Available online at www.sciencedirect.com

science (@horneer

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

HVINO3 10N

oo &‘;
ELSEVIER Journal of Molecular Catalysis A: Chemical 229 (2005) 227-231

www.elsevier.com/locate/molcata

Friedel-Crafts benzylation of benzene using Zn and Cd
ions exchanged clay composites

Omar Saaduddin AhmédDipak Kumar Duttg*

a Department of Chemistry, Bahona College, Bahona, Jorhat 785101, Assam, India
b Material Science Division, Regional Research Laboratory (CSIR), Jorhat 785006, Assam, India

Received 2 June 2004; accepted 11 November 2004

Abstract

Metal ion-exchanged clay composites such ds-Mont and M'-Mont (AT) where M =Zn and Cd, Mont=montmorillonite clay of the
types Mont (SWy-2) and Mont (Neelkanth), and AT = acid treated have been synthesized, characterized and evaluated as catalysts for Friedel-
Crafts reaction particularly for benzylation of benzene. XRD study reveals that, in general, the basal shggingr(eases as the interlayer
cations of Na—Mont or B-Mont are exchanged with Zhor Cc?* ions and interlamellar spacings are maintained in the range 3.9-5.3 and
4.3-6.0A, respectively, at room temperature. The basal spadgg) of Mont; supported composites are higher than Mantd therefore
substantiate the advantage of the former over the latter in preparing metal ion-exchanged clay composites useful as solid acid catalysts. During
the initial benzylation reactions, €dexchanged composites, in general, show higher activity but in the long fiireXohanged clays exhibit
higher catalytic activities. In general, acid treated metal ion-exchanged clay composites exhibit higher catalytic activity than non-@cid treate
ones because the former show higher surface area as well as higher acid sites.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tions[3—6]. Treatment of clays with acid has been reported
to replace exchangeable cations witfi idns and leaching
Different types of modified supported inorganic reagents Al3* out of both tetrahedral and octahedral sites but leav-
are rapidly emerging as new and environment friendly materi- ing the SiQ group largely intacf7]. Such acid treated clays
als[1]. Attempts are being made to replace highly corrosive are therefore partially delaminated and exhibit higher surface
HF in olefin alkylation, anhydrous Alglin Friedel-Crafts area, pore volume and pore diameter but lower CEC values
alkylation, etc. by such supported solid acid catalysts. Re- than the parent clay8,8—10] The exchangeable cations in
placement of the exchangeable interlayet Mas of mont- these materials play a key role in controlling surface acidity
morillonite (Mont) clay by high charge density cations such and catalytic activity. Presence of protons and coordinatively
as ARt Zn?*, Fé* leads to clay layers of high acidity and are  unsaturated cationic centers on the surface and interlamellar
described as broad spectrum catalysts for organic synthesispacing of the clay impart Brgnsted and Lewis acidities to it.
[1,2]. Such clays at high temperature reduce to Lewis acid- Replacement of environmentally unacceptable anhydrous
ity through the loss of interlayer water. It, therefore, appears AICI3, an established catalyst for Friedel-Crafts alkylation,
that suitable supported metal ions on Mont may play key role by supported AIG4 on Mont K10 (an acid treated Mont) has
as solid acid catalysts in reactions like Friedel-Crafts alkyla- been claimed to be an efficient cataly1]. Another such
example is ‘Clayzic’ which exhibits both Brgnsted and Lewis
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in Friedel-Crafts alkylation by using transition metal ion- for 4 h. After cooling, the slurry was filtered under suction,
exchanged Mont K1(13,14] washed with distilled water and finally dialysed against dis-

The present work reports the preparation of metal ion- tilled water till the conductivity of the dialysate approached
exchanged clay composites like''MMont and M'-Mont that of distilled water and showed negative test for Gith
(AT) (where M=2Zn, Cd; AT =acid treated) and their solid silver nitrate. The mass was then dried at458°C in air
acid catalytic activities towards Friedel-Crafts benzylation of oven to obtain the solid product. The CEC of the acid treated
benzene. These metal ions exchanged clay composites havelays H'—Mont were found to be 35 and 70 mequiv./100g
been characterized by X-ray diffraction analysis, surface areaclay for Mont and Mong clays, respectively.

and acid sites determination.
2.4. Synthesis of l4-Mont (AT)

2. Experimental A volume of 100 ml of 1% slurry of —=Mont in aqueous
) medium was treated with equal volume of 2 M metal chlo-
2.1. Materials and methods ride (MCL) solution (where M=Zn, Cd) and stirred for a

period of 12 h and then set aside for settling. The supernatant
salt solution was removed and again added 100 ml of 2 M
metal chloride solution. Stirring and removal of supernatant
solution was repeated and then distilled water was added,
stirred, settled and decanted off. The large excess of salt was
removed by this process. When the clay stopped settling, the
remaining salt was removed by subjecting the slurry to dialy-
sis against distilled water till the conductivity of the dialysate
approached that of distilled water and showed negative test
for CI~ ion with silver nitrate. The metal ion-exchanged acid
treated Mont{M''—Mont (AT)} so produced was then dried

at 50+ 5°C in an air oven to obtain the solid products.

Two Mont clays were chosen for studies: (1) bentonite
(SWy-2) from Crook County Wyoming USA (Monthere-
after) and (2) bentonite from Neelkanth Sodaclays and Pul-
verizers, Jodhpur, India (Mophereafter). Clays contained
silica sand, iron oxide, etc. as impurities and were purified by
the sedimentation methg#l5] to collect the <3um fraction.

The oxide compositions of the Manand Mong determined

by weight chemical and flame photometric methods were
Si0,:58.12 and 49.42; ADs3: 18.93 and 20.02; E©3: 4.63
and 7.49; MgO: 2.52 and 2.82; Ca0O: 1.12 and 0.69; LOI:
13.54 and 17.51; others (M@, KoO and TiQ) 1.14 and
2.05wt.%, respectively.

The clays were converted to the homoionic Na-exchangeds 5 gasgl spacing ¢ 1) determination by XRD
form Na—Mont by stirring in 2M NaCl solution for about technique
78 h, which was washed and finally dialyzed against dis-
tilled water until conductivity of the dialyzate approached Thin layered (oriented) samples were prepared on glass
that of distilled water. The cation exchange capacities (CEC) g|ides by standard techniq{t7,18]for basal spacingd o 1)
of Mont; and Mong, clay as determinefl6] were found 0 getermination by XRD. Diffraction patterns were taken in the
be 80 and 114 mequiv./100g of clay, respectively. range 2=2-60 at a rate of 6/min (X-ray diffractometer

) JEOL, JDX-11p 3A, Japan).
2.2. Preparation of M—Mont

] 2.6. Acid sites determination
A volume of 100 ml of 1% slurry of Na—Mont in aqueous

medium was treated with equal volume of 2 M metal chloride The Ca_ta|ysts were degassed ati6@nder ﬂowmg nitro-
(MCIy) solution (where M =Zn, Cd) and stirred for a period gen for 2h. Ammonia gas was then purged at 10@or 2 h.
of 12 h and then set aside for Settling. The Supernatant SaltThe amount of acid sites were determined from the desorp-
solution was removed and again 100 ml of 2 M metal chloride tjon of chemisorbed ammonia by thermogravimetric analysis

solution was added. Stirring and removal of supernatant solu-(TA instruments, Model STD 2960 simultaneous DTA-TGA)
tion was repeated and then distilled water was added, stirred,in the temperature range 150—6%0

settled and decanted off. The large excess of salt was removed

by this process. When the clay stopped settling, the remaining2.7. Surface area measurement

salt was removed by dialysis of the product against distilled

water till the conductivity of the dialysate approached that of ~ Surface area of the clay composites were determinegby N

distilled water and showed negative test for @lith silver adsorption at-196°C and application of the BET equation.
nitrate. The metal cation-exchanged Mont'(Mont) com- Prior to adsorption, clay samples were degassed at@50
posites thus obtained were dried at-56°C in air oven to for about 2 h. The adsorption and desorption isotherm were
obtain the solid products. recorded on a Smart Sorb 91 Surface Area Analyser.
2.3. Acid treatment of Mont 2.8. Procedure for benzylation of benzene

An amount of 3 g of dry <2um fraction clay particles was The M'-Mont, H*—Mont and M' —~Mont (AT) composites

treated with 100 ml of 0.7 M HCI and the slurry was refluxed for both the clays Montand Mon were used as Friedel-



0.S. Ahmed, D.K. Dutta / Journal of Molecular Catalysis A: Chemical 229 (2005) 227-231

Crafts catalysts, particularly for benzylation of benzene. Cat-
alysts were activated under dry air at T8Dfor 3 h. A typical
experiment may be described as mixing 8 ml of benzene and
0.24 ml of benzyl chloride in a round bottom flask and stirred
atroom temperature with the catalyst (containing 0.105 mmol
cation). The product, diphenylmethane, was collected at dif-
ferent time intervals and analysed by GC (Chemito GC,
Model 8510, FID).

3. Results and discussion
3.1. X-ray diffraction studies

The XRD patterns along with basal spacindpd1)
of Na-Mont, Na—Monp, zn'-Mont, zn''-Mont,
Cd'-Mont; and Cd —Mont, are shown irFig. 1 The basal
spacing @po1) of Na—Mom_a_(12.4,&) shows an increase
when the interlayer cations are exchanged witi*Zand
Cd?* ions and the values are 14.6 and 14,9espectively.
Similarly, basal spacingdfo1) values of Z#-Mont, and
Cd'-Mont, are 13.7 and 134, respectively, as com-
pared to that of Na—Mogt(12.5,&). Thus, it reveals that
Zn?*/Cd?* exchanged clays maintain interlamellar spacing
in the range 3.9-5.& at room temperature and in general
Mont; supported composites show higher basal spacing
(doo1) as compared to Moptsupported composites which
substantiate the advantage of Mpot/er Mont as catalyst
support.

The XRD patterns of B-Monty, H*—Montb, Zn''-Mont,
(AT), zn"-Mont, (AT), and Cd'-Mont; (AT) and
cd'-Mont, (AT) along with their basal spacingldo1) are
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Fig. 1. XRD patterns and basal spacidgd1) of Na—Mont (a), Zd'-Mont;
(b), cd'-Mont; (c), Na—Mon (d), Zn'—-Mont; (e) and CH—Mont, (f).

229

12.4A 12.2A

13.9A
14.7A

14.0A

Intensity in Arbitrary Units

15.6A

o

20 Degrees

Fig. 2. XRD patterns and basal spacidg1) of H*—Mont; (a), Zd'-Monty
(AT) (b), Cd'-Monty (AT) (c), H*-Mont, (d), Zn'-Mont, (AT) (e) and
cdi—Mont, (AT) (f).

shown inFig. 2 The basal spacingd§o1) of H*—Mont;

and H'—Mont, are 12.4 and 124, respectively, imply-

ing that the laminar structures of the clays are retained
to a significant degree even after acid treatméigy. 2
shows that the basal spacirt § 1) of Zn?*-exchanged acid
treated Mont clays are 14.7 and 1A %or Zn''-Mont,

(AT) and zd'-Mont, (AT), respectively, while the basal
spacing €0 1) of C*-exchanged acid treated Mont clays,
i.e. Cd'-Mont; (AT) and Cd'-Mont, (AT) show higher
values at 15.6 and 144 respectively. Thus it reveals
that the acid treated metal ion-exchanged clay composites
maintain the layered structures having interlayer spacing
of about 4.3-6.@ at room temperature. Such composites
are found to be stable up to about 2@ These layered
composites are likely to act as size/shape selective cata-
lysts.

3.2. Acid site and surface area data

The amount of acid sites (Brgnsted and Lewis) were de-
termined from the desorption of ammonia in the temper-
ature range 150-65@ of ammonia treated highly active
Zn?*containing composites are shownTable 1 It reveals
from Table 1that the amount of acid sites as well as surface

Table 1

Acid sites and surface area of different'Zeontaining catalysts

Catalyst Amount of acid sites (mmol/g)  Surface ared/¢n
zn"'-Mont 1.299 72.89

Zn'-Monty (AT) 1.612 93.91

zn''-Mont, 1.176 40.55

Zn'—-Mont, (AT) 1.415 54.26
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area of acid treated metal ion-exchanged clay composites ar¢ 120 4

higher than non-acid treated ones. 100

3.3. Benzylation of benzene with benzyl chloride < 801
=

Benzylation of benzene to produce dephenylmethane;‘)
(Eq. (1)) in presence of different solid acid catalysts 40 |

like zn"-Mont;, zn''-Mont,, Cd'-Mont;, Cd'-Mont,,

60

H*—Mont;, H*—Mont, Zn''-Mont, (AT), Zn''-Mont, (AT), 20 4
Cd'-Mont, (AT) and Cd'—Mont, (AT) at room temperature . | :
are studied in details. The major product, diphenylmethane, os 1 2 a4 0 a4 4z @
CH,Cl Solid acid catalyst CH Time (h)
+ © Room temperature ©/ Z\© + HCI EZo"Mont, [0Zn™Mont; B Cd™Mont, M Cd"Mont,
Benzyl chloride Benzene Diphenylmethane (1) Fig. 3. The percentage yield of diphenylmethane in benzylation of benzene

at room temperature against reaction time in presence of different metal
is collected at different time intervals and analyzed by gas lig- ion-exchanged Mont catalysts.
uid chromatography. Different yield percentages of diphenyl-
methane from benzylation of benzene against time in pres-in a reaction period of 4 h while during 10 h of reaction time,
ence of different metal ion-exchanged clay catalysts at room a reverse trend of yields, i.e. 4.9 and 2.4% are observed. On
temperature are shownffig. 3. Zn'-Mont; and Cd —Mont further increasing the reaction periods up to 24, 48 and 72 h
show initially 0.3 and 7.2% yields of diphenylmethane, re- the corresponding yields obtained are 54.6 and 7.4, 99.9 and
spectively, up to a reaction period of 4 h, which enhance 14.4, and 99.9 and 31.7%.
to 5.1 and 12.3%, respectively, during the period of 10h,  The conversion to diphenylmethane in presence of
but on increasing the reaction time (24 h) a reverse trend of different acid treated and metal ion-exchanged clay catalysts
yields, i.e. 63.5and 28.6%, respectively, are observed. Onfur-at room temperature against time of reaction are shown in
ther increasing the reaction time up to 48 h, the compositesFig. 4 The yields against H-Mont;, Zn''-Mont; (AT) and
Zn''-Mont; and Cd —Mont; show the corresponding yields Cd'-Mont; (AT) catalysts are 1.2, 11.9 and 22.1%, respec-
99.8 and 94.3% and finally within 72 h of reaction time both tively, within a period of 4 h, while in 10 h reaction time,
the catalysts produce about 99.9% of diphenylmethane. In aa reverse trend between ZaMont; (AT) and Cd'-Mont,
similar manner, Zh-Mont, and Cd—Mont, show initially (AT) is observed and the corresponding conversions are 5.3,
0.2 and 1.0% conversion to diphenylmethane, respectively,92.9 and 32.8% which enhance to 31.1, 99.9 and 46.7%,
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Fig. 4. The percentage yield of diphenylmethane in benzylation of benzene at room temperature against reaction time in presence of diffatedtraeitre
ion-exchanged Mont catalysts.
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