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ABSTRACT

To check feasibility of SEWGS(Sorption Enhanced Water Gas Shift) system, conceptual design and
sensitivity analysis of operating variables have been investigated based on a design program of two-
interconnected fluidized bed. Based on the conceptual design results, the optimum configuration for SEWGS
was considered. Among three configurations, bubbling beds system was selected as the best configuration.
Process design results indicate that the SEWGS system is compact and feasible. Based on the selected oper-
ating conditions, the effects of variables such as pressure, CO, capture capacity, solid inventory, CO conver

sion and CO, capture efficiency have been investigated as well.

KEY WORDS : Hydrogen(+4x), SEWGS(345% +47}2=3}), Carbon dioxide(®]4ts}ErA), CO,

absorbent (©]A+38}gkA

Nomenclature
r : required reaction rate [%/min]
Gs : solid circulation rate [kg/mzs]
D : column diameter [m]
Subscripts

Hyd.: hydrogen production reactor
reg. : regenerator
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Fig. 1 Process diagram of a) conventional system to produce hydrogen from syngas, b) novel SEWGS system
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Fig. 4 Effect of gas velocity in hydrogen production reactor or
regenerator on (a) required reaction rate and (b) solid circulation
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Table 2 Input data and parameters of SEWGS system design
for 100 Nm’/hr syngas treatment

Item Symbol| Unit | Value

Capacity

Syngas flow rate Fsyn Nm'’/hr | 100

Operating conditions
Reaction temperature

(hydrogen production reactor) Tiye ¢ 375

Reaction temperature (regenerator) | Treg T 525

Operating pressure P atm 20

Steam to CO ratio Ryt - 0.4

Gas input velocity to

hydrogen production reactor Uty ms 0.05

Gas input velocity to regenerator Ureg m/s 0.05

Solid height in

a hydrogen production reactor Hiya m 06

Solid height in a regenerator Hreg m 0.6

Solid conversion difference

between two reactors AX ) 0.1
Efficiency

Conversion of CO to H, Econ % 95
CO; capture efficiency Ecoz % 90

Regeneration efficiency Ereg % 100

Particle properties
Apparent density of CO, absorbent| per | kg/m® | 2000

Catalyst/absorbent weight ratio Whatio - 2

g-COy/

g-sorbent 0.15

CO, capture capacity Ccon
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Table 3 Calculated values by design program

Item Symbol | Unit | Value

Captured CO,

3
(hydrogen production reactor) Feop | Nem'/hr | 50.22

Hydrogen generation rate

3
(hydrogen production reactor) Fro | Nmi/hr | 65.84

Volume fraction of H,

(hydrogen production reactor) Kz ) 9315

Volume fraction of CO,

(regenerator) Xcondry - 100

Column diameter

(hydrogen production reactor) Dhya m 031

Column diameter (regenerator) Dreg m 0.31

Bed mass

(hydrogen production reactor) Mty kg |48.02

Bed mass (regenerator) Myeg kg [48.02

Bed pressure drop

(hydrogen production reactor) APiy 20 600

Bed pressure drop (regenerator) APy |mmH,O| 600

Required reaction rate

o) s
(hydrogen production reactor) THyd 7o/min | 64.39

Required reaction rate Teg o%/min | 68.18

(regenerator)
Solid circulation rate (Hyd.—reg.) Gapya | kg/m’s | 64.39
Solid circulation rate (reg.—Hyd) G reg kg/mzs 64.04
Volume ratio (outpgt/input) Vet ) 057
(hydrogen production reactor) i
Volume ratio (output/input) Vire ) 155

(regenerator)
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