AINTIUAAATUH TN AINTTUAN)

Sayan

AFINTTUIA AAINTTUIA

GALR AV

A ~ @ R A qud ad 0w s & a a
1993 ﬂ']ilﬁﬁﬂi]ﬂ'lﬁ‘llﬂull‘ll'dﬂlW’E)ﬂlslﬂ‘llu@mﬂjﬂﬁﬂﬁ'lﬁﬁﬂl"lfﬁﬁlslfﬂlwaﬁ‘lfuﬂ

wususanalasullsaeu

Preparation of Carbon Black for Electrodes in Proton Exchange Membrane Fuel Cells
Ya v a Aa o o £
HINNIVY HIWPINAANA Tﬁﬂ”lﬂﬂﬂ

lanarsanivreulag

¢a a a Jd o
91ﬂ1§ﬂﬂﬂ%ﬂﬂ13ﬂﬂ1u‘wuﬁ?‘mﬂ

1 Jd v a v C4
( HBI0mMans 19156 uNe Myananyel, Ph.D. )
da a a [
2101385 INeNTNUETIN
( 509PAAT1156 INFNA AIAIRERIY, PhD. )
U Y a
WIHUMAIN
( SONEAATINTE0AYNYT ANIUNS, Ph.D. )

U A A [y a [y d o
UUNAINENQE NT‘i1'J‘Vlﬂ1ﬁﬂ!ﬂﬂﬂﬁﬂ1ﬁﬂ§§ﬂﬁﬂﬁll’33

Jd o
( JOIMNANIINIINYIUT T3¥NA, D.Agr. )

L

=)
AMUADY

S)
3
oD
=

x®

—

e




a a J
IMNYPTIUNUD
A
(1IN

- @ 2 A qudg ad 0o w s & a
mimsfmmiuammamwa“lmﬂu@mﬂimﬂmmmmaawmwaq

¥uamuusutanasullsaou

Preparation of Carbon Black for Electrodes in Proton Exchange Membrane Fuel Cells

Tag

4
wegnaana laanna

U

HadaIneras unInedemnyasenans
4 4 1 a [} a a
ieANuaNYssiunelSyanImnssumaasumtiuga enssuall)

N.f. 2557



Aa aw o £ = 4 I A I3 ad o o J
naana lamnna 2557: mawssuamsusuuuanie lxilusian Insadmsusaa
lil =) =) tﬂ' a - =)
wamassiawuusutanasulsaou USyaimnssumansurniuga
a =\ a =) a a =\ P a a 4
AAINITNAT) T1VIAINTTUAY AMAIVIFINTTUAT 919156NUTAIINGTNUT

@ ' o Aa [ t4
van: &j’mﬂmﬁmwmﬁﬂuumm mugnanyal, Ph.D. 79 ‘Hﬁ)'l

[

a dyl = G 14 3 Ao A o ] 9 1 Y
NUINPUIEANY NG BUAIT VDU DANNLIWaTININIZRY (PYC) AI8MTHONY
a0 laTasunazionyrededinae 15 laasu dadehauleie uialuanavesla Taau
v

wardaaiudnnas 15 1aasuae 1A lawu SIUNINATOUTNTTOULUATANMADITAINYD

J dﬂl a a A g v K 9 a2
wraaamasriawuusutanasuldsaou wenanlidsd@nynaveesazuulonu

4 < A A dy [ 1 dy A Aa 1 [ aAan 9, = [ 1
(NFP) 91na15vennuanagssutiaeaiiuiiiiesaelgnsoniiluaiivesdasa
U§n3e1 (ECsa) niademaiin leaan haunuwns wamsansmuiivuialuanaves
laTasuminy 20,000 nfuas Tua Idwan1 ECSA gangaiiioa1niia three-phase boundary
Yt s & a 4o P < 4 o v
188 Tun1snaaeuayssauzveurad yaINaINIAATVOULIARINIAToN 14 1Ay
nasuuasdadiudiinaslsleaiuao lnTamiu (0:1-60:1) gunigni (40-90 BIrIFAITHYA)
A o o < P Yad 1 Ao 1 aa
HAZANUFUTUINS (50-100 11/o31Hud) namsnaaswandlfiundaaudinasls lan
a [ T W a = dy o v J I I 14
5uae lnTaaunny 20:1 guvgil 80 eermaiFoauazanuFudunns 100 wo5idua
9y 4 dy A aa A o 1 g J Y v A

Tinadussouzimadirondsanga Tasidadiutinunlimsnszaedriavesoynin

Aa o 4 I~ o [ ] a o d‘ d' dy
uwaiivuumsveunuan hldlda1 BECSA wazamldunainivngeiiga uenvintianig

a A 39 Y dy A o Y ! ad
MsAUAsen AU aui linsonem ldsaeulusan Insauaz luwausu
a ag Y dy = d’dy a 14 <3 A A YA o v a A
navu 148 vonNUANEADYTVOITAdRINAINNATUBUILANa NN landaa IuDN

Aa [ 1w a A & ] A ~ A

Aao 13 lansuae la Taw1uminy 20:1 (AUIAT09 30 1 TusAoiiiod Nguugl 40 09A1

]
A 1A

o A o o @ 73 2 g ! s & a A
EEAUBYITUASAITUFUTUNND 100 Lﬂ@imﬂi@]) ﬂllﬂTVIZ;f\‘lﬂ?TLWﬂﬁLW@LWﬁQVIﬂﬁ%ﬂ@U%Tﬂ

4 3 A nm Yy 1 9 3l 9 dy o Ao s A a 1
msm)mmaﬂﬂw"lu"lﬂmumswaumaﬂu% uaﬂmﬂumwmmﬁﬂmu’emﬂaaisllamum

v
[

" 2 = A s 3 oA P 1Y Ao
"lﬂj@]%TULVI"Iﬂ‘]J 20:1 ¥ A1 NFP nMiviusaune 24 1osidua ‘1/]1/]111’?91 ECSA ﬂﬂwwaﬂuu

& £ a {
53%%@61135&1!8Lgﬁaﬁlsﬁﬂma\‘iq\iﬁﬁ;ﬂ

/ /

-

A A o a a Jd o
aTEJiJi’JGIf’E)i’)”Ii]"IﬁEJVI‘]_I‘%ﬂHTJVIEJ"IHWH‘HWaﬂ

=)
2D
=

A
YNV



Kittitat Sodapak 2014: Preparation of Carbon Black for Electrodes in Proton Exchange
Membrane Fuel Cells. Master of Engineering (Chemical Engineering), Major Field:
Chemical Engineering, Department of Chemical Engineering. Thesis Advisor: Assistant

Professor Nanthiya Hansupalak, Ph.D. 79 pages.

The work focused on the entrapment of platinum-loaded carbon black (Pt/C) catalysts in
crosslinked chitosan. Factors of interest were the chitosan’s molecular weight and
epichlorohydrin/chitosan ratio. The work also included the measurement of performance and
stability of the H,/O, proton exchange membrane fuel cells, the cathode of which was made of
the modified Pt/C. In addition, the effect of Nafion percentage on the electrochemical surface
area (ECSA) was measured by cyclic voltammetry. The results illustrated the molecular weight
of chitosan 20,000 g/mol exhibited the highest of ECSA value, resulting from the development
of three-phase boundary. The performance measurement was conducted under the
epichlorohydrin/chitosan ratio (0:1-60:1) in addition the cell temperature (40-90 OC), and the
relative humidity (50-100 %RH). The Pt/C modified by using the epichlorohydrin/chitosan ratio
of 20:1 and the operating conditions (80 °C and 100 %RH) exhibited the best performance. The
epichlorohydrin/chitosan ratio of 20:1 yielded the uniform chitosan coating and well distribution
of Pt particles, corresponding to the highest improvement in the ECSA and platinum utilization.
Furthermore, the stability of the fuel cell fabricated with the Pt/C modified by using the
epichlorohydrin/chitosan ratio of 20:1 (continuously running for 30 h at 40°C and 100 %RH)
was slightly better than that of the cell with unmodified Pt/C. In addition, at the
epichlorohydrin/chitosan ratio of 20:1, the NFP of 24 % in the catalyst layer gave the highest

ECSA value.

Student’s signature Thesis Advisor’s signature
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3: Lister and McLean (2004)
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3. Uszansmnveurad oINS (Actual Performance)
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senandnd lihveuwad (7 ) nazanunuiunszua lWihveuxad () Fuilumsuaas
a a o o’tﬂy a o Y a ﬂ'dy a Y 1
Usgansnmmsmaueasaaomasin iauselseiiaaussauzssadyomad ldeena

v v Jo

I~ a [ Y A =) 1 [ ~
339137 (WgQ, 2555) I@ﬂﬁﬂﬂﬂ?\l'mﬂﬂl'mﬁhwuﬁ UANUFUTIANAITNUNITN 13
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1.2 "Molosses"
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4.1 Mgl SRIRETAR (Cross over losses, 7],
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4.2 MIgaaenuiua (Activation losses, 77, )
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R, =R + Rionic + Reontact 17)

ohm electronic ionic

1 ad a a
Tagh R AoAanudumusiannseiin R, Asanudiuniuleseiin uag

electronic

R AoAMUATUMUMT TUHD
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4.4 Mygadennududu (Concentration losses, 77
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mnalnsemazielnasen llinuanaresnu WudeliinsMeuduesnnududu
Sehlitinadnd lWihigaydo

9 1
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(Fick’s first law diffusion)
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5
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Y 9 ]
ansoilouludain Wil Tasazimavuiie C, =0
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5
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=S o1-— (20)
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MTeane nF (C,) nF ( iL)

5. vannszuIumMsInHlundl

a

mﬂi‘!ﬂﬂWi”?Lﬂiizﬁ"i’lNulw%/}\lﬂﬂﬁﬂdﬁ?JT’JEILWI?JL?JVI%LTC‘JuﬂWi‘i’}J@uﬁJﬂfﬂV\mVNﬂ’JQﬁ]i

ad a  Jd U d'atg

9
@Lﬁﬂ‘l’lii’)uﬂﬁﬂ”lﬂ‘l!@ﬂllﬂﬂlﬁulW%TﬂJ@QLGﬂﬁﬁlIW%”lmﬁ uazmmmnszuﬁ"l%l%mmmu

o Y A 9 , v 3 Y o Y ¥ (4 0 q.¥ A
dndllihgnlenvzdewaldva Tuilvihauiiadnd Tiulasunlas i ldearsiegson

Y

k4 9 v
92 llflvihaueuisamal fazerareTeudianaseunuiivesia liih Fsvuraves

Y [
nszua Iihavegnuanududuasinal §ize wea, 2555)



20
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YuURIv099 T
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Traunuumns (Linear sweep voltammetry) lyadnTraunumms (Cyclic voltammetry)
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Current density (ma/cm2 )
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20 T -

Pt-H,y, — Pt+H* + e
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Potential, V vs. RE/CE
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i 8 n3 vl landn Traunuums (Cyclic voltammogram)
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NNN: Cooper (2009)
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9
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9
% 12

scan) U539 0.4-0.05 114 1RANI5QAT (Adsorption) Yo TsapUUUAINATIININASY

i
v = o

[l v 9 H Y
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a o dal o o o d‘ a ds! g’} 1 dy -d' ) a a
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1 [ Jd o f { { A
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1 (&

th :V £, |dE (27)
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MSAIUIUAT ECSA (@151mJm@iaﬂ%’mamwaﬁﬁ’maﬁm%’mfi"uﬁmauamau
A Y] a o A A 9 [ U A Y a 1 Y
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My laaail

_ O
ECSA = —[Pt]x 5 (28)

v k4 H
Taef [Pt] AodSumumaiiuaedud (Pt loading 11BN TUADAITIUFUAINAT)

] 1w a A d a
e O ﬁ@mmwumummﬂizﬂ (tmnu 0.21 uaa@aammmimmumms) (Cooper, 2009)

A3 IFuwafiain (Pt utilization, Uy, ) fua 18910 (Knupp et al., 2008)

ECSA

%100 (29)
CSA

Up, (%) =

9
4

1 j‘ {a a o
TagN CSA ¥30 Chemical surface area ADNUNAINANUAVDIUNANUY (AT 1UNAT

aansuveaunaniiy) mulaldnn (Knupp ef al., 2008)

6000
pxd

CSA = (30)
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Tagd 4 Avvuiaeymaunamivmaes (W luwas) Tasamisom ldnnmailn
TEM (Knupp ef al., 2008) 11ag 0 ADANUHUIMUUUBIWATIIN (AD 21.4 nTuNaiiudo
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A7981 QNI i, b -
(GNGR (X10” HaauonuSaeaauuamag) (Faaladdoanina) JoRuaoms1usUALNT)
aFe) B (1o 1Gud) mm%uﬁuﬁﬂﬁ'(gﬂ@i%uﬁ) mm%uﬁuﬁmﬁ(gﬂaicﬁuﬁ)
50 75 100 50 75 100 50 75 100
Pt/C 40 5.00 5.10 5.40 44 .36 43.35 41.99 0.48 0.44 0.44
60 6.85 7.10 7.25 47.50 47.80 44.99 1.38 0.71 0.35
80 8.00 8.76 8.99 49.20 48.00 46.00 2.03 0.79 0.27
90 8.21 9.02 9.21 49.50 48.20 46.50 1.35 0.61 0.24
Pt/C-0-Chi 40 4.90 5.00 5.10 44.50 43.70 43.15 0.51 0.50 0.48
60 5.95 6.20 6.53 48.00 47.90 45.20 1.30 0.58 0.48
80 7.00 7.20 8.65 49.70 48.12 46.20 1.47 0.80 0.51
90 7.40 7.70 8.85 49.90 48.23 46.50 1.42 0.81 0.51
Pt/C-20-Chi 40 6.20 7.20 8.12 43.48 43.19 38.90 0.53 0.53 0.45
60 7.30 7.60 8.70 46.00 45.70 44.00 1.29 0.57 0.31
80 9.57 9.61 9.98 46.20 45.81 44.14 1.50 0.90 0.23
90 9.73 9.70 9.99 47.50 46.01 44.57 0.57 0.55 0.22
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50 75 100 50 75 100 50 75 100

Pt/C-35-Chi 40 4.13 4.23 4.50 50.00 49.15 47.00 1.75 1.42 1.35
60 4.40 5.15 5.20 51.20 51.00 49.03 3.30 2.00 0.90

80 4.50 6.34 6.51 52.50 51.50 49.50 6.20 2.10 0.82

90 4.55 6.41 6.72 53.10 52.20 50.10 5.40 2.05 0.74

Pt/C-60—Chi 40 2.10 2.90 3.00 54.50 53.50 53.00 1.95 1.43 0.79
60 2.97 3.20 3.50 54.70 54.30 54.00 1.98 1.42 0.87

80 3.10 3.60 3.90 55.00 54.80 54.50 5.00 2.10 0.83

90 3.21 3.72 3.99 56.10 55.20 54.95 5.10 2.05 1.21
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