be an useful tool to predict the iron phase change and the optimized reacting
conditions, i.e., critical flow rate, temperature and pressure, during the course of a F-T
synthesis. |

it was reported that the solubilfty of F-T reaction products (CO,, H,0, and
hydrocarbons) are higher by about a factor of ten than that of CO and H, in wax for
F-T synthesis; however, the solubility of CO and H, increases remarkably with
tempera%lxre in contrast to the products gases whose solubility decreases with
increases of temperature. By knowing the partial pressures of the gases in gas phase
and assuming that the vapor and liquid are in equilibrium, the solubility of each gas
can be calculated by using the data reported in the literature. The total amount of
each compound in the gas and liquid phase can then be calculated and is shown in
Figure 17. This figure, showing both gas and liquid phase compounds, is similar to
the results shown in figure 15, which represents the gas phase only. Phase diagrams
with the gas phase components are good enough to predict the phase change of iron

and the reaction conditions of F-T synthesis.

D.4. Obtain Data on Rates Involved in the Interconversion of Iron Oxide and
Carbide

No scheduled or additional activity to report.

D.5. Schedule of Activities for Next Quarter

o Continue efforts to improve our ability to remove wax from reactor with

high-alpha Fe catalysts.
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Table 1
Product Selectivities for 100Fe/4.4Si/2.6Cu/5.2K
Conversion/%
CO ‘ 68
H, 58
CO + H, 64
Productivity
g HC Nm™-syngas feed 138 '
g HC g(Fe) 0.42
Water-Gas Shift
[CO,][H,0]{[CO][H,1} 11
H,:CO Usage 0.60
CO,/mol% ' 45
Selectivity/Wt.%
CH, ‘ 22
C.-C, (alkene %) 10.7 (77)
Cs-C;, 14.7 (78)
C,o+ 72.4
C, (1-alkene %) 3.2 (78)
C, 4.6 (74)
C, 2.8 (75)
Cs 2.5 (68)
Cs 2.1 (72)
C, 2.0 (77)
Cs 2.0 (77)
G, 2.1 (75)
Cio 2.0 (71)
Ci 2.0 (76) f

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thercof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Table 2

Gas Phase Compositions

H, | CO | HO | CO, | CH, X,CO | X, H, | CO+H,
(psi) | (psi) | (psi) | (ps) | (psi) | vy (%) (%) | (NL/r)
254 | 267 4 78 55 863 | 086 0.8 15.9
32 43 6 72 36 852 | 078 0.76 21
39.4 | 60.1 849 | 611 | 20154 | 848 | 0685 | 0692 | 313

|s03 |85 | 107 | 326 | 527 | 844 | o046 | 054 | 631
548 [1024 | 103 | 188 | 314 | 843 | 032 | 045 | 916

159.24 1107.3 923 | 11.8 1.82 8.36 0.23 0.37 126.2
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] 100Fe/4.4Si/5.2K

o 70 100Fe/4.4Si/2.6Cul5.2K //
: 7
gool Z
: 50 - é é
o 40" 1 w7
: -
-g 20 - / / /
2ol 10| 7
o)
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Activation Gas

Figure 3. Affect of copper and activation gas on carbon monoxide
conversion for precipitated iron-silicon catalyst at 230°C.
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Figure 6. Composite figure showing relative radioactivity for the lower carbon
number compounds (@); the measured values for the higher carbon
number compounds (@), and the values for the higher carbon number
compounds () after correcting for reactor accumulation effects.
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Figure 7. Phase diagram at 15 atmﬁ and .?Ib(‘);C.w
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- Figure 8. Phase diagram at 15 atm. and 527°C. “
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Figure 9. Phase diagram at 15 atm. and 200°C.
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Figure 10. Phase diagram at 15 atm. and 250°C.
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*  Figure 11. Time needed to convert Fe,C to Fe;0, at 15 atm. and 300°C:
| (15 g Fe used : 3.1 NUhr./g Fe ; X;,=90%). .
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'Figure 12.Gas compositions “at 15 atm. and 300°C.
(15 g Fe used : 3.1 NUhr./g Fe ; X,,=90%).
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i Figure 13.Volume needed to cohvert Fe,C to Fe,O, at 15 atm. and 300°C.
(15 g Fe used : 3.1 NL/hr./g Fe ; X,=90%).
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Figure 14.Volume needed to convert Fe,C to Fe,O, at 15 atm. and 300°C.
(15 g Fe used : 3.1 NL/hr./g Fe ; X;,=90%).

) -
O 100s
o .
O 3
8 g o
%
oC 80 a
— i *
<t o
O 60 %
(49 ] a
q) -
'-L b 3
i O
s % *
O i o
148 ]
& 20+ 8 a
“— i %
O o
o\o O* 1 L] 1 { {
0 20 40 60 80 100 120
Volume, NL

O Fe3C X Fe304




Figure 15. Comparison of experimental data with the calculated phase.

Carbon
(wt %, daf)

10 20 30 40 50 60 70 80 90

Hydrogen Oxygen
(wt %, daf) W e e (wt %, daf)
o 0.86 0.8 15.9
a 0.78 0.76 21
VAN 0.685 0.692 313
< 0.46 0.54 63.1
< 0.32 0.45 916
O 023 037 1262

Feed wopisifen Hufco=0.67




Figure 16. CO and H, Conversion with flowrate.
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Figure 17. Comparison of the experimental and calculated data in the gas
and liquid phases. Lo

Carbon
(wt %, daf)

10 20 30 40 50 60 70 80 90
Hydrogen Oxygen
(wt %, daf) | (wt %, daf)

X.CO X H2 CO+2
(%) (%)  (Numr)
0.86 038 15.9
0.78 0.76 21
0685  0.692 313
0.46 0.54 63.1
0.32 0.45 916
0.23 037 1262
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