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Synthesis and Characterization of Polybenzimidazole Random Copolymers
Containing Methylene Chain for High Temperature PEMFC
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djyoo@jbnu.ac.kr Abstract >> In this study, we prepared the modified PBI random copolymer to re-

feoeived © Ootober. 2018 duce the problems of the pristine PBI about low solubility and proton conductivity.

RE\?EZZ 12 CD;)C:;ber’ 2018 The random copolymer was synthesized from suberic acid, 5-aminoisophthalic

Accepted 30 December, 2018 acid, and 3,3’-diaminobenzidine to obtain X1Yse, X1Y1, XeY1. Then, the membrane
was fabricated by using solvent casting method with methanesulfonic acid at
140°C. Subsequently, the membrane was doped with phosphoric acid at 40C.
The chemical structure of the polymers was characterized by FT-IR. In addition,
the physiochemical properties of the PBI were investigated by TGA, oxidative stability,
acid uptake. Finally, the proton conductivity was measured at 100-180°C without
humidification. As the result, X1Y9 PBI random copolymer membrane showed
higher conductivity.
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Fig. 1. Structures of (1) polybenzimidazole random copolymer
(XY) and (2) m-polybenzimidazole (m-PBI) polymer.
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2.1 A

N,N-dimethylacetamide (DMAc, 99%), dimethyl-
sulfxide (DMSO, 99%), polyphosphoric acid (PPA,
115% H;PO),
(TFA, 99%)+ Sigma-AldrichAlol A L4385 aL
methanesulfonic acid (MSA, 70%), 5-aminoisophthalic
acid (95%), 3,3’-diaminobenzidine (99%), iron (II)
sulfate heptahydrate (99+% crystalline) Alfa Aesar
o A, hydrochloric acid (HCI, 37%), sulfuric acid
(H2SO4, 98%), phosphoric acid (85%), hydrogen
peroxide (35%)= AT (F)oNA FAsHA:
T3 AELAPH 4.00)S AABEHE)ONA 75
of Agalet,

suberic acid, trifluoroacetic acid
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PPA &0 3,3’-diaminobenzidine (0.5 g, 2.33
mmol) 9] FH|E&S
isophthalic acid®] &=W]E 1.9, 1:1, 9:1 Z+Z} H| &=
A7kl 200C A whgAIFon, 7t QPES
XiYo, XiY1, XoY1 2 FHp3Th 3 & 34 S74
off Fof A AEAE B th, 2441t B9 HE
=, Ao WSS oItk ERL opAlEe] T A
12A17F 52 Gt AE §, Bo] 24A7F B¢
AZANA AZE PAES At X Ye: FT-IR (KBr,
cm'l) 3,371, 2,927, 2,856, 1,631, 1,612, 1,560, 1,522,
1,497, 1,456, 1,382, 982, 872, 808, 710, 487, XY
FT-IR (KBr, cm) 3,063, 2,923, 2,853, 1,629, 1,567,
1,500, 1,459, 1,177, 1,090, 985, 897, 810, 717, 674,
504; XoY;: FT-IR (KBr, cm’) 3,050, 2,935, 2,851,
1,627, 1,569, 1,461, 1,545, 1,226, 1,164, 1,083, 982,
894, 808, 707, 483.

m-PBI (Fig. 1) &/d: 37+ ¥H-g-87|5 AH&-5}o
AL 7}A SloflA] PPA &ufjof isophthalic acid
0.3871 g (2.33 mmol)Z} 3,3’-diaminobenzidine 0.5 g
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Fig. 2. FT-IR spectroscopy of the PBI random copolymers: (A)
X1Ys, (B) X1Y1, (C) XaY4, and (D) m-PBI.

Table 1. Solubility tests of the PBI polymers

Solvent X1 Yo XiY, XY, | m-PBI
DMAc — — — —
DMSO — — — —

HC1 — — — —
H,S04 ++ ++ ++

TFA + ++ ++

MSA ++ ++ ++ ++

9|329] A7]7} F7F8kaL 1,503 em” £34]9] £ AR
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93E F AR ZEAs ol gor FHo] HS
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2,859 cm'ofjA] & = 9t}

3.2 83z Al

N

Table 1> 7+ & v]& HE 43 PBI Y &5
Ao gale Al Axto|tt. mE g2 80TCo
A 48AIZE B4 Bl e AR S HEEkGlaL, 1 A
HE AEAHES DMAcH DMSO&} 22 {-7]-8-v
o= =A] Yk} ol= PBIY| Tt Lx0] 7]Q1%
o ey A SlE AR A9, @AM =
8] 52| kAL TFAS} Shitolli= vl 2 59F

o

b + AA
HH, m-PBI= Aol gt 8-alier) vlals] W2 4

i)

4

Transactions of the Korean Hydrogen and New Energy Society <<



582 12 PEMFCE HEZH Ales Zefote 22/HIZ0/0|HE 2

L]
100 5=
.‘:::‘t:--.\
\':_‘:‘:.__“-‘..
"-a_._:,___\..\
__ 90+ \,;---:Q_
§ -""-'-'::hz'h'\
T .
7] -~ =~
S 80 T, im
- -~ 3
= Q:
= ¢
] — (A .,
= 704 —- (B)
—- (O
=- (D)
60 -

T T T T T T T T
100 200 300 400 500 600 700 800
Temperature(°C)

Fig. 3. TGA curves of the PBI copolymers: (A) X1Ys, (B) X1Y1,
(C) XgY14, and (D) m-PBI.
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Fig. 4. Acid uptake of the PBI polymers: (a) X1Yq, (b) X1Y1, (C)
XoY4, and (d) m-PBI.

Table 2. (a) Swelling ratio and (b) acid uptake of the PBI poly-
mers®

(a) XiYo XiY1 XoY) m-PBI
14 M 163% 152% 74% 162%

(b) XiYo XiYi XoY m-PBI
2M 30.8 17.5 6.7 37.0
4M 38.8 19.9 11.8 50.5
6 M 45.9 25.6 15.5 62.8
SM 71.0 45.1 21.7 81.6
10M 78.9 65.2 36.1 89.5
12M 80.7 72.5 47.9 95.5
14M 85.3 77.3 53.1 117.6

Conditions of measurement: (a) 14 M H3POs, 40°C, (b) 2-14
M H3PO4, 40°C.
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Fig. 5. Oxidative stability of the PBI polymers: (A) X1Yo, (B)
X1Y1, (C) XoY1, and (D) m-PBI.

Table 3. Oxidative stability of the PBI polymers

Time XiYy XiY; XoY m-PBI

24 100 100 100 100

48 98.0 95 94.0 97.8

72 91.8 90.2 82.7 92.8

96 88.2 85.4 74.8 90.2

120 87.2 76.7 70.3 87.4

144 84.9 74.3 67.3 85.2

168 82.1 72.2 65.8 83.8

192 80.3 70.1 63.5 81.3

216 78.6 68.7 60.9 80.1

240 71.3 67.2 58.3 78.5

264 76.6 66.0 55.6 77.2

288 76.0 64.3 52.6 76.2

312 74.9 63.3 50.8 75.4

336 73.9 62.4 50 74
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A T —

Fig. 6. SEM images of the PBI polymers: (a) X1Ys, (b) X1Y4,
(c) XoY1, and (d) m-PBI.

Table 4. EDAX results of the PBI polymers.

Wt% X1Y9 X1Y1 XgY] m—PBI
C 56.4 58.8 61.0 75.1
N 43.6 41.2 39.0 25.0

u]z] 6]l Table 4= SEMI} FA]of] 43 EDAX
54 Agjolth. 7 mEAR= 9t7)9] ulgo] FolE
= ZAA4N) A4 wt%7F £715F9 3L m-PBIX th
FAREo] of¥l ©FAIE Hol o] wiizel '
o) A o] B Fo sIFth

= = iz

w

3
BTk 7P =2 ol A E Hel AL XiY
2, 160CoJA 159 mS/cm Z& HY, XY=
11.9 mS/cmZE, XoY1-2 9 mS/cm?] %o]& Arr S
®olr) oju] &ef& m-PBIZ}F 7k 27, 160C o
A 35 mS/eme] FolL HEEES Helth= A& 1t
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Fig. 7. Proton conductivity of the PBI copolymers(XY): (A)
X1Yg, (B) X1Y1, and (C) X9Y1.
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