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Effect of an Adsorbed Residual Chlorine at Adlineation
Sites over Formation of Pt/HxMoOQO;
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Abstract Kinetics of H-spillover over Pt/MoO; was greatly affected by the amount of residual chlorine differing by
calcination temperature. Multifacetted techniques for characterization were dedicated to elucidate the faster reduction of
chlorine in the isothermal reduction (ITR) at 50°C after calcination. Reduction of residual chlorine over platinum
resulted in opening the more channel of hydrogen pathway into more MoOj particles and controlling the kinetics of
hydrogen uptake.

2 9 PUMoO,ES Tk oF SEEL &4 LEo| W WEke 2T Qo) I3t JL W A Co HAF
Age AHgstel 24 229 Z7l) TE P EWAY ZAF 238 S0°C S AgelN 24 Foll 1 F we 7
2 Babe A7) 95k del B3 BAS ANSAT P 2 ERolA BE 1 Be) BAE Mo0,29 44 TFE
27T, Sa FH SEES 2239

Key Words : H-spillover, PYMoO3, Calcination, H, uptake, residual chlorine

1. Introduction MoO;. Chemisorption study over Ru/SiQ, showed

‘ - that the amount of residual Cl greatly influenced the

Calcination of Pt/MoQO; increased the rate of H, chemisorptive capacity of Ru for CO, O, and espe-
uptake from Pt to support MoO; resulting in hydro-  cially H, which adsorbs dissociatively on Ru [4].
gen molybdenum bronze (H,MoOs) [1,2]. The concept Reduction study of PtCl, over SiO, increased the
of hydrogen spillover was applied to explain the kinetics ~ temperature at which reduction of PtCl, in H, starts
of H, uptake over PMoO;. It is well documentated from 140°C and finished at 190°C [5]. According to
that the rate determining step in bronze formation is  these notions, it is expected that reduction at 50°C
the actual spillover step [3], in which atomic H migrates = of PtCl, precursor impregnated onto MoO; might

from the Pt surface to the trioxide lattice. not serve to eliminate all chlorine.
Molecules adsorbed at the metai-trioxide interface
have been documented to increase the rate of this H, 2. Experimental Procedure
spillover step [1]. It was reported that water mole-
cule present at adlineation sites between Pt and Ammonium heptamolybdate (AHM, Aldrich Co.,
MoO; increased to uptake H; into Pt/MoO;. USA) was dried in an oven at 500°C overnight. The

Residual chlorine was also considered to be one AHM was completely changed to an orthorhombic
of possible factors to affect H.spillover from Pt to  crystalline MoO; [6]. An appropriate weight of
H,PtCls.6H,O (Aldrich Co., USA) was dissolved in
Univ.. Asan 337745, Korea an amount of deionized water sufficient to ensure
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impregnation was adjusted to give a nominal metal
loading of 1 wt% Pt for supported MoQ; catalysts.
The slurry became Pt/MoO; after drying in an oven
open to air at 100°C overnight and then ground into
a fine powder. The reactor was run in the recircula-
tion mode with a nominal flow rate of 30 sccm and
a recycle ratio of 70. The thermocouple inside cata-
lyst bed measures the temperature of gas stream. A mix-
ture of 2% H, in N, was used for reduction experiment
at 50°C and the progress of reduction was monitored
using a thermal conductivity detector. After purging
reactor with He, a pulse chemisorption by CO was con-
tinued to measure free Pt surface area.

In situ XPS spectrometer (SSX 100, Amoco Co.
USA) was employed to analyze the chemical state
of the surface of calcined Pt/MoQ; in reduced con-
dition. Reduction has been performed in 30 ml/min
of H, for 15 min at 50°C during pretreatment.

3. Result and Discussion

To explain the effect of Pt precursor on hydrogen
spillover over Pt/MoQ;, kinetics of hydrogen spill-
over as shown in Fig. 1 and 2 have been performed under
the condition of isothermal temperature at 50°C and
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Fig. 1. Effect of calcination on H, uptake at an elevated
high temperature
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Fig. 2. Effect of an elevated calcination temperature on
morphology of PYMoO; (a) Ratio of H/MoQ; (b) free Pt surface
area (unit: mmole) (c) Pt crystallite size (unit: mm)

at atmospheric pressure, after Pt/MoO; was pre-
treated in an oven as a function of an elevated calci-
nation temperature. '

With a MoO; sample only, no H, uptake occurs
since MoO; cannot activate to uptake hydrogen at
50°C without presence of Pt [3,7]. CO does not
adsorb since there is no active site available. The
noncalcined Pt containing MoOj exhibits a relatively
slow initial reduction rate and has a slow long tail.
For noncalcined and 100°C calcined samples, the
initial sinuous curves of H, uptake in 15 minutes
indicate the very significant “auto-accelerative” behavior
[8,9]. Calcination at 200°C temperatures increases
the initial reduction rate, and decreases the size of
the spectral tail. With 200°C calcined Pt/MoOQ;, the
amount of specific CO uptake is approximately con-
stant or increases slightly while the ITR spectra
show the increased initial reduction rate.

As shown in Fig. 1, it was found that the rate of
H-uptake increased as the temperature of calcination
of the Pt/MoO; samples was increased. Two factors
might be considered for an account for the reason of
these trends; physisorbed water or water formed during
the reduction and residual clorine on Pt. .

The presence of water has been reported to
increase the H, spillover rates [10]. Rate of hydro-
gen spillover at 50°C is expedited by the presence of
water on the adlineation sites [1]. It might be con-
sidered that even with feeding the completely dry
hydrogen gas, hydration of surface of Pt/MoQO; pro-
duces a small amount of water, which acts as a carrier.

However, in this Fig. 3, water was not seemed to
play a role to control H-spillover as shown in Fig. 1,
because there were large differences in H, uptake
kinetics by chang'ing calcination temperature. There-

fore, this possibility can be eliminated because this
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Fig. 3. Effect of water on H, uptake over PMoQO;
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Fig. 4. Effect of residual chlorine on H, uptake

would have affected all the experiments if it did.
Gravimetric measurements and differential thermal
analysis by Sermon and Bond [3] have shown that
lower oxide formation does not occur below 200°C.
[3] The volumetric measurements of water released
during the bronze formation and NMR study results
by Fripiat showed again that there was no noticeable
formation of a hydrated lower oxide such as
Mo,05.H,0 below 200°C [11]. According to this notion,
it was accepted that water would not be formed
under the reduction condition of this set of experi-
ments at 50°C. Thus, it is believed that water forma-
tion does not affect the H, uptake kinetics.

The effect of residual chlorine on H-spillover was
investigated with partially physical mixtures of MoO;
and different Pt chloride precursors. ITR pattern at
50°C of these samples are shown in Fig. 4.

As the ratio of CI/Pt decreased, initial rate of H,
uptake increased and amount of H, uptake became
higher. This indicated that the chlorine played the
dominant role to control the kinetics if H-spillover
over Pt/YMoQO;.

Effect of residual chlorine on H-spillover is now
discussed via CI/Pt ratio and electronic state of Pt
crystallite. XPS result as shown in Fig. 5 and Fig. 6
has been dedicated to investigate chemical composi-
tion of PtCl, precursor over surface of Pt crystallites.

Effect of reduction on the change of C1/Pt ratio as
shown in Fig. 5 has appeared to be very drastic for
the 200°C calcined PYMoO; compared to noncalcined
Pt/MoQs. CI/Pt ratio has changed from 4.1/1 to 4.7/1 for
the noncalcined Pt/MoQ;, which is not significant.
In contast to this, this number has dropped to almost
to trace levels for 200°C calcined Pt/MoO;. Reduc-
tion of Cl/Pt ratio in the XPS experiment is expected
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Fig. 6. XPS result for an electronic state of Pt as a function
of calcination temperature

to be similar to the trend from the resuits of ITR experi-
ment. This results indicated that Cl play a role to domi-
nate the H-spillover rates from Pt to surface of MoO;.

Electronic state of Pt crystallite as shown in Fig. 6
has been in the state of Pt* for all PUMoO; samples
before reduction. After reduction, 43% of Pt has
changed into metallic Pt® for noncalcined P‘MoOs,
while 75% of Pt has changed into metallic Pt° for
200°C calcined Pt/MoO;. This results indicated that
Cl play a role to dominate the H-spillover rates from
Pt to surface of MoQ,.

4, Concusion

Calcination results in faster hydrogen uptake, even
if dispersion of Pt crystallites did not change.
Amount of residual chlorine analyzed by character-
istic techniques of XPS and CO chemisorption
reduced more faster in ITR at 50°C after calcination
at higher temperature. This lessoning of residual
chlorine resulted in opening the more channel of
hydrogen pathway into- more MoO; particles and
controlling the kinetics of hydrogen uptake.
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