Korean Chem. Eng. Res., 57(3), 413-419 (2019)
https://doi.org/10.9713/kcer.2019.57.3.413
PISSN 0304-128X, EISSN 2233-9558

(=] oS ES5 (=2 — | ; = = E A
Y FEHE St HETXE =24 Mol ™ d=t5e4te] |40l O[xl=
=S e] e
FESE* - B2 FKIZF - 0|FYF - ABLT - 0I5 - ol - ARG
ST Sh AR AR AT

02792 A2EHA] /“——.'——rL 3= 144 5
skt b AT u-stal
02841 ASEHEA] A& I=E 145
T S o s R e B B
15588 7715 A A= F7FEE 143
reesz Aol g sielst 7] A8k
Georgia Institute of Technology, Atlanta, Georgia 30332, United States
(20191 29 28 A4, 2019¢ 3€ 279 A=)

Effect of Dispersion Solvent on Properties of Fluorinated Polymer Reinforced Composite
Membrane for Fuel Cell by Solution Coating Method

Seung Ho Yook***, Ki Ro Yoon***, Jihun Choi*, Ju Sung Lee*, Jong Min Kim*, Seung Woo Lee****,
Kwan-Young Lee** and Jin Young Kim*

*Center for Hydrogen & Fuel Cell Research, Korea Institute of Science and Technology (KIST),
5, Hwarang-ro 14-gil, Seongbuk-gu, Seoul, 02792, Korea
**Department of Chemical & Biological Engineering, Korea University, 145, Anam-ro, Seongbuk-gu, Seoul, 02841, Korea
***Technical Textile and Materials R&D Group, Korea Institute of Industrial Technology (KITECH),
143, Hanggaul-ro, Sangnok-gu, Ansan-si, Gyeonggi-do, 15588, Korea
****Georgia Institute of Technology, Atlanta, Georgia 30332, United States
(Received 28 February 2019; accepted 27 March 2019)

o (]
Rt =

T PARTNINA 18 G4 7IRES] e UA Lo R HgtE]E AlAA s et AR s
A7FA ;A A 71 Al ‘\%% o] o]Foix| 1 Ut} 1 7R AFAR| ] Hefjdz *]“9“ % Z&e gt
71 T2 A &4 o] @ - (Perfluorosulfonic acid, PFSA) 98] 744 W v} T/ ZAE 53t 714 A7 4
A AT 7, A P9 A1 |3 Al QbgAdel] dish EHRot Thsste] HEHoR AR e 8}%}1} 74
Azto] sAlell 7hssith 2 AFelie ARAAE B4 Ml s 38 30lA o] 9iH] Akl
2k v A 9l B4 WEkel AsdR] Aol mixe el disl ATkt

Abstract — In the recent, as a world demand of energy resources has been transformed from fossil fuels to hydrogen-
based clean energy resources, a huge attention has been attracted to increase the performance and decrease a production
cost of core materials in fuel cell technology. The utilization of reinforced composite membranes as electrolytes in the
polymer electrolyte membrane fuel cells can reduce the use of high cost perfluorosulfonic acid (PFSA), mitigate the cell
impedance, and improve the dimensional stability as well as the interfacial stability, giving rise to achieve both an
improved performance and a reduction of production costs of the fuel cell devices. In this study, we investigate the
effects of physical characteristics and cell performances according to the various ionomer solvents in the solution based
manufacturing process of reinforced composite electrolyte membrane.
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Table 1. Comparisons of solubility parameters, dielectric constants, boiling points and surface tensions for various polar solvents and Nafion ionomer

Solvent Solubility Parametgr_(lglansen), Dielectric Boiling Temperature ~ Surface Tension @  Gap (PFSA Ionic
S (cal x cm™) Constant, € (°C) 20 °C in mN/m Group-Solvent)
DMAc 10.8 37.8 165 33.8 5.65
DMF 12.2 36.7 154 37.1 425
1-Propanol + Water 16.5 (60/40, v/v) [13] 44.72[13] 97/100 21.43 [14] 0.05
Ethanol + Water 16.98 (60/40, v/v) [13] 46.82[13] 78.37/100 26.10 [15] 0.53

Ref) Nafion 9.7 (Backbone)/16.45 (Side chain)[12]
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Fig. 1. Fabrication procedure of reinforced composite membranes: (a) Fixation of the porous PTFE Film on the substrate, (b) Impregnation
of ionomer solution onto the bottom layer by using a blade and a PTFE bar (c) Impregnation of ionomer solution onto the top layer

using a blade, and (d) Drying and annealing at the oven.
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Table 2. Operating conditions of fuel cells using PTFE/PFSA composite membranes

I-V Curves EIS LSV
Temperature 80 °C
Relative Humidity 50% 50% 100%
Flow Rate H,/Air 200/600 Scem H,/Air 200/600 Sccm N,/Air 200/600 Sccm
Pressure 1.8 bar 1.8 bar 1.0 bar
Voltage - 0.6V -
78} ar Hho] £ 2 2 (Biologic, HCP-803, Won A tech, $7)2- 0]-g-al| 4] o 050
Ao 71A FHE, 29(Ohmic) A&, 4 2P (Mass transport) 4] & 7EI 0.45
@ 2455, g 047
~
5 0.35 i \
320 Y ER g 0304 RE
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= = o 2 = . < o 0201 ~ \
FAAAR AL B 54 A Fig 2] ek 48 & O AN
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Fig. 3.

Pore Size Diameter (um)

Mercury porosity pore volume for composite membranes
obtained from various polar solvents.

Fig. 2. (a-d) SEM images of PFSA/PTFE Composite membranes made from various solvents. (a) DMAc, (b) DMF, (¢) 1-Propanol + Water, (d)

Ethanol + Water.
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Fig. 5. X-ray diffraction patterns for composite membranes obtained
from various polar solvents.
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