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Abstract - Fischer-Tropsch synthesis reaction converts syngas (mixture of CO and H2) to valuable hydro-
carbon products. Simulation of low temperature Fischer -Tropsch Synthesis reaction and heat transfer at in-
tensified process condition using catalyst filled single and multichannel microchannel reactor is considered.
Single channel model simulation indicated potential for process intensification (higher GHSV of 30000 hr'in
presence of theoretical Cobalt based super-active catalyst) while still achieving CO conversion greater than
~65% and Cs. selectivity greater than ~74%. Conjugate heat transfer simulation with multichannel reactor
block models considering three different combinations of reactor configuration and coolant type predicted A
Tmax equal to 23 K for cross-flow configuration with wall boiling coolant, 15 K for co-current flow config-
uration with subcooled coolant, and 13 K for co-current flow configuration with wall boiling coolant. In the
range of temperature maintained (498 - 521 K), chain growth probability calculated is desirable for low-tem-
perature Fisher-Tropsch Synthesis.

Key words : low-temperatrue fischer-tropsch synthesis, microchannel reactor, process intensification,
computational fluid dynamics, wall boiling coolant, heat transfer
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Table 1. (a) FT Reaction scheme (b) kinetic para-
meters for Co-based FT catalyst from
Velocys Inc patent [20]

(a) Reactions and rate expressions

D Reaction Reaction rate expression”

1 3H,+ CO—~H,0+ CH, ey, =kiexp(= B/RT)Cy

2 | 5H,+2C0-2H,0+ CyH, 7 e, = koexp(= B/ RT) Cy,

3 | 7H,+3C0O—-3H,0+ C,Hj 7o, = kexp(= B/RT)C,,

4 | 9H, +4CO—3H,0+ C,H,, 7 e, = kaexp(= B/ RT)Cy,

5 H,0+ CO—~H, + CO, 7 co, = ksexp(—= B/ RT) Coy Cy,p

Tty

6 |29H,+14CO—>14H,0+ C, H, ksexp(= B/ RT)Cyy, Cep

[1+k,exp(= B,/ RT)Cp, I
“Concentrations in kmol/m®
(b) Kinetic parameters
D ki [rate insic]mol/(kg-cat Ei (I/kmol)
1 2,509 10° 1.30x 10°
2 3.469 107 1.25x10°
3 1.480 10 1.20% 10°
4 1.264 107 120 10°
5 2.470% 107 1.20x 10°
3.165< 10* 8.0 10
° K = 63.5 Eai=8.0x 10’
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Fig. 1. Schematic of single channel and multi-
channel reactors considered.
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Table 2. Simulation conditions for single channel
and multichannel FT reactors showing
base case and intensified cases

. HEA)

Reactor model GHSV Catalyst Process condition
(hr.y) activity type
(theoretical/r
eference)b
Single channel 5,000 1-12 Base case

times

30,000 22 -3
times

Intensified case

Multichannel 5,000 1.2 times Base case

30,000 3 times Intensified case

"Reference catalyst activity: Equivalent activity of present
Co-based catalyst produced by Oxford Catalyst Ltd having
density 1060 kg/m® [20]

Table 3. Simulation parameters for single chan-
nel and multichannel models

(a) Fluid and bed parameters
Parameters Values
Gas mixture viscosity (kg/m-s) 0.001
Gas mixture conductivity (J/s-m-K) 0.104
Subcooled water viscosity (kg/m-s) 0.001
Water vapour viscosity (kg/m-s) 0.00001
Porosity 0.4
Catalyst density (kg/m3) 1060
Permiability (1/m2) 1.46x108
Intertial resistance (1/m) 1.37x104
(b) Thermo-physical properties
(b) Properties Density caI:::itty Conductivity
kg/m’ J/Kg-K Jjs-m-K
sz::ersi‘;fpm 3210 473 204
Subcooled water 998.2 4182 0.6
Water vapor 1.55 2014 0.0261
Solid Wall(SS304) 8000 500 20.1
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Fig. 5. Temperature contour from cocurrent-flow
configuration reactor block model using
two different coolants (a) subcooled water
(b) saturated water.
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Table 4. Summary of thermal performance para-
meters for base case and intensified
cases (Intense-1 for cross-flow with
wall boiling; Intense-2 for cocurrent-flow
with subcooled water; and Intense-3 co-
current-flow with saturated water

Parameters” Base Intense-1 Intense-2 | Intense-3
Layerl T(K) | 500.1 509.9 508.3 507.1
Layer2 T(K) | 500.4 5114 509.4 508.0
Layer3 T(K) | 500.4 5114 509.5 508.0
Layer4 T(K) | 500.2 509.9 508.5 507.2

Qo (W/m®) 8640 38830 39080 39140

A Tmax(K) 7 23 15 13
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20% ol3tE =2 & 31%% gl o] =14
A= 7]& Alelx o S

7HA A gFAd ulo kg
g AL A EF oIS EEH 37}11 oE 5
oz Heg vustda, AT, & 741 Jf@
23, ZLLLUE—WaH boiling®] 74¢- 23 K, HYPE &
-dgol 82 15 K, B3P 5 E-wall boiling 13 KE
A4ts] o] mA| gl x3to] 71 ExA Y& ﬂdo s
T} WFS7] &5 498 - 521 K& vxl/\l 2 = 9
o, A}*Hﬂﬂ%% A2 FT kgl fg}aa oz
HEANZD 5 Ye Fro] AXEYL Frlzozm B

[1

%

i

TR
AFNA 2 rlo]AEZAE BHT] BF
AR GIL Avle A st 759 &%
g AEE HEgs) 4A AL F 3
2 o gETh

tlo o 1‘11
S e
[o ox rlo

AL 2
B ATE 20159 % AT Adow
Sl %) 71 & 71U (KETEP) 2] |98 o} =
g AT IA Y Y THNo. 20152010201850).
AlRI1&

ap @ Constants in Chain Grwoth Probability

model

Co : Cobalt element

veo - Mole fraction of CO

vy, @ Mole fraction of Ha

AT, Maximum temperature difference be-
tween

¢, : Hydrocarbon compounds

k,  : Effective thermal conductivity (W/m-K)

X, : CO conversion

Qv @, and @, : Convective, Quenching, and
Evaorative heat flux (W/m?)

J=a& 2xt
a : Chain growth probability
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