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Direct Water Split Draw back
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> Material problem for the solar
reactor

» No existing separation method
at >2500K

— Thermochemical water—splitting
method using solar or nuclear
heat at low temperature {(<1500K)

w0 - 1} Hydrogen production method
. T using high temperature of HTGR
50 e TaS (et requrod " 2) Hydrogen production method
.. . using high temperature of the
e o o o0 o o concentrated solar radiation

Temperature / K

5000

Fig. Variations of AGe, TAS®, and AH° as a
function of temperature for a direct thermal
water splitting at 1 bar.
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Why low temp. thermochemical cycle ?
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< Process heat for thermochemical water—splitting cycle
»Concentrated solar heat : 1073 K achieved by KIER
»Process heat by HTGR(Atomic energy) : 1073~1123 K
»Waste heat of conventional industry, such as melting furnace for iron
manufacture and melting incinerator : 1000~1200 K

% KIER-994601 report published in Korean, 1999
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* 2-step hydrogen production

Feg0y, — 3Fe0+)%0, (Solar Reactor)

H0+3Fe0 — Fey0, +H,
(Water-splitting Reactor)

2
1000-2500K M, Fe, O,

MO* MOI—G + 1/5 02(9)

MO;_s + H0(g) =» MO + H,(Q)

( Example : Fe,0,/Fe0, ZnO/Zn, Mn,0,/MnC, Co,0,/Co0 )
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O Goals
Thermochemical hydrogen production of SNm¥hr-H, using the natural energy

O From year 2003 the 21C frontier program on hydrogen production, storage and utilization R&D
initiated on hydrogen energy technology (MOST)

& Approx. 0.7 million $/year to be funded by 21C frontier program in MOST during 10 years

Step 1 step 2 step 379 step
Year 2003|2004 | 2005 | 2006 | 2007 | 2008

2009 | 2010

2011 ] 2012

[3es’

; ey
10¢ -H,/kg-hbr,
hydrogen production
Research N
goals and

contents
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SSASES 0|8 20 288 AOI2E 1977 Nakamuralli 28 Fe,0,/FeO &t&}.

N2 OIS s 20 ASIs ALO|B0| ¥ EH 015 M,Fe; 0,(M=20t £ 30t
SH0I2)2 HEE s S5 K H0IE(metal-bearing ferrite)?t &2 QIS0 HIZE 1
2(2300K)01 @R THE ZnO/Zn NAE S AR, AYAE ZAUOR ILHMIEE 0188t ¢
S8 2 Zof SAME SR HUSH) VD US.

® 0=

- DOE Hydrogen Program(NRELZF=2H) 0 A5 M A= &8 A2 S 2010E DX
Hesl= SH 83 (48/kgr HYE 018 CH, reforming . 2$/kg: 2 X2 0I8)

- 2004 EIYHAEE 2S00 D ZnO/Zn EHY +AME AMAE Y &2

@ Y=

- Tokyo Institute of Technology(Tamaura) : ferrite | 2 M8 E Y

® A2

- Swiss Federal institute of Technology (A. Steinfeld) : Ferrite ¥ Zn/ZnOE OISt &)
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Solar thermochemical cycles

% Fe,0,/FeQ redox pair (Japan, Nakamura, 1977)
At > 2500K

Fe,0, sk A 3Fe0 + 1120,
At < 1000K
3Fe0 + HIO B A Fe}o‘ +H2

% NiMp-ferrite (Japan, Tamaura, 1995)

At > 1073K
NigMay Fe, 0, —————— NiyMng sFe,0, . + 620,

At < 1073K
NigMnyFe,04. 5 + SH,0 == NiMn,Fe,0, +5H,

on- stoichiometric rxa
mall amount H, productio
i

& ZnO{7n redox pair (Switzerland, Steinfeld A, 1997y

At 2300K
At SR .
0 In(g) + 120, Separation of Zn(g) and O,
At 600K | o
Zn + H,0 -l s Zn0 +H, i} Low recovering yield of Za

< ZnFe,0/Fe 0, Zn (Japan, Kaneko. Tamanra, 2004)

AL> 1S00K
3/4ZnFe,0, ——————  34Zn + L2Fe,0, + 1/20,

At 873K
347 + UIFe,0, + H,0 —AL B, 3/4ZnFe,0, +H,

Separation of Za(g) and O,
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Zn « 2H + CO

~ Configuration and Photograph of a Solar Reactor ¢
1. Cavity recaiver, 2. Circular aperture, 3. Tangential inlet port,
4. Tenpertial cutlet port, 5. Window, 6. Auxiliary flow
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KIER &322 1

SEMNIE SN2 s gs 24
AG for the thermal reduction

Equilibrium composition

250 0.60
(1) Has0, — $Ma0 + 1730,
200 i) (2) M=y — MO +17210; 0.50
L) (3) Cw0— 1/2 Cu;0 + 1140y "
2 150 {4) M0;05 ~+273 May0, + 1/6 Oy
_: (5 Ati0 — A0 +1120; , 0.40
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11517 K . .
>Cu0’ : 1357K < Selection of CuO/Cu,0 as a redox pair for
»Cu,0 :1517K thermochemical water-splitting
> Ag,O 11234
~
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FHMSE 2 Bl S4(600~8007T, isothermal at each temp.)
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Fig. Weight change of CuO-Cu,0/CuFe,0, during the oxidation
at each reaction temperature of 500, 600, 650, 700, 750, 800C.
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Cyclic property

143

Waight change / %

a 4
2.5 3.5
*
2 < 3
@
—1fcycle g P
1.5 —2c¢ycla 25 il ol T AT e T TT +
3cycle ; *- L 4
4cycle 2
1 —-5cycle 2 2
——6cycls
——Tcycle
0.8 —— 8cycle 18
Scytle
0 1
0 1000 2000 3000 1st 2nd  3rd 4th  5th 6th  7th  8th  9th
Time / sec Cycle /

Fig. Cycle capability of CuO-Cu,0/CuFe,0, during 10'* redox cycle
at reduction and oxidation temperature of 900 and 600 C, respectively.

+ It means that CuO-Cu,0/CuFe,0, had a good regenerability without degradation

m‘=' gIUnAGRIn

for 2 step water-splitting cycle.
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SHEME E Boll S4(6007T)
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0 10 20 30 40 50 & L] 10 20 30 40 80 €0
Time / mm Time / trins
Prepared by coprecipitation method Prepared by mixing with active C
Drying

Mixing

(24hr), 450°C(4hr)
inert atmosphere

Calcination

@ T air atmosphere
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Solar simulator & Receiver (reactor)

ot

~ 800°C at 480V, 300A
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1) A. Steinfeld, International Joumnal of Hydrogen Energy, 27 {2002) 611.
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Thermochemical cycles
+UT 3 cycles CaBr,+H,0 _700~750TC _ CaO+2HBr (Endothermic)
(Tokyo Unv .) Ca0 + Br, M CaBr,+(1/2) O, (Exothermic)
Fe,0,+8HBr _200~300°C _ 3£.50, + 41,0+ Br, (Exothermic)
3FeBr,+4H,0 _50=620C 0o +6HBr+H, (Endothermic)
% 100T )
+IS cycle 2H,0+1,+ 80, 200 - 500 T 2HI + H,S0, (Exothermlc‘)
(G A, J AERI) 2HI1 T H,+1, (Endothermic)
H,S0, _ H,0+80,+(1/2) 0, (Endothermic)
Draw back

> Unfit for using a intermittence energy,
such as solar energy.

» Material problem for the reactor
under the severe acidic condition.
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HHAZ: 20 MWth (2= Dragon, 1964~1977)
Pebble type: 40 MWe (BI= Peach Bottom, 1967-1974)
15 Mwe (S AVR, 1967-1988), 300 Mwe (S THTR, 1971-1989)
Brick type: 330 Mwe (0!= Fort St. Vrain, 1979-1989)

o FAYME HER
- 22 JAER| Oarai 30 MWth HTTR, 1991 &3, 1899 =&}
£ INET 10 MWth HTR-10, 1985 &3, 2001 =&

o HWNE HE
=053 ESKOM PBMAR 110MWe x 10
&1 Al O} Pu burner GT-MHR 285 MWe
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Gen-1V 20 =

» The Gen{Generation)—1V initiative : Future nuclear energy systems :

- deployable by 2030 B

- with significant advances m’& =

- design for diff icity, hydrogen, ciean water, heat -t P ooy

‘)\ Juty 2001 1)
Generation 1 e

BT Geaionn B

e i e
Early Prototype SR Generation I11

BEE ] cenenationtv

Advanced —
LWRs Evolutionary =

Reattors

Designs - Highly
Offering Economic
Improved al
Safety
- Shippingport - %inimal
- Fermil aste
- Magnox - :rr‘ulifemli
- UNGG Resistant

1970 2020 2030
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Hydrogen is the most abundant element in the universe (75%), and it is
an important fuel and energy carrier, now and in the future

Hydrogen can be generated from water. Utilization of hydrogen is
part of a clean, cyclic process.

It is available for existing energy system.
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