Met hod for Oxidation of Satu ed

with Oxygen The present |nvent| on reI at es ﬂ MMI‘“H
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acid by nitric aC|d OX|dat|on This first cycl ohexane
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reactors tors vera
cycloheedahode have al ready been proposed, in which the
oxi di zing gas streamand the liquid streammay be in

cocurrent or countercurrent flowin the reactor. The
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the liquid and gas streans in cocurrent flowin
the tubular reactor. In this type of nethod, the
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concentration of

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 flow 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
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2 hydrocarbon and other 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 gas and
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on the quantity of oxygen supplied to the reactor, and
At pre%grrwﬁ In%usla‘r?‘(g,\tlyyrulet g obaarved 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.



phase concentration, prevents fast oxidation reaction
ki netics being obtained. This | ow oxygen
concentration also affects th& hydroperoxide
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concentration in the headspace of the reactor, it is
One dfriﬁé\@obftaéf tﬁb ||n\1err‘1%oﬁ>$§ #ehe tHeBeSHARbREKS BY p?cﬁk%smg a method
t Om of 'um. Accordingly, the ox
whlchoenméas ﬂmtutbe] volurrp&inc oAy YT e@mﬂréradleonemgeadmaye efttbe reactor
act reventing.fast ction | neti.cs bein
wil b, (5% dhan e oasepRE £87 b 0qlt Ry i opfidifgapeentration or
partiaPprdsdrd imnvieBlliqa pisadeopreeBREN thBesgctdr.awbacks by
proposi ng a nethod which ensures that the volunetric
oxygen concentration in the headspace of the reactor
; I pog 0
For t blyckBe. BBy T 49Pgae ESREAbLEY BHalo 8l a spturpred cyelc

hydropa&mhwoxygetrhte d mixtuce phagiropexitiet aidmhbhand &setdrerin a tubular
For this rpose, the inventi on proposes a continuous

bubblg yeagter. d’VIth? ¥ adiguig 5‘(%%{“&; dAEocaren i-Be 9xidizad 8Rgd gegas stream
contah@r\bﬁpﬁd@rﬁubb ohsdhO RS %er al %8 %Bﬂbrd\a@qhg%ﬂﬂﬁn' the%aid gas

r eact or, st ream of
streammmg:mtmmmced |mmmrM|d@as¢rldbbdegaBe htuwidahneam containing the gas

oubiSEL AU ERYAST. 21 SURPLL SO Lo e, Kepet ot o RE o ot i
colurﬁrFWﬁlQ%f%ﬂrdaﬂoh*&#aﬁ%v@?f@éa&ﬁ&h@%e?éortfdheoﬂth@‘é:'oﬂjmn and the

stream cont ai ni ng the gas les is circulated I n

liquid phase goataiwing e reassionipgod ldctp hmwdhﬁ@vue@atbefde@@smcatm@ zone.
top of the colum with the formation of an overhead
in the upper portion of the colum, and the |Iliquid
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limt. In the case in wh hydr ocarbon is

flow r@t@(gfm@ﬁ@lzma%@ determined to obtdin an oxygen concentration in the
headspace of the reactor that is less than about 30% of 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.



oxidizing gas is a mxture of nitrogen and oxygen,
this Iimt is 8.5% Advantageously, the flow rate of
non-oxi di zing gas is deterninkd to obtain an oxygen
concentrati on in the headspace of the reactor that is

ess than about 30% of the u ygen concentration
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the oxygearognaeaptipn in He eelg@ni n whi ch al | the oxygen
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the 1 nvention also servés to supply
the gasfbtdaqr@dlsperstelden 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 flow of



colum, particularly by supplying a gas with a high
oxygen content such as, for exanple, oxygen-enriched
air or even pure oxygen. Sinc® the oxygen partia
pressure is higher in the gas bubbles dispersed in
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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.



each supply point. Simlarly, the quantities of gas
and oxygen may al so be identical or different at each
suppl y point. Advantageously,®the oxygen content in
t he oxidizing gas supplied at the bottom of the
colum is hjigh and decreases fromthe bottom of the.
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a
gas ab% 0B bR Colvam o)) 10 RedBMAVEE- to t he net hod of the
i nvention. The method of the invention is put into
practice in a tubul ar bubble reactor (1) conprising a
Accordingptioythefentityattimeat bloowh cthbeeastodizeqlipRed aithandeghsifier (8) formed
the bottom qof the calum. The reactor further -
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at the bottomof the colum. This supply of oxidizing

gas conprises a device, not shown, for supplying the _
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Accor@in Ct%rthéiirﬁbe%ttieﬁgﬁledr%ﬁﬁfb‘?gsvgﬁ%igagd Wiﬁﬂzac's&ﬂﬂlkl ip;tggﬁs(t?%) ttelgrginating in

supply points (5) are a geous I den

the ersbp@imenpshawn (@ 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.



At the top of the colum, the reactor (1) conprises a
gas outlet (6) enabling the overhead gas at the top
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The RPATSWE BNDERAIST RS Bt CaFaDBISRheqlde aBtH Bevas 22.6 bar.

upper‘(ﬁ%&VlfcﬁJ

A streﬁf’r%fI

According to the invention,
with a supply point (10) termnating in
The celvipotl pregactaH{dwnomprisee anewédiziof gasssuppdyt (Jtadigpmged at the bottom of

3P AL T ot o e

strea

t he reactor.
i nvention wl |

BRI K R e

suppliedreg (2 ).appended figure,
of an enbodi ment of a

of th asifier hISS
the oA Seoritgnen ey (i rtahos ™
id IférfaceX ¥ 08aoWARE iatIIBlEV&NNitRe LBRIM | age space
advant ages of the
appear nore clearly fromthe exanpl es

E%g&oh@wpé/droperoxide was

whi ch shows a synoptic di agram
reactor used for putting into

O her details,

&¥

ere

t he

the reactor is equi pped

practice the nmethod of the invention. Exanples A test
r€o,0f |
The RGN EARR B e ST e SXEAR copyerson e

the cynihexane ifezt @ie in thearaastotveas @dJ)JS@IdOVWhG ihow rnatmfmgdare or non-

oxidiz g s sugfoligh il £

ure.

act or

ad.a

1 anet e

‘861“18? esrglﬂ“?qd%orﬁéf %P%t@é?j

n %seadspace

the rebdtbr, d DEIUHRIME FRIGEOL Witht8sp&AGS Btal\RS + EBIndt Bkdeding 2%.

absol ute pressure was 22.6 bar.

The co

um or reactor

(1) conprised an oxidizing gas supply (3) arranged at
The CBH&HBFE Eﬂﬁnré’éults 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% O
19 kg/h
1 430 Air containing Nitrogen 220 93.1
21% O3 26
25 kg/h
2 389 Air containing Nitrogen 187 95.2
21% Oy 150
35 kg/h




the columm and a second inert gas supply (10) arranged
at the about 10 cm bel ow the wupper gas/liquid
interface or bel ow the Iiqui d8level in the colum. A
stream of cycl ohexane conprising 0.2% by wei ght of the
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the reactor, a volunetric ratio of 02 with respect to
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upgraded.

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

These results are obtained in strict compliance with safety ruies.

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.



3 554 Air containing Nitrogen 305 93.8 40% 02 61 19
kg/ h The productivity represents the quantity of
oxi di zed products recovered p&r unit tine and rel ated
to a reactor volune of 1 nB. These tests show that the
met hod of the invention serves to increase the
selectivity of upgradablgjpgfﬁﬂg;s, that is,
convertible to adipic acid, for exanple. "Selectivity"
means the yield of upgradabl e products divided by the
conversion rate of the product to be upgraded. They
al so denonstrate the significant increase in
productivity of a_given reactor. These results are
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rafd8 rAaiBBsin %ﬁéo aggg&pﬁ@e@hﬁgow o@érﬁeé&”a'i qddRHelr

cocurrent fl ottomof a colum, the liquid
coptenteatin ndteexcepding thaeippel axygdrscategadiafior dmity

form ng an overhead and the degasified |iquid phase is

wi t hdrawn, characterized in that a stream of

. MétRod @xteidind'® GRS 1S chRteesbd A thAetheWRIrheadiztd4y is nitrogen,
inthe liquid phase in the degasification zone or

an; ingk geat el 9xvgestderdeteddt.eof , at a sufficient flow

. 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.

. Method according to Claim 3, characterized in that the upper oxygen concentration

limit is 8.5% if the hydrocarbon is cyclohexane.

. Method according to one of the preceding claims, characterized in that the column

comprises perforated trays.

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

containing oxygen is supplied to various stages of the column.

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

each stage of the column are equal.



rate to maintain the oxygen concentration of the
overhead at a volunetric concentration not exceeding
t he upper oxygen concentratidA limt. 2. Method
according to Claim1l, characterized in that the

n-,oxi di zi n S iS nitrqgen,,. an ipert gas, or .
8. MgRpdaveaiineitiaim e, charqgleress it fégatities @horvasn supplied to
eathaltée &f MREAUMARRICASARY 418RY thé fIbRadirdchen SRIY A4 B phase in the
hydr ocarbon is selected fronmthe group conprising
coynam.ohexane, decaline, and cycl ododecane. 4. Met hod
according to Caim3, characterized in that the upper
oxygen concentration limt is 8.5%if the hydrocarbon
9. Méthodeke fteon® of URlimeds RC8 AHHradtetige@nethat thdéxidizing gas
precedi ng clains, characterized in that the col um
suppligst AbvIqus ftages eentainga vagablgexiean seeerrai®n o one
of the preceding clains, characterized in that a gas
cont ai ni ng oxygen is supplied to various stages of the
10. Methbd aecordindvidt sl oithegsréicadingal&thai, sharactdrideaich ehatztg gas
in that the gquantities of oxygen supplied to each i _
cogtaiyag Sy geR et arie ddrm dir aroUPIePMBIISING O ¥Ae RRVEENIRJIiChed air
and®x&hah! 9%4 tgggri@cteri zed in that the quantities of
OXygén su 6?|e to each stage of the columm decrease
along the flow direction of the liquid phase in the
colum. 9. Method according to one of Clains 6 to 8,
characterized in that the oxidizing gas supplied at
various stages contains a variabl e oxygen
concentration. 10. Method according to one of the
precedi ng clains, characterized in that the gas
cont ai ni ng oxygen is selected fromthe group
conpri si ng oxygen, oxygen-enriched air and
oxygen-depleted air.



