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Abstract. Supported metal catalysts are widely used in petroleum refining, chemical and 
petroleum industries. These catalysts are important in ammonia synthesis, conversion of 
hydrocarbons with water vapor to synthesis gas, reforming, hydrocracking, … Platinum has 
long been used in cracking, hydrogenation and dehydrogenation processes. The aim of this 
project is the NaY zeolitic sample preparation through impregnation for incipient humidity, 
with 0,5% concentration of platinum, aiming its use as a catalyst in the steam reforming 
reaction. The characterization techniques used were: X Rays Diffraction (XRD), Fourier 
Transform Infrared spectroscopy (FTIR) and Nitrogen Adsorption (BET Method). From the 
obtained results through the techniques mentioned previously it is possible to evidence that 
the platinum impregnation process did not change the NaY zeolite structure. Through the 
superficial specific area (BET) it was possible to observe that the platinum impregnation 
process caused a decrease in the specific area due to the reduction to the accessibility to the 
micropores of the zeolitic structure. 

Introduction 
The great variety of technological applications has been responsible for the growing 

interest in the zeolites in several sectors where the industry of oil is standing out. The zeolites 
are obtained by hydrothermal synthesis from an aqueous alkaline gel of alumino-silicate, 
taking place to the crystallization for a process of controlled nucleation to temperatures 
between 80ºC and 300ºC. However, given that the natural zeolites were appearing insufficient 
to satisfy the investigators and industrialists, in 1948 the first zeolites obtained by synthesis 
began to appear, namely the mordenite and the zeólitas A, X and Y. Since the zeolites have 
exceptional properties of activity, stability and form selectivity, they are very used in the 
catalytic processes of the refinement of oil and petrochemical [1]. 
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The structure of a determined zeolite defines in great extension it’s possible industrial 
application not only in the physical processes of separation and purification but also in the 
chemical processes of refinement and petrochemical [2]. 

. 
Due to great preoccupation with the cost associated to the undesirable desativation of 

catalysts, there was a growth in inquiries in the area of catalysis, aiming to investigate the 
behaviour of the catalysts in different catalytic reactions. 

The availability of the natural gas, formed principally for CH4, constitutes an interesting 
fountain to obtain H2, which can provide part of the energetic demand and obtain chemical 
products through the process of steam reforming. The noble-metal based catalysts show 
bigger activity and selectivity, however they require a bigger financial investment. Numerous 
industrial refine, petrochemistry and fine chemistry process use zeolite-based catalysts. These 
studies of reaction of steam reforming with carbonaceous compounds on the zeolitic catalysts 
containing metal suggest that it can be obtained more active catalysts when zeolitic supports 
are used instead of the conventional supports oxide-based. 

The objective of this work is to prepare  Pt/NaY sample (0,5 and 1,0 wt.% Pt) by the wet 
impregnation and to characterize the material by XRD, Nitrogen Adsorption, and FTIR 
methods. 

Experimental 
Preparation of the catalyst (0,5%Pt/NaY, 1,0%Pt/NaY) 

 

In the preparation of the catalysts it was employed the NaY commercial zeolite as a support 
(UOP, 700 m2/g e razão Si/Al 2,4). The powder support was empastilhado and, ground in 35-
80 mesh, being subsequently burnt it in muffle furnace 500ºC. The platinum was incorporated 
in the zeolite by wet incipient impregnation. In this proceeding, the solid was impregnated by 
a volume of solution, calculated from the volume of pores of this zeolite. The incorporation of 
the metal was made by platinum solution Pt(NH3)4(NO3)2, (Aldrich) with appropriate 
concentration so as to obtain 1 % of platinum in the final catalyst. The wet solid was 
maintained in rest during 24 h, at room temperatureand dried in stove to 110 ºC by 12 h. The 
obtained material was burnt to 500ºC for 3 h, under flow of synthetic air (100 mL.min-1) and 
it was reduced under flow of hydrogen for 450ºC, during 3 h. The obtained catalysts were 
identified as NaY, 0,5%Pt/NaY, 1,0%Pt/NaY. 

 

Characterization 
 

X-Ray Diffraction (XRD) - XRD measurements were done using a Shimadzu XRD-6000 
system at room temperature with a CuKα radiation (40KV, 30 mA). XRD studies were 
carried out over the 2θ range of 5-50o at a step size of 0.02o (2θ). 

The adsorption and desorption isotherms of the samples were obtained in an equipment 
ASAP 2020, conditioning the catalyst in a cell of quartz. Before the measures, the sample was 
subjected to a treatment, which consisted of the heating to 120 ºC, of stove for 3 h, followed 
from evacuation up to 10 µmHg for 30 min and heating to 100ºC.min-1 up to 2000 ºC for 60 
min. The textural characteristics of the analysed samples were investigated trough adsorption 
and desorption isotherms of N2 at-196 ºC using Micromeritics Tristar (3000) equipment. The 
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adsorption and desorption isotherms of N2 were obtained in the range of relative pressure 
(P/Po) between 0 and 1. The values of middle diameter of the pores and superficial specific 
area BET (SBET) were obtained. 

 
The interaction of the platinum atoms was studied by Fourier transform spectroscopy 

(FTIR) using carbon monoxide as a probe molecule. The spectrum were registered in a model 
espectômetro Spectrum One of the Perkin Elmer, in a range from 4000 to 400 cm 1 with a 
resolution of 4 cm 1. A mass of approximately 0,05 g was subjected to a pressure of 8 ton 
during 5 min obtaining an auto-supported pastille of each sample. The pastille was introduced 
in a cell of quartz and reduced under flow of hydrogen to 450 ºC during 30 min. After the 
reduction, the cell was evacuated up to 10-5 Shovel to the same temperature by 1 h. The 
sample was cooled to the room temperature and, then, the first spectra was registered. Carbon 
monoxide was added again (2 kPa) to the cell, for 5 min, and an second spectra was 
registered. The spectra of carbon monoxide chemisorbed in the catalyst was obtained from the 
difference between two quoted spectrum. The number and the position of the directions of the 
components of the obtained spectrum were appreciated through the deconvolution of these 
directions, after the correction of the basic line. 

 

Results and Discussion 
Characterization 

 

X-Ray Diffraction (XRD) 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 1: XRD diffratograms of the NaY and Pt/NaY samples. 
 

The Fig.1 shows the XRD diffratograms of the NaY, 0,5% Pt/NaY and 1,0% Pt/NaY 
samples. It was observed that the samples showed characteristics peaks from the FAU group 
framework (2θ = 6,38; 10,23; 12,15; 18,88; 20,66; 27,40, 34,61 e 38,69º ranges) [8]. 
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This fact indicates that the impregnation and calcination processes in the 0,5% Pt/NaY and 
1,0% Pt/NaY sample did not alter in a negative manner on the FAU framework of the zeolitic 
support. 
 
Table II. Percentages of the zeolites crystallinity before and after the impregnation. 

Amostra Cristalinidade (%) * 

NaY 100 

0,5% Pt/NaY 106 

1,0% Pt/NaY 111 

*Calculated by X-rays diffraction. 
  
 Basically, the diffratograms are similar to  the one of commercial zeolite pattern, which 
indicates that the degree of the material crystallinity does not modify in the appreciable form 
[8]. Some samples presented itself lightly more crystal clear than the sodic one, with 
cristalinidade above 100 %. According to Giannetto, the process of desaluminization what 
takes place during the calcination of the zeolite can bring an increase of the crystallinity due 
to the biggest regularity of the distances T – (T = Al or You), leading to peaks of more narrow 
and better definite X-rays [8]. Another reason for the increase of the crystallinity can be due 
to the increase of the size of crystallites during the hydrothermal treatment used for the 
process of calcination [9]. 

The textural properties of the catalysts are presented in the Chart 1. It is noticed that the 
introduction from the metal reduced the superficial specific area of the catalyst Pt/NaY, which 
can be attributed to the partial obstruction of the pores. This blockade caused a decrease in the 
volume of pores. The volume of micropores was not altered significantly. 
 

Table 1. Superficial specific area (Sg) and volume of pores (Vp) of the obtained catalysts. 
 

Amostras Sg (m2.g-1) Vp(cm³.g-1) 

Pt/NaY 617 0,333 

0,5%Pt/NaY 608 0,332 

10%Pt/NaY 603 0,332 
 
 
The Figure 2 shows the spectrum of FTIR of the carbon monoxide adsorbed in the catalysts. 

Different profiles are observed, as well as bands shiftings, in function of the tenor from metal 
introduced in the solid. These alterations can be attributed to the interaction between the 
metal and the support. These catalysts presented spectrum with a wide constituted band of 
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several signs (2041, 2081, 2164 and 2120 cm 1), what it indicates that in these solids there are 
present particles from platinum of electronic different densities with absorption shoulder in 
lower lengths of wave, which are characteristic of adsorption of molecules on specimens rich 
in electrons [3]. The sample containing 0,5 % of platinum presented a narrow spectra with a 
simple and quite definite band, which it indicates a less distribution of platinum atoms of 
different electronic densities. The signs near to 2075 cm 1 are typical of the molecule of 
carbon monoxide, wich is linearly adsorbed on the metallic platinum, with low interaction 
with the support. In the samples containing 0,5 and 1,0 % of platinum this value is moved for 
a higher length of wave (2081 cm 1), suggesting the reduction of the electronic density from 
the platinum. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 2. FTIR spectrum of CO adsorbed in the catalysts. 

 
The region of absorption understood below 2041 cm 1 is connected with CO adsorbed 

linearly on a cluster from platinum of bigger size or Pt rich in electrons by interaction with a 
basic centre of the support [4;5]. Equally the band at 2120 cm 1 corresponds to CO linearly 
adsorbed on a very small or defective in electrons Pt particle for interaction with an acid 
centre of the support. 

 

Conclusions 
It was noticed that in the diffractograms of the catalyst Pt/NaY the peaks referring to 

PtO = 33,54th, and the PtO2 = 27,95 and 39,75th, were identified confirming the efficiency of 
the impregnation method. The platinum dispersal in the NaY zeolite did not modify the 
textural characteristics  of the zeolite, however there was a reduction in the specific area of 
the catalyst. It was Possible to identify the presence of the bands of CO absorption in linear 
and bridge-bonded in the studied catalysts, as well as to observe the effect of the addition of 
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the tenors from platinum in the modification of the profile of the specter of absorption of the 
catalysts. 
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