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INTRODUCTION

The reactions of substituted benzenes with hydro-
gen can occur via the following two pathways: (a)
hydrogen addition to the double bonds of a benzene
ring with the formation of a hexane ring (hydrogena-
tion) and (b) the abstraction of a substituent from the
benzene ring followed by hydrogen atom addition
(hydrogenolysis).

Many papers were devoted to the catalytic hydroge-
nation of benzene [1, 2], but the catalytic hydrogenoly-
sis of halogenated benzenes is poorly studied as is evi-
dent from review [3].

The catalytic hydrogenolysis of chlorinated ben-
zenes was primarily studied on metals supported on

 

γ

 

-

 

Al

 

2

 

O

 

3

 

 or on sulfided nickel–molybdenum or cobalt–
molybdenum samples supported on 

 

γ

 

-

 

Al

 

2

 

O

 

3

 

 [4–6].
Zanaveskin 

 

et al.

 

 [3], who summarized published
kinetic data, concluded that the hydrogenolysis of chlo-
rinated benzenes occurs via the Langmuir–Hinshel-
wood mechanism. In this case, hydrogen and chlo-
robenzenes are adsorbed on the active sites of the same
type. Moreau 

 

et al.

 

 [5, 6] suggested that hydrogenolysis
occurs via the two-site adsorption of a molecule with
the rupture of a C–X bond, where X is a halogen atom.

Therefore, the hydrogenolysis of chlorinated ben-
zenes on a catalyst whose surface has two types of
active sites, which chemisorb hydrogen and chlorinated
benzene, respectively, is of interest. We chose the
nickel–chromia catalyst, which consists of nickel and
chromium oxide [7]. It was found [8] that hydrogen is
dissociatively adsorbed on nickel. Halogen-atom trans-
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fer from one molecule to another (transhalogenation)
readily takes place on chromium oxide [9]. Taking into
account the existence of two different active sites on the
given catalyst, it was of interest to study the mechanism
of hydrogenolysis on this catalyst and to compare
experimental and published data.

EXPERIMENTAL

Hexachlorobenzene and the following polychlo-
robenzene isomers that are intermediates in the hydro-
genolysis of hexachlorobenzene were used as test
materials in the reaction of catalytic hydrogenolysis:
1,2,4,5-tetrachlorobenzene (1,2,4,5-tetraCB), 1,2,4-tri-
chlorobenzene (1,2,4-TCB), 1,2-dichlorobenzene
(1,2-DCB), and chlorobenzene (CB). Hexachlorocy-
clohexanes were studied as an isomer mixture with the
following composition (wt %): 

 

α

 

-hexachlorocyclohex-
ane, 68; 

 

β

 

-hexachlorocyclohexane, 6; 

 

γ

 

-hexachlorocyclo-
hexane, 12; 

 

δ

 

-hexachlorocyclohexane, 7; 

 

ε

 

-hexachloro-
cyclohexane, 5; and the balance heptachlorocyclohexane.

Experiments were performed on a nickel–chromia
catalyst, which was prepared from nickel and chro-
mium nitrate solutions according to a published proce-
dure [7]. The chemical composition of the catalyst was
as follows (wt %): nickel metal, 59.3; chromium oxide,
34.2; and a graphite binder, 6.5. The specific surface
area of the catalyst before and after operation was equal
to 

 

80 

 

±

 

 2

 

 m

 

2

 

/g. Before the experiments, the catalyst was
heated in a hydrogen flow at 623 K for 10 h. According
to data published in [7], the catalyst composition after
this treatment corresponds to nickel supported on chro-
mium oxide. Thereafter, the test catalyst sample (vol-
ume of 2 ml, particle size of 0.2–0.5 mm, and 
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Abstract

 

—The catalytic hydrogenolysis of hexachlorobenzene and hexachlorocyclohexanes (isomer mixture)
on a nickel–chromia catalyst and hexachlorobenzene hydrogenolysis intermediates (1,2,4,5-tetrachloroben-
zene, 1,2,4-trichlorobenzene, 1,2-dichlorobenzene, and chlorobenzene) are studied. The hydrogenation of an
aromatic ring does not occur in the presence of chemisorbed chlorine atoms on the catalyst surface. A reaction
mechanism for chlorobenzene hydrogenation was proposed taking into account experimental evidence that, in
the presence of chemisorbed chlorine on the catalyst surface, hydrogen in a dissociated state is firmly bound to
the surface. It is found that the desorption of the resulting hydrogen chloride is the slowest step in chloroben-
zene hydrogenolysis. The hydrogenolysis of hexachlorocyclohexanes occurs via a dehydrochlorination stage
with the formation of trichlorobenzenes, which are subsequently converted into chlorobenzene and benzene.



 

KINETICS AND CATALYSIS

 

      

 

Vol. 42

 

      

 

No. 2

 

      

 

2001

 

KINETICS AND MECHANISM OF THE HETEROGENEOUS CATALYTIC HYDROGENOLYSIS 175

 

80 m

 

2

 

/g) was constantly kept in a hydrogen atmosphere
during pauses between experiments.

Kinetic experiments were performed in a glass gra-
dientless reactor designed by Korneichuk [10], and
experiments on the simultaneous hydrogenation of
chlorobenzene and benzene were performed in a glass
flow reactor (with an inner diameter of 5 mm) with the
same catalyst sample. The experiments were performed
at 400–600 K; the contact time varied from 1 to 10 s.

The reaction mixture was prepared by saturating a
hydrogen or helium–hydrogen mixture with vapors of
organochlorine compounds, which were placed in an
evaporator at a certain temperature. The kinetic experi-
ments were performed at hydrogen concentrations of
0.005–0.04 mol/l and organochlorine compound con-
centrations of 

 

1 

 

×

 

 10

 

–5

 

–1.5 

 

×

 

 

 

10

 

−

 

3

 

 mol/l. Because of the
low partial pressure of hexachlorobenzene vapor, the
experiments with this compound were performed in the
concentration range 

 

1.0 

 

×

 

 10

 

–5

 

–7.6 

 

×

 

 10

 

–5

 

 mol/l.
The rates of reactions as functions of reactant con-

centrations were studied by maintaining a constant con-
centration of one of the reactants (hydrogen or an orga-
nochlorine compound). Note that, in the course of the
hydrogenolysis of chlorobenzenes and chlorocyclohex-
anes, the catalyst operation was stable for more than
100 h without detectable changes in the activity. The
initial substances and organic products were analyzed
by chromatography using a flame-ionization detector.
Samples for analyses were taken directly from gas
flows at the inlet and outlet of the reactor using the
same sampling valve, which was kept at 473 K.

RESULTS AND DISCUSSION

Benzene and chlorobenzenes with fewer chlorine
atoms than in the parent compound were the chlo-
robenzene hydrogenolysis products. The products of
aromatic ring hydrogenation (cyclohexene, cyclo-
hexadiene, and cyclohexane) were not formed. Sim-
ilar data (the absence of cyclohexane in the hydro-
genolysis of chlorobenzenes on nickel and palladium
catalysts) have been published [11, 12]. Cyclohex-
ane was detected in the products of hydrogenolysis
on platinum catalysts [13, 14].

In the simultaneous hydrogenation of chloroben-
zene and benzene, the amount of the latter increases
with temperature (Fig. 1, curve 

 

1

 

) and the amount of
chlorobenzene decreases to zero (curve 

 

2

 

). The calcu-
lated material balance with respect to carbon demon-
strates that the amount of benzene at the reactor outlet
increased and the concentration of chlorobenzene
decreased by the same value (benzene was not hydro-
genated). If the chlorobenzene supply to the reactor
was stopped, cyclohexene and cyclohexane appeared in
the reaction products after some time (~1 h). The activ-
ity of the catalyst in benzene hydrogenation was com-
pletely restored by heating at 573 K in a hydrogen
flow. The recovery of the catalyst activity was judged

from the termination of hydrogen chloride release
from the surface.

These data indicate that the hydrogenation of an
aromatic ring does not take place in the presence of
chemisorbed chlorine atoms or hydrogen chloride on
the surface of a nickel–chromia catalyst.

Figure 2 demonstrates the rate of benzene hydroge-
nation as a function of benzene concentration in hydro-
gen and the effect of hydrogen concentration on the rate
of this reaction.

Cyclohexene and cyclohexane were the products of
benzene hydrogenation, and cyclohexadiene was not
detected. The reaction orders with respect to benzene
and hydrogen are 0.6 and 0.4, respectively; these values
are consistent with published data [15, 16] obtained on
nickel-containing catalysts. The absence of maxima on
the rate-vs-concentration curves may indicate that ben-
zene and hydrogen are adsorbed on different catalyst
sites [17]. In the test nickel–chromium catalyst, metal-
lic nickel and chromium oxide can be assumed to be
these two types of sites.

Gaidai 

 

et al.

 

 [18] found that the hydrogenation of
benzene on a Pt

 

/

 

Al

 

2

 

O

 

3

 

 catalyst is performed by weakly
bound molecular hydrogen, whereas isotope exchange
takes place through firmly bound atomic hydrogen.
Taking into account these data and our experimental
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Fig. 1.

 

 Concentrations of (

 

1

 

) benzene and (

 

2

 

) chlorobenzene in
the reaction mixture in their simultaneous hydrogenation on a
nickel–chromia catalyst as functions of temperature (the ben-
zene and chlorobenzene concentrations in hydrogen in the start-
ing reaction mixture were 8.18 

 

×

 

 10

 

–4

 

 and 5.48 

 

×

 

 10

 

–4

 

 mol/l,
respectively; the space velocity was 2400 h
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results on the kinetics of benzene hydrogenation, we
propose the following mechanism of this reaction:

 

(I)

 

In this reaction scheme, we suggest that undissoci-
ated hydrogen is adsorbed on the active sites Z

 

H

 

 (metal-
lic nickel), whereas benzene and its hydrogenated
forms are associated with the active sites Z

 

B

 

; we believe
that the latter sites exist on the chromium oxide.
Because cyclohexadiene was not detected in the reac-
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tion products, this scheme does not involve its release
into the gas phase.

As was found by thermodynamic calculations [19,
20], step (I.3) is a rate-limiting step. Thus, the rate law
for benzene conversion (

 

w

 

B

 

) as a function of reactant
concentrations is

 

(1)

 

In this equation, 

 

b

 

1

 

 = 

 

k

 

1

 

/

 

k

 

–1

 

, 

 

b

 

2

 

 = 

 

k

 

2

 

/

 

k

 

–2

 

; 

 

k

 

3

 

 

 

is the rate
constant of step (I.3); 

 

C

 

H

 

 and 

 

C

 

B

 

 are the concentrations
of hydrogen and benzene, respectively.

The rate constants and equilibrium constants of
reaction steps were optimized. For example, in the
hydrogenation of benzene at 400 K, the following cal-
culated values of constants best fitted the experimental
data: 

 

b

 

1

 

 =

 

 

 

k

 

1

 

/

 

k

 

–1

 

 = 4.9 

 

×

 

 10

 

–8

 

, 

 

b

 

2

 

 = 

 

k

 

2

 

/

 

k

 

–2

 

 = 304

 

, and k3 =
45332.

The equilibrium constants of benzene (step (I.2))
and hydrogen (step (I.1)) adsorption suggest that, in the
case of benzene, the equilibrium is shifted to the
adsorption of a C6H6 molecule on an active site,
whereas the equilibrium with hydrogen, on the con-
trary, is shifted to the desorption from the catalyst sur-
face.

It was found [9] that the transhalogenation reaction
of halobenzenes is facile in the presence of Cr2O3.
Halogen-atom transfer from one halobenzene molecule
to another on the surface of a catalyst can occur only in
the case of the dissociative adsorption of a molecule
with the formation of a phenyl group and a halogen or
hydrogen atom. We believe that the presence of chlo-
rine atoms on the catalyst surface in our experiments
and of sulfur atoms in experiments with sulfided cata-
lysts [5, 6, 21] is favorable for the dissociative adsorp-
tion of hydrogen, which facilitates the reaction of
hydrogenolysis.

We performed an experiment described below to
study whether or not chlorobenzenes would react with
chemisorbed hydrogen. Hydrogen was replaced with
helium in the reaction mixture after 1,2,4,5-tetraCB
hydrogenolysis at 483 K. It can be seen (Fig. 3) that, in
spite of the absence of hydrogen from the gas phase, the
reaction of 1,2,4,5-tetraCB hydrogenolysis took place
for a long time. These data support the fact that the
reaction of chlorobenzene hydrogenolysis involves
hydrogen chemisorbed on the surface and in the bulk of
the catalyst.

The results of the study of 1,2-DCB hydrogenolysis
(Fig. 4) demonstrate that the selectivity to chloroben-
zene decreased with temperature (curve 2), whereas the
selectivity to benzene increased (curve 3). This indi-
cates that the chlorobenzene formed in the reaction was
converted into benzene.

As the temperature was increased in the hydro-
genolysis of 1,2,4-TCB, the selectivities to 1,2-DCB
and 1,4-DCB decreased, the selectivity to benzene con-
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Fig. 2. Rate of benzene hydrogenation on a nickel–chromia
catalyst at 700 K and a space velocity of 2400 h–1 as a func-
tion of (a) benzene concentration in hydrogen or (b) hydro-
gen concentration (at a constant initial benzene concentra-
tion of 1.6 × 10–3 mol/l).
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tinuously increased, and the selectivity to CB passed
through a maximum (Fig. 5). This behavior suggests
that 1,2-DCB, 1,4-DCB, and CB are intermediates in
the hydrogenolysis of 1,2,4-TCB to benzene.

We found by varying the contact time (τ) of the
reaction mixture containing hexachlorobenzene and
hydrogen (Fig. 6) that the selectivities to pentachlo-
robenzene (PCB), 1,2,4,5-tetraCB, and 1,2,3,4-tetraCB
decreased with τ, the selectivities to 1,2,3-TCB, 1,2,4-
TCB, and 1,2-DCB passed through a maximum,
whereas the selectivities to CB and benzene continu-
ously increased. Thus, it is evident that an increase in
the contact time is favorable for the consecutive trans-
formation of highly chlorinated benzenes to less chlo-
rinated species.

The above data indicate that the hydrogenolysis of
chlorinated benzenes occurs by a similar mechanism
through the consecutive formation of less chlorinated
benzenes.

The similarity in reaction mechanisms for the
hydrogenolysis of chlorobenzenes was also supported
by the similarity in the reaction orders with respect to
reactants and the activation energies of the reactions.
The table summarizes data on the reaction orders with
respect to initial compounds and hydrogen. The reac-
tion orders with respect to hexachlorobenzene are
somewhat different from the corresponding values for
other chlorobenzenes because the experiments were
performed at lower hexachlorobenzene concentrations
in hydrogen; it is well known [33, 34] that this leads to
an increase in the order of reaction.

It can be seen that the reaction orders with respect to the
initial reactants for various chlorobenzenes are lower than
unity. This fact indicates that hydrogenolysis takes place in
a chemisorbed state. The reaction rates as functions of con-
centration exhibit no maxima for all of the chlorobenzenes
examined in this work. This suggests the adsorption of
chlorobenzene and hydrogen molecules on different active
sites of a catalyst [17].

Presently, it seems to be settled that the adsorption
of benzene occurs by a dissociative mechanism in
many cases [22–25]. Thus, for example, deuterium
exchange in a benzene molecule is represented as fol-
lows [26]:

Initially, the benzene molecule forms a π-complex
with the active site (Z) of a catalyst; the aromatic ring
in this π-complex is arranged parallel to the surface. In

Z Z

D

Z D

+

Z
D

Z H

+

Z Z Z

H

the course of the reaction, the molecule turned through
90° and the π-complex transformed into a σ-complex
with the subsequent elimination of hydrogen or deute-
rium. The chemisorbed phenyl group reacts with the
chemisorbed deuterium atom and reverts to a π-bonded
state. These processes can be repeated several times
until molecules desorb from the catalyst surface.

Dissociative adsorption was also supported by stud-
ies of halogen atom exchange in halobenzenes for a
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Fig. 3. Time dependence of the concentrations of 1,2,4,5-
tetraCB hydrogenolysis products after the removal of
hydrogen from the reaction mixture and the helium blowing
of the catalyst: (1) 1,2,4-TCB, (2) benzene, (3) 1,2-DCB,
and (4) 1,4-DCB.

Fig. 4. Temperature dependence of (1) 1,2-DCB conversion
in the hydrogenolysis on a nickel–chromia catalyst and
selectivity to (2) chlorobenzene or (3) benzene. The concen-
trations of hydrogen and 1,2-DCB in the starting reaction
mixture were 1.7 × 10–3 and 1.1 × 10–3 mol/l, respectively;
the space velocity was 2400 h–1.
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hydrogen atom from another molecule in the presence
of a heterogeneous catalyst [9, 27].

Note that H/D isotope exchange in the deuterated
benzene molecule C6H5D + H2 = C6H6 + HD is analogous
to the chlorobenzene hydrogenolysis C6H5Cl + H2 =
C6H6 + HCl.

In the presence of a chlorine atom at a benzene ring,
several types of σ-complexes can be formed:

We performed quantum-chemical calculation of
various σ-complexes by the SCF method in the MNDO
semiempirical approximation [28] using the program
described in [29]. We chose this calculation method
because it is parameterized [28] for the correct repro-
duction of the corresponding characteristics of molecu-
lar structures. This calculation demonstrated that the
C–Cl distance decreases in σ-complex I and increases

HCl

+

III

HH

+

Cl

in σ-complex II, compared with the corresponding
value in the chlorobenzene molecule (1.793 and 1.752
Å, respectively). This suggests that complex II exhibits
a maximum probability of abstracting the chlorine
atom. The results of calculation are consistent with data
published by Manion and Louw [30]. They found that
the addition of a deuterium atom to a chlorobenzene mole-
cule at carbons bonded with hydrogen atoms is reversible,
whereas the addition to a carbon atom bonded with chlo-
rine is irreversible because it results in the elimination of
chlorine and its replacement with deuterium.

It is reasonable to suggest the same tendency toward
changing the C–Cl bond lengths in the σ-complexes

formed by chlorobenzene with the catalyst active site Z.
The preferable formation of a σ-complex at the carbon
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Fig. 5. Temperature dependence of (2) 1,2,4-TCB conversion in
the hydrogenolysis on a nickel–chromia catalyst and selectivity
to products: (1) 1,2-DCB, (3) 1,4-DCB, (4) benzene, and (5)
chlorobenzene. The concentration of 1,2,4-TCB in hydrogen
was 9 × 10–4 mol/l, and the space velocity was 2400 h–1.

Fig. 6. Selectivities to products as functions of contact time
in the hydrogenolysis of hexachlorobenzene on a nickel–
chromia catalyst at 440 K: (1) PCB, (2) 1,2,4,5-tetraCB,
(3) CB, (4) 1,2,4-TCB, (5) 1,2,3,4-tetraCB, (6) benzene,
(7) 1,2,3-TCB, and (8) 1,2-DCB.

Orders of reaction with respect to substances and activation energies of chlorobenzene hydrogenolysis reactions

Reaction parameter
Substance

C6H5Cl 1,2-C6H5Cl2 1,2,4-C6H5Cl3 1,2,4,5-C6H5Cl4 C6Cl6

Order with respect to initial substance 0.4 0.3 0.4 0.3 0.8
Order with respect to hydrogen 0.5 0.4 0.5 0.3 0.2
Activation energy, kJ/mol 75 ± 4 71 ± 4 75 ± 6 62 ± 5 56 ± 4
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atom with a maximum electron density in the aromatic
ring is expectable. This problem was considered in a
qualitative manner by Hagh and Allen [21] for homoge-
neous polychlorobenzene hydrogenolysis. They sug-
gested that stable and unstable σ-complexes are formed
in hydrogenolysis.

To test this hypothesis, we calculated electron den-
sities at carbon atoms for various chlorobenzenes using
the above method [28, 29].

Electron Densities at Carbon Atoms
in Chlorobenzenes

We assume that the σ-complex of a catalyst and a
chlorinated benzene molecule is primarily formed at an
aromatic-ring carbon atom with the highest electron
density. On this assumption, the calculation data sug-
gest that, the hydrogenolysis of PCB, in which the car-
bon atom in the 3-position exhibits a maximum elec-
tron density, will result in the formation of 1,2,4,5-tet-
raCB in a greater amount. For the same reason, 1,3,5-
TCB and 1,3-DCB will not be formed from the corre-
sponding chlorobenzenes. The results of quantum-
chemical calculations are consistent with assumptions
made in [21] on the stability of σ-complexes.

Indeed, in the products of hexachlorobenzene
hydrogenolysis, 1,2,4,5-tetraCB predominates over
other tetrachlorobenzenes, 1,2,4-TCB predominates
over other trichlorobenzenes, and 1,2-DCB predomi-
nates over other dichlorobenzenes, whereas such chlo-
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robenzenes as 1,2,3,5-tetraCB, 1,3,5-TCB, and
1,3-DCB are not formed at all.

Taking into account the above facts and the results
of kinetic studies on the hydrogenolysis reactions of
chlorobenzenes, we suggest the following mechanistic
scheme for chlorobenzene hydrogenolysis:

(ZR denotes the sites of chlorobenzene adsorption).

The above scheme of chlorobenzene hydrogenoly-
sis is consistent with the Langmuir–Hinshelwood
mechanism. It takes into account the experimental data
that dissociated hydrogen is firmly bound to the surface
in the presence of chemisorbed chlorine on the catalyst
surface. The difference of the proposed scheme from
known mechanisms [3] is that it considers active sites
of two types on the catalyst surface; hydrogen is related
to one of them (ZH), and chlorobenzene is related to the
other (ZR).

Based on the mass action law and steady-state con-
ditions, we found the following expression, which
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Fig. 7. Reaction rate of CB hydrogenolysis on a nickel–
chromia catalyst at 400 K and a space velocity of 2400 h–1

as a function of CB concentration in hydrogen.
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relates the rate of chlorobenzene hydrogenolysis (wCB)
to the concentration of chlorobenzene in hydrogen:

(2)

where ki are the rate constants of the corresponding
steps, l s–1 mol–2; C is the concentration of chloroben-
zene, mmol/l; m = (bCH)0.5/(1 + (bCH)0.5), b = k1/k–1; and
CH = 44.68 mmol/l.

The rate constants of reaction steps were optimized. For
the hydrogenolysis of chlorobenzene at 400 K (Fig. 7), the
following calculated values of constants gave the best
fit to the experimental data: k1/k–1 = 0.054, k2 = 0.355,

wCB

k2k4k5m(k3 k2C )C–
k3 k4k5m k2C k4 k5+( )+( )
-------------------------------------------------------------,=

k3 = 3 × 108, k4 = 3.65, and k5 = 0.038. These results
indicate that the interaction between the surface com-
pounds ZR · Cl and ZH · H (step (II.5)) followed by the
desorption of the resulting hydrogen chloride is the
slowest step in the course of chlorobenzene hydro-
genolysis.

The hydrogenolysis reaction of a mixture of hexachlo-
rocyclohexane isomers was studied on the same nickel–
chromia catalyst sample. The reaction was performed at
413–493 K. Note that the complete conversion of all start-
ing isomers was attained at a total hexachlorocyclohexane
concentration of 1.6 × 10–4 mol/l, a space velocity of
470 h–1, and a temperature of 413 K. Chlorobenzene
was the main reaction product. Benzene, 1,2-DCB,
1,3-DCB, and 1,2,4-TCB were formed in considerably
smaller amounts. It is interesting that in the absence of
a catalyst, the conversion of hexachlorocyclohexanes,
began only above 573 K, and 1,2,4-TCB was formed
for the most part [31]. Figure 8 indicates that, as the
temperature increased, the selectivities to dichloroben-
zenes and 1,2,4-TCB decreased, whereas the selectivity
to benzene increased, and the selectivity to chloroben-
zene passed through a maximum. It is typical that the
composition of reaction products depends on the con-
centration of hexachlorocyclohexanes: as the concen-
tration in hydrogen was increased, the selectivity to
chlorobenzene increased, whereas the selectivity to
benzene decreased (Fig. 9).

Note that, upon the replacement of hydrogen with
helium in the reaction mixture, the conversion of
hexachlorocyclohexanes decreased; the selectivity to
1,2,4-TCB increased, and the selectivities to chlo-
robenzene and benzene dramatically decreased. The
catalyst activity was completely restored on the subse-
quent replacement of helium by hydrogen. It is likely
that the drop of the catalyst activity and changes in the
selectivities to products are associated with an initial
dehydrochlorination on the catalyst surface to form
1,2,4-TCB and hydrogen chloride, which is firmly
bound to the surface. The presence of hydrogen in the
reaction mixture not only facilitates the displacement
of hydrogen chloride from the catalyst surface, but also
is responsible for the hydrogenolysis of the resulting
trichlorobenzene to less chlorinated benzenes. Tavoularis
and Keane [32] observed such a phenomenon in their
study of cyclohexyl chloride conversion on a Ni/SiO2 cat-
alyst in the presence of hydrogen at 423–523 K. They
found that cyclohexene was the main product (>97%),
whereas only trace cyclohexane was detected. In the
case of polychlorobenzene hydrogenolysis, the reac-
tion occurs via the consecutive replacement of chlorine
atoms by hydrogen in the molecule, whereas the reac-
tion with hexachlorocyclohexanes occurs via the elim-
ination of hydrogen chloride.

Thus, the results of this study suggest that different
mechanisms are responsible for the removal of chlorine
from the molecules of chlorine-containing benzenes
and cyclohexanes.
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Fig. 8. Temperature dependence of selectivities to products
in the hydrogenolysis of hexachlorocyclohexanes (initial
hexachlorocyclohexane concentration in hydrogen,
1.6 × 10–4 mol/l; space velocity, 470 h–1): (1) CB, (2) ben-
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Fig. 9. Effect of the concentration of hexachlorocyclohex-
anes in hydrogen on (1) their conversion and selectivity to
(2) chlorobenzene or (3) benzene at 413 K and a space
velocity of 750 h–1.
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