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of §57] RS AEAUL OAELE oS3 BRHA lep idocrocite 0|3 forroxane =Sl AHE S
°|E Y3} Eﬂﬁs}fﬂ EdeEg Az AxE BguEe A% 2 AN S Brls] 98 o) AEE, olew
BEH(EC), Fr& ¥ TGA 4 AT 1 A7 ferroxane U= YAS 74T Yo 3t Faol iz}
G288 Yaentit 52 o]eAry 9 o] eud LTS HYon, B 94 QAN ARS At 1 4% B
oho] F40]LHEEE 0.09 S cm’'o|H, 1 WIS 0906 meq g'S HYT)

Abstract: In this study, the organic-inorganic composite membranes composed of iron oxide (Ferroxane) and Nafion
were developed as an alternative proton exchange membranes (PEMs) in proton exchange membrane fuel cell (PEMFC).
Acetic acid-stabilized lepidocrocite ( y -FeOOH) nanoparticles (ferroxane) was synthesized, and the ferroxane-Nafion compo-
site membranes were prepared by mixing Nafion with the ferroxane. The composite membranes were investigated in terms
of ionic conductivity, ion exchange capacity (IEC), FT-IR, thermal stability, etc. As a result, the ferroxane-Nafion composite
membranes showed higher proton conductivity, IEC, thermal stability than Nafion recast membranes. The proton con-
ductivity and IEC of the composite membrane with the best performance were 0.09 S cm” and 0.906 meq g, respectively.
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0.12M FeCl,*4H,0
solution
Mix with 0.2M NaOH selution
Stir the mixture solution for at
least 12h with air bubble stone

Dry in a vacuum oven at 80 °C
for 12h

Redissolve precipitate in
deionized water (D.I Water)

React with pure acetic acid (AA)
(Fe/AA ratio of 1.5)

Stir the mixture solutions at room
temperature for 24h

[ Separate by centrifugation at 17,000 rpm for 2h l

[ Dry in a vacuum oven at 80 °C for 12h ]
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Fig. 1. (a) Schematic diagram for the preparation of fer-
roxane nanoparticles and (b) chemical structure of lep-
idocriocite and ferroxane (modified from[1]).
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Table 1. Contents of Ferroxane-Nafion Composite Membranes

Sample name in(()jrgallzgt ffl)lfler i Vzt;futi)?lﬁon Solid Nafion DMAC FeOOH

%, wiw) (@) (2 (® (8

F-Nafion 0 0 14 0.7 1.4 0
F-Nafion 0.1 0.1 14 0.7 1.4 0.0007
F-Nafion 0.3 0.3 14 0.7 1.4 0.0021
F-Nafion 0.5 0.5 14 0.7 1.4 0.0035
F-Nafion 1 1 14 0.7 1.4 0.0071

> A3 ur AA 1243, 120°CNA 1242k8] AAE 33

2.1. Ferroxane L=gIxtel M=

Ferroxane 7Y =Y AE AlZst7] 93 ga=a=
Ae] E(Lepidocrocite) & Al Z3MH 1L, ©]& P E4H Acetic
acid, AA, Junsei, Japan)2 ©]&3l A3t A|A fer-
roxane Y= YAE FA}A. ol 71E AF(12-14]
& H8oE Fig. 13 Zo] At $4 012 M
FeCl, * 4H,0 (Sigma Aldrich, USA) 500 mL%} 0.2 M
¢l NaOH (Junsei, Japan) 500 mLE $74 3 314
2417 53t 1000 rppme] £5E2 wWHHE S|F3T) 0w
7|E & A8t 3718 FUste] FHEA A8e 7
ook, £ A@olA AREZE [FeCl, + 4H,0])/[NaOH]
Hl &2 0692 & FeCl, - 4H,07} Atsls]o} =43t
Lepidocrocite Aol gt W&=2 HusHy ot
[14]. & e =FA S gyt o) 7 & A0 E |
Al HH, o] &4 IFLE 80°CollA A=AA &
4 lepiocorocite Y= UAHE GA =k &3 lep-

=0l F &% opEAS

>

iocorocite® FHFTol T
[Fe]/[AA] = 1.5 : 19] B &2 H7iste] A-&oA 244
b wREAZIT o] & AR 7] A 17,000 rpm & 2

oF Wh-g-o] HA ¢ke BE4ES A|AT L A5
FU=dAE 4A Ao

2.2. Ferroxane-Nafion S&ate| M=

Nafion® #EFH(5 wt%, DuPont)o] 1E-AF-& ojn)
10 wt% DMAC (N, N-dimethylacetamide, Sigma aldrich,
USA)S H71sk 5 12417F 28t 3 ferroxane Y= A
S F7bsto 2407 EFet dgAE Az ol
A Az dgde g AED tqd G &4 )
28 o E3uhs Av] 98l IFLEAA 80°C

& A
BgAs e At SRR ARe Axse 3

& Table 13 2t}

2.3. Ferroxane-Nafion S§ate| EM 24
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BIO-RAD FTS 3000 FT-IR Spectrometer, USA)S %
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Fig. 3. FT-IR spectra of ferroxane-Nafion composite mem- Fig. 4. TGA thermograms of ferroxane-Nafion composite
branes. membranes.
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Fig. 5. (a) Ionic conductivity and IEC of the ferrox-
ane-Nafion composite membranes and (b) IEC and water
uptake of the ferroxane-Nafion composite membranes with
the content of ferroxane.
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