PROCESS FOR THE OXI DATI ON OF HYDROCARBONS The present invention
relates to a process for the oxidation of hydrocarbons, in particular
of saturated 5 hydrocarbons, forthe producti on of peroxides, alcohols,
ket ones, al dehydes and/or diacids. It relates nore particularly to a
process for the oxidation, via nolecular ox%gen cl oal i phatic
10 saturated hydrocBBQGﬁsgoFOBhEHEr93699?69 @Fk§¥QﬁQ§ﬁ§B@Hﬁols and
nor e partlcularly still to the oxidation of cycl ohexane via nol ecul ar
oxygen to cygl ohexanol .and c%clohexano 15 The m xture o

cycl ohexanol * 'Khd P&y & ex ahd Etépnonﬁeﬂ?t?ﬁe§%)pFodHE?geEFe fR%ed W6
t he synt hesisxiodataidhmpi ofadudjmcacxfboms:,apml Fetranculleer poﬁcws:hnrated

manuf act yr | nd,gvslatexanol and 20 syl ohexanane dy oxjdatian ofsac

cyclohexane oxygen or contalnlng nol oxyden
in the pr es@ﬂc@lml%»bsl@ak@eﬁ caal@@lyssdes sardr@é@ru%@r:wsnany pat ent s

and many publications such as, for exanple, patents GB 777087, GB
1112837, GB 964896, GB 1191573 25 US_ 3479394 and US 4877903.
General |y, ifF sdEHad®ox @€ oR2PESEESETIVA RBI R UIRFORS et o% h&he

deglreﬁ of cmeiagum ,of vtlble Iﬁfwé@]é%ﬂ wq;rg%qﬂr ba?, §U@yoa§3a11phatlc
cycl ohex i.S era e at.a low_yalue in order t
|nprove he & %?ﬁ$ty h d%ﬁgagéggtloﬁ&Fbr uﬁé?adea%?% %&?%ﬁ%ed of
products, i rkgtamtdscAdlarohtdiag eanibmo¢envparEﬂcubacyglomEKBhonandhe
cycl ohexanong, ; o%scdl%}{thgf”% clfogieﬁaﬁ%' eGHIVI Ly 1 ScPELS er ng fidNt,

only be mai nt ai ned at an acc ptable value 1t t & concentration of
oxi di zed proostagpnte Frehcty Orphedinang s kept at a | ow val ue.

15 The mixture of cyclohexanol and cyclohexancone or one of
these products are used for the synthesis of adipic

acid or of g-caprolactam.

The process for manufacturing cyclohexanol and
20 cyclohexanone by oxidation of cyclohexane via molecular

oxygen or a gas containing molecular oxygen 1in the

presence or absence of catalyst is described in many

patents and many publications such as, for example,

patents GB 777087, GB 1112837, GB 964896, GB 1191573,
25 US 3479394 and US 4877903.

Generally, in such an oxidation process wvia molecular
oxygen, the degree of conversion o¢f the saturated
hydrocarbon, such as cyclohexane, 1is deliberately kept
30 at a low value in order to improve the selectivity of
the reaction for upgradeable oxidized products, in
particular that can be converted to cyclohexanol and

cyclohexanone.

35 Furthermore, this selectivity is better and can only be
maintained at an acceptable wvalue if the concentration
of oxidized products in the reaction medium is kept at

a low value.



- 2 - Consequently, the oxidation reaction is carried out by using a
reacti on nediumthat has a high concentration of hydrocarbon, this
hydr ocarbon acting as solvent. For the econony of the process, it is
necessary to recover 5 this non-oxidized hydrocarbon at the end of
the reaction, in order_to recycle it .into the oxidation step and
therefore td-WHRITEUtE a RYar e&aFBéd o8 rHERHtiBh %%oﬁariee%%&vé}y
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the separation steps is high, the off-gases recovered still contain a

25 smal | anduriCWia g obq W zed hydr ocarbon which it is hi ghI y
advant ageous to recover both froman environnental protection view

poi nt agﬁ mthe vie tgm nt _of the egono of t he. Cfr ocess %0 'Ehere
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present in tgbqg)q_, gg@eﬁ: d abl e, t e t he
oxi dation process. 335 oéf tﬂ?ﬁre 0] jatecgttlthesl%lo(?i t%éfr %?gﬁtatﬁr? ent%lhtgn
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treat the offr gasesrphcei PROCRBBwHO ! hqlggﬂtdagsf@ah@is@at@ﬁaﬁe@s to
hydr ocargons such as the oxidation of -
say the products that have a boiling point below that

of the hydreccarbon.

These various fracticns c¢f low boiling point products
are often referred to in such processes as off-gases
20 and are intended to be destroyed by incineration or

burnt in a flare.

However, although the efficiency of the separation
steps is high, the off-gases recovered still contain a
25 small amount of non-oxidized hydrocarbon which it is
highly advantageous to recover both from an
environmental protection wview point and from the view

point of the economy of the process.

30 There is therefore a need for a process that makes it
possible to economically and selectively recover the
saturated hydrocarbon present 1in these off-gases in
order to Dbe able to recycle it into the oxidation
process.

35
One of the objectives of the present invention is, in
particular, to propocse a process that mekes it possible
to treat the off-gases of a process for the oxidation

of saturated hydrocarbons such as the oxidation of



cycl ohexane to cycl ohexanol / cycl ohexanone in order to recover the
saturated hydrocarbon present in these off-gases and recycle it into
the oxidation process. 5 For this purpose, the invention proposes a
process for the oxidation of a saturated hydrocarbon via nol ecul ar
oxygen conprising a process for_treating gaseous effluents produced
by said oxi O%Y‘Fjo%h%f’fi%%s§,o sayal@lﬁ%é@%g(cb%%%%a%%riﬂébsoadgtfe&%f
bringing therdérgasepns ehflhuents hodbechipahedrbrbatCqant atlesd tdEan
oil inthe liquid st in order,to absorb the saturated hydrocarbon
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hydr ocar bon decquref 8Fabl pfa setakored thydriuchrdsarb adviafdageoas!y by
sat ur at ed CM&%%@'é%@%mCsh¥§E9§ﬁbbq%E%§ﬁﬂaf§¥fffHEﬂJH%giﬁuerder to

consi sting of cycl ohexane, 35 cycCl ooctane, cyc]ododecane and decal i n.
The oxi dati GitFrasdess Ty b YHIHGEIEEE f or AWNECRF A& | ok h6F a vapour

hydr ocar bon dex@ie @ Kdndygmperoxigeshd mjde @esenas; deabisange of

catal yst, then conversion - 4 - of this al kyl hydroperoxide to

ket one and/or al cohol. The oxidation process of the invention may

al so be a prideesprboestheodxidat i omvdntide presencerotess catat yshe

via oxygen, (Qf; {8 drc?ff’”é)onséﬁ’uféf%o' h ﬁ?oéaESBR”ecbﬁ %'%iiﬂg' €a
step. The process of the invention also a 65716 the “treat ments of
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oxygen, of asafdiaired Jpdecar ke t el aGitdpsSuelt asebReadiinect the
oxi dati on of cycl ohexane to adipic acid. 10 _ ,
various preducts, consisting in recovering the
hydrocarbon present in these off-gases by absorption
into a paraffinic and/or naphthenic o0il, then in
25 treating this o¢il containing the hydrocarbon via water
steam stripping {steam distillation) in order to
extract and recover the absorbed hydrocarbon and after
separation, for example by condensation and settling,
to recycle said hydrocarbon into the oxidation step.
30
According to one feature of the invention, the
hydrocarbon 1is preferably a saturated hydrocarbon,
advantageously a saturated cycloaliphatic hydrocarbon
selected from the group consisting of cyclohexane,

35 cyclooctane, cyclododecane and decalin.

The oxidation process may be a process for the
oxidation of a hydrocarbon to an alkyl hydroperoxide,

in the presence or absence of catalyst, then conversion



In these processes, the oxidation is carried out with a | arge anount
of hydrocarbon which acts as reactant and as solvent in order to
prevent the concentration of oxidized products from being very high
in the reaction 15 medium These procesées conprise several steps of
reacting and of separating the products, especially of distilling.the
excess oyol oex RG5! M IgPHerPYRr PREYSF 61 t o HHED SRAGREI Gt ey
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the gaseous fdd-pents of offrgases are theabedqdhRiehderihom@ileidtar
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recovery of it diythecas:hiotatieduces drel ammtatics of awmgiie: anshid.
therefoiﬁ is favourable to the protection of the environment. - 5 -
passi ng"the off-gases or effluents into an oil in the liquid state,
for exanpl e Iim tEhas/piegs sk exchangeovidatiobbiés cekuimd SuWhenthhe

oil is sat urlgatsrgg%b\é\égﬁﬁ;lmd{)?(:ggQQBCQEbbﬁamﬁg:ha.9@6&% ned eopcenhration

| evel , the a ydrocarbon is recovered via extractron wth
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15 medium.

These processes comprise several steps of reacting and
of separating the products, especially of distilling
the excess cyclohexane 1in order to recycle it to the

20 oxidation step.

During these steps, it is common to recover a gaseous
fraction comprising, in particular, the products having
a low boiling point compared to the boiling point of

25 the saturated hydrocarbon which cannot be upgraded.
These gaseous fractions form most of the gaseous
effluents of these oxidation processes and are often
denoted by the expression off-gases. These off-gases
are generally burnt, for example via a flare.

30
According to the process of the invention, the gasecus
effluents or off-gases are treated in order to extract
and reccover the small amount of saturated hydrocarbon
present and thus to be able to recycle it into the

35 process. Furthermore, this recovery of the hydrocarbon
reduces the amounts of waste and therefore is

favourable to the protection of the environment.

According to the invention, this treatment consists in



10 is recovered by settling. The oil suitable for the process of the
i nvention should be chosen for sonme of these properties listed bel ow
15- having a boiling point higher than that of the saturated

hydr ocarbon, being difficult to oxidi Ze2via oxygen in order to
prevent and limt oil_ degradation phenonena, being a solvept for the
sat ur at ed hy%?%?a?%oﬁ?ezg’faf-‘gﬁa‘;ﬁsngoﬁ FOW Yapbar l%ﬁ:@ss?mema% tRe the
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wat er/ oi | separati on conpé?ible wi th an 25i ndustrial exploitation.
Anmong the various oils available, paraffinic oils, naphthenic oils
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in the 105" is recovered by settling.

The o0il suitable for the procéss of the invention
should be chosen for some of these properties listed
below:
15 - having a boiling point higher than that of the
saturated hydrocarbon,
- being difficult to oxidize via oxygen in order
to prevent and limit oil degradation phencmena,
- being a solvent for the saturated hydrocarbon,
20 - having a low vapour pressure at the steam
stripping temperature,
- having a demixing property, via settling in the
presence of water, which is sufficient to allow
a water/oil separation compatible with an

25 industrial exploitation.

Among the wvarious o¢ils available, paraffinic oils,
naphthenic oils and mixtures therecf are particularly
suitable for carrying out the process of the invention.
30
The process of the invention thus makes it possible to
recover a considerable amount of hydrocarbon which may
be evaluated from a few tenths of a per cent to a few
per cent of the hydrocarbon invelved in the oxidation

35 process.

The scrubbing of the gaseous effluents by the o0il and
the steam stripping of the o0il may be carried out in

any suiltable device known to a person skilled in the



art such as gas/liquid exchange columms, plate or packed distillation
colums, for exanple. O her details and advantages of the invention
will 5 appear nore clearly in the exanples given bel ow by way of

indi cation. Exanple 1: 10 In a process® or the oxidation of

cycl ohexane to cycl ohexanol and cycl ohexanone, the gases to be

rel eased or FF- g Gt gi Ftd Mg dm A aifet gt fréhatfe ©F

various sepatatiead £0dtiMmbateden btoughts t ofet hetkamgdhe, concentrati on of
cycl ohexane in these 15 gases is between 8 and 12% by vol une. These
gases are treated with a paraffinic oil such as the oil sold by BP
France underOttheer t rdeder inaave aBder eHenrefrpe236Ff fEue atimavdrenper atwirld

of 25C inmto %§g% C onpr i.si ggfﬁgl t a

exi ting ?heégjru'%gﬁgé%lg%%gg%%tgpntﬁgp%%re tG%% %f%%gbggggﬁuﬁgsg%g
cycl ohexane.ofThHe®i¢a2titled with cycl ohexane is fed, after preheating
to a tenperature of 110C, into the top part of a bubble tray
distillation colum operating at a 25 pressure of 1.2 bar. Water
steamis fed$HHR e bottom of the col um. The azeotrope between the
wat er and the cycl ohexane is recovered at the top of the colum and
condensgg: The condensat.es %&%Tiqﬁ{oduced i,nt o acﬁ?tEJkﬂ% t ank. 3%0

The organic 5ha§% recovered 1% conﬁbsg&%aﬁﬁﬁﬁﬁ offéxang and 67 15 ght
impurities. Ciilolorgaml phade ieydigdtaddredhd,n otber tgeseenpveot hge
T ght 1pur i,4d 6% s & £Y6E OGBS £ LEGYREEENY, S£EERY Ehed rblkR okl and
oxi dation process. 35 Exanple 2:
from the wvarious separation columns are brought
together. The concentration of cyclohexane in these
15 gases is between 8 and 12% by volume.
These gases are treated with a paraffinic oil such as
the o0il sold by BP France under the trade name
Enerthene® 2367, fed at a temperature of 25°C into a
scrubber column comprising bubble trays. The gases
20 exiting the scrubber column contain no more than 0.3%
by volume of cyclohexane.
The o©0il loaded with <cyclohexane is fed, aftex
preheating to a temperature of 110°C, into the top part
of a bubble tray distillation column operating at a
25 pressure of 1.2 bar.
Water steam is fed into the bottom of the column.
The azecotrope between the water and the cyclohexane is
recovered at the top ©of the column and condensed.
The condensates are introduced into a settling tank.
30 The organic phase recovered is composed of cyclohexane
and of light Aimpurities. This organic ©phase 1is
distilled in order to remove the light impurities. The
cyclohexane recovered 1s recycled into the oxidation
process.
35

Example 2:

In a process for the oxidation o¢f <cyclohexane to

cyclchexanol and c¢yclohexanone, the gases to be



- 7 - released or off-gases originating fromthe reactors and from
t he various separation colums are brought together. The
concentration of cyclohexane in these gases is between 5 and 7% by
wei ght. 5 These gases are treated with d paraffinic and naphthenic
oil such as the oil sold by SHELL under the trade name SHELL Edel ex
912, fed at %%%ﬂhﬁ%@a@ﬁréfgfg?@@si ATHTANSELBBbEX OFoltien TEGHNAS mgd
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col umm. '?he aze etvveen t he vvater e c cl exane 'S
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i ntroduced it HhE! 'ﬁ?ﬁ:ﬂLa”ﬁdeTgﬁ @ﬁ@a”'ﬁecﬁ’hé%e af%@Mﬁé?ch?e of

conposed of cycl ohexane and of Tight i'mpurities. This organic
phase is di <491¢ ednitR o?déprﬂl@bﬁéno%llﬂfh‘é Cog®e lisapar i Pirele Theays.

cycl ohexane Tacoygsed iexiraexclak i @&@ubb@r0>@o(1@1ﬁﬂn0rbcﬂ{t%3ﬂ’$sno2510re
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under the pressure of 1.2 bar.
15 Water steam is fed into the bottom of the column.
The azectrope between the water and the cyclohexane is
recovered at the top of the column and condensed.
The condensates are introduced into a settling tank.
The organic phase recovered is composed of cyclohexane
20 and of light impurities. This organic phase 1is
distilled in order to remove the light impurities. The
cyclcochexane recovered 1is recycled into the oxidation

process.
25 Example 3:

In a process for the oxidation of cyclohexane to
cyclohexanol and cyclohexanocne, the gases to be
released or off-gases originating from the reactors and
300 from the wvarious separation columns are brought
together. The concentration of cyclohexane in these
gases 1s between 7 and 9% by weight.
These gases are treated with a paraffinic and
naphthenic o0il such as the o0il sold by SHELL under the
35 trade name SHELL Edelex 912, fed at a temperature of
22°C into a scrubber column comprising bubble trays.
The gases exiting the scrubber column contain no more
than 0.22% by weight of cyclohexane.
The o0il loaded with <cyclohexane 1is fed, after



35 trade nanme SHELL Edel ex 912, fed at a tenperature of 22C into a
scrubber colum conprising bubble trays. The gases exiting the
scrubber colum contain no nore than 0.22% by wei ght of cycl ohexane.
The oil |oaded with cycl ohexane is fed, 8after - 8 - preheating to a
tenperature of 110C, into the top part of a_buhble tray distillation
col urm oper BT HRPLAELRE pFesBUFBMBET2LITIBaPL WALCF i@k itief &Pl MaFt
the bottom ofrthe ]@@]b]bm@ trathedazealinapeohet ¥eRimi hepeatern mndat he
cycl ohexane is recove ? the top of the columm and condensed. The
condensat es RAre*THtT o?iﬁc]e b a settling tank. The organic phase
recover ed i sicztoaposesanfisytédhexanetlandoot tdm gt thﬂ@uafmlmmns Thi s
organi ¢ ghasgd s; 3001 sLL! Led.upoorder farermye the Lalbneyane s
|npur|t|es Cycl ohéxane recovered is recycled I'nto“the oxi dat i'on
process. - Jgecoﬂmd\/@‘q tipg oms@f)rtlnehecwmrdatarm ofndesaedr at ed

hydrocarbon mi&a pBheehkar QXV9en GOMNCRIRG & fr %Ce§ét£9{n%[r ecaatdmg
gaseous effl uents produced by said oxidatjon process haracterized

in that sai d*'19 cRF#eRECpPHEESs ICHRIALESS 15 sERBPOFERr PhgIGYF kahexane

gaseous efflaufaﬁtsOto he teatﬁdpum@l@@ntaerhwtfblajhrm& i phbbe is
liquid hat de to absorb the 10 sat d g dr.ocarb%n h

cont ai n uje?lt ST8RE &% etTHY St L9rbatiRy ihe s The
hydr ocar bon dm]dﬂtlamde by ewatren-est eam sieramam (ateantloe s taxildattiam)
in order pegg %c t he hydrocarbon, condensing the vapour recovered
and separ at| ng the 15hydrocarbon by settling.



2. Process according to Claim1, characterized in that the

hydr ocarbon is selected fromthe group consisting of cycl ohexane,
cycl ooct ane, cycl o- 20dodecane and decalin. 3. Process according to
Claims 1 or 2, characterized in that thé oil is selected fromthe
group consisting of paraffinic oils, naphthenic oils and 25m xtures
thereof. 4. Process according to one M2 preceding cl ains,
characterized in that it is a process for the oxidation of a

sat urat ed hydrocarbon to hydro- per oxi de, al cohol _and/or ketone. 5.
Process accor di n??%c%‘?“ﬁe of Y ai %g‘el t8x&,8a5ﬁ8pact%jr:i zetl | r?attHJd%atﬁetds

I's a process for hydroxddatn onyiai amokyggeharof oeygkahexamgrtiaiadi piac
35aci d. 5 process for treating gaseous effluents produced by
said oxidation process, characterized in that said
treatment process comprises a step of bringing the
gaseous effluents to be treated into contact with
an ¢il in the liquid state in order to absorb the
10 saturated hydrocarbon contained in the effluents
and a second step of treating the hygrocarbon—
loaded o¢il by water steam stripping (steam
distillation) in order to extract the hydrocarbon,
condensing the wvapour recovered and separating the

15 hydrocarbon by settling.

2. Process according to Claim 1, characterized in
that the hydrocarbon 1s selected from the group

consisting of c¢yclohexane, c¢yclooctane, cyclo-
20 dodecane and decalin.
3. Process according to Claims 1 or 2, characterized

in that the o0il 1is selected from the group
consisting of paraffinic o¢ils, naphthenic oils and

25 mixtures thereof.

4. Process according to one of the preceding claims,
characterized in that it 1is a process for the
oxidation of a saturated hydrocarbon to hydro-

30 peroxide, alcohol and/or ketone.

5. Process according to one of Claims 1 to 4,
characterized in that it 1s a process for the
oxidation, wvia oxygen, of cyclohexane to adipic

35 acid.



