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Abstract

SiO2, MCM-41 and activated carbon supported 12-tungstophosphoric acid (H3PW12O40, HPW) were used in the direct synthesis of
dimethyldiphenylmethane (CH3C6H4CH2C6H4CH3, DMDPMs) from toluene and formaldehyde, and characterized by FT-IR, XRD and nitro-
gen adsorption. It was found that SiO2 supported HPW exhibited higher activity and DMDPMs selectivity, and the yield of DMDPMs increased
with the loading amount of HPW. The best yield of DMDPMs reached 61.3% when the loading of HPW increased to 60 wt.% on SiO2. FT-IR
and XRD analysis indicated that HPW dispersed highly on the surface of these supports. Highly dispersed HPW exhibited higher activity (higher
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ON) than that of pure HPW. While MCM-41 suffered severe structural distortions when the loading amount of HPW is high.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Dimethyldiphenylmethane (CH3PhCH2PhCH3, DMDPMs)
s an important chemical and intermediate in the production
f spices, pharmaceutics and dielectric fluid. And diphenyl-
ethane dyes (e.g. auramine, also called as Basic Yellow, such
s NH:C[PhN(CH3)2]2) are widely used in wool, paper, leather
nd silk industries[1]. Typically, DMDPMs is produced by the
ondensation of xylene with benzyl chloride in the presence of a
riedel–Crafts catalyst such as aluminium chloride or iron chlo-
ide, which gives large amount of by-products such as polymers
f benzyl chloride and several compounds having three or more
enzene rings (Eq.(1)) [2,3].

H3C6H4CH3 + C6H5CH2Cl → CH3PhCH2PhCH3 + HCl

(1)

Several solid acid catalysts relevant to Friedel–Crafts reac-
ions had been reported in order to replace conventional problem-
tic homogeneous catalysts, such as montmorillonite-supported

ransition metals, the graphite–aluminum-chloride intercalate,
odified alumina, transition-metal cations, sulphated zirconia,

calcined nickel sulphate and clays[4–15]. But these catalys
had shown drawbacks such as lower selectivity, formatio
higher amount of polyalkylated products and drastic reac
conditions[16].

In the past three decades, the use of heteropoly
pounds (HPAs) in acid catalyzed reactions had opened
expectations for processes requiring acidities higher than
present on zeolites[17–19]. Previous work found that 1
tungstophosphoric acid exhibited good activity for the con
sation of benzene and formaldehyde[20–22], and high activity
for the condensation of toluene and formaldehyde (Eq.(2)) [23].

2C6H5CH3 + HCHO → CH3PhCH2PhCH3 + H2O (2)

This process is economical and environmental favorab
the only by-product is water. While the solid state hetero
acids catalyst changed into a slurry state after reaction due
formation of water, which brought difficulties in the followi
separation process and the loss of catalyst in the recycle
[23]. In order to use HPAs as solid catalysts, it was desir
to support them on an appropriate carrier since the surface

2 −1
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of these materials was very small (<10 mg ). The high dis-
persed heteropoly acids on carriers with large surface area would
increase the accessibility of the reactants to the active sites and
enhance the efficiency of the catalyst. At the same time, the solid
381-1169/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.molcata.2005.08.037
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state catalyst was facile in separation process. The present con-
tribution concerned the immobilization of 12-tungstophosphoric
acid on SiO2, MCM-41 and activated carbon, and their utiliza-
tion in the condensation of toluene and formaldehyde.

2. Experimental

2.1. Preparation of catalysts

12-Tungstophosphoric acid (H3PW12O40, HPW) and SiO2
were purchased from Shanghai Chemical Reagent Co. (China)
and used directly without further treatment. Pure-silica MCM-41
was synthesized following a procedure as described in litera-
ture [24]. A commercial activated carbon (Shanghai Chemical
Reagent Co.) was treated in 0.1 M HNO3, washed with water and
dried at 130◦C for 3 h in vacuum before the catalyst preparation.

SiO2, MCM-41 and activated carbon supported 12-
tungstophosphoric acid catalysts with different loading amount
were prepared by impregnation an equal volume adsorption (of
support materials) of aqueous solution of HPW (with identi-
fied amount of HPW). The impregnated precursor was dried at
150◦C in vacuum for overnight and finally calcined at 300◦C
in nitrogen for 3 h.

2.2. Characterizations
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a 25 m capillary column of a cross-linked 5% phenylmethylsil-
icone (HP5988A, USA). 4,4′-Dimethyldiphenylmethane (4,4′-
DMDPM) was confirmed with the standard mass spectrum in
database and that of the standard products purchased from TCI
(Beijing Branch, China). 2,2′-Dimethyldiphenylmethane (2,2′-
DMDPM), 2,4′-dimethyldiphenylmethane (2,4′-DMDPM) and
three-benzene-ring products (3-rings) were confirmed with
the standard mass spectrum in database. And the amount of
dimethyldiphenylmethanes was calculated on the basis of exter-
nal standard (commercial 4,4′-DMDPM). The selectivity of
the dimethyldiphenylmethanes was calculated on the basis of
HCHO according to the following equations:

mol of DMDPM

total mol of DMDPMs+ 2

× mol of three ring products

× 100%.

In this contribution, the mass balance calculated on the basis of
HCHO lying in 96–100%.

3. Results and discussion

3.1. Characterizations of supported 12-tungstophosphoric
acid catalysts

The IR spectrum of the SiO2 and MCM-41 supported 12-
t
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The primary structure of the supported 12-tungstophosp
cid catalysts were detected by means of FT-IR spectros

n a Nikolet 560 apparatus (USA). Samples were prepare
ompressing a well mixed 3 mg of catalysts powder with 200
f potassium bromide (KBr).

The structure of the carriers and the prepared cata
ere measured by nitrogen adsorption at−196◦C using an
MNISORP 100CX system (COULTER Co., USA). All sa
les were pretreated at 250◦C in high vacuum, and the po
tructure was calculated from the adsorption isotherm. Por
diameter) distribution in the range of 0.55–1.8 nm was ca
ated by the Horvath–Kawazoe method and pore size in the
f 3.0–100.0 nm was calculated by the Barret–Joyner–Ha
ethod.
X-ray diffraction patterns were obtained with X-ray diffra

ometer in a D8 ADVANCE (BRUKER, Germany) equipm
sing nickel-filtered Cu K� radiation at 40 kV and 40 mA
iffraction data were recorded using continuous scanning
rate of 0.01◦/s.

.3. Catalytic reaction

A custom-designed 150 cm3 stainless autoclave (Lanzho
hina) was employed in this study. The mixture of tolu

450 mmol), paraformaldehyde (90 mmol of HCHO) a
itrobenzene (20 mmol, internal standard) was poured int
atalyst. The suspension was vigorously stirred with a mag
tirrer. After reaction, the reactor was cooled to room tem
ture, solid catalyst was separated by centrifuging, the or
eactant solution was diluted with ethanol and analyzed u
n FID gas chromatography–mass spectrometry equipped
y
y
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ungstophosphoric acid catalysts are shown inFigs. 1 and 2.
ure 12-tungstophosphoric acid exhibited the typical IR b
t vas (P–Oa) = 1080 cm−1, vas (W = Od) = 982 cm−1, vas
W–Ob–W) = 890 cm−1 andvas (W–Oc–W) = 810 cm−1 asym-
etric vibrations associated to the Keggin ions, wherea–d
esignated specific positions of the oxygen atoms in the Ke
tructure, namely, P–Oa–W, W–Ob–W and W–Oc–W connect

ng two W3O13units by corner sharing and edge sharing, Od = W
25]. In SiO2 supported catalysts, apart from the detected in
ity of asymmetric vibrations of W–Ob–W increased slightl
ith the loading amount of HPW, other three adsorption p
f HPW acid changed slightly due to the overlapped vibrat
eaks of HPW to those of SiO2 (Fig. 1). No clear adsorptio

ig. 1. IR spectra of SiO2 supported H3PW12O40. The loading amount of HPW
per 1 g support) were: (a) 0 g, (b) 0.05 g, (c) 0.15 g, (d) 0.25 g, (e) 0.4 g, (f)
nd (g) pure H3PW12O40.
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Fig. 2. IR spectra of MCM-41 supported H3PW12O40. The loading amount of
HPW (per 1 g support) were: (a) 0 g, (b) 0.05 g, (c) 0.15 g, (d) 0.25 g, (e) 0.4 g,
(f) 0.6 g and (g) pure H3PW12O40 × 5.

peak of HPW could be identified on MCM-41 support (Fig. 2).
These results indicated that 12-tungstophosphoric acid dispersed
highly on the surface of SiO2 and MCM-41.

Fig. 3 shows the XRD spectrum of SiO2 supported 12-
tungstophosphoric acid with different loading amount. It could
be found that no diffraction peak of 12-tungstophosphoric
acid was detected when the loading amount less than
0.25 g/g-support. After this point, the diffraction peaks of 12-
tungstophosphoric acid became obvious. Similar results were
also detected in MCM-41 and activated carbon supported cata-
lysts (Fig. 4). These results indicating that the primary structure
of 12-tungstophosphoric acid was preserved even at high loading
amount.

Fig. 5 illustrated the XRD spectrum of the fresh MCM-
41 and MCM-41 supported 12-tungstophosphoric acid catalyst
(0.6 g/g-support). Fresh MCM-41 exhibited a strong reflection
at high d1 0 0-spacing (ca. 3.5 nm) and a few weak peaks at higher
angles with corresponding d-spacing in the range ca. 2.3–1.5 nm.
While in MCM-41 supported catalyst, 12-tungstophosphoric
acid had a striking effect on the width and intensity of the
main reflection at high d1 0 0-spacing and this line became
broader and weaker. This suggested that the long-range order
of MCM-41 was decreased noticeably by the presence of 12-
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(

Fig. 4. XRD patterns of pure HPW and HPW (0.6 g/g-support) on different
supports. The species of supports: (a) pure H3PW12O40, (b) SiO2, (c) MCM-41
and (d) activated carbon.

tungstophosphoric acid. There is increased disorder within the
pores following deposition of HPW crystallites.

The surface area of pure 12-tungstophosphoric acid, SiO2,
MCM-41, activated carbon and the supported catalysts are sum-
marized inTable 1. The average pore diameter of SiO2, MCM-41
and activated carbon were 10.2, 3.0 and 1.0 nm, respectively.
Pure 12-tungstophosphoric acid possesses a limited surface
(<10.0 m2/g), small pore volume (0.02 cm3/g) and large interpar-
ticles average pore diameter (3.7 nm). This interparticles pore of
12-tungstophosphoric acid also appeared on MCM-41 and acti-
vated carbon supported catalysts (3.7 nm diameter), while the
main pore diameter of these carriers remained, which inferred
that big 12-tungstophosphoric acid particles might form on the
surface of MCM-41 and activated carbon (Fig. 6). Only one
unique pore (ca. 9.6 nm) was detected in SiO2 supported cat-
alyst, and its diameter is smaller than that of pure SiO2 (ca.
10.2 nm,Table 1). This indicated that 12-tungstophosphoric acid
were immobilized in the channels of SiO2 and fully dispersed in
a monolayer on SiO2 surface[26]. On the another hand, micro-
pores (0.6 nm) appeared in MCM-41 supported catalyst, while
surface area of HPW/MCM-41 remains relatively high, it might
be increased disorder within the pores following deposition of
HPW crystallites. The adsorption isotherms of MCM-41 and
HPW/MCM-41 also confirmed this increased disorder within

F .
(

ig. 3. XRD patterns of HPW and SiO2 supported HPW catalysts. The load
mount of HPW (per 1 g support) were: (a) pure H3PW12O40, (b) 0.6 g, (c) 0.4 g
d) 0.25 g and (e) 0.05 g.
ig. 5. XRD patterns of MCM-41 and MCM-41 supported H3PW12O40 catalyst
a) MCM-41 supported H3PW12O40 and (b) MCM-41.
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Table 1
The BET area of pure 12-tungstophosphoric acid, SiO2, MCM-41, activated carbon and the supported catalysts

Pure carriers BET area
(m2/g)

Pore diameter
(nm)

Pore volume
(cm3/g)

Supported catalysts
(0.6 g HPW/g-support)

BET area
(m2/g)

Pore diameter
(nm)

Pore volume
(cm3/g)

SiO2 324.7 10.2 1.2 HPW/SiO2 177.3 9.6 0.5
MCM-41 1064.5 3.0 0.8 HPW/MCM-41 616.8 0.6, 2.8, 3.7 0.6
Activated carbon 1134.9 1.0 0.6 HPW/activated carbon 694.4 1.0, 3.7 0.4

Pure HPW 10.0 3.7 0.0

the pores (Fig. 7). The micropores of the activated carbons (ca.
1.0 nm) were in the majority. This kind of micropore was too
narrow to accommodate a 12-tungstophosphoric acid molecule
(diameter is 1.2 nm). It can also be found that the surface area
of supported catalysts (with 0.6 g loading amount of HPW)
decreased obviously compared with the pure carriers. And we
thought that there might be a progressive decrease in surface
area with the increasing loading amount of HPW.

3.2. DMDPMs synthesis over 12-tungstophosphoric acid

The catalytic performance of 12-tungstophosphoric acid for
directly synthesis of DMDPMs via the condensation of toluene
and formaldehyde are summarized inTable 2. Manily 4,4′-
DMDPM (with a selectivity of 51.2–65.3%) and 2,4′-DMDPM
(with a selectivity of 29.7–38.9%) was detected in the reac-
tion mixture. It could be found that the conversion of HCHO
increased from 26.9 to 80.1% with the added amounts of 12-
tungstophosphoric acid increased from 0.1 to 0.5 g. While the
selectivity of total DMDPMs decreased slightly from 96.3 to
89.9% and the selectivity of 3-rings products increased with
increasing conversion of HCHO. That is, higher amount of cat-
alyst was helpful for the conversion of HCHO, but it would

F erent
s 41,
(

catalyze the consecutive reaction of formed by-product. The
calculated TON value (turnover numbers, defined as (mole of
reacted HCHO)/(mole of protons in catalyst)) decreased slightly
from 232.8 to 141.9 with the amount of catalyst from 0.1 to 0.5 g.

3.3. DMDPMs synthesis on supported
12-tungstophosphoric acid catalysts

The activity of SiO2, MCM-41 and activated carbon sup-
ported 12-tungstophosphoric acid catalysts with different load-
ing amounts are summarized inTables 3–5. On SiO2 supported
catalysts, the conversion of HCHO increased obviously from
23.6 to 75.8% with the loading amount of 12-tungstophosphoric
acid and the selectivity of total DMDPMs decreased from 90.0
to 80.9%. Though the calculated TON decreased from 469.1
to 174.6 with the increase of loading amount of HPW, these
data are higher than that of unsupported 12-tungstophosphoric
acid at the same amount. We think that the increased TON of
H+ on SiO2 supported catalysts is due to the highly dispersion
of 12-tungstophosphoric acid and the highly dispersed proton
increased the accessibility of the reactants to the active sites
and enhance the efficiency of the catalyst. This allowed us to
conclude that on SiO2 support 12-tungstophosphoric acid was
molecularly dispersed and retained their protons without modi-
fication of their strength and were immobilized in the channels
b gen

F PW
c

ig. 6. Pore distribution of supports and HPW (0.6 g/g-support) on diff
upports. (a) Activated carbon, (b) HPW/AC, (c) MCM-41, (d) HPW/MVM-
e) SiO2, (f) HPW/SiO2 and (g) pure H3PW12O40.
y weak interaction with the walls, presumably by hydro

ig. 7. N2 adsorption isotherms of MCM-41 and MCM-41 supported H
atalysts. (a) MCM-41 and (b) HPW/MVM-41.
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Table 2
Condensation of toluene and HCHO on H3PW12O40 catalysts

Amount of HPW (g) Conversion (of HCHO %) TONa Selectivity (on the basis of HCHO) (mol%)b

2,2′-DMDPM 2,4′-DMDPM 4,4′-DMDPM 3-ring products

0.1 26.9 232.8 1.2 38.9 56.2 3.7
0.2 47.7 206.3 1.0 29.7 65.3 4.0
0.3 64.5 174.4 1.1 32.5 59.4 7.0
0.4 76.5 152.3 1.3 36.3 51.2 11.2
0.5 82.1 141.9 1.4 35.4 53.1 10.1

Reaction conditions: toluene, 450 mmol; paraformaldehyde, 90 mmol; catalyst, 1.0 g; reaction temperature, 140◦C; 4 h.
a TON: turnover numbers, defined as (mole of reacted HCHO)/(mole of protons in catalyst).
b The selectivity of DMDPMs were calculated as (mol of DMDPM)/(total mol of DMDPMs + 2× mol of 3-ring products)× 100%.

Table 3
Condensation of toluene and HCHO on SiO2 supported H3PW12O40 catalysts

Loading amount/g-HPW/g-SiO2 Conversion (of HCHO %) TONa Selectivity (on the basis of HCHO) (mol%)b

2,2′-DMDPM 2,4′-DMDPM 4,4′-DMDPM 3-ring products

0.05 17.6 429.1 1.8 26.7 61.5 10.0
0.15 54.7 362.6 1.1 32.5 50.3 16.2
0.25 66.4 286.7 1.1 30.5 50.2 18.2
0.40 71.8 217.1 1.0 31.7 49.1 18.2
0.60 75.8 174.6 1.2 32.5 47.2 19.1

Reaction conditions: toluene, 450 mmol; paraformaldehyde, 90 mmol; catalyst, 1.0 g; reaction temperature, 140◦C; 4 h.
a TON: turnover numbers, defined as (mole of reacted HCHO)/(mole of protons in catalyst).
b The selectivity of DMDPMs were calculated as (mol of DMDPM)/(total mol of DMDPMs + 2× mol of 3-ring products)× 100%.

Table 4
Condensation of toluene and HCHO on MCM-41 supported H3PW12O40 catalysts

Loading amount (g-HPW/g-MCM) Conversion (of HCHO %) TONa Selectivity (on the basis of HCHO) (mol%)b

2,2′-DMDPM 2,4′-DMDPM 4,4′-DMDPM 3-ring products

0.05 26.8 532.2 1.3 36.1 54.3 8.3
0.15 52.1 385.1 1.2 35.9 50.3 12.6
0.25 63.2 289.4 1.2 34.2 50.5 14.1
0.40 69.2 217.8 1.1 34.0 50.1 14.8
0.60 76.4 176.7 1.1 31.9 49.1 17.9

Reaction conditions: toluene, 450 mmol; paraformaldehyde, 90 mmol; catalyst, 1.0 g; reaction temperature, 140◦C; 4 h.
a TON: turnover numbers, defined as (mole of reacted HCHO)/(mole of protons in catalyst).
b The selectivity of DMDPMs were calculated as (mol of DMDPM)/(total mol of DMDPMs + 2× mol of 3-ring products)× 100%.

bonding with silanol groups as suggested in ref.[27]. But the
negative effect of these immobilized 12-tungstophosphoric acid
catalysts is that they enhanced the formation of 3-rings products
due to the consecutive electrophilic attacks to the DMDPMs.

On MCM-41 supported 12-tungstophosphoric acid catalysts,
the conversion of HCHO increased quickly from 29.3 to 67.0%
with the loading amount of HPW raised from 0.05 to 0.25 g,
and then increased slightly. The selectivity of total DMDPMs

Table 5
Condensation of toluene and HCHO on activated carbon supported H3PW12O40 catalysts

Loading amount (g-HPW/g-SiO2) Conversion (of HCHO %) TONa Selectivity (on the basis of HCHO) (mol%)b

2,2′-DMDPM 2,4′-DMDPM 4,4′-DMDPM 3-ring products

0.05 2.7 48.8 2.0 29.7 65.8 2.5
0.15 7.3 48.5 2.2 28.5 67.1 2.2
0.25 11.0 47.7 2.3 27.8 64.7 5.2
0.40 14.7 44.6 2.4 29.2 62.8 5.6
0.60 15.7 36.1 2.2 28.6 63.7 5.5

Reaction conditions: toluene, 450 mmol; paraformaldehyde, 90 mmol; catalyst, 1.0 g; reaction temperature, 140◦C; 4 h.
a TON: turnover numbers, defined as (mole of reacted HCHO)/(mole of protons in catalyst).
b The selectivity of DMDPMs were calculated as (mol of DMDPM)/(total mol of DMDPMs + 2× mol of 3-ring products)× 100%.
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decreased slightly with the loading amount of HPW increased.
The calculated TON of H+ in MCM-41 supported catalysts
are also higher than that of unsupported 12-tungstophosphoric
acid at the same amount. Though the surface area of MCM-
41 (1064.5 m2/g) is several times higher than that of SiO2
(324.7 m2/g, Table 1), 12-tungstophosphoric acid supported on
MCM-41 did not exhibit any predominance compared to SiO2.
We thought that this might be due to the poor stability of the
MCM-41. That is, the long-range order meso-porous MCM-
41 was destroyed in some extent and there is increased dis-
order within the pores during the impregnation step as the
strong acidity of the aqueous solution of 12-tungstophosphoric
acid.

The activity of activated carbon supported 12-tungstop-
hosphoric acid was poor for the synthesis of DMDPMs directly
from toluene and HCHO. The detected conversion of HCHO
and TON were even lower than that of unsupported 12-
tungstophosphoric acid. Previous work found that the conden-
sation between toluene and HCHO to DMPMs involves two
consecutive electrophonic attacks to an aromatic ring and both
of these attacks need to be catalyzed by acid catalysts, and only
strong acid sites are active[23]. While the 12-tungstophosphoric
acid adsorbed strongly on activated carbon, and the adsorption
was believed to involve proton transfer from the HPW to the car-
bon[28]. As a result the acid strength of 12-tungstophosphoric
acid supported on active carbon was weaker than that of pure
1

4

acid
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tungstophosphoric acid showed a low activity for this reaction
due to the decreased acidity.

Acknowledgement

This research work was supported by the Natural Science
Foundation of Zhejiang Province, China (M203078).

References

[1] R. Commandeur, N. Berger, P. Jay, J. Kervennal, European Patent
0442986 (1991).

[2] M. Akatsu, H. Takayama, European Patent 0428081B1 (1990).
[3] Y. Izumi, N. Natsume, H. Takamine, J. Tamaoki, K. Urabe, Bull. Chem.

Soc. Jpn. 62 (1989) 2159.
[4] J.H. Clark, A.P. Kybett, D.J. Macquarrie, S.J. Barlow, P. Landon, J.

Chem. Soc. Chem. Commun. (1989) 1353.
[5] J.M. Lalancette, U.S. Patent 3,880,944 (1975).
[6] H. Schmall, W. Schunack, Sci. Pharma. 42 (1974) 248.
[7] P. Laszlo, A. Mathy, Helv. Chem. Acta 70 (1987) 577.
[8] T.S. Thorat, P.S. Khumbar, G.D. Yadav, Tetrahedron Lett. 34 (1993)

529.
[9] K. Tanabe, T. Yamagata, T. Takeshita, J. Res. Inst. Catal. Hokkaido

Univ. 12 (1965) 230.
[10] T. Takeshita, K. Arata, T. Sano, K. Tanabe, Kogyo Kagaku Zasshi 69

(1966) 916.
[11] A. Cornelis, C. Dony, P. Laszlo, K.M. Nsunda, Tetrahedron Lett. 34

(1993) 529.
[12] E. Herdieckerhoff, W. Sutter, German Patent 1,051,864 (1959).
[
[ atent

[ 68).
[
[
[
[
[
[
[
[ 09.
[ oc.,

[ org.

[ 05)

[ van

[ 80
2-tungstophosphoric acid.

. Conclusion

As a conclusion, we found that 12-tungstophosphoric
ould be dispersed highly on the surface of SiO2 and MCM-41
hese supported 12-tungstophosphoric acid catalysts are

n separation and would increase the accessibility of the rea
o the active sites in the condensation of toluene and form
yde. SiO2 and MCM-41 supported 12-tungstophosphoric
atalysts exhibited higher activity than that of unsuppo
2-tungstophosphoric acid. The best yield of total DMDP
eached 61.3% on SiO2 supported HPW (with 0.6 g loa
ng amount of HPW). While the main drawback of MCM-
upported catalysts is that the long-range order meso-p
CM-41 was destroyed in some extent during the imp
ation step as the strong acidity of the aqueous solutio
2-tungstophosphoric acid. And active carbon supported
le
ts
-

s

f
-

13] J. Haydn, H. Holzrichter, German Patent 1,089,168 (1960).
14] R. Stroh, J. Ebersberger, H. Haberland, W. Hahn, German P

1,05,271 (1959).
15] R. Van Helden, C.F. Kohl, H.D. Scharf, British Patent 1,110,029 (19
16] A.P. Singh, B. Jacob, S. Sugunan, Appl. Catal. A. 174 (1998) 51.
17] I.V. Kozhevnikov, Chem. Rev. 98 (1998) 171.
18] I.V. Kozhevnikov, Catal. Rev. -Sci. Eng. 37 (1995) 311.
19] M. Misono, Catal. Rev. -Sci. Eng. 29 (1987) 269.
20] Z.Y. Hou, T. Okuhara, Appl. Catal. A. 216 (2001) 147.
21] Z.Y. Hou, T. Okuhara, Chem. Commun. (2001) 1686.
22] Z.Y. Hou, T. Okuhara, J. Mol. Catal. A. 206 (2003) 121.
23] D.F. Jin, Z.Y. Hou, Y.M. Luo, X.M. Zheng, Catal. Lett. 102 (2005) 1
24] R. Schmidt, D. Akporiaye, M. Stocker, O.H. Ellestad, J. Chem. S

Chem. Commun. (1994) 1493.
25] C. Rocchiccioli-Deltcheff, M. Fournier, R. Franck, R. Thouvenot, In

Chem. 22 (1983) 207.
26] A.D. Newman, A.F. Lee, K. Wilson, N.A. Young, Catal. Lett. 102 (20

45.
27] I.V. Kozhevnikov, K.R. Kloestra, A. Sinnema, H.W. Zandbergen, H.

Bekkum, J. Mol. Catal. A 114 (1996) 287.
28] M.A. Schwegler, M. Van der Eijk, H. Van Bekkum, Appl. Catal. A.

(1992) 41.


	Synthesis of dimethyldiphenylmethane over supported 12-tungstophosphoric acid (H3PW12O40)
	Introduction
	Experimental
	Preparation of catalysts
	Characterizations
	Catalytic reaction

	Results and discussion
	Characterizations of supported 12-tungstophosphoric acid catalysts
	DMDPMs synthesis over 12-tungstophosphoric acid
	DMDPMs synthesis on supported 12-tungstophosphoric acid catalysts

	Conclusion
	Acknowledgement
	References


