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# # 52723059: MAJOR CHEMICAL TECHNOLOGY
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NATSARA KANCHANARACHATA: PREPARATION OF CARBON-SUPPORTED
PLATINUM/RUTHENIUM CATALYSTS BY ELECTROLESS DEPOSITION FOR
PEM FUEL CELL. ADVISOR: ASSOC. PROF. KEJVALEE PRUKSATHORN,
Ph.D., 120 pp.

Platinum was employed as catalyst in fuel cell system but it was expensive
and could not tolerate high carbon monoxide (CO) levels. If hydrogen gas containing
with carbon monoxide is used, the fuel cell performance will be drastically reduced.
Thus, platinum alloy catalyst was used as an anode in fuel cell application instead of
pure platinum catalyst. In this research, the preparation of carbon-supported
platinum/ruthenium catalysts (PtRu/C) by electroless deposition was studied for using
as an anode in PEM fuel cell. The studied parameters were atomic ratio of Pt:Ru,
carbon-supported improvement, concentrations of metal precursor, types and
concentrations of reducing agents. Physical and electrochemical characterization of
prepared PtRu/C catalysts were determined by X-ray diffraction (XRD), energy
dispersive X-ray spectroscopy (EDX), polarization, cyclic voltammetry (CV) and
impedance spectroscopy. The results showed that the optimum condition for PtRu/C
catalyst preparation was 1:0.5 of Pt:Ru atomic ratio on carbon-supported that
improved by acid solution, 10 and 10 g/l of hexachloroplatinic acid (H,PtCl,) and
ruthenium chloride (RuCl,) solution, respectively, 0.15 M of formic acid as reducing
agent. PtRu/C catalyst prepared from the optimum condition was examined the
performance of CO tolerance in PEM fuel cell. It was found that PtRu/C catalyst was

tolerant to CO better than Pt/C catalyst.
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Uienduuelun 2H,(g) » 4H " (aq) + 4e” (2.1)
Uienduuatng 0,(g) +4H"(aq) +4e” — 2H,0(l) (2.2)
Unfsensau : 2H,(g)+0,(g) — 2H,0(1) (2.3)

external load

collector
plate

collector
plate
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\—
120, + 2H* + 2 = H,0

Parous Membrane

<2
electrode ‘.‘
structure
0." g Platinum
SRS

hydrogen feed
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Assembly, MEA) [9, 10]
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2.3.1.1 42aLaNINgA (Electrode)
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- muLLWﬂmLma (Gas diffusion layer, GDL) [10, 11]
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. dy WaLaLf)een (Catalyst layer) [12]
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MWn 2.2 Ipsaai1eeeatusiaisalnzen [13]

2.3.1.2 LHNLLSTY
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A9 2.1 TUIALATAINUUITRNNILTUT ARG [8]
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DuPont
Nafion 120 1200 260
m=1, x=5-13.5,
Nafion 117 1100 175
n=2, y=1
Nafion 115 1100 125
Nafion 112 1100 80
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x=1.5-14 Aciplex-S 1000~1200 25~100
m=0, n=2, Dow Chemical
x=3.6-10 Dow 800 125
- & ~ o e = | aaa - o
NNTLATHNLENALARNN DTN IANANRT [14] BILAALITNAIALIL N LAY UARL

= all 1 % o L3 al nll al va s 1 o 1 a a
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MEAAssembly

Mode 1 : A Mlci’::tisn: of
Application of OR ?f;al st to
Catalyst to GDL .
Membrane

| |
Membrane Fabrication ]

‘ Membrane Addition Fi Alternative synthesis by 4% GDL Addition ‘

T Membrane type T
|

Catalyst Application to GDL Catalyst Application to Membrane

« Catalyst Layer Preparation & « Catalyst layer preparation &
Gas Diffusion Layer Fabrication

Application Application

) « Carbon paper fabrication (prepregging, ) )

 Spreading method * Impregnation reduction

molding, carbonization, graphitization)

A

* Spraying method * Dry spraying

« Carbon cloth fabrication (cabonaceous

« Catalyst powder deposition » Novel fabrication method
fiber production, fiber oxidation,cloth

* lonomerimpregnation method + Catalyst decaling
formation, graphitization)

* Electro-deposition method * Painting

 Sputtering * Sputtering

NN 2.4 35NTLFTENLIENDLE [12]

2.3.2 WHUATANNTEUA WA (Current Collector Plate) [15]

WudounAuasiszudinasmasusaziaad w2 dseinm A uuuszannszud i

kT

wuudaLAea (Unipolar plate) waziauazannszualniinuuuaasda (Bipolar plate) il
dnudAtydviumdiaduafimanag (Stack cell) Tnainuiinninnazua Wil inanldean

ANEEAS lutaan1anigluanazilaeiunisaueduia 10e9s U1t AN RULATAIANITTNN

a asa o ANa o a <1 ! v a 1 3 a
Neanudfnsen daantentianudniuwiuazaunszuainivateein i wnslid wed

WaSHAN tany 1luFu

2.3.3 1lziiu (Seal)

b

24

N1ane19tatan Futnnfusndsraruliiznnnaudasnienislvatafany

@
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IPEIa9ALTL N LRI ABITALNAINALENAINNNANNNEN9FY Lan< lEAININT 2.5

Gas diffusion layer

Current coI‘llector - / 1‘ Bipolar Plate

&
00
&

MNAN 2.5 29ALTENALURITAR T ANAINALAN [16]

24 \FanasMalurasidanwasialay [17-20]
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2.4.2 msuantalasiay (Hydrogen Production) [21]

NN9NAR LalATAUANNITDNAR LAANUNANNAIINUARELUAY 11U AINLAREIINT

ANUTU WANIUTILARYS WTAUUAINENEININAUNY  IAaNA1uN 1E lun1suaANINNIN
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ol o v = v
WAIERBTIAINNITLIUNIINIIAINTEU (Thermal  process) NezUAUNIINIGLAR TN
(Electrochemical process) WAZNIZUIUNNTINTIN N 1 waa (Photobiological process)
Fansudn lalnsiauusdazizanunsonanlalasiauliluBunosineiu agdlddining 2.6

IpeRannanldlunisuanlainsauasinainiians Saasalili

- nrzusunnnesuRedonleti (Steam reforming)
Junsnanlalnsiauainuiiasssnaimviselalnsanfuenatingus dauiu
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nszuaunIINanENannsilmuaaiiuasflsznaundnaeufiasssngim gnuaniuleatiog
gounnigeanalinanudu uazldsngaliiseadu Sninia Tauea s wazueanla doely
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nasinlitinadisen lanandmdidusianifueuneuanladuazlalnsiau 39Fandn
Synthesis gas IaelfseniiinTuwanIRaNn1an 2.4 doudfisenludunassdnann
a e a o dl A aaa . td} aaa dﬁll al
NITUIUNTINETNEN UAAIAIENNIIN 2.5 Ae UT381 water gas shift Talfjizenildaaiiy
¥ = o o y Aa £ Y ama o = P
lalasauluszunliininluuazdaiianaumiintunn Wl jisendeannisi 2.4 15an

Al
CH,+H, 0 CO+3H, AH,4, =206.2 kJ / mol (2.4)
CO+H,0-CO,+H, AH o =—41.1 kJ / mol (2.5)

- Uffireneendinduunedqu (Partial oxidation)
dunszuauniaudnlalnsiauainanslalnsaiueu dald8muiudaulug
Tnesindiseniueendiauuusaiieljisen uaneiaann1sh 2.6 wazannisvialdlunis

a aaa o dl asa d”a @ I a c A
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CH, WL%O2 <~ CO+2H, AH g, =—36 kJ / mol (2.6)

CH +1n0 <—>nCO+1mH (2.7)
n"'m 2 2 2 2
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- nFzUAUNNTLNTWLATY (gasification)

[ aaa L a A A b2 dl & a
dudiieaniseniudduiiuvsedonsa nnalsininzildeendiauly
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1200 A AN ZAN TnanlAfaanniIn 2.8 [22]

Biomass + O, (orH,0) - CO,H,O,H,,CH,

2.8
— tar +char +ash (28)
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Electrolysis Other
3.90% - 0.10%

Coal gasification
18.00%

Methane Steam Reforming

48.00%

Qil/naptha reforming
30.00%

Wi 2.6 rnainisn@n lalasauainnisnan lalnsiausioadasiee [23]
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2.4.3 msamnulalasiau (Hydrogen Storage)
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- Carbon Nanostructures  Liludagadunitassa3aiiiugnguauiadnuin
amsannifivufialalasauldlanguugiivies
AMNFILALIBUANNANINNTI19FW @xnsnagldunaunisnas n1sAu3neT waznis

P15 s Temlaasuialalnsiau lasening 2.7

Biological and Solar, Wind, Automotive
Bio inspired Hydro (ICE & FCV)

Nuclear/Solar, H ‘ - H — Consumer
) 2 5 .
Thermochemical H, storage electronics

Natural gas Coal Stationary
reforming gasification application
Production Storage Use

[ v
NN 2.7 duneunIuan naiuine waznnsin i fdselemiresuialalasey [23]
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Electro-osmotic Drag .
Water production
[——
Diffusion
——ly
H, humidified
O, (humidified)
H*transport
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2Pt+CO —— PtPt (2.21)
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3.4.7

assembles: MEAs) [28]
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AN519% 4.3 AUNANAN Lattice parameter  an3drulnsarnantadlanunafiiuLay
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gilianAaalas | parameter | #1#a1n XRD | Pt: Ru Ml g o

o AsLAU A | sanfu

(NTNFRART) W lNmg) NN EDX . .
15a1n EDX | wnaniilu)

5 3.912 5.44 1.0:0.5 6.9+1.28 189.12

10 3.916 4.82 1.0:0.5 10.6+0.23 206.68

15 3.915 4.96 0.7:0.8 2.7+0.39 168.63

20 3.918 4.98 0.6:0.9 3.3+0.38 166.63

30 3.911 6.60 0.4:1.1 3.320.79 154.96
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4.1-4.20

v
o

UfisenninaruaInnissisanssafisenTne ldnesian ladiduansssod [79] Al
H,PtCI, + 2NaOH —» Na,PtCl, +2H,0 (4.1)

Na,PtCl, +4NaOH + 2HCHO —> 2HCOOH + Pt +6NaCl +2H,0  (4.2)

Na,PtCl, +4NaOH + 2HCOOH —» 2CO, + Pt + 6NaCl + 4H,0 (4.3)
Unnsensu:

H,PtCI, + HCHO + 6NaOH — CO, + Pt +6NaCl +5H,0 (4.4)
RUCl, +3NaOH —> Ru(OH), +3NaCl (4.5)
2Ru(OH), +3HCHO — 2Ru+3HCOOH +3H,0 (4.6)

2Ru(OH), +3HCOOH — 2Ru+3C0, +6H,0 (4.7)




dffsennaTuanmswireniaslAse e lnsanesiniluanssmod [74

dfmsenninaruainnissizansael e lne i lnnaniulslalafifuansshad [80] HAall

=

419579

Ufisensan:

4RuCl, +12NaOH +3HCHO — 4Ru +3CO, +12NaCl +9H,0

H,PtCl, + 2NaOH — Na,PtCl +2H,0

Na,PtCl, + 4NaOH +2HCOOH — 2CO, + Pt + 6NaCl +4H,0

Ufisensn:

H,PtCI, + 2HCOOH +6NaOH —> 2CO, + Pt + 6NaCl + 6H,0

RUCI, +3NaOH —> Ru(OH), +3NaCl

2Ru(OH), +3HCOOH — 2Ru +3CO, +6H,0

Ufnensan:

2RuCl, + 6NaOH +3HCOOH — 2Ru +3CO, +6NaCl +6H,0

2PtCI,> +8e~ — 2Pt +12Cl

BH, +80H —> BO; +6H,0+4e”

Uffsensan:
2PtCl;> +BH, +80H™ — 2Pt +BO, +6H,0+12CI"

8RuCl, +24e” — 8Ru+24Cl™

3BH, +240H" —>3BO; +18H,0 + 24e"

Unnsensau:
8RuCl, +3BH,” +240H" — 8Ru +3BO, +18H,0+24CI~

74

(4.8)

v

IR

(4.11)

(4.12)

(4.13)

(4.14)

o

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)
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