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Abstract: A binary metal nanocatalyst of platinum and copper was synthesized
using a facile solvothermal process (polyol method). The synthesized catalyst
was characterized using energy dispersive X-ray spectroscopy (EDS), X-ray
diffraction (XRD) and transmission electron microscopy (TEM). The electro-
chemical performance of the synthesized carbon supported binary metal cat-
alyst, Pt—Cu/C, toward methanol oxidation reaction was checked and then com-
pared with the commercial Pt/C (ETEK) catalyst, using cyclic voltammetry and
chronoamperometric techniques. The Pt—Cu/C catalyst was found to be cubic
in shape with indentations on the particle surface, having platinum to copper
atomic composition of 4:1, i.e., (Pt;Cu). The peak current density for Pt—Cu/C
catalyst recorded as 2.3 mA cm™ at 0.7 V (vs Ag/AgCl) and 50 mV s, was
two times higher than the current density of the commercially available Pt/C
catalyst (1.16 mA cm™ at 0.76 V). Moreover, the Pt—Cu/C catalyst was found
to be more durable than the commercial Pt/C catalyst, as the Pt—-Cu/C retained
89 % of its initial current density, while the commercial Pt/C catalyst retained
65 % of its initial current density after 300 potential cycles.

Keywords: cyclic voltammetry; electrochemical activity; chronoamperometry;
fuel cells; DMFC.

INTRODUCTION

It is quite evident that energy holds the prime importance for sustaining life.
The current source of energy, that meets about 80 % of the world energy dem-
ands, is fossil fuels i.e., coal, oil and natural gas.' However, fossil fuel reservoirs
are limited and the rate at which they are being consumed is alarming. Another
crucial problem regarding fossil fuels is that burning of fossil fuels is causing
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adverse environmental problems such as climate change, depletion of ozone
layer, air and water pollution, production of toxic wastes, global warming, etc.,
which in turn, is affecting both humans and wild life. It is due to the fact that on
combustion, fossil fuels produce gas compounds like SO, (SO,-SOs3) and NO,
(NO, NO,), particulate matter which are also known as primary air pollutants and
are eventually the reason for the formation of secondary air pollutants i.e., acid
rain, smog, etc.”

Nowadays, based on availability of energy resources, various energy techno-
logies have been developed, for example, there is wind turbine technology to take
advantage of wind energy and convert it to electric power which is then used for
different purposes. Similarly, water turbines are used to convert hydraulic energy
into electricity, solar photovoltaic panels to convert solar energy into electricity,
nuclear reactors to generate nuclear energy for several applications. Moreover,
batteries, supercapacitors, fuel cells efc. are other common types of energy tech-
nologies.

Among these various technologies, fuel cells were extensively studied.’”
Unlike, batteries, fuel cells directly produce electricity from a fuel, which could
either be hydrogen (H,) or small organic molecules (CH;0H, C,HsOH, HCOH,
etc.). Methanol, as a fuel, has immense potential among other hydrocarbons, due
to; its higher electrochemical activity, simpler molecular structure, easy storage
and handling as its liquid at room temperature, low production cost than hyd-
rogen as methanol can easily be produced by fermentation of agricultural pro-
ducts and can also be obtained from fossil fuels and from biomasses. Moreover,
it also has higher energy density than hydrogen.®

A common example of methanol fuel cell is direct methanol fuel cells
(DMFCs), in which methanol is directly used in liquid form. The main com-
ponents of a direct methanol fuel cell include; electrodes (anode and cathode) and
a proton conducting membrane. Generally, the anode in DMFCs is composed of
platinum or platinum-based materials (Pt—Ru, Pt—Cu, etc.).”

The basic problem with direct methanol fuel cells (DMFCs) was the ads-
orption of carbon monoxide and other intermediate species to the catalyst sur-
face. The adsorption of these species slow oxidation process of methanol in
direct methanol fuel cells.® To overcome this problem, several researcher have
adopted the strategy of alloying the platinum with other metals like Ru, Pd,’ Ir,"
Pb," Ni,"”? Co,” Au,' V," Fe'® and Cu'"? whereas, some has fabricated ternary
platinum based catalysts for methanol oxidation.”' It was reported that alloying
other metals with platinum makes it more efficient for methanol oxidation react-
ion (MOR) by changing the electronic structure of platinum by “ligand effect”,
which may in turn loosen the strong adsorption affinity of carbon monoxide (CO)
on platinum surface and hence less poisoning.”> The present study, therefore,
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demonstrates the facile synthesis, characterizations, and the electrochemical per-
formance of binary Pt—Cu alloy catalyst methanol oxidation.

EXPERIMENTAL
Chemicals and instrumentations

Chloroplatinic acid hexahydrate (H,PtCls-6H,0, >99.9 %) and polyvinylpyrrolidone
(PVP, M.wt.~55,000) from Sigma Aldrich, copper chloride dihydrate (CuCl,.2H,0, 99 %),
ethylene glycol (1,2-ethanediol/(CH,OH),, extra pure), methanol (CH;OH, >99.9 %) and sul-
furic acid (H,SO,, 98 %) from Scharlau, Tetra-n-butyl ammonium iodide (C;sH36IN, 98 %)
from Merck Millipore and carbon black (Vulcan XC-72) from Cabot were used in the expe-
rimental work. All the reagents were used without further purification. Triply distilled water
was used for solution preparation. Both commercial and absolute ethanol was used for wash-
ing, along with triply distilled water.

Digi-Ivy potentiostat (DY2100) was used for electrochemical studies, i.e., cyclic voltam-
metry and chronoamperometry. A conventional three electrode cell system was employed. Sil-
ver/silver chloride (saturated KCl) as reference electrode, a glassy carbon electrode (3 mm
diameter) fabricated with the prepared catalyst (Pt—Cu) as working electrode and a platinum
was used as counter electrode. The preparation of the catalyst was carried out in a reflux con-
densation assembled round bottom flask, accompanied with oil bath heating via magnetic hot
plate stirrer.

Catalyst preparation

The catalyst was prepared using polyol method.” In a typical synthesis, 7 mL of ethylene
glycol was reflux condensed for an hour in a round bottom flask at 180 °C, and that way the
solution A was prepared. Meanwhile, 300 mg of tetra-n-butyl ammonium iodide (C,sH34IN)
(as shaping agent) was dissolved in 4 mL of ethylene glycol to make solution B. Another sol-
ution, consisting a mixture of 250 mg of PVP (polyvinylpyrrolidone) (as protecting agent), 6.8
mg of copper chloride dihydrate (CuCl,-2H,0) and 0.5 mL of chloroplatinic acid hexahydrate
(H,PtClg-6H,0, 77.23 mM in H,0) in another 4 mL of ethylene glycol was prepared and was
named solution C. The amounts of platinum (Pt) and copper (Cu) salts were taken in a way so
that it could be in 1:1 mole ratio in the reaction mixture. After one hour of reflux condensation
of solution A was complete, solution B was also added to the round bottom flask with con-
tinuous stirring. After that, solution C was added dropwise to the round bottom flask, which
was completed in 5 min. The reaction was then allowed to take place for 90 min after the
addition of last solution (solution C). The reaction vessel was then removed from the oil bath
and was allowed to cool down at room temperature. The product was then separated by cen-
trifugation, washed several times using triply distilled water/ethanol and was finally dispersed
in ethanol.

The prepared catalyst was then supported on a carbon clack (Vulcan XC-72). Both the
particles and carbon support were dispersed by sonication for 30 min in ethanol, then both
were mixed and again dispersed for another 30 min. The mixture was then subjected to stir-
ring for 72 h.”** The supported particles were then filtered and dried overnight in an oven at
80 °C. The product was then stored in air tight vials for further physical and electrochemical
characterization.

Electrochemical measurements

The working electrode was fabricated with the prepared catalyst using the following
method. First, the catalyst dispersion was prepared by sonicating the nanoparticles (0.6 mg
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mL™") in ethanol for 20 to 30 min. The catalyst dispersion (10 puL) was then drop casted on
glassy carbon electrode (GCE) and was allowed to dry at room temperature. Once dried, 10
pL of 0.05 % Nafion (proton exchange membrane) was drop casted above the dried catalyst
layer on glassy carbon electrode and was again allowed to dry at room temperature. Prior to
the fabrication of GCE, it was thoroughly washed and cleaned till the clear glossy appearance
of its surface. The GCE was polished with alumina powder slurry, then sonicated and was
finally rinsed with distilled water and acetone/ethanol. All the electrochemical measurements
were performed at room temperature in acidic medium (0.5 M H,SO,) and at a scan rate of 50
mV s™. The experimental setup for electrochemical measurement is shown in Fig. S-2 of the
Supplementary material to this paper.

RESULT AND DISCUSSION
Characterization of Pt—Cu/C nanoparticles

EDS analysis. Elemental analysis of the as prepared catalyst was done by
energy-dispersive X-ray spectroscopy. Fig. 1 shows the EDS spectrum for the as
prepared particles. EDS data reveals that the percent weight of carbon, platinum
and copper is 76.7, 18.63 and 4.37 %, respectively. According to the observed
percent weight composition it can be inferred that the percent weight ratio
between carbon and as prepared catalyst was ~77(C):23 (Pt—Cu). A small oxygen
peak can also be seen in the EDS spectrum which may be attributed to some
impurities or may be to surface oxide formation because of the aging of nano-
particles in open atmosphere.

The weight percentage between Pt and Cu in the as prepared catalyst was
93.2 and 6.8 %, respectively. This weight ratio suggests that in terms of atomic
ratio, the percentage of Pt and Cu is ~81 and 19 %, respectively (i.e., ~4:1,
Pt,Cu). As mentioned in the catalyst preparation method, the parent mole ratio of
precursor salts (H,PtClg-6H,0:CuCl,-2H,0) taken for the nanoparticle synthesis
was 1:1, however, the experimental composition of the product turned out to be
~4:1. It can be determined that using the method employed in this work, if an
equimolar parent mole ratio of the respective precursor salts is taken, an appro-
ximate 4:1 (Pt:Cu) can be achieved in the product.

b R cw P p

T 7 T 7 T
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Energy, keV

Fig. 1. EDS spectrum of the as prepared Pt—Cu/C catalyst.
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XRD analysis. X-Ray diffractogram for the Pt—Cu/C catalyst is given in Fig.
2. It was observed from the XRD pattern that the catalyst is highly crystalline.
The XRD peak positions for pure platinum (JCPDS No. 04-0802) and copper
particles (JCPDS No. 153 85-1326) for the facets (111), (200) and (220) are men-
tioned by vertical line marking in Fig. 2a. The shifting of the peaks from the pure
metallic components (i.e., platinum and copper) of the catalyst is attributed to the
formation of alloy catalyst, i.e., incorporating other atoms of smaller or larger
atomic radii in the lattice of a crystal shifts the diffraction peaks towards larger or
smaller theta (20) angles, respectively. As the atomic radius of copper is smaller
(145 pm) than platinum (175 pm), it can be seen in Figs. 2a and b that the Pt peak
has shifted towards higher angle theta, supporting the claim that Cu has been
alloyed with platinum in the particles. The XRD results are also in accordance
with the EDS results, i.e., the elemental analysis shows that incorporation of both
parent metals in terms of platinum to copper is approximately 4:1 (~Pt,Cu) and
the peak shifting is in accordance with these results.

@  an (b) —Pt-CulC
—— Pt/C ETEK

Pt-Cu

Cu _—

(200)

(220)

s

) 40 50 60 70 80 20 30 40 50 60 70 80
20/° 20/°

Fig. 2. a) XRD Peak positions for Pt—Cu, Pt and Cu; b) XRD spectra of Pt—-Cu/C in
comparison with Pt/C.

A small diffraction peak can also be seen just before the Pt—Cu (111) peak. It
refers to the formation of some Cu20 (JCPDS No.73-2076), either due to the
ambient synthesis conditions, or due to the aging of nanoparticles in open atmo-
sphere, as mentioned earlier in EDS section.

TEM analysis. TEM images of the Pt—Cu/C catalyst are shown in Fig. 3. The
approximate shape and size of the synthesized Pt—Cu nanoparticles were deter-
mined from these images. Although the mechanism was not determined, the
iodides and the cation part (C;¢H3sN") of the salt used are supposed to be respon-
sible for the shape of the particle. The major shape of the particles was cubic with
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the indentation on the surface running deep within the particles. The observed
particle size, as observed from the TEM images, is around 25-30 nm.

Fig. 3. TEM image of the Pt—Cu/C catalyst at various magnification.

The surface area of the catalyst available for the electrochemical electron
transfer reaction is called electrochemically active surface area or electrochem-
ical surface area (ECSA). Determination of ECSA is a principal factor which must
be known, in order to evaluate the current density and for comparison of the
newly developed electrocatalyst with the standard or commercially available cat-
alyst. ECSA is expressed as the surface area of the electrocatalyst per unit mass
or per unit loading of the electrocatalyst, i.e., m* g ' or cm® mg .

There are two well-known methods for the determination of the electro-
chemically active surface area of Pt electrocatalysts, i.e., hydrogen adsorption
desorption method and carbon monoxide oxidation method.”*® The hydrogen
adsorption-desorption method (also called hydrogen under-potential deposition
method) is used more frequently for ECSA determination of electrocatalyst as
compared to the carbon monoxide adsorption method (CO-striping method).*’
This is due to the reason that in case of hydrogen adsorption, monolayer form-
ation is supposed to be more reliable than in case of carbon monoxide adsorption,
because there is also possibility of bridging the adsorption of carbon monoxide
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on catalyst surface, occupying two adsorption sites of the catalyst surface leading
to less precise results.”

In the present work, the hydrogen adsorption-desorption method was used
for the determination of surface area of the as prepared catalyst. There are norm-
ally three regions that can be observed in a cyclic voltammogram of a platinum
electrode in acidic solution, i.e., hydrogen region, double layer region and oxy-
gen region, as shown (supporting Fig. S-4 of the Supplementary material).”’ In
this method the area under the curve of hydrogen adsorption peak (hydrogen
region), obtained by cyclic voltammetry, is integrated and the total amount of
charge obtained by the monolayer adsorption (electrochemical chemisorption) is
calculated, which is then used to determine the electrochemically active surface
area (Fig. 4).%*

i/mA

-0.2 + =

T T T T
02 0.1 0.0 ol
EIV)vs. Ag/AgC!

T T T

— : :
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
E/V vs. Ag/AgCI

Fig. 4. CV scan for the ECSA determination of Pt—Cu/C nanoparticles. Inset shows integrated
area for hydrogen adsorption charge.

The following equation was used to determine the electrochemically active
surface area:”’

ECSA = Om €))

mpQy
where O, is the charge obtained for the hydrogen monolayer adsorption, mp, is
the platinum catalyst loading and Qy is the value of charge density for platinum
surface to reduce monolayer of hydrogen, which is based on the assumption that
one hydrogen atom is adsorbed (chemisorbed) on one platinum atom. Q4 has a

value of ~210 uC cm >
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A stable cyclic voltammogram was considered £CSA4 determination of the as
prepared Pt—Cu nanoparticles. The area under the hydrogen adsorption curve was
integrated using OriginPro9 to obtain the charge consumed for the monolayer
adsorption of hydrogen on the Pt—Cu/C electrocatalyst. The ECSA obtained
according to Eq. (1) was 12.5 m* g ",

The ECSA of Pt—Cu/C catalyst determined by the hydrogen adsorption
desorption method refers to platinum and not for copper.

Methanol electrooxidation on Pt—Cu catalyst

The electrochemical activity of the prepared Pt—Cu/C catalyst was evaluated
towards methanol oxidation reaction (MOR) through cyclic voltammetry (Fig. 5).
CV experiments were performed in 0.5 M H,SO, containing 1 M methanol at
50mVs!'ina potential range of —0.2 to 1.2 Vga,.c1. The commercially available
Pt/C (ETEK) catalyst was used as reference. It can be observed in that the onset
potential for the methanol electrooxidation has been very slightly shifted towards
more negative potential, than the onset potential of the reference Pt/C catalyst,
depicting that the as prepared catalyst is kinetically active towards methanol
electrooxidation. The current peak potential for MOR of the Pt—Cu/C catalyst
was 0.7 V as compared to the higher current peak potential value of reference
Pt/C catalyst which was 0.76 Vsgagci. Moreover, it can also be observed that the
Pt—Cu/C catalyst had shown better electrocatalytic activity towards MOR in
terms of current density (j), i.e., 2.3 mA cm > for Pt—-Cu/C and 1.15 mA cm > for
Pt/C reference catalyst. Although there is only a slight shift in the onset potential,
the overall performance in terms of the current density and the current peak
potential implicates better electrocatalytic activity of the prepared Pt—Cu/C catal-
yst than the commercial Pt/C catalyst. As mentioned earlier that the enhanced

2.5 @ 3.0 )

Initial (Pt-Cu/C) .
»»»»»»»» After 300 scans (Pt-Cu/C) [/
--------- Initial (Pt/C)

2.0

jImAcm?
>
i
j/mA cm?

0.5

0.0 o
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-0.2 0.0 0.2 0.4 06 08 1.0 1.2 0 3 7 10 13 17 20

E |V vs. Ag/AgCI t/ min

Fig. 5. a) Cyclic voltammograms showing reduction in catalytic activity of the prepared
Pt—Cu/C catalyst after 300 scans in comparison with the initial electrocatalytic activity of
Pt/C catalyst; b) chronoamperometric curves for Pt—Cu/C and Pt/C catalyst for durability test.

Available on line at www.shd.org.rs/JSCS/

(CC) 2019 SCS.



Pt-Cu NANOELECTROCATALYST FOR METHANOL OXIDATION 1 1 63

activity of Pt—Cu/C catalyst is, definitely, due to the alloying of platinum with
copper which may be attributed to the “ligand effect”, by which copper donates
its electrons to platinum which occupy the d-orbitals of platinum, reducing the
interactive forces between platinum and carbon monoxide (and other inter-
mediate species), hence, less poisoning and improved electrocatalytic activity
towards MOR.”*?' The alloying of nanoparticles also produces strain in the cat-
alyst (called “strain effect”), distorting the electronic structure of the catalyst
nanoparticles, which in turns further improves the electrocatalytic activity. This
factor may also be responsible for the better electrocatalyst activity of Pt—Cu
nanoparticles towards methanol electrooxidation.*

The peak current obtained in the forward scan (/r) of CV is due to the elec-
trooxidation of methanol and the peak current obtained in the reverse scan (/g) of
CV is also due to the oxidation of methanol on the surface freed from the accu-
mulated intermediate species (i.e., HCO™, CO, HCOO") formed during methanol
oxidation in the forward scan.’* The intermediate species, specially carbon mon-
oxide (CO), act as poison for the catalyst.*”> The ratio of the forward peak current
and the backward peak current is often used to determine the tolerance of a cat-
alyst against the intermediate species formed in the forward scan during meth-
anol oxidation.** It can be observed from Figure 4 that the ratio /¢/Iz obtained for
the Pt—Cu/C catalyst was also found to be higher, (/¢/Ig)p.cy = 1.5, than the ratio
obtained for the commercial Pt/C catalyst, (/¢/Ig)pyc = 0.98, presenting the better
tolerance of the Pt—Cu/C catalyst against intermediate poisoning species. The
summarized values for different parameters are given in Table 1.

TABLE I. Summarized values of different parameters for the as prepared Pt—Cu catalyst in
comparison with commercial Pt/C catalyst and already reported Pt—~Cu (HBND) and Pt-Ru/C
catalyst'’

Parameter Pt—Cu/C* Pt/C(Commercial)* Pt-Cu® PtRu/C"
Onset potential (Eqpse), Vagagcl 0.45 0.47 0.44 0.43
Peak potential (Ef), Vagagci 0.7 0.76 0.68 0.64
Current density (initial), mA cm™ 2.3 1.16 1.38 0.70
Current density after 300 scans, mA cm’ 2.04 0.75 1.25 -
Ratio (Ix/I) 1.5 0.98 1.17 1.92

*Value obtained from this work, bapproximate value obtained from ref. 17

A catalyst for electrochemical oxidation of methanol, especially for fuel
cells, must be durable enough for its practical application.”> Chronoamperometry
was employed to evaluate the durability of the prepared Pt—Cu/C catalyst in
comparison with the commercial Pt/C catalyst. In chronoamperometry the cat-
alyst is tested at a certain fixed potential for extended time spans. The measure-
ments were performed in 0.5 M H,SO, containing 1 M methanol at a potential of
0.65 Vagagcr for 20 min. The current decline observed in Fig. 5b is due to the
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accumulation of intermediate species, acting as catalyst poison, formed as a
result of methanol oxidation.*® Fig. 5b also depicts the comparison of chrono-
amperometric curves of the prepared catalyst with Pt/C catalyst. Although a rapid
decline in current densities for both the catalysts can be observed, but the rate of
decline in the case of the prepared catalyst is less rapid than the Pt/C reference
catalyst, being more kinetically favourable towards methanol oxidation and
owing to the better tolerance of the prepared catalyst against intermediate poison-
ing species. Furthermore, it can be observed that the current density of the as pre-
pared catalyst remained higher than the Pt/C catalyst during the given time span.

The stability of the prepared catalyst was also investigated using cyclic
voltammetry in 0.5 M H,S0,, 1 M methanol at 50 mV s ' for 300 scans. It was
observed that after 300 cycles the peak current of the as prepared catalyst red-
uced by 11.3 %, which has still a higher peak current value than the initial peak
current value of commercial Pt/C catalyst, as can be seen in Fig. 5a.

The current densities and the losses in them after potential cycling for both
the prepared Pt—Cu/C catalyst and commercial Pt/C catalyst were plotted as bar
graphs and are presented in Fig. 6. It was observed that current density for the
prepared catalyst got reduced by 11.3 %, while for Pt/C catalyst it was reduced
by 35.3 % after 300 CV cycles.

25+

2.3

jimA cm?

AN D Fig. 6. Bar graph showing loss in current
Pt-Cu/C densities of Pt—Cu/C catalyst vs. Pt/C cat-
Catalyst alyst.

CONCLUSION

Pt—Cu/C catalyst was synthesized successfully via facile solvothermal pro-
cess having improved electrocatalytic activity toward methanol oxidation. The
electrocatalyst was characterized using EDX, XRD, TEM, cyclic voltammetry,
and chronoamperometry techniques. The quantities, such as onset potential
(Eonser), peak potential (Ef), current density (j), durability and tolerance to inter-
mediate species (/¢/Ig), for the synthesized Pt—Cu/C catalyst are comparable with
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Pt—Ru/C electrocatalyst (a standard electrocatalyst for MOR) and even better
than the commercially available Pt/C catalyst.
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H3BOJ
JEJHOCTABHA CUHTE3A HAHOKATAJIU3ATOPA Pt—Cu CA IIOFOJBITAHOM
AKTHUBHOIIIRY 3A OKCUJALINJY METAHOIJIA

MUHAMMAD HARIS. MEHMOOD', MUHAMMAD TARIQ', AYAZ HASSAN?, ABDUL RAZIQ', ABDUR RAHIM?
u JEHANGEER KHAN'

National Centre of Excellence in Physical Chemistry, University of Peshawar- 25120. Pakistan,
2Universidade de Sdo Paulo (USP). Instituto de Quimica de Sdo Carlos (IQSC), Brazil u 3Interdisciplinary
Research Centre in Biomedical Materials (IRCBM), COMSATS University Islamabad,

Lahore Campus, Pakistan

bUHApHHW MeTa/HW HAHOKATa/lIMW3aTOp IUIAaTHHE M Dakpa CHHTETHCaH je jeHOCTaBHUM
COJIBOTEPMA/IHUM IIOCTYIIKOM (MojHoNHa MeTona). CUHTETHCAHU KaTaau3aTop je oKapakTe-
PHCaH eHepreTCKoM JUCIIeP3UOHOM creKTpockonujom X-3paka (EDS), nudpakuujom X-3paxa
(XRD) 1 TpaHCMHUCHOHOM eJIeKTPOHCKOM Mukpockonujom (TEM). HcnuraHa je emexrpoxe-
MHjCcKa aKTUBHOCT CHHTeTHCcaHoOr KaTanusaropa Pt—Cu/C 3a peakuujy okcunanvje MeTaHosna U
ynopehena ca komepuujanuum katanusaropom Pt/C (ETEK). Kopuwhene cy meronme Luk-
JIMYHe BOJNTaMeTpHje W XpoHoamrepomerpuje. YTBpheHo je nma cy vectuue Pt—Cu xydHor
odnuka ca ymyO/semrMa Ha TMOBPIIMHU U J1a je BUXOB aTOMCKH cacTaB Pt:Cu = 4:1, ofHOCHO
PtsCu. CTpyjHH MaKCUMyM Ha BOJITAaMOTpaMy OKCHZalLlMje MeTaHOIa CHUIM/BEHOM TIpH Op3UHHU
50 mV s g’aBn:a ce Ha norteHuujany 0,7V (mpema Ag/AgCl enexkrtponu) ¥ UMa BPEJHOCT
2,3mA cm °, wTO je gBa myTa Beha rycTHHA CTPyje HEro Ha KOMepLHjaTHOM KaTajllu3aTopy
Pt/C (1,16 mA cm ” Ha 0,76 Vag/agar). Ilopen Tora, katanusarop Pt-Cu/C je nokxasao sehy
TpajHOCT of kKomepuujanHor Pt/C, jep je y ycioBMMa LUKIM3Upama NMoTeHIHjana HakoH 300
uuKITyca 3agpxao 89 % of cBoje ovyeTHe akTUBHOCTH, a Pt/C csera 65 %.

(ITpummeno 31 janyapa, pesuavpaHo 7 Maja, npuxsaheno 9. maja 2019)
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