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WD 98/-32725 :
PCT/ GB987 00168 - ~ PROCESS FOR THE PRODUCTI ON

OF ACETMWD pgI3I725 This invention rel ates to therqu/oHesmoiesn of
acetic acid by the oxidation of but ane using a cobalt catalyst.

The cobal t-catal ysed oxidati on of butane to produce acetic acid is a known
process, and is described for exanple in US 4032570, US 4158740, GB
2072667, 5 EP- A- 0018729, US 3923882 and GB 1531247. us
4032570 relates to a process for converting butane to a product

predom nating in acetic acid by contacting butane wth nol ecul ar oxygen-
containing gas in the presence of a soluble cobalt conpound at a

concentration of 0.5 to about 20 % by wei ght cobalt based upon the
| ower fatty acid in the reaction 10 conposition at a tenperature of
about 200[err] to about 250[err] F ( about 93 to about 121[err] O.

The partial pressure of oxygen is not stated. Whilst US 4032570 states

at col. 3lines 5to 9 that the reaction tenperature can be from about

150[ err] to about 275[err] F ( about 65 to about 135[err] C, and
most preferably from about 200[err] to about . 250[err] F ( about 93 to
about 121 C), all the exanples except one were perforned at 15 a
tenperature no greater than 115[err] C. The process of US 4032570 may t hus
be characteri sed as operating generally at a | ow reaction :

tenperature. The PREOCESSFOR THE PRODUCHONDEACEICdAEHRUN 5 in table

! |
o) odoer Chan S?ﬁ‘m&w Bl e Phichion it asetic A7 By fhaqniiagion of °

us 4158740bn’@havsag300balqo¢mms for converting butane to acetic aci d in the

20 presence Ofrhﬁ(&gﬁil{-bﬁal&&'a%ﬁ(gc{angh ?i" %St%je fo?fmgﬁc%t gét?c &4 Al Ange of

about 75[err] to 8é’gressure I'n"the range
of about 28TP%EE gmblspigpcrg:sggquﬁxgmp%@&.[s 4032570, 18 45589904 GB736€7,per squar e

centi mes r e EPAALICIB72RIUE 3931882 aAdIGH tik®] 2401 essure of nol ecul ar oxygen
o 200U 0. © L 01A0R5He i b B0 e PR it SR Ty P
partial 25predonesatingdn adetinatid bylcantactiygyisutaieewittnmoteailaedxygent hi s speci fi ed
range to oRkbahfing gas in the presence of a soluble cobalt compound at a concentration of
0.5 to about 20 % by weight cobalt based upon the lower fatty acid in the reaction
10 composition at a temperature of about 200° to about 250° F ( about 93 to about
121° C). The partial pressure of oxygen is not stated. Whilst US 4032570 states
at col. 3 lines 5 to 9 that the reaction temperature can be from about 150° to about
275° F ((about 65 to about 135° C), and most preferably from about 200° to about
250° F ((about 93 to about 121° C), all the examples except one were pérfonned at
15 atemperature no greater than 115° C. The process of US 4032570 may thus be
characterised as operating generally at a low reaction temperature. The experiment
performed at 131° C (Run 5 in table 1) apparently shows a lower yield of butane
converted to total product than, for example, at the lower temperature of Run 4.

US 4158740 relates to a process for converting butane to acetic acid in the
20  presence of cobaltic ions at elevated temperature in the range of about 75° to about
130° C and elevated pressure in the range of about 200 to 500 psi absolute (about
14 to 35 kilograms per square centimetre) whilst maintaining a partial pressure of
molecular oxygen of about 0.6 to about 15 psi (about 0.04 to about 1.1 kilograms
per square centimetre). According to US 4158740, it is critical that the partial
25  pressure of molecular oxygen be maintained in this specified range to obtain
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PCT/ GBO#iaigsetes ' extrenely high conversi ons of HOIVGBAS/0A16E -
extrenely high yields of acetic acid. Whi | st US 4158740 states the
el evated tenperature to be about 75[err] to about 130[err] C, the

preferred range is stated to be about 90 C to about 120 C and exanpl es of
operation only at 110[err] C are given. The process of US 4158740 may be 5
characterised as operating at |ow partial pressure of oxygen and generally
a |l ow react,i.qn tenperatuyre. . J/Acgording.to. 2072667,

but ane nayP*HEMS '}Hé}é‘écﬂ“’f’ ‘%&8?{’?&%?@ Wemelyh‘gh&ﬂéa%#aign%\a? tal pressure
of 200 - TWaist{iiS 4158740 ataedsithe elevaledseimpentyre & baabout 75° teapandBot e bet ween

80 - 150 [er WAl f ign 10  of
at | east Elé’ltg%&oetﬁ%rper?oljaﬁ%e%g%ﬁ%ﬁg§g/oab§‘§?ebg%o% af%&gtt %@Ofegﬁ@{ag&h&fg&rogact i on

m xture  operatign@niretillBhCoongien.r dhe process ofBISHI58BH0mprbes per million in
the catal y&xﬁraﬁ%ﬁ?ﬁé\d & %{)eratingis%L&?ﬂ%@ﬁl&x@ssﬁé‘&b%ﬁ%ﬂ%ﬂ ‘éeﬁ)éfalgf PKEt

concentration, bel ow satura reactionnedid. Wilst it is
st at ed t hdfaAIo8 gPPeraiitint of oxygen is desirable in the react or

ef fl uent and Oxﬁgibﬂdiﬁﬁﬁﬁeﬂtzmii@n batank Aty deakidised te et delddy0. 1 to 10% 15
preferably 1 tot8°/ é% e F)ar-t't hopﬁﬁcsosure.of Exg(ggn istn t explicitly stated
in the OXYBEL 3L 10k PrEAPYR & g )" IO PLRCeRC 985??’(: fcentration at the
anal yser vempehbiretetween 80 t d508Cain theprssene 004 vdtiablaceisteamhiemutadidnt 0 be at
| east 4@. 7 0 Rr A: 901 t . t | ysed,
i qui c}gphac;s}’zcllE g)??tdoé% {t'bRuto ?'&Y‘Ertp?% ?%’ bised of %Lf%g‘??gr?gtﬂ%cﬁﬁéﬁr“ onélar gns at a
t enper at ura@d@n i qopcentiptien pf kslewid 080 partupey sillipnin the spabyst feaydlon of 0.1 to
10 % ?y w&&g ﬁ%@b&h&ﬁiﬂi@'ﬁ&?%fﬁrb%lctt Bé:g;%ﬁﬁ%t%n?;e%mﬁmlﬂin the the exanples
is not given but can .est.inm 0 be.abou bar or Jless, .
T hos dovienson s WEE s Satint e it & HbRnh deBrablnnthy i ng
condi t i ongeadtamefflyert ang exyencondentratian atdhgenal@3& should®8[0el td W%Nd hi gh
oxygencpart.i r ' | : centration

N sPardiRlably 1 to §%£§}‘é§&§gre‘s§%§( Isa&*yda igg% &%@Lﬁpﬁ%ﬁl&%@(@é m_cltﬁg

I ncreases ‘the rate o [ i s according
to the prexamplesnddhenghin erntel Bs opyast icoresntiationgd shesanplyser fies stated | i qui d
Eh?se oxi ettaﬁquea&iow omcﬁﬁeﬂﬂé@iﬁ?@% tﬁéiﬁtléf,t_@.qlﬂir.lby r_egctl ng oxygen and
utane in the Se cobalt .catalyst. i.n .a Liquid reaction

conposi tion i np%ﬁ'A'BS&ﬁéiaﬁfﬁf fohe l?gccﬁ*ag’ﬁedzé'ﬂ%‘%@h’ﬁﬁa%‘f%ﬂogé’ Gft hat the
process i SCpaliphaticiparedarzon3@t a tempeeatatewnf §0ito 150P€ aralzcdatalystzone i n t he range

120[ ergpl tQy &bh br ©.1 Wid & Ou%ihit]tﬂéeb‘ﬂgﬁl Yhe %%rtial S\%%if%k?%err]x?n ‘o a

concentration of oxygen throug he react | zdne equiva

partial prtbesxamplesis et /guen bitean be estimatedtoherabodtndibag asdassent rat i on of
cobal t OXiit Had hW bed @leddctddly fonRd tHablusifk § pAKkabOBf SRR tion of at
| east 0.12 %bi>é wei %gty coba%t and yp til?'?f#d S LLmt of solubility in
the |iqui FOPEROPSHSRMEYTEBRERISHIN thg range 12010 HLeCang bighoxypen PR esent

i nvent i on ppssnssciac@bsicg tobafieatatysr eoncenttdtion irwneggses the rate of butane

2 25  oxidation.

Thus according to the present invention there is provided a process for the
liquid phase oxidation of butane to produce acetic acid by reacting oxygen-and
butane in the presence of a cobalt catalyst in a liquid reaction composition in an
oxidation reaction zone characterised in that the process is performed at a

30 temperature in the reaction zone in the range 120° to 180° C, whilst continuously
maintaining a concentration of oxygen throughout the reaction zone equivalent to a
partial pressure of oxygen greater than 2 bar, and a concentration of cobalt
oxidation catalyst in the liquid reaction composition of at least 0.12 % by weight
cobalt and up to its limit of solubility in the liquid reaction composition.

35 The process of the present invention operates at a temperature in the range
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PCT/ CBOGRIigBaRs - 120[err] to 180 C whil st contiP»CDGBP8/OMES Nt ai ni.ng
a high partial pressure of oxygen t hroughout the reaction zone and a
hi gh cobalt catal yst concentration to obtain a hi gh reaction rate

Oxygen may be fed to the reaction zone on its own and/or in a mxture, for
5 - exanple, with air, recycled gases and/or inert gases such as nitrogen
and carbon di oxi de. Butane nay be fed to the reaction zone,
preferably .as, -Bg)to e, ..al t hough . ..an _n-bytane/i sobutane m xture may be
Used.  Typi daP} ), T80 Eawhil? chaligssly geintsiiine 2 hieh nial REesite 4! POYERIbUL ane.
Cobal t oxi deoughouw ahetegstiomamne laed i highadbaecktalgsticbacentration teesbtain@n zone as a

solid, or ‘ile%xsr@!@\éfﬁ)(i{xla a suitable solvent, for exanple, acetic acid. 10 A
sui t abl e sol*vent pre%erably acetic acid, is also present in the reaction

zone. TheS&vesnpeidate ivetpe mactierizans onfits avened/ain 2amistuse foecycl e
conponept s .example, with air, recycléifgdstidfbrifG € Edses e TR Ritt ﬁ’gmf@;%fb&r? ”p[ Ihse (i)
sglubiTity In the

Coact | on o QPR BoARe ey, Bedih yihe THiston <oRse BEeIoaly as »butageeghulht | cobal ¢
(ii) ?cet ibcanmeblf)ﬂanei’iwbmm&_ hnﬁbc&x_rabﬁsl;be akih ll%ypi/uallﬂfgtreatéﬂ t'hitl)r) 95%%{I;t/hebl5 TOL
exanpl e a v wei ght, ~(i.y) butane,, for exanp|e,abqut o by wei ght,
and (v) di ?gg)altfge(fla&%g _ne&é]%ayt)oa% '8Hﬁ§§1y§&f8ﬁ' @%B*rﬁgléc}e Biﬂ?ft es and/or by-
product s magactips gonseasy sedidnor dissotved in & suitatilersebvent, for exemples adetioacitior
exanpl gg e : | ' .

S ﬁfxﬁble_solven%?éfi Cﬂﬁﬁz \a}g&fa%na%gfd \t/%ce)‘fr@sb eﬁre%e?giélﬁﬁg reaction zone,

Preferably, materials e oxl dation 20
reaction, SGEH CIMROBERts mayRetled to the seactiom AofIeas s eeYSIH cemPpoReRtS.cer t ai n

non- tmat al's, for The liquid?é@ﬁiﬂn&oﬁlllpbﬂhblﬁ maﬁ%&nhﬁ@t(i)tdlbbalt Bli(iﬂhﬂitﬂﬂ_ '&ét£l¥§t,het -
reaction c i t.i on L.exanple . sui e selection of materials
of constr u@gﬁgﬁs@)‘fmt ?féoﬁlgﬂgbf &n{g%ﬁﬁcﬁ%m%@d’n’ for exafvﬁg R a‘g\‘?ﬁ 14 pework
and/ or by thby weight tobalty(i)acetir aid feraxaspleabast 3534 byvedightg@i) water, resin
beds. q;!,a,],, DL.e [N | ' r ef er abl

gr eat e§§t hg%r %(Samlggerab-gn%% eiBht a%ﬁ{gm{eé%%?%’ @r@g%ﬁrl‘toﬁ/‘ggfgg |E-on zone ?/s
mai nt ai ned 2né (Y)@SPE@@@XM[ &3ther qompounds suglsag intgrmediatepped/er byl y in t he

range 135 tpeoduBRmiy dlsdbe ﬁ&&@ummtaqgailalruadian chRpbaiGieror B8RIRHIE lesters, 1O
Oferr]C. A constanf t enperature nmay be

150[err] C, especially 140-1
mai nt ai nedkf’tr?"??l%ndacar%xyﬁ‘éﬁ‘egﬁ'on zone, for exanple, by passing a process
stream from t he Prefablyp matepials v3ich baveauglivase effectomttie cxddatibng means and
returnb§g irdachiGn tdieh é@@&{aﬁrpﬁe@a&n‘f‘vr example chromium, mﬁrcﬁkﬁﬂl%lnﬁnetglg bftak es of gas
conpri sing oxygen and gaseous ptoducts are > nmlntai ned essentially in
di spersed F¥HAPIPSUIph, Rieckeptte dainimum ie trepeaitionsamaasition, for examplee i s no
gas/ | i qui dbyBhiedblegeectibh Bf AatePR IIF @Skt GBS0 POARE realtth Snd héiBcibfRACT | ON
“zone is maint neg full of J/ef# r%ul at |tre1rg I {ﬁajw d reaction.conposition and
di spersed 35°°°1° gAE PIRTHISFIe A/ GHISME HEG P TEMPREPrOYFESeS M) e BifAaRESpr esent i s
that in theesmubdsses. 3
.25 The total pressure in the reaction zone is preferably greater than 35 barg,
The temperature in the reaction zone is maintained in the range 120° to
180° C, preferably in the range 135° to 180° C, more preferably in the range 136°
to 150° C, especially 140-150°C. A constant temperature may be maintained in the
reaction zone, for example, by passing a process stream from the reaction zone
30  through an external cooling means and returning it to the reaction zone.
Preferably, bubbles of gas comprising oxygen and gaseous products are
maintained essentially in dispersed form in the liquid reaction composition and
there is no gas/liquid interface with an overhead gas phase. Thus, the reaction
zone is maintained full of recirculating liquid reaction composition and dispersed
35  gasbubbles. This ensures that the only gas phase present is that in the bubbles.
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PCT/ CBOR/d X3 k55s Vari ous nethods may be enpl oygftepfitgaace t he
recirculation of the liquid reaction conposition, for exanple, jet

m Xi ng usi ng an oxygen-contai ni ng gas and/or a recirculated liquid
stream Since the contents of the reaction zone are fully m xed, the
partial pressure of oxygen throughout the reaction zone (that 5 pressure
whi ch woul d be formed if a vapour space were in equilibriumwth the

| iquid contents) is constant. A high partial pressure of oxygen may be

mai nt ai ned Yarious methpdsuitpay be employedtocenhencesbmeecinpulstontof theeliqad et y

consequencesclbn dorh b g Xt n over head gas
phase. Such 5 1E!’F’)I}';lrti}%)acl?sm&‘l’ gozfl?faemliﬂse’ngwfgﬁs%%m%éﬁgn&éwgg%fgseferabl y at

press, ! .
| east 4 bafn %{%&fﬁlﬂﬁ&?dﬁﬁ@dﬁgﬁ%maﬁum theqontentsof the teaction 298¢ arel0 A
_ty{)i Cgl _OXﬁglgﬁniﬁaf,Fh@bar?ﬂ@ﬁédgﬁ@_df%xﬁétﬁﬂ;tﬁroa§w tlée_ reactio]p zone (thz/xt Vet hOdiS_ of g
i nt rodugi n into . a ui.d wi,thout the formation.af.a ga i qui
nterfabe Breaile SHIcRIRoRIY HE FReme i, v out Fessyyeisdn Caibhe LR in s,
1996, pag_ebqlaécomems) is@aostEENA Gighnpactig) ressura ef ®8/26n mag e maifiaihdd * These do
not descri Bﬁo@gﬁ&ﬁf’%ﬁ@acgi% zﬁﬁe\vﬁﬁﬁﬁltﬂé &?&f}‘k@!ﬁs@ eﬂ?és%?%'fﬁ&n?afbleb utane to
id, as in the p In on.

produce 15 | acetic acid, rese entr ] Thus
accor di ng Mixturecdesaiss theseistnoggverhead grephase. Susharmartinh pressureis as least

provi ded a2z Ibﬁﬂ&ﬁﬁ;ﬁ'efeﬁdb(l}i f19eddf HYHCIPRRBly tﬁE?&x’tiﬁl Feistretb b o Q@Bgr” Ses:

(a) re tlcﬁq O%{%en an baHtane at %ueg‘gera ure ’in the range 120[err] to
180[erﬁf ATtypica oxygen partial pressure;is 3iouLP offy first |iquid reaction -

conposi tion i n Methadstof intmduting gaoineo 4 Hiqudd without the furmatieeofegis ¢ acid, the
first |iqujds; ﬁﬁ&lf j o] SO b S | oxi dati on
cat al yst, 15 tugne, fgéqg%i veg c()ixlhgjekn, acée ﬁgg%ﬁgggn%wgp}{gﬁ% '

havi ng no 422 PRERSi3Q tPberndeENGhemseepeoluneH896 ngaes IhideTheskidost

cont | nuoushot dusérbied b SRS Botli AR AE okiBaridhoriufik fo BRuERT Nt al ni ng a
concen* ation of Hogﬁﬁgﬁe in the liquidhroughout the tirst reaction zone 25
2)

equi valent 2¢ge 0 PO IVt oxygen greater than 2 bar, and a
concentrati on oThendrabtdinpxtodakientbodinient yBthe preséd énviehticit thefeti d reacti on

conpositio 9 . \Wej . al . dup toits limt of
sol ubi | i ty&i"%fdteﬁté,ﬂf'?%é% t F%%?’é%‘?éeéé’@ﬁfgﬁé’gga%o‘%ﬁ’?‘?%r?;‘l"Pses' (b)
Wi t hdr awi nd2X r BRFtNgoNYBem and kuriane; abia toraprsatyre indhestange BAP o dBO°GE, ible fi r st

l'iquid 30 recirbfladig st IRRPREHInUdmpbsitieh e firdd xtegct%t;{oﬂie%q oxygen, and
passi unm reaction zone in which there is

it to a i cid Eugblfzqgl
mai nt afhed a sHOSHEP 39ete peid. the first liquid regchion eompPSKIoRSOWPHFBA cRbator i si ng
cobal t oxi dat i oxidatainadatedytst, botanadissotlied arygendacetic acid and watepangen, acetic
acid and water

with butane i nh% I Sc{eg%ﬁ%b{aﬁa%ﬁgcef\gg%? ’:’ §Vﬁg}é%§%§s Ipﬁarssglnwvﬁﬁt t he bubbl e ngygen
col urm r eact i ofPnEBHeUSoMpiNntainrE:0Xyger Hisperseskinithe liguidiandsmaintaingond | i qui d
4 WO 98/ 3gofiéentration of oxygen in the liquid throughout the first reaction zone
PCT/ C%S/ 00168equivalent to a partial pressure of oxygen greater than 2 bar, and a
concentration of cobalt oxidation catalyst in the first liquid reaction
compesition of at least 0.12 % by weight cobalt and ﬁp to its limit of
solubility in the first liquid reaction composition;
(b) withdrawing from the first reaction zone at least a portion of the first liquid
30 reaction composition, together with entrained oxygen, and passing it io a
bubble column reaction zone in which there is maintained 2 second liquid
- reaction composition comprising cobalt oxidation catalyst, butane, dissolved
oxygen, acetic acid and water, and reacting the entrained and dissolved
oxygen with butane in the second liquid reaction composition in the bubble

35 column reaction zone to produce further acetic acid; said second liquid
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reaction conposition being in contact with an overhead g’as cPhase conpri sing
oXygen V0 983X72hcent rati on | ess than the |ower flanmabil FEFGEBOPI6B: t he
oxygen t herei n; (c) withdrawing at |east a portion of

t he second liquid reaction conposition from 5 t he bubbl e col um
reaction zone, recovering acetic acid and optionally other

co-products therefromand recycling to the first reaction zone cobal t

oxi dation catalyst fromthe w thdrawn conposition; and (d)

Wi t hdr ?\_Ni ng oveerabﬁ&dt dccﬂﬁﬁob ; s&%%irfg{iﬁ'&bﬁt?& \hu?iﬂ Svesifdal (Fas pml%_@bbxﬂﬁxt*iﬁ?@ei ]
separating unreact ed, butane reactan erefr and.recycl i | 0 the
first 10 OXygen af p GRncegifation less than 8 ‘°Wef%ﬁ"§"‘g’%%ﬁ¥‘ﬁe°ﬁﬁ%o‘fxyﬁﬁ% present
~invention provthtesn;a process for the oxi dation of butane to acetic
aci d which t Q. . ' i : : be used
wi t hout thel@ap'ét? Qﬁg‘lgfég%%ggﬁgﬁkp aAaft. ﬂﬁ%?r?m%ﬁ@%&é%@a?"@%%ﬂ ﬁtq?n phase and
to achi®ve confliedubbleicolumn whctipaszoandretovgring acetiniasidiand gptibraliy @thesr ough 15
use of a react egm&&gg@?h»g ﬂﬁ%&%@!%%€OQB¢Bﬂk?eaeﬂérpﬂﬁ\%-cogﬁys according to

a further aspect resent Tnvention there is provided a reactor
for use in t heopfsiRmeatelyst from the yrithgdeayn compashiogo®sh i sing two reaction

zones wher e(d) withifa¥ing 6@thdadiag e ifivm the bublblapélbma redctiofigonejodat i ng a
recirculating first.li

. liquid reactlion compasition wth.no. s/liquid
interface wit hS%Pﬁr%\?gr"ﬁéegﬁtea%é‘gaﬂﬁé%ag&gﬂﬁ’eﬁeﬁ?&wefg%g% ft4R ﬂ}eo[?fg?capabl e 20
of acct¥muodat i regctiorsearend | i quid reaction conposition with a gas/liquid
I nterface ot : d Hﬂéﬁt‘fbrﬁ?}g S ad ' ction zone
adapted to a,cco%ﬂ%ﬁlﬂéﬁ%g?g% ?%?%tt nmeans o‘r’,’aééaésjp%ﬁgs/%tg?{ﬁ? uid and a
baf f | e neaf3ida@eipeldmtane toaeeticacil whieh bath enables high gargialrressurss of i r st reacti on

zone gas apdygdh tbbe ksl WithsR Gk Qet) Boegibntéofiatia@imable overliRaizas 25

Unl i ke conventional reactors. which ha%ge eléper. a;rgt uqr)&r 05 entrain gas
from Paasant fQ peliieve romplptambting pieas apd igyd Tk ds #Pieypd tHRuslt esent

i nvent tHn psoof areactor specifiehliy désyned firghie psipose. oT hustaecardsighiy aifattheyduci ng t he
gas throug F : : |ar cul afi | -].et which
I's dissi patg Ser;cf Qr%{(}ﬂgﬂe?ew&ﬂﬁé&&hg& il r(rb@&g ab%?‘fq%fbg ugé,m%%’ﬁlit?gu?%é& al

di ssi pat i oRf ageticaeidjcompgising iterp seackippy geRES Wheraiya BEY Te96E01 7A08 ihi ch t he gas
30  bubbl egpablecofRitsmmbesingEOREeAIRME st lighRl rkidtioh chbRpsditigiwaRAe does not
have a head ,. . B‘Z%g"s%e I ch |§F8f cO rse@lﬁﬂdem r%bl et.vmth thebi)eact ants
of the pre&8Hiayd ¢ with an overhegd ppsphasgd} SHRWPH PO SBRCLT of the
pr eseng0i neéatdoommadating e stant higuidaedction compositibrewith agasfliquid intéréacei qui d | et
and gas, | qQgal ' | 1. Ql there is

| ess coal egﬁglnag g&gﬂ%@{l gg} %@ge %Ldb%fdzfysgmreﬁﬁ%egr?g? %d?prﬁe%ﬁ?ed%‘?&hﬂﬂldg& tF or 35 a

| onger per i2Binlegifmeansfor gap enpdiar liquid anrhe baflle meansndapied 4n ussdpdispersand exit the

S Wehr3B4hbaf &t first reaction zone gas and/or liquid introduced through the inlet
PCT/ G3B98/ 00168 :
means.
25 Unlike conventional reactors which have either a stirrer or entrain gas from

a head space using a liquid jet, the reactor of the present invention provides
efficient dispersion of the gas by introducing the gas through the nozzle with the
recirculating flow into a jet which is dissipated radially in the reactor by a baffle.
This radial dissipation of the jet generates liquid mixing fegions into which the gas
30  bubbles are entrained. Consequently, the first reaction zone does not have a head
space which is of course undesirable with the reactants of the present process. A
further advantage with the reactor of the present invention is due to the radial
dissipation of the liquid jet and gas, local concentration of gas is kept to a
‘minimum, there is less coalescence and the gas bubbles will remain in the liquid for
35  alonger period of time. Without the baffle gas bubbles coalesce and exit the
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rTeactor nore readily. The first reaction zone conprises an

i nl et mMagyysand a baffl e neans. Sui tably; the fingtr/&paioign zone
has a height to diameter ratio of 1 and a verti cal axis. The inlet
means nmay suitably be an orifice nozzle, a straight sided nozzle or 5 .
the like. It is preferred that the nozzle is an orifice nozzle. The nozzle
may be directed vertically downwards into the reaction zone. Wil st
the position of the nozzle is not crucial to the process, it is
preferred that the nozzl e be approxi mately one third of the height
fromthe tBﬁGGF“Fﬁ%“?éibtion zone. It will of course be under st ood

;gat t hi 3 hei ghTherfsst Ve%bﬁorv\tdd% dém‘pheésl alﬂgrﬂéﬁﬂ&ln@ anae@mt%rm&ﬁs . ﬁo ke, Th
regar ds ns isc or plate, or i ke. The
baffl e shotl Ea%yeﬁbeo‘irﬁ reS o W“F ha§ g@%@?f‘o BelfE r‘i‘flf‘z‘gé kanda lé?mf ensur e t hat

t he yas/ Thepolet meanemay suitabiiy\berhedificanézle, y strhipht sidddhmzeleagt or . Were
t he baf Ds | S osi.tioned
per pen ceﬁ ar It ﬁgreélnr‘eedctﬁ?@hgg?utl%lggnBhﬂ& AZEIFI "i‘hte%gﬁsi f&egr%eem ting the

i nl et rreanélfe%\semqai y@ﬁ@nwmf@tmtﬁélzqteecth@om r&&veléfdhqsosxtlmec»ﬁhsa| ly

downwar ds ncﬁkztehe néteﬁﬁ&lﬂrto thdproeadsf & premeAed M«!a{ {he%zﬂé’ Bk Tai) ﬁﬁhatel

hori zont al I I4s Hﬁt a% grl ln{ hor i Zﬁ_}t al | (itgar ds ¥ S '

preferred ? Bird 3 Jeight Gont the tepelthe resn 'H‘ﬂ“Fd ‘thé’OWé?? Gp the react or

fromthe bm;brstood that this height mblyevafyl wisit differeg reactoz géumeatties) contains a

recircyg ating f o C Qsi n as/liquid

|nterf1lz§ce W th AE?%%/al-dsCIHé "g%‘%gﬂa@gsm?’%t’%agn? fa%o"”%&? nﬁ@% parti al

pressures eatlleshpyldbe mpsmsmné Mﬂla'ﬁmd torthe inzzleiinlet torensureithat thone

wi-t hout t hgasﬂﬁﬁﬂtstreﬁﬁ% eneﬁéusﬁaamm, vﬁthfnl mm@do? WierOGRDaBRn %@?se'o The
X

present | a pressures o ygen,
i ncr easi ng? Plﬁ%emﬁ‘e pla easow&éwn P&?‘F‘B?FW’RF&?‘&PI?% paredioaofthke reaction rate
and this agdsfigeidfstreamrexitingrthé Inlet means. Tk, ipthedalet nexRlel Bidireefedacet i ¢ aci d.

The prgseng, Pd@%&aﬁqmetﬁg%orakhe%a% r%gaﬁxé Iyxglgéa Xi’tﬁ Ggneentrat | ons

i ncreasing t arti al re of OXx gen | reaction rate
and this QTWB ajlyppr &rbswaalbn horizpufally: r Seiregands height, & ipprefaredito aci d.

AL | east pdstionitnebatle bhefid drhd by ietRssRR R [ on Ts passed (o a

bubbl e col um reacti on zone whi | e col umm reactor containing a
second ﬁ@ﬁ St EPAEHQNEPNE B (9?1“@1“6 A f%ﬁ“t“H““ﬁ“%ﬁ@f liqwidrepctink er f ace wit h
an over heacbngmanohamﬂ\ @0gas/liyaid interface wily ge Overhendaiak Ipﬁiseo'[lhxb gBswé han the

ont raitoed o ettt biésurll of (58t H Inaintaiged i1 B rosfiom 200E 50 ¢ e
oxygen convikqut she sfety h@mseqw:np@ﬁ ofs flesnnuabjeyeverhead gasphase.n Theipresenti n t he

second | i awbrk Ha@@ﬁéW@&a@,%pﬁlgh bhx‘ﬁ'ﬁl ﬁressﬂfe%vﬁfygfeﬂ% &xﬁ%cﬁﬁ%' ¢ acid thus
consumi ng C e reactlion

FECT L . o S SRR

nposi ti o gactipmate prdl isalipwadorasovsialse has an

oxygen Coriuglnprodtxctmn tatesof debticiadidieTheopresent work also shows that at high

IgCT/ GBQ8 / g %ggs% EGreentrations i increasing the partial pressure of oxygen increases the
reaction rate and this allows for an overall high production rate of acetic acid.

At least a portion of the first liquid reaction composition is passed to a
bubble column reaction zone which is a bubble column reactor containing a second
liquid reaction composition with a gas/liquid interface with an overhead gas phase

30  having an oxygen concentration less than the lower flammability limit of the oxygen
therein. As bubbles of entrained oxygen move through the bubble column reaction
zone the oxygen concentration therein falls as oxygen reacts with butane in the
second liquid reaction composition to produce further acetic acid thus consuming
the oxygen, and carbon oxides pass from the reaction composition into the bubbles,

35 so that the overhead gas phase has an oxygen concentration less than the lower
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flammability imt of the oxygen therein. Oxygen may be fed
to the fWO88/337d%icti on zone on its own and/or in a m xtur @CT/GB98/6016dr
exanple, with air, recycled gases and/or inert gases such as nitrogen and
car bon di oxi de. Butane nay be fed to the first reaction zone,
preferably as n-butane, 5 al t hough an n-but ane/i sobutane m xture may be
used. Typically, greater than 95% of the butane feed is n-butane.
Cobal t oxidation catalyst may be introduced to the first reaction
zone as a s@lid,..or di.ssplved in sui t abl e solvent, for exanple, acetic
aci d. A sui %{%’P%blgtgll\?@ﬁf’gh&o&%‘?ﬂég‘i’r Macetic acid, is also present in the
first reaction Oxygenzomebe fEliés thednpeasionzonmyn heowaeydbeih £ mbautehe bubbl e
col umm r eacg, sl O T I: L oL ' onposi tion
conpri ses. (10} RpApewitr teoycied gasoq 4 feht skl o ARGk o PSS

sol ubi | ity ipxiggBytanemay he fdrtpdhe firsbreactian zosg.aprpfeeablymstrobuthusyt 1. 2 %

by wei ghst cahabgh ak hibutesidbataas hﬂxtui‘-&gla yongele T?BEM}y, edter i 938}, aht,

(i) water for exagpl e uf 6%y wei gh (rvy butane,” for exanple
about 40% b9f e Pyipe feed is “'ggﬁae-?‘%%abi%g%P%aat@Jxv@@a{.be@Mucééh@ﬂwms such
as i nt er mediirat ractiomtione aby-solid or dpseldeting sm&xblabfoede,efopé g, aicgtié hle_ liquid
reacti on coyjppsit exanphe. . esters,.. . et gne car boxylic
aci ds. dEid: As{lﬁ%l%’?@?@?’aﬁ?{fﬂbhﬁ? ﬁ‘f’ afid, ifAlse Hreﬁ%{gé” &?ﬁﬁ\f@?"é‘@“ef fect on
t he oxi dat iZnme. These ¢omapomients maybeecysled dramathe bubble bslumhaeactivamphe chr omi um
and cerjipai n non- s P : , d t I ni mum i n
TR dsBliqi@Yeaction corﬁ?@e m?gecoﬁ@h%y{ptcgg{l? oiﬁgﬁéoc c%(g%ysg]f

~the reaction canposition, .for exanpl| )y Su e se

material s P @df@f’?’ﬁ@k?ﬁ\’b‘(b‘ﬂ’ g H@.TP%P&’@E‘GPmaHﬁg%é‘@'CQX&WE up to aboyekgel s and
pi p_evvo[) kdarﬂa/bgnwdsighﬁdwalus(ﬁ) @éggle Q&id Vior eﬁmﬂes&ﬁﬁ 3596 By a?%_ig'hg_r(gﬁmé}?ge
resin beds.g. : o, BU of .gas in the first liguidreaction
conposi ti onfozra%amr%? ﬁ?%ultr?e/ﬁgy welg‘ﬁéé’éé gﬁt[apgilfggleﬁaﬂxplﬁ @B@?%@%%ﬂ’&%‘?tﬂ t he
reci rcul at iang (v) digsolvedopxiygen. eQthet compmmds sichias int@ediateschntifoeibg- i S NO
gas/ i qui d drBhEH | \; : i | al
pressure ofﬁro%ééiﬁﬁgaa}sbtgg_p?%eﬁtlg?ﬁkg |(?1'aet§ ﬁgﬁ facl% Sra“gt0 %'ggg{}ie%%%éfgh%st%s’t hout the
saf ety ket &p¢,GurRewdic@eids. | ammabl e i xture because there is no

overhead gas phaBefersbig inaterials whicRRb{d 2 ad¥ERS SHE® oh$hbxillffst 2 bar and
preferably rggcdoeast}? tial g)r essure is up to

" 4 barrt.. Pr ?f erfabelé% t,;e . ga({
20 bar. A tVHTHOR SUSHAS SRR Meraly foy exampleshramiyy, gRd eeriguy nomsmetalstfpr ot o
pressure ofexamplefsulphur, ragakent oo a minieunsinghefeactihl gongrositibey fot beainf@s bar g.
The t emper & abl sl ' i B| ' | N range
120[ err] to}wlfi 6%%18@[%0%#{%@&@%%‘%2%@?% Of h@%%&l@eﬁggﬁogﬁ%et o 180[err]
C, more prfesieland nipevark aﬁ‘éfﬁg&/ thesyse of Jemoval progessep3a¢heasyipn €xchaggeci al |y in
the range Iééinbedy err]C. A constant tenperature may be mai ntai ned in

the first roact IPUESTE ekt HFERod retbHEs cobory hy HEaRECRY r ot ur ning |t
to the essentially in dispersed form in the recirculating first liquid reaction cémposition\WO 98/ 32725
PCT/ GB28/ 0Qh@%here is no gas/liquid interface with an overhead gas phase. A high partial
pressure of oxygen may be maintained in the first reaction zone without the safety
consequences of a flammable mixture because there is no overhead gas phase. Such
a partial pressure is at least 2 bar and preferably at least 4 bar. Preferably the
partial pressure is up to 20 bar. A typical oxygen partial pressure is about 9 bar.
30  The total pressure of the first reaction zone is preferably greater than 35 barg.

The temperature in the first reaction zone is maintained in the range 120° to
180° C, preferably in the range 135° to 180° C, more preferably in the range 135°
to 150° C, especially in the range 140-150°C. A constant temperature may be
maintained in the first reaction zone, for example, by passing a process stream from

35  the first reaction zone through an external cooling means and returning it to the

7



reaction zone. The first reaction zone is separated fromthe
bubbl e w@bdH¥r2g €acti on zone by-a means which al | opsr/eBodiosass” a
portion of the first liquid reaction conposition . together with
entrai ned oxygen to pass to the bubble colum reaction zone without 5 -
the formation of a gas/liquid interface in the first reaction zone. This

separati on nmeans nmay be effected, for exanple, by arranging the first
and second reaction zones one above the other in a reactor, the zones
bei ng separated bx baffles or by a narrowi ng of the reactor dianeter.

Pr ef er abl ye3GH0BZOM¢-s |ittle, if any, recirculation of the gas or liquid in

the 10  bubbl eTleofirsnizactomcioneis separeted fivm the bablde caifimh heation benesecond

liquid reggtiaon . oskti,on vari . -t he bubbl e

col'urm  oatd Bepoyhich SRR epgs ¥ boroh SR e Aokl FpacBO EmBCadd

conposi t i dgethertwiitiaentrainedraxyben toqpasoto thebulihlhenlemn reactiorczangwithovtict i on zone

COMPY | 35 4h KrmEABA Y o PAUMHA Afbrfad Bl the brst HAChth 4dnk. IThiEiskpatition

solubility 1n the reacftlon corrp03|tb| on, for e nplg up éo ahout 1.2 % by

wei ght 15 means ayibe effepted, foperampls; u,affftwngesbaryﬁgqfén BEOnd 522¢YPhy  wei ght ,

(i11) wat efonef ofic #bo¥8Eeother in a rédefoi] the knd3\beingisgpdrated by baffles arigy a f or

exanpl e about 10 0/%‘% weg(%gj};wvgnd (v) small anounts of dissolved

oxygen. q%&?“’é%ﬁ% i %% nt er nedi at e and/ or by- ) products nmay

al so be presentPreferstig there Grlidtle, iifanyd rcmula@imnof:tdmg@sdntliq@iﬁ infthe - .,

exanplig, gﬁﬁﬁfe%oldﬂfﬁ AAGTor e Qﬁﬁ,l%%éagx g{ fhfs] ﬂﬁ'seg&d liguid_ reactionReact i on of
t’he e to

oxygdgen an utanp contlnues In h% um re_ctlon . Zone
(sui t abl y,composisigaivatesglorg thh lengthegfhe bubbleoiurenteachimzone. dwercallypical |y,

about the 8€1Rn8 Tiyhild r@4ctibh SoMpEsidn withdraon e thE I6H 6fAhe BSBLIE S i n the
bubbl e col upn react.i on

.zone). .The hubbl e col um, r.eact. on zone is
oot maut il Fafongone comprifan) o adaion Gt R iR LD T Fi 1t ..
i f any, r emlubdlity @it themeaztion asmpositicna fdriesample mpds dbouwl . 2%y weiglt  has a
as/ | iyaui d. 4 ;e - \M.44h a ' ion of the
ot @ orosbh. i) 6ic deidlech b HiAIE REGH o o) IR, (RYTRuGrofor kil O D)

. e 1
shoul d be about 11%dyrweight; (v) badansofos exareple abautd P 2p R weightiand @3 smelbd oxygen
i nt r oducedarhdlins éfEissolved o bIRh&Woripufidiatth e infepnediats af@asbyed by

further reaction so fhat the agxygen . .foncentratiaon in the overhead gas
phase of (HECHTBERY 258 bg FF PR de HE oo iguidrepeiion <ampogfioh e | over
f 1 ammabl e éxamiple, eftesxyetemestahé caboxylic acids. Oxygen in the overhead gas

phase jgy al so pe &isﬁgissg,;gx aigcb@muﬁeeco% G in the bupbl8Sbhundi 6@giofas. T or
exanpl e, carbon.cﬁ oxI de nitrogen, And’ or y the vaporisation of
but ane. THeone4suitablynatipstS Yo of theovermll anyzegeopsumpion 3a¢ Bically. aborlequi ri ng a
purg f gas. ongdsixth of the overaibx9gdt RnSiimhRibneEeediinBiebubblb eolamlitstienl uMm
reacti on zone

WO 98/ 3272%0ne). The’ gtf‘brbﬁ;[ c%?umn reaction zone is distinguished_from the first reaction
PCT/ GB98/ Oh@8n that there is littles ifahy,tracitcutation bE ggseoratastion compssitioroand(in) t he

P B AR S S e o REbiGRORSS! 0
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t he entrai neg N [ : .
liquid composition may occur in the bubble column reaction zone but it should be

kept as low as possible.- Entrained and dissolved oxygen introduced into the
bubble column reaction zone is consumed by further reaction so that the oxygen
concentration in the overhead gas phase of the bubble column reaction zone is less
30  than the lower flammable limit of oxygen therein.
Oxygen in the overhead gas phase may also be reduced by the use of an
inert purge gas, for example, carbon dioxide or nitrogen, and/or by the vaporisation
of butane. The latter method has the advantage of not necessarily requiring a
purge gas.
35 In a preferred embodiment, the bubble column reaction zone is operated
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preferably using the heat provided by the reaction itself, thus helping to
consuneWO 98/3272§xygen and hence nmi ntai ni ng the oxygen coPEERB#GIEM in t he
over head gas phase 5 | ess than the lower flammbility Iimt of oxygen
therein. A suitable tenperature range for the bubble colum reaction
zone is in the range 120 to 200[err]C : Sui tably, the oxygen
concentration in the overhead gas phase is maintained I n the range

| ess than 10 % v/v, preferably less than 5 %v/v. Suitably, the total

) . 0V ! ¥ Lo
A porti on oPol et eRgb R IR0 [t ARG of AR R RAlR T, 10
bubbl e col dR#ftieB&empesitionprd theeatipingd exvsemio @ ¢hd eveshead ganphaspt i onal |y

ot her préfeRdliGlstngStHe Re SréVifdd e réaelich R RS hé’lbingtt@l‘,bnéﬁﬁfeone are

recovered, and (b ~ cobal t' oxidation catal yst .is sepayated and
recycl ed t VB §dhepcs mafaigpg the pxygen concentrafioft in mﬁ?@?rﬁé"ﬁgg*}jé’g‘aﬁnase i s
wi t hdr adn flessthantthe bovkdy| flanmebility limit @€ bkygen 2herein 1 5A s?ifdblHRprll&hxrbut anebi S-
separ at ed | I Lst react.ign zone ar, nple y
using a sc?u beef‘rapgl%ob\%galtggo%nﬁhlreg&}%é‘ezﬁn%fs 3 e’lratﬁﬁeduroet&;gﬁae@'pr ocess stream
The present i nveiitiably, the oxygenstoneensuation irtthe everheadcgas phasBiigmaietaitedt 0 6 and
the i tHeQah Al S0HRES 1 DA/, prefeditiFleds ﬂlQIPS%g/i"vt. SSuﬁthli:Ctng fghi ¢ form a

reactor for use in tth present i'nvention. ure 1X represents the
vel ocity vdEessyre ipfhe hybble;colimn reaetion zome is greatensban 33 Bargr eact i on zone.
Fi guL elg is a %rﬁapbrm:fn dfeﬁfﬁe'k:@xm ﬁcﬁﬁ&raﬁ&@brp&fnﬁpﬁiﬂﬁﬁﬂ@s withdrawﬁﬁi(ﬂ??\e' n the
overhead g se versys tinme for bha aut.ocl.ave, experjnments for
it o B P o0 BBl Y A o
show t he () amtmethgloghyil ketoae treakecqversls b oxygen on
reaction raalt bkilMich &falyss is sepirited Efi ?&20]9& t@ﬁ)lelﬁ?s?tre&gigr? SHfS versus time
and figure 4b is_a graph oft oxgg_en f onsu.n}'?tion rate versus time for
the batch aut ocl@XENee gas phaseds withdrayn fiomythe bubble colpmggeastion zenea graph of
aut ocl age [fro2s sdiich bubtheiCSEPRFASAUING r¥6cRH So tHe st rEhdidhSofle, ifSr example &
schematic fbly%\évnd' adhd ;Or%v%eg%t%%efegfl At oiapparal s sagco.rdl g to the
present P& FHTHOSH P TECYEHPOSENSHEIR- schemat i ¢
form a reactor Therpreset inwertioa ipillesteated Bith referenetoiRigureIy 6 ahdithet WO
et 2 0B8ind ol £39101 B AR UID s s GRLYT
. .. 1he ] . ply I'nl'et "Tor oxygen
(3), fge BIGHI ynvieptien: Kigwreydy eeneesents theryglosify pesporsea the liqvid phageii d

recycl e0coriptheditbtsreion zone. Fighhe RBla giiitrofttadtib $hte afd férse be combi ned
to reduce the nu to e

r of, pi.pes 1o the . rea r.. The inlets ar
connect ed % enclngﬁ%ﬂ‘éﬁrh%&gﬁ B;’a}sﬁ VETUY Bye f‘&&’?fq%l tRClEvE SXPErigEnEs ’%@ t he
nozzl e i nl éutahé pxidetiomcFigutetishagripheofibaiins pfeiire acmshstirge {GRowpthei t i oned
PCT/ GBos] G Eg O sadden increasgs n parial presayrs of ogyeen op reafion rate. EIgBISR sone | s
connect ed %2 grphiofballast pressurmversus timg anddiguemdtyisaceraph ofroxygemi ng (7) whi ch
al | ows25i n cofisamplionQhtei veRsud timleT8r fhie badch hi:@diade experi]{qeﬁte&qiig&@ 4gonposition
(8) and e ntFrigau'rQ gqs 8 )éya%‘ﬁ ot ggtogﬁvgm pxte.rs]s(gxrfg and t%%@a%u@g verlsﬁsstgme. Figure 6 is

a schematic flow diagram for a butane oxidation apparatus according to the present
invention,

Figure I represents in schematic form, a reactor for use in the present
30  invention comprising two reaction zones, a first reaction zone (1) and a bubble
column reaction zone (2). The first reaction zone has a supply inlet for oxygen (3),
a supply inlet for butane (4) and supply means for liquid recycle components (5).
One or more of these inlets may be combined to reduce the number of pipes to the
reactor. The inlets are connected to a communal nozzle inlet (6). Gas/liquid
35  exiting the nozzle inlet (6) contacts the baffle means (6A) a plate (6A) positioned
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reaction zone and passed to the bubble colum reaction zone w thout

creati ngoagszes overhead gas phase in the first reacti ggrisHigootkfe top of
the first reaction zone is conical in order to avoid gas build up and

di rect gas bubbl es | eaving the zone towards the second zone. The .
first reaction zone is provided with an external . recircul ati ng neans
for the first liquid reaction conposition which conprises an out | et
(10), a cooler (11) a punp (12) and return line (13). The bubble colum 10
reaction zone ha liquid outlet (14) and an overhead gas phase outl et

(16) . below the mletr(ﬁbu'#‘fee firat eemefien zome is gognectediiothabulbls eddvmnin the first
reaction zeaetivhbéde Bysan opemnqu)"@ﬁ@ﬁ ﬁﬂb\pé’ i B2, QE&Itﬂoh%‘Fkﬂ firiligayd t1ng the

nozzl e (6) and bein ecte ans A) .
In use, OX ﬁ QmoR 1%@59?(% W‘W%$%‘@&ﬁﬂ8ﬂ@ﬂ%"§?@th%g§bduced into 15
the first resation mnezamﬂq:abd&dwm bubbletcalufrd) readtibh zaﬂdw(tﬁdutrdﬁédwﬁgfahve| y and

L oughs  ouerhER HSbblef ol IR O0MECRANS haR, AnsideasLed Th the

first l1quid
produce acét)m@a éR:PUief tchavoid S@tbulllﬂqlnladd direct gag buhblesdeavingthosone on conpri ses

cobal t oxi WMQt&%&%ﬁ%nea%Eﬁ%t fkflon iHn%i'tPﬂ)l’beﬁed wnth an%ﬂégﬁéi‘ butane and
water and is. nt ai ned fJ}')]hl&]@rcul ating by the f conponent s

through coRFFifGpting BIeans { f{té'ﬂ““ﬁfﬁ%cﬂpﬂ PQ‘F‘PP%‘&‘& wbﬁh SOABrises an
mai nt ai ned oatletq10)g aReskRt (113, apmgpelz)aﬁ@aetﬂ;a%e(rj) tmelmmrdolunﬁ and there

I's con nuoy; e concent r.ati.on hr oughout t he
first ?%ac? | ?ﬁg“z%onng hé‘ag%\‘)g’ld 9&% 1%) am{]‘b" %Veﬁ}é"iafl 84} P @@521 oxygen
greater than 2 Figurahd showthediquidanixing paftemnat dhet first reactlonmdaw‘nmh icat al yst

cobal t andEgra oY HRNGED EORRAR RrReind PR il dh ety | 10T

cobalt and uw Ity. art 1T St d reaction
conposi t i ofg q@e%st( ff:awn, together with entrained oxygen, f romthe

fi Ir st r eald use) oxyen, lﬁﬂd’lmﬁﬂﬂdldtrbéﬁmmﬁémﬂ@regxﬂt}od&e& h@? Eubbl e
col um; ¢ eagtd i.nt er f,ace Wi an
over hea%l gg{se %ﬁa@g&?)ﬁl PR thfm?%} E@a@ rlg}]g]%s(ls resp ﬁgely?ﬂ ’BB‘Eﬁ;‘I e col um
reacti on zusternHae (&3). diherdxygeh galdupinesee (caded arldie firsslquidsexcdon | i quid
reaction cegmpessitde tl(e]ﬂr)st r‘é@ét% &QQPJ #éﬁﬁc@é&%ﬁ@&ld CPheh }sf]f?&ﬂ jgation

catal yst, acetic acid wat er. Reaction cont] nues as e entrai ned and
di ssol ved reaction mwﬁl%mpreﬁss eohalpyidating catalystnacetic geif adissoliedi on

C(ﬁr’rpOSI t i ooxygenr) blithttsaddai'aﬂbmd is mamtdinﬁbdrﬁd:lﬂilﬁltxﬂg bﬁﬂldﬂ@b@@ﬂ concentration in
t he ov

| ble | t of
e ous BB g B SR B, o) B AT © L
col um reamalrtbmmzﬂcﬂ‘t@ tempergtura insths ratigs JRATCtenSAf Cofnddherg écantinadwslyover head |

10 ﬁftﬁggdzéconcentrat o of th hout th 1]
DCT/ GROB/ OR ot ion Oﬁy%en n;hou§ 011 e rs rg;ach lém Zone e ul}/aé‘?nrt]

oxygen contehPtial RIAssure ?ft%yé‘?}bgfﬁ@?ﬁﬂt an 2 bar gl ‘Efﬁ‘é%‘ﬁfﬂt@%’ P@l@ﬁ t he I ovver
f 1 anmabl e bxxﬂhﬁoroéatﬂYSIMetﬂﬂﬁtﬂ uia reffi6A REmpbsitidriof at least(lf P?%tblyon conposi tion

and from ¢ peieht EBalchEa RIRRHE uE A T0ub R el S0 By BBty and a5
portion of compositinm(83 istwithdrawmpogethergvitiodmained oixygeni fromabe fitsyst is recycl ed
to the reaction zone and passed through opening (7) to the bubble column reaction zone.
There is no gas/liquid interface with an overhead gas phase in the first reaction
zone. The bubble column reaction zone has an overhead gas phase (15) and a
30 second liquid reaction composition (17) which comprises butane, cobalt oxidation
catalyst, acetic acid and water. Reaction continues as the entrained and dissolved
oxygen moves up through the second liquid reaction composition (17) thus helping
to maintain the oxygen concentration in the overhead gas phase (15) less than the
lower flammable limit of oxygen therein. Vaporisation of butane also occurs in the
35  bubble column reaction zone, this causes displacement of oxygen in the overhead
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first reaction zone through recycle nmeans (5). Overhead gas phase is

Wi t hdr W@ 98/32725 from t he bubbl e col um reaction zone thr¥ WH0168t (16)
and fromthis butane is separated by separation nmeans (18) and is
recycled to the first reaction zone t hrough line (5) together with

fresh butane feed though supply neans (4). Waste 10 gas such as carbon
oxi des are vented from separati on neans (18) through |line (20).

The reaction conditions expected to be present in the process of the

pr esent ' i ' ' | : c cl ave
experi ment &2 %jap %g@%ﬁ% h%[n%ttﬁtgg%ﬁtﬁlgéﬁg?%%% F%Aﬁﬁeggt_?%tlgﬁea%gﬁvga h an

over head g82s pisasless thee thedawiert flammwablelimitef oxygen thergini $eeanddlimid i on wer e

i ndi cati verdabtidh OBpSIRAGE Bkthtifwn ok HRARIDSleRB R YeAdionGohe thrbligh Pr esent

i nvention. N trg%len ?S I ntroduced at the hegi nnin o&é@gse

exper i ment SUHES (§f) anddram dus, ageficacidis rerovers elh@aaveggye and a

Exper: nent pdnipnﬁfglhsic_aimﬁ(ﬁﬁibh!cﬁmpﬁﬁiﬁgﬁﬁﬁbﬂltebxidatilon catalystI is recyéled :td thgi um g

aut ocl ave | with.a stirrer, the upl e, coqling cqi and gas
onabut ane LS Pl niough rbdytle mesnt T ShBleRe s8Rk bR il cog vns S0
char ged wi frhmetherbubble eolufnaemtion zans thrqugh c®y¥t (16 srdoinem tis bytanpe Isut an- 2- one
(3.59), | ' N L QNI | : -butyl acetate
(3 09), et FRRuLY paRitch "‘6?35%3 ol RPhIpled 18 fielns beddibn 2886 1 V7. Sgy and
cobal t (1 1) tHeeghline Sptqssthermithdresh butang feed ghough sunplymenrs (@) Wiestse| ect ed

becausg t gad dughiad c&BER BRIEES &reWeited Boki Ry@diidomeans (18)rdupRTRE€RG)at i ve of
the liquid corrpci.?lent s .t hat ul d betﬁ]esn%nt i nt-.t e second ﬁ_|5 | iguid
reacti on conpositF SHCHPE ﬁﬂ?"‘iﬁ%‘sf%‘?ﬁ 10 B PEsERt ip SHE pFRCTE QL tedesEBhe i n a
cont i nuous irtventiotewerei stiafiedain the follewingdmtabradtovipve expdringntse shlthiovghvent i on.
The aut ocl g ded to
give o predis HEEs BEMEH RADLLAR R, iRl E R Hhaed W AHEROHER LT o ser
t enper at ur Bawyf comppatipn weregndicstiyepfthnse expactesddn the pracesh acqostigs ta05- 120
barg. 3RS tHeQifestdt inveMfonO WL wWESHIrBARRE aVBie befinfiag @dtifes®m t he aut ocl ave
until the pressur w?@ %Oﬁ 'b“g‘,; . %pen pas added from a bal | ast
vessel to 8&‘%‘“@?"%‘8 lyfecthe prygea iy %Yefﬁ £asPhas& he gas handl i ng system
fromthe b ghentd icahreaatic eellus® as to nmaintain the t ot al
pressure in the y t 3 . I I nut-es the
reaction initi aﬁa@ﬁgﬁg{?‘ﬁéd%%nggtéﬁgtg_%ygﬁ{an%g’g%@ r?gné)ﬁl\%é:?{)%g@ef ore being
br ought 352nd gafchnd tuganefesd poytstand vidor nompinglyrtesys] vabime of B0 parweaY 2 to 4

M nut ezo af tRdrgédvithathiRfure of: acetic acid (48.3g), acetone (0.5g), butan-2-one (3.5g), 11
WO 98/ 3272 :

pCT/ cBog) oBYEe acid (5.5e), pragiofin acid dade) Se-DuRik ARSI 8 G 2g¢ateage

t enper at ur €.2g)s nibfiafl acetit€ (1.2 wasdrd7.0f) and cobalplB leectate tetxahydrate neasur ed by
linear re ' . ' j 0. ) ( litre of
col d r eact 6 BhaTyE HBfuulel BRFd BeodiS b ol Bimponents Gt

The reacti b8 rm;:gseataltwmﬁthpgqeldmpmmeensmhat wgald bgpresrat in shessegondind t hen t he

react ops 5 [igiidTe£dichBmpBdshRitBdass AR Gubhe taluld refctoieosomponent s

charged and of the agal(}/m s of the_li ulhd Products.are shown in Tabl e
1. TaGPRnpous butane oxidation process according'to the present invention.

The autoclave was sealed and butane (36g) added. Nitrogen was added to

give a pressure of about 80 barg and the temperature then raised to a set
temperature of 140°C, giving a total pressure in the range 105-120 barg. Gas from
30  the overhead gas phase was released from the autoclave until the pressure was 104
barg. Oxygen was added from a ballast vessel to give a pressure of 115 barg, and
the gas handling system from the ballast vessel was arranged so as to maintain the
total pressure in the reactor at not less than 115 barg. After four minutes the
reaction initiated and the temperature increased momentarily, before being brought
35  under control by the cooling system. Owver the period 2 to 4 minutes after initiation

11



Char ged

Pr oduct WMass

| ncrease in Mass

(9) woosnszrs (Q) (9) - Acet one PCT/GBI8/00168 -

0.5 ' 0.4 -0.1 Met hyl Acetate

1.2 1.0 -0.2 But an- 2- one

3.5 2.8 -0.8 Et hyl Acetate

2.2 1.7 -0.5 sec-Butyl Acetate 3.9
3.1 -0.8 Acetic Acid 48. 3 62.5
14. 2 Propionic Acid 4.7 6.1 - 1.4
But yri ¢ Aocf the reaction, during which the average temBer@ture was 142°C, the ratelof9 Wat er
7.9 uptake of ox afégn ]measured d by linear re%essmﬁ -ofver th;'sq:venomrl's@ﬂﬁ)l 2. Effect of
partial pressure i procedure of

Exper i men©/hovlire of ¢

t he armunTh@?ea&%xﬁ%ﬂ§£ﬂd¢§a‘éQo%ﬁtlribelﬁﬁl

Bl

[err]C Th
by

phase.
wher e theT

the.-reacttom~Figure 2 shows both the

e r
E’P%%‘?‘ﬁ@é "ﬁgt?‘S
A dialyssafithsliqiid pealatisare shons indablddne under the sane conditions

termnated at various tines after
reaction rate during the course

wer

a0y _er e

BHIFE e

CﬁOh cbarg@ftal@sg mluméézéwlé §hargeas 137.6 cm@)<cept t hat

e ter

re the o

85“8?’51"&9

of one reaction and a correspondi ng plot of the

nd fe
the ov

@ ptdke c8Akd, 28 BRNakeIFlctoRS 135

AReh aRE T

|
erhead gas

initiation of

oxygen _concentration

of the reactor overhead das @,{;@%e? en drhgudt RAEET ON 1RSe mMg&rﬁh nat ed
with tinme {taken for the geries rgaction runs. | canage seen”firom 20
Figure 2 that the reactidn raf® is 2 i Bt el y chnst ant(8ht 6- 8ol
Aerr]/litrgediosy as t he ggxyger] concepyration|in thepneactorf overhead
gas phase jdectimes from gobout .10 % T O %DOU[ ZI % VIV iJ.l bar jto 2 bar)
and then f thy} Aget : : Conc At eclines to
zero. The rBaahi2osnepr of i ljfe up3to terjm nati @8 was very -0.8
12 B{E 2t5
PCT/ GB98/ ceta simiar—id allbdetionfuns— %8 diftelent
Ki netic regsepiButyleAeetatbselr ved3.9The kBretics at an eXggen vapour
concentratj pn . of , greater ft han out 2.5 % (2.5 r) represent the
kinetics ehded csc..tjg: R thb - ré?‘/:é/feact 12} zc*lgam.Uj*jE}e
Ki netics of Propmnicadeid parjt of 4tthe rdacti on6rlun were differént. 5
Experi ment §uty§g$q§d on of oxygen toire- stagt6 reacE ons. _jgq_ The
procedure Expettent Tm—f'ﬁ'H—ﬁTu except—tmatrTonry—i—=2g
cat al yst wa\éfatﬁsed the set tefferature was!31BO[err and BAly thriee bar of
oxygen was . _

10  Experiment 2. Effect of partial pressure of oxygen on reaction rate.

The procedure of Experiment 1 was followed in a series of reaction runs

except that the amount of catalyst used was 1.13g and the set temperature was 135

°C. The reactions were terminated before the oxygen demand fell to zero by

closing the oxygen inlet and immediately sampling the overhead gas phase. A

15

series of reaction runs was done under the same conditions where the runs were

terminated at various times after initiation of the reaction. Figure 2 shows both the

reaction rate during the course of one reaction and a corresponding plot of the

oxygen concentration of the reactor overhead gas phase when the reaction was

terminated with time taken for the series of reaction runs. It can be seen from

20

Figure 2 that the reaction rate is approximately constant at 6-8 mol O,/litre.hour as

the oxygen concentration in the reactor overhead gas phase declines from about 10
% to about 2 % v/v (11 bar to 2 bar) and then falls rapidly to zero as the oxygen

concentration declines to zero. The reaction profile up to termination was very

12

to zero



added. Follow ng conpletion of the reaction (at which point the oxygen
parti al wo 98/32783r essure was believed to be zero) a furthercr/aBesioobes of
oxygen was added to re- 10 initiate the reaction. The profile of ballast
pressure with tine is shown in Figure 3. Figure 3 shows how t he
addition of extra oxygen to a conpleted reaction causes the reaction
to restart (reaction rate as neasured by the consunption of oxygen

froma ball ast vessel). 15 Experinment 4. Effect of the partial pressure
of oxygen on.reacfion.rate at, hi . partial pressures .nf oxygen.

The bt cediilrd slgenphame” TSt kgl orimes oBiT 2BEHEY, Bt ) bne. except
t hat di -t ekihetis ut ubdyigep apour dondehtrptiovast geaterdthbmataingl 2iSfetvia(3.bn, t he

anount of ' : . &gﬁ&; 130[err]C
and the an%%mep{)e%@%;{%%het%%%é%%jq% l?]eﬁg? sﬁ‘e‘“ﬁr’fﬁ%?ras} c arrg{edﬁ\%ggw@geri ed. The
reaction rlinetics of ghellater pareaf the reagsionayswere different( 3) by [ near regression of

the balsl asgxpesinfent 3 PRATRIWVH Of BkPent8 t&staMFEackiBRs Period 2-4 m nut es
after reaction Jr Itrat|on Pn ] rom &to al ba}l‘ | ast vessel pressure
dr op over L pRrogedure,pf Experimeny 1 avag:follomed expept that aplyilaldgon of the

reaction. datslyst@ighibed, the set tenpeffimtved 130°0 aid only thredibay dfioaygenwds a gi ven
catal yst cgQ nt.ration, hi ratgs of .25 react I. can be obt ai ned over a
range of p%%at%ﬁ'aroﬁ?%lg g PeP %p°%9€/§‘8 feaction (at %& ;Eou?tr{h% gxygen paxl%a?
13 ' VieSBre3wZobelieved to be zero) a further three bar of oxygen was added tore-. . .
PCT/ GH98/ ORR% the reaction. The profile of ballast pressure with time is shown in Figure 3.

Figure 3 shows how the addition of extra oxygen to a completed reaction causes

the reaction to restart (reaction rate as measured by the consumption of oxygen

from a ballast vessel).

15  Experiment 4. Effect of the partial pressure of oxygen on reaction rate at high

partial pressures of oxygen.

The procedure of Experiment 1 was followed in a series of reactions except
that di-tertiary-butyl peroxide (1g) was added to aid initiation, the amount of
catalyst used was 1.13g, the set temperature was 130°C and the amount of oxygen

20  added in the initial charge was varied. The reaction rate is calculated in two ways:-
(a) by linear regression of the ballast vessel pressure drop rate over the period 2-4
minutes after reaction initiation and (b) from the total ballast vessel pressure drop
over the period 1.8 to 4.8 minutes after initiation of the reaction. The results,
presented in Table 2, show that, for a given catalyst concentration, high rates of

25  reaction can be obtained over a range of partial pressure of oxygen.

30

35
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Table 2. Effect of Oxygen Partial Pressure on Reaction Rate Noni nal

Tenper ¢ b632725 130 130 130 130 -~ 130 pci@Bosmorss P 02)
(bar) 3 5 77 9 11
wt % Cobal t 0.23 0.23 0. 23 0.23 0.23 0. 23

Cobalt Acetate Tetrahydrate(g) 1.13 1.13 1.13 1.12 1.13 1.13
Aver age Tenperature over 24 131 130 130 130 131 131

mnutes following initiation Regressed Rate [nol/ 1h] 6.0 5.6
5.1 4.5 6.0 8.6 (covers rate 2-4 mnutes after

Initiation, using charge volune = 138.9 cnferr]). Rate [nol /1. h]
based on total 5.8 6.8 5.4 6.9 6.3 6.7 pressure drop
of ballasty \Bfésfﬁgﬁ'ect of F%één 1li_grti§l Pressfre® i RALLiGEREE! 7 Initiation.
Experi ment aryst concentration on reaction rate at high
parti al oY pressures of oxyge The procedure of Experinent

1 was fol|louaRal Terdpa@ites of efnsvi nkmes | 130 elaspt |ies: | 130

di-tertigry-buLyl_peroxi de (1g) [was apged tjo, aidfi_nitifgLion,| r.ne et
terrperatuﬁ%b.é'ﬂh ;

Qlerr]C the drfount f nY\;Zw:rL s 7 and t he
anount of}| wt % Cehattal yst was var ijemh3 T1e,23esiuj 23 qpe3present gdo.en Table 3.

Th h tlal i ; tion
(ot T e el ot Ry LR Ty VAU Joact o0
130

14 A B4 Tfperature over 2-4 | 131 | 130 | 130 131 | 131
PCT/ GB98/ O %‘xﬁés following initiation
Regressed Rate [mol/l.h] 6.0 5.6 51. {45 6.0 8.6

(covers rate 2-4 minutes after .
initiation, using charge
volume ='138.9 cm’)

Rate [mol/1.h] based on total 5.8 68 |54 6.9 6.3 6.7
pressure drop of ballast vessel
over 1.8 to 4.8 minutes after

initiation.

Experiment 5. Effect of catalyst concentration on reaction rate at high partial
5  pressures of oxygen. -

The procedure of Experiment 1 was followed in a series of experiments
except that: di-tertiary-butyl peroxide (1g) was added to aid initiation; the set
temperature was 130°C; the amount of oxygen added was 7 bar and the amount of
catalyst was varied. The results are presented in Table 3. They show that, for a

10  given partial pressure of oxygen, the reaction rate is greater at higher catalyst
concentration.

15
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Table 3. Effect of Catalyst Concentration on Reaction Nom nal

Tenper JVQ98/32725 130 130 130 130 13(3’CT’GB98!9(’%92) (bar)
7 7 7 7 7 wt % Cobal t 0. 019
0.083 0.23 0.23 0.68 Cobalt Acetate Tetrahydrate(g) 0.092
0.401 1.13 1.12 3. 39- Aver age Tenperature over 2-4 130 132
130 130 131 m nutes following initiation Regressed Rate
[ mol /1. h] 1.8 4.5 5.1 4.5 9.8 (covers rate 2-4
m nutes after initiation, using charge vol une = 138.9 cnferr])
Rate [nol /1. h] based on the 1.2 6.9 5.4 6.9 9.8 t ot al
- pressure drop of ball ast vessel over 1. 8 to 4.8 mnutes after
initiation. : | Bffeet of Catlyst gemtra 2n Reagtion Rate eaction rate at
high partial pressures of S  oxygen. The procedure of

Experi menf{_ T wWag Tonowecrln a SErLes qf_exparinents —€exXcgpt that:
di-terti ar \qumh Wmlﬁp (1g) 0430 2ddd30+ o 12138 § mildPat 1»39 tlhe anount

of catal ysﬂp(g;)qus 1. 13g and the7terrpé rrat ur g pft he7reactyons were vari ed.

The fesyl T ¢ presented T _Tanr 4 4 and snow|tnat fhNe.rgaction rate
| ner eases | AR COOAY ¢ ormer ot nre 0019 10083 1025 03 {068

15 \Yob @B /ABEtatdTetrahydrate(g) | 0.092 {0401 (113 [1.12 {3.39-

PCT/ GB98/

(}klv%lgage Temperature over 2-4 | 130 132 130 130 131
minutes following initiation
Regressed Rate [mol/1.h] 1.8 - 45 5.1 4.5 9.8
(covers rate 2-4 minutes after

initiation, using charge volume
= 138.9 ¢m°)

Rate [mol/1.h] based onthe | 1.2 6.9 5.4 6.9 9.8
total pressure drop of ballast

vessel over 1.8 to 4.8 minutes

after initiation.

Experiment 6. Effect of temperature on reaction rate at high partial pressures of
5 oxygen. '

The procedure of Experiment 1 was followed in a series of experiments
except that; di-tertiary-butyl peroxide (1g) was added to aid initiation; the amount
of catalyst use was 1.13g and the temperature of the reactions were varied. The
results are presented in Table 4 and show that the reaction rate increases with

10  temperature. ’ |

15
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Table 4. Effect of Tenperature on Reaction Rate Nom nal

Tenper awo 98/32725 130 135 140 145 PCLABadoked bar)

11 11 11 11 wt % Cobal t : 0.23 0.23
0.23 0.23 Cobalt Acetate Tetrahydrat e(g) 1.13 1.13 1.13

1.13 Aver age Tenperature over 2-4 131 137 = 142 147

mnutes followng initiation Regressed Rate [nol /1. h] 8.6

9.4 - 10.0 14. 4 (covers rate 2-4 mnutes after initiation,
usi ng charge vol une = 138.9 cnferr]) ' Rate [nol /1. h] based on
t ot al 6.7 8.0 12. 2 16.0 pressure drop of ballast vessel
over 1.8 to 4.8 mnutes after initiation. Experinent 7.

Ef fect of oxygen parti ZhbleneEfecteofdtentpetiure dndedbliondRqpeent rat i on. 5
The procedure of Experiment 1 was followed in a pair of experinents

except thgt—the—afrount—ot—eatalygt—useg—was—3—4g—the—tLenperature was
130[ err] C|3¥einal Temperitereoxygen paBoi a) 13 egsidbe Wads veri ed. The experi nent
wi t h hi ghg rP(@af(tb'aS' _ pressmrﬁ of P{YQQI}lcon Lnec 1g di-tertbutyl

+

per oxi de to—ardTrrttattor—The—tresutts p+edented in Table 5 and
show t hat , Wd@@bﬂhe reaction condi23i oh8.23f rﬂljh 10.23 dat al yst

concent r alicybaltR2Gké PRirAiRkfed(BF ] 935°S| 18N [110pH SRgRY |oxvgen partial
pressure. 15 _ 16
Average Temperature over 2-4 | 131 137 142 147

minutes following initiation ] =
Regressed Rate [mol/Lh] 86 |94 |100 |144
(covers rate 2-4 minutes after
initiation, using charge volume
=138.9 ¢m’)

Rate [mol/1.h] based on total 6.7 |80 122 [ 16.0
pressure drop of ballast vessel
over 1.8 to 4.8 minutes after
initiation.

Experiment 7. Effect of oxygen partial pressure at high catalyst concentration.

5 The procedure of Experiment 1 was followed in a pair of experiments
except that the amount of catalyst used was 3.4g, the temperature was 130°C and
the oxygen partial pressure was varied. The experiment with higher partial
pressure of oxygen contained 1g di-tertbutyl peroxide to aid initiation. The results
are presented in Table 5 and show that, under the reaction conditions of high

- 10 catalyst concentration, reaction rate increases with increasing oxygen partial
pressure. ' o

15

16



WD 98/ 32725

PCT/ GBOSy0Q&kPr2s Table 5. Effect of oxygen parti CH&BINILE on
reaction rate. Nomi nal Tenperature 130

130 P(02) (bar) 7 3.2

wt % Cobal t 0. 68 0. 68 Cobal t
Acet ate Tetrahydrate(qg) 3.39 3.41 Aver age
tenperature 2-4 mnutes 131 131 fol |l ow ng
initiation Rate[rml Qerr]llrtre hour] based on 8.4

2.8 t offabl DEVE rtiphpriessyre on reactipngetel over 2-4 minutes after

initiation. Experlrrents1to7dem)nstratethat t he

oxi dati on ¢f—borame Wt OXygerr T 5. L€ Presence. o a copart cajal yst
and a sol v¢Mominal Temparaterat ure in #H80r ange 130[ errf]1300 150[efr] C
and at a pip@zgkbagessure of oxyger 70f greater t han izbar gr ves hi gljr
reaction rares and good—Selreqtivity 0 aceticl acid. These exappl es
are repres w%r%halt but nat _1|i0HA8 ng.of the O8R5 ti ans preseft in

the first @gmgaeﬁgmpetgghyaﬂa@(gwgrgg I nventlinay except that |an
over head g nase 1s %Peseg TN Efperinents I 10 f& a 10 conseguence
(i 131 n

of .the aut é"r"g TA8E LIpRaT PBS‘Péq. Experi mgnt’*8. Effect of fhe
partial pr ¢scllowenghitiatipgen on reactfion rate at | ow partial préssures
of. oxygen. .. .Ih rocedure, of Experi nent was followed ¢xcept:
that di-te llzra&er[;‘;’!%&”{htm'ho“% tpaﬁ%f%’(r c?e (1g) was addedzl'?o aid initiatijon; the
anount of )thgkpressdrbedroprmfbaibst nitijal 15 charge was only 7 bar; the

amount of ¢ataly, ddsag, 399 {(3% cobalt acetate tetrahygrate).
The resultg. a%é oé;reggente |gureLs 4a and 4b, frogmwhich it can b

seen that {pRitiatioset | on iate dECLI nes with tinme, refllecting the declining
parti al pressure of oxygen. The bubbl e col um reaction

zone according t he preferred enbodi 0] e present inyention
has oxygen di st r%éame@tﬁ#daar#eméstraéa a&rhequaﬂar of ﬂéﬂ e with oxygendia|
partial preskdpresenec bLasstult daculyst Brd Hedlventat Dteiriperdtap in fH&USngel’lEOV&fl ation
of reaction ] | S & eri o) e variation
of rate lga&wétaﬁﬁél %%’é{ﬁg] SrSBFﬁ @g%{’soe ?att?r tﬁa'gﬁlg%) %9 rrlr?ur}eact i on
zone, in thattes and gandselectivity tomsetc amcheTh@aewmle&m éenrwm@@vts buhe parti al

li’;es sure of n@KNERIMgPHERE Bbnditions present in the first reaction zone of the present

invention, except that an overhead gas phase is present in Experiments 1to 7 as a
10 consequence of the autoclave apparatus émployed.

Experiment 8. Effect of the partial pressure of oxygen on reaction rate at low

partial pressures of oxygen.

The procedure of Experiment 1 was followed except that di-tertiary-butyl

peroxide (1g) was added to aid initiation; the amount of oxygen added in the initial
15  charge was only 7 bar; the amount of catalyst added was 3.39g (3% cobalt acetate

tetrahydrate). The results are presented in Figures 4a and 4b, from which it can be

seen that the reaction rate declines with time, reflecting the declining partial

pressure of oxygen.

The bubble column reaction zone according to the preferred embodiment of
20  the present invention has oxygen distributed through the reactor so that the
notional partial pressure decreases from the bottom to the top. Thus the variation
of reaction rate with time in this experiment is analogous to the variation of rate
with distance from the base of the bubble column reaction zone, in that, in both
cases, the reaction rate reflects the partial pressure of oxygen present.

17



WD 98/ 32725

PCT/ GBI/ éBl2825 Experinment 9. Effect of aIIowm,ggmgﬁtnure to
increase in the absence of suppl i ed oxygen. he
procedure of Experinment | was foll owed except that the anount of

catal yst used was 1.13g (1 wt.%cobalt acetate tetrahydrate), the set
tenperature 5 as 145[err]C and, after the initial charge of oxygen, the

oxygen supply |ine was cl osed and the cooling water turned off. The
ef f ect on}tigg 2} Al ' ) . reagti n|s§hownin Fi gure
5 A sudd gllQ lemperature to increase in the ahsen of this sudden
exot herm |mah§¢mggmat t he react | on proceeded rapidly to conpl etion

in the absence pfe m&@ffurggptwmm%vak RellbRl12Rcdpb ik i UPRI © 10

col um reactlonz e 1'nv dto

conpl et i orfatalyst “Sﬁ’ZW?fglﬂ 3e(1 wi-fecohalioesntetetzahydrate); tha set temperature Fi gure
6 is asschamasPC ahd, %ﬂeﬂt]@gmﬁﬁl‘ &xfargém&%éﬂsthﬁz%ygb?xesubﬂyﬁnpWa@@ﬁ) ed

oxi dati on DLoESsS .accort g\ O\ﬁt hﬁ'!frr sent i nvention. gl use, F qui d
reaction &0 8%%5&%?‘&?‘1 ed off: ¢ 9 reTRperatureprefils offhey bubbl e

col umm r earetadtion ig shogvr( iR)Figifve 5t Y sudgbn exdtherin \(Jésfk)bseméd | Shpaasenk t 0

separatio ssel, (14A) is passed
to a stri Lh;?\é‘?%?gg'}‘;jb@ de&kﬁ%‘%ﬁeﬁ'g tegg'r gﬁ,%‘? Ct'on Brocg?cielgﬁ rapidly (tPem)ved from
the I'i qui cFosnletionin theabgence of M@ter(cngl)ngariﬂnamélcpiaséwedmttbe bubbdpar at or

(20) . 10he dohght abatﬂi&mada%fsﬂermmmb%e PRSASHwWlINraNe t?'d%ﬁlg% ibgl) to a

catal yst fla rom.t he base of which (out a stream

cont ai ni nd’sgﬁqgfﬁge ?%%Pé%’ﬁé?aé’W?O along line (45) to recycl e inlet (5)
to the first rdﬁgmnemsmdﬁen(ah):ﬂoQ(ddmmaﬁdpparatus fd?ldisélﬂﬂlﬁtﬁ% to the first

reaction zgme ec prigr to its
i ntroduction hg&%)ﬁ%crer&eacg gtﬁ%rtéﬁgﬁes?ﬁlngtegnon(ﬁ ’qt"ﬁ’)re?%‘?ﬁect ively. A
vapour compgsitien if WéhWWhéloavmﬁar thertop le€a bulshiheciumy asachitimzenes2) t he top of
the busbl thghlmjﬂet 14 aﬂﬁ@ﬁ&dse@toz&‘ﬂ%a F65 9 9&1 194t lL‘?&%mé ?’r@)nﬁ@% ls passed to

t he separat.or re carbon I oxi de is par separ at ed from
the but ané)fé'ﬁifg%@ﬁé\é\h 1§ pagtrdds aaﬁtn‘EPHeﬁé"'BgéN}GEﬁPUtane and garben G@xildﬁ afent ed t hr ough
ou'zi | et h( 25pmaved fréranbeliquid mmﬂg@ngtmwby@ey aﬂi‘tDire Bﬁ%@téo a sep aratdhe but ane

and ot her r, a r

and ohe t(go)qurm,daﬁfﬁsmkngsésg& i€ hfsed tif og.ﬁg 104 19 sgglag} ® os the
but ane and22) from thg base of whishdsutlet 33) elistsenm Wmalmag buialyehlsxaodded The but ane

d ogb t d
?gcygl egr anongqirféqu% redyeft idldt (S)fwfthefftr?tsr@aétilah%ﬂémuﬁx?% n(eetg%% 5?nan3r tehe

car bon di 3’)%? efgl Eéj\i'?eé Hgtfrtﬁé‘gg’ﬁ%%g?e(é:??%%@gé o recuoly injgt &S)duﬁq Rstor (9)
and then ots mtooddneoin ththeeeaodrithiough idéts, (B) &I@) ¥espedtivel§.
{hr ough odrEaR iEysheEkh Mook c3OC1V§§*63€§55£&'%%3%§@%@ﬁ?@&s@@%ﬁnﬁ%éStvaL'ofj‘fh
is 35  pdsibign tzgnﬁ@cmtlse(léh dnd isalsed|to theisgpapatos E9) whesncaslsord dryi ng
col umas( 3 HioAeHs Partially separated from the butane and other liquids and the carbon 18
dioxide is vented through outlet (25) and thence to an oxygen analyser not shown
The butane and other liquids leave the separator through outlet (26) and are
recycled to the reactor via a hot flash (27) which further separates the butane and
other liquids from dissolved carbon dioxide. The butane and other liquids exit the
30  hot flash through outlet (28) and are recycled to the first reaction zone via recycle
inlet (5) and the carbon dioxide is passed to separation vessel (14A) via outlet (29)
and then on to the bubble column reaction zone via line 14.
. The vapour phase from the catalyst hot flash (22) exits the catalyst ﬂash.
through outlet (30) and is cooled and condensed in vessel 30A. The vapour is
35 passed to decanter 33 and the liquid is passed to an acid drying column (31) where

18




WD 98/ 32725 :

PCT/ GBOBOOS3LBS lights and water are w t hdr awFPHEBW|EORBt hr ough
outlet (32) to a decanter (33) Fromt he decanter, water exits through
outlet (35) to columm (35A). Vapour from the colum is returned to
decanter (33). Liquid fromthe colum is part returned to the acid
drying colum along line (51), and part is discharged along line (50). 5
Organi ¢ conponents rmay be recovered by distillation (not shown) fromthe

wat er lighthl fiidRadtereste Wighdrdviitoviehaan tiough emtet (32)ao eRamtér(33ecycl ed to
t he decant.er. ghﬁ _ Ilght.s grre EII t&clrgm fer t{}ﬁ Siegant erfthr _ough
out | et (34FOmMJAF fAesapterawafenexjts throngh outlet (35) fo;cqlumn (SaA)-c YBBOHT fRM| i ne (52)
and part ttbe tblemmesodtanned o dedaoteg(33)nLiquidifrothahscolumn is pastoreturned/tobe r enoved
| 3 . L : e ' ®
o uim | o e 398 kryide Colbb A AR RS ) bnd SBC% WEBEL Bl hESAP, | SE1 G GrYin
whi ch écetﬁgtgaa'@icenwpeemanaybetf%?@weéwﬂﬁé&@iwﬁlr(n@tw@ﬁwahfrp@tthe 38feras vapour,
part difRhrped W%%aé&eﬁ&érgﬂe«w andSedyRfel 4 tiRl ¥aghtbs. Mehe( 60) part

GRACIEE I RTE M X YO A A e T A ST
fromthe heikdgingtdounmobyline @G2) aisd pdit pbb ravior€1) dldip linkY54) @BGE i s ret urned
to the r eas%tmoerméyl@e %‘r‘:(o%@ Qloln.é fife Eﬁ?} " The liquid t%Qe—dﬁ' from %15e base of thg 0_ : e
10  acid drying column is passed through outlet (36) to a second column (37) from
which acetic acid product is taken overhead through outlet (38) as vapour, part -
being returned to column (37) as reflux along line (60) part being returned via line
(60A) to the head of the -céta_.lyst flash vessel (22), and the remainder as product
along line (61). The liquid from the base of the column exits through outlet (39)
15  and is returned to the reactor (1) through line (40).
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19 20 Clainms 1.
A procggs of/8¥m24 he 11 quid phase oxidation of butane to ppotesesenestc acid
by reacting oxygen and butane in the presence of a cobalt catalyst in a
liquid reaction conposition in an oxidation reaction zone characterised in
that the process is perfornmed at a tenperature in the reaction zone in the
range 136 to 150[err] C, whilst continuously maintaining a concentration
of oxygen throughout the reaction zone equivalent to a partial pressure of
oxygen greater than 2 bar and a concentration of cobalt oxidation catalyst
in the liquid reaction conposition of at |least 0.12%by weight cobalt and
up to its Ilimt of solubility in the liquid reaction conposition. 2. A
process as clalned |n cIa|n1I wherein the oxygen concentration is

equi val ent to a e Ekse&bmaaﬁ oxygen greater than 4 bar. 3. A
process as clalned the preceding clains carried out under a
total pressure of A process for the production of acetic
aci d which conprlses reacting oxygen and butane at a
tenperature in the range 120 to 180[err] C, in arecirculating first
liquid reaction conposition in a first reaction zone to produce
acetic acid, the first liqguid reaction conposition conprising cobal t

oxi dation catal yst, butane, dissolved oxygen, acetic acid and water,

and havi ngpno gas/liquid interface with an overhead gas phase, whil st
conti nuou M¥ai ntai ni ng a concentration of oxygen throughout the first
reaction zlone e procassafot thediqaidoshasé atidgtioasf bumnefo projgeenacgtieadiéby t han 2

bar , F c?iﬂg oﬁyﬁé?x%%hfa%’e Hf{ﬁe%ﬁes@?&ﬂt‘a c%élf@%élgg uf}‘%@h)ﬁ‘&a the AL

liquid redcs | ea fcobal t and
up to its dompositign inan omdatmlrgaﬂtlbmzsmq ¢hargsterised mtthatuthﬁ,mr@cﬁa@as:t i on

conposi ti ‘Performed at a temperature in the reaction zone in the range 120° to 180° C, whilst
5  eontinuously maintaining a concentration of oxygen throughout the reaction zone
equivalent to a partial pressure of oxygen greater than 2 bar and a concentration of
cobalt oxidation catalyst in the liquid reaction composition of at least 0.12% by
weight cobalt and up to its limit of solubility in the liquid reaction composition.

2. A process as claimed in claim 1 performed at a temperature in the range
10 136 to 150°C.
' 3. A process as claimed in claim 1 or claim 2 wherein the oxygen
concentration is equivalent to a partial pressure of oxygen greater than 4 bar.,
4, A process as claimed in any one of the preceding claims carried out under a
total pressure of 35 barg. _ |
15 5. A process for the production of acetic acid which comprises:
(@) reacting oxygen and butane ata temperature in the range 120° to

180° C, in a recirculating first fiquid reaction composition in a first reaction
zone to produce acetic aéid, the first liquid reaction compositia;r comprising
cobalt oxidation catalyst, butane, dissolved oxygen, acetic acid and water,
20 and having no gas/liquid interface with an overhead gas phase, whilst
continuously maintaining a concentration of oxygen throughout the first
reaction zone equivalent to a partial pressure of oxygen greater than 2 bar,
‘and a concentration of cobalt oxidation catalyst in the first liquid reaction
composition of at least 0.12 % by weight cobalt and up to its limit of
25 solubility in the first liquid reaction composition;

20

i§ SHE '.‘sBEEN o
TS SEAACED | ‘T O ) P




21 (b) w thdrawing fromthe first reaction zone at |east a

por t i orwWossBBs first liquid reaction conpositi¥T/CREMer with
entrai ned oxygen, and passi nga“ullljcuml I i ” bubbl e col um reaction zone
in which there is maintained dlk ! LI IJ”ms H!IF liquid reaction conposition
conprising cobalt oxidation catal yst, butane, di ssol ved oxygen,
acetic acid and water, and reacting the entrained and di ssol ved

oxygen with buytane in.the .second.liguid r.eaction:conmposition.n the

bubbl e col urmld‘?)eact i%ﬂ‘df%‘??gg?@“b%éﬁ%éeq‘cﬁf’? rRpe agéeéatg@p%%'ioﬂ;&gfﬁ d second
liquid reacti @instdiquidasadtionrcopiosigon,togeahranth esitiained wxpges; hwhpasgiag phase
COMPrL 51 nd X HAE ihbiE EARGF LR Afhe'ifSfich Be il @HEH ckaynDl |1 Ly 111!
of the oxygen therein; L (c) . w thdraw ng at [east a portion of
the second |i david reassienicemposition comprisingnenbalt oxidation eatalyfiebusansbl e col um

reacti®n zone diskGlo8Y 6%t %At héid aRd tater, and reactin@ it dBhine@ahd y ot her
co-products t ere‘ to th reaction zone -

fromand r. clin e first e
Cobal t oxi dat BROEY SYESR WRHHESIM fhe weend et reas i Gogposiin in the (d)
wi t hdr awi ng obebble adlugmsepdtivnezche tnpriodecefutthérencetid anid) snidsetonn
zone, separatk: : Leac ref r clingit to
fhe. SPar e ieddpAcRE cBhpRHl g e Lt WA oS LAN BB, | 1D,
producti on of camprsing asygenas aconsantratipmlessiparthe lowver lammabdlity limitedi ng
claimgg said Lead HlysEPREdSI N9 two reaction zones wherein a first
reaction zone S capahl e of ‘acconmodat.i ng recirgulating first liquid
reaction é@rrposi"t"ﬂtﬂ’iawgﬁt}?GStW'?’qﬂﬁ‘geF?Wéiiﬁa‘é T@ClANan over head gas
phase and a seempdsition frofaht babble eslemaagRtibe zate, Feoveringdrbiidgecid second

liquid reactiqn ositi.on wth as/li.quid.interf wi t.h an
ovgr head gas %’h‘% g{{g%aiiyghﬁr FRPT ?%uééﬁﬁhgrﬁg?%‘n@dg%ﬁgg{l e‘%lwe;‘h;le %fsg r%?@é%'ﬁnndat e an
i nl et means f @pngesbaltratidation cafalyst fond the willidriwn gempesitiatupnéd in- use to

di spefge thro out s ® 8254 | ol O ks int roduced
t hr ougﬁ t he ilrﬁllgj;t m\%ﬁ?ridvﬁagtog? %%erbh%f ' -@gﬁc@ggfeﬁld&rg%édﬁn claimb5,

0
wherei n the diZ@PerSepasating unrpacteibhutane regglant gherefruapd resyelingiibio the t he axi s
of the fl ow ofﬁrg&sidtibg@bﬁg,exi ting thga i nl et nmeans. . 7. Use of a
: ggg: 8: ? . gLaWF%F{COE sﬁilba};er ?u(s)et inctlu(;j1 Iprq)]dgctmeorf%lc&ié a@iad ésnc!la%[ne maarllnsy of said
one of the preceding claims comprising two reaction zones wherein a first reaction

20  zone is capable of accommodating a recirculating first liquid reaction composition
with no gas/liquid interface with an overhead gas phase and a second reaction zone
capable of accommodating a second liquid reaction composition with a gas/liquid
interface with an overhead gas phase, said first reaction zone adapted to
accommodate an inlet means for gas and/or liquid and a baffle means adapted in

25  use to disperse throughout the first reaction zone gas and/or liquid introduced
through the inlet means. '

7. A reactor as claimed in claim 6 wherein the dispersion of the gas and/or
liquid is radial to the axis of the flow of gas/liquid-éxiting the inlet means.
8. A reactor as claimed in claim 6 or claim 7 wherein the inlet means is an

30 orifice nozzle.
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