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HaHeceHue konnouaHoro NMponutka caxu conamu Pt u Ru,
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N pa3Mmep 4Yactuu YaCTULbI, HE HY>XEeH cTabunusaTop




Bbi6op Hocutensa (support)

B obcyxgpaemom npumepe - CnbyHmut

the Sibumit family which has recently shown its supenority
over conventional Vulcan carbon.”™ Sibunit carbons are pro-
duced by high temperature pyrolysis of hydrocarbons.® Their
advantages are: (1) purity, (11) 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 mechamcal 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 Sibunit




CuHTeTUYecKasa npouenypa

Phys. Chem. Chem. Phys.,, 2007, 9, 5476-5489

PtRu/C catalysts were prepared using home-made pyrolytic
carbon Sibumit 19P (Omsk., Russia, BET surface area
72 m~ g~ ') and for comparison Vulean XC-72 (Cabot Corp.,
BET surface area 250 m? g~ ). The Pt : Ru atomic ratio was
equal to 1, while the overall metal percentage was varied from
5 to 60 wt%. Catalvsts were synthesized via co-hvdrolvsis of
RuCl; and H-PtCl; under the action of Na,COy + 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 150 (1 hour) and then 200 °C (1 hour). 40,
50 and 60% samples were prepared 1in a step-wise manner in 2,
3 and 4 steps, respectively, with intermediate drying and
reduction at 150 °C for 1 hour. For more details, the reader
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PtEu (1:1) catalvsts were pﬁ:pﬂred bv co-hyvdrolysis
of chlonde complexes of Rull and PtV using a procedure
similar to that described byv|Eeetz and Koch [36 ‘ The au-
thors of FEef. [36] found that an addition of alkali to a so-
lution of EuCly + H2PtClg results in the formation of small
colloidal particles of mixed metal oxides. and added organic

surfactants 1 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 mfluence their activities

but performed synthesis in the presence of carbon supports.
assuming that the latter may act as a macroligands stabilising
colloids of mixed metal oxides.




Ref.36 1 I Am. Chem. Soc. 1999, 2] T933—7934

EGTaVIHOBbIe CTa6I/IJ'II/I3aTODbI
C,H,5(CH,),NT(CH,),CO,~  Cp,Hy5(CH,),NT(CH,);80,~

lan=3 2
lhn=1

Indeed. upon sturing an aqueous solution of PtCly and
carbobetaine 1a (molar ratio, 1:4) in the presence of excess NaOH
at 50 "C for 7 d. complete consumption of the yellow platinum

salt was observed with formation of a deep red-brown colloadal
solution of PtOy/1a (eq 1). The reaction was monitored by UV-

H,Obaze )
- PtO, colloid (1)

PrCly stabilizer
vis spectroscopy (disappearance of the PtCl: absorption at 250
nm and appearance ot a plasmon absorption in the range 200—

800 nm) and by transmission electron microscopy (TEM).

To ecTb O0pbOa 3a NONHOTY NpeBpaLleHUa TpeboBana XeCTKuX yCrioBuu,
a 3HaYUT — cTabunusaumm MmanbIixX YyacTuu
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activity, the reductive amination of benzaldehyde by n-propvl-
amine was chosen as a model reaction (eq 2).

H
M _Fh (2)

~~_~NHz 4+ phcHO —

Using the new catalyst PtO2/Al:Os, commercially available Pt/
Al,Os (5%).1° and Adams catalyst.’*? reductive amination 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*/g. (b) Condea. BET area: 221 m*/g.
(c) Heraeus, BET area: 20 m*'g. (d) Heraeus, BET area: 20 m'/z.
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Finally, preliminary experiments directed toward the prepara-
tion of water-soluble colloidal bimetallic oxides turned out to be
successful. Upon stirming the aqueous solution of PtCly and RuCl;

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

H.O'base

PtCl, + RuCl, PtRuO, colloid (3)

' stabilizer
He nonnoe 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
(XRD7) weight, corresponding to a Pt:Ru molar ratio of about 1:1. Energy-
dispersive X-ray (EDX) spot analvsis proved the presence of ]_'I'DTh
metals in individual nanoparticles. According to an XPS analysis.”
platinum occurs as Pi(IT) and Po(IV) i similar amounts i addition
M to Ru(IV). This means that Ru(IIl) 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®t — Pt*t +

2 Ru*).3 The PtEu0./2 colload 15 stable for months 1in agueons
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By 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 cccurred upon doing so.™

(14) The same procedure can be applied to the PtO, colloads.
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Fig 1. Schematic representation of the catalyst synthesis.
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Yxe HeT NpobsieMbl CMECU OKCUAO0B — TOMNbKO NOJSIHOTHI BOCCTAHOBMEHUS A0 MeTanna.
Pa3mep Yactuu perynmpyeTcsi NOPUCTOCTbIO HOCUTENSI.
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“ Metal dispersion 15 calculated from the gas phase CO chemsorption
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/
Sibunit (a), 10% PtRu/Sibumt (b) and 20% PtRu/Sibumt (c).
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5% - OANHOYHbIE

50% - 6r1o4YHbIE
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NMMmobunumnsauma Ha noanoxke — MoaesnbHas cucrema

- Work-
ing electrodes were obtained by pipetting 20 pl of an agueous
suspension containing 1.5 mg ml™" of PtRu/C sample (no
Nafion) on a polverystalline gold foil (cleaned with aqua rega

and annealed in a hvdrogen flame). The films obtained after
drving were mechanically stable, and showed reproducible
cyclic voltammograms (CVs),

10 TOXe loading! — kaTtanu3aropa, a He MeTanna
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MMmmMoOunusauma Ha noanoxkKe — moaenbHoOe YCTPOUCTBO

Homemade PtEu (1:1) catalvsts supported on Sibunit
carbons and on Vulcan XC-72. as well as commercial
20%PtEun(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
Torav paper comprising spraved catalyst lavers were then cut
and hot pressed with the Nafion® 117 membrane in between
at 140°C for > man at a pressure of 826 Nem™ . In order to
keep the thickness of the anode electrocatalyst layver constant,
we kept the amount of the catalvst powder (metal + carbon)
around 1.2 mg em ™ for all carbon SUPPOTTS.
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ConocTtaBneHne dyHKUMOHaNbHbIX

XapPaKTepucTtmkK — akTUBHOCTb

B pacyeTe Ha Maccy N UICTUHHVYIO

NOBEPXHOCTb




