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Abstract

Al-MCM-48 molecular sieves (Si/Al = 25, 50, 75 and 100) were synthesized hydrothermally

using cetyltrimethyl ammonium bromide as the structure directing template. The orderly

arrangement of mesopores was evident from the low angle X-ray diffraction patterns and TEM

images. The catalytic performance was evaluated in the vapour phase isopropylation of phenol with

isopropyl acetate. Phenol conversion decreased with increase in the Si/Al ratio of the catalysts.

The major reaction product was 4-isopropyl phenol (selectivity: 78%). Delocalization of phenolic

oxygen electron pair over the aromatic ring promoted para-selective alkylation. Such delocalization

could be aided by the hydrophilic surface of the molecular sieves. Though ester was used as the

alkylating agent, phenyl isopropyl ether was not formed

  

1. Introduction
Alkyl phenols are commercially important as

they are used as additives in gasoline, lubricants

and consumer products. They are also important

intermediates in the synthesis of drugs,

agrochemicals and pharmaceuticals [1]. They are

manufactured in the industries using mineral acid

catalysts such as hydrofluoric acid and sulphuric

acid under homogenous condition [2]. As those

catalysts are hazardous and corrosive in nature,

there has been interest to replace them with

eco-friendly solid acid catalysts. Phenol is

generally susceptible to direct electrophilic attack

at ortho and para positions with alkyl cations to

form ortho and para alkyl phenols. Meta alkyl

phenols are derived by the isomerization of either

ortho or para alkyl phenols. Selective alkylation is

important for commercial applications and such

selective ortho alkylation has been reported over

metal oxide catalysts [3]. Dapurkar et al. [4]

examined the catalytic activity of Al-MCM-48

catalysts in the tert-butylation of phenol and

reported enhanced activity. Based on the reports

of good catalytic performance of Al-MCM-48, in

the present study isopropylation of phenol using

isopropyl acetate (IPA) as the alkylating agent

was attempted. The same reaction was also

reported over Al-MCM-41 [5]. At feed ratio of

1:3 at 300 °C Al-MCM-41(50) showed 47%

conversion, the selectivity of 4-isopropyl phenol

was 20.4%. it gave confidence for successful

isopropylation of phenol with isopropyl acetate

over Al-MCM-48 molecular sieves.

2. Experimental
 2.1. Preparation of the catalysts 
The gel composition, TEOS: x AlO2: 0.05945

CTAB: 6 NaOH: 36 H2O was used for the

synthesis of Al-MCM-48. In a typical synthesis

of sodium form of Al-MCM-48, TEOS (30.0 g)
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was added was added slowly to a solution of

cetyltrimethylammonium bromide (31.2 g)

dissolved in distilled water (93.6 g). Sodium

hydroxide (69 ml of 1 M) was added to the

surfactant solution in order to raise the pH to

11.6. The gel formed was then stirred for 30 min

at room temperature (solution I). The required

amount of aluminium hydroxide in 31.2 ml water

was stirred for 2 h at 80 °C (solution II) and

added slowly to solution I. The resulting mixture

was then stirred for 1 h at room temperature.

The mixture was transferred to 500 ml autoclave

and kept in an air-oven at 100 °C for 72 h. The

resultant solid product was washed with distilled

water, dried at 100 °C over night and calcined at

550 °C for 1h in nitrogen atmosphere followed by

6 h in air to remove the organic template. The

Na form of Al-MCM-48 was converted to H

form by ion-exchange with 1 M ammonium

nitrate solution three times followed by calcination

at 550 °C for 6h in air.

3. Results and discussion
 3.1. XRD
The XRD patterns of Al-MCM-48(Si/Al = 25,

50, 75 and 100) are shown in Fig. 1. The

patterns due to (211) is clearly seen in all the

samples but the patterns due to (220) is not well

resolved. Although Zhao et al. [6] reported well

resolved patterns for MCM-48, such patterns are

not observed in our study. The patterns due to

(420) and (332) are overlapped in all the samples

without enough resolution. The intensity of the

patterns due to (211) plane increased with

increase in Si/Al ratio of the materials Though

TEM results indicate orderly arrangement of

pores as discussed below, such variation might be

the cause for absence of resolution f or the peaks

due to (420) and (332).

3.2. SEM and TEM
The SEM picture of Al-MCM-48(25) is shown

in Fig. 2. It shows particles of spherical

morphologies. Such morphologies were also

reported in the literature [7].

[fig 1] XRD patterns of (a) Al-MCM-48(25), (b)              
Al-MCM-48(50), (c) Al-MCM-48(75), (d) Al-MCM-48(100)

Though the particles were of different sizes, other

phases were not present. The TEM pictures of

Al-MCM-48(25) is shown in Fig.2. The pores are

arranged in an orderly by manner, illustrating

textural uniformity. Similar images were also

reported in the literature [7].

[fig 2] SEM and TEM image of Al-MCM-48(25)
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3.3. Catalytic studies
The catalytic activity of Al-MCM-48 (Si/Al

ratios 25, 50, 75 and 100) was evaluated in the

vapor phase isopropylation of phenol with

isopropyl acetate (IPA) as the alkylating agent at

200, 225, 250, 275 and 300 °C. The feed ratio

(phenol: IPA) and WHSV were 1:3 and 5.32 h-1

respectively. The major products were found to

be 2-isopropyl phenol (2-IPP), 4-isopropyl phenol

(4-IPP) and 3-isopropyl phenol (3-IPP) in addition

to small amount of isomers of diisopropyl phenols.

The effect of feed ratio on phenol conversion and

products selectivity over Al-MCM-48(25) was

studied with 1:1, 1:2, 1:3, 1:4 and 1:5 (phenol :

isopropyl acetate) and WHSV of 5.32 h-1 at 250

°C. The conversion increased from 1:1 to 1:3 feed

ratio but decreased thereafter. The decrease in

conversion at 1:4 and 1:5 is due to dilution of

phenol by the presence of excess IPA. The effect

of WHSV on phenol conversion and products

selectivity was examined over AlMCM-48(25)

with the feed ratio 1:3 at 250 °C. The conversion

decreased with increase in WHSV. But the

selectivity of 4-IPP was higher at WHSV 5.32

h-1 than others. The selectivity of 2-IPP

increased with increase in WHSV, since its

isomerization to 3-IPP could be suppressed with

increase in WHSV. The effect of time on stream

on phenol conversion and products selectivity was

studied at 250 °C over Al-MCM-48(25) with the

feed ratio 1:3 and WHSV 5.32 h-1. The phenol

conversion decreased with increase in time on

stream, but the decrease was not high at the end

of first and second hour. Hence the rate of coke

formation in the first two hours of time on

stream might be low.

4. Conclusions  
Al-MCM-48 molecular sieves were synthesized

hydrothermally using cetyltrimethylammonium

bromide as the structure directing template. The

pore size of the materials was in the range 2.12 -

2.27 nm and the surface area 1247 - 1342 m2/g.

Isopropylation of phenol with IPA was carried out

over all the catalysts. More than 90% phenol

conversion was obtained and the products were

found to be 2-IPP, 4-IPP, 3-IPP. The order of

the activity of the catalysts was Al-MCM-48(25)

> Al-MCM-48(50) > Al-MCM-48(75) >

Al-MCM-48(100). Like other mesoporous

molecular sieves, Al-MCM-48 is also convenient

catalyst for alkylation of aromatics. Its

cross-linked pores is an important feature of it,

as it suppresses coke formation and promotes

high dispersal of active sites. Like other

mesoporous molecular sieves, it also carrier only

weak acid sites. Hence isomerization of alkyl

aromatics might be suppresses.
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