
PROCESS FOR PRODUCING PHENOL CROSS REFERENCE TO
RELATED APPLICATION [0001] This application claims the
benefit of prior U.S. provisional application Serial
No. 61/093,042 filed August 29, 2008, and European
Application No. 08169307.9 filed November 18, 2008,
both of which are hereby incorporated by reference in
their entirety. FIELD [0002] The present invention
relates to a process for producing phenol. BACKGROUND
[0003] Phenol is an important product in the chemical
industry and is useful in, for example, the production
of phenolic resins, bisphenol A, e-caprolactam, adipic
acid, and plasticizers. [0004] Currently, the most
common route for the production of phenol is the Hock
process. This is a three-step process in which the
first step involves alkylation of benzene with
propylene to produce cumene, followed by oxidation of
the cumene to the corresponding hydroperoxide and then
cleavage of the hydroperoxide to produce equimolar
amounts of phenol and acetone. However, the world
demand for phenol is growing more rapidly than that
for acetone. In addition, the cost of propylene is
likely to increase, due to a developing shortage of
propylene. Thus, a process that uses higher alkenes
instead of propylene as feed and coproduces higher
ketones, rather than acetone, may be an attractive
alternative route to the production of phenols. [0005]
For example, oxidation of cyclohexylbenzene (analogous
to cumene oxidation) could offer an alternative route
for phenol production without the problem of acetone
coproduction. This alternative route proceeds through
cyclohexylbenzene hydroperoxide, which is cleaved to
produce phenol and cyclohexanone in substantially
equimolar amounts. [0006] However, one problem in
producing phenol by way of the cleavage of
cyclohexylbenzene hydroperoxide is that the
cyclohexanone and phenol produce an azeotropic mixture
composed of 28 wt% cyclohexanone and 72 wt% phenol.
Thus any attempt to separate the cleavage effluent by
simple distillation results in this azeotropic
mixture. Moreover, although cyclohexanone is a
valuable product with a growing market, there is
currently no large worldwide merchant market for
cyclohexanone; most 



cyclohexanone is made as an intermediate and consumed
on the spot. In some cases, therefore, it may be
desirable to increase the amount of phenol in the
product mix from the oxidation of cyclohexylbenzene or
even produce all phenol with no
cyclohexanone.According to the present invention, an
integrated process for producing phenol from
cyclohexylbenzene is provided that facilitates control
of the amount of cyclohexanone in the final product.
[0007] In particular, the present invention provides a
process for producing phenol by oxidation of
cyclohexylbenzene to cyclohexylbenzene hydroperoxide
followed by cleavage of the cyclohexylbenzene
hydroperoxide, in which at least a portion of the
effluent from the cleavage step is subjected to a
dehydrogenation step. The dehydrogenation not only
converts at least part of the cyclohexanone in the
effluent portion to additional phenol but also
generates hydrogen as a by-product, which can, for
example, be recycled to an initial benzene
hydroalkylation step for producing the
cyclohexylbenzene feed. In addition, although the
cleavage effluent portion subjected to the
dehydrogenation step can be a substantially pure
cyclohexanone fraction produced by separation of the
phenol and light and heavy ends from the raw effluent,
given the cost of this separation, the process can
also be applied to an effluent portion containing some
or all of the phenol produced in the cleavage step. In
this way, the total cost of purifying the final phenol
stream and, if present, the final cyclohexanone stream
can be minimized. SUMMARY [0008] In one aspect, the
invention resides in a process for producing phenol,
the process comprising: (a) oxidizing
cyclohexylbenzene to produce cyclohexylbenzene
hydroperoxide; (b) converting cyclohexylbenzene
hydroperoxide from (a) to produce an effluent stream
comprising phenol and cyclohexanone; (c) feeding at
least a portion of said effluent stream to at least
one dehydrogenation reaction zone; and (d) contacting
said at least a portion of said effluent stream with a
dehydrogenation catalyst in said dehydrogenation
reaction zone under dehydrogenation conditions
including a temperature of about 2500C to about 5000C
effective to convert at least part of the
cyclohexanone in said at least a portion of said
effluent stream into phenol and hydrogen. 



[0009] In one embodiment, said at least a portion of
said effluent stream fed to said dehydrogenation
reaction zone has the same composition as the effluent
stream produced by said converting (b). [0010] In
another embodiment, the process further includes
subjecting the effluent stream produced by said
converting (b) to at least one separation step such
that said at least a portion of said effluent stream
fed to said dehydrogenation reaction zone contains
less phenol than theeffluent stream producing by said
converting (b). Conveniently, the effluent stream
produced by said converting (b) is subjected to at
least one separation step such that said at least a
portion of said effluent stream fed to said
dehydrogenation reaction zone contains less than 50
wt%, for example less than 30 wt%, such as less than 1
wt%, phenol. In addition, the effluent stream produced
by said converting (b) may be subjected to at least
one separation step to remove components boiling below
155C (as measured at 101 kPa) and/or components
boiling above 182C (as measured at 10IkPa), prior to
feeding said at least a portion of said effluent
stream to said dehydrogenation reaction zone. [0011]
Conveniently, said dehydrogenation conditions in (d)
comprise a temperature of about 3000C to about 4500C.
[0012] Conveniently, said conditions in (d) comprise a
pressure of about 0.01 atm to about 20 atm ( 1 kPa to
2000 kPa), such as about 1 atm to about 3 atm (100 kPa
to 300 kPa). [0013] Conveniently, hydrogen is fed to
said dehydrogenation reaction zone together with said
at least a portion of said effluent stream, typically
such that the molar ratio of hydrogen to cyclohexanone
in the feed to the dehydrogenation reaction zone is
about 0:1 to about 4:1. Conveniently, at least part of
the hydrogen fed to said dehydrogenation reaction zone
is hydrogen produced in said contacting (d). [0014] In
a further aspect, the invention resides in a process
for producing phenol from benzene, the process
comprising: (al) contacting benzene and hydrogen with
a catalyst under hydroalkylation conditions to produce
cyclohexylbenzene; (a) oxidizing cyclohexylbenzene
from (al) to produce cyclohexylbenzene hydroperoxide;
(b) converting cyclohexylbenzene hydroperoxide from
(a) to produce an effluent stream comprising phenol
and cyclohexanone; 



(c) feeding at least a portion of said effluent stream
to at least one dehydrogenation reaction zone; (d)
contacting said at least a portion of said effluent
stream with a dehydrogenation catalyst in said
dehydrogenation reaction zone under dehydrogenation
conditions effective to convert at least part of the
cyclohexanone in said at least a portion of said
effluent stream into phenol and hydrogen; and (e)
recycling at least part of the hydrogen produced in
said contacting (d) to said contacting (al).BRIEF
DESCRIPTION OF THE DRAWINGS [0015] Figure 1 is a
graph, based on thermodynamic calculations, of
conversion against temperature for the dehydrogenation
of cyclohexanone at atmospheric pressure (101 kPa)
both with and without the addition of a nitrogen
diluent and hydrogen. DETAILED DESCRIPTION OF THE
EMBODIMENTS [0016] Described herein is a process for
producing phenol that allows the co-produced
cyclohexanone to be partially or totally converted to
additional phenol. In the present process,
cyclohexylbenzene, generally produced by the catalytic
hydroalkylation of benzene, is oxidized to produce
cyclohexylbenzene hydroperoxide and then the
cyclohexylbenzene hydroperoxide is cleaved to produce
an effluent stream comprising phenol and cyclohexanone
in substantially equimolar amounts. At least a portion
of the effluent is then fed to a dehydrogenation
reaction zone, where the effluent stream portion is
contacted with a dehydrogenation catalyst under
dehydrogenation conditions effective to convert the
cyclohexanone in said effluent portion into additional
phenol and into hydrogen, which can be recycled to the
benzene hydroalkylation step (when present).
Production of Cyclohexylbenzene [0017] The
cyclohexylbenzene employed in the present process can
be produced by any conventional technique, including
alkylation of benzene with cyclohexene in the presence
of an acid catalyst, such as zeolite beta or an MCM-22
family molecular sieve, or by oxidative coupling of
benzene to biphenyl followed by hydrogenation of the
biphenyl. However, in practice, the cyclohexylbenzene
is generally produced by contacting benzene with
hydrogen under hydroalkylation conditions in the
presence of a hydroalkylation catalyst whereby the
benzene undergoes the following reaction (1) to
produce cyclohexylbenzene (CHB): 



[0018] Any commercially available benzene feed can be
used in the hydroalkylation step, but preferably the
benzene has a purity level of at least 99 wt%.
Similarly, although thesource of hydrogen is not
critical, it is generally desirable that the hydrogen
is at least 99 wt% pure. [0019] Conveniently, the
total feed to the hydroalkylation step contains less
than 1000 ppm, such as less than 500 ppm, for example
less than 100 ppm, water. Conveniently, the total feed
typically contains less than 100 ppm, such as less
than 30 ppm, for example less than 3 ppm, sulfur.
Conveniently the total feed typically contains less
than 10 ppm, such as less than 1 ppm, for example less
than 0.1 ppm, nitrogen. [0020] The hydroalkylation
reaction can be conducted in a wide range of reactor
configurations including fixed bed, slurry reactors,
and/or catalytic distillation towers. In addition, the
hydroalkylation reaction can be conducted in a single
reaction zone or in a plurality of reaction zones, in
which at least the hydrogen is introduced to the
reaction in stages. Suitable reaction temperatures are
between about 1000C and about 4000C, such as between
about 125C and about 2500C. Suitable reaction
pressures are between about 100 and about 7,000 kPa,
such as between about 500 and about 5,000 kPa.
Suitable values for the molar ratio of hydrogen to
benzene are between about 0.15:1 and about 15:1, such
as between about 0.4: 1 and about 4 :1 for example
between about 0.4 and about 0.9: 1. [0021] The
catalyst employed in the hydroalkylation reaction is
preferably a bifunctional catalyst comprising a
molecular sieve of the MCM-22 family and a
hydrogenation metal. The term "MCM-22 family material"
(or "material of the MCM-22 family" or "molecular
sieve of the MCM-22 family"), as used herein, includes
one or more of:  molecular sieves made from a common
first degree crystalline building block unit cell,
which unit cell has the MWW framework topology. (A
unit cell is a spatial arrangement of atoms which if
tiled in three-dimensional space describes the crystal
structure. Such crystal structures are discussed in
the "Atlas of Zeolite Framework Types", Fifth edition,
2001, the entire content of which is incorporated as
reference);  molecular sieves made from a common
second degree building block, being a 2- dimensional
tiling of such MWW framework topology unit cells,
forming a monolayer of one unit cell thickness,
preferably one c-unit cell thickness; 



molecular sieves made from common second degree
building blocks, being layers of one or more than one
unit cell thickness, wherein the layer of more than
one unit cell thickness is made from stacking,
packing, or binding at least two monolayers of one
unit cell thickness. The stacking of such second
degreebuilding blocks can be in a regular fashion, an
irregular fashion, a random fashion, or any
combination thereof; and  molecular sieves made by any
regular or random 2-dimensional or 3-dimensional
combination of unit cells having the MWW framework
topology. [0022] Molecular sieves of MCM-22 family
generally have an X-ray diffraction pattern including
d-spacing maxima at 12.40.25, 6.90.15, 3.570.07 and
3.420.07 Angstrom. The X-ray diffraction data used to
characterize the material are obtained by standard
techniques using the K-alpha doublet of copper as the
incident radiation and a diffractometer equipped with
a scintillation counter and associated computer as the
collection system. Molecular sieves of MCM-22 family
include MCM-22 (described in U.S. Patent No.
4,954,325), PSH-3 (described in U.S. Patent No.
4,439,409), SSZ-25 (described in U.S. Patent No.
4,826,667), ERB-I (described in European Patent No. 0
293 032), ITQ-I (described in U.S. Patent No
6,077,498), ITQ-2 (described in International Patent
Publication No. WO97/17290), MCM-36 (described in U.S.
Patent No. 5,250,277), MCM-49 (described in U.S.
Patent No. 5,236,575), MCM-56 (described in U.S.
Patent No. 5,362,697), UZM-8 (described in U.S. Patent
No. 6,756,030), and mixtures thereof. Preferably, the
molecular sieve is selected from (a) MCM-49, (b)
MCM-56 and (c) isotypes of MCM-49 and MCM-56, such as
ITQ-2. [0023] Any known hydrogenation metal can be
employed in the hydroalkylation catalyst, although
suitable metals include palladium, ruthenium, nickel,
zinc, tin, and cobalt, with palladium being
particularly advantageous. Generally, the amount of
hydrogenation metal present in the catalyst is between
about 0.05 and about 10 wt%, such as between about 0.1
and about 5 wt%, of the catalyst. In one embodiment,
where the MCM-22 family molecular sieve is an
aluminosilicate, the amount of hydrogenation metal
present is such that the molar ratio of the aluminum
in the molecular sieve to the hydrogenation metal is
from about 1.5 to about 1500, for example from about
75 to about 750, such as from about 100 to about 300.
[0024] The hydrogenation metal may be directly
supported on the MCM-22 family 



molecular sieve by, for example, impregnation or ion
exchange. However, in a more preferred embodiment, at
least 50 wt%, for example at least 75 wt%, and
generally substantially all of the hydrogenation metal
is supported on an inorganic oxide separate from but
composited with the molecular sieve. In particular, it
is found that by supporting the hydrogenation metal on
the inorganic oxide, the activity of the catalyst and
its selectivity to cyclohexylbenzene and
dicyclohexylbenzene are increased as compared with an
equivalent catalyst in which the hydrogenation metal
is supported on the molecular sieve.[0025] The
inorganic oxide employed in such a composite
hydroalkylation catalyst is not narrowly defined
provided it is stable and inert under the conditions
of the hydroalkylation reaction. Suitable inorganic
oxides include oxides of Groups 2, 4, 13 and 14 of the
Periodic Table of Elements, such as alumina and/or
titania and/or zirconia. As used herein, the numbering
scheme for the Periodic Table Groups is as disclosed
in Chemical and Engineering News, 63(5), 27 (1985).
[0026] The hydrogenation metal is deposited on the
inorganic oxide, conveniently by impregnation, before
the metal-containing inorganic oxide is composited
with said molecular sieve. Typically, the catalyst
composite is produced by co-pelletization, in which a
mixture of the molecular sieve and the
metal-containing inorganic oxide are formed into
pellets at high pressure (generally about 350 to about
350,000 kPa), or by co-extrusion, in which a slurry of
the molecular sieve and the metal-containing inorganic
oxide, optionally together with a separate binder, are
forced through a die. If necessary, additional
hydrogenation metal can subsequently be deposited on
the resultant catalyst composite. [0027] Suitable
binder materials include synthetic or naturally
occurring substances as well as inorganic materials
such as clay and/or silica and/or metal oxides. The
latter may be either naturally occurring or in the
form of gelatinous precipitates or gels including
mixtures of silica and metal oxides. Naturally
occurring clays which can be used as a binder include
those of the montmorillonite and kaolin families,
which families include the subbentonites and the
kaolins commonly known as Dixie, McNamee, Georgia and
Florida clays or others in which the main mineral
constituent is halloysite, kaolinite, dickite, nacrite
or anauxite. Such clays can be used in the raw state
as originally mined or initially subjected to
calcination, acid treatment or chemical modification.
Suitable metal oxide binders include silica, alumina,
zirconia, titania, silica-alumina, silica-magnesia,
silica-zirconia, silica-thoria, silica-beryllia, 



silica-titania as well as ternary compositions such as
silica-alumina-thoria, silica-aluminazirconia,
silica-alumina-magnesia and silica-magnesia-zirconia.
[0028] Although the hydroalkylation step is highly
selective towards cyclohexylbenzene, the effluent from
the hydroalkylation reaction will normally contain
some dialkylated products, as well as unreacted
aromatic feed and the desired monoalkylated species.
The unreacted aromatic feed is normally recovered by
distillation and recycled to the alkylation reactor.
The bottoms from the benzene distillation are further
distilled to separate the monocyclohexylbenzene
product from any dicyclohexylbenzene and other
heavies. Depending on the amount of
dicyclohexylbenzene present in the reaction effluent,
it may bedesirable to transalkylate the
dicyclohexylbenzene with additional benzene to
maximize the production of the desired monoalkylated
species. [0029] Transalkylation with additional
benzene is typically effected in a transalkylation
reactor, separate from the hydroalkylation reactor,
over a suitable transalkylation catalyst, such as a
molecular sieve of the MCM-22 family, zeolite beta,
MCM-68 (see U.S. Patent No. 6,014,018), zeolite Y or
mordenite. The transalkylation reaction is typically
conducted under at least partial liquid phase
conditions, which suitably include a temperature of
about 100 to about 3000C and/or a pressure of about
800 to about 3500 kPa and/or a weight hourly space
velocity of about 1 to about 10 hr 1 on total feed
and/or a benzene/dicyclohexylbenzene weight ratio
about of 1:1 to about 5:1. Cyclohexylbenzene Oxidation
[0030] In order to convert the cyclohexylbenzene into
phenol and cyclohexanone, the cyclohexylbenzene is
initially oxidized to the corresponding hydroperoxide.
This is accomplished by introducing an
oxygen-containing gas, such as air, into a liquid
phase containing the cyclohexylbenzene. Unlike cumene,
atmospheric air oxidation of cyclohexylbenzene in the
absence of a catalyst is very slow and hence the
oxidation is normally conducted in the presence of a
catalyst. [0031] Suitable catalysts for the
cyclohexylbenzene oxidation step are the N-hydroxy
substituted cyclic imides described in U.S. Patent No.
6,720,462 and incorporated herein by reference, such
as N-hydroxyphthalimide, 4-amino-N-hydroxyphthalimide,
3-amino-Nhydroxyphthalimide,
tetrabromo-N-hydroxyphthalimide,
tetrachloro-N-hydroxyphthalimide, N-hydroxyhetimide,
N-hydroxyhimimide, N-hydroxytrimellitimide,
N-hydroxybenzene- 



1,2,4-tricarboximide, N,N'-dihydroxy(pyromellitic
diimide), N,N'-dihydroxy(benzophenone-
3,3',4,4'-tetracarboxylic diimide),
N-hydroxymaleimide, pyridine-2,3-dicarboximide,
Nhydroxysuccinimide, N-hydroxy(tartaric imide),
N-hydroxy-5-norbornene-2,3- dicarboximide,
exo-N-hydroxy-7-oxabicyclo[2.2.
l]hept-5-ene-2,3-dicarboximide, Nhydroxy-
cis-cyclohexane-l,2-dicarboximide,
N-hydroxy-cis-4-cyclohexene-l,2 dicarboximide,
N-hydroxynaphthalimide sodium salt or
N-hydroxy-obenzenedisulphonimide. Preferably, the
catalyst is N-hydroxyphthalimide. Another suitable
catalyst is N,N',N"-trihydroxyisocyanuric acid. [0032]
These materials can be used either alone or in the
presence of a free radical initiator and can be used
as liquid-phase, homogeneous catalysts or can be
supported on a solid carrier to provide a
heterogeneous catalyst. Typically, the N-hydroxy
substituted cyclicimide or the
N,N',N"-trihydroxyisocyanuric acid is employed in an
amount between 0.0001 mol % to 15 wt %, such as
between 0.001 to 5 wt %, of the cyclohexylbenzene.
[0033] Suitable conditions for the oxidation step
include a temperature between about 700C and about
2000C, such as about 900C to about 1300C and/or a
pressure of about 50 to 10,000 kPa. Any
oxygen-containing gas, preferably air, can be used as
the oxidizing medium. The reaction can take place in
batch reactors or continuous flow reactors. A basic
buffering agent may be added to react with acidic
by-products that may form during the oxidation. In
addition, an aqueous phase may be introduced, which
can help dissolve basic compounds, such as sodium
carbonate. Hydroperoxide Cleavage [0034] The final
reactive step in the conversion of the
cyclohexylbenzene into phenol and cyclohexanone
involves cleavage of the cyclohexylbenzene
hydroperoxide, which is conveniently effected by
contacting the hydroperoxide with a catalyst in the
liquid phase at a temperature of about 200C to about
1500C, such as about 400C to about 1200C and/or a
pressure of about 50 to about 2,500 kPa, such as about
100 to about 1000 kPa. The cyclohexylbenzene
hydroperoxide is preferably diluted in an organic
solvent inert to the cleavage reaction, such as methyl
ethyl ketone, cyclohexanone, phenol or
cyclohexylbenzene, to assist in heat removal. The
cleavage reaction is conveniently conducted in a
catalytic distillation unit. [0035] The catalyst
employed in the cleavage step can be a homogeneous
catalyst or a 



heterogeneous catalyst. [0036] Suitable homogeneous
cleavage catalysts include sulfuric acid, perchloric
acid, phosphoric acid, hydrochloric acid and
p-toluenesulfonic acid. Ferric chloride, boron
trifluoride, sulfur dioxide and sulfur trioxide are
also effective homogeneous cleavage catalysts. The
preferred homogeneous cleavage catalyst is sulfuric
acid, with preferred concentrations in the range of
0.05 to 0.5 wt%. For a homogeneous acid catalyst, a
neutralization step preferably follows the cleavage
step. Such a neutralization step typically involves
contact with a basic component, with subsequent
decanting of a salt-enriched aqueous phase. [0037] A
suitable heterogeneous catalyst for use in the
cleavage of cyclohexylbenzene hydroperoxide includes a
smectite clay, such as an acidic montmorillonite
silica-alumina clay, as described in U.S. Patent No.
4,870,217, the entire disclosure of which is
incorporated herein by reference.Post Treatment of
Cleavage Effluent [0038] The effluent from the
cleavage reaction comprises phenol and cyclohexanone
in substantially equimolar amounts. The present
process provides an advantageous route to increasing
the amount of phenol produced from the original CHB or
benzene feed by contacting at least part of the
cleavage effluent with a dehydrogenation catalyst so
as to convert some or all of the cyclohexanone in the
effluent into additional phenol according to the
reaction (2): [0039] Any suitable dehydrogenation
catalyst can be used in reaction (2), such as, for
example, the promoted nickel catalysts described in
U.S. Patent No. 4,417,076. Suitable conditions for the
dehydrogenation step comprise a temperature of about
2500C to about 5000C and/or a pressure of about 0.01
atm to about 20 atm ( 1 kPa to 2000 kPa), such as a
temperature of about 3000C to about 4500C and a
pressure of about 1 atm to about 3 atm (100 kPa to 300
kPa). [0040] In the above temperature ranges, the
dehydrogenation of cyclohexanone is
equilibrium-limited. Figure 1 is a graph showing the
maximum extent of the dehydrogenation reaction, under
the designated conditions, based on thermodynamic
calculations made using free energy data in The
Chemical Thermodynamics of Organic Compounds, by D. R.
Stull, E. F. Westrum, and G. C. Sinke, published by
Robert E. Krieger Publishing Company, Malabar, 



Florida (1987). Standard thermodynamic calculations
(see, e.g. Chemical Engineering Thermodynamics, R. E.
Balzhiser, M. R. Samuels, and J . D. Eliassen;
Prentice-Hall, Englewood Cliffs, NJ (1972) were used
to estimate the equilibrium conversion of
cyclohexanone to phenol. Figure 1 indicates that at 1
atmosphere (101 kPa) total pressure and with pure
cyclohexanone feed, it is necessary to operate at or
above 275C in order to achieve at least 90% conversion
of cyclohexanone to phenol. Running at lower total
pressure, or diluting with a gas inert to the
reaction, such as nitrogen and/or methane, increases
the equilibrium conversion, whereas cofeeding hydrogen
tends to reduce equilibrium conversion. However,
cofeeding hydrogen assists in extracting the hydrogen
generated in the dehydrogenation reaction for use in
other process steps, particularly for the(optional)
benzene hydroalkylation step, and also frequently
improves catalyst stability. Where hydrogen is cofed
to the dehydrogenation reaction, the rate of hydrogen
addition is typically such that the molar ratio of
hydrogen to cyclohexanone in the feed to the
dehydrogenation reaction is about 0 :1 to about 4:1.
[0041] The reactor configuration used for the
dehydrogenation process generally comprises one or
more fixed bed reactors containing a solid catalyst
with a dehydrogenation function. Per-pass conversion
of cyclohexanone is typically greater than 70%, and
preferably greater than 90%. Provision can be made for
the endothermic heat of reaction, preferably by
multiple adiabatic beds with interstage heat
exchangers. The temperature of the reaction stream
drops across each catalyst bed, and then is raised by
the heat exchangers. Preferably, 3 to 5 beds are used,
with a temperature drop of 30 to 1000C across each
bed. Preferably the last bed in the series runs at a
higher exit temperature than the first bed in the
series. [0042] As previously stated, cyclohexanone and
phenol produce an azeotropic mixture composed of 28
wt% cyclohexanone and 72 wt% phenol, so that any
attempt to separate the effluent from the
cyclohexylbenzene hydroperoxide cleavage step by
simple distillation results in this azeotropic
mixture. However, the efficiency of the separation can
be enhanced by conducting the distillation under at
least partial vacuum, typically at below 101 kPa.
Moreover, extractive distillation processes are known
for separating cyclohexanone and phenol, see for
example, U.S. Patent Nos. 4,021,490, 4,019,965, 4,1
15,207, 4,115,204, 4,115,206, 4,201,632, 4,230,638,
4,167,456, 4,115,205, and 4,016,049. Nevertheless,
phenol/cyclohexanone separation remains a costly
process, so that in one embodiment, the 



feed to the dehydrogenation step has the same
composition as the cleavage effluent, thereby avoiding
the need for an initial expensive separation step.
Depending on the efficiency of the cyclohexanone
dehydrogenation, the final product may contain
substantially all phenol, thereby at least reducing
the problem of separating the phenol from the cleavage
effluent. [0043] In another embodiment, the cleavage
effluent is subjected to one or more separation
processes to recover or remove one or more components
of the effluent prior to dehydrogenation. In
particular, the cleavage effluent is conveniently
subjected to at least a first separation step to
recover some or all of the phenol from the effluent,
typically so that the effluent stream fed to said
dehydrogenation reaction contains less than 50 wt%,
for example less than 30 wt%, such as less than 1 wt%,
phenol. The separation of phenol is conveniently
effected by vacuum and/or extractive distillation.
Additional distillation steps can be used to remove
components boiling below 155C (as measured at 101
kPa), such as benzene and cyclohexene, and/or
components boiling above 185C (as measured at 101
kPa), such as 2-phenyl phenol and diphenyl ether,
prior to feeding the effluent stream to the
dehydrogenation reaction. [0044] By employing the
present dehydrogenation process, substantially all the
cyclohexanone in the cyclohexylbenzene hydroperoxide
cleavage effluent can be converted to phenol. In
practice, however, depending on market conditions,
there is likely to be a significant demand for
cyclohexanone product. This can be readily met using
the present process by reliance on the reversible
nature of the reaction (2), namely by hydrogenating at
least some of the phenol back to cyclohexanone. This
can readily be achieved by, for example, contacting
the phenol with hydrogen in the presence of a
hydrogenation catalyst, such as platinum or palladium,
under conditions including for example a temperature
of about 200C to about 2500C and/or a pressure of
about 101 kPa to about 10000 kPa and/or a hydrogen to
phenol molar ratio of about 1:1 to about 100:1. [0045]
While the present invention has been described and
illustrated by reference to particular embodiments,
those of ordinary skill in the art will appreciate
that the invention lends itself to variations not
necessarily illustrated herein. For this reason, then,
reference should be made solely to the appended claims
for purposes of determining the true scope of the
present invention.CLAIMS 1. A process for producing
phenol, the process comprising: 



(a) oxidizing cyclohexylbenzene to produce
cyclohexylbenzene hydroperoxide; (b) converting
cyclohexylbenzene hydroperoxide from (a) to produce an
effluent stream comprising phenol and cyclohexanone;
(c) feeding at least a portion of said effluent stream
to at least one dehydrogenation reaction zone; and (d)
contacting said at least a portion of said effluent
stream with a dehydrogenation catalyst in said
dehydrogenation reaction zone under dehydrogenation
conditions including a temperature of 2500C to 5000C
effective to convert at least part of the
cyclohexanone in said at least a portion of said
effluent stream into phenol and hydrogen. 2. A process
for producing phenol from benzene, the process
comprising: (al) contacting benzene and hydrogen with
a catalyst under hydroalkylation conditions to produce
cyclohexylbenzene; (a) oxidizing cyclohexylbenzene
from said contacting (al) to produce cyclohexylbenzene
hydroperoxide; (b) converting cyclohexylbenzene
hydroperoxide from said oxidizing (a) to produce an
effluent stream comprising phenol and cyclohexanone;
(c) feeding at least a portion of said effluent stream
to at least one dehydrogenation reaction zone; (d)
contacting said at least a portion of said effluent
stream with a dehydrogenation catalyst in said
dehydrogenation reaction zone under dehydrogenation
conditions effective to convert at least part of the
cyclohexanone in said at least a portion of said
effluent into phenol and hydrogen; and (e) recycling
at least part of the hydrogen produced in (d) to said
contacting (al). 3. The process of claim 2, wherein
said dehydrogenation conditions include a temperature
of 2500C to 5000C. 4. The process of any preceding
claim, wherein said at least a portion of said
effluent stream fed to said dehydrogenation reaction
zone has the same composition as the effluent stream
produced by said converting (b). 5. The process of any
one of claims 1 to 3 and further including subjecting
the effluent stream produced by said converting (b) to
at least one separation step such that said at least
aportion of said effluent stream fed to said
dehydrogenation reaction zone contains less phenol 



than the effluent stream produced by said converting
(b). 6. The process of claim 5 and further including
subjecting the effluent stream produced by said
converting (b) to at least one separation step such
that said at least a portion of said effluent stream
fed to said dehydrogenation reaction zone contains
less than 50 wt%, preferably less than 1 wt%, phenol.
7. The process of any one of claims 1 to 3, 5 and 6
and further including subjecting the effluent stream
produced by said converting (b) to at least one
separation step to remove components boiling below
155C (as measured at 101 kPa) prior to feeding said at
least a portion of said effluent stream to said
dehydrogenation reaction zone. 8. The process of any
one of claims 1 to 3 and 5 to 7 and further including
subjecting the effluent stream produced by said
converting (b) to at least one separation step to
remove components boiling above 182C (as measured at
101 kPa) prior to feeding said at least a portion of
said effluent stream to said dehydrogenation reaction
zone. 9. The process of any preceding claim, wherein
said dehydrogenation conditions comprise a temperature
of 3000C to 4500C. 10. The process of any preceding
claim, wherein said dehydrogenation conditions
comprise a pressure of 1 kPa tp 2000 kPa (0.01 atm to
20 atm). 11. The process of claim 10 wherein the
pressure is from 100 kPa to 300 kPa ( 1 atm to 3 atm).
12. The process of any preceding claim, wherein in
said feeding (c), hydrogen is fed to said
dehydrogenation reaction zone together with said at
least a portion of said effluent stream. 13. The
process of claim 12, wherein at least part of the
hydrogen fed to said dehydrogenation reaction zone in
said feeding (c) is hydrogen produced in said
contacting (d). 14. The process of claim 12 or 13,
wherein the molar ratio of hydrogen to cyclohexanone
in the feed to the dehydrogenation reaction zone is 0
:1 to 4 :1. 15. The process of any preceding claim,
wherein said at least a portion of said effluent
stream is fed to a plurality of dehydrogenation
reaction zones connected in series. 


