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Abstract — Radical scavenger is used to improve the durability of PEMFC polymer membrane. In this study, we investigated
whether fucoidan extracted from seaweed as a radical scavenger prevents electrochemical degradation through Fenton
and OCV Holding experiments. Fucoidan has an antioxidant effect, protecting the polymer membrane from hydrogen
peroxide and oxygen radicals, reducing the degradation rate to 1/10. Fucoidan has been shown to be more effective than
MnO,, which is used as a radical scavenger. In the PEMFC cell, the accelerated durability evaluation method (OCV
Holding) showed that fucoidan reduced the hydrogen permeability of the polymer membrane by 12% and enhanced the
performance by 29.1% compared to without radical scavenger. And fucoidan was found to be more effective in the

cathode side ionomer than the anode side.

Key words: PEMFC, Fucoidan, Membrane Degradation, Radical Scavenger, Fenton Test, OCV Holding

LM E
ko 2 oA FleloUA S AV A Z AH WA A =&
oA M3 &85 7HH, 87 213}40]7] wlitof thakst Fo}
oM MY FF-YoR 7P 9l A W AEHA = F
T, =2 71 wloll Al g7t 245 A QAT 1,2]. A8 ok
of W} 5,000~ 7 ol A 60,0004 7 AL S Q 8k 1A}

b
"To whom correspondence should be addressed.

E-mail: parkkp@sunchon.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

59

Asld A5 AA=[3] FAIZE 8 B 9 A5 H @A
(MEA, Membrane and Electrode Assembly)E 14 3= 24 E9]

A3lE|o] o] T2 Y HRE THATIA Feka irh4-9].

A4 wke] Q= 818H4) 471 818H4] A}, 717 2 (Mechanical)
Atz A BFECH10]. 38Ha /2718184 dsh= Al ellA 2
A%t el Zabelaeart it Abeks: 348 go] datEE g
TEFH10,11]. Aol A71818H4 714 A8t 349 M=) f
#](OCV Holding) 3714 42 ehe] 2 8l spiisleart ohak A
Q¥ B2 [12] 2R 37 el ARE-E a1 QT

A kol 2718184 1Akt A3Hd -2 Fenton 4ol BHe
AAANA A o] &3 Habghg 4t vk EwA g 2oz
(Radical)o] Bh& =2dA1A Aslg A OFITH13-15]. EAbe] 22



60 08 . Zold - 94

A3} A #riZE AA] A8l 2l Al A Al(Radical
scavenger)”} AFE-E 11 Q) o™ th 2 0 2 F7]A 315E<] Mn,
Ce 5o] Wol] A5 31 giTH16-18].

2 AFoM = dlFTFollA &3 T30 (Fucoidan)yS 2F)Z:
AAAZ AREste] a2 Al 2] dsks sk A7E
35t x} st $-Fo) kS 8k (sulfated) = T o2 =
L-fucose’} a-1,2 = a-1,3 202 ¥ 2228 72k QItH19]. &
Ol S0l A3}IE ¥ LFAH(Polyanionic charge)’d 2 7}
FE R o7 Izl o oFEEA Q] arEe] By gl
£ 59 &8 A5 (Anticoagulant), KA 3 (Apoptosis)F-= ]
3 gt gy, dhlolE A(F-HIV X8, &5, SAakstag
20-24] 50|t}

TR GAks) 2h-g-ow e AAA s o 4 gla,
PEMFC 22} 0] @ tem o} gho] Sb7) 5 gH-8hal QlojA] #4
Ol HE FIHE ZthE & glo g PEMFCY 488 Halx} 5f
AT} 2 ATelA = HEAF A Folde] 2]z AlA ad=
gQlskal, PEMFC OCV Holding #Hg oA F-310]whs &35k ot
A= AEAMEA)S] 352 U779 F71el $3o=ke] eirfzt
AAANZA 7Ve2dE HESI

1o g

HES7)o A 2= 9) wRkE =g Alojst
aF814242(30% H,0, in H,0_ Aldrich)

o] AEFost A HEE S QA nYFl e Adstn
golg wustolth, AP 28] WS Wl Bk 5% ool
O

T ke itk o 2 do|HES e

PEMFC Aof|A W38 7k= A= Ao] 25 em? Q1 MEAS
A s}kl AE|0)4 (CNL Energy, Korea)© 2 2%, 78, 5
ofslo] ©e A#] &% 70 °C, RH 100%°1] MEAS] A5
slets 545 S7383lvh14].

7HESHA B7F Al 7138 sl Rl OCV Holding '
H O % 90°C, RH 30% 710114 Anode®} Cathode 27+ =49}
AT Fste] 168417 Bt FEsto] FAFHE B4 8 Al
2} FT-IR APHE F0]38191T)

FHo|de] H7hE MEA A Z27g-2 thx2} 2t} Nafion 211
A} ukobd ol vk Bl ef] 2]3] Pt/C + Natfion solution + Fucoidan
(0.5 wt%) 245 578 8)] anode®} cathode = Pt ¥ 0.4 mg/em? Q1
MEAE A Z313 ).

o
OI'U}_“

2

°|

=
FIv4

%2 o

22. 845 3 ¥ &M

OCV Holding®| 4] #4533} %+ LSV (Linear sweep voltammetry)
2 4385+, LSV anode®} cathodeoll Z+2} 4=4~(200 mL/
min) 2} A 4(200 mL/min)E ¥ 333}, Potentiostat (Solatron, SI
1287)% ©]§3}9] scan rate 0.5 mV/secE 0.2~0.5 VoIl A ¢S
WA 7IHA AT AFE SIS

Eaole s e ik 5 s &2 A8kl TISAB

(Total Ionic Strength Adjuster Buffer) 243} 1:1 H]| &2 Z33t &

Korean Chem. Eng. Res., Vol. 58, No. 1, February, 2020

olthg - LpA - w

HN

ISE Meter (Ion Selective Electrode Meter, PH-250L, ISTEK, Inc.)=
A

HE QS A5 A 2HASHS SEM (Scanning Electron
Microscope, JSM-7100F, JEOL)S o]g-3}o] #25191 0 beam?]
A91E 15 kvt

3. 2y ¥ nE

3-1. HIE 2IS0IM £30(ch Y&k

HENRSo) o8l WAysh= ]S AASH: At F3olkt
Aupt QLA 18] 913 A3 A¥E Fig. 19 YeRiLt. 2
Z AAAE FEg- el H7behA] Ghoks wf E40] 0.289 me]
AR 2 RE] {FEE L, e AAAE Hbgo M
Eaole fEFe] AAsithFig. 1). izl ehelZ Al A
Ce?] 79 0.0032 mg 2.2 7ragieh, F30|whe 242 o 7S
o &8 B20]28 0.026 mgl & 2] AAA7} §1-& Rk
oF 1/102 #AAgc) 2z AAAZ AM-E= MnS] 79 40|
20] 0.0506 mg <! Aol vlwahA Frolete] gzt A A g
o] Mnk.t} of 20f $zo} ebe|Z A AAZA 7FsA & Bl 5
ojcto] Aka 2] Zh-g AAShHE # Yao S[25]0] #|A| St v}
ul g9} 28 WAYSFS whEvhal Bl o RkS-A1Ea) o] 23y
dotal g sksich vlekw E9F fAFSHA F-310]%ke] OH71 7}
*OH, HOO#2} 1183l 2] (1), 3Rk o] $30|¢t glrjzo] ¥

cFFolek gl e I ohE Akaeit] Za wkgEl 4] (2), ()9}
2ol ]2 gloix a1 FFo]gko] (RO)OH, (ROYOOH7}| F]i=
Ao 7 B},

(R)OH+OH e —>H,0+(R)Oe (1)
(R)Oe +OHe —(RO)OH )
(R)OH+HOO > H,0,+(R)O e 3)
(R)Oe +HOO ¢ —> (RO)OOH @)

#HE 9Eg F-o)l Nafion I242He] W SEM AHIS Fig. 201
el el 7| 2X T FE0] o8 s B 4 Ut &
Folgto] H7 e A eokS w(Fig. 2b) R e 37} o Alsht).

0.30

0.25

0.15

F ion (mg)

0.10

0.05-

000 — IIII I

Without fucoidan  CeSO4 MnSO4 Fucoidan
Radical scavenger type

Fig. 1. Comparison of effect of radical scavengers on the degrada-
tion of membrane after Fenton reaction.
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Fig. 2. SEM image of membrane after Fenton reaction a) with Fucoidan
b) without Fucoidan.
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Fig. 3. Variation of fluoride emission according to concentration of
Fucoidan during Fenton reaction.
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Fig. 4. Fluoride emission as a function of temperature after Fenton
reaction with and without Fucoidan.
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Fig. 5. Arrhenius plot of fluoride emission rate during Fenton reac-

tion with and without Fucoidan.
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Fig. 6. Hydrogen crossover through membrane deteriorated by OCV
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Fig. 7. Comparison of I-V performance after OCV holding process
with and without Fucoidan.
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