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A novd catalytic method for the alkylation of benzene to
diphenylmethane over H-ZSM-5 zeolite catalysts
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Vapour-phase catalytic alkylation of benzene to diphenylmethane in high selectivity (92.5%) at 30.7 wt% conversion of benzene is
reported for the first time using dichloromethane (DCM) as an akylating agent and H-ZSM-5 as the catalyst.
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1. Introduction

Diphenylmethane is used in the fragrance industry both
as a fixative and in scenting soaps [1]. It can serve as a
synergist for pyrethrin in pesticides and insecticides [2,3].
Diphenylmethane is recommended as a plasticizer to im-
prove the dyeing properties [4], as a solvent for dyes [5]
and as a dye carrier printing with disperse dyes [6]. The
addition of diphenylmethane to saturated, linear polyesters
improves their therma stability [7] and its addition to
jet fuels increases their stability and lubricating proper-
ties [8]. Industridly, diphenylmethane is synthesized by
the Friedel-Crafts reaction of benzyl chloride with ben-
zene in the presence of a Lewis acid catalyst, AICI3 [1,9].
Diphenylmethane is also produced by the reaction of
dichloromethane with benzene in the presence of AlCl;
[9,10]. Other known catalysts of this process are elemental
aluminium, FeCls, SbCls, ZnCl,—HCI, and boron fluoride
dihydrate [1]. Apart from these catalysts, when sulphuric
acid is used as acatalyst [11] diphenylmethaneyield is 83%
and with polyposphoric acid [12] yield is over 90%. How-
ever, homogeneous systems have their own limitations as
these systems pose environmental and difficult operational
problems, catalyst recovery from the product and require-
ment of a stoichiometric amount of the catalyst. In addition,
they produce large amounts of undesired products. In view
of the above it was of interest to develop a new methodol-
ogy for the synthesis of diphenylmethane.

Zeolite catalysts, due to their shape selectivity, thermal
stability, the easy separation from the products and the pos-
sibility of regeneration of deactivated catalyst, have been
used widely in the field of petrochemistry [13] and, re-
cently, in the fine organic synthesis [14-16]. However, the
potential of zeolite catalysts in the synthesis of diphenyl-
methane has not yet been exploited. Here, we disclose the
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first report of diphenylmethane synthesis from benzene and
dichloromethane using zeolites as catalysts.

2. Experimental

Zeolite ZSM-5 and Beta were synthesized and changed
into protonic forms following the literature procedure
[17,18]. H-mordenite was supplied by Laporte Inorganics,
Cheshire, UK. Zeolite samples were characterized by AAS
(Hitachi 800) for their chemical composition. X-ray powder
diffraction (Rigaku, D-max/I1-VC model, Cu K« radiation)
for crystallinity and phase purity and scanning electron mi-
croscopy (Cambridge Stereoscan 400) for morphology and
crystal size. The surface area of the zeolites was measured
by the nitrogen BET method using an Omnisorb 100 CX
apparatus. Acidity of the zeolites was determined by the
temperature-programmed desorption of ammonia[19]. The
main characteristics of the zeolite used are summarized in
table 1.

The gas-phase alkylation reactions of benzene with
DCM were carried out with a fixed-bed glass reactor
(1.4 cm1.D.) under atmospheric pressure. The catalyst sam-
ple (2.0 g) was utilized in particles with dimensions in the
15-30 mesh range. A mixture of benzene and DCM (2:1
molar ratio) was fed into the reactor by a syringe pump. The
products were collected in an ice trap and analysed by agas
chromatograph (HP 6890) equipped with a flame ionization
detector and awide bore capillary column (30 mx 0.52 mm)
coated with methylsilicon gum. Reference substances and
GC-MS (Shimadzu GC-M S-OP-2000 ) were used for the
identification of the products.

3. Reaults and discussion

The catalytic activities of various zeolites for the alkyla-
tion of benzene are examined under similar reaction condi-
tions at 503 K. The results are listed in table 1. The main
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Table 1
Alkylation of benzene to diphenylmethane.2

Catalyst SO,/ NH3 desorbed at different NH3 React. Alkylating Conv. TOFP Product distribution®
Al,O3 temperature (mmol/g) chemisorbed temp. agent of (x10~3 mol s—1 (Wt%)
ratio 303- 353—- 433- 513~ 653~ at 303K (K) benzene mol—1 Al) DPM CgHsCH3 Others
353 K 433K 513K 653K 773 K  (mmol/g)
H-gd 260 014 024 005 016 0.16 0.75 503 CHyCl; 45 0.09 251 68.1 6.8
H-mordenite® 22.0 020 0.17 015 012 0.07 0.71 503 CHCl, 17 0.03 254 254 49.2
H-ZSM-5f 410 055 016 005 026 021 1.23 463  CHyCl, 8.8 0.26 97.9 0.8 13
H-ZSM-5f 41.0 - - - - - - 483 CHyCl, 161 0.47 96.0 14 2.6
H-ZSM-5f 41.0 - - - - - - 503 CH)Cl, 30.7 0.90 92.5 37 38
H-ZSM-5f 41.0 - - - - - - 523 CH.Cl, 318 0.93 82.0 7.2 10.8
H-ZSM-5f 41.0 - - - - - - 503  1,3,5-tri- 7.30 0.21 60.2 14.6 25.2
oxane

aReaction conditions: catalyst weight = 2.0 g; benzene/CH,Cl, (molar ratio) = 2:1; feed ratio = 2 ml/h.

b Turnover rates are expressed as turnover frequencies (TOF, mole of benzene converted per second per mole of aluminium).
¢DPM = diphenylmethane (CgHsCH,CsHs); CsHsCH3 = toluene; others = benzyl chloride and heavier products.

dH-beta: degree of Ht exchange >98.7%:; crystal size = 0.5 um; surface area = 745 m?/g.
€ H-mordenite: degree of HT exchange >98%; crysta size = 1.0 um; surface area = 552 m?/g.
fH-ZSM-5: degree of HT exchange >98%; crystal size = 0.4 um; surface area = 413 m2/g.

product of the reaction is diphenylmethane (DPM). Small
amounts of toluene, benzyl chloride and heavier products
(others) are also detected.

Among the zeolite catalysts screened, H-ZSM-5isfound
to be a more active and selective catalyst in the conversion
of benzene and formation of DPM. In addition, the turnover
rate of benzene conversion (TOF) is found to be higher
(0.90 x 1072 mol s~ mol—* Al) at 503 K over H-ZSM-5
than that of H-beta (0.09 x 10~3 mols~*mol~* Al) and
H-mordenite (0.03 x 10~3 mol s~* mol— Al), whereas H-Y
and amorphous SiO,—Al,O3; were not able to catalyse the
reaction. Presumably, the higher activity of H-ZSM-5 may
be attributed to its smaller crystal size and stronger Brgnsted
acid sites compared to the H-beta and H-mordenite zeo-
lites [19] (table 1). The higher selectivity for DPM over
H-ZSM-5 may be explained on the basis of its small open-
ning (0.51 x 0.55 and 0.54 x 0.56 nm) compared to the
H-beta (0.55 x 0.70 nm) and H-mordenite (0.65 x 0.7 nm).
The conversion of benzene under identical reaction condi-
tions (503 K) over H-beta, H-mordenite and H-ZSM-5 are
found to be 4.5, 1.7 and 30.7 wt%, respectively. The cor-
responding selectivities for diphenylmethane are 25.1, 25.4
and 92.5%, respectively (table 1). The mechanism for the
formation of diphenylmethaneis not ascertained yet. How-
ever, it is assumed that the formation of diphenylmethane
in the alkylation of benzene with CH,Cl, takes place by
a secondary pathway [9,10]. Presumably, the mechanism
involves the polarization of CH,Cl, into an electrophile
(CHQFCI) by the acidic catalyst, which attacks the benzene
ring and leads to the formation of benzyl chloride [9,10].
Further, heterolytic dissociation of benzyl chloride into a
benzyl cation (CsHsCHZ'), and reaction of the benzyl cation
with benzene results mainly in the formation of diphenyl-
methane [9,10], a fact which suggests that the formation of
diphenylmethane occurs by a polar rather than a homolytic
process.

The conversion of benzene decreases with the progress
of the reaction (reaction conditions: table 1, catalyst =

H-ZSM-5, reaction temperature = 463 K). A marginal in-
creasein the selectivity for DPM is noticed with the reaction
time.

Table 1 aso illustrates the conversion of benzene,
turnover rates of benzene and selectivity for DPM as a
function of reaction temperature. The turnover rate of ben-
zene conversion (TOF) is increased from 0.26 to 0.93 x
10~2 mol s~ mol~* Al, when the reaction temperature is
raised from 463 to 523 K. The corresponding selectivity
for DPM decreased from 97.9 to 82.0%, respectively. The
results show that higher temperature favours the formation
of toluene and heavier products. The apparent activation
energy over H-ZSM-5 is found to be 57.3 kJ/mol.

1,3,5-trioxane is also used as an akylating agent instead
of CH,Cl,, but the zeolite H-ZSM-5 is not found active
and selective under the reaction conditions (table 1).

4, Conclusions

In summary, zeolite H-ZSM-5 catalyzes the akylation
of benzene with CH,Cl;, efficiently which leads to the for-
mation of diphenylmethane in high selectivity. A higher
yield of diphenylmethane is obtained by raising the reac-
tion temperature.
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