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Study of Kinetics for Removal H>S by

Natural Manganese ore Sorbent
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ABSTRACT : The desulfurization process which belongs to the gas refining part is the unit process that
eliminates H;S and COS in the coal gas formed by the coal gasification part in the integrated gasification
combined cycle(IGCC). In this study, natural manganese ores were selected as the raw material of the
desulfurization sorbent due to economical efficiency. Initial rates for the reactions between S and
desulfurization sorbent using natural manganese ores were determined in a temperature range of 400~800C
using a thermobalance reactor. All reactions were first order with respect to H;S and were in accord with the
Arrhenius equations. When sulfidation reaction was controlled by diffusion, the temperature dependence of the
effective diffusivity was given by the Arrhenius equation. Activation energies and frequency factors were
obtained from the product layer diffusion coefficient of various sorbents by plotting as Arrhenius equation form.

Key words: high temperature desulfurization, reaction rate constant, effective diffusivity, natural manganese ores,
thermobalance reactor

HY7|ls HM7H H3F



188 B35Fa AAS

o
o
o
rf
)
)
o
i
il
o
Y
A
)
oo
4
ol
rf
-

HIZ A4 A4de FPEe
AgH BRG] & oA F
A dete g wigge] vlmd FR3In MAZH
2 B3P X e AeEade oj&d o
& Payol FHL ek AA Ag2 vEe ¥
Aoz Az FPAe] AREH ol&HL 3
Ak, A7 BARA L Q@FAREE A F3rkx
&S Higslm, 71E mEw EHEE(30-33%)S
MAste] 45-50%2] dEES HAE AERE <ddA
g Aertadt BEgubAA2~g(IGCC : Integrated
coal Gasification Combined Cycle)o] bAjd] 72 A4
A7leg Zgen ok old rix, d¥ ¥ FES
FHez g dvrt APHD o, FelA
T A7IAYL £HsY gug d7E F¥ I
24 tH17-18].

Aqertasriee Mertasier 724 e
o] Wysia Aot HE3t e Ei)
Zolth. IGCC Alz=¥le =A Mert2sz, 7ka%
A L wARFoz AR JoH, JtAFAE
d TIE 2ITAHVEL srastReA AEE 4
g7t o] HpS9 COSTo f4dsteEs AAse &
A7leolth. A& Uld EgHoE FisEL 4
g 7123l fAoA giREE HS, COS e C52
Aggeo g Bl d59 ¥4 A4 A F=L
3 ppm o) AL ol LA HYE HRE
o3 Fulyg FXE P25, daulr] F AdEY
F99 SOz 4sEe] wEEHe T AL
ob7|& 4 Utk o] EAE sddty] Y3l LHHEE
fol ¥1, 14FE 7IA= HO09 COE EHR +
Soll AAH o] & glon, FAFHNA dAHE
Hyse Hulg A7n dige 4y FHE
& 7HXE A2 €% FAHol FasrH17]

FAL Fgor o|& 7ted dFEZL ZnO
718 A2 dtn H/HAE 7He oldA 234
3, pelot AAAFES JIEEFE 3 Hlopd
2AAEZ A ' F A9 2 d7e F
F2 AT7HIL Ue otdA EFAIE obd slof
dA SRAF L AALE A Je BHEA

o oo

CLEAN TECHNOLOGY Vol.7 No.3

400~800Co] 2D LxEolM Hgol HE WISE
£ 953 31T Foo] ANsGTh £E 23

21 234 2 234 A=

34 AAL7EE2(03%/ton, 1999) EX=R
12 2A8n, 29 Eate] 2% Bt 75mel
2718 2E ¥ Yy BE F, bwkiisle F
48 FY8lel c2e) YUz KA oIF I
~EY 2718 Fohd 27 Be e S0TAA

Table 1. Chemical Composition of Natural Manganese
Ore

Elements | Mg | Ca | Al | Mn | Fe |[O balance

wt % |0.039/0.047|1.881(51.940| 4033 | 42.099

22 439 ZA 2 34

=de A gL 1714 FA5H9
, HEEEASE 7] AF HPOT 400~800T

L

HIAZ T RESS AFE @Y A% dFdAXe
H2S9] ¥=& 10 B9%2 nRPA7n 258 W3}
AFEA etk ghgrkaE H2 10%, CO 16%,
H2S 1%~5%12]n yHAe dioly RIfHo
2 1000ml/ming A3}

a8 12 B A7 AR €FF B4
(STA1500)0]® =LA ¥hg-7], Aolx, 7|EF 9] A
oz A" WA ¥-g7] R 10 mg
Qo] EAAE UF JA4Z WL EQ] 550T7H

N

£ o




&9 - - 744 189
A s2AAGY 4FF E4710 4Askd F gl 104
2F FUBtA whgo] o uz} HslEHe 23 103 |
Al FAE 0000img 77 FFstAk T
102 A
/\ 2 o
‘ =i §
()] i'Jﬂ == ] ——
T L ! ——— 400°C - 1% H,S
ain Control unit 99 4 \a — 400°C - 3% H,S
.+ 400°C - 5% H,S
93 T T

Reactor

L

Recorder

Mn Ab3}Eo] MnSZ #HEHe AL Hhgo] I
gl met AF59 A Es g2 JEde
TGA FHeog & & gih. &7t Fsa9 i
S8t ¥sPdeel] =E3d o o] Fzsrare W
frEsol vee d o W& 2zt
olgtx 3sim, Aol =7l Hel FHH W £
=l 2714 oW oR B A A3y
HEE F9 B4 AL AFS FAE & A Bk
ol TGA F49 7|&7] HslEH ¢ + ok 1
2 29} 39 3L 400CT 9 800 T2 EoA #3449
T= Hgle] wE TGA dgAsolt) x7] 587HR)
T 43T 2zoA FA FYUE vl 2087
COgt Ho2 MnO; FEjo] 33t 4HslES MnOZ 3
datod FA Zads @S F2Y $ QU o
231 38% WelA FAHe] 71gr7t ez 5
FA|Zbe] 38 WifEte e ¢ & Atk F An=
HE A3 25 QlolMe Fsleie] 2ot F1%
o @} 7177t TR S-S € 4 slon e
a9 T YA M E 2=t TS o

TGA %49 712717t 3713 eS ¢ & Aok

333 B2

T T
0 10 20 30 40

time { min )

Fig. 2. Effect of HS Concentration on sulfidation
reaction of natural manganese sorbents at
400C
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Fig. 3. Effect of H;5 Concentration on sulfidation
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Fig. 4. Effect of Temperature on sulfidation reaction
of natural manganese sorbents at 1% H,5

T Eabe] gig BAAG Ao] EAEHA &
sou og FHz 9 SRS 3T 5 A

Ro - aalk’ scsloczlo (3 1 2)

Ro AlFe 7] e EE

K. ERA T WE SRS

CS'lo 5’1%9’] }.7] %%E

Cato AlZE9 271 ¥Ha F&

N g A

APHor 27 WEETe S3H E€FF &
2719 A F z7] 7127IRZREEH Fihd ol
zZe Hog Fg £ YuH4]. ol A2 K, Caa
CanE @FF BNV FAHF 27] 71€7]

(dw/dt),, & Bz @ FH3F 59 Rgg 3124

CLEAN TECHNOLOGY Vol.7 No.3

Q4 dW
2 o1y
o ag WL
moao[Ms1+7l_M52]

2o A g2 v 2HH
M, M. B2 A AAEES] BAF

aiEeA MBEZE 400ToA 0989, 800T oA
09792 A AL olFH o|E2RH ZINEER
= 1ZEn & 4 Utk 9 A5Uh 19q(N=1)d
o, & 3129 K& ojefe} Z-& Arrhenius @A E
gk

-E/RT
K's =koe™ (3.14)
10
£
£ ® s00°C °
£ —— 800°C
E 87 A 40cC
E
@ 400°C
[=3
E
[=) B
£
]
=]
o
:
L 44 L4
g
c
o
g
g 2 A
K]
= A
[=
- N
o

0 1 2 3 4 5 6 7
H,S Concentration *10* (mg-mole/cm®)

Fig. 5. Reaction order for natural manganese ore
sorbents-H,S reaction.
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Fig. 6. Arrhenius plot for natural
sorbents-H,S reaction.
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Fig. 7. Rate constant dependance on temperature.

MnO(S) + HS(g) © MnS(s) + H,O(g) (3.21)
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Nomenclature
Cy gaseous reactant concentration [ mol/ cm®]
Cya, the bulk flﬁid concentration of A;
Cas gaseous reactant concentration in
solid phase [ molf em®]
Cs solid reactant concentration [m(_)l/ com®]
Csp  initial solid reactant concentration
[ molfcm®]
Cgs, initial molar concentration of 5
D, effective diffusivity within pellet [ om?/sec]
kg chemical reaction rate constant| cm/sec]
4 intrinsic surface rate coefficient
[ em? /mol - sec]
k, mass transfer coefficient [ em/sec]
M; molecular weight of species i [ g/mol ]
M the molecular weights of solid
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