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Particle Size and Reaction Temperature Effects
on the Hydrolysis Reaction of Zinc
in TGA (Thermo Gravimetric Analyzer)
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ABSTRACT

ZnO/Zn redox cycle is the one of the promising thermochemical cycles for hydrogen production via
water splitting with high temperature heat source like a concentrated solar energy. This paper reports the
particle size effect of Zinc on water splitting behavior. Water splitting reaction experiments were carried
out at isothermal conditions of 350 and 400C in TGA (Thermo Gravimetric Analyzer) using four
commercial Zinc powders (nano, <10 pm, <150 um and 150~600 pm particle sizes). Before the
experiments, average particle size of Zinc powders was analyzed by PSA (Particle Size Analysis). After
the experiments, XRD (X-Ray Diffraction) and SEM (Scanning Electron Microscope) analyses were
conducted on the samples. The experimental results showed that particle size had a effect on the
conversion of Zinc to ZnO. Zinc conversion was increased, as the particle size decreased. Especially, the
nano size particles were aggregated and the particle's morphology changed on the surface during
hydrolysis reaction.

KEY WORDS : ZnO/Zn redox cycle(ZnO/Zn 4t3}-3k¢l Alo]Z), thermochemical hydrogen
production(® 3} 8} =4 A X), water splitting reaction(& &3 ¥-3), TGA(E
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Fig. 1. A schematic diagram of experimental apparatus.
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Table 1. Commercial Zinc reagents for the experiments

Zinc reagent Sample name

ZINC NANOSIZE
ACTIVATED POWDER
(Aldrich Cat# 578002)

nano sample

ZINC, DUST,
<10 MICRON,
(Aldrich Cat# 209988)

10pm sample

ZINC, POWDER,
-100 MESH, 99.998%
(Aldrich Cat# 324930)

150um sample

ZINC, GRANULES,
-30+100 MESH, 99.8+%
(Aldrich Cat# 243477)

150~600pm sample

Ny, ¢
Conversion(%) (I—L > 100 (3)
i
Nyt 98 A Zinc® %F(mol)
Ny, 88 F Zinc®l %(mol)
el oz TGA ZF-E dojx= AAZH
FA 3+ A= (TG data) & A7 Aggol of
@ AL Yool 9t o e A4
ZincA 55 9hg kol whet vlad = Al

2.3 PSA, SEM, XRD Analysis

Ay A, AHEE AEEY] JAF Hit Atol=E
o7] 984 PSA (particle size analyzer, Fn'tsch
. D-55743Idar-Oberstein) #4128 31931 dso 3
PA} Gt Afo] =2 HEstai

i Ay AT Zine PA] FHElE gotR] 9
3 wkg-E3 AAE] i8] SEM (scanning electron
microscope, HITACHI : S-4700) £415 3Iith

npA o g AR & AHE Pt disl XRD
(x-ray diffraction, Bruker : D8 advance) 4%
ated, = 8l vhE st AE EAS gl
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Fig. 2. SEM images of nano sample
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Fig. 3. Hydrolysis of zinc samples with various particle sizes in
the TGA at 350C and 400C temperature (above : 3507C,
below : 4007C)
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Fig. 4. SEM images of the surface of the Zinc samples as received and after TGA experiment.
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Table 2. The conversions of the samples from Zinc to ZnO in
TGA experiment.

Conversion(350 Conversion(400
0) )
Nano sample 55.81% 36.49%
10pm
4.11% 12.30%
sample
150um
0.1% 1.82%
sample
150~600pm
0.1% 0.37%
sample
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