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PROCESS FOR THE PRODUCTI ON OF ETHYL ACETATE The
present invention relates to a process for the
acetate by reacting an et hpt®BGB2005/001726
with acetic acid in the presence of an acidic
catalyst. It is well known that ol efins can be reacted
with [ ower aliphatic carboxylic acids to formthe
correspondi ng esters. One such nmethod is described in
@GB- A- 1259390 in which an ethylenically unsaturated
conpound is contacted with a liquid nmedium conprising
a carboxylic acid and a free heteropol yaci d of

nol ybdenum or tungsten. This process is a honbgeneous
process in which the heteropolyacid catalyst is
unsupported. A further process for producing esters is
described in JP-A- 05294894 in which a lower fatty
acid is reacted with a lower olefin to forma | ower
fatty acid ester, the reaction being carried out in

t he gaseous phase in the presence of a catal yst
consisting of at |east one heteropolyacid salt of a
netal e.g. Li, Cu, Ng or K, supported on a carrler
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- EP-A-0757027 (BP Chemicals) discloses a procéss for the production of"
lower aliphatic esters, for example ethyl acetate, by reacting a lower olefin with a
saturated lower aliphatic carboxylic acid in the vapour phase in the presence of a
heteropolyacid catalyst characterised in that an amount of water in the range from 1-
10 mole % based on the total of the olefin, aliphatic mono-carboxylic acid and
water is added to the reaction mixture during the reaction. The presence of water is
said to reduce the amount of unwanted by-products generated by the reaction.

A general problem encoun;ered with the above processes in the production
of ethyl acetate using heteropolyacid catalysts is the generation of small amounts of

a variety of by-products. These by-products generally have to be removed from the



20

25

degeneration of the catalyst and inpair the quality of
the product. It has now been found that by careful

waeonsnalve®df the rel ati ve concentrati ons of thePCT/GB2005/001726

reactants and of the process operating conditions the
rel atjve, amount 0 d wth the desired
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het er opol yacids used to prepare t esterification
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LR il R oE e i B a8 asee hRgie Mo
Mol erefepdblyvicGohc @ftfatibis oﬂ}hﬁtém BIAP Rled @£ 81K Reactor
conprises from
are such that the mole ratio of ethylene to acetic acid lies in the range 6.0 to 8.2, the
mole ratio of ethylene to water lies in the range 8.0 to 11 and the mole ratio of
acetic acid to water lies in the range 1.25 to 1.30.

The term "heteropolyacid" as used herein and throughout the specification is
meant to include the free acids and/or metal salts thereof. The heteropolyacids used
to prepare the esterification catalysts of the present invention therefore include inter
alia the free acids and co-ordination type salts thereof in which the anion is a
complex, high molecular weight entity. The heteropolyacid anion comprises from
two to éighteen oxygen-linked polyvalent metal atoms, which are generally known

as the "peripheral" atoms. These peripheral atoms surround one or more central

-atoms in a symmetrical manner. The peripheral atoms are usually one or more of

~molybdenum, tungsten, vanadium, niobium, tantalum and other metals. The central



two to eighteen oxygen-Iinked polyval ent netal atons,
which are generally known as the "peripheral" atons.
wa bmeseioqees i pheral atons surround one or nore CEIM/GBR005/001726
atons in a symmetrical manner. The peripheral atons
are usual .ane or bdenum ste .
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ni ckel, platinum nium ‘ceriramio
"nmtnhmry mm, dexgantent tcdinspmpemﬂ; andh@navapino spivar ioss. Such

parsen vana ant i i ons;, hexaval cnt telluriu
nRE i B pabu s B RgRy s T aa ometatia & o el
ohat eneprl'yaci ds are al so known as "pol yoxoani ons",
X poI oxonetal | ates" or "netal oxide clusters".
%dptﬂpyb@ms ugigalilyl Haye b huah laolh¢1gh wokkicug.an weiaggd from
t.h a rom cl u di neric.. .
7‘% 95(1%3%85%”5%% Mo GO feaPs T 5 e hTE bieh el ey in polor
sq@ﬂinﬁi susP hy eftcs oBblt(hBl &y cordied soWen®d, BSfecRNY GEMBY 8 free acids and
sol vents, especi al I({ if they are free acids and in the :
indhgerse Pl sege aqﬂtsS and & elréﬁhl‘btlméPfrﬂ keggamtplled Yy ehapsing the
nt
a]%chﬁtlc Ia?é éco%g;(eg-}fr% ag 0 1@ig %{ l%? {/ lgcggrag&gacg %ﬂadetf]eu gﬂfs that may
bd llnsatl asray chel ysseid tHLSpltel;mn oazteatluysmslutia t he present
i nve t|on | clude 12- tungstophosphorlc aC|d - PW
20 4 S/"ffd‘ﬂ)phosphorl c acid -HHEMorGuof Zb
40J cic acid - 1-14] O
12- Jé%@%aﬂo Oﬁglm ﬁ&g%:‘ééa- H4[S i MO 2mq§§w&@ﬁ%@

hydr ogengitosigsit@sidl i cate - Cs H SIW 2040k IWHZQO xH,0
Pot assi um t ungstophosphate - K6[ P2W 8062 | . xH 2

AmmokY-arlwepsibeedridhosphat e - (NH4) 6] PZ}N/HS)M%@]JQ]%HzQO
Cesium hydrogen tungstosilicate - CssH[SiW,040].xH,0
Potassium tungstophosphate - Ks[P2 W 506,].xH,0
Ammonium molybdodiphosphate - (NHy)6[ P;Mo,30¢,].xH,0

Preferred heteropolyacid catalysts for use in the present invention are
tungstosilicic acid and tungstophosphoric acid. Particularly preferred are the Keggin or
Wells-Dawson or Anderson-Evans-Perloff primary structures of tungstosilicic acid and
tungstophosphoric acid. . |

| The heteropolyacid catalyst whether used as a free acid or as a salt thereof can be
supported or unsupported. Preferably the heteropolyacid is supported. Examples of
suitable supports are relatively inert minerals with either acidic or neutral characteristics,
for example, silicas, clays, zeolites, ion exchange resins and active carbon supports.
Silica is a particularly preferred support. When a support is employed, it is preferably in

a form which permits easy access of the reactants to the support. The support, if
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Preferred heteropol yacid catal ysts for use in the
present invention are tungstosilicic acid and
wo vgatophosphoric acid. Particularly preferrePCEGB2006801726
Keggi n or \ells-Dawson or Anderson- Evans- Per| of f
primary structures of tungstosilicic acid and
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el ements which can adversely affect the catalytic

 Sigbior ViGly), bF prasepitglien &am dduceysi sileatd solwinpb.oydy gedinghd silicic
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preferabl | ess than' 0.30% w w. Preferably t
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or exanpl e a gas phase reaction,
1.Vapofgi cmdhn@nemge ﬁmrﬁcﬁemz@nm@mg;fmmcxbamc} 0 eX4.@ami on of

O e L S Lo S bk hpolc.
e.88lidti1RY vafterSldrhigk@lised water, alcohols such as methanol, ethanol, propanol,
butanols and other suitab/le non-aqueous solutions and then adding the aqueous solution
so formed to the support. The support is suitably left to soak in the acid solution for a
duration of up to several hours, with periodic manual stirri;lg, after which time it is
suitably filtered using a Buchner funnel in order to remove any excess acid.

‘ The wet catalyst thus formed is then suitably placed in an oven at elevated
temperature for several hours to dry, after which time it is allowed to cool to ambient ‘
temperature in a desiccator. The weight of the catalyst on drying; the weight of the
support used and the weight of the acid on support were obtained by deducting the latter

from the former from which the catalyst loading in g/litre was determined.
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acid colloids. Preferably the support has an average
particle dianeter of 2 to 10 mm preferably 4 to 6 nm

waezxaspiwss of commercially avail abl e silica suppor/Gs2005/001726

that can be enployed in the process of the present
invenhl on are Grace 57 granul ar an
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retflﬂ@r J%am:ﬁ of § ORRMRAICEY at JoRy R @tRhdesdf chif@eHcNehitn @k lcbhtam
term ned. Alternatively, the support may be
Sanmaflégwatﬂémlwdtiheltﬂ‘ﬁéhcat aI yst using by spraying a
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of
mér@gfra(ﬂ fo ABEHIGA DISIIGEHHREHET- oA BIPYY BEsscan Uil gpdn the
2 BQ%Q\]S@%Q)(&qu{IOIPMlCW other well known method of
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cat al'ysteactiam it Ipedfetablyusadkd qut irhthe @gpa@iriphaeat hoemperature
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pr ocess. acid .. )
<BBBS bk PagH Mo R S sing 6 T aphesid
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" e @mt" bsaweldi koewn frethe attaindne esfantialy, thedhi glesetcoperajere ifer a

E glvgndcérlr}posm(P P a{ a given pressure at which liquid can still exist in the mixture.

The dew point of any vaporous sample will thus depend upon its composition.

The supported heteropolyacid catalyst is suitably used as a fixed bed which
may be in the form of a packed column, or radial bed or a similar commercially
available reactor design. The vapours of the reactant olefins and acids are passed
over the catalyst suitably at a GHSV in the range from 100 to 5000 per hour,
preferably from 300 to 2000 per hour.

The reaction is suitably carried out at a temperature in the range from 150-

+ 200°C, preferably 160 to 195 °C.

The reaction pfessure is suitably in the range 8 to 20 barg (800 to 2000 KPa),,
preferably in the range 11 to 20 barg, more preferably from 12 to 15 barg (1200 to

5
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The source of the ethylene reactant used in the
present invention nay be a refinery product or a

w@e besiioebe or a pol ymer grade of et hyl ene whi chPdEgB2005/001726

contain sone al kanes admi xed therewith. Preferably the
]{qﬁ%t%nts fed or recycled to the reactor contain | ess
IOIOm nmost preferably less than 0.1 ppm of
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bed which may be in the formof a packed colum, or

aqeaPHY Ieeraping. siml ar commercial ly avail abl e reactor

n. The vapours of the reactant olefins and acids
ESSY 19assed over the catalyst suitably at a GHSV in the

ThelRganple o pOifortneed5H@Qephsthion plin afcerpibpdtingffeednr&idon
to 2000 per hour, The reaction is suitably carried out
a%‘tpradlt%}ﬁﬁ@%w%lqnﬁ ipHEdg fgfe clerad thermaior bpopreluct streams
r [y r [ r
al{gul?l Wna@ cll rF] L:Kl'lgﬁl gtfcell%'lgi‘nlg‘t li)]gntg OAglgfr{gln?:rkoeg&ﬁﬁﬁ)% 6)3 (t)l'lesla%lgut
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rr(1612l g <§ O t 01500 Kpa). Adva %CF whi ch
can ga éBttpéP %&Vﬁﬁ ﬁ%oé“‘b‘foni.‘IPPé’eB StEBsrigt units,
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scale of 1:7000.

A basic flow diagram of the unit is shown in Figure 1 of the Drawings. The
unit comprises a feed section' (incorporating a recycle system for both unreacted
feeds and all the major by-products), a reaction section, and a product and by-
product separation section. The feed section utilises liquid feed pumps to deliver
fresh acetic acid, fresh water, unreacted acid / water, ethanol and light ends recycle
streams to a vaporiser. The ethylene feed also enters the vaporiser where it is
premiXxed with the liquid feeds. The ethylene is fed botﬁ as a 1ﬁake-up stream, but
more predominantly as a recycle stream and is circulated around the system at a
desired rate and ethylene content. The combined feed-vapour stream is fed to a
reactor train; comprising four fixed bed reactors, each containing a 5 litre catalyst
charge. |

The first three reactors are fitted with acid/water injection to the exit streams
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unsat urated hydrocarbons is significantly reduced (3)

the catalyst lifetinme may be significantly extended
w@ 4005t weqr ocess econom cs are i nproved by a redoeseos/001726

requi renent to operate process purge streans to reduce
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IR MR R LR Gidal e B R R dE S pfppeapragor
re@aing thaoitotthe ®apotBki. eSHANMPREC Rdanil18diedaih tBdliquid recovery
roxi mate scale of 1: 7000 A basic flow di agram of
Cltag tharamqval afgidesirest sl eompagents BenDhgwiregss durkee this
sy t conprises a feed section (incorporating a recycle
system for both unreacted feeds and all the mgjor
Ahalygis etliebsitinea reaction section, and.a product and -

bypr oduct. separati on section. The feed secti
Thi 53m %gmmscfali falaﬁy(@&dn phfkreampe yay ?%/fé\”‘)f"lse@ﬁ eﬁwéﬂqe@te

I%Guc%on T d‘i\@lte% rded A ﬁﬁﬁtt @farﬁlcdafjc o at&?tls%o C%&mﬂ Liefnd
l'i ght ends recyc e strea 0 a vapori ser. e
me&5fﬂd\’emeaa‘ue@dem lagd N@rmt lefiarad N IR ppod ysseof thende lituidstream

rem xed qU|d feeds. The ethylene is fed
CEHFﬁ“%@ ﬁﬁﬁﬁﬁ%} rean1 but nmore predonminantly as a

r eCYPlheereﬁérﬁeQiaﬁTglﬁE‘éjfo'r MK hadhatae13H0 gf&m&ml SY$ERM@ton
a desired rate and ethylene content. The conbi ned feed

thv aﬁmfmﬂl gudeniedne ot theacil /medetiosycle %treﬂm lpe rbpm sipaggited.
The s#rrela c)é‘ﬁ]po??gn sel%%s% Sl us?n%ca% &golpen?mold&%@o gas 11qu]8

chromatoomph equipped with both FID and TCD detectors to determine both major

(W1%) and minor (ppm) components. The fitted column is a 60m x 0.32mm i.d.
DB1701 with a 1pm film thickness operated on helium carrier gas flow of 2 ml
min™ and split ratio of 25:1. The sampling system employed is an online closed
loop system, with continuous sample flushing... |

Experimental Conditions

The catalyst employed was 12-tungstosilicic heteropolyacid supported on Grace 57
silica with a catalyst loading of 140 grams per litre.

The experiment involved start-up and initial operation within standard
parameters, described herein as feed 1, until stable baseline activity and impurity
make rates were obtained. The reactor feed conditions were then altered by
adjusting recycle compressor and pump flow rates. The reaction temperature was

increased to maintain the catalyst productivity of ethyl acetate. The process
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As can be noted from Table 1, the effect of decreasing ethylene to water ratio over

‘the experimental range requires increased reactor inlet temperatures to maintain a

steady ethyl acetate STY. From Table 2, it is shown that, even at these elevated

temperatures, the catalyst selectivity is improved, on moving firstly from feed 1 to

feed 2 and then to feed 3 compositions. This is clearly illustrated in the given

examples by significant reductions to 2-butanone, acetaldehyde, and diethylether |

production. Similar reduction trends are also observed for C4 and the attendant

derivative Cs to Cyo hydrocarbon species as illustrated by hexane in the Example.

This increased selectivity may also be represented as a function of water

partial pressure in Figure 2.
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Experi mental Conditions The catal yst enpl oyed was
12-tungstosilicic heteropol yacid supported on G ace 57

wGeRdosas9es t h a catal yst | oadi ng of 140 grans peCT/GBR008/001726

The experinent involved start-up and initial operation
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ion trends
are al so observed for C and the attendant derivative C
to C 0 hydrocarbon species as illustrated by hexane in

the Exanple. This increased selectivity may al so be
represented as a function of water partial pressure in
Figure 2. The reductions in acetal dehyde and 2-but anone
for exanpl e enabl e extended catalyst |life as these
mat eri al s have previously been identified as playing a
role in catal yst deactivation. The broad reduction in
derivative hydrocarbon species wll also confer

prol onged catalyst life by renoving a source of coking
materials for the catal yst surface that would
otherwi se forma barrier between the reactants and the
catal yst active sites. Further econom c benefit is
realised by optimsing feed conposition to enable the
reduction or elimnation of various process purge
streans
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whi ch may be otherw se enployed to prevent recycl e of
conponents detrinental to catalyst |life, as otherw se

wo aldosabives recycl abl e materials and feedst ock areEr/aBsms/001726

inevitably renoved along with the undesirable
conponents. A further advantage is given by the
reduced requirenent to renove these inpurities,
t hereby allowi ng an effective de-bottl eneck of the
process product purification systemCains: 1. A
process for the production of ethyl acetate conprising
reacting ethylene with acetic acid and water in the
presence of a heteropol yacid catal yst, characterised
in that the concentrations of reactants in the feed
streamto the reactor are such that the nole ratio of
ethylene to acetic acid lies in the range 6.0 to 12. 2,
the nole ratio 5 of ethylene to water lies in the
range 8.0 to 17.0 and the nole ratio of acetic acid to
water lies in the range 1.25 to 1.40 2. A process
according to claiml, wherein the nole ratio of
ethylene to acetic acid lies in the range 6.0 to 8. 2.

CRBimd. process according to any one of the preceding
clalns wherein the nole i0 ratio of ethylene to water
L1 i edA prpcessdor tisguodichon ef qthyl ageta qompuseng rgedimedihdenco

f I

A S e S SR B R

intlait the3Oncdtrafops otrescaras aahe faeg stream t@ihm r&ac\meﬁ'eku‘thtthz&
nol e rati f ethylene tq acetic acid |[ies in th

the TRt ago 6" e8Yishe 19 40cHC ABASH B e rgree &t thipl e lhemilstratio

ofle{Fent fo t’\n?cr fi@é! guelhé%rl%e% ¢ & 1]7]0 AMadnt %lé@%g oMEétQ grd to
acétic acid to water Iies in the range 1 :

\Wﬁmﬁmsmuﬂwesmyababnﬁlﬁ@ to any one of the precedlng

wherein .the hetero t al i.s, sel ected

2. o Bt e aintsie rEbds §hed R gt Mbapbtag e

aclllieSah the hi®s €0fo 8. A process according to any one of
the precedi ng clainms wherein the 0 heteropol yacid

3. cat d prcessqceigpgrte ey ose ofghp prseeding aledros. dhsecin theohalem
rat?o X\peq{lﬁbrpe ttohsatg’]l"lpe%q{l Iihe r?ingeeéﬁ ‘t:ot Ffj fromthe group
4. A process according to any one of the preceding claims, wherein the mole
ratio of acetic acid to water lies in the range 1.25 to 1.30.
5. A process according to claim 1 wherein the mole ratio of ethylene to acetic
acid lies in the range 6.0 to 8.2, the mole ratio of ethylene to water lies in the range
8.0 to 11 and the mole ratio of acetic acid to water lies in the range 1.25 to 1.30.
6. A process according to any one of the preceding claims wherein the
heteropolyacid catalyst is selected from a tungstosilicic acid, a}ﬁngstophosphoric

acid or salts thereof.

7. -A process according to any one of the preceding claims wherein the

heteropolyacid catalyst is supported.
8. A process according to claim 7 wherein the support is selected from the group
consisting of a silica, clays, zeloites, ion exchange resins, active carbons and

mixtures thereof.

10
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consisting of a silica, clays, zeloites, ion exchange

resins, active carbons and m xtures thereof.9. A
w@emseswe@ccording to claim8 wherein the suppptt/GB2008/001726

silica. 10. A process according to claim9 wherein the

siliga is derived from nat r synthetig. anor phous
95111 82r0Gs Rk L AP LHERIn B TR SRSt ol B 20
10her giplodebeabldigatonasmag plietetrythokiliak id daistd % itural or
. weight 12. A process according to any one of clains 7
syghelie apear s SHiRe support has a pore vol une in t he

1 ANGR f £Q0 Bl il g B 13 | APEQRESS SARERLA Pkl

any one of clalns o1 erei n the suppor
atdeest 996 byivggle pel |l et crush strength of at least 7

won force. 14. A process according to any one of
13¥ i et Oa oha SHROr © hashbe uger s a
pdradbiteah 10rah % BOR NSt R, 15. A process according

to claim14 wherein the support has an average pore

1} adi fprefess@eonlings© any ong of aprot sk wboemdhaguiportdry
one of clains 7 to 15 wherein e support has an

e e T ete Srdpu O B (B RMRRE 177 A br ocess

148.C COA Qir6t@sd & c6idauh dokdry\Wne bEERint TR 1S LRAERINNAS s@ibort has an
average particle dianeter of 4 to 6 nm 18. A process

AVEERE PTG I s OAhY topd) HPLEIodISms 9 to 11 wherein the

]§i ! ig%rm% ?c%of’%l\ﬁg 9% 1910ff’wﬂé}leﬂq§%8fplp@ﬁ%ﬂ£ ar} avet]rg%erﬁdrcg
and an average particle size In e range abou 0 6

ratfims 0190 tAl fir Acess according to any one of clainms 7 to
%8 wherein the anount of heteropol yaci cat?lyst on

1 he SEpYGH 29°er it Ry opp OhHAB0%4%Y> WasTgHtthe Sgppoy has an

aRIRE PRI ACHAiPIr b @ £ Rin 19 wherein the amount of
het'er opol yacid catal yst on the support is between 30

I’'and A@%deys avedigimg toZldim 18 whaeieske apportdiangn terageypaoinde
.of the_P[qgeding claims wherein the

diameter of 4 to’ 6 mm. _ .

18. A process according to any one of claims 9 to 11 wherein the silica has an

average pore volume of about 1.15 ml/g and an average particle size in the range

about 3 to 6 mm.

19. A process according to any one of claims 7 to 18 wherein the amount of

heteropolyacid catalyst on the support is between 10 and 60% by weight.

20. A process according to claim 19 wheréin the amount of heteropolyacid

catalyst on the support is between 30 and 50% by weight.

21. A process according to any one of the preceding claims wherein the

reactants contain less than 1 ppm of metals, metallic compounds or basic nitrogen

impurities.

22. A process according to claim 21 wherein the amount of impurities is less

than 0.1 ppm.

23. A process according to any one of the preceding claims wherein the process

is carried out in the vapour phase.

24. A process-according to claim 23 wherein the reaction is carried out above

~ the dew point of the reactor contents.

11
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reactants contain less than 1 ppmof netals, netallic
conpounds or basic nitrogen inpurities. 22. A process
waemendiong to claim?2 1 wherein the anount of PCT/GB2005/001726
inpurities is less than 0.1 ppm 23. A process
?CCOA r@c%s gCC%I[}Mﬂ POL an fon%%?Il%rp?gc%ganQ:]arms \ITBGI’CJH%B] ﬁen
he process i'S it AR
anfal REES scid o aRuul mg p‘hﬁseﬂ |o&c1m1€8atuﬂy§trz¢brﬂlﬂ$l‘e of €a@ td SI00I f=r
carried out above the dew point of the reactor
h¥nt ent's. 25. A process according to any one of the
20" eCx 15&59\&:'0@11 V\Qecr]%hmf\tvné/ljeﬁqr?c 6@%@%9{0&_%%96(?19& hotr.
vapours are passe over the catalyst at a of 1 (S)
210 SAQ@ocp:esr advouting @GanyAnpod degse@do@rodiimg verdh dienne@Sion

. Wher g the GHSV is.300 to Ooolgﬁr &%% 27. A

1S SABIEE LY %rc‘blsP“éi’F‘r’i‘bm?b“ HyUERETGt hE edi ng cl ai ns

29her giglodcbeadc8ABAd QNclhith TAWhERH tﬁ@rea@&o@stcsrrréer&ﬁ W £
in the range from 150 to 2000C. . A process

tegpewitwtt irythesandediam 290 whteCn the reaction is carried

85 RrghetbSUROLA bG8 e PERabsr TS i adligeion

prebsakdns inmirrendt § o igagt i on pr essure is in the range 8
to 20 barg. 30. A process according to claim?29

3Q/merférpﬁoqeh%aqce5h@g @rﬁlpﬁe%%\rheemshr Feagiien prasiyec 11n thy rpage

1P& By bad- A Process according to claim30 wherein the
reactroﬁ pressure is in the range 12 to 15 barg. 32. A

3 pr ocAgso@scarcdidig toal@ny3wkerein thhiapti@c@disag: 6liRiEange

in the heteropolyacid catalyst is a
lzti‘j)n]éeliab%l l'icic heteropolyacid and which is supported

32N Shlgk&Rss according to any one of the preceding claims wherein the
heteropolyacid catalyst is a tungstosilicic heteropolyacid and which is supported on

silica.



