Bl=of| 4 X|Z 55| X[ (1996), M5H H2=
Energy Engg. J(1996), Vol. 5, No. 2, pp. 123~130

Fe,0. T2AANSERQ HSEY o7

 ATHOY - ey

=2

UME - 0lFR - Z - 828 - 0jA2" - TAHEY

A Study on Reaction Characteristics of Fe,O;
High-Temperature Desulfurization Sorbents

Suk Hwan Kang, Young Woo Rhee, Yong Kang, Keun Hee Han*, Chang Keun Yi*,
Gyoung Tae Jin*, Jae Ek Son* and Yeong Seong Park**
Department of Chem. Engineering, Chungnam Natational University
*Energy & Environment Research Department, KIER, **Department of Environ. Engineering, Taejon University

e <%
Me7hast B3hdd Aladle] F8 39 3L 2270 DA o AR = 2 Al s 9

T QA7) Ak Sl A nl A Aol disf <1, 33} 2 AP Wk Fasltgch A
Y A 2E TGAS A8 Axg 7AS w-E7|E o439, BET 94, SEM, ¥3/-04 cycle A
F,urs 2k wE 9 g Azt 58 o] 438le] Ayix| AA gabAlel vzt r)zukg &
3% 98t 500-700°C T2k W2 = Sl vzt @3hihg-2] HS AAET A2 A
Ago] st

Abstract — Reduction, sulfidation, and regeneration reactions were performed using domestic and Aus-
tralian iron ore in order to develop a desulfurizing sorbent for the high temperature desulfurization pro-
cess that is one of major processes in the integrated coal gasification combined cycle (IGCC) system. A
TGA (Thermogravimetric Analysis) reactor and a fixed-bed reactor were used. Some basic kinetic in-
formation was obtained from BET surface area measurements, SEM photos, cyclic reactions, reaction tem-
perature changes and TGA curves of the sorbents. The rates of both desulfurization and regeneration in-
creased with increasing reaction temperature in the range of 500-700°C.
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Table 1. Fe,0, sorbent compositions.

Composition, wt%

Sorbent
designation  peagent Domestic Australia
Fe,0; 97.70 83.43 85.33
SiO, 0.10 9.61 7.94
ALO; 0.01 4.39 512
MnO 0.07 0.18 0.12
Na,0 1.05 1.17 1.04
TiO, 1.01 0.44 0.23
P,0s 0.05 0.36 0.21
K0 <0.01 0.41 <0.01
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Fig. 1. Schematic diagram of thermogravimetric analyzer (TGA).
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Fig. 2. Schematic diagram of fixed-bed reactor system.
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Table 2. Experimental conditions for sorbents with
TGA.

Reduction  Sulfidation Regeneration

Temperature (°C) 500~700  500~700 500~700
Pressure (atm) 1 1 1
Flow rate (ml/min) 100 70 70
Gas composition (vol%)

H, 6.45 - -

HS - 156 -

0, - - 5.7

N, 93.55 9844 943
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Fig. 3. Weight change during the reduction of the
samples.

Table 3. Fe content and Surface area of reduced Fe,0O;.
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Reduction Specific surface area (m’/g) Fe content (%)
Temperature
Q) Reagent Domestic Austria Reagent Domestic Austria
before reaction 83 1.7 104 67.9 58.4 59.7
450 7.1 14 10.0 69.8 59.5 60.5
700 4.1 13 6.0 71.1 61.3 65.2
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Table 4. Comparison of o factor after sulfidation
reaction.

SampleTemP~ 500°C 600°C 700°C
Reagent 0.026 0.044 0.065
Domestic 0.010 0.035 0.080
Australia 0.058 0.078 0.102

(W/Wo), = (W/Wo)
- (W/W ")initial - (W/W O)Enal

€)

Al (3)ellA] initial Y ‘final-2 3}pspuk-g-o] A2z F
A& Jehdc). Fig. 404 B vls} o] £ W s}ol|
w2 Hkg &5 700°ColA 7 Eshoh HSete &
SHeAlL FeZ #ele] wWo) A5 iv}. 700°Cel| A
edEl T4 o] M B SHlE Vsl oo
‘I}aw 34 AFAdo] 700°CollA] 71 & Bslule

S vehlich HE APgo] X ) 19l ol frs HUH &
4|7} H,S9} ubs-3le] FeSZ 33he ol & 100%2 7}
Aatgded AA HAEL FeSeoan]?] dEolc). Al
Ag 2F 227t 5 HSete] i8] ¥ 4
£ o 5 gl

uhS £ Zrpt gEAe] 24 A= dds
ZAbsE7) 9lshed SEhg-S askA] o Al 2
sgAe] T3 500~700°Coll A 2] 333t wkg-g 21847
Fo] 23kA] ¥-& SEM2 2 zAlsle] 1 ARE Fig
5ol Jebigdct. 38} uhs-& SalEhA] L Sk A
s34 o) ¥}k SEM ARxl4l Fig. 5(a)y3 29 H3 34

o} eJ2)7}x] Bgefol vehla 9lEd] ol Fe0; o] 9
o] A¥-So] o Fi=le] vl wEelv). Fig 50) %
5(0)2] ARxleA e D3] Bre] ol Ax okAE ¥
B2 B &3A e R FeSef HAA Fwol o] 2
JRLEe] £l gl A& £ 5 qlckh yhee) Fig. 5(d)2
700°Co A WHEA|7] A= AAFE FeSe| F+37) 2}
oS 2 5 ik o] &4 P% ] A e 2
sl @A) v)EHAg Ss)e] Table 50 A=)zt
et 500 H 600°Cel| 4o} S3uk-g- F v adA S 8y
g g3 u| g wls) FAHI] s
700°C 23uk-g-0] 739 vk e ZHae o At
oo} zro] RS2 T7} &R 3} vk o3
A glxte] FAZ Q&) wjFzAAHo] Frlslm AN ©
F5o] Frlshe 7o g Ve ukEAlE-A] B
7 7427} W23 Ashd Aol m g Fe,0 &34 E o)
43F DT 600°C o] shollA] 2dEl= o] ek
w23k)e) HS 4

1.2
mj ---------------------------
0.8
]
n0.6 -
0.4 3
o Q060 700°C
GEs8a 800°C
q At 500°C
0.23
0.0 Srrrrrrrrr T e
[+] 20 40 60 80
(a)
1.2
1.0 Fmmmmmmem A
0.8 ]
0.6
0.4 7 0088 700°C
BEBeE 600°C
] Advti 500°C
0.2 4
0.0 T T T T
®)
1.2
1.03 ——————————————————————————
0.8 ]
i
m\').uj
> 4
0.4 7 G960 700°C
GE888 800°C
MSOO'C
0.2 4
4 v
20 40 80
Time (min)
(©

Fig. 4. Comparison of calculated conversion during
the sulfidation reaction.
(a) Reagent (b) Domestic (c) Australian
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(b) at 500°C

Fig. 5. Scanning electron microscopy of domestic iron ore.

Table 5. Comparison of surface area after sulfidation
reaction.

Sulfidation Specific surface area (m’/g)
Temperature
o) Reagent Domestic Austria
500 23 0.84 4.6
600 25 0.91 4.7
900 38 1.2 55
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M : molecular weight, g/mol

w, : weight fraction of iron oxide in the original sample
W, : sample weight before reaction, g
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