WO 03/ 020681 PCT/ GB02/ 03930 *ACTI ON* PROCESS FOR THE PRODUCTI OYo6l7 o§&k1.C
ACI D C4- ESTERS *166166* This invention relates to a process for treating a

m xed C4 stream conprising iso- bmmlmmm m m 3- butadi ene. I n naphtha

’slt eamcr acw(ﬂgm&%pht ha is deconp mmm w "lpr esence of pepiGaan3sh | uent
at a tenperature between 700 and 900C,crHae process produces a nunber of 5
products, including isoneric butanes, 1, 3-butadiene and isoneric butenes
(e.g. 1-butene, 2-butene and iso-butene). These conpounds may be separated
as a mxed ¢4 stream As described in WO 00/ 26175, m xed C4 streans may be
contacted with acetic acid in the presence of a catalyst. Under the
reaction conditions, butadiene in the C4 streamreacts with acetic acid to
produce n-butenyl and sec-butenyl acetate. The sec 10 isoner may be
recycled to the reactor. The n-isoner, on the other hand, is recovered and
hydr ogenat ed t o prpgeiss Rol 4t |prosRiredie onrcetzd ace wsefsmirssol vent. Not al |
the acetic acid initially fed to the reactor is consuned in the

but adi ene/ acetic acid addition reaction. Instead, sonme of the acetic acid
reacts with the 1iso-butene present in the mxed C4 feedstock to produce

t-butyl acetate. This by-product 15 is isolated fr t mxture
and cracked back to iso-butene and acetic acid. Thmwum awmjm mﬁ i's
as 'a ree

recovered by distillation, and sold, for exanple, gstock for the
production of polyisobutene (PIB). The acetic acid is r'é¥fCled to the
reactor, and may be re-consuned in one of the addition reactions occurring
therein: The cracking and distillation equipnment required in the process of
WO 00/ 26175 'Pliis inventeitrelatasto aprdcess fier treating/a mixede sBeam 6QMPTIHNEESSs. |t is

t her ef or nong .t.h ‘{t}% cts of the present invention to provide an
al ternati e‘b"‘r%lgelsg'g &Fl?eeati ng such nixed C4 streams. 1

In naphtha steam-cracking, naphtha is decomposed in the presence of a steam

diluent at a temperature between 700 and 900°C. The process produces a number of
5  products, including isomeric butanes; 1,3-butadiene and isomeric butenes (e.g. 1-butene,
2-butene and iso-butene). These compounds may be separated as a mixed C, stream.

As described in WO 00/26175, mixed C4 streams may be contacted with acetic
a}éid in the presence of a catalyst. Under the reaction conditions, butadiene in the C4
stream reacts with acetic acid to produce n-butenyl and sec-butenyl acetate. The sec-

10  isomer may be recycled to the reactor. The n-isomer, on the other hand, is recovered
and hydrégenated to prloduce n-butyl acetate which is a useful solvenf.

Not all the acetic acid initially fed to the reactor is consumed in the .
butadiene/acetic acid addition reaction. Instead, some of the acetic acid reacts with the
iso-butene present in the mixed Cs4 feedstock to produce t-butyl acetate. This by-product

15 isisolated from the product mixture and cracked back to iso-butene and acetic acid. The
iso-butene is recovered by distillation, and sold, for example, as a feedstock for the
production of polyisobutene (PIB). The acetic acid is recycled to the reactor, and may
be re-consumed in one of the addition reactions occurring therein.

The cracking and distillation equipment required in the process of WO 00/26175

20  can add cost and complexity to the overall process. It is therefore among the objects of
the present invention to provide an alternative process for treating such mixed Cq

streams.



WO 03/ 020681 PCT/ GB02/ 03930 According to the present invention, there is
provided a process for treating a mxed C4 stream conprising iso-butene
and 1, 3-but adi ene, said process conprising: a) reacting acetic acid with
sai d strearydgsdeaddi tion reactor, b) w thdraw ng from t hreTATEb2IGBN
reactor a product stream conprising iso-butene, 5sec-butenyl acetate,
n-butenyl acetate and t-butyl acetate, and c) recovering n-butenyl acetate
from t he pr odAexording tecthe prebeat lverdionsthereisprovided apropesglf@r?neaam ate is '

recycled tp sajd addition.reactor. Faqr y ig . ..Sec-b utenyl
acetate a‘ﬂﬂ‘eaﬂdlﬁrm FOTHRIATIG @o-h\gt%e at“ﬁé’#’ﬁ‘ﬁ?@\?\%’l ﬁ@ﬁ&’ﬁg s eggélﬂ%s ec- but enyl
acetate 1g n-feadtapMtetRGRidabieh daid fidah id Aeadditiorreacder, condi tions of the
addition reactor, i sobutene and acetic acid 20 react,toqether reversibly

to form tb)butyithdsewing fromire additienreastera pradush steeaplROmprishg 1RORIERS ons
i sobutgne, -aceti 1 d rfl.al are substantially in
equi l i rii?ﬁi%u%%g‘fcg%ge’ P%’c(}%g%lﬁaﬁ%tht@%&)ﬁ%ﬂtasﬁg{ggg?ate back to the rgactor,

the amoung) ofre¢ovelbi ﬂlbum??lta%éteteiﬂmnithepfodacttstrem,l chepctesisadtingtat y appr oaches a
substantially constant value. By coptrolling the amount of t-butyl acetate
produced ®n ttriudylipgetptens reeyrieddpsaid addifionreqepio3/ 020681 PCT/ GBO2/ 03930 acetic
acid consuned. | . i 1S9 i ed 1S

mai nt ai ned a’fi: drgh %Al}%éc{ag%ﬁfa P?/tp{e%\r%g?gﬂtﬁ%gt\?e &H%ﬁféggll %ggieelsﬂag@?iegni ficant
propor t i ofellowingseruttaidsi al acetic acid feedstock available for desirable
reactions, such as the addition reaction with 1, 3- butadiene. Al though in

t he p}Qesent i nvention iso-butene is preferably not produced by 5 cracking
t-butyl ageidfdyPae@scribed in WO 00/26175, any unreacted iso-butene
present in the“original mxed C4 stream may be recovered, for exanple, by
distillation or flash separation techniques. -

0
>/O\<
15  n-butenyl acetate
0O
* / ~

Under the operating conditions of the addition reactor, isobutene and acetic acid
20 react together reversibly to form t-butyl acetate and hence under stable operating '
conditions isobutene, acetic acid and tertiarybutyl acetate are substantially in

equilibrium. Thus, by recycling the t-butyl acetate back to the reactor, the amount of t-

butyl acetate in the reaction loop eventually approaches a substantially constant value.

By controlling the amount of t-buty] acetate produced in this manner, the amount of

2



The m xed C4 stream enpl oyed as a feedstock in the present process can be,
for exanple, a by-product of a reaction, such as the dehydrogenation of
but ane or butene, or 10 the steam cracki ng of naphtha. Such m xed C4
streans fre\g?%%ioyslcorrprl se i sobutane and 1, 3-but adi ene. T/ ERLAH3CA
stream may also conprise one or nore of |sobut ane, n -butane, 1-butene,

trans-2-butene, cis-2-butene, 1,2-butadiene, propadjeng, neth acetyl ene,
ethyl acedcplicanid cqnsmcqhyﬂ the ceaetjandigtveey iseyautene apd pestis ac |1%1€’éln§?¥‘§ﬂé and C5
acetyl enes. . |ln o [ d &4 stream
s 2 by SRR GRRRVER o8 e i ESAGRL ploBURBh o e MAGLAAEC 0 5T
Wiv), stidfebdstsek(@aailable Br desfk¥bit veactidns, (IJuuh em%e @édlgon gactiomatvl,$) , 1- but ene
(e.g. 8 - 10%/v), trans-2-butene ( e.g. 3 -

5o/ v), 1bwadieneaditenstia the pugsent mx@@wg W'b“ie"f s %%ﬂ%béﬂ%t P(%‘*%‘géﬁlye ( 2%/ V),
propady e ”&F&&%F& tgﬁ?yl f%g{{e\é} dﬁééﬁn%ﬁﬁy WG 0Dk e aﬁ)eutﬁca&ed'lsé-%ﬂ/ef{épre&h@)"

acetylene acet yl ene (e.g. v), vinyl 20

acet yl enein(tke grigifial mlied/CAIS)treauhl roaydieytamered,dogexample, by dt,sé}la%ﬂﬂd?r @sshacet yl enes
(e.g. O - trac;%&l I.t shoul d be understood that the precise conposition of
t he Iatteﬁ“"l’%rta?l f5PhRigueSary  depending on factors such as the naphtha feed

conposi tion thix8d 09 WrdiEeRplagedas aféedstosicinahepkeseds prhesssicabie forn step a),
the m xed C4a1;]%ream F(SB r eact e15 yvaﬁth acetic amﬁﬁl n an 25 additi on reactor.

The react examplsynd-ipratust efiaseasyien, sush asiibe dehytitogenation pbuRe FOBERRI8d i n

detai| . in WO 00/26175. .The relat he m xed
C4 st i%an%hfatema&&c gof pap ebr%%/ d% ‘“{‘% %“é%‘,t‘é qe“?ét}’gwsg%?bﬁt&él 10. . The
addi ti on pepcsbeadeny, Hie kel Cpshraatimaialsd doﬁfmee eheloramark oIOsobmanbﬂOC
preferably, of 40 to 90C. The reaction nm arrled aut usi.n

honmogeneondutane, 13mtenst @mﬁeh@mfsc%ﬁtbﬂeyibt 2‘PH*§ ieng. PEOPagdient, dneth ferred
Sui tabl e cagﬁﬁ étﬁ)ﬂ &kﬂﬁlee %t) g&l ,yag cgmea‘ﬁa&%@gdct&g éand strong

aci d i on- BXEh? on exthange Tresins i1nclude Anberlyst
15(r) andadéwlénes | Intcohe Ieﬁ%baﬂh(rre)lt oﬂthqnprem’rmvermooﬁhe nnxqt%lstmamus :eb}’-of VO

03/ 020681 PCT/ GB02/ 03930 such,resins, jmay be ex g ou
count & i opeduc@hngphtha stepm 196 Wﬂ?ﬁ‘fmgéag té?% i %ckiyﬂv MO #i-g-

quat er nar g r BROERI m.lgqmag -2-but
Tetr a- phe%y?é%ﬂgbﬁ&r%(ggﬁﬁegmvyngphfg%r exagj lj{,be enﬁluo?géeg These

count er i 06's 8témv)adisBiutent (e.g.3p 3%v/0)0 13 ditadieme éﬁ/&l‘l:"a 3&VvA®; Bt sites.
};//\ft er butadlgrgee(%enb b%v}vgeprgga Luatn'e ?e. g %)t-el'%\}/O), %M&Wle&%)ﬁﬁ?—n 0. QS and 50
1%v/v), ethyl acetylene (e.g. 0 - l%v/i/); d_imetliy] acetylene (e.g. 0 - 1%v/v), vinyl
20  acetylene (e.g. 0 - 1%v/v), diacetylene (e.g. 0 - trace) and Cs acetylenes (e.g. 0 - trace).

Tt should be understood that the precise composition of the latter stream may vary

depending on factors such as the naphtha feed composition and the how the cracker is
operated. .
As described in step a), the mixed Cy stream is reacted with acetic acid in an
25  addition reactor. The reaction conditions employed in the addition step are described in.
detail in WO 00/26175. The relative mole ratios of butadiene in the mixed Cystream to
acetic acid may be 5:1 to 1:50, preferably, 1:1 to 1:10.
The addition reaction may be carried out at a temperature of 20 to 140°C,
preferably, of 40 to 90°C. The reaction may be carried out using a homogeneous or
30 . heterogeneous catalyst, the latter being preferred. Suitable catalysts include acidic
catalysts such as zeolites, and strong acid ion-eicchange resins. Suitable ion-exchange

resins include Amberlyst 15% and Amberlite IR120%. A proportion of the acidic sites of
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ww, preferably, 0.5 and 20 ww % based on the total charge to the
reactor. In certain cases, the activity of heterogeneous catal ysts may
decrease after prolonged use. This nay be due to bl ockage of active sites

by 1, 3-but agpesG0edtl 90- and pol ynerisation products. In PerfGEpAe®30-it may
be advantageous to carry out the addition 10 reaction under conditions of
hi gh shear, as high shear rates are belieyved tﬁ@re ce hlockage of active

sites by sush resinsragy berexehangerbwith bully countaiopyfupmEs AL BB B Bduct s.

Al ternatiyel £ I .St WalaTlaY] .be added to
t he react %f‘gaﬁgm%ﬁtgﬂe&ﬁ@ﬁgﬁ’ %ﬁ#ﬁﬁ% éﬁ‘g‘?ea&f%il?tg‘ﬁ'%%‘e?@°?ﬁ? art. Were
ol i go- ancorpdund®r Tetriphenylphwspithnins camterions; Serexaimple; ey pe suployedst r eam
however, these may, be recovered and qu?{r gcl dgjtﬁo 1 he.treactor. The
addi ti on TBeRSCPWNHEIARY MK 3ECOUpt 1OFUR IR %Pﬁé ﬁYﬂ‘}ela e S cact or . For
exanplg, a f%ﬁ@#&g% Hﬁs%wme%ﬂﬁiﬁkﬁ StePRihn dfibunt 8Reen.05 drdisdissed bed

reactor may be enp e reaction between the m xed C4 stream and

aceti c aciwwpgrefirablys 0.5 apd B8wcy %,asedaom thevotal pharge taitheweaeton from t he
addition reactor in step,b).. Thi roduct s 0 rises addition
products i ncl Bfiegin cpsee-dhe %qn]wdtyoﬁb%g%m?usa%gﬁ%{p&a%sdgg%tag’%i| acetate and
t-butyl agefigieed usd aheymi b dusts Blookkde bF autive s bytis3-buadiemd olfgosanl to
99%/ w, for exanple, 5 t'o 50% w of the product stream The n-butenyl and
sec- but enpblymedsatioe prodnets. Insuch eases Hanaycheisfyantagseusde camry oy headdifio ¢ adi ene,

whi | st~the t-but vl ; : | acetic acid
and |i% bieSHE ﬁ:@ﬁ%ﬁoﬁgﬁﬁﬁfgﬁ@’ %a]%%f %ﬁ@%ﬁ@%ﬁgﬁfggﬁégﬁ%ﬁgeener ally go to
conpl et i oBloakabedr Bctive Bitésctyl teifopmatiornfishelr oligh- dradcppadyrserisatioruptodusts. how t he
reaction is conducted (e.g. LHSV),, r,eactbié,on ki netfic gnd equi librium

const ant s Alterngfively pradd /» PabypisHsation Ihabifors TmRY %\?ﬂsﬁi,e PP SRS unr eact ed

1, 3- but adj. - reacte
Conponlejzn? gdlggragc. ?‘:éuﬁléﬁh{jbgﬁorsaffrgﬁ'@ﬂ IicFé\{z‘n jRe BE.OAMETe clipbEATM polHRIRatibRr €act e

y volatile, and nmay be separat'ed, for exanple, by
gas di sengagibe ate pissentgn srypreduict stivam, bopaentiesnm@p berdcoyeredid as a fl ash
drum _During such a separation step, other volatile C4 conponents in the
produd® ste¥eled tasthe FPacer. ynr eact ed i someric butanes, 1-butene and 2-butene

my al so be §RPaIAMiEGeacibR ify!De catie® B using aly QEEDle reattdérh Foseqamphy ed
m xture, the separated 4 WO Ogl 020681 PCT/ GB02/ 03930 m xture nmpy be

sel ect i velhyfixed tied surr toigkle brd, bus kop cariflpedised bed rapter may be ewployed.
The reaction between the mixed C, stream and acetic acid produces a product.

stream, which is withdrawn from the addition reactor in step b). This product stream

20  comprises addition products including, inter alia, n-butenyl acetate, sec-butenyl acetate
and t-butyl acetate. Preferably, such addition products account for 1 to 99%w/w, for
example, 5 to 50%w/w of the product stream. The n-butenyl and sec-butenyl acetates
result from the addition of acetic acid to butadiene, whilst the t-butyl acetate results
from the reaction between acetic acid and iso-butene. Such addition reactions, however,

25  do not generally go to completion and are controlled by a number of factors including
how the reaction is conducted (e.g. LHSV), reaction kinetics and'equilibn'um constants.
For this reason, unreacted isobutene and, optionally, unreacted 1,3- butadiene are also
'present in the product stream. These unreacted C4 components are relatively volatile,
and may be separated, for example, by gas disengagement using any suitable separation

30  unit, such as a flash dram. During such a separation step, other volatile C4 components
in the product stream, such as unreacted isomeric butanes, 1-butene and 2-butene may

also be separated. Where butadjene is present in the separated mixturc;, the separated



predom nantly converts butadiene to |-butene. Additionally, sone
i-sonerisation to 2- butene can occur, as well as further hydrogenation to
but ane. T he separated m xture of unreacted C4 conponents may be used as a

f eedst ock, weposn2bdi €xanpl e, for alkylation, or for steanpergssioidso
Alternatively, the m xture of unreacted C4 conponents nmay be separated

(e.g. by physical and/or chem cal nethods I nt o one, or, nore conponents for

10ds)

sal e or mbsuremsaythetseloctivelydrydeogangieck Thinselastive Bidmeepalign SR pol yneri sed to
produce pol.yi sobutene (Rl -B). |- 2 separ at ed,
for exanﬁpﬁ‘}/mg’@niy ?ﬂnﬁr&rbén@# eﬁ%gghgggﬁ g{eoﬁlﬁll dg## §gl?lelg%ﬁlgﬁtoaddi tion to
t he conppusiscaRRREIrOs ekl diither hidrogenatiorcto bataneam may al so  conpri se
pol ymeri sati on by-products such as olefins (e,qg. di-i e from
i sobut ene) o&%&@ﬁ@ﬁéé‘“{‘@?egqf“PF“@FFF@g&?ﬂ‘%‘ﬁ’@“gn&{bgaf%ﬁg)ﬁgﬁgg ggt adi enes
(e 9« 1 A bR REyIAASh, LSRR WA Grabkin ARer@btblely)thelmiznuge of T om vi ny

ut'adi ene, or ol

cycl ohexene efin + butadiene), C8 acetates , Cl2

acet at esygesttéd Oheommhemomay be sepatatad (aigsby plysieal pndfer chsmirad eSS t o renove

one or nore of such conponents fromt r odu trea - npl e, by
di sti | | aiitoAne 05 meIs SAMPISAIS IR HAAT e 1 %‘ﬁ\t?‘ﬁgﬁ{o?%é‘é’g% ms“‘?'ﬁ"gé"r%mé%ﬁ? i f

-desir edmﬁol@gﬁfﬁg}?gfg_ﬁ%cg?’éﬁi‘}@%ﬁé (FI8).! PBugAe Mo Dchutene ngdybabl e f uel

addi tive. acetate is recovered fromthe product
stream dpasated; Jorleaampley asiaguixbue andsisadasnfpekadditiipl e separating unit, for

exanple, one_or_mpre distillatjon ..20 - a suitable
appat@t us foft iﬂéiﬁq%rtﬁfq’r?dmg’%?f]d%’begpg ?doag’glé#(&ﬂ%}r?ds%&cf?sécri E@cf@slfo n WO 00/ 26175,
particul %ﬁxﬂﬁw&dﬁyﬂﬂs&i@@eprb@ucﬁ 0k s C; dlbfinsi{ap. didsbntene fromThe f ul |

di scl osure of

00/ 26175 i s i ncorpo%e%, h%(r)egi n b% reference. Once
r ecover eisobutepe)roctsirienss/fe.cafremdbutadigng Hhwtadienekand optagienss (&1 B ok 't o
but adi ene_and aceti NG I 10h&2at *hutalleas ®rdge n- but enyl
acetat e ggtaglreﬁ?:ﬁ%‘iﬂls?ﬁbé%%%p’gclig’kgé?gé .eﬁaéeingﬁlaﬂalg& i c aci ga at | égsat one of
-these coEmreRitadisRy, Giacstaley cCadcstates del highwe oligomeripmatasialsh Igmayle r ecover ed

n- but enyl acetate is hydrogenated to producg butyl :acetate. The

hydr d§endesimbletayemeve dng T BREEHf|SECh ¢OMROPERTS ﬁﬁ‘f‘%@@cﬁgt{e@h 605 neoug

condi tions over i1hibd. a1 PR 6 srodiict sttédnabdrgifcat al ysts

i ncl ude Fﬁ?ﬁ%mtﬂfn&ymggb%?g{t %ﬂﬁ@n&@r{i&g&gﬁe (e.g. ggne%*eni ckel) and pal | adi um
These netdasifedyby chmwertedtiyhydbgeamation teiseoctane, gwalyptle Biel additiye. conpounds.

R i Bl Sl P TH e (0 usc
carried out using any suitable separating unit, for example, one or more distillation
20  columns. An example of a suitable apparatus for performing such separation steps is
described in WO 00/26175, particularly with reference to Figure 2 of that document.
The full disclosure of WO 00/26175 is incorporated herein by reference. Once
recovered, the n-butenyl acetate may be, if desired, cracked back to butadiene and acetic

acid, or recycled to the reactor. Where the n-butenyl acetate is cracked back to

25  butadiene and acetic acid, at least one of these components may be recycled to the
reactor. . "

Preferably the recovered n-butenyl acetate is hydrogenated to produce butyl
acetate. The hydrogenation may Bc, for example, carried out under heterogeneous
conditions over any suitable catalyst. Examples of suitable catalysts include ruthenium,

30  platinum, nickel (e.g. Raney nickel) and palladium. These metals may be employed as
elemental metals or metal compounds. Although unsupported catalysts may be

employed, it is preferable to use catalysts supported on inert carriers, such as carbon or

5



5 WD 03/020681 PCT/ GB02/ 03930 siliceous supports. Preferred catal ysts
i-ncl ude supported Raney nickels, and rutheniumon carbon. The hydrogenati on
may, for exanple, be carried out at 20 to 250 C, preferably, 40 to 200 C.

The hydrog iPbsgiBybe, for exanple, carried at a pressuper/gsozlosbss 100 5
bang, prefera Ily, 5 to 50 barg. The hydrogenation can be-carried out, for

exanple, in slurry and/or flow reactors. As .descri.hed in,step.d), t-butyl

acet at e |sliceeeOWPPRIs. fPrféﬁF?qw‘@tabfsﬁﬁdﬁ‘g‘ﬂ&s?’ngﬁﬂﬁyw P’é‘hm%]%fgf"\l% react or.

The recoy, f hrnEP MRy be carried out using any suitable separating unit,

for exanple, a distillation colum. The recovered t-butél acetate stream 10
ap:

may al so contEherhydtdgematior amy, fonexampltybe cardedoud at 20+0 350 fEopreferablyant s

including, faor  ex e, water an react ed CA meounds. vopal ly,

sec- but erfto200rE: ATyl GUGTBLeor PRPIR e prE derarp o o 1L

separ ?t e%&%%%}&faﬁﬁylb 1RSI afg. erm»ymgedaﬁsyedm damietl bat, faaxh@ple, @r i sol at ed
or ex e,

for, Sale, direct use (eg as a solvent), or further
processi rajury andéerdladntsaeiPiient of 15 the invention, the sec-butenyl acetate

is thermal ly grack g ' ?&lﬁﬁ. | rangot h of
these starti ﬁ%ﬁ%@ﬁg@hﬁ&ﬁ%&f@g@@ﬁ%ﬁﬂ% t edn?te}%?tr%ﬁuf: %@a@ong as such.
As descr i faeyldan Wi rehctbi (The reeowirpitep may beitazrigd owinsing oy suitdblsec- but eny |

acetate are recoverable fromthe product stream This e _achi eved by
convent i cieparating wrjt Sor exomplep digillation %‘ﬁ“‘ﬂ? i]iles’ief’?"ie _'t@HqugFt%%theéPh cases,

howevg A p%ﬁﬁ%lg@%’{lg %{h%r&Ecr{?H%rd%E’Q%&/o &R b tants %c@ﬁdif{dgl?lfdf_ simlar

boi | i nmay make“conventional distillation fficult. In a
pr ef er r edexamipty] waesnand mosgetdeh compbunidhie pr oduct stream conprising t-butyl

acetate, n-butenyl acetate and sec-hutenyl tage be sepatated from
sai d product OpEPnallysafPes VEE@E?F‘?EEX‘&C o8 V&Feﬁ%%%ﬁtss?re%'r _%é%arrpl e using
an azeot r&?&%&d%@é-ﬂﬁ?@nyﬂ&ta‘ie heF biedytfed 1 VIR réfor, drasola¥a@fa) for | ntroduci ng
the product streamint'o an azeotroping colum iIn the presence.of water.

Under t hesmmpbedale, direst use (egias a polyerith befurtger pregeasingtla ope ehediment of
t / n= but I t - but I . b
Fecovts eqgieion, Biee b FieRd feetit EticuBRT SR Bidd bilBAERRE dBRE | TR B

acid. One or both of these starting materials may be recycled to the reactor, or sold as

such.
As described above, t-butyl acetate, n-butenyl acetate and sec-butenyl acetate are
recoverable from the product stream. This may be achieved by-conventional friethods,
20 for example, by distillation. In certain cases, however, the components of the product
stream have relatively similar boiling points. This may make conventional distillation
difficult.
In a preferred embodiment, components of the product stream comprising t-butyl
acetate, n-buteny] acetate and sec-butenyl acetate may be separated from said product
25  stream by azed&opic separative methods, for example using an azeotroping columq.
This technique involves, for example, introducing the product stream into an
azeotroping column in the presence of water. Unde_r these conditions, it is possible to
form water/t-butyl acetate/n-butenyl aéetate/sec-butenyl azeotrope(s). The azeotrope
may be recovered as a process stream, preferably, from an upper portion of the
30 azeotroping column, more preferably, as an overhead stream. When this process stream
is allowed to settle, the organic components of the azeotrope, namely, t-butyl acetate, n-

buteny] acetate and sec-butenyl may form a layer separate from the water and may be



30 azeotroping colum, nore preferably, as an overhead stream Wen this
process stream is allowed to settle, the organic conponents of the
azeotrope, nanely, t -butyl acetate, n- butenyl acetate and sec-butenyl my
forma Iaygr %ﬁ%&%ﬁte fromthe water and nay be 6 WO 03/ Og@f8102/03930

PCT/ GB02/ 0 §)3 ecanted therefrom Any residual water may be renoved from
the decanted m xture by drying the mxture further, for exanple, using

nol ecul_aldcgﬁntedéhﬁrpﬁ@mnent or azeotropic drying. If desired, the
azeotroping t P RS dixd joGh@zeot ropi ng 5
agent, for e@%géwvg%%ﬁgﬁem@sepaéag%{éed;[glixﬁﬂ%ﬁjl;g_@wag%lrller may be
recycl ed giigtitd Rarther; éatexanplamsing molernlaf sievertireatmens opazeptrepie drying: df at e,

n- but enyl acetate and sec- but enyl then be conveni entl eparated b
convent i @gsiredgthsazeattoping FFG?@E‘H\%‘H ke @W%ﬂﬁ%{lg an QeI 3%’0%?1?1{‘5 but yI Y
acetake andSEeeAARMIARSIA! WARLPRabE SiElsIfringr hi)ebd RIS

rendefi ng aration m one anot her unnecessary. 10 A stream
conpri si ngedtidpipaiohnnm CEeintixtace of tdutyl aqetate mebiutsny]l segtaterangdiseg-bittendact i on

by- products may be recovered framthe base .of...th LOopy .cal um. This
stream gy the ?%%F%quéeﬂaﬁéeq(?@a@%ﬁn%o?ﬁ dﬁ&ygtﬂ)‘% tg%%%ﬁ"g%ﬁg Q195’(:1)1%(|cé}hri fy such
streans Q{I).iixﬂﬁ'estd?f tibB1 ade@ftd/ £1disBObSEBP aceé tdndbel radyicled tothe Bedctor $msr e present .

This may be achi eved by introducin the streaminto a settling tank, and
al | owi ng reddering theirtsopasatioa fromeone 2oAEIONESSEHder of 15 the streamas a

separate phase., This setfl.i . f ol i I tion of

wat erl.% It Sh&ﬁt&ca%com?&gpgklg%%&%ﬁ%{? ' cé&)gnzde@?ﬂ?%%%ygag?rsﬁqérgﬁcggﬁpr ocedure
descri bed,yahedRts MEYbdRcORRY R the b wf fitcazesmpaigrebimne dihis stsamg - t - but y|

acetate, n-butenyl acetate and sec-buytenyl acetate. 20 The .invention is

i |1 ust r atraey beyregysiashte theaeactory H@W&wd&wﬂﬁg‘- tq PUREY sHph SHFADR BHPHBPC ¢ he

conposi ti_gn- of _sgjq&{ngagwd ifReduciet h acetic
acid in rwc%%g%ﬁ@@?ﬁﬁﬁfﬁﬁgﬁt ll‘r enoval aana rgg’i/ql eugf gt he :
pr oduct s.théktream inkea Fetingtank, lahd sioveing thehiars b separatefrons thoyerpaindpiofs, sone of

whi ch are valuable materials in their ow right.. i = ene) and
sone Mhi dhe siream BRsepuate prass; Jﬁ'@éé@]mgls}ep iay ?C&Wg@%gy Eh%bagh%gglrggnoved at

i nterval s,fieoma commercial process to prevent undue build-up of involatile
by- products.” '

1t should be understood that the azeotropic distillation procedure described above

may be applied to any process stream comprising t-butyl acetate, n-butenyl acetate and
sec-butenyl acetate.

20 The invention is illustrated by reference to the following Tests which show how
the composition of a C4 stream changes when subjected to treatment with acetic acid in
an addition reactor, but without removal and recycle of the products. Hence the Tests
illustrate the build-up of by-products, some of which are valuable materials in their own
right (e.g. di-isobutene) and some which are regarded of a lesser utility which would be

25 removed at intervals from a commercial process to prevent undue build-up of involatile

"by-products.
Tests 1 and 2 — Reaction of acetic acid with a crude C4 stream
To 2699g acetic acid and 28g water was added decane (65g - to act as an internal
standard for subsequent Gas chromatographic analysis), and butylated hydroxytoluene
30  (2.4g- polymerization inhibitor). The mixture was charged to a 7.5 stainless stee] Parr

autoclave containing a cooling coil, and supplied with electric band heaters and internal

control thermocouple. The catalyst employed was a proprietary sulphonic acid ion

7



Tests 1 and 2 - Reaction of acetic acid with a crude ¢4 stream To 2699g
acetic acid and 28g water was added decane (659 - to act as an internal
standard for subsequent Gas chronmatographi c anal ysis), and butyl ated

hydr oxyt ol U@B?,I Gg1(2. 49 - polynerization inhibitor). The ggpiEBERI¥RS _
charged to a 7.51 stainless steel Parr autoclave containing a cooling coil,

d lied with electric band h d i nt | st | e.
The cat ol Sxehangesesin A GREEVRTSIS BATPRIGH SteaLInORE EXRLa RO Ie SoRER S 020601
PCT/ GB02/ %Q%egéﬁﬂﬁﬁﬁc %ﬁﬁf‘o?cﬁ%_ieg lig@iRtflovethtdugh ¥ catalystitdesThet eel nesh

the coollng

bag fixed aroun coil. "The action of the aéz;i tat or -enabl es
liqui d fvessel vasseptedtand preasua¢ parged wiskinitrogerseverabimes (k0 bEgL & and pressure

d with nit, | ti t Q. 10. it~ Th
P e vEsmovs &% RBematigyas tiey Beaed Bk AR Lot EESTMGRASE TR o
1) ”aﬁdreﬁ%éhﬁgg&\}/e SR6a LFRBE (ot 2)OTiRe af tetnPEiaR € lsbine B3GHORrERAT of crude C4

was added‘''to ssel under nitrogen overpressure. Excess nitrogen was
used to wacadded e the resselnaderpitthgen overpmessUs rigkcessHiigoggaMRs Asedieet i ¢ acid to

but adi . ' f 341 i1 . . i '
7 Tabi o PegtRiEps et 4 e LD bR pad R i Rigef °T ) 91"

addition,43pd the mxture was nmaintained at the stated tenperature for a
period of 4 days while liquid sanples were p,ergj\'ﬂg]gi ;a{qlﬁ/ wi t hdrawn and
anal ysed by ¢Hse eomnosition gf the pipde CHStream iy gleendp 1Pel9%-netic profile of

produgg m xt U%ce%%)rﬁatgl:;%g%)ﬁag%&n BE8E Hctnent SEON ko HICBY miRGRI #he_and

crotyl” acet at esser anpunts of tertiary butanol, C8

ol ef i ns  apginidineics tial stfted teihperatuas fons perfodfifydayy whidh Bgud earaplds wetegoner
by-products, together with_unreacted butadien aqgl ace#ﬁj a%i d. Table 2,
bel ow, shperpdically prithdraem and avnbised by gascorPmaRgFTePyy 14528 €38r aphy) from

are. gi ventIe D R e ettt c Teats
that tert braegl adutity maioprodiots, with besserapiouhty ofitectiary betarol, Ghelefibnandondi t i ons.
Streatt | RORBoEEARLET AT REIBr e U PeRr oL PRt g o
acetate ynreacted butadiene and acetic acid.
Table 2, below, shows the product cdmposition (analysis by gas chromatography)
from Test 1. .
For Test 2 (carried ouf at 70°C) using the same composition, results are given in
20 Table 3, below. _‘
It can be seen from these static Tests that tertiary butyl acetate forms rapidly under
the reaction conditions. It is thus apparent that under suitable working conditions for
treating C4 streams in accordance with the present invention, the tertiary butyl acetate
can be recycled to an addition reaction, optionally-together with other products which
25 - may not be desired reaction products. It is also apparent that under the static conditions
of Tests 1 and 2 that, after reaching a peak, the concenfration of tertiary butyl acetate
gradually diminishes. It is believed that this is due to the formation of dimeric or other
products either from the tertiary butyl acetate itself or from the isobutene with which it
is in equilibrium. It can also be seen from the Tests that, in addition to such useful
30  products as, for example, secondary butenyl acetate and crotyl acetate (which are easily
separable from the starting materials), there is a gradual build-up of some other
products, e.g., C8 butadiene dimers, C8 acetates and C12 butadiene trimers which are

8



can be recycled to an addition reaction, optionally-together wth other
products which 25 may not be desired reaction products. It is also apparent
that under the static conditions of Tests 1 and 2 that, after reaching a
peak, the gﬂpﬁﬂ}},&ﬁti on of tertiary butyl acetate gradualdci/¢ogioszghes. |t
is believed that this is due to the formation of dineric or other products
either fromthe tertiary butyl acetate itself or fromthe isobutene wth

" whi ch i t-alsosehyl isglablemspdush "1t can al so be seen fromthe Tests that, in
addition to such useful 30 products as__for exanple, secondary butenyl
acetate and crolyl TehlelaCengositiontof Enadedki Iy separable fromthe starting

materials), thefe js a gr.adpal i l.d-up, of |sone ot her products, e.g., C8
but adi ene di mer $, s@%anhg@pa?cg@mgﬁ%p%ffﬂgﬁ}ﬁradi ene trimers which are 8 WO

03/ 020681 PCT/ B al so Jﬂf@m@mﬂl e, products. 5 10 15 20 25 30
Tabl e gl: Conpositiod of Crude L ai ned from Napt ha cracker
Conporent Per cent BuiadiegRt ) But agli ene63. 2 68% fene- 111. 1 Butene-2.6.9 C3's0. 1
C5' s0. 015 | sobui@fehed TSODUT ENES. 7 N-Byfhgnie8. 9 Total accounted for97.815 9

Butene-2 6.9

C3's 0.1

C5's 0.015

10 ' Isobutane 1.9

Isobutene 57

N-Butane 8.9

Total accounted for 97.815

15
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25
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5 10 15 20 25 30 WD 03/020681 PCT/ GB02/ 03930 Table 2: Product conposition

profile obtained at 60C Ti neC8 BDC8Cl2 BDA i go-t - BuQAcSee- Crot yl 4VCHt - BuCH
i sldi eracetatestrinmersersBuOAcacet ate

00. 320. 030. 991. 342. 070. 009. 41

290. 550. 0569698&%%?13.145.253.350.0644.04 PCTIGBO2/03930

641. 250. 270. 230. 02209. 3815. 849. 190. 0674. 01

932. 160. 430.'450. 03208. $525. 3315: 140. 0874. 54

1422.920. 740. 710. 04203, 24372623 070117273

2023.121. 201. 140. [10193. 0 Table24Bidddd@ofnp6&ti@Bprofile obtained at 60°C

2693. 701. 651. 550. 3180 6264, 8043 1202067 37

3224.172.111. 990. . 82852 (CtHBDPligny| +PuOAc| Sec- | Crotyl | 4VCH |t-BuOH

4254. 652. 692. 53. 0| Qechikblrif69| kb2 17. | BuOAc | acetate

13697. 315. 215. 673} 550931 H®32P00181441B9987 134 2.07 | 000 | 941

15157. 508. 346. 394 7.0@915&:08130-@2A51392 5.25 3.35 | 0.06 | 44.04

16458. 078. 866. 685 1,9616%H-42 14

17408. 286. 566. 825 4?%215?1%2%‘."%34%9“ 1554 9'_19 006 1 141

28039. 798. 167. 837 5.°#é13é’:4f619-%343§‘?8§8 2533 | 1544 | 008 | 74.54

296610. 1911. 818. 147. 1864 5/ D¥1. PoWs. 4U2B24(337.26 | 23.07 | 0.11 | 72.73

332610. 619. 038. 378B. 8 51 6l 5 3 \

429211. 489. 748. 74p. 83?@31%2114 60%0&43192%05 5094 4 3251 017 6993

44641%07910.078. 9 1845 818, p&% 5 F255 6480 | 43.12 | 020 | 67.37

4614171.79113.648. 9 1841 25186. P64 6G2BD8 177583 | 52.79 | 0.25 | 64.74

184, 85188 bPds 69332898971 | 6466 | 031 | 62.17.
sa1 | s.67 |398 | 10214 | 15593 [14023| 0.84 | 4852
834 | 639 |480| 9169 | 16749 |15481] 092 | 45.92
286 | 668 |523| 8795 | 17196 |16112| 1.01 | 44.74
‘656 | 682 |540| 8532 | 174.08 |16492| 1.03 | 43.96

475912. 0813. 638. 9

15 8.16 7.83 | 723 | 6896 | 18573 |183.16| 1.34 | 38.40
1181 | 814 |7.66| 6496 | 186.57 |187.96| 1.40 ] 37.03
9.03 8.37 | 823 | 6094 | 186.65 |189.67| 1.45 | 35.53
9.74 874 }9.44 | 53.40 | 185.73 |188.66| 1.59 | 32.45
1007 | 894 |9.82 | 5097 | 183.80 |188.66| 1.62 | 31.56
13.64 | 898 |9.44 | 50.08 | 184.25 {186.96| 1.62 | 31.17
20 13.63 | 894 [9.26 | 49.27 | 184.86 | 186.59| 1.65 | 30.89
1433 | 9.28 {10.11| 43.77 | 176.20 {182.88| 1.65 | 2843
1455 | 9.40 {10.50| 42.56 | 176.04 [180.45| 1.68 | 27.90
1456 | 9.36 (1124 4195 | 175.12 {169.92| 1.68 | 27.65
25
!
30
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569212. 5914. 339. 2810. 1143. 77176. 20182. 881. 6528. 43

581612. 8614. 559. 4010. 5042. 56176. 04' 180. 451. 6827. 90
592812. 9114. 569. 3611. 2441. 95175. 12169. 921. 6827. 65 10 5 10 15 20 25 30 WO

03/ 020681 03930 Tabl e 3: Product conposition propiteptifsdened at
roc T nece VLRS! PR

120. 390. 100. 0%8
250. 910. 060. 14
361. 240. 080. 2§

BDA i go-t-secCrotyl 4VCHt -
(m ns) duper sacet at estri mer snmer sBUuOACBuQAcacet at eBuOH
00. 120. 050. 060. 011. 831. 291. 520. 002. 64

10499 _2A4. 4

601. 840. 450. 6 Lﬁ'."iz

1173. 101. 151.
61. 611. ¥76-
"1.06141. 459214464 (01§,
3075. 453. 613. 991,851

1493.

143416.
171110.
177510.
277011.

30953

15

207.
968.
608.
609.
929.
009.

,\
pOT TUIZZ. OUH. OUO U4U UO4U

0. 10195. Gsble. 375@dch@om%t1ggproﬁle obtained at 70°C

’IQ'Q_’) ’0'1/118 47

BR548. 6 _-“éz.g%cpi%l"'ge sec |Crotyl 4VCH |+
PGfhsp IdiFSs 5 a&BeS@BBrs2 §Aer® 2 FBUOAC |BuOAc |acetate BuOH
12 05/ |06 799020798720 Lo Joi52494.000 | 2.64
9314010605 |010 | 12236 [436 [3.04 |0.08 |4502
280014514.05 16PQ2. 32Q037495966] 11.70 | 6.78 | 0.14 | 58.69
13128. 936. 94757536 757(24921¢ 6k [8h858.|940. §2R%96[18.22 | 1057 |0.14 |58.47
808. 3%0.| 5864 [988.457| ¥1169.0520 | 6&sXB. LL40.60 |[18.56 |0.17 |55.96
208. 8R7.|60hfp |361157| 118174.0440 | 67525. #155.88 (3628 |022 |52.14
448. 71ad .| 4856k 1841.69] 117173.0480 | T6008. B68.70 | 4649 | 025 |49.75
429. 658 .| 1745 [794.70] £8176.1980| 78245. 1R.44 " | 67.01 | 031 | 46.06
779. 6699.1558145. |064.612| 31R168.1330 | THR3. | 617.69 | 92.52 | 037 |41.76
94101£H59. 80%9|. 3444707.847163.760() 7031 0| 6®.84 | 15847 | 0.62 | 29.67
1434 | 1620] 780|838 (658 |61.98 |177.00 |169.52 | 0.65 |27.11
1711 | 1096 820|885 |7.60 |5636 |177.79 | 17244 | 067 |25.42
17751 1060 844(876 1748 5484 |179.11 | 17348 |[0.70 |24.89
2770 | 11.60| 942|968 |9.17 |4379 |173.63 | 17031 |[073 |21.18
2802 | 11.92| 977|966 |955 |41.06 |172.13 [16851 {076 |20.16
3005 | 13.00] 994|1055 |9.89 |3934 {17017 |169.60 | 073 |19.63
3209 | 1291 | 1004]10.18 .| 991 |3833 |169.21 |16899 [0.76 |19.21
4163 | 13.77] 1049|1078 | 1077 | 33.07 |162.04 | 160.75 | 0.76 |17.30
4196 | 1391 1067|1063 |1137 [31.86 |159.76 | 15858 | 0.76 |16.76
4224 | 1386 9.08|1089 |11.01 [31.80 |159.99 [159.14 [0.76 |16.82
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320912.9110. 0410. 18 .9.9138.33169. 21168. 990. 7619. 21
416313. 7710. 4910. 7810. 7733. 07162. 04160. 750. 7617. 30
419613.9110. 6710. 6311. 3731. 86159. 76158. 580. 7616. 76
422413. 869 1.0131. 89159. 99159. 140. 7616.82 11 WO O

PCT/ GB02/ 0?8@@%6?63%%1 1. A process for treating a mxedigg%%t@?%g%)
conprising iso-butene and 1, 3- butadi ene, said process conprising: a)
reacting acetic acid with said streamin an addition reactor, b)
wi thdrawi ng fromthe addition reactor a product stream conprising

i so-butene, 5 sec-butenyl acetate, n-butenyl acetate and t-butyl acetate,
and c) recovering n-butenyl acetate fromthe product stream characterised
inthat d) t-butyl acetate is recycled to said addition reactor. 2. A
process as claimed in Claim1 wherein isobutene is recovered fromthe
product stream 10 3. A process as clained in Caim2 wherein the

i sobutene is recovered by distillation. 4. A process as clained in any one
of the precegihgd C ains wherein isobutene is recycled to the addition
reactor. 5. A process as clainmed in any one of the preceding Cains wherein
Lhe mxed T4 Atprecess for trenfingiaminedG4 stueantieamutisingdsabutene asf 1t ane or

ut ene, or the stea r i.ng . 15 of naphtha. 5. A process as clained in
anyone of ?‘%édlﬁ?eééaelgipﬁ ce%cal i lerein, in addition toIO t he i so-butene and
1, g but adi ‘e)ng,rch&ste]grﬁc&ﬁdadi‘&wghBa&dimcaﬂniprahadcﬁtiommacmr,rmr e of isobutane,
n- but ane, |-butepe, trans-2- ene, cis-2-hutene, 1,2-butadiene
pr opafJi eneb) n’é’%th&PW&Iﬂe&Wi}?@ﬂa@%fﬂa""%%?{?a@ﬁégem ﬁ@f'ﬁ’ﬂﬁmgdé%swg%e, vi nyl
acetyl eae, Hi g 1 A process as clained in
any oneyofsegh@?%&&%ﬁ?%él il%‘ly?n%e%e@g?y{yﬁ&?ﬁeézg%di Pi on reactor, the
relative no) e readverimgmibutertyhatietatecfrom thelprodvick srbaB4charactenised io thatet i ¢ acid is

in 12 WO 03/ 020681
g{ t-buty alzgt-raéeclsgge%éwg t%%aid addition reactor.

2. A process as claimed in Claim 1 wherein isobutene is recovered from the product
stream.

10 3. A process as claimed in Claim 2 wherein the isobutene is recovered by distillation.
4, A process as claimed in any one of the preceding Claims wherein isdbutene is
recycled to the addition reactor.'

5. A process as claimed in any one of the preceding Claims wherein the mixed C,
stream is obtained by the dehydrogenation of butane or butene, or by the steam cracking

15 of naphtha. '

6. A process as claimed in any one of the preceding Claims wherein, in addition to
the iso-butene and 1,3-butadiene, the mixed C, stream comprises one or more of
isobutane, n-butane, 1-butene, trans-2-butene, cis-2-butene, 1,2-butadiene, propadiene,
methy] acetylene, ethyl acetylene, dimethyl acetylene, vinyl acetylere, diacetylene, and

20  Csacetylenes. _ -

7. A process as claimed in any one of the preceding Claims wherein, in the addition

reactor, the relative mole ratios of butadiene in the mixed Cj stream to acetic acid is in

12



the range 1:1 to 1:10. 8. A process as clained in any one of the preceding
€l ains wherein the addition reaction is carried out at a tenperature in
the range 40 to 90C. 9. A process as clained in any one of the preceding
dai ms whege addition 5 reaction is carried out USipRg:cB02/03930
heterogeneoé éﬁz{agﬁlyst 10. A process as clained in d ai mg erein the
het er ogeneous catal yst conprises a zeolite or a strong acid ion- exchange
resin. 11thexangeokbéx1:d8. cl ai med in any one of the preceding C ains wherein
water is pres SRR heddmmen 0- 5 and 20
ww % baged %:rﬁr?%ésg?%{]ﬁpﬁﬁgk %@eéﬁ@gb he r%g??gr. lilg A process as

cl ai med i peatlién idcarried oﬁﬂat\dt&hpdrﬂukﬁ@th&dahgbmm perLLt | on i s carried out
under condltlons of hi glh shear. 13. A proc s cl i n, any one of the
¢

pr ecedi ng9C aArRfoOcRIR AL ﬁ“&dﬂbWr?@F PEQFPE‘EG F%lﬁ Hng B °rF’§ B?j%ﬂé’éf‘ t he

addi tign @m%]a'ih as clainmed in any one of the
preced?nggéé?g(}ﬂn@%\%ﬁee??% t he n&% &ﬂge acetate recovered fromthe product
stream i s laydAgsgreceas aﬂclalmerlnmdlam9mm;ehn webetatogeneomscatalmmnms as cl ai ned
in any one qf t he rece )gpal ms wherei n conponents of the product
stream coﬁfﬂf‘%?‘h@s AEETES - hut enyl acetate and sec- but enyl

acetate @i e ?@;ﬁé&é& @chﬁmmlﬁﬁiy%ne bpﬂe9Irec§d1ﬁ§@muhywaaemtvvmu§pmar ative
met hods.: A process as, Clainmed in any one of the precedl ng C ains

wher ei n dmihs@ddmgmeeapson ingio amenmdetveenDad 3P 3w e, basedanthe totalos 30 13
10 . charge to the reactor.

12. A process as claimed in Claim 9 or 10 wherein the addition reaction is carried out
-under conditions of high shear.

13. A process as claimed in any one of the preceding Claims wherein a polymerisation
inhibitor is added to the addition reaction mixture. '

15 14. A process as claimed in any one of the preceding Claims wherein the n-butenyl
acetate recovered from the product stream is hydrogenated to produce butyl acetate,
15. A process as claimed in any one of the preceding Claims  wherein components of
the product stream comprising t-butyl acetate, n-butenyl acetate and sec-butenyl acetate
are separated from said product stream by azeotropic separative methods.

20 16. A process as claimed in any one of the preceding Claims wherein d1-1sobutene is

recovered from the product stream. "
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