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Figure 2. Schematic Structure of Conventional CAIaus Process Unit




walsAs uonesedaad yshieje) jo weibejq syewsyoss °¢ aunbiy

oV Gti
Jojjonuo)
IejeeH pue <
101u1g oneubepy eimesedwe |
- -
yieg lejeMm
ejdnooouneyj
Jejpwowey |
uvebosN
mjlngd sen JM“

oAeA |ONU0)

1

1818wejoy




Apnjg Buluaaiog ysfjeje) 1oy snjeseddy jeyuswiadxy °p aanbiy

Jua/\ pue JyBi UasUIY O]

pegishieled  joops Zpend

A A A A A
||—
apying uaboipAH >

3 ;
[o]

S 8

2 £

3 ]

(9]

(o]

[ =

o

(0]

«» b
— ol i >

19U )

SEO) paa4
Jaljund se H wiv)sAg Jojpoes
uabosphH utind e s o ydesbojewoiyn ses o)
an >
ssedAg

anje/ a|paaN

Jojaweloy




uojsuawi( pue ainjonas Jojoeay °g ainbi4

|00A ZyeND 1shjered
ajdnooowsayy ,91/1 'A'O
‘Zyenb o epew s| J0joea) 9|0YM By L
a|dnooowray | Jasuspuod Injing Jasuapuo) .
€X9HL'AQO0 4 JaJ1epA OL
il 5 ! o
- = ( = N
-h A jry
w1 L= =
4 o =
S S
3 " 2 4
(]
2
7] )
% < e 8 ®
3 et L Lot It =)
2 welh W/l 3 3
3 -—
o) < - o 5
I8 WHIE € 5 -




wa)sAg snjeseddy jejuswitadxy jo weibeiq a1ewayoss 9 ainbi4

yieg suiwejouel)aiqg %im 0€ 40109)100 J31e

JajeAuo) Qv Jajjonuo)
19Indwo) g aa1) Auagmens ainjeladwa)
- 19IN0
9°001> J918M PIOD
apying uaboipAH .,M, —
. m-.w .
5 29 0} S
= ® gjduwes ses) a
apixoig uoqied w e 19U
S o J91EM PI0D
[~ - —
= Jasuapuod Jnjng —
. (7]
uoBomN — I =>4 9°001 99 0}
191U __ o __ ® _..,.!-..‘v odweg seo
sec) paa B ®
i 3 3
uaBaupAy  Jayund seo waysAg Jojpeay o 5 uonnjog
& 2 HOEN
uo
anjeA o|paaN (= # ssedAg 1A

1919We)0Y




0.D. 116" x 3
Thermocouple

The Lid Almost Closed
Nitrogen Purge Gas inlet
& .
A
A A _A
< Adsorbent Basket made of
Stainless Steel Screen
¥
®
®
- Melting Suifur
A
A
= 1.D. 1 1/4"
o) - 0.D. 116" x3
\ \ A Thermocouple
A

Figure 7. Experimental Apparatus for Adsorption of Sulfur
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Figure 10. Experimental System for Adsorption Test
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Figure 13. Temperature Profile in the Original Reactor
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Figure 18. Weight Loss v.s. Time Heated with Air for 2 Hours in TGA
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Figure 19. Weight Loss v.s. Time Heated with Nitrogen for 2 Hours in TGA
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Figure 27. Effect of Temperature and Pressure on the Equilibrium
Mole Fraction of H,S in Sulfur Related Species

(HpS:CO5= 1:9)
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Figure 28. Effect of Temperature and Pressure on the Equilibrium
Mole Fraction of HoS in Sulfur Related Species

(H2S:C05=1:9)
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Figure 29. Effect of Temperature and Pressure on the Equilibrium
Mole Fraction of S, in Sulfur Related Species

(H2S:C0O4 = 1:9)
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Figure 30. Effect of Temperature and Pressure on the Equilibrium
Mole Fraction of S, in Sulfur Related Species

(H232C02= 1:9)
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Figure 31. Conversion of H5S as a Function of Temperature

and Initial H,S % in the H,S and CO, Mixture
(1 atm)




Temperature (°C)

S :

L |
90.0 100.0

R A SRR R
300 400 500 600 700 80.0

H5 S%inH 4 Sand CO, Mixture

Figure 32. Conversion of HyS as a Function of Temperature
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Figure 37. Yield of Spas a Function of Temperature and Intial
HoS% in HpS and CO5 Mixture (1 atm)




800.

800.

700.
5
Qe
o 600
=
o
2 500
=
LM
-
400.

300.

200. :;:_

ARATIR

Ptttk g i b 3N RN R S i A S SR A

EEse
o e I LS A e o

100. =T e
00 100 200 300 400 500 600 700 800 900 100.0

HoS%inH oS and CO 5 Mixture

Figure 38. Yield of S5 as a Function of Temperature and Intial
H,8% in HyS and CO5 Mixture (1 atm)




8.00

g 24.00 \
N

m \
"'5 20.00

3 |
']

S 16.00

|
12.00 \

1
/

—
/1

< Je0o%c
550°C |~
4.00 50{%\ N B S
\__ .\
——] \'\
0.00
o 10 39 30 4 50 g 70 g 90 45

Initial HZS in HZS and COZ Mixture

Figure 39. The Effect of the Initial H,S% on the Yield of S,
at 500, 550, 600°C




f\
\\
\ \\
NE
45.00 \ <
2\: 40.00 \ \\ \
o™ N\1000°¢C
& 35.00 \ \\ \
o ) \ woo% \\
= 30.00 \ (aoooa \\ <
> 25.00 \ N \
' w% ~N \\ \
20.00 <
15.00 \ ] T~ \\
10.00 T~ \<
. \\
\\
5.00 e
0.00
o 10 29 30 4 50 g 70 g 90 4o

Initial H5S in HyS and CO5 Mixture

Figure 40. The Effect of the Initial H,S% on the Yield of Sy
at 700, 800, 900, 1000°C




\
N

<

&, 40.00

% /

%  35.00

= 30.00 . //

g 7.28% /

> \ 4
25.00 \ //
20.00 \ /
15.00 - \ /
10.00 /

5.00 ,)/
0.00 {/

0 100 200 300 400 500

700 900

600 800 1000

Reaction Temperature (°C)
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Figure 54. The Effect of Reaction Temperature and the Number of Simulated
Cycles on Equilibrium Mole Fraction of Hy
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Figure 55. The Effect of Temperature on Equilibrium Mole Fraction of CO
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Figure 56. The Effect of Reaction Temperature on Equilibrium Mole Fraction
of CO after Cooling down the Reaction System to 25 °C
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Figure 57. The Effect of Reaction Temperature and the Number of Simulated
Cycles on Equilibrium Mole Fraction of CO
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Figure 58. The Effect of Temperature on Equilibrium Mole Fraction of H,S
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Figure 59. The Effect of Reaction Temperature on Equilibrium Mole Fraction
of H,S after Cooling down the Reaction System to 25°C
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Figure 60. The Effect of Reaction Temperature and the Number of Simulated
Cycles on Equilibrium Mole Fraction of HyS
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Figure 62. The Effect of Reaction Temperature on Equilibrium Mole Fraction
of CO, after Cooling down the Reaction System to 259C
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Figure 63. The Effect of Reaction Temperature and the Number of Simulated
Cycles on Equilibrium Mole Fraction of CO4
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Figure 64. The Effect of Temperature on Equilibrium Mole Fraction of Hy0
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Figure 66. The Effect of Temperature on Equilibrium Mole Fraction of COS
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Figure 67. The Effect of Temperature on Equilibrium Mole Fraction of CS,
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Figure 69. The Effect of Reaction Temperature on Equilibrium Mole Fraction
of SO after Cooling down the Reaction System to 25°C
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Table 2. Amount of Sulfur Adsorbed (wt % of adsorbent) at 290 + 5°C

Time Activated Co-Mo-alumina Alumina Alumina
(hours) Carbon (extruded) (sphere type) | (cylinder type)

0.17 43 - - -

0.5 20.1 0.0 0.0 2.6

1.0 43.9 0.0 0.0 28

20 47.2 33 0.0 6.3

3.0 529 54 12.3 5.0

5.0 70.8 2.6 ' 11.7 6.1

50 - 32 - -

8.0 74.2 28.9 12.5 8.7

Table 3. Amount of Sulfur Adsorbed (wt % of adsorbents) at 220 + 5°C

Time (hours) Activated Carbon
5.0 8.9
8.0 23.6
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Table 10. The Possible Side Reactions Expected to Occur at 550°C

and 1 atm
H,S == H,+05S, AG=87.468 kJ/mol K=2.808x10"
AH=94.794 kJ/mol Endothermic
CO,+H, ¥ CO+H,0 AG=8824  kJ/mol K=2.754x10"!
AH=36.601 kJ/mol Endothermic
2CO+S, = 2COS AG=-44.644 ki/mol K=6.817x10?

AH=-98.69 kJ/mol Exothermic
HS+CO, = CO+05S,+H,0 AG=52558 kJ/mol K=4.614x10*
AH=283998 kJ/mol “Endothermic
H,S+CO = COS +H, AG=21.412 kJ/mol K=4.375x107?
AH=-1948  kJ/mol Exothermic
H,S + CO, = COS +H,0 | AG=30236 kJ/mol K=1.205x10"?
AH=34.653 kJ/mol Endothermic
2H,S+S0, = 1.5S,+2H,0 AG=-19.197 kJ/mol K=16.538
AH=-78264 kJ/mol  Exothermic
H,S +COS = CS,+H,0 AG=40.014 kJ/mol K=2.886x107
AH=34.605 kJ/mol Endothermic
H,S+CO = COS +H, AG=21412 kJ/mol K=4.375x10?
AH=-1948  kJ/mol | Exothermic
CO,+0.75S, = COS+0.5S0, AG=38835 kJ/mol K=2.962x10"3
AH=73.785 kJ/mol Endothermic
2 COS = CO,+CS, AG=9.778  ki/mol K=2.395x10™

AH=-0.0478 kJ/mol Exothermic




Table 10. cont.

2H,+S0, = 2H,0+0.5S,

2C0+S0, = 2C0,+0.5S,

SO,+3H, = H,S+2H,0

COS + H,0 +H, = CH, + SO,

CS,+2H,S = CH,+2S,

4H,+CS, = 2H,S +CH,

3H,+CO = CH,+H,0

CO,+4H, = CH, +2H,0

AG =-106.665
AH=-173.058
AG=-124313
AH =-246.26
AG=-150.399
AH =-220.455
AG=111.638
AH =-0.7600
AG=96.160
AH = -66.233
AG=-78.776
AH =-255.821
AG=-17.350
AH=-223.163
AG=-8.526

AH =-186.562

kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol
kJ/mol

K=5.890x10¢
Exothermic
K=7.767x10’
Exothermic
K=3.515x10°
Exothermic
K=8.207*
Exothermic
K=7.882x107
Exothermic
K=1.000x10°
Exothermic
K=12.624
Exothermic
K=3.477

Exothermic




Table 11. Relative Concentration of Possible Products at 5§50°C and
1 atm (Initial Percentage of H,S in H,S and CO, is‘80%)

Component
CH, 7.21x107
Cco 7.59x10°
Cos 2.84x10%
Co, 1.61x10"
CS 2.48x107
CS, 1.21x10°
H, | 6.56x10°
H,0 3.84x10%
H,S 7.49x10
SO, 8.33x107
SO, 1.62x1077
S, 6.77x10°
S, 1.65x10°
Ss 1.71x10°%
S, , 4.01x10°¢
S 4.06x10°¢ I
S, 6.51x107 “
S 9.90x10° H






