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The function of zeolite on Pt autoreduction and dispersion in Pt/ L and
Pt/ catalysts
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TPR, CO-FTIR and '¥Xe NMR spectroscopic techniques were used to measure the distribution of platinum species after
the calcination of Pt/L and Pt/( zeolites. Autoreduction which occurred in Pt/f3 zeolite was avoided in the channel of L zeolite. Pt
particles dispersed well and exhibited excellent reactivity for the aromatization of n-hexane in L zeolite.
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1. Introduction

Since Pt supported on non-acidic KL or BaKL zeo-
lite was found to be a highly active and selective catalyst
for the aromatization of n-hexane, numerous significant
studies have been conducted [1-7]. Several models
describing the benzene formation [3,4] or hindered
deactivation of metallic sites [5] in KL zeolite have been
proposed to attribute to the unique channel structure
of L zeolite. In contrast, Pt supported on the non-por-
ous Mg(Al)O [6] has an aromatization selectivity simi-
lar to that of Pt/KL. Mielazarski et al. [7], based on
their investigation, proposed that the uniqueness of Pt/
KL for n-hexane aromatization was due to the ability
of the L zeolite framework to stabilize extremely small
Pt clusters in a completely non-acidic environment.
However, the detailed catalytic mechanism is still not
clear.

Recently, we studied directly the effect of autoreduc-
tion on Pt dispersion and catalytic activity over Pt/3
zeolite [8]. We found that autoreduction resulted in the
agglomeration of Pt atoms to larger Pt particles and sub-
sequently caused the decreasing of the catalytic activity.
Comparison of the acidic-basic properties and catalytic
activities on Pt/ and Pt/ L zeolites has also been carried
out[9].

The purpose of this work is to study the function of
zeolite in the reforming catalysts in more detail. Thus,
129X e NMR spectroscopy combined with TPR and CO-
FTIR was used to study the distribution of platinum spe-
cies during the preparation and treatments of Pt/L and
Pt/B zeolites. It is found that autoreduction does not
occur during the calcination of Pt(NH3),Cly/L, which
results in the better Pt disperson and excellent aromati-
zation reactivity of Pt/L zeolite.
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2. Experimental
2.1. Samples

L and Bzeolites were obtained as described previously
[9]. 0.6 wt% Pt/KL and Pt/K3 were prepared by dry
impregnation of cis-Pt(NH3),Cl in KL and K zeolites
at 80°C. After Pt loading, the samples were dried at
110°Cfor 1 h, then kept in a desiccator.

2.2. Calcination

All samples were calcined in air in a packed bed reac-
tor. The temperature was raised at 2°C/min from room
temperature to a given temperature and then kept at this
temperature for 1 h.

2.3. Temperature programmed studies

TPR: 0.05 g Pt(NHj3),Cl, supported on KL or K
zeolites were used. After calcination, each sample was
cooled down to room temperature in N,, then reduced in
a flow of 5.5% H3/N; (30 ml/min ). 5A molecular sieve
was used to remove H,O and NHj formed during the
TPR process. The temperature was increased to 500°C
at 8°C/min.

H,-TPD: After the samples had been reduced, they
were allowed to cool down to room temperature in N,
then hydrogen was passed through the samples for 15
min. TPD experiments were carried out on these samples
with a heating rate of §°C/minin N; gas.

2.4. CO-FTIR

Pt(NH3),Cly /KL zeolite was pressed into wafers (ca.
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8 mg/cm?) and loaded into an in situ stainless-steel IR
cell. When the calcination was over, the sample was
cooled down in N, to room temperature, then CO gas
was admitted at a pressure of 4 x 10* Pafollowed by pur-
ging with N,. CO-FTIR spectra were taken in a Nicolet
510P instrument at room temperature.

2.5. 2’ Xe-NMR measurements

About 0.5 g pre-calcined sample was placed into an
NMR tube. It was evacuated at 360°C for 2 h under
10~ Torr. Xenon gas (purity > 99.9995%) was intro-
duced into the sample tube at room temperature. Then
the NMR tube was sealed off with a flame. 1*Xe NMR
spectra were obtained at room temperature with a
Bruker 300MSL instrument operating at 83.010 MHz
for 129Xe. The chemical shift was referenced with respect
to the chemical shift of xenon gas extrapolated to zero
pressure.

2.6. Catalytic studies

Pt(NH;),Cl,/KL and Pt(NH3),Cl,/Kg catalysts
were pelletized and screened between 20-40 mesh. In
each run, 0.05 g catalyst on dry basis was placed in a
pulse microreactor. All catalysts were calcined and then
reduced with hydrogen at 500°C for 2 h. 0.4 pl n-hexane
was injected to the reactor at 500°C. The reaction prod-
ucts were analysed by on-line gas chromatography.

3. Results and discussion
3.1. TPR and CO-FTIR

The TPR spectra of Pt(NHj3),Cl,/KL after calcina-
tion at different temperatures (7) are givenin fig, 1. The
T, peak at 137°C, which was attributed to the reduction
of Pt-ammine complexes [8], disappears after calcina-
tion at 300°C (spectrum c¢). This means that
Pt(NH;),Cl, complexes in KL zeolite decompose at this
temperature which is the same as in K3 zeolite. The T;
peaks at 200-230°C and 420-430°C are the results of
reduction of Pt2* ions located in the main channels and
in some hidden sites of L zeolite, respectively.

We found previously [8] that after destruction of
NHj ligands in the calcination step, a few platinum spe-
cies other than Pt?* ions will appear in 3zeolite. An addi-
tional broad TPR peak at about 270°C which was
attributed to the reduction of PtO appeared at 300°C
calcination of Pt(NH;3),Cl,/KS zeolite. A CO-FTIR
band at 2088 cm~! was also found on the sample calcined
at 310°C which indicated the appearance of Pt® atoms.
Combination of the results of TPR and CO-FTIR made
us believe that the removal of NH; groups in
Pt(NHs;),Cl, /K 8 zeolite may cause the autoreduction of
Pt2+ ions to form Pt% atoms, followed by oxidation of
some Pt® to PtO, [8].
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Fig. 1. TPR spectra of Pt(NH:),Cl,/KL after calcination at
(a) 110°C, (b) 250°C, (c) 300°C, (d) 400°C.
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It is thus interesting to find that there is no peak at
270°C of Pt(NHj3),Cl /KL zeolite on the spectrum ¢ of
fig. 1. Also, the CO-FTIR spectrum of Pt(NH3),Cl, /KL
after 300°C calcination is the same as that of KL zeolite.
After subtraction of these two spectra, no CO-IR band
in the range of 2000-2090 cm~! which indicates the
appearance of Pt? atoms [8] is found (see fig. 2). These
results reveal that no autoreduction occurs in Pt/KL
zeolite under the same calcination treatment as for
Pt/KfBzeolite.

3.2.1°Xe NMR

129Xe NMR has been found to be a very sensitive
probe of local environment inside the zeolite channel. In
the case of 2*Xe adsorbed on zeolites, it is possible to
obtain information on the dimensions of cavities and
channels, the short distance crystallinity, the nature of
structure defects, and finally, the effect of cations. While
in the case of metal supported zeolites, the NMR spec-
trum of 12*Xe depends on the nature and concentration
of the metal and the average number of atoms per
particle[10].
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Fig. 2. CO-FTIR of (a) KL, (b) Pt(NHj3),Cl, /KL after calcination at
300°C.
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Fig. 3. 129Xe NMR spectra of Pt(INH3),Cl,/K S (a) with and (b) with-
out calcination.

The 12Xe NMR spectra of Pt(NHj3),Cl,/K g zeolite
were obtained at 2.9 x 10* Pa and room temperature.
The samples were prepared with and without calcination
at 300°C followed by 360°C evacuation (see fig. 3). The
chemical shift of the sample with calcination (71.3 ppm)
was smaller than that of the sample without calcination
(73.6 ppm).

Due to the occurring of autoreduction, a few plati-
num species other than Pt?*, such as Pt® and Pt oxide,
appeared in Pt(NHj3),Cl, /K S zeolite during calcination.
These different species might cause different chemical
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Fig. 4. ¥Xe NMR spectra of Pt(NH;),CL/KL (a) with and
(b) without calcination.

Table 1

Pt dispersion (H/Ptratio) of Pt/ L zeolite by H,-TPD

T.(°C) 110 250 300 350 400
H/Pt 0.38 0.68 0.97 0.93 0.41

shifts. It was found [11] that Pt?* polarized xenon atoms
more strongly than the Pt oxide (PtO) clusters did, there-
fore, the chemical shift caused by Pt?* jons was smaller
than that by Pt oxide. In our studies, the relative concen-
tration of the various platinum species is strongly depen-
dent on the preparation technique, which results in the
change of chemical shift of 1?Xe NMR.

Note that the chemical shift does not change after
the same above treatments on Pt/ KL zeolite (see fig. 4),
which further indicates that no autoreduction occurs in
Pt/L zeolite.

3.3. Pt dispersion and catalysis

Table 1 shows the results of H,-TPD of
Pt(NH3),Cl,/KL calcined at different temperatures.
Since a larger H/Pt ratio means a smaller size of Pt parti-
cles, it is clear that the best dispersion of Pt particles is
found on the sample calcined at 300°C.

Fig. 5 gives the benzene yield of n-hexane aromatiza-
tion over Pt/KL and Pt/K 3 at different calcination tem-
peratures. It is found that 300°C calcination does not
show the maximum catalytic reactivity on Pt/K 3 zeolite
where autoreduction occurs, while it does in Pt/KL zeo-
lite. It is believed that n-hexane aromatization reactivity
increases with decreasing Pt particle size [8]. Pt particles
in KL zeolite after 300°C calcination are the smallest
and result in the best catalytic reactivity. On the other
hand, Pt/Kg zeolite calcined at 300°C does not show
maximum Pt dispersion and benzene yield . It is consis-
tent with our previous results that Pt particles are better
dispersed and exhibit much superior aromatization reac-
tivity in Pt/KL than in Pt/K 3zeolite[9].
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Fig. 5. Benzene yield of n-hexane aromatization over (a) Pt/S and
(b) Pt/L zeolites (pulse flow microreaction, reaction temperature
500°C).
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4. Conclusion

No autoreduction is found to occur on the
Pt(NH;),Cl, /KL sample at 300°C calcination. Consid-
ering the structure of L and § zeolites, we believe that the
unique unidimensional channel structure of L zeolite
inhibits occurring of autoreduction and the agglomera-
tion of Pt particles, and results in the best dispersion of
Pt and the excellent catalytic behavior.
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