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ABSTRACT : Activity improvement of Ni metal catalysts for carbon dioxide reforming was studied
using HY-zeolite as the main supporter. As the reaction temperature increased, CHy and CO; conversions
increased, and conversions higher than 80% was obtained above 700 oC. As the Ni loading increased, the
catalyst activity increased, and the highest activity was shown for the Ni loading of 13wt%. The HY-zeolite
support showed the highest intial conversions of CHs and CO, but it showed faster deactivation than a ¥
-AlyOs support. Nevertheless, it maintained the CH: conversion higher than 80% after 24 hr reaction. The
effect of promoters such as Mg, Mn, K, and Ca was also studied. It was observed that the Mg promotor
exhibited the highest catalyst activity and less deactivation compared with Mn, K and Ca. After 24hr
reaction, The optimum Mg content was found to be Swt%.

Keywords: carbon dioxide reforming, Ni metal catalysts, HY-zeolite, promotor

* corresponding author : dskim@kongju.ackr HA™I|= H9A A3z


mailto:dskim@kongju.ac.kr

126 ol4hzterd: AP E HE Y Zoje] By 1 HFP

1. M8

19700 d) o] F A&HA AAZG og A5
o] Yoz JBIPEFo PP 2], F
a3 84 % AFAe dFg BRI o2 ¥A
2go] 71&slET 3len, HI o3 FHEAA
W #ie] golNBA FAMAE BRFFAA ol
B13}7] Y8l xE@stm vk H2Y AAT FAEA
Z9] 3t ATdstE usle 8 249 o
dElgao WEYA e F43 B2 HyL
AF7E BT e 71E & FAFY sholrh
22y FHEDY g met Yz £87 F7)
&3 o] eixg FB37] AN A543
AR Algo] E7}u3lmg @BAHEA AH
ol Aslet A ol §43% 23E AYATIE $HY
M FA A58 sfAsoF & A F9 2
HEHT doil~4). o]dgerie] 318A He W
WY A g o3 ojutsletAel ARE
o] A2, o] ¥gS i ot wighg A
ABEA F43 Auixg L AF Y87} He
TAA7E2(CO, H)E € F UTD). §487H29 4
G TtAEREN AY ZAEAZ, FAE Y3
FEEREANN F£4E JeIA= A Fe
2ANAAA AR 2tA7]e] 83 8L T o=
B A3 gleny, 97 TR/ w@sieid ¢F, A
g, deHz Fo YQES gAsted f&stch b
ol o3 o] dstea PGS 1990 o] F ofAl
EY AxRE AT FHAM FAAMol A& Ao
AR 3, A7 A7FAQ] ot EAE st o R
ABsE Y3} 7EEME S i wel 4
yHez O ABITH uls) S g FES
3 gk olaksieta: sjE B3y 5L S W
$E98 Yag ge diiA Fde dHx B27Et
I AR EheA vgez Ry nere §4
7t AlZet #4 CO gasS AXY + de AHo|
et EF 57 AR vls) §A47tE: v
°] HxCO=1124 =9 F4 glo] AFFHo=z 2
A8, 29F 9 FT 349 9885 v2d 97
7tA A Fe drE $EY £ e oFE U
cHel.

e

CLEAN TECHNOLOGY Vol.% No.3

ojst g gl 243 ojitsiti o ARG L
ol QAARE AFHUAL F3] I A7l ¢
& o] WrgolA HRA ¥ BHE AYE EriEo
AEE T Aok A FA Svlle URd g2 Sujs
o 40l g1 23 FAd @ Ugsici Rx Hof
e, Agd Fule & /AT Add ol 89 9@
A DT o ¥ Aol ¥ F3 A o
Aggol Ae VA A Fvie sige] A8 9@
AA Fo 4 HE AYA 7). AFRSS
A Fvle AANZE YA Zuid disfA SO,
TiO; & Si0-AbOs, MnO-AlLOs, CaO-ALO; 3¢
2o ERALE e AAAHEC] F& FAAE K
o321t} Gadalla®} Bower[8]E ALO:E A A A Z A}
A3 AAQA YA Fulo M) A Azbel] of
3 AF3Ac) Sodesawa${9]2 CO; WA FA A of
gt Za| 2 Nig& SiOyol EAAZ o g A3l A
o] Hye) 77t HE¢EH} gL CO ddxs ¢
gty Bt Yamazakis[10)e WA= &
g7 ESS 48lEFe] € UsE Fdise] &
FE 200 A g4 Qlo] & #48 vHAe A
£ A g} Gadallas} Sommer[11]E= Ni/MgO Zof
2 12523t Bt AEgS sk, EAE Wl
BE o €t AP AL LAk ol @
ATFABREL AR A AA2E S0 F Fdo] AT
AAHA Fofl Yo Z3A L 712Acds e
BoETh

o gholl o3t o]itzigtAh AR J1F &
TAEE A% @i HHYor oyt uggs) H
€ AP, ¢ g2IHL JAFI] A vl o
3 B A7t [PHR A2, 53] HAFE FAG

Zu|E o83ty ©AFFG o7l 9% A+
HAERo= AP gch

£ d7ME 2 0 eggd g 2
st A7 L8 A ohg AX A dig So ¥
4 HEE 2207 v-AlLOs9} S0y 281 73
AFFZEE 71X EUFHo] & HY-zeoliteo] LAE
GRAA vhg B R EY D, HY-zeoliteE F9
AANAZ sted YA FRAFS FElsty £ujg A
3 F ol w2 o] FAL vlmatgct el
v Zojo spn E 2AFA slFAEs 3 A

-



Aad 384 72dd 127
A& 77 E50% 48 gZeE ES5¢U Mg Ga FRXTE YotRr] s E &4 A(Thermogravi-
7 g7ZE 24494 K Holg4d Mn §& & metric analyzer, TA4100)8 Ap-&3}sdct
Wbkl g 54 NBAE ZASRT, T 4
ol E& ZE0E AP wi% B2 FoiE Az 23 gAAA
& Zu)) o AL 8 2g e HH =X H7lsk )
el JohS BHE i@ B AR 2% WY sgre] ojd o ABHEIAE AANSS 9T W
2 Bk Axg Zojo 54 BET vlgHF,

ZabAA €E%, XA 83 B4, oleAY Fehas),
¥ FAFE Akl FAHA

2. 4 ¥

21 EFv| A=
FaFgHe T AFF  NaY-zeoliteZ 1IN
NHCl 8ol ¥o 124752 34 el

reflux3ld A 0] 3§ e 80T ] ovenol A 124
7HEQF BE XA NHsY-zeoliteZ A28 ¥ o]Z 300
TollAM 3217 AAAA HY-zeoliteE AX3E1, &
& 22 ZojEe FFAXYol 9 Azt o)
EAAY VU4 FAEFUY F% AFAHLA Ni nitrate
(NiNO)  6H:0) 8B40 M  Si09F  ¥-AlOs,
HY-zeolite @} T3l E&F F AT Z Y7l
A FEES FEAY R B0TCAA 1241 7hget dx3}
TS 4H3] ARG, EFo =rkel ¥
F71E97) ol M 300TAA 3AZFH 245
A zs gt MgO, CaO, MnO, KO 9 %
ZEZoEo] 78 Z20l% Ni/HY-zeoliteE
st 9o Azvbyet LI e Alx
HA Azg Fols w3z Hy £471 stelA
500CoAlA] 5412 sty AM-st T

Zrjjo] 548 Zolr 7] 3 g
TEI5E
stz fsked X-d HH
(X-Ray Diffractometer, D/Max2000-Ultima™", target:
CuKa, 35kV, 15mA)E 333, 3 Ao 47
o) F49 g2 TS BT st FAE
A}# 9] A {Scanning  Electron Microscopy, JSM-6335F)
& AHSHAT, WE F Solo] ¥ RAYY 24

al

He
2

ZZ Fig. 1o JepiAc} 9871 10 mun(OD), 8
mm({ID), 300 mm(length)$! stainless steel tubeZ A}
g3ted A2} nAF AFY ¥, Fdfe ¢
2718 F4¥ol HEdLoz A3} EolijE 719
& 98l =20 7h5 T fumaceE WG| F7ho|
LEZ WA g, FojFe FY K type I
F AAsle PID Lx247|2 05T HYolA v
&5 F Z2H¥34r} FumaceS F 7 A3l =
Be-g AlFlE T BN e R §9¢ AE
4 S stk Eof 100 g& W37100 ¥ 500C
olA Ho/Np®} 8l&0] 1/2¢] EF7HAZ 54131 o4
4412 ol Wb AL A g2 WE
£ ZA]7}2(LNG: Natural Gas, 95% ul€h)Z A}8-3t
o FFIAT W72 FFHT BHEEEY vzt
N2/LNG/CO»=2/1/1°] HEZ2 3Hxn, HA FF
200 ml/min® 2 3t MFC(Mass Flow Controller,
GMATE 2000, LOKAS automation Co.)E o] 83}
A% FUIA B2 L dllA gL EE
700CE s, W8l AMEF 7hAE 99.9-99.99%9
1= AEFE AHEEAT

w2 AgEe] E4L kgl onlined 2
93d¥® Gas Chromatography (HP 6890 series,
HEWLETT PACKARD)Z 3&t¢gemn, SILICA GEL
packed column(60/80 mesh, Alltech)2 A}8-3}]

=
-

1.Mass tHow meter S.Tesmpesature controller
2.Mass liow controller  6.3-way vave
7.Gas chromatograpty

3.Funece
4.Caalyst bed

Fig. 1 Schematic diagram of reaction apparatus.
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Fig. 2 CHy and CO; conversions over 13wt%Ni/HY
catalyst at different reaction temperature.
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Fig. 3 CHy and CO: conversions over HY zeolite-
supported Ni catalysts with varying amount
of Ni (reaction temperature=700C).
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Fig. 4 CHs conversion over various supported Ni
catalysts for 24hr reaction.
{reaction temperature=7007C)
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Fig. 5 CH4 conversion over promoters added 13wt%
Ni/HY-zeolite catalyst for 24hr reaction
(reaction temperature=7007T).
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Table 1. The Effect of Mg loading for the reforming of
CO; with CH; (after 10hr reaction at 7007C).

Mg |conversion(%)| yield(%)

Cataltyst | adding
amount | CHs CO2 H: CO
Iwt%Mg 80 78 57 53
dwt%Mg 82 78 66 64
45wi%Mg| 90 86 70 o4
13wt%Ni| Swt%Mg 9% 90 86 87
/HY [55wt%Mg| 93 92 83 8l
6wt%Mg 93 87 81 79
7wt%Mg 91 87 78 78
1W0owt%Mg| 86 79 65 61
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700C, (a) Mg (b) Mn () K (d) Ca
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