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Abstract—In order to examine the effects of experimental variables on the oxidative regeneration of sulfided
sorbents by H,S, effluent gas (SO,) was analyzed by G.C. with variation of reaction conditions and oxidized
sorbents were characterized by XRD, SEM, and TGA-DTA. The reactivity of oxidative regeneration was
maximum at 750C and it was revealed that the Fe,0; additive played an important role from the TGA-
DTA analysis. Total SO, uptake was increased linearly as oxygen increased till 10 vol% and it was decreased
drastically as oxygen increased. When the total flow rate was increased, total SO, uptake was increased
linearly till 125 m//min and thin-film mass transfer resistance was negligible above 100 m//min. From the
oxidative regeneration of sulfided sorbents with different particle sizes, it was found that for small particle,
the SO, uptake was little and that the structural change formed during the sulfidation acted as the O, diffusion
barrier. From the sulfidation at 650C after one sulfidation-regeneration cycle, it was found that regenerated
sorbent at 750C was effective.
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Fig. 1. Schematic diagram of experimental apparatus.
1. Zeolite trap 9. Carrier gas
2. Zeolite trap 10. G.C.
3. Purifier 11. Soap flowmeter
4. Silica trap 12. Temperature-controller
5. Three-way valve 13. T.G. A.
6. Thermocouple 14. Detector
7. Quartz reactor  15. Sample cell
8. Furnace 16. Furnace
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Table 1. Experimental conditions of reactions 200

Sulfidation Oxidative regeneration 175
Temperature 650T 500-850C
Gas composition HpS:2vol%  O,:0-21 vol% 150

Nz :98vol% N, :100-79 vol%
Total gas 200 m{/min  50-200 m//min . 128

flow rate ]
Particle size  16-120mesh  60-80 mesh § 100
Packing amount 05g 02g 75
Pressure 1 atm 1 atm
50
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Fig. 4. XRD powder pattern for regenerated sorbents at Fig. 5. XRD powder pattern for regenerated sorbents at
various temperatures. various temperatures.
(a) fresh, (b) sulfided, (c) R-500, (d) R-550, (e) (f) R-650, (g) R-700, (h) R-750, (i) R-800, ()
R-600 R-850

(@)

Fig. 6. Scanning electron microscopy of various sorbents.
(a) fresh, (b) sulfided, at 650C
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Fig. 7. Scanning electron microscopy of various sorbents.
(¢) R-650, (d) R-750, (e) R-850
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Table 2. Results of XRD analysis

Sorbent ZRD Crystallite size(AX10-2)®
fresh Zn0 5.68
R-500 ZnS e
R-550 ZnS, ZnO* -
R-600 ZnS* ZnO -
R-650 ZnO 491
R-700 Zn0O 4.10
R-750 ZnO 3.52
R-800 Zn0O 3.32
R-850 Zn0O 6.28

Superscript * means that little amounts of compound ex-
ists in the sorbent.

“Determined by X-ray diffraction line broading of the
ZnO <101) plane.
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Fig. 8. Total SO, uptake (—) and time needed for com-
plete regeneration (---) vs. temperature curves.
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Fig. 9. DTA and TGA curves of air oxidation for ZnO
sorbent sulfided at 650°C by H,S.
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Fig. 10. DTA and TGA curves of thermal treatment in
N; for ZnO-5 at.% Fe,0; sorbent sulfided at 650
°C by H,S.
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Fig. 11. DTA and TGA curves of air oxidation for
ZnO-5 at.% Fe,0, sorbent sulfided at 650°C by
H.S.
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Fig. 12. Effect of oxygen content on SO, uptake.
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Fig. 13. Total SO, uptake (—) and time needed for com-
plete regeneration (--) vs. oxygen content curves.
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Fig. 14. XRD powder pattern for regenerated sorbents at
750°C by various O, contents.
(a) 3vol%, (b) 6vol%, (c) 10 vol%, (d) 15 vol%,
and (e) Air
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Fig. 15. Effect of total flow rate on SO, uptake.

25
L 160
=
— L]
i"—zor— &
>< —
= {40
B &
2
& st =
3 LR R 20§
=
1 S 1 1 1
o 50 150 250
Space Velocity { win} )

Fig. 16. Total SO, uptake (—) and time needed for com-
plete regeneration (---) vs. space velocity curves.
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Fig. 17. Effect of particle size on total SO, uptake.
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Conversion ()

Tiee (nin)
Fig. 19. Conversion vs. time curves for sulfidation after
one sulfidation --- regeneration cycle.

HHg )R] edghe}. R-7002 R-7509] 33l44 4758
Ao fApshed ot kA ) ol B a7 A7} 5-& s
B of 750C oA A FAA7E A&y
7k}, R-650, R-800, R-8502] & 3}ul-g-Eob ubA )=
SO,7F LAY she e A E T34 9 Fe0y
EXo] w3tz SOzi A 7cke 4 14]9%
dxjsle] 94 SEM A}zlelv}d XRD line broadening
o2 HE AR A=A Aol ARG AT
i olz{dt Ab3la)Agub-g-o 2 A3t FatAle] HAdH
Stell sl e B} g g7} lgds]ojor & Flog
A zhEw ol-g] AbEA) A Eal A3t SOE A At

EE3 H30H M6 19924 128

SR EC R T

£ ATE WA FYslor ¥ Joz 4w,

4. A =

Fetpad AAT FAA o Al Au-go) As) g
2EARHYH 53 2L AES 4& 5 Uk

600C o]3tel A= A AQuk-go] Aot odgk uk-s-
L% 750T ol 4] SO, wAy=Fo] 712 @oton) A& &
=7t A5ErE gtastlr 23371 Fe 057} 4bs)
A GRSl A cheFshAl W gtel sl F R JEE S
DTA-TGA #+4o2%E @ § 9gich
AbZleTol| wE SO, ek 10 vol%7bA) = AbA
59 0.750] v 3ty Frlslia, Alarer) =8
g ¥ wdubgdel o 2rAdS5oE Qlsle] ul
Aol At o 4 AU
= 125 m/min7hAlE wHE71Ale] F fde] 20
T8 502 AEe] F5(FHEE)9 0756 u
Alsted Z71ah9 L 100 mi/min o] 3+l - bl Ao

28 5%E A7l 9] FAFOZ ] Fof Hol o] A4
Am 2AAY AL FAT 5 Qe &+ aadch

obge 277k ME ThE FAAE F3bA F
o) A WY A 2707} FL5RE SO, B
Azke) Aol Fgo A% FaH W} 4k
4 oz Agstel Aol el A7kl 2
oj2l& o 4 9lich

sl exeld A4E FANE 650C oA Th
& Faa A% 750C A AYD FHA)
o w3k e WA e FAAl Bt
APE FHAe e AAFHY $

]

¥
A
na
o
°

-

1
2
ofo

ABY|2

K :Scherrer constant(=0.89)

Q, :total SO, uptake

A :wavelength of X-ray diffraction(&)
® :angle of X-ray diffraction
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