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Abstract— Zinc and iron-based sorbents were considered as prime candidate sorbents to remove H,S in coal-derived
gas. The performance of sorbents was tested at temperature range of 400-700 °C in a fixed-bed reactor using the simulated
coal gas. Then, the effective product-layer diffusion coefficient, D, was estimated from the best-fittings of the experimental
breakthrough curves and simulated breakthrough curves by the grain model and unreacted core model, respectively. These
two models showed that the predicted and experimental breakthrough curves were in good agreement. Apparent activation
energies and frequency factors were obtained for the product-layer diffusion coefficient of various sorbents by plotting in
Arrhenius form.

Key words : High Temperature Desulfurization, Grain Model, Unreacted Core Model, Effective Diffusivity, Zinc Oxide, Ferric
Oxide, Copper Oxide, Fixed-Bed Reactor
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Fig. 1. Schematic diagram of fixed-bed reactor system reactor.
1. N, bomb 13. Sampling part
2. H,S bomb 14. Two-zone furnace
3. CO bomb 15. Fixed bed
4. H, bomb 16. Thermocouple
5. N, bomb 17. Temperature controller

(for preheating or regeneration) 18. Three-way valve

6. Air bomb(for regeneration) (for analysis or vent)

7. Mass flow controller 19. Pump of analyzer

8. Check valve 20. Continuous gas analyzer

9. On-off valve(for N,) (H,S or SO,)

10. On-off valve(for O,) 21. Dry ice trap

11. On-off valve 22. On-off valve(for vent)
(for analysis or vent) 23. Flowmeter

24. On-off valve
(for analysis or vent)

12. On-off valve(for vent)
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Table 1. Experimental conditions and parameters for simulation

Grain model Unreacted core model

Reaction rate constant, k(cm/sec)

ZnO: 1.3 exp{ - 10.3 kcal/mol/RT]

Z2T,72T3,Z3T2: 0.4 exp[ — 9.3 kcal/mol/
RT]

Radius of spherical grain, r,=5X10 ®cm

Pellet porosity, e=0.4

Intrinsic surface rate constant
k =8.33333 cm/mol - sec

Common parameters

Radius of spherical pellet, 1,=0.01575 cm

Superficial gas velocity, U,=8.28932 cm/sec

Stoichiometric factor, b=1(ZnO), 1/2(Z2T,Z2T3,Z3T2), 1/3(Fe,0,,ZF,ZCF)
Bed porosity, €,=0.4

Bed length, L=2cm

Initial concentration, C,,=1.3226x 10 "mol/cm’

HWAHAK KONGHAK Vol. 36, No. 5, October, 1998



690 PAPARE. IS
500 5 L——
.+ - - grain model ' ; .
O §60°C -0 Do
O g seecc . : Do
e~ A 650°C . A .
E & 700°C :'O . Do
s :
T 30 " ;¢
3 . a
[ . . .
S . . -
5 | T
2 . °o " Do
8 : . : 0
0, . . : :
* L o a ol
100 ° Do
R 4
om ] co
0 : P, Lot g
o] 2 4 6 8 10 12
time(min)
Fig. 2. Experimental breakthrough curves of ZnO at various tem-
peratures vs. best-fit breakthrough curves from grain model.
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Fig. 3. Experimental breakthrough curves of Z2T at various tem-
peratures vs. best-fit breakthrough curves from grain model
and unreacted core model.
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Fig. 4. Experimental breakthrough curves of Z2T3 at various tem-

peratures vs. best-fit breakthrough curves from grain model
and unreacted core model.
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Fig. 5. Experimental breakthrough curves of Z3T2 at various tem-

peratures vs. best-fit breakthrough curves from grain model
and unreacted core model.
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Table 2. Effective diffusivity calculated from grain model

Sorbent Temp.(°C) D,(cm’/sec)

ZnO 550 2.9167x 10"
600 3.6191x10°°
650 5.2084x10°°
700 5.7075x 10" ¢
72T 550 2.0808x10°°
600 2.3251x10 °
650 2.5888%10°°
700 3.2173%x107°
Z3T2 550 3.9406x 107°
600 4.5031x10 °
650 5.6934x10 7
700 6.3221x10°°
72713 500 19176 x10°°
550 2.7703x 10 °
600 3.6113x10°°
650 4.4233x10°°

3.0212x 10"* exp(~ 7.5971/RT)

3.0925x 10" * exp(— 4.4575/RT)

9.6859x 10™ “exp(~ 5.2601/RT)

3.3711x 10> exp(— 7.9034/RT)
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Fig. 6. Experimental breakthrough curves of Z2T(20 % CuO) at var-
ious temperatures vs. best-fit breakthrough curves from un-
reacted core model.
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Fig. 8. Experimental breakthrough curves of ZF at various temper-
atures vs. best-fit breakthrough curves from unreacted core
model.
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Fig. 10. Arrhenius plots of the effective diffusivity for various sor-
bents from grain model.
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Table 3. Effective diffusivity calculated from unreacted core model

Sorbent  Temp.(°C) D, (cm®/sec)
72T 550 630x1077 2.7972x 10 “exp(~ 2.3933/RT)
600  7.19%1077
650  8.05x1077
700 1.00x10°°
Z3T2 550 1.20x107° 1.5412x 10 °exp(- 4.1703/RT)
600  1.40x10°°
650  1.78x10 °
700 2.015x10 °
7273 500  5.50x10 7 1.6637Xx 10 *exp(- 8.7278/RT)
550  830x1077
600  1.12x10 °
650  1.38x10°°
Z2T 550 5.12x1077 2.0068% 10" exp(~ 5.9312/RT)
(20% Cu0) 600  7.03x1077
650  9.11x107’
Fe,0, 400  1.58Xx 1077 3.0594x 107’ exp(— 13.0439/RT)
450  4.51x1077
500  5.48x1077
ZF 400  8.11x1077 6.7472x 10 *exp(- 12.0241/RT)
450  1.695x10°°
500 2.58x10 ¢
ZCF 400 1.65X107° 1.2290x 10 exp(~ 8.8067/RT)
450  2.85x10°°
500  3.85x10°°
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Table 4. Literature effective diffusivity

Researcher S. S. Tamhankar(1985) Susan Lew(1992)
Model grain model overlapping grain model
Sorbent 45 % Fe,05+55 % SiO, 72T
Temp.('C) D.(cm’/sec) D,(cm’/sec)
400 2.2052x 1077 1.8x107"
500 3.1995x 10°° 22x107°
600 4.4240x10°° 1.3x10°°
700 5.8810x10°° 8.3x10°°
500 v
®
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Fig. 12. Experimental breakthrough curves for various bed lengths
vs. predicted breakthrough curves from grain model and un-
reacted core model.
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Fig. 13. Experimental breakthrough curves for various initial con-
centrations vs. predicted breakthrough curves from grain
model and unreacted core model.
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Fig. 14. Experimental breakthrough curve for gas flow rate change

vs. predicted breakthrough curve from grain model and un-
reacted core model.

HWAHAK KONGHAK Vol. 36, No. 5, October, 1998



694 AApal

ks 7ol A3
L5 el

Fig. 140]l= 7} fedo] Who 2 Soi5 9 5, 05/mindd o o=
3 A ekl A, 33kear) HEEE A7 dlEo]
7hssh SakEAe] 7187 Axrt oEg o 4 itk ZelA]
g3 7e] o oAlEgtmt Adgke] A A3 dxshd st

Aj7re] 7™ 7o) A7} AL & S s, ol AT A
o2 x ’Qﬁ%‘ﬂﬂiﬂr%ﬁ 7o) 5| Av} &3HA|9] sintering,
7V, FHA et 22 BAA ] o3t Ao AztE ), o]
3 7ZA-Sollzte o 245_ Al o) HuAg o Sshsls T
27k gtz & 4 g)ATh

o] Atell ] oF Holx] el 7 @A) FRFAA S} B AT
o4 AHEE F mdlg o] gsle] mAS w4 FELA ] 3t
FAL A5 5 9182 Falsle] wdS Aot

o Zet 1 glon 0.5%Y dis of 2-32 Y=o

UE

2
=

5.

AFelA oje] 71 A¥oz AzE e
o s3rkehw wdl wAbdshel v ek M) ohgs)
qlgiet.

R
T
o

3

o =
O A
a5

(1) Grain model5} unreacted core model-g- A-8-3] 7A% 727
Al &g oA dofuhe 7]-3 Ao mARt "F— FI8-3
< Fdllen oy FH9 '%%Xﬂ °ﬂ gk fRIASE 7
4 At

(2) B3l &akA7ke] 7)-3. 438 product layer diffusion
control ¥h2-0]m o] unreacted core modele] A& 7FAS HolF
= Aoleh.

(3) ZAZ Al Zn0$%} Fe,0/4-8 SHA A1) ar kel =]
S TiOS} Cu02] o3 atoprghon o] 52 W2 57} &
A &3k o }—xﬂs}v« thE zinc oxide AF-& QP FAI7] AL textural

1S 53l
3

o XN
]

property S Z7}A1A £ A58 2HA o)
(& FRIAS} 5 0E AL $3e] 2T SR
W3R o HAE AEY 2 S Halsie
z Al
B ATe S A g dAleluA] Ak o] dgke

2 559l o A0 A)de) AU,

Ne=Fl k-1
a, : gas-solid interfacial area per unit volume of bed [cm ']
A,  : grain surface area [cm’]
b : stoichiometric coefficient {-]
C.  :gaseous reactant concentration [mol/cm’]
C, : dimensionless concentration, C,/C,, [-]
C,o :gaseous reactant concentration of reactor inlet [mol/cm3]
C,s :gaseous reactant concentration in solid phase [mol/cm’]
Cs : solid reactant concentration [mol/cm”]
Cso : initial solid reactant concentration [mol/cm’]
D,  :effective diffusivity within pellet [cm’/sec]
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: shape factor for grain [-]

: dimensionless parameter defined by Eq. (12) [-]
: chemical reaction rate constant [cm/sec]

: intrinsic surface rate coefficient [em’/mol - sec]

: mass transfer coefficient [cm/sec]

: reactor bed length {cm]

: molar reaction rate of A per unit volume [mol/cm’ - sec]
: pellet radius {cm]

: time [sec]

: dimensionless time {-]

: superficial gas velocity [cm/sec]

: volume of grain [cm’]

: distance down reactor measured from gas inlet [cm]

: dimensionless distance down reactor, y/L [-]

: extent of reaction of solid [-]
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13.

14.
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: porosity of pellet [-]

: bed porosity [-]

: dimensionless gaseous reactant concentration [-]
: molar density of solid [mol/cm’]

: effectiveness factor [-]
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