DOI: http://dx.doi.org/10.7316/KHNES.2012.23.6.654

I Trans. of the Korean Hydrogen and New Energy Society(2012. 12), Vol. 23, No. 6, pp. 654~659 I

WGS ¥F2ollA] Pt—Na/Ce-»Zr»0: Z1j2]

F-20]| uE

Na gl thet Q17

Arfe - Heye

Az . L5’

o
[4=

A Study on Na effect of Pt-Na/Ce-9ZrnO, Catalyst
Structure for WGS Reaction

JAE-OH SHIM, DAE-WOON JEONG, WON-JUN JANG, HYUN-SEOG ROH

Department of Environmental Engineering, Yonsei University, 1 Yonseidae-gil, Wonju Gangwon-do 220-710, S. Korea

Abstract >> The interest in water gas shift (WGS) reaction has grown significantly, as a result of the recent advances
in fuel cell technology and the need to develop small-scale fuel processors. Recently, researchers have tried to

overcome the disadvantages of the commercial WGS catalysts. As a consequence, supported Pt catalysts have
attracted a lot of researchers due to high activity and stability for WGS at low temperatures. In this study,
Pt-Na/Ce(1.0ZrO2 catalysts with various Ce/Zr ratio have been applied to WGS at a gas hourly space velocity
(GHSV) of 45,515 h™'. According to TPR patterns of Pt-Na/Ce(.9ZrO; catalysts, the reducibility increases with
decreasing the ZrO, content. As a result, Cubic structure Pt-Na/Ce(1.yZr»O, catalysts exhibited higher CO conversion
than tetragonal structure Pt-Na/Ce(1.0Zr»O2 catalysts. Expecially, Pt-Na/CeO, exhibited the highest CO conversion
as well as 100% selectivity to CO,. Moreover, Pt-Na/CeO, catalyst showed relatively stable activity with time
on stream. The high activity of cubic structure Pt-Na/CeO, catalyst was correlated to its higher oxygen storage
capacity (OSC) of CeO, and easier reducibility of Pt/CeO..

Key words : Water gas shift reaction(4=4d 7}~ 21 0]4E-3), Pt-Na/Ce(l.X)Zr(x)Oz, Cubic structure( JHHA)]), Oxygen storage

capacity(AF4~ A& 52), Reducibility(Z+

.M E

AOIAR AL AAHE N A 241
m}%(coz)ﬂ- FolEae A g

F_

a2

= 1>
s

i

Foll thet %Xﬂx* ARl A 17519& -63171

TCorresponding author : hsroh@yonsei.ac.kr
[ Feedd 2012115 74 20121220 AL - 20121231 ]
Copyright (© 2012 KHNES

654

E)

el AAKQ el A AL 710l dhat =)
= Frilo] Gl ik tio] 4R 9] 17
ThE AR S M I AP A 2 F o] Tt
o] AAISE A|Ho|th

2 SaAAele) 1SS $I5t 714 o) o)
A ol ARAA ] BEA 0§ 93 1

S ARG ALY ARS 93 7
wey A A7) Aol olek Lt F7HIok]
02 2ok g o] ofelgut Alxw 2gsto] gt
AR A AT BAIR ) 4B ojele s



WGS RH-g-0| 4] Pt-Na/CeoZryO, 0| 2] 2207 wh-2 Na g gFol] oigt A+ 655

A7 Sl

webs] SAA o A Fa Qe
2% LA 2 Aol TEA Azel
Foko] MaPEar glow tiete s -804
Hel 7t27)7] 0 FHE A A"
o =S E A A2E FEAAY|E 7]&o]
A= Il qlck

A7tz e pas gibste] dzdx]e] o
B2 AMESE] ffsiA= HE whe &
7t W dATRA(COYE AlASH ul& 2Hgo=
Qg Frfe] MRt B o) he FRat.
ul2bA] A 71A(Synthesis Gas) U] CO =5 0.5~1%
ofs} 7HA] W5=7] ffal] 4371 0|H(WGS: Water
Gas Shift Reaction)& ARE-SHC)

AA e Aol A WGSHES: 5742
st FHe Leste] 12X oWkS(HTS: high
temperature shift; 350~400C, Zul]: Fe,05-Cr,03)1}
)22 o]H-(LTS: low temperature shift; 200~250C,
Zull: CuO-ZnO-ALO;) 0.2 ¥ o] = dAZ 34
Elo] i} ZF2e] WGS HEgollA ARG-El= Fer05-CraOs
Zojo} CuO-Zn0-ALO; Sl vhe A2)ae, 24
S AR, 32 W e®m Qs 4% 4t
O] AP Aeof Hgtekx] e, uheba A
7] AE S5kl g Faslslr] flsia=
SAaF R FaLA A" A HsiA=
HTS &} LTS & sAlol =3 4= Q= 5% WGS
W58 S| 7itho] Aot

Roh 5¢] Hilo] =W, PtE bt EA|(CeOs,
7210,, AlLO;, MgO, MgO-ALOs)o| TA|A|71 Az}
Ce0,9] 158 ARAAAS(OSC: Oxygen Storage Capacity)
5 e ARl s(Redox) ol &J8l PY/CeO, v
M eSS meltkn Basiget. Te
o] Pt Zulis wAlo} oFe AHEAES 51 A
SollA] whe TS wolnl Pt Qo] A2 <l

Ao
=

e

>

(o]
o o o ol

o

2

Zof WSS ol BAIS 7w ol ofel
3 BAEE 27 9ol Ce0,0) QA PP, 2
& BAES P2 4 Aok ded 208
0]
AN

718t CeanZrwOr Al Tt A+7F X8|

t}. Pazmino 59| Hilo| w2, Pt Zufjo] &tz
F45(Li, Na, K)= 371ste] CO A58 344
713l 2482 AAst] e SR A+Ert
HiEa Qo

2| Jeong 5 Aol W S Hole= &
AdS F53517] $18l P/CeO, Zufjo]] Na& 7fs}
of BAHL FAAZ AFATE Busigry’. 3
Jeong 52 Pt/Ce(1.9ZrQ, 1|2 Ce/ZrH|E =43}
of Fuje] A4 25 WA FoH 1o wE
WGS 24o]| s A7t Auks ®usiglct’.
AFoNA= CennlinO: BAS 24 27}
Nao| 27} Pt Svi9] Aol mA= dFa 1

e A

rh

2.1 ZOHHI=LE

CeqnZrO, A= Ce0,/ZrO, H]o|| w}g} Cerium
nitrate(99%, Aldrich)®} Zirconyl nitrate(20wt% ZrO,
basis, MEL Chemicals)ATA4|E Aste] S50
Q1 3 80C7HA] 74EE & g2 ol A AR
15% KOH £ o] pH 10.5 714 zAskgch A=
H §oHE 39t 44417 F WOl K o]2g
AAAE) Q18 Akl SR AESA. Az
CeyZrnOr A= 500Cof| A 6A]7F Ad5)0] FH|
ATk 53 Ce0,9F ZIOHAI = 2o o 9
aff A== ek Al2E gAoll PNH;)4(NOs) (99%,
Aldrich)@} NaNO; (99%, Duksan)& o= o
A3k,

Pto} NaQ] oF2 717} 1wt%2} 2wt% =2 1143 o
], AZE Iwt%Pt-2wt%Na/CeO, (PNC), 1wit%ePt-2wt%
Na/ZtO, (PNZ), 1wt%Pt-2wt%Na/CeosZr0,0: (PNCZS0),
Iwt%Pt-2wt%Na/Cey 271050, (PNCZ20) Zwjl= 500
CollA] 6417t 24g5te] Zulskict Az Zujol
A8 ILs7] 915) AR HTS S (Fe:04CrOy)

£ Abgatick

A23A A6s 20129 12¥



656 AR - Ae -

=
LT

2,2

am

BET 317 £4-8 Micromeritics(ASAP 2000) S
2 196CoIA A FAAES E4ste] Saels
o} X-Al 3] EX(XRD: X-ray diffraction)= Rigaku
D/MAX-IIC diffractometer(Ni filtered Cu-K radia
tion, 40kV, 50mA) AXE ALgsto] 24519k CO
slsts kiAo BEL-METAL-3(BEL JAPAN INC.)
A& ARESF] 20% HyAr £-9]71(400C)of|A] 1A17E
B9 A7 & 4=315F3Ic). TPR E-4)(Temperature
Programed Reduction)-2 BEL-CAT(BEL JAPAN INC.)
o83} 10% HyAr 29)7]9|4 528 10T
/min® 2 20°Col|l4 600C7HA] &A31At

=y

T4F Z0f W871E olgslel Susielh Sl
47mg 3+ 1L thermocoupleE &1f] Zof A A|5}
of AA| GRS 24T & YES st Zo)
© WGS 5= =35H7] Aol 5% Ho/Ny 9171
A 40T LS elo] 39l AL ARk
3l9Jo] T T, 200C7HR] LES Y2y HAIA
(Hz: 60.2%, Na: 19.8%, CHa: 1.0%, CO: 9.0%, COx:
10.0%)E Z#50] WGS WS 43)atgict uhg
7}/\9] H,O/(CH4 + CO + CO,) Hl= 2008 1143}
I 7|14 8745 (GHSV: Gas Hourly Space Velocity)
L 45515 h' & S=3)alct vh-e
A% olgste] 48 AL HFHoZ 48
o] AAH ¥k & 7}AE On-line micro-gas chro-
matograph(Agilent 3000)E- o]-83alo] E435}%T}E &
o QY B AE= HhE 2= 320Co A ISAIZEE
2 Zageloick

& 7haE W7y

3. Zit { ¥

=
M2

3.1

Jim

Table 19]4]+= PNC, PNZ, PNCZ80, PNCZ20

AR

Table 1 Characteristics of PNC, PNZ, PNCZ80, PNCZ20
catalysts

Catalyst BET ZS.A.“ Dispersion” | Pt %.A.b Pt Size®
(m7/g) (%) (m7/g) (nm)
PNC 108 51.7 1.28 2.19
PNCZ80 122 57.8 143 1.96
PNCZ20 187 53.1 1.31 2.13
PNZ 262 423 1.04 2.68

“Estimated from N, adsorption at —196C.
"Estimated from CO-chemisorption at 50C.
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Fig. 1 XRD patterns of PNC, PNZ, PNCZ80, PNCZ20 catalysts
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Fig. 2 TPR patterns of PNC, PNZ, PNCZ80, PNCZ20
catalysts
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Fig. 3 CO conversion with reaction temperature over PNC,
PNz, PNCZ80, PNCZ20 catalysts (H.O/(CH4 + CO + CO,)
= 2.0; GHSV = 45515 h' ")
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Table 2 Turnover frequency and reaction rate of PNC,
PNZ, PNCZ80, PNCZ20 catalysts.

Catalvst Reaction Temperature (C)
aalys 200 240 280 320 360
007, | 070°,| 090° | 116 | 1.13,
PNC b b b b b
189 | 1847° | 2382° | 30.72° | 29.95
0.10°, | 052 | 077, 1015 ] 099,
PNCZ80 . : . . .
3.00° | 1548 | 22.83° | 29.92° | 29.32
004, | 009, | 038, 071°| o084,
PNCZ20 i . A . i
1.07 242° [ 1022° | 1929° | 22,96
006, | 002, | 009 | 031%] 063,
PNZ b b b b b
126 03%° | 193 | 661" | 13.60

2 Turnover frequency (s™).
® Reaction rate (1 molco/gear's).
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H&=(TOF: Turnover frequency)?} B3 <5 (Reaction
rate) S AN 2348 ey CO HFHET} u}
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X2 TOF2} reaction rate Zr2 eIl 18y
HES-SE7 s atoll wet A -22] PNC, PNCZ80
S 7F A A 22| PNCZ20 Znfjof Hlsko] uf
$ =2 TOF | reaction ratef2 WERHRICE 11 2
T} 240C o|Ao] WE 2 oAl PNC vz}
7} =& TOF 9 Reaction rate 4h& e QS
PNC > PNCZ80 > PNCZ20 > PNZ %42 b},
B Aol =&E WGS uhs dukel S 54
B AT )% e ABAS etk A W
A, 71 e LmoA] PO, 2| T T35 e}
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Fig. 4 CO conversion with time on stream over PNC and
commercial catalysts (T = 320°C, H2O/(CHs + CO + COy) =
2.0; GHSV = 45,515 h™)
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