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Abstract

Syngas and hydrogen from the CeOy/ZrO. coated foam devices were investigated under simulated solar
radiation. The CeO«/ZrO, coated SiC, Ni and Cu foam device were prepared using drop-coating method.
Syngas production step was performed at 900°C, and hydrogen production process was performed for ten
repeated cycles to compare the CeO2 conversion in syngas production step, Hs yield in hydrogen production
step and cycle reproducibility. The produced syngas had the Hy/CO ratio of 2, which was suitable for
methanol synthesis or Fischer-Tropsch synthesis process. In addition, syngas and hydrogen production process
is one of the promising chemical pathway for storage and transportation of solar heat by converting solar
energy to chemical energy. After ten cycles of redox reaction, the CeOs/ZrO, was analyzed using XRD pattern

and SEM image in order to characterize the physical and chemical change of metal oxide at the high
temperature.

Keywords : 21 & e % (Solar simulator), Alglol-AZ 3o} (CeOy/Zr02), A 7F2~(Syngas), T4 (Hydrogen),
2F38}/%k9] (redox system)

.M 2 wel EAHoRE FE Ak sHA N 544
AR ARgoR 8 AT 2dstet 7]

A= Aol A3l A §lofA= <k E 2 24§ o8 7HA #FAEATE dFEH A

FALelth A EY o] QlFe SAdR A7 AFol AW o, -7t A
2 A} g3 A] AdEE o]Fo] gka, 1o F3hE oA 9] 80% o] 42 Aol 9



3ol wet R oA g g B
skot. ololl we 57} 3ke] A Aol ¢
S A5 g Alew Holn, A @7 gt
ié?%} A A el A JiEe]l FaA

ALT

Il UTh
A= Ad e gl e
1 AU A LT, o] EX 02 20% ©
2] 31} 2&e %—t 21_14}\]/\1:3]0 Z]:[LD‘iZ_‘}_Oq
® M i AE 83
, arel dHeEsks Al
& Ad7let 3 *4_»01] e E oA A
el Hg 7hsd odux dEHE D3
o]ofut &= A= otx Q. T =
FA|GA 7 zbe BAA ety 54
Aol A FHA Fevhe H 28 dfe
g g4 EA T AR SHeta
AeE wAE FA A T Atk o
ER Q3] B ATAES HEAUA
MEs A g BgAuAY by 2 2
&, 84 dyAet= A3 A7 24
ojgle AARtiE 29 30° 9 ¥9 30°
ol o] ikt AbukA o B HALe A
o] W% (¢F 1kW/m®) 7} ddoz =t}
= ZHolt}, 1:1:?:;1_’ @3@.% 7 Hogde o

PR}

1 s

WAE ol gl HF AuANA FHa
Quj Al FA e S5 A o] v
Av= Aol Ak 2, B oluA]
= olgste] A dsE ANFeEA,
Aol oux7t Ads= dHs A
A% oA AR FWelA 2 oS
M A oldl AgHe shed A
= A E3] A

AN
oltt. FARUE =5 948
ojxkste, olitstetAE WEAIZIA ol
A B fF&8kA o]&d 4 Atk
3, =e 4 sehy dE T
s W UM E2 oyA UEE A=

=740] glth.

=

%]

s

3t 4 , o &

Aol A Aras WEetar, 4bst dACdA &
T FAE Aiete AAFT d8olt o
ARk wEAskE e A el v AL
2 (>1400C) ol M o] FofAm 2 F&54tstE
o] 2Ad@ge] A= dExdo] vk 2
g, MEhs SAAR o] &3 F5ts=
sl kg A dEsrg e &
%= (8007900C) oA 8 4 glom,
=

AN A7~ (HA+CO) 7F 211 M &
ks o] WEE dRUYol 4 Tl ol &

2 dvs= Aol dnh £ AksE @A

o gdd FHAAsE =371 THE
of 5% F45 AN & dukfig. .

Productio‘nof _ (PSS

Hydrogen |
// ‘
7 metal
<H2@\ ‘oxide
Fig. 1. 25432 0|83 12 Ef Y Ltayzral
WSOIM BATEA US4 M

BoAvdaE, #9 gAdAe Hug
(CH; — C +2Hy) o2 A3 &#axxds o
Astel, meol A A hgAL 2 CeO,
5 dgsl day/ad wes Fesqn
e BAAZ o] &3 CeOy o /B4
wge vhest e,

2Ce0y + CHy — CeO3 + CO + 2H, (1)
Cex0O3 + H O — 2CeO, + Hy (2)

— 261 —



2.2 ZrOs A A A 7F H7FE CeOq

w4 AbstES o] &ste] AHAH AT
29k FAE A s 55 AtsE
9] ﬁ:%ﬂ &4} (sintering) < °H73°H°]f Elg=

=, CeO 9] M]3
& oal5] 914 200,
A E, 200, o B2
YNY TR A
o] & $1xe] Wo] WAl AR ¥37}
asha, B9 A el o 2 AYAR
o Aol g P2 W olUH} o}
CeO, o wlsl AA #Ad 5 Ak,

iih) F[-E
e
-
é
_>.:

vhgol Wad de NS wAR AYH]
W] FaAEE mwel Wo] muae %

= V\@r g 5 Q)
foam < 31%4 Absl/gkel Wb
sto] Zgk WS Za ok =3 54 A
A A Q1 Ni, Cu foam = "j&r 7§12 A] &4 &
71713, BA HAS A 5

&4 ¥ (SiC, Ni, Cu foam) & fig. 2 ol
e LT

Fig. 2. ctsd &
(a) SiC foam, (b) Ni foam, (¢c) Cu foam

3.1 50 wt% CeOy/ZrO, A Z

E Ao A AFE-3F 50 wt% CeO/ZrO, &=
TS o] &8t A xs vt ZrO; powder
7} E4k" DI water ol Ce(NOs3); + 6H.O
£ H7hg = R Yol 4 (pH 95) & o] &
skl FAdeAth pH 7F 95 = Qb3 HW
aspirator 2 %7 DI water 9} LM EE 9]
&3l Sl /‘ﬂ 3 = 80 T BN 244
b A=A AT 7d§% =] dE'C 7] Fol
900 T 2 2AI1%F &9 A5k FHEFH o
2 50 wt% CeOy/ZrO. & A Z3F%

3.2 CeOy/ZrOy/foam device
= AFelA ARES g3 F (SIC, Ni,
Cu foam) € 2174 30 mm, ¥4 7mm ©°]™
713 27]= 172mm ©]th
CeOy/Zr0:9] FHHIH 2 % ] =
DI water ol 41 & mesh & 0]4‘9“6‘}01 [=E=
A ZFofl 50 wt% CeOo/ZrO, & 1
AT 4EE CeOy/ZrO; ol rmcroplpette
o] &3t DI water & EASE & heating
gun 22 ¢k Az AFh thE A
st A (1g) & ZYA717] S8l -?49} sy
< Ws WEsidon, IR ¥
MEF=+= fig. 3 o e AT

. Ni foam

- Diameter : 30 mm, Thickness : 7 mm
- Porous size : 1 mm ~ 2 mm

7 Impregnation of Ni foam into D.| water = -

Several | Dropping of CeO,/ZrO, particles
times !
repeat |

| Dropping of D.| water

Drying (heating gun)

Ce0,/ZrO,/Ni foam

19 (50 wt% CeQ,/ZrO,) on the Ni foam

v

Fig. 3. @& utsEt=E

(50 wit% Ce0y/Zr0,) ZE 4

— 262 —



O

3.3 1 Hudd
gt F=571E

device ¢ i1 B ¥ Absk-gkgl whE 54

S Solny] 9ste] £ AFolA = 25 kW

xenon arc lamp 7F A X¥ solar simulator

o} inconel & A 2t¥ WSV E AMEEFA T

Hkg-7]o] A HEo| = carbon gasket ¥
3

Wz gels A ste] A WHAI =350
olgk g

FE Ab-3k9] wkS-
o] &3k CeOy/ZrOs/foam

uartz IS WA AT HEgh o]
g= g3 E9 center ¢ edge & 2=4
25 Fo]7] 93l insulation jaket & A X3}
pow, A Fo] 1A4d F JEF vE
7] WE-E disk Fe2 A=)

CeOy/7Zr0; 7} ZHWH a4 Fo ¥ =
T3+ K-type thermocouple & A3 F
data logger & E3leo] AAtoz B33
th 37k AL dA (3 ) oF 4 AL
oA (4sh) Oﬂfﬂ AdE=CO ot Hy & B

SHA 54 & 4 I =5 mass flow controller
& Ahgaa S . 2 9
d FATE A DAY wighe 20%
CH/N, ER71AE AHEagom, 5 fae
15 cm’/min .2 wA T 24 Aak v
AME 57 7 cm’/min & Ao} iz‘ft}g}
o] % 22 cm”/min 22 AASA T

G s AR A G A S
HES- 2= 717 900 C = nAZow, 7t

zke] @A oA REg 2%7F Qb S H = A

AT vke F
oF f&= = 71A= 8129 (Carboxen 1006)
1-8-3st%] 3 min 3F
Ao Z AAztew BAetAnt Aks/Ed Wb
S0 A% FA M= fig. 4 o] VERYon,
solar simulator ¢} inconel reactor = 2+ fig.

5 ¢} fig. 6 o YERATh

d

o
e
ﬁ‘
i
lo
8
-
mlm

(]

Solar simulatorg ©] &3 CeOy/ZrO2/foam
devices 9] A7t AAE SAGA o7 7

1. Solar simulator

2. Foam device

3. Reactor (alloy 625)
4. Insulation jaket

5. K-type thermocouple
6. Water trap

7. Data logger
8.GC(TCD)

9. Mass flow controller
10. Water chiller

11. Liquid pump

“O[+0
«0l+G

11 Arc xenon lamp housmg
' = (safety cover)

L ,'
| . \

e s

‘ 2.5 kW arc xenon la

Fig. 5. Solar simulator

Fig. 6. Inconel reactor

S wae) WAL wE/AD Moo 2
dare v wael Ao A% Hy o
Z7ksk CO o) ez 8 Dale G
H] (Hy/CO=2) 7} A% A &=k B3
AR BANA BasE £37]9 wgoR
e A3k @ CO 7 AFH w4

¢

T Aol o YAA At

2 AFoAM =, a5 ERE AFESE 50
wt% CeOy/ZrO, 2] & HA Al7]o dsh
o 719 Ay AHRE ngoz v 3 H
T3 At o, A7 A A 9

— 263 —



CeO2 conversion & H2 yield [%]

CeO3 conversion & Ha yield [%]

CeO2 conversion & H2 yield [%]

100

(a) mmm CeOj conversion [%] in S-P step
——= Hz yield [%] in H-P step
80 1
o Haico
60
0o
40 1
20
0 T . . . .
1 2 3 4 5 6 7 8 9 10
Cycle No.
100
(b) mmmm CeO2 conversion [%] in S-P step
= Ha vyield [%] in H-P step
80 - 0 HalCO
60
40
20 -
0 T . . . T
1 2 3 4 5 6 7 8 9 10
Cycle No.
100
(c) mmmm CeOj conversion [%] in S-P step
—= Hz yield [%] in H-P step
80
o Ha/co
60 -
40 -
20
0 . . .
1 2 3 4 5 6 7 8 9 10
Cycle No.

-

=

H,/CO

H,/CO

Hp/CO
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Fig. 7. SEM image (a) 50 wt% CeO/ZrO, fresh, (b)
after 1 cycle, (c) after 5 cycle, (d) after 10 cycle
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