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Investigation of Gas Diffusion Layer Effects on the
Freeze/Thaw Condition Durability in PEFCS
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ABSTRACT

The effect of gas diffusion layers (GDLs) on the freeze/thaw condition durability in polymer elect-
rolyte fuel cells (PEFCs) were investigated. For this purpose, three kinds of GDLs, such as, felt, paper and
cloth types with different basic properties have been first prepared, then the changes in the properties and
performance of cells was observed during the freeze/thaw cycles ranging from -30 to 70°C. The perfor-
mance evaluations were conducted by using the single cells consisting of different GDLs. The performance
degradation and the cell resistance increase could be directly correlated. The physical destruction of
electrode was shown by SEM analysis. The mechanically supporting ability on the interface between the
cell components can help enhancing the durability of PEFCs in the freeze/thaw condition.

KEY WORDS : PEFC(a2 &2} A 8l 2 1 2 41 #]), Water management(Z ¥2]), Freeze/thaw('s 2/31-5),
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Table 1 Properties of gas diffusion layers

Diffusion media |Carbon cloth| Carbon felt |Carbon paper|
type type type type
Thickness [xm] 350 400 230
PTFE content [%] 5 5 5
Existence of MPL Yes Yes Yes
Porosity [%] 80 84 80
Areal weight [g m?] 166 140 85
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Fig. 1 Schematic of the single cell evaluation including the
freeze/thaw cycle test.

HL,

Aol AR wstes B 94‘5“ a
-impedance ¥4 20mA cm ¢ 400mA cm?

oA 54 0}93\‘4 AeH7re AW MEA"ﬂ ﬂ1

3 AFZEAS SEMS E3) Jstdch rjAgaE
o BeH 7&'5 &L 94 V 5 M()del 150-E
stiffness tester® ARg-3le] 3 7 H) 2 &t ot

3. 2t & U#

jg

Fig. 2(a)°l & 0.7V Z28]aL (b)E 06Veld AF
Axe] M3 Vel Carbon clothE AME-3t
A, A WA Abo]Fl e £ AeAsE dojut
A FXAT 5Tt UM vk AE AL A
q NESEE HAFAT. 50 AlelE B4/8%
HHELX) 0,7Vl A 572mA cm?9) A 52 =7 385mA
em 22 AE AR, 06Vl A= 1,052mA cm?
o] 719mA cm “& A3t} Carbon felts 44

Trans. of the Korean Hydrogen and New Energy Societ2009. 8), Vol. 20, No. 4

02

Z.Usl - YHE  AES
1 i —=— Carbon cloth at 0.7 V
o 206 —a— Carbon feltat 0.7 V
g ---&--- Carbon paper at 0.7 V
1000 |-
<
£
~ 800}
Py .
= —
5 #\T
2 o0+ &
a
VNMMW
= d0p TT—
@ L
E 20}
5 Il
o
0 1 i 1 1 1
0 10 20 30 4 50
Number of cycles
@
1200 F S
o ; ; T
£ o
5 1000 - I
<
£ 800} l
~ Tl
> T
%= 600 -
5 """ .
[a} 400
t
—=—Carbon cloth at 0.6 V
2 200H o CamonfeltatosV
- & Carbon paper at 0.6 V
[&] 0 I f | ! \ L
0 10 20 30 40 50
Number of cycles
o)
Fig. 2 The changes in current densitics of various GDL

applied MEAs with the number of freeze/thaw cycles: (a) cell
voltage at 0.7V, (b) cell voltage at 0.6V.
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Fig. 3 The changes in electrochemical properties with the
number of freeze/thaw cycles: (a) electrochemical surface
area (ECSA) of active metal, (b) hydrogen cross-over rate.
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Fig. 4 Changes in contact resistances (Rum) and cathodic
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Table 2 Bending stiffness of gas diffusion layers

Diffusion media type Bending stiffness [g cm]
Carbon cloth 0.422
Carbon felt 78.4
Carbon paper 54
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Fig. 6 Proposed degradation mechanism of freeze/thaw
cycling condition for the different kinds of GDLs (a) as
compressed cell, (b) carbon cloth type GDL, (¢) carbon felt
type GDL, (d) carbon paper type GDL.
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