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Abstract

The mesoporous molecular sieves Si-MCM-41 and AI-MCM-41 (Si/Al = 99) were synthesized and their structures were elucidated by XRD,
N»-adsorption isotherm and TG-DTA technique. Monometallic cobalt and manganese oxides and also their bimetallic forms impregnated
Si-MCM-41 and AI-MCM-41 catalysts were prepared by wet method and characterised by XRD, AAS, DRS-UV-vis and ESR techniques.
The presence of Gb and Mrf* in the mono and bimetal impregnated catalysts was evident through DRS studies. The analysis with DRS-
UV-vis-spectroscopy showed independent existence of cobalt and manganese oxides in the bimetallic catalysts. AAS analysis showed higher
loading of manganese than cobalt and the same difference was also observed for bimetal impregnated catalysts. The vapour phase oxidatiot
of isopropylbenzene with C&free air was studied over cobalt and manganese oxide impregnated Si-MCM-41 and Al-MCM-41 catalysts.
Isopropylbenzene conversion increased with increase in temperature from 200°®, 0@ at 325C it decreased. Formation of coke has
been noted at all the temperatures. Cumene hydroperoxide, 1,2-epoxy isopropylbenzene, acetophenone and styrene were the products observ
in this reaction. Among the products, cumene hydroperoxide was found to have more selectivity than other products over all the catalysts.
Both cobalt and manganese oxide impregnated catalysts were found to have nearly the same activity. The study of time-on-stream indicated
decrease in conversion with stream due to coke formation.
© 2004 Published by Elsevier B.V.
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1. Introduction hydroperoxide and cumene hydroperoxjéle The study of
kinetics and mechanism of low temperature cumene oxida-
The development of efficient catalysts for the selective ox- tion with oxygen over the surface of simple metal oxides
idation of hydrocarbons by molecular oxygen has remained catalysts was carried out previou§h~9]. Hsu et al. discov-
a difficult challenge to the catalytic scienfd. The dom- ered that the polymer-supported catalysts can catalyze the
inant position of molecular oxygen as the oxidant for bulk reaction between cumene and oxyd#&@] to form cumene
chemical oxy-functionalizations is due to the fact that it is hydroperoxide via a free radical mechanism. They obtained
the only economically and environmentally friendly feasible the selectivity to cumene hydroperoxide 63%, but the con-
oxidant for large scale processing. The oxidation of hydro- version reported was only 6% under liquid phase reaction
carbons catalyzed by transition metal complexes has beerat 353 K. Kropf's et al. claimed that below 108G oxy-
extensively studied2-5]. Some of these oxidation reac- gen activation step responsible for the catalysis of cumene
tions are important industrial processes in making commod- oxidation by metal-phthalocyanines via Kropf’s mechanism
ity chemicals such as ethylbenzene hydroperoxetéeputyl [11-13] Maksimov et al. dealt with low temperature cumene
oxidation over the surfaces of Fe—-O/ZJe-O/TiQ and
"+ Corresponding author. Tel.: +91 44 22203158; Fe-O/ALO3 complex oxides by sol-gel methods, and ob-
fax: +91 44 22200660. tained poor (10-12%) cumene conversion and selectivity to
E-mail addresspandurangam@yahoo.com (A. Pandurangan). cumene hydroperoxide (13%d4]. In spite of the excellent
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performance of these catalysts, there are some drawbacksprepare the impregnated catalysts by stirring 6 h. The residue

For instance, the catalysts exhibited slow decomposition atwas filtered and gently washed with deionized water in order

the reaction temperature of 363 K, and hence enhancing theto remove metal ions adsorbed on the external surface. The

reaction rate by employing these catalysts was impossiblefiltrate was dried under reduced pressure, and finally calcined

at high temperaturgd5]. The main aim of this study is to  in air at 550°C for 6 h.

use MCM-41 supported cobalt and manganese oxide cata-

lysts for the oxidation of cumene using @@ee air as the  2.4. Physico-chemical characterization

oxidant, circumventing the above said drawbacks. As the

support has mesopores, they are capable of holding metal The aluminium content in AI-MCM-41 was determined

oxides in nanodimensions with high catalytic activity. Cata- using ICP-AES with allied analytical ICAP 9000. The Mn

lyst precursof16—19] supporf20-22] preparation method and Co content in Si-MCM-41 and AI-MCM-41 was esti-

[17-19,22—-25nd metal loading16,26] were observed to  mated using AAS (GBC 932 plus) by flowing acetylene and

influence the oxidation behavior of cobalt and manganeseair at a rate of 1.85 and 13.1|/min, respectively. XRD anal-

catalysts. The effects of reaction temperature, weight hourly ysis was performed on a Siemens D5005 stereoscan diffrac-

space velocity and time-on-stream on conversion and prod-tometer equipped with liquid nitrogen-cooled germanium

ucts selectivity were examined and the results discussed.  solid-state detector using Cui¢adiation. The samples were
scanned between 0.8nd 8.5 (20) in steps of 0.02with the
counting time of 5s at each point. ASAP-2010 volumetric

2. Experimental adsorption analyzer manufactured by the Micromeritics Cor-
poration (Norcross, GA) was used to determine the specific
2.1. Name of the chemicals used surface area of the catalysts at liquid nitrogen temperature.

Before the measurement, each sample was degassed at 623 K

The synthesized and impregnated MCM-41 catalysts were at 10-° Torr overnight in an out gassing station of the adsorp-
prepared by using sodium metasilicate {8#D3-5H,0), tion apparatus. The full adsorption—desorption isotherm was
cetyltrimethylammonium bromide ¢GH33(CHz)sN*Br-), obtained using BET method at various relative pressures; the
aluminium sulphate (A(SQ4)-18H,0), sulfuric acid pore size distribution and wall thickness were calculated from
(H2SO4), manganese acetateffdsMnO4-4H20), and cobalt  the nitrogen adsorption—desorption isotherms using the BJH
nitrate (Co(NQ@)2-6H,20). To study oxidation of isopropyl-  algorithm (ASAP-2010 built-in software from Micromerit-
benzene to cumene hydroperoxide, the reagent isopropylbenics).
zene was used. All the AR grade chemicals were purchased Thermal decomposition ofthe as-synthesized samples was

from E-Merck & Co. examined on Rheometric scientific (STA 15)Hhermo bal-
ance. An amount of 10-15mg of as-synthesized MCM-41
2.2. Synthesis of catalysts catalyst was placed in a platinum pan and heated from 30

to 1000°C at a heating rate of 20 K mirt in air with a flow

Al-MCM-41 (Si/Al = 99) was synthesized hydrothermally  rate of 50 mImi®. The co-ordination environment of cobalt
using a gel composition of Sg0.01 ALO3:0.2 CTAB:0.89 and manganese containing MCM-41 catalyst was examined
H2S0y:120 HO. In a typical synthesis, 21.2 g of sodium by diffuse reflectance UV-vis spectroscopy. The spectrawere
metasilicate dissolved in 80 ml deionized water was mixed recorded between 200 and 800 nm on a Shimadzu (UV-vis
with 0.67 g of aluminium sulphate (dissolved in 20 ml deion- spectrophotometer Model 2101 PC) using Ba%®the ref-
ized water). This mixture was stirred for 30 min using a me- erence. The spectra were recorded at room temperature in the
chanical stirrer, and the pH of the solution was adjusted to presence of air. The co-ordination environment of manganese
10.5 with constant stirring for another 30 min to form a gel. was analyzed by ESR technique (Varian E112 spectrometer
After that, 7.2g of cetyltrimethylammonium bromide was operating in the X-band 9 GHz region). DPPH was used as
added drop by drop (25 ml/h) through the syringe infusion the reference to mark tlgezalue. The relative ESR intensities
pump so that the gel was changed into suspension. The suswere calculated by double integration of the recorded ESR
pension was transferred into a Teflon-lined steel autoclavesignal.
and heated to 16TC for 48 h. After cooling to room temper-
ature, the product formed was filtered, washed with deionized 2.5. Experimental procedure for oxidation of

water and finally calcined in flowing air at 58 for 6 h. Si- isopropylbenzene

MCM-41 was also synthesized in a similar manner without

aluminium sulphate. The oxidation of isopropylbenzene with G@ree air was
carried out in a fixed bed down flow quartz reactor under at-

2.3. Preparation of Co and Mn impregnated catalysts mospheric pressure in the temperature range of 2002325

in steps of 25C. Prior to the reaction, the reactor packed
Fifty millilitre of 0.3 M manganese acetate/cobalt nitrate with 0.3 g of the catalyst was preheated in a tubular fur-
solutionwas mixed with 3 g of Si-MCM-41or AI-MCM-41to  nace equipped with a thermocouple. The isopropylbenzene
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was fed into the reactor using a syringe infusion pump at a are obtained. These peaks have been attributed to the broaden-
predetermined flow rate. The oxidation of isopropylbenzene ing effect of higher reflection lines due to small §j2&]. The
was carried out and the products mixture was collected for a physico-chemical properties of these mesoporous materials
time interval of 1 h. The products were analyzed by gas chro- are summarized iffable 1 The hexagonal unit cell param-
matography (Hewlett-Packard 5890A) equipped with Flame eter @g) was calculated using the formuég =2d100/./3,
lonization Detector and PONA column. The identification which was obtained from the peak in the XRD pattern by
of products was also performed on a Shimadzu GC-MS- Bragg’s equation (@sin6=A, wherex = 1.54A for the Cu
QP1000EX gas chromatograph—mass spectrometer. No sigKa radiation). The value ddp was equal to the internal pore
nificantisopropylbenzene conversion was observed when thediameter plus one pore wall thickness. The existence of the
reaction was carried out without catalyst indicating that there same peaks inthe AI-MCM-41 catalyst suggests thatthe long-
is no thermal effect on conversion. All the catalysts were re- range order is sustained even after the incorporation of metal.
generated by burning away the coke deposit formed on themThese peaks was broadened and shifted slightly to higher an-
from the previous reaction temperature by passing a streamgle with increasing metal content, although the hexagonal
of pure dry air at a temperature of 500 for 6 h. The cat- structure still remained intact. These results suggest that the
alysts were used continuously to study the effect of various regularity of the mesoporous structure decreased and the pore
parameters, viz., temperature, weight hourly space velocity size become slightly narrower with the introduction of metals
and time-on-stream. [28]. After calcination Fig. 1B), the 1 00 reflection shift to

a higher value indicating a contraction of the lattice caused

by template removal and subsequent condensation of silanol

3. Results and discussion groups.
Fig. 1C shows the XRD patterns of the manganese and
3.1. X-ray diffraction study cobaltimpregnated catalysts. The intensity of the patterns due

to 100 plane decreased and that of 11 0 and 200 planes dis-
The X-ray diffraction spectrum of MCM-41F{g. 1A) appeared owing to radiation diffusion. This can be attributed
samples contains a shatlpg g reflection line in the 2 range to the nanosize of the impregnated particles present in the
1.9-2.4. Additionally two broad peaks abZange 3.6—4.5 pores.
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Fig. 1. XRD of (A) as-synthesized, (B) calcined (a) Si-MCM-41, (b) AI-MCM-41 (99) and (C) after impregnation of (a) Co-MCM-41, (b) Co—-Al-MCM-41
(99), (c) MN-MCM-41, (d) Mn—=Al-MCM-41 (99), (€) Mn—Co-MCM-41, (f) Mn—Co—Al-MCM-41 (99).
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Table 1
Structure parameters for the Al, Mn and Co containing MCM-41 type materials
Catalysts di0o-Spacing value/°§) Unit-cell parameter/i\)

A B C A B C
Si-MCM-41 40.16 36.21 - 46.37 41.81 -
Al-MCM-41 (99) 38.75 36.82 - 44.74 42.52 -
Co-MCM-41 - - 42.89 - - 49.53
Co-Al-MCM-41 (99) - - 36.82 - - 42.52
Mn-MCM-41 - - 43.06 - - 49.72
Mn-AI-MCM-41 (99) - - 48.12 - - 55.57
Mn—Co-MCM-41 - - 61.30 - - 70.84
Mn—-Co—Al-MCM-41 (99) - - 50.08 - - 57.83

A =as-synthesized, B = calcined and C = after impregnation.

700 The initial increase in nitrogen uptake at Iy may be
600 due to monolayer adsorption on the pore walls, a sharp steep
e at intermediat®/Py may indicate the capillary condensation
£ 5001 in the mesopores and a plateau portion at HR¢fPy associ-
£ 400 e ated with multilayer adsorption on the external surface of the
,g 100 4 3 catalysts. All the catalysts show a characteristic step around
- E P/Py~ 0.3 indicating the mesoporous nature of the materials
g 200 £ J [29]. The sharpness and height of the capillary condensation
100 & ol ~ o step are the indications of pore size uniformity. Deviations
. | | BBl from sharp and well-defined pore filling step are the indica-
0 02 04 06 08 1 12 tions of increase in pore size heterogeneity. A steep rise in
(A) Relative pressure (p/po) the adsorbed amount was observed at relative pressures in
the range 0.24-0.32 Pa, being caused by capillary conden-
700 sation of nitrogen in the mesopores. This rise become more
600 4 gentle and was shifted to lower relative pressure with metal
3 — content, which suggests that the pore size was narrowed and
2 distributed. The specific surface area of samples determined
Z 4007 ‘] by the BET surface area lies in the range of 949-978m
T 300 { 2 ﬁ for Si-MCM-41 and AI-MCM-41. The surface area, pore size,
g o £ pore volume, and wall thickness are giverTable 2 It is ob-
< g °7 o o served that the surface area, pore diameter, and pore volume
100 1 Fows e h) was higher for A-MCM-41 than Si-MCM-41
0 : . ; ; ;
0 02 0.4 0.6 0.8 1 1.2 .
(B) Relative pressure (p/po) 3.3. Thermal analysis
Fig. 2. N, adsorption isotherm of calcined (A) Si-MCM-41 and (B) Al- Thermogravimetric analysis of the catalysts shows dis-
MCM-41 (99). tinct weight losses that depend on framework composition.
Fig. 3 exhibits three distinct stages of weight loss. The first
3.2. Textural property weight loss is due to desorption of watefl1.43-11.52%

was observed between 50 and 280 The second stage be-
Nitrogen adsorption—desorption isotherms for the cal- tween 150 and 350C, corresponding to a weight loss of
cined samples and their corresponding pore size distribution~32.49-27.60%, is due to the decomposition of the surfac-
calculated using the BJH method based on the adsorptiontant species. Finally, the weight loss©8.44—-11.93% from
isotherms are presentedhig. 2A and B. It is observed that 350 to 550°C is assigned to condensation of adjacent silanol
there are three distinct well-defined stages in the isotherm.groups to form a siloxane borf@0]. The total weight loss up

Table 2
Physico-chemical characterization of Al containing MCM-41 type materials

Catalysts N-adsorption isotherm TG-DTA weight loss (wt.%)

Surface area (Ag~1) Pore sized) Pore volume (cr/g) Wall thickness&) Total 50-150C 150-350C 350-550C

Si-MCM-41 949 30.1 0.95 16.27 52.36 11.43 32.49 AL
Al-MCM-41 (99) 978 32.7 0.97 12.04 51.05 11.52 27.60 9BL
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% Fig. 4. DRS-UV-vis spectra of calcined (a) Mn-MCM-41, (b) Mn-Al-
: MCM-41 (99), (c) Co—-Al-MCM-41 (99), (d) Mn—Co-AI-MCM-41 (99).
s
& s .
5 a the non-framework it is to have an octahedral environment of
H oxygen. As Mn is in 2+ oxidation state shown by ESR spec-
troscopy, it is to hav€S groundterm. A$S does not have
: . i : crystal field components, the electronic excitations are for-
0 200 400 600 800 1000 bidden, but there may be spin orbit interactions, as reported
(B) Temperature (°C) in the literaturg[32] with which some transitions may have

allowance. In conformation of this, in the DRS-UV spectra
Fig. 3. TG-DTA curve of as-synthesized (A) Si-MCM-41, (B) A-MCM-41  0f MN-MCM-41 and Mn-Al-MCM-41 the absorption bands
(99). are absorbed. But they cannot be duéAqg— 4T,4 and

charge transfer transition as reported in the litergfB®e34]

The DRS-UV spectrum of Co—AI-MCM-41 is shown in the

same figure. There are two absorption maxima, one at 280 nm
to 1000°C of the Si-MCM-41 and Al-MCM-41 samples are  and the other at 580 nm corresponding to cobalt in octahe-

in the range 52.36-51.05%. dral environment. The latter one is assigneé'[@g—> 5Eg
The DTA of the as-synthesized samples was carried outtransition and the former to charge transition. The absorp-
between 30 and 100 at a heating rate of 20 K mitt in air. tion shoulder between 300 and 400 nm is assigned to elec-

The DTA trace of Si-MCM-41 shows two broad exotherms: tronic transition of Cé"* in disordered tetrahedral environ-
the first at 230C and the second at 45C. They are as- ment.

signed to decomposition of template and condensation of de- The DRS-UV spectrum of Mn—Co-AlI-MCM-41, shown
fective sites, respectively. The DTA trace due to AI-MCM-41 in the same figure, exhibits absorption maxima, which are
shows two exothermic peaks between 200 and°@0rhe the combination of absorptions due to Mn-Al-MCM-41
intense first exotherm is due to loss of template bonded toand Co-Al-MCM-41. Based on this observation, it could
silicon sites, and the second minor exotherm due to tem-be concluded that both Mn and Co oxides are of separate
plate bonded to aluminium sites. This is the evidence for independent moieties without forming any new chemical
condensation of defective sites above 4GMut it is not as compound.

high as Si-MCM-41. From this study it can be revealed that

the presence of defective sites is more for Si-MCM-41 than 3.5. ESR spectroscopy

Al-MCM-41.

Fig. 5 shows X-band ESR spectra of calcined samples
3.4. DRS-UV-vis spectroscopy recorded at liquid nitrogen temperature. There are six hyper-
fine lines centered aroumy= 2.00 (Table 3 corresponding to
The DRS-UV-vis analysis of Mn and Co impregnated Mn?* in octahedral environment. Similar observations were
MCM-41 and Al-MCM-41 catalysts were carried out be- noted for MNn-MCM-41[35] and MnAPO-5[36] with the
tween 200 and 800 nm covering the entire ultraviolet and vis- Mn species located at non-framework positions. The split-
ible region. The spectra are presenteHiom 4 Mn-MCM-41 ting of the sextet increases from 3010 to 3550 G. Meanwhile,
and Mn—-AI-MCM-41 produce less resolved absorption band the peak-to-peak line-width increases and the line height de-
with maxima at 270 and 500 nm. These absorption maxima creases. These observations indicate that thé"Nems are
coincide with the reports in the literatufgl]. As Mn is in strongly interacting with their environment in the octahedral
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Table 3
Elemental analysis of Mn and Co containing MCM-41 catalysts
Catalysts AAS results gvalue of ESR
Theoretical (ppm) Experimental (ppm)
Mn Co

Co-MCM-41 567 - 5.06 -
Co-Al-MCM-41 (99) 567 - 457 -
Mn-MCM-41 5.67 5.12 - 2.0018
Mn-AI-MCM-41 (99) 567 5.00 - 2.0005
Mn-Co-MCM-41 1145 4.97 4.97 -
Mn—Co—Al-MCM-41 (99) 1145 6.28 4.33 -
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|
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\ \f : !
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Magnetic field (gauss)
Fig. 5. ESR spectra of calcined (a) Mn-SiMCM-41, (b) Mn—-Al-MCM-41
(99). H

Intensity

L
4200

coordination, which is consistent with non-framework posi-
tion [26].

3.6. Influence of temperature CH,
The vapour phase oxidation of isopropylbenzene over The conversion increased from 200 to 3@) but at
cobalt oxide impregnated Si-MCM-41 and AI-MCM-41 in  325°Citslight decreased. As coke formation was observed at
the temperature range 200—3Z5was studied with C&free all the temperatures, and more favored with increase in tem-
air as the oxidant. The selectivity to cumene hydroperoxide perature, the increase in conversion between 200 andG00
(CHP), 1,2-epoxy isopropylbenzene (1,2-EIPB), acetophe- was not high. Nearly similar values of conversion at each tem-
none (AP) and styrene were the products observed’ Co perature over all the catalysts might be due to similar level
catalyses oxidation of cumene by abstracting the tertiary hy- of dispersion of cobalt oxide on the catalyst surface. It is
drogen to form cumene radical as shown in the following once again supported by nearly similar level of impregnation
reaction scheme. This mechanism was also reported in theof cobalt oxide as evidenced from AAS analysTsitfle 3.
literature[37—39] The cumene radical reacts with molecular In order to test whether the carbon deposits or sintering of
oxygen to produce alkyl peroxide. The peroxide in turn ab- metal oxide caused catalyst deactivation, the spent catalyst,
stracts hydrogen from cumene to form cumene hydroperox- Co-MCM-41, was again tested for activity under identical
ide. The arolkyl hydroperoxide is decomposed catalytically conditions after activation. Before activation conversion of
to yield acetophenone and 1,2-EIPB. cumene was 50.1% and the same used catalyst after activation
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gave 49.2% conversion, proving thus only carbon deposit aswere found to be 4.8, 9.2, 16.4 and 11.3% which are very low
the cause for catalyst deactivation. compared to MCM-41 supported catalysts. It might be due
Among the products the selectivity to CHP was higher to large size of the metallic oxide.
than the others at all the temperatures studied. Its selectiv- Under the same conditions the reaction was also stud-
ity increased from 200 to 30, but at 325C it decreased.  ied over Mn-MCM-41 and Mn-AlI-MCM-41. The conver-
The decomposition of CHP might not be entirely free, but sion showed similar trend as observed with Co catalysts: the
to be assisted by the catalyst, since the selectivity was notconversion increased from 200 to 3QD but decreased af-
increased at 328C. Similar to conversion, CHP selectivity terwards. Compared to Co catalysts the Mn catalysts gave
showed similar trend of increase with increase in tempera- slightly high conversion. It might be due to high loading of
ture over all the catalysts up to 300. The selectivity to manganese oxide compared to Co catalysts. AAS analysis of
1,2-EIPB and acetophenone decreased with increase in temthese catalystsi@ble 3 showed almost similar level of load-
perature. The selectivity of 1,2-EIPB was higher than ace- ing as that of Co, therefore small increase in conversion might
tophenone at lower temperatures, but at higher temperaturebe attributed to size of manganese oxides. The selectivity to
the reverse trend is appeared. But the decrease in selectivityCHP also showed similar trend of increased with increase
of acetophenone was not higher compared to 1,2-EIPB. in temperature up to 30@ and decrease at 326 as that
The increase in the selectivity of CHP with increase in of the previous set of the catalysts. Similarly, the selectivity
temperature was equal to decrease in the selectivity of 1,2-patterns of 1,2-EIPB, acetophenone and styrene were also re-
EIPB and acetophenone with increase in temperature. Hencetained the same in this catalysts as that of the previous ones
the latter products might be obtained from the decomposition in the temperature range studied. Hence there might be high-
of CHP. The catalyst might assist the formation of these two level dispersion of manganese oxides in this catalysts. Hence
products also revealed the decomposition of CHP. At higher the mechanism detailed for Co catalysts would be similarly
temperature, the decomposition of CHP was not favored dueoperating over Mn catalysts.
to less adsorption of it on the catalyst surface. The less selec- Thereactionwas also studied with binary Mn and Co oxide
tivity of CHP at 325°C contradicts this view, as the expected impregnated catalysts (Mn—Co-MCM-41 and Mn—Co-Al-
value was to be high. The less value might be due to forma- MCM-41). The conversion and products selectivity was
tion of styrene with more selectivity directly from cumene higher Fig. 6) than the mono metal oxide catalysts at all
via radical mechanism as shown in the following reaction temperature. Hence there might be higher loading of metal
scheme: oxides. Again the metal oxide particles might also be in a
: state of fine dispersion to exhibit activity similar to that of
ot — +Colt+HT gither Mn or Co oxide impregnated catalysts. The selectiv-
ity to CHP, 1,2-EIPB, acetophenone and styrene appeared to
have similar trend as obtained with mono metal oxide cat-
. alysts. Hence the mechanism of the reaction might remain
4 the same with these catalysts too. Therefore, the active sites
. L en of the catalysts might not be different from the mono metal
} oxide catalysts suggesting absence of any new chemical com-
pound formation in bimetallic oxide catalysts. The metal ox-

ide particles might therefore retain their identity in the range
+ CH, —> + CH, of temperatures studied.

At high temperature, G is expected to abstract electron

from the methyl group of cumene to form arolkyl radical. 100

The arolkyl radical decomposes to produce styrene. TR& Co Ta Conversion

formed in this reaction will catalyse arolkyl hydroperoxide 280 T Neonone

as given in the previous mechanism. Formation of styrene di- £ —%—Stryrene

rectly from cumene was also established by passing the latter é 60 1 /\

over the catalyst in the absence of air. Styrene was obtained S

with 7.8% yield at 300C. The same trends of selectivity § 40 1

for all the products over all the catalysts suggest occurring g

of similar mechanism for different reactions. As the conver- & 201 .\t\ «

: - X —

sion over all the catalysts nearly remained the same, the pro- x_r(*f—x;ﬁ-:f\*

tonic sites of the catalyst of Co—AI-MCM-41 might not have 0] 2-2 2- {’;;
75 5 75 325

any influence in this reaction. The reaction was also studied
freshly over silicg40] supported cobalt oxide (0.3 M load-

ing). When _isopropylbenzene was passed over this ?atalyStvFig. 6. Effect of temperature on the conversion and products selectivity over
to our surprise, at 250, 275, 300 and 325 the conversions  Mn—Co-MCM-41.

Temperature (°C)
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Table 4
Oxidation of cumene: variation with WHSV
Catalysts WHSV (h1) Conversion (wt.%) Products selectivity (%)
CHP 1,2-EIPB AP Styrene Others
Co-MCM-41 29 501 813 37 5.7 87 12
5.8 465 67.3 9.8 7.9 56 9.4
8.6 412 601 167 81 35 116
115 378 571 289 103 29 0.8
Co-Al-MCM-41 (99) 29 455 64.7 41 5.8 171 83
5.8 403 542 116 88 135 119
8.6 377 475 191 106 113 115
115 349 443 266 131 86 74
Mn-MCM-41 29 596 859 0 15 126 0
5.8 558 802 58 46 81 13
8.6 511 728 86 9.5 6.2 29
115 458 66.8 139 122 55 16
Mn-Al-MCM-41 (99) 29 538 778 25 32 163 0.2
5.8 500 703 81 5.5 138 23
8.6 475 638 105 75 121 6.1
115 438 545 166 149 88 5.2
Mn—-Co-MCM-41 29 649 887 0 13 100 0
5.8 601 842 38 5.1 6.9 0
8.6 575 781 6.6 9.4 4.2 17
115 546 700 113 130 54 0.3
Mn—Co—Al-MCM-41 (99) 29 582 865 13 15 107 0
58 550 777 45 81 80 17
8.6 509 717 7.8 110 6.0 29
115 458 66.6 140 130 33 31

Reaction conditions: 0.3 g of catalyst, temperature®0and flow rate of molecular oxygen 0.021 moth

3.7. Influence of isopropylbenzene content in the feed zene, there might be more availability of Co(lll) states in
order to chemisorb, decompose and reduce the selectivity of
The effect of isopropylbenzene content in the feed on con- CHP. The increase in the selectivity of 1,2-EIPB and ace-
version and products selectivity over the cobalt oxide impreg- tophenone also conformed the above suggestion for forma-
nated catalysts was studied at 3@ The reaction resultsare  tion of molecular clusters at high isopropylbenzene content.
presented iMable 4 Conversion decreased with increase in Formation of styrene with more selectivity at lower isopropy-
the isopropylbenzene content over all the catalysts. Since thelbenzene content in the feed and less selectivity at higher iso-
flow rate of molecular oxygen was 0.021 moftfrom CO,- propylbenzene content in the feed also provided support for
free air, nearly the same contact time for isopropylbenzenethe increased formation of molecular clusters with increase
over the active sites of the catalystirrespective of its contentin in the isopropylbenzene content.
the feed was expected. The conversion decreased, it mightbe The effect of isopropylbenzene content in the feed on
due to increase in the formation of molecular clusters of iso- conversion and products selectivity was examined over Mn-
propylbenzene with increase in its content in the feed. TheseMCM-41 and Mn—-Al-MCM-41 catalysts. The results are pre-
molecular clusters prevent chemisorption and subsequent desented inTable 4 The conversion decreased with increase in
composition of isopropylbenzene over the active sites. the isopropylbenzene content over all the catalysts. This trend
The selectivity of CHP decreased with increase in the iso- is similar to the previous set of catalysts as discussed in the
propylbenzene content in the feed over all the catalysts. Theprevious sections. The conversion is slightly high compared
high selectivity at lower content of isopropylbenzene might to Co catalysts. The selectivity to CHP decreased with in-
be due to decrease in the amount of Co(lll) sites to chemisorp-crease in the isopropylbenzene content in the feed over all
tion and subsequent decomposition of CHP. The less amounthe catalysts similar to the previous set of catalysts. The in-
of Co(lll) was due to more conversion of it to Co(ll) due to crease in the selectivity of 1,2-EIPB and acetophenone, and
more formation of isopropylphenyl free radical. The decrease decrease in the selectivity of styrene over all the catalysts
in the selectivity with increase in the content of isopropylben- could also be accounted based on the formation of molec-
zene in the feed very well proved more and more formation ular clusters as discussed before. The results of the effect
of molecular clusters with increase in the isopropylbenzene of WHSV on conversion was studied over Mn—Co-MCM-
content. As there might be less adsorption of isopropylben- 41 and Mn—Co—-AlI-MCM-41, are also presented in the same
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100 — 4. Conclusions

""!}’rf_ﬁi+(-m,m,i‘.“
gop o 1" This study illustrates cobalt and manganese oxides sup-
60| &~ i meens 48 ported on MCM-41 and AI-MCM-41 are active to functional-

ization of isopropylbenzene in the vapour phase using-CO
free air as the oxidant. This study is more advantageous than
liquid phase reactions which use peroxide oxidants. The re-
action is continuous and very simple to carry out. The major
products are cumene hydroperoxide, 1,2-epoxy isopropyl-
benzene, acetophenone and styrene. Significant conversion
is obtained from 200 to 30CC. The reaction was repeated
Time (h) thrice at 325 C to examine sintering of metal oxides, but the
. . . - conversion remains the same for the three experiments illus-
Fig. 7. Effect of time-on-stream on conversion and products selectivity over . . . . . . .
MN—Co-MCM-41. trating avoidance of sintering. One important observation in
the study is the formation and the high selectivity of cumene
hydroperoxide. High conversion, and selectivity to cumene
table. The conversion was higher for each WHSV than the hydroperoxide was retained even for 5 h stream. Presence of
mono metal oxide catalysts, so their cumulative effect due protonic sites inthe AI-MCM-41 does not seem to be harmful
to their independent existent on conversion is clearly evi- inthe study. Harmless air is used as an oxidant as a substitute
dent. The selectivity to the products showed similar vari- for H2O».
ation as that of mono metal oxide catalysts with increase
in WHSV.
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