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Abstract: Anion exchange membrane fuel cells are attractive while proton exchange membrane fuel cells need costly
precious metal for the catalysts and have durability issue. Anion exchange membrane fuel cells have low activation
energy and use non-precious metals as catalysts for the oxygen reduction reaction, which can operate the system with
low cost. In this study, we study the polyaniline-derived catalysts with different molar ratios of monomer to oxidizing
agent for the activity toward the oxygen reduction reaction. As a function of molar ratio of monomer and oxidizing agent,
the physical property and the catalytic activity are observed by various electrochemical characterizations and physico-
chemical techniques. The research can help the commercialization of anion exchange membrane fuel cells since the con-
ductive polymer is widely used for the synthesis of non-precious metal catalysts, provided the optimal condition for the
polyaniline synthesis in the electrochemical application.

Keywords: anion exchange membrane fuel cells, polyaniline, oxidizing agent, activity, non-precious metal catalyst.
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Figure 1. SEM images of PANI: (a, b) PANI-0.5; (¢, d) PANI-0.75;
(e, ) PANI-1; (g, h) PANI-1.25; (i, j) PANI-1.

Zav, A|489 A3, 20243

Table 1. Summary of Elemental Concentrations of PANI-0.5,
PANI-0.75, PANI-1, PANI-1.25, and PANI-1.5 Catalysts at EDS
Mapping Images

Catalyst C (Wt%) N (Wt%) 0 (Wt%)
PANI-0.5 89.08 8.89 2.03
PANI-0.75 86.49 1130 221
PANI-1 91.63 225 6.12
PANI-1.25 92.29 3.20 451
PANI-1.5 89.56 6.52 3.92
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Figure 2. SEM and EDS mapping images of (a) PANI-0.5; (b) PANI-0.75; (c) PANI-1; (d) PANI-1.25; (e) PANI-1.5.

Figure 49| 4]+= PANI-0.5, PANI-0.75, PANI-1, PANI-1.25%}
PANI-1.5 Zuj 59| @444 HslE #4317 93 XRD
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Figure 3. N, adsorption/desorption isotherms of PANI-0.5, PANI-
0.75, PANI-1, PANI-1.25, and PANI-1.5 catalysts.

Table 2. Summary of BET Surface Areas and Pore Diameters of
PANI-0.5, PANI-0.75, PANI-1, PANI-1.25, and PANI-1.5 Catalysts

Catalyst Specific surface area Average pore diameter

(m* g7) (nm)
PANI-0.5 14.994 80.342
PANI-0.75 14.511 60.781
PANI-I 11.810 43266
PANI-1.25 11.813 61.809
PAN-1.5 11.876 45.945

Table 3. Summary of XRD Peaks for PANI-0.5, PANI-0.75,
PANI-1, PANI-1.25, and PANI-1.5 Catalysts

Catalyst C(002) peak [26]
PANI-0.5 21.84
PANI-0.75 22.74

PANI-1 23.64
PANI-1.25 23.90
PANI-1.5 23.90
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Figure 4. XRD patterns of PANI-0.5, PANI-0.75, PANI-1, PANI-
1.25, and PANI-1.5 catalysts.

Stk 21219} FHloll we} Pyridinic N, Pyrrolic N, Graphitic
N, Oxidized N© 2 EF%t}. o714 Pyridinic N, Pyrrolic N,
Graphitic N Z22] 2 Oxidized N2| 3 3= 7z} oF 3981 eV,
399.3 eV, 400.7 eV & 403.3 eVe] AR Z AT 4
UTh(Figure 5). AA| AFAE°] F48= BFE = Pyridinic
Nz} Graphitic N Fujo] &0 &S F+= Fxo|th'°
A7 T AL TR AR A 9EE Bt AR olsS
Fr=gtel wet ORROl =55 7] wjel o]5¢] HlEo| &
< Fmjoll =& AeE 7T & Aok AR o}t
A] Pyridinic N, Graphitic N & Alo]€] H]-&o] Ful 450
oA gt FES VXA BAlERA] o} Fvff Ad5S Hlas)
71¢l oj& o] ATt Table 400 /33t SuljE2] D4 )
H&-S YERATE Pyridinic N| ¥]&-2 PANI-1.257} 71 3=
37, Graphitic N2| H]&-2 PANI-0.757} 7P =94t}

g ] Heg Fskr] flal LSV 785 1185t
Att. Figure 6= PANI 59| LSV A¥E HoET) LSV
4L 0, Z31E 429] 0.1 M FbsdFolA 5 mv s
scan rateZ} 0.05-1.05 V€] potential range® 4] 1600 rpm=
A =HsA T N, 3L 0.1 M AR F ol A
background ZFE 273st] WA AFE Figure 69 e}

Table 4. XPS N 1s Spectra Results of PANI-0.5, PANI-0.75, PANI-1, PANI-1.25, and PANI-1.5 Catalysts

Catalyst Pyridinic N (Aera%) Pyrrolic N (Aera%)  Graphitic N (Aera%)  Oxidized N (Aera%) Total Aera
PANI-0.5 23.52 3.93 51.25 21.30 28824
PANI-0.75 25.81 6.76 53.55 13.87 34421

PANI-1 28.38 11.31 38.17 22.14 6143
PANI-1.25 38.38 2.17 44.25 15.20 5082
PANI-1.5 36.53 2.10 46.16 1522 5120
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Figure 5. XPS N 1s spectra results of (a) PANI-0.5; (b) PANI-0.75; (c) PANI-1; (d) PANI-1.25; (e) PANI-1.5 catalysts.
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Figure 6. (a) LSV curves; (b) Tafel plot of PANI-0.5, PANI-0.75, PANI-1, PANI-1.25, and PANI-1.5 catalysts in 0.1 M KOH @1600 rpm.
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Table 5. Summary of Electrochemical Characteristics and Tafel Slope for PANI-0.5, PANI-0.75, PANI-1, PANI-1.25, and PANI-1.5

Catalysts in 0.1M KOH @1600RPM

Catalyst Eonset E\» Limit current den;izty Tafel sloge
(V vs. RHE) (V vs. RHE) on 0.2V (mA cm™) (mV dec™)
PANI-0.5 0.74 0.575 -2.575 131.22
PANI-0.75 0.74 0.580 -2.308 109.00
PANI-1 0.76 0.595 -2.499 88.87
PANI-1.25 0.78 0.625 -2.750 54.81
PANI-1.5 0.76 0.595 -2.654 98.35
Wiz, = A7=E Table 59 22F3153T}. Figure 62} Table 5= &5 B ORR 40 =55 7+ 25 gkt &4
B AkshA| o] Fo] F7FE onset potentialo] 5-71she gk Zufe] 4] ¥ LSV B4 S Bl Ao vlas 23, &

o
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ufo|t}® Half-wave potential®} limiting current density 7ol
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ol wEbA] LSV 578 Aol 719s)A] AkstAl ] v]gof] mp
g} Zuf 24L& HIE BT, PANI-1.25 07} 7 S
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¥WA 7k Figure 4, Table 3914]¢] XRD ¥4 Az} 247}
71kl weh g 3] X7 ke ' o]Fshe S
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LSV 24 Ax= o|&3le] 0.67-0.77 V Ale] ZLOZ Tafel
plot&(Figure 6(b)) 22 71271 3= Hw S v, A3k
EH7F Sk A} Tafel 712717 2H428FA 5L, 1:1.259])
A 7P SR 5481 mV dec9] 71871 #E 7KL T &

o R
7hehe BFS Bt ol 7PE w2 71E&7] 3 7kl
PANI-1.257} 71 %% ORR kinetice ®QIth"”

2 =
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33ttt SEM w45 B3l =471 1:1 ©]
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1:0.75, 1:1, 1:1.
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0.59} PANI-0.75% H]3EHZA 0] ¢F 14 m? g '$az, WhHe] 1
w92k £%9] PANI-19} PANI-1.25, PANI-1.5 Z0j 52 oF

11 m* g'& HATE Ak 9] o] F7istel wjet Sdsi=
7} S7V8kAL, PANI-1.25 Sl 7} 7Y &2 pyridinic N2 H]

s A
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Al A3fe} 7ol PANI-1.25 Zvii7} 7H¢ 32 onset potential
(0.78 V), half-wave potential(0.625 V), 2] 3 limiting current
density(-2.750 mA cm )& Rt} Tafel slopeE F3l 71&
71E Blws)] 2 Az} 9A] PANI-1.25 Z07} 54.81 mV dec '
7P& 973 ORR kinetics 7H= A& g183ith. whatbA,
ORR Zw =4 PANI §d ol H&ske kAol AsiA
o] == 1:125¢%] AS & F Utk £ =74= ORR &
771848} kgl ] AM-E= A s PANI Fefl BIFES
ZUE dote vl 2 98S & o= oddh

ZAte 2: o] A= AT (FH7ISARSAT)e] AL
O 2 FaxAFATEe AAg wol YA AFHAA (No.
2020R1C1C1004206).
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