e a t  pumps, 

f h id -by- f  l u i d  b a s i s  : 

This  r a t i n g  sys tem a d d r e s s e s  d a t a  gaps on a 

1. Highest. P r i o r i t y :  C o n f l i c t  R e s o l u t i o n  o r  N e w  Data Impera t ive  
2 .  C o n f l i c t  R e s o l u t i o n  i n  Data Needed 
3. New Data D e s i r a b l e  
Blank. No F l u i d s  Data  Act ion  Warranted.  

The r e s u l t s  of t h e  assessment  of gaps i n  t h e  d a t a  f o r  each  f l u i d  i n  t h i s  

s t u d y ,  u s i n g  t h e  r a t i n g  s y s t e m ,  are p r e s e n t e d  i n  F i g s .  32 th rough 4 4 .  The 

numbers w i t h i n  t h e  g r i d  of each  of t h e  f i g u r e s  re la te  t o  t h e  l e v e l  of p r i o r i t y  

of f i l l i n g  t h e  d a t a  gaps  r e l a t i v e  t o  a s p e c i f i c  f l u i d  and each p r o p e r t y  of t h e  

f l u i d .  A b lank  g r i d  s i g n i f i e s  t h a t  no f u r t h e r  a c t i o n  i s  warran ted  r e g a r d i n g  

d a t a .  
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6 .  APPENDIX. FLUIDS, PROPERTIES, DATA, AND RANGE OF CONDITIONS 

A- 1 





Table A.1.0. AMMONIA BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA 

A. 1.1. VaDor-Liauid Eaui l ibr i t rm 

Weight, % 
X (R) 
Y (R) 

Data Temp. 
F l u i d  System Type Range, OC 

Press. Range, 
a t m  

Ref e rence 
No . Author Year Country Text - - ~ 

0.24-1.705 NH3 + H 2 0  TE 6-100 0.50-18.97 
6.14-90 

38 C l i f f o r d  1933 England Eng 1 i s h  

NtI3 + H2O TE 97-147 0.899-16.3 0-25.9 
0-89 . 7 6 

38 C l i f f o r d  1933 England E n g l i s h  

NH3 + H20 GE 60-147 0.24-16.3 0-90 
0-100 

38 C l i f f o r d  1933 England E n g l i s h  

5; NII3 + H20 GS -1 00-1 80 
w 

0.02-10 0-100 
0-100 

38 C l i f f o r d  1933 England E n g l i s h  

NH3 + H20 TS -8 3- 150 0.02-19 . 2 0-100 
0-100 

38 C l i f f o r d  1933 England E n g l i s h  

NH3 + H2O TGE . 0-61.3 

NH3 + H20 TS 0-61.3 

NH3 + H20 TE -40-260 

NH3 + H20 GE -40-175 

11.5-1801.6 (1)  

5-1842 (1) 

0.04-48.39 

0.2-20 

4.21-34.75 166 Perman 1901 England E n g l i s h  

166 Perman 1901 England Eng l i sh  

167 Pierre 1901 Sweden E n g l i s h  

266 Wucher e r 1932 Germany German 

0-35 

0-40 

0-100 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  



Data 
F l u i d  System Type 

NH3 + H20 GE 

NH3 i- H20 GS 

NH3 + H20 TS 

NH3 i- H 2 0  TS 

NH3 + H2O TS 

5; NH3 + H20 GTE 

NH3 + H20 GS 

NH3 + H20 GS 

NW3 -+ R2O TS 

NA3 + H20 TS 

NH3 i- H20 CP 

NH3 + H20 CP 

Temp. 
Range, "C 

-20-1 40 

-50-210 

-50.5-211.4 

-6.2-202.7 

NA 

1.38-120.12 

20-150 

20-180 

20- 150 

20-150 

-70-1 75 

-70-175 

\*!eight, % 
Press .  Range, x (R)  - Reference 

atm Y ( R )  No. Author - 
0.2-20 

0.2-20 

0.1-20 

0.2-20 

0.2-20 

758-7000 (1)  

0-10 

1-10 

1-10 

1.08-10.20 

0.01-25 

0.01-25 

Y=O-l00 

0-100 
0- 100 

0-100 

Y=15-99 

0.2-100 
10.5-100 

11.8-50.4 

0-50 

0-50 

0.15-52.7 

5-50 

NA 

0-100 

X - L i q u i d  Phase R - R e f r i g e r a n t  c - ppm by weight of 
Y - Vapor Phase A - Absorbent (s )  ".I - Mole, W - Weight 

( 1 )  - mmHg ( 2 )  - mbar NA - Not Avai l ab le  

266 Wucherer 

2 6 6 Wuche re r 

266 Wucherer 

266 Wucherer 

266 Wucherer 

145 Mol l i e r  

145 Mol l i e r  

145 Mol l i e r  

145 ? J o l l i e r  

145 Mol l i e r  

199 Schulz 

197 Schulz 

A i n  Vapor Phase 

Year Country 

1932 Germany 

1932 Germany 

- 

1932 Germany 

1932 Germany 

1932 Germany 

1908 Germany 

1908 Germany 

1908 Germany 

1908 Germany 

1908 Germany 

1971 Germany 

1971 Germany 

Text 

German 

German 

German 

German 

German 

German 

German 

German 

German 

German 

Eng l i sh  

German 



Tab le  A.1.0. (Cont.) 

Data 
F l u i d  System Type 

NH3 + H20 CP 

NH3 + H20 GCP 

NH3 + H20 CP 

NH3 -l- H20 CCP 

NH3 + H20 GC 

N H 3  + H20 GCP 

P 
? 
cn NH3 + H20 

NH3 + €I20 TEG 

NH3 + H20 TE 

NH3 + H20 TE 

NH3 + H20 GTS 

Temp. 
Range, O C  

-40-220 

-40- 22 0 

-40-220 

-40-220 

-200-227 

NA 

NA 

130-230 

0-9 1 

61-1 17 

-76-243 

Press. Range, 
atm 

0 . 2-so 

0.2-50 

0.2-50 

0.2-50 

0.7-34 -47 

NA 

NA 

7-72 

0.021-11.7 

15.3-35.9 

0.069-34.5 

\?eight ,  X 
Y ( R )  
Y (R)  

0- 100 

0-100 

0- 100 

0-100 

0- 100 

NA 

NA 

7.2-68.5 
18.6-97.3 

8.5-84.3 
60.2-(265)' 

Y = 96.0-99.5 

0.0-100 .o 
0.0-100.0 

Reference 
NO Author Year Country Text 

276 Z i e g l e r  1982 Swi tze r l and  German 

276 Z i e g l e r  1982 Swi tze r l and  German 

277 Z i e g l e r  

277 Z i e g l e r  

146 Morel 1983 France  French 

59 F i s c h e r  , 1935 Germany German 

50 E l e c t r o l u x  1970 Sweden E n g l i s h  

68 G u i l l e v i c  1983 France French 

_I - 

1984 Swi tze r l and  Eng l i sh  

1984 Swi tze r l and  Eng l i sh  

264 Wilson 1925 U.S.A. E n g l i s h  

122 Macr iss  1944 U . S . A .  Eng l i s h 

123 Macr iss  1964 U . S . A .  E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mHg (2)  - mbar NA - Not Ava i l ab le  
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Table  A. 1.0, (Cont. ) 

Weight, % 
Data Temp. Press. Range, X (R)  Reference 

Year Country Text  
I__-  

F l u i d  System Type Range, OC atm Y (R)  No. Author - 
NH3 -+ H 2 0  TEG 33-345 0.05-2 18 0.0-100.0 188 Rizvi  1987 Canada Eng l i sh  

0.0-100 . 0 

NH3 + H20 GE S 97-350 1-220 0.0-100.0 223 T s i k l i s  1965 U.S.S.R. E n g l i s h  
0.0-100 . 0 

NH3 + H2O GC 0-65 0.01-30 10.0-90.0 149 Munsch 1978 Germany E n g l i s h  

NH3 + H20 GC -125-1 75 0.1-8000 (1)  12 . 0-87.6 112 Kracek 1930 U.S .A.  E n g l i s h  

NH3 f H20 GC -23 1241 (1) 0-100 112 Kracek 1930 U.S .A.  Engl i sh  

NH3 f H20 TC -99 . 07- 0.1-10000 (1) 0-100 112 Kracek 1930 U . S . A .  Engl i sh  
192.78 

NH3 + H20 TC -90- 180 0.31-10000 (1)  0- 100 112 Kracek NA U.S .A.  Engl i sh  

NH3 + H20 GS 0-210 0.5-20 0-100 51 Ellerwald 1981 Germany German 

NH3 + 920 TEP 50-250 1 . 09-83.5 5.84-97.25 51 E l l e rwa ld  1981 Germany German 

NH3 -t H 2 0  PTS -34-21 1 0.5-13.6 0- 100 269 Z a t o r s k i i  1978 U.S.S .R.  Russian 

NH3 + H20 P -62-4 99 0.07- 109 0.0-100.0 53 El-Sayed 1985 1J.S.A. Engl i sh  
0 . 0-1 00 .o 

X - L i q u i d  Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, I? - Veiqht  

(1) - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  



Table A. 1.0. (Cont.)  

F l u i d  System 

NH3 + LiN03 

NH3 + LiN03 

NB3 -F NaSCN 

NH3 + NaSCN 

hx3 + LiSCN 

NH3 + LiSCN ? 
03 

NH3 + N H 4 I  

NB3 f NH4I 

N H ~  + NaBr 

NH3 -k NH4Br 

NH3 -+ NaI 

NH3 -+ DMETEG 

N H ~  -k DMETrEG 

Data 
__.I Type 

TE 

TE 

TGE 

TE 

GTEP 

GE 

TE 

TS 

TE 

TE 

TE 

TE 

TE 

Weight, % 
Temp. Press. Range, X (R) 

Range, O C  a t m  Y ( R )  

40-125 

-10-130 

-20-90 

25-100 

28-104 

35-100 

25-100 

20-120 

25-100 

25-100 

25-100 

30-1 00 

30-100 

1-16 

0.2-13.8 

0.34-49.64 

1.01-29.23 

1.06-15.40 

1.19-11.65 

4.. 68-49.16 

2.34-54.61 

3.58-53.85 

2.94-52.16 

3.42-57.23 

1.65-35.78 

1.16-36.37 

33.7 

32.6-100 

42.2-100.0 

34.4-53.0 

40.2-61.6 

41.4-54.4 

25.6-50.3 

29.9-39.9 

39.6-60.6 

31.3-51.6 

37.1-63.6 

1.5-17.6 

1.2-20.9 

X - Liquid Phase R - R e f r i g e r a n t  c -  
Y - Vapor Phase A - Absorbent(s)  M -  

(1) - mmHg ( 2 )  - mbar NA - 

Reference 
No. 

62 

2 1  

23 

189 

128 

19 

190 

63 

190 

190 

190 

190 

190 

- Author 

Gensch 

B l y t a s  

Bly tas  

Ro ber son 

Macr i ss 

Biermann . 

Roberson 

George 

Rob er son 

Rob e r so  n 

Rober son 

Robe r so n 

Robe 1: son 

ppm by weight  of A i n  Vapor Phase 
Mole, W - Weight 
No t Avai 1 ab 1 e 

Year 

1937 

1961 

1962 

1965 

1971 

1978 

1964 

1965 

1966 

1966 

1966 

1966 

1966 

__I 

Country 

Germany 

U. S. A. 

U . S . A .  

U. S. A. 

U.  § .A.  

U. S. A. 

U. S.A.  

U. S.A. 

U. S. A. 

U . S . A .  

U. S. A. 

U. S.A.  

u. S.A.  

Text 

Gernan 

Eng 1 i s h 

Engl i sh  

Eng 1 i sh 

Engl i sh  

Engl i sh  

Engl i sh  

Eng 1 i s h 

Engl i sh  

Engl i sh  

Engl i sh  

Eng 1 i s h 

Engl i sh  



Table  A.1.0. (Cont.) 

Weight, X 
Data Temp. Press .  Range, x ( R )  Reference 

F l u i d  System Type_ Range, "C a t m  Y ( R )  NO Author Year Country Text - I 

NH3 + 1 ,  4 - TE 30-100 0.22-25.92 2.2-26.3 190 Roberson 1966 U . S . A .  Eng 1 i s h  
Butanediol  

NH3 + 2, 3 - TE 30-100 0.54-30.13 2.6-30.6 190 Roberson 1966 U . S . A .  Eng 1 i s h  
Butanediol  

NH3 + TEG TE 30-100 0.16-38.31 1.2-30.4 190 Roberson 1966 U.S .A.  E n g l i s h  

NH3 + Polydi- GE 30 7.23-1 1.72 2.0-6.0 190 Roberson 1966 U.S .A.  E n g l i s h  
methyls i loxane 

UJ NH3 + Nitro-  TE 1962 U . S . A .  E n g l i s h  30-100 3.10-35.30 2.0-13.5 147 Morrone 
?- 

benzen 

N H 3  + Octyl- TE 30- 100 2.55-36.89 2.5-33.6 147 Morrone 1962 U . S . A .  E n g l i s h  
amine 

NH3 -k DMA TE 30-100 1.79-40.75 3.2-37.8 147 Morrone 1962 U.S.A.  E n g l i s h  

English NH3 + A n i l i n e  TE 30-100 2.21-21.93 5.4-38.9 147 Morrone 1962 U.S .A.  

NH3 + H 2 0 : L i B r  TGS -80-300 1-30 0-100 177 Radetmacher 1981 Germany E n g l i s h  
(2:3) (W> GE 0-100 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1)  - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  
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Weight, % 
Temp. Press .  Range, X ( R )  Reference Data 

Year Country Text Author _L 

NO - F l u i d  System Type Range, O C  atm Y ( R )  

NH3 + H20:Cr03 TE 70-260 9.9-47 . 84 4-45 167 P i e r r e  1901 Sweden Engl i sh  

NH3 + LiN03:  TE 35 & 50 
1 , 4  BDL (0.77:l 
t o  9.0:1)(W) 

0.15-2.00 7.7-33.1 224 T s i m b a l i s t  1983 U.S.S.R. E n g l i s h  

NH3 + LiNO3: TE 35 & 50 0.15-2.00 21.9-37.4 224 Ts imbal i s t  1983 U.S.S.R. E n g l i s h  
1,6 HDL (2.7:1, 
7.4: 1)(W) 

NH3 + 1,  4 TE 30-100 0.93-37.58 10.4-48.9 190 Roberson 1966 U.S .A.  E n g l i s h  ? Butanediol :  
P NaSCN (6.04:l)  
i--L 

(M) 

NH3 + 1 ,  4 TE 30-100 1.53-39.16 12.0-40.9 190 Roberson 1966 U.S .A.  Eng 1 i s h  
Butanedfol:  
NaSCN (13.29: 1) 
(M) 

m 3  + 1, 4 TE 30-100 1.08-41.78 10.4-39.3 190 Roberson 1966 U.S.A.  E n g l i s h  
Butanediol  :NaI 
(4.99:1)(M) 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, W - Weight 

(1)  - mmHg (2) - mbar NA - Not Avai lab le  
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Tab le  A . l . O .  (Cont.) 

F l u i d  System 

NH3 + H20 

NH3 + H20 

NH3 + H20 

NH3 + H20 

NH3 + H2O 

NH3 + H20 T- 
P 

N H ~  f NaSCN 

NH3 + LiNO3 

NH3 + LiN03 

w 3  + LiN03 

NH3 + L i c l  

NH3 + Li2SO4 

NH3 + KMO3 

Weight, % 
Data Temp. P res s .  Range, x (9) Reference 
Type Range, "C a t m  -f (R)  No. Author Year Country Text 

GS -151-0 NA 0.0-1 00 .o 123 Macr iss  1964 U.S .A.  E n g l i s h  

- - 

TGE 0 - -110 1 

GC -100-0 HA 

GE 25-75 NA 

GS 0- 130 NA 

0-100 142 Mironov 1955 U.S.S.R. Eng 1 i s h  

0-100 112 Kracek NA U.S.A. Eng l i sh  

25-40 27 Rokelmann 1983 Germany E n g l i s h  

0-100 181 Renz 1978 Germany German 

GE 25-75 NA 25-40 46 Ehmke 1983 Germany E n g l i s h  

GE -90-305 NA 0.0-100 .o 23 B l y t a s  1962 U.S.A. E n g l i s h  

GE 5-35 NA 28.8-38.3 225 T s i m b a l i s t  1983 U.S.S.R.  E n g l i s h  

GS 0-80 NA 30-100 181 Renz 1978 Germany German 

TE NA 0.264-0.313 15-19 13 Bald i  1971 I t a l y  I t a l i a n  

TE NA 0.251-0.574 15-23 13 R a l d i  1971 I t a l y  I t a l i a n  

TE NA 0.303-0.459 15-19 13 Bald i  1971 I t a l y  I t a l i a n  

1971 I t a l y  1 t a1 i a n  TE NA 0.293-0.593 15-22 13 Rald i  

X - Liquid  Phase R - R e f r i g e r a n t  c - pQm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, W - Weight 

(1) - nmHg ( 2 )  - mbar NA - Not A v a i l a b l e  



Data 
F l u i d  System Type 

NH3 + K C 1  TE 

NH3 + K B r  TE 

N H ~  + NaBr TE 

NH3 + NaCl TE 

NH3 + NaN03 TE 

NH3 + Na2SO4 TE 

NH3 f LiN03: TE 
H 0 (0.73:l t o  GS 3 tw> 
NB3 + LiNO3: GE 
~~0 (2.3:1 t o  m) 

NB3 + LiN03: GS 
1 , 4  BDL (0.77:1 
t o  9.0:1)(W) 

NH + LiNO3: GS 
1,a HDL (2.7:1, 
7.4: 1 )  (W) 

Weight, Z 
Temp, Press .  Range, X (R) 

Range, O C  atm Y ( R )  

NA 

NA 

NA 

NA 

NA 

NA 

5-35 

0-60 

35 & 50 

35 6( 50 

0.31 4-0.503 

0.285-0.474 

0.332-0.591 

0.188-0.351 

0.312-0.359 

0.351-0.359 

NA 

NA 

0,15-2 

0.15-2 

x - Liquid Phase R - R e f r i g e r a n t  c -  

Y - Vapor Phase A - Absorbent t s )  M -  
(1) - mmHg ( 2 )  - mbar NA - 

15-21 

14-19 

16-2 1 

11-17 

15-16 

16-17 

0.9-29.1 

10-40 

7.7-33.1 

21.9-37.4 

Reference 
No. 

13 

13 

13 

13 

13 

13 

225 

_L 

Author 

Rald i  

'Baldi 

B a l d i  

Bald i  

Rald i  

Rald i  

T s i m b a l i s t  

46 Ehmke 

224 T s i m b a l i s t  

224 Ts i rnba l i s t  

ppm by weight of A i n  Vapor Phase 
Mole, W - Weight 
Not Aval lab le  

Year Country 

1972 T t a l y  

1971 I t a l y  

1971 I t a l y  

1971 I t a l y  

1971 I t a l y  

1971 I t a l y  

- 

1983 U.S.S.R. 

1983 Germany 

1983 U.S.S.R. 

1983 U.S.S.R. 

Text 

I t a l i a n  

I t a l i a n  

I t a l i a n  

It a l i  an 

I t a l i a n  

I t a l i a n  

English 

E n g l i s h  

E n g l i s h  

E n g l i s h  



Table A. 1.0. (Cont. ) 

A.1.3. Corrosion 

Weight, % 
Data Temp. Cor ro s i o n  X (R) Reference  

F l u i d  System Type Range, O C  I n h i b i t o r ,  w t  % Y ( 9 )  No. Author Year Country Text  

NH3 + H 2 O : L i B r  TE 200 None 10 67 Griess 1985 U.S.A. E n g l i s h  

- 

A.1.4. Heat of Mixing 

Weight, % 
Data Temp. Press .  Range, X ( R )  Reference 

F l u i d  System Type Range, "C atm Y (R) NO Author Year Country Text  - - 
NH3 + H20 TE 10.5-15 1 9.5-78.8 144 M o l l i e r  1909 Germany German 

German 
7 
i--L 
u-l NH3 + 1120 GE 15 1 0-60 144  M o l l i e r  1909 Germany 

NH3 + H20 GC 100 NA 0-100 149 Munsch 1978 Germany Eng l i sh  

NH3 + H 2 0  TE 12 & 10 NA 0-100 232 Uemura 1977 Japan  Japanese  

NH3 + H 2 0  GTE NA NA 18.0-80.34 14 Saud 1909 France French 

NH3 + H20 TE NA NA 18.0-80.34 15 Raud 1909 France French 

German NH3 + H-20 GS NA NA 0- 100 278 Zinner  1934 Germany 

NH3 + H2O GCP NA NA NA 59 Fischer 1945 Germany German 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmHg (2)  - mbar NA - Not Avai lab le  
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Table  A . 1 . 0 .  (Cont.) 

Data Temp. 
F l u i d  System Type Range, "C 

NH3 + H20: TGS 30-180 
L i B r  (2:3)(W) 

GS 20-200 

t; 
GE -65-100 

P 
4 NH3 + NaSCN 

NH3 + LiSCN TE 27-138 

A. 1.6. Vapor-Liquid E n t h a l p i e s  

NH3 + H20 TE -26.25 - 
131.83 

N H 3  + H20 GS -100-200 

NH3 + H20 GS -80-180 

Weight, X 
P r e s s .  Range, X ( R )  Reference 

atm Y (R)  No. Author Year Country Text - - 
177 Radermacher 1981 Germany Eng 1 i eh NA 0-100 

NA 0-100 178 Radermacher 1982 Germany German 

0-25 16-100 47 Ehmke 1984 Germany German 

0-2 5 16-100 47 Fhmke 1984 Germany German 

NA 31.2-89.9 23 B l y t a s  1962 U.S.A. E n g l i s h  

NA 37.4-52.5 128 Macriss 1971 U.S.A. E n g l i s h  

9.2-17.9 

NA 

NA 

10-90 278 Zinner  1934 Germany German 

0- 108 278 Zinnelr 1934 Germany German 

0-100 278 Zinner  1934 Germany German 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1)  - mmHg (2 )  - mbar NA - Not A v a i l a b l e  



n
 

J.J d
 

Q
 

V
 . W
 

0
 

4
 

P a, 
d
 
a
 

a 
E-1 

C
 

k
 

a, 
c9 

8 h
 

G
 rd 

a
 

c3 

m
 

N
 

m
 

E 4
 

r
l 
0
)
 

-E 2 6
 

4
 

v-4
 

0
0

 
c
c
 

I
I

 
0

0
 

4
V

-
i

 

0
 

N
 

I 
N

 

0
 

J
 

c
l
 

4
 

N
 

I 
0

 
m

 I w
 
H
 

0
 

32 

4- 

X
 
z
 N
 

m
 

c
 v

) 
1-( 
4

 
ho 
t: 
w
 c a, 

*d
 

cn 

0
 

R
 

en 
P-l s x =t 
d

 
0
 

bc 
U

 
V

 
a, 
r
l 

P
I 

0
 

L
n
 

Q
 

Q
 

I 
0
 

4
 

4
 
z
 

0
 

m
 

N
 

I 
Q

 
ln
 I P
I 

E+ 
c9 

?-r\l 
!z + tr: 
B
 m
 

&4 
0
 
0
.
 

ITi 
3
 

A
-18 



Table A.1.0. (Cont.) 

Weight, X 
Data Temp. Press. Range, x (R) Reference 

F l u i d  System Type Range, 'C atm Y (R)  No. Author Year Country Text 9- - 
NW3 + R20 GC 150-250 4-35 8-100 51 El lerwald  1981 Germany German 

IJH3 f R20 PTS -34-21 4. 0.5-19.6 0-100 269 Zatorskii 1978 U.S.§.R, Russian 

NH3 f E20 CP -5-7, 43-55 3.45-5.52, NA 94 J a i n  1971 U.S.A. E n g l i s h  
17.24-24.13 

NH3 i- H20 P -62-499 0.07-lO9 0.0-100.0 53 El-Sayed 1985 U.S .A.  E n g l i s h  
0.0-100.0 

NE3 4- H20: cs -20-210 1-30 0-100 179 Radermacher 1981 Germany English 
3; L i A r  ( 2 : 3 ) ( ~ )  
co 

m3 -+ H20: GS -70-2 10 
L i R r  (2:3)(W) 

A.1.7. S p e c i f i c  Heat 

1-30 

NH3 + H20 P NA NA 

NB3 + H20 P -40-220 0.2-50 

NHQ + H20 GS 10-30 NA 

NH3 + H2O P -40-220 0.2-50 

German 0-1 00 178 Radermacher 1982 Germany 

NA 232 Uemura 1977 Japan Japanese  

0-1 00 276 Z i e g l e r  1982 Switzer land  German 

0-100 277 Z i e g l e r  1984 Swi tzer land  E n g l i s h  

0-100 232 Uemura 1977 Japan Japanese  

X - L i q u i d  Phase R - Ref r i g e r a n t  e - ppm by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmHg (2) - mbar NA - Not A v a i l a b l e  



Table A. 1 .O. (Cont. 

Weight, % 
nata Temp. Press. Range, X (R) Reference 

No. Author Year Country Text - y ( R )  - Fluid System Type Range, *C atm 

NH3 -+ H20: TGS 30- 150 NA 
L i B r  (2:3)(W) GE 

NA 

NA 

NA 

NA 

0-100 177 Radermacher 1981 Germany Engli sh 

0-100 176 Radermacher 1981 Germany English 

0-100 178 Radermacher 1982 Germany German 

0-50 47 Ehmke 1984 Germany German 

German 0-50 47 Ehmke 1984 Germany 

NR3 i LiN03: GS 
R20 (3:l)(W) 

32 Rokelrnann 1985 Germany English 20-90 NA 10-50 

NH3 + NaSCN TE 0-25 NA 12.3-42.6 23 Rlytas 1962 E.S.A. English 

NH3 + U N O 3  G SP NA NA 24-40 62 Gensch 1937 Germany German 

A . 1 . 8 .  Stabilitv 

1464 U.S .A.  NH3 + N&CN Nas. 150 NA NA 90 Macriss English 

X - Liquid Phase R - Refrigerant c - ppm by welght of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

(1) - mmHg ( 2 )  - rnbar NA - Not Available 



Table A.1.0, (Cont.) 

A.1.9. Viscosity 

Weight, Z 
Temp. Press. Range , x (R)  Reference Data 

Fluid System Type Range, O C  atm Y (R)  No * Author Year Country Text - - 
NH3 + H20 GTS 10-149 1-20 0- 100 124 Pinevich 1948 U.S.S.R. English 

1962 U.S.A.  English NH3 + N a S C N  GE -10-60 NA 35.0-100.0 23 Blytas 

NH3 + LiSCN TE 24-93 EA 39.0-52.0 128 Macriss 1971 U.S.A.  Engl i s h 

NH3 + LiNO3: GE 10-70 HA 
H20 (2.3:l to a) 

A . l . l O .  M a s s  Transfer Rate 

NH3 + H20 GE 26 

N 
r 

NH3 + H20 C NA 

NA NH3 + H20 GS 

NH3 + H20 GE NA 

NH3 + N a S C N  GE 25 

0.40-1.07 

NA 

0-4 

10-20 

1 

26.2-32.2 46 Ehmke 1983 Germany Eng 1 ish 

MA 36 Burnett 1970 U.S.A.  English 

NA 163 Osipov 1972 rJ.S.S.R. English 

0-40 163 Osipov 1972 U.S.S.R. English 

NA 163 Osipov 1972 U.S.S.S. Eng 1 ish 

40-50 104 Kashiwaga 1987 Japan Japanese 

X - Liquid Phase R - Refrigerant c - ppm by weight of h in Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Available 



A , 1 . 1 1 .  Heat Trans fe r  Rate  

Weight, W 
Data Temp. Press. Range, X ( R )  Reference  

F l u i d  System Type Range, "C atm Y ( R )  No. Author Year Country Text 

NH3 + H20 GS 30-36 NA NA 163 Osipov 1972 U.S.S.R. Eng l i sh  

Eng 1 i s h  N H 3  4- H20 GE NA 18-20 HA 163 Osipov 1972 U.S.S.R. 

NH3 f H20 C NA NA NA 163 Osipov 1972 U.S.S.R. Eng 1 i s h  

- I_ II_ 

A.1.12. Thermal C o n d u c t i v l x  

NH3 + H20 GS 0-60 NA 232 Uemura .I977 Japan  Japanese  0- 100 

N B ~  + NaSCN TE 20-69 NA 12.3-1 7 , 3 23 Rlytas I962 U . S . A .  E n g l i s h  

A.1.13. R e f r a c t i v e  Index 

m3 + H20 GS NA 5-20 0-100 278  Zinner  1934 Germany German 

A.1.14. Entropy 

'M3 + 820 CP -40- 2 20 0.2-50 

NH3 4- H 2 0  CP -40-220 0.2-50 

WN3 f H20 CP NA NA 

0-100 276 Z i e g l e r  1982 Swi tzer land  German 

0-100 2 7 1  Z i e g i e r  1984 Swftzer land Eng l i sh  

NA 59 F i s c h e r  I935 Germany German 

X - L i q u i d  Phase R - R e f r i g e r a n t  c - ppm by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mHg ( 2 )  - mbar NA - Not Ava i l ab le  



Table A . 1 . 0 .  (Cont.) 

Weight, % 
Data Temp. Press .  Range, X ( Q )  Reference 

F l u i d  System Range, O C  atrn y ( R )  c_ No. Author - Year Country Text  

1985 U.S.A.  E n g l i s h  NH3 + H20 P -62-499 0.07-109 0.0-100.0 53 El-Sayed 
0.0-1 00.0 

German NH3 + H20 GS - 5 0- 2 00 0 . 6-25 0-100 111 Kouremenos 1971 Greece 

NH3 + H20 PTS -34-2 11 0.5-19.6 0-100 269 Z a t o r s k i i  1978 U.S.S .R.  English 

- _ _  

X - L i q u i d  Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbat NA - Not Avai lable  
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Table  A.2.0. (Coat.) 

F l u i d  System 

H20 + L i B r  

H20 + L i B r  

H20 + L i B r  

H20 + LiBr 

H20 + L i R r  

H20  + L i B r  

? 
h) 

H20 + L i B r  

H20 + L i B r  

H20 + L i B r  

H20 + L i B r  

H20 + L i B r  

Data 
Type 

TE 

GE 

GC 

GS 

GS 

GP 

P 
GTP 

TE 

TE 

TEGP 

GE 

GS 

Temp. 
Range, O C  

25-93 

0-1 10 

0-180 

0- 180 

0-180 

20-240 

0-200 

0- 100 

25-177 

4-182 

28-56 

100 

Press. Range, 
atm 

0.002-0.26 

0.0 1-0.32 

0.01-1 

1-1000 (2) 

1-1000 ( 2 )  

1-10,000 (1 )  

1.4-7000 (1 )  

0.0008-1.01 

0.0010-3.61 

0.001-0.85 

0.0037-0.030 

0.1-1 

Weight, % 
X ( R )  
Y ( R )  

40 & 50 

40-1 00 

0-70 

30.0-100.0 

30.0-100.0 

38.0-45 .O 

30.0-100.0 

27.8-100.0 

39 6-50 3 

37.7-100.0 

41.0-46.9 

40- 100 

Reference  ~~ 

No. Author - 
58 F e l l i  

5% P e l l i  

186 Renz 

218 S te imle  

219 Ste imle  

162 Osaka Gas 

261 Usyuk-in 

52 E l l i n g t o n  

165 Pennington 

137 McNeely 

119 Ledding 

46 Ehmke 

Year Country Text 

1979 I t a l y  E n g l i s h  

1979 I t a l y  E n g l i s h  

1982 Germany E n g l i s h  

1981 Germany E n g l i s h  

1981 Germany E n g l i s h  

1985 Japan Japanese  

1969 U.S.S.R. E n g l i s h  

I_ 

1957 U.S.A.  E n g l i s h  

1955 U . S . A .  E n g l i s h  

1979 U.S.A. E n g l i s h  

1965 U . S . A .  E n g l i s h  

1983 Germany Eng li s h 

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, 'w - Weight 

( 1 )  - mmHg ( 2 )  - mbar YA - Not Ava i l ab le  
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Weight, X 
Data Temp. Press .  Range, x ( R )  Reference 

Fluid System Type Range, ' 6  atm - Y (R) No. Author Year Country Text - - 
TGE 

GE 

GP 

TE 

GS 

GE 

TE 

GS 

CP 

GE 

GE 

GE 

GS 

103.9-160.6 

-10-1 10 

. o-100 

26.30-35.35 

20-120 

0-1 10 

10-7 7 

100 

NA 

0-1 10 

0-1 10 

0-1 10 

75-175 

1 

1-1000 ( 1 )  

1-100 ( 1 )  

22.54-23.65 ( I )  

0.006-2.0 

0.01-0.32 

0.01-0.35 

0.06-1 

NA 

0.01-0.32 

0.0 1-0.32 

0.01-0.32 

~ 0.02-1 .0 

46.3-87.5 

19.6-100.0 

20.0-100.0 

5 1.6-73.0 

15.0-50 .o 

44-100 

68 

60-100 

NA 

30-100 

50-1 00 

35-100 

30.0 

77 Hasaba 

246 Uerniira 

246 Uemura 

246 Uemura 

19 Biermann 

58 F e l l i  

58 F e l l i  

46 Ehmke 

78 Hasse l e r  

58 F e l l i  

58 F e l l i  

58 F e l l i  

55 Er ickson  

X - L i q u i d  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmiIg ( 2 )  - mbar NA - 'Not Ava i l ab le  

1964 Japan  

19 6 9 Japan  

1969 Japan 

1969 Japan  

1978 U . S . A .  

1979 Italy 

1999 I t a l y  

1983 Germany 

1982 England 

1979 I t a l y  

1979 I t a l y  

1979 I t a l y  

1985 U.S .A.  

Japanese 

Japanese  

Japanese  

Japanese  

E n g l i s h  

E n g l i s h  

E n g l i s h  

E n g l i  sh  

E n g l i s h  

E n g l i s h  

E n g l i s h  

Eng 1 i s h  

E n g l i s h  
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Table  A.2.0. (Cont.) 

Data 
F l u i d  System Type 

H20 + DEG GS 

H20 + TEG GE 

H20 + DMF TEP 

H2O + DMF GEP 

HZ0 + PPA GS 3; 
N 
\5, 

H*O + GTE 
LfC C13~02 

H20 + L i -  GTE 
Senzenesul fona te  

Temp. 
Range, O C  

120 

60-160 

30-150 

- 

-10-40 

60-100 

60-100 

27-51 

27-43 

27-41 

27-35 

Press .  Range, 
a t m  

0-2 

200 & 918 ( 2 )  

17-760 ( 1 )  

NA 

0.05-1.02 

0.05-1.02 

0.0028-0.010 

Weight, % 
X ( R )  
Y (R)  

0-100 

0-100 

0- 100 

0-48 

0.2-99.6 (M) 
0.2-95.8 ( M )  

0.2-99.6 ( M )  
0.2-95.8 (M) 

13.8 

- Reference 
NO Author Year Country Text 

104 Klyucheva 1980 U.S.S .R.  E n g l i s h  

200 Seher  1985 Germany German 

152 Myasnikova 1974 U . S . S . R .  E n g l i s h  

Eng 1 i s h  

- 

54 Ennan 1972 U . S . S . R .  

179 Raff lenbeul  1978 Germany German 

179 R a f f l e n b e u l  1978 Germany German 

119 Ledrling 1965 1J.S.A. E n g l i s h  

0.011-0.028 Sat .  a t  2OoC 19 Biermann 1978 U.S.A. Eng 1 i s h 

0.015-0.033 Sat.  a t  2OoC 19 R i e m a n n  1978 U . S . A .  E n g l i s h  

0.021-0.032 Sat .  a t  20°C 19 Biermann 1978 U . S . A .  E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1) - m d g  (2)  - mhar NA - Not Avai lab le  
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Data 
Fluid System Type 

H20 + L i B r :  GEP 
4,BLN (20:1)(M) 

H20 + L i B r :  GS 
4,BLN (20:1)(M) 

H20 + Li1:EG GS 

~~0 + L i B r :  GS 

u 
ul 

€50 + NaOH: GS 
KOH : C SOB 
(1.67:1.5:1)(W) 

H20 + LiN03: GS 
NaN03 :KNO 
(3.05: 1.41 : 1) ( W )  

H20 i- L i C 1 :  GS 
C a C 1 2  : Zn(N0 
(4.2 : 2.7 : 1) ?W$ 

Weight, % 
Temp. P res s .  Range, X ( R )  Reference  

Range, O C  atm Y ( R )  No. Author Year Country Text 
_I - 

60-120 0-700 ( 1) 44.1-100.0 88 Iyoki 1984 Japan Eng l i sh  

40-100 30-400 (1) 40.0 b 60.0 88 Iyoki 1984 Japan E n g l i s h  

-20-160 0.5-700 (1) 10.0-100.0 157 Ono 1979 Japan English 

27-260 0.0013-1.33 5.0-25.0 1 1  Aronson 1969 U.S.A. E n g l i s h  

50-175 

50-300 

0-130 

0.01-1.0 

0.02-15 

0.002-0.89 

30.0 55 Erickson  1985 U.S.A. 

30.0-100.0 40 Davidson 1986 U.S.A. 

Engl i sh  

English 

40-100 168 Pinchuk 1982 U.S.S.R. Russian 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s1  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  



Table A.2.0. (Cant.) 

Weight, % 
Data Temp. P res s .  Range, x ( R )  Reference 

F l u i d  System Type Range, O C  a t m  Y ( R )  No. Author Year Country Text - - 
H 2 0  + L i B r :  GS 0-180 
ZnBr2 : DEG 

H20 + L i B r :  GS 0-180 
ZnBr2 : EG 

H20 + L I R r :  GS 0-180 
ZnBr2:DMEDEG 

H 2 0  + L i B r :  GS 0-180 
ZnBr2 :PI) 

320 4- L I T :  GS -20-160 
LfBr :EG 

? w 
rn 

A.2.2. C r y s t a l l i z a t i o n  Temperature 

R20 + L i R r  TE -16.7-78 

~~0 + L i B r  GE -1 6.7-1 40 

H20 + LIBP GE 0-140 

H 2 0  + LiBr GE -16.7-140 

1-1000 (1 )  

1-1000 ( 1 )  

1-1000 (1) 

1-1000 (1) 

0.5-700 ( 1 )  

NA 

NA 

NA 

NA 

15.0-40.0 157 Ono 1979 Japan  Eng l i sh  

15.0-40.0 157 On0 1979 Japan Engl I S h 

15.0-40.0 157 On0 1979 Japan  E n g l i s h  

English 1 5.0-40.0 157 On0 1979 Japan 

0.0-100.9 1.57 Ono 1979 Japan  E n g l i s h  

31.8-42.7 73 Hasaba 1960 Japan  Y apanes e 

24 .O-42.7 73 Hasaba 1960 Japan  Japanese  

248 Uemura 2964 Japan  Japanese  19.2-50.0 

19.2-50 .O 232 Uemura 1977 Japan  Y apanese 

X - Liquid Phase R - R e f r i g e r a n t  c -  
Y - Vapor Phase A - Absorbent (s )  M -  

(11 - m d g  ( 2 )  - mbar NA - 
ppm by welght of A i n  Vapor Phase 
Mole, W - Weight 
Not Available 



Tab le  A.2.0. (Cant.) 

F l u i d  System 

H20 + L i B r  

H20 + L i B r  

H 2 0  + L i R r  

H20 + L i B r  

H20 + L i B r  

7 H20 + L i B r  

H 2 0  + L i B r  

H20 + L i B r  

€1~0 + L i B r  

H20 + L i R r  

H 2 0  + L i B r  

w 
l l  

H20 + L i C l  

H20 -t- t ic1 

Data 

2Zlz 
GS 

GS 

GS 

GE 

TE 

GE 

GS 

TE 

GE 

7% 

GS 

TGE 

GE 

Weight, % 
Temp. Fress. Range, X (R)  Reference 

Year Country Text  

-68-140 NA 24.0-100.0 121 Lower 1961 Germany German 

-10-80 NA 30.0-46.0 131 Manago 1984 Japan  E n g l i s h  

-1 0-80 NA 30.0-46.0 156 Ohuchi 1985 Japan  E n g l i s h  

52 E l l i n g t o n  1957 U.S.A. Engl  f s h -73-93 NA 0.0-100.0 

Author - No. - Range, O C  atm y (R) 

-50-100 

15-75 

4-143 

-72-159 

-.72-159 

-67.2-138 

0-50 

-20- 160 

-20-160 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8.2-20.2 

9.2-12.1 

NA 

9.5-32.5 

0-100 

25 .O-60.9 

35-100 

41.4-74.0 

40.0-65 .O 

33 Roryta 

119 Ledding 

11 Aronson 

105 Kessis 

105 Kessis 

105 Kessis 

181 Renz 

74 Hasaba 

239 Uemuta 

1961 U.S.A. 

1965 U.S.A. 

1969 U.S.A. 

1965 France 

1965 France 

1965 France  

1978 Germany 

1964 Japan 

1967 Japan 

E n g l i s h  

Eng l i sh  

E n g l i s h  

French 

French 

French 

German 

Japanese  

E n g l i s h  

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s1  M - Mole, W - Weight 

( 1 )  - mmHg (2)  - mbar NA - Not 4 v a f l a b l e  



Table A.2.0. (Cont.)  

Data Temp. 
F l u i d  System Type Range, O C  

H20 + L J I  TGE - 10-80 

H20 + ZnBr2 GS 21 

H 2 0  4- LiSCN GS 22 

R 2 0  + LiNO3 GE 0-60 

H20  -t NaOH GS 40-1 25 

7 E20 9 KOH GS 20-125 
W 
W GE 6-56 H20 * CSF 

R20 + CsBr GE 10-57 

H20 -+ NaOH:KOH GS 30-1 10 
f 1 : I >(W> 

H20 -t L i B r :  GE 15-65 
CsBr (1:1 to 
7:1)  

I-120 + CsF:RbF GE -2.2-22 
(1:b)  

Press. Range, 
a t m  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

Weight, X 
x ( R )  Reference 
Y ( R )  No. Year Country Text Author 

_I_ --- - 
18.9-40.1 246 Uernura 1969 Japan J a pane se 

NA 11 Aronson 1969 U . S . A .  English 

19.0 6 AGA 1968 Y . S . A .  E n g l i s h  

30-65 225 Tsirnbaltst 1983 U.S.S.R. English 

NA 55 Erickson 1985 U.S.A. English 

English 1.985 U . S . A .  NA 55 Erickson 

2.3-2.5 119 Ledding 1965 U . S . A .  English 

39.5-51.1 119 Ledding 1965 1J.S.A. English 

NA 55 Erickson I985 U.S.A. English 

20.9-56.0 119 Ledding 1965 U.S .A.  English 

2.5-4.2 119 Ledding 1965 U.S.A. English 

X - Liquid Phase R - Refrigerant c - ppm by weight of A In Vapor Fhase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

(1) - mmHg (2) - rnbar NA - Not Available 



Table  A.2.0. (Cont.) 

Data 
F l u i d  System Type 

H20 + L i B r :  GE 
LiSCN (0.25: 1 
to 4:1)(M) 

H 2 0  + LiBr: GS 
LiSCN 
(4 : l  t o  1:4)(M) 

H20 + L i R r :  GTE 
LiSCN (l : l ) (M) 

GS 3; u H20 + L i B r :  
* LiSCN ( 1 : l )  (M) 

H20 + L i R r :  GE 
LiSCN (0:l  t o  
B )  ( M I  

Temp. 
Range, O C  

-6-93 

22-30 

0.3-73.3 

0-100 

-10-90 

24-99 

10-143 

IJeight,  2 
Press. Range, x (R)  

atm Y (R)  

NA 25.0-47.0 

NA 9.7-16.2 

NA 30.0-44.0 

NA 50.0-80.0 

NA 

NA 

NA 

NA 

Reference 
No. Author Year Country Text 

127 Macriss 1970 U.S .A.  E n g l i s h  

- - 

6 AGA 1968 U.S.A.  E n g l i s h  

84 I y o k i  198 1 Japan 3 apane se 

235 Uemura 1980 Japan Japanese  

German 107 Knoche 1984 Germany 

11 Aronson 1969 U.S.A. 

11 Aronson 1969 U . S . A .  

E n g l i s h  

E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  
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Table A.2 .0 .  (Cont.)  

Data 
F l u i d  System Type 

H20 + L i B r : E G  GTE 
( 10 : 1 ) ( M )  

Weight, % 
Temp. Press. Qanqe, x ( R )  Reference 

NO. Author Year Country Text Y ( R )  - Range, "C a t m  

-10-65 

10-63 

-20-65 

10-50 

-20-65 

29 

18-79 

2 1.50-74.9 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

15.0-25.0 156 Ohuchi 1985 Japan  E n g l i s h  

NA 11 Aronson 1969 U . S . A .  

15.0-30.0 131 Manago 1984 Japan  

15.0-25.0 131 Manago 1984 Japan  

15.0-30.0 

NA 

NA 

36.2-43.0 

156 Ohuchi 1985 Japan  

11 Aronson 1969 U . S . A .  

11 Aronson 1969 U.S .A.  

93 Iyoki 19 8 1 Japan  

X - Liquid Phase R - R e f r i g e r a n t  c -  
Y - Vapor Phase A - Absorbent (s )  Y -  

(1) - mmHg ( 2 )  - mbar NA - 
p'pm by weight of 
Mole, W - Weight 
Not Avai l ab le  

A i n  Vapor Phase 

E n g l i s h  

E n g l i s h  

E n g l i s h  

English 

Engl i sh  

E n g l i s h  

Japanese  
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Table A.2.0. (Cont.) 

Weight, % 
Data Temp. P r e s  s. Range, X ( R )  Reference 

F l u i d  System Type Range, O C  atm Y (R9 No. Author Year Country Text 
_I -- 

H20 + L i B r :  
ZnBr2:CaBrz 
(l:l:l)(M) GS 43-100 NA NA 11 Aronson 1969 U . S . A .  E n g l i s h  

(1.2:1:0.5)(M) GS 4-27 NA NA 11 Aronson 1969 U.S.A. Eng l i sh  

(1.2:1:0.12)(?4) GS 16 NA NA 1 1  Aronson 1969 U . S . A .  Eng 1 i s h  

E n g l i s h  11 Aronson 1969 U.S .A.  (1.2:1:0.3)(M) GS 4-60 NA NA 

(1.1:1:0.27)(M) GS 43 NA 

GE 0-42 NA H20 + ZnBr2: 
LiAr ( 1 : i ) : ~ ~  

? * 
w 

H 0 + ZnBr2: GE 
L j B r  ( 1 : 1) :PD 

25-42 NA 

H20 + ZnBr2: GE 32-42 NA 
L i B r  (1:l): 
MBEDEG 

H20 + ZnBr2: GE 18-42 NA 
L i B r  (1:l):DEG 

H20 + LiI: GS -20-160 0.5-700 (1) 
L i R r : E G  

NA 1 1  Aronson ,1969 U.S .A.  E n g l i s h  

NA 157 Ono 1979 Japan E n g l i s h  

NA 157 Ono 1979 Japan Eng l i sh  

NA 157 Ono 1979 Japan Eng l i sh  

NA 157 Ono 

0.0-100.0 157 Ono 

1979 Japan Eng l i sh  

19 7 9 Japan E n g l i s h  

X - L i q u i d  Phase R - R e € r i g e r a n t  e - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Avai lab le  



A . 2 . 3 .  Corrosion 

Weight, % 
x ( R )  - Reference Data Temp. Corrosion 

Text Fluid System Type Range, "C Inhibitor, wt % Y ( R )  - No. Author - Year Country 

H20 + LiBr TE NA LiSCN 0.2 37 .o 232 Uemura 1977 Japan Japanese 

LiN03 0.3 
Li2WO4 0.2 
Li3PO4 0.2 

.12w20 

NH2 CONH2 0.3 

Li2SiF5.2I-l 0 0.2 

0.1 
~i2~i03.11~20 0.2 
LiClQ4.3Hp 0 2 

(C5H5NH)2C:NH 0.2 
CgHqSC(SH):N 0.1 
5 Methytbenzo 
triazofe 0.2 
n-octy l 

0.1 Alcohol 

Cobratec 99 0.1 
Cobratec 100 0.1 
c~H~(co~)O 0.1 
NHCH:NCN:CN 0.2 

Li6(M07024 5 

C6H4 (CN) 2 0.2 

X - Liquid Phase  R - Refrigerant c - ppm by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

NA - Not Available (1) - mmHg (2 )  - mbar 



Table  A.2.0. (Cont.) 

Weight, X 
Data Temp. Corros ion  X (R) Reference  

F l u i d  System Type Range, O C  I n h i b i t o r ,  w t  X y (R)  NO. Author Year Country Text 
II - 

H 2 0  + L i B r  TE NA Above I n h i b i t o r s  37.0 232 Uemura 1977 Japan  Japanese  
+ L i O H  0.2 

H20 + L i B r  TE 143-182 Various Li thium 37.0-46.0 42 Dockus 1963 U.S.A. Eng l i sh  
Salts + L i O H  + 
Organics  0.1-0.3 

H20 + LfBr TE NA None 37.0 91 I y o k i  1978 Japan  Japanese  

1978 Japan Japanese  

GE NA LiOH 0.1-1 37.0 91 I y o k i  1978 Japan  Japanese  

~~0 + LiBr TE NA L i O H  0.2 37.0 91 Iyok i  

? * H2O + L i B t  
v1 

Cobrate 99 0.1-1 
Cobrate 100 0.1-1 

0.3 
0.2 
0.2 
0.2 
0.2 

0.1 
0.2 
0.2 
0.3 

37 .O 91 I y o k i  1978 Japan  Japanese  

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight of A I n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1 )  - mmHg (2)  - mbar NA - Not Ava i l ab le  
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Table  A. 2.0. (Cont . ) 

Veiqht ,  % 
Data Temp. Corrosion x ( R )  Reference 

F l u i d  System Type Range, ' C  I n h i b i t o r ,  w t  X y ( R )  NO Author Year Country Text - - 
LiC104.3H20 0 -2 
NH2CONH2 0.3 
( Cg Hg NH ) 2 c : NH 0 * 2 
C~H~SC(SH):N 0.1 
5 Methylbenzo- 
t r i a z o l e  0.2 
n-oc ty la lcohol  0.1 

Cobratec 99 0.1 
Cobratec 100 0.1 

CgHq(CN12 0.2 

CgHq(C02)O 0.1 
3; c. NfICH:NCN:CH 0.2 
U 

NA Above I n h i b i t o r s  37.0 238 Uernura 1978 Japan H20 + L i R r  TE 
+ L i O H  0.2 

NA None 42.0-74.0 237 Uemura 1979 Japan fl20 + L i B r  GE 

W20 + L i B r  GE NA L i O H  0.2-1 37 .O 237 Uemura 1979 Japan 

H20 + L i B r  GE NA LiSCN 0.2 37.0 237 Uemura 1979 Japan 
LiN03 0 . 3  
L iWO4 0.2  
Li3PO4 0.2 
Li2SiF6.2H20 0.2 

Japanese  

J apane se 

Japanese  

Japanese  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A I n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1)  - mmHg ( 2 )  - mbar NA - Not Avai lab le  
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Tab le  A. 2.0. (Cont . ) 

IJeight, % 
Data Temp . Cor r os i on  x (R)  

F l u i d  System - Type Range, "C I n h i b i t o r ,  w t  % Y (R)  

H20  + L i R r  

H20 + L i R r  

H20 + L i B r  

H2O + L i C l  

H2O + L i C l  

NA 

TE 75 

TE 50 

E 2 60 

GE NA 

TE NA 

GTE NA 

GE NA 

No ne 47.0 

LiCcO 46.0 
(0-2080 ppm) 

12 Compounds 63.0 

T, i 2 C r04 0.1 32.0 
L i O H  0.16 

None 42 .O-74.0 

None 59.7 

L i O H  0.2 59.7 

NHCH:NCH:CH 0.2 59.7 
Cobra tec  99 0.1 
Cobratec 100 0.1 
C6H4(C02)0 0.1 
CgHqSC(SR) :N 0.1 
( c ~ H ~ N H ) ~ C : N H  0.2 
NH 2 CONH2 0.3 
1, 5 6 (MOT 0 2 4 . 1-2H20 0.1 

Reference 
LI NO Author Year Country 

52 S l l i n g t o n  1957 Y.S.A. 

39 Cohen 1966 U.S.A. 

139 Melnik 1982 U. S.S.R. 

67 Griess 1 9 8 5 ?J . S . A. 

90 I y o k i  1980 Japan  

90 I y o k i  1980 Japan  

90 I y o k i  1980 Japan 

90 I y o k i  1980 Japan  

Text 

Eng l i sh  

Eng l i sh  

Rus s Fan 

Eng l i sh  

Japanese  

Japanese  

Japanese  

Japanese  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of 
Y - Vapor Phase A - Absorbent (s )  M - Mole, 'CJ - Weight 

(1) - mmxg ( 2 )  - mbar NA - Not Ava i l ab le  

P L i n  Vapor Phase 



T a b l e  A. 2.0. (Cont. ) 

Weight, % 
Reference Data Temp. Corros ion  x ( R )  

No.  Author Year Counrry Text - F l u i d  System I__ Type .. Range, O C  I n h i b i t o r ,  w t  % Y ( R )  - 
LiC104.3820 0.2 
LiNOg 0.3 
t i~ i03 .n1120  0.2 
~ i ~ i ~ 6 . 2 ~ 2 0  0.2 
Li3P04.1/2H20 0.2 

0.2 
L ~ w O ~ . H ~ O  0.2 
L i S CN . H 2 0  

J320 + L i C l  GE NA Above I n h i b i t o r s  
+ L i O H  0.2 

GE NA Cobra tec  99 0-0.9 
0 Cobra tec  100 0-0.9 

? 
VI H20 + L i C l  

H20 + NH4SCN TE 24-100 None 

1120 + L i B r :  TE NA None 
LiSCN 

H20 + L i R r :  TE NA L i O H  
LiSCN 

H20 -+ LiBr: GE NA None 
LiSCN 

0.2 

1980 Japan  59.7 90 Iyoki 

59.7 90 Iyoki 1980 Japan 

59.7 230 Uernura 1979 Japan  

5.6-68.0 124 Macriss 1964 U.S.A. 

52.0 89 Iyoki  1981 Japan 

1981 Japan  52.0 89 Iyoki  

1981 Japan  52.0 89 I y o k i  

J apanese  

Japanese  

Japanese  

Eng l i sh  

Japanese  

Japanese  

Japanese  

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase 4 - Absorbent (s )  3 - Mole, IJ - Weight 
(1) - mmHg ( 2 )  - mbar N.4 - Not A v a i l a b l e  



Tab le  A.2 .0 .  (Cont.) 

Yeight ,  % 
Data Temp. Corros ion  X (R) Reference  

F l u i d  System Type Range, O C  - I n h i b i t o r ,  w t  % Y (R)  i No. Author Year Country Text  

0.3 52.0 89 Iyoki 1 98 1 J apan Japanese  
0.2 
0.1 
0.2 
0.2 
0.1 
0.1 
0.1 
0.2 

H20 f L i R r :  GE NA Cobratec 99 0-0.8 52.0 
LiSCN Cobratec 100 0-0.8 

LiN03 0-0.6 

89 Iyoki 1981 Japan  

89 Iyoki 198 1 Japan 

Japanese  

Japanese  

X - Liqu id  Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

( I )  - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  
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Table  A.2.0. (Cont.) 

Weight, X 
Data 

F l u i d  System Type 
I 

H20 + L i B r :  GE 
LiSCN 

H20 + L i B r :  GE 
LiSCN 

Temp. 
Range, "C 

NA 

NA 

150 & 250 

200 & 250 

50-175 

200 & 250 

150 

Corros ion  
I n h i b i t o r ,  w t  % 

TdiSiOg.nH20 0.2 
L i C 1 0 4 . 3 ~ ~ 0  0.2 

- 

Above I n h i b i t o r s  
+ L i O H  0.2 

Cobratec 99 0-0.8 
Cobratec 100 0-0.8 
L i N 0 3  0-0.8 

Zi2MoO4 

None 

None 

None 

None 

X (R)  Reference 
Y ( R )  NO Author Year Country Text -- -- 

52.0 230 Uemura 198 1 Japan Japanese  

52.0 230 Uemura 1981 Japan Japanese  

25.0 131 Manago 1984 Japan E n g l i s h  

25.0 156 Ohuchi 1985 Japan E n g l i s h  

20.0 131 Manago 1984 Japan Engl i sh  

20.0 131 Manago 1984 Japan E n g l i s h  

25.0 131 Manago 1984 Japan Eng 1 ish 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Fhase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmRg ( 2 )  - mbar NA - Not A v a i l a b l e  
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Table  A.2.0. (Cont.) 

Data Temp. 
F l u i d  System Type Ranpe, "C, 

H20 + LiBr: GE 
4,ELN (20:1)(M) 

H20 + LiBr: GS 
4,BLN (20:1)(M) 4 

bl 
Ll 

H20 + LiBr: TE 
Ethanol  
( 3 :  1 )  (W) 

H20 + L i B r : E G  TE 
(3:1)(W) 

K20 + LiBr: GE 
ZnBr2 :EG 

NA 

30 6 90 

138 

138 

160 

Weight, % 
Cor r o  s i on x ( R )  

Y ( R )  -L-..-.---u-w-u.-- I n h i b i t o r ,  w t  X 

Cobratec 99 0.1- 
0.8 

L i O H  
Cobratec 99 + L i O H  
Cobratec 100 + L i O H  

LiNOj 
(0-300 ppm) 

LiNO3, Li2Mo04 
(0-300 ppm) 

None 

X - Liquid Phase R - R e f r i g e r a n t  c -  

( 1 )  - mmHg (2) - mbar NA - Y - Vapor Phase A - Absorbent (s )  M -  

50.3 

50.3 

20.0 

20.0 

7,3-14.2 

Reference  _. 
No. Author Year - Country Text - 

19 8 2 Japan  85 I y o k i  

85 I y o k i  1982 Japan  

20 Riermann 1978 U.S.A.  

20 Riermann 1978 U.S.A.  

157 Ono 1979 Japan  

ppm by weight of A i n  Vapor Phase 
Mole, W - Weight 
Not Ava i l ab le  

Japanese  

Japanese  

Eng l i sh  

Eng 1 i s h  

Eng l i sh  



A.2.4. Heat of Mixing 

Data Temp. 
F lu id  System Type Range, O C  

H 2 0  + L i U r  GTZ 15-45 

H20  + L i B r  GS 25 

H 2 0  + LiSr GE 15-45 

W20 + LiRr GE 15-45 

H20 + L i B r  GP -20-200 7 
Ln 

1120 + tiBr GTC 25 

H20 + L i U r  GC 0-120 

H 2 0  + L I B r  TC 25 

H 2 0  + L i R r  TE 25 

H 2 0  C L i B r  TSP 25-135 

H29 + L i C I  GTE 25 

R 2 9  9 L i C l  GS 2s 

P res s .  Range, 
a t m  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.004-0.03 

NA 

NA 

~ NA 

Weight, % 
X ( R )  
y (9) __ 

46.1-99.7 

40.0-100.0 

40.0-100.0 

40.0-100.0 

30.0-100.0 

30.0-60.0 

30-100.0 

0.0-100.0 

45.0-95.0 

35.7-40.0 

56.4-69.2 

50.0-100.0 

Reference  
Year Country Text - Author No. 

I 

1961 Japan Japanese  76 Hasaba 

1961 Japan Japanese  76 Hasaba 

248 Uemura 1964 Japan  E n g l i s h  

232 Uemura 1977 Japan  Japanese  

261 Usyukin 1969 U.S.S.R. Engl i sh  

170 Plank 1953 Germany German 

121 Lower 1961 Germany Gernan 

52 E l l i n g t o n  1957 U . S . A .  Engl i 8 h 

168 Pinchuk 1982 U.S.S.S. Russ ian  

136 Pfaust 1966 U . S . A .  English 

253 Uemura 1965 Japan Japanese  

253 Uemura 1965 Japan  Y apane se 

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  PI - Mole, W - Weight 

(2 )  - rnbar NA - Not Ava i l ab le  (1) - mmHg 



Tab le  A.2.0. (Cont.) 

Weiqht, X 
Data Temp. Press .  Range, x (R) Reference 

Year Country Text  Author - No. - F l u i d  System Trpe R a n E ,  O C  a t m  Y (R) 

H20 + L i C l  GS 25 NA 50.0-100.0 239 Uemura 1967 Japan  Eng l i sh  

H20 + L i I  GE 25 NA 40.0-100.0 246 Uemura 1969 Japan  Japanese  

H20 + H2SO4 GTC NA NA 0-100.0 170 Plank 1953 Germany German 

German H20 + DMF TE 20 NA 0-100.0 195 Saphon 1973 Germany 

H 2 0  + L i B r :  GE 25 
LiSCN (1 : 1 ) (M) 

~1 H20 + LiBr: GS 25 ? 
LiSCN (l: l)(M) 

H20 f L i R r :  TS 25 
LFSCN (l:l)(Pi) 

H20 + L i R r :  GE 25 
ZnBr2 (1:2.6)(W) 

H20 + LiBr: GE 25 
4 ,RLN (20: 1)(M) 

Japanese  1981 Japan  NA 40.0-100.0 84 Iyoki 

NA 30.0-100.0 235 Uemura 1980 Japan  Japanese  

NA 35.0-95.0 84 Iyoki 1981 Japan  Japanese  

NA 0.0-100.0 236 Uemura 1983 Japan  Japanese  

NA 41.9-100.0 234 Uemuta 1381 Japan Japanese  

H26 + LiBr :  TS 25 MA 42.0-96.0 87 Tyoki 1 9 8 3 Japan  Japanese  
4, BLN (20:1)(11) 

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1) - mHg (2) - mbar NA - Not Avai l ab le  
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F l u i d  System 

H20 + L i B r  

H20 + LfBr 

H20 + LiBr 
H20 + LiBr 

H20 + LiBr 

H20 + L i B r  

H20 + L i B r  

? 
ln 

1120 + LiC1 

H20 + L i C 1  

H20 + LiCl 

H20 + L i C l  

H20 + L i I  

H20 + L i I  

Data * 
GTS 

TS 

GS 

GP 

GE 

P 

TSP 

GTE 

GTS 

GE 

GS 

TE 

GTS 

Temp. 
Range, 'C 

0-100 

0-100 

0-100 

20-240 

25-80 

0-250 

25-135 

5-90 

. 5-100 

5-100 

5-100 

0-80 

0-80 

Press. Range, 
atm 

NA 

NA 

NA 

NA 

NA 

0.1-15.5 

S A  

NA 

NA 

NA 

NA 

NA 

NA 

Veight ,  % 
X ( R )  
Y ( R )  

40.0-90.0 

40.0-90 .O 

30.0-100.0 

38 .O-45.0 

35.0-100.0 

30.0-100.0 

35.0-51 .O 

54.0-92.5 

60.0-95.0 

50.0-100.0 

6O,O-95 .0 

37.7-94.7 

40.0-95.0 

- Ref e rence 
No. 

248 

232 

121 

162 

5 2 

80 

136 

77 

77 

239 

239 

246 

246 

- Author 

Uemura 

Uemura 

Lower 

Osaka Gas 

F, 11 i n g  t on 

Herold 

Maust 

Hasaba 

Hasaba 

Uemura 

Uemura 

Uemura 

'Jemura 

Year 

1964 

1977 

1961 

1985 

1957 

,1987 

1966 

1964 

1964 

1967 

1967 

1969 

1969 

- Country 

Japan  

Japan  

Germany 

Japan 

U.S.A.  

U.S.A. 

U.S .A.  

Japan  

Japan  

Japan 

Japan 

Japan 

Japan  

Text  

Eng l i sh  

Japanese  

German 

Japanese  

English 

English 

English 

Japanese  

Japanese  

E n g l i s h  

E n g l f s h  

Japanese  

Japanese  

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Nole, b7 - Weight 

(1) - mmHg (2) - mbar NA - Not  Avai l ab le  
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Data Temp. Press .  Range, 
Type Range, O C  atm 

~~0 + L i B r :  TE 0- 100 NA 
4,BLN (20:1)(M) 

H20 + LiBr:EG GTE 40.04-82.32 NA 
(10: l)(M) 

H20 + LiRr:EG TS 20-100 NA 
(10: 1)(M) 

H20 + L i B r :  GE 0-60 NA 
ZnBr2 : EG 

H20 + L i B r :  GS 10-60 NA 
ZnBr2 : EG 

3; 
0 

A.2.6. Vapor-Liquid-Phase E n t h a l p i e s  

H20 + L i R r  GS 0-170 5-70Q (1) 

H20 + L i B r  GS 0- 100 5-700 (1) 

H20 + L i R r  GS 0- 120 5-700 (1)  

H20 + L i R r  GS 0-120 5-700 ( 1 )  

Weight, X 
Reference x ( R )  

NO. Author Year Country Text - y ( R )  - 
50.4-100.0 88 I y o k i  1984 Japan E n g l i s h  

40.3-100.0 93 Iyoki 198 1 Japan Japanese  

40.0-100.0 93 I v o k i  1981 Japan Japanese  

15.0-80.0 157 Ono 1979 Japan E n g l i s h  

1 5.0-80 0 157 Ono 19 79 Japan  Eng 1 i s h  

30.0-100.0 121 Lower 1961 Germany German 

30.0-100.0 72 Sasaba  1961 Japan Japanese  

30.0-100.9 248 Uemura 1964 Japan Eng 1 i s h  

30.0-100.0 23% Uemura 1977 Japan Japanese  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A I n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s1  M - Mole, W - Weight 

( 1 )  - mmHg (2)  - mbar NA - Not Avai l ab le  



Table  A.2.0. (Cont.) 

F l u i d  Sys tem 

H20 + L i B r  

H20 + L i B r  

H20 + L i B r  

H20 + L i B r  

820 + LiBr 

H2O + L f B r  

H20 + LiCl 

H20 + LiCl 

Data Temp. Press. Range, 
I_ Type Range, 'C a t m  - 
GP 20-240 NA 

TSGP 0-250 0.1-15.5 

C -20-200 1.4-7000 (1) 
GC 

GS NA 1-1300 ( 1 )  

GS 0-230 NA 

GC 25-149 0.0069-0.430 

GCP 4-182 0.001-0.85 

GS 0-140 0.01-1.0 

TS 0-1 30 0.01-1.0 

GS 0-120 2-700 (1) 

GS 0-1 20 2-700 (1 )  

GS 0-120 2-700 ( I )  

38.0-45 .O 

30.0-100.1) 

30.0-100.0 

30.0-100.0 

30.0-100.0 

20.0-1 00.0 

30.0-100.0 

30-100 

33-100 

40.0-100.0 

40.0-100.0 

Reference  
No. Author Year Countrv Text 

162 Osaka <as 1985 Japan  J apane se  

80 Werold 1987 U . S . A .  E n g l i s h  

261 Usyukin 1969 U.S.S.R. E n g l i s h  

361 Oouchi 1985 Japan Japanese  

161 Oouchi 1985 Japan Japanese  

52 E l l i n g t o n  1957 U . S . A .  Engl i sh  

English 137 McNeely 1979 U.S.A. 

121 Lower 1961 Germany German 

Russian 98 Karavan 1971 U.S.S.R. 

254 Uemura 1965 Japan Y apane s e  

239 IJemura 

232 Uemura 1977 Japan Japanese  

1967 Japan Eng 11. s h 

X - L i q u i d  Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor 'Phase A - Absorbent (s )  M - Mole, W - WeiEht 

(1) - mmHg ( 2 )  - mbar NA - Not Avai lab le  



Data Temp. Press. Range, 
F l u i d  System Type Range, O C  atm - 

H20 + L I I  GS 0-120 5-750 (1) 

H 2 0  + NaOH GS 0-120 5-700 (1)  

H20 + H2SO4 CP NA NA 

1120 + L i B r :  GS 0-130 0.007-2.3 
LiSCN 

K20 + L i R t :  GS 0-130 0.007-0.9 
LiSCN (1:1)(M) 

H20 + L i B r :  GS 0- 120 1.3-1330 ( 2 )  
ZnBr2 ( 1 : 2.6) (W) 

5; 
m 

H20 + L i B r :  GS 0-250 NA 
~ n C 1 2  (1:1)(W) 

H20 + LiBr: GS 0-200 1-5000 (1)  
ZnC12 (l:l)(w) 

820 + L i B r :  GP 0-200 1-so0 (1)  
ZnCl2 (1:l)  

20.0-100.0 

NA 

30.0-100.0 

30.0-100.0 

20.0-100.0 

20.0-40.0 

0.0-1 00.0 

0.0-100.0 

NO - 
246 

255 

78 

235 

84 

236 

131 

156 

162 

Author 
I_. 

Uemura 

Uemu ra  

Hasse l e r  

Uemura 

I y o k i  

Uernura 

Manago 

Ohuchi 

Osaka Gas 

Reference 
Year Country 

1969 Japan 

1966 Japan  

1982 England 

1980 Japan 

- 

1981 Japan 

1983 Japan 

1984 Japan  

1985 Japan 

1985 Japan 

Text  

Japanese  

Japane s e 

E n g l i s h  

Japanese  

Japanese  

Japanese  

E n g l i s h  

E n g l i s h  

Japanese 

X - L i q u i d  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - ?Tole, W - Weight 

(1) - mmHg (2 )  - mbar Nh - Not A v a i l a b l e  
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Table  4.2.0. (Cont.) 

Weight, % 
Data Temp. Press .  Range, X ( R )  R e f  e rence 

Year Country Text 
__I 

No. Author Y ( R )  _e 
F l u i d  System Type Range, O C  a t m  

Russian H20 + LiC1:  PTE 25 0.003 45-9s 168 Pinchuk 1982 U.S.S.R. 

CaC12 : Zn(N0 
( 4.2 : 2 . 7 : 1 )?W$ 

A.2.7. S p e c f i c  T-leat 

H20 + L i B r  GTEP 24- 130.2 NA 

H20 + LiBr TE? 24-130 NA 

y H20 + L i R r  P NA 
0 
m 

GEP 20-100 H 2 0  + L i B r  

NA 

NA 

H20 + L i B r  GS 0-80 NA 

H20 + L i B r  P 0-200 
GP 

NA 

H20 + L i B r  GE NA NA 

H 2 0  + L i b  P 0-250 0.1-15.5 

H20 + L i B r  TE 25 0.004-0.03 

33.8-89.1 71 Uemura 

33.8-89.1 248 IJemura 

NA 232 Uemura 

40.0-90.0 155 Ogawa 

40.0-100.0 121 Lower 

30.0-100.0 261 Usyukin 

40.0-100.0 52 E l l i n g t o n  

30.0-100.0 80 Herold 

45.0-95.0 168 Pinchuk 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

(2)  - mbar NA - Not Available ( 1 )  - mHg 

1960 Japan  

1964 Japan 

197 7 J apan 

1980 Japan  

1961 Germany 

1969 U.S.S.R. 

1957 U.S.A. 

1987 U.S .A.  

1982 U.S.S.R. 

Japanese  

English 

Japanese  

Japanese  

German 

E n g l i s h  

Engl i 6 h 

E n g l i s h  

Russian 
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Data Temv. P res s .  Range, 
F l u i d  System Type Range, O C  atm 

H 2 0  + L i B r :  GEP 10-70 
4,BLN (20:1)(M) 

H20 + L i R r :  TEP 10-70 
4,BLN (20:1)(M) 

H20 + L i B r :  TEP 10-70 
4,BLLN (20:1)(M) 

H20 + LIBr:EG TEP 20-80 

H20 + L i B r : E C  TF NA 

(10: l )  (MI 
cn 

(4.5 : 1 ) (\*I) 

NA 

NA 

NA 

NA 

NA 

H20 + LiC1: GS 0-130 0.003-0.03 
CaC12:Zn(NO 
(4 .2 : 2 . 7 : 1 )?W? 

A.2.9.  V i s c o s i t y  

H20 + L i B r  GTE 0-90 NA 

H ~ O  + L i B r  TS 0-90 NA 

Veight ,  X 
X ( R )  - Reference 

No. Author Year Coun Text 
I__ Y (R)  - 

50.0-100.0 234 Uemura 1981 Japan  Japanese  

so.0-100.0 87 Iyoki 1983 Japan  Japanese  

50.0-100.0 88 I y o k i  1984 Japan  E n g l i s h  

50 . 0-95.0 243 Uemura 1972 Japan  Japanese  

55.0-75.0 20 Biermann 1978 U.S.A. Fngl  i sh 

45.0-95 0 168 Pinchuk 1982 U.S.S .R.  Russ ian  

76 Hasaba 1961 Japan  

76 Hasaba 196 1 Japan  

39.3-88.6 

60.0-95 0 

Japanese  

Japanese  

X - L i q u i d  Phase R - R e f r i g e r a n t  c - ppm by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Avai l ab le  



Table A.2.0. (Cont . )  

Fluid System 

H20 f L i R r  

Data 
v TY Pe 

GE 
TS 

TS 

GS 

GP 

GS 

GTE 

GTS 

TG E 

TS 

GTE 

TS 

GEP 

Weight, % 
Temp. Press. Range, X (R) 

Range, O C  atm Y ( R )  

5-90 NA 40.0-90.0 

0-90 NA 40.0-95.0 

0- 100 NA 30.0-100.0 

20-80 NA 39. r3-45.0 

21-77 NA 40.8-100.0 

5-90 NA 57.6-89.2 

5-100 NA 60.0-95.0 

60 & 80 NA 62.4-95.9 

5-1 00 NA 60.0-95 .0 

10-80 

10-80 

NA 37.7-94.7 

NA 40.0-95.0 

-15-40 NA 0.0-48.0 

Ref e rence 
No. 

248 

I_ 

232 

1 2 1  

162 

52 

74 

7 4  

239 

2 39 

246 

246 

54 

Author 

Uemura 

Ueniura 

Lower 

Osaka Gas 

Ellington 

Hasaba 

Yasaha 

Uemura 

Ue mu r a 

Uemura 

Zernura 

Ennan 

Year Country - 
1964 Japan 

1974  Japan 

196 1 Germany 

1985 Japan 

1957 1J.S.A. 

1964 Japan 

1964 Japan 

1967 Japan 

1967 Japan 

1969 Japan 

1969 Japan 

1972 U.S.S.R. 

Text 

English 

Japanese 

German 

Japanese 

English 

Japanese 

Japanese 

English 

English 

Japanese 

Japanese 

English 

X - L i q u i d  Phase TI - Refrigerant c - ppm by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Yole, W - I?eight 

(1) - mnHg ( 2 )  - rnbar NA - Not Available 



Table  A.2.0. (Cont.) 

Data Temp. Press. Range, 
F l u i d  System Type Range, "C atm 

~~0 + Utropin  GEP -10-40 NA 

H2O + TEG GS 20-90 NA 

H20 + L i R r :  GTE 
LiSCN ( l : l ) (M)  

5-90 NA 

H 2 0  + L i B r :  GS 5-90 
LiSCN (1: 1 ) (M I  

NA 

NA 

820 + LiBr: GE 20-80 NA 
~ n ~ 1 2  ( l : l ) (W)  

H20 + L i B r :  GI! 20-80 NA 
~ n ~ 1 2  ( 1 : l )  

H20 + L i R r :  TE 0-100 NA 
4 ,BLN (20: I )(MI 

Weight, Z 
X ( R )  Reference 

NO Author Year Country Text 
1_1 Y (R)  - 

70.0-85 0 54 Fnnan 1972 U.S.S.R. Eng l i sh  

0- 100 200 Seher  1985 Germany German 

84 Iyoki 1981 Japan  Japanese  47.3-86.5 

40.0-100.0 235 Uemura 1980 Japan  Japanese  

21.9-90.0 236 Uemura I983 Japan Japanese  

20.0-40.0 131 Manago 19 84 Japan E n g l i s h  

20.0-40.0 156 Ohuchi 1985 Japan Eng l i sh  

20.0-30.0 162 Osaka Gas 1985 Japan  Japanese  

50.4-100.0 87 I y o k i  1983 Japan Japanese  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Ahsorbent(s1 M - Mole, W - Weight 

( I )  - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  
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A.2.10. Mass T r a n s f e r  Rate  

Weight, % 
Data Temp. Press .  Ranqe, X ( Q )  Reference 

No . Author Year Country T e x t  - Y ( R )  - F l u i d  System Type Range, "C a t m  

11~0 + L i B r  GE 20 Nh NA 133 Matsuda 1980 Japan Japanese  

1973 U . S . A .  E n g l i s h  H20 + L i B r  TE 27-41 0.0028-0.026 41.0-43.0 270 Zawacki 

H20 + L i B r  TE 27-41 0.0028-0.026 40.0 271 Zawacki 1973 U.S .A.  E n g l i s h  

R20 + L i B r  GE 25-49 0.0028-0.026 40.0-43.0 41 Deemer 1972 U.S .A.  E n g l i s h  

II2O + L i B r  GE 25 
w 
P 

H20 + L i B r  GE 25 

NA 40.0 6 50.0 103 Kashiwagi .I983 Japan E n g l i s h  

NA 40.0-80.0 101 Kashiwagi 1984 Japan Japane s e 

99 Kashiwagi 1985 Japan Japanese  N 2 0  + L i B r  GE 25 NA 40.0-80 -0  

A.2.11. Heat T r a n s f e r  Rate 

H20 + L i B r  GS 0-100 NA 30.0-100.0 121 Lower 1961 Germany German 

H 2 0  + L i B r  GS 0-100 NA 40.0-100.0 121 Lower 1961 Germany German 

H20 i- L i B r  GS 30-120 

H20 + LiBr: GS 30-120 
Ray si lone  

NA 

NA 

60.0 108 Knoche 1987 Germany Eng 1 i s h  

60.9 108 Knoche 1987 Germany E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  VaDor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not 8 v a i l a h l e  



Table  A. 2.0. (Cont. ) 

Weight, % 
Data Temp. Press. Range, x ( R )  Reference 

Flu id  System -- Type Range, O C  atin Y ( R )  Year Country Text Author No , 
1_1 - 

H20 + LiBr:EG TE 56 
(4.5:1) (w) 

H20 + L i B r :  GE NA 
RbF : CsF 

A,2.12. Thermal Conduc t iv i ty  

GTE 10-80 
7 
4 N20 + L i B r  
To 

NA 1987 Germany Eng l i sh  60.0 108 Rnoche 

NA 26.9-32.4 20 Riermann 1978 U.S.A. English 

NA 15.0-45.0 119 Ledding 1955 U . S . A .  Enql i sh 

NA 39.9-86.9 251 Uemura 1963 Japan Japanese  

H 2 0  + L i B r  GTS 0- 100 NA 35.0-95.0 251 Uemura 1963 Japan  Japanese  

H 2 5  + LiBr TGE 18-80 
TS 

248 Uemura 1964 J a p a n  Eng l i sh  NA 40 .0-90. 0 

Japanese  1977 Japan w20 4- L i B r  TS 0-100 NA 35 0-95.0 232 Uemura 

German H 2 0  + LiBr GS 0-89 NA 40.0-100.0 121 Lower 1961 Germany 

H20 + LiCl GTE 10-90 NA 59.4-90.0 7 4  Hasaba 1964 Germany Japanese 

3 apanese H20 -+ LiCl GTS 5-100 NA 60.0-95.0 74 Hasaba 1964 Japan  

X - L i q u l d  phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  



Table A.2.0. (Cant.) 

Data Temp. P res s .  Range, 
F l u i d  System Type Range, 'C atm 

H20 + L i C l  TGE 20 NA 

H20 + L i C l  TE 10-90 NA 

H 2 0  + 'tic1 TS 5-100 NA 

A.2.13. R e f r a c t i v e  Index 

Weight, X 
X (R)  
Y ( R )  

62.0-89.9 

60.0-90.0 

60.0-95 -0  

H20 + L i B r :  TGE NA HA 
LiCl (2  : 1 (M) 

? 
4 A.2.14. Entropy w 

H20 + L i B r  GS 0-120 2-700 (1) 

H20 + L i B r  GS 0-120 2-700 (1) 

H20 + LiBr GS 0-120 2-700 (1)  

11~0 + L i B r  P 0-250 0.1-15.5 

H20 + L i B r  GS 0-140 0.001- 1.0 

H 2 0  + L i B r  GTSP 0-100 0.001-1 .o 

40.0-100.0 

30.0-100.0 

30.0-100.0 

30.0-100.0 

30.0-100.0 

30.0-100.0 

30.0-100.0 

Reference 
No . Author 

239 Uemura 

239 Uenura 

239 Uemura 

- 

247 !lemma 

248 Uemura 

77 Hasaba 

232 Uemura 

80 Herold 

121 Lower 

110 Koehler 

X - L i q u i d  Phase R - R e f r i g e r a n t  c -  
Y - Vapor Phase A - Absorbent (s )  M -  

(1) - mmHg ( 2 )  - mbar NA - 
P Pr 
Mo : 
Nor 

[I by weight of A i n  VaDor Phase 
Le, W - Weight 
: Avai l ab le  

Year Country 

1967 Japan 

1967 Japan  

1967 Japan 

I_ 

1970 Japan 

1964 Japan 

1964 Japan  

19 7 7 Japan 

1987 U . S . A .  

1961 Germany 

1987 U.S .A.  

Text  

E n g l i s h  

Eng l i sh  

E n g l i s h  

Japanese  

E n g l i s h  

Japanese  

Japanese  

E n g l i s h  

German 

E n g l i s h  
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Tab le  A.2.0.  (Cont.) 

F l u i d  System 

H 2 0  + L i B r  

H20 + LiRr 
+ n-octanol 

H 2 0  + LiBr 
+ n-octanol 

H20 -+ L i B r  
+ n-octanol  

Y20 + LiCl 

H20 4- L i I  

H20 + LiI 

H 2 0  + L i B r :  
ZnBr2 (1:2.6)(W) 

Weight, X 
Data Temp. P res s .  Range, x ( 9 )  Reference 
Type Range, O C  a t m  Y ( R )  No. Author Year Country Text 

GS 0-100 NA 40.0-100.0 121 Lower 1961 Germany German 

GE 20 NA 50.0 102 Kashiwagi 1985 Japan  Japanese  

- - 

Japanese  GE 20 NA 50.0 100 Rashiwagi 1984 Japan  

GE 20 NA 50.0 99 Kashiwagi 1985 Japan Japanese  

Japanese  GTE 5-90 NA 60.8-90.3 7 4  Hasaba 1964 Japan 

GTS 5-1 00 NA 60 . 0-95 .O 74 Nasaba 1 9 64 J aDan Japanese  

TS 5-100 NA 60.0-95.0 239 Uemura 19 67 Japan 

1969 Japan  Japanese  GTE 5-80 NA 37 . 7-88.0 246 TJemura 

TS 0-80 NA 40.0-90.0 246 Uemura 1969 Japan  Japanese  

TE 20-80 NA 22.0-70 .O 236 Uemura 1983 Japan  J ap anese  

E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Ahsorbent (s )  M - Mole, W - Weight 

(1)  - mmHg (2) - mbar NA - Not Ava i l ab le  
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Table  A. 3.0. (Cont. ) 

F l u i d  System 

CH3OH + L i B r  

CH3OH + LiBr 

CH3OH + LiBr 

CH3OH + L i B r  

CH30H 3- L i B r  

CH30H + L i B r  

CH3OH + LfBr 

4 
4 

CH30H + LiBr 

CH3QH + L i B r  

CH3OH + ZnBr2 

CR3OH + ZnBr2 

CH30H + ZnBr2 

Data 

BE 
T-l% 

TE 

GS 

GS 

GE 

TE 

GS 

TGEP 

GE 

GS 

GE 

TGEP 

GE 

Temp. 
Range, "C 

-10-170.5 

-10-140 

-20-1 60 

-20-140 

-10-1 10 

35-100 

-20-100 

20-100 

20-100 

-20-110 

-10-110 

20-100 

20-1 00 

Weight, % 
Press. Range, X (R)  

atm Y (R) 

1.4-3070 ( 2 )  39.7-74.7 

1.4-1005.8 (2)  39.7-74.7 

1-3000 (2)  

2-1000 (2) 

0.002-0.8 

0.02-0.72 

0.05-1 

0.02-5 

0-4 

5-1000 ( 2 )  

0.006-1.6 

0.05-1 

- 0-3.5 

40-100 

0-1 00 

50-100 

50 

20-60 

69.3-100 

69.3-100 

26-100 

30-100 

76.2-98.4 

76.2-98.4 

Ref  e reme 
N O  Author 

185 Renz 

182 Renz 

185 Renz 

182 Renz 

- 

58 F e l l i  

58 F e l l i  

48 Eichholz  

48 Eichholz  

48 Eichholz  

184 Renz 

58 F e l l i  

48 Eichholz  

48 Eichholz  

Year 

1981 

1980 

1981 

1980 

1979 

1979 

1982 

1982 

1982 

1981 

1979 

1982 

1982 

I__ 
Country 

Germany 

Germany 

Germany 

Germany 

I t a l y  

I t a l y  

Germany 

Germany 

Germany 

Germany 

I t a l y  

Germany 

Germany 

Text 

E n g l i s h  

German 

E n g l i s h  

German 

E n g l i s h  

E n g l i s h  

German 

German 

German 

German 

E n g l i s h  

German 

German 

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absotbent (s )  M - Mole, W - Weight 

NA - Not A v a i l a b l e  (1) - mmHg ( 2 )  - mbar 
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n a t a  
F l u i d  System Type 

CH30H + L i I :  
ZnBr2 (2:1)(M) 

CH30H + L i B r :  
LiCl (0.5:1)(M) 

CH3OH + L i C l :  
ZnBr2 (2:1)(M) 

CH3OH + H20: 
L i B r  

cI CH3OH + H20: 

? 
03 

L i B r  

C2H5OH + L i B r  

C2H50H f L i R r  

C2H50H + L i B r  

C2H5OH + L i C 1  

C2H50H + L i I  

TP 

TE 

TE 

GS 

GS 

TE 

GE 

TGEP 

GE 

TGEP 

Table  A.3.0. (Cont.) 

Weight, X 
Temp. Press. Range, X ( R )  Ref e rence  

Range, O C  a t m  Y ( R )  No. Author Year Country Text  - - 
244 Uemura 1972 Japan  Japanese  20-70 30-769 (1) 56.8-85 3 

30-89 0.039-0.786 67.8-80.0 1 4ker  1965 U.S .A.  E n g l i s h  

30-115 0.030-1.055 41 .0-71.4 1 Aker 1965 U.S.A. Engl i sh  

60 6 100 NA 0.0-100.0 108 Knoche 1987 Germany E n g l i s h  

1987 Germany German -10-120 10-1000 (2)  NA 108 Knoche 

35-1 1 4  0.011-0.903 51.9-66.6 1 Aker 1965 U.Se.4. E n g l i s h  

Sat. a t  25OC 119 Ledding 1965 U . S . A .  E n g l i s h  28 0.024 

20-70 26.3-475 (1) 50 5-90 0 233 Uemura 1975 Japan  Japanese  

E n g l i s h  26 0.024 Sat.  a t  25°C 119 Ledding 1965 U.S.A. 

86 Iyoki 1982 Japan  Japanese  29.9-72.38 12.24-384.57 (1) 50.7-94.7 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Fhase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

NA - Not Ava i l ab le  (1) - mmHg ( 2 )  - mbar 
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Tab le  A. 3.0. (Cont. 

F l u i d  System 

CH30H + L i B r  

CH3OH + LiBr 

CH30H + L i B r  

CH30H + L i C l  

CH30H + L i C l  

3; CH30H + L i I  
03 w 

CH30H + L i I  

CH3OH + LiSCN 

CH30H + ZnBr2 

CH30H + NaF 

CH30H + NaCl 

CH30H + NaBr 

CH30H + NaI 

Data 

2€!'2 

TE 

GS 

TE 

TE 

GTE 

TE 

TE 

TE 

GTE 

m 

TE 

TE 

TE 

Temp. 
Range, O C  

18 & 25 

0-70 

15.5-100 

18 & 25 

0-30 

-17-113 

18 & 25 

9.3-90 

0-80 

18 & 25 

18 & 25 

18 & 25 

18 & 25 

Press. Range, 
atm 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

~~ ~ ~~ 

41.7 & 46.1 

50 & 100 

40.0-59.0 

69.4 & 70.9 

69.5 

22.0-64.0 

36.9 & 41.1 

38.0-44.0 

18.9-32.9 

99.9 & 99.9 

98.6 & 98.7 

85.2 & 86.0 

54.6 & 58.1 

Reference 
No. Author Year Country Text 

164 Pavlopoulos  1954 Germany German 

181 Renz 1978 Germany German 

German 183 Renz 1981 Germany 

164 Pavlopoulos  1954 Germany German 

158 Oosaba 1950 Japan Japanese  

183 Renz . 1981 Germany German 

164 Pavlopoulos  1954 Germany German 

183 Renz 1981 Germany German 

241 Uemura 1976 Japan Japanese  

German 164 Pavlopoulos  1954 Germany 

164 Pavlopoulos  1954 Germany German 

German 164 Pavlopoulos  1954 Germany 

164 Pavlopoulos  1954 Germany German 

- - 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  
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Table  A.3.0. (Cont.) 

Data Temp. P r e s s .  Range, 
F l u i d  System Type Range, O C  atm 

_c 

CH30H + L i B r :  GE -1 0-80 
Zn'Br2 (2:1)(M) 

CH30H + H20: GS -25-60 
L i B r  

CH30H + LiI: TE -12-75 
ZnBr2 (2  : 1) (M) 

CK30H + Liz :  GE -10-70 
3; ZnBr2 (2:1)(M) 
co cn 

C2HSOH + L i R r  GE 0-90 

NA 

NA 

NA 

NA 

NA 

C2H5OH + L I I  GTE -17.73- NA 
196.33 

nC3H70H + LiRr GTE 0-40 NA 

A.3.4. Heat of Mixing 

CH30H + L i B r  GE NA NA 

CH30H -k LiRr TGE 25 & 40 NA 

28.0-60.0 

0.0-100.0 

34.1-40.7 

35.0-40.0 

51.0-7 7.0 

25.8-68.2 

58.6 

40 . 0-1 00.0 

45.0-100.0 

Reference 
Year Country Text  - Author NO 

_I 

249 Uemura 1969 Japan  3 apanese 

108 Knoche 1987 Germany German 

228 Uemura 1973 Japan  German 

240 Uemura 19 7 5 Japan  J ap a n e w  

233 Uemura I 9  7 5 Japan Japanese  

86 Iyoki 1982 Japan Japanese  

158 Oosaba 1950 Japan Japanese  

1965 Japan  

1982 Germany 

245 Uemura 

48 Eichholz  

Japanese  

G e  m a n  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(2 )  - mbar NA - Mot A v a i l a b l e  (1) - mdg 
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Table  A. 3.0. (Cont. 

F l u i d  System 

CH30H + L i B r  

CH30H + LiBr 

CH30H -f L i B r  

CH30H + L i B r  

CH30H + L i B r  

CH30H + L i I  

CH30H + ZnBr2 

CH30H + ZnBr2 

CH30H + LiSCN 

CH30H + LiSCN 

Data 

TEpe 
TS 

GE 

TEP 

GS 

GS 

GS 

TEP 

GS 

GTE 

TS 

TEP 

GS 

Temp. 
Range, O c  

5-95 

5-90 

5-90 

10-90 

10-90 

10-90 

20-90 

20-1 00 

5-60 

5-60 

20-90 

20-90 

Press. Range, 
atm 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Weight, % 
X ( R )  
Y (R) 

55.0-95.0 

41.5-100.0 

42.0-89.0 

40.0-100.0 

40.0-100.0 

40.0-100.0 

26.0-98.0 

20.0-100.0 

40.0-94.0 

40.0-95.0 

44.0-98.0 

40.0-100.0 

Ref ere nc e 
NO. 

245 

185 

183 

185 

183 

182 

183 

183 

24 1 

24 1 

183 

183 

L 

Author 

Uemura 

Renz 

Renz 

Renz 

R e m  

Renz 

Renz 

Renz 

Uemura 

Ueuura 

Renz 

Renz 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A in Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Hole,  W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  

Year 

1965 

1981 

1981 

1981 

1981 

1.980 

1981 

1981 

1976 

1976 

1981 

1981 

- Country 

Japan 

Ge rmany 

Germany 

Germany 

Germany 

Gernany 

Germany 

Germany 

Japan 

Japan  

Germany 

Germany 

Text 

Japanese  

E n g l i s h  

German 

German 

German 

German 

German 

German 

Japanese  

J a p a n e s e  

German 

German 
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Tab le  A.3.0. (Cont.) 

Weight, % 
Ref e r e  nce Data Temp. Press. Range, x ( R )  - 

Fluid System Type Range, O C  atm y ( R )  No. Author Year Country Text - - 
CH30H + L i R r  GS -30-140 0.001-5 40.0-100.0 48 Eichholz  1982 Germany German 

CH3OH + ZnBr2 GS 0-120 2-760 (1) 20.0-100.0 241 Uemura 1976 Japan Japanese  

CH30H + L i I :  GS -60-1 20 2-2000 (1) 20.0-100.0 228 TJemura 1973 Japan  German 
ZnBr2 (2:1)(M) 

CH3OH + L i I :  GS 
ZnBr2 (2 : 1 ) (M) 

7 CH3OH + L i B r :  GS 
03 ZnBrz (2:1)(M) 

C2H50H + LiBr  GS 

a 

-60-120 2-2000 (1) 30.0-100.0 240 Uemura 1975 Japan Japanese  

15169 Japan  Japanese  -30-120 2-2000 (1) 15.0-100.0 249 Uemura 

0-120 2-760 (1) 30.0-100.0 233 Uemura 1975 Japan  Japanese  

-29.85- 0.1-4000 (2 )  20.0-100.0 86 Iyok i  1982 Japan  Japanese  
130.15 

54-120 1-2 0.0-100.0 34 Bosnjakovic  1931 Germany German 

18-107 1.6-4 10.0-97 .O 34 Bosnjakovic  1931 Germany German 

0-100 NA 0.0- 100.0 34 Bosnjakovic 1931 Germany Ge m a n  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

( 1 )  - mmHg ( 2 )  - mhar N A  - Not Ava i l ab le  
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Table  A. 3.0. (Cont. ) 

Data 
F l u i d  System Type 

CH30H + L i B r :  TE 
ZnBr 

A. 3.9. V i s c o s i t y  

CH30H + L i B r  

CH30H + L i B r  

CH3OH + L i B r  

C H ~ O H  + L i B r  
? 
a 
c1 

CH30H + L i B r  

C'd3OH + L i z  

CH30H + LiI 

CH30H + LiSCN 

CH3OH + LiSCN 

CH30H + ZnBr2 

TGEC 

TS 

GE 

TEP 

GS 

TEP 

GS 

TEP 

GS 

GTE 

Weight, % 
Temp. Press .  Range, X ( R )  

Range, O C  atm Y ( R )  

100-200 0.1-38 (1) 

5-95 

5-95 

NA 

10-90 

10-90 

20-90 

20-90 

20-90 

20-90 

5-60 

NA 

NA 

10-1050 (1)  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

28.0 

49.0-100.0 

55.0-95.0 

60.0-95.0 

43.0-82.0 

40.0-30.0 

26.0-58.0 

20.0-60.0 

40.0-72.0 

40.0-80.0 

40.0-94.0 

Reference 
Year Country - No. Author 

109 Koebel 1981 Germany 

- 

245 Uemura 1965 Japan  

245 Uemura 1965 Japan 

245 Uemura 1965 Japan  

183 Renz 1981 Germany 

183 Renz 1981 Germany 

183 Renz 1981 Germany 

183 Renz 1981 Germany 

183 Renz 1981 Germany 

183 Renz 1981 Germany 

241 'Jernura 1969 Japan 

X - Liquid Phase R - R e f r i g e r a n t  c -  
Y - Vapor Phase A - Absorbent(s1 M -  

(1 )  - mmHg (2)  - mbar NA - 
ppm by weight of A i n  Vapor Phase 
Mole, W - Weight 
Not Ava i 1 ab l e  

Text 

German 

Japanese  

Japanese  

Japanese  

German 

German 

German 

German 

German 

German 

Japane s e 
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Table A. 3.0. (Cont. 

Weight, % 
Data Temp. Press. Range, x ( R )  Reference 

Fluid System & Range, O C  atm Y (R) No. Author Year Country Text 

C2~50H + LiBr TGE 5-60 NA 60.0-95.0 233 Uemura 197 5 Japan Japanese 

- - 

A.3.11. Heat Transfer Rate 

CH30H + H20: GS 5-100 NA 
LiBr 

NA 108 Knoche 1987 Germany German 

X - Liquid Phase R - Refrigerant c - ppn by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 
(1) - mmHg (2) - mbar NA - Not Available 



Table  A.4.0. AMINES BINARY AND MULTICOHF'ONNENT ABSORPTION FLUIDS PROPERTIES DATA 

A. 4.1. Vapor-Liquid Equ i l ib r ium 

Data Temp. 
F l u i d  System Type Range, ' C  - -  

CH3NH2 -+ NaSCN TEP 25- 120 

CH3NH2 + NaSCN GS 15-95 

CH3NH2 -+ LiSCN TEP 26-141 

CB3NH2 + L i S C N  GS 49-142 

7 CH3MB2 + LiSCN GE 20 
u3 z. 

20 CH3NH2 + L i N 0 3  GE 

CH3NH2 + LiSCN GS 20-60 

CK3NH2 -1- LiSCN GS 2 0-6 0 

Weight, % 
Press .  Range, x (R)  

atm Y (R)  

0.486-26.1 46.0-64.7 

1.38-8.27 49.6-68.5 

0.064-13.2 43.8-79.5 

B .38-8.2 7 48.1-62.9 

0.9 0.65 

0.9 

NA 

0.45 

60-68 

NA 60-68 

48.3-8.27 44.0 

1.38-6.89 34.4-66.5 

Refe rence  
EO. Author Year Country Text - 7 

194 

18 

126 

18 

180 

180 

27 

46 

19 

Rush 

Biermann 

Mac r i ss 

'Bierrnann 

R e  nz 

R e  nz 

Bokelmann 

Ehrnke 

Sierrnann 

19 Biermann 

1967 U.S.A. 

1978 U.S.A. 

1970 U.S.A. 

1978 U.S.A. 

1982 Germany 

1982 Germany 

1983 Germany 

1983 Germany 

1978 U.S.A. 

1978 U.S.A. 

Eng b i  s h  

E n g l i s h  

E n g l i s h  

E n g l i s h  

E n g l i s h  

E n g l i s h  

EngP i s  h 

Eng 1 i s h  

E n g l i s h  

E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - pprn by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1)  - mmHg (2)  - mbar NA - Not A v a i l a b l e  



Table  A.4.0. (Cont.) 

Weight, % 
Data Temp. Press .  Range, x ( R )  Reference 

F l u i d  System Type Range, O C  a t m  Y (R)  N o .  Author Year Country Text  
I_._ - - 
1978 U.S.A. E n g l i s h  CH NH2 + TE 65-157 1.38-8.27 19.7-37.3 19 Riermann 

Co?SCN)2 

CH3NH2 f CUSCN TE 63-139 1.38-8.27 21.0-40.9 19 Biermann 1978 U.S.A. E n g l i s h  

CH NH2 + 
Cuf SCN) 2 

CH3NH2 f H20 

CHrjNH2 f H20 

CH3NH2 + H20 

3; 
rD 
UI 

CH3NH2 + H20 

CH3NH2 + EG 

CH3NH2 + EG 

CH3NH2 + EG 

C H ~ N H ~  + EG 

CH3NH2 + EG 

TE 

P 

GS 

GS 

GS 

TE P 

GTS 

GS 

GE 

GS 

50-105 

NA 

-40-1 20 

-30-160 

0-70 

-10-180 

-20-1 80 

-20-180 

40 

20-60 

4.83-8.27 

NA 

0.1-5.0 

0.2-8.0 

NA 

0.22-10 ( 2 )  

0.2-10 (2) 

0.2-10 ( 2 )  

NA 

NA 

39.4-51.5 

NA 

0.0-100.0 

0.0-1 00.0 

0- 100 

10-40 

10-100 

10-100 

8.1-66.7 

25-35 

19 Biermann 

257 

138 

138 

181 

47 

47 

31 

190 

27 

Uemura 

Mehl 

Mehl 

Renz 

Ehmke 

Ehmke 

Bokelmann 

Roberson 

Bo ke lmann 

1978 U.S.A. 

1967 Japan 

1935 Germany 

1935 Germany 

1978 Germany 

1984 Germany 

1984 Germany 

1985 Germany 

1966 U.S.A. 

1983 Germany 

Eng 1 i s h  

J a p a n e s e  

German 

German 

German 

German 

Ge  man 

German 

E n g l i s h  

E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  



Table  A.4.0. (Cont . )  

Data 
F l u i d  System Type 

P 

CH3NI-I2 + EG GS 

CH3NH2 + TEG GE 

CH3NH2 + TEG GE 

CH3NH2 + TEG GS 

CH3NH2 + TEG GS 

7 CH3NH2 + MEDEG G 
Lo 

CH3NH2 + 1 , 4  GE 
BDL 

CH3NH2 + 1 , 4  GS 
B DL 

CH3NH2 -+ 1 , 4  GS 
BDL 

Weight, % 
Temp. 'Press. Range, x (N Reference 

Range, O C  atm Y (R)  No. Author Year Country Text - u_ 

20-60 NA 25-35 46 Ehmke 1983 Germany Eng 1 i s h  

40 & 49 NA 2.7-39.0 190 Roberson 1966 U.S.A. E n g l i s h  

20-60 0.9 ( 2 )  0.1-0.20 180 Renz 1982 Germany E n g l i s h  

20-60 NA 10-15 2 7  Bokelmann 1983 Germany E n g l i s h  

20-60 NA 10-15 45 Ehmke 1983 Germany Eng 1 i s h  

1966 U . S . A .  E n g l i s h  40 NA 14.9-81.5 190 Roberson 

20-60 0.9 ( 2 )  0 15-0 35 180 Renz 1982 German E n g l i s h  

40 NA 5.7-58.0 190 Roberson 1966 U . S . A .  E n g l i s h  

20-60 NA 20-30 27 Bokelmann 1983 Germany Eng 1 ish 

20-60 NA 20-30 46 Ehmke 1983 Germany E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbenr(s)  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  



Fluid System 

CH3NH2 + (GLY) 

CR3NH2 + GLY 

CH3NH2 + 
NaSCN:LiSCN 
(4:1)(W) 

CH3NH2 + 
NaSCN :LiSCN 
(1.53: 1 )(W) 

U 

CH3NH2 + H20: 
LiBr (2 : 3) (W) 

Data 
X?E 
GS 

GS 

GS 

GE 

TE 

TE 

GE 
TGS 

GS 

GS 

Table A.4.0. (Cont.) 

Weight, X 
Temp. Press. Range, X ( R )  Reference 

Text Year Country - Author NO - Range, 'C atm Y ( R )  

20-60 

20-60 

20-60 

40 

39-136 

48-148 

20-200 

-20-200 

-30-300 

0.9 (2) 

NA 

NA 

NA 

1.38-7.58 

1.38-7.58 

0.7-20 (2) 

0.5-30 (2) 

0.5-30 ( 2 )  

X - Liquid Phase R - Refrigerant c -  
Y - Vapor Phase A - Absorbent(s) M -  

(1) - mmHg (2) - nbar NA - 

0.15-0.40 180 Renz 1982 Germany English 

20-35 27 Sokelmann 1983 Germany English 

20-35 46 Ehmke 1983 Germany English 

2.4-35.9 190 Roberson 1966 U.S.A. English 

30.6-53.4 19 Siermann 1978 U.S.A. English 

1978 U.S .A.  Eng 1 i sh 26.4-54.3 19 Biermann 

0- 100 177 Radermacher 1981 Germany 
0-100 

0-100 176 Radermacher 1981 Germany 

0-100 178 Radermacher 1982 Germany 

ppm by weight of A in Vapor Phase 
Mole, W - Weight 
Not Available 

English 

Eng 1 ish 

German 
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Weight, Z 
Data Temp. P res s .  Range, x (R)  

F l u i d  System Type Range, 'C atm y ( a )  

CH3NH2 + Y2O GS NA NA 0-60 

C2H5NH2 + H20 GTE 7 & 12.4 NA 1.1-70.3 

CH3NH2 + LiSCN PC 27-127 0.064-13.2 41 -8-65.7 

A.4.5.  Liquid-Phase D e n s i t i e s  

10-40 CH3NH2 + H20 GE 0-50 NA 

3; CH3NH2 + H20 GTS 0-50 NA 5-35 
P 
0 
P CH3NH2 + LiSCN TE 31-132 NA 41.8-65 7 

CH3NH + H 0: TGS 30-1 80 NA 
L i R r  ?2:3)?W) 

CH3NH + H 0 :  TS 30-180 NA 
L i B r  ?2:  3 > b  

0-100 

0-100 

C2H5NH2 + H20 TEP 2-55 NA 8.1-68.4 

C2HgNH2 + 1120 TS 0-60 NA 5-70 

C2H5NH-2 + H 2 0  TS 2 ,  7 ,  40 NA 0-1 00 

Reference 
NO Author Year Country Text - _I_ 

257 Uemura 1967 Japan  Japanese  

7 3  Hasaba 19 60 Japan Japane s e 

126 Macriss 1969 U.S .A.  E n g l i s h  

257 Uemura 19 67 Japan 

257 IJemura 1967 Japan  

126 Macr iss  1970 U.S.A.  

177 Radermacher 1981 Germany 

178 Radermacher 1982 Germany 

73 Hasaba 1960 Japan 

73 Hasaba 1960 Japan  

73 Hasaba 1960 Japan 

Japanese  

Japanese  

E n g l i s h  

E n g l i s h  

German 

Japanese  

Japanese  

Japanese  

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Avai l ab le  



Tab le  A . 4 . 0 .  (Cont.) 

A . 4 . 6 .  Vapor-Liquid Phase E n t h a l p i e s  

Weight, X 
Data Temp. Press .  Range, X (R) - Reference 

Year Country Text - Y ( R )  Author - No. - Flu id  System Type Ranqe, O C  atm 
I_ 

CR3NN2 + H 2 0  GS -40-180 0.2-10 0-100 257 Uemura 1967 Japan  Japanese  

7-7600 (1) 1966 Japan  J a p  ane s e 256 TJenura 0-1 00 C2H5NH2 + 1120 GS -20-160 

CH3NH + H 0: GS -30-2 10 0.4-20 ( 2 )  0-100 177 Radermacher 1981 Germany F n g l i s h  
L i B r  ?2 : 3)?W) 

CH3NH -+ H 0:  GS -30-210 0.4-20 ( 2 )  0-100 178 Xadermacher 1982 Germany E n g l i s h  
5; LiBr ?2:3)7w) 
F 
0 

A.4.7. S p e c i f i c  Heat 

CH3NH2 + H20 GS NA NA 0- 100 257 Uemura 1 9 6 7 Jap an 3 apane se 

CH3NH2 -+ H20 10-80 NA 10-90 257 IJemura 1967 Japan  Japanese  

5-30 257 Uemura 1967 Japan  Japanese  CH3NH2 + 8 2 0  GE 0-50 NA 

CH3NHf HpO: TGS 30-150 NA 
LiBr 2 3 )  W) GE 

English 0-100 177 Radermacher 1981 Germany 

0-100 178 Radermacher 1982 Germany Ge rmari 

X - L i q u i d  Phase X - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  !I - Mole, W - WeiRht 

(1)  - mmHg (2 )  - mbar NA - V o t  Avai l ab le  



Table  A.4.0. (Cont.) 

Data Temp. 
F l u i d  Sys tem Type Range, "C 

I__ 

CH3NH + H 0: GS 30-200 
L i B r  ?2:3)?W) 

10-55 

C2H5NH2 + H20 GE 25 & 40 

A.4.9. V i s c o s i t v  

C ~ H I ~ N H ~  + H20 GTE 0-50 

C2H5NH2 + H20 TS 0-so 

A.4.12. Thermal Conduct iv i ty  

CH3NH2 i- H20 TEP 4.8-92 

CH3NH2 + H20 GE 5-40 

Weight, % 
Press .  Range, X ( R )  

atm Y ( R )  

NA 0-100 

NA 

NA 

NA 

8.1-68.4 

5-70 

8.1-68.4 

NA 5-30 

0.064-13.2 41.8-65 7 

NA 7.966-70.25 

NA 5- 70 

NA 3.1-39 

NA 10-35 

Reference  
No. Author Year Country Text - I 

176 Sadermacher 1981 Germany E n g l i s h  

7 3  Hasaba 1960 Japan Japanese  

73 Hasaba 1960 Japan Japanese  

73 TIasaba 1960 Japan Japanese  

257 TJemura 1967 Japan Japanese  

126 Macr iss  1970 U.S.A. English 

75 Hasaba 1961 Japan Japanese  

75 Hasaba 1961 Japan Japanese  

257 Uemura 1967 Japan J a p s n e s  e 

257 Uemura 1967 Japan  Japanese  

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, lJ - Weight 

(1)  - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  



Table  A.4.0. (Cont. 1 

Welght, % 
Data Tenp. P res s .  Range, x ( R )  Reference  

F lu id  System Type Range, "C atm Y ( R )  Year Country Text Author - NO .- - 
5-35 257 Uemura 1967 Japan  Japanese  CH3NH2 + H20 TGS 5-40 NA 

C2H5NH2 + €120 GTE 5-50 NA 9.074-48.970 251 Uemura 1963 Japan Japanese  

C2H5NH2 + I120 GTS 5-60 NA 0-60 251 IJemura 1963 Japan  Japanese  

A.4.15. Su r face  Tension 

CH3NH2 + H29 GE 5-50 

3; CFI3NH2 + A20 TGS 0-40 
P 
0 * CzHgNH2 + H 2 0  TE 0-60 

CZH5NH2 + K20 TGS 0-60 

NA 

NA 

NA 

NA 

5-38 257 Uemura 1967 Japan  

5-35 257 Uemura .19 67 Japan  

8.43-58.86 75 Hasaba 1967 Japan 

19 6 1 Japan  5-60 75 Nasaba 

Japanese  

Japanese  

Japanese  

Japanese  

X - 'Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1)  - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  



Table A.5.0. SULFUR D I O X I D E  B I N A R Y  AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA 

A. 5.1. VaDor-Liauid E a u i l i b r i u m  

Data Temp. 
F l u i d  System Type Range, O C  

SO2 + DMETEG TE 25-93 

so2 + DMF TE 25-93 

so2 + DMA TE 25-93 

so2 + 2- TE 25-93 
Octanone 

so2 + E t h y l  TE 25-93 
l a u r a t e  

SO2 + Nitro-  TE 25-93 
benzene 

0 wl 

SO2 + n-Heptyl TE 25-93 
a l c o h o l  

A.5.4. Heat of Mixing 

so2 + DMETEG GSC 25-95 

so2 + DMF GSC 25-95 

P r e s s .  Range, 
a t m  

0.042-20.3 

0.096-18.7 

0.021-14.4 

1.14-19.4 

1.45-19.6 

1.32-19.9 

2.04-20.1 

NA 

NA 

so2 + DMA G SC 25-95 NA 

Weight,  % 
X (R) Reference 

NO Author Yeas Country Text 
_I_ Y ( R )  - 

5.1-78.3 4 Albr ight  1963 U.S.A. E n g l i s h  

16.1-83.4 4 Albr ight  1963 U.S.A. E n g l i s h  

4 Albr ight  1963 U.S.A. E n g l i s h  7.9-7 1.2 

E n g l i s h  2 3.2-74.5 4 A l b r i g h t  1963 U.S .A.  

16.8-61.3 4 Albs ight  1963 U.S.A. E n g l i s h  

21.2-73.7 4 A l b r i g h t  1963 U.S.A. E n g l i s h  

4 A l b r i g h t  1963 U.S.A. E n g l i s h  22.3-73.1 

0.0-100.0 4 A l b r i g h t  1963 U.S.A. 

4 Albr ight  1963 U.S.A. 0.0- 100.0 

0.0-100.0 4 A l b r i g h t  1963 U.S.A. 

Eng li s h 

E n g l i s h  

E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  



Table  A.6.0. REFRIGERANT 2 2  BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA 

A.6.1. Vapor-Liquid Equi l ibr ium -- 

F l u i d  System 
_I 

R22 + DXETEG 

R22 + DMETEG 

R22 + DMETEG 

R22 + DMETEG 

1122 + DMETEG 

0 R22 + DMETEG 

R22 + DMETEG 

R22 + DMETEG 

R22 + DMETEG 

R 2 2  6 DMETEG 

R22 + DMETEG 

R 2 2  + DMETEG 

7 
P 

o\ 

Data 

a 
GTEP 

TGS 

TEP 

GC 

GS 

GC 

TE 

TE 

GS 

GS 

GS 

C TS 

Temp. 
Range, "C 

20-90 

-20-200 

0-200 

10-150 

30-100 

--__I 

NA 

24-135 

38-107 

28-1 77  

28-86 

-40- I80 

24-121 

Press .  Range, 
atm 

0.08-7.65 

0.5-25 

0.5-25 

.- 

6.34 & 17.91 

2-22 

0-50 

0.965-20.5 

0.276-1.38 

0.345-21.5 

0-9.31 

0.63-40 .O 

0-31.9 

Weight, % 
X (R) 
Y (R) 

0-23.64 

10-100 

10-100 

10-9 0 

30-50 

0-100 

8.4-7 9.9 

a. 1-3.9 

6.7-63.2 

0.0-roo. 0 

0.0-100.0 

0.0-100.0 

Reference  - 
No. 

2 20 

47 

47 

159 

159 

146 

35 

3 

132 

216 

116 

124 

- Author 

Suzuki 

E hrnk e 

Ehmke 

Oouchi 

Oouchi 

Morel 

Buclez 

A l  b r i g h  t 

Mas t r a n g e l o  

Sims 

La t y s  hev 

Mac r i  ss 

Year 

1973 

1984 

1984 

1985 

1985 

1983 

1959 

1962 

1959 

1972 

1969 

1964 

- Country 

Japan 

Germany 

Germany 

Japan 

Japan 

France 

U . S . A .  

U . S . A .  

U . S . A .  

U . S . A .  

U.S.S.R. 

U . S . A .  

Text  

Japanese  

German 

German 

Japanese  

Japanese  

French 

Eng 1 i s h  

Eng l i sh  

Eng l i sh  

Eng l i sh  

Russian 

Eng l i sh  

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight of A I n  Vapor Phase 
'I! - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1) - fiunHg ( 2 )  - rnbar N A  - Not Ava i l ab le  



Table  A.6.0.  (Cont.) 

F l u i d  System 

R22 + DMETEG 

R22  + DMETEG 

R22 + DMETEG 

R22 + DMETEG 

R22 + DMETrEG 

R22 + DMETrEG 

2 R22 + DMETrEG 

? 
P 

R22 + DMEDEG 

R22 + DMEDEG 

R22 + DMEDEG 

R22 + DMEDEG 

R22 + DMEDEG 

Data 

Type 

GE 

GE 

GE 

GS 

T EP 

GS 

GS 

TE 

GEP 
GS 

GS 

GEP 
GS 

GS 

Weight, % 
Temp. Press. Range, x (R) 

Range, O C  a t m  Y ( R )  

-110 - -30 NA 

0- 120 1 

20-70 1 .0 

0-150 

-20-200 

-20-200 

-20-200 

0-30 

-20-200 

-20-200 

-2 0-2 00 

-20-200 

1.0 

0.5-25 

0.5-20 

0.5-25 

0.069-1.03 

0.1-50 

0-30 

0.1-50 

0-30 

10.0-90.0 

0-23.64 

10-30 

0-100 

10-100 

0-100 

10-100 

5.6-24.9 

14-100 

10-100 

14-100 

10-100 

Reference 
No. 

113 

220 

27 

181 

47 

26 

32 

173 

8 

I 

8 

7 

7 

Author 

Kr i ebe l  

Suzuki 

Bokelmann 

Renz 

Ehmke 

Boke lmann 

Bokelmann 

Pod011 

And o 

Ando 

And o 

Ando 

X - L i q u i d  Phase R - R e f r i g e r a n t  c -  
Y - Vapor Phase A - Absorbent(s1 M -  

( 1 )  - mmHg ( 2 )  - mbar NA - 
ppm by weight  of A i n  Vapor Phase 
Mole, W - Weight 
Not Ava i l ab le  

Year 

1965 

1973 

1983 

1978 

1984 

1.983 

1985 

1982 

1983 

II 

Country 

Germany 

Japan  

Germany 

Germany 

Germany 

Germany 

Germany 

U.S .A.  

Japan 

1983 Japan 

1983 Japan 

1983 Japan  

Text 

German 

Japanese  

E n g l i s h  

German 

German 

Eng 1 i s h  

E n g l i s h  

Eng 1 i s h  

Japanese  

Japanese  

Japanese  

Japanese  



Table  A.6.0. (Cont.1 

F lu id  System 

R22 + DMEDEG 

R22 -k DMEDEG 

R22 + METrPG 

R22 -t I B A  

R22 f I B A  

R22 + I B A  

R22 f DMF 

R22 f DMF 

? 
I- 

R22 + DMF 

R 2 2  + DMF 

R22 -+ DMP 

R22 + DMF 

Data 

I_ Type 

GEP 

GS 

GS 

GS 

P 

GS 

GTEP 

GS 
GP 

P 

GS 

TE 

TE 

Temp. 
Range, "C 

-20-200 

-20-200 

2 0- 30 

-70-200 

NA 

0-1 20 

II_ 

16.15-48.95 

0-120 

NA 

-50-200 

38-121 

38- 104 

Weight, % 
Press. Range, X (R)  Reference 

atm Y (R) Year Country Text: Author No. - 
0.1-50 20-100 9 Ando 1983 Japan  Japanese  

9 Ando 1983 Japan Japanese  0-30 10-100 

0-9.31 0.0-100.0 215 Sims 1972 U.S.A. E n g l i s h  

0.016-20 0-100 215 S e l l e r i o  1966 I t a l y  German 

NA NA 250 Uemura 1968 Japan Japanese  

0-40,000 (1) 0-100 250 Uemura 1968 Japan  Japanese  

179-743 (1) 7.25-27.05 250 Uemura 19 68 J apan Japanese  

0-40,000 (1) 0- 100 250 Uemura 1968 Japan  3 apa ne s e 

1 98 2 Japan  Japanese  NA 1-100 10 A n d o  

0.1-30 0-100 10 Ando 1982 Japan  Japanese  

1.38-19.9 20.8-67.7 222 Thierne 1961 U . S . A .  English 

0.483-2.00 7.8-9.0 3 Alb r igh t  1962 U.S.A. Engl i sh  

X - L i q u i d  Phase R - R e f r i g e r a n t  c - ppn by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  



Tab le  A.6.0. (Cont.) 

F l u i d  System 

R22 + DMF 

R22 + DMF 

R22 + DMF 

R22 + DEF 

R22 + DMA 

R22 + DMA 

0 R22 + DMH 

R22 + DMH 

R22 + TMf 

R22 + Dimethyl 
p h t h a l a t e  

R22 + Die thy l  
ph t ha1 a t e 

8 
P 

\o 

Data 

Type 

GTE 

TE 

GE 

TE 

TE 

TE 

TE 

GS 

GS 

TGEP 

TGEP 

Temp. 
Range, O C  - 

20-60 

-20-50 

20-70 

38-104 

0-30 

20-101 

Weight, % 
Press. Range, X (R) 

atm Y (R) 

755-765 (1) 8.5-17.6 

740 (1)  12.9-46.8 

1 .o 10-30 

1.79-17.1 25.8-75.7 

0.103-1.10 9.4-34.1 

0.621-19.7 25.1-73.4 

0-30 0.103-1.03 7.2-23.7 

0-150 -30-70a 22.9-50.7 

0-1 50 -30-70a 2 5.0-55.0 

20-60 754-765 (1) 5.4-1 3.8 

20-60 754-755 (1) 7.8-1 7.2 

Reference 
NO 

212 

130 

27 

22 2 

173 

3 

173 

18 

18 

202 

- 
~~~ ~ 

Author 

S e l i v e r s t o v  

Maki t ra  

Bokelmann 

Thieme 

Podoll 

A 1  b r i g h t  

Podol l  

B i  e rmann 

B i e r mann 

S e l i v e r s t o v  

202 S e l i v e r s t o v  

Year Country 

1970 U.S.S.R. 

1979 U.S. S.R. 

1983 Germany 

uI_ 

1961 U.S.A.  

1982 U . S . A .  

1962 U.S.A. 

1982 U.S.A. 

1978 U.S.A. 

1978 U.S.A. 

1964 U . S . S . R .  

1964 U. S. S O R .  

Text  

E n g l i s h  

Russ ian  

E n g l i s h  

E n g l i s h  

E n g l i s h  

E n g l i s h  

Eng l i sh  

Eng 1 i s h  

E n g l i s h  

Eng 1 i s h  

Eng l i sh  

X - Liqu id  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  
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F l u i d  System 

R22 -t DMSO 

R22 + TMS 

R22 + Pentane- 
d ione  

R22 + Aceto- 
phenone 

R22 + Renz- z aldehyde 
v 

R22 + V a l e r i c  
a c i d  

R22 + L i n o l e i c  
a c i d  

~ 2 2  + (TAN) 

R22 + TAN 

R22 + TAN 

Weight, X 
Reference Data Temp. Press. Range, X (R) 

Type Range, "C atm No. Author Year Country Text  ._ y (R) - 
TEC 25-80 0.94-27.48 17-100 146 Morel 1983 France  French 

GS 0-150 NA 50.0-74.0 18 Biermann 1978 U.S.A. E n g l i s h  

1959 U.S.A. E n g l i s h  TE 24-121 1.3 1-2 1.5 14.9-76.1 35 Ruclez 

E n g l i s h  TE 24-107 1 . 86-17.3 14.0-62.1 35 Buclez 1959 U.S.A. 

TE 24-93 2.34-20.6 16.8-46.1 35 Buclez 1959 U.S .A.  E n g l i s h  

TE 24-93 2.34-19.0 14.1-62.3 35 Suclez 1959 U.S.A. E n g l i s h  

TE 24-107 2.41-7.65 6.0-18.7 35 Buclez 1959 U.S.A. Eng l i sh  

TE 24-121 1.72-2 1.0 9.2-53.8 172 Pluche 1959 U.S .A.  E n g l i s h  

1 . 7-21 e 0 9.2-53.8 2 Albrirght 1960 1J.S.A. Engl  i. sh GE 24-121 

GTE 20-60 755-765 (1) 3.4-6.6 212 S e l i v e r s t o v  1970 U.S.S.R. Fng 1 ish 

X - Liquld Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Vole, W - Weight 

(1) - mmg (2)  - mbar NA - N o r  Ava i l ab le  
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Table  A.6.0. (Cont.) 

Weight, X 
Data Temp. P res s .  Range, X ( R )  Reference  

F l u i d  System Type Range, O C  atm Y (R)  No. Author Year Country Text  - - 
R22 + NMP GE 20-70 1 .O 10-30 27 Rokelmann 1983 Germany E n g l i s h  

R22 + Dicumyl- TGEP 20-60 754-765 (1) 5.2-1 1.8 202 S e l i v e r s t o v  1964 U.S.S.R. E n g l i s h  
methane 

202 S e l i v e r s t o v  1964 U.S.S.R. E n g l i s h  R22 + Oleic TGEP 20-60 754-765 (1) 7.7-12.6 
a c i d  

202 S e l i v e r s t o v  1964 U.S.S.R. E n g l i s h  R22 + Methyl TGEP 20-60 754-765 (1) 5.2-1 1.8 
benzoate  

* A 1222 + Propyl  TGEP 2g-60 754-765 (1) 5.5-14.0 202 S e l i v e r s t o v  1464 U.S.S.R. E n g l i s h  
P benzoate  

R22 + Butyl  TGEP 20-60 754-765 (1) 6.4-15.3 202 S e l i v e r s t o v  1964 1J.S.S.R. Eng 1 i s h  
benzoate  

R22 + Benzyl TGEP 20-60 754-765 (1) 5.4-1 3.2 202 S e l i v e r s t o v  1964 U.S.S.R. E n g l i s h  
a c e t a t e  

R22 + Methyl TGEP 20-60 754-765 (1)  4.0-8.0 202 S e l i v e r s t o v  1964 U.S.S.R. Eng 1 i s h  
s a l i c y l a t e  

R22 + HMPT GE 20-70 1.0 10-30 27 Bokelmann 1983 Germany Eng l i sh  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  W - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar Nh - Not Ava i l ab le  



Table  4.6.0. (Cont.) 

Weight, % 
Data Temp. P res s .  Range, x (Y) Reference 

F l u i d  System Type Range, O C  atm Y ( R )  NO Author Year Country Text 
I___ - .  

R22 + ETFE GE 20-70 1 .O 10-30 27 Rokelmann 1983 Germany E n g l i s h  

R22 + DBP:DMF GS 20 fi 80 0.5-15.0 10-50 213 S e l i v e r s t o v  1970 U.S.S.R. Russ ian  

R22 + DBP:DMF TE 20-60 NA 2.8-13.5 2 2 1  S e l i v e r s t o v  1970 U.S.S.R. Russ ian  

R22 + DBP:DMF TE 20-80 1.8-16.3 12.9-47.1 211 S e l i v e r s t o v  1971 U.S.S.R. Russ ian  

R22 -k DMETEG: TE 38-121 2.13-36.1 14.4-63.5 81 Y e s s e l b e r t h  1965 U.S.A.  Engl i sh  
Benzyl a l coho l  

3; (1:1)(M) 
P 
P 
C- A.6.3. Corrosion 

Weight,  % 
Data Temp. Corros ion  x ( R )  Ref e rence  

F l u i d  System Type Range, O C  I n h i b i t o r ,  w t  % Y (R)  No. Author Year Country Text  

R22 + DMETEG TE 121 NA 50.0 (Volume) 49 Eiseman 1959 U.S.A. Eng l i sh  

- -- - _1___1_ 

R22 -+ DMETEG TE 180 W P  - 0.5 WA 159 Oouchi 1985 Japan  Japanese  
E? - 0.5 
BO - 0.5 
EPC - 0.5 

_AGE - 0.5 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

(1) - mmHg ( 2 )  - nbar  NA - Not Avai lab le  
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Table A.6.0. (Cont.1 

Weight, % 
Data Temp. Press. Range, X ( R )  Reference 

Fluid System Type Range, O C  atm Y (R)  N O ,  Author Year Country Text 

R22 + DMF C NA NA NA 226 Tyagi 1976 Japan English 

-- - 

R22 + DMA C NA NA NA 226 Tyagi 1976 Japan English 

R22 + DEF C NA NA NA 226 Tyagi 1976 Japan English 

English R22 + DBS GTC 22-82 NA 10-90 210 Seliverstov 1968 U.S.S.R. 

R22 + DBS TE 22-82 NA 0-100 210 Seliverstov 1968 U.S.S.R. Eng 1 ish 

R22 + DBS GS 22-82 NA 0-100 210 Seliverstov ,1968 U.S.S.R. English 
? 

TC NA 

R22 + DCP TC NA 

+ 
P R22 + DDP 
4 

NA 

NA 

NA 212 Seliverstov 1970 U.S.S.R. English 

English NA 212 Seliverstov 1970 U.S.S.R. 

R22 + DOP TC NA NA NA 212 Seliverstov 1970 U. S .  S.R. English 

R22 + DOS TC NA HA NA 212 Seliverstov 1970 U.S.S.R. English 

R22 + TAN TC NA NA NA 212 Seliverstov 1970 U.S.S.R. Eng 11 sh 

A.6.5. Liquid-Phase Densities 

R22 + DMETEG TGE 20-90 NA 0-23.64 220 Suzuki 1973 Japan Japanese 

X - Liquid Phase R - Refrigerant c - ppm by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Available 



Table  A.5.0. (Cont.1 

Data Temp. Press. Range, 

- F l u i d  System Type Range, “ C  arm 

R22 + DElETEG TGS -70-80 NA 

R22 + DMETrEG GS 20-200 0-25 

R22 + DMETrEG TEP 20-90 0-25 

R22 f I B A  G TE 10-80 NA 

R22 + I B A  TS 10-80 NA 

R 2 2  + DMF GTE 5-50 NA ? 
m i--’ R 2 2  + DMF GTS 5-50 “A 
P 

A.6.6. Vapor-Liquid-Phase ‘Enthalpies  

R22 + DMETEG GS 9-200 0.5-20 

R22 + DMETEG GS -90-70 0.1-20 

R 2 2  + DNETEG TES 24-121 a. 38-47.3 

R22 -+ DMETEG GS 0-200 0.5-20 

R 2 2  + DMETrEG GS 0-200 ~ 0.5-25 

Weight, % 
x (R)  
y ( R )  

0.0-100 .o 

0-100 

0-100 

0-22.55 

0-25 

0-29.4 

0-30 

0- 100 

0- 100 

0.0-100.0 

0-100 

0- 100 

R e  f e rence  - 
No. 

113 

47 

47 

250 

2 50 

2 60 

260 

I_ 

Author 

Kr i ebe l  

Ehmke 

Ehmke 

Uemura 

Uemura 

Uemura 

Uemura 

114 Latyshev 

113 R r i e b e l  

124 Macriss  

117 Latyshev 

31 Bokelmann 

Year 

1965 

1984 

1984 

1968 

1968 

1 9 6 7  

1967 

- Country 

Germany 

Germany 

Germany 

Japan  

Japan  

Japan  

Japan  

1968 U.S.S.R. 

1965 Germany 

1964 U . S . A .  

1969 U.S.S.R. 

I985 Germany 

Text 

German 

German 

German 

Japanese  

Japanese  

Japanese  

Japanese  

Russian 

German 

Eng l i sh  

Xus s tan 

E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mHg (2 )  - mbar N A  - Not Ava i l ab le  



Table  A.6.0. (Cant.) 

F l u i d  System 

R22 + DMEDEG 

R22 + DMEDEG 

R22 + DMEDEG 

R22 + DMEDEG 

R22 + I B A  

R22 + DBP 

P R22 + DBP 

4 
P 

u3 

R22 + DMMP 

R22 + DBS 

R22 + DMF 

R22 + DMF 

Weight, % 
Reference - Data Temp. P res s .  Range, x (R> 
Year Country Y (R)  Author _L 

NO e 
I_ 

Type Range, * C  a t m  

GP 

GP 

GP 

P 

GS 

GS 

GTS 

GP 

GS 

GS 

P 

8.6.7. S p e c i f i c  Heat 

R22 + DMETEG GSE 

-40-180 

-20-180 

-20-200 

NA 

-1 5- 100 

0-200 

20-80 

0-150 

20-80 

-1 5-100 

NA 

20-180 ~ 

0.1-50 

0.1-50 

0.1-50 

NA 

0.2-30 

0.5-20 

2-14 

0-30 

1-13 

0.5-25 

NA 

WA 

0-100 

0-100 

0-1 00 

NA 

0-100 

0-100 

0-50 

0-100 

0-50 

0-100 

NA 

23.39 

8 

7 

9 

135 

2 50 

117  

207 

268 

205 

250 

135 

Ando 

Ando 

Ando 

Mat s hush i t a 

Uemura 

Latyshev . 

S e l i v e r s t o v  

Yaron 

S e l i v e r s t o v  

Uemura 

Matshushi t a  

1983 Japan 

1983 Japan 

1983 Japan  

1985 Japan  

1968 Japan  

1969 U.S.S.R. 

1966 U.S.S.R. 

1985 Israel  

1968 U.S.S.R. 

1968 Japan  

1985 Japan 

159 Oouchi 1985 Japan  

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight  of 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1) - I.snHg ( 2 )  - mbar N A  - Not Avai l ab le  

A i n  Vapor Phase 

Text 

J apanese  

Japanese  

J a p  ane s e 

E n g l i s h  

Japanese  

Russian 

Russ ian  

E n g l i s h  

Russ ian  

Japanese  

E n g l i s h  

Japanese  
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T a b l e  A.6.0. (Cont.) 

Data 
F l u i d  System Type 

R22 + DMH TE 

R22 + DBP GE 

A. 6.8. S t a b i l i t y  

R22 + DMEDEG GE 

R22 + DMETEG GE 

R22 + DMETEG TE 

tQ R22 + DMETEG TE 

R22 + DMF GE 

R22 + DMA GE 

A.6 .9 .  V i s c o s i t y  

R22 + DMETEG TGEP 

R22 + DMETEG CS 

R22 + DMETrEG TEP 

3; 
P 

w 

Weight, % 
Temp. Press .  Range, X (R) 

Range, O C  a t m  Y (R) 

0-25 NA 10.0-20.0 

0-50 NA NA 

100-240 

100-240 

250-350 

NA 

100-240 

100-240 

20-90 

20-90 

20-50 

NA NA 

NA NA 

NA 5.0 (Volume) 

NA NA 

NA NA 

NA NA 

NA 

NA 

NA 

0-23.64 

0-80 

0-50 

Reference ~~ 

No. Author 

173 Podoll 

115 Latyshev 

- 

8 Ando 

8 Ando 

49 Eiseman 

28 Bokelmann 

8 Ando 

8 Ando 

220 Suzuki 

60 Fukuda 

47 Ehmke 

Year Country 

1982 U.S.A. 

II_ 

1969 U. S.S.R. 

1983 Japan 

1983 Japan 

1959 U.S.A. 

1983 Germany 

198 3 Japan 

1983 Japan 

1 9 7 3 Japan 

1983 Japan 

1984 Germany 

Text 
~ 

E n g l i s h  

Russian 

Japanese 

Japanese  

E n g l i s h  

E n g l i s h  

Japanese 

Japanese 

Japanese  

Japanese  

German 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

(2)  - mbar NA - Not Avai lab le  ( 1 )  - mHg 



Table  A.6.0. (Cont.) 

Weight, % 
Data Temp. P res s .  Range, x (R) Reference 

Year Country Text 

1984 Germany German 

Author 1__1 

No. - F l u i d  System - Type Range, " C  a t m  Y (R)  

47 Ehmke R22 + DMETrEG GS 20-90 NA 0-50 

1222 i- I B A  GTE 10-70 NA 0-22.65 250 Uemura 1968 Japan Japanesl 

R22 + I B A  TS 10-70 NA 0-25 250 Uenura 1963 Japan  Japanesl 

R22 + DMF GTE 5-50 NA 0-33 260 Uemura 1967 Japan  J a p a ne s 1 

R22 -1- DMF GTS 5-50 NA 0-30 260 Uenura 1967 Japan Jap  ane  SI 

A.6.11. Heat Trans fe r  Rate ? 
P 
N 
t\) R 2 2  + DMETEG GE 6-100 NA NA 160 Oouchi 1983 Japan Japanesl 

A. 5.13. Ref r a c t i v e  Index 

X 2 2  i. DMETEG TGE 25-60 NA 0-23.64 220 Suzuki 1973 J a p a n  Japanest 

R22 + I B A  TGE 20 NA 0-31.25 250 IJemura 1968 Japan Japanesc 

1967 Japan  Japanest R22 f DMF TGE 20 N.4 0-38.45 260 Uemura 

A . 6 . 1 4 .  Entropy 

822 f DBS TE 22-32 NA 10-90 210 S e l i v e r s t o v  1968 U.S.S.R. Eng l i sh  

-- 

X - L i q u i d  Phase R - Refrigerant c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(§) :4 - Mole, W - Weight 

(1) - m a g  (2)  - nbar  NA - Not Ava i l ab le  



Tab le  A.6.0.  (COnt.1 

Weight, % 
Data Temp. Press .  Range, X ( R )  Reference  

F l u i d  System Type Range, 'C atm Y (R) NO Author Year Co_untJy Text 

R22 + DBS GS 42.5-82 NA 0- 100 210 S e l i v e r s t o v  1968 U.S.S.R. E n g l i s h  

- - 

A.6.15. Sur face  Tension 

R22 + DMF GTE 5-50 NA Ja pane s e 0-31.9 260 Uemura 1967 Japan  

R22 + DMF GT S 5-50 NA 0-30 260 Uemura 1967 Japan  Japanese  

R22 + I B A  GTE 30 NA 0-15.9 250 Uenura 1968 Japan  Japanese  

w 

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1)  - mdig (2 )  - mbar NA - Not Ava i l ab le  
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Data 
F l u i d  System Type 

R21 + DMF P 

R21 + DMF PC 

R21 + DEF TE 

R21 + DFlA TE 

R21 + DMH TE 

GS 

R21 + NMP GS 

? 
P R21 + DMH 
t4 
in 

R21 + Diethyl-  TE 
o x a l a t e  

R21 + Diethyl- TE 
ma 1 o na t e 

R21 + Diethyl- TE 
a d i p a t e  

R21 + Diethyl-  GE 
a d i p a t e  

Table  A . 7 . 0 .  (Cont.) 

Weight, X 
Temp. Press. Range, X (R) 

Range, O C  a t m  Y (R)  

NA 

NA 

38-121 

0-30 

0-30 

0-150 

0-150 

24-12 1 

24-121 

24-121 

24-121 

NA 

NA 

0.896-7.03 

0.011-0.221 

0.0067-0.221 

0.165-20.8 

NA 

0.276-7.24 

0.414-7.03 

0.276-7.10 

0.27-7.0 

NA 

NA 

28.1-74 . 1 

12.5-38.8 

6.6-30.1 

23 -0-55 .O 

25 .O-5 1 .O 

22.0-68.5 

30.0-66.3 

23.2-60.7 

23.0-6 1.0 

Ref e rence 
No. Author Year Country 

242 Uemura 1973 Japan 

- 

12 Badarinara-  1982 England 
yana 

222 Thieme 1961 U.S.A. 

173 Podol l  1982 U.S.A. 

173 Podo l l  1982 U.S.A.  

18 Riemann 1978 1J.S.A. 

18 Riermann 1978 U.S.A. 

172 Pluche 1959 U.S.A. 

172 Pluche 1959 U . S . A .  

172 Pluche 1959 U.S.A. 

2 A lb r igh t  1960 U.S .A.  

X - Liquid Phase R - R e f r i g e r a n t  c -  
Y - Vapor Phase A - Absorbent(s)  M -  

( 1 )  - mmHg (2 )  - mbar NA - 
ppm by weight of 
Mole, W - Veiqht 
Not Avai lab le  

A . i n  Vapor Phase 

Text 

Japanese 

Eng l i sh  

E n g l i s h  

E n g l i s h  

E n g l i s h  

Eng l i sh  

Eng l i sh  

Eng l i sh  

E n g l i s h  

Eng l i sh  

Eng l i sh  
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Table  A. 7.0. (Cont. ) 

Temp. Press .  Range, 
Range, O C  a t m  

Reference 
No. Author Year Country Text - Data 

F l u i d  System Type 

24-121 0.276-7.58 R21 + Aceto- TE 
phenone 

18.5-7 1.7 35 Buclez 1959 U . S . A .  E n g l i s h  

R21 + Benzal- TE 
dehyde 

24-121 0.276-7.79 17.7-75.1 35 Buclez 1959 U . S . A .  Engl i sh  

38-107 0.290-1.60 3 A l b r i g h t  1962 U.S.A. Engl i sh  R21 + Ethyl- TE 
l a u r a t e  

11.2-24.0 

R21 + Diethyl- TE 
o x a l a t e  ? 

P 
p3 ., R21 + Diethyl-  TE 

a d i p a t e  

38-107 0.234-1.48 12.8-13.4 3 A l b r i g h t  1962 U.S.A. Eng 1 i s h 

38-107 0.248-1.55 13.0-13.8 Eng 1i s h 3 A l b r i g h t  1962 U . S . A .  

R21 + Nitro-  GE 
benzene 

52 1.03-3.10 17.3-77.0 222 Thieme 1961 U.S.A. E n g l i s h  

R21 + A n i l i n e  GE 52 1.24-3.10 

52 1.24-3.45 

21.6-81.6 

17.5-77.3 

222 Thieme 1961 U . S . A .  Eng 1 i s h  

222 Thieme 1961 U . S . A .  Engl i sh  R21 + Dimethyl GE 
a n i l i n e  

R21 + M-Chloro GE 
a n i l i n e  

52 2.07-3.45 16.8-76.3 222 Thieme 1961 U.S.A. Engl i sh  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1)  - mmHq ( 2 )  - mbar NA - Not A v a i l a b l e  
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Table  A . 7 . 0 .  (Conto) 

A . 7 . 4 .  Heat of Mixing 

Weight, % 
Data Temp. Press .  Range, X (R) 

F l u i d  System Type Range, O C  atm Y (R)  

R21 + DMETEG GE 3 NA 4.9-89.8 

R21 + DMETEC C NA NA NA 

R21 + DMETrEG C NA NA NA 

R21 + DMEDEG TEC 25 NA 10.7-29.0 

R21 + DMF GS 10 
? 
P 

iD 
N R21 + DMF P NA 

WA 

NA 

0- 100 

NA 

R21 + DMH TEC 25 NA 12.8-33.9 

R21 + DMA TE 25 NA 10.1-19.0 

R 2 1  + ETL C NA NA NA 

R21 + DE0 C NA NA NA 

R 2 1  + DEA C NA NA NA 

Reference  
No. Author Year Country Text 

L__ - 
274 Z e l l h o e f f e r  1938 U.S.A. E n g l i s h  

E n g l i s h  226 Tyagi 19 7 6 Japan 

226 Tyagi 1976 Japan E n g l i s h  

173 Podol l  1982 U.S.A. Eng 1 i s h  

242 Uemura 1973 Japan Japanese  

12 Badarinara- 1982 England E n g l i s h  
yana 

173 P o d o l l  1982 1J.S.A.  Eng 1 i s h  

E n g l i s h  173 Podol l  1982 U.S.A. 

226 Tyagi 1976 Japan Eng 1 i s h  

226 Tyagi 1976 Japan E n g l i s h  

E n g l i s h  226 Tyagi 19 7 6 Japan 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Available 



Table  A. 7.0. (Cont. 1 

Weight, % 
Reference - Data Temp. Press. Range, X ( R )  

- F l u i d  System - Type Range, O C  atm Y (R)  No. Author Year Country Text - __ 
R 2 1  + DEF C NA NA NA 226 Tyagi 1975 Japan Eng 1 i s h  

A.7.5. Liquid-Phase D e n s i t i e s  

R21 + DMF GTE 5-80 NA 0-81.7 250 Uenura 1967 Japan Japanese 

R21 + DMF GTS 5-80 NA 0-80 260 Tjemura 1967 Japan  Japanese  

A.7.6. Vamr-Liauid-Phase E n t h a l o i e s  

,1985 I s r ae l  Eng l i sh  R 2 1  f DMETEG P NA NA NA 267 Yaron ? 
P 

R 2 1  -k DMETEG GP 0-150 1-26 0-1 00 267 Yaron 1985 Israel  Eng l i sh  

R 2 1  -+ DMF GP -1 0- 120 0.01-12 

A. 7.7 S p e c i f i c  Heat 

R29 + DMF P NA 

R21 + DMEDEG TE 0-25 

R21 + DMA TE 0-25 

NA 

NA 

N A 

0-80 1 2  Badarinara-  1982 England Eng l i sh  
yana 

NA 242 Uemura 197 3 Japan  

10.0-50.0 173 P o d o l l  1982 U.S.A. 

10.0-50.0 173 Podol l  1982 U.S.A. 

Japanese  

Eng l i sh  

Eng l i sh  

X - Liquid  'Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
P - Vapor Phase A - Absorbent(s) M - Mole, 1.: - Weight 

(1)  - mHg (2)  - mbar NA - N o t  Avai l ab le  



Table  A.7.0. (Cont.) 

Weight, % 
Data Temp. Press .  Range, x (R)  Reference  

F l u i d  System Type Range, O C  atm y (R) Year Country Text  Author No. - LI 

1982 U . S . A .  E n g l i s h  R21 + DMH TE 0-25 NA 10.0-50.0 173 P o d o l l  

A.7.8. S t a b i l i t y  

R21 + DMETEG TE , 250 NA 50.0 (Volume) 49 Eiseman 1959 U.S.A. E n g l i s h  

A.7.9. V i s c o s i t y  

R21 + DMF GTE 5-50 

R21 + DMF GTS 5-50 ? r 
w A.7.13. R e f r a c t i v e  Index  

NA 

NA 

0-7 9 260 Uemura 19 6 7 Japan  

0-80 260 Uemura . 1967 Japan 

Ja pane s e 

Japanese  

R21 + DMF GTE 20 

A.7.15. Su r face  Tension 

NA 0-74.61 260 Uemura 1967 Japan  Japanese  

R21 + DMF GTS 5-50 

NA 

NA 

0-72.7 260 Uemura 1967 Japan  

0-70 260 Uemura 1967 Japan 

Japanese  

Japanese  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Ava i l ab le  
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Table  A.8.0. (Cont.) 

A.8.7. S p e c i f i c  Heat 

Weight, % 
X ( R )  Reference  

No. Author Year Country Text - - y ( R )  
Data Temp. Press. Range, 

F l u i d  System Type Range, "C atm - 
R152 + DMF TEP 5-40 NA 

R152 + DMF GS 0-50 NA 

R152 + DMF P NA NA 

A.8.9. V i s c o s i t y  

R152 + DMF GE 10-60 NA 
? TS P 
W 
W 

R152 -t DMF GEC NA 10-2000 (1) 

R152 + DMF GS 10-60 NA 

A.8.13. R e f r a c t i v e  Index  

R152 + DMF GTE 20 

R152 + DMF GE 20 

NA 

NA 

0- 1 3.45 221 Tange 19 7 4 Japan Japanese  

1973 Japan  Japanese  0-20 231 Uemura 

231 Uemura 1 9 7 3 Japan Japanese  NA 

0-20 221 Tange 1974 Japan Japanese  

5-20 221 Tange 1974 Japan Japanese  

0-20 231 Uemura 19 7 3 Japan Japanese  

0-25 

0-3 5 

221 Tange 

221 Tange 

1974 Japan  Japanese  

1974 Japan Japanese  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

(1) - mmHg (2) - mbar NA - Not A v a i l a b l e  
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Table A.9.0. REFRIGERANT 12 BINARY AND MULTICOMPONENT ABSORPTION FLUIr)S PROPERTIES DATA 

A.9.1. Vapor-Liquid Equilibrium 

Data Temp. 
Fluid System Type Range, 'C 

R12 + DMETEG TE 38-121 

R12 + DMA TE 38-121 

R12 + DMF TFI -20-50 

R 1 2  + Dicumyl GTEP 20-60 
methane 

7 R12 + Oleic GTEP 20-60 
w acid 
P 

VI 

R12 + Methyl GTEP 20-60 
benzoate 

R12 + Propyl GTEP 20-60 
benzoate 

R12 + Butyl GTEP 20-60 
benzoate 

R 1 2  + Dimethyl GTEP 20-60 
phthalate 

Press. Range, 

3.52-41.6 

4.90-36.8 

740 (1) 

754-765 (1) 

754-765 (1) 

754-765 (1) 

754-765 (1) 

754-765 (1)  

754-765 (1) 

Weight, % 
X (R) Re f e re n c e 
Y ( Q )  NO Author Year Country Text - 

11.1-78.0 81 Hesselberth 1965 U.S.A. English 

23.1-84.5 81 Hesselberth 1965 U.S.A. Eng 1 i s h 

1.8-16.4 130 Makitra 1979 U.S.S.R. English 

English 4.2-8. a 202 Selivers tov 1964 U. S. S. R. 

2.4-10.9 202 Seliverstov 1964 U.S. S. R. English 

2.05-5.4 202 Seliverstov 1964 U.S.S.R. English 

2.7-9.0 202 Seliverstov 1964 U. S. S. R. English 

2.64-9.4 202 Seliverstov 1964 U.S.S.R. English 

1.28-4.2 202 Seliverstov 1964 U.S.S.R. English 

X - Liquid Phase R - Refrigerant c - ppm by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, W - Weight 

(1) - mmHg (2 )  - mbar NA - Not Available 
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Table A.9.0.  (Cont.) 

Weight, Z 
Data Temp. Press. Range, X (R)  Reference 

Fluid System Type R a n g e ,  "C atm Y ( R )  No. Author Year Country Text 

R12 + R22: TE 38-121 4.27-40.0 1.7-54.5 81 Hesselberth 1965 U . S . A .  English 
DMETEG:Benzyl 18.0-86.6 
alcohol ( 1  : 1) (M) 

I - 

9.4. Heat of Mixing 

R12 + DMF TE -20-50 740 (1) 1979 U . S . S . R .  qngl i s h 1.8-16.4 130 Makitra 

X - TAquid Phase R - Refrigerant c - ppm by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 

( I )  - mmHg (2) - mbar NA - Not Available 
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Table A. 10.0. (Cant.) 

Weight, % 
Data Temp. Press. Range, X (R) Reference 

Fluid System Type atm Y (R) No. Author Year Country Text - D_ 

R133a + DMF TE 30-70 0.8 

R133a + DEF TE 20-70 0.8 

R133a + DEF TE 20-70 0.8 

R133a + HMPT TE 30-80 0.8 

R133a + HMPT TE 20-80 0.8 

R133a + TBP TE 30-70 0.8 

TE 30-70 0.8 
? 
P 

a 
u R133a + TBP 

A.10.4. Heat of Mixing 
~ 

R133a + NMP GS NA NA 

A. 10.5. Liquid-Phase Densities 

R133a + NMP GS 0-1 60 NA 

R133a + ETFE TEP -60-250 NA 

17.0-58.9 

22.3-62.4 

22.3-62.4 

23.7-43.4 

23.7-51.3 

16.5-38.0 

16.5-38.0 

0-100 

0-100 

0.0-60.0 

28 Bokelmann 

27 Bokelmann 

28 Bobelmann 

27 Bokelmann 

28 Bokelmann 

27 Bokelmann 

28 Bokelmann 

191 R o l l a n d  

191 Rolland 

5 Allen 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1981 

1981 

1979 

Germany English 

Ge many English 

Germany Eng 1 ish 

Germany English 

Germany English 

Germany English 

Germany English 

French France 

France French 

U.S.A. English 

X - Liquid Phase R - Refrigerant c - ppm by weight of A in Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, W - Weight 
(1) - mmHg (2) - nbar HA - Not Available 
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Table  A. 10.0. (Cont. ) 

A. 10.15. Sur face  Tension 

Weight, % 
Reference Data Temp. Press .  Range, X (R)  

atm Y (R) No. Author Year Country Text - F l u i d  System Type Range, O C  

R133a + NMP GS 0-160 NA 0-50 191 Rolland 1981 France French 

A. 10.16. T o x i c i t y  

R133a + ETFE TE NA NA 0.0, 100.0 150 T4urphy 1982 U.S .A.  E n g l i s h  

A. 10.17. F lamnabi l i ty  

R133a + ETFE TE 10.3-24.1 
5; 
P 
CI 
i- 

NA 0.0-100.0 150 Murphy 1.982 U.S.A. E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(2 )  - mbar NA - Not Avai lab le  (1) - mmHg 
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Table  A.12.0. FLUORO-ALCOHOL BINARY AND MULT'ICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA 

A.12.1. Vapor-Liquid Equi l ibr ium 

Data Temp. 
F l u i d  System Type Range, O C  

TFE + DMETEG TGE 73-1 91 

TFE + DMETEG GS -10-200 

TFE + DMETEG GS -10-210 

TFE + DMETEG GS 15-225 

TFE -I- DMETEG GE 40- 190 

TFE + DMETEG T3  20-80 

TFE f DMETEG GS 0 

TFE + DMETrEG TE 20-80 

TFE + XMP TE 20-80 

TFE + NMP TEP -2 0 -20 0 

TFE + NMP GTS -20-200 

Weight, % 
Press .  Range, X ( R )  

a t m  Y (R) 

725 ( 1 )  0-100 
74-100 

0.01-1.5 0-100 
74-100 

0.008-2 0-100 

0.01-1 0-100 

960 & 200 ( 2 )  0-1 00 

0.02-0.38 2.9-57.4 

65-1000 ( 2 )  40-90 

0.02 0.7-29.9 

0.02-0.38 14.0-70.0 

1-915 ( 2 )  0-100 

1-1000 ( 2 )  0-100 

Reference 
No. Author Year Country T e x t  - _. 

G e  rman 201 Seher 1983 Germany 

201 Seher 1983 Germany German 

200 Seher 

200 Seher 

200 Seher 

27 Bokelmann 

153 Nowaczyk 

27 Bokelmann 

27 Bokelmann 

29 Bokelmann 

2 9  Rokelmann 

1985 Germany 

,1985 Germany 

1985 Germany 

1983 Germany 

1885 Germany 

1983 Germany 

1983 Germany 

1984 Germany 

1984 Germany 

G e  r ma n 

German 

Ge  rman 

E n g l i s h  

E n g l i s h  

E n g l i s h  

E n g l i s h  

German 

German 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s) M - Mole, kT - Weight 

(1) - m d g  ( 2 )  - mbar NA - Not A v a i l a b l e  
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T a b l e  A.12.0. (Cont.) 

Weight, % 
X ( R )  Reference 
Y (R)  No. Author Year Country Text 

UII 10 

40-90 153 Nowaczyk 1986 Germany E n g l i s h  

Data Temp. 
F l u i d  System Range, O C  

Press .  Range, 
atm 

65-1000 ( 2 )  TFE + DMPU GS 0 

TEE -k DMPU GS -20-200 1-1000 (2)  20-100 153 Nowaczyk 1986 Germany English 

65-1000 ( 2 )  43-90 153 Nowaczyk 1986 Germany E n g l i s h  TP3 + DMEU GS 0 

TFE f NMC GS 0 65-1000 ( 2 )  40-90 153 Nowaczyk 1986 Germany Engl i s h  

HFIP f QUN GTE 100-200 1.6029-1.6175 24.3-71.3 55 G i r s b e r g e r  1951 Swi tzer land  German 

RFIP + QUE GT E 110-190 
3; 
f HPIP + DMPU GS 10 
i--' 

I. 0940-1.0998 21.6-62.3 65 G i r s b e r g e r  . 1951 Swi tzer land  German 

250-1500 ( 2 )  

250-1500 ( 2 )  

20-80 153 Nowaczyk 1985 Germany E n g l i s h  

R P I P  f DMEU GS 10 20-80 153 Nowaczyk 1986 Germany E n g l i s h  

MFIP + NMC CS 10 250-1500 ( 2 )  20-80 153 Nowaczyk 6985 Germany English 

250-1500 (23 20-80 153 Nowaczyk 1986 Germany E n g l i s h  HFIP + NFM GS 10 

BFIP -t DMETEG GS 10 250-1500 ( 2 )  20-80 153 Nowaczyk 1986 Germany E n g l i s h  

250-1500 ( 2 )  20-80 153 Nowaczyk 1986 Germany E n g l i s h  HFIP f SL GS 10 

HFIP + PC GS 10 250-1500 ( 2 )  20-80 153 Nowaczyk 1986 Germany E n g l i s h  

X - Liquid Phase R - R e f r i g e r a n t  c - Dpm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s )  M - Mole, W - Weight 

(1) - mmHg (2 )  - mbar NA - Not A v a i l a b l e  
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Table  A. 12.0. (Cont. ) 

A.12.4. Heat o f  Mixing 

Weight, % 
Data Temp. Press .  Ranqe, X (R)  Reference 

F l u i d  System Type Range, O C  atm y ( R )  Year Country Text  Author No. 

TFE + DMETEG GE 20 NA 0-100 200 Seher 1985 Germany German 

-- - 

TFE + DMPU GS 30 NA 0-100 153 Nowaczyk 1986 Germany E n g l i s h  

TFE + NMP ES 30 NA 0-100 153 Nowaczyk 1986 Germany English 

HFIP + DMETEG GS 30 NA 0-100 153 Nowaczyk 1986 Germany English 

KFIP + NFM GS 30 NA 0-100 153 Nowaezyk 1?S6 Germany Eng 1 ish 
? r 
c A. 12.5. Liquid-Phase D e n s i t i e s  
Lo 

TFE + DMETEG GS 20-70 NA German 0-100 208 Seher  1485 Germany 

TFE -+ DXETEG GS 0-200 NA 0-100 200 Seher 1985 Germany German 

TPE i- NMP TEP 20-90 
GS 

NA 0-100 29 Bokelmann 1984 Germany German 

TPE + TEG GS 20-70 NA 0-1 08 200 Seher  1955 Germany G e  rman 

HFIP + QUN TE 20 NA 20-75 65 G i r s b e r g e r  1951 Switzer land  German 

X - Liquid Phase R - R e f r i g e r a n t  c - ppiii by weight  o f  A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, t,r - Veight  

(1) - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  
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Table  A.14.0. REFRIGERANTS 31, 30, 11, 13, 134, 142 AND 143A BINARY AND MULTICOMPONENT 
ABSORPTION FLUIDS PROPERTIES DATA 

A.14.1. Vapor-Liquid E q u i l i b r i u m  

Weight, % 
Data Temp. Press.  Range, X (R)  

F l u i d  System Type Range, O C  a t m  y (a) 

R11  + DMETEG TE 25-121 0.345-6.07 19.8-62.8 

R 1 1  + DMETEG GE 25-1 2 I 0.34-6.1 20.0-63.0 

R 1 1  + 2- TE 25-121 0.414-5.86 27.9-71.5 
o c  t anone 

R 1 1  + L i n o l e i c  TE 25-121 0.414-5.52 15.8-54.5 
? a c i d  

i*, R 1 1  + D i e t h y l  TE 25-107 0.621-7.45 38.9-71.6 

F 
ul 

malonate 

R 1 1  + n-heptyl TE 38-93 0.965-5.93 44.5-77.4 
a l c o h o l  

R13 + DMF TE -20-50 740 ( 1 )  0.3-1.6 

R31 + DMETEG TE 35-177 1.52-8.96 4.7-39.8 

R 3 0  + DMETEG GS 27-177 0.138-1.31 4.1-14.1 

Ref e r enc e 
No. Author Year Country Text  - 

35 Buclez 1959 U.S.A. E n g l i s h  

2 A l b r i g h t  1960 U.S.A. E n g l i s h  

E n g l i s h  1959 U.S.A. 35 Buclez 

35 Suclez  1959 U.S.A. Engl i sh  

172 Pluche 1959 U.S.A. Eng 1 i s h  

172 Pluche 1959 U.S.A. E n g l i s h  

130 Makitra  1979 U. S. S.R. E n g l i s h  

E n g l i s h  132 Mastrangelo 1959 U.S.A.  

Eng 1 i s h  52 E l l i n g t o n  1957 U.S.A. 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s1 M - Mole, W - Ijeight 

( 1 )  - m d g  ( 2 )  - mbar NA - Not A v a i l a b l e  
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Table A. 14.0. (Cont. 

Weight, % 
Reference Data Temp. Press .  Range, x ( R )  

F l u i d  System Type Range, O C  a t m  y (R)  No. Author Year Country Text - 
R142 + Benzl TGEP 20-60 754-765 (1) 6.0-15.6 202 S e l i v e r s t o v  1964 U.S.S.R. E n g l i s h  

acetate 

R142 + Dibutyl  TGEP 20-60 754-765 (1) 13.8-30.5 202 S e l i v e r s t o v  1964 U. S.S.R. E n g l i s h  

s e b a c a t e  

R142 + Methyl TGEP 20-60 754-765 (1) 6.0-13.6 202 S e l i v e r s  tov 1964 U. S. S.R. English 
s a l i c y l a t e  

A.14.4. Heat of Mixing 

4 R 1 3  + DMF TE -20-50 
P 
Ln 

A. 14.8. S t a b i l i t y  

R134 + NMP TE 180 

Ln 

R143a + NMP TE 180 

740 (1) 

NA 

NA 

0.3-1.6 130 Makitra  1979 U. S. S.R. E n g l i s h  

NA 1 7  Ber tocchio  1985 France French 

NA 1 7  Ber tocchio  1985 France F r e iic h 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

(1) - mmHg ( 2 )  - mbar NA - Not Avai lab le  
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Table  A.16.O. OTHER BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA 

A . 1 6 . 1 .  Vapor-Liquid Equ i l ib r ium 

Weight, % 
Data Temp. Press .  Range, X (R)  Reference 

F l u i d  System Type Range, "C atm Y (R)  No. Author Year Country Text - - 
Hexane + TDK GTE 100-1 90 1.0352-1.0426 3.45-26.1 65 Girsbe rge r  1951 Switzer land  German 

CH3CN + L i C l  TE 18 & 25 NA 99.8 & 99.9 164 Pavlopoulos  1954 Germany German 

C ~ I ~ C N  + LiBr 

CH3CN + L i I  

C H ~ C N  + NaF 
? 
P 
-4 CH3CN + N a C I  

C H ~ C N  + N a B r  

CH3CN + NaI 

C H ~ C N  + KF 

CH3CN 3. KCI 

C H ~ C N  + KBr  

CH3CN 3. K I  

TE 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

18 & 25 

18 & 25 

18 & 25 

18 ti 25 

18 & 25 

18 & 25 

1 8  & 25 

18 & 25 

18 & 25 

18 & 25 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

91.9 & 92.4 

39.4 & 40.5 

99.9 & 99.9 

99.9 ti 99.9 

99.9 

80.0 & 80.6 

99.9 & 99.9 

99.9 

99.9 

97.9 

164 Pavlopoulos  1954 Germany 

164 

164 

164 

164 

164 

164 

164 

164 

164 

Pavlopoulos  

Pavlopoulos  

Pavlopoulos 

Pavlopoulos  

Pavlopoulos  

Pavlopoulos  

Pavlopoulos  

Pavlopoulos  

Pavlopoulos  

1954 

1954 

1954 

1954 

1954 

1954 

1954 

1954 

1954 

Germany 

Germany 

Germany 

Germany 

Germany 

Germany 

Germany 

Ge rrnany 

Germany 

German 

German 

German 

German 

German 

German 

German 

German 

German 

German 

X - Liquid Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent (s1  M - Mole, W - Weight 

(1) - mHg ( 2 )  - mbar NA - Not Ava i l ab le  



Tab le  A.16.0. (Cont . )  

F l u i d  System 

CK3CN i- RbCl 

CH3CN -+ RbBr  

CH3CN -k RbI 

CH3CN -+ CSCl 

C H 3 C N  i- CsBr 

C M j C N  f CST ? 
& CBOOH -!- LiCl 
I- 

CHOOH i- ti1 

CBOOH f NaZ1 

CHOOH 4- Nal 

CROON 9 K C 1  

Data 

TY Pe 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

TE 

Temp. 
Range, O C  

18 & 25 

18 & 25 

18 & 25 

1-3 6 25 

18 6 25 

18 6 25 

r a  & 25 

18 & 25 

18 6 25 

18 5 25 

18 6 25 

18 & 25 

18 SI 25 

Press. Range, 
a t m  

NA 

NA 

NA 

EA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Weight, % 
x (R) 
-f ( R )  

99.9 

99.9 & 99.9 

98.2 & 98.4 

99.9 

99.9 6 99.9 

99.1 6 99.3 

78.7 & 79.4 

54.3 6 55.6 

40.7 & 41.8 

5.2 

83.8 & 83.8 

61.7 ti 62.1 

83.9 SI 84.0 

No. 

164  

164 

164 

164 

164 

164 

164 

164 

i 64 

164 

I64 

164 

164 

- Author 

Pavlopoulos  

Pavlopoulos  

Pavlopoulos 

Pavlopoulos 

PaVloQOulOs 

Pavlopoulos  

Pa i l l  0 ~ 0 ~ 1  OS 

Pavlo  pou l  o s  

Pavlopsulos  

Pav l o  p o d  o s 

Pavlopoulos 

Pavlopoulos  

Pav l o  Q 0 u l  0 s 

Country 

Germany 

Germany 

Germany 

Germany 

Germany 

Germany 

Germany 

G e  m a n y  

Ge many 

Germany 

Germany 

Germany 

Germany 

Reference 
Year 

1954 

1954 

1954 

1954 

1954 

'1954 

1954 

1954 

1954 

1954 

4954 

1954 

1954 

- Text 

German 

German 

German 

Ge man 

German 

Gerlo-an 

German 

Ge r m a ~  

Ge rman 

GerE3aX-I 

German 

German 

German 

X - L i q u i d  Phase R - R e f r i g e r a n t  c - P Q ~  by weight of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent(s)  M - Mole, W - Weight 

41) - mmHg ( 2 )  - mbar NA - Not  Avai l ab le  



Data Temp. 
F l u i d  System Type Range, "C - 
CHOOH + K R r  TE 18 & 25 

CHOOH + KI TE 18 & 25 

CHOOJI + RbCl TE 18 & 25 

CHOOH + R b B r  TE i a  & 25 

CIIOOH + RbI TF 1% 64  25 

CHOOH + CsCl TE 18 & 25 

CROOR + C s R r  TE 18 & 25 

CHOOH + CsI TE 18 & 25 

? 
P 
cn 
u3 

A.16.4. Heat of Mixing 

Benzene + TE 30 
Cyclohexane 

t-Butyl Alcohol GTEP 30 & 50 
+ Benzene 

P r e s  s . Range, 
atm 

NA 

NA 

NA 

NA 

??A 

NA 

NA 

NA 

NA 

NA 

51.5 & 81.7 

73.9 & 74.1 

62.5 & 64.1 

56.4 & 67.1 

58.0 & 68.5 

43.5 & 48.3 

53.5 & 59.2 

77.5 6( 78.1 

16.0-81.2 

28.6-92.6 

Reference 
Year Country Text - Author NO e 

- I _  

164 Pavlopoulos  1954 Germany German 

German 164 Pavlopoulos  1954 Germany 

164 Pavlopoulos  1954 Germany German 

164 Pavlopoulos  1954 Germany German 

German 164 Pavlopoulos  1954 Germany 

164 Pavlopoulos  ,1954 Germany German 

154 Pavlopoulos  1954 Germany German 

164 Pavlopoulos  1954 Germany Gerrcan 

2 1 7  Sosnkowska 1965 Poland English 

217 Sosnkowska 1965 Poland EngiiSh 

X - Liquid  Phase R - R e f r i g e r a n t  c - ppm by weight  of A i n  Vapor Phase 
Y - Vapor Phase A - Absorbent ($)  M - Mole, W - Weight 

(1 )  - mmHg ( 2 )  - mbar NA - Not A v a i l a b l e  
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