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HaHeceHHbIN KaTanmsaTtop

- NoANOXKa = TOKoNnoaBsos

- ancnepcHoein HocuTenb (100-X mac.%)
- cobcTBEHHO KaTanuaatop (X mac.%)

- cBA3yoLlee

3arpy3ka (loading)

Specific surface area = yoenbHasa noBepxHOCTb:

[To BET — HocuTenb + KaTanumsartop
[Mo agcopbunm CO mnnn Bogopoaa — TONbKO MeTansbl rpynrbl NiaTUHbI

Specific activity = yoenbHas akTUBHOCTb:

B pacyeTe Ha Maccy
usnu
B pacyeTe Ha UCTUHHYHO NOBEPXHOCTb



Bbi16op Hocutensa (support)

B obcyxnpaemom npumepe - CUOYHUT

the Sibunit family which has recently shown its supenority
over conventional Vulean carbon.® Sibunit carbons are pro-
duced by high temperature pyrolysis of hydrocarbons.® Their
advantages are: (1) purity, (1) uniform morphology of primary
carbon globules (contrary to carbon blacks, in particular
Vulcan™), (iii) high electrical conductivity (of importance for
fuel cell applications), (1v) high mechanical stability, and (v)
corrosion resistance. The porosity (and thus the specific sur-
face area) of Sibunit carbons may be purposely vaned in a
wide range from a small value to more than 500 m~ g~!
depending on the extent of their activation. Various Sibumnit




CuHTeTHnYeckKas npoueaypa
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PtRu/C catalvsts were prepared using home-made pyrolytic
carbon Sibumt 9P (Omsk, Russia. BET surface area
72 m~ g~ ') and for comparison Vulean XC-72 (Cabot Corp.,
BET surface area 250 m* ¢~ "). The Pt : Ru atomic ratio was
equal to 1, while the overall metal percentage was varied from
5 to 60 wt%. Catalysts were synthesized via co-hydrolysis of
RuCl; and H-PtCl; under the action of Na,C0O,; + HCOONa
In the presence of powdered carbon supports. Samples con-

taining from 5 to 30% metal were prepared in one step and
reduced with H- at 1530 (1 hour) and then 200 “C (1 hour). 40,
50 and 60% samples were prepared n a step-wise manner in 2,
3 and 4 steps, respectively, with intermediate dryving and
reduction at 150 “C for 1 hour. For more details, the reader

15 referred to|ref. 62.
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PtEa (1:1) catalvsts were prepared bv co-hvdrolysis
of chlonde complexes of Rull and P£V using a procedure
similar to that described by|Reetz and Koch [36 ‘ The au-
thors of Eef. [36] found that an addition of alkali to a so-
lution of EuCl:y + H2PtClg results in the formation of small
colloidal particles of mixed metal oxides. and added organic
surfactants in order to prevent their further growth and co-
agulation. Unlike them. we avoided an addition of organic
ligands (which form a shell around metal particles and may
thus influence their activities
but performed synthesis in the presence of carbon supports.
assuming that the latter mav act as a macroligands stabilising
colloids of mixed metal oxides.
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BetanHoBble cTabunnsaTopsl
CoHy5(CH3),NT(CH,),CO,~  CpaHys(CH3),NT(CH,);805”

lan=23 2
lhn=1

Indeed. upon sturng an aqueous solutton of PtCly and
carbobetaine 1a (molar ratio. 1:4) i the presence of excess NaOH
at 50 "C for 7 d. complete consumption of the vellow platinum

salt was observed with formation of a deep red-brown colloidal
solution of PtO2/1a (eq 1). The reaction was montored by UV-

H,O/base ]
PtCl, - Pt0), colload (1)

stabilizer

vis spectroscopy (disappearance of the PtCly absorption at 250
nm and appearance of a plasmon absorption 1n the range 200—
800 nm) and by transnmussion electron microscopy (TEM).

To ecTb OopbLOa 3a NONHOTY NpeBpaLleHUa TpeboBana XXecTkux ycnoBumn
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activity, the reductive amination of benzaldehyde by n-propvl-
amine was chosen as a model reaction (eq 2).

H
N _Ph (2)

N2+ phCHO —

Using the new catalyst PtO2/Al:O;, commercially available Pt/
AlOs (5%).%*° and Adams catalyst,’™ reductive amunation was
carried out at a substrate-to-Pt ratio of 1000:1 1n methanol as the
solvent at room temperature and atmospheric pressure.

(12) (a) Aldrich, BET area: 135 m*/gz. (b) Condea, BET area: 221 m*/g.
(c) Heraeus, BET area: 20 m™/'g. (d) Heraeus. BET area: 80 m'/z.

.t_':n

PtO,
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Finally, preliminary experiments directed toward the prepara-
tion of water-soluble colloidal bimetallic oxides turned out to be
successful. Upon stirring the aqueous solution of PtCly and RuCl;

(1:1 molar ratio) 1n the presence of sulfobetame 2 and Na,COs at
80 "C for 18 h. a black colloidal solution was obtained (eq 3).

H.O'base

PtCl, + RuCl, PtRuO, colloid (3)

| stabilizer
He nonHoe Following purification by dialysis, the colloid was characterized
bv TEM., demonstrating the presence of 1.5 + 0.4-nm-sized
= particles. Elemental analysis revealed 6.4% Pt and 4.0% Ru by
(XRD?) weight. corresponding to a Pt:Ru molar ratio of about 1:1. Energy-
dispersive X-ray (EDX) spot analvsis proved the presence of both
metals 1 mndividual nanoparticles. According to an XPS analysis.®

! platinum occurs as PH{IT) and Pt{TV) in simuilar amounts i addition
cmech!  tn Ruy(IV). This means that Ru(III) reduces about 0.5 equiv of
Pt(IV) to Pt(II) with formation of Ru(IV), as expected from the

redox behavior of the two metals (Pt*" + 2 Ru’" — Pt'" +

2 Bu#*t) 13 The PtRu0,/2 colload 1s stable for months in aqueous
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Bv emploving different ratios of the two metal precur-
sors, the metal composition (Pt:Eu) of the colloids can be adjusted

in the range from 1:4 to 4:1 on an optional basis. Moreover. if so
desired, the colloidal Pt'Bu oxides can be converted into the

corresponding zerovalent metal colloids by treating the aqueous
colloidal solutions or the immobilized forms with H- at room

temperature, while no significant changes in particle size or Pt/
Ru composition occurred upon domg so.'

(14) The same procedure can be applied to the PtO, colloads.
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OnTnMmMsaumsa OKCUAHbIX [lony4yeHne MeTanianvyecknx Kataanms3aToponB
KONJTONAOHbIX KaTalin3atopoB «NOo aHanormmn»




i

Journal of Power Sources 145 (2003) 175—187

Ref.62
CooTHOoLIeHue
MeTann/yrnepon
Y - - + t o
RuCl; + H.PICl, + © === (Ru"", PI"", Clypin)aas/C
COOTHOLLEHUE
Pt/Ru o : ,
FuRu Ha:[ E}_; pH, pasamelunBaHune
Temnepartypa
{ B, Fl{;}l. S L Fl{;}l aol
______ 2
MaOO"H pH, pasmelunBaHue,
TemMnepartypa
v (RuOy, PO, Pthyg,/C dPa30BbIU cOCTaB?
«3arpys3kay
v (loading) ? H.-
OrEMEHTHbIN COCTaB . TeMmneparypa,

daBlieHne, Bpemd

Fl-Ruw'C

Fig. 1. Schematic representation of the catalvst synthesis.
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20%PtRu/Sib_619P w— treated with H,
stored in air
7777 RuO,
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Ye HET NpobnemMbl CMECU OKCUAOB — TOMbKO NOMHOTHI BOCCTAHOBNEHMSA A0 MeTanna.
Pa3smep YyacTtuL, perynmpyeTcsi mOPUCTOCTbO HOCUTESS.




da30BbLIN COCTaB U MUKPOCKONUA

(zzzhd
(rrehd

o1y
ozThd

K ncxogHow cratbe l

(ZoT)ny

(Zooiny
w1y

(€orinyg  ——

(00T —

:_:””:..H_” freee———

_".._”._”._”.u_h_n._ e

_|

=

—
—

|——=

——]

——

100

Sibunit 19P

80

|
/] )
)

60

0

4

—
ot
—
frt
—

60 B0
2Theta / degrees

4

20




pyGas oueHKa AUCNEpPCHOCTU MeTanna

GO -
f

Table 1  Metal dispersion 27 and specific surface arcas calculated via
gas phase CO chemisorption (44, ) and electrochemical CO oxida-

tion (Agc) ‘

v

“a PLRu D "'"I-:I:lm:lL"lml E_I "".II'Z'IZ.'.JI,."I.EI:l1 E_I

. (549 140 165 152
11) (.36 117 55 —
20 (.28 ol ot —
A 016 54 44 et
1) 017 55 43 —
Al 011 A6 —— ——
sl (. 110 i3 24 7

“ Metal dispersion 1s calculated from the gas phase CO chemisorption
data. ¥ The results of two independent sets of measurements are given.
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Fig. 11  Particle size distributions calculated from TEM for 5% PtRu/

Stbumt (a), 10% PtRu/Sibumt (b) and 20% PtEu/Sibumt (c)

CTaTtucTnyeckm OoCTOBEpHOe

YMCI10 YacTul Aand NnocrtpoeHnd

pasMepHbIX pacnpeneneHnmn

N3 gaHHbIX TEM?

3aBUCUT OT LUMPUHDI
pacnpegeneHusa u
O4HOPOAHOCTU MaTepuana

C XRD Hago conocTtaBnsiThb
cpegHeMaccoBble, a He
cpegHEeYUCNEHHbIE
pacnpeaeneHua!!!




Phys. Chem. Chem. Phys.,, 2007, 9, 5476-5488

5% - oQNHOYHbIE

50% - BroYHbIE




Phys. Chem. Chem. Phys.,, 2007, 9, 5476-5488

UMmMmoOunumnsaums Ha noanoxke — moaenbHas cucrtema

Work-
ing electrodes were obtained by pipetting 20 pl of an aqueous
suspension containing 1.5 mg ml™! of PtRu/C sample (no
Nafion) on a polycrystalline gold foil (cleaned with aqua regma
and annealed in a hvdrogen flame). The films obtained after
drying were mechanically stable, and showed reproducible
cvclic voltammograms (CVs).

JT10 TOXe loading! — kKaTanu3artopa, a He meTanna
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UMmmoOunmnsaumsa Ha NoanoXxkKke — moaenibHoe YCTPOUCTBO

Homemade PtEu (1:1) catalvsts supported on Sibunit
cartbons and on Vulcan XC-72. as well as commercial
20%PtEn(1:1)Vulcan XC-72 catalyst from E-TEK. were
used for the preparation of the anode. Pt Vulcan (40wt %,
E-TEK. Alpha Aesar) was utilised as the cathode catalyst.
In order to make a MEA. a suspension of the catalvst pow-
der. Nafion® solution (Dupont). and isopropanol were treated

in an ultrasonicator. The ink was spraved onto porous car-
bon backing lavers (Toray paper from E-TEK. TGPH 060,
no wet proofing), held at 110°C. The 1.2 cm? patches of the
Toray paper comprising spraved catalyst lavers were then cut

and hot pressed with the Nafion® 117 membrane in between
at 140°C for 2 mun at a pressure of 826 Nem™2. In order to
keep the thickness of the anode electrocatalyst layer constant,
we kept the amount of the catalvst powder (metal + carbon)
around 1.2 mg em ™ for all carbon SUpPPOTts.
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TpeHMpoBOYHbIE 3aAaHUA NO paboTe ¢ nuTepaTypoun

1. CpaBHeHMe AaHHbIX ABYX CTaTemn.
3adayu:
— BbISIBUTb BCe pasfnmymg
— ODBACHUTDL MO KaKUM METOLUYECKUM UITN UHBIM MPUYNHAM Pasnnyng
BO3HUKIN U KaKUM [JaHHbIM fyLle JOBEPATb

2. O4yeHb cTapas cTaTbs.
3adayu:
— cchopMynmnpoBaTh pesyrnbraT Ha COBEPEMEHHOM A3blIKe
— CpaBHUTb C pesynbratamu bonee no3gHMx paboT (Hanaa ux)

3. CBeXxas ctaTbsl Ha CTapylo Temy.
3aodayu:
— HaNTW NpealwecTeyowme padboTbl
— YCTaHOBUTb YTO caenaHo AeNCTBUTENbHO HOBOIO

4. CtaTbsl N0 COGCTBEHHOW Y3KOM TeMaTUKe.
3aldayu:
— BbITb rOTOBbIM BOCMPON3BECTU ONUCAHHbIN SKCNEPUMEHT
— NPEANIoXNTb YTO eLle MOXHO caenaTb B TaKOM 3KCMePUMEHTE



