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[571 ABSTRACT 

An improved process for the preparation of cyóloalk. 
anols and cycloalkanones by the liquid phase oxidation 
ofa cycloalkane having.from .5 to 12 carbon atoms in 
the ring by means of a gas containing molecular oxygen 
to obtain an oxidation mixture containing cycloalkyl 
hydroperoxide and acids, and the subsequent decompo-
sition of such cycloalkyl hydroperoxide to cyàloalk-
anols and cycloalkanones. The decomposition is carried 
out by means of ametal salt In the presence of an aque-
ous solution of an alkali metal hydroxide. The improve-
ment comprises a neutralization step wherein the acids 
contained in the oxidation mixture are first neutralized, 
forming a neutralized organic phase containing the 
cycloalkyl hydroperoxide, whereafter the neutralized 
organic phase is treated with a metal salt In the presence 
of an aqueous solution of an alkali metal hydroxide to 

� decompose the cycloalkyl hydroperoxide and form an 
organic phase containing cycloalkanols and cycloalka-
nones. 

12 ClaIms, 1 Drawing Figure 
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PROCESS FOR PREPARING CYCLOALKANOLS 
AND CYCLOALKANONES 

BACKGROUND OF THE INVENTION 
The present Invention relates to a process for prepar-

ing cycloalkanols and cycloalkanones by the liquid 
phase oxidation of a cycloalkane, having from S to 12 
carbon atoms in the ring, by means of a gas containing 
molecular oxygen. The oxidation mixture thus obtained, 
containing cycloalkyl hydroperoxide, is subsequently 
treated with a cycloalkyl hydroperoxide-decomposing 
salt in the presence of an aqueous solution of an alkali 
metal hydroxide to form cycloalkanols and cycloalka-
nones. A process of this type Is known from British 
Patent Specification No. 1,382,849. 

In this known process, the oxidation mixture contain-
ing the cycloalkyl hydroperoxide is treated with the 
alkaline solution simultaneously with, or subsequent to, 
the addition of the cycloalkyl hydroperoxide-decom-
posing metal salt, while the aqueous phase portion of 
the resulting reaction mixture is maintained at a pH of 
between 8 and 13, measured at 25° C. this process, 
however, has the disadvantage that the yield of cy-
cloalkanols and cycloalkanones, based on the cycloal-
kane converted, is relatively low. Applicant has found 
that this yield can be enhanced by maintaining the aque-
ous phase portion of the reaction mixture at an ex-
tremely high pH, for instance corresponding with 0.5 N 
of free sodium hydroxide or more. However this re-
quires a very high consumption of alkali, which in turn 
renders such a process economically unattractive. 

It is therefore an object of this invention to provide 
an economically attractive process for the preparation 
of cycloalkanols and cycloalkanones having an in-
creased yield as compared to the prior art processes. It 
is   further object of this invention to provide a process 
having increased yield of cycloalkanols and cycloalka-
nones, while at the same time minimizing the consump-
tion of alkali. 

DESCRIPTION OF THE INVENTION 
Applicant has now found that a high yield of oy-

cloalkanol and cycloalkanone can be achieved with a 
relatively low alkali consumption by neutralizing the 
acids present in the oxidation mixture as byproducts in 
a neutralizing step, prior to treating the mixture with 
the cycloalkyl hydroperoxide-decomposing metal salt 
in the presence of an alkaline solution in a subsequent 
decomposing step. Specifically, according to appli-
cant’s invention, cycloalkanols and cycloalkanones are 
prepared first by the liquid phase oxidation of a cycloal-
kane having S to 12 carbon atoms in the ring, by means 
of a gas containing molecular oxygen. The oxidation 
mixture thus obtained, containing cycloalkyl hydroper-
oxide and by-product acids, is then treated in a neutral-
ization step wherein at least a portion of the acids pres-
ent in the oxidation mixture are neutralized. The result-
ing neutralized organic phase containing cycloalkyl 
hydroperoxide is then treated in a subsequent decompo-
sition step, in the presence of an aqueous solution of an 
alkaline metal hydroxide, with a metal salt which is 
capable of decomposing the cycloalkyl hydroperoxide 
to cycloalkanols and cycloalkanones. In this manner, an 
increased yield of cycloalkanols and cycloalkanones 
can be achieved while at the same time reducing the 
consumption of alkali. 

2 
The process is suitable for the preparation of cy-

cloalkanols and cycloalkanones from cycloalkanes hav-
ing 5 to 12 carbon atoms in the ring, most particularly 
cyclopentane, cyclododecane and especially cyclohex-

5 ane. The invention will be described particularly with 
reference to the preparation of cyclohexanol and cyclo-
hexanone from cyclohexane, but it should be under-
stood that the process can be applied to such other 
cycloalkanes using comparable procedures. 

10 The oxidation mixture resulting from the liquid phase 
oxidation of a cycloalkane contains, in addition to the 
cycloalkyl hydroperoxide, minor quantities of other 
peroxides such as the corresponding w-hydroperoxyal-
kane carboxylic acid and dicycloalkylperoxide, which 

15 for the sake of simplicity are to be understood as being 
included within the scope of the term "cycloalkyl hy-
droperoxide" as used herein. The oxidation takes place 
in a liquid phase, and the oxygen is provided by a mo-
lecular oxygen containing gas such as air or pure oxy-

20 gen, or, for instance, nitrogen-oxygen mixtures of a 
composition differing from that of air such as mixtures 
of air and reactor off-gas. Suitable oxidation tempera-
tures range between about 120° and 2000 C., but prefera-
bly an operating temperature of between 140° and 180° 

25 C. is used. The operating pressure is not critical, but 
should be chosen such that a liquid phase is maintained 
throughout the oxidation. A pressure of between 400 
and 5,000 kPa, for instance about 1,300 kPa, is suitable 
for this process. This oxidation results in a low rate of 

30 conversion of cycloalkanes supplied, for instance in the 
range of from about I to 12%. 

Preferably the oxidation reaction is carried out in the 
absence of any substances which will promote the de-
composition of the cycloalkyl hydroperoxide formed, 

35 such as compounds of transition metals. Thus it is pref-
erable to carry out the oxidation in reactors having an 
inert inner wall made of, for example, passivated steel, 
aluminum, tantalium, glass, enamel or the like. In this 
manner the undesirable decomposition of cycloalkyl 

40 hydroperoxide under the oxidation conditions can be 
substantially avoided. 

If desired however, small quantities of oxidation cata-
lyst may be present during the oxidation, for instance 
not more than 10 ppm and preferably not more than 1 

45 ppm of a transition metal in the form of a soluble salt. 
The preferred transition metal is cobalt, but chromium, 
manganese, iron, nickel or copper may be used as well. 
Cobalt naphthenate or cobalt 2-ethylhexanate have 
been found to be very suitable. 

50 The oxidation reaction results in a pressurized, hot 
and rather diluted solution of cycloalkyl hydroperoxide 
in cycloalkane. Preferably this oxidation mixture is 
allowed to expand to a lower pressure, for instance to 
about 1,000 kPa, before further processing. 

55 The oxidation mixture thus obtained is next treated in 
a neutralization step (a) wherein the byproduct acids 
present in the oxidation are neutralized. This can be 
accomplished by the addition of a neutralizing agent, 
preferably an aqueous solution of a hydroxide or car-

60 bonate of an alkali metal. This results in the formation of 
a neutralized organic phase containing the cycloalkyl 
hydroperoxide, and what is termed herein as a neutral-
ization step aqueous phase. Preferably, the quantity of 
neutralizing agent added results in the neutralization 

65 step aqueous phase thus formed having a pH higher 
than 7° at 25° C., and preferably having a pH of between 
about 8 and 13. The neutralization step can take place 
over a wide range of temperatures, for instance from 

0 
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about 800 to 170° C., but preferably is carried out at a 
temperature of between about 130° to 160° C. 

Suitable neutralizing agents include, for instance, 
sodium hydroxide, sodium carbonate, potassium hy-
droxide and potassium carbonate. A significant advan- 5 
tage of the process according to the present invention is 
that an alkali metal carbonate can be used as the base or 
neutralizing agent in the neutralization step, which step 
involves the largest consumption of base, and there is no 
need to use a costly alkali metal hydroxide. 10 

In a preferred embodiment of the present process the 
decomposition step aqueous phase, obtained from de-
composition step (b), can be used as at least a portion of 
the alkaline solution required in neutralization step (a). 
In this manner, the alkali consumption of the overall 15 
process can be even further reduced. 

In another preferred embodiment, which can be used 
separately or in combination with the preceding pre-
ferred embodiment, an aqueous solution of alkali metal 
carbonate suitable for use as at least part of the neutral- 20 
izing agent in the neutralization step, can be obtained 
through the combustion of various effluents derived 
from the process which contain alkali metal salts of 
carboxylic acids. A method for the preparation of such 
an aqueous solution is described in, for example, British 25 
Pat. No. 1,398,293. Suitable effluents for such combus-
tion derived from the present process are the neutraliza-
tion step aqueous phase from step (a) as well as the 
decomposition step aqueous phase from step (b). This 
embodiment permits an even further considerable re- 30 
duction in the overall alkali consumption of the process. 

Preferably, the neutralization step aqueous phase is 
separated from the neutralized organic phase from neu-
tralization step (a) prior to introducing the neutralized 
organic phase into the peroxide decomposition stage 35 
(b). If desired, this separated neutralized organic phase 
may also be washed with water prior to its introduction 
into the peroxide decomposition step (b). 

The cycloalkyl hydroperoxide decomposition is ef-
fected in decomposition step (b) by means of a cycloal- 40 
kyl hydroperoxide-decomposing metal salt, which is 
normally a salt of a transition metal. Cobalt is preferred, 
although chromium, manganese, iron, nickel or copper, 
for instance, may also be used. Preferably the metal salt 
is water soluble, and sulphates and acetates are very 45 
suitable for this purpose. 

The quantity of such metal salt should be generally In 
the range of between about 0.1 to 1,000 ppm by weight, 
calculated as the metal relative to the total weight of the 
aqueous phase present in the decomposition step. How- 50 
ever larger quantities of metal salt may be utilized, but 
offer no advantage. Preferably 0.1 to 10 ppm of metal is 
used. The metal salt can be added efficiently to the 
reaction mixture in the form of an aqueous solution, 
possibly together with the alkali metal hydroxide. How- 55 
ever it Is also possible to add the metal to the reaction 
mixture in the form of an organic salt dissolved in an 
organic solvent, for instance the cycloalkaxie in ques-
tion. 

The peroxide decomposition treatment must be car- 60 
tied out in the presence of an alkali metal hydroxide. 
The quantity of alkali metal hydroxide is preferably 
chosen such that the hydroxyl ion concentration in the 
aqueous phase leaving the decomposition step is at least 
0.1 N and is preferably at least 0.6 N. A hydroxyl ion 65 
concentration higher than 2 N may be used, but offers 
no advantage. In practice, a hydroxyl ion concentration 
of from 0.6 to 1 N is most suitable. Suitable alkali metal 

4 
hydroxides for use in this decomposition step include, 
for Instance, sodium hydroxide and potassium hydrox-
ide. 

In order to efficiently and effectively carry out the 
peroxide decomposition, the volume ratio between the 
aqueous phase and the organic phase in the decomposi-
tion step is preferably maintained at least about 0.02, 
and preferably between about 0.05 and 0.20. Higher 
volume ratios may be utilized, but they offer no particu-
lar advantage. 

The decomposition of the cycloalkyl hydroperoxide 
may be carried out at a temperature in the range of, for 
instance, 80° to 170° C. 

After completion of the decomposition reaction, the 
resulting decomposition step aqueous phase may be 
separated from the organic phase which contains the 
cycloalkanols and cycloalkanones. This organic phase 
can then be washed with water to remove salt residue, 
if desired, and the cyclohexanol and cyclohexanone can 
be isolated by means of distillation. The non-converted 
cycloalkane present in the organic phase can be re-
turned to the oxidation reaction. As noted above, the 
aqueous phase resulting from the decomposition step 
can advantageously be recycled to the neutralization 
step. 

It should be appreciated from the foregoing that the 
present pràcess may be suitably carried out either 
batch-wise or as a continuous production process. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE schematically represents a suitable 
process configuration for carrying out a preferred em-
bodiment of the present Invention. This FIGURE will 
be discussed in detail in relation to the following exam-
pies. 

DESCRIPTION OF PREFERRED EMBODIMENT 

The numbers in the following examples are with 
reference to the FIGURE which represents a reaction 
diagram process configuration which can be utilized to 
carry out the process of the present invention. It should 
be understood that the diagram and examples are illus-
trative only, and other process configurations and pa-
rameters may be suitably utilized within the scope of the 
invention. 

EXAMPLE I 

This example utilizes an embodiment of the invention 
depicted in the FIGURE except that lines 22, 23 and 24 
are not utilized. 

In oxidation reactor 2, cyclohexane supplied through 
line I is oxidized in a liquid phase with air supplied 
through line 3 at a temperature of 165° and a pressure of 
1,050 kPa. No metal salt catalyst is used. The rate of 
conversion of cyclohexane is 4.5 mol %, and the oxida-
tion mixture contains 250 rrimol of peroxide (calculated 
as cyclohexyl hydroperoxide) per kg. Cyclohexane is 
recovered from the off-gas discharged through line 4 in 
the usual manner, and is returned to the oxidation reac-
tion. The residual off-gas is blown off. 

The oxidation mixture is then supplied through line 5 
to neutralization vessel 6, in which it is cooled through 
expansion to 145° C. The acids contained in the oxida-
tion mixture are neutralized with the aqueous phase 
supplied through line 7 from phase separator 17 after 
decomposition reactor 13. Inert gas is not supplied to 
vessel 6. The off-gas discharged from neutralization 
vessel 6 through line S is condensed and separated into 
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an aqueous phase (which isdischarged) and an organic 
phase, which is returned as cyclohexane feed to oxida-
tion reactor 2. The heat obtained from this condensation 
can be used elsewhere ifi the process. 

After the neutralization step the resuItingJiqild reac- 5 
tion mixture is supplied through line 9 to separatOr 10, 
wheretbe two liquid phases are separated. The neutral. 
izatio step aqueous phlise is cli.wharged through line 11 
as waste water, from which sodium carbonate can be 
obtained through, combustion if desired. The ’neutral- 10 
ized organic phase is supplied through line 12 to dcom-
position reactor 13, where it is thoroughly mixed with 
5% by volume of an aqueous solution of sodium hy-
droxide containing 1 ppm COSO4, which is supplied 
through line 14. The concentration of the sodium hy- 15 
droxide is chosen such that the hydroxyl ion concentra-
tion in the aqueous phase discharged from the neutral-
ization step through line 11 is 0,01 N. The gas phase 
discharged through line 15 is treated in the manner as 
described for the gas phase in line 8. The liquid decom- 20 
position step reaction mixture goes through line 16 to 
separator 17, where it is separated into an aqueous 
phase, which goes through lines 19, 20, 21 and 7 to 
neutralization vessel 6, and an organic phase, which is 
discharged through line 18. This organic phase is pro- 25 
cessed into cyclohexanone and cyclohexanol through 
distillation by known methods. The non-converted cy-
clohexane recovered through this distillation is returned 
to oxidation reactor 2. 

96% of the cyclohexyl hydroperoxide is converted, 30 
and the efficiency of the conversion to cyclohexanol 
plus cyclohexanone amounts to 94%. The quantity of 
free sodium hydroxide in the aqueous phase effluent 
from separator 10 is negligible. 

EXAMPLE II 35 

This example utilizes an embodiment of the present 
invention depicted in the FIGURE except that line 21 is 
not used. 

An oxidation mixture obtained as in Example I is 40 
cooled through expansion to 145° C. and neutralized in 
neutralization vessel 6 with an excess of sodium carbon-
ate such that the aqueous phase discharged through line 

� 11 has a pH of 10. The sodium carbonate is supplied to 
neutralization vessel 6 through lines 23 and 7 In the form 45 
of an aqueous solution and in a quantity of at least 5% 
by volume relative to the oxidation mixture. After sepa-
ration of the phases in separator 10, the neutralized 
organic phase is supplied to decomposition reactor 13, 
which is also supplied through line 14 with an aqueous 50 
sodium hydroxide solution containing 1 ppm CoSO4. 

In this embodiment of the process, the hydroxide 
consumption is very low. If a volume ratio of about 0.05 
is to be maintained between the aqueous phase and the 
organic phase in the decomposition reactor, then the 55 
hydroxide would have to be supplied as a highly diluted 
solution, which is not very practical. This problem is 
solved by recycling sufficient aqueous phase effluent 
from separator 17 to decomposition reactor 13 through 
lines 19, 20 and 22, to achieve the desired aqueous 60 
phase/organic phase ratio. The sodium hydroxide con-
centration in line 14 is in the order of 20% by weight, 
but is controlled so that the hydroxyl ion concentration 
in the aqueous phase discharged through line 19 is main-
tained atiN. 65 

The conversion of cyclohexyl hydroperoxide 
amounts to 96%, and the efficiency of conversion to 
cyclohexanol and cyclohexanone amounts to 94%. 

.6 
The portion of the aqueous phase discharged through 

line 19 that is not returned to decomposition reactor 13, 
is, in this example, discharged through line 24. This 
effluent stream is relatively small and so the loss of 
hydroxide Is low. Consumption of base can be further 
reduced: by leading this discharged aqueous phase to 
neutralization vessel 6 through lines 21 and 7. 

The aqueous phase effluents from lines 11 and 24 can 
be combusted in a: known manner, giving sodium car-
bonate and/or sodium hydroxide. In a preferred em-
bodiment of the process according to the invention, the 
conditions of this combustion are chosen SO that the 
solid product obtained mainly Consists Of sodium car-
bonate, which Is :then dissolved in water, and the solu-
tion is supplied to neutralization vessel 6 through lines 
23 and 7. 

COMPARATIVE EXPERIMENT A 
An oxidation mixture obtained in accordance with 

Example I is thoroughly mixed at 165° C. with 5% by 
volume of an aqueous sodium hydroxide solution, con-
taining 1 ppm COSO4, in a continuous-flow ideally mix-
ing reactor. The concentration of the sodium hydroxide 
has been chosen so that the hydroxyl ion concentration 
in the aqueous phase after separation is 0.1 N. 

Only 65% of the cyclohexyl hydroperoxide has been 
converted, and the efficiency of conversion to cyclo-
hexanol plus cyclohexanone is 87%. 

COMPARATIVE EXPERIMENT B 
Comparative Example A is repeated, but this time the 

concentration of sodium hydroxide has been chosen so 
that the hydroxyl ion concentration in the aqueous 
phase after phase separation is 0.6 N. 

The conversion of cyclohexyl hydroperoxide is now 
96%, and the efficiency of conversion to cyclohexanol 
and cyclohexanone is 94%. 

The quantity of free sodium hydroxide in the aqueous 
phase effluent, however, is equivalent to 36 kg of so-
dium hydrOxide per ton of cyclohexanone, which ad-
versely affects the economic attractiveness 

of 

the pro-
cess. 

What is claimed is: 
1. In a process for the preparation of cycloalkanols 

and cycloalkanones by the liquid phase oxidation of a 
cycloalkane having from 5 to 12 carbon atoms in the 
ring, by means 

of a gas containing molecular oxygen to 
obtain an oxidation mixture containing cycloalkyl hy-
droperoxide and acids, and thereafter treating said cy-
cloalkyl hydroperoxide, in the presence of an aqueous 
solution of an alkali metal hydroxide, with a metal salt 
that causes decomposition 

of the cycloalkyl hydroper-
oxide to said cycloalkanols and cycloalkanones, the 
improvement comprising the combination of a neutral-
ization step (a) wherein said oxidation mixture is treated 
with an aqueous solution of a neutralizing agent se-
lected from the group consisting of  an alkali metal hy-
droxide and an alkali metal carbonate to neutralize at 
least a portion of the acids contained therein thereby 
forming a neutralized organic phase containing said 
cycloalkyl hydroperoxide and a neutralization step 
aqueous phase, which aqueous phase is separated off, 
and a subsequent decomposition step (b) wherein said 
neutralized organic phase is treated with said metal salt 
in the presence 

of an aqueous solution of an alkali metal 
hydroxide thereby decomposing at least a portion of 
said cycloalkyl hydroperoxide and forming an organic 



0 
phase containing said cycloalkanols and cycloalkanones 
and a decomposition step aqueous phase. 

2. The process of claim 1 wherein said neutralizing 
agent added in step (a) is comprised at least in part of at 
least a portion of said decomposition step aqueous phase 
from step (I,), resulting in the formation of said neutral-
ized organic phase and a neutralization step aqueous 
phase. 

3. The process of claims 1 or 2 wherein said neutraliz-
ing agent is added to step (a) in a sufficient quantity to 
result in the formation of said neutralization step aque-
ous phase having a pH higher than 7 at 25° C. 

4. The process of claim 4 wherein said neutralization 
step aqueous phase has a pH of between about $ and 13 
at 25° C. 

S. The process of claims 1 or 2 wherein said neutraliz-
ing agent added in step (a) is comprised at least in part 
of an aqueous solution of an alkali metal carbonate ob-
tained by means of the combustion of at least a portion 
of said neutralization step aqueous phase from step (a), 
said decomposition step aqueous phase from step (b) or 
both. 

6. The process of claims 1 or 2 wherein said neutral-
ization step aqueous phase is separated from said neu-

4,238,415 
8 

tralized organic phase before said neutralized organic 
phase is treated in step (b). 

7. The process of claim 6 wherein said separated 
neutralized organic phase is washed with water before 

5 being treated in step (b). 
S. The process of claim 1 wherein the quantity of 

alkali metal hydroxide present in step (b) is such that the 
hydroxyl ion concentration in said decomposition step 
aqueous phase Is 0.1 to 2 N. 

10 9. The process of claim 8 wherein the hydroxyl ion 
concentration in said decomposition step aqueous phase 
is 0.6 to 1 N. 

10. The process of claim 1 wherein said metal salt is a 
water-soluble transition metal salt, and is present in step 

15 (b) in a quantity of from 0.1 to 1,000 ppm by weight, 
calculated as metal relative to the weight of said decom-
position step aqueous phase. 

11. The process of claim 1 wherein the volume ratio 
between said decomposition step aqueous phase and 

20 said organic phase in said decomposition step (b) is at 
least 0.02. 

12. The process of claim 11 wherein said volume ratio 
is between 0.05 and 0.20. 

* * S S * 
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48 de la Decision 486 de la ComisiOn de la Comunidad Andina, se comunica: 

1. Documentos estudiados 

DescripciOn: 
Reivindicaciones: 
Figuras: 
Prioridad: EP050751 85.8 
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2. AnÆlisis de la Prioridad 

Folios 24-39 y42 
Folios 40-41 
Folio 43 
Folio I 
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2007-07-25 
2005-01-25 
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Se acepta la reivindicaciOn de prioridad porque Østa solicitud fue presentada 
dentro del plazo establecido (Art. 9 D 486) y su contenido tØcnico corresponde 
con el de la prioridad reivindicada. 

3. Objeto de la invenciOn 

TItulo de la solicitud: Procedimiento para preparar ciclohexanona y ciclohexanol. 
Folio 1. 

Objeto de ía invenciOn: El objeto de la presente solicitud de patente de invenciOn 
se refiere a un procedimiento para preparar ciclohexanona y ciclohexanol. 

El problema tØcnico presentado en esta solicitud radica en que la etapa de 
separacion de la fase acuosa de la mezcla obtenida tras completarse la reacciOn 
de descomposiciOn de hidroperOxido de ciclohexilo (HPCH) es lenta o incompleta 

Exped/ente 07-75855 ler art 45 



y conhieva la formaciôn incrustaciones biologicas o subproductos indeseados en la 
columna de destilaciôn. Por Ic tanto existe la necesidad de diseæar una 
separaciOn mejorada de la mezcla tras la descomposiciOn. 
Para solucionar ese problema tØcnico la solicitud plantea un procedimiento para 
preparar ciclohexanona y ciclohexanol donde se alimenta una primera fase 
acuosa a la etapa de descomposiciôn, donde el pH de la primera fase acuosa es 
superior a 8.5, med ido a 25°C. 

El objeto de la presente solicitud se relaciona con la Clasificaciôn lnternacional de 
Patentes (CIP): C07C 35/08, 49/403, 29/132, 45/53. 

4. De la solicitud de Patente 

Reivindicaciones (articulo 30 D 486) 

El capitulo reivindicatorio es presentado en un lenguaje muy. Asi por ejemplo las 
frases "superior a" e "inferior a" son imprecisas y no permiten definir 

� especificamente el objeto y el alcance de la invención, sirvase suprimirlas. 
Ahora bien, la frase "una parte tal de la primera fase acuosa" esta mal redactada y 
es confusa, sIrvase corregir. 
AdemÆs sirvase definir especificamente los componentes de las Ilamadas 
"primera disoluciôn acuosa bÆsica" y "primera fase acusa" puesto que no son 
claras y no se sabe en que se diferencian. Se le recuerda al solicitante que las 
reivindicaciones deben ser claras por si mismas. 

Por ultimo, la etapa de descomposición involucra la adiciOn de un catalizador de 
cobalto, dicha adiciôn es una etapa fundamental del proceso la cual no se incluye. 
Se le recomienda al solicitante que presente un nuevo capitulo reivindicatorio, 
correctamente redactado y que defina el objeto y el alcance de la invenciôn 
especificamente, es decir que se indique especificamente las etapas del proceso 
y las condiciones de ejecuciOn de estas. 

En consecuencia, el capitulo reivindicatorio no cumple con el requisito de claridad, 
concision y sustento en la descripciOn de acuerdo al art. 30 de la DecisiOn 486 y el 

� art.22 del Tratado PCT. 

S. Determinación del Estado de la TØcnica 

Considerando que la fecha de la solitud prioritaria 2005-01-25 se realizO la 
bUsqueda en el estado de la tØcnica y se encontraron los documentos 
relacionados a continuaciôn que pueden afectar la patentabilidad del objeto de la 
presente solicitud: 

No Documento Titulo Fecha de publicación 

Dl US4238415 Process for preparing cycloalkanols and 
cyctoalkanones 1980-12-09 

El solicitante podrÆ consultar los documentos citados en las siguientes URL’s 
Dl: 

e=19801209&DB=EP000C&1oco1e=en EP 

El documento Dl hace referencia a un procedimiento para preparar 
ciclohexanona y ciclohexanol por oxidaciôn con oxigeno molecular de ciclohexano 
en fase liquida. 

Exped/ente 07-75855 let art 45 



6. Examen de patentabilidad (articulo 14 D486) 

Nivel Inventivo (artIculol8 D486) 

La solicitud de patente en estudio presenta en su reivindicaciOn I un 
procedimiento para preparar ciclohexanona y ciclohexanol, comprendiendo dicho 
procedimiento: 
(a) neutralizar los Æcidos y/o el diôxido de carbono presentes en una disolución 
orgÆnica que comprende ademÆs hidroperóxido de ciclohexilo mezclando la 
disoluciôn orgÆnica con una primera disolución acuosa bÆsica para formar una 
primera mezcla que comprende una primera fase acuosa y una primera fase 
organ ica, 
(b) separar la primera fase acuosa de la primera fase orgÆnica, 
(c) descargar la primera fase acuosa, 
(d) descomponer el hidroperOxido de ciclohexilo presente en dicha primera fase 
orgÆnica mezclando dicha primera fase orgânica con una segunda disolución 
acuosa bÆsica para formar una segunda mezcla que comprende una segunda 

S fase acuosa y una segunda fase orgÆnica que comprende ciclohexanona y 
ciclohexanol, 
(e) separar la segunda fase acuosa de la segunda fase orgÆnica, 
(f) alimentar al menos una parte de dicha segunda fase acuosa separada a dicha 
neutralizaciôn (a), 

S 

Caracterizado porque et procedimiento comprende ademÆs alimentar una parte tal 
de la primera fase acuosa a la descomposiciôn de manera que el pH de la primera 
fase acuosa es superior a 8,5, medido a 25°C. 

CaracterIsticas esenciales de La invención Caracteristicas esenciales del documento Dl 

Procedimiento para preparar ciclohexanona y Procedimiento para preparar cicLohexanona 
y 

cictohexanot: cicLohexanot: 
(a) neutraUzar Los Æcidos y/o el dióxido de carbono 
presentes en una dlsoLución orgÆnica que NeutraLizar Los Æcldos presente en La soLución 
comprende ademIs hidroperóxido de cictohexito procedente de La oxidación que comprende 
mezctando La disotución orgÆnica con una primera ademÆs hidroperóxido de cicLohexiLo con una 
dlsolución acuosa bÆsica para formar una primera soLución acuosa de hidróxiclo o carbonato de 
mezcla que comprende una primera fase acuosa y metal aLcatino con un pH de mayor de 7.0, 
una primera fase orgÆnlca, preferibLemente de 8 a 13. 
(b) separar La primera fase acuosa de La primera 
fase orgÆnica, Separar La primera fase acuosa y La primera fase 
(c) descargar La primera fase acuosa, orgÆnlca. 
(d) descomponer eL hldroperóxido  de cicLohexiLo Descomponer el hidroperóxldo de cicLohexito 
presente en dicha primera fase orgÆnica mezcLando presente en La primera fase orgÆnica con una 
dicha primera fase orgÆnica con una segunda segunda sotuclón acuosa de hldróxldo de sodlo 
disoLución acuosa bÆsica para formar una segunda que contiene un cataUzador de cobaLto. 
mezcLa que comprende una segunda fase acuosa y 
una segunda fase orgÆnlca que comprende Separar La segunda fase orgÆnlca de La segunda 
cicLohexanona 

y ciclohexanol, fase acuosa. 
(e) separar La segunda fase acuosa de La segunda 
fase orgÆnica, La sotución atcaUna usada en La neutraLización 
(f) aLimentar at menos una parte de dicha segunda esta constituida at menos de una parte de La fase 
fase acuosa separada a dicha neutraUzación (a) acuosa obtenida del tratamiento de 

descomposición de hklroperóxldo. 
(cotumna 3 y 4 

y ejemptos) 

Caracterlzado porque el procedimlento comprende 
ademÆs aUmentar una parte de La primera fase No se hace referenda at pH de La fase acuosa 
acuosa a La descomposiclón de manera que et pH que se aLimenta a La etapa de descomposición. 
de La primera fase acuosa es superior a 8,5, 
medido a 25°C. 
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ERE 

El documento Dl se considera el estado de la tØcnica cercano a la invenciôn 
definida en la reivindicaciôn I porque: 

El documento DI divulga un proceso para preparar ciclohexanol y ciclohexanona 
por oxidación en fase liquida con oxigeno molecular, para obtener una mezcla de 
oxidación que contiene hidroperôxido de ciclohexilo. Dicha mezcla de oxidaciôn 
en neutralizada en una primera etapa a) mediante el tratamiento con una primera 
solución bÆsica que tiene un pH preferiblemente entre 8-13 y posterior separaciOn 
de esta primera fase acuosa y esta primera fase orgÆnica. Posteriormente, la 
primera fase organica que contiene hidroperóxido de ciclohexilo es sometida a un 
proceso de descomposiciOn mediante el tratamiento con una segunda fase 
acuosa bÆsica que comprende hidróxido de metal alcalino y un catalizador de 
cobalto, posterior separación de una segunda fase acuosa y una segunda fase 
organica que contiene ciclohexanol y ciclohexanona. 
La primera soluciOn bÆsica acuosa, usada en la neutralización, esta constituida al 
menos de una parte de la segunda fase acuosa obtenida del tratamiento de 

Is 
descomposiciôn de hidroperOxido. (Columna 3 y 4, 

La diferencia de Dl con la presente solicitud de patente radica en que en el 
documento Dl la primera fase acuosa no es alimentada a la etapa de 
descomposiciOn, la fase acuosa alcalina alimentada a dicha etapa de 
descomposiciOn constituye una solución bÆsica de hidrôxido de metal alcalino, 
asimismo el documento Dl no indica el pH de dicha soluciôn bÆsica. 

Asi entonces, el efecto que logra el reutilizar la fase acuosa proveniente de la 
etapa de neutralizaciOn con un pH superior a 8.5 es que al parecer facilita la 
separaciOn de Ia segunda fase acuosa y la segunda fase orgÆnica. 

Por lo tanto, el Problema TØcnico Objetivo que pretende resolver esta invenciOn 
se puede formular asi: "cômo modificar el procedimiento conocido desde Dl para 
obtener un procedimiento donde se facilite la separación de las fases organica y 
acuosa." 

No obstante, la recirculaciôn de la primera fase acuosa proveniente de la 
neutralizaciôn y el ajuste de pHen un valor superior a 8.5, no provocan ningUn 
efecto tØcnico inesperado o sorprendente de acuerdo con lo divulgado en la 
descripciOn. 
Nótese que en los ejemplos presentados se hace una simple menciôn en cuanto a 
que en el ejemplo comparativo "la separaciOn de las fases acuosa y organica se 
hace muy dificil y se produjeron efectos no favorables en las opera clones de 
comente abajo (incrustaciOn biologica y pØrdida de rendimiento en los 
evaporadores)" no obstante, dicha menciôn no puede considerarse una evidencia 
tØcnica que refleje un salto cualitativo en el arte. 
En otras palabras, el solicitante no demostrO que la modificación de la corriente 
que se alimenta a la etapa de descomposiciOn cause un efecto tØcnico 
sorprendente en el proceso o dØ sotuciOn efectiva a un problema tØcnico 
determinado. Se le aclara al solicitante que la simple mención a una eventual 
mejora no se considera evidencia tØcnica suficiente para sustentar la altura 
inventiva del procedimiento de interØs. 

Ahora bien, respecto a la definiciôn  del valor de pH de la fase acuosa alimentada 
a la etapa de descomposición, es necesario indicar que en ambos casos, tanto en 
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la presente solicitud como en el documento Dl, el valor de pH es superior a 8.5. 
Pese a que el documento Dl no hace referencia at valor de pH de dicha corriente 
de alimentaciôn a la zona de descomposiciôn, es mÆs que claro una soluciôn de 
hidrôxido de metal alcalino tiene un pH superior a 8.5 aun en concentraciones 
muy diluidas, asI por ejemplo el NaOH(ac) 0,001 N tiene un pH de 11.0. AdemÆs, el 
mismo documento Dl indica que el pH de la fase acuosa que sale de la zona de 
neutralización es cercano a 10 (ejemplo II). 

En consecuencia, la persona del oficlo normalmente versada en la materia, 
tendrIa toda la informaciOn necesaria para plantear un procedimiento como el 
conocido desde Dl pero esta vez reutilizando la corriente acuosa que sale de la 
zona de neutralizaciOn que tiene un pH superior de 8.5, en el mismo proceso de 
sintesis de ciclohexanona y ciclohexanol. Por lo esta oficina considera que el 
procedimiento de esta invención se deriva de manera obvia del estado del arte, no 
provoca ningün efecto tØcnico sorprendente o inesperado y carece de nivel 
inventivo. 

7. Conclusion 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados 
asi: 

N° Documento N° Reivindicaciones afectadas Requisito que afecta 
Dl US4238415 1-13 - - Nivel Inventivo - - 

En cumplimiento del artIculo 45 de la DecisiOn 486 de la ComisiOn de la 
Comunidad Andina, se le indica que debe dar respuesta dentro del tØrmino de 
sesenta (60) dias contados a partir de la fecha de notificaciOn de la presente 
comunicaciOn. En caso de no dar respuesta al presente requerimiento, o si a 
pesar de la respuesta subsistieran los impedimentos para la concesiOn, se 
denegarÆ la patente. 

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), 

� 
del capItulo quinto deltItulo primero de la Circular Unica NO 10 de 2001. 

-r 

JOSE LUIS SALAZAR LOPEZ 
Director de Nuevas Creaciones (C) 

El anterior requeriiento fue notificado por fijaciOn en lista, de fecha 
1 9 ENE. 2072 

Etaborado por: Sandra Isabel Calderôn. 
Revisado por: Jacqueline Alfonso . -LA-
Aprobado por: JosØ Luis Salazar. 
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