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Abstract As the degree of environmental pollution caused by the use of fossil fuels intensifies, many
countries continue to invest in the development of alternative energy. PEMFC, one of the alternative
energies, consists of four main components: bipolor plate, electrolyte, gas diffusion layer, and
electrode. Among them, bipolor plate, the gas diffusion layer, and electrode are generally manufactured
using carbon materials such as carbon black and carbon fiber. These carbon materials are expensive
in manufacturing process or have disadvantages such as corrosion, and research is being conducted in
many fields to improve this. This paper collects several research results conducted to improve the
shortcomings of these three components and examines the trends of PEMFC by grasping what problems

have been and how they have improved.
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2.1 Carbon black (CB)
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2.2 Activated Carbon (AC)
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Table 1. Commercialized of carbon black

corporation Latest product Mainly used Reference
products
Cab Vulcan XC 72R
abot
corporation VULCAN XC max 22 black pearls [7]
2000
) . Ketjen
Ketjen Black Ketjen black black 8l
International EC600JD EC-300J
Denka DENKA BLACK [9]
Tokai Carbon TOKABLACK [10]
) Asahi F-200GS,
Asahi Carbon — * s 015 [11]
Orion
Engineered  PRINTEX® kappa [12]
Carbons SA
Phillips Carbon TDS Royale Black 13l
Black Limited PC503
Himadri Electra 273
Speciality [14]
Chemical Ltd Electra 275
— Dehydrating agent
Chemical
activation
\— Metal catalyst
Activated
carbon  Activation
— Water vapor
Physical
activation

— COa2

Fig. 1. Activation method of Activated Carbon
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2.3 Carbon nanotube (CNT) 2.4 Carbon fiber (CF)
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Table 2. Study of Bipolar Plate

Author Main materials Study summary ref
- The investigation on the electrochemical performance and interfacial contact resistance after [23]

WANG Carbon steel surface modification to carbon steel
Dwairi PP/Graphite, G/CB, - Manufacturing bipolar plate using various composites [24]
PP/G/CB, PP/G/PAD — The best eletrical conductivity on the PP/C/CB compisite.
- Bipolar plate using CF/Epoxy composite
Hwang CF/Epoxy - Meet the criteria on the electrical conductivity and gas permeability (25]
Stainless steel - Forming the CNT/PTFE layer on the bipolar plate (carbon steel)
Show ’ - Upgrade the fuel cell performance through the reduction of corrosion on the bipolar plate and  [26]
CNT/PTFE2) )
of contact resistance on the MEA
Lariiani 316L - The characteristics according to carbon coating on the bipolar plate [27]
) Stainless steel - The improvement of the electrical and anti-corrosive performance
Kim CF/C, ~ Manufacturing the hybrid bipolar plate combining CF/C and phenol resin 28]
Phenolic resin - Meet the target of DOE (electrical resistance and bending strength)
- Manufacturung the commecially available bipolar plate using CF/Phenol resin
Kim CF/Phenolic resin - Meet the target of DOE (2 times on the gas permeability and bending strength) by [29]
flame-treating for 5 second (CF/Phenol resin)
Kim CF/Phenolic resin - Bipolar platev(CF/PhenoI resm) for the improvement of high temperature performance [30]
- Remarkable increase of tensile and flexural strength
Lim PEEK?. CB, CF - Using the CB/CF and conducting nano-particle for the improvement of performance on the 31]
PEEK bipolar plate
Lee MWCNT, - Development of CF/PP/PE bipolar plate filling with MWCNT 32]
CF/PE/PP - Meet the target of DOE in the case of bipolar plate containing 5 wt% of MWCNT
Lee MV(\:/ENT ~ Bipolar plate of CF containing MWCNT: Meet the target of DOE (flextural strength) [33]
Chanda Low carbon steel, - Bipolar plate coated with Ni/Ni-Cr-P on low carbon steel [34]
Ni/Ni-Cr-P - Higher anti-corrosive and hydrophobic character comparing with conventional one
Ao C/CB, - Bipolar plate using C/CB and PP/Epoxy: Meet the target of DOE (flectural strength) (35]
PP/Epoxy - The increase of electrical conductivity in the proportion of filler contents
Witpathom PBA, o . ) .
wong C/Graphene/CNT Bipolar plate using the PBA filled with C/G/CNT [36]
Lee C/Silicon - Bipolar plate using gasket-integrated C/Silicone to reduce stack assembly cost [37]
Lee CF/Cyanate Ester - Bipolar plate using CF and cyanate ester for HT-PEMFC [38]

- Remakable electrical and thermal chracteristics
—
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1) Poly Aniline
2) Poly Tetra Fluoro Ethylene
3) Poly Ether Ether Ketone



196 _si=gsistals

o

Xl M12@ ®2s

3. EtA TH27} AFRE|= PEMFC FAQA A7 9 o HuAo] SLsfoste], W4l 4 2 7144
oPgAo] Fololitt. But ofet, A= glofof 3}
3.1 Y2 (Bipolar plate, BP) g2 SAAETL 7HY diEgolet & 4= At o2 <1
. - 8l AEZA O A oF=Zu}lo B 22]71 kA 5
PEMFCO|A] =2 Ax] Yyx o] dg 9 ASHA9] of AEHoE ©A =S TEA LAV H 5
= 1= = 3 J_D_ p= s
B A} A 7ho] Bl A AE 223 7 Ao]A A AEE 7hgote] wEo] FAW FAAE BAR 2
= 2 50 EbA B3l YR E ALR3SE oF2ukS AR o
AAE B &, 7tAQ 7K 9 ;Qx] Yzt 0] 5k = S O J&25 AMESE S Azt A
_ - - .‘:."lxo]—x___ozlo o] ¥ He
S Zas PHatolt off 74 e wE sy o Tabli i; A W 59 gEel dHs R
= = 1= Sl7] &J5] Qo0
Sk 517] Wil Aol et a7 o] s wep, O/ L A7 BT
Table 3. Study of Gas Diffusion Layer
Author Main materials Study summary ref
Chen CF, PTFE - Newly modified GDL with insertion of WML [39]
- Relation of water management/cell performance with GDL/porous layer character
Tseng CF. PTFE - The thick MPL show the high electron resistance in the proportion of the contents of PTFE (40]
Hung CF, PTFE - Thin GDL (50um) [41]
Lee TGP-H-090 - The effect of MPL on the water behavior in the PEMFC [42]
Chen Carbon paler, PTFE - The effect of thermal conductivity on GDL according to the contents of PTFE [43]
Delikaya Porous carbon - The integrated investigation on GDL and gas diffusion electrode in the HT-PEMFC (44)
nanofiber mats
Zhang CF - The mechanical behavior of carbon species in the PEMFC [45]
TGP-H-060 - The effect of GDL on the PEMFC performance at the high electrical density
Chuang ) - The material from Toray presents better perfromance in the dry condition (but, the material from  [46]
Freudenberg H23C8 ; -
Freudenberg in the wet condition)
Park CB, CNT, CNF - GDL using CNF show the improved gas permeability and electrical conductivity [47]
Eom CF. PTFE, - The inves_tigatiom on performance of PEMFC using stainless steel bipolar plate according to PTFE (48]
contents in the GDL
Hou CF, Ti02 - The investigation of cell performance with coating the TiO, on the GDL [49]
Zhang CF - The investigation on the performance according to the aging in the GDL [50]
Jeon - - The effect on the thick of GDL by simulation of liquid transportation in the GDL [51]
Kim CF - The effect on the case of generating the crack in the GDL [62]
Table 4. Study of Catalyst Layer
Author Main materials Study summary ref
CNF, Ni(OH)2 _ L . . ~
Yuan Mg(OH)2 CNF synthesis with mixture of Ni(OH)2-Mg(OH)2 [54]
Ambrosio Orderd mesoporous - OMC as a catalyst support [55]
carbon - Mesoporous carbon improve the electrical conductivity and homogeneous dispersion of Pt
Rego CF, PTFE - Caalyst support using carbon material containing 5 wt% of PTFE [56]
Porous carbon - Catalyst support using the porous carbon containing nitrogen species
Yun e ) B A ! [57]
containing nitrogen Better dispersion of Pt
Wu PtNi/Graphene, ~ Comparison of Pt/CB and PtNi/G (58]
Pt/CB - PtNi/G improve oxygen reduction and durability
Suzuki CB, TEC10E50E ~ Combination of carbon black and TEC10E50E catalyst support [59]
Wang Porous _carbon — Catalyst support using porous carbon nano fiber: Improved perfromance and stability [60]
nanofibers
Shahgaldi _ - Review on the catalyst support using carbon blac_k based materials 61]
- Focuc on graphene doped nano-structured material
Marinoiu graphene - Pt/graphene [62]
CNT, CB, Carbon _ v .
Labbe aerogel. Sn02 Coating SnO2 nano particle on the CNT and CB [63]
) MWCNT, - Using multi-wall carbon nanotube and niobium oxide: higher electrical performance and stability,
Esfahani ! [64]
NbO comparing to Pt/C
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