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In this work, we performed a comparative study examining two coatings on Ti Gr.1 for use in fuel cell
bipolar plates. The coatings consisted of carbon black as the conductor along with acrylic polymer and Ti
Sol-Gel binder as the binder. Ti Sol-Gel that had precipitated as TiO, in areas impregnated between carbon
black gaps, thereby acting as a binder for carbon black and serving as a polymer coating. Neither of the
coatings peeled off during the 90° bend test to check formability. The contact resistance of the TiO, coat-
ing was found to be lower than that of the polymer binder coating. Moreover, due to coating shrinkage
(denser) that occurred during the heat treatment process, the TiO, binder coating showed almost the same
level of corrosion resistance, as measured by potentiostatic and EIS tests, despite being thinner than the
polymer coating. However, both the polymer binder coating and the TiO, binder coating had many pores
and irregularities internally (around 10 ~ 100 nm) and on the surface (0.1 ~ 2 um). We considered that
these pores and irregularities contributed to the lower corrosion resistance.
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pHlgEle] 2 AR s Ak dajd A5dA o] AZHA|= BH=HEA(MEA: Membrane Electrode
(PEMFC, Polymeric Electrolytic Membrane Fuel Cell)] Assembly), 7}~2H:H5-(GDL: Gas Diffusion Layer)¥} i
aalol ~El(Stack)> 0.6 ~ 1.0V =32 9] A(Unit 2] (Separator or Bipolar Plate)©. % ¥ A8}
Cello] AE=E Ad=o] AAEHES UEs AAL AR 2 o]Folx glom, olF Heee] Fa AT

Stack components Type of Materials Research fields
Bipolar | | Non-Porous
Plate Graphite Plate
Coated Metallic (Coating)

Metal : MC, MN, NobleM...
Carbon : Graphite, Polymer.. ..
Composite Plates IVIaIrb(l(\/Fa ;}:ﬁ;f;ﬂ ;leﬁcs
(Metal/ Carbon Based Filler : Various Conductor

| PlatessTs.AL T )

(a) Types of Bipolar plate

* Flow-path design * High conductivity * Low cost

* High performance « High corrosion Resist.

Stack Support / Airtightness Electrical Connection Material, Process Cost
[Lightness / formability (Conductivity?, Resistance|) | | Power and Energy Density
Fuel Supplying Design, High Durability System Management

Formability, Corrosion Resistance

Heat/Water Discharge Design Degradation & TestMethod

(b) Technologies for Bipolar plates

Fig. 1. Research Fields of Biploar Plates [15]

Table 1. Specification of Bipolar Plate [15,16]

Property Unit Target Value (DOE)
Electrical Conductivity S/cm >100
Thermal Conductivity W/(m-K) >10
Corrosion Resistance uA/cm? <16
Chemical Stability - <pH 4
Interfacial Contact Resist. (ICR) mQ-cm? <30
Strength Flexural MPa >59 (Plug Power)
Compressive >50
Tensile >41 (Plug Power)
Crush >4.2
Low Permeability O,/ H, cm’/(cm?*s) <2x 10"
Low Cost % <2% /Plate or 10 $ /kw
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Table 2. Sample types, compositions, coating processes

Barcoater®™ & & AXERTE ZE 2= FEH 18 X
FAH g 7rdZoA 10" Pa, 600°C 102 7oA <

A (1xhste] 28 W FAE AAS L, Ti Sol-Gel -
7194 A7 (Organometallic precursor)?]  titanium
tetraisopropoxide (TTIP)E ©]& — WS- [19]= ©]&3
ATt Y 2= AFA 8N (sol, 2 ~ 3 wt%)ell 32
F HAAAA F83] Ti sols 7hE 718 Ao 2 HFA]
20 5, Fg Ax=ef|A] 107 Pa, 600°C 10 -53F HA
g @2ahste] gelstrlA ASdth =, 7129 BlIt=
TTIPS] F3MES-e] A¥z FAE TioClth.

2.2 24U

9 19] dASAS D7) 28, A EA710lA 1°0/
min%. 534 AT (TGA)S AT =
2o 39 9 ol ke FARIAER A (SEM)E T
AV (TEM) .2 S350l W 32 5
o] 2H A (FIB)E FHT< 7Fs3tal Cu Gridell -2
AA TEMS.Z Z1&sielct. I/ 9] tut F= I8 4
AFEE 3em dolZ Aot F, o] Z Al 1y - v}
Skal SEM o|u|x|efA] 303 o SRl FAE F
date] 71F5ael. 7+ ZH e = 2g7]eh 24 A
sk el A G EA 7 (FT-IR)SE XA 3]
AEA(XRD)OE St HEATE 032, 05, 1.0
MPa 595 7FsPdA HIOKWF AR54712 54319
th U222 0.05 M H,S0, + 2 ppm HF + 3000 ppm H,0,
ol 40°ColM ANFEEE 1 mViseeZ 025V, o,
A 1.0 Vi agage”/P, GammryAl reference 6000 % <=
3 FAE S48 W E (Amplitude) 10 mV,

Class Type and Composition Thickness Process
Ti Gr.1 0.1 mm Degreasing by EtOH
Polyacylate (~59 wt%) 4B tor
Coating 1 Carbon Black (~40 wt% 2 ~4 um o arcoater =
& Melamine (El Wi%) ) K 150 °C 20min baking
Ti Gel (< 3 wi%) Coating1 Pyrolysis (10" Pa 600 °C 10 min) —
Coating 2 - 1~2pum Ti Sol Soaking(3 min) —
> 0,
Carbon Black (= 97%) Gelation (10 Pa, 600 °C 10min)

(a) Bar coating Process (Coatingl)

Fig. 2. Coating process : Coating 1 and Coating 2
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(b) Sol Dip & Baking (Coating2)
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(a) the TGA result of Coatingl (b) the scheme of coating making

Fig. 3. The scheme of coating making procedure

Fig. 4. TEM Image of Ti gel binder : coating2
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Fig. 7. Results of XRD & FT-IR of coatingl,2 (Before & After Heat Treatment)
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