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Abstract: Global warming and air pollution have forced greater attention to new energy sources to replace
fossil fuels. Among several eco-friendly energy sources, polymer electrolyte membrane fuel cells have been
increasingly investigated since they have zero emissions, high energy density, and high energy efficiency.
Carbon-supported Pt catalyst is generally used for the cathodic catalyst in polymer electrolyte membrane fuel
cells. However, Pt/C catalysts corrode under start-up/shut-down conditions. Pt agglomeration, separation, and
loss can occur due to the carbon corrosion, which results in a rapid performance loss. Metal oxide is a
promising candidate as an alternative support since it shows high stability in the high potential. Of several
metal oxides, titanium oxides and tin oxides have been widely investigated. Their performance is comparable
to the Pt/C catalyst, and they have shown even higher durability than the Pt/C catalyst in accelerated stress
tests simulating start-up/shut-down conditions. In this paper, we summarize the development of metal oxide
supports for the Pt catalyst in the five most recent years. In recent studies, the characteristics of metal oxides
have been varied using new synthesis methods, annealing temperature, precursors, and dopants, which
results in enhanced ORR activity and durability. Advanced metal oxides have shown high durability and
exhibited acceptable performance compared to the state-of-the-art Pt/C catalysts.
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2.1 Titanium oxide X|X|X{|
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Table 1. Comparison of the synthesis methods and physical properties of TiO, supports

Specific surface area M 7| ™ =&

dopant Supported catalyst Precursor Synthesis route [m? ¢ [S om'] reference
- UMTHS Ti(OCH(CHjs),)4 hydrothermal 167.1 - [46]
- TiO,«NSs (Ti(OC4Hy),) hydrothermal 109.26 107 [47]
- TiO, TiOy(P25) - 50 - [48]
TiO, TiO, - - - [49]
Co  TipsCOp0, Ti0SO,, CoCl, th:g:a‘itgzgfgle’m - - [55]
Nb Nb-TNF800 Ti(OCH(CHj3),)4 Nby(OC,Hs)0 electrospinning 76 3.7x107 [52]
Nb-TiO, nanotube TiO,(P25), Nby(OC,Hs);o hydrothermal 98.65 - [56]
Mo TNTS-MO Ti505, HyuM07NO»4-4H,O hydrothermal 158 - [57]
Ru RTO TiO,(P25), RuCl;-xH,0 wet chemical approach - - [58]
\% V-TiO, TiO,(P25), NaVO; hydrothermal 115.4 - [59]
Ta Ta-TiO, Ti(OCH(CHjs),),, Ta(OC,Hs)s Sol-gel - - [60]
- TiO;nanofiber  Ti(OCH(CHj3),)4, Carbon nanotube  electrospinning - - [61]
N NG-TiON hybrid TiO,, CO(NH, ), Hydrothermal - - [62]
- TiN-TiO, TiN thermal treatmen 108 - [63]

o] dEIT) wak pr Rk e rRE Tio, TH
HESH CNTell oJ8l] oz =2 o= WHsls
ol o2 <lal] Als AF "=rt A8 PyC ol vl
40% ©] AT 1AL Tioel ZHt AAE =3sh
NG-TiON hybrid AAAo] PtS @3 AF= AUt
[62]. PUNG-TION Zule] 3F3¥ ORR &4 ECSA=
ol dih Ego= °16H A7HEEe} Axjolgo] F7H
53l 2l pyridinic-N
Oigu:] o]l: ORROﬂ EHE;L EL/H
RR &4 WAAHT. Wei 152
97] Hsle] TIN dH-2 TiO,E ¥
AAAE g8 Pl B [63].
WA HAE ol PYCe] ECSAE 82% ZAstAwt
PUTIN-TIO, = 62% At =2 P84S BT o=
TiO,9] &2 uitshd wiizell Saie] ul-Ado] =3t
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SnOx= AHlEv) 2 AEA R S8Ee 55 ke &
shtolt). SnOE HWE W= (E,=3.6 eV)S 2t7] o
of M71AEAdo] vl wol Fuff 2/do] Yt} [64,65]. A
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57t o]l2o 2 n-E=FH [66,67]. n8 THEE A [}
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78 ol EAIA A7HEEES #=RAth [67]. SnO, AAA
Ao SnCLE HAFA R AHgaHH, 2 9ol=
SnC,04, Sn(C;H;sCO0); 55 HATAR ol&dte ATE
o] BiEQich
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F/PIE A7) AR 9 kel FHTh E
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TS Aok =2 AAEE P} SnO, ARoldl
et FeAeS fstal SE tafel slopedt WHEE A
AE 1T 4 Ark 20-80°CH Hafd %o wWE
Pt/Nb-Sn0O,%] ORR 2735 Bl gt Aoas dsjdes
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Table 2. Comparison of the ORR Activity of Pt/TiO, catalysts
_ E,, By D_iffgsion M_as§ _Speciﬁc
Electrocatalysts Electrolyte Potential (Vvs. v \}s. limiting EZC Sél activity  activity at0.9 reference
range RHE) RHE) curren‘E2 m-gp ) (0.9 Vgyug VRuE ,
[mA cm™] (A/gp)  (mA cmp)
Pt/UMTHS 0.1 M HCIO, 0.05-1.05 0.867 0.989 5.84 429 17.3 - [46]
10 wt% Pt/TiO,xNS 0.1 MHCIO, 0.05-1.2  0.823 0.933 5.74 - 341.1 0314 [47]
Pt/TiO,-HFT 0.1 MHCIO, 0.05-1.0 0.778 0912 5.66 15.19 4.23 0.0276 [48]
12 wt% Pt/TiO, 0.1 M HCIO, 0.025-1.0 0.831 0.951 2.46 7.23 0.083 1.13456 [49]
Pt/Tip5COy20, 0.1 MHCIO; 0.2-1.1 0914 1.03 6.16 574 530 0.96 [55]
20 wt% Pt/Nb- TNF800 0.5 M H,SO, - - - - 48 - - [52]
6 wt% Pt/Nb-TiO, NT 0.1 MHCIO, 04-1.0 0.88 0.984 4.59 673 285.1 0.259 [56]
15wt% PUYTNTS-Mo 0.5MH,SO, 0-1.2 0.897 1.03 3.30 93.6 110.7 - [57]
8 wt% Pt/RTO 0.1 MHCIO, 0.05-1 - - - 52 167 - [58]
6 wt% Pt/V-TiO, 0.1 MHCIO, 04-1.0  0.855 0.971 6.2 1154 356.2 - [59]
50 wt% Pt/Ta-TiO, 0.1 MHCIO, 02-1.0  0.841 0.975 5.34 36.5 0.016 - [60]
CNT-40 wt% PY/TiO, 0.5MH,SO4 02-1.1 0.84 0.92 4.60 85.69 - - [61]
Pt/NG-TiON 0.5MH,SO, 0.1-12  0.868 0.94 5.01 20.03 28.52 - [62]
Pt/TiN-TiO, 0.5 M H,SO, - - - - 73 - - [63]

A w1 oF 348 =dth Pt o]l SKE o) (11w
o] $Fog s Y=g J4siEs 4] A
o FAFTE E3F PYND-SnO, vl W7Ado] Holuk
71 W3 HEE e 53¢ S48 gt w3
T oA YR Sn*t o] Sh o]0z A E o]
o B A= dAE At 7] F7HAZIT
[71]. 23 4-5 at%E ZFsHH Shi'olo] FHoE F
g0} SR SgHEth. HHe AAaAgo] 7] Wi
ol#3t Sb*E Sn*'S tiAsl] A7) AEEE Z7MA 7t
ORROIA Pt F3 ol WE Aeg Hlwgh A7E Hiy

HEES

= 3 = e
AT}, Pt o] 17.4 wt%ollA 342 wt%=E Z7}abd 7t
2504 ORR “d5°] 2-34] F78kdtt. o1& Pl &3
o] F7igkel wh Pt YAke] Aol 0, FES S &
A 95 =EA1717] "otk [70). ¥FA PY1Ta/SnO, =
$= ARA L] g xHAof Hlg)] E& Pt 2HO
o] Zste]o] Fajel XA o] Eebdg A
el 49} ECSA, Agkd
FEEE 7270t} [72]. EHEQ] TaCle] Shkol] w2
SnO,Zle] ORRY| ek A+E JATH [72]. EHES]
e A7HEEe} H JeFS Frh EHES T
Fo] =&TE HREHAL STk Wi 27
at%lA 7P =RA

ol= Aghe =3

R

AEEE 1
A oA

sol-gel WS ARE-3le] Sb-SnO, (ATO, Antimony doped
tin oxide) oAJZES FA3ATE [73]. Sb el 10
at%d o Ao HEHEAH A7|HEE FE BTk ®
Sk Pt/10 at% Sb-SnO,= Pt/CH.T} ORR &4do] 2w
AT 2y 7 W HIRE $of] ShAke &4
Flo] Sbo] H=3t o] Rks HERITE. Sb-SnO, EH
Al SbeAE EAEREA Pt VYAt X AA| ] MRS
o] 7HA-Em ORRel tigh FujddS 74

A7F AATE Sb-SnO, A
400-700 °CE A 3FAth
[74]. Sb-Sn0,¢] HW) A= 600 °CollA HzHE] AA| 2+
500-600 °C Afelef|A] H]ZEHA L dyto] 7HAsIFT). o] 2
Al AAEL HA A 2= 550 °CERAL 43}
Atk EAE F9F Sb-Sn0,2] Sb(IIl) °]-&°] Sbh(V) °]-&
o2 A3l nd EHES Sh(V) ©]&¢] Exije T
AgS A1 Sb-Sn02] AR EEE 7RI 314
7 9A42Z AZ PYSb-Sn0, 2] ECSA (84m’ gy ')

o
o

= Pt YA =] 1= AF EAYE K %2 Py/Sb-
SnO, Zmi ] ECSA (95 m’gp el Hlsl #4aaisitt. =4
E i} e Sn0, AA 29 A7) A= Y

3} J3FS It} Mohanta GTEE Shbe] & e
0.25-8 at%= %433ttt Sb-Sn0,9] 7] Sb
=0 wet 5 at%/A SUFsIE T oA A4S, 5 at%

A=
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Table 3. Comparison of the synthesis methods and physical properties of SnO, supports

. Specific surface area  F 7| A =%
Dopant  Supported catalyst Precursor Synthesis route . R reference
P pp Y yn [mZ g 1] [S cm l]
- SnO, microds SnC,0, Template, SnC;0, 4 0275 [68]
decomposition
- SnO, SnCly Hydrothermal - - [69]
SH(C7H15COO)4, .

0 - -

Nb 4 at% Nb-SnO, Nb(C;H;sCOO)s Flame combustion 31 [70]
SH(C7H15COO)4, . .

) " -
4 at% Nb-SnO, Nb(CH,5C00)s Flame oxide synthesis 40 [71]
1.7 at% Nb-SnO, - 31 290 [75]
Ta 1 at% Ta-SnO, SnCl, Electro spinning 27 0.09 [72]

C12H28045n,
0, _ -

Sb 10 at.% Sb-SnO, Sb(OCH(CHs),)s Sol-gel route 85 0.13 [73]
5 at% Sb-SnO, SnCl,, SbCl; Co-precipitation 50 0.74 [74]
5 at% Sb-SnO, SnCly, SbCl, aerogel 52 0.25 [76]
Sb-SnO, SnCl,, SbCl, xerogel 42.7 6.2 [77]
F 5at% F-SnO, SnCl, NH,F Electrospinning, - 0.0318 [78]

thermal treatment

oA H AAAEEE B Fabbri A7HES =
HES =S WAS™ M-SnO, (M= Nb, Sb, W,
TaAAAE Pto]l @A & ORR 48 HI3AT
. BE AlEe] ORR €48 M3k ol ORR €4
< A7NNAEE, PO SHI T ((Epeo )t T 73
Fgo] gttt W2 A7IHEEE Zh= SnO,2 U3l Pt
=)Aol gk vhe ORR A4S FEsAY 54 U
Zx > 10S cm™) oM E ol
ORR &S AAQsHA Lethe A ¢ & Aok
% Pt/1.7at% Nb-SnO,, Pt/2.1 at% W-SnO, ORR &4
(0.9 V vs. RHE)R Pt/Cell Hlafl 28 =UTh He A+H
& Xx|A| FHel| Pt anchor siteS ABATIEE AAIE o
o]2% IS 53 Sb-Sn0, AAAZ T sl Prol &
A8 Pt/Pt-aerogel-ATO & BT} [76]. ATO o
2EL AUFor w& vgudy g 725 /HY
700 °CollA] A1 EhA x>02 S em '] A7)
zZh=th XA 3R B3HS F38 PtPt-aerogel-ATO=

HE Py0)°]AA T Pt/acrogel-ATOE Pt AF3} AFej¢l
PYID) 2 P(IV)E BAH UeS BRTh o] F3l Pt
anchor site7} Pt 3HJS X5l En] A3 U7 E
IR & 5 Atk ATAHA FEHI= v S
< olgsle] PtE BAS AFE AATH [77]. Sb-SnO0
PtS YUAE5Z}(atomic layer deposition, ALD)S ©]-&-3}]
ALD-PUATOE FAsiint. sehd sl o= 343t Pt

o

AT E

Zuje] H7] AEEE ALD-PYATOZulo] H|&l w9 Wk
t}. ol ) oA Sh(V)7t ShIIE Ao =&
A FY7F FAHT FAlO| carriers’} £4Eo] HA7AE
w7b £49n. wEbq ALD-PYATOE T2 Zufo] s
47} ECSA7) E9kA1T Shé&all 9 Al52to] weysto]
ALD-PYATO 355 Azt o83 #AE si2as]
& ogFet =3 A4AE Sn0,0 =33 M-SnO, nano-
tube (M=Sb, Nb, In, F, S)= Pt Zuje] &]Aol| sl
Bud A% Qi) [78]. AST & Yoleo® w3 ¥
SnO, (Nb-SnO,, In-Sn0,, Sb-Sn0,)¢] 74§ Lo

S FEATETR 24715 S8 gl ol Yo
Loz TYs= 7%, Sne Sh, NbE thA| & =6 B8]
F-Sn0,9] 7% 02 F= dAlsle] Sn00 2 AdE 7]

wFolt}. tokst 3 94 F Sn0 =HE B4 89
<& AEEE PIAT)L H7)8beHe a4 S o
= FAsI d71sksd U+

2.3. 11 2|2| metal oxide

Kumar Z#-2 ORR €4S 3FdA717] 918 234
Hog 343 WO, nanorods AAAS AAlglste] Pt 1}
PRt FdsA e ATE B [79]. F
AN A AR FAR A S B3l 400 °Coll
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Table 4. Comparison of the ORR activity of Pt/SnO, catalysts
' Ey» Eor D.ifﬁ'J§ion M.asfs Speciﬁc
Catalyst Electrolyte Potential (Vvs. (Vvs. limiting EzCSzé1 activity  activity at 0.9 reference
range RHE) RHE) curren'E2 (m~gp ) (0.9 Vl}fﬂi VRHE .
[mA cm™?] (Age) (mAcmp?)

20 wt% Pt/SnO, 0.1MHCIO; 1.1-035 0.785 0.941 424 - - 0.119 [68]
Pt/SnO, hybrid - 02-1.1 0.862 0.982 5.07 - - - [69]
34 wt% Pt/Nb-SnO, 0.1MHCIO;, 05-1.0 0.897 0.99 5.89 68.14 0.55 0.93 [70]
Pt/Nb-SnO, - - - - - - - [71]
Twt% Pt/1Ta/SnO, MHCIO, 0.1-12 0910 1.01 5.93 73 0.47 0.640 [72]
20 wt% Pt/Sb-SnO, 0.1 MH,SO, 0.4-1.05 0.920 1.01 5.80 454 132 0.339 [73]
Pt/Sb-SnO, 0.1 MHCIO, 0.05-1.2 - - 59 320 0314 [74]
Pt/ 1.7 at% Nb-SnO, 0.1 M HCIO, 0.05-1.1  0.788 0.963 1.02 28 - 0.710 [75]
30 wt% Pt/Pt-ATO 0.1MHCIO, 0.1-1.1 0.854 0.94 5.70 35.7 0.126 0.352 [76]
ALD-20 wt% PY/ATO 0.1 MHCIO, 0.1-1.1 0.852 0.994 5.58 74 0.120 - [77]
PtYFTONT 0.5 M H,SO,4 0.05-1.05 0.874 0.948 522 40.89 18.2 0.0447 [78]
A QA AE W WO, A o] HlskA] kol 42 <t Pte] @S FHE7] S8l a-Fe,0501 PtS HASI Pt-
AAo] == A Pyt WO FdsH %:_'—li_%% 3kl Fe pair sites 73 PtFe, 0519 93t ORREA S
Stk XA #AR BAEL Fal PUWO,-4000] W 4f  HSISTH [82]. Pt} Fe Alole] Ak AEAgow 9

327 Woel Bl ¥ w2 £og olsds Q‘ﬂ SRt
olgfdt T FS Pt YRR A Wrrt olFsle] AkA
e FEE AT PYWOs= PYCet YX5HR= ORR
Aed Blen seh kg Sl B el
t}. Da Silva 252 ol7|5A AkAh A= EujE PYIrO,
= gkt Pulr YA (19, 3.7, 1:HE FASAT [80].
I 3 PrIr=1:1 Eui7t 7P =8 448 HATh Scanning
flow cell inductively coupled mass spectrometry (SFC-
ICP-MS) % identical location transmission electron
microscopy (IL-TEM)E 53l Iro] B2 FHuldrSE &3l
=rF ST A ERlsiY ol& dlAst] flsiAM
< 020 ARES /Wdsk= Zlol Fmjedat Aol
F st FAsIA Y. ECSA= 1:9>1:1>3:7>Pt/C &
o= Z/lsRon Pt YAtel B 2719 whilasct
Shi 252 Gd7F =38€ CeO, thaAS] (111)HE uwhet
OJx}axq o= uol-—%ko] z%s]]z] Pt 1/]. T2cE _LsL =z 7]
ZuiE T [81]. W=l AlMke Fd Gd =
HEO| 9|3t AkAhAL=0] Pt/CeOz e x&3sl] ORRE
e ek ATRHOZ g PUC
RR 5ol ) @, 284
A7) U, ol Pt ez
W dstE (1A =E2 A3
OH, 7} 4oz A E359 0, &
& FX57] wEolth. Gao TLE2 single site

ORR F7H4

=z} @l
2+ 2

rg

gl pair siteg 7FA4 =2 JHAIAL(1.15V vs. RHE)$}
Wg7491(1.05 V vs. RHE)E 94280 ORRZ47} QH44
< Zteth ole e AxpAde] Pt-Fe pair sites W
2 FEHo=Z Afd A=E A4t 0, &2 ¢ sig
5 7K&stehs SAld OH* 717 PelA] B3 Hes
3t7] wlEolth Alipour &2 NbOE multi-walled
carbon nanotubes (MCNTs)oll A|X|gF NbO/CNT A]A]A|
ol PtS BRIt H7184d0] waL AR FwiE &
etrt [83]. =RIGAFTHE S8 NbO] 4 FY

2 vlast Arsighd ARIart dEER Qs ol
NbO7F 2Hg widoA =2 S vepdl S ow]ah
7 W7 HIRESH 715k duds B E Sl
15ttt 53] NbO= Pt EHe| OH &3 Zolx
AAA ®HAAM pPrt &eiHE AS AT F 9o
CO F&5 #AAY Ma 252 9289733 AR
afo] aL2oA w2 AsPEle] NbOE IAAIX F Pte
ez oz FA8I00T) [84]. AW Qe vherlEel
Nb ATAE 7FFE Aol & #Ake 22 Yrks A8
Bk olUgt Nb(V)ye 22 2sPdeE SAAFIT o)
AAAY A7NAEZE TN dhste] HFHo=
ORR&o| F7FetH, PYCHTE w2 &A% %—’Ff‘& W
’d& z+=t}. Shanmugapriya “LE-2 AAA 9} XA 4

S ZA)9) 3= Nb,OsZ ARE3l] PY/Nb,Os/CNT Zwj
2 FAsAT [85]. AEHIE FX2 PYNb,Os/CNTE
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Table 5. Comparison of the synthesis methods and physical properties of MO supports

A 588 A A61HE A435 (2023 49)

Specific Electro
Dopant Supported catalyst precursor Synthesis route surface conductivity ~ reference

area [m’ g!] [Scm™]
- WO; Na,WO,-4H,0O hydrothermal 72.4 - [79
IrO, IrCl;-2.6H,O hydrothermal - - [80]
Gd ci?éii%z) %:3:‘;8282 flame oxide-synthesis 64 - [81]
Fe,05(012) FeCl;-6H,O Hydrothermal, thermal treatment 50.8 - [82]
NbO/CNT Nb,Os-nH,O Hydrothermal, thermal treatment 331.1 - [83]
NbO,C NbCls thermal treatment - - [84]
Nb,Os/CNF NbCls Thermal treatment, Electrospinning - - [85]
TiNbOCSONT T CCHE Hydrolyss, Acid reatmen : : [86]
Ta,05-TaC/C TaCls Solvothermal, thermal treatment 470.9 - [87]

Table 6. Comparison of the ORR activity of Pt/MO catalysts
' Ey» Ey D'iffg?,ion Mags Speciﬁc
Catalyst Electrolyte Potential (Vvs. (Vs limiting E2CSI§1 activity activity at 0.9 reference
range RHE)  RHE) current_2 (m~gp. ) (0.9 VIEIHE VRHE B}
[mA cm™] (Age ) (mAcmp”)

20 wt% Pt/WO;-400 0.1 MHCIO; 0.1-12  0.78 0.93 5.78 56.3 431 0.769 [79]
Pt/IrO(1:1) 0.5MH,SO, 0.1-1.1  0.87 11 7.5 0.068 [80]
53.6 wt% PYGDC 0.l MHCIO;, 0-1.0 0.87 1.0 5.84 - 0.27 0.572 [81]

0.13 wt% Pt;—Fe/Fe,O; 14900 54.2
012) 0.1MKOH 02-12 1.07 1.178 495 23.7 095V) (095 V) [82]
Pt/NbO/CNT 0.5MH,SO, 0.05-1.25 0.86 1.0 5 81.62 57 - [83]
14.1 wt% PUNbO,C 0.1 MHCIO4 04-1.05 0918 66 560 0.85 [84]
Pt/Nb,Os/CNT 0.1MKOH 03-10 0.89 0.99 3.15 - 72.07 - [85]
PY/TINbO,/CSCNT 0.1 MHCIO, 0.6-1.1 0.87 1.01 5.8 85.7 1058 0.349 [86]
Pt/Ta,05-TaC/C 0.IMHCIO;, 02-1.0 0.893 1.02 5.69 70 297 0.424 [87]

=(-3.15 mA cm H)E e SH ol Pt Yx] Z7)7F eV)ET}E 0.19 eV B

1.1 nmZ w9 2] wj&o|th. Pt Y=gA =717 2-3
nm "|9Fd 73 ARl ORR 4] &4

gt} Ando I3 d-band vacancy

e 58 Agsor dvky FAYUT T F PUTINGO(TIND =
AFAFZL  1:6.6)/CSCNTZ1] 9]

d-band#H(-3.59 eV)& PYCB(-3.40

d=d ol 7P =2 ORREA S

Btk webd ORREAF d-bande] AHdAI7 S
S ) FIFAY. Gao ZHE-S 800 — 1100 °CollA D=2 sle]
F7P7F ORREARS & MFHAs A/HEde 2he 5378 728 2

-~

o
AL Tk [86]. A HHE WSAA T Ta0s-TaC AAAE st Pl EX]3 g ®is)
&t Holgs: 2slEMO, MiM)O,, M = Ti, Nb, Ta, St} [87]. Pt&} Ta,0s-TaC/C Ale]e] HAZF Adezh-g-2
W, Y, Zr) 2 cup-stacked carbon nanotubes (CSCNTs) XA S FEgiAwol <3 dele nie} 7o] pto] ®d
of FFAIZIAL o] Pt =izl @ittt X 3 A vERgE fxsle] 0-02¢e] Ad 0,83 &

A 2o, A oluA &4 AHERS XA S5 B8 Kske] ORREA]

>

A Fol7h SMSIE o] S RISt e ORRE o A wideA #

8E Slsll 7] EZni7E P °F 02eV

3

A 7T}, E3], Ta,05-TaC/C= Ta

o
EAHE Sal FEAtsHE AR A Pt by tRe] A SgE] W ST oF Ta kel ©®AE HIs)

3P o] AST A%¢] ECSA H|

Abo} ofslA (29% A)E T s



N
ol
o

3.4 &
Zujo] AAA = Fvie] 71stetd 2o AHA o
FE Tk A Sl AAA ] g FRE dTe g
of THAcR AL Uk AT T AR A FA

B Pt YA Sele R Asld AR Fe BHg

of o3 Bk FAoz olojxr) wehd BAE glrg
HEkA 2| 2)A] Zufo] tisk e1re] FQAdo) ﬂg}gJ_ 9)

. el A2 5d ol wad S X
A A A€ Pt E1(PYMO) =52 29313 th. PYMO
© shgel sk R o] 22 o Al =

o G Pt k=) Ash ASEAAA Alolo] SMSE= #

A

L

& A s FxF o R oHYA7)7] wjie] 23 AR
A2 AFES 7gE 4= 9l H1E PYMOE PYCHTh
ORRA 50| HIEaAY =& A%S ®Bglon, ek e

FAE AT PYMO 3 PYTIO,, Pt/SnO, =1 Ao &
gk A57F 7P sl o] Rtk PYMO Zvie] ORR
ST S A7) flEl AAA ] -z, HEE
5< AL 1 F EHEE ARSI A dER
AT =0l BWel B HAG A5}
A A ] F2E5 HSAA AtidEo] sk, o]&
7] Ae® o =85 Fo ORR
%D}. o]} Zo] A A= Fvje] 24

S T lom AsHAEENE ohgt
AREE= 71818 Fufjel thal &
o] o] olzfgt x7]s}st Zuf 7
Ao Helt}

ps)

THES

I
RR 2%
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