; _ e3eDFDCLbh6T/ 2+ The invention relates to a reactor suitable for an
oxidation reaction of a liquid with a gas contai ni ng oxygen. “m 'm
~can be enployed, for exanple,to5oxidize cycl ohexane during t m mm""mm
oY

m ror
pr epar ationofinternedi ates of adipic acid, such as cycl ohexyl hydyg) I d

oxXl1 ae,

cycl ohexanol or cycl ohexanone. The oxi dation of |iquid cycl ohexane with
OXylgeRi nai rl pr gyc@%ealimﬁ)@dﬂi%rpfr@ﬂéﬂ@@(?ﬂa hﬁ/ﬁﬂg&f ﬁmﬂmﬁam an |
cycl ohexano ,_.cycl ohexanone , andso-.ccal. “heavy" - pr ts.In
ThF s ok dat | o TLEEEG TRHer g 28 Chal Ao rde ol oAl Tasenaa Sh REp
conversion raveyasna functionoftinme of the conpound to be oxidized is kept
at al owl5val ue to preven f.ar i.on,.af = ct undesi |l e
products. For a re%&lﬁﬁongoftr%%ﬁitgr{r?%éer?FPgurée}%lﬂgs%\b ?ﬁg vari _a}:{l%g'n Fﬁ t he
concent r at $ onsefiddgier ed ProRaxqrEl) HF 619 by - Produck$eRTEIt 5RAf uneti on of
tinme. To avoi d an excassiee degragdatposof 28the desidgred ¢ odugtlbhRtayl

by- product s, t heaf or enent.i oned rea tion i.s int errlé%t%d %arel y, at a tineti.
This | eaves a WGBTS off Y§H COSHTNTHd FobesXiHFEF Y at s recircul at ed
to subject it to amewoxixdatdtaior eafttlogm b Toy e hpnevent hel skl esygont ynof

desl red pr Oducat'c%ft T q,feesma%t' %QQQu&%aC%D'fonCy'c&ohéxgﬁ]ovvﬂygi?@{oeroxide )
|t|spreferablejto perélte In a reactor of the "plugreactor” type, that is
in a reactor whiksitlanbersdeheganpilke (8h) enct Wstthe$anqif CHO§%) » and
"slice" of 30r eaction nedivHrIPyreLy-igrddiicads the concentrationof di fferent
products varies according to i%?s] jgosi tionjnthe, reaft or, rather tgan in a
"stirred” reactorinihi'dhtT KX bOHCEM r527 ontCt nt PR F A%t 7 o Aeli dfiFeequal
at all points #taiitdel exddhaoiaent tied | onsvet st dre3bzaseasfat isntplhog” of
reactor, the pr.oduct_.c entratiqnis.on ' I’IE‘EQ{ e ct Xi
Thus, t hef or rraItQGlch)The o?fu%(g%sicroa ée y-%?o%éc[gs)%av% C %%c#éggesa\?\%rtﬁ tl%g
product cbhcentalatd orko i spoavensi ghliéi caprnathent ePhi nBY~psPER6ASOf OFhe
reactor. - Zqddy the knewadipskal | abens, e deast i 68 ithiar kiyed, out in
reactors, call e_dol "bubbl e colums”, in which the oxidizin as (s inj %ct ed
at the base, tH&Ui%s inSREShotitontpbteFdA LAt &Q%ec?%%%lfgﬁ?lth‘éﬂ?uﬁl 5
Above a certaidedliadet &fsoddct S (PwWnahhat of heise-pubbhet €ol (TMs @an be
considered as stirred reactors wth respect t he_teacti I

i nprove the siﬁmcatrji?ri/ ?ngt [ pl Ja%"a‘r’(e)ggt SP, 8?%3%’%2% gsgggﬁggégg]i \(/)i-Eged
into a pl@fal ithe of wesiddd reactrdidsy neamsoof | WvePrgidusésar at or-hgl at es
preventing the, feclroul At on Péaé@?oﬁeﬁgiﬁﬂeﬂ?gp’e@a LB il saeageide 1S
known, for exanple fromEP-A0 I35 718 or fromUS-A-3 530 185, to gr%w de

di stributed oxygen TREEt sl@3¢arfy e A R HE BN n CEFRATT uhrt P
reactor. The quaidiiydoknaxygen retiedutedeiintted eachyeutt iteant oa mest be
accurately cont roc%l ed so that. nearly all the oxygen injected is consuned.
This ains, for®%afatIC? e58ns %0 avoid the presence of a gas bl anket, rich
in vapour 850f the cbhopdupdove Behe20sekedizedtandfi Mesdmrch, puadectond or a
plurality of '?Agr med,abe Rliakesy ofLbeipgactior. skn facin thase yapaw s and
t he oxygen could form an expl osive m xture under certain operati r‘l\%
conditions. SueFeEektabed FeedoRBEEtEhelBf ofe BE2ELGEPpEd WHR an Pdi%hor at e
control 25 systemtyht cheghgni freant liys | Aer easeseat 8o 0Sthidur tdear niree,
such a staged feed.is . cu rsome and difficult tq.operate i, strd ally.

Mor eover, it r%%%ﬂje%dt th?%staarlll a‘%ril%ﬂosolfr%orrlprf e%hpllcg} ng. T%gqﬁc}]event%%n

ci rcunmvent3® t heeaout opmesesfiurhem@oes echim cehi¢heltdreconereartrayiavoiafi ng
the use of a S&¢‘9§gr9ﬁ¥g§?otﬂﬁggs' @ Rad Ao M ety | Bte $634€3 onbUln

wi t hout overl ooki ng the fective and necessary safeguarding of the
installation. Fof tiRactRipodéthete FRFBNti®N & el 8F&ETEE a BS2FRAEL O f or
an oxidation rgacthond adhic@uitdawithsa gas Nt deBichdoaxygediusaidre
reactor being fed gxcl us'ﬁely,a t he l%zlse wi,tth a _co our%d ta be Ionxi ogezed
and an oxi di zi RGUGAsETAS PRACESr Ps "ERafE e P& I XM St i'E diVi ded
into stages$ bycsspardt orthel dpésg” -rehctprmvi ded wirthusitoteoromrgatd thlen
exclusively w FLQ aoHﬂgdi B?%H O?@a fleyeof fhe dgactdgn medi UIVHL?é’],d able to
prevent an accunul ati on of “gas under each of the plates. 5 In a reactor of
the invention, farsphgPe ffedubfestiraPr2Pnd R I¥ Provi HBIChwWHHHF &A%t s in
the bottom porien ehet herdRaot ofonsah tird €sh del svenilng stike iddyegert whi ch
will be consumeg ig t he d'&ffer%nt st?ggg of th% reactor. The oxidi zi ng gas
nust therefore B8 GBFBIEG1B°EIFEII 8t e “BE&t WE&H Phese different stages, in
the sanme way as the reaction nedium for exanple cycl ohexane. |

given the tenperatures and pressures obtaining in an industrial mmlﬂm’wm!ﬂm
reactor, there could be a risk of autoignition of a gaseous m xture Torne
by the 15 oxidi zing gas and the vapours of the conpound to be oxi di P2
said m xture possibly accunul ati ng under certain plates to forma gas

. . o o -



35 - the perforations in the plates have a cross section equivalent to a
circular section of dianeter ranging between 10 and 100 nm and preferably
. between 15 and 50 mm -4 5100 15 20 25 30 35 - the plates present a
perforation ratio rangi ng between 10 and 500 and preferably between 10 and
300. This perforation ratio is the percentage of the areas of a plate
corresponding to the petrrﬁ@rakhons wihls teédpedontse t hehd ot adaat ean of ishe
plate; - the perfor r e i al al. tr 0N e
plates. In thi §'case, $E§' 6& %Qéégp%h béa{llc?% hngltlél adﬂé{l{fn%% if

rect angul ar orwkhe;tagbfm%ll Obagezgngd gaPhet § ni/@m@i:bﬁdalaéio trhes] akt’@%et othhé use

of a reactor such,gs dhe %%t@%%pepoﬁb%%tfoortﬁ@e Y@ datdrPNm@fiium.
hydr ocar bons to dlfferent products such as hydroperoxj de, ketone,  alcohol

and/ or acid. PPWSFecieT e dpptiTar T, 1hi &5 r kReVlr TPt UERASEoPHRPAEZe
cycl ohexane by-daxygen @anal be toofyclohedyladydrapercaxi deactyalsohexanone,
cycl ohexanol and/orC adCCE) eacll dactqohnermeu es. of such a reactor can be

envi saged, for e>Pa o Bxi i Y CUmhe 1o ‘phenol . The invention can be
better understood eiIth bnhepvadvdst atfest tdweirteof wikkhl aappebediroreagkesdrly in
light of the %%?ecwegheerku&h kel '&V\@l&gdt%% eam@%@gma%yofo@ [Gagt or

conformn?t0|ts rmmg gi ven onf\\l/\,n exanpl e and made with
referencelfo tifRadppehde Ydrem?%% i ® |éﬁternﬂ-gurseep2’11iast%¥ scRem&tiSc

representati o fyenPaid i Qﬂeofr@@l%mﬁaaﬁi&ﬂ ioFst ahk atd et nsor m@aahmng a
react or of thelnv ntion; - Jgure i S rozs sectlon]faI%n |£§ LI-111
of Figure 2: -I'Fi §ié 4°P§%a stherfst | émlpé'[?r'es Rt at 701 o1 é:&?b ffon in
the pressure d]' fif&y entd al ovet weeomt WJS-AHJYur 636 | s1@5vi ewssi nplrar ide
Figure 5, for o%hsrte@l%pée@%g&géﬁgﬂe@sS%&ora%r@;qut@ﬁ 8kihheibRvention

and -l evel s in the reactor , er certain o eratln% condi ti ons;
- Figure 5% s «A{artnar §@ﬁ§ﬁ?§tr| ¢ Vi grankd tyl ftfe SHBWRAN | ANErgGMESS: -

5 - Figure 7 ist@ ~dENW @ECOr dehgtdo xﬁhgtlrBe5acf:QIi:a&e[L?acbﬁltraQQ@Eidlsla)g to a

third enbodi nent of the |nv$2ti?) The react.or o C%sjhsown in the%e f'g ures

conprises a 5 SHE IP22FhY wAt¢h S08r AVEEEs HXEF U Pt Re ¢ %‘&fund to

be oxi di zed, farmexafplke safHmhexaagonsf omoa sovicetlinopsirmame Afpanp 4

is inserted in t@etbq%% % torgggve%itggggylgl ohg%(ar% i n&gmkﬁgnghe&g 2.at a
uct

control | ed flow €A second i'S provi er portlon
20 oxidized and in oxygen, under one or a plura lty 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 1is cumbersome and
difficult to operate 1industrially. 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
safeguarding 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 being fed
exclusively at the base with a compound to ke oxidized
and an oxidizing gas. This reactor is characterized in

that it 1is divided into stages by separator plates



of the shell 3 to renove the reaction nmedium An oxidizing gas feed system
of the reactor 1 is provided and conprises a duct 5 connected to a

. pressurized air source 6. Oxidizing gas nmeans oxygen 15 or a gas contai ni ng
oxygen, such as air or oxygenenriched air; The duct 5 term nates at the
base of the shell 2, that is in the bottomportion of same, and is
connected to greRiildesthapeitipi pel S centsmsh Oibfe Subst bnsiatly 20ivert kcal

central axis Z-Z' .of the shell. 2 an ovided wi th perforation r .t.he
passage of ai ru.nlﬁslrae%?r%ﬁt,hao‘blﬁgaf%?y L&A SR 8s n#%n the r%)ér)mgk(j){’é?rittﬁgs
centred on themxientZ- Zn cauainhd senplroyed. Aapi pendeirs peobi ded athehe top
of the shell tha renove the gas phase consisting of gas comng fromthe
oxi di zi ng gas "and vapours. The arrow El indicates the stream of cycl ohexane
in the botbom pcrtilon, 2orassser 2af ot hehasifsIion, The sdnddRs £ 4 nfifcat e
the stream of gxigdizing gas iB thisy RN oo TReereactortte i sodicvinded
into stages by plates 10  kept at a di stange from one anot her by neans of
spacerrods 11 PTH&" mans s of*2F%Phy $hEd pfates T6 VRrthe 5HEI P*Y96En be
used. 35 Each ypliaire w011 sbpr @drdethad tin pehéodatfifensnt2 ftwodsheopasbage of

t he reaction nedi nd t oxidi.zj n o I eGgtliv fromt he
duct 3 and therepa}ésgt;g%ﬂ 95(36%%?&%25% ct ?gggﬁsgh?g%%éefg)?\%_ eéd ?}!r)]%/% z;:%
pluralityl6f stiaguslaze ehehwesnstiheds ngt Bfewrsnt r 85808F: THe FRRACESMSL nust

be secured agaif\st sthe @l frunetiions mdqi s, f ¢ed syedmibe E9clexamphe,. it
nust 5 be designed to elimnate or to mnim ze tge risks o a%tm.?lmtlon of

gas. Under thelbpet@ti nglYehpehat GRBPEAATPFEEsEre BORAPETEGRAs CPEPe dRExane
vapour is createdananchddemiat ubgiahteynl alaane vapiosrs andlaXygenacan

forman explosive m xture even wthout_an_ignition oyrce, It |
therefore esseﬁﬁ%‘alofoaﬂ%oé%%?’%%ril n%yp%sg?ﬁ 8u%o ﬁf{éggﬁt ggﬁglegc%gnﬁlhgti on
of such al§as aiixdiFinanders tded picheesvaramtherhoridie t empoedsiuriec dibeps

caused by the plaies.d0 mMistiqbenagchow agopessibl eabotmhhatiagsons ks
stated above. In view of the foregaing, It is |£ortant for t

. he
perforations 1% He &latfige s HBSEI bfe. IbI kethe PREFFGHAR IS 12
must not be taputaigeths aedebetrateordrerumimtipdt ovnall r eateonupnibhe ocXC fl ow
E of the two-phase_m xture indthe sheallsl 2, Wi thout significant reflux of
liquid froma higherstAge?id s 27 19Wer stage. For the af orementioned
reasons, the perforBtamks 1@ dhe theestore,stbpeperforesavnadirstooriyged

ConStrainFS' 2§1A§h£9 Ehgtga%%&%ea§9§gélﬂ£ @Ia§§e¥§$kiﬂg %@%mation .
accumul ation of gas under the plates 10, the concept of disengagenent tine

Ot can be defi®ed,2wizh dorrEspondetarthe tige NERIEF t ¢ Feend @A gas

bet ween two pregetesni nedhkevehsoobmtheibaaat or pakteraicabasr.upti ng @R t he
feed of oxidizin A differ e@ti al ressulrseo sensor ]t5 cagabe !Lnscthael | ed

as. .
Lo measure thep%ggg]éﬁpeo%?ffl@r eiee BASERChet X1 d&°5F a M ar 8210°  The Sensor
15 i s coniéct edwbyphawe br diow | iimesidda Bhd 13acdorwo sutcessi varstlages 14

of the 35 =eac<|t19£eét'£me eSO, 4Po5aR 5 2LSQ 1 BRAS Uk Ad18, PLEgsHE Rqdisfderence
across a plurality o%.pfate_s 10, in which case it is connected to
non- successi ve* %t agedi sPerfbPBoeBF, SET¥EBENGCdICFEEIENE alP Ip1%e's 173 S¥hsor
16 i's connectegyby branchylines 1l6a and 1_6b to two points at different
heights from the bo%gggéOffﬁgy%éﬁg%fon%’ wgigén %ggvzan%x§ta9§m%%' 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:

w
(@2}

— 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;



5 The sensor 15 is used to neasure the pressure drops across a plate 10 and
the gas di sengagenent tinme across said plate. The sensor 16 is used to
~measure the gas holdup in a stage 14. - If the feed of cycl ohexane and of
oxidizing gas to 1C the reactor 1 is stopped at a tinme to, the pressure

di fference OP16 neasured by the sensor 16 decreases, as shown in Figure 4
by curve P16. Under-t hehnsapeatondpkeeBst thedrfssdtieord tieteneangkhy
measured by the sensor. 15 increases by a value,0 and then c se$.. 15 Ot
denotes the tite Thterval @ gt V\i(g%n ?rﬁ% Pir?réefggéxd%te%geteinrre |‘5§§e§%@15
reaches its | diers pparéanatvaboe.raBétonsien the pieresntegand | tha teraasi ent
phase occurs qf¢ disengagenment, ofe 1he fag, Presentd nokhereactal 1wiky
conparing the neasurenents taken i'n a reactor 1 2C equi pped with plates 10
as shown i R FitREREDL arel Fhe ateeaktdredi thothte dsifiates, it is possible to
deternmine the tinme lagHd tpergasadisppgaganent sgasisest bylthe ploake lgr

pl ates, which serves to conpare this tinme | ith the limt inposed by the
instal | ation s%ﬁf%tt]i/l%t%iaggsitg.e % et i czg %ﬁgi détS g %??%UF%V— g)eecti on
perforations 12 ofridutcddthetdi aneréendti2arangestbepwien o0 &eckab0®atm the
di sengagenent {ime é)% Qbtained is shorter than the time set by the
installation safety 0" anal ysis. The dianeter dl2 is chosen to be greater
than 10 n#lt o ensur®Bhe hdevanyieouping BElehes pepf 6REt H6Rs ©f2 2dFESLHAT cause
a significant £io99kBg fe SeAB ekl Rfd thsoper ForatdmnsoxThet doameirer d12
is chosen to be | ess 35 than 100 mm sq that the flow ipn the perforations 12
remai ns uni di rRSEFIREFLPRSt he T recfjil%rﬁe&enithe aPF%%éCEi and L in BS%ure
2, that is substandpatbyidertkeabneén &heolupt | owlddr extidn. _ g _ 510 15
20 25 30 35 Preferenptiall . di - i s.¢eho be .b e 5 and
50 mm in which cas‘gltlt%esé?gyé?gggéﬁggﬁgéﬁgréﬁfs?hggr%rg?lgittgél ;LS ?g\t%(?t gr?tli ally
equi val entl5t o ohadinté aydadtasrand t Ryutoangepl atfesairn cthecvadidexthe

plate or plat e}%y&Qo,]Qéréﬁ'ﬁdé eact gy, -1,k xbAgnkNVventiven cdaxaeb1hi ndeid Adre
unrestricted renoval of the gas, Dz denotes the %ﬁamst er of the shell

DV¢ . 2.
The area Al o~ d1BIHI B A0 | sOBYREI USF D2/ 45UFhe 3ar £526FC4 pe?forftion
12 is equal toendlzzédd, Nfdenekesplbecaunhediné peméos ato opised@l of a plate

10. The perforation_rati.o_of _a %I ate 1Qei%

- N ' i 0. =_N,X ]g;{dzz.
OnM ng to the val ue oF St A& VAidmsters Ul 2 an(?-l;lﬁze,r Nlﬁég%#g&sée)% gg‘ét hoth the
perforati@® ratilvafteaageshbeenéenild andeB8O%rogRd cpeefrdraliny lahieearf 10

and 30 0 . Wthysughsa,pgtfighalih9Bn @bh@owkhe £f keWeE istesartital lor a
unidirectional and upflow in the shel] 2, whereas, as.indicated above, the
pressure dropst8AatPhe CAPLORGAGENEM HieP T Bhat it TonBaY I 8™t b Ys %Y

i ndustrial opesatiommilan dowst akbat iwehth ncerfpareatdengtsuchha reggedraied The
essentially un(ijgg{q%ti ongl wggg upfl ow character of the flow E can be
checked by the §6-taPred "re3|8énce time distribution nmeasurenent”

techni que Z&arri ed out Bygthe ihj éstian sfthenatigcerepAssShdws iion FPure 5,
the perforati _ogér%%oﬁarb@ea quak! o= di st 1 ishuted 1t iprsubstappbabt¥ng a
triangular grid. They can also be equally distributed in a substangl ally
square grid, as©3R6RA PA FRGUFBVERTHPWIith a substantially hexagonal base
grid, as shown in FiguregdreOBhears geosedss cakcdishr bohgonsnef IT1e-III
perforations 1C2> igit Eeep ates 10 can be considered. The perforations 12 are
not necessarily ci FaUr&r §éction perforations, although such a cross section
is favouretd due to theFéaseeofd fabrpcatdhmmagiiq heepresestapliomhefplEies 10
can take the form gt phates ofnsuffickentet hijckpessnt 0o Pbtigd fludesUi bl €
mechani cal strength, the perforations 12 bei ng obtaine

levels in the reactor of Figure 1,d EQAer certain
operating conditions;
— Figure 5 1is 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



. g _ punching in the case of netal plates. The plates nmay be netallic,
ceram c, or nmade of any other material suited to their operating
.conditions. The invention has been described with reference to 5 a

cycl ohexane oxi dation reaction. However; %t-is not limted to this reaction
and a reactor of the invention can be used in any oxidation reaction of a
liquid by means of -a gagwentaiiy ng VXygescasuding parFigutars, f 6ort he

oxi dati on of a h ocar%on%ég{l%r npl e thehé.o geonyersi.on of CgﬁEQQquUI g

phenol . Sr &h oxidf zation reaction o
with a gas comram'ntnlgsraxygen said reactor being fed 5 exclusively at the

base w th a conpound,d o, pg-pxidized,qnd an %b%ﬂmj% chasactesi zed in
that it is divided into stages by separator plates (10) provided with

perforatiohs (SIBLllcodpattblieskt] GSIEPery tRiSt he a LAfiti FBEE ohalf ¥ oWlEE) of

the reaction @Qﬁpﬁﬂrﬂ:ﬂdt@bb@ bXila zRGEV emir aéka@@wubau@ne@éngas fuger
each of said plates. React or l'gccordi ng to claiml, characterized in that
sai d perforatlaon%m{rfﬁ e H s section equivalent to a circul ar

section with di arretz%erp(md;th)C 1% riargg medetmeehel@uand 31000 nepnaad the
preferably be%ﬁg ril]é‘ IMpS. 5 toryacerdiing, 110 one f the .
racteri zed |

precedi ng cl ai n t at said plates esent a perforation
ratio (T)1fangi ng Betaeepnd0dans §0015ar¥tF020‘-C%rdef3e‘Fa ¥ BEPﬁéeﬁ’ofGlQﬁId 300.

4. Reactor accordifg 410-10ne3 of o theng¥ & etk rhgeé;dtaicms,meedhamct erized in that
said perforations (12) ar .subst anti ?eo%/d equa %Iﬁ di_stri buted on sai elLSpI at es
c

(10) . 25 5. Reactoz?na%b dfng9t §36n t re® 84 dd I & hesOT
characteri zed protiddd saaddperbopat sens (alZ)dla:r‘ce d stcohmeededn &o a

triangul ar base {%9{15’&;01 React qr, gecor di nggg(qdqr}eié%f Strthgar]rstgxﬁ,gen

characterized § erfor ations (1 ut ed
rect angul ap ba&@e gridas?, CCRe‘a%:thblrn%c@éfbfaleﬁg tduehe a6f L& i 1Py Ien-
characterized ip-i1haigsai d, perforations (12) are distributed in a hexagonal

base grid. 8. Use of a reactor (1) .a ordlng eof recedj ng
clains for the oxidat§ oRuof g ﬁ%d)ﬂ}@ Ar66n 4o Pt T%) t gﬂ EReﬁi Y,

hydr oper oxi de, t ket ohe, ial ebhoboandmhopoatidn 9f @seieacecmddmsg domnelcdiend 8,

for the oxidatjion of I e Xyge r a 0 -
hydr oper oxi de ??P&:I—I)“%ng%ﬁ]‘%ﬁggang%/p% ce%ctlr(%ﬁexg{llonée (S%%)t%h&é% or Yadi p| C
acid. 1C 20se waecoidihgceotechai ax8s fZo2’ thfef oxielathehl of engems avd dsisenol .

. AQ AF. AYE. AY. v’vA‘E{hAF;yeﬂgrﬂ YL - Abr ALK O Cbassage of air. As a

variant, a plurality of pipes in the form of rings
centred on the axis Z-Z’ could be employed.

A pipe 9 is provided at the top of the shell 2 to

25 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

30 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.

35 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.
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+10% u& () - 1045§r%wes;£§£@ég% tlons, cyclohexane vapour is created,

and the mixture of cyclohexane vapours and oxygen can

form an explosive mixture even without an ignition

10 source. It is therefore essential to do everything

possible to prevent the accumulation of such a gas

mixture under the plates.
Furthermore, the pressure drops caused by the

plates 10 must be as low as possible for the reasons

—
(@2}

stated above. In view of the foregoing, it 1is
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
2C 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 plates 10, in which

case 1t is connected to non-successive stages.
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and lé6b to two points
at different heights from the bottom of the shell 2,

within the same stage 14.

The sensor 15 1s wused to measure the pressure
drops across a plate 10 and the gas disengagement time
across said plate. The sensor 16 is used to measure
the gas holdup in a stage 14.

If the feed of cyclohexane and of oxidizing gas to
the reactor 1 is stopped at a time to, the pressure
difference AP measured by the sensor 16 decreases, as
shown in Figure 4 Dby curve APgs. Under the same
conditions, the pressure difference AP;s measured by the
sensor 15 increases by a value A and then decreases.
At denotes the time interval between the time ty and the
time t; when AP35 reaches i1ts lower plateau value.
Between the times tg and ti;, a transient phase occurs of
disengagement of the gas present in the reactor 1.

By comparing the measurements taken in a reactor 1
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
analysis.

In practice, considering circular-section
perforations 12 of which the diameter d;; ranges between
10 and 100 mm, the disengagement time At obtained 1is
shorter than the time set by the installation safety
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
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.
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between 15 and 50 mm, in which case the disengagement
time 1s, surprisingly, substantially equivalent to that
of a reactor without any plates. In other words, the
plate or plates 10 of the reactor 1 of the invention do
not hinder the unrestricted removal of the gas.

D, denotes the diameter of the shell 2.

The area A;; of a plate 10 is equal to an/4. The
area of a perforation 12 is equal to ndi.? /4.

N denotes the number of perforations 12 of a plate
10. The perforation ratio of a plate 10 is T = N x
Byp/Ryg = N xdpp?/do”.

Owing to the value of the diameters dj; and D,, N
is chosen so that the perforation ratio T ranges
between 10 and 50%, and preferably between 10 and 30%.
With such a perforation ratio, the flow E 1is
essentially unidirectional and upflow in the shell 2,
whereas, as indicated above, the pressure drops and the
disengagement time remain compatible with safe
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
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
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 1is
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 Dbeing obtained by
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punching in the case of metal plates. The plates may

be metallic, ceramic, or made of any other material
suited to their operating conditions.
The invention has been described with reference to
5 a cyclohexane oxidation reaction. However, it 1is not
limited to this reaction and a reactor of the invention
can be used in any oxidation reaction of a ligquid by
means of a gas containing oxygen and, in particular,
for the oxidation of a hydrocarbon, for example the

10 conversion of cumene to phenol.
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CLAIMS

1. Reactor for an oxidization reaction of a liquid
with a gas containing oxygen, said reactor being fed
5 exclusively at the base with a compound to be oxidized
and an oxidizing gas, characterized in that it 1is
divided into stages by separator plates (10) provided
with perforations (12) compatible exclusively with a
unidirectional flow (E} of the reaction medium and able

10 to prevent an accumulation of gas under each of said
plates.

2. Reactor according to claim 1, characterized in
that said perforations (12) have a cross section
equivalent to a circular section' with diameter (di;)

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

3. Reactor according to one of the preceding
claims, characterized 1in 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 equally 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) are
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 Dby oxygen or by air, to cyclohexnyl
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