Korean Chem. Eng. Res., Vol. 50, No. 3, June, 2012, pp. 492-498

AFATD DLTITIMNSISIZNYo| S5l SN U HESR mE

o
F‘6
-
um
o
>
1o
|'II.
010
dm
0z
o
-

e * - RN ** - TS * - HIIM* . BES* - O|AL* - HHEIO|*x*

oA 7| sd T A7 AR
305-343 WIF9A] F737 7FIE 102
ol o)sta $438ta)
300-716 tXFGA] T+ S5 96-3
*aghd ] PAF AEAT
305-380 txF9A] F735 A5 103-16
@o11d 9¢ 23 =, 20119 102 309 AE))

A Study of Hydrodynamics and Reaction Characteristics in Relation to the Desulfurization
Temperatures of Zn-Based Solid Sorbent in the Lab-scale High Pressure
and High Temperature Desulfurization Process

Dae-Hyun Kyung*, Jae-young Kim**, Sung-Ho Jo*, Young Cheol Park*f, Jong-Ho Moon*, Chang-Keun Yi* and Jeom-In Baek***

*Greenhouse Gas Research Center, Korea Institute of Energy Research, 102 Gajeong-ro, Yuseong-gu, Daejeon 305-343, Korea
**Department of Environmental Engineering, Daejeon University, 96-3 Yongun-dong, Dong-gu, Daejeon 300-716, Korea
***Korea Electric Power Research Institute, 103-16 Munji-dong, Yuseong-gu, Daejeon 305-308, Korea
(Received 23 September 2011; accepted 30 October 2011)

B Ao 1o ust AAESAAE o]
oFstal, oA E8Ae] w2t A &9
ot Ao ARE 2 u A EEIA = 14555 Fule] eI 0.015
Fefo] AARESZI (7 0.053 m, =0]: 1.6 m), 7}~0] AT ES WAISR= loop-seal, T ¥H57] St
HE I e o2 nAleshiy )], @3EeY) 7k 75, Bk %
A 2F 210X 2 15055 FE2 E3RESY] oldd W FFE B ottt DA &
3 A5, TUg vAleshEE ) EEbeY] 22t 22 wlE)h 300 °Ce} 550 °CY W) 7HAskslo
300 °CS} 550 °C 7oA = & 2fel7t GGt g7 |ule] F582 TAESHEE 7787 10~20%2 TAES
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TE AL AldEE AL EEIon, =2 g3 88 FXA717] Y8l 1047 AGdel s g8 ks 2
TE5 500 °CE 75t A3t A8 A3}, 10A7F A45230S8 S3), 7% Hy,S % 5,000 ppmyv 7104 23
W-87] 3t H,S FEE UVEA]7)(Radas2)@t HATHGASTEC)?] AE3HAIQL 1 ppmv ©131E 4181 H,S A7 &
& 99.99% oS FASISITE

Abstract — In this study, hydrodynamics such as solid circulation rate and voidage in the desulfurizer and the reaction
characteristics of Zn-based solid sorbents were investigated using lab-scale high pressure and high temperature desulfu-
rization process. The continuous HGD (Hot Gas Desulfurization) process consist of a fast fluidized bed type desulfur-
izer (6.2 m tall pipe of 0.015 m i.d), a bubbling fluidized bed type regenerator (1.6 m tall bed of 0.053 m i.d), a loop-seal
and the pressure control valves. The solid circulation rate was measured by varying the slide-gate opening positions, the
gas velocities and temperatures of the desulfurizer and the voidage in the desulfurizer was derived by the same way. At
the same gas velocities and the same opening positions of the slide gate, the solid circulation rate, which was similar at
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the temperature of 300 °C and 550 °C, was low at those temperatures compared with a room temperature. The voidage in
the desulfurizer showed a fast fluidized bed type when the opening positions of the slide gate were 10~20% while that
showed a turbulent fluidized bed type when those of slide gate were 30~40%. The reaction characteristics of Zn-based
solid sorbent were investigated by different desulfurization temperatures at 20 atm in the continuous operation. The H,S
removal efficiency tended to decrease below the desulfurization temperature of 450 °C. Thus, the 10 hour continuous
operation has been performed at the desulfurization temperature of 500 °C in order to maintain the high H,S removal
efficiency. During 10 hour continuous operation, the H,S removal efficiency was above 99.99% because the H,S con-
centration after desulfurization was not detected at the inlet H,S concentration of 5,000 ppmv condition using UV ana-
lyzers (Radas2) and the detector tube (GASTEC) which lower detection limit is 1 ppmv.
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Fig. 1. Schematics of lab-scale high pressure and high temperature
desulfurization unit. (1) Desulfurizer (2) Cyclone (3) Loopseal
(4) Regenerator (5) Solid circulation gate (6) Pressure con-
trol valve.
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Fig. 2. SEM images of the solid sorbent, magnified by 100 times.

Table 1. Physical properties of the Zn-based solid sorbent

Item Unit Desulfurization sorbent
Shape Dimple

Avg. particle size (m) 169

Size distribution (m) 68~303

Bulk density (g/em®) 0.93

BET (m?/g) 61.1

Hg porosity (%) 26.9

Hg pore volume (em’/g) 0.40

Attrition index (AI) (%) 7.6
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Table 2. Experimental conditions for the hydrodynamics tests and continuous operation of the lab-scale unit

ftem Unit Hydrodynamics Continuous operation at 20 atm
Desulfurizer Regenerator Desulfurizer Regenerator
Gas composition %) N, : 100 N, : 100 1125 ; gﬁ;ﬁf Ni‘ga}g?ce
Velocity (m/s) 2 0.04 2 0.04
Temperature (°C) 25,300, 550 25,300, 600 350~550 600
Slide gate opening positon (%) 10~50 30
Pressure (atm) 1 20
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Table 3. The average of solid circulation rate for each slide-gate opening
area according to the desulfurizer gas velocities

Desulfurizer temperature Desulfurizer velocity (m/s)
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Fig. 3. The solid circulation rates according to the reactor temperatures, gas velocities in the desulfurizer and slide-gate opening positions.
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