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Abstract >> This study reports the fabrication of anion exchange membranes

(AEMs) containing two kinds of functional groups: i) trimethylphosphite (TMP)
Received 4 September, 2018 and ii) trimethylamine (TMA). We carried out the synthesis of polymers to en-
Revised 25 October, 2018 hance thermal stability and ion conductivity. The alternative polymer was pre-
Accepted 30 October, 2018
pared using 2,2-bis(4-hydroxy-3-methylphenyl)propane and decafluorobiphenyl.
The membrane was fabricated by solution casting method. The thermal stability
of membranes was examined by TGA. The physiochemical properties of mem-
branes were also investigated in terms of water uptake, swelling ratio, ion ex-
change capacity, and ion conductivity. The hydroxide ion conductivity of the mem-
branes reached about 20.2 mS/cm for quaternary ammonium poly(arylene
ether) (QA-PAE) containing TMA moiety and 5.1 mS/cm for quaternary phospho-
nium PAE (QP-PAE) containing TMP moiety at 90C.
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Fig 1. A schematic diagram of alkaline fuel cell
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Scheme 1. Synthesis of (a) QA-PAE and (b) QP-PAE
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2.1 A

2,2-bis(4-hydroxy-3-methylphenyl)propane-=
Tokyo chemical industry©l|4], decafluorobiphenyli}
trimethylamine (TMA)-> Alfa Aesarof| 4], N-bromo-
succimide (NBS), N,N-dimethylacetamide (DMAc)%}
trimethylphosphite (TMP)+ Sigma-Aldrichof| A 4]
3}t E3L benzoyl peroxide (BPO)= Flukaoj|A],
tetrachloroethane (TCE)2 GAFFEZof| 4 A19]5F3 L
SHAPE(KCOs)2 AP SOl A )it

Yy

2.2 12X} PAES]

ook

19+ S8t Z8A 39 2,2-bis(4-hydroxy-3-
methylphenyl)prorane (5.0 g, 14.8 mmol), deca-
fluorobiphenyl (6.46 g, 19.3 mmol), K,COs (4.11 g,
29.7 mmol) 18]3 DMAc (70 mL)2 H7}skacf>.
EEE T3] S3AI717] 915kl 120C oA 34]
b Eet wrRkskgleh o] 150C7H] =5 ol
3ol Aol A wizbA] 24417t F4F HESAIR
A YZAIZ 5 ok Bul(MEE3A SR 52,
viv)oll s8] FolA ARSAZT AdkE S5t
welgh & 70C eBoflA 24A7F A2l
95%) (PAE: FT-IR [KBr, cm’] 2968, 2927, 2865,
1647, 1477, 1398, 1212, 1174, 1118, 1065, 976, 887,
741, 600, 438).

2.3 PAEQS| EHESI H2

PAE®| HE3} vhg-2 2it]Zh 2|2k F5to] NBS
oF 7HAIAIRl BPOE #7}ste] TCE -§vlf stefAf X
#5194}, PAE (1.0 g, 1.75 mmol)@} TCE (20 mL)
29317 5 Zepae] Ak RACE WA
20tk $AF] - Fof, NBS (0.5 g 2.81 mmol)oh
BPO (0.43 g, 1.75 mmol)Z 2o} 110°Cof|lA 447t

» BRSNS =27

HRSAI AT, vk & Ale oz WM WAl

of WighkEe ol-gsto] AHAAzITE oE ot
25 & 70C B4 12417t A x3te] BEShE
PAE (Br-PAE)Z uwHSQITHBr-PAE: FT-IR [KBr,
em’] 2974, 1714, 1604, 1481, 1402, 1282, 1211,
1162, 1089, 1061, 1002, 978, 822, 789, 723, 644,
582, 544).

2.4 Br-PAEQ| 9 XM= U PAESQ| 4Xxi3} HIS

Br-PAEE TCE (10 mL)of| =0 H&= Sl &9
TRt HHE faEjgel a1 80T ZF LEofA
12A17F &9t A xskieh A2 w2 22 Folsal
47y} AN TMAS} TMPE 217k A1§3te] 4%}
3} sS4+ Zgstaict 33%2] TMAS} TMP £
Hof| uhS 48A17F FoF A4 22 @7 1
&, Z¥7¥e| ulg KOH -§-9of| 48417t H717o] OH
FH = v 33 SRR o ¥ AA 5o
=717} = AHE F A4E, quaternary ammo-
nium PAE (QA-PAE)Q} quaternary phosphonium
PAE (QP-PAE)E H.35}%tHQA-PAE: FT-IR [KBr,
cm'l] 2968, 1640, 1476, 1388, 1332, 1246, 1218,
1173, 1124, 1064, 976, 879, 818, 721, 671, 618, 447,
QP-PAE: FT-IR [KBr, cm'] 2970, 1648, 1606, 1477,
1401, 1250, 1214, 1177, 1146, 1111, 1092, 1061,
1001, 976, 894, 803, 722, 567, 525, 441).

tlo

2,5 &Y gt 7171

Fourier transform infrared spectroscopy (FT-IR) 2~
HEHL KBr base] pellet FE]= Nicolet Impact
400 FT-IR spectrometer 7]7]& AM3lo] =A%
o) Bzler B0 TOSOH Bioscience2] EcoSEC
Cel permeation chromatography (GPC)E ©]-83}¢]
T3Ae] BAer B0} A AHPDDE SHa)
ot 4 FFHFEA(TGA)S TA instruments thermal
analysis systemA}2] Q50 A&-3lo] A4 Sfof| &4
3191 800C 744 10C/min £E2 AFSalHA 2
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Fig. 2. FT-IR spectra of PAE, Br-PAE, QA-PAE, and QP-PAE
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4% PAE, Br-PAE, QA-PAES} QP-PAE] gm
125 BA5] Qe LEAE FT-IR AHEY

o]-g-3tof é} st HFig. 2). B9t a5 EOM
1,282 cm”, 554 cm'of|A] Z-8-7] C-Br & u|3E 3ho)
390, QA-PAECAIE= 1,124 em™of|A] ofgle] ]
32l C-N Zge] 2E45 FRIstoirt. QP-PAEC
A= 803 cm o] A EAuto|E 0] W] H9] C-P Aol
AETE st o] A=A Rletert.

AL DEA e B REAFM,), T
FEAHM,), THEAKI D) 50| HAteg 1
=

A o
*ﬁﬂ#ﬁx} -2 9,000 g/molom %‘%‘”éﬂ%x}%‘:%
41,000 g/mol2 Z+7+ Lpelytc}. PDIO] Zh

23z HAE

Table 2+= T3t L2ALe] o) =8 Qo7 A0
t}. o2 §7] g4l Sa= IS Alatgiet
7t A7 242 40 2 mLe] 0.01 g Yof ojm
9kth. NMP, DMAc$} THFo|= w9 & =9fou,
DMFo|= o=t g A|Zko] ARE Q) ofAlE
7 WEhS @ DMSOo|: 7] b= EAS H Yt

3.4 2 orHy
7 3R] A BAS TGAZ Fatol Z45He

Table 1. Molecular weight distribution (M,, My, and PDI) of
poly(arylene ether)

Polymer M, My PDI
Poly(arylene ether) 9,000 41,000 4.5
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Table 2. Solubility of QA-PAE and QP-PAE
St Solubility
QA-PAE QP-PAE
NMP ++ ++
DMAc ++ ++
THF ++ ++
DMF + +
DMSO — —
MeOH — —
Acetone — —
++, very soluble; +, soluble; —, insoluble.
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Fig. 3. TGA curves of PAE membranes under nitrogen at-
mosphere
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Table 3. Water uptake and swelling ratio of membranes

Water uptake (%) St | s ®

Sample - . - . o N
30°C |50°C [70°C [90°C | (%) | (%)
QA-PAE 105158233 |246| 6.8 | 7.6
QP-PAE 1511723 |48 31|34

AThickness swelling ratio.
®)ength swelling ratio.

Table 4. lon exchange capacity and ion conductivity of mem-
branes

Ion conductivity (mS/cm)
30C | 50C | 70C | 90C

3.1 6.1 | 13.6 | 20.2

1.0 1.1 33 5.1

IEC
(meq/g)
0.25
0.20

Sample
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Fig. 4. Temperature dependence of ionic conductivity for
anion exchange membranes

Table 5. lonic conductivity values comparison with previously
reported literatures

Sample Iomc(;i)sr’l/?;?)t ity Reference

QA-PAE 20.2% This work

QP-PAE 5.1 This work
C-QAPPESK/OH-5 17.5 35)
PSf-Im-76% 19.7% 36)

@IMeasured at 90°Cunder 100% RH.
®’Measured at 70°C under 100% RH.
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A & 2 BT 5413} ol

= 90CojjA] 20.2 mS/cm_J %kﬁ Ho|a1,

90°CollA] 5.1 mS/cme 420

Gt 8o e ee dndds 1w
2
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