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This is the quarterly progress report for the first quarter of 1988, January through March,
on Synthesis Gas Solubility in Fischer-Tropsch Slurry.

Experimental determinatjon of solubility of CO in two n-paraffin solvents was completed in
this quarter. We present the solubility data that we have determined for five gases in two
parafin solvents in ten tables.

The solubility data have been correlated with three cubic equations of state empleying van
der Waals quadratic mixing rules. The correlation development is being continued.

Preparation has been made to measure solubility of mixed H,/CO gas in p-paraffip sol-
vents.




Gas Solubility Data

In the first quarter of 1988, January-March, we completed the measurement of solubility of
CO in p-eicosane and in n-octacosane. The experimental measurement was started as soon as
the solubility apparatus was moved into the new fume hood. Solubility was determined at
three temperatures (100, 200, and 300°C) and five pressures (10, 20, 30, 40, and 50 atm) which
combine to define 15 states of temperature and pressure for each solute-solvent pair. Figures ]
and 2 show the results.

Now a total of five gases {hydrogern, methane, ethane, carbon dioxide, and carbon monox-
ide) have been measured in their solubilities in the two high n-paraffin solvents. The s2me 15
states of temperature and pressure were studied for all the 10 solute-solvent pairs except for
ethane for which the highest pressure of 50 atm was not attaiped.

We present the vapor-liquid equilibrivm VLE data in tables as follows:
Table 1. Hydrogen + n-eicosane VLE data
Table 2. Hydrogen + n-octacocane VLE DATA
Table 3. Carbon monoxide + n-¢icosane VLE data
Table 4. Carbon monoxide + n-octacocane VLE data
Table 5. Methane + n-eicosane VLE data
Table 8. Methane + n-octacocane VLE data
Table 7. Carbon dioxide + n-eicosane VLE data
Table 8, Carbon dioxide + n-octacocane VLE data
Table 9. Ethane + n-eicosane VLE data
Table 10. Ethape + p-octacocane VLE data

The solubility data have been correlated with Krichevsky-Kasarnovsky equation. Figure 3
shows the correlation at 100°C; Figure 4 at 200°C; and Figure 5 at 300°C. The pressure
dependence of In (f/x) bhas been found to be linear for the data of this work.

Henry’s constant has been determined as the intercept of the correlated (f/x) at zero value
of (p-p3"*). Figurc 8 shows the Henry's constants in a-eicosane; and Figure 7 shows the con-
stants in p-octacosane. Data from the literature are included in the figure for comparison.
Table 11 presents the values of the constants. Henry's constant has been reported in the litera-
ture for several gases in a number of high n-paraffins at 150°C. We iuisrpolate our results o
150°C and show them in Figure 8 for comparison with the values in the literature. Excellent




agreement is obtained of our results with most literature values. Only two points from the
literature appear to fall off.

Figure 8 is important in showing the significant dependence of the Henry’s constant on the
carbon number of the p-parafin molecule. Solubility of a gas in a p-paraffin changes with the
carbon number of the parafin. It is imbcrative in correlation development to be able 1o
describe the variation with molecular weight (or carbon number). It seems quite necessary to
test any correlations that will be developed with solubility data in Fischer-Tropsch waxes since
the waxes are made up of n-paraffins molecules of varying carbon numbers.




Correlation of Data

We have started correlation of the solubility data, and have fitted equations of state to the
data. The Soave equation, Peng-Robinson equation, and the Cubic Chain-of- Rotators equa-
tion have been examined with the use of vand der Waal's classical quadratic mixing rules.

Oy = 2 zx#jeu
1 J

where © is an equation constant: a, b, or ¢. The cross-interaction constants are expressed as

follows:

a; = (l-k,j)(a.ia.j)o's
bij = (l-kthb.+bJ)/2

ey = (1=keyei +e;)/2

Table 12 shows the correlatior with the Redlick-Kwong-Soave equation. Three sets of cal-
culations are reported. In the one parameter calculation ky, is set to be zero, and the parameter
k, is adjusted to fit data. In the second calculation both k, and ky, are adjusted. In the third
calculation the kj, value is set to be zero and k, is expressed as a linear function of tempera-

ture,

k, =k, +k,,T

Table 13 shows the correlation with the Peng-Robinson equation. Three sets of calculations
are reported and the calculations are similar 1o those described for the RKS equation.

Table 14 shows the correlation with the CCOR equation. Two sets of calculations are
reported. In the first calculation parametes k, and k. are adjusted and are assigned constant
values for each solute-solvent pair. In the second calculation k. is held constant, but k, is

expressed as a linear function of temperature.

Good fitting of the data is obtained in most of the calculations. For each equation the last
set of calculation turns out to be the best, and the last set of calculations of the CCOR equa-
tion appears to be the best of all.




In spite of the good fitting of the data, the interaction constants show large variation from
cicosane to octacosane. In view of the sensitive dependence of the calculation on the interac-
tion constants, the observed large variation of the interaction corstants from eicosane to
octacosape is an indication of the inadequacy of the model to decribe the dependence of the
solubility on the molecular weight of the solvent. We are continuing the correlation develop-
ment.



Preparation for Measurement of H,/CO, Mixtures

We have just about completed the prepartion for the experimental determination
of solubility of H,+ CO gas mixture. Gas mixture Primary Standards were obtained
from Matheson Gas Products, Inc. at hydrogen concentrations of approximately 20,
30, 40, and 50 mol %, and calibration of a Carle Analytical gas chromatograph has
been completed. The Carle GC is equipped with a heated vanadium tube for the
separation of hydroger by permeation.




Table 1 Hydrogen + n—Eicosane VLE Data

R N T
373. 4 2. 96 0. 01133 1.0
373. 4 19. 87 0. 02287 1.0
373. 4 30. 04 0. 0347% 1.0
373. 4 40. 29 0. 044542 1.0
373. 4 50. 15 0. 05429 1.0
473. & 3. 89 0 01813 0. 9935
/73. & 12 .90 0. 03618 0. 9992
473. &6 30. 04 0. 05393 0. 9994
473. & 39. B3 0 07152 0. 9975
473. & 4% 45 0. 084642 0. 9796
573.3 9. B1 0. 02414 0. 9517
573.3 19. g9 0. 65013 0.9815
573. 3 29. 93 0. 074164 0. 9878
573.3 40. 04 0. 09649 0. 9911
573. 3 49. 99 0 11472 0. 9724
Table 2 Hydrogen + n-Octacosane VLE Data
T, K P, atm ___XH ___-_,_zﬂ___.-
373. 3 9. 73 0. 01468 1.0
372. 3 19 .87 0. 02955 1.0
373. 3 30. 05 0. 04280 1.0
373.3 40. 2% 0. 05945 1.0
373. 3 4%. 88 0. 07149 1.0
473. 3 10. 01 0. 020463 1.0
473. 3 19. 75 0. 03979 1.0
473. 3 30. 01 Q. 05971 1.0
473. 3 3%. 97 0. 07999 1.0
473. 3 50. 01 0. 07932 1.2
573. 2 10. 04 0. 02877 0. 9755
573. 2 19, 82 0. 05773 0. 993z
573. 2 30. 08 0. 08573 0. 9713
573.2 40. 02 0.1104 0. 9971
573. 2 50. 04 0. 13712 0. 293



Table 3 Carbon Monoride + n-Eicvesane VLE Data

T, K P, itm _ ch __‘CH
373. 4 10. 07 0. 01867 1.0
373. 4 19,727 0. 03800 1.0
373. 4 30. 07 0. 05712 1.0
373. 4 40. 28 0. 074614 1.0
373. 4 49. 97 0. 09218 1.0
473. 5 2. B9 0. 02303 i.0
473. 5 19.78 0. 04489 1.0
/473.5 29. 91 0. 0708¢ 1.0
473. 5 40. 16 0. 09485 1.0
473. 5 4%. 90 0. 1168 1.0
273. 2 9. 94 0. 02891 1.0
973. 2 19. 84 Q. 058462 1.0
973. 2 29.89 0. 0B?06 1.0
973. 2 40. 25 0. 1166 1.0
573. 2 49. 71 0. 1393 1.0

Table 4 Carbon Momoxide + n-Dctacosane VLE Data

o

T-k Foata o LM
373. 5 Q.95 0. 022259 1.0
373. 5 i19. 73 0. 03524 1.0
373. 5 29. 9 0. 05255 1.0
373.5 40. 21 0. 07155 1. 0
373. 5 50. 02 0. 1117 1. G
473. 2 10. 07 0. 02745 1.0
473. 2 19 455 C. 05545 1.0
473 2 30. 14 -0. 08295 {1 O
473. 2 39. 92 0. 1089 1.0
8/73. 2 49. 95 0. 1307 1.0
573. 5 9. 94 0. 033461 1.0
573. 5 19. 74 . 0. 06671 1 0
973. 5 30. 02 0. 09931 1.0
573. 5 40. 18 0. 1308 1. 0
573. 5 50. 04 0. 1597 1 0




Table 5 Methan + n

T, k

P,

atm

-Eicosane VLE Data

Datsy

— - L Mmoo

373. 4 ?.%5 0. 04723 1.0
373. 4 19. 73 0. 0%02% 1.0
373. 4 29 76 0. 1323 1.0
373 4 39. 84 0 1719 1.0
373. 4 49. 85 0. 2091 1.0
473. 5 3.93 0 Q42466 0. 29984
473. 5 19 49 0. 08447 0. 2990
473. 5 30. 00 0. 1254 0. 9992
473. 5 39. B& 0. 1594 0. 9993
473. 5 49 85 0 1935 Q. 9993
573. 2 9. %5 O. 04400 Q. 2595
S73. 2 19 89 0. D8s93 0.977p
973. 2 29. 24 0. 124646 Q. ¥9330
573. 2 37. 94 0. 16439 0 9358
573. 2 49 74 G 2032 0. 98746
Table Methane + n-Octacosane VLE
T, K P. atm . Xm j”
373.3 Q.77 0. 055861 1.0
373. 3 12. 90 0.1128 .0
373. 3 30. 04 0. 1431 1.0
373. 3 40, 19 0. 2039 1.0
373. 3 49. 97 0. 2435 1.0
473. 3 Q.78 0. 04957 1.0
473. 3 19. 81 0. 1000 1.0
473 . 4 29. 88 -0. 1431 1.0
473. 3 40. 34 0. 18846 1.0
473. 3 49 65 0. 2241 1.0
573. 3 9. 48 0. 04928 0. 9942
973.3 19 743 . 0. 1020 0. 9979
573. 3 30. 21 0. 1520 0. 9985
573. 3 40. 17 0. 1951 0. 2984
573. 3 S50. 1t O 2299 0. 29846



Tatle 7 Carbon Dioxide + n—Eicosene VLE Data

T, K P. atm XCB ____EEP
323 3 g.79 0. 1138 1.0
323 3 19. 89 0. 2146 1.0
325 3 30. 21 0. 3048 1.0
3253 3 39. 97 C. 3791 1.0
323 3 49 48 0. 4450 1.0
373. 5 10. 05 0. 0B321 1.0
373. 5 19.83 D. 15468 1.0
373. 5 30. 02 0. 227% 1.0
373 5 39. &3 0. 2855 1.0
373 5 49. %0 0. 3421 1.0
473 2 9.85 0. 05929 0. 9979
473. 2 19 71 0.1142 0. 9989
472 2 30. 24 0. 15699 0. 9992
473 2 40. 12 0. 2162 0. 9992
473 2 49, SO 0. 2587 0. 9992
572 4 ?.7& 0. 05280 0. 9563
S7: 4 19. 93 0. 1045 0. 9748
5732 4 2%. &4 0. 1506 0. 9812
S73 4 40. 643 0. 2007 0. 984¢&
373 4 49 97 0. 23867 0. 9861




Table 8 Carbon Dioxide + n-Octacosane VLE Data

T, K Pi_ftm _____ XtD YCD
373. 4 10. 05 0. 1016 1.0
373. 4 =20. 14 0. 1838 1.0
373. 4 30. 01 0 2542 1.0
373. 4 40. 15 0. 3230 1.0
373. 4 4%9. 90 0. 3787 1.0
473. 5 9. 87 0. 06879 1.0
473. 5. 20. 04 0. 1353 1.0
473. 5 30. 18 0. 1944 1.0
473. 5 3%. 89 0. 2470 1.0
473. 5 4793 0. 2528 1.0
o572, 5 ?.81 0. 05945 0. 9957
S72. 5 20. 04 0. 1223 0. 9975
372. 5 30. 08 0. 1755 0. 9981
572.5 39. 92 0. 2261 0. 9983
572. 45 43. 91 0. 2702 0. 9983



Tabie 2 Ethane + n-~Eicosane YLE Data

T, f-_ F, atm B XE ?E L
373. 8 9. 69 0. 1591 1.0
373. 8 19. 91 0. 2836 1.0
373.8 29. 90 0. 3848 1.0
373.8 39. .31 0. 45632 1.0
473. 7 $.83 0. 09604 0. 9978
473. 7 19 86 0.1754 0. 99846
473. 7 2. 99 0. 2514 0. 9988
473. 7 40. 18 0. 3142 0. 9987
572. 7 .83 0. 07307 0. 9499
572. 9 19. 464 0. 1389 0. 9682
572. 9 29. 30 0. 2058 D. 97468
572. 9 3%. 85 0. 2620 0. 9810

 Table 10 Ethane + n-Dctacosamne VLE Data

T, K P, atm KE __EE

373. 3 g 7& 0. 1804 1.0

373. 3 19,90 0. 3215 1.0
373. 3 28. 82 0. 4253 1.0
373. 3 40. 18 0. 5039 1.0
473. 3 2.82 0.1130 1.0
473.3 12. 87 0. 20469 1.0
473. 3 &9. Bl 0. 2873 1.0
473. 3 37. 4% 0. 3348 1.0

$73. 2 2. 62 0. 08395 0. 92957
573. 2 19. 76 0. 1443 0. 9973
573. 2 29. 83 0. 2355 0. 9976
$73. 2 39. 87 . 0. 29468 0. 9977




Table 11

Henry g Constants of Gases in Waxres

100 ¢ 200 ¢ 300 ¢
HE./C20 876 atm 845 atm 388 atm

K2, ¢ 679 493 347
2°Cog

cosc,, s23 424 321

cosc 435 365 293
o<

CH, /T 200 220 207

CHy/Cog 161 187 187

caasc,,, 112 159 171

coasc2 91.8 136 154
8

C.H_/C Se. 8 95. ¢ 123

cgnzfcgg 470 ’8.3 108
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Figure 6. Henry's Constants in n-Eicosane.
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Figure 7. Henry's Constants in n-Octacosane,
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Figure 8. Henry's Constants in n-Paraffins.






