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In this work, a series of Ph,SnCl,,, (n = 1, 2, 3, and 4) based catalysts were prepared by incipient wetness impregnation using
activated carbon (AC) as support and triphenyltin chloride (Ph,CISn) and tin(IV) chloride (SnCl,) as Sn precursors. The obtained
catalysts were systematically characterized by X-ray diffraction (XRD), N, physisorption, Scanning electron microscope (SEM),
Thermogravimetric analysis (TG-DTG), and Inductively coupled plasma (ICP) analytical techniques. The catalytic performance
of the prepared Ph,SnCl,, samples was evaluated in the acetylene hydrochlorination reaction. When a gas hourly space velocity
(GHSYV, C,H, based) and a reaction temperature of 30 h'' and 200 °C, respectively were used for the reaction performed over the
12% (1.0Ph;CISn+3.5SnCl,)/AC-200 catalyst, an acetylene conversion of 98.0% with a selectivity to vinyl chloride of 98.5%
were obtained. These results demonstrated that Ph,SnCl,, can effectively improve the catalytic activity and prolong the lifetime of
SnCl,/AC catalysts. Moreover, by comparing with HgC1,/AC, Ph,SnCl, -based catalysts exhibit much enhanced catalytic activity
in the hydrochlorination of acetylene. It is assumed that the outstanding activity is due to trichlorophenylstannane (PhCl;Sn) active
sites, resulted from the organotin redistribution reaction between Ph;CISn and SnCl,. In addition, such sites also improved the
SnCl,/AC catalyst stability during the reaction.
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INTRODUCTION

Tin compounds include inorganic tin and organotin, the latter
being represented by R, ,SnX, formula (R = alkyl or aryl, X = anionic
species, n=1~4). Because of its various physical, chemical and
biological properties, organotin has been used as stabilizers,
biocides, anticancer therapy and catalysts.'* In the past few years,
tin(IV) chloride, one of the inorganic tin compounds, has attracted
considerable attention for many applications,>! such as hetero Diels-
Alder reaction,'*!" organotin redistribution reaction,'? and acetylene
hydrochlorination reaction.'*!?

Acetylene hydrochlorination is the main reaction involved in
the production polyvinyl chloride (PVC). In the past few years,
the traditional mercury-based catalysts commonly used to catalyze
acetylene hydrochlorination. However, due to the toxicity and
sublimation of mercury chloride, its use will not be allowed in
the future, reason why the exploration of non-mercury catalysts
in acetylene hydrochlorination is strongly promoted, at least in
regions with large reserves of coal (e.g., China).'*'” By compared
with the precious metal catalysts exhibiting outstanding catalytic
activity,'®?' the environmentally friendly non-precious metal
catalysts has high potential to replace HgCl, and be used at large-
scale production of PVC. For instance, it is already shown that the
multicomponent inorganic tin materials can catalyze the acetylene
hydrochlorination."*'5?>%* On the other hand, tin(IV) chloride catalysts
show relatively low stability due to the low boiling point, but the
investigation of Sn based catalysts exhibiting high activity, selectivity,
and stability in acetylene hydrochlorination is strongly encouraged.

The acetylene hydrochlorination at industrial scale is performed
with a space velocity and reaction temperature in the ranges of
30-50h-"and 130 - 180 °C, respectively.* However, it was previously
reported that the Sn-C bonds are stable at temperature up to 200 °C.*

*e-mail: 163f64x@163.com

Regarding the use of organotin as catalysts for the hydrochlorination
of acetylene is scarcely reported. Therefore, the purpose of this
work is to investigate the organotin as catalysts for the acetylene
hydrochlorination. To reach this aim, the triphenyltin chloride
(Ph;CISn) was selected as precursor for the organotin catalysts.?
Hence, a series of Ph,SnCl, -based catalysts were prepared based on
triphenyltin chloride (Ph;ClSn) and tin(IV) chloride (SnCl,) through
the redistribution reaction and then loaded on activated carbon (AC)
by incipient wetness impregnation. The resulted Ph,SnCl, -based
catalysts were systematically characterized by techniques, such
as N, physisorption, SEM-EDS, XRD, TG-DTG, and ICP. The
well-characterized samples were used as catalysts for the acetylene
hydrochlorination. According to the experimental results, three
parameters, i.e., the Ph;CISn and SnCl, mole ratio, total amount
of Sn(IV), and calcination temperature, have a strong influence
on the acetylene conversion. Furthermore, it was noticed that the
main active sites are the trichlorophenylstannane (PhCl;Sn) groups
with higher boiling point, which significantly increase the catalytic
activity and stability of the complex samples in comparison with
those of SnCl,/AC.

EXPERIMENTAL
Catalyst preparation

The Ph,SnCl, /AC-based catalysts were prepared by an incipient
wetness impregnation method and using triphenyltin chloride
(Ph;CISn) and tin(IV) chloride (SnCl,) as Sn active sites precursors.”
The support was a coal-based columnar activated carbon pre-treated
with HCI (0.01 mol L') to remove impurities. After filtration, the
obtained sample was washed with distilled water until neutral
pH, followed by drying at 120 °C for 24 h. The obtained activated
carbon was denoted as AC. The solution of Sn precursors, containing
triphenyltin chloride and tin (IV) chloride, was prepared in ethanol,
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then mixed with the AC (a reference sample was prepared using
water as solvent). The adsorption of precursor on AC was performed
at 80 °C. The mixture was dried in an oven at 100 °C for 12 h,
followed by calcination at various temperatures, i.e., 100, 200, 300,
and 400 °C for 4 h (flowed with a nitrogen atmosphere). The calcined
samples were denoted as Ph,SnCl, -based catalyst. Using a similar
procedure, samples with constant loading degree of 10 wt.% and
various Ph,ClSn : SnCl, molar ratios (i.e., 1:1,1:2,1:3,1:3.5,
and 1 : 4) as well as various total loading degrees (5, 10, 12, and 15
wt.%) at constant Ph,C1ISn: SnCl, molar ratio of 1 : 3.5 were prepared.

Catalyst characterization

The textural properties of samples were evaluated by N,
physisorption on a NOVA 2000e instrument from Quantachrome.
Before analysis, samples were degassed under vacuum at 200 °C
for 12 h.

X-ray diffraction of catalysts was performed Shimadzu
XRD-6000 diffractometer at 26 between 10° and 80°.

The SEM were performed on a ZEISS MERLIN Compact
microscope at an acceleration voltage of 15 kV.

The weight loss and stability of the catalysts were analyzed
by TG-DTG (NETZSCH STA 449F3) in the range of 25-800 °C
under nitrogen gas with flow rate of 30 mL/min and a heating rate
of 30 °C min'.

Inductively Coupled Plasma (ICP) was performed on Agilent 720.

Catalytic test

The acetylene hydrochlorination was performed in a fixed-bed
glass reactor (i.d. = 10mm) at atmospheric pressure. Hydrogen
chloride was first fed through the reactor to remove trace impurities
and activate the catalyst.?® In a typical experiment, 4 ml catalyst was
added to the reactor containing the reaction mixture made of HCI and
C,H, in a mole ratio of 1.1:1.0. The C,H, gas hourly space velocity
wad maintained at 30 h™! via a calibrated mass flow controller. Before
analysis of products, the gas was passed through the medical soda-
lime to absorb the unreacted hydrogen chloride. Then, the product
was analyzed by a gas chromatography using a GC900 apparatus
equipped with a GDX-301 column.

RESULTS AND DISCUSSION

The effect of the Ph;CISn and SnCl, mole ratio on the textural
and catalytic properties of Ph,SnCl, -based catalysts

The N, physisorption isotherms of AC support and different
Ph,SnCl, -based catalysts supported on AC are shown in Figure 1S

Table 1. Textural properties of samples
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while the textural properties obtained based on the corresponding
isotherms and applying specific equations are listed in Table 1.

It can be seen that all samples exhibit the characteristic isotherm
of type I/IV with a narrow hysteresis loop according to IUPAC
classification (Figure 1S), indicating the coexistence of micropores
and mesopores in the investigated samples.?”*® Additionally, the
different visible hysteresis loop in catalysts shows the change in pore
volume and pore size, which is good accord with Tablel1. The values
of specific surface area and pore volume of all catalysts changed in
comparison with those of AC support in agreement with the treatment
applied to obtain a certain catalyst. Hence, the AC displays the highest
specific surface area (987 m?g™") and total pore volume (0.48 cm® g™).
However, with the increase in content of tin active sites, the decrease
in specific surface area is obvious in the range of 740 and 601 m?g",
demonstrating the successful loading of tin ingredients on AC support.
Figure 1 displays the catalytic results obtained for the acetylene
hydrochlorination over the prepared catalysts.
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Figure 1. Catalytic activity vs reaction temperature over different catalysts

As noticed, a very low acetylene conversion was obtained over
AC support irrespective the reaction temperature. Interesting, when
the reaction was performed over 10%SnCl,/AC-200 and 10%Ph,ClSn/
AC-200 catalysts, the conversion increased with temperature increase
from 150 to 200 °C. Hence, the maximum conversions obtained
for these two samples at 200 °C are 58.3 and 42.5%, respectively,
indicating that Ph;CISn can catalyze the conversion of acetylene
into vinyl chloride. Because both Ph,CISn and SnCl, were active in
acetylene hydrochlorination, it was interesting to verify whether a
catalyst obtained by co-impregnation of AC with both tin compounds
((Ph;C1Sn+SnCl,)/AC) exhibit improved catalytic performance than

Samples Sger S e Ve Voo Veu D
(m*/g) (m?/g) (m?/g) (cm%/g) (cm'/g) (cm'/g) (nm)
AC 987 865 122 0.36 0.12 0.48 1.9
10%SnCl,/AC 567 489 78 0.20 0.07 0.27 1.9
10%Ph,CISn/AC-200 740 664 76 0.28 0.07 0.35 1.9
10%(1.0Ph,CISn+1.0SnCl,)/AC-200 667 615 52 0.26 0.05 0.31 1.8
10%(1.0Ph,CISn+2.0SnCl,)/AC-200 601 535 66 0.22 0.03 0.28 1.9
10%(1.0Ph,CISn+3.0SnCl,)/AC-200 605 523 82 0.21 0.08 0.29 1.9
10%(1.0Ph,C1Sn+3.5SnCl,)/AC-200 659 583 76 0.22 0.08 0.30 1.9
10%(1.0Ph,CISn+4.0SnCl,)/AC-200 634 579 55 0.24 0.04 0.29 1.8
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those of monocomponent samples. Therefore, bi-component samples
with various Ph,ClSn and SnCl, mole ratios were prepared and their
catalytic activity in acetylene hydrochlorination was assessed. The
catalytic activity and selectivity to vinyl chloride are illustrated in
Figure 2.

As shown in Figure 2a and b, the increase in Ph;CISn and
SnCl, mole ratio results in the increase in both catalytic activity
and selectivity to vinyl chloride up to optimal values (97.5%) then
decreases. Particularly, for the Ph,CISn and SnCl, mole ratio of
1.0:3.5 (10% (1.0Ph,C1Sn+3.5SnCl,)/AC-200 catalyst), an acetylene
conversion of 97.5% with a selectivity toward vinyl chloride (VCM)
of 98.5% were obtained when the reaction was performed at 200 °C.
It is worth mentioning that these values are the best in the series.
Interesting, the micropore specific surface area and micropore
volume of 10% (1.0Ph;CISn + 3.5SnCl,)/AC-200 display higher
values of 582.9 m*g and 0.22 cm®/g, respectively, except for 10%
(1.0Ph,CISn + 1.0SnCl,)/AC-200 among these Ph,SnCl, -based
catalysts (Table 1). Additionally, the organotin redistribution reaction
can be operated in Ph;CISn and SnCl,.> On the basis of these results,
it inferred that Ph,CISn reacted with SnCl, to produce the novel
active sites and the appropriate amount of micropore display positive
influence on the improvement of acetylene conversion and selectivity.

To verify if the activity can be tuned by carefully changing the
temperature of pretreatment, the 10% (1.0Ph;CISn+3.5SnCl,)/AC
sample was calcined at different temperatures. The results are
discussed in the following sub-chapter.

The effect of the calcination temperature on the textural and
catalytic properties of 10% (1.0Ph,CISn +3.5SnCl,)/AC

The textural properties of 10% (1.0Ph,CISn+3.5SnCl,)/AC
calcined at 100, 200, 300, and 400 °C were evaluated by N,
physisorption, ant the obtained isotherms are displayed in Figure 2S.
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It is obvious that all isotherms keep the shape of type I/IV after these
thermal treatments. The values of corresponding textural properties
of each sample are listed in Table 2.

As shown in Table 2, the values of specific surface area of catalysts
were affected by the calcination temperature, but not proportionally.
Hence, the surface area increased in the order of 100 < 400 < 200 <
300 °C. In line with these results, it can be assumed that the calcination
temperature influenced the formation of new active sites as well as
their dispersion on the surface. Interestingly, its optimal calcinations
temperature keeps agreement with the organotin redistribution
reaction (200 °C).? Figure 3 displays the catalytic results obtained
for the acetylene hydrochlorination over the catalysts calcined at
different temperatures.

Figure 3a shows the effect of the calcination temperature on the
acetylene conversion as a function of reaction temperature. As a first
observation, it can be seen that the reaction temperature impacted
the catalytic conversion of acetylene. Secondly, the conversion
of acetylene obtained at 200 °C was different depending on the
calcination temperature. Interesting, the sample calcined at 200 °C
exhibited the highest catalytic activity, i.e., 97.5% suggesting this
temperature as optimal for the obtaining of the most active sites.
Apparently, at this temperature, triphenyltin chloride reacted with
tin (IV) chloride and generated enough available active sites for the
conversion of acetylene. In addition, this sample has the highest
mesopore volume value (0.08 cm?® g ') among the samples (Table2).
Furthermore, the small mesopore in catalysts display a positive effect
on the acetylene conversion of original catalysts.”” Therefore, the
mesopore volume is one of reason to affect the catalytic performance
of 10% (1.0Ph,CISn+3.5SnCl,)/AC catalysts. Figure 3b shows the
selectivity toward vinyl chloride obtained over the catalysts calcined
at different temperatures. It is worth mentioning that at lower reaction
temperatures (i.e., 150-170 °C), the selectivity was influenced by the
calcination temperature. In this range of temperatures, the sample
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Figure 2. (a) Catalytic activity vs reaction temperature and (b) selectivity to vinyl chloride over Ph,SnCl, -based catalysts with different Ph;CISn and SnCl,

mole ratios

Table 2. Textural properties of 1.0Ph;CISn+3.5SnCl,/AC calcined at different temperatures

Samples Sper Sm;cm meso Viiero Vineso Vil D
(m?/g) (m?/g) (m?/g) (cm?/g) (cm’/g) (cm?/g) (nm)
10%(1.0Ph,CISn+3.5SnCl,)/AC-100 395 337 58 0.14 0.06 0.20 2.0
10%(1.0Ph,CISn+3.5SnCl,)/AC-200 659 583 76 0.22 0.08 0.30 1.9
10%(1.0Ph,CISn+3.5SnCl,)/AC-300 687 608 79 0.25 0.07 0.32 1.9
10%(1.0Ph,CISn+3.5SnCl,)/AC-400 620 570 50 0.24 0.04 0.28 1.8
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Figure 3. (a) Catalytic activity vs reaction temperature and (b) selectivity to vinyl chloride over 1.0Ph;CISn+3.55nCL/AC catalysts calcined at different cal-

cinations temperatures

calcined at 200 °C exhibits the highest selectivity toward the reaction
product. However, as the reaction temperature increases (180-200 °C),
the effect of the calcination temperature is less obvious, so that at
200 °C, the selectivity toward vinyl chloride is practically the same
for all sample (98.5%). This behavior shows either a heterogeneity
of active sites at lower reaction temperatures or they are differently
activated in this temperature range. At higher reaction temperature,
particularly 200 °C, the selectivity results indicate that the active
sites are similar in nature.

To further improve the activity of 1.0Ph;CISn + 3.5SnCl,/
AC-200 catalyst, the effect of total amount of active sites, while
keeping Ph;CISn:SnCl, ratio constant, on the catalytic properties of
1.0Ph;CISn+3.5SnCl,/AC-200 was studied.

The effect of the total amount of active sites on the textural and
catalytic properties of 1.0Ph,CISn+3.5SnCl,/AC-200

The N, physisorption isotherms of (1.0Ph;C1Sn+3.5SnCl,)/AC
with total amount of Ph,CISn + SnCl, of 5, 10, 12, and 15 wt.% are
displayed in Figure 3S. As noticed, the isotherm shape did not change
after loading various amounts of Ph;CISn + SnCl,.

However, the values of textural properties listed in Table 3 show
a change in the surface areas and pores volumes depending on the
amount of Ph,ClSn + SnCl,loaded on AC support. To note, the specific
surface area and total pore volume of catalysts gradually decreased
with the increase in the amount of Ph,CISn + SnCl, loaded on the
support. This phenomenon was mentioned as the dilution effect.*
Therefore, these results reveal that the precursors of the active site
were successfully loaded on support (Figure 3S). Figure 4 illustrates
the catalytic results obtained for the acetylene hydrochlorination over
the catalysts with different amounts of Ph,ClSn + SnCl,.

As seen in Figure 4a, the acetylene conversion is influenced by the
amount of Ph3CISn + SnCl,. If the reaction temperature of 200 °C is

taken as an example, it can be noticed that the acetylene conversion
increases from 40 to 98% for the samples with 5 and 10 wt.%
Ph;ClISn + SnCl,, respectively. The conversion keeps constant when
the loading degree increases to 12%, but it decreases to 78.5% for a
loading degree of 15%. Regarding the selectivity to vinyl chloride
(Figure 4b), a similar phenomenon was noticed as for the influence of
the calcination temperature. Hence, the selectivity is different at lower
reaction temperatures (i.e., 150-170 °C) while it is almost the same
at higher reaction temperatures (i.e., 180-200 °C) irrespective of the
amount of Ph;CISn + SnCl, loaded on AC support, indicating active
sites similar in nature at higher reaction temperature, particularly,
200 °C. Once the optimal conditions in relation to the loading degree,
ratio between the active components, calcination temperature, and
reaction temperature were identified, the stability of the best catalyst
(i.e., 12% (1.0Ph;C1Sn+3.5SnCl,)/AC-200) was studied.

Catalytic performance of 12% (1.0Ph;CISn+3.5SnCl,)/AC-200

The catalytic activity and stability of 12% (1.0Ph,ClSn+3.5SnCl,)/
AC-200 sample evaluated for 40 h of reaction. The conversion curve
as a function of reaction time is illustrated in Figure 8.

It was previously shown that the acetylene conversion over
20%SnCl,/AC decreases from 93% to 90% after 4 h or reaction.'®
For the sample investigated herein (12% (1.0Ph,ClSn+3.55nCl,)/
AC-200), the activity keeps above 90% for at least 10 h of reaction
although a decreasing trend is noticed (Figure 5). After 10 h, the
conversion continuously decreased to 62.5% as the reaction time
increased to 40 h. This result suggests that the sample is quite stable
and maintains a rather high activity for longer reaction time.

Physico-chemical characterization of samples

In the next step, a systematic characterization of this sample was

Table 3. Textural properties of 1.0Ph,CISn+3.5SnCl,/AC-200 loaded with different amounts of Ph,CISn + SnCl,

Samples s,;m Siers Siecs Voo Vo Vool D
(m?/g) (m?/g) (m?/g) (cm%/g) (cm%/g) (cm?/g) (nm)
5%(1.0Ph,C1Sn+3.5SnCl,)/AC-200 698 603 95 0.25 0.09 0.34 1.9
10%(1.0Ph,CISn+3.5SnCl,)/AC-200 659 583 76 0.24 0.06 0.30 1.9
12%(1.0Ph,CISn+3.5SnCl,)/AC-200 568 485 83 0.22 0.04 0.26 1.9
15%(1.0Ph,CISn+3.5SnCl,)/AC-200 499 441 58 0.17 0.02 0.19 1.8
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Figure 5. Acetylene conversionvs reactiontime over 12%(1.0Ph;CISn+3.55nCL,)/
AC-200 catalyst

performed aiming at observing the structural and morphological
properties. Hence, the structural properties were first investigated
by XRD. Figure 6 shows the XRD pattern of AC support and 12%
(1.0Ph;C1Sn+3.5SnCl,)/AC-200 sample. Both XRD patterns display
two obvious diffraction peaks at 26.4 and 44.4°, which correspond
to the (002) and (101) crystal planes of AC (PDF#41-1487).3! The
absence of diffraction peaks typical for Ph;CISn+SnCl, suggests their
high dispersion on AC support.®

The morphology of the sample was further analyzed by SEM. A
representative image is depicted in Figure 7. The elemental mapping
was carried out to assess the distribution of the main elements in the
sample. Thus, Figure 7 also illustrates the elemental maps for C, Cl,
Sn, and O, which are homogeneously distributed in the catalyst. The
existence of oxygen in catalysts is associated with the functional
group on the surface of AC or the SnCl, reacted with vapor during
preparation process.*>*¢ In addition, the amount of Sn (4wt.%) was
calculated. It was observed the that real amount of Sn is 3.66 wt.%
(ICP), which is very close to the theoretical one of 4 wt.%.

TG-DTG was carried out to simulate the calcination process and
to identify the main thermal transformation occurring in the sample
during calcination at different temperatures. Figure 8 displays the TG
curve for 12% (1.0Ph,CISn+3.55nCl,)/AC recorded between 25 and
800 °C. It can be observed that the mass loss up to 150 °C is about

—— PDF#41-1487
——12%(1.0Ph3CISn+3.5SnC14)/AC-200
—AC

(002) (101)

26.4 444

Intenisty (a.u.)

v L] M 1 v ] M J M L v lJ v 1
10 20 30 40 50 60 70 80
20 ()
Figure 6. XRD pattern of 12%(1.0Ph;CISn+3.55nCl,)/AC-200 and AC

6.88% and corresponds to the evaporation of physically adsorbed
ethanol (78.0 °C), water (100.0 °C) and partial sublimation of SnCl,
(114.3 °C). As the temperature increases to 200 °C, a weight loss of
1.62% was noticed. At same time, a small peak at around 200 °C
appeared in the DTG curve. The transformation occurring at this
temperature is attributed to the organotin redistribution reaction
between Ph,CISn and SnCl,.>'> When the temperature exceeds 250 °C,
a rapid weight loss of 11.14% was recorded. Along with the weight
loss, the two peaks at around 237.2 °C and 313.2 °C appeared in the
DTG curve, inferring that the pyrolysis of tin active sites may be
operated in the range 250-400 °C.

All samples studies in this work were prepared by using ethanol
as solvent for the impregnation solution. However, a sample was also
prepared using water as solvent aiming at verify the role of solvent
on the activity of the resulted active sites. Therefore, to eliminate the
effect of vapor on the catalytic activity of 12% (1.0Ph,CISn+3.5SnCl,)/
AC-200,12% (1.0Ph,C1Sn+3.5SnCl,)/AC-200-H,O was prepared by
the same method and using water as solvent. Figure 9 shows the
catalytic activity of 12% (1.0Ph,;CISn+3.5SnCl,)/AC-200 prepared
with ethanol and water in comparison with those of HgCl, and
PhCL;Sn/AC-200 catalysts.

As observed, the solvent has a strong effect on the catalytic activity,
the sample prepared using water (12% (1.0Ph;ClSn+3.5SnCl,)/
AC-200-H,O) exhibiting the lowest acetylene conversion (i.e.,
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Figure 9. The acetylene conversion vs reaction temperature of
12%(1.0Ph;CISn+3.55nCl,)/AC-200,12%(1.0Ph;CISn+3.55nCl,)/AC-200-
H.,0, 12% PhCl;Sn /AC, and HgCl/AC

58.5% at 200 °C). This result suggests that water favored the
oxidation of tin precursor, which is detrimental for the catalytic
activity catalysts. Thus, the solvent is crucial for the formation of
tin active sites. Interestingly, 12% PhCl,Sn/AC-200 display a similar
acetylene conversion (98.0%) with 12% (1.0Ph,C1Sn+3.5SnCl,)/
AC-200 at 200°C. Based on the pyrolysis temperature of tin active
site at ~237.2 °C (Figure 8) and the organotin redistribution reaction
between Ph,CISn and SnCl,, we inferred that PhCl,Sn (257.4 °C) is the
possible mainly active sites in 12% (1.0Ph;CISn+3.5SnCl,)/AC-200.
The PhCI;Sn /AC catalyst shows a high activity, but it is expensive.
Moreover, 12% (1.0Ph,C1Sn+3.5SnCl,)/AC-200 also exhibits good
acetylene conversion (98.0%) when compared to that of HgCL/AC
(99.5%) catalysts at 200 °C. On the basis of these results, it can
be stated that 12% (1.0Ph,C1Sn+3.5SnCl,)/AC-200 prepared with
ethanol as solvent is a suitable catalyst for acetylene hydrochlorination
and with high potential of scale-up.

CONCLUSION

In this study, the Ph,SnCl, -based catalysts were prepared
by incipient wetness impregnation method using AC as support
and triphenyltin chloride and tin(IV) chloride as precursors of the
active sites. The catalytic performance of the resulted materials was
evaluated in the acetylene hydrochlorination. The highest acetylene
conversion of 98% with a selectivity to vinyl chloride of 98.5%
was obtained at 200 °C for the catalyst with 12 wt.% total loading
in Sn precursors and a Ph;CISn : SnCl, molar ratio of 1 : 3.5 after
calcination at 200 °C under N, (i.e., 12% (1.0Ph,ClSn+3.5SnCl,)/
AC-200 catalyst). In addition, the experimental results revealed that
the Ph,SnCl, -based catalysts exhibit higher activity and stability than
SnCl,/AC catalyst. On the basis of the results of physico-chemical
characterization and catalysis, it was assumed that the active sites
are mainly associated with the trichlorophenylstannane (PhCl1;Sn)
resulted from the redistribution reaction of triphenyltinchloride in
the presence of SnCl,. It was also showed the solvent used for the
preparation of catalyst plays a crucial role in generation of active
catalysts. The experimental results revealed that water favors the
oxidation of Sn active sites, which has a negative impact on the
catalytic activity while ethanol was beneficial for obtaining a material
with outstanding catalytic performance in acetylene conversion.
Moreover, it can be stated that the cost-effective Ph,SnCl,_ -based
catalysts proposed in this work have a high potential to replace the

Quim. Nova

more expensive PhCL,Sn /AC and the toxic HgCL/AC catalysts for
the hydrochlorination of acetylene.

SUPPLEMENTARY MATERIAL

Figures 1S-3S are freely available online at http://quimicanova.
sbq.org.br in PDF format.
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