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Vapor-Liquid Equitibria for m -Cresol/Quinoline at Temperatures 
between 523 and 598 K 

Vicki G. Nlesen and Victor F. Yesavage' 

Chemical Engineering and Petroleum Refining Department, Colorado School of Mines, Golden, Colorado 80033 

Binary vapor-liquld equlllbria are reported for the binary 
systems of m-cresol and quinoline at 250, 275, 300, and 
325 O C  as well as pure-component vapor pressures. 
These compounds are of krterest because they form 
highly nonldeal mlxtures and are also models for coal 
liquids. Due to hydrogen-bonding capabWlties, both 
m-cresol and qulnollne are qulte hygroscoplc. Water was 
found to be a major impurity and had very large effects on 
the vapor pressures and the VLE measurements, even at 
extremely low concentrations. The m -cresol/quinollne 
data lndlcated a Mgh-boBing azeotrope at very low 
m -cresol concentratlons that dlsappeared at higher 
temperatures. 

Introductlon 

As part of a continuing effort to study the phase behavior of 
coalderived liquid model compounds, an equilibrium flash va- 
porization flow system has been developed ( 7 ) .  This system 
can be used to measure vapor-liquid equilibria (VLE) data at 
temperatures up to 350 OC and pressures up to 10 MPa and 
was initially used to study the ethanoVwater and the metha- 
noVethanol systems ( 7). 

This equipment has recently been used to generate phase 
behavior data at 250, 275, 300, and 325 OC for the binary 
systems of quinoline and m-cresol as well as pure-component 
vapor pressures. These compounds have been selected for 
two major reasons. Firstly, the compounds are polar and ex- 
hibit hydrogen bonding. Thermodynamic research for highly 
nonideal compounds has been left virtually untouched especially 
at high temperatures and pressures. Without actual data, 
proposed equations of state and mixing rules for nonideal sys- 
tems cannot be tested. Therefore, results of this research will 
provide basic thermodynamic data for the evaluation and de- 
velopment of models. Secondly, it has been found that the 
modeling of coal liquids with traditional Kesler-Lee type petro- 
leum correlations (2) gives unpredictable results. I t  has been 
proposed that the failure of the petroleum correlations for the 
coal liquids is due to the presence of polar associating com- 
pounds in the coal liquids (3). m-Cresol is considered to be 
typical of the acidic compounds in coal liquids and quinoline a 
typical base; consequently, the interactions between m -cresol 
and quinoline may be indicative of the interactions occurring in 
coal liquids. 

A major problem has been encountered in obtaining the VLE 
data. Since both m-cresol and quinoline are capable of hy- 

drogen bonding, they are both quite hygroscopic. Water has 
been found to be the major impurity and has surprisingly sig- 
nificant effects even at extremely low concentrations. Esti- 
mations of the effects of water on our measurements are in- 
cluded in this paper. 

Experimental Section 

The VLE data were generated on an equilibrium flash va- 
porization flow system which can operate at temperatures up 
to 350 O C  and pressures up to 10 MPa. A detailed description 
of the equipment has been previously presented ( 1 ) .  The 
temperature measurements have an estimated accuracy of 
f0.1 OC and the pressure measurements are estimated to 
have an accuracy of f0.7 kPa below 689.5 kPa and f3.5 kPa 
between 689.5 and 3500 kPa. The flow system was particu- 
larly advantageous for compounds which decompose at ele- 
vated temperatures, since decomposition products tend to be 
flushed from the equilibrium cell. 

The sample analyses were performed on an Hewlett-Packard 
Model 5710A gas chromatograph with a flame ionization de- 
tector (FID). The column chosen was a Hewlett-Packard Series 
530 190958 #lo0 which has a 2.65-pm coating of methyl- 
silicone. The column performed well because it is slightly polar 
and therefore separates quinoline and m-cresol. Each sample 
was bracketed by two standards so that a relative response 
factor couM be calculated for the sample. With good technique, 
the accuracy of the analyses was shown to be fO.OO1 mole 
fraction. This accuracy was determined by analyzing samples 
whose concentrations were known by weight. 

The mcresol was purchased from Sigma Chemical Co. with 
a stated purity of 99 % ; by gas chromatograph analysis it was 
typically found to be 99.8%. However, the water content was 
difficult to determine below 0.1 wt %. All of the m-cresol was 
distilled in a Perkin Elmer spinning band distillation column to 
remove the water to the lowest possible level. Vapor pressure 
measurements agreed with literature values, indicating suc- 
cessful removal of the contaminants. 

Synthetic quinoline was purchased from J.T. Baker and Alfa 
Products at a purity level of 99 % . Synthetic quinoline was 
required since other sources of quinoline had significant quan- 
tities of isoquinoline as a contaminant. The quinoline was dls- 
tilled to raise the purity to 99.9 % , as determined by gas chro- 
matography, and to eliminate water. 

Even though the samples were initially purified to 99.9'30, the 
integrity of the samples was monitored while the physical 
measurements were being made. I f  decomposition products 
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increased to a level above 0.1 area %, the sample was re- 
moved from the system. Also, if the pressure measurements 
appeared to be high, the sample was removed and redistilled 
to remove water. 

Discussion 

m-Cresol is a polar compound capable of hydrogen bondlng 
through the hydroxyl group. Based on titration calorimetry data 
and apparent molecular weight determinations, it has been 
proposed that m-cresol molecules associate with each other 
in both the dimer and the trimer form (4, 5). The trimer form 
consists of a six-membered ring of oxygens and hydrogens. 
This compound is quite hygroscopic due to its hydrogen-bonding 
capa biiities. 

Quinoline is also polar and capable of hydrogen bonding due 
to the pair of nonbonded electrons on the nitrogen. However, 
unlike m-cresol, quinoline molecules do not associate to any 
significant degree with each other since the hydrogens on the 
molecule are not sufficiently acldlc to interact with the nitrogen. 
Like m-cresol, quinoline is hygroscopic because of the capa- 
bility to form hydrogen bonds with water. 

Due to the hydrogen-bonding capabilities of both compounds, 
strong intermolecular associations occur between quinoline and 
m-cresol as well as between m-cresol molecules. This results 
in negative deviations from ideality and a high boiling azeotrope 
at temperatures below 250 OC. 

I n  trying to obtain the VLE data for these compounds a major 
problem was identified. Initially, the VLE data had a high degree 
of scatter that could only be attributed to error in the pressure 
measurements. After carefully checking the actual pressure 
measurement system and finding no error, the problem was 
narrowed down to the samples. I t  was found that both quin- 
oline and m-cresol, due to their hygroscopic natures, contain 
water as purchased even though the manufacturers stated 
purity was 99+ mol %. I t  was also found that, if these com- 
pounds were exposed to the atmosphere, the water content 
would increase. Since water has a drastically different vapor 
pressure than do the compounds of interest, a small amount 
of water could result in a severe error in the pressure mea- 
surements. As discussed below, an attempt was made to 
estimate effects of trace amounts of water in the samples. I t  
was found that even minute traces had surprisingly significant 
effects. 

Water is a more volatile impurity and will affect the VLE 
measurements by increasing the measured pressures. The 
easiest and most accurate way to determine the error due to 
water on the measurements was to use actual vapor-liquid 
equilibria experimental data to determine the effects of water 
on the vapor pressures of the pure compounds. Published VLE 
data were found for the qulnoline/water binary data at atmos- 
pheric pressure (6). While suitable data were not found for the 
m-cresoVwater system, phenol/water binary data were avail- 
able at atmospheric pressure (7). Since m-cresol and phenol 
are similar in molecular structure and chemistry we would ex- 
pect that using an activity coefficient for water/phenol would 
give a reasonable approximation for the activity Coefficient for 
waterlm -cresol. 

Using the binary VLE data, an infinite dilution activity coef- 
ficient was estimated to be 0.24 for water in quinoline and 4.71 
for water in phenol at atmospheric pressure. Assuming that 
the activity coefficient was independent of temperature (not 
necessarily a good assumption, but the best that can be done 
wRh a limited amount of data) the effects of trace amounts of 
water on the vapor pressures of quinoline and phenol were 
estimated. The results of these calculations are shown in Table 
I. As can be seen, the effects of water on these compounds 
can be very significant. Assuming a purity of 99.9% quinoline 
(with the remainder assumed to be water), the error in the 

Table I. Error in Pressure Measurement Due to Water 
Contamination 

quinoline 
temp "C 99.9%" 99.99% 

~~ 

250 4.4% (6.0)* 0.43% (0.6) 
275 4.0% (8.8) 0.39% (0.8) 
300 3.6% (12.5) 0.35% (1.2) 
325 3.3% (17.3) 0.33% (1.7) 

m-cresol (phenol) 
99.9% 99.99% 

250 58.0% (175.5) 3.7% (11.5) 
275 51.0% (250.7) 3.4% (17.1) 
300 45.8% (349.4) 3.2% (24.6) 
325 41.7% (476.1) 3.0% (34.4) 

Weight percent. *Figures in parentheses are in kilopascals. 

Table 11. m -Cresol Vapor Pressures 
temp, K Dress., kPa temD, K Dress., kPa 

511.2 239.2 565.8 680.8 
516.2 265.8 569.1 722.2 
522.2 301.3 573.2 771.5 
527.4 336.1 592.8 1051.4 
545.1 473.3 595.2 1090.4 
548.2 500.5 598.1 1141.1 
552.4 541.6 

Table 111. Quinoline Vapor Pressures 
temp, K press., kPa temp, K press., kPa 

535.8 
536.0 
545.0 
548.3 
556.0 
573.7 
575.8 
589.8 
597.6 

175.0 
176.0 
209.1 
223.6 
256.7 
350.5 
362.2 
454.9 
515.6 

598.2 
598.6 
603.2 
606.5 
610.0 
612.7 
614.4 
618.4 
619.7 

520.1 
523.1 
562.4 
592.7 
622.4 
649.6 
664.5 
709.3 
721.4 

pressure measurement ranges from 4.4% (6 kPa) at 250 OC 
to 3.3% (17.3 kAp) at 325 OC and for 99.99 wt % quinoline 
the error is 0.43% (0.6 kPa) at 250 O C  and 0.33% (1.7 kPa) 
at 325 OC. For 99.9 wt % m-cresol (using waterlphenol data) 
the error is much greater, 58% (175 kPa) at 250 OC to 42% 
(476.1 kPa) at 325 OC. I n  fact, for m-cresol, the error was 
so large that the estimated m-cresol purity level was increased 
to 99.99 wt %. At 99.99 wt % m-cresol a 3.7% (11.5 kPa) 
error occurs at 250 OC and a 3% (34.4 kPa) error at 328 OC. 
These results were quite surprising but completely explained the 
discrepancies in the data of this investigation and the scatter 
in literature values for the pure-component vapor pressures of 
quinoline and m-cresol. 

Figure 1 shows a plot of m-cresol vapor pressures from 
several sources. (8, 73) The data reported by Nasir et al. (8) 
are consistently higher than the rest of the data in Figure 1. As 
stated in their article, the mcresol was used as purchased from 
Aldrich with no further purification. The data of Nasir are ap- 
proximately 50 kPa higher than the rest of the data at 325 OC; 
this error may result from a trace amount of water. A water 
concentration as low as 0.02 wt % couki be the reason for the 
discrepancy in vapor pressure measurements. 

I t  can be seen that when deaiing with compounds that are 
capable of hydrogen bonding and consequently are hygro- 
scopic, a tremendous effort must be made to not only purify 
the samples but also to isolate them from the atmosphere 
before and during the actual physical measurements. 

Experimental Results 

Vapor Pressure Measurements. Vapor pressure measure- 
ments were generated for m-cresol and quinoline over the 
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investlgatlon; *, Krevor ( 72). 

temperature range of 250-325 OC. These measurements are 
presented in Tables I I and I I I. I n  Figures 2 and 3, the data 
from this research are compared with published data (8, 70, 
72- 78) and vapor pressure data generated at the Colorado 
School of Mines on a flow calorimeter (9). 

I n  both figures it can be seen that there are discrepancies 
in the literature data. Based on the previous discussion, it is 

9 . 0 0 L ,  I I , I , , ' I I , I I ,  , , , I  

7.00 - 

5.00 - 

0 

tB 

fB 

ffl 

ffl 

- 1 , O P . t '  " 1.40 ' " ' 1.80 I I '  ' 2.20 I '  " 2.60 " 
1000K/T 

F W e  3. Quindbw vapor pressures: 0, Flanigan (9); 0, Glaser (73); 
A, Cerise ( 75); 0, Krevor ( 72); +, Lin ( 76); X, Nasir (8); *, Sebastian 
(77) ;  e. Stull (78); 0, this investigation. 

believed that these discrepancies are most likely due to trace 
amounts of water. The data from this investigation agree well 
with a large percentage of the published data and agree very 
well with the vapor. pressure data from the flow calorimeter at 
the Colorado School of Mines. 

I t  can also be seen in Figures 2 and 3 that there are dis- 
crepancies in the published critical points of both compounds. 
Since the critical properties are quite high for these compounds, 
they are difficult to measure especially since these compounds 
tend to decompose at high temperatures. The critical values 
used in this research were selected based on the In P versus 
1/T plots shown in Figures 2 and 3. The published values of 
the crltlcal properties that best coincided with vapor pressure 
data were chosen. The critical properties used for m-cresol 
were T ,  = 705.8 K and P ,  = 4560 kPa. For quinollne the 
critical properties used were T ,  = 800.2 and P, = 5775 kPa. 
Acentric factors were calculated for each compound by fi ing 
the vapor pressure data close to T,  = 0.7 to a polynomial and 
predicting the vapor pressure at T ,  = 0.7. The calculated 
acentric factor for m-cresol was 0.452 as compared to a 
published value of 0.464 (70). The calculated acentric factor 
for quinoline was 0.316 which agrees with the published value, 
(70). 

Vapor-UquM Equl#kls M"me&. Listed in Tables I V  
and V and shown in Figures 4 and 5 are the binary VLE data 
for the mcresollquinoline system at four isotherms, 250, 275, 
300, and 325 'C. At the lowest isotherm, 250 OC, a high 
boiling azeotrope may be present at a low m-cresol concen- 
tration. Due to difficulties with water contamination it is difficult 
to determine exactly where the azeotrope occurs. Literature 
data ( 7 7 )  and ( 72) indicate the presence of an azeotrope at 
temperatures between 160 and 200 OC that occurs at in- 
creasingly lower concentrations of m-cresol as the temperature 
increases. 

A small degree of scatter is present in the Pxy plot of the 
VLE data. In FIgwe 6 typical x-y data are plotted for the 275 
OC isotherm. I t  can be seen that a smooth curve is formed 
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Flgure 4. mCresdlquinoline VLE data at 250 and 275 O C :  0, liquid 
and 0, vapor. 

0 0 

Flgwe 5. mCresol/quinoline VLE data at 300 and 325 OC: 0, liquid 
and 0, vapor. 

by the x-y data. Since the VLE apparatus used was a flow 
system operating at different flow rates, the smooth curve in- 
dicates that equilibrium was obtabwd. Therefore, it appears that 
the system was at equilibrium and scatter in the Pxy plot is 
either due to error in the temperature or pressure measure- 

Table IV. VLE Measurements for m-Cresol (l)/Quinoline 
(2) 

mol 5% 
temp, press., m-cresol 

' C  kPa x Y 71' 72' GEIRT 
250 134.6b 0.0 0.0 

136.2 4.9 5.8 0.545 1.006 -0.024 
137.9 12.3 14.3 0.542 1.005 -0.071 
137.8 14.5 17.4 0.559 0.993 -0.091 
150.0 32.5 43.5 0.677 0.933 -0.174 
151.6 33.9 45.9 0.692 0.922 -0.179 
161.1 41.2 56.3 0.741 0.887 -0.194 
170.7 47.1 63.9 0.777 0.861 -0.198 
171.0 47.1 64.8 0.789 0.841 -0.203 
186.1 56.0 76.2 0.847 0.741 -0.225 
195.1 59.5 78.6 0.860 0.757 -0.202 
207.0 64.3 83.1 0.890 0.718 -0.193 
216.2 66.8 85.8 0.922 0.676 -0.185 
223.3 70.3 88.0 0.926 0.658 -0.178 
248.4 79.1 92.7 0.958 0.629 -0.131 
256.1 81.1 94.3 0.979 0.559 -0.128 
293.3 94.6 98.7 0.996 0.506 -0.040 
301.0 96.9 99.5 1.004 0.347 -0.029 
308.3 100.0 100.0 

275 221.9 0.0 0.0 
225.1 4.7 5.8 0.590 1.002 -0.023 
228.9 11.8 14.8 0.609 0.995 -0.063 
230.4 13.9 17.9 0.629 0.988 -0.075 
248.6 28.9 39.3 0.714 0.951 -0.133 
255.3 32.6 44.6 0.737 0.938 -0.142 
265.9 37.1 51.7 0.780 0.911 -0.151 
269.0 39.2 53.9 0.778 0.909 -0.156 
282.1 44.8 61.5 0.812 0.875 0.167 
287.9 45.8 63.0 0.830 0.872 -0.160 
317.1 55.7 74.8 0.886 0.795 -0.169 
332.3 60.6 78.8 0.896 0.786 -0.161 
340.5 63.0 80.8 0.904 0.775 -0.158 
366.4 70.0 86.7 0.934 0.708 -0.151 
389.6 74.7 89.5 0.956 0.700 -0.123 
405.1 78.3 91.4 0.965 0.693 -0.107 
419.0 80.9 92.9 0.979 0.670 -0.093 
477.1 94.3 98.1 0.997 0.675 -0.025 

500.5 100.0 100.0 
486.1 97.2 99.2 0.994 0.588 -0.020 

a Activity coefficients referenced to the saturation pressure of 
m-cresol. Interpolated value. 

a 
W a 

20 40 60 80 100 

Flgure 6. X Y  plot for m-cresollquinoline VLE data at 275 O C .  

ments. Because of the water contamination problem, it is 
believed that the scatter is due to trace amounts of water re- 
sulting in uncertainties in the pressure. Figures 4 and 5 have 
two marks at 100% m-cresol for each isotherm. The distance 
between the two marks is the error that would result from a 
0.01 wt % water contaminations as presented in Table I. It 

' 1 " ' ~ " 1 ' " ' " ~ ' " ~ ' ' " " 1 " " ' " ' 1 " ~ ' " ' ' ~  

MOLE PERCENT m-CRESOL in LIQUID 
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Table V. VLE Measurements for m -Cresol (l)/Quinoline 
(2) 

mol % 
temp, press., m-cresol 

O C  kPa z Y YI' YZ' GEIRT 
300 346.2 

353.0 
363.4 
397.2 
406.0 
421.4 
429.4 
494.6 
517.4 
538.8 
581.2 
606.8 
640.8 
738.4 
738.4 
771.5 

325 520.4 
529.2 
545.3 
548.6 
604.3 
643.2 
647.6 
679.8 
747.0 
827.0 
839.5 
858.4 
870.7 
908.4 
943.9 

1117.1 
1141.1 

0.0 
4.4 

13.2 
26.7 
31.6 
36.6 
38.7 
54.7 
59.0 
63.3 
70.3 
74.3 
80.2 
96.2 
96.2 

100.0 
0.0 
4.2 

10.6 
12.4 
28.9 
35.8 
37.1 
43.1 
53.9 
66.3 
67.6 
69.6 
70.5 
75.3 
80.2 
97.0 

100.0 

0.0 
5.8 0.652 1.003 

17.8 0.685 0.991 
37.5 0.775 0.968 
43.4 0.773 0.958 
50.6 0.805 0.934 
52.5 0.804 0.945 
70.8 0.872 0.893 
75.5 0.898 0.861 
79.5 0.914 0.835 
84.3 0.933 0.845 
88.2 0.960 0.762 
91.3 0.965 0.764 
98.2 0.978 0.945 
98.1 0.977 0.968 

100.0 
0.0 
5.8 0.716 0.998 

14.4 0.724 0.999 
18.1 0.782 0.980 
39.3 0.795 0.976 
49.1 0.847 0.957 
51.3 0.859 0.940 
58.3 0.877 0.929 
69.2 0.904 0.918 
80.7 0.935 0.858 
81.8 0.942 0.852 
83.5 0.951 0.839 
84.4 0.961 0.827 
87.5 0.966 0.819 
90.6 0.970 0.793 
99.0 1.004 0.636 

100.0 

-0.019 
-0.058 
4 .092 
-0.110 
-0.123 
-0.119 
-0.126 
-0.124 
-0.123 
-0.099 
-0.100 
-0.081 
-0.024 
-0.024 

-0.016 
-0.036 
-0.048 
-0.084 
-0.087 
-0.095 
-0.098 
-0.094 
-0.096 
-0.092 
-0.088 
4.084 
-0.075 
-0.071 
-0.010 

a Activity coefficients referenced to the saturation pressure of 
m-cresol. 

is obvious that the error due to water contamination is signifi- 
cant. 

Activity coefficients were calculated from the binary VLE 
data. Due to the data being at elevated pressures, it could no 
longer be assumed that the vapor phase was Meal and that 
there was no effect of pressure on the liquid phase. Correc- 
tions were made in the calculation of the activity coefficients 
to account for these nonideallties as discussed by Niesen et al. 
( 7 )  and as shown in the equation 

( 1) 

where y, is the act iv i  coefficient, y, and x, are vapor and liquid 
mole fractions, P is the sy%tem pressure, P,,,, is saturation 
vapor pressure of pure i2 (#Lv/4,,mt) is the vapor-phase cor- 
rection for nonidealiis, (f,L'/f,Lp) is the correction of the non- 
isobaric activity coefficients to constant pressure, and (f,*/f,,=J 
is the Poyntlng correction term. The fugacity coefficients were 
calculated from an equation of state. The excess Gibbs free 
energy (GE/RT) was calculated by using eq 2. The activity 

(2) 

coefficients as well as the excess Gibbs free energy are listed 
in Tables I V  and V. The activity coefficients are less than 1.0 
and approach 1 .O as the temperature increases, indicating that 
at higher temperatures the binary system becomes more ideal. 
Figure 7 presents a plot of In yl, In y2, and GE/RTxlx2 versus 
x 1  (mole fraction m-cresol) for the 275 OC isotherm. I t  is 
believed that the scatter is due to vapor pressure variatlons 
resulting from sample impurities, particularly water. A ther- 
modynamic consistency test (as described by Nlesen et al. (7))  
was performed using the calculated activity coefficients. The 
data appear to be consistent between 0.1 and 0.9 mole fraction 

= WP/xP/ ,mM&'/4/ ,d((tL' / ? ~ ~ " ) / ( f ,  / f, ,sat)) 

G ~ / R T  = Cx, In y, 

t 
-0.80 1- 

-, ~ o ~ L u u I _ L L _ L L L L - b  ' ' ' ' ' ' ' .L-J 
0 20 0 40 0.60 0 80 1 00 

MOLE FRACTION m-CRESOL 
Flgure 7. Activity coefficients and excess gibbs free energies for the 
m-cresol/quinoline system at 275 O C :  0, In yl; 0, In y2; A, AGE/ 
RTx lx2, 

m-cresol. At very low and very high m-cresol concentrations 
this thermodynamic consistency test is extremely sensitive to 
small deviations in the liquid-phase concentrations; conse- 
quently, the data in these regions cannot be tested for con- 
sistency. 

Conclusions 
Binary phase behavior data and pure-component vapor 

pressure data were obtained for the compounds m-cresol and 
quinoline at four isotherms, 250, 275, 300, and 325 OC. The 
m-cresollquindine binary exhlbits a high boiling azeotrope that 
disappears with increasing temperature. Vapor pressure 
measurements for these compounds agreed well with most 
published values as well as vapor pressures from a comple- 
mentary calorimetry program also at the Colorado School of 
Mines, (9). 

In  the process of obtaining these data a major difficulty was 
identified, which is the drastic effect that minute traces of water 
can have on these measurements. When working with polar, 
hydrogen-bonding compounds, extreme care must be taken to 
remove all water and to isolate the samples from the atmo- 
sphere. 

Glossary 

Y 

f 

Y 
P 
R 
T 
GE 

+ 
X 

A 

activity coefficient 
fugacity coefficient 
fugacity 
liquid phase mole fraction 
vapor phase mole fraction 
pressure 
gas constant 
temperature 
excess Gibbs free energy 
applies to components in a mixture 

Regiary No. m-Cresol, 108-30-4; quinoline, 91-22-5. 
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Solubility of Carbon Dioxide, Methane, and Ethane in n-Octacosane 

Stanley H. Huang, Ho-Mu Lln, and Kwang-Chu Chao' 
School of Chemical Engineering, Purdue University, West La fayette, Indiana 47907 

Solubility of carbon dloxlde, methane, and ethane in 
noctacosane has been measured in a semlflow apparatus 
over the temperature range of 100-300 O C  and pressure 
from 10 to 50 atm. Henry's constant and partial molar 
volume at lnflnite dilution are determined from the 
solubllity data. 

I ntroductlon 

This article reports data from an investigation of gas solu- 
bilities in wax slurry for Fischer-Tropsch synthesis reactors. 
Solubilii of carbon dioxide, methane, and ethane in n-octaco- 
sane (n-C,,) has been determined over the temperature range 
of 100-300 O C  and pressure from 10 to 50 atm. Henry's 
constant and partial molar volume at infinite dilution of the 
dissolved gases are obtained by fitting the Krichevsky-Kasar- 
novsky equation to the data. 

Experlmental Section 

A semiflow apparatus has been designed and constructed for 
the measurement of gas solubilities in molten waxes. Detailed 
description of the equipment and operation procedure has been 
reported ( 1 ) .  In  the course of an experiment, the molten wax 
was kept in a presaturator and an equilibrium cell, which were 
housed In series in a thermostated nltrogen bath. A gas stream 
continuously sparged through the cells. Upon saturation, liquid 
samples from the equilibrium cell were withdrawn, reduced in 
pressure, and collected in a trap. The condensed wax was 
weighed with an analytical balance, and the liberated gas from 
the trap was measured volumetrically in a buret. The tem- 
perature of the equilibrium cell contents was measured to fO. 1 
O C  by a calibrated type K chromei-alumel thermocouple. 
Pressure was measured by a Heise gauge to f0.05 atm. 

The gases were purchased from Matheson Gas Products with 
a minimum purity of 99.8% for carbon dioxide and 99% for 
methane and ethane. The n4ctacosane was purchased from 
Alfa Products, Morton Thiokol, Inc., with a minimum purity of 
99%. 

Possible thermal degradation of the wax during the experi- 
ment was examined by gas chromatographic (GC) analysis of 
the wax and by comparing repeated data points. The GC 
patterns of fresh and used waxes did not show any differences, 
and solubility data were reproducible within experimental errors 
regardless of the age of wax in operation. 

Results and Dlscussion 

Tables I, 11, and I11 present the solubilii, x, in mole fraction, 
of carbon dioxide, methane, and ethane in n-octacosane of this 

Table I. Carbon Dioxide (CD) + n -0ctacosane VLE Data 

t ,  "C P, a t m  XCD Y CD KCD 

100.2 10.05 0.102 9.84 
20.14 
30.01 
40.15 
49.90 

200.3 9.87 
20.04 
30.18 
39.89 
49.95 

300.3 9.81 
20.06 
30.08 
39.92 
49.91 

0.184 
0.254 
0.324 
0.379 
0.0688 
0.135 
0.194 
0.247 
0.293 
0.0596 
0.122 
0.176 
0.226 
0.270 

5.44 
3.93 
3.09 
2.64 

7.39 
5.14 
4.05 
3.42 

0.9957 16.7 
0.9975 8.16 
0.9981 5.69 
0.9983 4.42 
0.9983 3.69 

14.5 

Table 11. Methane (M) + n -0ctacosane VLE Data 
t ,  "C P, a t m  X M  .YM KM 
100.1 9.77 

19.90 
30.04 
40.19 
49.97 

200.2 9.78 
19.81 
29.88 
40.36 
49.95 

300.1 9.48 
19.74 
30.21 
40.17 
50.11 

0.0566 
0.113 
0.163 
0.204 
0.244 
0.0496 
0.100 
0.143 
0.189 
0.224 
0.0493 
0.102 
0.152 
0.195 
0.230 

17.7 
8.87 
6.13 
4.90 
4.11 

20.2 
10.00 
6.99 
5.30 
4.46 

0.9962 20.2 
0.9979 9.78 
0.9985 6.57 
0.9986 5.12 
0.9986 4.34 

Table 111. Ethane (E) + n -0ctacosane VLE Data 
t .  " C  P. atm 
100.1 9.76 

19.90 
28.82 
40.18 

200.1 9.82 
19.87 
29.81 
37.46 

300.0 9.62 
19.76 
29.83 
39.87 

XE YE 

0.180 
0.322 
0.425 
0.504 
0.113 
0.207 
0.287 
0.335 
0.0840 0.9957 
0.166 0.9973 
0.236 0.9976 
0.297 0.9977 

K E  

5.54 
3.11 
2.35 
1.98 
8.85 
4.83 
3.48 
2.99 

6.00 
4.24 
3.36 

11.9 

work. Because of the low volatility of n-octacosane, the 
equUlbrium gas phase is virtually pure solute at 100 and 200 OC 
where the gas compositlon, y, in mole fraction, is not explicitly 
reported. The gas composltion measured at 300 OC is reported 
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