HWAHAK KONGHAK  Vol. 40, No. 1, February, 2002, pp. 16-21

Mxf2| H20f ot dZ52 S8t HiEe| COo, /A

0d

o

NE - FEY - OlME - 87IET

A sk Bt
20014 119 19 A9)

(20024 8¢ 27 <,

CO, Reforming of Methane with Heat Supply by In Situ Combustion

Sang Jun Kong, Tae Sup Chung, Sang Jin Lee and Ki June Yobn

Department of Chemical Engineering, Sungkyunkwan University, Suwon 440-746, Korea
(Received 27 August 2001; accepted 19 November 2001)

[=] (1]
I =

e 44:-CO, 7RSS FENReel CO, /M w BEnkel migk A7) Tl ol oA Fujz 2w7tabrt 2hs)

< 71 5 Sivk ALO#] B # Pt, Ni, CeTol Fmah8-S Abslglat], 47 0249 #ae WedidA
oie} wleke] CO, /N #3571 MMz Extdolth, ey} FujdEe] Tzt @7 2 J3S v £
-8 WE Aav WA dofuhr T vhEe2 Wge| CO MR 571 AMde] dojdtia FEHTE 2AKE S S
A Ce-Ni-PUALO; 77t 7 28 452 BoF9=], CH, 20%, Q 5%, CQ 10%& F53t 74-%- 800°Coll~ 93%#]
CO, A A& 98%] CO &% AUtk vla B Abkof F53S S/ w fadstast Co, AAELS 4k
Sst WA R 1A U] B30T CO, ARl &S wd] 10-30°CY] =7dert #aF I

P

ooHE i
o 2

=

Abstract — In this work, CH combustion-C@reforming was investigated. In this reaction system, t€forming which is

an endothermic reaction occurs together with, €dimbustion which is an exothermic reaction and thus it is anticipated that

the temperature lowering of the catalyst bed would be alleviated. The catalytic actions of Pt, Ni and Ce suppo@gd on Al
were investigated, and Pt was found to be a very active catalyst for the combustion of the methane as wejl iedionCO

ing and steam reforming of methane. It was shown that the sequence of impregnation of the catalyst constituents affected the
activity significantly. In the Cicombustion-C@reforming, it is inferred that the combustion occurs in the first place and the

CO, reforming as well astsam reforming follow it. Among the catalysts tested, a Ce-Ni-f@Adatalyst showed the best

result: at the Cli: O, : CO,feed ratio of 20 : 5 : 10 and at 880, 93% ofCO, removal and 98% of CO yield were obtained.

As the feed rates of GHand Q increased, the methane conversion @@ removal ratio were decreased but the lowering of

the catalyst bed temperature was not reduced significantly contrary to the expectation. When the @@grenodval was
high, it was observed that the measured bed temperature was lower b§CL€:8a that when no reaction occurred.
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Fig. 1. CH, conversion vs. set bed temperature over various catalysts in

CH, combustion(CH,:0,,He=18:9:73); @: (5)Ce,04-(1)PYALO;;
O: (1)PYAILO,; <: (5)Ce04-co-(1)PYALO, O (10)NI/ALO,; A:
(5)Ce,05-(10)NI/ALLO4; V: (1)Pt-(5)Ce,04/Al 0.
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Fig. 2. CH, conversion(open symbols) and CO yield(closed symbols) vs.

set bed temperature in CH combustion-CG, reforming [CH ,:O,:
CO,:He=25:10:5:60(x=4)]; @, O: (5)Ce,0,(1)PVAI,O;; ¥, V: (1)
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Fig. 5. AT(open symbols) and CQ discharge/input ratio(closed symbols)
vs. set bed temperature in Cl{ combustion-CG, reforming
[CH,0,.CO,He=25:10:5:60(x=4); O, @: (5)Ce,04(1)PYAIO;;
A, A (5)Ce05-(10)NI/ALO,; [, B: (5)Ce,04-(10)Ni-(1)PYALO,.
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Fig. 6. CH, conversion(open symbols) and CO yield(closed symbols)
set bed temperature with different feed compositions in Ck
combustion-CO, reforming over (5)Cg05-(10)Ni-(1)PYALO; cata-
lyst; O,@®: CH,0,CO,He=20:5:10:65(x=1); A, & : CH,0,.CO,
He=25:10:5:60(x=4);J, ®: CH ,:0,:CO,:He=32:14:4:50(x=7).
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Fig. 7.AT(open symbols) and CQ discharge/input ratio(closed symbol:
vs. set bed temperature with different feed compositions in CJ
combustion-CG, reforming over (5)CeO4-(10)Ni-(1)PUALO, catalyst
O, @: CH,0,:.CO,He=20:5:10:65(x=1); A, &: CH 20,: CO,:He
=25:10:5:60(x=4); [J,®: CH,:0,CO,:He=32:14:4:50(x=7).
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Table 1. Exposed metallic content(mol %) by K chemisorption

%3 €] Co, /1A 21

Catalyst (5)Ce04(1)PYALO, (1)Pt-(5)CgO/AI 04 (5)Ce045-(10)Ni-(1)PALO,
Status fresh used fresh used fresh used
H, chemisorption|imol/g-cat] 215 15.3 115 12 27.2 2.6
% exposed of metal [%] 84.08 59.57 45.03 4.78 3.10 0.29

upz} xgkoll #AAGlo] 7z 400°CHIM H 2] CO, MIEHIE UER)Y
t}. 400°C o] WekAglg-2 7fdukdo] 3 o o] dofilA] A
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Witk Co, AZEF = x7F 19 W oF 600°C, x| 42 W °F 660°C,
x7F 7 W °F 710°CH-H vER}r] Al#ksle], 800°CHA CO, HilEH]
= I} 19 W 0.07(93%] CO, AAL)E 7P 45 A5 B9
x7} 49} 74 W= 22 0.49, 0.57(51, 43% CO, AAE)S Uehis)
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el EolE Zl0R Jgsig ot dA AP AT E x=Td
LFetgdol g FEHAT ol 246 S £99F 4l
P M) A whgo] FR FullE AT Fte wle- &
& FHNA WEA dofutal o] AE diFo] FujF ol
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HE 2] el tiak Co A F[FH71A #=100 cni(STP) 71%E]
S Aak) BE, x=1, 4, B 1 27 25.3, 23.7, 27.0 calH], o] ZA|
AR COAA LS tieFa el AANge] dojdt A=S Vehli= 4
07 Fx2 B & 9w ole x=7d v} 257 g FEHR

csp

>

7Ed
@R FEFue] B9 49 BRI 848 2AAE Fa QA
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Ao} €491 (1)Pt-(5)CeO4/AlL,O; E1lf 18] YAB-S F7)5to]
Algot-y-w 40 2 A7 (5)Ce0,-(10)Ni-(1)PYALO, Zmjoll
ete] Far FAETAAE Table Bl ehhict.

Al &0 2E AS-o)x WA (fresh) S0l 7| BH8-F(used)Zm) Bk
S}stgAwre] o A vhebdTh EAAER1 Ao}, W] e
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B} vedsls, Co, AAE, COFEod 84 | St W&
Aol eom AT FAje AL WekdgkEo] o) wen CO,
Azl 8 F37t AATH AR Fuf Sl Algjol, Y2, WFe
AR A7 dig 9AAZ Eet 7R £ g BT
e, o] ZH}2 o]&3ld xB 1, 4, B S71A1Z wket Wekds e
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