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but the reactor soon becomes fouled with cobalt containing residues and
with residues from other The present invention is a process for the
oxidation products produced during the initial oxi- preparation of
cyclohexanone and cyclohexanol     dation reaction, i.e., diacids and
hydroxy acids, and from a mixture containing cyclohexyl hydroperox-   5
the reaction slows and the yield of desired product ide. The process
produces the desired products in  is reduced. high yield, for extended
periods without reactor fouling, from  a feed stream containing cobalt
cata-  Summary of the Invention lyst that was employed in the preparation
of the cyclohexyl hydroperoxide from cyclohexane.    10      The present
invention is a process for produc- ing cyclohexanone and cyclohexanol from
a mix- Badkground Information                            ture containing
cyclohexane, a cyclohexane oxida- tion cobalt catalyst which is cyclohexane
soluble, The  preparation  of a mixture containing      an organic
phosphate ester which is soluble in the cyclohexanol,  cyclohexanone  and
cyclohexyl  15  mixture in an amount which exceeds on a molar hydroperoxide
by the air oxidation of cyclohexane  basis the amount of cobalt present in
the mixture, with cobalt catalysts is described in Pugi U.S.
cyclohexanone,    cyclohexanol,    cyclohexyl Patent 3,5,185  and  Rapoport
U.S. Patent        hydroperoxide, and other oxidation products of the
3,957,867.                                        oxidation of cyclohexane
including diacide, mon- The preparation  of  cyclohexanone  and   20  oacid
and hydroxyacids. Such a mixture may be cyclohexanol from cyclohexyl
hydroperoxide by     obtained by the air oxidation of cyclohexane using
hydrogenation using as catalyst a group VIII metal  a cobalt catalyst in a
tower oxidizer, in which deposited on an inert support is described in
organic phosphate ester is added at various stages Nouvel U.S. Patent
3,694,511.                   in the tower, or such a mixture may be
obtained by The  preparation  of  cyclohexanone  and   25  the addition of
the organic phosphate ester to the cyclohexanol from  cyclohexyl
hydroperoxide by    mixture obtained after completion of a tower oxida-
hydrogenation using a finely divided Group Vill  tion process or from other
sources. metal that is suspended in the reaction medium is     The above
mixture is extracted with at least 2 disclosed  in  van  de  Moesdijk  U.S.
Patent     volume % of water to remove a substantial portion 3,927,108. In
Example VI this patent shows water-  30  of the other oxidation product,
especially the dia- washing the product of the air oxidation of       cids
and the hydroxy acids. It is these other oxida- cyclohexane  prior to
hydrogenation  of the      tion products that are the major cause of
fouling in cyclohexyl hydroperoxide.                         the subsequent
hydrogenation step. The extraction Costantini, et al U.S. Patent 3,923,895
dis-   also removes much of the cobalt catalyst. The closes  a process  for
hydrogenation of a water-  35  removal of much of the cobalt catalyst is
beneficial washed mixture containing cyclohexyl hydroperox-  in that if
cobalt catalyst is present at high con- ide, to form cyclohexanone and
cyclohexanol using  centration in the hydrogenation step it causes the a
chromium catalyst and a mono or diester of      peroxide to react in such a
way that the yield of the [err] acid.
desired products is reduced. The water extraction It is known from Sipos
European Patent Ap-  40  can remove up to about 75% of the other oxidation
plication 0063931, to carry out the air oxidation of  products, and up to
about 90% of the cobalt cata- cyclohexane using a binary catalyst system of
co-  lyst The remaining components are then subjected balt and chromium
compounds and free dialkyl      to hydrogenation over a fixed bed catalyst
wherein phosphate.                                        the
cyclohexylhydroperoxide in the mixture is con- When  a  mixture  containing
cyclohexyl  45  verted to cyclohexanone and cyclohexanol. hydroperoxide and
cobalt catalyst is formed, for      The apparatus shown in the Figure is a
sche- example, during the air oxidation of cyclohexane as  matic
illustration of the equipment arrangement that disclosed, for example, by
Pugi, the cyclohexyl   may be employed to carry out the process of the
hydroperoxide will react catalytically with the cobalt  invention. catalyst
to form a mixture of products including   so cyclohexanone and
cyclohexanol, but the reaction  Detailed Description of the Invention does
not produce these products in high yield, and other waste products are also
formed.                 The process of the invention is usually carried If
a mixture containing cyclohexyl hydroperox-  out on the reaction mixture
obtained from the air ide and a cobalt catalyst is subjected to a hy-  55
oxidation of cyclohexane in which a cobalt catalyst drogenation reaction in
the presence of a fixed bed  soluble in the cyclohexane is employed. See 1
on hydrogenation   catalyst,  cyclohexanone  and     the drawing. Catalysts
of this type are disclosed in cyclohexanol are among the products produced,
Rapoport, et al U.S. Patent 3,957,876, and include 2   



3                 EP 0 260 076 B1                   4 cobalt napthenate,
cobalt octoate, cobalt laurate,  fixed bed countercurrent extractor may be
em- cobalt palminate, cobalt stearate, cobalt linoleate,  ployed.
Preferably more than 50% of the other cobalt acetylacetonate and mixtures
thereof. Such  oxidation products are removed, and often up to a reaction
mixture contains a high proportion     about 75%  of the other oxidation
products are (usually over 90%)of unreacted cyclohexane and   5   removed.
The other oxidation products include: 6- up to 10 percent by weight of
oxidation products  hydroxyl caproic acid, 5-hydroxy valeric acid, suc-
including  cyclohexanol, cyclohexanone, cyclohexyl-  cinic acid, adipic
acid, and formic acid. The extrac- hydroperoxide and other oxidation
products. About  tion also removes much of the cobalt catalyst. 1 to 3% by
weight of the reaction mixture is other  More than 50%  of the cobalt
catalyst is often oxidation products including diacids, monoacids   10
removed in the water extraction step, and as much and hydroxy acids.
Diacids and hydroxy acids are  as a 90% extraction is occasionally
achieved. usually about 50 to 65% by weight of the other        Water is
slightly soluble in the mixture to be oxidation products.
extracted. The amount of water employed in the Organic phosphate ester may
be present dur-   extraction step must therefore exceed the amount ing the
oxidation reaction. If present during oxida-  15  soluble in the mixture to
be extracted. Although tion, the organic phosphate ester tends to reduce
some increase in the amount of other oxidation or eliminate fouling of the
oxidizer equipment. Al-  products and cobalt catalyst removed is achieved
if ternatively, the  organic phosphate ester may be  more than 10 volume %
water is employed, suffi- added to the oxidized mixture obtained on the
clent quantities are removed if between 2 and 10 passage of  the mixture
from the oxidizer, as shown   20  volume % water is used, and usually
between 2 at 2 on the drawing. It is, of course, possible to add  and 6%
water is sufficient. phosphate ester during the course of the oxidation
After extraction it is preferred to remove the reaction, and add more
phosphate ester after the  water that has dissolved in the mixture by
flashing oxidization reaction is complete. The amount of   it off -- that
is, by reducing the pressure on the organic phosphate ester present in the
mixture  25   mixture in, for example, a water flasher 7, which prior to
water extraction should exceed on a molar  also removes a portion of the
cyclohexane in the basis the amount of cobalt present in the mixture,
stream. and preferably the molar ratio of organic phosphate   The mixture
is then passed to a hydrogenator to cobalt is in the range of 3:1 to 50:1.
filled with catalyst. Suitable hydrogenating catalyst Suitable organic
phosphate esters have the for-  30  are Group VIII metals on inert
substrates, such as mula:
platinum, ruthenium or palladium on carbon, alu- mina, silica, or titanium
dioxide. The metals should be present in the amount of about .1 to 1% of
the weight of the catalyst. Mixtures of Group Vil met- [err]
35     als may be employed. Hydrogen 8 is fed into the feed stream. The
hydrogenation is preferably car- ried out at temperatures in the range of
130   to [err] at a pressure of 1065 to 1271 KPa (140 to 170 p.s.i.g).
Unreacted hydrogen may be separated 40  from the hydrogenated mixture by a
gas separator where R is selected from the group consisting of  10, and the
hydrogen recycled to the hydrogenator. [err] alkyl radicals and [err]
cycloalkyl radicals, and X is H or R. A commercially available organic
Example I phosphate ester that is suitable is sold under the name Emphos
PS400, and it contains 7.4 mol %    45    Cyclohexane was oxidized in the
liquid phase phosphoric acid, 57.4 mol % mono(2-ethylhexyl)    with air, in
the presence of cobalt octoate catalyst phosphoric acid and 35.2 mol %
di(2-ethylhexyl)-  at a pressure of about 170 psig. (1271 KPa). The
phosphoric acid.                                  cobalt content of the
stream was about 0.1 ppm. The mixture containing the organic phosphate
Two of the components of the "other oxidation ester is then passed through
a zone of reduced   50  products" were measured: the stream contained
pressure, an inert flasher 3, where inert gas, mostly  about .13 weight %
adipic acid and about .26 wt nitrogen, is removed.
percent 6-hydroxy caproic acid. A commercial alkyl The mixture is then
extracted with water, for  phosphate (Emphos PS-400) was injected into the
example, by adding water 4, and passing the mix-  oxidizer tails at 6 ppm
concentration. The mixture ture through a series of static mixers 5 and
decant-  55  was extracted with water, 2.5%  by volume, at ers 6, which
removes a substantial portion of the  [err] in two mixer/separator stages
and then other oxidation products present, i.e., diacids, mon-  flashed to
remove water. The resulting mixture oacids and hydroxyacids. Alternatively,
a single  contained cyclohexane, 1.212 weight % cyclohex- 3  



5                 EP 0 260 076 B1                   6 ylhydroperoxide,
0.087 weight %  dicyclohexyl-    mixture was prepared and then hydrogenated
in a peroxide, 0.029 weight % 2-cyclohexyl-2-methyl-  packed bed of 0.5%
palladium on silica catalyst. furanylperoxide, 0.886 weight %
cyclohexanone,   The catalyst was gradually deactivated and the 2.32 weight
% cyclohexanol, 128 ppm cyclohex-     ratio of cyclohexanol to
cyclohexanone produced enone and about 0.02 ppm cobalt. Analysis showed   5
declined steadily from 5 to 2. The catalyst removed that between about  65
and 85 weight % of the     after 25 days of operation was fused with
organic adipic acid and 6-hydroxy caproic acid were ex-   foulant that made
the catalyst removal from the tracted. This mixture was hydrogenated at 150
C   reactor extremely difficult. and 165 psia (1138 KPa) in a 6-inch x
9-foot (15 cm x 2.7 m) long fixed bed containing 60 pounds  10  Claims (27
kg) of 1/12-inch (2 mm) spheres of 0.5% pal- ladium on silica catalyst.
After 62 days of operation  1. A process for the production of a mixture
con- (56,000 pounds of feed per pound of catalyst), the   taining
cyclohexanone and cyclohexanol which hydrogenation rate remained high for
cyclohexyl-     comprises the following steps in sequence: hydroperoxide
(99%),  2-cyclohexyl-2-methyl-  15     (A) contacting a mixture containing
(i) furanylperoxide (81%), cyclohexenone (98%), and         cyclohexane,
(ii) a cyclohexane oxidation dicyclohexylperoxide (60%). The ratio of
cyclohex-      cobalt catalyst which is soluble in cyclohex- anol to
cyclohexanone produced  across the              ane, (iii) an organic
phosphate ester which hydrogenator remained high at 5.5. A high percent-
is soluble in the mixture in an amount which [err] of peroxide exiting the
air oxidizer (>80%)   20      exceeds on a molar basis the amount of
reached the hydrogenator. The yield of cyclohex-         cobalt present in
the mixture, (lv) cyclohex- anol and cyclohexanone was 92% based on con-
ylhydroperoxide, cyclohexanol, cyclohex- verted peroxide. The moles of
hydrogen consumed         anone, and other oxidation products of the per
mole of peroxide consumed was 0.60, with the        oxidation of
cyclohexane including diacids, remaining hydrogen dissolved in the
hydrogenator  25    monoacids and hydroxyacids, with at least 2 tails
stream. The catalyst removed at the end of        volume % of water under
conditions such the run was clean and free flowing.                    that
the water extracts from the mixture a substantial portion of the other
oxidation Example II                                             products,
and a substantial portion of the 30        cobalt catalyst, Example I was
repeated. After 3 days of con-        (B) separating the water containing
the ex- tinuous operation, injection of the Emphos PS-400       tracted
components from  the remaining was stopped. As a result, conversion of the
components of the mixture, dicyclohexylperoxide  across  the  hydrogenator
(C) contacting the remaining components of dropped from 60%  to zero, and
cyclohexenone   35       the mixture with a fixed bed hydrogenation
conversion, a measure of hydrogenation activity,        catalyst and
hydrogenating the cyclohexyl- dropped from 96% to 85%. Conversion of both
hydroperoxide in the mixture to form dicyclohexylperoxide and cyclohexenone
recovered        cyclohexanone and cyclohexanol. completely after Emphos
injection was resumed. 40  2. The process of Claim 1 in which the organic
Control Example I                                   phosphate ester is a
compound having the formula: Example I was repeated except the oxidation
mixture was not extracted with water before the fixed bed hydrogenator. The
0.5%  palladium on   45 silica catalyst removed after 800 hours of
operation was uniformly coated with a grayish powder of
[err] primarily cobalt phosphate. The ratio of cyclohex- anol to
cyclohexanone produced steadily dropped from 5.5 to 3.3 at the end of the
run, indicating a   50 decrease in the fraction of peroxide being hydroge-
where R is selected from [err] alkyl radicals nated.
and [err] cycloalkyl radicals, and X is H or R. Control Example II
3. The process of Claim 1 or claim 2 in which the 55   cobalt catalyst is
selected from the group con- By  oxidation of cyclohexane in the liquid
phase  sisting of cobalt naphthenate, cobalt octoate, with air, in the
presence of cobalt octoate catalyst,  cobalt  laurate, cobalt palminate,
cobalt and subsequent flashing and filtration, an oxidation  stearate,
cobalt  linoleate,  cobalt  ac- 4  
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0.087 weight %  dicyclohexyl-    mixture was prepared and then hydrogenated
in a peroxide, 0.029 weight % 2-cyclohexyl-2-methyl-   packed bed of 0.5%
palladium on silica catalyst. furanylperoxide, 0.886 weight %
cyclohexanone,   The catalyst was gradually deactivated and the 2.32 weight
% cyclohexanol, 128 ppm cyclohex-     ratio of cyclohexanol to
cyclohexanone produced enone and about 0.02 ppm cobalt. Analysis showed   5
declined steadily from 5 to 2. The catalyst removed that between about 65
and 85 weight % of the      after 25 days of operation was fused with
organic adipic acid and 6-hydroxy caproic acid were ex-   foulant that made
the catalyst removal from the tracted. This mixture was hydrogenated at
[err]   reactor extremely difficult. and 165 psia (1138 KPa) in a 6-inch x
9-foot (15 cm x 2.7 m) long fixed bed containing 60 pounds  10  Claims (27
kg) of 1/12-inch (2 mm) spheres of 0.5% pal- ladium on silica catalyst.
After 62 days of operation  1. A process for the production of a mixture
con- (56,000 pounds of feed per pound of catalyst), the    taining
cyclohexanone and cyclohexanol which hydrogenation rate remained high for
cyclohexyl-      comprises the following steps in sequence: hydroperoxide
(99%),  2-cyclohexyl-2-methyl-  15      (A) contacting a mixture containing
(i) furanylperoxide (81%), cyclohexenone (98%), and        cyclohexane,
(ii) a cyclohexane oxidation dicyclohexylperoxide (60%). The ratio of
cyclohex-      cobalt catalyst which is soluble in cyclohex- anol to
cyclohexanone  produced  across the             ane, (iii) an organic
phosphate ester which hydrogenator remained high at 5.5. A high percent-
is soluble in the mixture in an amount which of peroxide exiting the air
oxidizer  (>80%)   20    exceeds on a molar basis the amount of reached the
hydrogenator. The yield of cyclohex-          cobalt present in the
mixture, (iv) cyclohex- anol and cyclohexanone was 92% based on con-
ylhydroperoxide, cyclohexanol, cyclohex- verted peroxide. The moles of
hydrogen consumed         anone, and other oxidation products of the per
mole of peroxide consumed was 0.60, with the        oxidation of
cyclohexane including diacids, remaining hydrogen dissolved in the
hydrogenator  25    monoacids and hydroxyacids, with at least 2 tails
stream. The catalyst removed at the end of        volume % of water under
conditions such the run was clean and free flowing.
that the water extracts from the mixture a substantial portion of  the
other oxidation Example II
products, and a substantial portion of the 30        cobalt catalyst,
Example I was repeated. After 3 days of con-         (B) separating the
water containing the ex- tinuous operation, injection of the Emphos PS-400
tracted components from  the remaining was stopped. As a result, conversion
of the             components of the mixture, dicyclohexylperoxide  across
the  hydrogenator         (C) contacting the remaining components of
dropped from 60% to zero, and cyclohexenone   35        the mixture with a
fixed bed hydrogenation conversion, a measure of hydrogenation activity,
catalyst and hydrogenating the cyclohexyl- dropped from 96% to 85%.
Conversion of both             hydroperoxide in the mixture to form
dicyclohexylperoxide and cyclohexenone recovered        cyclohexanone and
cyclohexanol. pletely after Emphos injection was resumed. 40  2. The
process of Claim 1 in which the organic Control Example I
phosphate ester is a compound having the formula: Example I was repeated
except the oxidation mixture was not extracted with water before the fixed
bed hydrogenator. The 0.5%  palladium on   45             [err] silica
catalyst removed after 800 hours of operation was uniformly coated with a
grayish powder of primarily cobalt phosphate. The ratio of cyclohex- anol
to cyclohexanone produced steadily dropped from 5.5 to 3.3 at the end of
the run, indicating a   50 decrease in the fraction of peroxide being
hydroge-   where R is selected from [err] alkyl radicals nated.
and [err] cycloalkyl radicals, and X is H or R. Control Example 11
3. The process of Claim 1 or claim 2 in which the 55      cobalt catalyst
is selected from the group con- By oxidation of cyclohexane in the liquid
phase   sisting of cobalt naphthenate, cobalt octoate, with air, in the
presence of cobalt octoate catalyst,  cobalt  laurate, cobalt  palminate,
cobalt and subsequent flashing and filtration, an oxidation  stearate,
cobalt  linoleate,  cobalt  ac- 4  



7                 EP 0 260 076 B1                     8 etylacetonate and
mixtures thereof.                   melange, (C) a mettre en contact les
constituants 4. The process of claim 1, 2, or 3 in which the
restants du melange avec un catalyseur catalyst of step (C) is a Group Vil
metal on an      d'hydrogdnation A lit fixe et a hydrogener inert
substrate.                          5          l'hydroperoxyde de
cyclohexyle present dans le m6lange pour former de la cyclo- 5  The process
of any one of Claims 1 to 4 in            hexanone et du cyclohexanol.
which step (C) is carried out at temperatures in the range of [err] at a
pressure of 140-   2. Le procede de la revendication 1, dans loquel 170
psig. (1065 to 1271 KPa).              10      l'ester phosphate organique
est un compose repondant A la formule: 6. The process of any one of Claims
2 to 5 in which the amount of organic phosphate ester in the mixture
extracted with water, is on a moiar basis, present in a ratio to cobalt of
3:1  75         RO-  P -OH 7. The process of any one of Claims 1 to 6 in
X which the catalyst of step (C) is palladium on silica.
20 oO R est choisi parmi les radicaux alkyles en 3. The process of any one
of Claims 1 to 7 in         C4 a C12 et les radicaux cycloalkyles en C5 A
which more than 50% of the other oxidation          Ca et oO X est H ou R.
..products are extracted by the water. 25  3. Le procede de la
revendication 1 ou de la 9.   The process of any one of Claims 1 to 8 in
revendication 2 dans lequel le catalyseur au which more than 50% of the
cobalt catalyst is      cobalt est choisi dans le groupe forme par le
extracted by the water.                             naphtenate de cobalt,
l'octoate de cobalt, le laurate de cobalt, le palmitate de cobalt, le 10.
The process of claim 7 in which the palladium   30  stdarate de cobalt, le
linoldate de cobalt, I'ace- on silica catalyst contains 0.1 to 1%
palladium.   tylacetonate de cobalt et les melanges de ces corps.
Revendicatlons 4. Le proc~dd de la revendication 2 ou 3 dans 1. Un proc~dd
pour la production d'un melange   35     lequel le catalyseur de
l'operation (C) est un contanant de  la cyclohexanone et du cyclo-
metal du Groupe V-II sur un.support inerte. hexanol qui .comprend les
operations consis- tant, dans l'ordre:                             5. Le
procedd  de l'une quelconque des revendi- (A) A mattre en contact un
m~lange conte-        cations 1 a 4 dans lequel l'opdration (C) est nant
(1) du cyclohexane, (ii) un catalyseur av   40  rdalisde A des temperatures
se situant dans cobalt d'oxydation du cyclohexane, qui est
l'intervalle de 130 a 150-C A une pression soluble dans Id cyclohexane,
(iii) un ester      manometrique de 1065 a 1271 kPa (140 A 170 phosphate
organique qui est soluble dans le      psig). rndlange en une proportion
molaire supe rieure A la proportion molaire du cobalt pr6-   4   6. Le
procdde de l'une quelconque des revendi- sent dans le melange, (iv) de
l'hydroperoxy-     cations 2 a 5 dans lequel le rapport molaire de de de
cyclohexyle, du cyclohexanol, de la       Plester phosphate organique dans
le m6lange :  cyclohexanone et d'autres produits d'oxyda-       extrait par
l'eau au cobalt est de 3:1 a 50:1. tion issus  de l'oxydation du
cyclohexane tels qua. notamment des diacides, des   so  7. Le proced6 de
l'une quelconque des revendi- monoacides et des hydroxy-acides, avec au
cations 1 a 6 dans lequel le catalyseur de moins 2% en volume d'eau dans
des condi-         l'operation (C) est du palladium sur de la silica. tion
telles qua l'eau extraie du m6lange -une partie substantielle des autres
produits  8. Le procedd  de l'une quelconque des revendi- d'oxydation at
une partie substantielle du   so  cations 1 A 7 dans lequel plus de 50 %
des catalyseur au cobalt,                            autres produits
d'oxydation sont extraits par -(B) A sparer I'eau contenant les consti-
I'eau. tuants extralts des constituants restants du 5   



9                  EP 0 260 076 B1                     10 9. La proced6 de
Tune quelconque des revendi-            der Kobaltkatalysator ausgewAhit
wird aus der cations 1  ' 8 dans lequel plus de 50 % du           Gruppe,
bestehend aus Kobaltnaphthenat, Ko- catalyseur au cobalt sont extraits par
l'eau.        baltoctoat, Kobaltlaurat, Kobaltpalminat, Kobalt- stearat,
Kobaltlinoleat,  Kobaltacetylacetonat 10. Le proci04 do Ia revendication 7
dans lequel   6     und Gemischen davon. le catalyseur au palladium  sur de
la silice contient do 0.1 A 1 % de palladium.              4. Verfahren
nach Anspruch 1, 2 oder 3, bei dem der Katalysator der Stufe (C) ein Metall
der PatentansprUche                                          Gruppe VIII
auf einem inerten Substrat ist. 10 '1. Verfahren zur Herstellung eines
Gemisches,       5. Verfahren nach einem der AnsprUche 1 bis 4, des
Cyclohexanon und Cyclohexanol enthdlt,           bei dem (C) bei
Temperaturen im Bereich von mit den nachfolgeonden aufeinanderfolgenden
130 bis 150  C und be! einem Druck von 140 St fen:
bis 170 psig (1065 bis 1271 kPa) durchgefahrt (A) Inberuhrungbringen eines
Gemisches,  is       wird. das   (1).  Cyclohexan,   (ii)   einen
CYclohexanoxidations-Kobalt..Katalysator, Gycoi~xanxiddins-Kbl-atlstr
6. Verfahren nach einem der Ansprilche 2 bis 5, der ldslich ist in
Cyclohexan, (iii) einen or-    be! dem die Menge an organischem Phospha-
ganischen Phosphatester, der in dem Ge-           tester im Gemisch,
extrahiert mit Wasser, auf misch in eaner Menge l6slich ist, welche auf  20
molarer Basis in einem Verhaltnis zu Kobalt molarer Basis die Menge des in
dem Ge-            von 3:1 bis 50:1 anwesend ist. - rmisch anw'esenden
Kobalts Uberschreitet, '(i)  :yclohexylhydroperoxid, Cyclohexanol,   7.
Verfahren nach einem der AnsprUche 1 bis 6, Cyclohexanon und andere
Oxidationspro-            bei dam der Katalysator in (C) Palladium-auf-
dukte der Oxidation von Cyclohexan ein-  25       Siliciumdioxid ist.
schliesslich Disduren, Monosduren und Hy- droxysauren  enthalt, mit
mindestens 2        8  Verfahren nach elnem der AnsprOche 1 bis 7, Vol.%
Wasser:'unter solchen Bedingungen,          be! dam mehr als 50 % der
anderen Oxida- dass' das Wasser aus dem Gemisch eine
tionsprodukte durch des Wasser extrahiert war- wesentliche Menge der
anderen Oxidations-  30     den. produkte und onen wesentlichen Anteil des
Kobaltkatalysators extrahiert,                9. Verfahren nach elnem der
Ansprlche 1 bis 8, (B) Abtrennen der Wasser enthaltenden ex-         bei
dam mehr als 50 % des Kobaltkatalysators - '   trathierten -'Kompontenten
von den restlichen  durch das Wasser extrahiert werden. Koinponenten des
Gemisches,              35 (C) tnberthrungbringen der restlichen Kom-
10. VerFahren nach Anspruch 7, bei dam  der ponenten. des  1emisches  mit
einem               Palladium-auf-Siliciumdioxid-KatalysatorO,1  bis -
Festbtt-'Hydrierungskatalysator und Hydrie-      1 % Palladium enthalt. ran
des Cyclohexylhydroperoxids in dam ;emiach, urn Cyclohexanon und Cyclohex-
40 anol zu gewinnen. 2. Verfahren nac: Anapruch 1, bei dem der orga- nische
Phosphatester eine Verbindung der For- 'mel
45 :0 RO- P -OH *            x~~~~~0s ist, worn R aus 04-C1 2-Alkylresten
und Cs-Cg- Cycloalkylresten- ausgewAhit wird und X H   55 odor R ist. 3
Verfahren nach Anspruch 1 oder 2, bei dem 6    


