APPENDIX F
SLURRY REACTOR DESIGN STUDIES

FISCHER-TROPSCH
DESIGN DATA SHEETS
Tables
F-1 Material Balance - Slurry Reactor Case
F-2 Equipment List - COS Hydrolysis and Cooling
F-3 Equipment List - Selexol Acid Gas Removal Plant
F-4 Equipment List - Syngas Cornpression Plant
F-5 Equipment List - F-T Reaction Section
F-6 Equipment List - F-T Gas Plant .
F-7 Equipment List - CO; Removal Plant
F-8 Udlity Summary - Slurry Reactor Case
F-9 No Table - Cancelled
F-10 Material Balance - Fixed-Bed Case
F-11 Equipment List - Shift Conversion and Cooling
F-12 Equipment List - Acid Gas Removal - Rectisol
F-13 Equipment List - Syngas Compression
F-14 Equipment List - F-T Reaction Section
F-15 Equipment List - F-T Gas Plant
F-16 Equipment List - CO; Removal Plant
F-17 Unlity Summary - Fixed-Bed Case
Figures
F-1 BFD Product Refining - Slurry Reactor Case
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INSERT

SLURRY REACTOR DESIGN STUDIES
CONTRACT NO. DE-AC22-89PC89867

ADDITIONAL CLARIFICATION AND ERRATA

ANSWERS TO QUESTIONS FROM DOE PERSONNEL

1. What is the basis used for choosing the plant size at 20,000 BPSD? The gasifiers
have three trains, but some of the downstream sections only have one train.

Answer: The basis was three Shell gasifiers of the largest size currenty being
considered (2500 TPD of coal). The resulting production of roughly 20000 BPD of
products was deemed to be 2 reasonable commercial scale operation. The number of
trains in each case are as follows:

Number of Trains

Plant Section/Case Slurry Fixed-Bed
Coal Gasification 3 3
Shift Conversion or COS Hydrolysis 2 2
Acid Gas Removal 2 2
Syngas Compression 1 1
Fischer-Tropsch Synthesis 1 1
F-T Gas Plant 1 1
CO2 Removal 3 2

1 1

Upgrading Units

2. If an iron catalyst pellet is used in the fixed bed reactor, it should have some silica
(inert) as a binder. Were Santerfield's data on the fixed bed reactor based on caalyst
weight including silica, if pellets were used? What were the catalysts used by
Sanerfield; fused or precipitated iron?

Answer: Satterfield and coworkers at Exxon used fused-magnetite catalyst with 64.4
w1% Fe. At MIT (shary) it was crushed o 270-325 mesh, at Exxon (fixed-bed) it
was 170-230 mesh. In the fixed-bed reactor the catalyst was diluted 10:1 by volume
with silica sand of the same particle size. Results were correlated in each case per
unit weight of camlyst (not inert). The pressure drop in the fixed bed reactor was
0.05 10 0.22 MPa, but the authors calculated that this did not affect their results (see
Sanerfield, et al, 1.E.C.Fund., 24, pp 450-454, 198S).

3. What does 30°F mean in the discussion on Page 25 (last paragraph) under 4.1.2
Reactor Design?

Answer: In the context cited, 30°F refers to the approach to equilibrium used o
calculate the comversion in a fixed-bed methanol reactor operating at a given outlet

temperanire.

269



4. What is the ultimate conversion in the slurry F-T reactor case, when compared to the
97% ultimate conversion in the fixed bed case?

Answer: Single pass and ultimate conversions may be back-calculated from Tables 4.3
and 4.4. The following values are obtained for H, CO and syngas conversion:

Fixed-Bed Slurry
Per Pass °©  Uldmate Per Pass Ulamate
CO Conversion 37.17 96.32 82.93 95.67
Hj Conversion 36.74 94.52 72.28 87.58
H3z + CO Conversion 36.89 95.15 79.63 93.25

Dlﬁ':ux:es between actual ultimate conversion and 100% conversion have to do
with ;0sses to the bleed sweam and the amount of hydrogen product removed for
treating the products.

ERRATA

Section Pamgraph  Line Page Comrecion

Tide Page Add the name "Elaine Chang, Process Engineer".
2.4.1 s 3 12 Change "31000 cm/s” to 31000 cm2/s”.

2.4.2 1 4&5 12  Should read "(2) is required in most

: expressions for predicting mass transfer
coefficient.” .

2.4.2 4 last 13 - Change "egl-1" w0 "egl-1".

433 5 7 40 Change "increased” to "increase”.

4.7 | 1 last 57  Change "0,7 m/s” w "0.07 m/s".

Appendix C - CSTR Model - 3  Change equation under Assumption 8 to read:
i Pege "K'y = 3.3-109-¢(-130.000/RT).(1100/P)0-5".

Appendix D - last paragraph - page4  Change "15 m/s” 1o "0.15 m/s".

Insert Dated 9/28/90
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