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Abstract >> To utilize hydrogen energy, high-yield, high-purity hydrogen needs to
be produced; therefore, hydrogen separation membrane studies are being
conducted. The membrane reactor that fabricates hydrogen needs to have high
hydrogen permeability, selective permeability, heatresistant and a stable me-
chanical membrane. Dense membranes of Pd and Pd alloys are usually used,
but these have drawbacks associated with high cost and durability. Therefore,
many researchers have studied replacing Pd and Pd alloys. Dense TiN mem-
brane is highly selective and can separate high-purity hydrogen. The porous alu-
mina has a high permeation rate but low selectivity; therefore, separating
high-purity hydrogen is difficult. To overcome this drawback, the two materials
are combined as composite reclamations to produce a separation membrane
with a high penetration rate and high selectivity. Accordingly, TiN-alumina was
manufactured using a high-energy ball mill. The TiN-alumina membrane was
characterized by X-ray diffraction analysis, scanning electron microscopy, and
energy dispersive spectroscopy. The hydrogen permeability of the TiN-alumina
membrane was estimated by a Sievert-type hydrogen permeation membrane
apparatus. Due to the change in the diffusion mechanism, the transmittance val-
ue was lower than that of the general TiN ceramic separator.

Key words : Hydrogen(4= A ), Separator(£ 2| 2h), Alumina(& & 0| L}), Hydrogen
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Fig. 1. Schematic of the experimental equipments for hydro-
gen permeation
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Fig. 2. Scanning electron microscope images and energy -
dispersive X-ray spectroscopy of the TiN-Al,O3-Ni composites
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Fig. 3. XRD patterns of TiN-Al,O3-Ni composites powder (TiN:
O, Al203:0, and Ni:¥)
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Fig. 4. Hydrogen permeation rates through TiN-Al2O3-Ni com-
posites membrane at various pressures
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Fig. 5. Hydrogen permeation rates through TiN-Al,O3-Ni com-
posites membrane at various temperatures
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Fig. 6. Van't Hoff plots of the hydrogen permeation rates of
TiN- Al,O3 -Ni composite membrane

Table 1. Energy-dispersive X-ray spectroscopy (EDXS) of
CL-SPEEK/captured tungstophosphoric acid (TPA) mem-
brane composie membrane

100C 150C 200C 250C

0.3 MPa |5.86372E-8 |8.79558E-8 | 1.17274E-7|1.46593E-7

0.4 MPa |8.68966E-8 | 1.30345E-7|1.73793E-7|2.17241E-7

0.5 MPa | 1.04916E-7|1.57374E-7|2.09832E-7 | 2.6229E-7

0.6 MPa | 1.18434E-7| 1.7765E-7 |2.36867E-7|2.96084E-7

0.7 MPa | 1.40065E-7|2.10097E-7 | 2.80129E-7|3.50162E-7
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Fig. 7. Surface area and adsorption, desorption of each heat
treatment temperature([a] 800°C, [b] 1,080°C, [c] 1,150°C)

Vol. 31, No. 2, April 2020

7kt AE Aaket dxgict

5t ¢Feloll A TiN-ALOs-Ni 23} &
ke 3 RIS HojEoh dvbESl TiN
718k Alghe] Eajuko] =1k8-2 (.3 MPa, 473 Koj|A]
1.89 x 1079] =7}8-8 HojZr} TiN-ALO:-Ni 23}
E2|uko 0.3 MPa, 473 KojJA] B2 1.17 x 107
ot A dFHUE BRA Y FAdE S7H
4 Aoz A7t =0 Figs. 4, SOl A ZA4F ||
AYZo| Knudsen EHitol| A 2 SHiF A 0= v}
HA7] wfZolet Aztect ojgt 2AHE siast

7] SIIAE BHE HIAUSE WASHA ke Aol
NS AES 24 WAL Fa) v gl

Hasein Az,

Fig. 73} Table 2+= Z}2}9] Calcination 2% 0f| 4 <]
BET ZAls} wEWde wolzrh 1dlzs mw
ALOs= 4 F9] 295 Wallshe 2o® oA
AJm, ol 44 FrkEe] 2ol 71Q1% Ao B
gEch E3F 800C oA calcinationdl Al,Os0] L
2] 1,080C, 1,150 Cof|A 2] ALO;ETt AltfHog &
Pl g gies], A2U4E s ¢l
solat 4 9ok ol e Lt e
1

O
'é‘
g g Bl o % B 4 ot W

71918 Ao Wetgl B ol ARHOR A
20119 GXEt 24 Bejuls feld 2o
selc}
4.7 2

o3l UFI M TiN-Alumina B3 Bej2hg 5
Sof e AHEI ERYS AT Nig F7I5l]
A B B S S e A o

Table 2. Surface area and adsorption, desorption of each heat
treatment temperature.

Temperature BET surface area
800°C 16.0661m*/g
1,080C 2.0673m’/g
1,150C 1.6411m°/g
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