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Preparation of NH;'- 8"-alumina as a Protonic Solid Electrolyte
by Ion Exchange Reaction
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K'- 8 "-alumina pelletS ©]- &% " A]21 ammonium nitrate =& N7} §FFo 7 77t o] 2w F&lo], 1128 PEMFC
A AR 7| E)= F7] 442 NH- B "-aluminaS A%k 1gwk-37)e] AdzAo 7 &5 130, 150, 170, 200 C
ol A, ATk 2 h IFA S Z 2 hellA] 8 h7kA] RS AAIsHom o] We] £+8-9 9 sx= 5 MT} 10 M AHE-s)
Gt w3k 200 T2 7147] YollA] ammonium nitrateS ¢HH 3] 5o %%O AL 2] ammonium nitrateS ©]-&3F] 2
h Z+Z2 22 2 hollA 8 h7hA] o] 23S AAI5ISI T o] 2w ERES-O] REESlrof w2 S Lol 7] $lste] Ao
2SS 3A7A] WHES A AL o] F o] 2w sk ¥ NHy -8 " alumina TZ2A 0] A A, ol eSS
2y7y XA 3174 7](Rigaku Rint 2000, Japan)$} ICP-AES (Spectro, Modular EOP)E Al-&-3}o] 413131t}

NH,"- 8 "-alumina which is expected to an inorganic solid electrolyte of high temperature polymer electrolyte membrane fuel
cells (PEMFC) was prepared by ion-exchange reaction of K'- 8 "-alumina pellet with NH;NO; aqueous solution and molten
NH4NOs salts as an ion-exchange medium in the autoclave and the heating mentle reaction. In the autoclave reaction, the
concentrations of NH4NO; solution was chosen at 5 and 10 M. Each ion-exchange reaction was carried out at 130, 150, 170,
and 200 C for 2, 4, 6 and 8 h. In the heating mentle reaction, ion-exchange was performed at 200 C for 2, 4, 6 and 8
h with molten NH4NOs salts. In order to determine the effect of reaction times, each ion-exchange reaction was repeated
3 times. The phase stability and the ion-exchange rate of NH,'- 4 "-alumina were analyzed by XRD and ICP.
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Figure 1. XRD-pattem of K'- 8 "-alumina precusor.
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Figure 2. SEM images of (a) ball-milled powder and (b) attrition
milled powder.
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Figure 3. The size distribution of (a) ball-milled powder and (b)
attrition-milled powder.
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Figure 4. Ion exchange rate according to the number of reaction times
and temperature at 10 M (a) 1 time, (b) 2 times, (c) 3 times at 100 C,
and (d) 1 time, (e) 2 times, (f) 3 times at 200 C.
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Figure 5. Ion exchange rate according to the number of reaction times
and concentration at 170 C (a) 1 time, (b) 2 times, (c) 3 times at 5 M
and (d) 1 time, (e) 2 times, (f) 3 times at 10 M.
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Figure 6. XRD patten of ion-exchanged NH;'- 8 "-alumina at 5 M
ammonium nitrate and 170 C according to the reaction time (a) 1
time, 2 h, (b) 1 time, 4 h, (c) 1 time, 6 h, (d) 1 time, 8 h, (e) 2 times,
2 h, (f) 2 times, 4 h, (g) 2 times, 6 h, (h) 2 times, 8 h, (i) 3 times,
2 h, (j) 3 times, 4 h, (j) 3 times, 6 h, and (j) 3 times, 8 h.
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Figure 7. XRD pattem of K'- 8 "-alumina reacted with water for 4 h
at 170 C.
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Figure 8. XRD pattern of ion-exchanged NH;™- 8 "-alumina at 10 M
ammonium nitrate and 200 ‘C according to the reaction time (a) 1
time, 2 h, (b) 1 time, 4 h, (¢) 1 time, 6 h, (d) 1 time, 8 h, (e) 2 times,
2 h, (f) 2 times, 4 h, (g) 2 times, 6h, (h) 2 times, 8 h, (i) 3 times,
2 h, (j) 3 times, 4 h, (j) 3 times, 6 h, and (j) 3 times, 8 h.

100
S
ot
B
o
c
@
=
o
X
L
——(0)
—o—(b)
—=—(a)
95+
T T T T
2 4 6 8
Time(h)

Figure 9. Figure 4. Ion exchange rate according to the number of
reaction times at molten ammonium nitrate (a) 1 time, (b) 2 times, and
(c) 3 times at 200 TC.
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