TESCE , January 2005  pp.¥F0-95

Cumene Cracking over Prepared Alumina Catalysts

Salwa A. El-Khatib and Latifa Kh. Mohamed
Egyptian Petroleuns Research Institute, Nasr City, Cuiro, Egypt.

ABSTRACT

The cracking properties of three prepared catalysts of y-alumina having
various acidities were investigated using cumens cracking as & madel reaction,
The experiments. were performecf in a microcatalytic reactor attached with a
zas chr.omatograph. The reactions were carried out under atmc—slpheric pressure
in a tempera_'t'ure range of 370°-460°C. The influence of reaction wemperature
and the tatrinsic acidity of the catalysts on their cracking efficiency and the
distribution of the final products have been evaluated. It has been found that
the amount of acid sites of certain strength has the responsibility for a cerfain

reaction to proceed, but not the tota! acidity cf the catalyst.

INTRODUCTION

The cracking of hydrocarbons is one of the most important industrial
proceséess, which permits the transmuting of hedvy nawral olis into mave
useful lighter producis. The produced lower molecular weight components ¢an
be utilized for numerous purposes such as a fuel for combustion engines, as
starting materials for a wide variety of plastics, pharmaceuticals, and also as

industrial solvents.

Cracking can occur thermally or by employing catalysts. Each of these
two types of cracking is accomplished through a different reaction mechanism
and consequently yields entirely different product disuibution. In catalytic
crackiﬁg, carbonium ions are implied as intermediates, whereas thermal

cracking proceeds via free radical reactions (1). The catalytic cracking of
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hydrocarbons is much more selective than thermal cracking and gives rise to

relatively smaller amounts of C, and C; fragments (2).

Most cracking catalysts are known to envice acidic properties (3-7). The
accepted suggestion for the mechanism of acid catalyzed cracking reaction
comprise the arising of a carbonium ion on the catalyst surface through the
addition of a proton to an olefin or aromatic, or by the abstraction of a hydride

ion from a saturated hydrocarbon. Thereafter, the various ionic reactions can

proceed.

Interpretation of results cbtained from an industtial catalytic cracking
process is very intricate, due to the prevaience of various reactions and the
complexi'ty of the gas oil feed. Hence, for characterizing a crac']-:ing catalyst, it
is convenient to choose a pure reactant that could undergo a typical cracking
reaction and gives a few products. Cumene has received considerable attention
for such purpose (8-12). The product distribution of cracked cumene is

. comparatively simple where benzene and propylene are the major products.

The present work is devoted to evaluate the cracking activity of some
prepared alumina catalysts, using cumene as a probe miolecule. The effect of
reaction temperature on the reactant conversion and the product distribution
have been elucidated. Mereover, it is known that the acidic character of solid
surfaces play the central role in defining their catalytic efficiencies (5,13-15).
Therefore, this study also demonstrates the importance of the intrinsic acidity
of the catalysts in directing the course of reacticns and the respbnsibility of the

strength of acid sites for the constituents of the final products obtained.
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EXPERIMENTAL
a) Materials Used:

- Cumene, Cg H,>: BDH

- Sodium aluminate NaAlO,: Supplied by Morgan Chemical Industries

- Sulphuric acid, H,SO,: Laboratory Chemicals Prolabo, ADWIC
b) Cataljst Preparation:

Alumina catalysts were prepared via AI(OH); which was precipitated
from a 10% solution of sodium aluminate by dilute sulphuric acid. The
precipitate was washed, dried and finally calcined at 400°C for 4 hrs.

On the basis of the above procedure, three samples of alumina were
obtained by varying the preparation factors which invoive H,SO,
concentration, acid: sodium aluminate ratio and the drying time. The prepared
alumina samples and their respective preparation conditions are compiled in
Table 1.

¢) Acidity Measurement:

The amount of acid as a function of acid strength were determined by
amine titration method using color indicators (16). A set of Hammett
inidicators was selected to cover the range from Pk, + 5 (methyl red)to
Pk, =-8.2 (anthraquinon). The method of measurement has been described in
detail elsewhere (17,18).

d) catalytic Activity Tests:

The catalytic experiments for cumene cracking were carried out under
atmospheric pressure using the pulse technique. A  stainless  steel
microcatalytic reactor of 12 cm length and 3.5 mm internal diameter was
employed. Tt is placed in a tube furnace and.directly attached to a 'gas
chromatographic apparatus; [PERKIN-ELMER SIGMA -3b] fitted with a
flame ionization detector (FID), and connected to an electronic recorder. The

reaction products were separated at 80°C in a 2m column packed with penton
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34 with 5 wt% diisodecylphthalate on chromosorb W 80-100 mesh. Nitrogen

was used as a carrier gas.

RESULTS AND DISCUSSION

The reaction of cumene cracking was carried out on each alumina
catalyst at 370°460°C, with temperature interval of 30°C. The reaction
products composed mainly of benzene and propylene and accompanied by
side reaction depending upon several factor including the reaction temperature
and the acidity of catalyst.

[A] Effect of Reaction Temperature:
Cumene cracking results of Aljgy sample is illustrated in Table 2, and

Figs. (1-3). A significant conversion has obtained ar 370°C and gradually
. increased from ~ 85 wt% to reach the maximum (100%) at 460°C. The
produced yield composed mainly of benzene with quantities depénding
markedly upon the reaction temperature, It represents ~ 56 w1% of the product
at the lowest temperature and progressively increased 1o 73.2 wi% at elevated

temperature,

Propylene is also a principal product in this reaction. It is involved in
the yield with an amount equal to = 20.5 wt% at 370°C and come to be ~ 23.4 -
wt% at 400°C. The concentration of propylene gas remains approximately

constant at higher temperature.

In the catalytic cracking of alkyl aromatics, benzene rings are not
cracked and the side chains are split off as the corresponding olefins.
However, it has been noticed that the mole ratio of propylene to benzene in the
product are always less than unity. The deficiency in propylene when

compared to benzene may be attributed to its transformation to coke

particularly at higher temperature (19,20).
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In addition, toluene and ethylbenzene have been identified insmall
amounts. Their formarion may be ascribed to the cracking of cumene
molecule. Also, the cracked fragments (i.e., methyl and ethyl. gropus) can
undergo alkylation reaction with benzene, to a limited extent, under the

applied reaction temperatures.

The existence of same n-propylbenzene at 370°C skems 10 be a resuh of
either the direct isomerization of cumene, or to the alkylation of benzene with
propylene (21). Bath reactions are inhibited at higher temperatures and lad to

the disappearance of this component from the reaction products.

The effect of reaction temperature on cumene cracking over Al 1y
catalyst is shown in Table 3 and Figs. (1-3). It can be observed thal
pronounced conversion of cumene amounts to 89 wi% at 370°C. A slight
increase of temperature is accompanied by an improvement in the total
corwers_ion to attain 97.4 wt% at 400°C, beyond which_the activity remained

almost constant up to 463°C.

It is evident from the data that, more than 55 wi% of the reactant wos
transformed to benzene at 370°C. A roticeable improvement in this amount
has occurred upon raising the reaction temperature (o 400°C 10 became 62

wt%. Higher temperatures have insignificant effect on the concentration of

benzene.

The amotnt of propylene formed from cumene cracking varied from
~ 202wl to= é? wt% threughout the range of temperdture applied. A slight
increase in the concentration is achieved with increasing the temperature from
370° to 400°C. At more elevated temperature some of this propylene was

missed due to ccke formation (19,20).
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n-propylbenzene is also detected as a result of side reactions due (o
either iosmerization of cumene or alkylation of benzene with propyiene as

mentioned previously.

In addition, 2 quantity of 6.7 wt% of diisopropyibenzene was found in
the reaction yield at 370°C and enhanced with temperature to become 8.9 wi%
at 460°C. Since alkylation reactions are usually proceed at relatively lower
temperatures, this lead us 10 encourage the belief that diisopropylbenzene
resulted from the disproportionation reaction of cumene rather than from the
alkylation of curﬁene with propylene product {22). This is in agreement with
the observations of Murakami et alj(23), who found that propylene was not

involved in the product of the dialkylaromaric.

The data obtained from the catalytic cracking of cumene over Ay
catalyst are presented in Table (4) and Figs. (1-3). It can be perceived that this
sample possesses comparativeiy the lowest activity for cumene cracking. Less

w‘than 7 wi% of cumene was converted at 370°C. However, the reaction

temperature has a considerable influence for augmenting the conversion Lo

become = 53 wi% at 460°C.

Benzene and propylene are not detected at lower operating temperature,
but started to appear at 400°C with an amount equal to 21.6 wi%. Further
increase in temperature enhances the formation of benzene to attain = 32 wt%
at 460°C. Nevertheless, the propylene concentration is reduced because of

transformation of this olefinic gas to coke.

The product distribution of Alygn specimen reflects a significant
difference in its catalytic behavior in comparison with the other forementioned
catalysts. A pronounced selectivity 10 dimerization reaction is indicated

through the formation of heavy alkylaromatic with a considerable amounis,
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ranging from =~ 6.2 wi% at 370°C to 10.6 wi% at 460°C. Disproportionation
reaction also occurs, assome molecules of cumene dimer were subsequently
cracked to give.ethylbenzene and cymene in quantities equal to 3.35 wt% and
~ 5.9 wt at 460°C, respectively.
[B] Effect of the Catalyst Acidity:-

The acidities of the examined alumina catalysts are illustrated in
Table (5). The data reveal that the three samples incorporate approximately
the same amount of total acidity. Ar average acid center co_ﬁcemration of =
0.55 + 0.05mmol/gm was obtained for those specimens. Howe;/er; the strength

distribution of the acid sites varies widely for each sample.

Alygy catalyst exhibits the strongest acid sites. More than 55% of the
acidic centers possess a high acid strength corresponding to Hp value of
< -8.2. The remainder sites have a moderate strength. With respect to Al it
is obvious that, the acid centers of this sample has strength level lower than
that of Aljgy which spread along a wide range of Ho {i.e. + 5 10 -B.2). Al

involves the lowest acid sites strength which fall in Hg range of + 5 to + 0.8,

The strong relationship between the catalytic activity and the acidity of
the investigated aluminas can be elucidated by comparing the results in Tables:
(2-4) with Table. (5). The reported data reflect the highest efficiency of Alys,
catalyst towards cumene conversion particularly to cracking reaction. Majority
of the product constituents are cracked components at all reaction
temperatures applied. This leads us to propose that, strong acid sites are
required for the accomplishment of the cracking reaction (24). Scme
alkylation has also been achieved and proceeded more favorable at refatively
lower reaction temperature with the formation of small fractions of toluene,
ethyl benzene and n-propy! benzene. Presumably, this reaction pertains to the
acid centers with moderate strength that also exist in this sample.

(86 )L
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Although Aly,; has almost the same total number of acid centers as that
of the pervious éample, there is a marked difference in their acidity spectra. As
mentioned before, the acid sites of this catalystare distributed over a wider
range of acid strength. Hence, not less than three types of reactions are
recognized. Cracking, which is the main reaction has occurred on the strongest
acid sites. Alkylation is also proceeded over the acid centers with milder

strength, and disproportionation reaction takes place on the weakest acid sites.

With Alsg, the dealkylation of cumene molecule restricted on such weak
acid sites, particularly at lower temperature [nstead, polymerization and
disproportionzation are the most predominant reactions, since thay need the
lowest acid strength to be achieved. Cracking of some cumene dimer, which is

relatively easier than cumene itself, has occurred to some extent.

Thereby, the reaction can be arranged descendingly according to their

relative strength of acid sites as follows:
Cracking > Alkylation > Disproportionation and Polymerization

From this comparison, a strong parallelism between the occurrence of a
given catalyst reaction and the presence of acid sites of a certain strength has
been established. That explains the wide variance in the distribution of
cumene cracking products by alumina catalysts, even, if thi_e same reaction
conditions prevail. This finding implies that acidity control both conversion

and the selectivity of catalysts.
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Table 1: Alumina Catalysts and Their Preparation Conditions

Catalyst H,S0, Ratio of H2S0,: Drying time,
concentration ' Na AlO; h
Al you 10% 1/2: 1 12
Al . 5% _ 1:1 12
Al 3p i 5% 1:1 30

Tables (2) Effect of Reaction Temperature on The Product Distribution of
Cumene Cracking Using alumina ¢+ Catalyst.

Product Reaction temperature, “C :

distribution 370 - 400 430 460
Propylene 20.46 " 2342 24.42 o 2485
] Benzene 55.86 69.37 70.23 73.2
Toluene 2.02 1.94 1.67 0.9
Ethylbenzene 3.24 2.77 [.63 1.05
Cumene ' 1505 | 25 205 e
n—propykbénzene 3.37 - .- e
Total conversion 84.95 97.5 97.95 100
Cracking Selectivity % 96.03 100 100 100

(o0 )L
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Tables (3) Effect of Reaction Temperature on The Product Distribution of
Cumene Cracking Using alumina ;.; Catalyst.

Product Reaction temperature, °C
distribution 370 400 430 464
Propylene 25.39 27.155 2416 20.2
Benzene 55.21 62.39 64.97 68.28 |
Cumene 10.33 . 2.56 2.79 2.01 !
n-prepyle-benzene 1.84 0.795 (.58 0.58
Diisopropyl benzene 6.73 7.1 7.5 8.93
Taotal conversion 89.67 97.44 97.21 97.99
Cracking selectivity % 90.44 21.89 91.68 90.29

Tables (4) Effect of Reaction Temperature on The Product Distribution of
' Cumene Cracking Using alumina 4, Catalyst.

Reaction temperature, °C

Product
Distribution 370 400 [ 430 460
| Propylene - 7.2 r 4.84 1.06
Benzene -—- 21.57 28.57 31.97
Ethylbenzene ne 1.03 1.4 3.35
Cumene 93.13 62.39 54.51 47.16
Cymerne. 0.7¢ 1.0] 2472 5.86
Heavy alkyl aromatic 6.17 6.8 7.96 10.6
Total conversion 6.87 37.61 45.49 52.84
Cracking selectivity %* 5.78 79.23 76.52 63.84 |

* The cracking selectivity is due to dealkylation of cumene and aiso for cracking of the dimmens

Ca)
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Table (5) Acid Strength Distribution of Various Samples Ref.(13)

Acidity m mol / g
Ho
Al % Al 11 Al M wr
+35.0t03.3 0 0.1 0.2
+3.3102.8 0.05 0.1 0.1
+2.8 10 0.8 0.15 0.1 0.3
0.8 to- 3 0.05 0.03 0
-3to-5.6 0 0.05 0
.56 10-82 0 0.1 0
_82t0<-82 0.3 0 0
Total acidity 0.55 0.5 0.6
(a2 .
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