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Tablel Inductively coupled plasma (ICP) analysis and recovery for various metal
oxide sorbents

Measured metal

Sorbent content Recovery
(mg/kg-sorbent) (%)
10% Fe,05/Si0, 6.92x10" 98.9
10% ZnO/Si10, 6.53%10" 81.3

Prepared Fe content : 7x10* mg/kg-sorbent ;
Prepared Zn content : 8.03x10" mg/kg-sorbent
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Fig. 3 Breakthrough curves for H,S and COS removal at 500°C using Fe,05/SiO, and
Zn0/Si0; (Inlet H,S = 10,000 ppm, COS = 2,000 ppm, CO = 30%, H, = 20%, N,
balance, WHSV = 3,000 mL-hr'-g™)
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Table2 Comparison of elemental analysis and experimental sulfur contents for
regenerated and sulfurated sorbents

Carbon content”  Sulfur content” Experimental sulfur
Sorbent 0 0

(%) (%) content (%)
Fresh 0.14 +0.09 0.41 +0.01 -
500°C S1 0.19 £0.01 3.98 £0.03 3.94 +£0.05
500°C R1 0.14 £0.01 0.40 +£0.08 -
500°C S2 0.15+0.02 3.91 +£0.07 3.76 £ 0.02
500°C S3 0.17 £ 0.04 4.02+0.10 3.77 £0.02
500°C R3 0.15+0.01 0.50 £0.04 -—-
500°C S5 0.17 £0.01 3.99+0.17 3.84+0.03
500°C R5 0.10 +0.02 0.54+0.12 ---

a  analysis by EA (element analysis)
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Fig.7 X-ray powder diffraction (XRD) patterns for the (a) regenerated and (b)
sulfurated 10%Fe,03/S10,
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Fig. 8 Breakthrough curves for H,S and COS removal at various temperatures using
10%Fe,05/Si0; (Inlet H,S = 10,000 ppm, COS = 2,000 ppm, CO = 30%, H, =20%,
N, balance, WHSV = 3,000 mL-hr"-g™")
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Fig. 9 Breakthrough curves for COS removal at various temperatures using
10%Fe,03/Si0; (Inlet COS = 2,000 ppm, CO = 30%, N, balance, WHSV = 15,000
mL-hr'-g”, sorbent : 1g)
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CO+H,0 - H, +CO, (4-7)

3Fe,0, +(H,,C0) - 2Fe,0, +(H,0,CO,) (4-8)

Fe,O, +3H,S+(H,,CO) »3FeS+3H,0+(H,0,CO,) (4-9)
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Table3 Sulfur sorption capacity of the 10%Fe,03/SiO, for H,S and COS removal at
various concentrations of CO

Carbon

Concentration content® Experimental Experimental sorption  Theoretical sorbent
of CO (%) (%) breakthrough capacity breakthrough utilization
time (min) (g-S/100g-sorbent) time (min) (%)
0 0.15£0.00 45 38 51 88
15 0.15+0.01 47 39 51 92
30 0.19+0.01 51 43 51 100
45 0.31+£0.01 46 38 51 90
a - analysis by EA (element analysis)
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Fig. 10 Breakthrough curves for H,S and COS removal at various CO concentrations
using 10%Fe,03/Si0; (Inlet H,S = 10,000 ppm, COS = 2,000 ppm, H, = 20%, N>
balance, Temperature = 500°C, WHSV = 3,000 mL-hr-g™)
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Fig.11 Breakthrough curves for H,S and COS removal without CO using
10%Fe;03/S10; (Inlet H,S = 10,000 ppm, COS = 2,000 ppm, H, = 20%, no CO, N,
balance, Temperature = 500°C, WHSV = 3,000 mL-hr’l-g'l)
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Fig. 12 Breakthrough curves for H,S and COS removal at various H, concentrations
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CEAFREL RS § 20077 § 5 R ¢
"1 Fe,0y/Si0, 5 e § 8 4 a0 i § % FE it 92 P g

Table4 EDS element analysis

Weight(%)

Element fresh S1 R1 R3 R5
0 441 485 182 513 48,7
Si 443 394 406 387 402
S — 4.4 - 0.4 0.4
Fe 11.6 7.8 112 96 107

(2) BET % & 234 F 12

Table5 = 10% Fe;O3/SiO, & w6 T #87 ek s 22 BET & & f## 2 3V F &
oo 3t — T MELEF Fe,03 8 HoyS F & » FerOs 2@ 7 O EAL ST 4 ch
L gt X manl i 14A 2 1.84A 0 ¢ HRSTHPEIE > ® 7R F
M2 EGHESIPH T AR AL ARG BT T
SEER R R RECEREE LRSS R L S Py ER-S s P R ]
PVFFIR RS A R0 R WIVF B D % 0 B PRF R BET & 6 ff 2 30
WA -

Fig. 24 5 10% Fe,03/Si0; & v {8 T A7 ek ﬁ;}iv}»“ﬁzwia B AR
LR RTE AT 2 AL 4 F S 2 v eIV & A & 15~30nm 2
¥ 3Lk (mesopore) » L o

Fig. 25 & 10% Fe:0ySi02 & b 5.7 f3 ik 6 2 %30 4 SR - 3 W
PR 3 U S 4‘5’\‘4’\@;*" Type IV » E: P SILM 2 BAHRE . e
W CUEMARE A 0§ R R L AR

Table5 BET surface area and total pore volume for various sorbents

BET surface Total pore Average pore
Sorbent 3 5 :
area (cm’/g) volumn (cm”/g) diameter (nm)
Fresh 217 0.81 22.2
S1 180 0.68 23.7
R1 205 0.75 233
R3 212 0.80 22.0
R5 184 0.77 35.6
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Table 6 Results of the Type I Deactivation Model

Deactivation Model Type I

Inlet temp (K) 673 773 873 973

kg (min™") 0.32 0.33 0.37 0.40

In(koW/Qo) 15.1 16.8 18.2 20.0
ko (cm’/min-g) 1.66x10° 9.94x10°  4.71x10'°  3.23x10"

W=2g, Qo= 100 mL/min

27

InA=39.5-12400T"'

26 4 R?=0.961
Ea=103 kJ/mol
_ 17
25 | A=1.4x10

24 A

Ink,

23

22 4

21 1

20

T'x 10° (K"
Fig. 28 Arrhheinus equation fitting for( ch: Type I Deactivation Model

(2) %= A2 #3450
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Bl 5 132519302383 %2 3056 & r AR ER G ,&)’;m06 Lo
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% 50~100 kJ/mol [Ranada, 1981; Focht, 1989; Pineda, 1995; Tamhankar, 1981] -
ARl R 2 R FE A AR - R4 o
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Fig. 29 Regression fittings for the Type II Deactivation Model

Table7 Results of the Type Il Deactivation Model

Deactivation Model Type I

Inlet temp (K) 673 773 873 973
kg (min™) 0.34 0.32 0.37 0.39
In(koW/Qy) 16.3 16.6 18.1 19.5
ko (cm®/min-g) 5.20x10° 8.63x10° 4.44x10" 1.87x10"!

W=2g, Qo= 100 mL/min

27

Ink = 33.7-7880T""
R?=0.956

Ea = 65.5 kJ/mol
A=43x10"

261 e
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Fig. 30 Arrhheinus equation fitting for the Type II Deactivation Model
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