- 1 - *166166* anm XI DATI ON REACTION OF A LIQUID WTH A GAS The
I nvention rel at or suitableé for an oxidation reaction of a
liquid with a gas cusieat ning oxygen. Such a reactor can be enpl oyed, for:

‘exanpl e, to 5'REATORzZEOR\GXIPATXGMEREANTINY ONMen [LIQUAD aI™N AOGAS

I nt er medi at es of | pi.c_acid, suc s cycl ohexyl . hydropeyoxide, . _
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cycl ohexanol Ogc?g)en_cycl ohexanone (ONE), and so-called "heavy" by-products.
In this oxidatfon reaction involving a chain free- radical nechanism the

conversion rate aSughf @c¥eaet@r cahnbeofempkoyedpodiod texamplexi dized is

kept at a5l oviki@i¥al Ueci,818hEXERE t heufpidat i PR Of Byapregicss Oros
undesi rabl e Eroduct%. or a reaction of this type, "Figure 1 shows the

variation i n*Phe*ReMtRNE? at Phns 29iPigespcdd pr caielt (¥1) SHEL RSB product s
(CO as. a fhydtoperatideé mecydivleastinblanrexsrRaohskdrgieadat i on of 20 the
desi red product i v duct s he . afor ntioned reaction is,
interrupted earl yﬂ%tg%lc?#%a&t?# il"h > ecé(/c?;&ée’ﬁ?@% ‘ﬁ‘@bo‘?’f}l’%‘ﬂl of" conpound
to be oxidiged tpraduces ed r dbkguee t of subyetohekylo hydeepenxiidid i on

reacti ong 25(HRodHIP! OVedibRexahts! | Vbt), Ofcﬁ&%ﬂe%&ﬂfn%duquﬁi, i .
af orenent i oned r_eactlo“n, it 1s known that 1t is preferable to operate in a
reactor of tfRreIiRf “MeNSr byrpseduckst is in a reactor which can be

nodel | ed |i ke an mnahaisirexidatsin e ctSlont € nwi1vdhdg eadi0m madeim noves,

I n which the ncentration of | fferent products varies accqrding to its
posi tion i n fadical mechanism, the conversion rate as a function o

time of the compound to be oxidized is kept at a low
15 wvalue to prevent the fomatidn of by-products or
undesirable products. For a reaction of this type,
Figure 1 shows the variation in the concentrations of
desired product (C;) and of by-products (C;) as a
function of time. To avoid an excessive degradation of

20 the desired product into by-products, the
aforementioned reaction is interrupted early, at a time
ti. This leaves a high proportion of compound to be

oxidized that is reci¥culated to subject it to a new
oxidation reaction.
25 To improve the selectivity of desired product of
' the aforementioned reaction, it is known that it is
preferable to operate in a reactor of the “plug
Yeactor” type, that is in a reactor which can be
-modelled like an enclosure in which a “slice” of
30 'x"eaction medium moves, in which the concentration of
different products varies according to its position in
the reactor, rather than in a *“stirred” reactor in
which the concentrations in the reaction medium are
equal ‘at all points to the exit concentrations. In the
35 case of the “plug” reactor, the product concentration
is omnly high near the reactor exit. Thus, the
formation of - undesirable by-products,’ which increases
with the product concentration, is on'ly significant in
the terminal portion of the reactor.
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the reactor, rather than in a "stirred" reactor in which the
concentrations in the reaction nmediumare equal at all points to the exit
concentrations. In the 35 case of the "plug" reactor, the product
‘concentration is only hi gh near the regctor exit. Thus, the formation of-
undesi rabl e by-products,’ which increases wth the product concentrati on,

s only significap ipnet Nenb@h NletO O, t hend eacklktion * GA0002* 2

In the known installations, the reaction 'Is carried out in reactors,
call ed "bubb‘F%r%be‘ilrrﬁs"t Jrl'h IRRICERPShe 31 eS| é’u@é’éel sc?%‘jl%ﬁ'éd at t he

base, that isidm- the betiuaRipr td0d, ikNtiajebecteart! i e NBAEM thaAbove a
certain diangter., s_known that these bubbl e col umms, can be;.consi der ed

as stirred rbictdr st]i)\?t ROERI,RPTELORne TRt EBF mefA Tt O™ o MSHi Ve t he
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plurality of 1Q, treagtor ng of _intern S r pl S
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reactor. The quantltg oxygen |ntroduce Into each react or. nust be
accurat el y c&if r 5SEREBO%0 Cathabenedivided | ike oxy§eHrrAji&dt e®f i 3dEnsuned.

This .ahgs, FedctsadLt Yoeashddnst 0 GVOI dn&@@nﬁleseﬁ%ﬁt@r g9 deleanket ,
rich in vapours of the npound, to be 20 oxi d and in, oxy .. under one
or a plural iR e?ﬁﬁdlﬁ?‘él’b? f%ElB’F t Eﬁctrcﬁacq’rf’rf g’?& Yhese
vapour s and Ire tdygenaseul dif orim aknewnl,0sfoe nexdnple Undexr GEP-Rai n
operating Cod-'distg% Sgg.h afﬁr)lﬁgeqjg-%-cg 530 185, to provide
distributed oxygen inlets to carry out an oxidation in
15 each unit reactor. The quantity of oxygen introduced
into each unit reactor must be accurately controlled so
that nearly all the oxygen injected is consumed. This
aims, for safety reasons, to avoid the presence of a
gas blanket, rich in vapours of the compound to be
20 oxidized and in oicygen, under one or a plurality of
intermediate plates of the reactor. In fact, these
vapours and the oxygen could form an explosive mixture
under certain operating conditions. Such a staged feed
must therefore be equipped with an elaborate control
25 system, which significantly increases its cost.
Furthermore, such a staged feed is cumbersome and
difficult to operate industrially. Moreover, it_
requires the installation of complex piping.
The invention circumvents the routines of the
30 technical field concerned by avoiding the use of a
staged oxygen feed in a reactor divided into stages,
but without overlooking the effective and necessary
safequarding of the installation.
_ For this purpose, the invention relates to a
35 reactor for an oxidation reaction of a liquid with a
gas containing oxygen, said reactor Dbeing fed
exclusively at the base with a compou_rid to be oxidized
and an oxidizing gas. This reactor is characterized in
that it is divided into stages by separator plates



must therefore be equi pped with an el aborate control 25 system which
signirficantly increases its cost. Furthernore, such a staged feed is
cunbersone and difficult to operate industrially. Mreover, it requires.
the installation of conplex piping. The,invention circunvents the routines
of the 30 technical field concerned by avoiding the use of a staged '
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risk of autoignition of a gaseous mixture formed by the

15 oxidizing gas and the vapours of the compound to be
oxidized, said mixture possibly accumulating under
certain plates to form a gas blanket, particularly
during the deliberate or unintentional interruption of
the feed of oxidizing gas.

20 Thanks to the invention, the perforations provided
in this plate serve to eliminate any risk of formation
of a gas blanket because the bubbles are removed
through the aforementioned perforations. The
perforations in the plates also serve to channel the

25 two-phase flow inside the reactor, in a single
‘direction, the upflow direction, thereby reducing its
axial dispersion and serving to create a “plug” reactor
type of flow.

These perforations also serve to 1limit the

30 pressure drops caused by the plates.

According to the advantageous but not compulsory
aspects of the invention, the aforementioned reactor
‘incorporates one or a plurality of the following
characteristics:

35 ~ the perforations in the plates have a cross
section equivalent to a circular section of diameter
ranging between 10 and 100 mm, and preferably between
15 and 50 mm;



during the deliberate or unintentional interruption of the feed of

oxi dirzing gas. 20 Thanks to the invention, the perforations provided in-
this plate serve to elimnate any risk of formation of a gas bl anket
‘because the bubbles are renmoved through the aforementioned perforations.
The perforations in the plates also serve to channel the 25 two-phase fl ow
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di stributed BaSeherdfates. In this case, they may be distributed with a
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hydrocarbons to different products such as
hydroperoxide, ketone, alcohol and/or acid.
In a specific application, this reactor is used to

15 oxidize cyclohexane by oxygen or air, to cyclohexyl
hydropéroxide, cyclohexanone, cyclohexanol and/or
adipic acid. Other uses of such a reactor can be
envisaged, for example to oxidize cumene to phenol.

The invention can be better understood and other

20 advantages thereof will appear more ¢learly in light of
the description which follows of three embodiments of a
reactor conforming to its principle, given only by way
of example and made with reference to the appended
drawings in which:

25 — PFigure 2 is a schematic representation of a
portion of an oxidation installation incorporating a
reactor of the invention;

— Figure 3 1is a cross section along line III-III
of Figure 2;

30 . — Figure 4 is a schematic representation of the
variation in the pressure differential between two
levels in the reactor of Figure 1, under certain
operating conditions;

— Figure 5 is a partial schematic view of the

35 plate shown in Figure 3; '

— Figure 6 is a view similar to Figure 5, for a
reactor according to a second embodiment of the

invention and



hydr oper oxi de, ketone, al cohol and/or acid. In a specific application, this
reactor is used to 15 oxidize cycl ohexane by oxygen or air, to cycl
de, cycl ohexanone, cyclohexanol and/or adipic acid. O her.
‘uses of such a reactor can be envisageqd, for exanple to oxidize cunmene to
I nvention can be better understood and other 20 advantages_
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An oxidizing gas feed system of the reactor 1 is
provided and comprises a duct 5 connected to a
pressurized air source 6. Oxidizing gas means oxygen
or a gas containing oxygen, such as air or oxygen-
enriched air.

The duct 5 terminates at the base of the shell 2,

that is in the bottom portion of same, and is connected

to a coil-shaped pipe 8 centred on a substantially
vertical central axis Z-Z' of the shell 2 and provided
with perforations for the passage of air. As a
variant, a plurality of pipes in the form of rings
centred on the axis 2%-2Z" could be employed.

A pipe 9 is provided at the top of the shell 2 to
remove the gas phase consisting of gas coming from the
oxidizing gas and vapours.- |

The arrow E; indicates the stream of cyclohexane
in the bottom portion, or base, 2a of the shell 2. The
arrows E, indicate the stream of oxidizing gas in this
portion. |

The reactor 1 is divided into stages by plates 10
kept at a distance from one another by means of spacer-
rods 11. Other means for fixing the plates 10 in the
shell 2 can be used.

Each plate 10 is provided with perforations 12 for
the passage of the reaction medium and of the oxidizing
gas, coming respectively from the duct 3 and the pipe
8. '

Flgure
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A pump 4 is inserted in the duct 3 to convey the cyclohexane into the
shellF 2 at a controlled flowrate. 10 - A second duct 31 is provided in
the upper portion of the shell 3 to renove the reaction nmedium An
‘oxi di zing gas feed system of the reactOé 1 is provided and conprises a
duct 5 connected to a pressurized air Source 6. oxidizing gas neans oxygen

15 or a gas contagiynn n u LT . - engi ls The
duct 5 termnat eghg% ?ﬁ%é%‘ggeco 'ﬁ%et?s:hé%l dggfl at(:aﬂ?ts&i% E)thggggtl'ﬁ:gm
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substantially 20 mestigahcesptral axisk Z-Be ofsddirshel hg2imed praw ded
wth perforations for the passage of air. As a _variant,_a plurality of
pi pes in th@FHFMILMHRE Hehtherf Fyerenaxi sFerzexampdey dibe™s5 oyed. A

pipe 9 is pHidedighefhed ogl Diindte sbel lt hEniRbzeemnee tiekgasfphase
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i ndi cates t S B et FRExane " Fht t oPPBREptPY i GRMPEFALHEE 2a of
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di st ance frc?HagnEeﬁ%nggkgglr yoﬁearggg?ﬂ%%%%%r-%g?%al?%l%rﬁ%)%g%g%%a%ghf or.
fixi ng the plaamesany explReivehdnixtpuren ¢eensaditisBittaan pignétion; s
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of the oxidi zi n%{ gas, conming respectively fromthe duct 3 and the pipe 8.
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consti tuti nghixtiiid urkRat @he Plategactor 1 nust be secured again st the

Furthermore, the pressure drops caused by the
plates 10 must be as low as possible for the reasons
15 stated above. In view of the foregoing, it is
important for the perforations 12 to be as large as
possible. _ |
Moreover, the perforations 12 must not be too
large in order to confer an upflow direction on the
20 flow E of the two-phase mixture in the shell 2, without
significant reflux of liquid from a higher stage 14 to
a lower stage.
For the aforementioned reasons, the perforations
12 are therefore subject to contradictory constraints.
25 As to the safety aspect aimed at preventing the
accumulation of gas under the plates 10, the concept of
disengagement time At can be defined, which corresponds
to the time needed to remove the gas between two
predetermined levels of the reactor after interrupting
30 the feed of oxidizing gas.
A differential pressure sensor 15 can be installed
to measure the pressure difference on either side of a
plate 10. The sensor 15 is connected by two branch
lines 15a and 15b to two successive stages 14 of the
35 reactor 1. -
The sensor 15 can also measure the pressure
difference across a plurality of pla_tes 10, in which

case it is connected to non-successive stages.



mal functions of its feed systens. For exanple, it nmust 5 be designed to
elimnate or to minimze the risks of autoignition of gas. Under the
operating tenperature and pressure conditions, cyclohexane vapour is
‘created, and the m xture of cycl ohexan? vapours and oxygen can form an
expl osive mixture even without an ignition 10 source. It is therefore

essential to do QUSLINNG o POSSL) Cal SeOLeXEll { BeceoaECURMbaLL R ol such

a gas mxture un € Pl At essure drops caused by
the plates i eonnepecdsbyorranchoddéngise ey and JﬂizhseﬁsthSP@ﬂatéd above.

In view of the §QFedebAe. Hdidhtd MPRbh abhel Wottien PEES @il i gRs1l22t 0 be as
| ar ge as p055| bl e. Moreover,” the perforations 12 nust not be too large in

order to confidh %%IW%?@C&%&# on the 20 flow E of the two-phase
m xture gn the shimd Zensidrhow$ s;lsgnufslewntor ehéaxupé |dili grésemra hi gher
stage 14 to ,a | ower_stage
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to the saf et@cmcsaadn@iaane preThet isegusicre B cusulumedont of mgasuueder t he

pl ates 10, Qg%gﬁm {t tine At can be defined, which
correspondstﬁ} o%wggqféme needed to ermrllve the gas between two
predeternined | evid sthe ferd refaceyrleltexane needr apt Prgdiztnghgaseta of
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SRS %ﬁﬁ%ﬁ%ioﬁﬂ}néhétﬁ&ess géu f%gééencew@bn;measured by the
sensor 15 increases by a value A and then decreases.
15 At denotes the time interval between the time t,; and the
time t; when AP,;s reaches its lower plateau value.
Between the times ty, and t;, a transient phase occurs of

disengagement of the gas present in the reactor 1.
By comparing the measurements taken in a reactor 1
20 equipped with plates 10 as shown in Figure 2 -and in a
reactor without any plates, it is possible to determine
the time lag in the gas disengagement caused by the
.plate or plates, which’ serves to compare this time lag
with the 1limit imposed by the installation safety

25 analysis.

In practice, considering circular-section
perforations 12 of which the diameter d,, ranges between
10 and 100 mm, the disengagement time At obtained is
shorter than the time set by the installation safety

30 analysis.

The diameter d;, is chosen to be greater than 10 mm
to ensure that any fouling of the perforations 12 does
not cause a significant clogging of some or all of the
perforations. The diameter d;, is chosen to be less

35 than 100 mm so that the flow in the perforations 12
remains unidirectional in the direction of the arrows
E; and E; in Figure 2, that is substantially vertical in

the upflow direction.



case it is connected to non-successive stages. 7 Mreover, a second
differential pressure sensor 16 is connected by branch lines 16a and 16b to
two-points at different heights fromthe bottomof the shell 2, wthin
the same stage 14. 5 The sensor 15 is_uged to neasure the pressure drops
across a plate 10 and the gas di sengagenent tinme across said plate. The

sensor 16 is usedpiOr dPSSULL11{Ne 8RS APAAPei N &, S139¢hbben ftbhed eed of
cycl ohexane and of OX|d|2|ng5 as to, 10 the reactor is. stopped at a tine

lis
to, the predeheen tPerditce AP ABadliHed 15280 e tBEN ISRy es, as
shown in Fi giime 4iHy sutpeidithgby, Usdpstaheiaaly eqoitialieass to hgy essure

di fference APlS5neasured_by the .sensor_15 increases by a value A.and then
decr eases. TOF AL GEHGEEE PRI TRt cPYSFCBot veih phacE: HErHE. AtdY he
time tj Wherplatls oraphasest 30| ofiethel aeratovalluef tBet Vesenthent idmes to
and tj, a tﬁ?ﬂ§§ﬁﬂ§ ) SELEAGLe T, t gas present in
the reactor 1. By é%%ggéﬁﬁg&ﬁﬁégﬁgggﬁ%%nents taﬁgﬁ ?%eég%%éctor 1 20

equi pped wi th pl Resepptes hewdiametieguod Lhegshgld 2- reactor without any

plates, it is posgidl£réd® At JrMang1dthe itd NEs | 8guaDd wemg,ﬁﬂdi sahgagenent
caused by the .plate or plates, which serzgg to compare this tine | ag
with the |if%ed rfb'%lﬁcP QREIMR LR 118 i AR v di2d 4mal ysis. In
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obtained is ~shorter tha 1he” nstal l'ation safety
anal ysi s. THe:fhanet & xd:2“/&“chosen to be greater than 10 nm to ensure

that any fouling Qfiddecgerhe’ adiis I2 HRES aiameters d;, and D,, N
is chosen so that the perforation ratio T ranges
15 Dbetween 10 and 50%, and preferably between 10 and 30%.
With such a ©perforation ratio, the flow E is
essentially unidirectional and upflow in the shell 2,
whereas, as indicated above, the pressure drops and the
disengagement time remain compatible with safe
20 industrial operation of an installation incorporating

such a reactor.

The essentially unidirectional and upflow
character of the flow E can be checked by the so-called
“residence time distribution measurement” technique

25 carried out by the injection of a tracer.

As shown in Figure 5, the perforations 12 can be
equally distributed in a substantially triangular grid.
They can also be equally distributed in a substantially
square grid, as shown in Figure 6, or with a

30 substantially hexagonal base grid, as shown in Figure
7. Other geometrical distributions of the perforations
12 in the plates 10 can be considered.

The perforations 12 are not necessarily circular- =

section perforations, although such a cross section is
35 favoured due to the ease of fabrication of the plates
10. _

The plates 10 can take the form of plates of

sufficient thickness to obtain a suitable mechanical

strength, the perforations 12 being obtained by




not cause a significant clogging of some or all of the perforations. The
diameter d3.2 is chosen to be |less 35 than 100 nmso that the flowin the
perforations 12 remains unidirectional-in the direction of the arrows El.
and E2 in Figure 2,. that is substantially vertical in the upflow
direction. 8 Preferentially, the diamefer di12 is chosen to be between 15
and 50 mm case e ngag i S -
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perforation. 12 i e gtRYeRb Ay 1528 Pﬁenléeﬁlcaéhﬁtieé’lttﬁerﬁlfﬁ'ﬁ’é’lnc@f to
per f or at Bonsa laycioheﬁhﬁée oxlidathen p@éééﬁmnon mtweareef apl gkenbt is T =
N x 2 A3. 2/121 (%I ld2 oW Eg to tae val ue of t |arret§a%&d12 and
D2, N is cho¥ 'i?’na'f Jf%er%%? P4t 78 F‘airfascjf’ofaﬁ’ e 54 & 10 and
509. -, and prai ebablysedet imwenny0 caneﬂaﬁﬂgﬁl Yeabtsoshod perlbgaidobyrati o,
the flow E i sept ial u u w II

wher eas, as I?n catggd agb %g rHCfcg'h:raeirq{els xgg‘cg)%s%glr?g t#E tp% é:z'n%g%gerfent tinme
remai n corrpaﬁ‘?lbl shei toxidakion ofdust rhmrqmmn.onf@r #ramzlel taE on

i ncor poR gt i NEbnwldl h 'S Bfend N6 g1 al |y unidirectional and upflow
character of the flow 9 can be checked by the so-called "residence tine
di stribution neasurenent” technique 25 carried out by the injection of a
tracer.



As shown in Figure 5, the perforations 12 can be wequally distributed in a
substantially triangular grid. They can also be equally distributed in a
substantially square grid, as shown in Figure 6, or with a 30 _
'substantially hexagonal base grid, as shown in Figure 7. Qher geonetrical
di stributions.of the perforations 17 i the pl ates 10 can be consi dered.
The perforations 12 are not necessaﬂégégﬂgcular- section perforations,,

al t hough such a cross section is 35 ed due to the ease of
fabrication of the plates 10. The plates 10 can take the form of plates of

sufficient thicknes ; uj | . _strength, _
perforations 12 Egiﬁgggﬁgg%?%_ %§§96£%§%%%?§gﬁfﬁé§ﬁglggsé@o?.Ebﬁgﬁaplates.
The pl ates rth ba gsal FPRLaERERGT OXvgenmdeadd FepctHerbedngr f88 suited

to their sopesailiuiwaRdi 4t ofe BHGel MMM IPedifsolifENtdeper bradiWeklh
reference to a cycl ohexane oxidation reacti on. However, it .is not

0 t
limited to tM% AlacPiofizhl% PBEct ofPRFAEHETIASeNntiDdn thaln B¢ udéd in any
oxi dati on r ehictiided ofntol istagesbyby neeparatos gamteent Li0) ngrexyided and, in

particul ar, _.f ' L.gn hydrocar hon, f xanpl e t 10

conver si on oliggné%gfgghggéhgl.e%%ﬁ f%%?%%}%ig ﬁ%ﬁgi%rlygyyaﬁmgﬁ}d?zation
reaction of wnidiggictionalh dgas(Romai thagrexyyeon safdiumeandorbbei ng fed
5 excl ugpvelps abréhenPass Mt CARMNArt QRe @xhdi 28 and,Ansaxydi zi ng

gas, characterized in that it 1s divided into stages by separator plates
(1Q)_prov!d§&a§ﬂﬁrh perforations (12) conpatible exclusively with a
uni directional flQwWReRcter tdwcdratid otomedadm and abfacterized in

that said perforations (12) have a cross section
equivalent to a circular section with diameter (d;;)

15 ranging between 10 and 100 mm, and preferably between
15 and 50 mm.

3. Reactor according to one of the preceding
claims, characterized in that said plates present a
perforation ratio (T) ranging between 10 and 50%, and

20 preferably between 10 and 30%.

4. Reactor according to one of the preceding
claims, characterized in that said perforations (12)
are substantially equidlly distributed on said plates
(10) .

25 5. Reactor according to one of the preceding
claims, characterized in that said perforations (12)
are distributed in a triangular base grid.

6. Reactor according to one of claims 1 to 4,
characterized in that said perforations (12) are

30 distributed in a rectangular base grid.

7. Reactor according to one of claims 1 to 4,
characterized in that said perforations (12) arer
distributed in a hexagonal base grid.

8. Use of a reactor (1) according to one of the

35 preceding claims for the oxidation of a hydrocarbon to
product (s) such as hydroperoxide, ketone, alcohol
and/or acid. )

9. Use according to claim 8, for the oxidation of

cyclohexane by oxygen or by air, to cyclohexyl



10 to prevent an accunul ation of gas under each of said plates. 2. Reactor
according to claim1, characterized in that said perforations (12) have a
cross section equivalent to a circular-section with diameter (d12) 15
rangi ng between 10 and 100 mm and preferably between 15 and 50 mm 3.
React.or according to one of the preceﬂi%b “clainms, characterized in that

said plates present_a .perf i,on ratio, (T) _rangi bet ween 10 and 509c,
and 20 prefg¥§£$§e %%ﬁg n(%ggghg’35¥$&2hg§§38$o%c§gdor\%iéhﬁfaﬁﬁ??ﬁ t he
precedi ng cleiBk,andboacedipzedachdt hat said perforations (12) are
substantially ethf?! ! yug'ésa&'c%%%goméabﬂamﬁatses £67- Okne? st o834 OF
according to one of the preceding ~clalns, chardcterized in that sald

perf or at i onsOf 1oymeng ct@iRReRPhted in a triangul ar base grid. 6.. Reactor
according to one of clainms 1 to 4, characterized in that said perforations
(12) are 30 distributed in a rectangul ar base grid. 7. Reactor according
to one of clains 1 to 4, characterized in that said perforations (12) are,
distributed in a hexagonal base grid. 8. Use of a reactor (1) according to
one of the 35 preceding clains for the oxidation of a hydrocarbon to
product (s) such as hydroperoxi de, ketone, alcohol and/or acid. 9. Use
according to claim@8, f or the oxidation of cyclohexane by oxygen or by
air, to cycl ohexyl hydroperoxide (HPOCH) , cycl ohexanol (COL) cycl ohexanc,
ne (ONE) and/or adipic acid. 10. Use according to claim8, for the

oxi dation of cunmene to phenol.




