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STUDY OF PREPARATION CONDITION ON Pt CATALYSTS
ON OXIDE AND CARBON SUPPORTS

Heterogeneous catalysts based on small metallic particles supported on oxides with high surface
area or other porous supports such as carbon are considered promising catalysts for various
commercial processes including oxidation, hydragem, and isomerization [1, p. 310; 2, p. 2050;

3, p.- 174].The platinumbased catalysts and, specifically the platinum on alumina support catalysts
is one of the most significant catalysts utilized for oil refining and environment protection [1, p. 310],
and Pt on carbon support catalysts have applications in the oil industry for the fine synthesis of
chemicals, organic synthesis, and deep oxidation of hydrocarbons [4, p. 70; 5, p. 463]. Alumina is
captivated as a support for the deposition of Pt nariolgartiue to its existence in various crystalline
forms and modification of its surface. It leads to the synthesis of Pt over alumina catalysts with
manifold characteristics and catalytic activity [5, p. 463; 6, p. 729]. As for as carbon is concerned as
a support, it possesses high chemical stability, low reactivity, and low concentration of impurities
which hinders the occurrence of side reactions. Sibunit belongs to a family of carbon supports and it
has enhanced characteristics in a form of high mecalacshing,abrasion strength up to

2 0 0 T ®@nF, a high surface area of up to 70&gnand the possibility of its surface modification

by pretreatment. It exhibits the characteristics of both activated carbagraptute [2, p. 2050; 7,

p. 349].

Numerous studies have illustrated the effect of phase composition, the particle size of active Pt,
also the support nature on the activity and selectivity of the platsupported catalysts. For
example, the Pt oxide phase is the best choice for theareaftdeep oxidation of hydrocarbons and
the reduced phase (metallic Pt) performs well in hydrogenation reactions [3, p. 174]. However, the
widely used Pt metal precursor solution, the platinum nitrate solution contains complicated
compositions and is voérable to hydrolysis upon dilution which causes the production of hydrated
platinum oxide precipitate with time [4, p. 70; 8, p. 182]. The interaction of the surface with acids
and bases, doping with metals, use of different precursors, and mixing fexldi impregnating
solution either can enhance the stability or create an opposite effect on the prepared particles of active
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compound in form of agglomeration [3, p. 174]. In the context of phase composition and particle size
effects and support interion with the active component, the controlled synthesis dfaB¢d
catalysts is essentially required for targeted applications. Therefore, it is critically important to deeply
investigate the effect of preparation conditions on the final charactews$tsover alumina and
carbon supports for better optimization of the system parameters to obtain the best catalytic
performance.

The present work is devoted to studying the influence of preparation conditions on the final
properties of Pt on alumina a@ibunit supports so that the former can be employed effectively in
different processes, such as the combustion of constituents of car and industry exhausts, the petroleum
refining, the fine organic synthesis and so on with better activity, selectivitystahility. We report
here the results of the effect of varied preparation parameters during wet impregnation method such
as Pt precursor solution compositions, pretreatment of supports and various reductants on the final
characteristics of Pt over alunainand Sibunit catalysts obtained fromra§ photoelectron
spectroscopy (XPS)highresolution transmission electron microscopy (HR TEM) and BET
adsorption studies.

The XPS experiments were performed at a SPECS spectrometer equipped with a hemispherical
PHOIBOS150-MCD-9 analyzer and at a VG ESCALAB HP [3, p. 175]. The-nwnochromatic
Mg Ky radiation (l3= 1253.6 eV) at 200 W was used as the primary excitation. The spectrometers
were calibrated using the Au#4f(84.0 eV) and Cu2p (932.7 eV) peaks fra metallic gold and
copper foils [9, p. 182, p. 87]. The binding energies of detected peaks were calibrated by the position
of the Cls peak (BE = 284.5 eV) [9, p. 40; 10, p. 489]. The binding energy and the areas of XPS
peaks were calculated after subti@ctfrom Shirley background and analysis of line shapes. For each
XPS region, curves were fitted with Gaus$iaorentzian functions. Spectral analysis and data
processing were carried out with Peak 4.1 XPS software [11]. The samples were fixed on the holde
with the 3M doublesided adhesive copper conducting tape. Thayradiation heats the sample and
has a reducing influence on it to minimize that while studying the ionic forms of platinum with XPS
the mode of rapid spectra recording enabling us tdrotita spectrum of the Pt4f region in 2 minutes
from the moment the source was turned on.

The study by HRTEM was performed on a J2BILO, Jeol Co., Japan, with a lattice resolution
of 0.14 nm with an accelerating voltage of 200 kV diheémis Z (Thermo Figdr Scientific, USA)
with the lattice resolution of 0.07 nm with an accelerating voltage of 200 kV. The samples for the
study were fixed on the standard copper meshes placed into the holder and put in the chamber of an
electron microscope. To determinethear t i cl e si ze the AAnal ysi s,
(Soft Imaging System GmbH, 2004).

Platinum loading (Pt wt. %) values were obtained during elemental analysis after air calcination
at 400AC of Pt/ Al umi n aedustiannigr Pt#Siinit samgles avithtXayr N a B
fluorescent met hod on an ARL -afedeRPFXddy MbeX Thanal y
calibration plots were used to increase the accuracy of metal loading determination.
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The adsorption studies were conducted by the isothermsadddérption at 77 K, measured on
an ASAR2400 Micromeritics (USA)seip after training the sampl e
isotherms were used to calculate the total available surface by BET [12, p. 38].

All the catalysts were synthesized by the wetregmation method [4, p.70; 5, p.463]. For the
preparation of the Pt/ADs (1 wt. % Pt) and Pt/Sibunit (3 wt. % Pt) catalysts, the commercial solution
of platinum (IV) nitrate (Delphi, 24.77 wt. % of platinum), 28 (Seet=198 n¥/g), Sibunit
(Seet=249.4 ni/g) were used. For the Pt on carbon catalysts original Sibunit and Sibunit aftear HNO
(70% conc.) solution treatment were used and compared.

To observe the effect of preparation conditions the following precursor solutions were used
both for oxide and chon supports, Pt (IV) nitrate solution {Rit) (pH D1) and the same solution
modified by the addition of tetramethylammonium hydroxide (TMAYTRA) (pH D7).

As the final treatment, Pt/ADsc at al yst sampl es were dried at
at 400AC for 4 hours for precursor decomposit:i
at room temperature.

Prepared samples were studied by XPS at every stage of preparation. According to XPS data in
the case of Pt/ADs catalysts just after impregnation, only Pt (IV) was found on the surface of
alumina. After air calcination at 400AC the c
solution (see figure 1 a): for the-Rit/Al.Oz mixture of Pt (IV) + Pt (II) ananixture of Pt (IV) + Pt
(1) + Pt (0) for PtTMA/ Al .03 were found (binding energy of Pifis 75.0-75.1 eV for Pt", 72.9
73.3 eV for Pt and 71.2 eV for the metallic platinum) [3, p.176; 5, p. 464; 9, p. 234]. This observation
indicates the stronged Patl umi naé i nt e-niBdAt@;icatatyst Eomparing Wwith PtP t
TMAV/AI 20z. Independently of precursor solution composition, small Pt particles well separated over
alumina support are found by HRTEM (see figure 2 a). At the same time accor@iig et particle
distribution over the alumina support grain for thaitPAl .0z pointing on shell effect due to strong
fiplatinumi supporb interaction.

In the case of Sibunit, the carbon support was etched due to its treatment withthdilO
resulted in mdification of adsorption sites present on the surface of a support. It has been found out
during the BET studies, the surface area and volume of pores that existed on the support surface are
increased from 249.4 #gy up to 350.4 rfig and from0.319cc/gup t00.441 cc/g respectively, due
to pretreatment. XPS shows that in general, it can be stated that in the case of pretreatment of Sibunit
with HNOs, the formation of new functional groups, which serve as adsorption centers and promote
modification of thesurface of a support, takes place.

According to XPS data, just after Sibunit impregnation independently on precursor solution
compositions, the most dominant phase is Pt (IV) (binding energy7B510eV) with the addition of
Pt(Il) (binding energy 72:93.3 eV) (see Fig. 1b). But, in the case oTRA/HNO3-Sibunit sample,
additional etching of the support by HY@nd addition of TMA facilitates the reduction of Pt
precursor after deposition.

As Sibunit is conductive and strong interaction leads todtieation of Pt precursor, it is quite
clear that in case of using TMA for maintaining the pH of Pt (IV) solution and pretreatment of support
with nitric acid results in a profound reduction of Pt precursor solution into Pt (). So, it indicates the
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stronger active componergupport interaction in PEIMA/HNOz-Sibunit that is critically important
for the formation of the stable and wdlspersed platinum particles.

In contrast to Rhit/HNOz-Sibunit where particles are concentrated and agglomeratedaan cert
regions of support due to weak interaction (see fig. 2b), the strong interaction between Pt and Sibunit
support in PITMA/HNO3-Sibunit catalyst resists sintering under reduction conditions in presence of
NaBHs which generates a uniform and narrow maetisize distribution as shown in fig. 2(c). It is
obvious from TEM images that the use of TMA in Pt precursor solution stabilizes active component
particles against agglomeration and results in small Pt particles after reduction with. NaBH

a)

—
Pt

Intensity, arb. un.

| |
72 76
Binding energy, eV Binding energy, eV

Fig. 1. XPS spectra of the platinum region: a) Pt4f + Al2p (blue dashed line) for Pt/Alumina catalysts after
air annealing at 40C; b) Pt4f XPS spectra for AIMA/HNOs-Sibunit catalyst after Pt precursor deposition

<)

Fig. 2. TEM data for catalysts: a)-Rit/Al O3 (400 C); b) Ptnit/HNOs-Sibunit (NaBH reduction); c) RTMA/HNOs-
Sibunit (NaBH reduction)

The study on the role of preparation conditions in defining the final characteristics of Pt over
alumina and carbon spprts with the use of characterization techniques XPS, HRTEM, and BET
shows that in the case of Pt over alumina support catalyst, the strength of an interaction between
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active componersupport is high when modifying additive is not used, and depositiptathum

over oxide support takes place at low pH of precursor solution, whereas it depicts opposite
characteristics in Pt over Sibunit support catalyst as precursor solution modification and pretreatment
of support facilitate more reduction and hencergithen the active componenipport interaction.

The XPS, HRTEM, and BET investigations of Pt on alumina and carbon support at each varied
preparation condition provide a solution to control the final characteristics such as desired chemical
states and particle size distribution in order to achieverlzsttelytic performance and stability under
chosen catalytic reactions.

This work was supported by the Ministry of Science and Higher Education of the Russian
Federation within the governmental order for Boreskov Institute of Catalysis (project-ARBA
121011390014).
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