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Investigation of catalytic thermal effect in the process of
coal gasification and methanation
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(1. Institute of Energy Engineering Qingdao University Qingdao 366071 China; 2. College of Chemical Technology Qingdao University of Science and Tech—
nology Qingdao 266044 China)

Abstract: To know about the catalytic performance of three metal catalyst the y—Al, O, as the carrier compared with
the two steps of coal gasification and weformation to produce methane the one-step coal gasification and methanation
technology is becoming a new hot research topic in coal chemical engineering for its simplicity. Under the conditions of
a constant temperature of 650 C and a 2 MPa pressure in the fixed bed furnace reaction zone and with the y—Al, O,
as the carrier of different metal catalyst the catalyst performance was investigated to study its influences on thermal ef—
ficiency and thermal effect on the gasification and methanation reaction. The iron-based catalyst had a much stronger
influence on the methanation reaction than on gasification reaction. And the active component of potassium nickel mo-—
lybdenum added into iron-based catalysts improved the comprehensive catalytic performance. With the increase of the
proportion of active component addition the catalysis was clearly promoted. From the thermal efficiency of coal conver—
sion the catalyst performance of 4K1Ni was the highest then Fel5 and K15Fe5Mo5 followed. The thermal effects of
Fel5 and K15Fe5Mo5 were higher and then potassium nickel complex catalysts followed that showed the thermal eco—
nomic effect of iron-based catalysts was excellent.
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Table 1 Proximate analysis and ultimate analysis of Shenmu bitumite and straw %
Murl le chl Adl' Cud Hml Ourl Nurl Szni
7.51 29. 05 53.51 9.93 65. 00 3.83 11. 38 0. 88 0.40
4. 44 72. 86 16. 08 6.62 40.6 7. 60 50. 00 1. 40 0.40
v-Al, 0, 2
K/Ni K/Fe/Mo Fe o
1
( ) Fe5 Fel0 Fel5 . N,
o 40 mL/min
2 MPa
1KINi 4KI1Ni 30 C
o 1KINi 4KINi K15Fe5Mo5 Fe5 350 C 20 °C /min
Fel0  Fel5 6 : 40 ~ 650 °C 15 C/min * "7,

80 650 C
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Fig. 1 One-step coal gasification and methanation apparatus
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Table 2 Reaction coefficients of the composite coal gasification and methanation

a

(AH/(kJ » mol™'))

1K1Ni 4K1Ni K15Fe5Mo5 Fe5 FelO Fel5
@ C+H, 0 == CO+H,( 135. 656) 0. 480 0.415 0. 446 0. 496 0. 477 0. 470
® CO+H, 0 == H, +CO0,( -35. 656) 0. 263 0. 303 0.240 0. 268 0. 264 0.233
® C+2H,=— CH,( -88. 116)
@ 2C0+2H,== CH, +CO,( ~259. 428)
® CO+3H,=——= CH, +H,0( -223. 773) 0. 096 0.059 0. 135 0. 141 0.125 0.153
DO~@ @~® 2 . 2
HSC
18-19
CH, H, CO CO, H,0
i(i=12 - 5) ij=12 = 5) 0
— 3.2
a( )
Y b
> 32.8 kJ/g CH, 35.88 MJ/Nm’ CO
b .
¢ 12.64 MJ/Nm® H, 18.79 MJ/
QD a
s Nm® o
2. b B
—_ J=
=5 () Q(CH,) + Q(H,) + Q(CO)
S S ab, - % 100% =
=1 =1 Q¢
@ V( CH,) ¢( CH,) + V( H,) q(H,) + V(CO) q( CO) N
(1) 2 a m.q,
. ® @ 100% (2)
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B:Q(Hz) + Q(CH,) + Q(CO) _ o
Y AH
V(H,) q(H,) + V(CH,)q(CH,) + V(CO)q(CO) °
> AH
(3)
0 v ? 3 AKINi
q. ;m, ;g (H,) Fel5  KI15Fe5Mo5 AKIN
q( CH,) ¢(CO) H, CH, CO Fel5  K15Fe5Mo5 4K1Ni>
; SAH 2 1KINi Fel5>Fel0  Fe5
K  Fe .
3
Table 3 Thermal analysis of coal gasification under different catalysts
Fe5 FelO Fel5 K15Fe5Mo5 4K1Ni 1KINi
1% 32.93 37.95 54.53 51.77 77.29 47.58
13.37 12. 65 17. 44 16. 64 9.56 9. 64
(l)o ’ Clola] ; At
2
. 3 4 K 0
Ni 2 . 6
. : 97% (
2) . 97% 6
» K15Fe5Mo5 4K1Ni
FeS
24.5% Fel5 ;
K Mo 80% ~97%  Fe5
. : K15Fe5Mo5 80%
3.3 .
2 .
H, CO CO, CH, .
V(H,) V(CO) V(CO,) V(CH,) 80% ~
x 97% 1K1Ni 80%
_ 12 V(CH,) + V(CO) + V(CO,) (4) .
= 22. 4w,C,, At y
0
0=1-x (5)
V( CH
(CH,) x 100% (6)

Y= Ar V(H,) + V(CO) + ¥(CO,) + V(CH,)

+ V( H,0)
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