JOURNAL OF CATALYSIS 33, 355-364 (1974)

Heterogeneous Liquid-Phase Decomposition of Cyclohexenyl-
Hydroperoxide in Cyclohexene with Manganese
Dioxide as Catalyst

H. J. NEUBURG, M. J. PHILLIPS axp W. F. GRAYDON

Department of Chemical Enginee.ing and Applied Chemistry,
Unive sity of Toronto, To.onlo, Canada

Received July 24, 1973 ; revised January 7, 1974

The liquid-phase decomposition of cyclohexenyl hydroperoxide in cyclohexene has
been studied using as catalysts three types of manganese dioxide with different spe-
cific surfaces. The influence of the initial hydroperoxide concentration, catalyst
weight to liquid volume ratio and temperature was determined in each case. It is
postulated that hydroperoxide forms an equilibrium complex with the catalyst which
decomposes to vield free radicals. The initial activity of the oxides decreased with
time during the reaction, and the observed decay in the rate of hydroperoxide de-
composition has been attributed mainly to the deactivation of the catalyst surface.

Product distribution studies showed that the decomposition products were eyclo-
hexenol, cyclohexenone, and water. The number of moles of alecohol formed was
higher than the number of moles of ketone in each case.

A reaction mechanism is proposed and a rate ecuation consistent with the ex-

perimental results for hydropcroxide decomposition is presented.

INTRODUCTION

The decomposition of hydroperoxide
plays an important role in the initiation of
free radicals during autooxidation processes
of hydrocarbons.

The thermal decomposition of cyclo-
hexenyl hydroperoxide in hydrocarbon sol-
vents has been studied in detail and a
reaction mechanism which explained the ki-
netic and produet distribution data has been
proposed (1, 2). The catalytic decomposi-
tion of cyclohexenyv]l hydroperoxide using a
soluble cobalt salt as ecatalyst in acetic
media has been reported (3). Kinetie
studies of the influence of hydroperoxide,
solvents, catalyst, and reaction products
were made in this instance.

Although some information is available
about the thermal and homogeneously
catalyzed decomposition of hydroperoxides
other than cyelohexenyl hydroperoxide,
heterogeneously catalyzed decompositions
have not been extensively reported. In par-
ticular, very little work has been done with
cyclohexenyl hydroperoxide in this area.

Gould and Rado (4) have studied the ac-
tivity and influence on product formation
of insoluble oxides of transition metals as
catalysts in this reaction and compared
their effectiveness to that of the soluble
acetyl acetonates of the same metals. They
did not, however, give any kinetic data nior
propose a reaction mechanism.

The present work was undertaken in an
effort to establish a reaction mechanism
which would deseribe adequately the de-
composition of eyelohexenyl hydroperoxide
in cyclohexene using manganese dioxide as
catalyst. Studies were made using the man-
ganese dioxide of highest specific surface
as catalyst to determine whether the ini-
tial concentration of hydroperoxide, cata-
lyst ratio, or temperature had any influence
on product distribution.

EXPERIMENTAL

The reaction was performed in 10 ml
tubes with Teflon-coated joints which
fitted into a precision smooth-tapered joint
provided with a Teflon stopeock. The same

355

Copyright © 1974 by Academic Press, Inc.
Al rights of reproduction in any form reserved.



356

amount of catalyst was added to a series
of reaction tubes, in each of which the re-
action was allowed to proceed for different
time intervals. A reactor tube containing
the weighed catalyst was placed in an ace-
tone—solid carbon dioxide mixture, and 2 ml
of a previously prepared reactant solution
were added slowly into the reactor to avoid
suspension of the catalyst. The reactor was
then joined to a vacuum system and the
gas phase replaced with dry nitrogen. The
Teflon stopcock was then closed to isolate
the system. The reactor was attached to a
wrist-action shaker to achieve vigorous agi-
tation and plunged into a thermostat, the
temperature of which could be controlled to
within +0.2°C. Time was recorded from the
moment the tube was immersed in the oil
bath. Once the desired reaction time inter-
val had elapsed the tube was quickly put
back into the acetone-solid carbon dioxide
mixture to stop any further reaction, and
the catalyst was allowed to settle. The clear
liquid phase was then removed from the
reactor for analysis.

Independent experiments showed that no
detectable reaction took place before the
reactor was placed in the thermostat, nor
after it was taken out and dipped into the
acetone-solid carbon dioxide mixture.

Reactants. Cyclohexene (BDH) was
purified as described elsewhere (5) and
stored under nitrogen in the dark cold.
Cyeclohexenyl hydroperoxide was prepared
by oxidizing cyclohexene up to a concen-
tration of about 0.5 mole/liter in an ap-
paratus previously described (6). The
thermal autoxidation of cyclohexene was
initiated by adding traces of 2,2’-azodiiso-
propionitrile to the system, and the final
solution, which proved to have less than
0.5 mole % ecyclohexenone, cyclohexenol,
and cyclohexene oxide as impurities, was
stored under nitrogen in the dark cold. The
desired reaction solutions were prepared by
mixing appropriate amounts of the cyclo-
hexenyl hydroperoxide solution and purified
cyclohexene.

Analytical Procedures

The same method as described for an
oxidized mixture of cyclohexane (7) was
used in the present work. Part of the sam-
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ple was titrated for hydroperoxide by the
iodometric method (&), and the rest was
treated with sufficient triphenyl phosphine
for quantitative conversion of the hydro-
peroxide into cyclohexenol (9). The treated
sample was then analyzed for cyclohexene
oxide, cyclohexenone, and cyclohexenol by
chromatographic methods.

Catalysts

Three different manganese dioxides were
used as catalysts.

Catalyst A (Fisher Scientific Co.), was
a nonporous low surface area catalyst. The
specific surface as determined by BET
nitrogen adsorption was 0.9 m?/g. Its struc-
ture, determined by X-ray, corresponded
to 8 MnQs,.

Catalyst B proved to be a nonporous
y MnO. with a specific surface as deter-
mined by BET nitrogen adsorption of 32.0
m?/g. Further characteristics of this cata-
lyst are given elsewhere (10).

Catalyst C was “Special Manganese Di-
oxide” (Fisher Scientific Co.). X-ray dif-
fraction analysis showed a disordered
structure. After pretreatment with oxygen
at 400°C, B MnO, was identified. The spe-
cific surface as determined by BET nitrogen
adsorption was 87.0 m?/g; about 77% of
the surface was associated with the internal
porosity of the catalyst.

In all three cases, fractions of particle
size smaller than 74 um were used in the
experiments.

Resurnts anp DiscussioN

Effect of the Imtial Hydroperoxide
Concentration

A series of peroxide decomposition experi-
ments was performed starting with different
initial concentrations of cyclohexenyl hy-
droperoxide at a constant temperature
(60°C) and catalyst weight to liquid vol-
ume ratio. This set of runs was done for
three different MnO, catalysts, and the re-
sults obtained for catalyst B are shown in
Fig. 1.

The concentration of hydroperoxide de-
creased exponentially with time. This could
lead to the conclusion that the rate of the
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Fic. 1. Cyclohexenyl hydroperoxide decomposi-
tion in cyclohexene at 60°C, as a function of time,
for different initial hydroperoxide concentrations.
Catalyst ratio = 4 mg of catalyst B/ml. (Q) Ex-
perimental points, (—) as predicted by Eq. (19).

decomposition is first order with respect to
hydroperoxide concentration if it is as-
sumed a priori that the activity of the
catalyst is unchanged with time. However,
it is apparent for all three catalysts that
the initial rate of hydroperoxide decomposi-
tion increases with concentration for low
peroxide concentrations, becoming prac-
tically constant at higher concentrations.
These phenomena were also observed by
Valendo et ol. (11) when studying the de-
composition of isopropylbenzene hydroper-
oxide in the presence of metal oxides. They
concluded that, for sufficiently high hydro-
peroxide concentration, all active centers
of the catalyst are bound in complexes with
hydroperoxide and that the value of the
initial rate of decomposition is determined
solely by the rate of dissociation of the
complex to radicals. In the present work
a similar conclusion seems reasonable.

If the catalyst surface 1s saturated with
hydroperoxide, an explanation must then be
provided for the apparently exponential re-
duction of the decomposition rate with time.
Min’kov et al. (12), when studying the
mechanism of the oxidation of cumene on
copper phthalocyanine, found that the ac-
tivity of this catalyst changed during ex-
periments on cumene hydroperoxide de-
composition. The catalyst was carefully
recovered after a certain reaction time had
elapsed and was used again with fresh hy-
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droperoxide solution. The initial rate of
decomposition was smaller the longer the
catalyst had been used previously until its
activity reached a constant value. Further-
more, on the basis of inhibition experiments,
they concluded that hydroxyl radicals pro-
duced from hydroperoxide decomposition
were retained by the catalyst surface, con-
tributing to the catalyst deactivation.

In the present work, the decrease in rate
with time could also be explained on the
basis of a progressive deactivation of the
catalyst surface. The present observations
together with those of other authors will
be considered later when proposing a re-
action mechanism.

Effect of the Catalyst Wetght to Liquid
Volume Ratio

This effect was studied for the three
oxides, and results obtained for catalyst B
are illustrated in Fig. 2. In each case, the
same initial hydroperoxide concentration
was used at 60°C. The decrease in the de-
composition rate with time was also ob-
served in these experiments.

The calculated initial decomposition rates
are plotted against the catalyst weight to
liquid volume ratio for the 3 catalysts in
Fig. 3. The slopes of the plots are indicative
of the reaction order with respect to the
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Fic. 2. Cyclohexenyl hydroperoxide decomposi-
tion in cyclohexene at 60°C, as a function of time,
for different catalyst ratios of catalyst B. (Q) Ex-
perimental points, (=) as predicted by Eq. (19).
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Fic. 3. Log of minus the initial rate of cyclo-
hexenyl hydroperoxide decomposition in cyclo-
hexene at 60°C as a function of the log of catalyst
ratio, () catalyst A, (A) catalyst B, ([J) cata-
lyst C.

catalyst ratio, and the corresponding values
are given in Table 1.

It is possible to conclude that the hydro-
peroxide decomposition rate has a first
order dependency with respect to the
catalyst.

Effect of Temperature

The decomposition of cyclohexenyl hy-
droperoxide in cyclohexene was studied in
the temperature range of 40° to 70°C. In
each case, experiments were started with
the same initial hydroperoxide concentra-
tion and catalyst weight to liquid volume
ratio. A set of experiments was performed
for each of the three MnO. catalysts, and
the results obtained for catalyst C are
shown in Fig. 4.

The initial rates of hydroperoxide de-
comaposition were determined and are pre-
sented on an Arrhenius plot for the three
catalysts in Fig. 5. The corresponding acti-
vation energies were calculated and appear
in Table 1.

The activation energies for the catalyzed
decompositions of hydroperoxide are valu-
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Fre. 4. Cyclohexenyl hydroperoxide decomposi-
tion in cyclohexene, as a function of time, for
different reaction temperatures. Catalyst ratio =
4 mg of catalyst C/ml.

able data when studying the oxidation
mechanism of cyclohexene with the same
catalysts. If the activation energy of the
overall oxidation process is determined, the
activation energy of the catalyzed free
radical initiation rate can ultimately be cal-
culated and a comparison made between
the processes of hydroperoxide decomposi-
tion and free radical initiation. However, as
will be shown later, under the conditions
at which the present initial rates were mea-
sured, the calculated activation energies
corresponded to the decomposition of a hy-
droperoxide—catalyst complex.

By working with inhibitors, it has been
established that hydroperoxides may de-
compose via simultaneous radical and non-
radical mechanisms (13, 14). On the other
hand, as will be seen from the present mech-
anism, other reactions taking place on the
catalyst surface may be an important
source of free radicals. Therefore, the de-
composition of a hydroperoxide-catalyst

TABLE 1
BET specific Porosity Catalyst E,
Catalyst Type surface (m?/g) characteristics order (kcal/mole)
A BMnO, 0.9 Nonporous 1.3+04 10.5 + 0.8
B yMnQO, 32.0 Nonporous 1.1 +0.2 9.7 £ 1.8
C BMnO, 87.0 Porous 1.1+0.1 16.1 £+ 1.6
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F1c. 5. Arrhenius plot for the decomposition of
cyclohexenyl hydroperoxide in cyclohexene. (QO)
Catalyst A, (A) Catalyst B, ([J) Catalyst C.

complex may not be the main source of
free radicals for the propagation steps in
the oxidation process.

Product Distribution

Cyclohexenol was found to be the major
organic reaction product in the thermal de-
composition of cyclohexenyl hydroperoxide
in cyclohexene (1). However, in the cata-
lyzed decompositions of eyclohexenyl hydro-
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Fie. 6. Product distribution for the decomposi-
tion of cyclohexenyl hydroperoxide in cyclohexene
at 60°C. Catalyst ratio = 90 mg of catalyst A/ml.
(QO) Cyclohexenyl hydroperoxide, ([J) cyclohex~
enol, (A) cyclohexenone.
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Fre. 7. Product distribution for the decomposi-
tion of cyclohexenyl hydroperoxide in cyclohexene
at 80°C. Catalyst ratio = 10 mg of catalyst B/ml.
() Cyclohexenyl hydroperoxide, ((J]) cyclohex-
enol, (A) eyclohexenone,

peroxide studied previously (3, 4, 15),
water, cyclohexenol, cyclohexenone, and
cyclohexene oxide were the reaction prod-
ucts detected. Detailed studies on product
distributions were not reported.

Figures 6, 7, and 8 show typical product
distribution curves for the decomposition of
cyclohexenyl hydroperoxide at 60°C using
the three MnO, -catalysts. Cyclohexene
oxide was not identified as a product of the
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Fic. 8. Product distribution for the decomposi-
tion of cyclohexeny! hydroperoxide in cyclohexene
at 60°C. Catalyst ratio = 10 mg of catalyst C/ml.
(O) Cyclohexenyl hydroperoxide, ([1) ecyclohex-
enol, (A) cyclohexenone.
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reaction and could have been formed only
in trace amounts. No quantitative analysis
for water was made but its presence was
noted in the formation of a condensation
film on the walls of the reactor.

It can be concluded from the figures that
with all three catalysts a greater amount of
cyclohexenol than cyclohexenone was
formed. However, the ratios of the alcohol
to ketone concentrations were quite differ-
ent for each catalyst indicating that other
factors besides the chemical nature of the
oxide play a decisive role in the product
distribution.

Using the manganese dioxide of highest
specific surface as catalyst, product dis-
tributions were studied in some detail. The
influence of the initial hydroperoxide con-
centration, catalyst ratio, and temperature
was evaluated. Examination of the product
distribution data revealed a decrease in the
aleohol to ketone concentration ratio on in-
creasing the initial hydroperoxide concen-
tration, when the catalyst ratio and tem-
perature were maintained constant. The
same tendency was apparent when the
catalyst ratio was increased keeping con-
stant the initial hydroperoxide concentra-
tion and temperature. This phenomenon
may be related to the formation of a cata-
lyst-hydroperoxide complex in equilibrium
with hydroperoxide and unoccupied sites
on the catalyst surface. The higher the con-
centration of the complex in the system, the
closer to unity is the aleohol to kefone con-
centration ratio. The decomposition of the
complex through a radical path would pro-
duce alkoxy radicals which, upon interac-
tion with cyclohexene, would give rise to
cyclohexenol. A nonradical decomposition
path could imply the disproportionation of
two neighboring adsorbed hydroperoxide
molecules which would yield one molecule
of cyclohexenol and one of cyclohexenone.

Another important phenomenon is that
the alcohol to ketone concentration ratio is
not constant with time. With only a few
exceptions, it is possible to say that at the
early stages of the reaction, the rate of al-
cohol formation is greater than the rate of
ketone formation, while at later stages of
the reaction, the rates become more nearly
the same. This could be related to the fact
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that additional amounts of ketone may be
formed from termination reactions of
peroxy radicals on the catalyst surface.
Peroxy radicals are formed from regener-
ation steps of the catalyst (as will be seen
in the next section), and therefore they have
a larger concentration at later stages of the
reaction. At the beginning, the reaction be-
tween alkoxy radicals and substrate to
yield cyclohexenol is more important.

Finally it must be mentioned that in the
experimental range studied, temperature
does not appear to influence greatly the
product ratio.

Reaction Mechanism

Before postulating a reaction mechanism,
some conclusions reached from the experi-
mental observations will be summarized as
follows:

(a) The initial rate of cyclohexenyl hy-
droperoxide decomposition is practically in-
dependent of the initial peroxide concentra-
tion, except at low conecentration levels
where a proportionality of the rate and the
concentration is observed. This behavior is
associated with the formation of a catalyst—
hydroperoxide complex.

{b) The hydroperoxide concentration de-
creases exponentially with time even when
the decomposition rate is not influenced by
the peroxide concentration. This is thought
to be due to the deactivation of the catalyst
surface.

(¢) The amounts of hydroperoxide de-
composed indicate that the catalyst could
not be irreversibly deactivated (6), there-
fore, a regeneration step of the active sites
on the catalyst surface must be included in
the reaction mechanism.

On the basis of the previous conclusions,
the following set of reactions, which is
equivalent to the Haber-Weiss mechanism
(16), will be considered as the main steps

for the decomposition of cyclohexenyl
hydreperoxide:
K,
ROOH + M+» = (ROOH .. M*n), (1)

ks
(ROOH .. M*) —» RO + M*"*0QH-, (2)

ks
ROOH + M*"+"OH- — ROy + H,0 + M+ (3)
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Here: ROOH = cyclohexenyl hydroper-
oxide, M*" = active transition metal site
on the catalyst surface, RO" = cyclohex-
enoxy radical, RO, = eyclohexeny! hydro-
peroxy radical.

As indieated by Ingold (17), the alkoxy
and peroxy radieals may react in the ho-
mogeneous phage according to:

RO 4+ ROOH — ROH 4+ 10y, 4

RO + ROOH — RO+ ROH + O, (55

RO+ RH — ROH + It (6)

RO, 4+ R — ROOH + 11", (7

In these steps: ROH = cyclohexenol,

RH = cyelohexene, R = eyclohexenyl
radical.

Free radical termination reactions could
take place both homogencously and on the
catalyst surface:

2RO, — Inactive products + O, (8)

2R0O" — Inactive products, 9

2R" — Inactive products, (1m

R™ 4+ M*» — Inactive products, an
RO 4+ M** — Inactive products, (12)
RO:" + M** — Inactive products. (13}

In order to derive a rate expression for
the consumption of hydroperoxide, the fol-
lowing assumptions will be made:

a. Homogeneous reactions for the decom-
position and formation of hydroperoxide are
unimportant when compared with the
heterogenecous decompositions [Egs. (1),
(2), and (3)].

b. Involvement of the catalyst in free
radical termination is assumed to be neg-
ligible.

c. Final reaction products (alcohol, ke-
tone, and water), have no inhibiting effect
on the catalyst.

If these simplifications are not made, the
simultaneous equations arising from con-
sidering all the reaction steps presented are
practically intractable. On the other hand,
if mainly peroxy radicals terminate on the
surface of the catalyst as assumed in the
previous section, it is expected that a sim-
plified rate model eould interpret adequately
the observed phenomena, at least at early
stages of the reaction.

The following types of sites will be dis-
tinguished on the catalyst surface:
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Initial sites of fresh catalyst (S,).
2. Sites frec to absorb hydroperoxide
(8}, indicated as M*™ in the reaction

mechanism.
3. Sites  forming a catalyst-hydroper-
oxide complex (S,), indicated as

(ROOH .. M*) in the mechanism,
4, Sites with adsorbed hydroxy groups
OH- in the mechanism.

Calling: [ROOH] = C (hydroperoxide
coneentration) and [S;] = 8; (concentra-
tion of catalvst site ¢}, it follows that

S./‘ == So - Sl - S‘;. (14)

If the catalyst-hydroperoxide complex
soon attains equilibrium,

. K.C
Sy = RS, = -2
RO T R
The rate of formation of the sites with
adsorbed hydroxyl radicals will be,
@S kSO
dt (14 K.0)
Considering that the variation of C with

time is negligible compared with the change
of Sz, and calling:

(Se — 8. (15)

(So - S-_») — l\’g(vs-g. (16)

N A’2K1C
1O =10+ xey (17)
Eq. (16) yields upon integration,
L Sef(O)
8 = 0y £ ke 4 expl = O
+ ksClt}).  (18)

After suitable substitutions, the rate of
hydroperoxide decomposition will be:
at S8 o
— ksClexpl — [f(C) + ksClt}).  (19)

The initial concentration of catalyst sites,
Sy, i1s proportional to the initial catalyst
weight to liquid volume ratio, such that:

So = BM,, (20)

where B is a constant characteristic for each
oxide.

The constants of the rate Eq. (18) were
determined numerically for each catalyst
by making use of the experimental data.
The equation was then integrated to repro-
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duce the hydroperoxide concentration
versus time data collected at 60°C.

The solid lines drawn on Figs. 1 and 2
represent the values as predicted by the rate
model for catalyst B. Reproducibility of
the experimental points is within *5% for
the three MnO, catalysts, except for low
concentrations (less than 10 umole/ml)
where small differences between experi-
mental points and models produce large
percentual errors. It can be observed from
Fig. 1 that the model does not follow ac-
curately the experiments after about 20
min. This is attributed mainly to a de-
parture from the simplifying assumptions
made earlier that no radical termination on
the catalyst surface will be of importance,
and that reaction products like water (18)
will not have an inhibiting effect on the

catalyst.
For time zero, Eq. (19) reduces to:
e _ kK
T e, I O% = xRS Y

This equation explains the behavior of the
initial rate of hydroperoxide decomposition
for different initial peroxide concentrations.
It also is consistent with the first-order de-
pendency of the rate upon the initial cata-
lyst ratio.

Under the conditions at which the ini-
tial rate was measured to determine the
effect of the temperature for each catalyst,
it can safely be said that this rate was in-
dependent of the initial hydroperoxide con-
centration, since the experiments were per-
formed with initial concentrations greater
than 250 umole/ml. In this case Eq. (21)
is further reduced to:

dc

~w T k2So,

(22)
which indicates that the activation energy
of reaction (2) was determined.

Effect of the Porosity and Specific
Surface of the Catalysts

Yurchak et al. (19) attempted to evalu-
ate the effect of intraparticle diffusion when
studying the liquid-phase oxidation of iso-
butane with a Co0O/Mo0Q;/Al,O; catalyst.
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By considering a simplified phenomenolog-
ical reaction model, they were able to
estimate the effectivencss factors of the
peroxide and radieal intraparticle diffusing
species. On the basis of the caleulated
values, they concluded that the ecatalytic
decomposition of hydroperoxide is virtually
unaffected by diffusion, but the decomposi-
tion of radicals is strongly influenced by
diffusion even with a particle radius of
10 n. Radicals generated in the interior of
the catalyst pores by hydroperoxide de-
composition cannot efficiently propagate the
chain before undergoing decomposition to
products such as ketone.

Our main concern was the rate of hydro-
peroxide decomposition and the fate of the
generated radicals was not considered of
primary importance. The homogeneous hy-
droperoxide decomposition by interaction
with free radicals was neglected relative to
the heterogeneous reaction. Therefore, on
the basis of the previous considerations, it
was assumed that the catalytic decomposi-
tion of cyclohexenyl hydroperoxide was un-
affected by intraparticle diffusion.

The problem of determining the fraction
of catalyst surface active in liquid phase
oxidation processes was considered by
Pyatniskaya et al. (20) when studying the
liquid-phase oxidation of cumene on cupric
and manganese oxides of different grain
size. They concluded that the process pro-
ceeds on the external surface or in a very
thin surface layer in the case of a catalyst
with a developed internal surface. A short-
coming of their study is that they con-
sidered the external specific surface of non-
porous glass powder equal to the external
specific surface of the catalyst particles of
equivalent grain size.

In the present study, examination of the
three catalysts under the electron scan
microscope led to the conclusion that the
use of an average particle diameter to de-
termine the external surface was mislead-
ing because of clustering and surface
roughness.

Since catalysts A and B were determined
to be nonporous (21) it is possible to as-
sume that the complete BET specific sur-
face will be active in the process of the
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liquid phase decomposition of c¢yclohexenyl
hydroperoxide.

Equation (21) for the initial rate of hy-
droperoxide decomposition can be rewritten
as:

dc

A aSp Mo f(C) (23)
where S, is the specific surface of the cata-
lyst which effectively participates in the
reaction, and « a constant dependent on the
particular catalyst but independent of the
specific surface.

It will be assumed that « is equal for the
three MnO, catalysts and f(C) was esti-
mated as 0.204, 0.243, and 0.210 min™ for
catalysts A, B, and C, respectively, when
considering the set of experiments repre-
sented on Fig. 3.

At a fixed catalyst weight to liquid vol-
ume ratio, the quotient of Eq. (23) applied
to the two nonporous catalysts yields

Spn _ r, f{C)a
Spa 1A f(C)s

(24)

where rg, and r,, stand for the initial rates
of decomposition when using catalysts B
and A, respectively.

Values taken from Fig. 3 for g, and 74,
and those calculated for f(C), and f(C)g,
give, S,u/S,a = 33.6. This quantity is in
good agreement with the value 35.6 for the
ratio of the BET surfaces for the catalysts,
giving support to the assumptions made
previously.

Following the same ecalculation pro-
cedure for catalysts A and C, it was estab-
lished that 57.8 m?/g out of 87 m?/g were
active for catalyst C. On the basis of a pore
distribution study it was found that about
20 m?/g belonged to the external surface,
leaving therefore about 38 m?/g of the in-
ternal surface active for the liquid-phase
process.

It can be concluded from this study that,
when employing a porous catalyst, the
liquid phase decomposition of eyclohexenyl
hydroperoxide in cyclohexene took place
not only on the external surface of the
catalyst but also on a considerable portion
of the internal area. However, it must be

kept in mind that although the three cata-
lysts are manganese dioxide, their type and
previous history are different, making it
necessary to interpret these conclusions
cautiously. :
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