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ABSTRACT

As one of the thermochemical water splitting hydrogen production cycles, which could be operated
at the lower temperature below 1200 K, we investigated the feasibility of the cyclic operation of Ispra
Mark 2 cycle with the addition of ZrO,. The cycle is theoretically composed of three reaction steps; (1)
Ist step(CMnO,—>Mny0:+H0.50:), (2) 2nd step(Mny0;+4NaOH—2Na,0 - MnO,+H,+H,0) and (3) 3rd
step(2Na;O + MnO;2H;0—4NaOH+2MnO,). From the TPR tests, the temperature ranges for O;
production in 1st step and H, production in 2nd step were 550~750C and 650~750°C, respectively. In
MnO»/Mn;O3/NaOH system, the formation of molten products due to the reaction between manganese
oxides and NaOH were greatly decreased with the addition of ZrO,. In addition, the results of a cyclic
test were discussed with the viewpoint of H, production amounts and the feasibility of the process
improvement.

KEY WORDS : hydrogen(=4:), thermochemical(&€ 3} 8}), water splitting(E ¥ 3), manganese oxides
(B 43HE), ispra mark 2 cycle(¢] 23X} vha 2 Alo]E)
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Fig. 1 Experimental apparatus for thermal reduction step and
hydrogen generation step of cycle
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Fig. 2 TPR profile for thermal reduction of MnOs(sample
weight: 150 mg, flow rate: 50 ml/min, heating rate: 10°C/min
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Fig. 3 XRD patterns of MnO; and reduced MnO, ((a) MnO,,
(b) thermal reduction at 760°C, (c) thermal reduction at 900C)

29 AolF $HE AT AR A7 AY 2}
S39T,
WSE 7 $UE HAHNT Ao|2e) WEA

& FYAII) Aokl @ Aol HmA $58

Zr0,8 F7ke nesAl A9, z07t Aoke
ZrOy/Mn:Os/NaOH A9l 7-F, Fig. 49 (b)e+ 2

3
<
2
[7]
c
E (a)

(b)

" L 1 e 1 A y - A B Y 1
200 200 400 500 600 700 800
Temperature (°C)
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Fig. 5 Hydrogen generation in 2nd step at 700°C after 1st
step at 550C
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Fig. 6 XRD patterns of MnOyZrO, and the reduced
MnO,/Zr0;; (a) MnOyZrO,, (b) a sample after thermal
reduction at 550°C, and (c) a sample after thermal reduction
at 700°C
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Fig. 7 Gas generation in cycle ((a) Oxygen generation in lst
step at 700°C (b) Hydrogen generation in 2nd step at 700C)
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Table 1 Amount of generated gas in cyclic test

Amount of ggé’hemé@g .
hydrogen in 2nd step

mournt of generated
pen 0 Ist step

 (ml/g MnO,) (mlig mzos;Naom
1 0.8317 0.016
2 0.3418 0.018
3 0.1657 0.010
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Fig. 9 Amount of generated gas in cyclic test ((a) oxygen
generation in Ist step, (b) hydrogen generation in 2nd step)
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Fig. 10 Schematic flow diagram of MnO»/Mn,Os;/NaOH
system for thermochemical hydrogen production
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