WO 2005/047243 PCTIUS2004/036480 IMPROVED PROCESS FOR
OXIDATION OF CYCLOHEXANE FIELD OF THE INVENTION The

present invention relates to liquid phase oxidation of cyclohexane and
especially to a method of decreasing oxygen content of the final off-gas in
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ormation of undesirable byproducts and hence the lower is the vield to desirable products. In

the oxidation of cyclohexane, the yield of cyclohexanone, cyclohexanol and cyclohexyl
hydroperoxide, can be optimized by operating at high oxygen leakage (i.e. concentration of
unreacted oxygen in the mixture of cyclohexane free oxygen, nitro gen and other gases and
vapors). Unfortunately, at oxygen leakage concentration in excess of § vol¥%, unsafe
flammable mixtures can form in the effluent gas stream. Therefore, as a margin of safety the
oxygen leakage is usually kept below 4 vol%. Higher oxygzen leakage also means that ﬁhé air
being fed to the reactor(s) is not being fully utilized. In other words, the process requires
more air, which leads to increased compression cost. In addition, an increased volume of off-
gas canses increased cost for off-gas treatment. US Patent 3,957,876 (Rapoport & White)

-1-



teaches a method to reduce oxygen leakage from a cyclohexane oxidation
process through the use of a so-called clean up reaction zone. The
Rapoport & White patent discloses a process of cyclohexane oxidation in
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reactor, as taught by Rapoport & White, that would have low oxygen concentration in the off-

gas and that would allow a lower reaction temperature in the bottom zone compared to that
described in the Rapoport & White patent. It would also be desirable to have processes to
accomplish low oxygen concentration in the off-gas, said processes being applicable to other
types of reactors used in cyclohexane oxidation, e.g. single autoclaves, multiple avtoclaves in

series, and horizontal single reactors with multiple compartments.



The invention provides such processes. In one embodiment of this
invention, a column reactor is operated in a way that only a portion of the
liquid cyclohexane is fed to a clean up reaction zone where it contacts a
gaseous effluent from a primary reaction zone (bottom zone). The
remaining portion of the cyclohexane flow is fed directly to the top part of
the primary reaction zope, HeRrce the iemperatyrg,ef this remaining

portion of cyclohexane flow can be any desirable temperature
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eyciolRsawihgroonsists of 3 figures. Figure 1 depicts a block diagram of the

process of
(b) withdrawing from said primary reaction zone said lquid reaction product, and

{c} withdrawing from said primary reaction zone a primary reaction zone gas that

comprises unreacted gaseous cyclohexane and 0.5 to 6.0 vol% oxvgen,

(d) introducing into a clean-up reaction zone the primary reaction zone gas and liquid
cyclohexane at a second flow rate that is lower than said {irst flow rate, thereby contacting the
primary reaction gas with the liquid cyclohexane to produce a clean-up reaction product that

comprises CHHP, K and A, and

(e) withdrawing from said clean-up reaction zone a clean-up reaction zone gas that

comprises oxygen in a concentration that is lower than that in the primary reaction zone gas.



using a clean up reaction zone as taught by Rapoport & White for a
-column oxidizer. Figure 2 depicts a block diagram of a process

embodying the present invention in which the primary reaction zone and

the clean up reaction zone can be selected independently from the group
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zone. A liquid effluent (122) comprising cyclohexane, CHHP, K and A is withdrawn from
the bottom part of the primary reaction zone. The mass flow Tates of liquid (e.g. in streams
112, 124 & 122) through the clean up reaction zone and the primary reaction zone are
essentially the same (considering negligible loss as vapor).

Referring now to Figure 2, one embodiment 200 of the present invention is depicted.
A stream comprising liquid cyclohexane (212) is divided into two streams: one stream at a
first flow rate (214) and another stream at a second flow rate (216). Streams 216 and 214 can
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with an oxygen-containing gas stream (218) in aprimary reaction zone
-(220). A stream of cyclohexane oxidation catalyst, e.g. soluble salts of

cobalt or chromium might be introduced (not shown) directly to the
v@rimary'reaction zone (220), clean up zone (230), or premixed with liquid

QHIRELEAR in stream (214) and/or (216). The primary liquid $E4E18p/036480
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holes in the trays. The volume between the trays could be liquid filled, or partialty liquid
filled. Different types of trays can be used including but not limited to sieve, bubble cap, and
valve trays. Both the liquid cyclohexane (214) and the oxygen-containing gas (218) can be
split and iniroduced in multiple locations in the column, The primary liquid reaction product
(222) would exit the bottom of the column. The primary Teaction zone gas (224) would exit
the top of the column.

The primary reaction zone (220) might be a column reactor in which liquid flows
upward with the gas in co-current fashion through trays having holes. Both the liguid
cyclohexane (214) and the oxygen-containing gas (218) can be split and introduced in



column. The primary reaction zone (220) might also be a horizontal vessel
with two or more compartments inside (not shown). The liquid
cyclohexane stream (214) would enter one end of the vessel, and the

v‘%E)rimar Iiguid reaction product (222) would exit the other end, with liquid
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(234) containing the product of oxidation in the clean-up reaction zone and a gaseous
effluent, namely the clean-up reaction zome gas (232), comprising unreacted oxygen, exits the
clean-up reaction zone (230). The concentration of oxygen in the clean-up reaction zone gas
(232) 1s lower than the concentration of oxygen in the primary reaction zone gas (224).

The clean-up reaction zone (230) might be a single antoclave optionally equipped
with a device for providing agitation (not shown). The liquid cyclohexane at second flow
rate (216) and the optionally processed primary reaction zone gas (224) are allowed to
contact each other in the autoclave for a desired reaction time. The clean-up reaction product

(234) and the clean-up reaction zone gas (232) exit the antoclave (230).
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The clean-up reaction zone (230) might comprise two or more autoclaves

in series (not shown), with each autoclave optionally equipped with an

agitation device (not shown) and with or without arrangement for cooling

between any two autoclaves (not shown). The liquid cyclohexane at
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source of heat in the clean-up reactor can be the heat content of liquid cyclohexane stream
(216), the heat content of the off-gases and the heat of reaction, The desired liquid residence
time in the clean-up reaction zone is 2 to 90 minutes per stage.

The clean-up reaction zone gas (232) is generally processed through an off-gas-
processing unit (not shown). The clean-up reaction product (234) from the clean-up reaction
zone can be combined with liquid cyclohexane of first flow rate (214) introduced into the

primary reaction zone (220) or directly introduced info the primary reaction zone (220).
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reaction zones in parallel can be used to treat primary reaction zone gas

(not shown). Referring now to Figure 3, there is shown another apparatus

300 for practicing the present invention. The apparatus 300 comprises a
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in the trays. The oxygen-containing gas (318) enters the bottom part of the primary reaction
zone. The oxygen-containing gas can also be introduced in multiple locations in the primary
reaction zone (not shown). The primary liquid reaction product (322), comprising
cyclohexane, CHHP, K and A, is withdrawn from the bottom part of the primary reaction
zone. The mass flow rate of liquid in the primary reaction zone is significantly higher than

the mass flow rate in the clean up reaction zone.



CLAIMS What is claimed is: 1. A cyclohexane oxidation process that
comprises (a) introducing into a primary reaction zone liquid cyclohexane
at a first flow rate and an oxygen-containing gas, thereby contacting said
cyclohexane and said oxygen containing gas, optionally in the presence

Wil 2Dgyeidléxane oxidation catalyst, to produce a primary liggit/v82iHmnac480
product that comprises cyclohexyl hydroperoxide (CHEF), cyclohexanone
(K) and cyclohexanol (A), (b) withdrawing from said primary reaction zone
said liquid reaction product, and ). wiadrawing from said primary

wea clgig{;ﬁzl%gesa primary reaction zone gas that comprises unreacted
gaseous cycfohexane and 0.5 to 6.0 vol% oxygen, (d) introducing into a
clean-up reaction zone the primary reaction zone gas and liquid

cyclom‘eAa@@@{e%&gmtﬂﬂ\%ﬁ@sth@g @M@gsthan said first flow rate,

thereby contacting the primary reaction gas with the liquid cyclohexane to
produce a clean-up reaction product that comprises CHHP, K and A, and
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oxygen concentration in the primary reaction zone gas 2."The process of
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second clean-up reaction zone to produce a second clean-up reaction
zone product that comprises CHHP, K and A, and withdrawing from said
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comprises oxygen in a concentration that is lower than the concentration

of oxy%en in the clean-up reaction zone gas. -9 )
(€ withdrawing from said primary reaction zone a primary reaction zone gas that

comprises unreacted gaseous cyclohexane and 0.5 to 6.0 vol% oxygen,

(d)  introducing into a clean-up reaction zone the primary reaction zone gas and
liguid cyclohexane at a second flow rate that is lower than said first flow rate,
thereby contacting the primary reaction gas with the liquid cyclohexane to
produce a clean-up reaction product that comprises CHHP, K and A, and

(e}  withdrawing from said clean-up reaction zone a clean-up reaction zone gas
that comprises oxygen in a conceniration that is lower than the oxygen

concentration in the primary reaction zone gas

2. The process of Claim 1 wherein the clean-up reaction zone gas comprises exygen

at a conceniration below 2.0 vol%.

3. The process of Claim. 1 wherein the clean-up reaction zone gas is contacted with
liquid cyclohexane in a second clean-up reaction zotie to produce a second clean-up reaction
zone product that comprises CHHP, K and A, and withdrawing from said second clean-up
reaction zone a second clean-up reaction zone gas that comprises oxygen in a concentration

that is lower than the concentration of oxygen in the clean-up reaction zone gas.
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