RUSRIE AR - =8
J. of KSEE Vol. 22, No. 2, pp. 291~302. 2000.
Journal of Korean Society of Environmental Engincers

D2 MEH 7hA BEHE 9

HAE LA EEA TN

[y

ok

14
0%
o
l)i:
o

st - Z7|ET - MUY 2uE

B $7 383
SR LR
CRUFGA RUBHAT

(1999¢ 84 209 A4, 19999 104 29Y sh=)

Development of the Advanced Manganese-Based Sorbent for
Hot Coal Gas Desulfurization

Byung-Hyun Shon - Eun-Hwa Choi* - Ki-Chul Cho* -
Dae-Young Jeon™* - Kwang-Joong Oh*

Department of Environmental Engineering, Hanseo University
*Department of Environmental Engineering, Pusan National University
**Public Health and Environmental Institute of Pusan Metropolitan

ABSTRACT

This experiments have been made to develop of manganese-based sorbent for the
removal of hydrogen sulfide from hot coal gases. Manganese-based sorbent were
tested in an ambient-pressure fixed-bed reactor to determine steady state HaS
concentrations, breakthrough times and feasibility of the sorbent when subjected to
cycle sulfidation and regeneration testing. Effects of particle size of sorbent, tem-
perature of sulfidation, regeneration temperature and regeneration characteristics on
the HzS removal efficiency were investigated. Experimental results showed that the
H>S removal efficiency was optimal when the temperature was about 800T and the
smaller particle size, the better HsS removal efficiency but in the range of 0.214~
0.631mm didn't influence it much. The equilibrium constant(K) is represented as a
log(K) =3.396/T-1.1105 and the utilization efficiency of sorbents was about 92% at
800°C. Regeneration in air produced SO concentration as high as 8.5% at 8007T,
8.4% at 8507C, and 8 8% at 900% and may be used in sulfuric acid production.

Key Words : High-temperature Desulfurization, Mn-based Sorbent, H2S, Sulfidation,
Regeneration
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MnO + Hz == Mn + Hx0
Kioook=5.6x 107 (9)
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T @7olM HEF F0A g Az AHES
+#4& Manganese carbonate{94~95.5% . Junsei
Chemical Co. Ltd, Japan, G.R grade), alumi-
num oxide(97.6% Al20s, 2.1% TiO2. Junsei
Chemical Co. Ltd, Japan, G.R grade). ben-
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DAEFF3 54 (360 atomic absorption spectro-
photometer, Perkins Elmer. U.S.A)& AH&-3IA
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of A deel v A - T YHEE ] o
sked XRD(D500 X-ray diffractometer, Siemens,
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2°/mindl M 2HEdE 1 20 W e 20~80%1AM 2
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Table 1. Physical properties of the Mn-based

sorbents
Properties
\7a1'iab](es\p Quantity
MnCOs 80
Make up(%) | AlQ3 15
Binder 5
Phase state Mn304
Mn content(%) 44.12
BET surface area{m’/g) 3.35
Bulk density 1.25
Pore volume(cc/g) 0.0068
0.05um>, 40.3%
Pore size distribution [0.002~0.05um. 42.55%
0.002um<, 17.02%

A& #F87] A8 EDX(energy dispersive X-
ray)’t 229 AAFAE0) % (JEOL superprobe
JSM-5400, HABEFit, Japan)& ©|&3l¥ oy,
g3t e) EHAL BET &% W4 (ASAP 2010C,
micromeritics Co., U.S.A).2 FF: 1x107
torr, 180CeIA #3571 2 AAS7] A 2413
AAF F A}, Table 10 %A &2
H §A4-& JEY
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Fig. 1. Schematic diagram of the experi-
mental apparatus.
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Table 2. Experimental conditions for sulfidation and regeneration reaction

Variables ulfidation conditions Regeneration conditions
Temperature(TC) 600~900 800~900
Particle size(mm) 0.21~142 0.63
Gas compositions(%) HoS 0.75~3%. Ha 20%. No 77~79% Air, Alr+Np
Flow rate(mé/min) 100~300 100
Sorbent amount{mg) 1000 1000
ao 5 2
B37t29 F%¥E FPD(flame photometric et
detector)& A% shaaolg 29 (DS 6200 E o) ip
GC, DONAM Instrument Inc.. Korea)& o] &3} .g 43 A
< RHYETE BMAEDL LHL 8 (length) ¥ g 1° %
1/87(0.D)8] Teflon tubing packed Haysep @ é 1 §
(Supelco Inc. )& 100TAIM T2 E4sH%ct A H {s 8
B+ 58wt} 250¢8 sample loopE ©]-&3a] a3 g osf ],
e HE71E WAS ARl e gakes £ 3 o] |20 Deretseen e 13
$ 9xe) del HEEeR RY Afddua e ,
Abgst e, & Ad¥el 21 & Table 29 4E¥LH ’ 23 4 s e rsen ?
Particle size(mm)
ATt

41. 947 o

[ R ]
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Fig. 2¥ &% 200m¢/min, ¥W&2% 700C, 2
2] HeS 0.75%-N2 79.25%-H» MOAQ BAZ b~
2ol M G e] gAAv|o mE A A (sul-
fur capacity)® F&-&(conversion)g LeERd A
o2 AR 9F 0.63mm F2olA A A
2 HEEe] HEel APE & F ek yAAY

=2 AR
e AR A4 E 22 ¢4E 99 S vl

2

- ZERES- 5o vl ldd o] ARl gthe
Turkdogan & Olsson®12]51 & $'¥9 a3 2
Jheb At elvr 4A27] 0.631mm o el
Me e84 589 4% AeE B 4 9dder,

=il
ol 7 }:1 17F VR 29 Mze] 48 MnSE

Fig. 2. Sulfur capacities and conversion ob-
tained as a function of sorbent par-
ticle size.
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breakthrough curve® AHEFE o] 84 ol
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y=y'olt}, od7|ol A vy & LIS
FEoll y'e BEeis wre A Fwxold,
t*& ©| & hreakthrough time (23 %Lz Lighs
gurge] FaF Alzholtt, Bke-&
ZA % HWEE Eit(axial dispersion)® HF
{channeling) 7t 4°JY¥ breakthrough curve]
AAlb dke et wek x&9] A4 breakthrough
time< ¥ A& & (fractional conversion) 24 &
e ol 2&EE VelH D breakthrough time
olde] #alri The ¥4 Hd5E FYsley
F83Ich A (10)ollA & 4= UKol MnO% HeS9
€ 22 A¥kgo] HUg dolits
£xd0] HH dy¥xde| ot
Fig. 32 &% 600°C, 700, 800TC, 281 900TC
M F 53t A3t (normalized time) t/t*el wE&

14

3000

2000

1000

Outlet H,S concentration(ppm)

Normalized sulfidation time(t/'t*)

Fig. 3. Effect of temperature on H2S break-
through curve for sulfidation.
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Fig. 4. SEM photographs of manganese-
based sorbent. (a) fresh (b) sul-
fided at 600C (c) sulfidec at 700°C
(d) sulfided at 800C (e) sulfided at
900°7C.
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Temperature(°C)

Fig. 6. Comparison of the theoretical capac-
ity with the experimental results.
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Fig. 7. Effect of regeneration on +3S break-
through curve for succestive sulfida-
tion cycles.
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A, &% 800T, HaS 0.75%-Ho 20%-N2 79.25%.
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Fig. 8. XRD diagram of the manganese-
based sorbent with respect to rege-
neration temperature. (a) fresh (b)
regeneration at 900C {(c) regener-
ation at 850TC (d) regeneration at
8007C.
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