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ABSTRACT

Pt-based ternary catalysts have been proposed as cathode material for proton
exchange membrane fuel cell (PEMFC). Ternary compound catalysts based on
platinum alloyed with first row transition metals were tested to improve the activity of
oxygen reduction reaction (ORR). In this research, 20% Pt-M1-M2 (M1 = Co and Cu
M2 = Cr, Cu, Fe and Ni) (ratio of 2:1:1 and 6:1:1) were prepared on untreated and
treated (by hydrogen peroxide) carbonssupporter (N115 and Vulcan XC-72) by
microwave, reflux and NaBHjsreduction methods. The XRD patterns confirmed
platinum alloy and carbon phase for PtCoCu(ratio of 2:1:1) catalysts by reflux method,
PtCuNi(ratio of 2:1:1 and 6:1:1) catalysts by reflux and NaBHsreductionmethods on
untreated and treatedcarbons. Other catalysts were confirmed as platinum and carbon
phases. However, the XRD pattern ofPtCoCr(ratio of 2:1:1) catalyst by
NaBHjreductionmethod showed no metals. The EDS analyses indicated all metals
including oxygen and carbon in all prepared catalysts. The SEM and TEM images

showed good dispersion of metals on treated carbon support. Particles size of metals on



carbon support samples were between 2.00- 4.00 nm. Electrochemical testing by single
cell testing indicated that the PtCuNi catalyst withthe ratioof 6:1:1 by
NaBHjreductionmethoddelivered the highest performancewith current density of 54.07

kA/cm?.mole at voltage of 600 mV.



Vi

A A a a d ~ @ (T ana o A
FOLIDIINENUNUD ﬂ'lim5EJ?JL!@3ﬂﬁ‘ﬂ1ﬁﬂHm$mW1Z"IIE]\W]’JLi\°I‘]J§]ﬂ§ﬂ1ﬁ13J’J§]ﬂ1ﬂ1/]3J

v

a I d o o o 4 ) o Py
uwanruiuesnlsenounanuualsessumsveudmisulslu

:(di’ a a =~
gmaag%mwawumummuuamﬂaﬂuiﬂmau

Y A Ao g’/ a
R, ATy A9)3z1a3g
Sayan MmaasauIuNAAN)

d‘ a2 a J
ﬂm$ﬂ§§Nﬂ1§ﬂlﬁﬂ‘H1]ﬂﬂ1uW‘uﬁ

PR 7 a e ~ o= )
HemMan319136 a3.g1udmsnses p1138NS Y Inan
7 A o Aav oot '
TOPNAATINGE AT, BAUAT JVINT GAURCEATFTER YRR Y
s aa o o < ot '
JOPNAATINGEG  TANUT NOUAY 19138513
U |
unAnge

v 0 aan o A A v qd dy 3 Y] g}/ ) o
ausagninaigmaniunaminiduiugiugoaueiluigguoaviun Inad1msy
ddy a a d' % 1 aan [ d'd
wraaenassiauusutandasu Tlsaseu anslgnsenaisseneuauigmani
A v o d v Aa o { . (L] 1 a Aaan a
uwaiiuoaaesany Tane N UFFULDINHINGNNATOUWDNFIOTINSNAUYATOINTTA
4 a 9 av dy ~ I 4 Aa o 4
rdeandnula mMsdeiwsen 20 Wesiwud unaniiv-lavzl-Tavz2(lavzi= Tavead uay
I A A o 1 J o
NoIAI lane2 = newuag, 1asley, 11an Laginna)@as1aiu 2:1:1 uag 6:1:1) VUAITBITU
4 4 a I < I A " 9 o o 49’ Aa o
MIVoUMIUPUTLAOU 11500z Tauuay 10ng%-72) 7l lavhimssulyaiumazihms
[ ¥ a 4 4 a, [ N4 a, a L4
Ysuilgsiiuadae laTasnunlesoonlaq a1e33 lulasnvl3Wand uaz A33a2dd20 Tanden Ty
5’ k) v =) o 1 @ A v W 4
T5'lans1e JULIUMIRENVUAITITONFEUTUNNUT DU IUNATIINA VAT VO UUD
% 1 ann Aa o o @ [l an A v J Aa o a
ansalgnsemmaminlaueadnewai@msaan 2:1:1)1ae35 udns tazunamiuvnoail
a @ 1 Aa A v J Aana A <Y =) o Y]
Na@asan 2:1:1uag 6:1:1)1ae35 Svanduaziziardanes Tsaenluls laaseuudisesy
14 ~ m 9 o [ &} Aa o [ :ﬁ’ a 1 @ 1 ann ~ A A o [
asvoud lilavhmsdslyanuragyihmsdivlgenum daudnsalgnseiimaetugii
A v W 4 9 a o o =\ Y] 1 [
wu Tanzuwaniunumsueuenduunaminlavead Insdiey ©as1ai 2:1:1) lLinulane
o [ [ o a a @ 4
alaniuroIminszalenanuuesssmondgwy Tanznnwiasaude oondau nu miveulu
v ana 1 /a d 1 4
ansalfnsen ANDIIINNADIYANTIAUDIANATOUUUVTDINTIALALNADITANT TAL
adg [ [ 1 o Y dy a o A (o dy a
slanaseunuudesruwu langnizne laauunuAimsueunlSulanum  uazuuia
% [ 4 ] ]
Y93 Tz UUAITOT UM UOUDGTZHIN 2.00 — 4.0011Tuwas wang lWihoinmanadou
S A v 1 Aaan A o Aaa o 1 [ o aa JY
aaReINUA NI IWaMIuNeAIting (BR51aIU 6:1:1) dUATIZHIABITIAIAAY
1 H a (R a 1
TmdenTuls leaselvamaiihgeaannszua 54.070 Tausuildoastusufuasas Tua

u q

a o { v Y4 Aa A 4
VDIUNANUUNANVUAFANG 600 Haa 1aa



