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A} W © 2 sulfonated poly(ether ether ketone) (SPEEK) U= -5 A 23512, = FHoZ 77
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22 kV, 0.3 mL/hr, 5 cm, 23 wt% ©] 132 3+ 41272 47.6 nm ©] AT}, §+4, SPEEK ©]&
SHrE A o] W HE e A ESE A7) A ESHA| sho] Feh) whet Frkskl ow H A 32 7HE 20%,
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Abstract: Sulfonated poly(ether ether ketone) (SPEEK) nanofibers were prepared by electrospinning. The nanofibrous
membrane for polymer electrolyte membrane fuel cell (PEMFC) was fabricated by compression molding. The
maximum degree of sulfonation was 95% and the initial thermal degradation temperature was 280 °C and it's value
was lower than that of PEEK. The contact angle of SPEEK increased with decreasing the degree of sulfonation. The
optimum voltage, flow rate, tip to collector distance (TCD) and concentration of electrospinning conditions were
22 kV, 0.3 mL/hr, 15 cm, and 23 wt%, respectively. The average nanofibrous diameter was 47.6 nm. The water
uptake and ion exchange capacity of SPEEK nanofibrous membrane increased with increasing the sulfonation time
and the amount of sulfonating agent. The electrical resistance and proton ionic conductivity of SPEEK membrane
increased with decreasing and increasing the sulfonation time, respectively. Their values were 0.58~0.06 Q-cm” and
0.099 S/cm.

Keywords: SPEEK, electrospinning, sulfonation, nanofiber membrane, electrical resistance, proton ionic conductiv-
ity, PEMFC.
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Table 1. Sulfonation Conditions of Poly(eyher ether ketone)
(PEEK) with CSA

Code Chloé?lzlflfrl;iig)acid Timehr) Tem(p())ecr;;lture
1 1.0 1,2,3, 4,5 25
2 1.5 1,2, 3 4,5 25
3 2.0 1,23 4,5 25
=00
o o C PEEK

Sulfuric acid,
Chlorosulfuric acid

S04H

Figure 1. Sulfonation scheme of PEEK by surface modification.
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Table 2. Electrospinning Conditions of SPEEK Nanofiber
by Electrospinning

Code Con(c;efgz?tion Voltage(kV) F(lr(;:{ /}rla;;e IC(I;B
1 17 16, 19, 22,25,28 0.1,02,0.3,04,05 5,10, 15
2 20 16, 19,22,25,28 0.1,02,03,04,05 5,10, 15
3 23 16, 19,22,25,28 0.1,02,03,04,05 5,10, 15
4 26 16, 19,22, 25,28 0.1,02,0.3,04,05 5,10, 15
5 29 16, 19, 22,25,28 0.1,0.2,03,04,05 5,10, 15
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Water uptake(%) = M x 100 1)
Wdry
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Figure 2. FTIR spectra. (a) PEEK, SPEEK of CSA mol%; (b) 1.0; (c)
1.5; (d) 2.0.

ppm
Figure 3. 'H NMR spectra of SPEEK. CSA mol% (a) 1.0; (b) 1.5; (c) 2.0.
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Figure 4. SEM images of SPEEK electrospun fiber as a function of
concentration.
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Figure 5. SEM images of SPEEK electrospun fiber as a function of
voltages.
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Figure 6. SEM images of SPEEK electrospun fiber as a function of
flow rate.
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Figure 7. SEM images of SPEEK electrospun fiber as a function of
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Figure 8. EDX elemental microanalysis of SPEEK on sulfonation
times : (a) 1 hr; (b) 2 hr; (c) 3 hr; (d) 4 hr; (e) 5 hr.

Table 3. SEM-EDS Analysis
Sulfonation Time

of SPEEK according to

Sulfonation time(hr)

Code Element
1 2 3 4 5
1 C 7238  70.11  69.53 6725  65.90
2 (0] 20.87 2197 2235 2282 23.14
3 S 6.75 7.97 8.12 9.93 10.96

719] geFo]l FUtgel wel M50 Sk WEo g2
AFEE A

SPEEK H7|4At MRt 7|2 S4. A7|%Alel
A zgk SPEEK U=+ o] 2w 3tute] 7| REAS
stR=ul = A7} Figure 11, Figure 129 e}
Figure 11-> SPEEKZ}9] &8-S 43 242 3¢
AEs) AJ7bo] FS7HEH whel AP H oz Frtek o
A E3IA 9] ko] Z71stol| Wt 20-143%E U H
S7tste A4S BAed ole AESEo] Srtstd A
Ex716) &gt 21 o] Sk ] Wit o2 AR EE 7|E
Az e g3 vud o HES AR 2417



PEMFC-& 33} Poly(ether ether ketone) (SPEEK) A 71 HA} Yizid - o] £

Residual weight (%)

0 200 400 600 800 1000
Temperature (T)

Figure 9. TGA curves of PEEK before and after sulfonation. sulfona-
tion time (hr): (a) 0; (b) 1; (c) 2; (d) 3; (e) 4; (f) 5.

**

(d)

*

(e)

Figure 10. Results for contact angle measurment of SPEEK nanofi-
brous membrane. Sulfonation time(hr):(a) 1; (b) 2; (c) 3; (d) 4; (e) 5.
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Figure 11. Effect of sulfonation time on the water uptake of SPEEK
nanofibrous membrane.
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Figure 12. Effect of sulfonation time on the ion exchange capacity of
SPEEK nanofibrous membrane.
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Figure 13. Effect of sulfonation time on the electrical resistance of
SPEEK nanofibrous membrane.
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Figure 14. Effect of sulfonation time on the proton conductivity.
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