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Abstract: In this study, an average of 7 phosphoric acid groups capable of transferring hydrogen ions are introduced into
polyhedral oligomeric silsesquioxane (POSS) through a substitution reaction, and the prepared POSSs are added to sul-
fonated poly(arylene ether sulfone) (SPAES) for a polymer electrolyte membrane for fuel cells with high proton con-
ductivity and mechanical properties. As the POSS content in SPAES increases to 5 wt%, the proton conductivity and
mechanical properties increase simultaneously. However, when the POSS content exceeds 5 wt%, the two characteristics
tend to decrease. This is due to the change in both proton transfer and mechanical load transfer abilities according to the
distribution of POSS in SPAES. In conclusion, when 5 wt% of POSS was added to SPAES, it shows a large proton con-
ductivity of 3.83 x 10" S ecm™ at 120 °C and 100% relative humidity and a high tensile strength of 60 MPa.
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Figure 2. 'H NMR spectroscopy of SPAES (Na* form).

b o

BP HO OH

o P-—L/;:} 0_53 T ,\lr

o 7N
g R _\§I|l'_—"l H;\OH
: Ho_p

0.5 HO' B

PO(OH),-POSS

Figure 1. (a) Synthesis of SPAES (Na' form); (b) phosphonic acids-functionalized POSS.
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Figure 3. ATR FTIR spectra of SPAES-POSS composites.
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Figure 4. Water uptakes (%) of SPAES-POSS composite mem-
branes as a function of POSS contents.
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Table 1. Tensile Strength and Elongation at Break Values of
SPAES-POSS Composite Membranes

Tensile strength ~ Elongation at

Samples

(MPa) break (%)

SPAES 55 61

SPAES-POSS-3 57 43

SPAES-POSS-5 60 38

SPAES-POSS-10 59 31

SPAES-POSS-20 53 29
Aute] 71414 E4L eSSl A= AE
o= HwERUTH(Table 1). SPAES®] 7-¢- ¢F 55 MPa®] <l
A7 EE 71, SPAES thH] POSSE] o] 5 wi%7hx
Z713kl weh QA=) 60 MPa2 57135 28 & < 9l
t}. o] dukgo =z POSS Wi A7 1k } UHEQ;: U
o 2USA A 1 A BEE el o 2 A
3= o7 Ao 7HE 7]0138) Aot} ? 6]—7(]‘:’]' POSSe] &+
2Fo] SPAES thH] 5 wit%s 23192 Alolle 2% A7

O o) 2~

T7F AAaseE AS d 4 Aded, o]& ofvt= POSS7F
SPAES "jEglX Ujo]] o g ZA)gto 2 13t S A4t

o )% Ao BTN AFEe] 49 POSSTH S0l 7

o] w}g} SPAES tH] dAH o2 71As = AL o 4 9,
ol M3l POSSe| TP 13 Ax 7 }01] 71918 A

olct.

HMafRat +A0IRMEE. B3k dafjdute] 401 A
EEE 80 v 120°C 2294 AEES 200014 100%

2 WA st =7 5k th(Figure 5). & 23EA RE
SPAES-POSS 2314 Asjdute nE )\l-\;H_/_\.E Z7vel A
SPAESH T} B =2 o2 vl: ks Bt &2 o4
oleHELEE POSS Y E&E tlre] oz 13 o] &
WESo] AT, 71 Gl ol M 7 £



A e ARdAE sk e CElE dE QRIS E3E POSS EHA Haldnt 5

(a) 100

@80 °C

10°} o v:,} = SPAES
?3;- ® SPAES-POSS-3
164 —A— SPAES-POSS-5
—v— SPAES-POSS-10

4— SPAES-POSS-20

Proton Conductivity (S cm™)

-5 1 ; L
10 20 40 60 80 100
Relative Humidity (%)
(b) 0
— e @120 °C
g 10-1 |

=

%6 = SPAES
e

f

-

—_
Q
r

@ SPAES-POSS-3
—A— SPAES-POSS-5
—v— SPAES-POSS-10

¢— SPAES-POSS-20

20 40 60 80 100
Relative Humidity (%)

Figure 5. Proton conductivities of SPAES and SPAES-POSS com-
posite membranes at (a) 80 °C; (b) 120 °C as a function of relative
humidity.
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