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Abstract— A reaction rate of a zinc titanate sorbent with H,S for scale-up design was obtained from a simplified semi-batch
fluidized reaction model and experimental data from a hot gas desulfurization fluidized bed reactor at high pressure condition.
The global reaction rate from a fluidized bed reactor of 7.5 cm inside diameter was 1,276 cm’® gas/gmole H,S/sec, which is
5 times smaller than that from TGA. The global reaction rate can be used in the design for the scale-up because the reac-
tion rate includes the effects in fluidized bed such as bubble charateristics, mass transfer, entrainments, and solid mixing
etc. Sensitivity of parameters on a fluidized reactor performance was analyzed with the simplified model.
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Fig. 1. Schematic of semi-batch fluidized bed reactor.
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Table 1. Experimental condition for the sulfidation reaction

Sorbent KZ-1
Sulfidation temperature 600 °C
Pressure 4.4 atm
Inventory 500g
Flow rate 72 Nl/min
Gas velocity 0.2m/s
Sulfidation gas composition Simulated gas of KRW gasifier
H, 11.7%
(6] 19.0%
CO, 6.8%
N, balance
H,S 0.28%
H,0 10.8%

H,S concentration 3,100 ppmv(dry basis)
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Fig. 2. Schematic diagram of a fluidized hot gas desulfurization reactor of inside diameter 7.5 cm in KIER.
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Table 2. Physical properties of used zinc titanate sorbent

Sorbent name KZ-1
ZnO/TiO, molar ratio 1.5
Binder 5 wt% bentonite
Calcination condition 5hrs at 900 °C
Particle size 100-300 pm
Skeletal density 4.4 glem®
Bulk density 1.16 g/em®
Table 3. Variables for modeling
T, Temperature [°C] 600
k,, Reaction rate constant [cm’ gas/gmole H,S/sec] 1276
P;, Total system pressure [atm] 44
Total inlet gas flow rate [Nl/min] 72
G, Flow rate of coal gas [mole gas/sec] 0.0536
H,S inlet gas flow rate [Nl/min] 0.2012
Y(simier)> Initial mole fraction of H,S [-] 0.00279
A, mol of ZnO initially present per g of sorbent

[mol ZnO/g sorbent] 0.00706
W,, Total sorbent inventory [g] 500
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Fig. 3. Comparison of model and experimental data from a semi-batch
fluidized reactor.
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Fig. 4. Sulfidation reaction of zinc titanate in TGA.
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Fig. 6. Effects of sorbent inventory on exit H,S concentration.

v AT 85
1 =
d -
s/
08 | ’
/
06 | / y
’w " // //
[ H
! , YHas
04 : , n
; / —0.0112
02 L Y L7 +--0.0056
. 7 — -0.0028
T —-0.0014
0 e o T 1
0 3 6 9 12 15
Time, hr
Fig. 7. Effects of inlet H,S concentration on outlet H,S concentra-
tion(W, : 500 g).

T AALe Btk 4 5u87)9] A 31 (breakthrough point)
o] A7} 23Ptele] =eelol g o) A A el Ao
1l 53 uhs7ldl e AVt AAR ez FAsA £§E7)
ool 23 ollA] B ule} 7ho] SAE Q] FAL BT Ao}

4-32. 7}~ 2 H,S Folx T

A7t F2] HS F9%550) W8d o 335 g waps)
srt. Fig. 72 F07k2 Foll A A7k2el] g HSS) E-g0] 0.0014,
0.0028, 0.0056, 0.01122 FolA o wa} SFojA9] H,S9] FT &
E()E BFETh o) A% Waluels vz 2rlEYEs
= BF At F FEolr)t 2] wFel 7hae] )] Al FA)zke] 7
7] wEolch. HySe] £-89] 0.0014% v 33jukgo] 25} 2|4
Hol 154]7ke] A Whgo] BrjA] dErt. HS9| £-80] 0.0028Y
e qhg-A17ke] 13X)7F Hm 3lEc). H,S9) £49] 0.00562
g HES-AIZEe] 6.5417 A el A 23} o) S3bAl9] o] 24
B A die Flsr) 2002 Ha g3 $&
uhgA17ke] Hke 2 Z4) 5 & Aot

4-3-3. h3-&E 0] o3}

WSS (k)E WA 22 BALE S35}, Fig. 8 uke
S5 W3l 0E HS ET5EFAolt) vk Es} suzAe)
1,2761 1/291 6389 79 FEFAlo] ukgk Sa} A& 7w
Al Aojzch whgtE7) 7| B2 1/4Q] 3199 ALE 2755

/ - —
/ 4 T ]
08 L / y *‘ /,_,..--'
i) o
06 | i
04 | Y - 319
/ e — 638
02 // — 1276
- / —-5102
/
0 . = . ‘
0 3 6 9 12 15
Time, hr

Fig. 8. Effects of reaction rate(k,) on exit H,S concentration.
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Fig. 9. Sorbent ZnO conversion as a function of time.
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A : cross-sectional area [cm’]
Cus  : H,S concentration in the gas phase [gmole H,S/cm’ gas]
Czo 1 ZnO concentration in sorbent [gmole ZnO/cm® sorbent]
[Cziolwo : initial ZnO concentration in sorbent [gmole ZnO/cm’ sorbent]
G : molar flow rate of gas [gmol gas/sec]
H : static bed height of sorbent in the fluidized bed [cm]
k, : reaction rate constant [cm’ gas/gmol H,S/sec]
k, : reaction rate constant [1/sec]
Nus  : number of moles of H,S [gmole]
N.o  :number of moles of ZnO [gmole]
o : partial pressure of H,S [atm]
pr  total pressure in the fluidized bed reactor [atm]
R : gas constant, 82.06 [cm’ gas atm/gmol gas/K]
Tass : reaction rate of H,S [gmol H,S/cm’ sorbent/sec]
T : reaction temperature [K]
T : characteristic time [sec]
t : time [sec]
\'A : volume of sorbent in the bed [cm’]
w, : total weight of sorbent in the bed [g]
X : conversion of solid (ZnO) at any time [-]
Yus ol fraction of H,S gas [-]
Yisw - inlet mol fraction of H,S gas [-]
\A : dimensionless concentration of H,S gas [-]
y. : the ratio of the H,S concentration in reactor exit gas to the
H,S concentration of reactor inlet gas [-]
z : height in the fluidized bed [cm]

az2j0jA 2%}

Ao : the moles of ZnO initially present per g of total sorbent
[gmol ZnO/g sorbent]
D5 : solid bulk density [g/cm’]
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