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PROCESS FOR THE PREPARATI ON OF VI NYL ACETATE The Gover nnent
of the United States of Anerica has rights in this invention pursuant

t o Cooper at Agreement No. DE- FC22-95PC93052 awar de . S
Depar t ment i#’%éﬁ%%y This invention rel ates tﬁ%‘%?%@%gg for
produci ng - vinyl acetate by reacting ketene and acetal dehyde in a

contact zone in the presence of an acid cat&lyst. 10 Background of
the Invention . Vinyl acetate is an inportant industria

ngyng?: ied to p(l\)/Ib;E v?%&begéé!t g%%)ﬁ?f%ﬁ@pﬁ;%ﬁphgﬁ#sﬁﬁgﬂl%%éfméaf and its
derivatives find extensive uses as adhesi ves, paints and ot her

coatings, films and The Gb3ELARGHE LB ilited States of AMdilcaAGgkate
has been produced.c?pnen0|gLL§ g¥ 20 reactln% acetylene wth acetic acid
v ptV PR

at 180-210[err] CH¥a® FrEENeat et & 4%eS)j el ds based
én acel yl edgreeteateNoc BE+FC2 350193052 aeadd®@ %y arhdat.h s.

reactants, the mny@aggﬁgngfo§c§ﬁi%§$p, as well as the safety and
handl i ng probl ens assogLated wthTts use, 25 make this process

di sadvant ageous when COnfatBYeppion relahas tena- BEIEESHririe pxosducing
An exanpl e of anvemlyyl eretbaseldy vigydt aeetkitene and MEQELEEHERS in a

acet al dehyde and ' dk | startin terials.. Ethylene is
y Anthle QBH%! dféxt{lgﬁae@%rﬁ%eém\%o Lh gc%? < tnaala/st y

used to produce 30 aceta cKeroxidatT rocess, and the
resul ting éE%taIdehyde Is reacted with the acetic anhydride in the
presence of an a@atkoabah@sbft Ohédr Dekkseion ethyl i dene di acetate (EDA)
The EDA is then heated in the presence of acid catalyst to produce
vinyl acetate, 35 acetic acid, acetic anhydride and acetal dehyde. This

Vinyl acetate is an important industrial chemical.

Most of the vinyl acetate used industrially is

15 polymerized to poly(vinyl acetate). This important
polymer and its derivatives find extensive uses as
adhesives, paints and other coatings, films and
laminating materials.

Vinyl acetate has been produced commercially by

20 reacting acetylene with acetic acid at 180-210°C in a
vapor phase process. Although the yields based on
acetylene and acetic acid typically exceed 90% for both
reactants, the high cost of acetylene, as well as the
safety and handling problems associated with its use,

25 make this process disadvantageous when compared to
ethylene-based processes. .

An example of an ethylene-based vinyl acetate
process uses acetaldehyde and acetic anhydride as
starting materials. Ethylene is used to produce

30 acetaldehyde by the Wacker oxidation process, and the
resulting acetaldehyde is reacted with the acetic
anhydride in the presence of an acid catalyst to produce
ethylidene diacetate (EDA). The EDA is then heated in
the presence of acid catalyst to produce vinyl acetate,

35 acetic acid, acetic anhydride and acetaldehyde. This
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-2- EDA cracking reaction is disadvantageous for at | east t wo
reasons: 1) by-product acetic acid is produced, whi ch then nust be
converted b sggCEL i ¢ anhydride or ot herw se usedpeh“%hﬁ ed of,
and 2) unfavorable 5 equilibria exist anmong EDA, the desired products
(vinyl . acetate and acetic acid) and the undesired original

starting materials (acetal dehyde and aceti-c2arhydri de). " Thus, the EDA
cracki ng reaction nust be perforned in the presence a | arge excess of

aceti'c anhydride to increase 10 t he amount of vinyl acetate and acetic
aci d produced EDA (ga1aqling - reagt éed| de bradwantagepuseclen akhelrastess

gcet I |C| agh]ydrl de ttﬁo arkirbrisq th@ E?Apﬁé@@&t fh@:étﬁ%cb@fid is pro&li€edy oduct
istilled fromt r nt ai.ns ge unt

acet al dehyde, acelic a‘r;\:hh% 53‘ aﬁﬁ ?Lénver%ecdetba‘:k ?‘0 acﬁ éﬁd?ﬁ%%ntdoe He
desired vinyl ace‘?l'eh@‘"lse useﬂeﬁ@edlﬁmlse@r@ﬁ:,e@md @juinésvonablel e
distillations an%qulllbx%t @RS ¥ afn8AY CEHAI- tlﬁe%lﬁ%eef pkb&3&e #T ARLRAE,
coupl ed W th t corr.osi vgness and srﬁé)eg}/ handl I n ro | ens
associated wi th t%‘eel}é&g}ndplagg i€ apid} @a & yndegipag nPE] pr oduce
vi nyl acetate by $¢E¥tﬁn§umater1alsréaceta&deﬁydﬁIapﬂeaeetaceanhydmidhkand
oxygen. Thfl G 'E?bA E:Qscﬁiﬁ{;eféﬂ sttoblé' B¥£f8ﬁﬁé&‘t:ﬁ1

the direct reaction of ethylene, acetfc aC| ﬁ@?é fo pro lce
vinyl acetate, WRETHF ﬁ&/ﬁlab"élﬁc?é‘ce?’ﬂ’eoé?cetdrce vegider&e olngreass s
process usesba hetlés Ggenenusf. vinylcatetasd milacetier hoidepradudd® vapor

phase at 5-10 barrelatdlve( %%OaéeQQSdéR% at I-;b‘r?rpev%go[g%lx h ECQ*J eessaof the

expl osi on hazards assocCl ate FOact] OnC Mt BaoH eZetTon must
be performed wi t RIS ﬁi‘i’t’bfd&lgﬁoﬂéh?@@%@ r*-?% tdiep ERR gragblngomfzg@qv hence,

conversions of ettty gmmawrcedietatiddanton the PeHGeBraseilypesd dnsl0- 15 %
15-30 % and 60- 901a41 5-10,% of

e ou hyl epe is
converted mJél %)%% é% t\‘{‘J’l%)ou 4 e'%acetégnvg%’ygﬁl%%
acet al dehydé> Thé"?%“eﬁﬁﬂdeﬁ@ afdihéen o ddial BHiredomimydi aPrtPE®- pass

require extensiveddrasy,Cltnig ah@BBss requires multiple distillations and
extensive recycling. Because of these problems, coupled
with the corrosiveness and safety and handling problems
associated with the Wacker process, it is moxre
20 economical to produce vinyl acetate by the direct
reaction of ethylene, acetic acid and oxygen.

Currently, the preferred route to vinyl acetate is
the direct reaction of ethylene, acetic acid and oxygen
to produce vinyl acetate, water and byproducts. The

25 preferred version of this process uses a heterogeneous
catalyst and is performed in the vapor phase at 5-10 bar
(500-1,000 kPa) at 150-200°C. Because of the explosion
hazards associated with this reaction, the reaction must
be performed with less than a stoichiometric amount of

30 oxygen; hence, conversions of ethylene, acetic acid and
oxygen are typically 10-15 %, 15-30 % and 60-90 %
respectively. About 5-10 % of the ethylene is converted
to carbon dioxide and about 1 % is converted to
acetaldehyde. The low ethylene and acetic acid

35 conversions per pass require extensive recycling along
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- 3- with a carbon di oxi de renoval system Although the

capital costs of an ethyl ene-acetic acid-oxygen-based vinyI acetate
plant are hi se capital costs are of fset by th? @ﬂ 14y | ow
costs of ethylene and acetic 5 acid. Thus, a need exists for a process
for preparing vi nyl acetate having higher conversions per pass and

| ower yield |loss to carbon dioxide than thezethyl ene- ‘acetic

aci d- oxygen- based route. The process of the present invention, unlike
t he et hyl ene-acetic 10 aci d- oxygen-based route, indeed produces V|nyI

acet ate i n Hitdh ac6A¥ePBi 8hexpde YRmaVain@YESED - nohl pheriit cthe

si gni fi cant quantdapﬁualoboeaebeﬁ Qhoﬁtﬁyﬁene acetic acgﬁhéky ﬁfﬁggéﬂfﬂ
produci ng vi nyl

ntried. Fog " a nunber
of these atterrpts egfi‘%? ;?‘%Y)a?’%e\}?’rﬁjt FREE5: ga?tﬁ#n?r%'iﬁ@smof
car bon noncifRetaly bher ggeardbimtImesicosgas pfhethytenefandacetic

very |low cos of o ”at'I?lUsal a n@éd'ébkié@é ﬁ;:eQSprEbgéﬁ for p HeS
convert synthesis c.%s’leto met hapol dj meth i In addi trron,

yl
many conbi nati ons’ He AFEEATEr @Hl% hlqltf”?/\tﬁ%‘{eﬁéf‘ﬁw B%’ét%ﬂ%s (a;ﬂdoduced
from met hanol andlower yieddyibed tcetarbacidioxidedthrhhyhe aitierleates

car bonyl at ed acéﬂoor%g,ﬁgg)ecﬁgt@%dﬁaww e EB% Sﬁggcégge@sc acetic

anhydride is partiall rog to pro uce acetic acid.

In still other scﬂf?r?é‘é‘ Fﬁé’eﬁﬁt—ﬁm Yrkiha dhes ethylegengestic et her is
carbonyl at etioi n tattac‘pmglenebaéed rout dy dirREesa anaﬁeélleﬁ“:E}% dutateet | C

acid in one step. hi:s approge ncl ude reacting
met hanol or in B \égggg%%és Q %fcﬁsc? &fida 8e3a?%tbrP 41‘6‘38 de to
produce acet al detﬁﬁtﬂé’ ﬁd’aﬂ/ﬁt grapkities aﬂfdel@}tﬂ?@nadd%@de acetic acid,
respectivel y; however othe aetesptyidy ;h%duclng &@ﬁwl sedysle 'H!ax)teh%i?so

reactions is poof,g 'Bhe:xfl%aul tbQQ %X%rgpl,f%ﬁt amm%h¥ gl ’fS\Bt hen react gd WI th

t he acetic anhydr|
al | -synt hests ga§%tt@sp¢§p35e vimyh@metatiey foonpeiktuxes vwit tca::tb@ncur rent

commer ci al monoxide and hydrogen (synthesis gas) because of the

very low cost of raw materials. As initial steps, these
schemes convert synthesis gas to methanol or dimethyl
ether. In addition, many combinations have been tried

20 in which methyl acetate (produced from methanol and
;ecycled acetic acid) or dimethyl ether are carbonylated
to produce acetic ahhydri&é, In some schemes, acetic
anhydride is partially hydrogenated to produce EDA and
acetic acid. 1In still other schemes, the methyl acetate

25 or dimethyl ether is carbonylated in the presence of
hydrogen to produce EDA and acetic acid in one step.
Variations on this approach include reacting methanol or
methyl acetate with hydrogen and carbon monoxide to
produce acetaldehyde and water or acetaldehyde and

30 acetic acid, respectively; however, the selectivity to
acetaldehyde in these reactions is poor. The resulting
acetaldehyde is then reacted with the acetic anhydride
to produce EDA.

None of these all-synthesis gas routes is
35 economically competitive with the current commercial
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-4- process based on ethylene, acetic acid and oxygen. Because
t he production of vinyl acetate by a synthesis gas- based process
ultimately invol ves a cracking reacti on of EDA, the process is plagued
by most of wWees2Ssse sane operational difficulties of the ESSFETWEH oned
EDA "process based on et hyl ene-derived acet al dehyde and acetic
anhydride. Further, nost of the all-synthegis gas based routes
require that two noles of acetic acid be recycled or otherw se used.
The net hanol hydro- 10 carbonyl ation route i s sonewhat advant ageous,
theoretical |y, iRYPRa8s thaBsash|op ebpranet  aerlets @4& gnd oxygeps produced’
fromthe EDA CraBkbﬂ@sétEﬂb‘ﬂﬁdducthbﬁ of vinygl\wdtage by af kgathéyishe poor

select|V|ty to BPE; { t hese 15
reactions. gas- bg%s& 31%% 8\}\2@4“8??12 elgfesegas%aseggpr ocesses
based on EDA cr atkffienmbdERfe &bet proaess Jt-%zﬂl%ﬁ!’ﬁd iy most ofckhe| ed or

ot herw se uged OEa\elésagéﬁms‘nalTlauiflaume%b of th@@b%&r%-fnehtaoﬁé@cm to
prepare vinyl acetate t

2 d |
feature chBFRETRY | Eﬁecdo ?ﬂ% ﬁgggéggtﬁsg%\é’gve&&cﬁ? %B%%‘S%g? SCI recycte
Because the processtb¢ amkydnigieont Fumbvbari orost cefudde all- Synthﬁslﬁcetate

directly from acghsl sgga&lef&mw%au@re that w:é hmfess'o&nbfcéeaat adfgtic

acid coproductlo the i 0 oes n have a
si gni fi cant af%?Y%P%% % P&E’S‘?Ef”ésﬁrﬁfﬁ % &F&g‘ ¥8‘ﬁ?r e a large
scal e acetil® anhydrbdnylﬁnndnnnnmtengsssepewhat advantagﬁmasprocess of the

nvention has notnBBED-fEsery Pah cpar cRESYLAYUdbrddhAINRERRLC! Roidie

present invention reV|ous processes ‘'t hat_ use
acet al dehyde as &S Producqd fixqm, tﬁ‘&t@ Rafrafking sFepie it afliy8ri de as a

starting naterlahdvanﬁagerlétbﬂﬁﬁet E@Athdhp@&tléeléuﬂ1v1ty tocracked to
acetic acid and y e Nyr 2nd4R, 389 teaches
that the preferreg ca% i@%ts Whﬂg?5§s E%%gcéterliﬁf g ace |c acid and

vinyl acetde ar&eactions.
As noted above, all-synthesis gas based processes

based on EDA cracking coproduce acetic acid that must be
recycled or otherwise used or disposed of. Thus, a need
exists for a process to prepare vinyl acetate that does
20 not have the large acetic acid recycle feature
. characteristic of processes based on EDA cracking.
Because the process of the present invention produces -
vinyl acetate directly from acetaldehyde and ketene,
without significant acetic acid coproduction, the
25 process of the invention does not have a significant
acetic acid recycle problem and does not require a large
scale acetic anhydride manufacturing step.
The process of the invention has not been described
previously. In contrast to the present invention, most
30 of the previous processes that use acetaldehyde as a
starting material also use acetic anhydride as a
starting material in order to make EDA, which is then
cracked to acetic acid and vinyl acetate. U. S. Patent
No. 2,425,389 teaches that the preferred catalysts for
35 cracking EDA to acetic acid and vinyl acetate are
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aromati ¢ hydrocarbon sul fonic acids and that.the cracking reaction
shoul d be perfornmed in the presence of at least a three-fold nolar

excess of aﬁ&#&ﬁs@ﬁ'hyd“ de over EDA to drive the equg&,ggﬁﬁgﬁo

acetic acid vinyl acetate. The process of U S. Patent

2,425,389 al so teaches that acetic anhydride nust conti nuously be
added to the mixture to repl ace t hat - shi-ch i s depl et ed. In
Hydr ocar bon Processing 44 (11), 278 (1965) the 10 process described for
conti'nuously produci ng. vinyl acetate from acet al dehyde and acetic

anhydri de reacts aromat’a‘éé’t%ﬁﬂﬂﬂﬂ@%ﬁ&%@é%?ca%ﬁﬁ/(ﬁﬂddéhta@gé fer in one
reactor to prOdUC@rEzB&n@ maaali%d:ﬁ shdRNdChacketEdrmel in theSppasaheer@fct or

tower to produce %/%nyeaggetq_} T gr?]l% mo%\gceéxgegsc oq? \grl,tlg.lb: ?E\ﬁ sefgyed

over head al ong w ace Sseri1es of S are
per f or med t over pEPAt ko a@ﬂ%@é\%ﬁ%#h@rb}@ét%ﬂ @C%& eeidcpadand

acet al dehydesg Thevaﬁﬂaé@l@tkw@ |31‘Hé"%ob@§¥0b§cblqsﬂl%tent NokDA react or.

The process of th S | tio 0 oes not
require the conti gu%g 585 2 &W@‘ﬁs 5Hagf aﬁ%‘é’t‘r‘ cargﬁﬁfd%%dgmggd pr oduces,
at nost, onbpntxmmslmm sadifedatet tbeamixtwte tpearepdamedthatier

the preferred congi§ LANSs deplete Brady, in The Chemi stry of Ketenes,

Al'l enes and 25 Rel at ed Compounds, Part 1, .S. Patg_lsl(edltor)l, ﬁ)hn Wley
and sons, New York, 205°(H¥@tgcarken (frocergingetbnbsland’8 (19631 dERS des
react in thewprespnoeesé ‘desdsilaai ot @ont inuops byl ymeodhetiag, Fdnghes. Thus,

Japanese patent acera pﬁe”ﬁ%g e Ee29080 L 626N Sl ke peageand, 30

acet al dehyde react at resence Lewms acid
boron trifluori de2FBtRHS pitg-acetic aBGY?F i tIRTBAT E0RPSr es t he
activity of this ea&atcystto produitd [EDA}OSRe0EDAt hert HerWc-aakieds iauah . as

o oot s, 2gES8 B0 b S 00,88 d PARAS L RLEN' o

15 acetic acid, which are removed overhead along with
acetaldehyde. A series of distillations are performed.
to .separate and recover vinyl acetate, acetic acid and
acetaldehyde. The acetaldehyde is then recycled to the
EDA reactor. The process of the present invention, on:

20 the other hand, does not require the continuous
introduction of acetic anhydride and produces, at most,
only trace amounts of acetic acid when performed under
the preferred conditions.

Brady, in The Chemistry of Ketenes, Allenes and

25 Related Compounds, Part 1, S. Patai (editor), John Wiley
and sons, New York, 292 (1980), teaches that ketenes and
aldehydes react in the presence of Lewis acids to
produce beta-lactones. Thus, Japanese patent
application No. 47-25065 teaches that ketene and

30 acetaldehyde react at 5-15°C in the presence of the
Lewis acid boron trifluoride to produce beta-
butyrolactone and compares the activity of this catalyst
with those of other Lewis acids such as zinc chloride
and iron tetrafluoroborate. Japanese Patent

35 Applications Nos. 49-131718 and 49-134954 teach that -
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- 6- silica-alum na catal ysts (which possess both Lewis and
Bronsted acidity) are also active catalysts for the conver si on of
ket.ene and aggbhgdsg@hyde into beta- butyrol actone at JP%TIJU%B'ﬁ%
Thus, the prior art teaches 5 away fromthe invention because
ketene_and' acet al dehyde are reacted in the presence of Lew s acids
or the solid acid silica-alum na, which pes§esses both - Lewi s and
Bronsted acid character, the result is bet a- but yrol actone. 10
ketenes can _react WI enol j zapl e ketones in

It is well known t% .
the presence of BromiEd RS fgtalystsy %W@Fﬁé betBrkewis ®AA 00C as
described, for Bronsbeahnacddiity)UarS. aP@cb eddtiNe card43¥sB849fofuthdner,

Japanese Pat ent /ﬁﬁﬂﬁéfgldﬂ1cﬁo eé§n25§ﬁ9 ééEH%%ﬁé%% EN3hedOperal Ne

efficiency of the react] on ne wth car bonyl
conpounds’ usi ng tPREYERLA §§st18rﬁ’-§lf§cl BB, the pPrierefrtiteadieg ed to

the ease of &nol izeay cﬁrcmf thiee invent i6Arbeiils<C ailleQUREtehd fadticular, in

t he presence of 0 bas cat al system of Japanese
20 Pat ent Appl |%earf5}10n i@ %&E gg%f%Lg qﬂ’a"‘cé’f&ﬁ%@?ﬁ é? Eew"s S with
ket ene nore readi®y thmPddes agddt §hél©@- uminapr wildch phese@sa:@skmmdi ng

enol esters. In asslid Qarnd Bronst?!ar 8hidi dhAheareed Qe 0apig Chegi stry, 4th
Ed., John New York, 585 (1997), teaches that the 25

rate of acid-cat g%/zedo% HG1) qut PBR-is proporti onal to the.
concentratidh of prot ditatied weddbngvnprisaerketenes can réaes. whtte 1 ef er ence,

on page 250, NhrQhuﬁﬂﬁﬁ&bl@hﬁbtbhebsln the ﬁygyéﬂébngkeﬁ¥oﬂ£%ghtéégﬁ% g e
hati c_al deh)éde than 1{, Is to protonate

difficult to protqi(o LN g
an aliphatic 30 PK&SiTe HtH<a ﬁsﬁ? A2 G dfocCagradesgriReds HePri or art
teaches that it sxaWrdebe ively 8ifPatemt Na [2r,@pd;e48n Furthenol ester

froman aliphati Q@ﬂ@&\éd@atent Rpllca# d'ISNO at&gn% Bq gncf‘:?%:tr aﬁq 31% cribes

t he reactlog . etenes wit es to duce Uhea
carboxylic &3terd }f éché‘§¥n8§ B\“ear%ﬁ"r‘&?@ Blfohg‘t:@’éle with en°1lzable

carbonyl compounds using the catalysts system disclosed
therein is related to the ease of enolization of the
carbonyl compound. In particular, in the presence of
the Bronsted acid-based catalyst system of Japanese

20 Patent Application No. 48-75510, ethyl acetoacetate
reacts with ketene more readily. than does acetone to
produce the éorresponding enol ‘esters. In addition,
March, in Advanced Organic Chemistry, 4th Ed., John
Wiley and Sons, New York, 585 (1992), teaches that the

25 rate of acid-catalyzed enolization is proportional to
the concentration of protonated carbonyl present. In
this same reference, on page 250, March shows that it is
approximately 1000 times more difficult to protonate an
aliphatic aldehyde than it is to protonate an aliphatic

30 ketone with an arene sulfonic acid. Thus, the prior art
teaches that it should be very difficult to prepare an
enol ester from an aliphatic aldehyde.

U. S. Patent No. 2,422,679 describes the reaction

of ketenes with aldehydes to produce unsaturated

35 carboxylic esters in the presence of a strong Bronsted
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-7- acid catalyst in a tenperature range of zero to 80[err]C.

U S. Patent No. 2,422,679 enphasi zes that strong acid cat al ysts

such as sul k| jd, are preferable to weaker aci d%c@ﬁ.%

p-tol uenesultonrc acid, which is in 5 accord with the téeachings B U s
Patent. No. 2,487, 849, Japanese Patent Application No. 48-75510 and

t hose of March above. Even.when sul furi e acid is used as the
catalyst, the efficiency of the process of U S. Patent No. 2,422,679
I's low, and, when abou 4 nmoles of 10 acet al dehyde are reacted W|th 2
mol es of ket ene (%ﬁb‘gl%talys’: i Po FERPE KRB WER tEANGE Pie Z8TPT GRi BORE: d

m xture at 15[ errPC)S. Patentomcy. @haatw, Zﬂts%xﬁﬁhéé”i&éseitﬁa@ sEreagvecigd to .

vi nyl aceta t ure.i dIS (Note that the

nunbers provi ded %% %%&{? %dﬂ% S%lf% tehit %’f‘%’ pge pr@%ﬁgfig@sng °with the
ket ene conver si onWE3KEF rf-'}ﬂ’ldgﬁ:(ﬁ%fbas p- tOb@ﬁam@GIbltﬁﬂmthZECWﬁ avhéeht banin he
acet al dehydesconveesoad with tHeeite@cRinde dhey Cs)n\b%lrt%hennef acesql d@é"}’de to

vi nyl aceta cuI tes t ased

nunbers.) The pr'ér)%é'—’%flé %’é’?ﬁrﬁc?ﬁ%‘éﬂtﬁ‘? 48 %5528 agéeggﬂ??

i mprovenent over Mh@c@rm ofEVBn Sheﬁalsehfurlc acibois?nudéd, &83%thecause

'[”h ghe:eyle ﬁlt ds, baé@ﬂa%@ot&he efflciiﬁhef)eg?n?)e@(ﬁro@era?grggxggg 58 g@é@dﬂ’ed in
pres V. usi ures

catal ysts under Clg?ltlﬁul%#ﬁs’ d‘ls[ |18%$ F‘g'lihe‘f' ?%é{?%eszé moleg,@f

t enper at ur edMand’ s@emmhyrm a@ingstreavnddr witie -2 moleshakChe8&ns e bullistedh

conditions in U  SrKEHnd\Qcetaldengad? el § atent
Application O 348?ﬁg$ escrce 55°¢ gdé gufgl%élecsgc 8 I(%’r?'\{:/'érlf.’J %%A [ n

vinyl acetate in ﬁpoutpr%se‘neé GFeakﬁ’é?-%elsstcP@éfﬁFéﬁ@ BA wEnyl cat aI yst
(preferably sul f urcetains jftethehketntReura iHaligyiQQeds (Note!€ldet Schd th

acetic acid pr odu&%ég&rpgﬁ&glé%lﬁr E%J“B?%veﬁfo ?hllgspg{_‘od cing acetic

anhydri de; as the acetic "an sTap, AbBest increase
in the anoufP of 2BPSisLEeRA Vﬁé@t&b@ ke beme ceprivergionr tedvinybareetate t hat

being about 21 % rather than the acetaldehyde conversion
being 21 %; the conversion of acetaldehyde to vinyl
acetate calculates to about 8 % based on the Example 1
numbers.) The process of the present invention is a

20 definite improvement over the process of U. S. Patent
No. 2,422,679 because higher yields, based on both
ketene and acetaldehyde, ‘are obtained in the present
invention by using higher temperatures and weaker
catalysts under continuous conditions rather than the

25 lower temperatures and stronger catalysts under the
batch or semi-batch conditions in U. S. Patent No.
2,422,679,

European Patent Application 0 348 309 Al describes

a process to convert EDA into vinyl acetate in the

30 presence of a ketene stream and an acid catalyst
(preferably sulfuric acid). The ketene in that process
reacts with acetic acid produced from the EDA cracking
thus producing acetic anhydride; as the acetic anhydride
level builds up, a modest increase in the amount of

35 vinyl acetate produced is observed compared to that
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produced in the absence of ketene. However, in the process of

Eur opean Patent Application 0 348 309 A, much of the ketene is
wasted and the vi nyI acetate producti on decr easesp@fuStAdITs

depl et ed. MQ8REF0 " { he 5 EDA used in the process of European Patent
Appl i cation 0 348 309 Al nust be produced in a separate step before
t-he reaction can proceed. The process of thesurrent " invention is
much nore efficient than that of European Pat ent Application 0 348
309 .Al because a separate_ EDA 10 production step is not required; in the
present i npEAdReRd Mbrihe Abseacenat ket antiehHRweXes f &8 £BSt he

Jreactor together, ppdcées e Rig®pehnreltehtghpplication 0 348upwargipf the
wention 18 onMuch of he MEdlS AU WAAER!LAT HOYILA dclBheeel i cl ent

and econom cal route to product on o
previ ous processesPraductiondegrpases ae EDésbﬁtdepletEd pFYEEBST avbRelS

many of the dissadvaphagesdiin tdes drocéds oﬁrguf@warpr%%ea 1Eearexanpl e,

carbon 0 Pai o 48° 0P gﬁd"es?ﬁ B s ) o R L

et hyl ene- based protbssesactivmduint ippmceeds pwheemmocess of theventrremt avoi ds
the |arge coproducth9ane{oRCat 'nﬁ.lapln@re %i«flc&@ﬁé RA0YES et B@ FUPLPES S

gas- based processes. ﬁ ocess does not gU|re
cont i nuous PFH??Bdm}r’cﬁ?to‘forh@eﬁl @ 3RRy A i RREaYSS tahé‘Ppé Fhft Bfes of
the present .il®vent poadeceidwtdteyetisf mctthxalquweedmd:.n the preapparent from

t he exanpl es set f W.p, h t ¥ s to
Qﬁ;rgn@ﬂn? dotk?chte and ? ac%‘lt?cgét@de“‘é%@ Qg £5' A&

a process for ction o V|ny rising the steps
of contactFﬁ§°59¥h§QQﬁ§PQﬁ' B et SR8 B%%t%ﬂ(ﬂ%ﬁ@d iGheK - an
acid catalyst in a contact zone and recovering vinyl acetate from

t he contact zone. Qg&ﬁaggréf(%ﬂé”fﬁb qu 35 present invention rel ates
to a continuous pr / 25880
PCT/ US97/ 14374

The present invention provides a more efficient and

economical route to production of wvinyl acetate than
previous processes. As stated above, the present
process avoids many of the disadvantages in those

20 previous processes., For example, the inventive process
does not produce significant quantities of carbon
dioxide and gives'higher'convefsions per pass than the
ethylene-based processes. In addition, the present
invention avoids the large coproduction of acetic acid

25 that plagues the synthesis gas-based processes.
Moreover, the process does not reguire continuous
introduction of acetic anhydride. Further advantages of
the present invention are both set forth above and
apparent from the examples set forth below.

30 The present invention relates to a process for the
production of vinyl acetate comprising the steps of
contacting a mixture of ketene and acetaldehyde with an
acid catalyst in a contact zone and recovering vinyl
acetate from the contact zone. More particularly, the

35 present invention relates to a continuocus process for



-9- the production of vinyl acetate conprising the steps of

continuously feeding a gas conprising ketene and acet al dehyde and,
optionally, a non-reactive diluent gas to a contact zone containing -
an .aci d cat ﬁhﬂﬁwi 5 optionally, a solvent; and contj §ﬁ
recovering ghy product conprising vinyl acetate fron1th§H® Pé%? zone.
Qur novel process for producing vinyl acetate has many advant ages
over the prior art processes, as set forthg -. above, including nore
efficient production of vinyl 10 acetate and i nproved vyi el ds.

Det ailed Description of the Invention The object of the

invention is to pRSvPYedREtion of arimydi asetpteceemprigiintiengtepaypt-
acetate by react icogtinuousbgetaddiohy de gasdckpbeieind Kdtand aggnce of an
acid cat al H-200[ err] C, .The.ket ene_used can be produced

by any of the co%%%ﬁgéggg %gf%ﬁéﬁlﬂfﬁﬁggfﬂﬁgnsasTﬁﬁfEﬁ?Ctlve dﬁé&FPE ¥ d
dehydr ati on, acetPc2affjER¢E A slopfiadning andadied eratalyssl aeds or acet one

pryolysis. n adptionallpfustddidlentGalb@d bbntsnibefy) Hedhv@rRhgPar e the
ket ene fron1% gt c a3|%%£.r03%3|§ for econom c ‘reasons.
Sinmilarly, acetaPdehyts €2 %%5) BeLAye riiRw the contagEinzgreyi g the

Wacker process oPufynevalhripfockss dice- p2bducigg mainydn adetatiedtdst hasyt he
acet al dehyde i s txe8nek NLS: O n t Iy
nfhges oved A pHIBUNLS: O SOIRAIENLS, LUR! (0QLATE |

react with Eetene. ﬁpa .Is, 1T 1s pre ‘have "ace yde
that is substant 2&PF§-f 1R W HMLARSpREELELPRPUPTAdnCtion ofoRdBYENt s such
as wat er orlGal cohgksate naed thgsevesh y3@ldstreact, with ketene causing yield
loss. It is often .advant-ageous t-0 include trace amounts (greater

t han 5 pp nmerization r such as copper, or a
hydr oqui none der v e PS-&F SRR wher e vi nyl
acetate is present, but this is not a 35 requi rement of the invention.

WO 98/ 25880 The object of the invention isP o/ %%%% 23;.141'

is5 efficient process for forming vinyl acetate by reacting
acetaldehyde and ketene in the presence of an acid
catalyst at 85-200°C. The ketene used can be produced
by any of the common ketene-forming reactions such as
acetic acid dehydration, acetic anhydride pyrolysis,

20 diketene pyrolysis or acetone pryolysis. On an
industrial scale, it is preferred to prepare the ketene
from acetic acid pyrolysis for economic reasons.
Similarly, acetaldehyde can be produced by any route,
such as via the Wacker process or by ethanol dehydro-

25 genation, provided that the acetaldehyde is free of
large amounts of components that normally react with
ketene. That is, it is preferable to have acetaldehyde
that is substantially free of nucleophilic impurity
components such as water or alcohols since these can

30 react with ketene causing yield loss. It is often
advantageous to include trace amounts (greater than
5 ppm) of a polymerization inhibitor such as copper, oxr
a hydroquinone derivative, in regions of the process
where vinyl acetate is present, but this is not a

35 requirement of the invention.




- 10 - The process of the invention is performed within a
contact zone where ketene, acetal dehyde and an acid catal yst are
contacted. The contact zone can contain acid catalyst in a liquid

sol ution, pd, or as a b5 m xture of solid and | i guu preTs
- a%o? . Ptbso71
preéeferred aci séﬁ&ggl d be a Bronsted acid. Mre preferreégam S are

t hose " cont ai ni ng phosphorous or sulfur in a positive oxidation

state, which includes the liquid phosphorite sulfuric and

met hanesul foni.c acids, the soluble solid benzene- 10 sul foni c,

p-t ol'uenesul f oni ¢, napht hal enesul f oni ¢ and napht hal enedi sul foni ¢ aci ds
and insol ubl e aci di c Tim processxoffaije ivvertiandis perfeseefy¥Withir]a 15 (a

Kg][_tial 5{7 ( Cé?iﬁ@ac‘:tﬁ r&e?ﬁdwe}‘x?nh@teﬁégi deetade S.eyahnlr gAeicaad ot

i on a per rinated sul fonic acld resin polyneric_sul fonic
acids. Strong aff u]?y%%cﬁfeafonta‘:te‘éul f'lﬁg? cc%fb%g(ft (,zgfl‘?ecgéccégg??fénchar ring
under the aeidtcaralymtdiin endiquad salupiadues bypedddet orcasia

dcid. Veak aci dspy;geiehe ase RINA @ 128h¢aaci fhe PriFerred ab¥ebnb@igs of
reaction. Polystyrene-based catabysts 20 such as Al erlygh err] 15,

) h nb
tend to slowy dBEoRAPTEPRRRfeRc1d. Mpge preferrad agide: RERsEPOBRatil e

aci ds, such as contaimidmamdsdphoronsacrdstkfulr tin lepositheer eatfaninzone
wi th the product b Chs desijahl T g | : red
acids are arene gﬁ ohié&gg#gs: %ﬁ%@%%g? ggqéiafgﬁégﬂﬁéglgéianfﬁifé

p-t ol uenesul f oni 8PAcPethangsitiifamdse acids, the repduble;iSgd idngenzene-

napht hal enadi sul &agbfente] gs:tdluenesul fganel ahagphthallserenllfbanccandi d is the

nmost preferred ' sl gnikj aJTRuR f _dacati.c.acid are
not produc%ap%}ﬁé}é%§§§§§¥iéﬁafegg%gggﬁé%n 'S g%ﬁ%b9%§?3gol§8 When
the contact zonee¥ehRegfsresing cach pst Amherlyst® 3% fiad pastialdh, the acid

concentration sheybdstBiigeed sulfdni®kMa@il0Boin % pAGisEyeaueyahsats per
liter of SQLEEéE@'lT & PL2GESS o&ntgedinv c;ti.on I S pggg&b}e with
aci d concentrati oRs-olt stife thies ﬁiﬁﬁg, Bt é§5§2§P§éP§l§5 81 ute acid
concentr at i1§ns t padynerig aulfoniowacidat esStrong acida)p ¢8ch5880
PCT/ US97/ 14374 gulfuric acid, cause excessive charring under the

reaction conditions, and can produce byproduct acetic

acid. Weak acids, such as methanesulfonic acid, give

lower rates of reaction. Polystyrene-based catalysts,

20 such as Amberlyst® 15, tend to slowly decompose under
the reaction conditions. Volatile acids, such as
methanesulfonic acid tend to leave the reaction zone
with the product, which is undesirable. The still more
preferred acids are arene sulfonic acids: benzene-

25 sulfonic acid, p-toluenesulfonic acid, naphthalene
sulfonic acids and naphthalenedisulfonic acids. In
general p-toluenesulfonic acid is the most preferred
acid because significant amounts of acetic acid are not
produced after steady state operation is achieved.

30 When the contact zone contains acid catalyst in
liquid solution, the acid concentration should range
from 0.005 to 2.0 acid equivalents per litexr of
solution. The process of the invention is possible with
acid concentrations outside this range, but excessively

35 dilute acid concentrations tend to provide lower rates,



- 11 - and excessively high acid concentrations tend to cause
excessive charring. The preferred acid concentrations depend on the
acid used, the identity of the solvent, the contact tinme and the
tegperature“mﬁﬁMgmmfor 5 exanpl e, when the acid i s p-topggpsemusni c
acid, the solvent is acetic anhydride, the space velocity is
approximately 65 hr[err] (units are liters of ketene + acet al dehyde
at reaction tenperature and pressure per=- 11 - |iter of solution contacted
per hour with the volunme of 10 any diluents excluded), and the
tenperature is 150[err referred acjd conc%ﬂtration range

C._a . hore.,
is from0.01 to 2nd exgessiyely Jﬂﬁn}gé‘lcé EOBEPTFTR&FORY U2 ERd t he
nost - pref eexedsatve clencentg.at ke paeferred facid B3R ensr@tgons

aci d_equi val ent s gRgLnki 58 el RAHY, Hie identicyVion dike ARkt zone

contai ns an insolg e soli /it should contain fromo0.0i to 5
aci d equi val ent sthe conpagt |ting and the,tpuperprarer apiiramd ol i d
i'nsoluble 5 axhflpi8pubisere dliciatifd A& B-tol dee @l fhreiiacdldg ntheper

liter of catalyst, an ref.er QH% wee : nd .2 .20.. id
equi val ents per ﬁ??ggng?féa.%ﬁg&ﬁf% F?g?efhghgo%?%?éiveloﬁﬁ$ oﬁﬁble acid is
contacted with tBePkexémetedil 65 hr™ jowridisdempgdditenstaftketanfert t he

reaction conditi @ggtaddehyde dd %&ﬂ%%ehﬁei%m,aﬁ?ﬁé&dﬂd@eﬁ -
npade
of

operation wl| . t hen nge to that aof a.gas-liqui.d-solid ,

When the contact “258% 8§n?égﬁkiﬁﬁnﬁfﬂﬁﬁékFggPernﬁ°“r 5&ﬁ9 < VRINEI Bh, it

i s preferadi® thanyt Héluents exalaged), andahbeatempexkinmte ifads0j6eda
solubility in thegosal ¥eBterred acid@cHleV@Pht IBH. PAnd@YidHrdrfdChiWebh

ket ene or 3c ta dgh de, ti forn1reagtlve | terﬂedjates.dAn%EBO
interactions of thé 86LGeTTUWRENESR &FE I tEePhl TR n, ancé 446 "gShe
such that any i npeefedred cacpdot@yrdmatdoar gange is efixgon UBIU3y toolverted to

vinyl acetate. |dealyl ¥quif€lents pex0l MR SROBLE,OPLA, at a tenperature
equal to or_greater th the t erature of the reactian. Exggples of
WO

35 sol v cl asseswgﬁ’f‘t%ggccfr&acrtg ofOPRRIEYAR ptsQiuble sol

98/ 25880 acid, it should contain from 0.PCTEQV7dduB Btuivalents

- 12 - per liter of catalyst. Preferably the solid insoluble
acid should contain from 0.1 to 3 acid equivalents per
liter of catalyst and most preferably between 0.5 and 2

20 acid equivalents per liter of catalyst. After the solid
insoluble acid is contacted with the ketene and
acetaldehyde reactants under the reaction conditions, a
liquid phase is formed, and the mode of operation will .
then change to that of a gas-liquid-solid mode.

25 When the contact zone contains acid catalyst in
liquid solution, it is preferable that the acid, ketene
and acetaldehyde have good solubility in the solvent.
The solvent may or may not react with ketene or
acetaldehyde to form reactive intermediates. Any

30 interactions of the solvent with ketene or acetaldehyde
should be such that any intermediate species formed are
eventually converted to vinyl acetate. Ideally, the
solvent should boil at a temperature equal to or greater
than the temperature of the reaction. Examples of

3B solvent claeses suitable for reaction include, but are



not limted to, polycyclic aromatic hydrocarbons such as napht hal ene

and their hal ogenated derivatives such as 1- chl or onapht hal ene, pol ar
aprotic solvents such as N nmet hyl - 2- pyrrol i di none, acetic anhydri de,
et hyl i dene wa ognddbicet ate and m xtures of these. By- produsiTnisosyudacis
fromthe reaction can be used as solvents or sol vent conmponents. The
sol vents nay contain small anounts of water or acetic acid. The water
and acetic acid wll react with the k®tene at the stait of the

reaction and 10 wll be converted largely to acetic anhydride. The

preferred sol vents, for th reaction ar e acetic anh o] efdc
anhydri de contai xﬁ?%gﬂs%tl §|?duﬁf’gyf¥6 ﬁ%l%rqy'atlc %gdrpgar?one %.%‘g?lécé aci d.
Wien these sol vemaphthalepednd thejrt halogenated degd vasiegssUCh A s
produced at the éﬁloro ﬂH&ﬂ&ieOf bmgrréﬁﬁéﬁ£51éaﬂ¢ehﬁb|Qﬁchpa§QNa const ant

| evel (20 to 40 we ing _on t enper.at nd the rate
of the(react i on [f‘ﬁ s%?g%%glggﬁﬁr %?etlcrrpanbé'é%l | §EPYBLARE t hen
stays rel at Bvel ydtaestatrg .and mixtHoesvef , théss. NRyeprpdutpyigeidsii none is
used as a 20 ﬁ&d{eﬂ’ie defetl \‘1|6|caﬂf bED(fs@é &8 o lvntBe §%51+9ﬂtstays

at about one wei ght I n general, _.when water 1s present In t he
sol vent, or is agg%E‘P%ﬁré'tFw {Ther golyepfs may contedm spalingmgpRigidncy of
the reaction i ncweesesoscetic achd.warRe wsteonrmaBGet2s acid willnce the

reaction rate hagex cl?ﬁ%trh:h 'tth% 'i@é gg”htt@ﬁe Stare WS¢ nef ok St#ﬂ“ér?'d

sol ution cont ai ned Fenai Ns essen const ant
except for1fhe s¥bhi be COW"W&Q éﬁrgﬁlﬁomoﬁ%ﬂqlﬂ‘e Ppprgdders B any

ent r ai nnment pr@feﬂﬂé@-tSd]]\iéﬂ:IsOﬁon thber&ad v a:Entaeétﬂeeaﬁhpcﬂrf&
vol atilization Df tQ? f&‘gﬂH¥4f§d eglﬁ¥ é%éi ounts (18

distillation col Ufm et hese “€ one n'?%%:? %zone
sol ution whil e aP¥rodea® ehEcekdst aFédandWhen theggy S@rlf"é&@ﬁeérke\ﬂ%?ﬂa or

acet al dehyde to heauecﬁéwq)referre@o@ta@anyg@@e ESA QW x:rbaﬂie\éangtatﬂ@rt i on of

the |iquid %5 be 1nn:£1?e obtaﬁ:%eOfretab: 1ggn£ngtbuzl and Concur L e

WO 98/ 25880 g g 5677199755

- 13 - level (20 to 40 weight % depending on the temperature),
and the rate of the reaction increases as the level of
EDA builds up and then stays relatively constant.
However, when N-methyl-2-pyrrolidinone is used as a

~ 20 solvent, the level of EDA present in the solution stays

at about one weight %. In general, when water is
present in the solvent, or is associated with the acid
catalyst, the efficiency of the reaction increases as
the water is consumed.

25 Once the reaction rate has reached its maximum, the
mass of the ligquid solution contained in the contact
zone remains essentially constant except for the slow
formation of nonvolatile byproducts and any entrainment’
or volatilization of the solvent. Entrainment or

30 volatilization of the solvent is minimized by the use of
a distillation column to return these components to the
contact zone solution while allowing vinyl acetate and
any unreacted ketene or acetaldehyde to leave the
contact zone. Slowly removing a portion of the liquid

35 from the base of the contact zone and concurrently



replenishing it with fresh liquid by neans known to those skilled in
the art nmay prevent excess nonvol atile byproduct accurnul ati on.
The process of the invention can be perfornmed at 5 pressures ranging from

0.05 to 20 R@ognésge t 0 2, 000 kPa) absol ute. However, ep@E@EPINaEYy hi gh
pressures increase the possibility of ketene polynerlzatlon reactions
and, . by decreasing product volatility, can nmake it nore difficult
to continuousl y recover the vinyl acetate X0 -- product in those cases where
t he product nust vaporize froma liquid nedium By contrast,

excessively | ow ssures 1o ctj.on.a can co i cate heat
control and nakerﬁqlerﬁszuﬁgf - cﬂf“\fl‘\ﬁtg %%hd]e‘rﬂ%’é‘dai?éf heans lﬁcg@ér @ he vi nyl
acetate product. tle"EB mkiddes 15 therafermdy \prieyvepar exedssumoxa*tobaq)!r]@sure

of from0.1 to rocﬁx&a%%c(z?nglhg ggo kPa) with the nost pr eferred range
being fromO. 25t02 ars 0

. Further, cause ketene is
normal |y generated and*ud c&FSac’f IRERAGHOR GRNoRe BSF ﬁ‘fﬁfi &%) or
|"ess, the pbocespreads\ifes rahngingvEérdmnod. % tOSAC d:amsemsenoly,mﬂﬂ?ad out at

a pressure é%s&ﬂ?cepar }&%ggegpaéxﬁé%é% é‘ﬁ. ess&éé'efEcr.g@assemy be

fed wwth the ketene and acet al Rrassist | n renovi ng the
desi red vi e Rk Ltyd 0t FF—%%‘- twmlééFlﬁﬁnéea%mranQS

excgss amountz %ymémswpe:aaubacwmlﬂej can ﬁlhf{ﬁlﬂt”ﬁ\(yré nh
conaensing ana r Il acet ate om.t ase.
FEPRERLID o Bl hynuaty A5 o st Ta bYT HE80ASE

Di | uent gases carn ene-
acet al dehydeé fe@FQﬁl@GﬁJrlél those. pretervkeke dwhe profiugd muatlmr:g?@es

range fromO to Sebwad Lm;u%d a@alhh\e ”§§tcontrasQr ekecesdileyel sowf dil uent
gases range fromQ t ases sed shoul.d be those

Shich do | nobeRCR e dePEE PR AATR. 5P SOTRLAROES DR
reaction conditiermtr@uiangbmakei Laemorgadeffiqwditude 86ndengelrandr bons such

as met hane, n'trfEEﬁbeﬂ“ﬂHéJWh%&lohbéﬁate produé@o 9&hg5§§gcess
PCT/ US97/ 14 ert gas,

% £ 5 f £ |
hydrogen, and gaR¥e% hiF SPEZARE PHt at a pressure of from 0.1 to
: o 5 bars (10 to 500 kPa) with the most preferred range

being from 0.25 to 2 bars (25 to 200 kPa). Further,
because ketene is normally generated and used at a
pressure of one bar (100 kPa) or less, the process of

20 the invention is most conveniently carried out at a
pressure of one bar (100 kPa) or less.

Diluent gas may be fed with the ketene and
acetaldehyde, which can assist in removing the desired
vinyl acetate product from the contact zone. However,

25 excesgs amounts of diluent gas can increase the
difficulty in condensing and recovering the vinyl
acetate from the vapor phase. Diluent gases can
comprise from 0 to 95 volume % of the ketene-
acetaldehyde feed mixture. More preferred levels of

30 diluent gases range from 0 to 90 volume %, and the most
preferred levels of diluent gases range from 0 to 85
volume %. Diluent gases used should be those which do
not react with the reactants or products under the
reaction conditions. Suitable diluent gases include

35 hydrocarbons such as methane, nitrogen, helium or other



ketene streans including, in addition to nmethane, carbon nonoxi de,

propyne, allene, ethylene, acetylene and carbon di oxide. Air or other
nol ecul ar oxygen- 5 contai ning gases are not preferred diluent gases
because o tinsssdf ety considerations, although the vinyl péﬁ/%kﬁlﬁsn
produci hg reaction wll occur if these gases are used as | uents.
The ratio of ketene to acetal dehyde is not critical 10 and can range
from0.1 to 10. Wen a large excess of - 14 -either reactant is used; the
unreacted portion nust ei ther be recycled back to the reaction
contact zone or Wae used. |f ketene is the reactant, in excess,

i t can be r&&FH ga‘SOr ¥RV e £ FBEREr CBEBPHTY RS M5 such

as acetic anhydrikiteme dtikeamaecinclidiaugnt dndeldddeion to nethane r cagbant: i n

excess, it can benarﬁﬁaieleedprsﬁyaaermene et gﬁ@ﬁ@? QF1&\EIE ed to
ot her useful produc S sg se Bir pent aerythrito s nt hetic pyridine
a

derivatives or °rA°r¥|5’te§ B‘Pe?‘%\‘}%’ﬂ PRAIP of ketene to
20 acet al Sle'hyctmntsaﬂnelh\yegasés 2arechck padfelreedodilyeref eyasexh becauseati o
of ketene to acet

t enperature of tﬁg %%%iég th%gg&gﬁ\gﬂ%%ns e%ﬁq}lguéh the ‘é’[%‘?l ]a(’?-gtz%L 500[ err] C.
Excessi vel y | ow tREASCANGr é’§aﬁFb‘3‘Po‘t§1]}30\9°cur if; phese LFRPH ARS 3i56As

wher eas excessi veligueing .25 t enperatures accel erate the rate of char:
formati on, i ncr e | yst se in
rate. More preferred ?21% e"%gﬁ'grég ]Féaérjlesne f%ro%%fgﬁ?%(egﬁde fﬁg[ %gagl

the nost preferrand me#‘apaeefrerng% 1 $d i®m When 3obaxge 16{90{9@& P@ Wnen
the contact zone éi_(HHeEH Read€hdt 30s us&d! a;lmésnnlreaéteﬂl bS50l at iR

Anberlyst[err] insQluble solid taI S deconpose at el evat ed
tenperatures and Eitned Roa Y Rided b’%a‘ﬁ%e:(? %ﬁ ?rhrce‘grp%afc}n Rty
above 120[ extliegwilsgt uehad . Naf f ordteane 1eatcabyseiscmt bier sw@sst it

tenperatures appr&&?'ﬁé‘&e@?@ﬁé&%? converted YO 8§ﬁ3§8§£)eful products,
PCT/ US97/ 1

cont act zonigs hodt%Fh & 6REFHGcRrydnidn I°5wdlkete’é?f i c*%rﬁcetﬁ?ﬁltd&@’gﬁn th the
acid catal yst, .alisowheoreactansuihiexasds,t iite chorbeé heecwalddntredoyeredct ,

be able to GfcatgeA0 NSl Bbh Er CUHMYSRhR " GELERE bt Siddlss TR 95
pentaerythritol, synthetic pyridine derivatives or
peracatic acid. A more preferred ratio of ketene to

20 acetaldehyde is between 0.2 and 5 and the most preferred
ratio of ketene to acetaldehyde is between 0.4 and 2.5.

The temperature of the contact zone may range from

85°C to 200°C. Excessively low temperatures provide low
rates and conversions whereas excessively high

25 temperatures accelerate the rate of char formation,
increase catalyst losses and provide little increase in
rate. More preferred temperatures range from 100 to
180°C, and the most preferred temperature range is from
120 to 160°C when the contact zone contains acid

30 catalyst in liquid solution. Amberlyst® insoluble solid
acid catalysts decompose at elevated temperatures and
should not be used at temperatures significantly above
120°C, but the Nafion® catalysts can be used at
temperatures approaching 150°C.



5 and operate w thout significant heat or mass transfer limtations.
The actual configuration of the contact zone can depend on the scale
of the operation, flow rates, tenperature, pressures, the |evel of

di luent, th ature and amount of any solvents presenpopigmadal yst 10
type and anﬁ%n? ”@n nost cases the acetal dehyde and E%tene are fed
near the bottom of the contact zone al ong with any diluent gases. The
si npl est contact zone for an acid catalSyst in a liquid- solution is a
cylindri cal _ tube with provision for the gases to be sparged into the
15 -base of the tube. In sone tances, it Yy be referable
to _circulate theTWFqEPHtﬁﬁﬁlEﬂ?%cﬁﬁﬂ%%d rFBHFtFBCTag' Act ant
gas streans to i ngffdedentatoanedctessth rehmsfanid catal?he,lalﬂpwlﬁmmtaining
the catalyst can é?&ﬂ'c&%%%sﬁgwgv%r@he Fedflit %E&t%“%afs éée%éoiﬁl% tof

desired, to inprove urd contact, t sone e tee of liquid
circulation will Qﬁ9QW¥&UPP§H°iBtFeﬁI@@WEQP%HR? gEfngned t°s§ﬁ?eﬁﬁ?Qﬁ fresh
cat al yst solsiti omandl Rpetaeeotvithout baigh Eicatitgheapest wadd raransferot her
gas di spersion 29 ,0e(l;653 t OrhIPLOVS, I A/RUSL 8bni S WAL Sbddigeoni rit
of the invent TS0l esolrd aC| yst is
used, the r%&ﬁﬁ|Qﬂ¢ Sepepd Qértb¢n%ﬁﬁlm pﬁlﬁhehepeeﬂta@m.z

wi thout the addi thafesf tempel.raqukd isi@wmres gemner méwlwf diluerdthi £hease,
aliquid wll eventuaII cat al

D st
i nsol ubl e solid aftd* & n% gmoungsﬁﬁp%ﬁ¥e§?hﬁ?#get85883 a9 %F;i%ﬂﬁs
passed t hrol@h tHwpe andamoyrtof Themostheames ltheughetakdehydefandhe t ube,

and gener al Ineddife H32CERH Weh: PRe %@J@m o I:Heacéﬁt&i‘é SR adon 2ng
node. Alternatlvel , the soluble solid acid c 98725880
PCT/ US97/ 14374 ek any d&iﬁeb‘é grEpRr seths r?“é{‘P Paﬁu 8°’a‘h%°'i P on

per f or med am axizsl watplysteinoat htquity sdietieaciand scyhithdrical

suspensi ons in tk&b@mt@e%&lﬁeﬂ For spl lg;tys%s to be SHAALIS IEhRnESI NY
the simlar I|qU| cogﬁon%e S be I's best to select the
through t he

velocity of 1¥he rRAf4 contact zone after other
operating In some instances, it may be preferable to

circulate the liquid medium counter-current to the
reactant gas streams to improve heat and mass transfer.:
The liquid containing the catalyst can be dispersed over

20 a high surface area solid, if desired, to improve
gas/liquid contact, but some degree of liquid
circulation will be reguired to replenish the solid
surface with fresh catalyst solution. The use of
baffles, high speed stirrers or other gas dispersion

25 devices to improve mass transfer is within the spirit of
the invention.

If an insoluble solid acid catalyst is used, the
reaction can be performed within the contact zone
without the addition of any liquid. However, generally

30 in this case, a liquid will eventually appear and will
wet the catalyst. The insoluble solid acid can be
supported in a tube and the reactants passed through the
bottom of the tube or through the top of the tube, and
generally the reactor will be operating in a trickle bed

35 mode. Alternatively, the insoluble solid acid catalyst



paranmeters are deci ded upon. This velocity can vary consi der abl y
dependi ng on the other operating para- neters, and nust be adjusted
experinmentally to provide 10 t he opti mnum conversion of the limting
reagent and wbespnssso  hi ghest selectivity and rate. Under Quremrabif@mcondi -
tions of 0.03 equivalents of arenesulfonic acid per nole of acetic
anhydride solvent, at 130-160[err]C, and with 85 % di l uent gas
present, between 5 and 160 liters of 15 - &€etal dehyde pl us ket ene vapor
pass each liter catalyst solution per hour neglecting the volunme of

t he dil uent efer.red feed.rate nder these conditions
range between 30 aglg 130@% ersde(;flna@egégﬁéﬂy%réé L}i?srea‘:tloﬁepé’n’é"%%r per
liter of catal ystiBctud W)fb@rodﬁomonzactmggtmtre’ag:uamyahdne of the

di | uent gas. 'VbSéuSpenS:Kﬁfsﬁlef (537 fs%ﬁr@ ﬁzéﬁﬁérqﬂgﬁ ftol?:eﬁglﬁﬂﬂg' tions range
bet ween 45 and 80,) ﬁ,sscl et aI deh ¥x E por per liter
of solution per hour egl e the s WHWJ@‘%SoﬂppﬂéﬁFSgas 25

The process &f the |nv3étnt3|a)|be@a:ntb>eseﬁecatehbaaela>clty OofCOREI PEAESaHCESS

as descri bed abovghﬁu H 8%% tackl ¢E8 bh.ptocess. A batch
process nay uglI re c?ronef‘ét:rrp?£> éaﬁﬂf’e’f ?\c}h%em %éﬁagﬁﬁﬁt ities of

reactants, sol verR%r et?ftz?lr)?s CBéeéh’dP@éd thig yelocibyt can vame, heated
under pressure ungénsidesrabdacdepending onStE@mﬂr@reépeﬁaéth aF£covering

t he vinyl acet at gudy e | L,at er at I S not re erred
si nce rol o e%lrshegtnr nﬁtsF %ehrgggc%aant E&"%Phagék'st? np’f‘ﬁ
presence of *Phe d ed%%%Foéérﬁﬁéqlh@ff@rerdmmﬁmg 86agehtrayed arheunt s of

byproducts. Thushighestpsedestivity and ratdd 9%&&5§8Qperat1ng condi-

PCT/ US97/ 14374 ¢4 £ referably
operated as a cont] nuous 8r Qe SIUAVALERLY, %fetfrenesugrg%éc m‘ﬁg‘?ﬁ‘b mode

short time that tHe 3&tdCaanlydride E@b‘dfm:it,s a&nd38el60eaf ahnyd twitdr 85 %

contacted at el evhitlagnt gast pm‘anéﬁ{;prsetﬁé& fsoLpmt 1 gp Qj'[térpgecﬁ]rabl et
e continuous

F26hi on dessii bed Shaucondd BIRE kofeht ubr,paeseeach 1iter Ratedyteady
state perfor rmnceso]{qﬁéopapgrohomsgeglectlr@Itlheevstlﬁmetdﬂﬁ tlon (diTuentne
approxi mately equalss t Nere preferred feed rates under these conditions

range between 30 and 120 liters of acetaldehyde plus

ketene vapor per liter of catalyst solution per hour

20 neglecting the volume of the diluent gas. Most

preferred feed rates under these conditions range

between 45 and 80 liters of acetaldehyde plus ketene

vapor per liter of solution per hour neglecting the

volume of the diluent gas.

25 The process of the invention can be operated as a
continuous process as described above or, less
preferably, as a batch process. A batch process may
require, for example, that the desired quantities of
reactants, solvents and catalysts be charged to a

30 contact zone, heated under pressure until the reaction
is completed, and then recovering the vinyl acetate by
distillation. Batch operation is not preferred since
prolonged heating of the reactants and products in the
presence of the acid catalyst causes the formation of

35 large amounts of byproducts. Thus, the process is



rate of mass exit fromthe contact zone. Under the 10 preferred operating

conditions, acetic acid is not present in the product streamin
significant quantities once steady state performance is reached.

The fol | owiygog3RkP! €S are presented to illustrate th oo R Ee T

I nvention, but are not intended in any way 15 tolimt the scope of the
I nvention.” EXAMPLES Ceneral Experinental Methods 20

An overvi ew of the apparatus used in the-eXdnpl es foll ows, and the
apparatus consisted of 7 nmjor sections: 25 1. a gas

delivery system

2. ket
a ketene purificnggﬁr§%%¥i?ﬁﬁratéa 85 a co

ene gggeration section

DUOUS, (RECE SR 5P S56FF 2RF4

section, abovg. Qwing dicaltdehpiorputine cthatrrhendedeitiongsy 30

secti on, produbts #hd QRGP cENY8RCHrE M At RALd Wb elevated 7.

a scrubber system 35 These Seven n%&gr sections were |inked by a
seri es of EERREFRFWER1iThSs ati8Pc BE Kundegir pyprodpges is VO
98/ 25880 5 minimized when the process is of¥HaddEd Arl £h&4 continuous

- 18 - . SY%%EE}LBHO&Q&L' B cRar abg Jel &l & r[Eit:{u%QFs“EfrJoQ st©
various points in the apparatus. e kétene generafion ection

consi sted of an XEBFRESFESARY fbate peripgmanee/ fhie|BaAses afupasschil | ed
condenser and cyd@eQf®ery to the contact zone approximately equals the

rate of mass exit from the contact zone. Under the
10 preferred operating conditions, acetic acid is not
present in the product stream in significant quantities
once steady state performance is reached.
The following examples are presented to illustrate
the present invention, but are not intended in any way
15 to limit the scope of the invention.

EXAMPLES

General Experimental Methods

20
An overview of the apparatus used in the examples
follows, and the apparatus consisted of 7 major
sections:
25 1. a gas delivery system,
a ketene generation section,
3. a ketene purification section,
4. a ketene trap/vaporizer section,
. an acetaldehyde purification and delivery
30 section,
6. a reactor-condenser train section,
7. a scrubber system.
35 These seven major sections were linked by a series

of connecting lines and stopcocks. The gas delivery



5 assenbly. The ketene generation section produced raw ket ene by

acetic anhydride pyrolysis and acconpli shed the rapid separation of
the ketene fromthe bul k of the coproduct acetic acid and unreacted
acetic anh [ The ketene purification section c SR a

dem sting xﬁéggiﬁg?d at O[err]C (trap A and a trap initigF?; he?ﬁﬂgt
-78[err]C7Ytrap B) for the initial condensation and subsequent
distillation of purified ketene to the ket&®e- trap/ vapori zer section.
The ketene trap/vapori zer section served as a reservoir for purified
ket ene and 15 al so provi,ded for nmetered delivery. of keten

e.fo the
reactor. The ket®¥aET RV fopr,SEPAEREE Jpet AFEegen fi?‘ﬁ e
col l ection of theadicus |gaichtlsetienéher epparapud The kamenet gesebateiprent

delivery to the Leact éBhsisted %"fgﬁﬁpéééﬁic?rhﬂﬂbdﬁtd‘aer ed nitrogen. The
an e

acet al dehyde 20 puritication an |ver€K,sect|on consisted of a
graduat ed cyl i ndBFPPFIARKANYEIPLYEELa tYbRy deDEblRd qrndenser gnd: pYFIRPINd a

trap/ vapori ser hakgdemivly 20[The’ ketehe HBfleration Gidtdon prrodhcebieralrstilled
acet a) dehyde and sbbSEUPUeorsc anfSHEYALY L0 1NE J SAE A BYpl EafERi ral i on
in netered 25 nitrogein. e reactor-con %ns Jtl‘al n SEctlon consi sted
of a reactor whetbetrepidtsaparatrdonc efatbenhekeneditany the bulkgof the

wat er - cool ed condepsedudt®® dcRitild) acaadangalthfeddtdl hdetic anhylihedéeact or
and an acetone/ s&\%‘%%car bon di Qx|

al el d%. Eondenseri ng trag ét{lg&g to
col lect the bulk PS50 PURHEAGREAO8: 88T I0R SIS 5 8Fi & SerH L
unreacted 10 ttap ahefehate 0 °Thd teepubbeandyat trap dmiziinddyahedd eat

SCbe_be_r for th?—dﬁs_&rF@f&p)rh)Off&iett‘ﬁ!&e_iﬁﬁlgiéﬂ eHettdatdlon ang Scrubber
containing acetic acid for fhe quantific of ketene, and for the

tion, .
capture and quanfrPFEERSRn ation of P¥F bijesh &eyene to the ketene
PCT/ US97/ 14374 trap/vaporizer section. The ketendlkrap/vaporirenyl acetate

or acetal dehyde pgteisRRRBA Y dd 8D Eallvoir PSRRI KEOBHENSRE (rain

secti on. e al%ar atus was desi gne ow t he reactants
to bypass tife re3le8rPERVifeD ftometeredafphi et off &ketepe tRaENYr ovi si on
for a continuousréhouvonf MHea d@enieo trap/vapoeissnt waac hedidf Busi v8° Of

scrubber fluids €6r the collection of the distilled ketene from trap B
and its subsequent delivery to the reactor by
transpiration in metered nitrogen. The acetaldehyde

20 purification and delivery section consisted of a
graduated cylinder from which acetaldehyde could be
distilled and a trap/vaporizer held at -20°C for the
collection of the distilled acetaldehyde and subsequent
delivery to the reactor by transpiration in metexed

25 nitrogen. The reactor-condenser train section consisted
of a reactor where the ketene and acetaldehyde reacted,
a water-cooled condenser to return condensable liguid to
the reactor and an acetone/solid carbon dioxide
condenser and trap (trap C) to collect the bulk of the

30 vinyl acetate, vaporized acetic acid and unreacted
acetaldehyde. The scrubber system contained a water
scrubber for the destruction of ketene and an analytical
scrubber containing acetic acid for the quantification
of ketene and for the capture and gquantification of any



contam nation by air. Details of the construction of each section of

t he apparatus, how they are connected and the operation of the
apparatus are described bel ow. 10 In the gas delivery section,

met ered nitoaen. flows were provided by four TyI@@{.,ggg.,]mjypdel

FC 260 mass &ﬁl ow controllers. Metered nitrogen gases were fed

through 4 gas lines L1 through L4, and each gas |ine was teed to a
pressure relief columm containing water t-01B5- prevent accidental over
pressuri zati on. Tvvo of these gas lines, L1 and L3, provided nitrogen
purge to the appar at us. rovided nitrogen purge to the acetic
anhydri de pyr ol y&i&¥inpretahg ?’3 %’r?ﬁﬁ]dj(?d‘yr‘?iet Pg eﬁrgﬂ?‘gﬁ by tran & Pfie rest

of the apparat us tate a:epctbr -tendensdn HiE2@ectibat ene trap/ vapori zer
outlet |ine described rggés was d é %aLgoaQﬁkéﬁ'Hﬁ%fiééﬂ%%nkg net er

ket ene and acet a e respectively rom he ket ene trap/vapori zer

section and the é(%tb&'lﬂﬁéﬁ'y Bet FapPRRHAS zaé’i' op&ipBet | Tag apparatyg also
transpirati os. 2%ad prov1shanth6rk£tmlgﬁjwsaﬂew S£Chi®rbgdtetone was

generated by the r e J. Og. Chem,
18, 1055-1057 (1(?:1%;,@81% g’%éﬁpy o? C?SP cm%bsgefi%l%%hydrl de W|th m nor
nmodi fi cati ons (AlQdanfggtination hlte@ilc adietgijsobfstbei sonsterytdion réd

i ndustrial route &th sdc@ikat 6f|ethéta p?a&%%%r ahby aa&ypa:?@td&ﬁie&eaa

| abor at ory Acet ¢ an feed,was_pro rvard
Appar at us_ Model ﬁlﬁf?’?en geFﬁh@? apﬂ‘?ga&b‘gt ?g Xescr%ﬁﬁ\%/g) Fr88- was
fed to top B a 107 crinl d;hg gysZQeMN@msectlon,vmecem rfaragen gas

vapori zer/ pyr ol ysﬂl%#él%r@ geavawé@ 1P £ £ouriTh1geNBRL £r BE- 4l Gisals | ine L1.
El ectric tenperat
PCT/ US97/ 14374 ow controllers Metered nitrogen,gases were £€3,nir0l for

t he vapori zer/ pyrdinesigh #ugesahima®riit cthyegpgh L4, aadee@clm\,gatedﬂmy @abow
Camilelerr] contrQlecsy %”b!r@é@ﬁi‘é‘cﬁgl:]ef col\MmS:lhcan £6000

486DX/ 33 conput er. orizer ysis tu was in ente at a
di stance of* fvderﬂtf ASA-ERRCRH PR R%ﬁﬁsaﬁrﬁéataog mt¥e 2 fbsese;
t her nrocoupl e wel IgextlameispgLaband L3 grovidied hetkegghhpurge tofthehe

reactor fron1tcu)§é?gy' st NE1 0 ££6K§ﬁ§'§E%£$§éﬂ %Prge to Ol ldetic

vapori zer/ pyrol ysi e exte
anhydride pyroly81s unit, and L3 provided nitrogen purge .

to the rest of the apparatus at a point teed into the

20 ketene trap/vaporizer outlet line described below. Gas
lines 12 and L4 were used to meter ketene and
acetaldehyde respectively from the ketene trap/vaporizer
section and the acetaldehyde trap/vaporizer respectlvely
by transpiration.

25 In the ketene generation section, ketene was
generated by the method described by Fisher et al. in
J. Org. Chem., 18, 1055-1057 (1953) by the pyrolysis of
acetic anhydride with minor modifications (Although
acetic acid pyrolysis is the preferred industrial route

30 to ketene, it is generally not practical on a laboratory
scale). Acetic anhydride feed was provided by a Harvard
Apparatus Model 22 syringe infusion pump. The acetic
anhydride was fed to top of a 107 cm long by 25 mm O.D.
vertical quartz vaporizer/pyrolysis tube along with

35 nitrogen metered through line Ll. Electric temperature



the indentations also contained quartz chips and was 10 heated with

heating tape controlled at 200[err]C. The | ower section of the

vapori zer/ pyrol ysis tube was heated by two heating tapes controlled
at 520[err] C._The guenching condenser bel ow t he vaporj |l ysis
tube was hel 3?'258&’ about -55[err]C by circul ating met hglrﬁé‘ﬁfsé‘g%‘?@d In an
15 acetone/solid carbon di oxide bath. The m xture fromthe

quenchi ng condenser passed sequentially thraagh two i denti cal
cyclones nmeasuring 16 nm O D. at the top and 80 nmfromthe top of
the cycl one body to the bottom of . the tapered section. The inlet and
outlet lines of tRenbpel fox,ghaaperdzeripyyolysisfabenhand BOP4CPFHIF t he
hott om of thereypsrontias g yowasadl bePasbritiol aystkit éhterfaced

bottle. The gas dj spl acegent tu 0 O, connect i the drain
flask to the cyclgﬁgha%s%%?%a%dgl Z%Eeﬁé)ﬂ%}&/?'psr c?\ﬂmé’é‘tg%l'i_qglﬂﬁ seal . The
m sted vapor fronvaherRser/pkmlarsd sgsnbeavas ydsnhiest assendigtanset on

passed to thg 37 &gt8nsmRHd fddAbn@NceRELIMMY a 9 mm 0.D. hlakbe ketene
purification sectjion, the klet en

- cont ai ni. ng vapor, passed t hrough a
deni sting trap heFRegpecoup edfeg‘rlr F@StFPFi%\BQAS%‘?“bt %é‘f?o\tr' lé%ﬁor‘g?o e?ﬁ&?he
entrai ned acetic 80 the andpaiiowlcfxamettiop fowalrds Tie Rettdoe-. coffhei pongit r eam -
exiting trap A thgh Ygs ¥ i d -SAHEIHRG 22 (b AP
where the ketene was gond%éés%c#l'?ﬁ?rgﬁy?gtg T%%J d:Log,traf):mB %ed to a
three-way stopcockPgstpientatingns also cgptpinesh WErtre fPdPSerpdsyas
ket ene- cont aioni ngheapedswitlorhedting thapp Bohtrslledatt edd °icnt Thehkowet er

scrubber. In ; / : ;
t
PCT/ USO7/ 14374 sectidf I8 é@%porn.zer/pyrolys_:.%fu_be was hegﬁgg{lh%)F

position SO sent tVAchRRE BiE-CARASICMEGOLAPBrat 520°G. The RBEBRBIRG| et
line of a ketene toapéNsgprhd®iw the vapselbéy/pyrolysis tubRewket REEd at

R I ML AN
extending 15 anagabPrebeelidomnhen Aigxide Pakhy/ Thenmixpurgafrem| e
tube extended al oggehbRifgtEdndeiherObakBedkeé@ivhtiallyt kdROMgROEWSET
assenbl y and wes ¢qnnectefl 10100 P3R80l140 16 e Y S23eLnLURSS88S T O
The gas inlet tubé was
- 80 mm from the top of the cyclone body to the bottom of -
the tapered section. The inlet and outlet lines of the
20 cyclone were 2 mm I.D., and the liquid from the bottom
of the cyclone assembly was drained into a 1 liter
bottle. The gas displacement tube (10 mm O.D.)
connecting the drain flask to the cyclone assembly was
bent to provide a liquid seal. The misted vapor from the
25 ketene generator cyclone assembly was then passed to the
ketene purification section.

In the ketene purification section, the ketene-
containing vapor passed through a demisting trap held at
0°C (trap A) to remove a portion of the entrained acetic

30 anhydride-acetic acid. The ketene-containing stream
exiting trap A then was sent to a trap held at -78°C
(crap B) where the ketene was condensed. The outlet line
of trap B led to a three-way stopcock (SCl). In one
position SCl1 vented excess ketene-containing vapors from
35 trap B to a line teed into the water scrubber. 1In



connected to the netered nitrogen line L2 containing a st opcock

(SC2). The purpose of SC2 was to prevent di ffusion of ketene into
line L2 when no nitrogen was flowi ng through it during the ketene
generation WEIS and when the ketene trap/vaporizer ppafsPfiafd

| oaded. W e ketene inlet line was the normal inside 18§rrm O D

tube found in the standard vacuumtrap design. The ket ene

trap/ vapori zer outlet line was the normnal -12L mm O D. side tube found

in the standard vacuumtrap design. 20 The ketene trap/vaporizer outl et
line was teed into the L nitr n purge line L3. After _the teeing to
purge |ine f%?@?‘ﬁre ROSEEY %%S ?EBngE%rk‘%%‘ESH:‘}S&PéBQt 8‘—"%01{% ee-
way stopcock SC3.té&uthéddretmorendoilietndine SC3a dratene tragdvepobiderat er

bel ow. 25 ;’?geﬁg al dehyde purification and delivery section

cont ai ned an acet al dehyde trap/vapori,zzer of identical const uc{;i on to
the ketene trap/vapori keteh teRRY VRpOrizer aggsembly; U&ﬁdéd“@él $%Acket
for liquid ceol antwolpidcenad X 200 mm tracturnotays éthviinga tiiacbobrpacket .

Line L4 i ded et - o !
gaes 4 PTON Gr ¢ BeeadE o Ehd erefOBi FBu SO Bl OIS abfiOR AR
al l oned for the iaRraddttionnloflof am| déhyd@ndféz-i 1A @mm I.D.fgam dnlet

graduat ed cyl i ndetubd hextericd dalkyde the outéF AVMARSE ither keykhet |ine was

connected to threg-wa . WD 98/ 25980
PCT/ US97/ 14374 grapy§apor1zer assemggy and was qpqﬂfcted to t??o%%%%ﬁﬂéc4.

Furt her condé&cti ohb,et@xmd@; Q‘-Lﬂ@s@ﬁicbégn- The |ggserindeitokube was The
react or - condenser cbhiRéde EONUAIUIRI r2 k@88t Alerdgen lind bl b¥neandenses and

an acetone/solid carbon di ide condenser. Details of the reactor
design are provi d§§°pc°°k F%&Sh‘e &ﬁ‘&l PPHES?ee?érﬁﬁzeé".asR«?&cPﬁﬁf'gméntered t he
reactor via |ine d6ffUhkon off deteaeh intaclbme \isks whemnt @d nitrogen vae

wat er - cool ed refl gxogondens®udiP iR e¥krd8gT Ohe (i ene genk®h¥iBnObrocess
condensabl e |iquids_.to 1he rea]lﬁct or. The ? of “the refl ux’ condenser

was attached®t o afRAcErehdiReKeFene traEé?%B%i‘%o?%(iW O6hBEndBRekmt er i al

condensi ng i n theThe ketewetioniey/tsdling wasboine dhavnade insidenser mma@.Pot -

returned tube found in the standard vacuum trap design. The
ketene trap/vaporizer outlet line was the normal 10 mm
0.D. side tube found in the standard vacuum trap design.

20 The ketene trap/vaporizer outlet line was teed into the
nitrogen purge line L3. After the teeing to purge line
L3, the ketene trap vaporizer line connected to a three-
way stopcock SC3. Further connections to SC3 are
described later below.

25 The acetaldehyde purification and delivery section
contained an acetaldehyde trap/vaporizer of identical
construction to the ketene trap/vaporizer except that it
was surrounded by a jacket for liguid coolant which was -
in turn enclosed by a vacuum jacket. Line L4 provided

30 metered nitrogen to the acetaldehyde trap/vaporizer gas
inlet tube. The acetaldehyde trap/vaporizer inlet line
allowed for the introduction of acetaldehyde distilled
from a graduated cylinder. The acetaldehyde

trap/vaporizer outlet line was connected to three-way



to the reactor but collected in a trap flask (trap O fitted to the
base of the condenser. Trap C contained 15 tert-butyl hydroqui none ( TBHQ

about 40 ng) pol ynmeri zation inhibitor, and trap C was al so kept
chilled wt %d'sg%car bon di oxide. The majority of the isisacet at e
was found i nhw§rap al ong with nost of the unr eact edrgg)&bﬁflﬁ?ﬁyde.
Any acetic acid vaporizing from 20 the reactor was found in trap C. The
outl et of the acetone/ solid carbon dipzi-de condenser was attached to
the reactor-condenser train outlet line L7. The scrubber system
cont d@i ned a water scrubber for t he destruction of ketene and an

anal yti.cal scrubb&Eopsock 3@t ai riuK;hezecranaet Horsrte RCY PR descEibPed of
ket ene (as agekkrcpandydride) and for the capture and

guantification of any yjnyl acetate acet al dehyde not br ed_by
trap C of the reactor-%bﬁd’éﬁ%‘é‘f’mﬁcﬁxﬁenser ggat?i%?ﬁt%%&fﬁgcgggd Tabout
60 M) in the 30 refhukycondénser uiskanakcetonalsehidl 3O slioxids0 ng) -

pol yneri zati @ i nbbhbkAser Thepanad 1 idFak naCrulbesr fhalithn are piRYTided
circulated by a Masterflexlerr eristaltic pﬂﬂg A s%%o%ﬁlck at the
base of the anal yt-Pcaf®stPabbe u%r Fgedes- RepghantgRifiex € scrubber
fluid for anal ysi seaghdravdd ling diten Thedapoprofiteadie remrtolr mag fattedi cal

scr ubber YO BBE20880y - d ide for t
PCT/ US97/ 14374 r-cooled reflux condensgy to provide for the,

the addition of fFXeSHrBcPibserdengakie Adquids g cERmareantar -catB8ntaPoxi de
condenser wa®p att atheHet peflux dédeidmerotvakhaty&thed alo arnRietthe /cbaiden

adapter to .%g%ggﬁ %9.83%:‘.8& é&{é&%%&.f'S%Qér'é‘fcgér?detn%i%eiﬁCEHQber o
system was provided by three-way StopcocK SSEHR one osSition, SC5
sent vapor streanBCe5°RAéSahidrcarhubiidoxide congensen wafOIRE IESHFRESN,

SC5 sent vapor st teafhet pedbEor but atdligkiceal ifica ubhgs .flask (trap cThe

seven maj or secti re.c d hy ser | 10 co cti |j;nes,
tees and stopcockggitﬁe&t’hgﬁg?&v\gﬁ% Ot% t%esf%SBg%%ie%CBch%a ne%gt%g%tggge et ene
trap/ vapori Z& outtegt-butylhy@requinanse (FBHA: pbowt t4@ 9B purge tee to the

three- way SheRoRekiphdivh AdniKl ty, OBnBOLEAS ¢ 6asd Qf1dly Rape | i ne.
chilled with solid carbon dioxide. The majority of the
vinyl acetate was found in trap C along with most of the
unreacted acetaldehyde. 2Any acetic acid vaporizing from
20 the reactor was found in trap C. The outlet of the
acetone/solid carbon dioxide condenser was attached to
the reactor-condenser train outlet line L7.
The scrubber system contained a water scrubber for
the destruction of ketene and an analytical scrubber
25 containing acetic acid for the quantification of ketene
(as acetic anhydride) and for the capture and
quantification of any vinyl acetate or acetaldehyde not
trapped by trap C of the reactor-condenser train
section. The acetic acid (about 60 Ml) in the
30 analytical scrubber also contained TBHQ {(about 40 mg)
polymerization inhibitor. The analytical scrubbexr fluid
was circulated by a Masterflex® peristaltic pump. A
stopcock at the base of the analytical scrubber provided
for removal of the scrubber fluid for amnalysis, and a
35 Claisen adapter at the top of the analytical scrubber



Three-way stopcock SC4 connected line L5 to the 15  acetal dehyde

trap/ vaporizer outlet line and to the reactor-condenser train inlet
line L6. The bypass |ine attached to SC3 was teed to the
react or - conq;ﬁﬁ rain outlet line L7 and the ot her F}ﬁg.j,%ﬂe tee

' to SC5. SC5 directed the gas streamfrom
reactor-condenser train outlet line L7 or fromthe bypass line to the
wat er scrubber or to the anal yti cal -Sg4 ubber as stated above. A
description of the operation of the apparatus foll ows.

Aceti:c anhydride (600 M/ mnute) and nitrogen (25 25 standard cubic
centi meters per nahlewed SeeMtheheddghibn of freskemeriubberofinddketBhe

generation secti 0fodbn €f’solld cdPdt BSoxfid ddiadiRIUGhs\aeLsenE@NEed in
trap B held at ar.bon droxrde bath in

an acetone/ solid
t he ket ene %‘Fr"'f‘?%aﬂfr[ d%’esé'y tofal BT Rf e IdadRensgdapter to
gener at i on/ condense¢vant praxcess swenbbdrgfibeisdd .cavicegss to theapcBibimare

al | oned to pass thyough w3 ﬁzqgélfaedkg’eggree way tsf cURROEEEST ghdAdien to

t he water scrubber V| a, st opcoc s I'ine and SC5

St opcock SC2 was POS1tiehodi&Gh (ﬁﬁrﬁtnfjapﬁé R’é‘t‘% §r9né’v|h&t wahesr BeEdRPeTnd t he
35 ket ene trapanapoin ziotirs keRtitdbn; /8(=rdddt vapoti Bgréhms to the WO
98/ 25880 alvtical scrubber PCT/ US97/ 14374

- 24 - ket Bhe Qenerat] on process, ketene purification process,

and at all other ti rresTItlehaF!e‘r%h@taé@trsS@EFeOfFﬁ)tWEFII%\HQﬁ'QECted by 2hee¥isgct or,

a nitrogen pyrge 625&AMemas Ifilned,Ndees and *H&iﬂ!b kisne tBe fhfee LI ] c
bath was then renmoved fr.o

t
R T N e
The evaporation ptéeesat W @eigdokagbotbe a3 fpnge tee topkbei threaan 30

g/lt purekl Is E'j”' d keé@@ﬁcf&ad@dl@%ﬁ Il&ne L5 of & kel actar/ ¥999§52§rne
opcoc was then turne di sen ene vapori zer
fromthe ketene tHES eﬁtrclﬁ?"é:rll‘dsﬁﬁr F??‘g%‘%r%r]@‘é’ﬁ 3n§ a{ﬁggal | oned any
vapors | eavilfg theckeabch@n}gimermp/mpandzpnmdum ildme and secthens to

access the water SgLPpbflcondenser traihEnPCEIRI LRI TheaBi¥aReT1Ekd Vas

| oaded b
y attached to SC3 was teed to the reactor-condenser train

outlet line L7 and the other arm of the tee was
connected to SC5. SC5 directed the gas stream from the

20 reactor-condenser train outlet line L7 or from the
bypass line to the water scrubber or to the analyticai
scrubber as stated above. A description of the
operation of the apparatus follows.

Acetic anhydride (600 Ml/minute) and nitrogen (25

25 standard cubic centimeters per minute, SCCM) through Ll -
were fed to the ketene generation section for 20
minutes, and the product was condensed in trap B held at
-78°C by an acetone/solid carbon dioxide bath in the
ketene purification section. During the ketene

30 generation/condensation process, vented gases leaving
trap B were allowed to pass through SC1 to the ketene
trap/vaporizer and then to the water scrubber via
stopcock SC3, the bypass line and SC5. Stopcock SC2 was
closed during the ketene generation process, and the

35 ketene trap/vaporizer was kept at -78°C. During the



15 chargi ng reagent grade acetal dehyde to a graduated cyl i nder and
then distilling the acetal dehyde with a warm water bath into the
acet al dehyde trap/ vapori zer held at -20[err]C. During the

acet al dehydgv(#%g&dag procedure, no gas was fl ow ng tbe@,ugﬁ,lhﬁ,ténd t he
20" acetal dehyde trap/vaporizer outlet |line was accessed to t he

wat er scrubber through SC4, SC3 and SC5 with nitrogen (25 SCCM
fl owi ng through L3. The reactant 2w¥et-eri ng was begun by opening
SC2 and feeding nitrogen (88 SCCM to the ketene trap/vaporizer 25

gas i'nlet tube through line L2 while maintainingethe, : ket ene
trap/ vapori zer atke-t'ﬁg{eeﬁﬂr’e?a?ﬁ(??ePEBﬁﬁ??i dirtene purdficayign oPFOrRY
ket ene/ m nute. Ndndgen l11l18tBeEM imes thawmscdaatantst weracabtl Abdwiey

trap/ vaporizer gas, it-_']'leetreact:.or,t Hgﬁigg%%é&g%{%{ (25 Wochf GBS nk%‘gierggglt 0°

acet al dehyde 30 trap/vaporizer condi t1 ons provyl .0
mol acet al dehydefongate 1i8eohdock Thec37@ i bath Wese then re@ayed offell wi t h
all three posts ofrsn@ srdopbecligieticletene waNdhenSaM@swpastdi oned to

provi de venting t t bber.... W. e . itioned
in this manner, S%é&f%a\g‘aer %%’gt SRE géfai% gﬁ?l%%entﬁe&aetsn%s t?' Fﬁgggﬁ{gﬁ%%‘g‘éh the
WO 98/ 25880 The evaporation process, which tookCabogY7an4BIUT,

, h25 bépasﬁr&j’iﬂﬁd {%H'Bélmﬁo 3blt A berd hﬁq‘fiap tk;éﬁeaec esﬁaténgggaum

e pressure drop_.acr,0Ss reactor was_greater tha ressur
drop across the b%eagge%ﬁq?e%r VBRPHa2eT - %‘ﬁ‘(ﬁ’ﬁ&ngﬁi V?ﬁepﬁ%ﬁmﬁén{ n
shut of f, ahll accesslisendagesthebkptene| trapapdricekefirbp thenkerer8C3 to

send the Ni t & QSR iRire RGeS PlLeafi b 854 dd @ ildn€ aha WhebRelt aky Xed

with the nitrogen/ acet al.dehyde ream and proceeded to .Lhe ..
react or - condenser 38 ]\ﬁaS{y Hrﬁgng&‘%%eﬁ?n? tﬁ%’“ﬁaﬁé‘m andsPBﬁE%i:ﬁa@E%n was
posi ti oned to sensedtionspor siceessi hjel@atert hecnudbdetor - condenser train to

the acetic acid B2 o 6aeRODRELD RIERG! G sne8EEL VY 2l SO

turned on at. this tinme. Reactigns were normally conducte or
several hout8 eacPPRESANGAEAIFEL: Pradrertrtalfiaydecte 2 gradypkedeact or
(about 20 m nut esgylvasderoramal ithesandlibtibling ciparaedthddehgdéovathta ne t hat

gggeggagf Fr vas hﬁé”f‘r@qf:ater bat-ﬁhgnlizgae{lja O&é@ﬁée%e”%’isﬁg/@é{p%??éf'g SG3 to

held at -20°C. During the acetaldehyde loading
procedure, no gas was flowing through L4 and the

20 acetaldehyde trap/vaporizer outlet line was accessed to
the water scrubber through 8C4, SC3 and SC5 with
nitrogen (25 SCCM) flowing through L3.

The reactant metering was begun by opening SC2 and

feeding nitrogen (88 SCCM) to the ketene trap/vaporizer

25 gas inlet tube through line L2 while maintaining the
ketene trap/vaporizer at -78°C. These conditions
provided 0.7 mmol ketene/minute. Nitrogen (118 SCCM)
was fed to the acetaldehyde trap/vaporizer gas inlet
tube through line .4 while maintaining the acetaldehyde

30 trap/vaporizer at -20°C. These conditions provided 1.0
mmol acetaldehyde/minute. Stopcocks SC3 and SC4 were
positioned with all three ports of each stopcock opened,
and SC5 was positioned to provide venting to the water
scrubber. With the stopcocks positioned in this manner,

35 the reactants and diluent gases flowed through the



streans to the bypass line, switching SC5 to the water scrubber,
termnating nitrogen flowto L2 and L4, cl osing SC2, resum ng purge
nitrogen to L3, and 20 di scontinuing the heat to the reactor. The
condensed lquid in trap C of the reactor-condenser @,’bw“
renoved, weiwg%gesgkéasgd anal yzed. The acetic acid anal y?léca scr ubber
was al |l owed to warm up overni ght, and the scrubber solution then
dr ai ned, wei ghed and 25 anal yzed. Norm&3 y reactions were perforned for
sever al .days in this nmanner before changi ng the catal yst charge.
When 't he catal yst_sol uti.on (the.reactor heel) was renpved .from.the

| i qui d phase rea YERES; thé?/ﬁs ﬁgfigﬂgd’gfow Q:o zfl)“?(? gﬁgf:)tl?gd‘?c%%’ﬁe Hoee‘%asgl yst
was renoved fromthee p3@ssureadrop scress rihey reacktpsowadl aredtex dwml yst,

t he |1 qui d iR, RsR0rat kb Bassedfeid bypRas! einé! horke
heel ) was wei ghed .an r?al v 5 s o Fl:fe

a zed. Product s _obtained fromthe trap
C of the react or-m‘tr"gencﬁﬁdgﬁ?@rl‘?r‘é?%,t%blsi%&‘ta(??g's%‘? b"b%?e%%lr{]tﬁ itglﬁ and
35 react  hedypssse ldnel yasdbbygcked phrumatiogr SGAytassemd the WO
98/ 25882 - .RCTl: LJS9 ‘t mixed
2% - HEEEOO B ERE ROV BEER 2 o) S VAR, StEt oLt A e e
f1 ame ioni zati on "Héthe&hgr 8itypgen/acetatdehyde. sirgapyand proce &etic
aci d were anal yzathdi¥ieagtar2oofidsnfeb3trdin via 1EhAPLeapiAt athis<caimen (1.0
mcron filmthic 5 g d O] ertl,C.far ) .
15[err] C m nute tgc}):%%?g[cé{r rs]ca Wag ﬁg%l%%%ﬁr%%aebhzg’g?e‘fr?%%]c%ﬁ%lé“?
m nutes. Acklic &Hf dieagsor-condgngest Bainidite theaaeehie aek@ anal yzed
uai nE a 3;) m x analy&i%&igﬁb%?%eﬁapi'iéﬂxél_rﬂéa(&batm;!eéle5 C‘;ﬁ_@ramsd Idu¥ned
t hi ckness) progr 40[Lerr r 8. mnutes, err ) to
200[err]Cwith a % mqn%?’ésh%ﬁﬁ‘leﬁg {(Ig?%t ?nszd’(?[réar Ff%f“ally_mﬁ#é(%u%ggo\fere
prepared for gas sfesvdt dghashrachndrysiand the tipeayafngred Mo dieak
tet rahydr?f uran &mﬁgﬂé%&t%%t(abahﬂgzo mir%ut:t?es% %@a?grmaiwdrwﬁtﬁ ?ndard to
an accurate}y wei ghe anple_p e reaction product.
In the exani)g es t‘Fhe{‘fpafr&diﬁ\?/, tpgegﬁggie‘h’tm?/i%a& the re@?ﬁ% ‘ﬁ%%t}h?ag:qu
defined as 100 t iThss nelagtiohewasf ternishated by apening HEIdue ealaiss @dd by
the moles of ketefigrdffh to the bypass line, switching SC5 to the water

scrubber, terminating nitrogen flow to L2 and 14,

closing SC2, resuming purge nitrogen to L3, and

20 discontinuing the heat to the reactor. The condensed
liquid in trap C of the reactor-condenser train was
removed, weighed and analyzed. The acetic acid
analytical scrubber was allowed to warm up overnight,
and the scrubber solution then drained, weighed and

25 analyzed. Normally reactions were performed for several
days in this manner before changing the catalyst charge.
When the catalyst solution (the reactor heel) was
removed from the liquid phase reactor, it was weighed
and analyzed. When the catalyst was removed from the

30 reactor containing an insoluble solid catalyst, the
liquid remaining at the base of the reactor (the reactor
heel) was weighed and analyzed.

Products obtained from the trap C of the reactor-

condenser train, acetic acid scrubber solution and

35 reactor heel were analyzed by gas chromatography using



Exanple 1 20 This exanple illustrates the process of the

I nvention performed with the reactor zone containing acetic anhydride
sol vent and p-tol uenesul fonic acid catal yst at 150[err]C and a
pressure of 00 kPa) 25 .- absolute. The exanple al ' ates
conditions t gt%fzssﬁol provi de high yields of vinyl acetate %9{/#093}{{25{7{16
production of acetic acid after a steady state has been reached
(Exanples 1.2 through 1.4). The reactor was2& 36 nm O.D. X 175 mm

| ong tube seal ed on one end. The 30 reactor was nmounted vertically with

t he oj d faci . t | oaded with t
annydri e (BRvgent BRREER N9 A SheoanroR CoRARP Ty at o
(5.8 g, 0.0306 noElapadiesierticd deledts.mulihyl acetans ymeeitadtebyde

i nhi bitor. The reaalohcbtbe 883 Rb@f@%%ggg%hﬂsﬁn&% 3 W &.83Nkwo! | ed

el ectric heater. hr ee- WO 9
PCT/ US97/ 14374 FéAb capillary column (1.0 micron,film thickne\ﬁgQ cl ai sen

adapter was & tacpedgramned apetoehdaf S hetnutes, r 25t iinvkel @omaBEX©. . gas
delivery tube wt thhﬁo?&iﬁé’r%t 2?5@%0@ 37 daLd Os 1 pe{t‘i%‘ gﬁ@§g}§ﬁ§r ted

t hrough the str.al vertic arm of the clarsén adapter

ht .\
extended to withi ﬁnébsg’fly&l%ﬁl%fd%ww@ewsret apalyzed ysima @ 30AMt Hr eaded
connect or bushi ngoat3tima DBps ofapilElary colv@ht (Lad midecH i cl ai sen

adapter held the ' t L,N.Rl ace and. provid seal . The
react or i nl gtﬁ §Frﬁ%sf%é§}aé§/§gcﬁ?f£% (;%d 4tB oBtﬁ rg%sm qtie\?érgqFZBépu B
The curved di%e affm 8P0PRevithiach Rigwreehohdinat timshext 200°C.t o t he base

of the reflux condersefedohd+®plpdRA for a§08&%5%5%64?%?&1caﬁﬁﬁﬂ?§¥s To
begin the reactiog ogd in Sﬁ‘ﬁf@a#se r{luegbeaﬁ-x ; 1 stopco]c SC3 was Eositioned
to bl ock aces298ERY e B (s & (SSTEAPKAECERTRR P WHiORe cPBt 2R Eg

mol / m nut e), aceBafdéagare (Internadl /stiamdaed todan accunsitielygeaigRé€d SCCM)

to the reactor thgoughpideofashe reactd@hnl pebidutibe With the gas exiting the

r eact or contacti the water-chilled refl ux condenser, solid
- 15 P2 iné examples that follow, the percent yield

vinyl acetate is defined as 100 times the moles of vinyl
acetate produced divided by the moles of ketene fed.

Example 1
20
This example illustrates the process of the
invention performed with the reactor zone containing
acetic anhydride solvent and p-toluenesulfonic acid
catalyst at 150°C and a pressure of 1 bar (100 kPa)

25 absolute. The example also illustrates conditions that
provide high yields of vinyl acetate without the
production of acetic acid after a steady state has been.
reached (Examples 1.2 through 1.4). The reactor was a 36
mm O.D. X 175 mm long tube sealed on one end. The

30 reactor was mounted vertically with the open end facing
upward. The reactor was loaded with acetic anhydride
(65.8 g, 0.645 mol), p-toluenesulfonic acid monohydrate
(5.8 g, 0.0306 mol) and TBHQ (140 mg, 0.84 mmol)
polymerization inhibitor. The reactor tube was placed

35 in a temperature-controlled electric heater. A three-



car bon di oxi de/ acet one cool ed condenser and trap flask 20 (trap O

containing TBHQ (40 ng, 0.24 mmol), and SC5 was positioned to send the
- product exiting the solid carbon di oxi de/ acet one condenser to the
acetic aCidwkﬁkEﬁmo cont ai ni ng about 40 ng TBHQ scr ubbgépugiided7ie
heater tenperature was set for 150[err]C. The 150[err]C reactor 25
tenperature was reached after 20 minutes. The reaction was allowed to
continue in this manner for a total of -~ 273%4 ninutes. To'ternminate the
reaction, SC3 was positioned to divert the reactant gases through the

reactor bypass | IV%%’ tlQ‘isgﬁaHiQ%té’} $e aftq:%t%thgﬁ £85¢ {?Q o %&u er'f”hl‘.ﬁg and

SC5 was positioned“to sén e gas
f.eeds were shut GiRCteEd A 10 FRO RoGas @}éﬁ’éﬁi’mﬁ%b%tc‘&‘éé"séd‘ec $okEPRogen
(|2F SCCMh fénwnd&gwghaawﬂhtbmamk& dur wag tiheeeoed itigrqigy atheand at

all other tines it | ui ntalne in 5 tr C was

wei ghed and anal yzgga%ht ggrg roma %grgfﬁ: © Clal ?7%%%7 ﬁ%’g

PCT/ US97/ 143%4 exten ed to within about 1 mm of thggbase of the The acetic

acid scrubber wasridt@ed ROtMRESRLR ¢SB{Bctor bushﬁﬂ?eé@ttkﬁee i o 8h8
overni ght. The product ahesover fromthe acgﬁgz l_g_é{E‘:o(l:_t'ﬁsiscrubber was
r t heel

d
wei ghed and anal yZ&¢c2 r‘“b?g ghee HHAAEH §PERAS T
sol uti on was 5 delirvetryi heblei int pbaceautdprovidaedpheseabhberghel r2acto8 and

1.4 were perfor ”%Qxl@e QQ_BQUEE'QQstESnﬁé‘@féd W ithet 88 dehvez‘éﬁ% B . Of
exanpl e nunber 1. for ti gg Eerl ods of 301

respecti vel 0 usi Mg IR¥Y% g8cRER of the °H@éF8§oP§?PB?F "‘i"’}%la&ta | nyl
acetate isol at ed tfo cohe base thEheorldE]r\sercoma&nBetrporﬁmcbﬂ hrheacet ic acid

(rap C ue_oo Hondl b et ooy, Cou Eata i P Ittt GG A et ot

Trap C W % HOAc mple numbgrql.1, stopcock SC3 ugs pos1tloned to eck 3
1.2 acceé3 to the bypass link thus sendinglkétene (0.7 78
0

1'%mml/minute), acetgfdehyde {1.0 mmol/mgnute) and

nitrogen (206 SCCM) to the reactor through the gas
delivery tube with the gas exiting the reactor
contacting the water-chilled reflux condenser, solid
carbon dioxide/acetone cooled condenser and trap flask

20 (trap C) containing TBHQ (40 mg, 0.24 mmol), and SC5 was
positioned to send the product exiting the solid carbon
dioxide/acetone condenser to the acetic acid (also
containing about 40 mg TBHQ) scrubber, and the heater
temperature was set for 150°C. The 150°C reactorx

25 temperature was reached after 20 minutes. The reaction
was allowed to continue in this manner for a total of
314 minutes. To terminate the reaction, S8SC3 was
positioned to divert the reactant gases through the
reactor bypass line, the heating of the reactor was

30 discontinued, and SC5 was positioned to send all gases
to the water scrubber. The gas feeds were shut off, and
the reactor system was accessed to nitrogen (25 SCCM)
flowing through line L3 during the cooling period and at
all other times it was idle. The liquid contained in

35 trap C was weighed and analyzed by gas chromatography.



20 The reactor heel solution remaining from Exanpl e 1.4 was

wei ghed and anal yzed by gas chromat ography. The recover ed heel
solution (86.73 g) contai ned acet al dehyde (0.31 wm %, vinyl acetate
(1.7 w %9, | cid (1.14 w %, acetic anhydrid %
and. EDA {( 28.@8%\%&5@ 9. Exanpl e 2 %r?f@sé%‘%% e
illustrates the effect of operating 30 the process of Exanple 1 at a

| ower tenperature. The exanpl e al so-i BBustrates conditions that

provi de high . yields of vinyl acetate without the production of acetic

acid after a steagy_s . has_ been reached_ ( Ex les 2.2 t hr ough
2.5). The sane reg‘éfoééég%?earﬁhsescfﬁuﬁ’ aﬂﬁ%eaﬁf%'?i Eer s &8 Fﬁoﬁxgrrpl e
2. The reactor tGBEPERtWERcRRD Gudin overnight\D I 5880Guct recovered
annydr i de (65,8 0. 0o o uSsEaRber was Ybighed and aBREVHEd
i : . -tol.u |

(5.% g, 0.0306 mgPY 98 'ﬁ%’ﬁiﬂlﬁtfgﬁfaﬁ’é‘?- the E.e%ﬂt‘?ﬁrdﬁe]'p@l"ah‘gg??a 28N

i hhi bitor asSper Esbaphedlin the reHutoreacEmampbs ropdventsed .Rn Lha sade
manner as per 5 1.4E4eP®lSerde SHRP oy BahahBesAs eS %Ie%rc%igﬂsiﬁe{:héor

2.2, 2.3°2.4 and 2.

140 err] C. Exanpl e punbers 2.1, 2. : ) wer e each
conduct ed for 300mﬁpﬁgfe‘§gtfs’?ad‘§’s]ﬁém§‘§ﬁ€ hetl £ap| imeperiods ofj 3PYs of
vinyl acetate isoBabeandr3no twiamiEsandsphetively @ikl & hacisdmecCrebbesr

| ut d th 9 | 5, aci i'ned in trap.C cCwt %
rone) Tolloy e ORI et oreP oyl Hitecata 4RBLran EROF ob Honc

2 1 10 the gondenser train trappCgand the aceticpagid scrubber
75 sol@tilons and the?wd % acetic acid cont@dned in trap C 0
564 (tr%EEC wt % HOAc) followq 2.5
Example Number % Yield Vinyl Acetate Trap C Wt % HOAc
15 1.1 - 42 1.13

1.2 78 0

1.3 78 0

1.4 81 0

- 20 The reactor heel solution remaining from Example

1.4 was weighed and analyzed by gas chromatography. The

recovered heel solution (86.73 g) contained acetaldehyde

(0.31 wt %), vinyl acetate (1.7 wt %), acetic acid (1.14

wt %), acetic anhydride (57.32 wt %) and EDA (28.99 wt
25 %) .

Example 2

This example illustrates the effect of operating
30 the process of Example 1 at a lower temperature. The
example also illustrates conditions that provide high
yields of vinyl acetate without the production of acetic
acid after a steady state has been reached (Examples 2.2
through 2.5). The same reactor system used in Example 1
35 was used in Example 2. The reactor tube was loaded with



The reactor heel solution recovered from Exanple 20 2.5 was anal yzed by

gas chromat ography. The recovered heel solution (88.18 g) contained.
acet al dehyde (0.41 wt %, vinyl acetate (1.59 wt %, acetic acid
(.03 wm % . acetic anhydride (47.65 v % and EDA (39.42 wt ﬁ) 2
Exanpl e 3  wo 9825880 This exanple illustrates the effect WW@’ 4 ng
the process of Exanple 1 at a higher tenperature. The exanpl e al so
illustrates conditions that provide high 37 T yi el ds of vinyl acetate

wi t hout the production of acetic acid after a steady state has been

reached (Exampl eSadedic annydkdieUqBs3sSh, ThasHIm)| cactalusysbemmased i n

Exanple 1 was, used 1 n e reactor, fube was ? d wth
acetic anhydride 3% 8“‘§‘°h(¥d6?§enﬂp)8 e t 01 QR 8P oARE EBHQ (11§ grd.
nonohydrate (5.8 g,890.00@1§ @numﬂdziat@l(ﬂ:ﬂﬁhmpr as per E¥amile 5880
PCT/ US97/ 14374 ’ﬁ 2 rt'eactor was %r()erafed in the samamanner as pey 84 MoOI)
pol ymeri zation in e reactor S oper at ed
i-n the sane Fannefxaaplsed exceptE%&?fﬁléhq @mmematpmt vagesebnfrr 4l°€ -was

set hf or5 160[er(rj] CExample xﬁxmlseznm;rbsrs R. Jah . ,aaﬁleg depdCeablb were
eac conduc t t.ne ne _nee
égl?d A IS(%% %im&' %ngn% pgane hee é Rtion.

Yi el ds of vinyl ace from acetic acld
scrubber sol uti onbigkip MfeV\M‘lY% acetake akﬁ@ated frowntatped andtthg C (trap

Cw % HOAc) fol |&k‘!\étlc JeQ:ld sexapBee AWIRE ongoa¥iaek He VirB Y4 f@@l’é%ﬁ%e:ﬂ ap C

\?/,\'12% HOAC 10 contfblned in trap C (trz:tpgc5 wt % HOAcC) §oélow
82 0
015 3.5 Example Number Ajlﬁl_dﬁllﬂ_&m __.p_._ﬁ’ra C_Wt % HOAc
2.1 2.81
.2 75 0
15 2.3 74 0
2.4 75 0
2.5 80 0

The reactor heel solution recovered from Example
20 2.5 was analyzed by gas chromatography. The recovered
heel solution (88.18 g} contained acetaldehyde (0.41 wt
%), vinyl acetate (1.59 wt %), acetic acid (1.03 wt %),
acetic anhydride (47.65 wt %) and EDA (39.42 wt %).

25 Example 3

This example illustrates the effect of operating
the process of Example 1 at a higher temperature. The
example also illustrates conditions that provide high

30 yields of vinyl acetate without the production of acetic
acid after a steady state has been reached (Examples 3.2
through 3.5). The same reactor system used in Example 1
was used in Example 3. The reactor tube was loaded with
acetic anhydride (65.8 g, 0.645 wmol), p-toluenesulfonic

35 acid monohydrate (5.8 g, 0.0306 mol) and TBHQ (140 mg,



The reactor heel solution recovered from Exanpl e 3.5 was anal yzed by
gas chromat ography. The recovered heel solution (86.31 g) contained
acet al dehyde (0.33 wt 20 %, vinyl acetate (1.41 w %, acetic acid

(1.23 wt %,%ggwm@cetlc anhydride (56.12 wt % and EDA (?%ga?s%“%).

Exanpl e 4 This exanple illustrates the proces

i nvention performed with the reactor zone containing N

met hyl - 2- pyrrol i di none sol vent and p-tol uend8utfonic acid catal yst at
150[err]C and at a pressure of 1 bar (100 kPa) absol ute. The exanpl e

also illustrates 30 dltlonstha rovid I el ds _of vinyl acetate
wi t hout the produgt’ P%nm% acpeq]llﬁneg&zﬁttégfle?“n}ée]%{%‘gﬁyg pex E%‘FH‘P(LJJ hils been
reached (Exanpl esTh'?Zr@iM’—'mlgWaS Pperfhed in thegmne emcioer sgspem used in
Exanpl e 1 was usegxhfiple 1 eﬁ@@ﬁﬁﬂﬂﬁa@ tﬂgetéggéﬁéﬁufé”N§§M§§tlQBQGQGM“éh

N net hyl -2- 35 gRYI rfl [ d| one (363 t ol uenesul foni c
WD 98/ 25880 ers 3.1, So 7/ Y&374Sach
--31 - 5 aci dondwctsdirfxire 309. &igpt@sOG@ﬁngmdhe authel BHO1( $6Dutyion.

0.84 mml) pol ynegi 2ahs '4ﬂﬂ¥q %@%Fazget§8f§£é3[£¥gﬁltraﬁ %psﬁatgﬂi'” the

sane nmanner as per Exanple mber's

4.3, 4.4 and 4.5 PR acigGginkbed FeLutbens Fow tj@owt365a§ﬁ§190@cm1 nut es
respectively usi ngobteisedreihaestapsd@ Wticap. ¢ Yrel gioxc) followi.nyl acetate

i solated fromtrap C and the acetic acid scrubber solutions and the
w % acetic acid contained in trap C(trap Cw %HOAc) follow 10

Exanpl e NunB&r (@WAC@MWLD_._ra C Wt % HOAd

59 03 81 2.94
0 . 4.3 3.2 77 76 0 0
3.3 82 0
3.4 82 0
15 3.5 82 0

The reactor heel solution recovered from Example
3.5 was analyzed by gas chromatography. The recovered
heel solution (86.31 g} contained acetaldehyde (0.33 wt
20 %), vinyl acetate (1.41 wt %), acetic acid (1.23 wt %),
acetic anhydride (56.12 wt %) and EDA (28.82 wt %).

Example 4

25 This example illustrates the process of the
invention performed with the reactor zome containing N-
methyl-2-pyrrolidinone solvent and p-toluenesulfonic
acid catalyst at 150°C and at a pressure of 1 bar
(100 kPa) absolute. The example also illustrates

30 conditions that provide high yields of vinyl acetate
without the production of acetic acid after a steady
state has been reached (Examples 4.2 through 4.5). The
same reactor system used in Example 1 was used in
Example 4. The reactor tube was loaded with N-methyl-2-

35 pyrrolidinone (63.2 g, 0.638 mol), p-toluenesulfonic



15 4.4 71 0 4.5

68 0 The reactor heel solution recovered
from Exanpl e 4.5 was anal yzed by gas chronmat ography. The recovered 20
heel sol Ut'&fb 1 g) contained vinyl acetate (1.04 W popyp ?@lﬁﬁcetic
acird (1.01 : acetlc anhydride (4.73 wt % and a smaF anount of
EDA (1.13 W™ 9. Exanple 5 25 This exanple illustrates
the process of the i nvention perfor'm?& Wi th the reactor zone

cont ai ni ng i m xed acetic anhydri de-acetic acid solvent and p-

t ol uenesul foni c (‘dlgi %%hghi,aga?& ;?0& e&r]ocogra%l %%‘?agﬁgsﬁﬁﬁ Epons hl bar

(100 kPa) absol ut es con

provi de high vyi eIQ}§4of“m@|1hyP° ymerizgleion é-rwltbhée{f t hEher BRRREIW IV acetic
gcn4 ;i afT th er a opetlatady iat 8he Eﬁrﬁe bﬁ@merxe%%h ér(ﬁxaﬁp(ij@g% a2 idvé-f(mghl c
. 4). e same r ctor st em us in arrpe i n Exanpl e
The reactor tube ngaégagﬁf?hga{:eﬁ? 6\03‘5/ 53gfFre

PCT/ US97/ 143¥4 conducted for 300, 330, 300, 305 and3200 minutes anhydride

(59.5 g, 0.583 r“?ébpé%%%%b@xaﬁégné3tﬂéEhame hee1089§ﬁ§189|)Y1e1ds of
p-tol uenesul foni c_aci.d nonohydr at nd TBHQ (140

mg, 0.84 mmol) poli¥er REEERS isola ‘F‘?ﬂ'ﬁ"?ﬂ“’t (’J‘rraPTﬁeaFgaE]P%r ed in
t he sane manner srrubbes peluEianpland tdte WEOfrerrp€ic E«bdrprtmtxam anb5. 1,

5.2, 5.3 and., 4 v&g:g cengucs eghfor 249,300, 300 and 300

m nut es respective y usi ng he sane heel sol ution. Yi el ds of vi nyl
acetate isot@ted fromtrap C and the acetic acid scrubber solutions

and the wt % acetixargdied Nhfiber C®NYheéNEdriinylt Bapt&tét I Bpa] MW oHHBSR:

fol | ow. Exanple ;Nunmber % Yield Vinyl Acetate Trap C VW 26 HOAc
4.2 76 0
4.3 77 0
15 4.4 71 0
4.5 68 0

The reactor heel solution recovered from Example
4.5 was analyzed by gas chromatography. The recovered
20 heel solution (80.81 g) contained vinyl acetate (1.04 wt
%), acetic acid (1.0l wt %), acetic anhydride (4.73 wt
%) and a small amount of EDA (1.13 wt %).

Example 5
25

This example illustrates the process of the
invention performed with the reactor zone containing
mixed acetic anhydride-acetic acid solvent and p-
toluenesulfonic acid catalyst at 150°C and at a pressure

30 of 1 bar (100 kPa} absolute. The example also
illustrates conditions that provide high yields of wvinyl
acetate without the production of acetic acid after a
steady state has been reached (Examples 5.2 through
5.4). The same reactor system used in Example 1 was used

35 in Example 5. The reactor tube was loaded with acetic



5.1 41 16. 2 5.2

86 0 15 5.3 95 0

5.4 87 0 The reactor heel
solution re from Exanpl e 5.4 was anal yzed by

chr.omat ogrqgﬁ?. é) recovered 20 heel solution (80.68 g c'gﬁ%"gﬁ\"é‘d

acet al dehyde (0.36 wt %, vinyl acetate (0.71 w %, acetic anhydride
(62.53 w % and EDA (35.7 wt %9. - 32 - Exanple 6 25

This exanple illustrates the process of the i nvention perfornmed with
t he reactor zone contai ni ng m xed acetic anhydride-acetic acid

sol vent and at 158pRY4yide (59.5,9.pd-5BRanpl b RAfRicnkchdbdRz@nBsUl f oni c
acid catalyst 30 0.0615tmwsl). p-beduexarnl eodls asihDWonbhgtirhbe $6ronger acid

catal yst conti nue r C Lo ,d afte he i nyl.acetate
Cerd has. maxi i 20 T AHC SR Teby 3TAA B8 0.4 fmory, polifiérs BEEIS
system used i n Exipipikitiongs The reagsoy wasExeeqsteds inThber sane orannge was
VO s & seces el s, o shipetyrts, w1

- 33 - g, 0> 1S Fndh Weuse fPRAUCHRE oFPL 340+d 308n0RYAr 23R8 30 4 g,

0. 0306 nmol) and TBHMYdslOreapedy.i84 lynmokingotyeresaneatheel solutiomhi bitor.

The reactor was opgspd£ b Ryt S ng a at
150[ err] C. Exanpl e nunbers GHJ}H .@&ag% Qg&léa}%Edanfcf%E? AE?\%E% g@%ﬁ%%et ed for

. 2, . L
305, 300, 300 and®%®pic acid m%&?’??rr ESpBEIPRRI3nd &heg WENE 3aRBIRRFI
solution. 10 Yeehdsindd iimyragcet dteapsolat e Horan feapok. and t he

acetic acid scrubber solutions and the wt % acetic acid contained in
trap C (trap C wt_% HOAc) follow 10 . Exanpl e Nunber % Yield Vinyl
Acetate Trap C VEXamplen Number % Yield Vinyl Acetate Trap C Wt % HOAc
5.1 41 16.2
. 86 0
15 5.3 95 0
5.4 87 0

The reactor heel solution recovered from Example
5.4 was analyzed by gas chromatography. The recovered
20 heel solution (80.68 g) contained acetaldehyde (0.36 wt
%), vinyl acetate (0.71 wt %), acetic anhydride (62.53
wt %) and EDA (35.7 wt %).

Example 6
25

This example illustrates the process of the
invention performed with the reactor zone containing
mixed acetic anhydride-acetic acid solvent and at 150°C
as per Example 5 but with benzenesulfonic acid catalyst

30 instead. The example also shows that the stronger acid
catalyst continues to produce acetic acid after the
vinyl acetate yield has maximized (Examples 6.2 through
6.4) . The same reactor system used in Example 1 was
used in Example 6. The reactor tube was loaded with

35 acetic anhydride (53.5 g, 0.583 mol), acetic acid (3.7



6.1 50 10. 25 6.2

90 2.56 6.3 92

2.52 15 6.4 78 3.54

The. react or Qgeknsag) Ution recovered from Exanpl e 6.4 ahyzed by
gas chr omat ograp’?ﬁy The recovered heel sol ution (83. Wont ai ned
vinyl acetate (0.55 w 20 %, acetic acid (3.18 v %, acetic anhydride
(58.7 w % and EDA (33.07 wt %. - 33 - Exanple 7 25 Thi s
exanple illustrates the process of the invention performed with the

react or zone contai ni ng m xed acetic_anhydri de-acetic acid sol vent
and at 150[err]C 9’ 616 el )y AEMzEnESBLECR ¢ IRt menebyRrakec (Bct B,

cat al yst i not e3de Mok exsIBHQAl(SQ0i hd LISt et &fﬁxdlhabo&y‘ﬁérﬂzélﬁidh 30
is not produced whgp;p; weakermac 'r%ac%o?sggs béBeéa*L ;[51 tlrﬁe&gnS?vé Yo AGet at e

yield is lowered. T e sane react 1"%as used
in Exanpl e 7. The2feBe¥ ofxample tl5& \?oé@ Poao@éﬁmlteh nypeere Gnhydeide (59.5

g- 0.583 5 ol §,3aardi €. Asated 2ohAdgct8d 0636 30¥,) 3005t Babesnafomp c 35

acid (2.9 g, 0.03 TBHQ (140 MD 98/ 25880
PCT/ US97/ 14374 Qﬁnﬂfég fggkeé@jge usQHg éhe sam§4ﬁgel solution

pol yreri zati on i nkieldsrof THowleacesprtanisobarat ddomtrap C &hé Skere manner

as per Exanple 1 atedbO[&£E1d Gorlowper! §olutlon§“HHaert§xe w|1:’ f7age@:['£l a7c:|.%l were
conducted for 300, 300.a m nutes resp tlve X%USIHQ he sane

heel sol ution. contﬁ’e‘?%‘g 5 t\f%‘?y% a{EE?Bt% VSa értoé‘d’ f £8MPYap C and the

acetic acidlfcrubber solutions and the wt % acetic acid . contained in
trap C (trap C wefatbhe )ndeldOWs vielg Vinyl Acetate Txap C Wt % HOAc
6.1 50 10.25
6.2 90 2.56
6.3 92 2.52
15 6.4 78 3.54

The reactor heel solution recovered from Example
6.4 was analyzed by gas chromatography. The recovered
heel solution (83.24 g) contained vinyl acetate (0.55 wt
20 %), acetic acid (3.18 wt %), acetic anhydride (58.7 wt
%) and EDA (33.07 wt %).

Example 7

25 This example illustrates the process of the
invention performed with the reactor zone containing
mixed acetic anhydride-acetic acid solvent and at 150°C
as per Example 6 but with methanesulfonic acid catalyst
instead. The example also illustrates that acetic acid

30 is not produced when a weaker acid is used but that the
vinyl acetate yield is lowered. The same reactor system
used in Example 1 was used in Example 7. The reactor
tube was loaded with acetic anhydride (59.5 g, 0.583
mol), acetic acid (3.7 g, 0.0616 mol), methanesulfonic

35 acid (2.9 g, 0.0306 mol) and TBHQ (140 mg, 0.84 mmol)



Exanpl e Nunber % Yield Vinyl Acetate Trap C W % HOAc 10 7.1

23 0 7.2 32 _
0 7.3 26 0 The
reactor heel solution recovered from Exanple 15 7.3 was anal yzed by gas
chr omat ogr apixy os/2s8e r ecover ed heel solution (75.31 @cTaSAHHed
vinyl acetate (0.91 wt %, acetic acid (1.22 wt %, acetic anhydride
(79.9 W %9 and EDA (9.69 wt 9% . -204 - Exanple 8 ' Thi s
exanple illustrates the process of the i nvention perfornmed with the
reactor zone contai_ni ng, . mxed acetic _anhydride-acetic acid _sql vent
and at 150[err] Cp?éyme%éEaEé?n &%ﬁ’&#'bu?ﬁﬁ iﬁﬂa%'EfP]F Jfas ORSTAtES: APy st

i nst ead. The exanghee sameomahhestdatms Hxampder bngt at5@sC. Exampdeer t he
vinyl acetate vyi roduge i ' aghar ~syst em
used in Exanpl e %h\j\ﬁg%?%sgd?f ng'za&?ti Iﬁ'g’arr%:egeforfﬂ%cgégc or totrjog'eg\rg/gsa %aded
with acetic 30 388hjdrrges 5esBeetivelygpsipg) theceane hagly sedukign.

0- 0616 nol),5 96. Fikidel biir ringli sedthte J.800a0886£H6h )trap ¢ amdd thBHQ (140
ng, 0.84 mmol) pql [ Lo0R _Lnhi bitor. . . e.Le [ 0P ed in
t he sane manner %sc\é ggf: 585'!? Qg?g%)%e s%lv\lnttlﬁmf h%;l-?et?r}}%ee?'g‘{ th;Gr é“%;i‘fl 8f g%%
~150[err] C for 30@cmsaingfininetrap Theltnam § wt ¥i HQAcldmldiaw.i sol ated from
trap WO 98/ 25880

PCT/ US97/ 14374 o s . - 35 - C t he
acetic acid scrubRemRkesNugber Mai%—ﬁ%ﬁa—&m
acetic aci k0 Pl uggi ng-&f the gas déBi very tube due to @&xcessive char
formation prevented <, further operati@p of the reactor cogtaining this
heel 5 sol uti on. jl]'h i quid portion (%% 28 g) of the heel m xture
was recovered, and it “¢Ontai ned acetic aci (21.14 wt. (90 acetic

anhydri de (55.83 w. 9% and EDA
The reactor heel solution recovered from Example

15 7.3 was analyzed by gas chromatography. The recovered
heel solution (75.31 g) contained vinyl acetate (0.91 wt
%), acetic acid (1.22 wt %), acetic anhydride (79.9 wt
%¥) and EDA (9.69 wt %).

20 Example 8

This example illustrates the process of the
invention performed with the reactor zone containing
mixed acetic anhydride-acetic acid solvent and at 150°C

25 as per Example 7 but with sulfuric acid catalyst
instead. The example also illustrates that strong acids
lower the vinyl acetate yield and produce acetic acid.
The same reactor system used in Example 1 was used in
Example 8. The reactor tube was loaded with acetic

30 anhydride (59.5 g, 0.583 mol), acetic acid (3.7 g,
0.0616 mol), 96.8 % sulfuric acid (3.1 g, 0.0306 mol)
and TBHQ (140 mg, 0.84 mmol) polymerization inhibitor.
The reactor was operated in the same manner as per
Example 1 with the temperature set for 150°C for 300

35 minutes. The yield of vinyl acetate isolated from trap



(24.95 wt. 9. 10 Exampl e 9 This exanple illustrates the
process of the I nvention performed with the reactor zone contai ning
m xed acetic anhydride-acetic acid solvent and at 150[err]C 15 as per
Exanpl e 8 bu hosphoric acid catalyst I nst ead. I e al so
illustrates th\git;&%?‘?ong aci ds | ower the vinyl acetat e%ﬁ an
produce acetic acid. The sane reactor systemused in Exanple 1 was
used in Exanpl e 9. The reactor tube-vi#s 4 oaded with acetic 20
anhydride (59.5 g, 0 583 nol), acetic acid (3.7 g, 0.0616 nol), 85 %
phosphoric acid ( 0. 0306 nol), and TBHQ (140 ny, 0.84 mmol)

pol yneri zation in |?ﬁq e aceticTgifdegerehbstadashdratedand WP Qe nmanner
as per Exar@retaﬂlmd .28 wenpeératetic seiid.or Plﬁ@behg]&fﬂﬁe ?&Q; 25

m nutes. The vyi aceta f QM ra

acetic acid scrugééeilrmv\?a r%Jbe 91‘?113 tCS é§8{§é% Ch%on% ﬁ%ﬁlﬁg %‘7% %9{]
acetic acid. Pl ug%f#d’?ﬁ CtH?é’a&&Sm °f t geYeartior tqm@adaengotm(s;elmhe char
formation aIEomedbolutloﬂ(N'ﬁh&rQHQﬁlappéﬁ&idﬂ1KEE bhegﬂeaﬁt@ﬁeQﬁEEfﬂ ni ng

this 30 heel prtion
(72.25 g) of thes'ﬁi*%d%qﬁa%; é’%\%a%e?g‘ém%’?‘i d‘tar’“neg acethRhi3FHid vi nyl
acetate (0.84 wt. (2} 10t G)acﬁée(iic%nhydmdemt(SS%ﬁ;i wtet¥c amh\RDA de

(77.55 wt. % and(&DASH 3&.7§) . w. %. 35 WO 98/ 25880
PCT/ US97/ 14374 ' - 36 - Exanmpl e 10
This exanple illustrates the process of the i nvention with the

react or zon&fcontEB¥asmde t9he insoluble 5 solid acid catal yst
Anberlyst[err] 15 and no added sol vent.

This example illustrates the process of the
invention performed with -the reactor zone containing
mixed acetic anhydride-acetic acid solvent and at 150°C

15 as per Example 8 but with phosphoric acid catalyst
instead. The example also illustrates that strong acids
lower the vinyl acetate yield and produce acetic acid.
The same reactor system used in Example 1 was used in
Example 9. The reactor tube was loaded with acetic

20 anhydride (59.5 g, 0.583 mol), acetic acid (3.7 g,
0.0616 mol), 85 % phosphoric acid (3.53 g, 0.0306 mol)
and TBHQ (140 mg,. 0.84 mmol) polymerization inhibitor.
The reactor was operated in the same manner as per
Example 1 with the temperature set for 150°C for 300

25 minutes. The yield of vinyl acetate isolated from trap
C and the acetic acid scrubber was 19 %, and trap C
contained 13.84 wt. % acetic acid. Plugging of the gas
delivery tube due to excessive char formation allowed
for further operation of the reactor containing this

30 heel solution for only 65 minutes. The liquid portion
(72.25 g) of the heel mixture was recovexred, and it
contained vinyl acetate (0.84 wt. %), acetic acid (1.98
wt. %)}, acetic anhydride (77.55 wt. %) and EDA (32.78
wt. %).

35



The gl ass reactor used in this exanple consisted of a 74 cm by 25 mm
O D. tube fitted with a permanent thernowel | extending fromthe base
of the reactor. The central portion of the reactor tube was

construct edw% condenser jacket which was in turnpgpg ﬁ PRgHaM th a
vacuum j acke 0 prevent heat | oss. The length of the Jac eted portion
was 61 cm The 25 nmm O. D. tube had I ndentations 5 cm above the base of
the jacket to support the catal yst be®s A physical mxture of 15
Anberlyst[err]. 15 resin (17 M, 10.26 g, ca. 31 neq -SQerr]H and
16X24 mesh quartz chips 550 M) was prepared. The base of the reactor
was | oaded with hig rings to a height of 6 cm above the
i.ndentations, and a 1 cm hi gh layer of 4X8 mesh quartz chips was

pl aced on top of 20 e g XL HI f
Amberlyst[err] 15 Thtll% 85%@%13 il géfjaatﬁ-l;}z]%c H)(e'eg%t gnéb aced i_.n the
reactor. The Ieng*th%Ttlpﬁ'eWé5PaF9§tr¢aM t2ONng ;gpgr.glnlng thg e bl €20

cm An a]gdl L Sonalscﬂ.ﬁnahilg.hch&ﬁeysﬁfmﬂﬁ@rl yst® IEEahdﬂﬂaréa‘ldé‘&Isflﬁm& .pl aced
on top of the cat nec a t

t he bottom of ﬂ{é/fgf%%%eggggﬁrﬁegge’l}aﬁ:ttcz?r | nTe pFL gof%@éte% ?attcached to
the other neck ofcm iy RS0my O2Dpetibe fitisdd witth Bopeomenent thgrmaweldef| ux

condenser portlo%%m&‘éelfrbfuatﬂe%ése of tkﬁat traghedrt 0 frﬂs@ éé}ﬂ:ﬂilthe .
reactor to aIIowfor th 0 ensabl e |i qhthe react or.

The 100 M | ibe’ EePGERT L iE il SPstrydbed et
l'i quid drai®?ng qumieuw@xr eae:ker— whihderwashelrc grugint eondosed wigth téhe exanpl e,

liquid did not flawiud §alte@ches! prevent Q?é‘s[tVQ.'orssunt irthe af &84t her rgRet i on

feed flows to the 3 reactor, were term nate Ketene acet al cLehé/de and
VO 98/ 25880 jacketed portion was 61 cm. 2B ReB/ 1% %
- 37 - ni timiprcatoasdsl cmeabdve othé]éaaseaofothatjaclpetestmlre of

about 1 bar (100 bsglU ne e le 1 to
begi n Exarrpl(e 10. éﬂfﬁ)oﬁ %% Tec‘réggﬁ.}zgt'e?éé A%h?s%%a@ ﬁu.xt%r Fs%rrp

rose
from 19. 6[ et?] C tIB“]%%ﬂS’[Sér & gpedp (L7 Mvah|1c912§t SanFé\/as:"%le‘T“‘F%er%yI?o t he
react or condenserand lexX24aakeh. qiheteatmipysst (dueMl) ewper prepEreadnt iTheed to

slowy rise to 1%@ e ]tgeaQQaEESQ \%JaQV\iyaé@f Rﬁ%ﬁeﬁxé‘“gm Raschig rings

to a height of 6 c¢m above the indentations, and a 1 cm
high layer of 4X8 mesh quartz chips was placed on top of

20 the Raschig rings. The entire mixture of Amberlyst® 15
and 16X24 mesh quartz chips was then placed in the
reactor. The length of the catalyst + quartz mixture
charge was 20 cm. An additional 5 cm high layer of 4Xs8
mesh quartz chips was placed on top of the catalyst bed.

25 A 100 M1 2-necked flask was attached to the bottom of
the reactor. The reactor inlet line L6 was attached to
the other neck of the 100 M1 2-necked flask. The bottom
of the reflux condenser portion condenser train was
attached to the top of the reactor to allow for the

30 return of condensable liguids to the reactor. The 100
Ml 2-necked flask served as a heel reservoir for any
liquid draining from the reactor. Under the conditions
of the example, liquid did not flow into the heel
reservoir until after the reaction feed flows to the

35 reactor were terminated. Ketene, acetaldehyde and



| evel ed out at 98.7[err]C. During the process of Exanple 10.1, the
catal yst bed slowy wetted. The reaction was 10 term nated as per
exanple 1 after 360 m nutes after which a portion of the liquid

wet ting thewg%he t bed drained into the reservoir. jdrdoanphes 10.2
t hi ough’ ét he reactor was operated in the sane fa‘ﬂll‘on as per
Exanpl e 10.1 except t hat steam heating of the 15 reactor was commenced
when the feeds were initially del i ve?®¢d~to the reactor. Exanples
10.2, 10.3, 10.4 and 10.5 were perforned over periods of 300, 330,
300 and 352.m nutes res tlvel the at al

Yi el ds of vinyl ﬁtg;f%?%nivﬁﬁea{% WESH F &%aﬁ?ﬁ% %8% lg]‘?ac?fd

scr ubber soIut|oabou&mﬂtb&r\M10ﬂ)éEeﬂlebaoldte at thﬁnaamenedtenaﬁrnﬁrC:(trap

g/i \ll_\l'tm‘(’:/o HOAc) fol hﬁ&&?le 1 to H@&%P'Eﬁ‘ca%i@eio%w epyd %e%leréﬁ&&ét 8:35 Tep C W

10. 2 catalygt) bed slowly rose fr@m 19.6°C to $3. §°C a terxr

37 5 whici K $X%eam was delil@réd to the reactor coBdenser

0 10. 5aacket The c(iﬁ%jék bed tem erature c%ﬁtlnagﬁ The
reactor heel solUtion recovere om reservo ter the corrpl etion

of the reaction 8O BRI KP F1R$°C and ghen ﬁjéﬂ"lb‘y dggsepAR8NBRBgr aphy.
The recovered hegbveled owoldt ism 7°&.1 Dhringtthe ed-aeeisabdelydapid. 46 w

%A, acet i Clacid {rle %%%SQ%%GMSWWW&&% (21 Mot ofOwas @Nd

EDA (39.9 wt %.
PCT/ US97/ 14974 terminated as per example 1 after 3gpgminutes after

Cainms Veh{tRi dMportion of the Aighiogensti g RHRPaktAUy¥t N¥edacet ate

conprising drained into the reservoir. In Examples 10.2 through
10.5, the reactor was operated in the same fashion as
per Example 10.1 except that steam heating of the

15 reactor was commenced when the feeds were initially
delivered to the reactor. Examples 10.2, 10.3, 10.4 and
10.5 were performed over periods of 300, 330, 300 and
352 minutes respectively using the same catalyst bed.
Yields of vinyl acetate isolated from trap C and the

20 acetic acid scrubber solutions and the wt % acetic acid
contained in trap C (trap C wt % HOAc) follow.

Example Number % Yield Vinyl Acetate Trap C Wt % HOAc

10.1 10 14.44
25 10.2 a4 ' 0
10.3 37 1.97
10.4 34 0
10.5 31 0
30 ' The reactor heel sclution recovered from reservoir

after the completion of the reaction of Example 10.5 was
analyzed by gas chromatography. The recovered heel
solution (8.1 g) contained acetaldehyde (3.46 wt %),
acetic acid (1.17 wt %), acetic anhydride (2.01 wt %)

35 and EDA (39.9 wt %).



the steps of 1) contacting, at a tenperature of 85 to 200[err]C
and at a pressure of 0.05 to 20 bars (5 to 2,000 kPa) absol ute,
a m xture of ketene and acet al dehyde and, optionally, a

nonr.eact i veygfi 10 gas with an acid catal yst ip-~gusRiisaigt zone
and ) recovering vinyl acetate fromthe contact zone.

2. A process according to Caim1l wherein the contacting is
carried out at 100 to 180[err]C and at 15 38 - 0.1 to 5 bars (10 to 500
kPa) absol ute. 3. A process according to Claim2 wherein the
contacting is carried out at 120 to 160[e5r.C and at 0.25 to 2
bars (25 to 200 kPa) absolute. 20 Clalm process according to Caim3
wherein the contacting is carried out at 0.25 to 1 bar (25 kPa
to 100 kPa) absokpdt @343m25 5. A process according to Claim1 wherein
the acid catal yst conprises a Bronsted acid. 6. A
process according to Caim6 wherein the contact zone further
contai ns a %ol ventL. 38 process /for Arppacday adinpl dacerdtee Compmisinger ei n

t he product e f.ro act.z ' .

8. A process accordiﬁgétga%ﬁgﬁ%;gngg%gﬁﬁegﬁé'B%%ﬁgggﬁhgg tdze of g%id S
sel ected fromthe grotip 28%%F sandhqtofa pressure ofyP of3 AP bars (5 to
PCT/ US97/ 14374 2,000 kPa) absolute, a mixture of keteme 3%d-

phosphoric acid, S“'fQEEEaf&éﬁkdé“%AH%”%%%EE%Q&Ey, a nonreactive diluent
10 gas with an acid catalyst in a contact zone and
2) recovering vinyl acetate from the contact zone.

2. A process according to Claim 1 wherein the
contacting is carried out at 100 to 180°C and at
15 0.1 to 5 bars (10 to 500 kPa) absolute.

3. A process according to Claim 2 wherein the
contacting is carried out at 120 to 160°C and at
0.25 to 2 bars (25 to 200 kPa) absolute.

20
4. A process according to Claim 3 wherein the
contacting is carried out at 0.25 to 1 bar (25 kPa
to 100 kPa) absolute.
25 5. A process according to Claim 1 wherein the acid
catalyst comprises a Bronsted acid.
6. A process according to Claim 6 wherein the contact
zone further contains a solvent.
30
7. A process according to Claim 1 wherein the product
recovered from the contact zone is a gas.
8. A process according to Claim 5 wherein the Bronsted
35 acid is selected from the group consisting of
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acid, benzenesul fonic acid, p-toluenesulfonic acid,
napht hal enesul foni ¢ aci d, napht hal enedi sul f oni c

acid, and an acidic ion exchange resin. 9. A process
according to Claim8 wherein the Bronsted acid is
p--t ol uenes WyheRhgkssCi d- 10. A proceRFTHSHMIThg to
Claim1l wherein the process 10 IS a continuous process
for preparing vinyl - 3%cetate. '

phosphoric acid, sulfuric acid, methanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid,
naphthalenesulfonic acid, naphthalenedisulfonic
acid, and an acidic¢ ion exchange resin.

. 5
9. A process according to Claim 8 wherein the Bronsted
acid is p-toluenesulfonic acid.
10. A process according to Claim 1 wherein the process
10 is a continuous process for preparing vinyl

acetate.
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