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INTRODUCTION 

The need f o r  and u t i l i t y  o f  "K" va lue da ta  ( K  = mole f r a c t i o n  vapor/mole f r a c -  
t i o n  l i q u i d )  f o r  t h e  e f f i c i e n t  des ign  and o p e r a t i o n  of coa l  l i q u e f a c t i o n  p l a n t s  i s  
w e l l  estab l ished.  I n  recent  computer s imu la t ions  i n  t h e  H-Coal process, these fac-  
t o r s  had t o  be est imated from meager da ta  f o r  s i m i l a r  petroleum-der ived m a t e r i a l s ,  
a procedure t h a t  may be u n s a t i s f a c t o r y  due t o  t h e  d i f f e r e n c e  i n  t h e  na ture  o f  coa l -  
d e r i v e d  and petroleum-der ived m a t e r i a l s .  The "K"  values a r e  t h e  key t o  t h e  design 
o f  vessel  s i z e  and s t rength ,  throughput,  and i n  t h e  f i n a l  a n a l y s i s  o f  t h e  e n t i r e  
process. 

The present  p r o j e c t  was undertaken t o  support  t h e  H-Coal p i l o t  p l a n t  operated 
by Ashland Petroleum Co. 
o f  a t m o s p h e r i c - s t i l l  overhead and bottoms, and vacuum-s t i l l  overhead and bottoms 
f rom products o f  t h e  Process Development U n i t  (PDU) Run #5 a t  Hydrocarbons Research, 
I nc .  ( H R I )  which processed I l l i n o i s  #6 coal  i n  t h e  syncrude mode o f  operat ion.  The 
mix tu res  were in tended t o  match t r u e  b o i l i n g  p o i n t  (TBP) f r a c t i o n s  pred ic ted  f o r  
f l a s h  drums i n  which m a t e r i a l  f rom t h e  r e a c t o r  i s  depressur ized and cooled. 

Three m i x t u r e s  were run  c o n s i s t i n g  o f  d i f f e r i n g  amounts 

T h i s  p r o j e c t  was compl icated by t h e  d i v e r s i t y  o f  t h e  p r o p e r t i e s  o f  t h e  compo- 
nents  o f  t h e  samples, t h e  l a r g e  number o f  components, and t h e  v a r i e t y  o f  t h e  oper- 
a t i n g  cond i t ions  o f  t h e  experiments. 
c o l l e c t i o n  o f  t h e  samples, f o r  t h e  p a r t i t i o n i n g  o f  t h e  samples, and f o r  t h e  ana lys is  
of each p a r t  o f  t h e  samples. 

Thus, new techniques were developed f o r  t h e  

APPARATUS 

Vapor - l iqu id -equ i l ib r ium (VLE) measurements were made i n  a 2 - l i t e r  autoc lave,  
F igure  1, which was descr ibed p r e v i o u s l y  (1 )  and was s u i t e d  f o r  measurements on com- 
p l e x  systems. 
t i o n s  t h e  l i q u i d  volume would be about 1300 cc. 
and l i q u i d  phases were e f f e c t e d  by  t h e  ho l low s h a f t  m ixer  which drew gas down t h e  
tube and dispensed i t  i n  t h e  c a v i t a t i o n  produced by t h e  i m p e l l e r .  The vapor sam- 
p l i n g  procedure cons is ted  o f  opening t h e  v a l v e  a t  t h e  au toc lave  i n t o  an evacuated 
manifold, c l o s i n g  i t  again, pumping m a n i f o l d  t o  vacuum, c l o s i n g  vacuum valve,  open- 
i n g  autoclave and bomb valves,  c l o s i n g  bo th  va lves,  pumping t h e  man i fo ld  t o  vacuum, 
and removing bomb. I n  a s i m i l a r  manner, t h e  l i q u i d  was sampled through a d i p  tube 
i n t o  t h e  evacuated l i q u i d  sample bomb. The t u b i n g  i s  0.040-in. I D ,  and t h e  lengths 
were kept  t o  a minimum t o  reduce holdup. 

The au toc lave  body was heated w i t h  a standard furnace, and t h e  head was heated 
w i t h  two 500-watt heaters. The sample bombs were f i t t e d  w i t h  custom-made Glas-Col 
h e a t i n g  jackets ,  and a l l  t u b i n g  and va lves were heated. The e n t i r e  system was essen- 
t i a l l y  isothermal .  Temperatures were measured w i t h  thermocouples a t  many p o i n t s  of 
t h e  system w i t h  t h e  au toc lave  c o n t r o l l e d  t o  about 0.5' C. Pressures were measured 
w i th  a bourdon tube gauge and a pressure t ransducer,  bo th  of which were c a l i b r a t e d  
a g a i n s t  a deadweight gauge. 
accuracy of 1 o r  2 mg i n  t h e i r  bombs on a la rge ,  double-pan a n a l y t i c a l  balance. 
Gas phase samples weighed 50 t o  300 mg. 

S u f f i c i e n t  l i q u i d  was p laced i n  t h e  vessel so t h a t  a t  opera t ing  condi- 
M ix ing  and contac t  between t h e  gas 

L i q u i d  phase samples o f  5 t o  15 g were weighed t o  an 
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SAMPLE PARTIT ION 

A v a r i e t y  o f  techniques was used t o  d i v i d e  t h e  l i q u i d  phase and gas phase sam- 
p les  i n t o  t h e i r  r e s p e c t i v e  l i q u i d  and d i s s o l v e d  gas, and gas and condensate p a r t s .  
Each bomb was cooled w i t h  s o l i d  C02 t o  t ry  t o  e f f e c t  a separa t ion  between butane and 
pentane. The gas from each bomb was expanded through a 0.040-in. I D  metal  tube and 
a g lass  t r a p  i n t o  a 100-cc glass bu re t te .  The gas was then t r a n s f e r r e d  i n t o  a b u l b  
f o r  c o l l e c t i o n .  
from the  bombs down t o  the  vapor pressure o f  t h e  l i q u i d .  The bombs were warmed and 
cooled several  t imes t o  a l l o w  more gases t o  escape from t h e  l i q u i d .  The c o l l e c t i o n  
bulbs v a r i e d  from a 10-cc syr inge f o r  t o t a l  gas volumes o f  2 cc a t  1 atm up t o  g lass  
bulbs w i t h  500-cc capac i ty  f o r  samples as were taken d u r i n g  t h e  VLE runs a t  3000 p s i  
The gases i n  the  c o l l e c t i o n  bulbs were thorough ly  mixed by drawing them down i n t o  
t h e  b u r e t t e  and r e t u r n i n g  them t o  the  b u l b  several  t imes. 
t o  a 30-cc c e l l  f o r  measurement o f  NH3 by i n f r a r e d  a n a l y s i s  and t o  a syr inge f o r  
charging t o  a gas chromatograph. 

volume metal  man i fo ld  i n  such a way t h a t  t h e i r  contents cou ld  d r a i n  i n t o  a g l a s s  
bulb.  
heated t o  100" C, the  b u l b  was immersed i n  l i q u i d  N2 and the  bomb va lve  was opened. 
Since the  pressure i n  the  bomb was atmospheric due t o  t h e  water vapor pressure,  t he  
bomb emptied qu ick l y .  
bomb was vapor t r a n s f e r r e d  t o  t h e  bu lb  by s l o w l y  r a i s i n g  the  bomb and man i fo ld  tem- 
pera ture  up t o  about 300" C over a p e r i o d  o f  6 t o  8 hours. 
warmed t o  room temperature, removed, capped, weighed, and was ready f o r  a n a l y s i s  o f  
i t s  water and coa l  l i q u i d  content.  

ANALYSIS 

Between 5 and 30 expansions were needed t o  remove d isso lved gases 

Gas was then t r a n s f e r r e d  

A f t e r  a l l  d isso lved gases were removed, t h e  bombs were mounted on a low- 

The man i fo ld  and glass bu lb  were evacuated, t h e  m a n i f o l d  and sample bomb were 

The remaining l i q u i d  adher ing t o  t h e  i n n e r  surfaces o f  t h e  

The g lass  bu lb  was 

Ammonia i n  the  gas samples was determined by absorp t ion  a t  3330 cm-1 i n  t h e  
i n f ra red .  
bands, and t h e r e  was no s i g n i f i c a n t  i n t e r f e r e n c e  from o t h e r  compounds i n  the  gas 
sample. 
d i r e c t l y  from the  vacuum system descr ibed above. 
a t i o n  was accomplished by I R  response f o l l o w i n g  i n j e c t i o n  o f  measured a l i q u o t s  o f  
ammonia s o l u t i o n  i n t o  the  evacuated c e l l .  

Determinat ion o f  gaseous components o t h e r  than ammonia was c a r r i e d  ou t  by  gas 
chromatography. 
column and a 140-cm Porapak R column connected i n  l i n e  through a Valco 10-por t  
va lve .  Operat ion of t h e  va lve  in t roduced t h e  gas sample t o  t h e  Porapak column. 
A f t e r  t h e  e a r l i e s t  e l u t i n g  components (hydrogen, oxygen, n i t r o g e n ,  and methane) 
e l u t e d  from the  Porapak t o  t h e  molecular s i e v e  column, t h e  va lve  was reversed t o  
interchange the  p o s i t i o n  o f  t he  columns. I n  t h i s  way, chromatograms from t h e  two 
columns were obtained o v e r l a y i n g  each o t h e r  i n  a s i n g l e  pa t te rn .  
o f  column lengths ,  s t a r t i n g  temperature and program r a t e  permi t ted  a l l  components 
t o  be reso lved i n  the  combined chromatogram. 
gen, oxygen, n i t r o g e n ,  carbon d iox ide ,  ethane, methane, hydrogen s u l f i d e )  were 
monitored by a thermal c o n d u c t i v i t y  d e t e c t o r .  Hydrocarbons i n c l u d i n g  and beyond 
propane were monitored by a f lame i o n i z a t i o n  de tec tor .  
temperature runs were sometimes found t o  c o n t a i n  carbon monoxide. Th is  was a we l l  
reso lved bu t  l a t e  e l u t i n g  component due t o  i t s  passage through t h e  molecular s ieve 
column. I t was monitored by the  thermal c o n d u c t i v i t y  d e t e c t o r .  

The spectra o f  ammonia i n  t h i s  r e g i o n  shows a number o f  sharp and s t rong 

The gas c e l l  ( P r e c i s i o n  c e l l s ,  t ype  34, 10 cm, I R  t r a n m i t t i n g ) '  was f i l l e d  
C a l i b r a t i o n  f o r  ammonia determin- 

The dual-column system cons is ted  of a 120-cm 5A molecular s ieve  

Proper s e l e c t i o n  

The e a r l y  e l u t i n g  components (hydro- 

Gas samples from h i g h  

I 
i 

, 

' Reference t o  s p e c i f i c  equipment o r  t r a d e  names does no t  imp ly  endorsement by the 
Department of Energy. 
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This a n a l y s i s  was c a r r i e d  out i n  a Hewlet t -Packard 5830A gas chromatograph. 
The c a r r i e r  gas was 8.5 percent hydrogen i n  he l ium because t h i s  provides a rough ly  
l i n e a r  response by t h e  thermal c o n d u c t i v i t y  d e t e c t o r  f o r  hydrogen and a good 
response f o r  t h e  o t h e r  components. The response curve  f o r  hydrogen was determined 
f o r  a s u i t a b l e  range o f  hydrogen-air  blends prepared by syr inge mix ing .  
l yzed gas b lend was used f o r  c a l i b r a t i o n  f o r  o t h e r  components. 

The l i q u i d  phase samples conta ined water and t h e  o i l  components exc lud ing  the  
most v o l a t i l e  hydrocarbons. 
s imulated d i s t i l l a t i o n  by the  ASTM D2886 procedure. 
cedure was expanded t o  present b o i l i n g  p o i n t  versus sample weight on t h e  bas is  of 
bo th  p a r a f f i n  and aromat ic hydrocarbon b o i l i n g - p o i n t  scales.  
v e r t e d  t o  p a r a f f i n i c  o r  aromat ic molecular-weight s c a l e s  versus sample-weight d i s -  
tr i  but  ion. 

An ana- 

The o i l  a n a l y s i s  was c a r r i e d  o u t  by gas chromatographic 
Treatment o f  data o f  t h i s  pro- 

Th is  was then con- 

The w a t e r - o i l  sample was prepared f o r  water a n a l y s i s  by d i s s o l v i n g  i t  i n  
s u f f i c i e n t  ethanol  o r  methanol-spiked ethanol t o  form a homogeneous s o l u t i o n .  This 
was analyzed by gas chromatography on Porapak-T i n  a n i c k e l  column. 
h o l s  were monitored by a thermal c o n d u c t i v i t y  d e t e c t o r .  A l l  o t h e r  m a t e r i a l s  were 
backf lushed from t h e  column a t  e l e v a t e d  temperature. 
based on a lcoho l -water  blends and the  response t o  e thano l  o r  methanol as i n t e r n a l  
standards. 

Water and a lco-  

C a l i b r a t i o n  and ana lys is  were 

SAMPLE MATERIALS 

Table 1 l i s t s  the  blends o f  a t m o s p h e r i c - s t i l l  and vacuum-s t i l l  overheads and 
bottoms from PDU run  #5 t h a t  were measured i n  t h i s  p r o j e c t .  
i n  the  autoclave and an eight-component gas m i x t u r e  o f  69.47% Hp, 3.12% Nz, 0.41% 
C02, 2.02% H2S, 17.87% C1, 4.11% C2, 2.00% C3, and 1.00% C4 was used t o  pressure the  
system as i n d i c a t e d  i n  t a b l e  1. The composi t ion o f  each o f  t h e  mix tu res  a t  e q u i l i b -  
r i u m  is given i n  t a b l e s  2,3,4, and 5. 

The blends were placed 

Table 1. Coal L i q u i d s  and Water Charged t o  Autoclave 

Blend #1 Blend #2 Blend #3 
PDU Ma te r ia l  350" F/142, 220 p s i g  500" F/3000 ps ig  750" F/700 ps ig  

ASO' 
ASB2 

H20 
NH3 

vs03 
VSB4 

33.00% 
65.81 
0. 
0. 
1.19 
0. 

100.00% 

44.89% 
35.18 

6.59 
0. 

12.01 
1.33 

100.00% 

7.95% 
35.39 
31.61 
24.46 
0.56 
0.03 

100.00% 

Atmospher ic-st i  11 overheads. Vacuum-s t i l l  overheads. 
A t m o s p h e r i c - s t i l l  bottoms. Vacuum-s t i l l  bottoms. 

RESULTS 

Each b lend and i t s  opera t ing  c o n d i t i o n s  presented unique chal lenges o f  opera t ion  o r  
a n a l y s i s .  
water was made f o r  each r u n  and used i n  s e l e c t i n g  t h e  b e s t  s e t  o f  K values repor ted  
i n  Tables 2-4. 
opera t ing  c o n d i t i o n s  are  a l s o  given i n  Tables 2-4 f o r  comparison purposes, bu t  t h e y  

The experimental r e s u l t s  f o r  t h e  coa l  l i q u i d  blends a r e  g iven i n  Tables 2-5. 

A m a t e r i a l  balance on t h e  e i g h t  components of t h e  l i g h t  gas m i x t u r e  and 

Average or: i n d i v i d u a l  K values f o r  o t h e r  samples taken a t  t he  same 
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obviously ref lect  some variation from the compositions given for  the selected val- 
ues. 
reactions. Some runs were discarded due t o  apparent plugging of the sample draw-off 
tubing. 
subject t o  a l i t t l e  more uncertainty in a l l  runs because they are in the vapor-pres- 
sure range where solid Cop was used t o  t r y  t o  par t i t ion the samples for  analysis as 
gases or liquids. Condensation of gases on the walls of the burette was a problem. 

During the high temperature run  on blend #3, there was a significant increase 
in the concentration of c1, C2, C3, and C4 with time and a corresponding decrease in 
the concentration of H2. Vapor and liquid samples were taken close together in time, 
however, so the resul ts  should be of interest .  The measurements on blend #2 a t  high 
Pressure were notable for  large volumes (400 ml) of gas dissolved in the liquid 
phase; whereas, the measurements on blend #1 yielded only about 2 ml of gas from the 

The material balance on NH3 and H2S was always'less t h a n  was charged d u e  t o  

The concentrations of C3, C4, and  C5 -100" F and  resultant K factors are , 

\ 

t liquid phase. 

Contribution No. 259 from the thermodynamic laboratory a t  the Bart lesvi l le  
Energy Technology Center. 
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FIGURE 1. Vapor-Liquid-Equilibrium Apparatus 
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Table 2. Vapor-Liquid Equi l ibr ium a t  350' F and 142 p r i g  o f  Blend # I  
of H-Coal Liquids from POU Run 15 

Vapor 12 L iqu id  W2 Sample Y2 
Paraf f in Aromatic Paraf f in A r m t i c  Paraf f in Ammatic 

Compound Ut Pct Mol Ut Mol W t  Ut  Pct Mol Ut Mol Ut K* K* 

Sample # I  
Para f f i n  Aromatic 

K* K* 

1.7696 
1.3001 
0.0168 
n 

2.016 
28.014 
44.011 
34.076 
18.016 
16.043 
30.070 
44.097 
58.124 
72.151 
91.40 

106.44 
142.57 
177.30 
219.60 

77.17 94.69 
61.76 75.79 
4.48 5.49 
3.35 4.11 
8.96 10.99 

35.00 42.95 
28.19 34.59 
28.95 35.51 
40.89 50.17 

1.30 1.60 
0.188 0.232 
0.122 0.147 
0.0146 0.0177 
0.0042 0.0051 
0.0009 0.0011 

0.002023 
0.001 740 
0.000338 
0.000709 
0.837646 
0.007411 
0,002482 
0.001 993 
0.002943 
0.2698 
2.3223 94.17 
5.4140 111.18 
8.3473 147.66 

20.3826 183.82 
28.0558 228.27 
20.8386 277.34 
9.3982 337.63 
3.2616 420.05 
0.8526 498.78 

81.42 
69.54 

4.61 

100.71 
86.01 

10.79 
49.07 
50.59 
63.50 
45.46 
0.404 
0.226 
0.0900 
0.0203 
0.0044 
0.0009 

H2S 
H20 
C I  
c2 
c3 

$-lOO'F 
100-2000 
200400" 
300-400" 
400-500" 
500-600" 
600-7000 

78.4861 
3.1595 
1.0906 
1.0099 
1.1623 
0.9462 

F 4.4672 
F 4.1034 
F 1.4321 
F 0.7510 
F 0.2157 
F -  

jorj-800. F - - 
800-900' F - - 
900" F t  - -  

8.72 
39.67 
40.89 
51.33 
36.75 
0.326 
0.184 
0.0737 
0.0165 
0.0036 
0.0007 

I 
86.96 
96.56 

119.61 
141.78 
168.78 

88.72 
99.58 

122.86 
145.94 
174.31 
205.63 
244.16 
296.70 
346.95 

'K = mole f ract ion vaporlmole f r a c t i o n  l i q u i d .  

Table 3 .  Vapor-Liquid Equ i l i b r i um a t  350" F and 220 ps ig  o f  Blend I 1  
of  H-Coal L iqu ids  from POU Run W5 

~~ 

Vapor 14 L iqu id  44 Sample 64 Sample 13 

Para f f i n  Aromatic Paraf f in Aromatic Paraf f in A r o m t i c  I K' K* 
Para f f i n  Aromatic 

Compound nt Pct ~ o i  n t  MOI u t  u t  Pct MOI u t  MOI u t  K* K' 

3.9849 
2.1413 
0.1401 
0.7597 

38.7786 
6.8653 
2.2462 
1.7108 
3.0821 
3.4623 

12.5676 
13.3838 
6.4491 
3.4361 
0.8046 
0.1878 

2.016 
28.014 
44.011 
34.076 
18.016 
16.043 
30.070 
44.097 
58.124 
72.151 
93.48 

107.71 
143.60 
187.67 
222.42 
265.86 

0.005449 
0.004166 
0.001052 
0.003610 
0.779015 
0.022457 
0.01 41 99 
0.01 461 2 
0.01 9486 
0.1129 
1,8901 
4.8647 
8.2857 

20.5571 
29.7044 
21.2130 
8.6342 
2.8087 
1.0651 

73.51 
51.67 
13.38 
21.15 
5.00 

30.73 
15.90 
11.77 
15.90 
3.08 
0.671 
0.286 
0.0807 
0.0165 
0.0028 
0.0009 

90.77 
63.80 
16.53 
26.12 
6.18 

37.94 
19.63 
14.53 
19.63 
3.80 
0.827 
0.350 
0.0990 
0.0204 
0.0034 
0.0011 

67.08 
52.30 
12.09 
16.71 
6.50 

33.63 
17.47 
12.26 
13.76 
1.77 
0.192 
0.0888 
0.0218 
0.0046 
0.0008 
0.0002 

83.12 
64.81 
14.97 
20.70 
8.06 

41.67 
21.65 
15.19 
17.05 
2.19 
0.242 
0.109 
0.0268 
0.0056 
0.0010 
0.0002 

Cg-IOO'F 
100-200" 
200-300" 
300-400" 
400-5009 
500-600" 
600-700" 
700-800" 
800-900" 
900" F+ 

F 
F 

88.29 
97.37 

120.27 
148.40 
170.57 
198.30 

93.84 
111.51 
148.19 
184.09 
227.95 
278.27 
337.24 
419.91 
508.08 

88.51 
99.80 

123.20 
146.09 
174.11 
206.22 
243.85 
296.61 
352.87 

F 
F 
c 
F 
F 
F 

*K = mole f rac t i on  vaporlmole f rac t i on  l i q u i d  
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Table 4. Vapor-Llquid Equ i l ib r lum a t  500' F and 3,000 psfg  of Blend 12 
Of H-Coal L lqu ids  from POU Run 15 

Average of 
FOW Samples t 

' a r a f f i n  A r a a t i c  
K* K' 

Vapor 13 L i q u l d  13 Sample 13 

P a r a f f l n  A r m a t l c  Para f f in  A r a a t l c  Para f f in  Aromatic 
Compound Ut  Pct Mol Ut  Mol Ut W t  Pct Mol Ut  Mol W t  K' K' ' 

H2 5.803 2.016 
N2 3.803 28.014 
COZ 0.175 44.011 
NH3 1.247 17.031 
H20 32.815 18.016 
CI 10.147 16.043 

0. I9242 
0.17834 
0.00719 
0.071 24 
7.30120 
0.58191 
0.31577 
0.20602 
0.08673 
o . n m  

5.19 5.73 5.72 6.28 

86.40 
97.95 
119.86 
142.34 
165.94 

. .~. 
3.8394 87.85 84.69 

99.42 
122.79 
145.36 
174.20 
205.24 
243.70 
286.81 

700-800" F - 
800' F 

'K - mole f rac t ion  vaporlmale f rac t ion  l l q u i d .  
Includes samole 63.  

Table 5. Vapor-Liquid Equ i l ib r lum a t  750' F and 700 p s i g  o f  Blend 13 
o f  H-Coal Liquids from POU Run 15 

Vapor L iqu ld  

P a r a f f i n  A r m t i c  Para f f in  Aromatic Para f f in  Ammatic 
Compound Ut Pct Mol U t  Mol W t  W t  Pct Mol Ut Mol W t  K' K' 

2.161 2.016 
28.014 
44.011 
24.076 
28.011 
17.031 
18.016 
16.043 
30.070 
44.097 
58.124 
72.151 
86.178 
100.205 
109.6 
150.5 
184.1 
227.2 
272.9 
330.0 

0.02043 
0.01140 
0.00731 
n 

15.21 
17.92 
9.10 

18.88 
22.25 
11.16 

12.92 
10.90 
3.82 
9.13 
7.40 
7.83 
7.29 
4.54 

0.21 
0.59 
0.32 
0.20 
0.09 

0.02 

1.419 
0.460 
0.121 
0.099 
0.056 
15.571 
6.665 
3.622 
3.234 
1.019 

10.44 
8.48 
3.08 
7.35 
5.96 
6.30 
5.84 
3.59 

%s 
!$ 
CI 
c2 
c3 
c4 
c5 

y7300" F 
300-400" F 
400-500" F 
500-600" F 
600-700" F 
700-765" F 

6.00135 
0.00095 
0.7270 
0.13036 
0.08747 
0.07379 
0.02505 
0.00521 
0.00207 
0.00241 
1.105 
1.525 
10.569 
23.776 
25.084 

0.128 
0 
n 
1.271 
5.095 
18.995 
25.894 
11.896 
2.295 

99.3 
124.1 
146.1 
173.6 
202.8 
239.2 

111.4 
148.7 

100.7 
123.5 
146.5 
175.0 
209.1 

0.17 
0.48 
0.26 
0.16 
0.07 

0.02 

184.6 
229.4 
282.7 

17.507 
9.064 
4.350 
5.924 

340.3 
424.3 
514.0 
673.6 

245.8 I 
299.4 
356.6 
458.5 

700-800" F 
800-900' F 
900-975" F 
915' F t  
~ 

*K = mole f r a c t l o n  vaporlmole f rac t lon  l i q u i d .  
Other samples were taken a t  these cond i t lons  but ana ly t i ca l  data are incomplete 

103 


