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Abstract—The acid-catalyzed liquid-phase dehydration of dimethylphenylmethanat@thylstyrene was
considered. The scheme and mathematical model of liquid-phase dehydration of dimethylphenylmethanol
were proposed, and the effect of acetophenone on the reaction kinetic parameters was studied.

Combined production of phenol and acetone by theell equipped with a magnetic stirrer. During the re-
cumene method is a widely used process of chemaction, an inert gas (nitrogen) was bubbled through
cal technology [1]. It yields, along with the targetthe reaction mixture. The reaction course was mon-
products, many by-products, including dimethylphenitored chromatographically by the concentrations of
ylmethanol (DMPM). DMPM is formed through non- the initial substances and reaction products [9].
selective consumption of cumene hydroperoxide in .. : .
the stages of cumene oxidation and acid decomposi- Nitidlly cumene was taken as a reaction medium,

tion of hydroperoxide into phenol and acetone. Theince it was the initial substance in DMPM synthesis,

presence of DMPM in the reaction mixture leads tOwhich eliminates the stage of additional purification

formation of products impairing the quality of com- of alcohol.
mercial phenol. It is commonly believed [10, 11] that the acid-cat-

As noted in [27], DMPM can be dehydrated to @lyzeéd dehydration of alcohols in the liquid phase
obtain a-methylstyréne 4-MS), which is the ini- Proceeds via formation of carbocation by the scheme

tial monomer for production of various polymeric .
materials. ROH + H" 2 ROH, & R* + H,0

At present,a-MS is prepared in Russia mainly by & Olefin + H,0 + H', 1)
high-temperature catalytic dehydrogenation of cumene
[8]. This process is very power-consuming. Thereforeywhere R is a hydrocarbon radical.
development and promotion of a process ©MS
production from DMPM, which finds no commercial
application yet, is of practical interest.

It was found experimentally that DMPM dehy-
dration in cumene decelerates in the course of time
(Fig. 1), which is probably due to inhibition of the

Dehydration of DMPM toa-MS can be performed catalyst by water formed, rather than to attainment of
in both gas and liquid phases. We consider here the chemical equilibrium. Special experiments showed
liquid-phase process as the most cost-efficient. that a-MS is not hydrated under these conditions.

Since water exhibits higher proton affinity than the
EXPERIMENTAL other reaction components, its accumulation in the
system can cause resolvation of protons with water

DMPM obtained by base decomposition of cumeneéjmd, as a result, a decrease in the catalyst activity.

hydroperoxide was used as a raw material [1]. Th
sample contained (wt %) DMPM 91.7, acetophenone In experiments with various initial DMPM concen-
(ACP) 7.6, a-MS 0.53, cumene 0.28, and cumenetrations (Fig. 1), we found that the DMPM dehydra-
hydroperoxide 0.50. A 0.5 M solution of sulfuric acid tion is first-order with respect to the substrate and that
in acetic acid was taken as catalyst. Kinetic studiethe reaction selectivity with respect t6eMS is 100%.
were performed in a temperature-controlled glas$he use of special procedures [12] and analysis of the
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Fig. 1. Kinetic curves of (a) DMPM dehydration and
(b) a-MS accumulation in cumene at various initial
DMPM concentrations. ¢y o, = Sx 103 M, 80°C.
(compm) DMPM concentration, ¢, ) @-MS concen-
tration, and €) time.
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Fig. 2. Effect of the ACP concentration on the kinetics of
DMPM dehydration in cumenec%MpM = 3, Cy.50, =
5x 103 M, 110°C; the same for Figs. 3, 4.Cypm)
DMPM concentration andtj time; the same for Fig. 5.
ACP concentration (M): ¥) 0.28, @) 0.57, @) 1.50,
(4) 2.10, and 9 5.0.

kinetic data allowed us to suggest a scheme of DMPM
conversion, which takes into consideration the stage
of catalyst inhibition'

DMPM + cat, <= [X] *y g-MC + H,O + cat,
cata LN cat, (2)

where caf and cat are the active and inactive forms
of the catalyst; [X] is the intermediat&; andk ; are
constants of [X] formation and decomposition, re-
spectively; k, is the rate constant of decomposition
of [X] with the formation of reaction products; and
k is the rate constant of catalyst inhibition.

When conversion of [X] into the reaction products
is the limiting stage, the concentration of the active
form of the catalyst is described by the equation

Byt = Cexp (Ky1), 3)

where ¢, is the concentration of the active form of
the catalyst;cCat is the initial concentration of the cat-
alyst, andt is the reaction time.

Thus, the DMPM concentratiog,py Changes in
time by the equation

deompm
- gt - KappCompm €XP KiT), (4)
where k,,, is the apparent rate constant defined by
ki
kapp k2 k Ckat- (5)

Integration of Eqg. (4) gives a kinetic equation
for DMPM in the integral form, which adequately
describes all the experimental data:

ComPM = CBOMPM exp{%‘i’p[exp(—kﬂ) - 1]}, (6)

where c2,,o is the initial DMPM concentration.

Since ACP always accompanies DMPM in phenol
and acetone production, it was interesting to study
the effect of ACP on DMPM dehydratiotACP, as
a more polar solvent than cumene, must undoubted-
ly affect the process.

To reveal this effect, we performed experiments at
110°C, varied initial ACP concentration, and equal
other conditions. It was found that ACP is not con-
sumed; its concentration determined chromatographi-
cally remained unchanged. The kinetics of the DMPM
dehydration in cumene with various ACP additives
is shown in Fig. 2, and the constants calculated by
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Eq. (6) and the initial reaction rateg are listed in  Kinetic_parameters ofDMPM dehydration ¢ s, =
the table. The initial reaction rates were determine® x 10° M, 110°C

by differentiation of the kinetic curves. The selectiv-
ity of DMPM dehydration under these conditions wasCupwm | Cacr Vo x 108, |Xapp* 10°| kjx10°|  DMPM

also 100%. 1.1 conver-
M mol ™ s~ st sion, %
As seen, the initial reaction rate and the degree
of DMPM conversion grow with increasing ACP Dehydration in cumene

concentration in the system, which is probably due 5 028| 5656 | 3.525| 3.225 87
to a change in the solvent properties, namely, in its g 057| 5698 | 3525]| 2.933 90
dielectric constant. 3 1.50| 6.241 | 4.176 | 2.979 08
3 2.10 6.659 4.650 | 2.901 95
3 5.00 8.446 6.067 | 2.231 99

Dehydration in acetophenone

The dielectric constant of a mixture of substances
can be determined from the equation [13]

loge = mjloge; + njloge, + ... + nloge, (7)) 071 | & | 15.000 | 34.00 | 7.537| 100
1.47 a 13.000 | 13.000| 2.917 100

whereeg; is the dielectric constant ath component 296 a 9.453 5.755| 1.933 99
and n; is the mole fraction ofith component of the 4.32 | a 11.000 | 4.311| 1.674 98
mixture. 5.14 a 4.194 | 4.153| 3.581 80
6.38 a 4.119 3.384 | 4.334 65

Using Eq. (7), we calculated of a mixture of
cumene and ACP and correlated the results with the acetophenone as solvent.
reaction rate. Figure 3 shows the dependence of the
apparent dehydration rate constant on ACP concen- -
tration, and Fig. 4, thedependence of ldg,,, on Thus, we can assume that, under conditions of

the Kirkwood parameter (KP), which characterize®?MPM dehydration, the activated complex is more
the solvent polarity [13] and is defined by polar than the initial DMPM molecule. This is con-

firmed by quantum-chemical calculations of the
- DMPM molecule and transition complex (protonated
KP = (& - 1)/(2 + 1). 8 ; ;
€ N ) ®) DMPM), which were performed using the MORAC
As seen (Fig. 3), the reaction rate grows with in-Program. Calculations showed that dipole moments of

creasing solvent polarity.

In accordance with the classic Arrhenius theory T 6
of reaction kinetics, a certain energy barrier must be e
overcome before conversion of the initial substances =
into the reaction products. The solvent can change o 4
the activation Gibbs energy due to different degrees 5

of solvation of the initial reactants and the activated . . . : .
complex [13]. The degree of solvation is determined
by the electric charge of the reacting species: it
grows with increasing charge. Reactions in which Frig. 3. Apparent rate constant of DMPM dehydration
the activated complex has higher charge density (is kapp iN cumene vs. ACP concentration.

more polar) than the initial molecule are accelerated
in more polar solvents.

cacps M

2.2 .
A similar trend is observed in dehydration of T
DMPM at its various initial concentrations in ACP o
(Fig. 5): the reaction is accelerated with increasing £ o4
solvent polarity (Fig. 6). However, the dependence of & o,

the apparent rate constant on KP is nonlinear, which . . . .

suggests the effects of the specific and nonspecific 0.25 0.35 0.45 KP
solvation. The rate constants of DMPM dehydration rig 4. Effective rate constant of DMPM dehydration
in ACP calculated by Eq. (6) and the initial reaction kapp iN Cumene with various ACP content vs. Kirkwood
rates are listed in the table. parameter KP.
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(2) The rate of dimethylphenylmethanol dehydra-
tion in acetophenone is higher than that in cumene
under the same conditions.

(3) Dehydration of dimethylphenylmethanol in
both cumene and acetophenone is characterized by
100% selectivity; its conversion reaches 87% in cu-
mene and 99% in acetophenone at substrate concen-
tration of 3 M and 11€C.
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