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KINETIC STUDY USING AN IRON FISCHER-TROPSCH

CATALYST
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OBJECTIVES
(UOP/SDC TASK 1S PHASE-ID)

® TO USE A DESIGNED EXPERIMENTAL PROGRAM AND A

PROPOSED MECHANISM-TO STUDY THE FISCHER-TROPSCH
KINETICS WITH IRON CATALYST '

@ TO USE THE RESULTING KINETICS COUPLED WITH REACTOR f"
MODEL TO EVALUATE VARIOUS REACTOR SYSTEMS FOR

INDIRECT LIQUEFACTION VIA CONVENTIONAL FISCHER-
TROPSCH CATALYST.

® TO FURTHER USE THE KINETICS AS A FOUNDATION IN THE

PRELIMINARY EVALUATION OF A MULTIFUNCTION
CATALYST SYSTEM.
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MECHANISM

© PHASE-]
e PHASE-Il
® RATE EXPRESSIONS
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MH + CpH2n

MECHANISM

+QO
+H2

*llllllll

M(CH2)n-1H

+CO
kp 1+H2
ky

/

"<’ o
_K_,"—:— M(CH2)nH ———p CnHzn+2+MH

ke | +€O +H2
3 P

v
M(CH2)n+1H
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co+nzo=_>coz+uz
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MECHANISM

MH C (AGGREGATED)

l-l-co T .

MH*CO —> C° —p CH2

!_H-lz 1
M CH2eH _;:'2 — ., CM4 +MH
kp l-l- CO, +H2 ’
kN2
+H2

ko’z .
MH + C2Hg4 K‘:. M (CH2)2H

k'pl-e-éo, +H2
ko,3 kH,3
MH + C3He *—5 M (CH2)3 H H’ ——p C3Hg + MH

— +H2
&3 l+oo +H2
Kk

0,4 k
MH + C4qHg : M(CH2)4 H +:2 C4H10 + MH

KE 4 uf

———p C2Hc + MH

Kp l+co, +H2
MH + CnH2p ‘—'E':—_> M(CH4)n H —:i:'—zb CnH2n4+2 + Ml'l
kp l+co, +H2
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EXPERIMENTAL
PROGRAM

® DESIGN OF EXPERIMENTS
® OPERATING CONDITIONS
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FEED H2/CO m ADDITIONAL FEED-~

N N N N N NNNN=Na=N

3!5
315
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415

315
415
31s
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s
415
415

EEIET PRI —_——— . -
PETC/UCH i
EXPERIMENTAL PROGRAM
COMPONENTS, MOLE-% OCESECTIVE: -
BASK CONIITIONS A
DETERMINE EFFECTS OF H2/CO RATIO
DETERMINE EFFECTS OF Hz2/CO RATIO -
DETERMINE PRESSURE EFFECTS .
DETERMINE PRESSURE EFFECTS T
8% CHe ASCERTAIN EFFECY OF CHig i
8% CO2 DETERMINE EFFECTS OF MIGHER LEVELS OF CO2
s%Co2 DETERMINE COMBINED PRESSURE AND CO2 EFFECTS _
1%ea2= OLEFIN ADSORPTION/DESORPTION 1
- RATE AND LOUNLIBRIUM o i
s%C2= DETERMINE OLEFIN ADSORPTION/DESORPTION i
RATE AND EQUILIBRIUM .
. RATE AND EQUILIBRIUM 1
1.3% LCAT+ 0.3% -Ca=  DETERMINE OLEFIN ADSORPTION/DESORPTION ;
RATE AND SQUILIBRIUM ~ A
S%CaT DETERMINE EFFECT OF PRESSURE O8N OLEFIN T
13%1-C4=+0.3% 1-C5=  DETERMINE EFFECT OF PRESSURE ON OLEFIN 4
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T
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OPERATING CONDITIONS
CATALYST — FUSED IRON AMMONIA SYNTHESIS
CATALYST, 0.8% K20
6~ 8 MESH
REACTOR — BERTY
. | (,
REDUCTION — 1) Hz, 450°C, 300 psig, 2500 HR-1, 72 HRS.
2) 2H2 2s50°C, 300 psig, 1600 HR-1, 24 HRS.
1C0, :
STANDARD RUN — 1500 HR-1
275°C
300°C
275°C
325°C
275°C
UOP 83141
13-9.. i




DATA
INTERPRETATION

e POLYMERIZATION

® WATER-GAS SHIFT REACTION

e OLEFIN FORMATION

o HYDROGENATION

e “EXTRA” METHANZ FORMATION
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| POLYMERIZATION

rp,i = D * [M(CH2);H]
IMPROVED RATE EXPRESSION -

kp® . ICOJ!'[Hz]

D = —Tcoj+ A «[H20]
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INITIATION AND

POLYMERIZATION :F'.f:'_::ACTION

TEMPERATURE, °C

kz°

275B
300

275 M

0.258 -
(10%)

0.239
(7.4%])

0.137

(5.8%)

275E

0.330
(8-7%j

0.140
(3.6%])

A

3.64
(21%)

0.31

(20%; -

0.17
(36%)

0.05
(22%)
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ARREHNIUS PLOT OF k p°
1.0
O BEGINNING
2 — f
. 0.1 4 O END OF RUN X
AE = 20,100 Btu/LB-MOLE
) 1 _1
0.0016 0.0017 P 0.0018 0.0019
325 300 275
A T"c UOP &31-15
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i
WHEN THE CATALYST STABILIZES: I
Tp,i = kp®eIH2] e« [M(CH2)i] I
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WATER-GAS
SHIFT REACTION

IMPROVEMENT OF RATE EXPRESSION:

rcog = kwa Kco KH20 ([CO] [H20] — [CO2] [H21/Kg)
(1 +Kco 601 + Ku20 [H20] + KCo2 [€021 + Kiiz [H2])2

REDUCED TO:

%wa A ([CO] (H20] — [C02] [H21/KE)
{[co] + A (H20] + B H21)2

l'c02=

UOP 831-26
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WATER-GAS SHIFT REACTION

T,°C
2758

300

275 M

325
275E

Kwgo A
0.0144 4.10
(35%) (48%)
0.0145 1.31
(38%) (34%)
0.0108 1.95
(30%)  (20%)
0.0257 0.33
(60%) (44%)
0.0125 1.52
(38%) (17%)
- 13as

0.185 /
{59%) ‘

0.018
(278%)
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AT END OF RUN:

kwasAe ( [CO]*[H20] — [CO2] [H2)/ "E) "
(fco1+ A M201)2

l’c°2-
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CONCLUSIONS

IT HAS BEEN DEMONSTRATED IN THIS WORK THAT SOME INSIGHTS
OF FISCHER-TROPSCH REACTIONS CAN BE GAINED THROUGH
THE USE OF A KINETIC MODEL COMBINED WITH A
DESIGN EXPERIMENTAL PROGRAM.

IN THIS CASE:

© THE CHANGING PROPERTIES WITH RESPECT TO TIME ARE
CLEARLY REV . o

® HYDROGEN CONCENTRATION IS THE MAJOR FACTOR IN
DETERMINING CONVERSION OF A GIVEN CATALYST AT
A GIVEN TEMPERATURE.
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