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as a reaction nmedi um
oxidation reaction can be realized.

BACKGROUND ART
Liquidphaseoxidationprocessesoforganiccompoundsusing
15 molecular oxygen in air or another mixed gas, are important
chemical reactions in chemical industries, and in these
oxidation reactions, oxygen reacts a reactant in a liquid phase
while oxygen in a gas is dissolving in the liguid phase. However,
in an industrial operation, the transfer of oxygen from the
20 gas phase to the liquid phase is an important section and a
common problemrelating tomixinginliquidoxidationreactions.
As representative examples of the liquid phase oxidation
in the industries, liquid phase auto-oxidations for converting
hydrocarbons into organic peroxides by oxidation are
25 particularly important, and specially, a conversion into
t-butyl hydroperoxide by oxidation of isobutene, a conversion

into cumene hydroperoxide by oxidation of cumene, a conversion



which is industrially conducted at present as a major production process of
hydr ogen p%kﬁghggj %0 DI SCLOSURE OF THE | NVENTI ON Under such situations ,
the subj ect 0d#%8 ed by the present invention is to provide a nethod
for oxidizing a liquid conponent with an_oxygen-containing gas, and a

met hod for performng the 15 oxidation réacti on havi ng an excel | ent
characteristic that high efficiency of the oxidation can be realized.
Nanely, the present invention relates to a method for oxidizing a |iquid
component Winte amet@cdjcisepmoey hibvenzese hpéreperokidexbgavkbdaitdonanii ed
out under a condition of an 20 agitation power per unit volume of 10.0 to
500 kg~m s&&hTE digEenr st enFene OFATRENPREMLRE Ango ethyd Mepsenghow ng
an outline react.o sed
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al kal i p@ netal carbonates such as Na2C03 and NaHCO03, anmonia, 15 al kaline
nmetal carbonates such as NH C03, and the like. In the liquid phase

oxi dation, a m xture therephsiceosury Orecies fovENtEodi on is usually m xed
by using a proper agitator for pronoting resolution to the |iquid conmponent

of an oxygen- domteai sl sdamadri dry, theisud jedftf t6 bertd weldbhamegenesasty t he
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15 oxidationreactionhavinganexcellent characteristic thathigh

efficiency of the oxidation can be realized.

Namely, the present invention relates to a method for
oxidizing a liquid component with én oxygen-containing gas,
wherein the oxidation is carried out under a condition of an

20 agitation power per unit volume of 10.0 to 500 kg'm/sec/m>.

BRIEF DESCRIPTION OF THE DRAWING
Fig.l is a figure showing an outline of a reactor used in
Example 1.
25 1.Bubble column, 2.Material feeding line, 3.Pump foroutside
circulating, 4.Liquid outside-circulating line, S5.Line for

drawing reaction liquid, 6. Unreacted gas



25 packings in the colum are carried out industrially.Furthernore) a
conbinatioDwg%g%ﬁ“ﬁghgalor with a bubble colum is also used. Wen a
reactor equi an agitator is used, the agitator PCT/ JP03/ 01286 4
is positioned in a reaction m xture and conposed of rotating inpellers ,
and the oxidation reaction can be effici@ntly carried out because of

di spersing of an oxygen-containing gas and i nproving of efficiency of
gas-liquid contact, given by 5 effective m xing. Wien the dispersity of the

gas is insufficient, the efficiency of gas-liquid contact |owers and the
reaction efficiency also decreases. Further, when suEplglﬁof oxygen becones
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results of intensive studies that a gas conponent in a gas phase could be
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"agitation power” 1s 1ndica OW Ng" €q i'on e agitation

means is mechaf cgde CLLGRIBNHhEYEN 028 a8 189, A AixtRUE HetdSe! t&Cpeand a
nmotor is used as power: 15 mZA = 102E (WnWVm (1), nm=O In the equation ( 1
) ( ZA repsabdected ttai dxiadhtidn os p@y¥€al {¥omifkde i )s ingVd Gf@sent S

used electric power (kW of a notor 20 of an apparatus, V represents a
reacti on vépa#ates) foanpremodings rase lukd onutbethef 1iheidgaoppenentrotor) .
an oxygen-containing gas or for mixing sufficiehtly

20 homogeneously the liquid therewith. In addition, without using
mechanical means such as an agitator, a method of filling a
liquid to be reacted in a column such as a bubble column followed
by reacting it by blowing the gas from the bottom of the column,
and further a method of inserting downcomers, sieve trays or

25 packingsinthe columnare carriedout industrially. Furthermore,

a combination of an agitator with a bubble column is also used.

When areactor equippedwith an agitatorisused, theagitator



In addition) when any nmechanical work such as an agitator is not provided,
the agitat Lﬁawpower Is calculated by using the foll ow ng equation: 25 ZB =
{nRTl oga(P )15’93(/)](@? In the equation (2), ZB represents a total agitation
power (kgnisec/m), nis nole nunber (nol) of a gas supplied into the
apparatus, Ris 8.314 (J/nmolK) as gas cofdstant, T is PCT/ JP03/ 01286 6
tenperature (K), Pg is a pressure (Pa) at a |iquid surface at which the gas
is supplied) V represents a reaction volume (m) . The agitation power per
uni t vol unelslcposietiiomedhin pr ettt fowentxonre sarad tamtnep o seed Wwef afottateinepl ues
ZA and Zg determined 5 in the eggations (1) and (2), respectively. The
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oxi dati on matgo]gei n the Ergient i nvention can be applied to any one of a
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mete-diiso e i S caqntinuausl| arried out using a reactor
shown in FP{;H {J"p%@&Tﬁg géggf:igﬁ‘ Prer?%ergzﬁslfﬁéq}%'s&k%opqt%‘fgbl?/&5?“9%%. At
this tige, d#eePPHOtmPkifaghydroperoxide produced per the ampunt of

met e- di i sopropyl benzene converted (hereinafter, referred to as "oxidation

yield") was 77@hehuthied) spleddify id)tHdgdHtf4 BQsLALEBNeRRERnGAl Ccul ated
by the equations ( 1) and ( 2 ) 20 was 51 kg msec/m . Conparative

Exanpl e 1 ®ECicken¢pnofiagasailligaddocbntadthd csass rmamhethasreacEkanpl e 1
except that the iourrp was not used. At this tine, the oxidation yield was
73% Furt hédffigieneytakheo dperessas.agitati on power 25 cal cul ated by the

equations (1 nd,(2) was 9.5 kgnisec/m . Conparative Exanple 2 The
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mixing of the liquid is not uniform, the yield of the desired
product similarly decreases. Particularly, in emulsion
oxidation, when the mixing of the liguids is not uniform, the
15 effect cannot be put ocut sufficiently. However, when the
agitation power is too large, economical and stable operations
are interfered in view of the industrial operation because of
foaming of the liquid, decrease of a reaction volume caused
by increase of foaming, further, increase of more than necessity
20 of electricity consumption, and causing of serious overload
to a motor.
Moreover, in general, without using mechanical means such
as an agitator in the reaction apparatus, methods of reacting
through blowing of the gas into a liquid to be reacted using
25 abubblecolumn, of insertingdowncomers, sieve trays or packings

into the column, and of re-circulating in the column a part

of the liquid reactionmixture which is drawn outside the column,



5 liquid level. I NDUSTRI AL APPLI CABILITY As descri bed above, according to
t he present _j jon, there can be provided a nethod for oxidizing a
liquid conpgtﬁ@ﬁ?g%)h%elo an oxygen-contai ning gas, and a nethod for

oxi dation of the liquid conponent, having an excellent characteristic that
t he oxidation can be carried out econom c¢ally and stably under high yield.
PCT/ JP03/ 01286 8 CLAIMS 1. A process for oxidizing a liquid conponent with
an oxygen-containin as, wherein the oxidation is carried out under a
condi tion oﬁrﬁrpwg%ﬂgi%ﬁi podestpdeldyi.t Thebeme tiod9 2re stimid@d in the
kg~msec/m . 2. The process according to claim1l1l, wherein the |iquid
conmponent | BUEPRFEr EBaFBBﬁe, ugida9a apr agddator .aRngt gaf carerind rubifene
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aU] ca] cal caL@ caU] ca] cal] ca] ca] calU] ca] cal ca
into a 1liquid phase and the yield of the target component could

be maintained at high level by carrying out the mixing under
an agitation power of 10.0 kg * m/sec/m? per unit volume or more,

10 not depending on mixing methods described above.
In the present invention, "agitétion power” is indicated
by the following equation when the agitationmeans is mechanical
equipment such as an agitator, pump or the like, and a motor

is used as power:
15 m

ZA = 1023 (Wm/Vm) (1),
m=0

In the equation (1), Z, represents a total agitation power

(kg * m/sec/m’), W repre.sents used electric power (kW) of amotor
20 of an apparatus, V represents a reaction volume(m®), and m
represents the number of the equipment (motor).

In addition, when any mechanical work such as an agitator
is not provided, the agitation power is calculated by using
the following eguation: |

25 Zp = {nRTloge(Pn/Pr)}/V (2)

In the equation (2), Zp represents a total agitation power

(kg *m/sec/m®), n is mole number {mol) of a gas supplied into

the apparatus, R is 8.314 (J/mol*K) as gas constant, T is
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U& () - 610% The oxidation method in the present invention can be applied

to any one of a batch method and a continuous method.

10
EXAMPLE
Example 1
Oxidation of meta-diisopropylbenzene by air was
continuously carried out using a reactor shown in Fig. 1.
15 The reaction temperature was kept stably at 93C. At this

time, the amount of a hydroperoxide produced per the amount
of meta-diisopropylbenzene converted (hereinafter, referred
to as "oxidation yield”) was 77%. Further, at the time, the
total agitation power calculated by the equations (1) and (2)
20 was 51 kg°m/sec/m’.
Comparative Example 1
The reaction was carried out in the same manner as in Example
1 except that the pump was not used. At this time, the oxidation
yield was 73%. Further, at the time, the total agitation power
25 calculated by the equations (1) and (2) was 9.5 kg * m/sec/m>.
Comparative Example 2

The reaction is carried out in the same manner as in Example
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5 liquid level.

INDUSTRIAL APPLICABILITY
Asdescribed above, according to the present invention, there
can be provided a method for oxidizing a liquid component with
10 an oxygen-containing gas, and a method for oxidation of the
liguid component, having an excellent chara.cteristic that the

oxidation can be carried out economically and stably under high

yield.
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2. The process according to claim 1, wherein the liquid
component is a hydrocarbon, and a product is an organic peroxide

of the hydrocarbon.
3. The process according to claim 1, wherein the liquid
10 component is cumene or meta-diisopropylbenzene.
4. The process according to claim 1, wherein the oxidation

is carried out under a condition in which the liguid component

is emulsion.
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