HORI ZONTAL REACTOR VESSEL The present invention relates to a horizontal
reactor vessel, especially a horizontal reactor vessel for contacting a

i qui d r emotaswozacssch as et hyl benzene or cumene, w th apgagpows/ossast ant,
such as oxygen in order to obtain an organi c hydroperoxi de. Horizontal
reactor vessels are known in the art and have been described for exanple in
US-A-4, 269, 805 . There is still roomfor inproving horizontal reactor
vessel s for contacting gaseous and liquid reactant. A better contact

bet ween the gaseous and the liquid reactants generally is desirable as this
tends to nmake the reaction of the liquid reactant and the gaseous reactant
nore efficient. A higher efficiency can make it possible to operate the
process at higher throughput.nérfioNtrer radeaok agessfl, better contact between
t he gaseous and the liquid reactant can be reduction of the anount of

by- products formed. By-product formation can be caused by heating liquid
reactant in the abBencecobnsuffvaitEnin gadeodas teacthamtizohess byaqraduct

will generally,giye andnctease i ndheamunt.ol. desided;pegduct. A process

in which liquid reactant is contacted with gaseous reactant is the reaction
of liquid orgapdrtadmpoundsiguth =@l bengenes grithvdivenecngt ® oxygen in

order to obtaiffdie, corikesponding hydieRenexi d¢-n Ehy.henzens hygroperoxide
is applied commercially for converting propene into propyl ene oxide. The

1- pheny? et hanof© v#RtEH T §0f BF A ¢ HErBbyEantSaibsequent | y be dehydrated to

obtai n styrene. CumneoRydropes©xdrderdsscapphi €dkrcammencicakl yrf aindor epari ng

phenol and acet one. ative cunene hydrqgeroxig%gcgﬁgbe reacted with
o

Al t
propene to obt%ﬁﬂe6%%%&%%%8r69?%éﬂﬁheﬁaﬂp88e§% T 1% “process in

whi ch et hyl benzenerheseusedst The mminn for improving horizontal reactor
vessels for contacting gaseous and liquid reactant. A

10 better contact between the gaseous and the liquid
reactants generally is desirable as this tends to make
the reaction of the ligquid reactant and the gaseous
reactant more efficient. A higher efficiency can make it
possible to operate the process at higher throughput. A

15 further advantage of better contact between the gaseous
and the liquid reactant can be reduction of the amount of
by-products formed. By-product formation can be caused by
heating liquid reactant in the absence of sufficient
gaseous reactant. Less by-product will generally give an

20 increase in the amount of desired product.

A process in which liquid reactant is contacted with
gaseous reactant is the reaction of liquid organic
compounds such as ethylbenzene or cumene with oxygen in
order to obtain the corresponding hydroperoxide.

25 Ethylbenzene hydroperoxide is applied commercially for
converting propene into propylene oxide. The
l-phenylethanol which is formed thereby can subsequently
be dehydrated to obtain styrene. Cumene hydroperoxide is
applied commercially for preparing phenol and acetone.

30 Alternatively, cumene hydroperoxide can be reacted with

propene to obtain propylene oxide in a process similar to



di fference between the cunene based process and the ethyl benzene based
process resides in the fact that the al cohol derived from cunene

hydr oper oxpdeoenhitess i s formed upon reacti on of cunene hydrmpessisaes and
propene, generally is hydrogenated back to cunene. It has now been found
that the performance of a horizontal reactor vessel for contacting liquid
reactant with gaseous reactant can be inproved greatly in an easy and
sinple way. Sunmary of the invention The present invention relates to a

hori zontal reagtorpMresel 1 hayh ngh admweknpant and,daw0 epposhie ends, which
reactor vessel conprises a liquid inlet at one end, a fluid outlet at the
opposi te end attf E£FISE RFEYCER Ve AFFRAgRASEH RIREISSWerdpalrt, which
react or vessel ecofiainienat bheastpronessubstants ald yeneerrbiceathbaffie- pl at e
arranged in theldirelctdi on_of %iq{tljid f | ow, t hr ough t.rgje reactor v sseld during
normal oper at i Oh- " fHe 957 &€&t FTAVERTIER PUPERRY Pe1t &9°68 a° prodhss of
contactbng a |wppen daseadbantt winerse gasieousroradd aantd whrioohnpr ocess i S

i ed t o i i I t dt
carried out ing %lll qtsahgg]g%ﬁte\ée%%ghi Egv%%gerfel ower part an WO

opposi te ends, roces rrses a quid reactant to the
reactor vessel viatahdsqord petrettatmdongaenthofrderreaceoftvessel , addi ng

the gaseous reagtainckiaraagasr i &lerdevi-cecarsanged 1iiRut Rerbovelngart at
the sane end and renoving reaction product via a fluid outlet at the
opposi te end, WhiktPPEEEEsECHSE T r9%8d PEULTPROSES e886rYvé8sel $3it her

contai npng at hedasdingne swbstantially vertical baffle-plate arranged in the
direction of Ié uid flc%yv %hrou h the reactor vessel during nornal
operati on. The—ms@—é—&b%zﬁ%&%ﬂ suitabl e for manufacturing
The present invention relates to a horizontal reactor
vessel having a lower part and two opposite ends, which
reactor vessel comprises a liquid inlet at one end, a

15 fluid outlet at the opposite end and a gas inlet device
arranged in the lower part, which reactor wvessel contains
at least one substantially vertical baffle-plate arranged
in the direction of liquid flow through the reactor
vessel during normal operation.

20 The present invention further relates to a process of
contacting a liquid reactant with a gaseous reactant
which process is carried out in a horizontal reactor
vessel having a lower part and two opposite ends, which
process comprises adding the ligquid reactant to the

25 reactor vessel via a liquid inlet at one end of the
reactor vessel, adding the gaseous reactant via a gas
inlet device arranged in the lower part at the same end
and removing reaction product via a fluid outlet at the
opposite end, which process is carried out in a reactor

30 vessel further containing at least one substantially
vertical baffle-plate arranged in the direction of liquid
flow through the reactor vessel during normal operation.

The process is especially suitable for manufacturing
hydroperoxide by contacting a liguid organic compound

35 with an oxygen containing gas.



hydr oper oxi de by contacting a |liquid organic conpound with an oxygen
containing gas.It was found that the present invention is especially

sui t abl e wonroem4658 | arge reactor vessels as applied i npcompPeesiosd3os
operation. It tends to be nore difficult to contact reactants efficiently
in such |large volune operation than in small volume commercial operation or
| aboratory set-ups. Figures The inventi-og will be illustrated by way of
exanple in nore detail with reference to the acconpanyi ng draw ngs, wherein
Figure 1 shows schematisCcabliyaachongidugdi-aabnsection ioh thechosd zontal
reactor vessel; Figure 2 shows schematically a cross-section along the |line
I1-11 of Figur@ i@ Jorevse shiowsd &t §P€€F%ﬁtYWe&fs £fie *BRHOOTUT nEéNt  as
shown in Fi gureoingranrd bpguseidn shmws ehhe €o60ss-rsect idafifotuat conventi onal
react or vesselcgnettécu{).regectcgijcsede teisccireingtli Ori‘n0£ thei irnveegfto'&org The reactor
vessel of the Prasent Rventron is & Subdt aht T art y e Z8At'AF reactor. By
substanti al | y diogiaomtalcthes understloow lsubstamtéeatilal paeabtédntor t he pl ane
of the horizon, Rreferably, the reactor vessel for use in the present
invention is tu%u ar uch a tubul ar reactor vessel can have a wide variety
of shapes. ForI®X#ifil e, such a tubul ar reactor vessel can have a square,
rectangul ar, circuh@r j@fegtibRthcal W&y 93Suserii &N b AhyPhaCcti LRl PuUr poses a
reactor vessel with a circular cross-section is preferred. In a horizontal
reactor the mafority? GFteRe FHUP F FIB9RE PN Aok e ARAIMPENY &8¥i on duri ng

nor mal 10per at i @awings, wherein

Figure 1 shows schematically a longitudinal section
of the horizontal reactor vessel;

Figure 2 shows schematically a cross—-section along
the line II-II of Figure 1;

15 Figure 3 shows an alternative of the embodiment as

shown in Figure 2; and

Figure 4 shows the cross-section of a conventional
reactor vessel set-up.

Detailed description of the invention

20 The reactor vessel of the present invention is a
substantially horizontal reactor. By substantially
horizontal is understood substantially parallel to the
plane of the horizon. Preferably, the reactor vessel for
use in the present invention is tubular. Such a tubular

25 reactor vessel can have a wide wvariety of shapes. For
example, such a tubular reactor vessel can have a square,
rectangular, circular or elliptical cross-section. For
practical purposes a reactor vessel with a circular
cross—section 1s preferred.

30 In a horizontal reactor the majority of the fluid
flows in horizontal direction during normal operation.
Horizontal reactor vessels make i1t possible to apply long
residence times and to contact the liquid with a

relatively large amount of gas. This is advantageous in



Hori zontal reactor vessels make it possible to apply |long residence tines
and to contact the liquid with a relatively |arge anount of gas. This is
advant agewoo0ean2iasmanuf act ure of organi ¢ hydr oper oxi de pcw/Ere@sosf3os he
relatively low reaction rate. The reactor vessel has a |ower part and two
opposite ends, and conprises a liquid inlet at one end and a fluid outl et
at the opposite end. The reactor vessel- @ontains at |east one substantially
vertical baffle-plate arranged in the direction of liquid flow through the

reactor vesseltguringReriBt opesadan. nBYrapsebstantinakh ¥yver tikal
baffle-plate is understood a baffle-plate which is situated substantially
per pendi cul ar {orhe SPran8Yof ¥ he Horitz6n. A s the direction of liquid flow
t hrough t he react amevessetodurd sxpinoiarab 0pesatpart issidf cem dheooite: end to
the opposite end of the reactor, vessel, the baffle plate iz, understood to
be arranged in tHe G eSPMBR TTom thedfe 8hd-td tHe opposite” end 'of the
react orbvessel outThe ledf tthe- ppatestd agnduséhenrehet @r eseseli pyendimon are

preferably posj{ i%&f‘sﬁﬂ%‘rﬁ%hsw?{aﬁﬁ%L@ Separali %fﬂet‘?gﬁg%fjﬁﬁ%%%d N whi ch

the liquid flows \g nornal operation. In a horizon r’ reactor
vessel , the baftfltepldarestapre pf eferdldl ¥ lpostiioned tdebseanteal |y

| ongi tudi nal ., EBreferabliyqt hsrbaf fdrRliaba.i 8y af rangednch,a yertical plane
parallel to or co-incident with the central |ongitudinal axis of the

hori zontal realtiorfaledselcFBa1S diii ¢AFXPREOPUT pBsds STREbaf Tl at es

can beipartly perdianafed. stbet et gt yofoettpenbaddle- ploattes gammyagy w del y.
General ly, the_baffle-plat

; 0 .
reactor vessel CCTOIE €8¢ g?cg\ﬁl% i/djg:(faeqf%r‘i(?%r ggnt %S)i%gjﬁo %I{%)%;té??%ﬁ?el&hé of the
baffl e-pl at e i searwsenessehi guring normal operation is from the one
end to the opposite end of the reactor vessel, the baffle
plate is understood to be arranged in the direction from
15 the one end to the opposite end of the reactor vessel.
The baffle-plates for use in the present invention are
preferably positioned such that they are parallel to the
direction in which the liquid flows during normal
operation. In a horizontal tubular reactor vessel, the
20 baffle-plates are preferably positioned substantially
longitudinal.

Preferably the baffle-plate is arranged in a wvertical
plane parallel to or co-incident with the central
longitudinal axis of the horizontal reaction vessel. For

25 liquid mixing purposes the baffle-plates can be partly
perforated.

The height of the baffle-plates can vary widely.
Generally, the baffle-plates will be of from 5 to 60% of
the height of the reactor vessel, more specifically of

30 from 5 to 50%. If a single baffle-plate is present, this
one can be even more than 60% of the height of the
reactor vessel. The height of the horizontal reactor
vessel may vary widely and for practical purposes may
often range from about 0.5 to about 15 meters, preferably

35 from about 2 to about 8 meters. Preferred heights for the



one can be even nore than 60% of the height of the reactor vessel. The

hei ght of the horizontal reactor vessel may vary widely and for practi cal
pur poses woyoaitesssr ange from about 0.5 to about 15 net ecs/Eppecsfosszapl y from
about 2 to about 8 neters. Preferred heights for thebaffle-plates for
practical purposes may range from about 0.025 to about 9 neters, nore
preferably fromabout 0.1 to about 5 neters. Both a relatively |low baffle
plate (e.g. in the range from5 to 20% of the height of the reactor vessel)

and a rel ati vebyrfighibatkl eopl gt L-Hi®a0. phPpbses MaRge sheMe20n tokA% of the
hei ght of the reactor vessel% have been ipound to bgﬁ%/e t he desi red i npr oved
contact betweeh- %ﬁféé&?b%ﬁc ARt MRg6i B FEAt Ergar §oRF R -

baf f| e- pl at es {&.4poutn 5t heteangesdtrom 60180110041 ¢ efserabl y160=t 0 80% of

t he hei ght of &he reactor vessel% gan %I sgobe 9dvan qeggsbf rovr ded a
sufficiently h rm eneous react or ]ierrperature can Rai Atai ned. I n
order to mai ntJaezatr:taDJsurfefsrseiLEnaﬂloj/ homigenseols he@ct@fﬂlerrpéaaeur@ gt may be

advant ageous tp, usg qta]nl gastopasd |y, %rof QE%E‘ rf 21 il e %gtsr?a?&raone

skilled in the art preciate that t erred hei or a
baf f| e- pl at e ariS3He @raé?ﬁei@?%@ @G{%ttooﬁlﬁ@rf—]@@ a@qwerdnlélpgpv%% vessel

depends on furtheraal reunBbangesesuchasthhe pasitipnofcbhesheat exchange
means and the position of the further internals. It was found the presence

of 2 or nore bAFFY @ iPPaPestis REHAS dif - adlamagecdiss TRBrefor®, it is
preferred to appiy, 2reffciabey Pew add @o/baﬁfteepﬂl@igﬁ& offr eher abhyt ot he nunber

of vertical baffle- Iates s of rvmn%ﬁt nor e, refera%H of from2 to
5, more” pref SFEBI o T B2 0 HY e RBPEORr b GTGEI 2 "or 15F1C
preferably 3 .héflogameodd naabesr ofenyafrialterpl aalessuzsllprbeseauntamccentral
baffle-plate gf@%&ﬁhhyt%ﬁRgiggéiﬁlgly%f%ﬁgqggtP; homogeneous reactor
temperature it may be advantageous to use at least partly
15 perforated baffle-plates. Someone skilled in the art will
appreciate that the preferred height for a baffle-plate
and the preferred extent of perforation in a given vessel
depends on further circumstances such as the position of
the heat exchange means and the position of the further
20 internals.

It was found the presence of 2 or more baffle plates
is especially advantageous. Therefore, it is preferred to
apply 2 or more parallel baffle plates. Preferably, the
number of vertical baffle-plates is of from 2 to 10, more

25 preferably of from 2 to 5, more preferably of from 2 to
4, more preferably 2 or 3, most preferably 3.

If an odd number of baffle-plates is present, the
central baffle-plate generally will be in the middle of
the reactor vessel. In such case, the baffle-plate can

30 also function as a slosh baffle to reduce the risk of
sloshing in the vessel.

The baffle-plates can be connected to the wall of the
reactor vessel in any way known to be suitable to someone
skilled in the art, directly or indirectly. Preferably,

35 the baffle-plates are connected directly or indirectly to



the reactor vessel. In such case, the baffle-plate can also function as a
sl osh baffle to reduce the risk of sloshing in the vessel. The

baf f | e- plwbesoszamssse connected to the wall of the react ecTaPs@slosizns any way
known to be suitable to soneone skilled in the art, directly or indirectly.
Preferably, the baffle-plates are connected directly or indirectly tothe
bottom of the vessel. It is preferred that-the |ower parts of the

baffl e-plates are provided with passages. To enabl e sufficient draining of

the reactor, the distrancerbehwerssddhe wal ksobréherdepethar and ther
baffl e-plates is referablgﬂat | east 5 mm The baffle-plates are

substantial |y %&rtd &l R PRET pr e8EHES AVENPT OR: defh& e XaPESpassti o of the
baf f| epl at es deparids st ffivt eherdcd ircursbances. rddctean hecpoefested that the

baffl e-plates are situated per icular.to th | I._of .the reactor vessel.
The preferrod BESITTON 6 Eho BarTio A5 Gres FRELHE PESEE or Chetanl “Hepends
on further feapwiesalohaaslehet shape of the reactor vessel, the position

of the inlets and out el and: Lhe, shace, el ogll af Jebe Ehul ds used: 1f

nmore than one baff plate is present, it Is preferred that these
baf f| e- pl at es RFfESHItstinventedn ever wXacsuRdst ok erft réeobathtevessel . A

set-up of the baffde-latas vhigh-vas foundnteagide espeghably good results
was one in which at |east 3 Farallel baffl e- pl ates, were present arranged at

even i nt erval sSPTEVET nt-8ATal8e sl S RAECERe? baf 1954t es are spaced
apart im the |paweserpardulal tbeckeaetlar csuehet haicidre Wdisskances bet ween

T aai d il o, one G ForecBast i MBS AndTa BF U o Pee LS the’ TG d I et
and reactor vessel depends on further features such as the

shape of the reactor vessel, the position of the inlets

and outlets and the space velocity of the fluids used.

15 If more than one baffle-plate is present, it is preferred
that these baffle-plates are distributed evenly around
the centre of the vessel.

A set-up of the baffle-plates which was found to give
especially good results was one in which at least 3

20 parallel baffle-plates were present arranged at even
intervals. Even intervals means that the baffle plates
are spaced apart in the lower part of the reactor such
that the distances between neighbouring baffle-plates are
similar.

25 The reactor vessel comprises a liquid inlet, one or
more gas inlets and a fluid outlet. The ligquid inlet and
fluid outlet are placed at opposite ends of the reactor
vessel in order to make maximum use of the vessel.

The reactor vessel further comprises a gas inlet

30 device arranged in the lower part of the reactor vessel.
By the lower part of the reactor vessel is understood
that part of the reactor vessel lying below the
horizontal plane through the central longitudinal axis of

the horizontal reactor wvessel.



fluid outlet are placed at opposite ends of the reactor vessel in order to
make maxi num use of the vessel. The reactor vessel further conprises a gas
inl et dewoeoernassged in the | ower part of the reactor wesa®boosByszdhe | owner
part of the reactor vessel is understood that part of the reactor vessel

| yi ng bel ow t he horizontal plane through the central |ongitudinal axis of
the horizontal reactor vessel.The gas inlret device can be any gas inlet
known to be suitable to soneone skilled in the art. The reactor vessel

according to the presepk EHY@Btcﬁ&fhc@'&bﬁi ps ahy | @astinlc@agnbih efo fir each
reactor vessel, preferably at |east 5 inlets. A gas inlet is considered
to be an openih bftbaéct]\ﬁeéﬁ FPRECGRS Suppl éﬁdt]F‘ﬁeal?fea r TGesEef. A preferred
gas inlet devieesdesl &cl’ct@ﬁrbliﬁ@t‘@d) ey frereated phpenexdrendinngihstsoc the | ower
part of the reactar ) vesse lgp (g)rerforatlon§oof etshse perforate}gl }Flapce open
into the reactor vessél> The gas in nmost “pre era]1y PESEE" AT Y 1e present
inventidn is al@@stcaﬂ lded spaeger Ptuia?@ iThetgas ¢olwidededi te s arranged in

the |ower partogf, the feactar«¥esssl ..Breletabl e the s Lolet, davice is

near the bottor e vessel. prefe gas evice for use in the
present i nventPléﬁ‘ﬁ%rﬁ@r osesintet éia%‘{lcﬁnéspérh@?ﬁa%@&% peréarebaeh side of

each baffle-platg AdLachgrivessale aontai phpg 2r hafd hezpkategepref erably
conprises at |east 3£perforat ed pipes. A reactor vessel containing 3

baf f| e- pl at es prefRs: &rﬁt&S%r?%e@%tpelré%?tﬁd Pt orRtad L pFpesie A s
descri bed her erélacf'tuj’rt hz@rs,sea Stlﬁl@k_ﬁasr aalc_b@r my €6 Sete RARINPEESei s ey al
reaction zones. |f thi referred tt%at each reaction

zone cont ai ns & & ﬁlné(fenaé%c]es aF‘rSéJf 5?‘3{%?5 SREH "gas ™ nl et device can be

oper at ed i ndependeritd yaisnisleh d¢asiee is arranged in the lower part of

the reactor vessel. Preferably, the gas inlet device 1is
near the bottom of the vessel.

15 A preferred gas inlet device for use in the present
invention comprises at least one perforated pipe on each
side of each baffle-plate. A reactor vessel containing 2
baffle-plates preferably comprises at least 3 perforated
pipes. A reactor vessel containing 3 baffle-plates

20 preferably comprises at least 4 perforated pipes.

As described herein further, a single reactor vessel
can comprise several reaction zones. If this is the case,
it is preferred that each reaction zone contains a gas
inlet device. Preferably, each gas inlet device can be

25 operated independently in such case.

The reactor vessel according to the present invention
is especially suitable for contacting a ligquid reactant
and a gaseous reactant. Therefore, the present invention
further relates to a process of contacting a liquid

30 reactant with a gaseous reactant which process is carried
out in a horizontal reactor vessel having a lower part
and two opposite ends, which process comprises adding the
ligquid reactant to the reactor vessel via a liguid inlet
at one end of the reactor wvessel, adding the gaseous

35 reactant via a gas inlet device arranged in the lower



The reactor vessel according to the present invention is especially
suitable for contacting a liquid reactant and a gaseous reactant.

Ther ef or ewot2hes/quaessent i nvention further relates to a prortagP006fsgaont acti ng
a liquid reactant with a gaseous reactant which process is carried out in a
hori zontal reactor vessel having a | ower part and two opposite ends,
ses adding the liquid reacigant to the reactor vessel via a

process conpri

liquid inlet at one end of the reactor vessel,

whi ch

addi ng the gaseous react ant

via a gas inlepadevie ranbanggdrddrdike bewenpardiand menavbngiéeantion

product via a fluid outlet at the opposite end, which p
out in a reactof® VEESSI tFuFtRer? FNCARGS at s | SHst SGn@YSubstantial Iy

rocess is carried

vertical baffleepltaire vassangedrimed hendiaiechy ofc afeddtquind fl ow t hrough t he

react or vesse

fluid outl et si

ua opposite I qui n

ur.i ng .normal operation...Reaction product .i s, renoved via a
Pt B Lol e QP! (e Re B O R R L p e Y e

gas outbets canipetpgreeserit 1iJhed gaowithiretgbabhder qgragsentveaseainy pl ace in
the | ongitudin |Jectign Lhe reactor vessel such as near the liquid
Pl BB Per

inlet or near

t out

e reactor vessel according to the present

i nvention often wildaccanrabPho@itieats exehangeY heahs o eshteol [ing the
tenperature ofsihedLachhbeni Ak Xty e.igsuehiheat . exeangeMeansedd &r

preferably arranged at a EOSItIOﬂ hi
vessel accor diAigrt Fahevp

er than the gas inlets. The reactor

g
g5&8ntt MemtiCSA s BXpettalay 18hi EabIRF for the

manuf aco ur e of pryehraperoxhdep byceont ackl ngnagitidiid erigantcosospainyd Wi th
an oxygen containi.n as. Additionally, | vent can he present in such
process. The o&?@%ﬁg%oﬁFﬁﬁ iﬁﬁcﬁé§s5§%rb§88x§ﬁ§ﬁugﬁf§egr05n9ear the

15
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fluid outlet.

The reactor vessel according to the present invention
often will contain a heat exchange means for controlling
the temperature of the reaction mixture. Such heat
exchange means are preferably arranged at a position
higher than the gas inlets.

The reactor vessel according to the present invention
is especially suitable for the manufacture of
hydroperoxide by contacting a liguid organic compound
with an oxygen containing gas. Additionally, solvent can
be present in such process.

The oxygen containing gas can be oxygen only Or any
gas in which oxygen is present in a substantial amount.
Preferably, the oxygen containing gas used in the present
invention is air. In such case, the excess gas which can
be removed wvia optional gas outlet 20 will contain inert
gas and a limited amount of unconverted oxygen.

The organic compound for use in the present invention
can be any compound known to be suitable. An organic
compound which is preferably used is ethylbenzene or
cumene. Most preferably, ethylbenzene is used.

The process conditions to be used in the present
invention are well known. Preferably, the temperature is

of from 50 to 250 °C, more preferably of from 100 to



gas in which oxygen is present in a substantial anount. Preferably, the
oxygen containing gas used in the present invention is air. In such case,

t he exceswogass/oaléssh can be renoved via optional gas outlcetEP2@sisd3bs cont ai n
inert gas and a |limted anount of unconverted oxygen. The organi c conpound
for use in the present invention can be any conpound known to be suitable.
An organi c conpound which is preferably gsed is ethyl benzene or cunene

Most preferably, ethyl benzene is used. The process conditions to be used in

the present inyentign@ke wWebtiknawn.y RBretepabl 5 ddhesherperatunig i s of
from50 to 250 0OC, nore preferably of from 100 t0200 OC , nore
speci fically of$3%th 120V£69180 DELOF St her r bRt 4EG5E8 Ph a process
for the manuf acydirapcafoxhyid; opes oxd g1 twhe1vessetaMiy lcogenenahéyt cont ai n
heat exchange foeans arran gdaiPaAQ§jr?@%E8rrv§gsq} to hﬁaE th gqggtion
mxture at the“start o operafloﬁgand'to coof “when tHeé realtion has
progressed sufféeaiteintd yixThee anpurite oft aoxygénopardtaion argdgas toobe added
and the anount_ nQﬁQ@Qb%c€QHPQQﬂ9 I%gQ%Sggﬁeguggﬁgg $100 the specific
uc

circunstances of the process s s the volune and shape of the reactor
vessel and the desihcedresntedt ratidnt ¢Pnhydrbperdd de Pa eAdePratlct

obtai ned. The pressiiRtobrt BegPh £seinRLAgess hS MfeLClibbbral andican be
chosen such as to best accommpbdate specific circunstances. Cenerally, the

pressure near tPeCtol GRTEHBSVRSH i IFPCbBT 8FC 1T ot Rospher T ¥ 10 x 10
N /m,100re speeifdrcald yrotnérosmdedrovesxelOaN Mmhe theigas renoved via the
gas outlet 20 can cq&%&in a go%i'derable ampunt_  of unconveg%ed organic

conpound. The eX&ct amodrf’ 8 SIrereedCor fanic FEMyEina tdperts on t he
conpound used and Tthee pprecess chndid iporscappbie@cksd fisdeskr ablejcdlhe

tenperature Ofaﬁ@%xgg%ec%ﬂopgnlgﬁﬁ{%g E% best accommodate specific
circumstances. Generally, the pressure near the top of

15 the vessel will be of from atmospheric to 10 x 102 N/m<,
more specifically of from 1 to 5 x 105 N/m2.

The gas removed via the gas outlet 20 can contain a
considerable amount of unconverted organic compound. The
exact amount of unconverted organic compound depends oOn

20 the compound used and the process conditions applied. If
desirable, the temperature of the gas can be lowered in
order to obtain liquid unconverted organic compound. Such
unconverted liquid can be recycled for further use in the
process of the present invention.

25 The reactor vessels according to the present
invention can be placed in series with further reactor
vessels. In this specific set-up, the total reactor
contains at least 2 reactor vessels of which one or more
reactor vessels are according to the present invention

30 and wherein the fluid outlet of one vessel is connected
to the liquid inlet of a subsequent vessel. In view of
the benefits of the reactor vessels according to the
present invention, it is preferred that such reactor
includes at least two reactor wvessels according to the

35 present invention arranged in series.



order to obtain liquid unconverted organi c conpound. Such unconverted

| iquid can be recycled for further use in the process of the present

i nvent i onrwOoBh@/neast or vessel s according to the present pcmeEppioisom3cnn be
placed in series with further reactor vessels. In this specific set-up, the
total reactor contains at |east 2 reactor vessels of which one or nore
reactor vessels are according to the present invention and wherein the
fluid outlet of one vessel is connected to the liquid inlet of a subsequent

vessel . In view ofgddhe rbenebitscHfc1t RQNr 36EHI N VQES IS nBEE 0L &b NGO t he
present invention, it is preferred that such reactor includes at |east two

react or vessel 5eHdCETUIFAGEF o (EHES PrESe At SPnieht s bif! & 48g88PFheSeri es. Each

react or vessel cesghraoitaish . ONee Ofedmri@nsepaeat €t ericifican fzonesadrsonet i nes

al so referred to as .separate co artnent%). T@g anction zones can differ
other 1In wvarious aspects suc aF e, degree Pf conversion .
from each other in various aspects such as the degree of conversion which

has taken pl acehidhéresepakabepteart iThe zepesatarn-detdoeatedes ncan siengl e
reactor vessel . by, meang whi¢h,aL %%‘J&%‘M} Rz88§8£“9k9§“?neh%‘ﬂs' Lgdchnathe art. A
pl etween the

very well known neans is a vertica ate reaction zones
per pendi cul ar ¥ePvithediseaepionsiefl f9owrwhihehaneans edy dR1openP¥Yy whi ch

permts fluid to:fd aw for oELENEL T 8ACHHOBZABENt Ond N SUBSBAUEALs Feaction
zone. A detailed set-up _of a single reactor vessel containing a plurality

of reaction zoNEPHEE Peéh HesthrS bEd Sar108- Af 4L Lopgrhighsmeary et &t or

vessel 1¢can be ¢isetdiig whhenppesents ifivadt kons1Ref &r@nerec schaowismde to
Figures 1 and 2 shomﬁg&ﬁasggrizontal i.ch reactor
t

react or _vess Id1 "ﬁh €
vessel 1 has T0ner AHE T o 50 e B ' Fha 167 THe Feact or
vessel 1 is providedngilehraatiquivkdsdlletcohBaatinden grichir@land affl uid outl et
14 at the reaction zones has been described in US-A-4,269,805. Such
reactor vessel can be used in the present invention.
15 Reference is now made to Figures 1 and 2 showing a
horizontal reactor wvessel 1, which reactor vessel 1 has a
lower part 3 and two opposite ends 9 and 10.
The reactor vessel 1 is provided with a liquid
inlet 13 at the end 9 and a fluid outlet 14 at the
20 opposite end 10. The lower part 3 of the reactor vessel 1
contains a gas inlet device 17. The gas inlet device 17
as shown in Figure 1 includes a perforated pipe 18 of
which the perforations 19 open into the reactor vessel 1.
For the sake of clarity not all perforations have been
25 referred to by means of a reference numeral. Dependent on
the exact circumstances, it can be advantageous to remove
excess gas via a separate gas outlet 20 during normal
operation. This gas outlet can be absent dependent on
further features of the reactor vessel and the process in
30 which it is applied. One or more gas outlets can be
present.
The fluid outlet has been depicted at the bottom of
the vessel and the optional gas outlet at the top of the
vessel. However, this is not required. The preferred

35 height at which each outlet is situated depends on



opposite end 10. The |lower part 3 of the reactor vessel 1 contains a gas
inlet device 17. The gas inlet device 17 as shown in Figure 1 includes a
per f or at eslopu@@2d&sof which the perforations 19 open i nPOTIHPROSOSIDr
vessel 1 . For the sake of clarity not all perforations have been referred
to by neans of a reference nuneral. Dependent on the exact circunstances,
it can be advantageous to renbve excess gas- via a separate gas outlet 20
during normal operation. This gas outlet can be absent dependent on further

features of theyreact ofirvassehnand 45@1@&0%_3%@&@/%&%@ bl Esmappd ied. One
or nore gas outlets can be present . The fluid outlet has been depicted at

the bottom of the-\REssel “aRd Tt he Yist i99n&Pe§asCHUTtIEI3RCt hEé oD of the
vessel . Howevergvdhiwhiicd not Iequid egnefhelpredsatied hei ght at which each
outlet is situategnggg%ng§ogn$grteeg_ 'r% ggt&a&gg_%§a%ﬁhgage gﬁgreciated
by soneone skilled 1 FRETTt e of thESe" cr Pttt afCe P&t he ' evel whi ch
the |iquid gensuladtiantrieddheserThen ¥ éadttor-péssel 23. flucumes 2omt@iihs at

| east one subs i AV i baff | e- t F . gures a 3 show

addi ti onal ver%?%%fg%%¥%¥g%%lg?égg%%'gﬁgggg,ga%%HEé¥?%g?pF§fe%g%G and 27
respectively. Bafflerglaees<9232nR L hngsesct andl bafFatd-lgratese323.26 and 27

are arranged ingthe levernnpaptsrB Of ithesr eact of vessel slcapd-angparal | el
to each other. The baffl e-plates 2§i 24 and 25 and the baffle-plates 23, 26

and 27 are di reet'etf iR"ERePaT F ectGorkN6f TRRGEPT YEDIF 1t Hr 80gh2the react or
vessel 14 duri ngarrieal toperahi OftherTheneeastorevessels L3f upthera comt ai ns

heet pXchange, TR Guarianged Lherel ol 0,8l Lher, Mol cor goft g ng,
means 30 has anifedteion( pdt 1shoim)f tayw whirohgh the reactor vessel 1
during normal operation.
The reactor vessel 1 further contains heat exchange
15 means 30 arranged therein to either heat or cool during
normal operation the fluid in the reactor wvessel 1. The
heat exchange means 30 has an inlet (not shown) to which
a supply conduit 33 is connected and an outlet (not
shown) to which a discharge conduit 35 is connected. Both
20 the supply conduit 33 and the discharge conduit 35 are
connected to coil 34. Coil 34 mainly is above and below
the plane depicted in the Figures. This has been
indicated by dotted lines.
Reactor wvessel 1 will usually substantially be filled
25 with fluid during normal operation. A liquid level which
can be encountered during normal operation has been shown
by dotted line 21. The ligquid level is taken to be either
a level which is reached by ligquid only or a level which
is reached by a combination of liquid and gas.
30 During operation, cooling medium or heating medium
can be added to heat exchange means 30 via supply
conduit 33. The cooling or heating medium which has been
used can be removed via discharge conduit 35. Although
only a single coil 34 has been depicted, the heat

35 exchange means will usually contain several coils.



a supply conduit 33 is connected and an outlet (not shown) to which a

di scharge conduit 35 is connected. Both the supply conduit 33 and the

di schar gewoanebui2t6s35 are connected to coil 34. Coil 34 wermryooss®sabove and
bel ow the pl ane depicted in the Figures. This has been indicated by dotted
lines. Reactor vessel 1 will usually substantially be filled with fluid
during normal operation. Aliquid | evel which can be encountered during
normal operation has been shown by dotted |line 21. The liquid level is

taken to be eitbeira Ieuel cwbhehyd sudeached by didcHdrd anl ¥ 9fngud evel which
is reached by a conbination of _I|iquid and Duri ng operation, cooling

i as.

medi um or heat ¥ RFTHEdIVGT°Ean bk & =) Hg§§e%X$W5ﬁd§eﬁe§ﬁ§e%®ivia suppl y

conduit 33. Theegz@aldmgooesheas | dgs drediedmenbireh has Heerfusedd camtbe

renoved vi a discq?ggg onduit 35. Although nIX a sing!e coiI.%ﬁ has been
a eXcha e }c can

. ac %1on zone contains fea e ans wh
depi cted, the hea exéhange reans Wil Susua |y contai n o severa

coils. Several bheatpeethangedepamdergaly -be present in a single reactor
vessel. |f areactf, yesseh COIPIISES, sevel aliof8ACl 9t 2apes; , agdlescri bed

above, it is preferre at each reaction zone contains heat exchange neans
whi ch can be opelatedd rdepehdent|y. The present invention is illustrated
further in thegfgldowing exanpl es. Exanple 1 A reactor vessel was used as
depicted in Figures I and 2 . The vessel had a dianeter of about 5 neters
and a length of aBbdte26Creteide! By M5EAzBATOHt ENitRg T 899k S of

et hyl bemzenehygt@per axcdecwas] agted ta ahbLsrreaciyutvesasekeys aandilet 13 at

a rate of 660 fons/hoyr and ai s ,add % via gas inlet deyice 17 and
perforated pi pec18htta %8?5 %@I%%xifnsﬁ 8&#. %ﬁ%“?eéﬁkl6ﬁ B9 x¥ uFE was
0f ethylbenzenehydroperoxide was added to this reactor
vessel via inlet 13 at a rate of 660 tons/hour and air
was added via gas inlet device 17 and perforated pipe 18
15 at a rate of 20 tons/hour. The reaction mixture was
heated to a temperature of 152 °C with the help of heat
exchange means 30. Upon reaching this temperature, the
heat exchange means subsequently was used for cooling to
remove heat produced by the exothermic reaction. The
20 pressure in the top of the vessel was about 4 x 105 N/m2.
Gas was removed via gas outlet 20 and cooled to room
temperature. The latter makes that compounds such as
ethylbenzene, ethylbenzenehydroperoxide and water become
liquid. It was calculated that the amount of oxygen in
25 the remaining gas would be about 5% by mole.
Example 2
The process according to Example 1 was repeated in a
reactor vessel as depicted in Figure 3. Further process
features were kept the same.
30 It was calculated that the amount of oxygen in the
remaining gas would be about 6% by mole.
Example 3 (Comparative)
The process according to Example 1 was repeated in a
reactor vessel as depicted in Figure 4. Further process

35 features were kept the same.



heated to a tenperature of 152 OC with the hel p of heat exchange neans 30.
Upon reaching this tenperature, the heat exchange neans subsequently was
used for woabieng4dse renove heat produced by the exot her rca/EPe@siosa3ns The
pressure in the top of the vessel was about 4 x 10 Nm . Gas was renoved
via gas outlet 20 and cooled to roomtenperature. The |atter nakes that
conpounds such as et hyl benzene, ethyl benzenehydroper oxi de and wat er becone
liquid. It was cal cul ated that the amount of oxygen in the remaining gas

woul d be about 5%y 3Rl ea1EXBNRLE hathenpr 8668s: asCexPyRg 10 Exanple 1 was
repeated in a reactor vessel as aﬁglcted in Figure 3 . Further process

features were KRR gameortd ©aulat Y W%%ﬁ t he amount of oxygen in
t he remai ni ng gas_andmérbemabmmtoﬁ%ﬁ@ymmmhe tﬁxaﬁpl&e&o®€bnpﬂ@ﬁhﬂye) The
process accordlqg 9 ln%ngages was_ %R%%Eegsl a_reactor ves§ L @S depi cted
in Figure 4 . FurtHer process”fea urds TWér e ﬁeﬁ% tHe S ARSI £T was cal cul at ed
t hat the anountxwferoxypgeh waSthﬁﬁﬂEnEimhngrgastwwnnmiﬂmgrabout 8% by nole. A
| ower amount of oxygendnet he @axsearcet@v%sggpméb% ALOGESHpLDdI £ahes ¢ hat
better use has been nade of %e 0X was added to the reaction

m xt ure. There?d%@“fﬁhéubééé@b¥ahe@§ép§e@§éé ih EBagsisecifamRCyi ve a
substanti al i mpsRy.eERNL, kR QB@C@éﬁbdﬁﬁlo%éﬂHB@€-&&ﬂﬁﬁ@%@mﬁﬂ5h3the
conventional set-up of Exanple 3 . A substantially

hori zontal reactor vessel having a Iomer part and two opposite ends, which
reactor vessel conprises a liquid inlet at one end, a fluid outlet at the
opposite end and a gas inlet device arranged in the |ower part, which
reactor vessel contains at |east one



substantial ly

| east one substantially vertical

pl ane parall el

paral | el baffl

vertical baffle-plate arranged in the direction of liquid
fl ow through the reactor vessel during normal operation. 2 . A
subst ant iwbl2yodauészont al reactor vessel according to cl acmeb2gosobsoei n at

baffl e-plate is arranged in a vertical

to or co-incident with the central |ongitudinal axis of the
hori zontal reaction vessel 3 . A substantially horizontal reactor vessel
according to claim1 or 2 , which reactor vessel contains at |east 2

e-plates. 4 . The reactor vessel according to claim3 ,

vessel contains 3 baffle-plates. 5 . The reactor vessel according to
4 , which vessel contains at |east 3 parallel baffle-plates arranged
even intervals. 6 . The reactor vesselL accomdgng to any one of the

precedi ng cl ai

ms wherein the gas inlet device includes a horizontal

perforated pipe extending into the |ower part of the reactor vessel.
The reactor vessela acbordnngat by dlaiimodtehereactdhercgasli hhetnaevi ce

I ngj udes at | easheons,Rechar abed,ping .ancrach sids, o each hallle-plate. 8

The react or

vessel  accor y one of the prece

gc

whi ch
claim
at

7

ai s wherein

the | ower parteowfristss baffhepl abeetare proveded witivigassages. & . The
reactor vessel @ccQifiget Bnanyn@ne £fs tihecpreceding chayag whigh vessel

further contai

ns heat exchange nmeans arranged in the reactor vessel.

10. A

reactor®that iheftfdesTar FBaSE T4t JFSTESseP S A anged PRt s@t% es in
whi ch at | easts@fe: Oftilsheyr eact Dfavessels-bsavs Corndinm@dt enapye one of the

precedi ng cl ai

10

15

20

25

30

IBeodilion 526885, 20 £ 2GLL0gna Ml Q4 feagtant, with a
during normal operation.

2. A substantially horizontal reactor wvessel according
to claim 1, wherein at least one substantially vertical
baffle-plate is arranged in a vertical plane parallel to
or co-incident with the central longitudinal axis of the
horizontal reaction vessel

3. A substantially horizontal reactor wvessel according
to claim 1 or 2, which reactor vessel contains at least 2
parallel baffle-plates.

4. The reactor vessel according to claim 3, which vessel
contains 3 baffle-plates.

5. The reactor vessel according to claim 4, which vessel
contains at least 3 parallel baffle-plates arranged at
even intervals.

6. The reactor vessel according to any one of the
preceding claims wherein the gas inlet device includes a
horizontal perforated pipe extending into the lower part
of the reactor vessel.

7. The reactor vessel according to claim 6 wherein the
gas inlet device includes at least one perforated pipe on
each side of each baffle-plate.

8. The reactor vessel according to any one of the
preceding claims wherein the lower parts of the baffle-

plates are provided with passages.



gaseous reactant which process is carried out in a horizontal reactor
vessel having a lower part and two opposite ends, which process conprises
addi ng t heoleuizabsseact ant to the reactor vessel via a lpcqurdoosnssbs at one
end of the reactor vessel, adding the gaseous reactant via a gas inlet
device arranged in the |ower part and renoving reaction product via a fluid
outlet at the opposite end, which processsis carried out in a reactor

vessel further containing at |east one substantially vertical baffle-plate

arranged in the dimectiancef depid fd-owst hyoughdheneagt ore vessel during
normal operation. 12. Process of manufacture of an organic hgdroperoxide
whi ch process Roiffid S8 Ceahtact iy &95i56di 8 b ini © ¢Enpsulg®wi t h an oxygen
cont ai ni Nng gasekxdhandd @eass accoigidngnt ahel aemdds vk3.sePr.ocess according to

claim12, in ich process the organic co und i.s _cunene and/ or
et hyl benzene &TQAEX F€€§8§ é%%%fﬂ%hﬁdﬁg 8?2?%?%5 ofefg?oﬁhy%%s%r%cess is
carriedSout ataardreygoeriat geeief fr orhit@0atoll286c Ocard a&hpressutre of up to

20 x 10 N/ n?2

"vessels is according to any one of the preceding claims.

11. Process of contacting a liquid reactant with a

gaseous reactant which process is carried out in a

horizontal reactor vessel having a lower part and two

10 opposite ends, which process comprises adding the liquid
reactant to the reactor vessel via a liquid inlet at one
end of the reactor vessel, adding the gaseous reactant
via a gas inlet device arranged in the lower part and
removing reaction product via a fluid outlet at the

15 opposite end, which process is carried out in a reactor
vessel further containing at least one substantially
vertical baffle-plate arranged in the direction of liquid
flow through the reactor vessel during normal operation.
12. Process of manufacture of an organic hydroperoxide

20 which process comprises contacting a liquid organic
compound with an oxygen containing gas in a process
according to c¢laim 11.
13. Process according to claim 12, in which process the
organic compound is cumene and/or ethylbenzene.

25 14. Process according to claim 12 or 13, which process is

carried out at a temperature of from 100 to 200 °C and a

pressure of up to 20 x 105 N/m2.



