Appl. Chem. Eng., Vol. 22, No. 3, June 2011, 312-318

XZMEN]| K,CO:2f Mn(NO;), X
CO,-MEt 723} H

=L Ce(NO3)30|
IS0l Ojxl=

Aot 2}°J°1]L121i§1}, AR Fad R AR Tk
(011 3€ 24 H, 2011 42 259 AE)

The Study of CO, Gasification of Low Rank Coal Impregnated
by K;COs, Mn(NOs),, and Ce(NOs)3

SangTae Park, YongTaek Choi*, and JungMin Sohn'

Department of Mineral Resources & Energy Eng., Chonbuk Nat’l Univ, Jeonju, Jeonbuk 561-756, Korea
*Department of Hydrogen & Fuel Cells Engineering, Chonbuk Nat’l Univ, Jeonju, Jeonbuk 561-756, Korea.
(Received March 24, 2011; Accepted April 25, 2011)

Zm|S o] &3 COAEr 7143 kinetic D Ew Ao ths] AT Aeke] EFulE K,COs$F Mn(NOs),
Ce(NOs) & WFFHRT7)E o] &3to] FA3I3 ) 7148 AL 5 win] FE 9 AFHeks TGAE AF-g-5ted
252 700~900 CTHL N Noot CO, WHS7FAE 233k TH TGA A3 A1 900 Tolld e Sl o] EF7o #AQ
o] AFAEE B4 IS 100%°] EEsiion S 7S EE 5 wi% KoCOs > 5 wi% Mn(NO;)Z > 5 wi%
Ce(NO;s); > Non-catalyst =0 2 UEMSTE 71A38) S2e 2527t F718k uet S7tekes AS #Es9 29 5 wi%
KoCOs9) -9 7k28ib-g 2733} olUx]7} 119.0 ki/molZ 71 A Ao xich

We have investigated the kinetics and catalytic activity of CO»-lignite gasification with various metal precursors as catalysts.
K>CO3;, Mn(NO3),, and Ce(NOs); were used and impregnated on a coal using an evaporator. The gasification experiments
were carried out with the low rank coal loaded with 5 wt% catalyst at the temperature range from 700~900 C and atmos-
pheric pressure with the N>-CO, reactant gas mixture. The catalytic effect on the gasification rate of the low rank coal with
CO, was determined by the thermogravimetric analyzer. It was observed that the low rank coal reached the complete carbon
conversion regardless of the kinds of catalysts at 900 ‘C from the results of TGA. The catalytic activity was ranked as
5 wt% KoCO; > 5 wt% Mn(NOs), > 5 wt% Ce(NOs); > Non-catalyst at 900 ‘C. The gasification rate increased with increas-
ing the temperature. The activation energy of the catalytic gasification with 5 wt% K>CO; was 119.0 kJ/mol, which was the
lowest among all catalysts.
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Table 1. Ultimate Analyses and Proximate Analyses of Coal

Proximate analysis Ultimate analysis

Ash analysis

Moisture 17.89% Carbon 62.73%
0,
Volatile matter 36.93% Hydrogen 1%
Nitrogen 0.95%
. 0,
Fixed carbon 35.09% Sulfur 0.28%
Ash 10.09% Oxygen 21.42%

Si0O; 30.60% K0 3.06%

ALOs 4.03% P05 0.74%
MnO 1.08% MgO 1.81%
CaO 37.10% TiO, 0.32%
Fe 03 19.70% Zn0O nd
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Figure 1. Carbon conversion of catalyst in 900 C.
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Figure 2. Carbon conversion of catalyst in 850 T.
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Figure 3. Carbon conversion of catalyst in 800 .
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Figure 4. Carbon conversion of catalyst in 700 C.

7N itk a9 B HaASHE ol 85l AEE Ad dlo]

EHERE ol AFASE ol gol Sl gkl sk 713}
WS A%kl wet Wb ot 2ol fFrdch
1 dx AL
[ R VN _ 8
E(X)= x4 [—In(1— X)] 7

k= Z7FRshE SR K(X)E BE A8 7RhelA #Ldlo] et
oi;}
A .

k= [k (dx @)
0

3. Zdut 9 iEk

3.1. Et& Mskg
I AT (KCO5)E 01838 Zvl|7}2~38} W18 mechanismel] T
S TheFst 7HdEo] AN E] $itH14,15]. ©] 3 oxygen transfer
mechanism®] 7} @8] dAgri14]. Ko.COs: ARke] whAie} wk



A5 gke]l KoCOs8F Mn(NOs), 2 Ce(NOs);©] CO-A 8 7kA8) Whg-of wX= gk 315

o Non-catalyst
° K,CO_5wi%
1.0 v Mn(NOQ,), Swt%
@ocdf’% & Ce(NO,). Swi%
<p3

dX/dt(min™)
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Figure 13. K, for CO, gasification of char impregnated with each
catalysts in 850 C.

Table 2. K for CO, Gasification of Char Impregnated with Each
Catalyst

K (X=0-1)
Catalyst (wt%) - - - -
900 C 850 C 800 C 700 C
None Catalyst 13.552 9.4446 3.4896 0.84
K>COs 5 wt% 53.6052 30.051 17.1756 1.54
Mn(NOs), 5 wt% 18.1506 18.8082 3.5772 1.0668
Ce(NOs); 5 wt% 14.8536 29.6364 3.9492 1.1478
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Figure 16. Arthenius plots for each catalyst.
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Table 3. Activation Energies (E,) of Each Catalyst.

Catalyst (wt%) Ea (kJ/mol) Catalyst (wt%) Ea (kJ/mol)
None catalyst 142.8678 Mn(NOs3), 5 wt% 172.4739
K>CO; 5 wt% 118.99 Ce(NO3); 5 wt% 142.7348

kJ/mol = YEFATE 5 wt% K,COsE B3 2= 119.0 ki/mol = 2
3} oUA 7} Fhashe A BTk Ligk Cheng[18]9] H.ate] u}
=21 850~ 960 TollA 5 wt% K.COsE HA$ 3= 91.9 ki/molS
BT FuiE G@X5A] ok = 122.0 ki/mol 0.7 A Aashs
ANE 1t 2 A% 94 5 wi% K.COss BATo =M
142.9 kJ/molollA] 119.0 ki/molZ E =& A&y} U8}, vbd
5 Wt% Mn(NOs),= 172.5 kl/mol, 5 wt% Ce(NOs):= 142.7 kl/mol &
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St
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