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Reaction of Natural Manganese Dioxide with Hydrogen Sulfide
at High-Temperature
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ABSTRACT : Sulfur emission control in coal gasification plants implies the removal of H,S from the
fuel gas in the gas clean-up system. In this study, the effects of particle size of sorbents, temperature of
sulfidation and sorbent characteristics on the H,S removal efficiency of manganese ore were investigated.
Experimental results showed that the removal efficiency of H,S was optimum when the temperature was
about 700°C. And that the smaller particle size, the higher the HS removal efficiency, but that was not
effective very much. As the temperature increases, the reactivity of sorbents has lowered because

agglomeration of sorbents increased the intraparticle transport resistance. This phenomenon was confirmed

by SEM photographs. The equilibrium ratio (P m,0/ P ,s)obtained by experiments is represented as a
log (P y,0/ P a,s) = 5653(T - 3.7909. It was showed that the natural manganese ore could be used as a

sorbent because its capacity for HS removal is equivalent to the eariler developed sorbents.
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Fig. 1. Temperature dependency of the equilibrium

constant for sulfidefoxide reactions.
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Table 1. Ultimate analysis of natural manganese ore’
a: A FATE 4
Component Mn SiO, AlOs Fe CaO MgO others
wt. % 51.85 3.13 2.51 3.86 0.11 0.25 38.33
Table 2. Physical properties of natural manganese ore"
a: R FAPAL B4
Specific surface area(m’/g) 17
Skeletal density(g/ci) 3.86
Specific bulk density(g/cm) 3.25
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Fig. 2. XRD diagram of natural manganese ore.
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Fig. 3. Schematic diagram of experimental apparatus.

Table 3. Experimental conditions of reaction
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Fig. 5. SEM photographs of manganeses ore sorbents.
(a) fresh, X5,000 (b) sulfided at 600T, X10,000
(c) sulfided at 700, X10,000
(d) sulfided at 800°C, X10,000
(e) sulfided at 900°C, X10,000
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Fig. 6. XRD diagrams of natural manganese ore.
(a) natural manganese ore
(b) after reduction with 20%H, - 80%N,
(c) after sulfidation with 1%H.S - 20%H, - 80%N

CLEAN TECHNOLOGY Vol 2 No 1



b

2000
—o— 20/35 MESH
—o— 35/40 MESH
1500 |-| —— 40/60 MESH
€
a
e L
wN
I 1000 -
&
A -
-
2
O 500}
o Lamgsanasedepa iy
° 40 80 120 160
TIME(minute)
Fig. 7. Breakthrough curves for sulfidation of

Mn-based sorbents (1% H,S-H>-N,, 200ml/min, 7007C)

50

40

30 -

20

(this study) |~

g of S/100g of sorbent
I
|

10

Zn—ferite  Zn—titanate Mn-—ore

SORBENT TYPES

Fig. 8 Comperation of theoretical capacities of
manganeses ore with Zn-based sorbents. Adopted of

Refs.[14,15].

FEX A (2A 100gF AAF S gF)L Zzhe]
exoA W& Erl 1000ppmvEH S 71ESHA HHS
72 fYsEE F3Ei FES FEHE 52
FEE ¥4I EFFAR AMSFAT 700TA
FET0] 261%24 Hue EHPEES Hiod

BE, 24T, 494 77

ol ol2HUFY 282% oF 86%Z A, ©F A
o] £ =& oluldt}y. 600CMNE 23.7%, 800l A&
242%, 281 900TCHAAE 234%%2 Hie 8L
B2Ao

30

Theoretical Maximum Capacity=28.2%

CAPACITY(g of S/100g of sorbent)

1000

900

TEMPERATURE(°C)

Fig. 9. Effect of sulfidation temperature on sulfur

capacity of manganeses ore.

44 HYAA

Fig. 10& 2%d] W& HIFY4 H3s vehd A
o724 G B 5 Uxel, FEYFes 2w
o] 4olBZ 1% H,S - 20% H, - 79% N,, &7}
28 £F 200m¢mine.E EHRYAAN 33uksS

F83lgct. €% 600C, 700C, 800C, 12|31 900T
Ax BYEF Puo/Pusl 238 _}]?“5}3}—% T3}

o d9EAY AR K2 BESSERSEE
Bkt %57} 27842 JyYRLE 438 7

e & F AMen Fig 94 B F
d¥ez A& ZA9} Turkdogan[l3]o] EH T
JozRy FEF FIYARE AL
245 A ADE ¢ 4 Ak ole B ARIA
AHES AR A ol AAAFE AAA ¥
olmz ¢ 3BHAER E
5()¢l SEMARRGA E 5 <

7 FNe4E $Hoz As AN 2AALAY
(Intraparticle Transport Resistance)o] Z7}8te] wF&A]
of MatsHly] MELR AT B d¥oz Ry

1o

3l Fig.

AR71& A28 A1lZ



78 ‘ Do HLa 43

T 2=FFEXNY FFAAE o OF 2o

log (P 110/P ne) =223 -3.7909  ®

4.0
L | ——- ref. [13]
35k| © this study
N} regression
3.0 |-

10°T(K")

Fig. 10. Temperature dependency of the equilibrium

constant for sulfidation.
5 4 £

B3t FFAY S AT AR ol
s 22 A% 4G

- AEA BgEAe gdEEde MnOxolH
F3prgo]l dojutr] Ao WA MnOZ o] U
¢ ¥ Fiurgo] AgPdAnt

- F3rgex 600C, 700C, 800C, 1]

Tolx el H3FE+e 20ppmv, 90ppmv, 400ppmv, L

23 750ppmv] &1, IGCCA =Rl AMg-3t7] A&
o] FAEEE 150ppmvoln g, HAA PR M
Bagast WA APRYLEE 70To|H. A3}
HhS ¥ MnSe] ZAAAEE LA @B00T o=
+3Ee 4 B 7 ANey HFH AFAHe
700CelA 28 4 AU

- BN e B3] FHFol 51.85%, HlEVH
o] 17m’ge2x 71&d] ALH LRAS} vLH B
Y3 EAS 7HAL e, B3 ol #xY
2o 28.2g S/100g of sorbentZ 7]&d] 7AYo
© zinc ferrite, zinc titanate®} Bl 3dle], FA AL
ARNA Golx EFAZ LY F Y& Aoz gt

CLEAN TECHNOLOGY Vol 2 No 1

# Al

2 g7

2 d7E 28R FRUE FAXAALS B
19953
7l

F2ZTYANN PARSE FHo s
oz 298 QI g8 FHIY
A %o ZAE =guh

sl
ZH%W =
zg, A4 3

J

Nomenclatures

AG : Free energy data {J/mol]

R : Gas constant [ £ -atm/mol-K]

T : Absolute temperature [K]

Pa : Partial pressure of component A [atm]

a3 28

1) Notestein, J. E. : Commercial Gasifier for IGCC

Applications, Study Report. U. S. Department of
Energy, Office of Fossil Energy, Morgantown Energy
Technology Center, June, (1990)

2) Woods, M. C., Gangwal, S. K., Jothimurugesan, K.,

and Harrison, D. P. : Ind. Eng. Chem. Res., 29(7),
1160(1990)
3) Hepworth, M. T., Ben-Slimane, R. : Hot Coal Gas

Desulfurization with Manganese -Based Regenerable
Sorbents. Proceedings of the Cool-Fired Power Systems

93-Advances in JGCC and PFBC Review Meeting,

1993; Bonk, David L., Ed.; DOE/Metc-93/6131; NTIS;
Springfield, VA, 432(1993)
4) Westmoreland, P. R. and Harrison, D. P.

Environmental Science & Technology, 10, 659(1976)
5) Westmoreland, P. R.,
D. P.
488(1977)

6) Turkdogan, E. T. and Olsson, R. G.: Desulfurization

Gibson, J. B. and Harrison,

: Environmental Science & Technology, 11(5),

of Hot Reducing Gases with Manganese Oxide Pellets.
Proceedings of the Third International Iron and Steel
Congress ASM; ASM International: Materials Park, OH,
277(1979)

7) Jha, M. C., Hepworth, M. T. :
Durability for Hot Gas Desulfurization, DOE Contract
DE-AC21-84MC21168, Final Report, (1986)

8) Hepworth, M. T., Bezn-Silmane, R. and Zhong, S. :

Enhanced Sorbent



&9, 03F, 194 79

Energy & Fuels, 7(6), 602(1993)

9) Rosenqvist, T. : Trans. AIME, Vol. 191, 535(1951)
10) Turkdogan, E. T., Olsson, R. G. and Vinters, J.
V. : Met. Trans. B, 8B, 59(1977)

11) Rosengvist, T. : 1. Iron Steel Inst., 176, 37(1954)
12) Darken, L. S. and Gurry, R. W. : J. Amer. Chem.
Soc., 67, 1398(1945)

13) Turkdogan, E. T. : Ironmaking and Steelmaking,
20(6), 469(1993)

14) Foglet, H. S. : "Elements of Chemical Reaction
Engineering” Presentice-Hill, New Jersey, 5319(1986)
15) Ben-Silmane, R. and Hepworth, M. T. : Energy &
Fuels, 8(6), 1175(1994)

16) Stroch, F. and Balakotaiah, V. : AIChE I., 37(7),
1035(1991)

17) Ayala, R. E. and Marsh. D. W. : Ind. Eng. Chem.
Res., 30, 55(1991)

18) Lew, §S., Jothimurugesan, K. and Flytzani
-Stephanopoulos, M. : Ind. Eng. Chem. Res., 28,
535(1989)

AA71&€ A28 A1z



