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Performance Evaluation of Magnesium Bipolar Plate in Lightweight
PEM Fuel Cell Stack for UAV
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Agency for Defense Development*, Korea Advanced Institute of Science and Technology**

ABSTRACT

A magnesium bipolar plate whose surface was protected by thinly deposited silver
layer was investigated as an alternative to existing graphite bipolar plate of PEM fuel cells.
Thin silver layer of 3 pm was deposited on a magnesium alloy substrate by physical
vapor deposition (PVD) method in an environment of 180 C. A number of tests were
conducted on the fabricated magnesium based bipolar plates to determine their suitability
for use in PEM fuel cell stacks. The test on corrosion resistance in the same pH condition
as in a PEM operation demonstrated the layer protected the magnesium alloy substrate,
while unprotected substrate suffered from severe corrosion. The contact resistance of the
fabricated bipolar plate was less than 20 mQ-cm’ which was superior to the conventional
bipolar plates. A single cell was constructed using the fabricated bipolar plates and power
output was measured. Due to the enhanced conductivity caused by low contact resistance,
slight increase was observed in current density and output voltage. With low density of
the magnesium substrate and ease on machining, the weight reduction of the stack of 30 ~
40 % is possible to produce the same power output.
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Table 1. Requirements of Bipolar Plates

S=7E 272

oH 20104 : 5$kw, 20154 3HKW
e < 0.4 kg/kW

22 2158 | <2x10 SemPem Zsec
FAME | <16 pd/cm’@ 0V vs SHE
MINMELD >100 S/cm
e <20 Ncm’@ 140 Niem?
AR Ze >25 MPa

o] 45 PEM ds5dA w#PHoR &3t
7] AaiME FANAE A9 kUL 243
oty ATl = PEM A8HA A A&
28 5T 2 R o

)
=2
rlo
tlo
of\
Dl
ol
32
0
2
)
e
>
e
o
=
ox
(o
O T

AlE A ARA 2R3 FSE AT A
24xe 5% ey 5 A4 FAETS
st AAES AAsA e A&
& T 29x7t M Be FE5F dhvelr] W&
of 2% H&A US4 PEM dgdA 2H9
BEsts A He dick F9 shvoltt
T3, g FE7F A AL S HE
B oA F&5% sehekgol] whel F4
B Fo] dxE AT A urlF A9
Aot Fue shsAel 7] Wil &
FET Aol A gk 2y, o]
e =5 vtavlse 54, B dAelA
T pH 2-49] 443 37, 60 ~ 100T 2] A2 A
SA%= PEM AsdA ] TARAE st
A, Y Aol ofyr] wiEol F2 &g
o7 Fao FZo] vry] wEd F& Jhs
Aol A fle AZ3IB vladleg FES B oA
T Al AER HgsA

AeH7IE fste 9 =717 4 mm X 4
mm¢! vIHES 23S FEd FREZHY A
HE At =3, A4¥gd7 vuE 935ty
Hx QA2 4Fv)a, 28 olE AdE o &

dol U 7 WL AT wgs



s

A

790 HE

L FET - AR

n m

i R i 72 T e B

«——— Impurities, Passivated Film

Magnesium Alloy,AZ318

’ Degreasing

Magnesium Alloy,AZ318

Seed Layer Coatmg Sputtering
Crol um

Magnesium AIon.-AZSlB

‘ Silver Coating, Sputtering
€—— Ag3 um
Cr01l ugm

Magnesium Alloy,AZ318

Fig. 1. Surface Treatment Procedure of
the Magnesium Bipolar Plate
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Fig. 2. Conceptual Diagram of Contact
Resistance Measurement
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Fig. 3. Test Setup of PEM Fuel Cell
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Fig. 4. XRD Result of Coating Surface
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Table 2. Weight Comparison for the
Selected Bipolar Plates
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Table 3. Weight Estimation and Comparison
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