Met hod for Oxidizing Saturated Cyclic Hydrocarbons by Oxygen The present
invention relates to a continuous nethod for oxidizing saturated cyclic

hydr ocar bons by oxygen to obtain a m xture of hydroperoxi des, al cohols and
ketones. It relates nore particularly to a method for oxidizing cycl ohexane
in a colum formng a bubble reactor, for the formation of cycl ohexyl

hydr oper oxi de, cy 115~ PXI pis the
first step of a Mﬁﬁ@ﬁnﬁ@g} %ﬁﬂ?ﬂ%&@ﬁ@%@@%ﬁ One of

t he nost commonly used net cid consists in
oxi di zi ng cyl cohexanone tépfgﬁitﬁg%aiTﬂéiﬁ%q@bg Iﬁ%gﬁ“; ecul ar oxygen, and
then catalytically deconposing this hydroperoxide to a m xture of

cycl ohexanone and cycl ohexanol. This mxture is then oxidized to adipic

acid by nitric acid oxidation. This first cycl ohexane oxidation step is
generally carried out in a two-phase liquid/gas nedium the oxidizing gas
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This oxidation step is the first step of a method for manufacturing adipic acid, for example.

One of the most commonly used methods for manufacturing adipic acid consists in
oxidizing cylcohexanone to cyciohexyl hydroperoxide by molecular oxygen, and then
catalytically decomposing this hydroperoxide to a mixture of cyclohexanone and
cyclohexanol. This mixture is then oxidized to adipic acid by nitric acid oxidation.

This first cyclohexane oxidation step is generally carried out in a two-phase liquid/gas
medium, the oxidizing gas being introduced in the form of bubbles into the liquid medium,
in tubular reactors called bubble reactors.

Several methods have already been proposed, in which the oxidizing gas stream and the

liquid stream may be in cocurrent or countercurrent fiow in the reactor.

The method of the invention relates to the embodiments with the liquid and gas streams in

cocurrent flow in the tubular reactor.

In this type of method, the liquid phase is degasified at the top of the column to form an
ullage space and to recover a liquid phase that is gas-free or substantially gas-free. This
ullage space consists of the unreacted gas feed and particularly of unconsumed oxygen
and vapours of the hydrocarbon and other organic products. The concentration of



hydr ocar bon and ot her organic products is determ ned by the vapour pressure

of these conpounds under the tenperature and pressure conditions used. To -
prevent an explosion of this m xture of Jas and vapour, it is necessary for

the volunmetric concentration of oxygen with respect to the volune of gas-in
t he chanber, with the exception of the hydrocarbon, to be |ower than a
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determ ning the explosiveness limts of gas m xtures. Thus, for each
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the reactor, and particularly its CE%as phase concentration, prevents fast
oxi dat i @eterried; easilyibyed pPesopeskilgdopttas aelddy thei appligation of known and published

methods for determining the explosiveness limits of gas mixtures. Thus, for each
particular system, a person skilled in the art can determine this upper oxygen
concentration limit by conventional techniques before oxidizing the hydrocarbon. For
greater clarity, this concentration limit is designated in the present text as the upper

oxygen concentration limit.

At present, no safety rule is observed in, for example, controlling the quantity of oxygen

supplied to the reactor.

Accordingly, it is impossible today to supply the reactor with a high quantity of oxygen and
further to ensure that the oxygen concentration decreases along the route of the gas

phase in the tubular reactor.

This specification on the quantity of oxygen supplied to the reactor, and particularly its gas
phase concentration, prevents fast oxidation reaction kinetics being obtained. This low

oxygen concentration also affects the hydroperoxide selectivity of the oxidation reaction.

Furthermore, to perform effective control of the volumetric oxygen concentration in the
headspace of the reactor, it is known that all the oxygen must be supplied at the bottom of
the column. Accordingly, the oxygen concentration or partial pressure decreases along
the reactor, preventing fast reaction kinetics being obtained throughout the reactor.



oxygen concentration also affects the hydroperoxide selectivity of the

oxi dation reaction. Furthernore, to performeffective control of the

. volunetric oxygen concentration in the Headspace of the reactor, it is
kmown, t hat all the oxygen nmust be supplied at the bottomof the col um.
Accordi ngly, the oxygen concentration or partial pressure decreases al ong
the reactor, preventing fast reaction kinetics being obtained throughout the
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The method of the invention is characterized in that a non-oxidizing gas is supplied to the
liquid phase in the reactor, in the degasification zone or immediately upstream thereof,
and/or in the headspace of the reactor, at a sufficient flow rate to maintain a volumetric
oxygen concentration in the headspace of the reactor at a value not exceeding the upper
oxygen concentration limit. in the case in which the hydrocarbon is cyclohexane and the
oxidizing gas is a mixture of nitrogen and oxygen, this limit is 8.5%. Advantageously, the
flow rate of non-oxidizing gas is determined to obtain an oxygen concentration in the
headspace of the reactor that is lower by about 30% than the upper oxygen concentration
limit. Thus, in the case in which the hydrocarbon is cyclohexane, the flow rate of oxidizing
gas is determined so as to obtain an oxygen concentration in the headspace of the reactor
at a value not exceeding 5%.

The non-oxidizing gas is advantageously selected from nitrogen, inert gases, and oxygen-

depleted air.

According to another feature of the invention, the cyclic saturated hydrocarbons are

selected from cyclohexane, decaline and cyclododecane.



headspace of the reactor that is |ower by about 30%than the upper oxygen
concentration limt. Thus, in the case in which the hydrocarbon is

cycl ohexane, the flow rate of oxidizing 4gas is determ ned so as to obtain
an oxygen concentration in the headspace of the reactor at a value not
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the oxygen consumption in the column.

The method of the invention also serves to supply a higher quantity of oxygen to the
column, particularly by supplying a gas with a high oxygen content such as, for example,
oxygen-enriched air or even pure oxygen. Since the oxygen partial pressure is higher in
the gas bubbles dispersed in the liquid, the kinetics of the oxidation reaction are
increased. This increase in the kinetics is accompanied by a higher selectivity of the

oxidation to cyclohexyl hydroperoxide.

The method of the invention also serves to supply oxygen or gas containing oxygen at
various points along the length of the column thus maintained at the highest possible
oxygen partial pressure in the gas bubbles substantially along the entire reaction zone of
the column. In fact, it is unnecessary for the oxygen concentration in the bubbles
reaching the headspace of the reactor to be very low, because the oxygen reaching the
overhead will be diluted in the non-oxidizing gas supplied according to the invention.

Accordingly, with the method of the invention, it is possible to obtain fast oxidation

reaction kinetics throughout the reactive zone of the column.

According to a particular embodiment of the invention, the tubular reactor comprises trays
dividing the reactor into several stages. These trays are perforated to permit the fiow of



t he. gas bubbl es dispersed in the liquid, the kinetics of the oxidation
reaction are increased. This increase in _the kinetics is acconpani ed by a
hi gher selectivity of the oxidation to c§c|ohexy| hydr oper oxi de. The met hod
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t he non-oxi di zi ng gas supplied according to the invention. Accordingly,
with the nmethod of the invention, it is possible to obtain fast oxidation
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to the top of the column for other oxidizing gas supply points.

According to one embodiment of the invention, the non-oxidizing gas is advantageously
supplied in the liquid phase, immediately upstream of the degasifier. In fact, the supply of
this gas favours the mixing between the gas bubbles containing oxygen and the inert gas.
Thus the uniformity of the oxygen content is guaranteed before the gas reaches the
headspace.

Other details, advantages of the invention will appear more clearly from the examples
given below exclusively for information, the description thereof being made with reference
to the appended figure schematically showing one embodiment of a bubble reactor

according to the method of the invention.

The method of the invention is put into practice in a tubular bubble reactor (1) comprising
a supply of hydrocarbon to be oxidized (2) arranged at the bottom of the column.

The reactor further comprises a supply of oxidizing gas (3) also arranged at the bottom of
the column. This supply of oxidizing gas comprises a device, not shown, for supplying the

gas in the form of bubbles that are dispersed in the liquid phase.



supplied at the bottomof the colum is high and decreases fromthe bottom
of the colum to the top of the colum for other oxidizing gas supply

poi nts. According to one enbodi nent of tRe invention, the non-oxidizing gas
i s advantageously supplied in the liquid phase, |nned|ately upstream of the
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(1) conprising a su on‘to eoxd arranged at the
bot t om aflvahtageousiyidentical fosthetsupplyupdihe(3)conpri ses a supply of oxidizing
gas (3) also arranged at the bottomof the colum. This supply of oxidizing
gas conprises a device, not shown, for supplying the gas in the form of
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t he reactor or columm conprises trays or r|zonta

(4) di vgdsragthmmpcaﬁltbemolmnm(E)elwéleatemcb\ﬁe:qias The react or (1) shown further
conprises other oxidizing gas supply points (5) arranged at the |evel of
certain stages defined by the trays (4). These supply points (5) are
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t he reactor rises a gas ou enabl | the o as at the
top of bha MWMmméysawnbbeﬂlqmmsejust below the upper level of the liquid phase.

The liquid phase enters this chamber by overflow. The chamber comprises a liquid drain
(9) terminating outside the column. The liquid thus recovered via the discharge pipe (9)

comprises the oxidized compounds without dispersed gas bubbles.

According to the invention, the reactor is equipped with a supply point (10) terminating in
the embodiment shown at the level of the last stage upstream of the degasifier.

Via this supply point, the non-oxidizing gas is supplied thereby to maintain and control the

oxygen concentration in the ullage space (7) of the reactor.

Other details, advantages of the invention will appear more clearly from the examples
provided exclusively as illustration and without limiting the invention and with reference to
the single appended figure, which shows a synoptic diagram of an embodiment of a

reactor used for putting into practice the method of the invention.

Examples

A test of cyclohexane oxidation to a mixture of cyclohexyl hydroperoxide (HPOCH),
cyclohexanone and cyclohexanol was carried out in a reactor (1) shown in the single

figure.



the reactor is equipped with a degasifier
(8) fornmed by a vessel immersed in the |iquid phase just bel ow t he upper
level of the liquid phase. The liquid phdse enters this chanber by
overflow The chanber conprises a liquid drain (9) terminating outside the
col umm. -The liquid thus recovered via the discharge pipe (92 conprises the
oxi di zed Ttenpaciod hadia diemeteli 8@ seda faight obBire andaarepitatyfieopetierated trays
|nvent|og4 the reactor is equipped with a supply point (10) termnating in

t he enbo %Ent shown at the |evel of the |ast stage upstream of the
degasifier. Via this supply point, the non-oxidizing gas is supplied t her eby
to maintain and control the oxygen concentration in the ullage space (7) of
t he reactlbe. tempesatugetrainedeagey ¥asatftd “erndrbe ahsekile BFESHUre Waspeap babr e
clearly fromthe exanples provided exclusively as illustration and wi t hout
limting the invention and with reference to the single appended figure,

whi ch shawe colsynaptresctdr ayreompiseainare oRidibinggs etpply (B)eamaﬁgedxaeﬂwe‘ Bdttom of
putting into practice the nmethod of the invention. nples A test of
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cycl ohex I ctor (1) shown in the
singl e ?’?’3 ggg/gqﬁl}fiﬁllé@?@égbgrbemt@ea dlﬁ‘ﬂ%\%&' ?"@o&l“’% a height of 8 mand
conprised five perforated trays (4) The terrperature in the reactor was 184
C and the absol ute pressure was 22.6 bar. | utm or reactor (1)
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and a Se%ﬂpp“éd]g{{z gas supply (10) arranged at the about 10 cm bel ow t he
upper gas qui l)u't erface or belowthe liquid I evel in the colum.

According to the enbodi nent shown,

The cyclohexane conversion rate in the reactor was 4.5 %. To obtain this conversion rate,
the cyclohexane feed rate in the reactor was adjusted. The flow rate of inert or non-

oxidizing gas supplied at (10) was determined in order to obtain, in the headspace (7) of

the reactor, a volumetric ratio of O, with respect to total N2 + O, not exceeding 2%.

The conditions and resuits obtained for various tests are listed in Table 1 below:

Test Cyclohexane | Oxidizing gas type | Non-oxidizing Productivity Selectivity for
flow rate (kg/h) | and flow rate gas type and kg/m°/h (HPOCH,
(kg/h) flow rate cyclohexanone
(kg/h) cyclohexanol)
%
Comparative 293 Air containing O 136 86.5
21% O3
19 kg/h
1 430 Air containing Nitrogen 220 93.1
21% O2 26
25 kg/h
2 389 Air containing Nitrogen 187 95.2
21% O3 150
35 kg/h




A stream of cycl ohexane conprising 0.2% by wei ght of the cycl ohexyl

hydr oper oxi de was supplied at (2). The cycl ohexane conversion rate in the .
reactor was 4.5 % To obtain this conver8ion rate, the cyclohexane feed
rate in the reactor was adjusted. The flow rate of inert or non- oxidizing
gas_supplied at (10) was deternmined in order to obtain, in the headspate (7)
of | the regactobP4a val uiiecontaimingi 9 ofNidRgenth resp885 to fotal938 + 02 not
exceedi ng |2% The conldi tigél% @nd rasul ts,.pbtained for varius tests ar
listed in|Table 1 beljow st’2 Cycl ohexahk Oxi ﬁii zing gas type Non-oxidizing
Prpductivijty Selectivity fgg/H|owrate (kg/h) jand flow rafe gas type and
kglnB/h (HPQOCH, (kg/h) flow rate cycl ohexanone] (kg/h) cyclohexanol)
Conparative 293 Air containing 0 136 86.5 21%02 19 kg/h 1 430 Air

i ni Ni 220 93 21 %.02 26 .25 /h, 2. 389 A ini,
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These tests show that the method of the invention serves to increase the selectivity of
upgradable products, that is, convertible to adipic acid, for example. “Selectivity” means
the yield of upgradable products divided by the conversion rate of the product to be
upgraded.

They also demonstrate the significant increase in productivity of a given reactor.

These results are obtained in strict compliance with safety rules.

In fact, the method of the invention serves to convert a higher quantity of cyclohexane in a
reactor of the same size. In fact, the flow rates of cyclohexane supplied in the tests 1 to 3

are much higher than that of the comparative test. Hence, the productivity of the reaction

is increased, with an improvement in selectivity.



The, productivity represents the quantity of oxidized products recovered per
unit tinme and related to a reactor volu of 1 nB. These tests show t hat
the nethod of the invention serves to incfease the selectivity of

upgr adabl e products, that is, convertible to adipic acid, for exanple.

"Sel ectivity" nmeans the yield of upgradahl e products divided by the
conversion rate of the product to be (ﬁﬂaﬂgngy. They al so denonstrate the
significant increase in productivity of a given reactor. These results are
obtained in strict conpliance with safety rules. In fact, the nmethod of the
i nvention serves to convert a higher quantity of cyclohexane in a reactor
of the sane size. In fact, the flow rates of cycl ohexane supplied in the
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non-oxi di zing gas 1's nitrogen,

concentration not exceeding the upper oxygen concentration limit.

2. Method according to Claim 1, characterized in that the non-oxidizing gas is nitrogen,
an inert gas, or oxygen-depleted air.

3. Method according to either of Claims 1 and 2, characterized in that the saturated
hydrocarbon is selected from the group comprising cyclohexane, decaline, and
cyclododecane.

4. Method according to Claim 3, characterized in that the upper oxygen concentration
limit is 8.5% if the hydrocarbon is cyclohexane.

5. Method according to one of the preceding claims, characterized in that the column
comprises perforated trays.

6. Method according to one of the preceding claims, characterized in that a gas

containing oxygen is supplied to various stages of the column.

7. Method according to Claim 5, characterized in that the quantities of oxygen supplied to

each stage of the column are equal.



an inert gas, or oxygen-depleted air. 3. Method according to either of -
Clains 1 and 2, characterized in that the saturated hydrocarbon is sel ected
fromthe group conprising cycl ohexane, d€caline, and cycl ododecane. 4.
Met hod according to Caim3, characterized in that the upper oxygen .
concent atlo limt % 1i1f the drocarhon is cycl ohexane.
ecor di o MeherAgPrding 1§ Rl e dbRESS B tRR e mrdaee maewpehe@m
conpri Ses é?ﬁthégé %ﬂtﬁé@é‘lﬁmn@ie%&é@éloﬁg(ﬂ%@Ibﬂﬂdﬁébti%ﬂ%f%e‘haﬁudpd hide
clainms, charactefrized in that a gas talning oxygen is supplied to
various stcwsnof the columm. 7. Method according to Caimb5, characterized
in that the quantities of oxygen supplied to each stage of the colum are
equal . 10 8. Method according to Claim®6, characterized in that the
quanti t gew@{hoaxa/&%?dnﬁg@@bhe%fmalﬁ%cél tébagl‘i‘ar%térﬁ@d%’lthﬁf‘"thg%&@ﬁﬁ éﬁlsong the
flow direction of the Tiquid phase in the colum. 9. according to
one of O auppliédad v8riouhalages eohtedns arvarinhte Q)ty@emamczntfgtlgas suppl i ed at
vari ous stages contains a variable oxygen concentration. 10. Mt hod
according to one of the preceding clains, characterized in that the gas
cont ai nhng@meébdoMﬁglt@@hé%fftrﬁ@médé@'r? SHPnS VRAFAGE Age @Y BANthe gas
oxygen-enriched air xygen- de air.

containing oxygen is selected from the group comprising oxygen, oxygen-enriched air

and oxygen-depleted air.





