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CO- PRODUCTI ON The present invention relates to a process for
‘the co-:production of esters by reactlng a mxture of alcohols with a
carboxylic acid in the presence of a catalyst. It is well
‘known . toiproduce esters such as ethyl acetate or n-butyl acetate by
reaction 'Of'wﬁp@g& or n-butanol respectively with acetic petr/dpbdookdre
presence an acidic catalyst. However, in the co-production of
_esters:th ﬂfornatlon of n- butyl acetate from n-butanol and acetic
acid, diffiiculty is experienced in driving the reaction to conpletion
"~ thereby resulting in an n-butyl acetate product which is cont am nat ed
with n-butanol. It is also known to co-produce these esters in a
single.reactor by operating the reactor sequentially, ie by first producing
one ester 10 by reaction of the acid with the first alcohol and then in a
SW ng operatlon changi ng over to the second al cohol to produce the
second ‘éster. In all of these reactions i nvol ving the use of a

m xture of alcohols for esterification, it is inportant to use

rel atively pure reactants for reaction with acetic acid. This is

particul arly inportant if the esters are co-produced in a process for
the sinmultaneous rather than the 15 sequential production of both the
esters.  The use of reactants of high purity may not be econom c
COhTTEI’CI ally for it would significantly add to the cost of pr oduci ng
the esters: It has hitherto been relatively difficult to co-produce
I usly a mixture of th SROB atively inmpure set of .
o This is due t ns. For instance, if the

i sThe present invention relates to a process for the co-production of esters by
s ,'reactmg a mixture of alcohols with a carboxylic acid in the presence of a catalyst.
It is well known to produce esters such as ethyl acetate or n-butyl acetate
- by reaction of ethanol or n-butanol respectively with acetic acid in the presence of

an acidic catalyst. However, in the co-production of esters the formation of n-
- -butyl acetate from n-butanol and acetic acid, difficulty is experienced in driving the
- _-.;r'eaction to completion thereby resulting in an n-butyl acetate product which is

‘contaminated with n-butanol. It is also known to co-produce these esters in a
... . single reactor by operating the reactor sequentially, ie by first producing one ester
‘10 by reaction of the acid with the first alcohol and then in a swing operation changing
N ~ “over to the second alcohol to produce the second ester. In all of these reactions
5 _involving the use of a mixture of alcohols for esterification, it is important to use

3 ~relatively pure reactants for reaction with acetic acid. This is particularly important
" if the esters are co-produced in a process for the simultaneous rather than the

. 'sequential production of both the esters. The use of reactants of high purity may
not be economic commercially for it would significantly add to the cost of
producing the esters. It has hitherto been relatively difficult to co-produce

- simultaneously a mixture of these esters from a relatively impure set of reactants,

_ . This is due to the folloWing reasons. For instance, if the ethanol reactant is

- 20 contaminated with impurities comprising carbonyl compounds such as eg

' crotonaldehyde, methyl ethyl ketone and the like, it is very difficult to separate the
eventual ester product from the impurities. For instance, crotonaldehyde - whilst
having a boiling point distinctly different from ethyl acetate - not only has an

. inordinately large impact on the odour of the ester product, even if present only in
~ very small amounts, but also causes excessive fouling of the reaction column




20 contam nated with inpurities conprising carbonyl conmpounds such as eg
. crotonal dehyde, nethyl ethyl ketone and the like, it is very difficult to

" separate the eventual ester product fromthe inpurities. For
' instance, crotonal dehyde - whil st having a boiling point distinctly
. different fromethyl acetate - not only has -an I nordinately | arge

;. inmpact on the odour of the ester product, even if present only in 25 very
- smal | anpuntyo oBMissitl SO causes excessive fouling of the reacricpys/smbom
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- PCT/ GB98/ 00890 thereby resulting in a high boi | - out frequency.'Cn
. the other hand, nethyl ethyl ket one has a boiling point which is very
.simlar to that of ethyl acetate and separation of the two by eg

distillation isj cal . Sy lar 1t the n-butanol reactant is
cont am nat ed b;slt h%%?{/%g‘?lgfeﬁ?&élfg-hrﬂé’g%‘* ﬁF%uT%_y’ tr}gnutﬁﬁ%hef aéldtlggtgyliqhy - but anol
5 is producedketgnetiaea bejlingpaintavhiehds very similagte thatiof ethyldcetatepndoi nt  of

but yral dehyde isgparation of\the tivoStiydig! dastillationas ivpraciesl! SindlaAPJr iheAdMtamaNnot be
readily separ atrggl

L. . Lt h new b found, that suc sters can
be co-produced ‘ST IS-Go0minALed by "“‘Y’ﬁﬁ%ﬁﬁ? "eT@ﬁF‘(s/ésI‘V“ﬁ 5% g@%’é‘ﬁ’% by
usi ng a seqendeprsduerd yrthesagaliedy ‘oxpprogess kghe boiling ppiat ofkmtyraldéhydelsat i vel y
pure esters f rw&ﬁﬁﬁhara]?laﬂﬂpﬁsme_ ai:@lhence cannot be Aﬁd&@rsébiiﬂﬂe&’.a the pr efsent .
invention is a proc - raoduction e
acetate and n- bgt yl elggaestn%%v e%wﬁ?%%gﬂhggg{&[ggﬁgrg% Q%berﬁoi?rﬂ figcegfc’ lmulitaneouse¥ hano?/
and n-but anol viFemh relatively impure deelstogkhy ysing s saayshessef colvmny avhisheadbietheof an
aci di ¢ cat al ystreedverosiirelifiveBburdlestdddfrom such a process. t he reactants conpri sing

et hanol , n-jut anol cet | d i.s f tQ the N base of a
Ceacti on Cotumm A wikERE ety 8 ol EheiBr o simplaneou
catal yst and i sPraducienphethyl acetatp andn-butyl aoststss ixaneectiop of  mittaref oduct

conpri.si ng et hydthaRopdnatrebudind] with uéeyit acid @ Mk Gquild pRdle I the presdhcé bfanCol UM A,
. t he over ha%ﬁﬁjé%afte[lygsﬂl@i Wﬁ@edﬁn?@a@“ sing the m xture of ethyl acetate
n- bu ace

and . Th e are fed, optionally after a decantation
step, to about it he Z2be feactants comprisingsthanel) p-bupne] apd agetic peid isded tidheirm C
oper at ed under el evaassoftaasmtioAColuthn A which contains thelagiRRyterification a.

a light ends fracti taiy?%a}?@%%ﬁrhﬁgleg LOL0R 1LriRedh A0 RErRH G bdugnd

recovered as overheads"th L
comprising ethyl acetate and n-butyl acetate which rises up the Column A,

ii. the overheads from Column A comprising the mixture of ethyl acetate and
n-butyl acetate are fed, optionally after a decantation step, to about the
20 upper half of a distillation Column C operated under elevated temperature
whereby:
a. a light ends fraction is separated from the reaction products and
recovered as overheads therefrom,
b. a stream comprising predominantly ethyl acetate and n-butyl acetate
25 is withdrawn from the base thereof and fed to the upper half of a
purification Column E,
C. a side-stream comprising the reactant alcohols, water and some of
the esters is withdrawn from the upper half of Column C fedto a
decanter wherefrom, EtOH is washed out of the stream, following
30 decantation, the oil phase is returned to the Column C feed and the
water phase fed, to Column D,
iil. the stream comprising a mixture of ethyl acetate and n-butyl acetate is
fractionated in Column E so as to recover:
a. substantially pure ethyl acetate overhead,
35 b. substantially pure n-butyl acetate from the base of Column E and
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b. a stream conprising predomnantly ethyl acetate and n-butyl acetate

1 25 is withdrawn fromthe base thereof and fed to the
. ‘'upper half of a purification Colum E,
. C. . a side-stream conprising the reactant al cohols, water and sone of

i the esters is withdrawn fromthe upper half of Colum C fed to a
' decanter wherefrom EtOH is washed out of the stream follow ng 30
. decant ati on, widwaeést phase is returned to the Colum C f eedpeurdnisinesso

wat er phase fed, to Col um D, b the stream conprising a m xture
of .ethyl acetate and n-butyl acetate is - fractionated in
Colum E so as to recover: a. substantially pure ethyl
acet ate overhead, 35 b. substantially pure n-butyl acetate
f2r om the base 3\;) gg} 2%5 liaﬁ'iq waste stream at a point intermediate between the

PCT/ GB98/ 00890 withdrawal points for (40 (3)gad (i)} ehovs endeampsising thioi nt

i nt er nedi at e bet ween t he unwanted wi t hdrawal points for (iii)

(a) and (iii) (b) above %ﬂ“ﬁggﬂéﬁfn %Jiﬁ%agtggggrbgwgcemvwds glhxch unwant ed

impurities including the Unwa ﬁ‘% _
streamis diPscharged, an@tream is discharged, si de-stream conpri si ng a mxture
of ‘the esters and altkodidd-srebRctoinPrising a mixture of the sikdbid aldohsls fadast i onated so

S 0 ey A Mt (el PRk AlcBfred so g to remove « RKEHOERGGY | o M2N0) and

n- but anol along with th | acetate
and n-butyl acet at e PERASRYReAHY ethnel and r-butanql glong avith smell amoyms Ofwatef Col urm

D. | n ethybadetitd adimigutglasetieivetiad, hid witef BodehdWakesr t he
reference act ual éf @W and theoretical trays in various colums,
especially the A an coPurms I's based on the calculation that the

tray efficiency is 3nthe follprang descrption; it is tabe eterl thereference to achyabtraysose
skilled in the and thebfetitalitragyinakfiows et Sespedially ehe- R @hd BlcbRehnS)is Ua%éd ed 15

dependi ng upon | s | ums and
heP\ce ’ Ioa tégﬁﬁ%%é\}gnr? ﬁ g%g b &P%ﬁ%e%f iS%A Oﬂovu%%{i d}m%? Q;'Vrcé gl?é? tYays can
b e readily cal Ao these skilled in the art that tray eﬂicnencles can be controlled or varied

15  depending upon the other conditions prevalent or used in such columns and hence
alternative numbers of actual trays and theoretical trays can be readily calculated
and employed to achieve the same or sxmllar results without detracting from the
invention.

The esterification reaction in the process of the I'Jre'sent invention occurs in
20 the base of Column A which acts as a-combination of a reaction vessel and a kettle
" (boiler), the kettle.being located in the base of the column. It is preferred to
recycle any residue from the base of this column back to the reaction vessel,
especially if Column A is not an integrated reaction vessel and kettle. The amount
of the acetic acid present in the kettle has to be controlled in order to minimise the

25  passage of the acid overhead along with the reaction prodi;'cts thereby avoiding
contamination of the n-butyl acetate product with the reactant acid. This has to be
balanced by the need to control the rate of the reaction, ie the higher the acidity in
the kettle, the faster the rate of reaction. The amount of acetic acid in the base of

~ Column A is suitably in the range from 30 to 75% of the total kettle contents. The

30  actual amount of acetic acid will depend on the ratio of ethyl acetate : butyl acetate
to be produced and therefore the respective weight of the reactant alcohols added
ito the feed. Thus, in order to produce a product comprising a mixture of ethy!
acetate (70 %) and n-butyl ace'tate'(3 0%), it is believed that the acidity in the kettle
based on the acetic acid reactant and the acid catalyst is suitably about 53% by

35  weight. Due to the presence of butyraldehyde and n-butanol in the reaction



and enpl oyed to achieve the sane or similar results without detracting from

. the i nventi on. .The esterification reaction in the
. process of the present invention occurs in 20 t he base of Col um A which
t acts as a conbination of a reaction vessel and a kettle (boiler), the

kettle being |ocated in the base of the colum. It is preferred to

- recycle any residue fromthe base of this colum back to the reaction

- vessel, wesageszal |y if Columm A is not an integrated regticposioosessel
~and kettle. ‘The ampunt of the acetic acid present in the kettle has.

* to be controlled in order to mnimse the 25 passage of the acid overhead
along with the reaction products thereby avoi di ng contam nati on of
the n-butyl acetate product with the reactant acid. This has to be

bal anced by th%m&ﬁﬁ‘edmtéadﬁﬁﬂ% Q-bu{yhﬁ'cefa% %tmontahs efh%ctgtamn dourh] &, fhisgher the
acidity in kettl e, reatlorL The anount

of acetic acid q‘?h’("ﬂbhaﬁéstﬁmwamre Pmﬁw?‘m"%] |“f'gB’I“§ PRPUHES 0 h%ge from
30 to 75% of t Iseparasedyiredogered endoreeytcladtas apﬂi’banae) Fordostanee, depending wponacet i ¢

acid w |l depemg t@ﬁ\p&gﬁré Ao d?ihx@é&)ﬁhn%%@t@!un@n% elﬁ&e&@ﬁrﬁwded witht 0 be
pr oduced and theref ore t he respectlive X\B t he react ant, al cohql s added
to the feed® Thgded Fﬁwéﬁ"dg?m‘fed PRI @B &’%Fb?ﬂfb‘f’hﬁé’ﬂﬁﬁfaé’f mgy he re of

et hyl ac ahdithe ihparitids remuved fiom Gdlumo Et akong WiBOHE liquitl wastelsgeareved t hat
the acidity 'nrérn&/eh%ér{zﬁom Columh%tas%l g rél‘&leit'acteﬁﬁérgtu?eeﬁﬁﬁﬁ”t and the

acid catalyst is sul resence of
but yr al dehyde SH$ng flfﬁi’i‘ éﬁfb?: at ﬂ‘etqffée ?%é%?’f"b'ﬂm 1656 at tEump St the ColBinf S
3 atividspRerit AR E&Rure. Column A may be a packed or unpacked column. Column A '

zg(lj-/ SFg 3{ 02?2? suxéablly has 25 t&& hdthdt (12—5‘5 ﬁ{égx‘ehbﬂ{‘plﬁt@s B Dby Pre@ﬁﬂé t&'er:raEISrhaPO:
ur,e proriil e
whi ch enabl es %&gwm%é‘%rﬁ:?ﬁx?qrﬁggl)tpba%%@ngns Sua{stg% Bﬁ?g‘]lgga a e 38’65 er ed

and recycl ed asataypiprtiprangs of. 0.501 to Astlaeg @ 5:1d SFishid thgrange owever, if t he
tenperature prQfibing @hddndhtonGPlakintd ackflin?, thO AR rdlRY nfdly bB eifedielpr OVi ded
wth 5 a si e raw (to remove inpurities and waste) or such a side-draw
‘may be omtted : and the inpurities renmoved from Colum E along with
the |iquidtaste st Thaoverheads fromrfinhenin Arege aifitablnfedobreugh aalepanter§ilitabl y

operated at a tcﬁﬂ‘g gated }M’Eﬁhﬂﬁ@fshﬂaeatmn of an ﬁ@\fé‘éhé" akd %ﬁrﬁﬁfgq{rédo@uﬁdnﬂ& he base

of the Colum tvx?ater h% rréJctan? alcohoﬁa an8 Fs)mol amount%? he pro&ct esters, from an oily

phase which comprises predominantly the product esters with relatively small
amounts of water and the reactant alcohols and other impurities. The aqueous

20  phase from the decanter is suitably fed directly to Column D either separately or
admixed with the water used to wash the side-stream from Column C. In some
cases the water may also be returned back to the column as an aqueous reflux
particularly if high butyl acetate:ethyl acetate (greater than 30:70) ratios are being
manufactured. The oily phase recovered from S1 is fed to Column C but a portion

25  of this oily phase may be recycled to the upper half of Column A.

Column C is a purification column and is suitably operated at a temperature
profile ranging from 115°C at the base of the Column to'85°C at the top of the
Column at 2 barg pressure. Column C may be a packed column and is packed with
Mellapack® packing (supplied by Sulzer). Column C suitably has 20 to 60

30  theoretical plates, preferably from 35 to 45 theoretical plates and is suitably
operated under total reflux at 2 barg pressure with a small purge taken off -
overhead to maintain the temperature at the top of the Column constant. The
amount taken off would depend upon the nature of the impurities present in the
purge. As with the overheads from Column A, the éide-_stream from Column C can

35  be mixed with water and fed to a decanter 52 to separate' an aqueous phase which
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~atnospheric pressure. Colum A may be a packed or unpacked columm. Colum A
' 10 suitably has 25 to 70 actual (12-35 theoretical) plates at 2 barg

| pressure; preferably from45 to 60 actual (24-30 theoretical) plates
cand is swtably operated at a reflux ratio in the range of 0.5: 1 to
§4 1, eg-0.5:1. Wthin this range, however, if I nt ernal condensati on
“is taken into account, the reflux ratios may be effectively 1.5:1. 15

i The overheadwdmmﬂ:ol um A are suitably fed through a decauTecBI&hos®
,.carry .out” a prelimnary separation of an aqueous phase conprising

© predom- nantly wat er, the reactant al cohols and small anount of the
- product esters, froman oi |y phase whi ch conprises predom nantly the
product esters with relatively small anounts .of water and the

react ant ~ al cohjlsimifan ¢h cintpositioniouhe Aquebus phase rReprerdFroadthe detuatee Sirom t he

decant er 'S SUblallots GRS CURBER s LhufeBkt oDyl ke, SERRIELANY O

adm xed ' with t In sone
cases the wat epmawys af %p@éuqt@stessﬁeétr%&:tmwanwa he gilupheseforthaqueous

reflux. - paédamuSaaésycm‘ed With IColuninyC a6 edmprisecintyiire of the ptwiucgr eat er t han

g(])_ rg) ; égt ![ % S Cg{tgrs s%b@%f {he reacta@ﬁ%h%%#ﬁ%anl;{ESo&t orwgggsfhxg & ééa :’je](c:;glme d

to the upper h&¥fbegecyclsdprfolymn C either separately eradpixed eﬂihsth%@lbwhafq i on
colum. and is dedah@@bky, operated at a tenperature profile ranging from

115[err] C at the baﬁ@ca?l erd %2%%5&1&19%3&&11% ﬁllbcf Threqan&ﬁ'a&ﬁnj}%t

Col'um at- 2 bargvgress e, > Col um “and i's” packed

with T Mel W ékf["@}eﬂ?"tﬁté??msﬁgef@g%fﬂ‘ éﬁfa*ﬁyfssm zer). Columm C suitably
has 20 to 6® 30 t heohginiEiakuipbltacistillptiea’ ctumt andisticablyd@ontains2D to Beor et i cal

plates andis a'}éb}eﬁm%latesb?r]pfe%ﬁ'rﬂa&ng% H:&Ba{ e&%r%c%.‘ ?15@; lt#ﬁ?aﬂg 28 gB?J g pressure

with a small u‘qg erature at
the top of -t he(WhiFhieRirespongds tmaboutriactual traysata tray effigiensy foaPmW?tﬁ ¥ffdepend
upon the natur eheofettteh(plalté)pﬂ?bhimﬁlsﬁ’écﬁ&aﬂthd produterecovered Porn g badsofvi t h t he

i th vater and PapiGaA! X spifisR PEHASRT R RER (670%) SR{n-Siytocly 1
4 : (45-38p ) buta)so contains small amounts of other 1mpur|ttes These range ﬁom
PCT/ GB98/: 00890 ethanol (10 ppm), s-batandll(about 50G0EG00 ipin) @lﬂeﬁyﬂest dmd ketpneo(G90phase
recover Ed fr Oml@)&?pmc %Eteéste%](woo 2000 ppm). The feed to Column E is suitably pre-
' ' heated to a temperature of about 60-80°C, eg 70°C and is fed to about tray 15
(theoretical plate 8) if it has 55 trays (28 theoretical plates)_ A waste stream
20 comprising crotonaldehyde, unreacted n-butanol, ethyl propionate, butyl formate,

isomers of methyl pentanone and small amounts of methyl ethy! ketone and
butyraldehyde is withdrawn from a side take-off point suitably located in the
vapour space above tray 35 (theoretical platel8) of a 55 tfay (28 theoretical
_ plates) column. Column E is suitably operated at a reflux ratio in the range from 1
.25 :1to4:l, eg 2:1. Within this range, however, if intema{l-_ condensation is taken
| into account, the reflux ratio may be effectively 3:1. The tée}:mperature profile of this
Column E at atmospheric pressure typically ranges from:

Plates 1-15 = 77-100°C,
Plates 15-24 = 81-125°C
© 30 Plates 24-33 = 125-130°C

The ethyl acetate and butyl acetate recovered frorﬁj Column E are of a very
high quality in spite of containing some trace impurities. f:or instance, ethyl acetate
may contain trace amounts of methyl ethyl ketone and butyraldehyde due to the
very close proximity of the boiling points of these compounds n-Butyl acetate has

35  a purity greater than 99.5% which is fully acceptable for r__nost commercial purposes
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associated wth Colum A and conprises water, the reactant al cohols, small
+ anmount s - of the product esters and trace inpurities. The oily phase fromthe
. decanter S2 associated with Colum C al so conprises mixture of the product
. 5. esters, sone of the reactant al cohols and a snall anount of water. This

- oily phase can be recycled to Colum C either separately or adm xed
- wWth the oily phase from decanter Sl. - Decanters S1 and
'~ S2 are suitawopsypstated at or bel ow the tenperature at PCT/GBHSHMB0 he

. relevant streans are fed to said decanters. 10 Colum E is

" suitably a distillation colum and suitably contains 20 to 60

theoretical plates, preferably from23 to 40 theoretical plates, typically
28 pl ates (which corresponds to about 55 actual trays at a tray
efficiency of biahdy ddnfairP@ice amounts of ho0KRAYY MathylPeatafignes, Gmemdofn-bufiylf ed from

t he product regg%ﬁ%gékc%’t’%{’géé%(ﬁggge of Col um C and conpri ses

predom nantly and n-butyl acetate 15 (40-30% ,
but al so contai ns sﬁﬁ]“mnd?rﬁl}rﬂ@l'bfhsﬁ‘laﬁeﬁ cplump whegedhe overeads gompiising r om
et hanol (10 PP Mainlyoffthé Rachnt@RDRGIS, viEGnd QRIJubsler atedabyste Thakdrd et ones

(600- 1pe%9clgdgggthexﬁttor¢glu rf LL%& bS%%QQdu%RQBm ?ﬂa%wltpre%{slesggt(t o Colum E

I s-suitably err]C, eg
70[err]C and i aMpwHs 9%9@%@@%0&96% recycled to theidecanier S2assopipigd &it) i it has
55 trays (28 t CehummitC e6AtanHealisehorged/mswiiient. St ream 20 conpri si ng

cr ot onal dehyde, ””r?ﬁ?cg £38esd opﬁg%&%qt xrﬁkﬁr%lnnrﬁ{g%ffﬂ ﬁeqng&w

;
| soners of net hyldﬁ none an g’éﬁeo‘% ne and

but yr al dehyde B4ardpedsdp aemovelastiracesiofjany aldebydss sughgs ﬁg"%fi!ﬁ"ta hydeioscat ed in
t he 1v apbutyrakjehyde :ﬁm\&sxterd&yteaﬁroaweOBayramhydel fok nsthfige, @fana 55 tray

reflux ratio in this
range, however butepoliissed anthe seaqgaterep bprmoved fram the ester predyets. dBeount, the
reflux ratio rragsmhar sl Repdse &l syitablylmactbeetionhip fssintaud & poefafablya sait suchi s

= 7 100 o ﬁ%"*‘ﬁ*‘*“g oPk B TRt ol A rompic s 5 5075

(28 theoreti Caimquﬁ: ty alwagi a%%o%%emggﬁma 'aHHEan'%f r§m§w§1 iiﬁér%kfflzﬁﬂ ated at a

= 125-1 0[ 8F # ftyrene-divinylbenzene polymer baglone a&'éfSaweacahae K8y iThe eeging ¢ e
recover ed fromafsalitably dsed irethe form ofthighly porous belidsghichtisabve hW@muﬁmt e of

cont ai ning song. L rpGe. éo'IRé' f%?ﬁ?eralﬁg \ilémttﬁenl‘égn hg.xlamﬁg -y

contain trace anpunts. of et one an utyra yde due to the
very close proRYdrpehjorisacidas maderately eﬁ@ﬁﬁ&tsmwa ﬁfrﬁps& d%as%Q. But yl
acetate has 3¥orm asajiwith any diree aiies prlasent %xcﬁ%mﬂhexcbe fesdifyubdshedeawegpt abl e f or

~most conmesgi akoRURP Q3. Thereafter, the acid washed resin is suitably treated with a 5
solution comprising bisulphite using eg a 1 molar sodium ’Eisulphite solution. This
solution is suitably eluted through a bed of the chosen acia-washed resin at a flow
rate typically of about 2 bed volumes (hereafter BV) per hbur. Approximately 100
ml of bisulphite solution may have to be used for each 10 ml of resin volume at

25 room temperature. During this step the chloride ions aréfgxchanged for bisulphite
ions. Once the resin is charged with the desired ions, it is"washed several times
with de-aerated water until the water conductivity of the eluate emerging from the
resin is at a minimum (typically better than 100 mxcrosncmens) This final
conductivity is dependent on how well the wash water has_ been degassed since

30  bisulphite reacts with oxygen to form sulphites and sulphates. The latter ions are
divalent and take up two sites on the résin thus causing a 5isulphite ion to be lost
from the resin and thereby diminishing the effectiveness of the resin. The water-
washed resin is then conditioned with a solvent such as eg-éthanol to ensure that
the carbonyl impurities, the n-butanol and the esters in thé__product have optimum

35  access to the bisulphite sites on the resin. This conditionihg process removes the
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PCT/ GB98/ 00890 but may contain trace anmounts of n-butanol, nethyl
pent anones, isomers of n-butyl acetate and- sone di butyl ether.

Colum Dis a sinple distillation colum where the overheads conpri sing

mai nly of the reactant al cohols, water and product ester azootropes. These
are 5  recycled as feed to Colum A and base products conprising water
and snal | wo osaaednt s of organics may either be recycl ed treTidBos/ome|Nnt er
S2 associated with ~ Colum C or can be discharged as effluent. .
The process of the present invention nmay be further refined by use of resin

- guard beds to renove |ast traces of any al dehydes such as eg crotonal dehyde
i or 10 but yral dehyde in the desired ester products. Butyral dehyde, for

nstance, 1S e rom hERMIN Y nf) VBXS s8HE ORIRARC M i RV ERMburAR can be

renoved either betore n- . ta,n,olsds .u‘?e S théa.re% t ant .orhcan be

removed from t @Ethesiuate. Fhsaenn so copfitioned may hetuptpercgpdipipn %E!Lﬂaffﬂ)’?et fs

sui t abl y nacr ospleésit ¢elbatreat@sthrough the tedand this mby sesult infinthershifinkage of thas eg a

hal i de of ‘a tri | i t ; [ roups 15
r O %ed?s?mgﬂn 14 %Hggdﬁungug sbVER sudf b eafthollalhg B By Idthed

of a styrene-divin ) on roit:1s an acrylate resin.
The resins 5  solvgpgindhe feagHiop ng a5 §CYF§Fﬁ?‘a‘fmtli’le-éﬁ'mp‘:ﬁﬁ%uﬁﬁgads whi ch
have a hi gh sufpfamgtment stepsaresequired iecadse carbanyl compaunds teind tabhdergaoanvash t he

resin with i iRhevat ed
resin with an gﬁa,ggﬂe%aéogwl} »T.Sén%ﬂ&wgeag rEfalrfingtié is@phifckes Ry RdditRhevat

tenperature su orma salt with any free

0. t
ami nes present SAMPIEK OB the resiatp which éi&?‘?‘?"%@%ﬁ' away 20 fromthe system
Thereafter, the aci tn vaishfod theassimtd workuaficknitly, ¢speielly dvhen rémaeving sol ution

conpri sing 4gi s %L%%l&&g{i’eﬁfrg\‘g n-etﬁltﬁaoﬂ A raROae E}egén? i PBisbiGeriOdgui-i On. Thi's

solution is suit t rough a bed of t%e}.cho.sen a?l{;eﬁii‘”ﬁnﬁﬂed resin
at a flow butage "te?}é’s pegfats, refuIrgh eRAtRIMAMAYE PHHIOACEFE HHYBY) per
hour. Appr oxi maited lycaté@iin the poreswf tixd relins Thismayaleteohine thermininunh gesderes be used
for each 10 nl .af. LAl A Qlid8BeRdentpon the G dsRIBALE LodRiokM Jol@nd didS St ep
the chloride ions are exch,aned for hi Suilﬁgvhltgf N |qr.}ﬁ}.?é§hce the resin

i s charged wi t tthg #mount ef shegkaas of thejresin bsgrvel Vithsytapol filjps feen ~with

de- aer at ed 1sat abserméd thattveey high esiderme diones iate requirsfl unless witgeis eddadevhithhg f rom

de e e/} des i g eseddsderiibng f 1o
This final PO e e B o e e o1 his

been degassed <PRGHOROE SOyt (T %ogprgeg‘gﬁelryts"i%?ﬁ ﬁgév?%g%p%sg'g\‘e\gg M 8Ulphi t es
and sul phat es. thdadditixintaflupito #8%dyoveight watatity thearhutanelisq aide improvashesi t es on
0 LT, L MLk e sl e o
ﬁegirﬁ iys t Hén dBiﬁH‘i%f 1091‘&3 é&?&'ﬂ“‘i‘ @ga?fetﬁ?seé’%q%ﬁc’d‘g fiog Je%lﬁgyr)?gtfﬁfeo ensur em?kS]a'?
t he carbonyl i rimtyraltielyde cante mmbwdanol and the esters in the product have
optimum 35  access 1} ¢nd fiEseféeStlaRabili Raflys &n ABoHdN Bart 18t Wwith T aidehipdrctot i oni ng
process re mvesfoxt'nrx] gcetals. Solutions of sodium bisulphite in water are slightly acidic. Itis
therefore possible that this reaction may also occur on the surface of the resin
25  giving rise to the formation of 1,1-dibutoxy butane (an acetal) if the impurities
being treated are butyraldehyde and n-butanol. This reaction should be avoided
because it is reversible under the esterification reaction conditions and may release
free butyraldehyde thereby adversely affecting the efficiency of the resin bed. It has
been found that the formation of the acetal can be monitored in the eluate from the
30  resin bed and the acetal is only eluted once the resin bed became full. Since acetal
formation requires the presence of a proton, this may have been due to the
formation of sulphite from the bisulphite in situ in the resin bed. This can occur
due to the ingress of oxygen into the system at some stage or due to the
abstraction of a proton from the bisulphite. It is therefore important to exercise
35 care to ensure that all water and solvents used during the treatment of the resin and
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i PCT/ GB98/ 00890 water fromthe resin but may cause sone shrinkage
. of the resin and discol ouration - of the eluate. The resin so
- conditioned may be further conditioned by passing ‘the sol vent to be

' treated through the bed and this may result in further shrinkage of the

i resin. The displaced conditioning solvent such as eg ethanol along with any
: other 5 - swbwemiss2in the reaction product can be recycl ededraanosioessbe

- re-processed. These pretreatnment steps are required because carbonyl
conpounds. tend to undergo an addition reaction with bisul phite

t hereby retaining the bisul phite-carbonyl addition conpl ex on the
resin to which it becomes attached. In order for the resin to
wor k ef fi ci entthy subsequeal firiivatioh @ theastey praguctOor the ukcyticdd steldygderatedom

n-butanol, the but Ydi thg‘ C %ﬂeﬁﬁﬁ%&n%gr%%efﬂhl%‘%%l ac%gaté]?%%as%?%tl\lam anol or

et hyl acet ate, requires ul'phite
sites | ocated ¢ontanigatetetey 3@4““? Heoughdhe, treateq resipg Fhigmethad alawe i ni ni num
resi dence amduntBf biltyrakdeliyde fromlevets cfT0PAAO belopdimitsiof detesiimsi ty of the

condition| sol ven I n
observed. th n- bu‘étks %{(ﬁ‘m{at%e tottﬁ %.%Q%g) Bt fo(i)';"bgra bﬁsﬂgﬁgﬁ aﬂ@i\xfd@ @orﬁﬁlﬁ%

resi dence ti rre‘éesarl@d abeNF: it @uldheossibla tadosp gngerdaerenh Ff@rfeedstock Sucgraébam y
acts to reduceeg fiRadhéd miagol ofth bhelphiesard farcthe Hesedisslonsd thyough ah hun-

condi tioning S&dﬁ%fﬁ&?ﬁ{&ﬂﬁ?@&&t@l%&“ @9& ﬁe&%ﬁ%ﬁﬁi thitights oSS bl e to

vi sual i se wat er "t o the n-butanol
so as to i nprokFedblems °fpmgfess“@f¢°'f‘?ﬂ"é%y°fdhe ’Eeﬁ‘é bF‘ég‘T’sﬁﬂ%ﬁ‘Fd‘ PYfus reduce the
resi dence {¢ me r equit isgrbssible &gregéhetate the bRfiphiteirentddassifi bedafler hseB\it hasur ) .

Under these c Olg]e%h %tﬁlﬂ%ha{t rtﬂ%@e% (Pesifgugghltte Q.?dltlon compétQHE Xéfelng% \Gg n be

renoved. ce 0 cohol can
react with an #lddemperatuie Therefo"e it §ippfsiiie togegenersty the Piﬁ"?sbeéf"’@b‘ﬂﬁn&m
bi sul phite in thakempiex By subjegting aicisaddd highbt pH’S and temperatutéyisbateetossi bl e

that this reac L e 8 i ving
rise to the foéﬂog{alté(ﬁgb?e g&f&ﬁjt%%ﬁ% tang\ihrac%ﬁbgfcogﬁl:lﬁ‘)m'i ﬁfbé@ﬁg %éakgurl ties
bei ng treal®d bases 6P 9+ sadivehbiersbonate selusiop ARFENC lfh?rsbyr‘éﬁ'étq’%ﬁ’i“csﬁ%ﬁ?sd be
avoi ded suzR @g e Riettylantner vehielr cinlalse bemskeirastah aqusptiesdldtionatTihen reacti on

condi t1ons andeie drGimfiRSfuld be deterfiE pDY MR 15 BY At RIM ndCIVEr Sl Y

af fecting the erticl ency ound t hat

the formation butymiiehydeand recpygiedfor thspurRasesPiirerusen Ty ‘?]%X‘ée °r"8 the 30
resin bed and tdfiexing eHeahixiuse afithe/aldédhytieshdothe emink in 1 autable balderb ehivhe f ul | .

Si nce acet would englﬁé Emwaﬁ?l(\))fd@ %'hﬂ&?got Al Bpe @Gﬁdeﬂéan@n BAPHA forinll S MRy

have been due I on rom the_ Qi sul eh|te in

situin the r eglgherMecu{pﬁ mgengéhpfng%u;l‘hls wﬂ?gaci?ltate t?:e separation of the ami

therefrom and the separation would be improved further if the amine is relatively

volatile so that it can be recovered overhead from a batch still where the recovery

is processed. In the alternative, if an amine such as triethanolamine is used, this
25  would enable butyraldehyde to be removed overhead from the bat_ch still leaving

behind an aqueous solution of triethanol amine from whiéh-t_he amine can be
recovered and re-used later. The butyraldehye can be sent to the plant flare
system. o
_ As a further alternative to the process of forming5§ St;isulphite-aldehyde
- 30  complex described above, it would bé possible to dose o‘né 6r more of the

| feedstock such as eg ethanol or n-butanol with a solutlon comprxsmg a metal
borohydride such as eg sodium borohydnde and pass thef _osed solution through an
ion-exchange resin before it is fed to Column A. In this fnethod it may be
necessary to dilute the alcohol such as eg butanol to a 90% w/w solution and then

35  to this solution is added a solution of sodium 'borohydridé in the presence of

8



due to the ingress of oxygen into the systemat sone stage or due to the
. abstraction of a proton fromthe bisulphite. It is therefore inportant to
‘ exercise 35 care to ensure that all water and solvents used during the
- treatnment of the resin and :

ST ' WD 98/ 42652

- PCT/ GB98/ 00890 t he subsequent purification of the ester products
or the al cohsw9smeeszde- aer at ed. Simlarly, butPCHGBE0EE can
be renoved fromethyl acetate by passing the cont am nat ed et hyl
acetate through the treated resin. This nmethod all ows the anount of

butyral dehyde from |l evels of 70 ppmto below limts of detection. 5
As an alternative to the process of form ng a bisulphite-al dehyde conpl ex
descri bed aboveodiirh hydrokide (eg 1Rtswivbiadiuin bdushgdridesolutiominy e MNaQH® f eedst ock

such as Gt m&, am@h,rzre*aws@:ﬂ@é c&wémqbaw&mép%naagam efghe dosed

solution throu on- f, Col A
Thi s met hod V\Dg?téi"a?ﬁe!‘}'{j‘é??“iaﬂ%l The rate gf%{?ﬁ%h@f@g bﬁ?‘%&‘?‘&"@b‘é}g%“a i va’tJ |m(;n
of the resin beghedesscstvticisahitinnds eglibout 0.14g per kg ¢f theaquesissidhdobolico r egener at e
E Eg 2] ZngQ‘Z '€ sdlehett \gggﬂ &ﬁgt@ﬁa&%omﬁ%fbwohmeere uired RE@RAVEPUN t hat
e ey e o, bbb s S ?%%aﬁgwa\%@?wﬁmngﬁmw e
cont ai ni ng is capdbde aftrehicarg 204/meleb pElmttymigelyde.d Thexsulantynighwe pH s and
tenperatures i gB@ﬁ{atxﬁ in an alcoﬂ&fu%@%#@s RIRRAEIOYACObr & P&idarpl ex. The pH

can be control ses such -as so b| car bonat e
sol ution (pH 1betypgn ?)9 ﬁ"HEjs Ndd?ﬁ?e %ﬁ‘ﬁ’ e or more g?ffJ ' 3555y

triethyl amme vépreshntirgra aimbinabien ofsmibnixsand watinpiscresiss swoh as 4gdiP25PH{(eation

choi ce of am fes kit 1A ﬁ?or &md&ﬁo@eshlﬁ%ﬁﬁb%ﬁﬁwﬁ&m&efromthe
but yral dehyde recovered Eﬂ ose lt &e done by
refl uxi ng the bgsed qgye %‘Y{E“ea‘{'ﬂ ?7 éﬂlﬁ'ﬁ'é Fﬁaé’u§elfe§'%¥8 sol vent
which 2 0  woek &obmah Haad) ke wrwlvdd‘@:@eat@ mdmdtgmggn%ﬁpmwmwy@@he

condensat i on apgid§uds adcl fﬂe%unld-up of ﬂd@&iﬁbleniﬁbl%ﬁl% ﬂfateWEl'siH"ﬂhe Pdag@ECt . This
will faci Iltat f he Cﬁj[pllaratl

f
separ at i on 'doul (‘}‘s s 8% ?’E}’H{‘W@Pm}t?ﬁ rﬁ’@"%f’ﬁé"'t}'rgﬁ?@dé?' abf farol©
vol atil e so t hatd hénce the heutaret feed teetlie oaacton Baditdblyofed thrpughcthessirésir bedler e t he

[eco;/ﬁry I bkﬁr@éﬂﬁ%%ﬁgrea&gntd&ﬁ,nﬂlkernatIVe if an am ne such as
1 ethanol am ne s éttgxfg’hgqveispf F%déwﬁookydn%e agéltxonb@uéf\ras wqa utyra&cﬁ:h renoved

overhead fromthe b
levels are close to 70 ppm) some of the salts eg sodium borates and sodium

20  hydroxide fall out of solution as the solubility in 10wt% water in butanol is
' exceeded. For this reason it is necessary to protect the resin beds by introducing a
filter into the system ahead of the resin beds. In this way fouling of the resin beds
can be prevented. Both the borohydride reaction and the ion exchange process
within the resin bed can be operated at a variety _of temperatures but higher
25  temperatures are favoured but may be more costly for the process overall..
Temperatures of 30°C where found to give acceptable performance.

If resins other than the ultrapure UP252 and UP900 resins are used then
some preconditioning of the resin may be required in order to remove polymer
fragments remaining from the resin manufacturing process which would otherwise

30  unnecessarily pass into the reaction column. The preconditioning involves washing
the resin with water and then with the butanol/water mixture to be used as solvent.
In addition, if resins other than the uitrapure UP252 and UP900 resins are used
then some further preconditioning of the resin may be required depending upon the
form in which the resins are supplied. For example if the cation resin is supplied in

35 the sodium form then this needs to be converted to the hydrogen form prior to use.
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behi nd an aqueous sol ution of triethanol am ne from which the am ne can be
recovered and re-used |l ater. The butyral dehye can be sent to the pl ant
flare system As a further alternative to the process
of -form ng a bisul phite- al dehyde 30  conpl ex described above, it woul d be
possible to dose one or nore of the feedst ock such as eg ethanol or
n-butanol  with a solution conprising a netal bor ohydri de such as eg
sodi um bor otWRP¥#ES%nd pass the dosed sol ution through an PCT/GB98/00850

i on-exchange resin before it is fed to Colum A In this nmethod, it may be
necessary - to dilute the al cohol such as eg butanol to a 9096m/m1solut|on
and - then 35 to this solutlon is added a solution of .sodi um borohydride in

t he presence of 8
WO 98/ 42652  Similarly if the anion resin is supplied in the chloride form then this needs to be

PCT/ GB98/ 0089 Qonverted to thed§etioie iyrH. Tiis GeecoRGtidmMge provess de;irhﬁ[ﬂr Bothehydri de

e oor e spon Ao AR prspess RS RL s BLASHRKIFBE ERGRL B2 51 L0,

addi ti on of tHeshorohydride solution to the aqueous al coholic solution
i s eg about 0. 149 [T8e ubdd redind dag baeeganstared fsraBakd & foffows: smb bﬁsani&d\ft'EH ch

cor r esponds tq f 0 conv about 70
ppm.of butyral afoﬂ%émﬁl'gr e?)g?te rb&gghbg& ng%g?mﬁegg%# aos(?q"em' &F%‘h"‘a’} i de

i s. capabl e of wnﬁwaprngh@NapH@pbgoremﬁnayﬁ alba@nglématermémreseamcmly m xture
predoni nat i ng Tha résin wddqehéﬂnbm@anga:xwge&msaa&&.myeeﬁng e uSidedk®s a period

o i 10 "L VSELHR AL TIRURRS ARSIPRRRSG IARHEIA SRS Deds of a

resin 10 repre a co anionit and ca |on|c resi ns such as
eg UP252 O@atﬂﬁﬁwerwpﬂ$€$inlr1the hydrogen form) and UP900 (anion resin
the hydroxide for mThefpreséntanvention is mokoipacitieailp deefib@l wity refstenddity tiiy| benzene

copol yner matrj renove
Che borate an éon(ﬁf%éng]hg %Wrﬁgr&ﬁ’a% {}gres&ﬁ{. Qschemzﬁl_lc fidw E%Emmgbﬁﬁea@&szfs?avm d the
bui | d-up of urRieassyigpYhich Pl perrsnipgesiad epmgusted re thslese atheoyise stased - i s

method is par twéghtald the idegefipfici eldvarthe 1D PRICOAmM A aidak dehysheaitedom but anol

and hence she dqi-bubaolry LERCbAIhAR LFaE: ok TR ¥ alP8 ipd 0UTh t hese

resin bed % At
hi gh levels of® biaipgd fTarb Hersiyimmylations and £9BiAS pepicdttas when but yr al dehyde

The drawing shows the co-production of ethyl acetate and n-butyl acetate without

the resin treatment for rerr_\oval of carbonyl compounds. Fo_r this process, ethanol
(EtOH), acetic acid (AcOH) and n-butanol (BuOH) are fed. through line (1) into

20  Column A. The fresh ethanol feed typically contained between 89.0 and 90.5% of
ethanol, betwen 7 and 10% water, < 0.3% acetaldehyde, < 2.0% diethylether, <
0.1% methyl ethyl ketone, <0.05% crotonaldehyde and < 0.25% non volatile
residues, and had a densxty of about 815 kg/m at 15°C. The fresh acetic acid feed
had 99.85% acetic acid, < 0.15% water, <0.05% of each of formic acid and

25  acetaldehyde, and 100 ppm of propionic acid. The fresh n-butanol feedhad a
purity of > 99.7%, and had < 0.05% water, < 1500 ppm of iso-butanol, < 1000
ppm of di-n-butyl ether. and <0.05% carbonyls as n-butanal, <0.05% sec-butanol
and had a density of 0. 809 0.810 kg/l at 20°C. The relanve proportions of the
fresh initial feeds to Column A was: ethanol (31.3%)), n-butanol (15.6%), acetic

30  acid (51.5%) and incidental water (1.6%). '
Column A,a5¢cm (2 mch) Oldershaw column, has 45 trays (correspondmg to 23
theoretical plates) and is provnded with a recycle system (R) at the base thereof
where the kettle is located. The temperature profile of t}ﬁ"sf;__c;:'olumn operating at
atmospheric pressure and a reflux ratio of 0.5:1 (1.5:1 when internal reflux

35 included), was as follow_s:':; .
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| evel s are close to 70 ppm) sone of the salts eg sodi um borates and sodi um
P 20 hydroxi de fall out of solution as the solubility in 10m % water in

. butanol is exceeded. For this reason it is necessary to protect the
“resin beds by introducing a filter into the system ahead of the resin
beds. In this way fouling of -the resin beds can be prevented. Both

t he bor'ﬁhydr\k{gég‘r‘e ction and the ion exchange process within the
resin bed ca %S%rat ed at a variety of tenperatures but BGTYFRIE/06850
tenperatures are favoured but nay be nore costly for the process overall:.
Tenperatures of 30[err]C where found to give acceptabl e perfornmance.

If resins other than the ultrapure UP252 and UP900 resins are used then
sonme preconditioning of the resin nmay be required in order to renove

pol yner fr agrh@A®Yr enaT ni nB¥fom t he resin manufacturing process

whi ch woul d ot her wiTsgy 130 uAnece8s8@rily pass into the reaction colum. The
preconditioning i mﬁ)éj/gs washi ng goe the resin with water and then with

t he butanol/water m Xture to be used as sol vent. In addition, if
resins other than Fﬁ@’-’@ltrap‘ure 252 and UP900 resins are used ~ then
~sone further precoMiayk4soni ng=of tI8°Cesin may be required dependi ng upon

the =~ - formin Yk h ﬂgﬁifﬂﬁ"@{ %ﬁ I 8 od st he cation
resin is supplied in e_r %Es ~sodl %rﬁé‘l%)ﬁéedrll t ibE%eggﬁsqﬁ%g%g %‘gnverted to
t he hydrogen ff?ﬂﬁgbpq intg)a ggcér_lter &r’{s to enable the separation of the oil phase

9 prédonii@tidg iiitganic compounds from the aqueous phiase predominating in

PCT/ GB98/ 0089Q;va|§|er and water solib] E%ﬁ ehts. MRS AW s‘?xgh{hgl'at%ﬁg ?cﬁgrl(f'rbfed in the

chloride formthen this needs e converte oxi de form
Thi s precdfdi PER%ISERAHHIFCRAS is sinilar to the regeneration process
_descri bed bel @ftteruil phasefeont decanter (S1) oas teefaedevialline(9) tdwhe top of Col@ma n. 5 '
The used 1 esi NSa&Rfube: § RABRRARIPY sl Pind e Hiinder iThd QY Prasd s o35 1 Ded Tor
ani on exchange_ 1 s rﬁ e er%e_ Rﬁl s@ ecting the used bed to a_sequential

t r eat ment Colyypg !’\‘ﬂgt"é ). theftien ingudpe arEwAle stigan fromyfiscanteiSahol / wat er

m xt ur e- r espeditheaghapus phase froffiltecantsi( 81 veas fédvia e (5p mte Colwamd? wihich

regenerat §8 byagyohachl stah_gvéutﬁ@ﬁzg@sgmg £hd®4 actual pHEIHALN t feld SithdTENt Wi th
-water, 1M sul phuri %?CI .wat er ﬁn __a_tbutano /water 10 . mxture
respectively. oluma C is AR e B HCP Y its unctignds WseRaratedhy | y
described wi t Hightedndrimpuarétics Grotnithe desired products as well as enabling recovery of any

alcohols remaining in the decanter (S1) oil phase. Column ‘C has 15.4 meters of
packing (Mellapack® ﬁé’;'cking, ex Sulzer) having a height equivalentto a
20  theoretical plate of abo_'i_zt 0.4m. This corresponds to 38-39 theoretical plates. The
- feed to Column C s primariiy the oily phase from decanter (S1) which is
supplemented with the Qily phase from decanter (S2) associated with Column C
and is described below. The feed to this Column C is fed at a point such that the
 column had 11 metres of packing below the feed point and 4.4 metres of packing
25  above the feed point. This Column C has the following tet_hperature profile when
operating at a pressure of 2 barg:
Base of Column C " ' 119°C
At 9.9 metres from the T op. of Column 116°C
At 2.2 metres from the Top of Column 100°C
30 At the Top of the Column . 85°C _

This column is operated almost at total reflux with a small amount of
impurities being contin{n'ously purged from the system. A side stream (10) is
withdrawn from Column C at a point in the column where alcohols such as ethanol
are most concentrated. This side stream take-off, which is'located just above the

85  feed point (10) was fed, after water washing (not shown) into decanter (S2) where
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acconpanyi ng drawi ng which represents a schematic fl ow di agram of the

. present process in which all percentages and ppm quoted are - unl ess
. otherwi se stated - by weight. In the description below, the data for
- Colums A and E were obtained 15 fromlaboratory scale experinents

i whereas those for Colums C and D were obt ai ned from Aspen

“ simul atj ons and existing plant data. The draw ng shows the

co- product i owooBiamshyl acetate and n-butyl acetate w thout PCT/GB98/01820 r esi n
treatnment for renoval of carbonyl compounds. For this process, ethanol
(EtOH), acetic acid (AcOH) and n-butanol (BuOH) are fed through Iine (1)

i nto 20 Colum A. The fresh ethanol feed typically contai ned between 89.0
and 90. 5% of et hanol, betwen 7 and 10% water, < 0.3% acetal dehyde, <
2. 0% di et hyl etih%s allowed to separaiintoaighsdus andyily phases ae previduslp With dedaateal dehyde

and < 0.25%n ut 815
kg/nferr] at 1 fe dy%r]nasewas r{]&g(%(g?ilg?n%@go ?@ﬁgﬂxmiﬁ {!]n)!gﬁ%g@agg% acetic
acid, < 0. 15%"%1( from decagtsrd 31 apdfed to therCalymnC xi line4{f)y s aquegus o dehyde,
and 100 ppm of mﬁmmme@n&e {S2) whb evithdraeh via-line (12) @b bé edmixébwlitiathe purity
o 9918 9 il 5 i R B L ol £ line () oB7

sec- but anol base P@ﬁ%ﬁ%‘ Golyep & ‘F‘}‘clbW"EPrB%P"G gminantly/of thedesitpd ssterse.  The
rel ative propogthyl @acgatofand fdutyl acetatel wasswithdravin via lideq@ tpariddeddolainm A was:

et hanol (31. B%epargtxg‘]ééoﬁ\ﬂﬂh}?.( 1‘5&1&9@«1&}}??2&& gvhﬁ? com e n{aﬁﬂy éo%h@‘é]ﬁ ' nC' dent al

wat er (1.6% er shaw col
trays (correspBidemgvedyiplne (3) and wasdppstly flarsd off withaporuonpeing Tty d‘éd WI th a
recycl e syst enthé Rp oftthé bturhiasie lind®).e of ' where the kettle is | ocated.

The temperature brotdinfin fwdsflsont @l Hep d?@&&ﬁ{v'éagmﬂltl}[aénrnﬁgﬁ gmgperl c

pressure and a reflux ra 1 when ug(
i ncl uded), was(cagespgndipg ko 28 theoretical plates) and the feed to thls column from the base

10 of CYBCARGBS line (11). The feed to this Column E had the following

PCT/ GB98/ 00890 ; 389k} 44 thSremaind
Tray 15 composxéxgr[x etlll)jl aoetate (6-5% 4) 2N but !ace‘tate 31 g‘%ﬁ 5 emainder

Tray 33 1 5 were bgfﬂr%chc}send other lmpuntles of w! IC% pnncxpally the combined anlounts
of (i) n-butanol and isopropyl acetate - 5835 ppm, (ii) formate esters - 800 ppm,
(iii) other acetate esters - 1025 ppm and (iv) ketones - 710 ppm; the amounts of
butyrdldehyde and methyl ethyl ketone in this feed was not analysed. This feed was
pre-heated to a temperature of 70°C and fed to tray 15 of Column E as stated
20 above. This column had the following temperature profile:
~ Base tray (55) = 127.5°C L

Tray 50 = 126.7°C
Tray 45 = 126°C
Tray 40. = 125°C
25 Tray 38 = 123°C _
Tray 35 = 120°C (liquid waste stream withdrawal)
Tray 30 = 93°C
Tray 25 = 81.3°C
Tray 20 = 80.6°C
30 Tray 15 = 81°C _
Tray 5 = 79°C, and

Tray 1 (Top) 77 °C.
A liquid waste stream (13) was continuously taken-off in the vapour space
above tray 35 of this column at the rate of about 10.5 g/hr at 120°C. This column
35  was operated under atmospheric pressure at a feed rate of 690 g/hr, a reflux ratio

(l
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5 Tray 45 = 103[err]C The overheads from
Colum A were cooled to between 60 and 40[err] C and fed via line (2)
_into-a decanter (Sl) to enable the separation of the oil phase
. predom nating in organi c conpounds fromthe aqueous phase predom nating in
wat er and wat er sol ubl e conponents. After allowi ng a short duration to
 enabl e ;10 phase separation; part of the oil phase from decanter
(S1) was recwyob#drésd a |ine (3) to the top of Columm APCRGBIBOPIIR, at a
reflux ratio of 0.5:1 and the remainder of the oil phase was fed to .
Colum C:via line (4), the latter including a recycle streamfrom decanter
(S2). The aqueous phase from decanter (S1) was fed via line (5) into
Col um D which 15 had 10 actual plates above the feed point and 24
actual pl ates ¢f:D:1 ivhed tetnab eoflok is taken into account) andthertiguid Wasteastmamrrari ly a

pur 11 cat1 on Gy inkim [HASLLGT 556 SAn3 RIRFAL CThd St o he st

i mpurities fro oducts as we | Ng recover, of any

al cohol s renalsrﬁieﬁ'g‘ﬁ"ﬂ‘dﬂ’?@l&'é%%ﬁ‘%‘Fed(tSWFe A semovalef| thmajopeputities; piers -
of packi sugh éé\hb{oaplaéﬂyhe,mn}eapad I butanob eth§lipropiohatk,buityd foramateaind ht

squlyal ent & O ofilks of MEAY Slenfifbne? | Gt b @Bﬂ%ﬁ)ﬁsgt‘ﬁ{&é yidhsi k@@&.&eﬁponds to

38-39 theoretica ﬁr e%/the oily
phase from dect&’f‘iﬁé YSE)‘”%\""E’!‘?V?‘%‘MI“SWI"%‘B'FJ eeﬁ?E’r?Pé'H"%fi f‘Hé &g phase
from decant er ;(rsagctmmc(cﬂa,tbasb prothinct Cliel(16)) @nd the liquidrvehsiesstrdas (inel{Ed)) bel ow.
The feed to this # HEJB t Badratidtunder the ab¥eUmm had
11 netres of pac 1 ng E%W?ﬁ'aﬂﬂﬁqu&f%%@ﬁ% Hacu§ 2 ngér?es ot} erpagﬁl ng 25
above the feedqsaitions wahasdobeysim C has the fol I OWI ng tenperature profile

when 1operating at a presHEADSPRODIBCTE Column E Base of Col um C
119[err]C - At 9.9 netres fromthe Top of Col umm 116[err]C At
2.2 nmetres frpmthe—TFop—of—Cotumm—106er €30 At—the I(),p of —the—Cofjumm
85[err]C Thempenentm | s aper at ed_al nost: Copcentigtiop + of | uyv wilth a
smal I anmount PEthanol i mpurities being continuously pwri@gsnd romthe sygtem
A side strean w thdrawn fronp Col um C at I nt |nthe

col umm where BE fh¥i’:‘é?°§at§ reh—as—ethanot at-e—rost b%ﬁ?,dgﬁt rat-et—Fhis

side stream't __E!}zmrbplon#tpch is located juskt above the<R0ppieed paint (J10)
was fed, aftefcnabglidegdhi ng (not shown) into decant ek 105hin wher e

WD 98/ 42652 .
PCT/ GB98/ 0089 n-Butanol + iso-propvl acetate : 20 ppm
BASE PRODUCT Column E
Component - _ ' ‘Concentration
Ethanol :" <5 ppm
Ethyl Acetate o ~ <5ppm
n-Butanol & isopropyl acetate 290 ppm
Acetic acid : : 5 <50 ppm
Butyl formate .__25ppm
Methyl pentanones 825 ppm
sec- and iso-butyl acetates : © 1085 ppm
n-Butyl acetate _-: 99.7%
n-Pentyl acetate - 100 ppm
Di-butyl ether - 105 ppm
C7H1407 Ester " 390 ppm
CgH100 Ketone " 35ppm
15

13



it was allowed to separate into aqueous and oily phases as previously with

~decanter
- wWith the oily
:Colum Cvia l

‘withdrawn via line (12) to be admixed with the
: (5)) fram decanter

(S1).
phase
ine (4). The aqueous

(S1) and fed to Colum

5

Dvialine (7). The bas

The oily phase was recycled via line (6) to be adm xed
(line (4)) fromdecanter (S1) and fed to the

phase from decanter (S2) was

aqueous phase (line

e

: product fromWP¥B2C whi ch conprised predomi nantly of the B6%/GBaH008YX ers,

~ethyl acetate

' separation Colum E. The heads product which conprised mainly of

and n-butyl

i ght

‘was renoved via line (8) and was nostly flared off with a portion being
Ilne (9).

.returned to 10

~was'a 5 cm (2

. (corresponding to 28 theoreti cal

the top of the columm via
i nch) d der shWASTRHIQOUHY 8

Col umm

acetate was withdrawn via line (11) and fed to a

ends

E

pl ates) andthe feed to this colum from

. the base
. the foll ow ng

—of —Cofumm_CwWas—via T 11e (J.

mnnﬁémppmt et h\/l ace

J.) r”e IUUU LU Llllb WI UTTIT
ate (A7 gQopcentration: v| acet at

B had

e

- (31.35% and t

Behaneinei nder 15 = were by pr

oducts and otb@pml npurities d

f

~which princip

THil1 WiktafeO DI NEd anount s

of (1) n- bg,g@nol and I sopr

i aVaVaWnra—y at oo

opyl

" acetate - 583

J MNP FUITHJ.FU Cb[ CT S =1 OUU |J|J||; |||} oTTTCl
acetate esterg Cl'owmidﬁ\hﬁé?n and (iv) ketonesl-.710 ppm tO%anounts of
- butyral dehyde mlgﬁtptby,hteat.gubm_{;ﬁbﬁmel n th| s feed was o, anal ysed. Thi s
- feed was ) !Er!e!heateﬂ {0 a tenperaturef of ro[errJC gndted to tray |15
- of Colum E a$% 0, - } a-nm—had—i-he—-@gi{bw_ag_t_uq;aature
. profile: s&@agand tso-dyutyl &dslates 127. 5[ err]C~ Tray330 % = 126.7[arr]C
: Tray 45 =1 %2 lacdibte Tray 40. = 125[err]C %§9¢y Tray 38 =
; 123[err] C —120ferrrC{ T ryurdt—waste—stieanwthdrawah))
. Tray 30 = @"!E)ﬂrqufﬂe Tray 25 =1 81 3[err]C 1.35% Tray 20 =
- 80.6[err] C 30| n-But&énol ¥so-propyl acetdtberr] C Tr ay 5 304% 79[err]C, and
. Tray 1 (Top) = /77 Jerr[C AlT1quird waste stream (13) was
- continuously taken-off in the vapour space above tray 35 of this
~ columm at the rate dheagusous phases fignthe decantery (81 ppdS2)assoriated with 35  was

. operated unger CaluiRspb&ld C aerfedsin lise @) taChlamd D.atigs eflu@AD @hply, a refl ux

“ratio

10

15

20

25

separates water from any dissolved organic
trays and the aqueous phases from lines (5)

Column D at tray 10. Column D is operated at a reflux ratio of 1.5

materials. Column2D has 34 actual
and (12) are fed via line (7) into
: 1 and

temperature profile of 125 to 93°C at a pressure of 1.2 barg as follows:

Top tray =93°C

Tray 4 =96°C

Tray 6 =97°C

Tray 14 =117°C

Tray 34 (Base) =125°C

The overheads from Column D are recovered via line (17) and returned
(not shown) to the feed line (1) to Column A. A portion of this overhead from

Column D is returned via line (18) as recycle/reflux to Column D. The base

products from Column D are removed via line (19) and comprise mainly water
which is returned (not shown) either to decanter (82) of Column C along thh line

(10) or is discharged as an effluent.

14



| z‘&?zgsgfsamn ||||l

“l““lIMH“!z 1 (3:1 when internal reflux is taken |nto

account) and*t Iti q#i dSwaste stream (13) withdrawn represented 1.5%
of thefeed rate The point of the liquid waste - ~stream wi t hdrawal was
optim sed to maxi m se the renoval of the major inpurities such as

crot onal dehyde, unreacted n-butanol, ethyl propionate, butyl fornmate and 5
i somers of n®ORH42652nt anone. Only small quantities of met hyiCTEEP one

and but yr al dehyde were renoved in this colum. The conpositional data
for the heads product (line (14)), base product (line (16)) and the
“liquid waste stream (line (13)) w thdrawn from Colum E after 50 hours
of continuous operation under the above conditions was as follows: 10
HEADS PRODUCT Col um E _ Conponent

Concentration Et hanol _ _ <
10 ppm Et hyl Acetate 99. 99%
Et hyl. propi onate < 10 ppm

Cr ot onal dehyde < 10 ppm

n- But anol + iso-propyl acetate : .. 20 ppm

BASE PRODUCT Col um E : ' .Conponent -

Concentration Et hanol <
5 ppm Et hyl Acetate < 5 ppm
n- But anol & isopropyl acetate 290 ppm Aceti c
acid < 50 ppm Butyl formate
25 ppm Met hyl pent anones 825 ppm
sec- and i so- bGlayns acet at es 1085 ppm n- But yI
acetate A process for the simultaneous co—productxoﬁ of éthyl acetateran®Pertiappl acet at e
a) gr P]pm[ err] q ac &é)l ??éa@%n of a mixture of ethanol and n-butanol with acetic acrlrc]i inthe 105 ppm

Clerr]H er]O Kggtg ghase in the presence of an acidic catalyst characterised in §!§t ppm 15
the reactants comprising ethanol, n-butanol and acetic acid are fed to the
5 base of a reaction Column A which contains the acidic esterification
catalyst and is maintained at elevated temperature to form a product

comprising ethyl acetate and n-butyl acetate which rises up the Column A,
ii. the overheads from Column A comprising the mixture of ethyl acetate and

n-butyl acetate are fed, optionally after a decantation step, to about the

10 upper half of a distillation Column C operated under elevated temperature
whereby:

a. a light ends fraction is separated from the reaction products and

recovered as overheads therefrom,

b. a stream 6omprising predominantly ethyl acetate and n-butyl acetate

15  is withdrawn from the base thereof and fed to the upper half of 2
purification Column E,

c. a side-stream comprising the reactant alcohols, water and some of
the esters is withdrawn from the upper half of Column C fed to a decanter
wherefrom, following decantation, the oil phése is returned to the Column C feed

20 and the aqueous phase fed to Column D, |
ii. the stream comprising a mixture of ethy! acetate and n-butyl acetate is
fractionated in Column E so as to recover: -

a, substantially pure ethyl acetate overhead,

b. substantially pure n-butyl acetate from the base of Column E and

25 c. a liquid waste stream at a point intermediate between the

15 .




pra—

PCT/ GROB/ 00890 mgﬁmﬁﬂm'"ﬂ "llsl ","I VASTE LL&W%%%&%E&M E

Conponent _ ¢ Concentrat i
< 5 ppm Et hyl Acetate ; 5.3 %
Cr ot onal dehyde o ) 50 0. 46%th yl Et hyl

' +._] SQ- or mat e - : 0
Do nonnes oMY LT ecubmmntn
I so-butyl acetates : 3:.10 % n- Butyl acetate
53. 9% Butyl formate : . 1. 35%
n- But anol + iso-propyl acetate 30. 4%

The aqueous phases fromthe decanters (Sl and S2) associated with 5

Col utms A and C ar e™ithdiaysl pointsfar (iif) (a) andc(ii) (Wrabpyve andi compoisingritheD si npl y
separates water frommvanyeddi ssol ved organic materials. Col umm E) has 34f 4
act ual trays and t AGKS ﬂp?‘ om | i,nes (5) an are fe
via line (7) into 2@? um %%g'{ ggﬁll‘%;"?%ﬁaﬁbr?ﬁy °8'b°grvg\'%’21 at a
reflux ratio of 1.5: 1.aHgemisdischanged@ddure profile of 125 to 93C at a
pressure ofs 1.&. barthe sidesntdmoosmpriblg a nfiRfurd 6fa¥e esters and alcoholsTedR| €rr] C

T 4 - 5 . .. o =.97[err]C
T; :z 14 CG:'“@Q, ?%r@ ?:%agxonated $ r'ég% rgﬂxotleB% g}gsture comprising —125[err] C
15 The ov eﬁfﬁ‘éﬁwgm#‘VGWMﬁirﬁ-beéapbﬂ@wﬂww apounisiofivatet,7) and

r et ur ned (not. ethy)aestate and irbutybR@tatd dreeriiedd, and waktdr Wdkh the bAkePr t i On oOf
this overhead fromc?lumng)l um Dis returned via |line (18) as

recycle/reflux_to Colum D. The base. ) e ] )
y 10 2. A process according to Claim 1 wherein the esterification reaction occurs in

the base of Column A which acts as a combination of a reaction vessel and a kettle

(boiler), the kettle being located in the base of the column.

3. A process according to Claim 1 or 2 wherein Column is an integrated

reaction vessel and kettle and the amount of the acetic acid present in the kettle is
15  controlled in order to minimise the passage of the acid overhead along with the

reaction products thereby avoiding contamination of the n-butyl acetate product

with the reactant acid.

4. A process according to any one of the preceding Claims wherein the
amount of acetic acid in the base of Column A is in the range from 30 to 75%

20  based on the total weight of the reactor contents used in the esterification reaction
in Column A. ' '

S. A process according to Claim 4 wherein the acidity in the kettle based on
the acetic acid reactant and the acid catalyst is about 53% by weight for making
30:70 weight ratio of butyl acetate : ethyl acetate.

25 6. A process according to any one of the preceding Claims wherein Column A
is operated at a temperatﬁre profile ranging from 105°C at the base of the Column
to 80°C at the top of the Column at atmospheric pressure.

7. A process according to any one of the preceding Claims wherein Column A
has 25 to 60 actual (12-30 theoretical) plates at 2 barg pressure and is operated at

30 areflux ratio intherangeof 0.5:1to 4 ; 1.

8. A process according to any one of the preceding Claims wherein the
overheads from Column A are fed through a decanter S1 to carry out a preliminary
separation of an aqueous phase comprising predominantly water, the reactant
alcohols and small amount of the product esters, from an oily phase which

35 comprises predominantly the product esters with relatively small amounts of water

16 ;- This Sheet Has Been
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‘products from Col via line (19) and conprise nmainly water
. which is returned I R“‘ r to decanter (S2) of Columm C al ong
. with line 20 10)'% d as an effluent. 25

14 V\D 98/ 42652

PCT/ GB98/ 00890 C ai ns: 1. A process for t he
si mul taneous co Iproductlon of ethyl acetate and n-butyl acetate, in a
reaction of RO e of ethanol and n-butanol with acetic RGH/@BISH0aDe

l'i quid phase in the presence of an acidic catalyst characterised in that:
. the reactants conprising ethanol, n-butanol and acetic acid are fed
to the 5 base of a reaction Colum A which contains the acidic

esterification . .
and the reactant alcohols and other impurities.

9. A process according to Claim 8 wherein the aqueous phase from the
decanter S1 is fed directly to Column D either separately or admixed with the
aqueous side-stream from Column C decanter.

5 10. A process according to Cl;a_im 8 or 9 wherein the bulk of the oily phase
recovered from S1 is fed to Column C with a small portion of this oily phase being
recycled to the upper half of Column A.

11. A process according to any one of the preceding Claims wherein Column C

is operated at a temperature profile ranging from 119°C at the base of the Column
10 to 85°C at the top of the Column at 2 barg pressure.

12. A process according to any one of the preceding Claims wherein Column C

is a packed column.

13. A process according to any one of the preceding Claims wherein Column C

has 20 to 60 theoretical plates and is operated under total reflux at 2 barg pressure.
15 14, A process according to any one of the precedmg Claims wherein the side-

stream from Column C is mixed with water and fed to a decanter S2 to separate an

aqueous phase from an oily phase.

15. A process according to Claim 14 wherein the oily phase from the decanter

S2 associated with Column C also comprises mixture of the product esters, some
20  ofthe reactant alcohols and a small amount of water and is recycled to Column C

either separately or admixed with the oily phase from d_ecantet." SL

16. A process according to any one of the preeeding Claims wherein Column E

is a distillation column and contains 20 to 60 theoretical plates. |

17. A process according to any one of the preceding Claims wherein Column E
25 is fed from the product recovered from the base of Column C and comprises

predominantly ethyl acetate (60-70%) and n-butyl acetate (40-30%) and small

amounts of other impurities ranging from ethanol (10 ppm), n-butanol (about

5000-6000 ppm) aldehydes and ketones (600-1000 ppm), and other esters (1500-

2000 ppm). 18. A process according to any one of the preceding Claims
30  wherein the feed to Column E is pre-heated to a temperature of about 60-80°C and

is operated at a reflux ratio in the fange froml:1t04:1.

19. A process according to any one of the preceding Claims wherein Column E

has a temperature profile at atmospheric pressure ranging from 80-130°C.

20. A process according to any one of the preceding Claims wherein Column D
35  isadistillation column where the overheads comprise mainly of the reactant

17



catal yst and is nai nt terrperature to forma product
conpri sing ethyl aceté MMHQHWH etate which rises up the Colum A
~ii. : the overheads fr gonprising the mxture of ethyl acetate
and n-butyl acetate are fed, optionally after a decantation
st ep, to about the 10 upper half of a distillation Colum C
operated under el evated tenperature wher eby:
‘a light end®¥®1¥42%Fon is separated fromthe reaction pr oduRTECR§(0350
recovered as overheads therefrom b. a stream conpri sing
predom nantly ethyl acetate and n-butyl acetate 15 is withdrawn fromthe
basé " thereof and fed to t he upper half of a '
purification Col um a side-stream conprising the
reactant al coRispaols, M@ﬁ“ﬁﬁ@dﬁﬁﬁtebﬂz"mr@“ the esters is withdrawn fromthe

upper hal f of 2Col u Wprécdsestcbaling t0 ARPORESE the precedigaiging Wﬁbrefrﬁﬂxﬂe%‘l‘\ﬂ ng

Qecant art on, e Bt the BUASGC dhalof pHIcRS drbaind ¢ 1ERLY Wl feslnS and the

agueous phase r| SI ng a mxture
of ethyl. acet &Re Erﬁifﬁmawgﬂdela@eqﬁvp@mgremovelasttraces ofanYaaiti wist ed in Col um
E so ‘as tosregyeffom. - . substantially pure ethyl acetate

over head, 22 A C})tggégs accordﬁl'éqgt(ﬁﬁ&x'ﬁu}}ére%’{hg el ang%{a}/cl be%C ﬁ{‘l? r om t h?

base of CoI um E a

i nt er nedi at e B@Pﬁﬁe@ﬂ"‘t’ﬁé"s’" 15
wi t hdrawal poRBts MQiroess accoxding talikimiZilior 2¢ Wherhome redinGueraedi si ng t he
unwant ed comprises impurities including the unwanted carbonyl
.corrpounds whi ?I streamis discharged, -and_ 5 i V.

the side-4fr e&PrF’&'B‘HﬁPP%‘M@d styrenecdiying bepzens polymerhackbang ORisEBREEC { ed t o
‘Colum D is frediionated so'as to renove a mxture conprising

predon nant |y ,gt hap ltgm;a I ter,

et hyl acetate gnd nq{)r fadkd qg@la'ﬁ Y@:ﬁ&a%ﬁﬁ{%aﬂﬂ%ﬁ%ﬁnﬁﬂ \gge of

Col um D. 10 sal bofa trm}&t*ry* HE'@%@“‘B&%PH%CWQOWH‘S@W therramaticereups of fe
esterificati ostyreaadimxcyﬂbenmapelymarbackbonei he base of Columm A which acts as

gefﬁrgm: ggg!ts gg I?‘;] ?ﬁ e;ﬁ-g&éss ?ééﬁ%%ﬁ 'Claﬁﬁl%awﬂé?énﬁ 1€ salt is a hakiddQbh ©7) . the kettle
_ A process accordmg to any one of the preceding claims 21 to 25 wherein
the resins in the guard bed are used in the form of highly porous beads which have
a high surface area. | |
27. A process according to any one of the preceding Claims 23 to 26 wherein,
20  prior to use, the resin is ch_ai'ged with bisulphite ions which are capable of forming
a bisulphite-carbonyl adﬂition complex which is retained on the resin.
28. A process acCor_ﬂing" to any one of the preceding Claims 23 to 26 wherein
one or more of the feedstock selected from ethariol and n-butanol is dosed with a
solution comprising bisulphi'te ions and the dosed solution is passed through resin
25  guard bed before it is fed. to Column A.
29. A process accordmg to any one of the preceding Claims 23 to 26 wherein
one or more of the feedstock selected from ethanol and n-butanol is dosed with a
solution comprising a__me_tal borohydride and an alkali and the dosed solution is
passed through at leé_st one resin guard bed before it is fed to Column A.

30

35
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3. A process according to Caiml or 2 wherein Colum A is an integrated
reaction vessel and kettle and the anbunt of the acetic acid present in the

- kettle is 15 controlled in order to mnimse the passage of the acid

- overhead-along with the reaction products thereby avoiding

. contami nation of the n-butyl acetate product . ‘'wWith the reactant acid.
4. A" proc 98?42859rdi ng to any one of the preceding C ains wherein the
amount of acetic acrd in the base of Colum A is in the ran§STCBHI08Y t o

75% 20-.. based on the total weight of the reactor contents used in the
esterifigation reaction in Col urylzf 5. A process according
to Cl'aim4 wherein the acidity in the ttl e based on the acetic acid
reactant ‘and the acid catalyst is about 53% by weight for naking

30: 70 wei ght ratio of butyl acetate: ethyl acetate.' 25 6. A process
according to any one of the preceding C ainms wherein Colum A IS
operated at a tenperature profile ranging from 105[err]C at the base of the
Colum - to 8@ferr]C at the top of the Colum at atnospheric pressure.
7. ‘A process ording to any one of the preceding d ainms wherei@ Col um
A “has 25 tod0 actual (12-30 theoretical) plates at 2 barg pr-j;’ssure
and is operated ad-30 areflux ratio in the range of 0.5: 1 to 4g51.

8. A process ageording to any one of the Jgeceding C ains V\here‘i~£~the
over heads ¥Ebm Co®mm A are fed through a de@nter Sl to carry out @

g’epar ation of 4gn aqueous phase conprising pr edom’gantly

prelim nary

wat er, theleact -~ alcohgts and snal | ganount of the product @sters,:
from an -oi'ky| phasgwhi ch 35 ri ses pred&n nantly the product esters
with rel at+sely sipl| anounts wat er S =

16 - 98/ 42652 =2 < <

PCT/ GB98/:06¢90 w and th_g‘r eact ant jal qolgl s and ot her i npurffies.

9. A pr+ [ at & aqueous phase fromthe
decanter S¥ Separately or adfxeld with
t he : ter. 5 process

according *
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~rec,overed fromSlis fed to Coluim C with ?ﬂﬁg'w'pe?tlon of 3, !

phase being * pper % l.um A éﬁtéqmémASHEH
process accordi ng lmHFMﬂﬁ“mmnﬁm precedi n nms wher-ei

I's operated: at aitemnpefatwure psofkle ranging from 119[err]
the Colurm 10 to 85[err]C at the top of the Colum at 2 bgr
12. A process according to any one of the preceding d ai

C is a packed col um. A process according_to any one of

|um C

2 BeNGR 1999 f.

pressure.

the preceding Ca ti.cal plates
and i s operated u%&r tot EP %kgm]g?agdlgm H}%Pgi%ﬁé&écoqg@%g A process
according to any yAwagtedt he preceding C ai ms wherein the side- stream

from Colum Cis ni XedxM?&ﬁhééﬁﬁdeu@g‘dxeflﬁﬂvah&d%aﬁﬂﬁ@m&ﬁ poxnds WhighPar ate an
aqueous phase from an A process according to Caim

14 wherein the oily phégﬁy'?i)soﬁf"ﬁ'ﬁ'@eﬁ%ter S2 associated with Colum
C al so codipriwses thedids-streafn ¢comeprisingtumixters afitbe estesand @lcohslt fédre r eact ant

2l conol s and a_STBLludiBRkatlontiiSh 38 kol SENRLER L™ C

ei ther separately or ad ase

16. A process aptedoginagtly sthangl aad@-wtam@ qngevithismaj! ghaints ofivetesi n Col umm

E i's a di stityPidetile 56 HUBOtyRECbtste BvaihaEd, 20d Wit é:ﬂ%@é\%sﬁ' pl ates.
ai s erein Col um

17. A process ﬁﬁpﬁg‘glﬁg to any one of the preceding
E 25 is fed fro hPoduct recovered fromthe base of Colum C and

conprisest 2. pAegstonessantdriling it Dlaimcletvhtein( the estefificatiod réadiioh veais & at e
(40-,30% and s of aqt r angin m, thanol
(15ppny , - HECRRCP! ColimyiA Wk sdl %S%wj.?%“ drarailne - dhand Rk
(600- 1000 ppﬂ)odetandne tilsrbeing losateq ingbe base of the eglomnppm) . 18. A pr ocess
according tozany Sl. o@éss%@@or&ir ©6 Hdh 1%@2 Whertth Colh@r £1i3 &Ment

Colum E is pre; hea erature about, 60-80[err] C an S
operated at Heapuqn Ygés¢ &P$ !ﬁtlﬁap éheraaw@tnfmﬁ agetiq agig present in the ketthg A

E\r ocess & cotslitrffed dn Gﬂix!r o miririst fte ;prseageddm@e ﬁ:&bﬂ&hmmgﬁw@ khem E

as a tenper

80- 130[ err] (:ii‘e"'“u'tlzon Bﬁogaéts%e p}f%@gdi %oné "':ﬂ ‘ZE{;{‘?‘S@‘@H€%8?£%?{8d‘b?‘ecedl ng
d ai ns wher ewith¢hd reaptam ®¥d. i s a distillation colum where the overheads

(i(;”pr ise maigly Of gﬁ&@es{%‘i@&}rﬁfﬂk to any one of the preceding Claims wherein the

PCT/ GB98/ 0088®mount of acetxc ac:d in the base of Column A is in the range from 30 to 75%

20  based on the total weight of the reactor contents used in the esterification reaction
in Column A. '
5. A process according to Claim 4 wherein the acidity in the kettle based on
the acetic acid reactant and the acid catalyst is about 53% by weight for making
30:70 weight ratio of butyl acetate ; ethyl acetate.

25 6. A process according to any one of the preceding Claims wherein Column A

ﬁ

is operated at a temperature profile ranging from 105°C at the base of the Column
to 80°C at the top of the Column at atmospheric pressure.
7. A process according to any one of the preceding Claims wherein Column A
~ has 25 to 60 actual (12-30 theoretical) plates at 2 barg pressure and is operated at
80 arefluxratiointherangeof 0.5:1t04: 1.
8. A process according to any one of the preceding Claims wherein the
overheads from Column A are fed through a decanter S1 to carry out a preliminary
separation of an aqueous phase comprising predominantly water, the reactant
alcohols and small amount of the product esters, from an oily phase which
35 comprises predominantly the product esters with relatively small amounts of water
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_ S, "'.f"and product ester azeotropes. X5, 9 -

. accordi ng 't 6-al 1y one of the preceding C ains wherei n one dﬁﬁ Fén’org*of _
' the feedstock and/ or process streans are treated with regggg.xard beds
_capabl e. ¢f retaining al dehydes therein to renove last tr of, any

- al dehydes 5 - therefrom 22. A process according u;éml.a 21
: i

: V\/nerel n the re guar d bedw&%%&%ﬁ, a HFORGEQk et | cul REMREEI n.
23,5 A pr. oces?g(]“ordi ng to Calm @&Mogggw%erel not he resin gquard bed
co Wp ris EMAm@momeNImmtmm NA'md'r ¢m1=mqumo’rmm ®CD -

backb regrm. CESS ac
HF%M\?%M &Mi’akfﬁya%%csaﬁ({oﬁ guard bgd, Hb}’ﬁ“?é‘é“ P“b"cl;\"JP'NO LB of r| e q%
anm)n umc%%é?l 080248 on one of the fr hﬁngmp&mﬁonmate /lOctober 1998 (01.10.95)

st yr epe: S-v-Ry-berzere—potyrer uaur\uunc 15 25— A process accordig—to
d ai n| (gﬁmm &lmpgﬁa@;o.smn{beﬂ S arbnrés Ll(m) Designated StaZe@. AL, AM\ ATY AIE A2, BASBE; BG.HRNQ
to any ome of " t:he preceding clains 25 Wf{efleCH CN, CU, CZ’ K@gﬁg%‘%@e
guar d[- @R peespetions] Filige Pate: ¢ he i sﬁ*&’r%?) por M@’Ym vc BIK. MN, MW, 31X

hi gh . surface ar ea. A procesy acc mkanéjzsog éf SIiSKESL, T, T™,
preced@mgnﬂt:d? 26 V\,herel pri orTR o &3 o]
wi th pisul FREE s/gmi"'ach‘9§?‘é5°8%ab| o fo( By I’ESGHKE’% R, 1 ﬁmm%?

bi sul phi t'e- car bonyl addi tion conpl ex whijch i S(A'r ®E,a0HBE] DENES; FIEFR; @B,IGR, IE, IT, LU,
28.. | @Y lémmesr@r glbdety dqdré'gmt e (g gﬁ t he %@g‘ %B’t BF. 56 L. oM,
wher.e| n . CALS L W eggff‘““’trl’\ f e %“fycck se ect ed” trom'et hanol and |

n- but. ":_|“scus(':105ed Wwth a 'sol utiorn conpri si ng bi sul phite ions and thp

dosed, @@ﬁﬁmmaqﬂ assed in 5’“""“’@}1 bef.or e, is fed to
Col umpPRaer il ﬂf’ £ iy7]g to é%)'/mm“om’sf” {ecedi ng

d ai.ng. _ IEU, 011v1e7 Fwﬁre of the feedstock sel ected from
et hanpl ﬁli'o,rP% phitgs, Brd? gpigvo sol ution conprising a netal
bor ohydrid AT AT %%WW§@§ solution is passed through a
| east | one nmogwmm;i eizekfdBgBe d Dantssayfled to Col um A. 30 35

18 : Beverley, East Yor HU17 71QLGB).
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_ (57) Abstract

-+ ‘This invention relates to a process for the simultaneous co—producﬂon of ethyl acetate and n—butyl acetate, in a reaction of a mixture
of ethanol and, fi-butanol with acetic acid in the liquid phase in the presence of an acidic catalyst using a series or reactor and distillation
columns s asto’ recover substantially pure ethiyl acetate and substantially pure n-butyl acetate. The process is capable of using relatively
-impure, reactanits-and provides for removing some of the aldehyde type impurities by the use of resin guard beds.




