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PREPARATI ON OF VI NYL ACETATE The Governnent of the United
States of Anmerica has rights in this invention pursuant to

Cooperativ reenment No. DE- FC22-95PC93052 awar ded S.
Depart ment evc\)’f)5 nsesfgy. This invention rel ates tg%?‘%?yg‘%?s for

produci ng vinyl acetate by contacting a m xture of hydrogen and
ketene with a heterogeneous catal yst containing a 10 transition netal to
produce acet al.dehyde which is then reacted with ketene in the
presence of an acid catal yst t o ploduce vinyl acetate. The
acet al dehyde enpl oyed in the present invention is produced by the

process set forth an | lr N ﬁyﬂqﬁﬁﬁ ion Serial 15 No.

08/ 619, 385, filed March 21‘1’12%5%553"?%1 %%Jn‘{ér?{s 0 Gz whi ch are

I ncorporated herein by reference. Background of the Invention 20
Vinyl acetate is arheé mguardmimientnedsthé anihaligtiltes Ff Am&bféacﬁaéhe)VinK|
acet ate used | rial ' : RO | zed t 0 Lnhyl. acetate). This
| mport ant kﬂggg%y%gﬁhéﬁéiﬁﬁ§n5éP$Vé%£§%% gﬁbeﬁgPS%é¥%gguses as

adhesi ve®, pafareengirt dihePEcFSRRNIEPCYZ05 awardesl by thei Hat$ng materi al s.

Vi nyl acet at eDépartmeait BO ommercially by reacti ng acetyl ene
with acetic acid a&h£80:21g%prr phase gcess. Al t hough

S0 21 C én a v%gg{ gr

the yields based of Efc®EAT SR & R¥OsEEF £PEi BEPRYCHIEeed 90%
for both 30 virghcacshare Hyeconghctisy ofmieie efehydsogehlamd t he
safety and haredténd withlLHerassgehabsl MddNydtS dbd®aining aMke this
processlﬂlsadganéa epus WQ%Q %ongar dto 'qég:gylene-ggsed rocesses.
An exanple of “&f %%‘fsﬁ%ﬁ'be- s&8 Fﬁg]‘c%c%?%ﬁaé yde,whighsigskien
acet al dehyde zedctedtvithakieréniedénathe presence of an acid catalyst

to produce vinyl acetate. The acetaldehyde employed in

the present invention is produced by the process set

forth and claimed in U. S. Application Serial

15 No. 08/619,385, filed March 21, 1996, the contents of

which are incorporated herein by reference.

Backaround of the Invention

20 Vinyl acetate is an important industrial chemical.
Most of the vinyl acetate used industrially is
polymerized to poly(vinyl acetate). This important
polymer and its derivatives find extensive uses as
adhesives, paints and other coatings, films and

25 laminating matérials.

Vinyl acetate has been produced commercially by
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

30 reactants, the high cost of acetylene, as well as the
safety and handling problems associated with its use,
make this process disadvantageous when compared to
ethylene-based processes.

An example of an ethylene-based vinyl acetate

35 process uses acetaldehyde and acetic anhydride as
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-2- starting materials. Ethylene is used to produce
acet al dehyde by the Wacker oxidation process, and the resul ting

acet al dehydg,J cted with the acetic anhydride in ce of
an acid catglldfg?gstgg produce 5 et hyl i dene di acetate (EDA)%W%‘E@; S
then heated in the presence of an acid catal yst to produce vinyl
acetate, acetic acid, acetic anhydride and acet al dehyde. *  This EDA
cracking reaction is disadvantageous for,at | east two reasons: 1)

by- product acetic acid is 10 produced, which then nust be converted back
to acetic anhydri de or otherw se used or disposed of, and 2)
unfavorabl e egtartingamezesiabepnEdiPlenehesdased efo produygeoducts (vinyl

acetate and acget :E%Jl_éghgaczg)?célg%hwa eafe;&%?%?g Olﬁﬁ‘%%,q Sy khao materials

(acet al dehyde "an cracking reaction
must be pesvdting anetatdelh rs@er@alcaegewet(be%b,e Feetd& i c

anhédrl ge t?) idhGaasaet ha ﬁH@hﬁS&eéﬁné& I aﬁca&aaecawlyst t@cp&baucam d
produced el atj eLa n acetic
anhydri deél S a&é’é’&tigsn% é E‘gﬁ% ackfrﬁﬁ FB%CT? ﬂ:«?zhgae ?ﬁgﬁ distilled
fromthe reacttyye presengej of %@mtalms:atarlgstahgmr@dme ac:éndJ dehyde, acetic

anhydri de and a%%@.ta't% agbdeid é‘é‘ﬂdt 'ané'E:&: B.Bﬁyﬁ%&éeﬂnd acetaﬂ'dé‘hhrdé(}et ate.
Hence, this pr c;e Ewres nmu

atl ons xt ensi ve
recycling. Be hacking rei)‘?"o‘tﬂ”eﬁf d&éﬁg?’%’at%ﬁ‘?f’q t%rc rosi veness
and saf ety and.east twbandhsmgsprdbﬂ dvm—m@nctaaedtxwtmid]eta/\acker process,
it 6S Wx%d%@aor%%ht ena&qgirﬁ@ 0d R6hvBEELAt Badl écb%ceuc di rect

reactlon of et'hyl ene, acetic acid rrently, the

preferred routEhYETFaRy PrapERSTELISS ‘?ﬁ?d °% ﬁésBP?%‘ét°#eaﬁ,rt%]on of ethyl ene,
acetic acid ard omfgsorable eththmch.menﬂsmyhmangtEDk, tieet adesdmed

byproduct s. Theogucts Re§£9ir§éey§£é' AoeklibsaBLOPeRR UaRS 2

het er ogeneous orrre int hase at 5-10
bar (500‘“99@663%8#31}1‘ ’é?‘l‘f]“EteBéééﬁséa%‘Ft )&el’&@@ 8%Con 35
hazar ds BSsociaderd cwiahhytiipide) eacrhm,_ tHee EDaaeraoRingisteaction must

be performed in the presence a large excess of acetic
anhydride to increase the amount of vinyl acetate and
acetic acid produced relative to acetaldehyde. However,
even when excess acetic anhydride is added to the EDA
20 cracking reactor, the product distilled from the reactor
still contains large amounts of acetaldehyde, acetic
anhydride and acetic acid in addition to the desired
vinyl acetate. Hence, this process requires multiple
distillations and extensive recycling. Because of these
25 problems, coupled with the corrosiveness and safety and
handling problems associated with the Wacker process, it
is more economical to produce vinyl acetate by the
direct reaction of ethylene, acetic acid and oxygen.
Currently, the preferred route to vinyl acetate is
30 the direct reaction of ethylene, acetic acid and oxygen
to produce vinyl acetate, water and byproducts. The
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
35 hazards associated with this reaction, the reaction must
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- 3- be perforned mnth | ess than a stoichionetric anmount of

oxygen; hence, conversions of ethylene, acetic acid and oxygen are
typically %ﬁ&égﬁﬁ% 15-30 % and 60-90 % respectively. pApps@nismt el y
5--10 % of lene is 5 converted to carbon dioxide and approxi mately
1 %is " converted to acetal dehyde. The | ow et hyl ene and acetic

aci d conversions per pass require extensive recycling ‘along with a
carbon di oxi de renoval system Although the capital costs of an

et hyl ene-aceti c aci d-oxygen- 10 bas&d? vinyl acetate plant are high, these
capital costs are offset. by the generally |ow costs of ethylene and

acetic acid. J@%rfm@adwm%ésé Oéhéhg%‘{:%iéhﬁ.eﬁxetnc SRR g0 Viny!
acetate haV|3§qF her conversi ons t@ﬁss an ower yield loss to
carbon di oxi i §SCEs °°EY?|§/‘F¥RR§ SeErbviers. o??ﬁ%hcb%%’é Gute. The
process of oxygdrhearpr eypmbamyemm %,us-B0 &t hpleee-amekiC

aci d- oxygen- hased. fqule nﬂgsﬂom&ggxy Sk 8CLAkCornyiend N O

conver si ons per “pass an uant ities of
car bon dPoxi o@nwted to cerhen @w&ﬁﬁ angt appaezfémﬁQE%YnJyl*a%t ate have

al so : be@dih\ié:dtﬁdi t@acexamaényd@ nurHee o ethgsendt avdcetic seek
hydhogen ( sy KRR B hEL 007 edtnud ' Bfonane FRAPHLLR 20
materials. Asalong |V§4thstae|§§rb9ﬁe§ie°=£318 mmﬁéssyaﬁe@rt %%/mms gas to
et hgnol or dtnﬁ@tcméﬂltal cosebhgtfaaﬁ%aﬁglifﬂeg&cfeg&%yﬁgfﬁgb ézQ-nS have been
r;LSCIe&oacet?igiézwﬁgﬁ;’aéFﬁ@%ﬁyPi%?ﬁ r%&ﬁié%arﬁ%ﬁ??afﬁagtal °°§5§ pr oduce
aceti c anhydraxk.ofifsetody tbhegeserally ilowBGostsapfiydthvbens gudtial ly

hydrogenat ed 3&etf O UG, ED&hﬁBd a need3§£§éﬂé %6kda bBoéééé'f&Eher schenes,
the nethyl acetate et her carb I n_the presence

of hy AP, VT te SERRALE (haARY HikEed PRRYRELoun ber
Vari ati ons orpass sarahoseshyietBulless aamtca@amﬁhamdeothaﬁ theret hyl

acetate W th OMrNORN R4 i¢ALR9R- B8RPG Haddl route. The process of
the present invention, unlike ethylene-acetic
acid-oxygen-based route, indeed produces vinyl acetate
in high conversions per pass and does not produce

significant quantities of carbon dioxide.

20 Other attempts at producing vinyl acetate have also
been tried. For example, a number of these attempts
seek to prepare vinyl acetate from mixtures of carbon
monoxide and hydrogen (synthesis gas) because of the
very low cost of raw materials. Bs initial steps, these

25 schemes convert synthesis gas to methancl or dimethyl
ether. 1In addition, many combinations have been tried
in which methyl acetate (produced from methanol and
recycled acetic acid) or dimethyl ether are carbonylated
to produce acetic anhydride. In some schemes, acetic

30 anhydride is partially hydrogenated to produce EDA and
acetic acid. In still other schemes, the methyl acetate
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

35 methyl acetate with hydrogen and carbon monoxide to
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-4- produce acetal dehyde and wat er or acetal dehyde and acetic
acid, respectively; however, the selectivity to acet al dehyde in these
reactions i kg70 The resul ting acet al dehyde is th AQ%s W th
the acetic anhydride 5 to produce EDA. None of these
all-synthesis gas routes is economcally conpetitive with the current
comer ci al process based on ethylene, acetic acid and oxygen.

Because the production of vinyl acetate py a synthesis 10 gas- based
process ultimtely involves the cracking reaction of EDA, the process
I s pl agued by nost of the sane operational difficulties of the above

ment i oned EDAproducepaceeabdéingds (na eidtplreoe- dest yRibiaRd aindehyde and
acetic anhydri Eurther, f  1.he al|-synthesis . ed routes
e 8008 xRty SoledlR! AL Sedper VAR

require that two es of @ acli i . rwi se used.
The nethanol [RF@taldehyde inthese sdasticpgt dsiBoevmeRhe redudsingeous,

theor eti cal | y.adetalldahyfifeinther aRideal wifhethé #dthc anhydri@epr oduced
fromthe gDA q;roa%gioag étgg but, this 20 advantage is offset by the poor
selectivily to §ee %dehyde, which is characteristic of these

reacti ons. NoneAof ntheske sl ~eyndhessgnghe stoutyss dmmsed processes

based on EDA @icbrhigat oy edhise: BORI Grithl nkNebrilifl dindoia)f ecyol ed or

ot herwi se used or disgoseg of". £T§5, a nee .. exjsts tor a process to
prepare vinyl PXCSEEPCRASY QoeRthviene, grefiGeasi Ing FXYESi ¢ aci d
recycl e featuBecause the productiomcifeviayilcaocétpredns sesynrhesdien EDA

cracki ngio gasBeaadge fB@ééﬁ(E¥¥¥hdﬂélEh§n95§§§§ttﬂé“@?géﬂyﬁgprOduces 30
vinyl acetate _di rgctly i w Thout

r ac taIderde and ket ene,
si gni ficant ad&RE8Bi B¢ 00@'&? iRhPCesge 18 Plaghent &35 mast BE thGent i on
9 ¢-dati g ¢ . .

does not have samei gpefataonal difficeflitdeacof tkeyabeve n@hitdwneddEdaes not
require a |l arggocess $48L4 %%éﬁyﬂw‘éﬁa&%ﬁa&é‘é@ﬁd&ﬂ% P

acetic anhydride. Further, most of the all-synthesis

15 gas based routes require that two moles of acetic acid

be recycled or otherwise used. The methanol hydro-

carbonylation route is somewhat advantageous,

theoretically, in that the only coproduct, acetic acig,

is produced from the EDA cracking step; but, this

20 advantage is offset by the poor selectivity to
acetaldehyde, which is characteristic of these
reactions.

As noted above, all-synthesis gas based processes

based on EDA cracking coproduce acetic acid that must be

25 recycled or otherwise used or disposed of. Thus, a need
exists for a process to prepare vinyl acetate that does
not have the large acetic acid recycle feature that is
characteristic of processes based on EDA cracking.
Because the process of the present invention produces

30 vinyl acetate directly from acetaldehyde and ketene,
without significant acetic acid coproduction, the
process of the invention does not have a significant
acetic acid recycle problem and does not require a large
scale acetic anhydride manufacturing step.
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-5 The process of the invention has not been descri bed
previously. In contrast to the present invention, nost of the
previ ous prgsfapgset hat use acetal dehyde as a starti Lal al so
use acetic anhy r|de as a 5 starting material in order 'ﬁ%ﬁ&hEgA
which is then cracked to acetic acid and vinyl acetate. U S. Patent
No. 2,425,389 teaches that the preferred catalysts for - the cracking
of EDA to acetic acid and vinyl acetate are aromat i ¢ hydrocarbon
sul fonic acids and that the 10 crackTﬁﬁ'?eaction shoul d be perfornmed in
the presence of at least a three-fold nolar excess of acetic
anhydri de OVehe Ep¥oédndiid /& e 4ntllt ioR Al Ak kipad

U. a kg A" %E%§ggfgg Fso t eaches

vinyl acetate__The peess
that acetic affy H?Pgﬁ Kvst1§£9°n§ﬁiﬁﬁ ﬁ&oﬁ?ﬁypﬁﬂsﬁﬁﬁéﬂ“ﬁﬁmPﬁ@ n*R8bre to

repl ace that of thenprevidus qemodemts that use acdtnlduhy@eampoa Processing
44 (11), 278 Gt3OPinkNEaterial MU SRalERCE L Do A, {die 200l T NUOUS

producti aon of v ¥ tate from ace e "and aceti c anhydride
teaches 20  StAX 1B€e‘!‘%¢%¥ﬁﬁde’-fhm¥d§é'efipcmahﬁ A devhdrch deathen
toget her in orrackedtbo dcetioduid QR vihgl H¥etscd heny, s. patefcked in a

o are T omsysabuaryioy LOub o' chpy prefEEIH RARIARE FBCT

whi ch are renpyved” 6ver head al 6ng
distillations QPeCQSCki%r?%rE% %agepacaeei@rﬁnd atigpdr agetpakeagze at e,
acetic atofagid Hﬁ@f@ddi&fﬁtﬂ%ulf&ﬁxé%&ﬂgeéh@ﬂ:ﬂa% fefp@n recycl ed

to the re nces e ent I nventi on, t he
ot her h?‘% d%%égfr% ga‘l% }ouldt% cgﬁffﬂﬂﬁ?% ’i’httr}’c?d@&'tersﬁﬂcﬁfc’ cetic
anhydri de and ai’roleaﬁ‘\io@lu"e@see-aﬁolﬁomola@neWesao@ ammiitcs aphydrééec acid
when per f or re@vepdepat €6 d&ﬁ&@ﬁﬂﬁﬁe@%&d&kk?ﬁﬁ to acetic acildl @dy, in The

Cod ¢ 2?5  Sony i Legeetate it troces, FY kS 2BAHSRIEP: ( caches that
ket enes and 3%, 425a5&%h§h%% tesltes nhaheapee$enmmhxﬁrﬂdammusac|ds to
15 continuously be added to the mixture to replace that
which is depleted.

In Hydrocarbon Processing 44 (11), 278 (1965) the
process described for the continuous production of vinyl
acetate from acetaldehyde and acetic anhydride teaches

20 that acetaldehyde and acetic anhydride are reacted
together in one reactor to produce EDA; the EDA is then .
cracked in a separate reactor tower to produce vinyl
acetate and acetic acid, which are removed overhead
along with acetaldehyde. A series of distillations are

25 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 the other hand, does not require the
continuous introduction of acetic anhydride and

30 produces, at most, only trace amounts of acetic acid
when performed under the preferred conditions.

Brady, in The Chemistry of Ketenes, Allenes and
Related Compounds, Part 1, S. Patai (editor), John Wiley
and sons, New York, 232 (1980), teaches that ketenes and

35 aldehydes react in the presence of Lewis acids to
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- 6- produce beta-| actones. Thus, Japanese patent application
No. 47-25065 teaches that ketene and acet al dehyde react at 5-15[err]C
in.the pre t he Lewis acid boron trifluoride t [ ebeta-
5 ° butyrol act o%gebt,and conpares the activity of this catal ﬁ‘tgmps g)gl“ly"l"'ﬂ/vlth

t hose of other Lewis acids such as zinc chloride and iron

tetrafl uoroborate. Japanese Patent Appli.cations Nos. 49-131718 and
49- 134954 teach that silica-alum na catal ysts (which possess both

Lew s and 10 Bronsted acidity) are af o -active catalysts for the
conversion of ketene and acet al dehyde into beta- but yrol act one at

bocaiie whon PRSI adidndiE e, sepa MY AR TE, LY e

because when n the presence of
Lewi s aci ds 15‘PP bFth‘é“ NP i +7225965i rpasbes Uihata kafiensh apdssesses bot h

Lewi s and Broaeeedlaehpastwaw@t st-h3°ce§1bl|1§hé spresenceb%tfathutyrol actone.

It is well h reac i zabl e ketones in
the presence %%Qé%o%é%&? acl dt%gl #a \A%‘a&%"%ﬁiﬂ %ce &Sters at 50-100C as
descri bed®, fobPutyrolagkens|and igpmpargs Phe emctiNGity? of3Eh340cafalysier
Japanese Pat entitApphos@ioDrotdier 48wiaSdfidddivd &% tHdl chlorm&@e

ef ficiency of ketene with_enoli zabl car bonyl

conpounds_ usi néﬁ g&ga%%‘-r’%sﬁé‘ ERLEr s T RRRESS tqnl’fer einis related to
t he ease of eﬁEPﬂ-%aﬂ?&ﬁP%fNQﬂweM -131738r &ody49-ckBqesdndtealch phaticul ar, in
the presence gfilica- alﬁuﬁﬁﬁrdat%tl%téclmh%%%s@éﬂ B YRR QﬁdJapa”ese

Pat ent i cation acef oacet at_e ts with

ketene rfore r 58?135&?%‘?1"% 56"&8 é°t6°§%)"e ‘iﬁ‘iﬂ?@’@é‘st I#@rCBFPespondl ng
enol esters. cbnvedsion @f keteneMandhacetaldblanizednBcgderita-Chenistry, 4th

Bd., John . bublk6Vadishs Gts 10M¥e¥0r kenalSle $ox boCRES-H0E the

rate of acid-catal t_g}nolzathnlig ortlo
concentrati on®8f¥p J6‘?‘5n VAN Ppraves twhem, ketene apds sane ref erence,
on page 250, dEethldélyde ta rieacted in the presence of Lewis acids

15 or the solid acid silica-alumina, which possesses both
Lewis and Bronsted acid character, the result is
beta-butyrolactone.

It is well known that ketenes can react with
enolizable ketones in the presence of Bronsted acids to

20 produce enolic esters at 50-100°C as described, for
example, in U, S. Patent No. 2,487,84S3. Further,
Japanese Patent Application No. 48-75510 indicates that
the efficiency of the reaction of ketene with enolizable
carbonyl compounds using the catalysts system disclosed

25 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
Patent Application No. 48-75510, ethyl acetoacetate
reacts with ketene more readily than does acetone to

30 produce the corresponding enol esters. In addition,
March, in Advanced Organic Chemistry, 4th Ed., John
Wiley and sons, New York, 585 (1992), teaches that the
rate of acid-catalyzed enolization is proportional to
the concentration of protonated carbonyl present. In

35 this same reference, on page 250, March shows that it is
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-7- approxi mately 1000 tinmes nore difficult to protonate an

al i phatic al dehyde than it is to protonate an aliphatic ketone with
an.arene s ' cid. Thus the prior art t eaches E%{al]t | Z:ﬁuld be
very di ffi(gﬁvh% %87%repare an 5 enol ester froman alip "‘651‘92{9‘% yde.

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

al dehydes to produce unsaturated carboxylic esters inthe presence of
a strong Bronsted acid catalyst in a tenperature range of zero to
80[err]C. 10 U. S. Patent No. 2,422,679 enphasizes that strong acid

catal ysts, such as sulfuric acid, are preferable to weaker aci ds such

as p-tol uenes ' ' | S ] . i achi ngs of
US Patent Ng 2 4%‘?,&%‘18" mgwﬁ%ﬁqﬁ‘é’sf& BéF@%?@%‘gp% é{a}iol %Elaklg “48- 75510
and those of P3iPhfifrEnaldekude thash ikhds 5al pretenaks dn alipbatas the
catal yst, thekeftbnei ety 2 dPenraageonief abidS. TaiLthe priorMNart2, 422, 679

is |ow and, o] i f al dehyde are reacted with 2
mol es of ket e\#eé%‘g B%Eb?ie%é e %%&&vteﬁg §§§%Ja‘f% e PEFRRGR 8™ aci d
mxture a& 15 ] epteyofrom & yaliphat izl alglehydee ketene is converted to
Vi %I acet at g.aBt ePatél?: fﬁd({ lrf{.%zizs, tsdbtsaéééﬁfbeé N z‘e!&%?:ib?e heh
nunbers provi s patent .are consj stent wi e
ket ene converg’?ﬁ#?%%?%*%caef%?}gdes =2 BEPARCS IR IRAREY) 21 9% rat her
than the acet SPgbRYHéiosestexs rirertdicoprioeenge 24£f % stheongpBrensted of

acet al dehyde @eid cataYysy!imCelddidltatbal8sgd LARRX WP Rky:, 8 % based
on 24 he Iéxagpl B %r%nﬁjr@ersz) The_’%roceﬁs o? t e%__resent , . invention
is a definite i'mprovanenr dver? 14%e frgcEBhapizes thay sgropg: apidno.
2,422,679 bec&asalupthersyck|al suidsedcl3@eid, card gite fextatle and

acet al dehyde, waaRe@Dha1as didh I p-tolueRbEiPRini &\d OHlknUENgn N gher
t enper at ur es ker cat a,I sts _under continuous conditions rather

and , . we r
t han t hEF8HE wi'é’i‘rp%#%t’iﬁaé%h S Bn§erPRERD Y& s 248dr BERe
bat ch or seni JspepkRseoRatenpAapplidation Rat eas-NB1B%2and thosa20679.

15 March above. Even when sulfuric acid is used as the
catalyst, the efficiency of the process of U. S. Patent
No. 2,422,679 is low; and, when about 5.4 moles of
acetaldehyde are reacted with 2 moles of ketene {bubbled
through the acetaldehyde-sulfuric acid mixture at 15°C),

20 only about 21 % of the ketene is converted to vinyl
acetate after the mixture is distilled. (Note that the .
numbers provided in Example 1 of this patent are
consistent with the ketene conversion to vinyl acetate
being approximately 21 % rather than the acetaldehyde

25 conversion being 21 %; the conversion of acetaldehyde to
vinyl acetate calculates to approximately 8 % based on
the Example 1 numbers.) The process of the present
invention is a definite improvement over the process of
U. S. Patent No. 2,422,679 because higher yields, based

30 on both ketene and acetaldehyde, are obtained in the
present invention by using higher temperatures and
weaker catalysts under continuous conditions rather than
the lower temperatures and stronger catalysts under the
batch or semi-batch conditions in U. 8. Patent No.

35 2,422,679.
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- 8- Eur opean Patent Application O 348 309 Al describes a
process to convert EDA into vinyl acetate in the presence of a ketene
strean1and gﬁigmpatalyst (preferably sulfuric aC|ngB£ tene in
that process reacts with acetic acid produced fromthe cracki ng

t hus produci ng acetic anhydride; as the acetic anhydride | evel buil ds
up, a nodest increase in the anmount of vi nyl acetate produced is
observed conpared to that produced _in the absence of ketene. However,
in the 10 process of European Patent‘ABprication 0 348 309 A, much
of the ketene is wasted and the vinyl acetate producti on decreases as

EDA is depleted. Fu %es %5*‘385 %ﬁpﬁéﬁs‘ﬁg’ﬂ 'y rsguce BhECEP SafbcHLdyean

Pat ent Application e pro N a separate step
before 15 t e PERRASH SO SANELEECERA intip Hmydedsesptenin cthe ent
i nvention i s npedsermtes off i ReeahetBﬁﬁeiﬂnand)farﬁubﬁﬂeaatalyst Pat ent

Application O %q% ratg E i nPER ep is
not required; 6%4% hﬁé’ Qﬁ?_§{1§fcaa§%\§/’€nt f@lﬁ' %%ttegﬁelgn eéﬂ?%%de are
fed to a Peact¥packs W’*t‘%’gé?ﬁié#c aaid Kereducesd £ron ﬁbéhEﬁhgﬁ@Cklng

Summary of thethuw es¥dduting acetlc anhiale;d@r-e%@thenaeatwnaﬁmm a nore

efficient and route to productiqgn vin acgtate than
previ ous pr oce%é;‘é%l ebﬁéﬂ%?ag’gd 3b‘89§e h:gncrﬁe&sgmm 2he B'F"B%%%s voi ds nany
of the di sadvaniriffeqasitatecpprfuced is observedr compaped, tohehatventive
process does rgtoduced AnO¢necabb8Abé | SANMet@IRN! | HoGavat Cfﬁbaib di oxi de and

SN CIS AT R TR | B
copr oduct i on cﬂ\u%htézﬂ &hecketene istwasted sy shehwinyht hestatgas based
processes. pro&ﬂHﬁ@fﬁHec&Q&sQéoﬁﬁsﬁnﬁofss dé%tle'i:%ﬁu' rPufPRLE NUGls 35
I ntroduction Qécht?stelcf: anft%e process o% r-iieurope antPa ent Lppllcatlon
0 348 309 Al must be produced in a separate step before
15 the reaction can proceed. The process of the current
invention is much more efficient than that of European
Patent Application 0 348 309 Al because a separate EDA
production step is not required; in the present
invention, ketene and acetaldehyde are fed to a reactor

20 together, and ketene use is much higher.

Summary of the Invention

The present invention provides a more efficient and

25 economical route to production of vinyl acetate than
previous processes. As stated above, the present
process avoids many of the disadvantages of the prior
art. For example, the inventive process does not
prroduce significant quantities of carbon dioxide and

30 gives higher conversions per pass than the
ethylene-based processes. 1In addition, the present
invention avoids the large coproduction of acetic acid
that plagues the synthesis gas based processes.
Moreover, the process does not require continuous

35 introduction of acetic anhydride. Further advantages of
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-9- the present invention are both set forth above and

apparent fromthe exanples set forth bel ow The present

i nvention r Bsg76 0 a process for produci ng vi nyl rising
the steps ofﬁb%g contacting a m xture of hydrogen and ketene w f'ﬁwp
transition netal hydrogenation catalyst to produce acet al dehyde, and
subsequent|ly contacting a m xture of the resulting acetal dehyde and
ketene with an acid catal yst to produce vinyl acetate. In particular,
the 10 present invention relates to a Tonti nuous process for t he
production of vinyl acetate conprising the steps of conti nuously

feeding a 0astHATBEEELAD LVGIAGR Gre borh WL BH LR Mo BHANAl | Y, 3

non-reactive diluent gas i rst contact zone contalning a
hydr ogenat i on ®PREEFYEL =43 tlt%rﬁiﬁ"’imlﬁg get, fexhR iRt al ; conti nuously
removi ng aceThédphgsbnﬁrxnudﬂuldhlr&laﬁ@@tﬁwﬂaIyrubesgombknu0U8|y

feeding a gas angaﬁ#ona#ﬁ eaﬂ?et%.'%% tcgglgggsigédteljpé/d%ﬁ fromthe first

contact zone RIFEIL TR TheRRe R gas to a second
contact Zbne E’Gntac bRY a7 rfP#?EPbF@ &f ydzogensandrkptenst wdtdl By, a sol vent:

and ContlnuouskanbeﬁﬂaﬁrméﬁhliHyd%&géhaﬁﬂaﬂréétimyéﬁTBH producedcCet at e from

t he second co produ nyl
rcotate has nasseaydghise “dind HecBuBRETS goncacefiic B BHAELAE $E1Y.
forth above, tﬁ@lEﬁﬁﬁﬁt%%6639§¥ald§hﬂﬁélend #wtnnﬁnwxnh.@m.apnﬁl acet ate and
i mpr oved cayhkygs. to producélﬂi%yﬁeﬂc5€§€é'ptiﬁ”bd¥£ﬂ3@§aknvﬁﬁé'on 30

o o o 5 ot e BehP AL 11 RV L% lonc ol Chidcay BE2°0SS, 100
are reacted i fhe produgkion axforviaydf agehgtle ogemmti simer ahal wsepsoopr oduce
acetaldehyde coheinasutly NtedlificAladgaydeohSr {4 dd'Yetene and
hydrogen and, optionally, a non-reactive diluent gas to
a first contact zone containing a hydrogenation catalyst
15 comprising a transition metal; continuously removing
acetaldehyde from the first contact zone; continuously
feeding a gas comprising ketene and the acetaldehyde
from the first contact zone and, optiocnally, a
non-reactive diluent gas to a second contact zone
20 containing an acid catalyst and, optionally, a solvent; .
and continuously recovering a product comprising vinyl
acetate from the second contact zone. Our novel process
for producing vinyl acetate has many advantages over the
prior art processes, as set forth above, including more

25 efficient production of vinyl acetate and improved
yields.
Detailed Description of the Invention

30 The object of the invention is to provide an

efficient process for forming vinyl acetate. 1In the
present invention, hydrogen and ketene are reacted in
the presence of a hydrogenation catalyst to produce
acetaldehyde. The resulting acetaldehyde is further
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- 10 - reacted wth ketene in the presence of an acid catal yst

to produce vinyl acetate. The process of the invention may be
performed iooegnsg7e t WO separate contact zones or it may beReidRidRd in a
5 single contact zone. |f two separate contact zones are used, a
first contact zone is used to hydrogenate ketene to acetal dehyde in
the presence of a transition netal catalyst; a second contact zone is
used to react -the acet al dehyde prqguced in the first contact zone
with 10 ketene in the presence of an acid catalyst to produce vi nyl
acetate. If a single contact zone is used, ketene and hydrogen are

reacted in thegacteeneethf katénanix (il presenceebdbhl ag ad iy Yatalgsan aci d

catal yst to pr&?ﬂ‘ﬂﬁ%d‘@c@ﬂrin 1 ate. It is generally preferred to use
two separate 15 ont act gonae% ecause when a single contact zone is

used, reduction of TPRePREFESE PHIShe invensisni may be pexfaymgd yinand
inhibits the amd weprratet bontadhddned) or it mEPtBe SafFddmEd inugt her, when

the reactgon i r.far in I ngl e_contact zone, the acid catalyst
may be 20é prs}s At g:sogglgfﬁe%mée’solﬁfolscéwggfgﬁg eO?ozé%acgq] 39S uﬁge

solid aci d catufefst 8 RAERtt pentael zonelipsused be hydrogénade ketensol id

aci d catal yst td heetaddehiy@8 oh tHe PMddbnee of RatAANSit AN ofet@li Nhibition

of the transitjqn al atal yst may be retacrded. However, when
operating two al%%én?aﬁ?c’?%‘ﬁe%?n%a% fl‘%reele U r'b%e‘?ﬁa%tt&‘?e and
acet al dehyde adetiaddehyfer produerdicin ihee fiargtbeohtaict one witdk second

contact gene LacehedysetukNyleSERdA St Wrl BOYR catalyst HU iy affecting
the activity qf, ' ks ara YThg{Bkgt ene used can be

t he_acid catal yst. 30
produced by aﬁ@?‘né’a Fﬁgkate‘ I:Brﬁm‘?l"'@teeﬁ@pf:ﬁfzﬁi AORE bt U5ty SSERNSS acetic
acid delapdr dydungencare creadhyat! iide ther phgsesce dbked erxansition
pyrolysis or eRbAN@aRRYPLYShSa 48 Aid %Q%a&g%?gtggﬁfg%%/ce vinya |S

referred to prepare the ketene fraom acetic rolysrs for
b %ﬁg%ate. ?t Es generally preferred to use two ;Lparate

econom c reas g

15 contact zones because when a single contact zone is
used, reduction of the acid catalyst lessens its
activity and inhibits the activity of the transition
metal catalyst. Further, when the reaction is performed
in a single contact zone, the acid catalyst may be

20 present as either a soluble catalyst or as an insoluble
solid acid catalyst; when the acid catalyst is an
insoluble solid acid catalyst, the reduction of the acid
catalyst and the inhibition of the transition metal
catalyst may be retarded. However, when operating two

25 contact zones, -a mixture of hydrogen, ketene and
acetaldehyde exiting a first contact zone may be fed to
a second contact zone to produce vinyl acetate without
significantly affecting the activity of the acid
catalyst.

30 The ketene used can be produced by any of the
common ketene-forming reactions such as acetic acid
dehydration, acetic anhydride pyrolysis, diketene
pyrolysis or acetone pryolysis. On an industrial scale
it is preferred to prepare the ketene from acetic acid

35 pyrolysis for economic reasons.
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- 11 - The acet al dehyde enpl oyed in the present invention

i s produced from hydrogenating ketene in accordance with t he process
set forth i application Serial No. 08/ 619, 385, ch 21,
1996. Hence, #ngpesulting 5 acet al dehyde shoul d be fregadpgﬁg$%2 anDunts
of ~conponents that normally react with ketene. That is, it S
preferable to have acetal dehyde that is substantially - free of

nucl eophilic jnpurity conmponents such as water or al cohols since these
can react with ketene causing 10 yiel¥8lloss. It is often advantageous to
I ncl ude trace anounts (greater than 5 ppn) of a polynerization

i nhi bitor such as per. dr ogui none, der.i vat.ive, . Lp.regions of
the process where @BE %%%%e[a}’é’wes emg%yﬁ etBhe Rressnts :.pgehg%&g

r equi r enent oﬁStDGOdnveﬁtfxnm h&ﬁrogenatlﬁyekemﬂneﬂx&ﬂﬁﬂﬁyrdsadelwlthe
present 'nVenEhEnpkécess séH(¥B¥%%g1BYUh¥dr9&§T¥Eéé¥bﬂﬁéé9%%§nﬁbunder very

mld con | din conbl tion
known ket ene- %ﬁ ﬁggc?ﬁ;f nﬁf{ﬁ%%g’sgﬁ' gggertn‘? FeE 6’?gacetyl
and rel atied cergtahdshydeslasulat die £x28 of dharge am:sirius afhydri de,

di ket ene, and c%aﬁbﬁaﬁtéotﬁ&@tmmauy %Q@EyafthTmeE{eepawa@&sof it
acet al dehyde Qccurs pr ésen

nti.on ste (D)
contacting ﬁFﬁﬁgﬂ dﬁﬂlﬁﬁFbﬁgeﬁ i@g rF%F% %ﬂ%ﬁ%? Eﬂ?£i¥ng a
met al selectedrheoafthnckéaphﬁﬁrn(ﬁmp@rdupscempmmbﬂﬁh:Ehch asl Weeexr

classificatioRgy Fﬁeﬁﬂofs sfﬁbefﬁhfggjchh rQEQHDW1th (ngﬁé_éyusl g and Pt) of

the periodic tab enat 1 on zone recove
acet al de¥fde #iGAE loss. tH@ZHyﬂﬁﬁﬁ@ﬁaPﬁUﬁnﬁéﬁ%°u§¥$QuﬁQQ}Wﬂﬁo$€acﬁhen t wo
separ at e cont afibunosetgregters ethdrD ppah)icof va nydlyiterizaatieinat e, the

Do 0" kst ephn o6 Al e o BN LA 2L
contact zone. I@Fegmnsn%@e‘l’-h‘brmsf UPGEPonY%ga%@t@ déhyde does not
i nvol ve the f@reaenen bhtkehbneigaictl acesphexenedf dhechid invelitidndescri bed
in the Iig(arature The acetaldehyde used in the present invention is
produced by hydrogenation of ketene under very mild
conditions. The process can be used in combination with
known ketene-manufacturing processes to convert a
variety of acetyl and related compounds such ae acetic
20 acid, acetic anhydride, diketene, and acetone to acet-
aldehyde. The preparation of acetaldehyde occurs in the
present invention by.the steps of (1) contacting
hydrogen and ketene gases with a catalyst comprising a
metal selected from the elements of Groups 9 and 10
25 (IUPAC classification; Group 9 = Co, Rh and Ir; Group
10 = Ni, Pd and Pt) of the periodic table in a
hydrogenation zone and (2) recovering acetaldehyde from
the hydrogenation zone. As noted above, when two
separate contact zones are used to produce vinyl
30 acetate, the hydrogenation of ketene to acetaldehyde
would proceed in a first contact zone the product from
which may be fed directly to a second contact zone. Our
novel process for producing acetaldehyde does not
involve the formation of ketene-metal complexes of the
35 kind described in the literature.
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- 12 - The process for produci ng acetal dehyde may be

operated at tenperatures in the range of fromO and 250C al t hough | ow
tenperatures give low reaction rates and excessively high

t enper at ur egyomsuseys accel erated 5 degradation of the kercumsmg4std ting in
yield | oss. Thus, a nore preferred range of tenperatures is between
50 and 200[err]C. The nost preferred tenperature range is bet ween 70
and 150[err] C The catal ytic hydrogenation process for producing
10 - acetal dehyde may be carried out at” pressures ranging fromO0. 05
to 100 bars (5 to 10,000 kPa). absol ute (pressures given herein are

bars absol ute and kP&)ne procesbbi‘Bi/ romezgsb\éahnaeapd@rww@s i ncrease

th bilit f t f ket t
prgducts mﬁgf%sl%%if@é?% \7& gewgr \Iégé]%%é% ene BSV\éEE‘I:I ém 0 ag’af%t i on rates

and it is diffi aBa°CQ altbdoogh low tﬂmperaturesfgonethewrﬁeantxnn rBE¥€Spr ocess

preferably is Caérfd %J:cess:.ve? thf% et e%f chhed Qcéei&%%c%arlg l(Jg-l?st 0

2,000 kPa) with st efer Jrom
(25 to 1,009 kP e9r4§§5%9 °Engﬁek?§F & resy] i (S §%ﬁﬁsa}ﬁﬁfzand used at
a pressure of orEhu=pr a more préfekiag xzmgﬁsuﬁbtempéeasuremeiénhhnﬂgenat|on

nost convedy eild %olo®cSar £h& dnOitt rﬁéef%r%ﬁs$ ﬂ tP€ Lige is (100
kPa) or |ess. 25 The reactant xture 1 n the ydrogenatlon zone
(i.e., the firstPet¥ReR:{79,8R8) 188%Cronsi st essential |y of 100% ket ene

and hydrogen, or a nahee@atalgticnbydjogenatioti presessgafosumiodieeimgt r ogen,

argon, hel wn oraéé&htdehgag pggdggcammtbstaggsgsufantf%&n?iml , the

presence o ve driluent reac e can
assist with the ¥ Pal05oftchdqP PaBen ﬁustq ado008nkPaheabsolute Wien used,

inert diluents c@prexstyessgiveanhdéréin Hre bars wbbulBt ecas® kpaf. t he
reactant feed. TG daG OexconatvBIF RO HAMILS Phodbligringas 1 educes
t1ran t

the rate of the ion O r oduct
possibility of the formatlon of ketene polymerlzatlon
15 products whereas excessively low pressures cause lower

reaction rates and it is difficult to remove the heat
from the reaction. The process preferably is carried
out at a pressure of from 0.1 to 20 bars (10 to

2,000 kPa) with the most preferred range being from 0.25

20 to 10 bars (25 to 1,000 kPa). Because ketene is
normally generated and used at a pressure of one bar
(100 kPa) pressure or less, the hydrogenation most
conveniently is carried out at a pressure of one bar
(100 kPa) or less.

25 The reactant mixture in the hydrogenation zone
(i.e., the first contact zone) can consist essentially
of 100% ketene and hydrogen, or a nonreactive (inerxt)
diluent gas such as nitrogen, argon, helium or light
hydrocarbon may be added. For example, the presence of

30 a nonreactive diluent gas in the reactant mixture can
assist with the removal of heat from the reaction zone.
When used, inert diluents can comprise from 1 to 95
volume percent of the reactant feed. - The use of
excessive amounts of diluent gas reduces the rate of the

35 reaction and make the isolation of the product
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- 13 - acet al dehyde nore difficult. The presence of significant
anounts of carbon nonoxi de can adversely af fect the hydrogenation
catal ysts, \fégﬁfsbﬁl ly the preferred pall adi um cat al y$gmusdip@saf ore,

t he reactan m xture normally should contain |less than 1 vol une

percent carbon nonoxide, preferably |less than 1000 ppm car bon

nonoxi de. The nole ratio of hydrogen to ketene may vary

consi derably,. and may range from0.25:1 t0 _10: 1. The 10 hydr ogen: ket ene
nole ratio preferably is in the range of:L 1:1 to 8:1, nost preferably,
2:1to 4:1. Hydr ogen: ket.ene nole ratios below 1:1 limt the

conversion of dwitildetpdel AvLE ADEFIAlR .Of Theapkksénce of Al though the rate

of the reaction i . s with 15 i.ncreasing.hydrogen; ke rati os,
excessive armugr}'tdénq'cc‘)"rfl dnt aﬁ%’?‘éﬁe?lfi é’é’sé""f’ﬁglg%f?%gu?‘?‘g/eésﬁeg untered in
i sol ating t he gffgftctheahydrogenatiben ctatalysssi veppecially &ife anounts of
hydrogen in cqiiifedide@npailAdion SPOLEysts. TRBEPEELYe fahd aSdddtant t he

s been 5 UMK ABREREL (R nOPORS (AHGA 1658 PPRRULEOT R he

process of thepenoentt icarbobunonthide agatefierabdy less theamcl0d? @pat hi gher

conversi ons. esarhon monoxi8eetals that catalyze the hydrogenation of 25
ket ene to acet aaf dehyde according to the Aar esent i nventi on may be
found in what was f%’fenﬁpﬁﬁ FeFHe s gen toykprepe BRBUAM |1 A of the

peri odi ¢ tabl ecarsitdesrably, aptemewntsamyel fxonr @.2pelki €ocdily, Vet currently

S err‘rqﬂ, ﬂé@ﬂs f Polall e; of | enent s.
The cat a?'?/st prefer ab'kgfgﬂgeﬂ'g%‘fgeﬁé‘;f%%{éﬁ@a%%ﬁ%rﬁ Rp'l:%%]iern%%ear? .
especi al |y, patiladiuf:1Th@ost Prefe¥aliy.c Jvdt &Ps4ihy be used in the form of
unsupported Hydurejem:ketenthmpleatatbiogideicwn it:helinith tihiea supported

cat al yst COWF&:?NEQ:&H%% ot ﬁé!&ig& £‘E<§ ?ifov%ezp%ﬂet 2dt8Nof PRact £t al yst

support material. um na, carbon, titanium _

Although the rate of the reaction increases with

15 increasing hydrogen:ketene ratios, excessive amounts of
hydrogen increase the difficulty encountered in
isolating the product. Also, the use of excessively
large amounts of hydrogen in combination with low space
velocity can result in the production of scme ethanol or

20 ethyl acetate after most of the ketene has been
consumed. Ethanol normally is not produced in the
process of the invention, but ethyl acetate is
detectible at higher conversions.

The metals that catalyze the hydrogenation of

25 ketene to acetaldehyde according to the present
invention may be found in what was formally termed group
VIII or group VIIIA of the periodic table of the
elements and, more specifically, what currently is
texrmed groups 9 and 10 of the periodic table of the

30 elements. The catalyst preferably is selected from
rhodium, platinum and, especially, palladium. The
catalytic metals may be used in the form of unsupported
metals or they can be used in the form of a supported
catalyst comprising the catalytic metal deposited on a

35 catalyst support material. Alumina, carbon, titanium
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- 14 - di oxide, silica, bariumsulfate, barium carbonate and

cal cium carbonate are exanples of suitable support materials. The

Li ndl ar cat gh¢yagnsgal | adi um on cal ci um _carbonate ”Ddip{:jrﬁ&ﬂéﬁ | ead)
also is effective for the 5 reaction but is not as selecCtive as

pal | adi um on t he ot her supports nentioned above. Wen a support is
used, the netal |oading may range fromO0.1 to 10 wei ght

percent. Metal |oadings outside these ranges al so performthe
reaction but in general do not optinze ¥he 10 use of the nmetal and
support. It is often preferahle to use an unsupported pall adi um

catal yst, such | agi 2 SPO because hydrogen_treatment often
restores dgtz}tt%él't %%?8@??5&?’.&%%%%&%"? egaﬁﬁ?ﬂaﬁés orted
catalyst. It af3bciiy darhesssebroet examples dfheuifableasapporital | y-active

netals in the haterflsal tTheOLindlar P WReS(pMIhaRiBhCosOtaPbfur N 2
' ' ' 3 "Dr.OCEsS e.carri ed out.
c

liquid reactio Leal Which the p b | e
Vari ous nodes g?{%p.era im(?r?‘?gé'ﬁgbglbﬁi}?az 4 44po 1is ré%%faﬁﬁiﬂf?n L% dehyde
accordi ng3t o tFRAFHIhtuWn isFppt28s sekectpive ashpajiediem omytiee used as a
heter ogeneous, other supfidicsd#5818h08 BoVIC! Gitked 2V 8B8PoL 078d (G | ST N0
ket ene, hydrogtgl? andrﬁotl%gallr\lll, a nonreactive diluen ] gas I's fed to
a reaction (hydrod&h ]1§'r?)a SHeMBBNF 2RI ngrom 0.1 5Re18, wadgRt beds of the
above- descri bepexcantl ysiMetalnl2Bdingal twrside thelget pangescaliso node of
operati on conshéifostf the resBriBROBLL! MNILUAALIIARNASE BLOSERS. WiRI o1 N 2
feed gas CO?{' %eggl ketlene, ydr og an(?,_. optionalty, & nonre-
active dfPuent¥fRLs ¢ etglaapd BRPRAF Lond te dft BERPRgPYeLerallf toat al yst
as a finely diwselexh susmpported pahladium MEY=A96l), Veubh s dod BRdivan medi um
such as i ner pdiide, becaubleHPRROYEE ARRIAIIRNYIR HRY DELEIOVEd from the
reaction zone b‘%/ 5818‘5 strippl E% | n~anot'her “enbodi ent t he
vapor /| i qui d/ STT PadefePhoaCobl veperiharodt does wighxawerrirtsske gas
feed and a norcatmlysre | iluadsoamapebdipossifad te ampyeyogaation zone
where i115S PaSsethMRIa1u88active metals in the form of salts or |
complexes which are soluble in a liquid reaction medium
in which the process may be carried out.
Various modes of operation can be utilized in
producing acetaldehyde according to the invention. For
20 example, the process may be used as a heterogeneous,
vapor phase process wherein a vapor (gas) comprising
ketene, hydrogen and, optionally, a nonreactive diluent
gas is fed to a reaction (hydrogenation) zone containing
one or more beds of the above-described catalysts. an
25 alternative heterogeneocus mode of operation consists of
a vapor/liquid/solid phase process wherein a feed gas
comprising ketene, hydrogen and, optionally, a nonre-
active diluent gas is fed to a reaction zone containing
the catalyst as a finely divided suspension in a
30 nonreactive liquid reaction medium such as mineral oil.
- The product acetaldehyde may be removed from the
reaction zone by gas stripping. In another embodiment
of the vapor/liquid/solid phase method of operation, a
mixture of the gas feed and a nonreactive liquid can be
35 fed to a hydrogenation zone where it is passed over the
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- 15 - solid catalyst in a trickle bed node of operation.
Finally, the process may be practiced using a honbgeneous cat al yst

solution c g%# g of a salt or conpl ex of the 114373
catalyticalg‘flid 7gctive metal dissolved 5 I n a nonreac $¥Q§sfiquid

reaction rredi um (solvent) to whi ch the gas m xture conprising ketene,
hydr ogen and, optionally, a nonreactive diluent gas is fed. Such
honbgeneous operation is not preferred. The hydrogenati on process
can be operated as a 10 batch, sem ZcbhtT nuous or conti nuous process.

The nost efficient operation of the hydrogenation process is

achi eved by 0pg1pdi Sk RAPHEC GBS BrEOREé NBQIShoad b2 operat B8R ST Ogeneous, gas
phase node of oge{ftlo%l n this gr eferred c’EEt hod of operation, the
process of thEXH8LLY, | RECSEEEr BAY dRe PRACHIREL MFPHuBUs production of
acet al dehyde hgmopenestwpTafalyst sol(tjon cernsisnisigy ofeadsayt aowapor (gas)
comprising  eomplex oX¥r%a Qig‘ﬂgﬁﬂlﬂ%%%e)éi%@ﬂeﬂi aiBgateaal! ve

diluent gas t9 a reaction (hydrogenation) | ) ont al ni ng one or
more bed® of Ehe® RPRFSAGLIMNS y 1iquid reaction mediupe (SRYPURBELNER i on

catal yst; andwhich t}e€)gaEmiixtudescypmpei®ing ketegneqdhytrggencamdy i si ng

acet al dehyde E?Qﬂﬂmé,eai?o%eégggive diluer Ec‘gea‘siaatiaé ¥3kS Usfgn!n the

preferred heterogeneo . I nuous pro s “conpri se supported and
unsupported homogpnReeys|iGRATANINy desnohsprrfiexraeshove, in the present

i nvention, the prothethydigemtiiyae pioyess edan @R lopliralted as aketene in the
presenceg ,0f a i d 1 ) roguc ....vinyl acet at 30 Wth
respect e"loo t h%"ﬁ?&f o%%ﬁlgtél/&o%t%%gg‘ts i gg S?Wé”é‘é%us fyoc %L'IH ?hgp‘g%t velocity
(GHSV - vol uneéfaeiertceranation of thevhydregenatdamalpyrocegerifour) of the

ket ene- cont ai BbRfeved by lGx=ingd RBelbrd88Es IASRAS thRRG1¢28nr ange from 10
to 100,80g using the preferred hetero eneou%:node gf ég. operation
The GHSV pref 8FaBFJIFE=THE + FRS ANGESPOTPO operation. In TOis

preferred method of operation, the process of the
15 invention provides for the continuous production of
acetaldehyde by the steps of:

(1) continuoﬁsly feeding a vapor (gas) comprising
ketene, hydrogen and, optionally, a nonreactive
diluent gas to a reaction (hydrogenation) zone

20 containing one or more beds of the catalytically-

effective, hydrogenation catalyst; and

(2} continucusly removing a product gas comprising
acetaldehyde from the reaction zone.

The catalysts used in the preferred heterogeneous,

25 continuous process comprise supported and unsupported
palladium catalysts. As noted above, in the present
invention, the product acetaldehyde may then react with
ketene in the presence of an acid catalyst to produce
vinyl acetate.

30 With respect to the hydrogenation reaction, the gas
hourly space velocity (GHSV - volumes of reactant per
volume of catalyst per hour) of the ketene-containing
reactant and diluent gases feed can range from 10 to
100,000 using the preferred heterogeneous mode of

35 operation. The GHSV preferably is in the range of 100
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- 16 - to 50,000, and nost preferably, it is in the range of

1,000 to 20,000. In general an increase in the GHSV i ncreases the rate
of .reaction reases the conversion. The selecti opt i mum
GHSV dependghghmggﬁ t he physical formof the catal yst and ?ﬁéﬁ$%?gﬂgnd
conver si on desired. As not ed above, when the process of the

i nvention is perforned within two contact- zones, ketene and the
acet al dehyde fromthe first contact zone gnd an acid 10 catal yst are
contacted in a second contact zone to produce vinyl acetate. The
second contact zone can contain acid catalyst in a liquid solution, as

a solid Otoaso aoum XtaHee nfa‘sts phe€edely) Gl g Ehe t%efraﬁgedoﬂm d
shoul d be a Brgn a%#g 4?) eferre acids are 1§ h 05§ ont ai ni ng
phosphor ous or S L Wosi genera X RGRHAEG AP tBRICERYse i nclude
the liquid phoépnnea@es the naﬂefoﬁlreaqﬂiantbunuﬂaﬁﬁEadas &beds, the soluble

solid bengenpsrs{sdi C’THe te@l'é%ﬂ%ﬂ' &E“ﬁﬁe d@&%ﬁﬁbﬁ@%&éﬁeﬂa& and
napht hal enedi sul fo |c aci d B an |nso I on exchange resin

such as A erl9§tf ?r?hﬁﬁ?ﬁﬂ} gf fhe cat ¥§E;qqqﬂﬁQ& LarEoARe acid form
of pol ystyrenegonversion Adafdiveed].err | 117 (a perfluorinated sulfonic acid
resi n) DOLYTETAS SMdPUVE! Uhen LR WP ALY o L Afventioft] 1T C

aci d, cause EXQESSIVE arrln nder reaction condifions, and can
produce bypr od&8t PEEEeFRed withimy gwo,ggptagh jgonas cketenge BRENERSI f oni c
acid, give acébabdeh)adeaint&n thac fiest Eohysdty raime adedncatnlyst s,

such as er | S d r t he reaction
COﬂdItloﬁgp L?%Q CJ€F é§§§§§yad ggmgysgﬁﬁﬁgggéﬁfhnlg aC|5°tend to | eave

t he reaction zBﬁ@duce vigyh aaetageodudhe apFend i SPNFRRESiZOABl €anThe sti |

m)rg lor ef ebﬁedlﬁcadlfd afat allyeste iaubf © :LdiCédi.Ilﬁ?tJ.on, alge(aj,zgag;s@l fonic

aci p-tol uen g asl ene ni c_aci ds %

napht hal enedi sgif oni I% °§s 801Iln g;ela ’a‘F"“p o|'181en§§'&%]e8ﬁ?§ is the

nmost should be a Bronsted acid. More preferred acids are : :
15 those containing phosphorous or sulfur in a positive

oxidation state and these include the liquid phosphoric,
sulfuric and methanesulfonic acids, the soluble solid
benzenesulfonic, p-toluenesulfonic, naphthalenesulfonic
and naphthalenedisulfonic acids and an insoluble acidic

20 ion exchange resin such as Amberlyst® 15 (a partially
cross-linked sulfonic acid form of polystyrene) and
Nafion® 117 (a perfluorinated sulfonic acid resin)
polymeric sulfonic acids. Strong acids, such as
sulfuric acid, cause excessive charring under the

25 reaction conditions, and can produce byproduct acetic
acid. Weak acids, such as methanesulfonic acid, give
lower rates of reaction. Polystyrene-based catalysts,
such as Amberlyst® 15, tend to slowly decompose under
the reaction conditions. Volatile acids, such as

30 methanesulfonic acid tend to leave the reaction zone
with the product, which is undesirable. The still more
preferred acids are arene sulfonic acids:
benzenesulfonic acid, p-toluenesulfonic acid,
naphthalene sulfonic acids and naphthalenedisulfonic

35 acids. In general p-toluenesulfonic acid is the most
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-17- preferred acid because significant anounts of acetic aci d
are not produced after steady state operation is achi eved.

Wien the second contact zone contains acid catalyst 5 in liquid

sol ution, tgeegedsse concentration shoul d range from O.FCUBISOTYI4IT0 aci d
equi valents per liter of solution. The process of the invention is
possi‘ble with acid concentrations outside this range, but excessively
dilute acid concentrations tend to provide |ower rates, 10 and
excessively high acid concentrations tend &@ cause excessi ve
charring. The preferred acid concentrations depend on the acid used,
the identity of the solvent ., t he cont time and .t ature.
Thus, for RXSREFES Svﬁﬁﬁét#ﬁfiﬂﬁeas ?nb%§8??ﬁwﬁﬂﬁﬁékﬁﬁa? éggggéthe 15
sol vent is acet i acaghadei oot miedusgest aferostesady sstafutoperatiogsifr[err]
(units are I|ter§cg£eggaene + acet al dehyde at reaction tenperature
and pressure per liter sol ution cont act ed hour gﬂth t = vol unme

of any diluents Q Ifﬁ%oﬁec%ﬁd%aﬁnﬁ@?ﬁt?ﬁ qjé‘sl@é’[l FREALEBhpr e

20 prefersred dn diguidestlutiam rthiegacid EopceftrHtion Bheuld rangei d
equi val ents per lebdqr 00P0§0£6't106‘ a&'&j ehlilgvgﬁéﬁts Oper Preghegeed aci d

concentration ran ;ﬁ rom0O aci ui val ent § ﬁ iter of
sol uti on. uty@en t e s%‘ﬁ?ﬁﬁfﬁ:&frt fbe iByen dith $AgFH §oY’h e 25
solid acid, it sla@ukidconoéntratfim @utkide Shiasifange, buyexcalsentvrslyer

i ter of catalysiy1Bre’ 8eal! dodlnilisbng rena' B3R fad ket dscont ai n

from0O0.1 to 3 ac ulva st an
preferably 10 apg: %8856133%@%9}5G%%&9P9§P6ﬁ%1% tﬁ”fdert%f"agﬁe
catal yst. After exkesstiredchaspind) e e grefeeped aadidl concentwiathohhe

ket ene and acet aldlgliydeohoefl ALea I bdd1® AECSBlnr sy of UAFort@aE under

t he reaction con I ons mbde o
operation will ﬁ@ﬁ °°nta°Eh6%@% anf thhe ﬁ&mpar355r$tcnﬁhﬂﬁmﬂﬁQ§ node.

example, when the acid is p-toluenesulfonic acid, the

15 solvent is acetic anhydride, the space velocity is about
65 hr™? (units are liters of ketene + acetaldehyde at
reaction temperature and pressure per liter of solution
contacted per hour with the volume of any diluents
excluded), and the temperature is 150°C, a more

20 preferred acid concentration range is from 0.01 to 1.2
acid equivalents per liter of solution, and the most
preferred acid concentration range is from 0.03 to 0.8
acid equivalents per liter of solution.

When the second contact zone contains an insoluble

25 solid acid, it should contain from 0.01 to 5 acid
equivalents per liter of catalyst. Preferably the solid
insoluble acid should contain from 0.1 to 3 acid
equivalents per liter of catalyst and most pieferahly
between 0.5 and 2 acid eguivalents per liter of

30 catalyst. After the solid insoluble acid is contacted
with the ketene and acetaldehyde reactants in the second
contact zone 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.
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- 18- When the second contact zone contains acid catal yst
in liquid sol ution it is preferable that the acid, ket ene and

acet al dehydgy, ,good sol ub| lity in the sol vent . may or
may not react W t% ket ene or acetal dehyde to form reagﬁ%%%’s

I nternedi ates. Any | nteract lons of the solvent with ketene or

acet al dehyde shoul d be such that any internedi ate species forned are
eventual | y converted to vinyl acetate._lggally, the sol vent shoul d
boil ‘at a tenperature equal to or greater 10 than the tenperature of the
reaction. Exanples of sol vent cl asses suitable for reaction include,
but are not |Ween dche @ecenldy cpotact azemmtdantiaigisoeaionstalst as

nﬁloht hal eﬂtehalnﬂntb :l.@aédlgﬁﬂ%ed ﬂleibV?iéf@faﬁw*hﬁ% the acid,

chl orona a ol a rotic.sqlv

met hyl - ZPpyrroﬁFg?’ﬁg éaatf{ﬂtl §8r gﬂ?—’: ?fglsf%éﬁlﬂél ty ingrhRetate and
m xtures of theedvemsy. pr'ﬁthjca'olmeqm tsy or may mut theacteadthoketeme be used
as sol ventss 0ro§0£¥€%ﬁldeh yde %%FEBQE“&éﬁﬁEI%%E%Heé¥ﬁ§ gﬁgsgon n smal|

anount s of ace Ic acrLd acetrc acrtd wll 20
react with t helﬂg?’éﬁ‘ét’aﬂnq IRF Hher sodvenhewithdistenea Ry acetalgphydse
converted | argshguld beeahich ahaydangeinibtmediate Ppekdesctdosnedemts for the
reaction are gﬁy 0 t] drig t. ng smal |
amount s (10 nD%@é%Eu cgaﬂy%rt d tP ngffcé%% gg?gig a£ﬂ+vents ar e
used 25 Wi t ﬁ°%ﬁ%mfor%tf9é+ltde@°(§-ét aty3t sempeyature, Wée&oaprt greater

begi nni ngoof t tikan etlss lﬁm;fﬁﬁﬂmltlel 6% Hhe!BedciViS! abikamples bevel
(approxi mat el yg gfvél?rf 4:91%’@@ %%ggngbpgrg{'%tég%e\}aclgfie Bge%at ure), and

the rate of the TEactiOn 1NCr SASES uF¥ s up and
then stays relBfFvhingited to,cpedyswelicHevenatic Wysdrocarbons such as.

N; rerete 2?' | ﬁ % re naphethabase Iaﬁzrtli thaeil#S adlagel?%ﬁélﬁ n\‘gég:tmvafgﬁgelse¥ﬁéh0%/s Eillﬁ
geanaI n GargFe é?ﬁgéégaﬂf' ﬁggﬁﬁ %ﬁ?@%ﬁﬁ ?ﬂlv ts suc sgﬁcyaied with
t he aC|dléataI9§§hY¥TRrE¥#nQ%N§MQPnGi sfiet 8§ anhydyidei,oethytidenes as the
water is consugifflcetate and mixtures of these. By-product liquids
from the reaction can be used as solvents or solvent
components. The solvents may contain small amounts of
water or acetic acid. The water and acetic acid will
20 react with the ketene at the start of the reaction and
will be converted largely to acetic anhydride. The
preferred solvents for the reaction are acetic anhydride
or acetic anhydride containing small amounts (10 mole %
or less) of acetic acid. When these solvents are used
25 with the preferred catalysts, EDA is produced at the
beginning of the reaction and builds up to a constant
level (approximately 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
30 constant. However, when N-methyl-2-pyrrolidinone is
used as a solvent, the level of EDA present in the
solution stays at approximately one weight %. 1In
general, when water is present in the solvent or is
associated with the acid catalyst, the efficiency of the
35 reaction increases as the water is consumed.
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- 19 - Once the reaction rate in the second contact zone
has reached its maxi num the mass of the liquid solution contained in

the cont acw&%s.{gerrai ns essentially const ant except pé&pigsdAgs7al ow
formati on of nonvol atile 5 byproducts and any entrai nment or

vol atilization of the solvent. Entrainnment or volatilization of the

sol vent is mnimzed by the use of a distillation colum to

return these conponents to the contact zgne sol ution whi l e al |l ow ng

vinyl acetate and any unreacted ketene oOF 10 acet al dehyde to | eave the

contact zone. Slowy renoving a portion of the liquid fromthe base

of the second ofeat gk Z&drt i x@RBCUR! €Rt| Yelddid atinthichy zbheW th fresh
liquid by nmeans known tg those skilled,in the art _.m excess

t Vo s peics rey
nonvol atile byBFodaerRed ik TaFm, | She mass °ﬁhﬁpiw%ﬁ§¥ﬁ9 %PiPﬁga?nvention
can be perfor eoatained inpthe tordwmataggnegrénaing @fsantizdUyars (5 to 2, 000

EPa% abs @lonis@ aht éh?ﬁﬁ@Qﬂﬂpjgﬁ?%?%h fgﬁﬁatfgﬂfa@”honﬁolatglﬁef$iVe|y

i gh pressures_increase ossihility o et ene neri zati on
reaction§§and, °388§§a§?§g£ eggﬁ%ﬁi@?PtVBFaY?¥?${iE?égi & % “hore
difficult to solventontEntmaitnentscaveolahélizayiomosf dthe moddeot in those
cases uhere thg paduTkelUS) UAPUdS B GO AL i i fbn coludiPdolm By

contrast, excessive ¥ essures | ower ion rates, can
conpl i cat e he&EtUER; FBPSENEOTRARENES £ thgyFRNERFE | 20 FF U dR%ense and
recover the viwhilleaadlatréng vinylk ciietiateThadpangessrgseiel &gtenesoearri ed

t at ! P i A
Socond it acieiadtbiyfe 0 oMReve ot wolfher| 2alp b heepbvile o,
bars (25 to 2@oPepiionraft Fae lifpugd drogpthe Rasenet g &agandy generated:

and used at acontasir eoné and comAecvEntliyl@8pk&A)sPing eixs wilthe fgeshess of

the inventiony; . ..s4q G [ | art ik u e re of one
bar (100 kPa)lﬁ? 35?? Hggﬁs ‘ﬁpeﬁ?hgﬁfggégkggﬁab%n?%Hgﬁ##h e ketene
and 35 acet ATEVERGe KAEES t RNk o SyPzetugbnecoymilatdiont .can '

15 The process of the invention can be performed at
pressures ranging from 0.05 to 20 bars (5 to 2,000 kPa)
absolute in the second contact zone. However,
excessively high pressures increase the possibility of -
ketene polymerization reactions and, by decreasing

20 product volatility, can make it more difficult to
continuously recover the vinyl acetate product in those
cases where the product must vaporize from a liquid
medium. By contrast, excessively low pressures lower
reaction rates, can complicate heat control and make it

25 more difficult to condense and recover the vinyl acetate
product. The process preferably is carried out at a
pressure of from 0.1 to 5 bars (10 to 500 kPa) in the
second contact zone with the most preferred range being
from 0.25 to 2 bars (25 to 200 kPa). FPurther, because

30 ketene is normally generated and used at a pressure of
one bar (100 kPa) or less, the process of 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
35 acetaldehyde into the second contact zone, and this can
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- 20- assist in the renoval of the desired vinyl acetate pr oduct
fromthat contact zone. However, excess anobunts of diluent gas can

I ncrease thﬁog&,;{qj,s,cul ty in condensing and recovering Pgt}ﬁjsg.}m% acetate
fr'omthe vapor phase. 5 D | uent gases can conprise fromO to éS vol ume %
of the " ket ene-acet al dehyde feed nixture. Mre preferred |evels of
di l uent gases range fromO to 90 volunme % and the nost preferred

| evel s of diluent gases range fromO to 85 volume % Diluent gases
used shoul d be those which 10 do nof #%att with the reactants or products
under the reaction conditions. Suitable diluent gases include

hydr ocarbons sighe@ S HiAGCmoYall 89° e N4 HBL 10 1Chcetatel NEr L 025,

hydr ogen, and gaaes c&rgmnl y present In etene”streans I ncluding, in
addition to nBEREREt TxAmHhats conkarbxzeRe . pHRKAYET aPKERES RTPUAH e,
acetyl ene andof diluemnt s danxiitieredbée tlie alifdicultecihatondgneing
cont ai ni ng ga : r [ ARG a f safety
consi derati oné?aaﬁﬁ%‘ﬂ%%lﬁgh\% nR'?/' Yacé?%fléetg %?’%d%?ﬁg ngscft?i on wll
occur if Bt hesPiyuent ga%es (an gfompyise fromehitte 95 volume ¥ ¢Retheytjo of

ketene to acekatdnbyseetdlddifydeeerd mixtur&Oniie pre€eirtedoleeeldi cal and
can range frogkodhﬁgn e%asesl(g:‘anyéegrsmle?{ ergetgg,eosl%m%f i L grr{ﬂ%act ant is

used, the unreac or tionm nusSt e e recycléd C o the 25
reacti on cont Bestzpreferresd Havblse ofsdiluent gagemgange from PhkOreact ant

in ﬁxcess, j[_tasaﬂﬁbgmég‘?ydmﬁntc .Eéétﬁgedlsfhouﬂd)hﬁj mﬁbsaSQﬁthzlﬁ]prodUCEs,t
such as .gceti g _anhydride ar, | ket ene. .acef al dehyde_i e reactan
in exceggj, it%o no"\'{ J&%?‘lcrbew’r%%f&ee&?af’g%\?%r%’a gfeb‘,}l‘ &F gBﬁverted to
30 ot her ugetgtignotorditinnsh aSuptablerdiludntolgasegntinelizde

pyridine deri ygHir¥88rBénd BradLlds’ m@ehine A #D¥£ogen, HYIQRE beUotREE 0 Of
ket ene to ace%ial dghgde i.s bet ween st preferred

0..2 and and the no
ratio of ketef&Sts 925 GFenFhe FEEHR GRIMIPHY; PGFeR L5 in WO
98/ 25879 ketene streams including, in additiqCludiserhasg73carbon
: 15 monoxide, propyne, allene, ethylene, acetylene and
carbon dioxide. Air or other molecular oxygen-
containing gases are not preferred diluent gases because
of safety considerations, although the vinyl acetate
producing reaction will occur if these gases are used as
20 diluents.
The ratio of ketene to acetaldehyde in the second
contact zone is not critical and can range from 0.1 to
10. When a large excess of either reactant is used, the
unreacted portion must either be recycled back to the
25 reaction contact zone or otherwise used. If ketene is
the reactant in excess, it can be recycled or converted
to other useful products, such as acetic anhydride or
diketene. 1If acetaldehyde is the reactant in excess, it
can be recycled, recovered unchanged, or converted to
30 other useful products such as pentaerythriﬁol, synthetic
pyridine derivatives or peracetic acid. A more
preferred ratio of ketene to acetaldehyde is between 0.2
and 5 and the most preferred ratio of ketene to
acetaldehyde is between 0.4 and 2.5.



- 21 - ' The tenperature of the second contact zone may
range from85[err]C to 200[err]C. Excessively |ow tenperatures
provi de | ow rates and conversi ons whereas excessi vel y hi gh

t enper at ur %@gﬁéerate the rate of char fornmation, ?ﬂ@ﬁgmcat al yst
| 6sses 'and% | little increase in rate. Nbre preterre

tenperatures range from 100 to 180[err]C, and the nost preferred
tenperature range is from 120 to 160[err] C when the contact zone
contai ns acid. catalyst in liquid gelution. Anberlyst[err] insoluble
solid 10 acid catal ysts deconpose at el evated tenperatures and

shoul d not be used at tenperatures significantly above 120[err] C, but
the Nafion[err] caFheytempexatuxe ofedthet second conijrgtatagnes M@Fpr oachi ng

150[err]C. range froﬂ_h@S‘s@Q%‘Cb(ﬁﬁ'@ aCkxE@QSJ. |IbvbQ:e‘ﬁ@é§btu§é§d to 15
allow efficient co suf ficient

t
fi for the PERYLHR, Loy it o Somstots wndes sxpesaitobYar i | ¢
conponent s r etdghetempetrdteures acaedmeate the opee atfe ahiarhdermetyons i cant

heat or rgss J.ncreaEéa@é%ﬂyéﬂ rﬂ(ﬁ\s%téhso'aﬁdg ?&é UPY ¢ {0 fiin@He@bkOin Of the 20

second contact zone can e sca operatlon fl ow
rates, tenper&@tPfe, %PE%SEPF%@F”‘T% tegpgratures ’c'ﬂniﬁ 1Exa® 100h&9nat ure and
amount of anyisolcenasd the mqwtegmﬁfe&médcaémpqsatﬁw&'amgé dsofimom | n nost

Cson ! ot ac 20558 SpUELE A RLERCR! BoheLaRU S achel Lom of (he 25

second cont act -2oe aron dent mpl
exanpl e of a @Géﬁ&sﬁoh’t‘a%%q‘i%ﬁ]esqldﬁtlé’ﬁ'acﬁﬁbeﬂl’“ amfiglable,sgli qU| d

sol utiomo s aawjid pdtalpbts Wsconigdse at elprvaveditemparaturesjands to be
sparged into S f t | nces, it
%@l ulia fiol' be used é{kat e%raﬁgres ds:h%ra:.éﬂ:a% @3’6@

may be prefer FUm tount &r~current to

t he reaé-tzﬁr‘i? ghﬁts?]ﬁ%ahﬁ%fﬂt@ rﬁﬁtéﬁysﬁéa?a%rkﬁrw t&tansf er in
t he second cort@a@éraeaeesTﬁppfd,mld;gcqsbacm ng t he cat al yst can be

di spersed over a higl SULLASCHERIYone BbhT bl GSH AL s cboPr Ove

gas/liquid contact,
PCT/ Ugg-/:ysl437gllow efflc:.ent contact with the acid catalyst, allow

for sufficient time for the reactants to react, be able
to receive nonvolatile components returned to the
reactor and operate without significant heat or mass
transfer limitations. The actual configuration of the

20 gsecond contact zone can depend on the scale of the
operation, flow rates, temperature, pressures, the level
of diluent, the nature and amount of any solvents
present and catalyst type and amount. In most cases the
acetaldehyde and ketene are fed near the bottom of the

25 second contact.zone along with any diluent gases. The
simplest example of a second contact zone for an acid
catalyst in a liguid solution is a cylindrical tube with
provision for the gases to be sparged into the base of
the tube.

30 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
in the second contact zone. The ligquid containing the
catalyst can be dispersed over a high surface area

35 solid, if desired, to improve gas/liquid contact, but



- 22 - ' sone degree of liquid circulation will be required to
repl eni sh the solid surface with fresh catal yst sol ution. The use of
baffl es, high speed stirrers or ot her gas dispersion devices to

i nprove ma fer is 5 wthin the spirit of the invgpliQnass
I f° an rnsoﬁﬁ%ée solid acid catalyst is used in the second cont act

zone, the reaction can be perforned w t hout the addition of any

| i quid. However, generally inthis case, a liquid will eventually
appear and will 10 wet the catalyst. _The insoluble solid acid can be
supported in a tube and-the reactants'p%%séd t hrough the bot t om of
the tube or through the top of the tube, and generally the reactor

wi I be operagbig ddyfed diCKlieul@dcirculatile willll HeN3ehuslya ¢H€ insoluble
solid acid catalyst, ersed In

5 can .he di a l.tquid_and the reaction
per f or med replenish | the s&‘aﬁgﬁﬁt‘f’h‘&‘t#@%g’éﬁ:&h’?tand

suspensi ons i aclukisane Thenmse ofebatblesplhidle speed stidtrazbystsrand usi ng

he S Lar | bEHLE SOUTENRRRon devices £ liedieSnak BELASERLNES Vel 0T Y

of the reactants, z i second cont zone after other operating
par anet eBs ar WiHBLR dele FRIFLIETRES thel sevegtiem: vary consi derabl y
dependi ng on the offedn Qif¥oiuble solidpatidedsisflysandsmugedbenathelst ed

experi nment al | Vi t h pt.i con | 0 limting
reagent 25 Xgégn? h%O%t?Jg esﬁ%%s?él g(}:’g i %lefgy{%%fb %/az{ 3’.6 Q’G%%Sr&g%%er ating
condi ti ons of wdthoukgehe Additdonr ofr apgsiiqwidc Hawevear generaldye of
acetic anhydriflethokVedde, ai 1THRU1EOGLEL N déontidl W dppear andpRidXi matel y 85

% di | ue gas e t en and 160 Jiter f._acetal dehyde pl us
k;tene @%bor ggéséggcﬁﬁéﬁi9¥%1 itgF 55?3?92}es§ﬁ%ﬁ|(ﬁé%égFaﬁbgg negl ecti ng
the volume  suppertedeiniia jave gad therrepeiants aassedd thaoughubger

these conditigpetbrnge figd Wadle 3 hodgh thé %dp Ff the tudetahdehyde plus

kot ene vanor Bk o e SALLS! pa poSShaliC Y MO BgLcEly T, the
condi ti ons mode. AWPRRSRS5&Y, the insoluble solid acid catalyst
PCT/ US9#/514373an be dispersed in a liquid and the reaction performed
in a slurry mode contacting the reactants and
suspensions in the same manner used for soluble
catalysts and using the similar liquid components.
It is best to select the velocity of the reactants
20 through the second contact zone after other operating
parameters are decided upon. This velocity can vary
considerably depending on the other operating
parameters, and must be adjusted experimentally to
provide the optimum conversion of the limiting reagent
25 and the highest selectivity and rate. Under operating
conditions of 0.03 equivalents of arenesulfonic acid per
mole of acetic anhydride solvent, at 130-160°C, and with
approximately 85 % diluent gas present, between 5 and
160 liters of acetaldehyde plus ketene vapor pass each
30 liter catalyst solution per hour neglecting the volume
of the diluent gas. More preferred feed rates under
these conditions range between 30 and 120 liters of
acetaldehyde plus ketene vapor per liter of catalyst
solution per hour neglecting the volume of the diluent
35 gas. Most preferred feed rates under these conditions



- 23 - ' range bet'ween 45 and 80 liters of acetal dehyde pl us

ket ene vapor per liter of solution per hour neglecting t he vol une of

t he dil uent gas. The process of reacting ketene and acet al dehyde
can 5 d as a continuous process as descri bed or,

| ess prefepagﬁi, as a batch process. A batch processﬁggégggﬁﬂ?re, for
exanpl.e, that the desired quantities of reactants, solvents and :
catal ysts be charged to a contact zone, heated under pressure until 10
the reaction is conpleted, and then rec%%erlng the vinyl acet ate by
distillation. Batch operation is not preferred since prol onged

heating of the reactants and products in the presence of the acid

cat al yst Causyjgae petween 95 'Bd b At Jeab08:HRUEL adily prgggg;gcts Thus

the 15 process’is preferably operate as a contlnuou

descri bed abo¥etedfi YgPPE PeE LHep% af melugieni per hour

and aci d cat alghst yodumecoft elté edi ient gas.el evated tenperature, the
formati on of undesigab y n cess is
operated in 20 &Eﬁ %gﬁFlnud%s #géﬁgf%%§5g§8g%b%§a2%ove éﬁ?% 2 ﬁ

conti nuou® pr R SPerasereds sk cRRRLAUAUS PEOEEERuRE Lesqrpibed ab"t"’&te of mass
delivery to tha,caeisachrasecablp, e MAkRIth proceeﬂualzs P ate of nmass

exit fromthe (i:%%te%%t gngegu f&jeergta‘ﬂ%a ?;‘g{_r&qe OcPeeéﬂtécfg condi tions,

acetic acid | & réeamin Skgnificant
quantities oncselagtté&éysspﬁt éeeetmﬁmmth%asﬂe@atalysts be \\D 98/25879

PCT/ US97/ 1437%harged to a contact zone, heated underZﬁressure untXAMPLES
Gener al fgperl ntal_ Met hods
the reactlon 1s 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 large amounts of byproducts. Thus the

products

15 process is preferably operated as a continuous process
as described above. Owing to the short time that the
reactants, products and acid catalysts are contacted at
elevated temperature, the formation of undesirable
byproducts is minimized when the process is operated in

20 the continuous fashion described above. Once the
continuous process reaches steady state performance, the
rate of mass delivery to the contact zone approximately
equals the rate of mass exit from the contact zone.
Under the preferred operating conditions, acetic acid is

25 not present in the product stream in significant
duantities once steady state performance is reached.



5 For an overvi éw of the apparatus used in the hydr ogenati on
of ketene to acetal dehyde, see U. S application Serial No.

08/ 619,385, filed March 31, 1996, t he contents of which have been

| NGor por at ey og/edsi by reference. In addition, that #dsﬁ'ﬁﬁkﬁ”
contains 10 exanples to further illustrate the productlon 0

acet al dehyde that is enployed in the process of this I nventi on.

An overvi ew of the apparatus used in Exanples -1-11 of ‘'this
application follows. The apparatus consighed of 15 7 maj or sections:

1. a gas delivery system 2. a ketene generation section,

3. a ketene gyrlflcatlon section, 20 4, a ketene trap/vapori zer
secti on, XAMPLES  gn acetaldehyde purification and delivery

secti on, 6. a reactor-condenser train section, 25 7.

a scrubber sys em . h Se, seven maj or sections were |inked by a
series o] cocks. The gas delivery
system provi ded four separate netered nitrogen flows to 30 vari ous points

in the apparatus. 88 AetSRSERRF R 'tﬁ@ ap: ?aﬁaé?éztdﬁa gﬁnﬁh ted of an
e

acetic anhydri or r/'p SIS condenser and
cycl one ggg’@ﬁ%ﬂ’at‘l‘%é %ﬁiﬁ@% r afpEatdehideon 880 fused raw
ket ene by acet appdhbgtionicSesdadl Woi.s 08fd1acBesp| fxtewt March 3tthel99)] d

separation of the ggﬁ@ggtgr W 0 €y r .acgLic acid
and unreacted acetic anhyd 6¥n Hierd habe Leé@)iﬂﬁeﬁﬁfﬁ§y%doﬂg§glﬁ E§
PCT/ US97/ 14373¥eterence. In addltlon, that applicatipon contains :

10 examples to further illustrate the production of
acetaldehyde that is employed in the process of this
invention.

An overview of the apparatus used in Examples 1-11
of this application follows. The apparatus consisted of
15 7 major sections:

. a gas delivery system,

a ketene generation section,

a ketene purification section,
20 a ketene trap/vaporizer section,

an acetaldehyde purification and delivery
section,

LY LI S SR N B S

a reactor-condenser train section,
25 7. a scrubber system.

These seven major sections were linked by a series
of connecting lines and stopcocks. The gas delivery
system provided four separate metered nitrogen flows to

30 various points in the apparatus. The ketene generation
section consisted of an acetic anhydride
vaporizer/pyrolysis tube, chilled condenser and cyclone
assembly. The ketene generation section produced raw
ketene by acetic anhydride pyrolysis and accomplished

35 the rapid separation of the ketene from the bulk of the
coproduct acetic acid and unreacted acetic anhydride.



The ketene' purification section consisted of a dem sting trap held at

O[err]C (trap A and a trap initially held at -78[err]C (trap B) for
the initial condensation and subsequent distillation of purified

ket ene to ne 5 trap/ vapori zer section. The ke

trap/vapor&g ?ﬁg&ﬁ section served as a reservoir for pu%l Emglﬁ%?ene and
al so provi'ded for netered delivery of ketene to the reactor. The

ket ene trap/vaporizer was held at -78C for the collection of the
distilled ketene fromtrap B 10 and i,i.s_subsequent delivery to the
reactor by transpiration in neteré&d nitrogen. The acetal dehyde
purification and delivery section consisted of a _ graduated cyli nder

from whi ch acqtré' gebrde paL A% ion sectidhl bbRELSHEG ot r@rde\ﬁa@e&hger hel d
a2t € Bt o LGS e L R
subsequen e s re

ni t rogen. The-ﬂﬁﬁ@ldtrapnﬂbnﬁer theniimisdaflli condensatsienl and of a reactor
where the ket eﬁEeH%E’ﬂWQFE&?% %@nf:.ed kécdd & Gl adreqadenser

to return_con ens e Ilg e.reactor angd an acetone/solid
carbon di®xi dF*aP Vapeaﬁ %ﬁs%?c%ﬂptré"é?e( keLpne) EYP CARVTZShe bul k of the
vi nyl acet at e,secjjon Bettvedeas ca asgbrandrufiveapteiified ketaxst alndehyde. The

scr ubber systeﬂs%og&mpegaw@t:ﬁéte a4 aelibubheps REcdle doshiaiction of

ket ene and an anal ytica er contalfning acetic acid for the
quantlflcatlorFeaCtor of TRet kakens 138/ vaReTd a5 uVes el ant1%8°Cat i on of
any Vi nylormtiieateldecoien abfiathaldinetilicdpketehy frap tap B the

reactor-gonde tggabgbgggﬁégg de11 ﬁﬁy.F° tﬁgerggggé At was designed to

all ow the reac or-as an option. _The
appar at us al sdiransPlrﬁ&é"Br 69|§$WQQ)@1§r@6ﬁpl-nu'Sh§ aeefrlsiehyider ogen to
prevent back gudifiicatioh asduUBePivdipligdetibn consisedd adf ation by air.

CeL o L Rt g excn IR WEBLRRBRRIg) Mo b2, ou
bel ow. disbidlegd/ apd7a trap/vaporlzer held at -20°C for the
PCT/ US9744437%ollection of the distilled acetaldehyddband subsequent
delivery to the reactor by transpiration in metered
nitrogen. The reactor-condenser train section consisted
of a reactor where the ketene and acetaldehyde reacted,
a water-cooled condenser to return condensable liquid to
20 the reactor and an acetone/solid carbon dioxide
condenser and trap (trap C) to collect the bulk of the
vinyl acetate, vaporized acetic acid and unreacted
acetaldehyde. The scrubber system contained a water
scrubber for the destruction of ketene and an analytical
25 scrubber containing acetic acid for the quantification
of ketene and for the capture and guantification of any
vinyl acetate or acetaldehyde not trapped by trap C of
the reactor-condenser train section.
The apparatus was designed to allow the reactants
30 to bypass the reactor as an option. The apparatus alsoc
had provision for a continuous flow of nitrogen to
prevent back diffusion of scrubber fluids or
contamination by air. Details of the construction of
each section of the apparatus, how they are connected
35 and the operation of the apparatus are described below.



In the'gas delivery section, nmetered nitrogen gas fl ows were provided
by four Tylan[err] Mdel FC 260 mass flow controllers. Metered
nitrogen gases were fed through 4 gas lines L1 through L4, and each

gas |ine wasyoédsnsgfoced to a pressure relief colum contain g?,
prevent accidental over pressurization. Two of these bggg |nes

and L3, provided nitrogen purge to the apparatus. L1 provided
nitrogen purge to the acetic anhydride pyrolysis unit, and L3

provi ded nitrogen purge 10 to the rest _of the apparatus at a point teed
into the ket ene trap/vapori zer oiit Bt~ 1 i ne described bel ow. Gas
lines L2 and L4 were used to neter ketene and acet al dehyde

respectively fromtig «ed efifs He%ﬁ&)é%@%bé@ion, metéfe?d QR 3REnt %=
acet al dehyde tgg rans |rat|on

B/va&orlzer re e%w!velé
In the ketene BE VEER M £en Rﬁ%an M°d%%a & 268d™B§St he net hod
descri bed by Ffibwrcemtrdllera.lMetered ﬁlgrogkuﬂgasehBme&@5$e6057 (1953) by

the pyrolysis t though
20 acetijc agl °y ho?agéé I'S re e&%ﬂ2L£% QIW a %%tggﬂé bt
ketene, it2i §8ﬁ€r P15 MS%%treéaﬁfoﬁoéumamrm@wng watexchPe) . Acet ic

anhydri de feedpwaeentoawﬁ&ﬂhﬂnakidﬁﬁ&vgkdssurlzaﬂnﬁﬁraMw& MFdehed@ syringe

ST on pU. glle1fEg | G an T UEL RIS LS00 AOROLR DY ol o
ni trogen meter 8@PRFRENGH 11 mrqvided eétrpgenem$ngqunnw;he aceté@ntrol for
t he vapori zer/ pyhptysae ﬁymﬁmx mritt,oahagz.a prov%@rﬁ't%ﬁggg g é1 Dow

Cam |
4821D)</e%gr colorrrc)ggte’: %ﬁ’ é%‘%n&f &%o@?@ﬁ‘ﬁﬁ}?o??s? PR t\ﬁzfg %‘H&@n 8 at a
di stance of  ketepe tmpfmrpaticexopusddtcbineidmstrikedrive®oD. (@28t z

ther mocoupl e \A@hhesxm@h?%.@?sﬁe sRgt Bbr fstdPacdniat *&nd of the
e nDottram

reactor fromt S orti

vapori zer/ pyro §%§T€'§k93>ﬁ%ﬁﬁﬂﬁﬁjvf}YbEFﬁﬁ ??ﬁ#?ﬁ?ne ﬁg/vﬁ88ﬁféf?ons
al so contalnedsqaai9§ apd (they mtevad. dehyde trap/vaD@s/zZ258z@spectively
PCT/ US97/364373by transpiration. - 27 -

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

20 acetic acid pyrolysis is the preferred industrial route
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.

25 vertical quartz vaporizer/pyrolysis tube along with
nitrogen metered through line Ll1. Electric temperature
control for the vaporizer/pyrolysis tube and monitoring
were provided by a Dow Camile® control systeﬁ interfaced
with a Gateway Model 2000 486DX/33 computer. The

30 vaporizer/pyrolysis tube was indented at a distance of
27 cm from the top and contained a 9 mm O.D. guartz
thermocouple well extending about two thirds the length
of the reactor from top towards the bottom. The portion
of the vaporizer/pyrolysis tube extending 22 cm up from

35 the indentations also contained quartz chips and was



heated with heat i ng tape controlled at 200[err]C. The | ower section
of the vaporizer/pyrolysis tube was heated by two heating tapes
controlled at 520[err]C. The quenchi ng condenser bel ow t he

vapor i zer/pﬁ(pggﬁg*ﬁ tube was held at 5 about -55[err]C wgpﬁgi,,%tl ng

met hanol n an acetone/solid carbon dioxide b xture
fromthe quenchi ng condenser passed sequentially through two

i dentical cyclones neasuring 16 nrm O D. at the top and - 80 mmfromthe
top of the cyclone body to the bottom of 40 the tapered section. The
inlet and outlet lines of the cycl%ne were 2 mml.D., and the liquid
fromthe bottom of tHe cyclone assenbly was drained into a 1 liter

bottle. The gaﬁed&@@lvﬁaﬂnm&hthngeté e m&cﬁl)ed at 200080eghé Nbydie drain

flask to the ¢ was. l vide a lig seal . The
ni sted vapor f%%ér:ﬁ? T &8‘?8’5&23’6@5‘?'5@?3’&%“8’& §§s§ﬁfﬁ:?é t hen
passed to the two hea@étnegn@apeﬂ toobrobled ettt i5@9°C. The quenthmindie ketene

gurl f It cation seshdérker P16t 8- va or:Lz dwaqsveasé WasSEehd hough a
em sting

trap_hel d er (tr t.0 repove, a portion of the
ent r ai ned acet P24t 'agsaiﬁﬁ}'df"g% 9%’6?‘5&% }UQ no, SORALENAR Rt ai ni ng st ream
exiting trap Aacékonemolddncarbon Qiapidelshtd. - TheenikCure fror( tutmp B)

where the ket eggeN@s; T Iedtoa
three-way stopgock (S 1;&%%ﬁger ggsggéo&(ﬂér&q@&iy ?E‘d excess
ket ene- cont ai n’r% Vaﬁ;gr EYelenes meas‘t‘?%ﬁ!ﬁ B& my O- Pneai'-eébelﬁm anek wat er

scrubber. In 80 mmdhmihéhepaspt ofntEE€lowsiting Bbodyetenehe oBbet o R vapor S
to the kepene &Hé Hagdrled Qgcﬁlégt enﬁhﬁérﬁﬁe\%ﬁ?xd éﬁ'&:let 1%né‘§58£7’9!

The ket ene tra vapori zer asse ecee32 X 200
nm vacuumtrap Ry WaFe Bofomr L., anddrhe diiaupddt ﬁéOF‘r‘ébenh@Wmed to 19
mm O. D. and ex¢®rhengyclone aee&ﬁlﬂl?lmmxﬁi%el@ﬂlnﬁo?anln Oifer/ 2 Nmm1.D.

0o ol Vi e PO G BLERSa LR S 00 B B ST e %
98/ 25879 connectlng the drain flask to the p@cﬂg@g7ﬁgq€ﬂ@ly was o
- 28 - 15 bent to provide a ligquid seal. The misted vapor from the
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

20 0°C (trap A) to remove a portion of the entrained acetic
anhydride-acetic acid. The ketene-containing stream
exiting trap A then was sent to a trap held at -78°C
(trap B) where the ketene was condensed. The outlet line
of trap B led to a three-way stopcock (SCl). In one

25 position SCl vented excess ketene-containing vapors from
trap B to a line teed into the water scrubber. 1In
another position S8Cl sent the ketene-containing vapors
to the ketene inlet line of a ketene trap/vaporizer
assembly.

30 The ketene trap/vaporizer assembly was a modified
two-piece 32 X 200 mm vacuum trap having the bottom
portion of the trap narrowed to 19 mm O.D. and extending
an additional 100 mm. A 7 mm O.D. / 2 mm I.D. gas inlet
tube extended along the outer body of the ketene

35 trap/vaporizer assembly and was connected to the base of



t he extended tube section. The gas inlet tube was connected to the

netered nitrogen line L2 containing a stopcock (SC2). The purpose of
SC2 was to prevent di ffusion of ketene into |line L2 when no nitrogen
was 5 f | hrough it during the ketene generatlon [Ocess

when the ketene trap/vaporizer was being | oaded. CHUITAAT)| et
line was the normal inside 10 nm Q D. t ube found |n t he standard
vacuum trap design. The ket ene trap/vaporizer outlet |ine was the
normal 10 nm 10 O D. side tube found in the standard vacuumtrap design
The Ketene trap/vaporizer outl et line w#$ feed into the ni trogen
purge line L3. After the teeing to purge line L3, the ketene trap

vapori zer |i nqﬂféomgha%gt gugetgg&g_eé) ¢t F\Nggfshgfég%b%%a;urt her

connections to SC3 are descri
acet al dehyde FARAECEsti 6R Bhe @Eﬁqm%#yn§%@gﬁanllne L2 ceantaindadan

acet al dehyde tatmpooaRor(8ZR) . of Thél@idpdde of sczCﬁ@§tﬁ¢K§ﬁé¥éﬂt0 t he ket ene
trap/ vapori zer, t Qat § p2ukLou ded by acket for liquid
JEER0' S8 kelome dnsddaty ;‘: OIS R Akl |,

cool ant mhlch urn enc
provi ded 5 li?é‘tlégeﬂhﬁPFEbg«‘aﬁ cittrnmetés@e atqenym@nqrmqmmcses gas

i nl et tube. Thmdetial dnayﬂetéﬁ@mx\eamra Qﬁ.zéfﬂﬁés'bélfhg loaded.l owed for

the introducti t Y. distil aduat ed cyl i nder.
The acet al deh lg{é %taﬁgt ?459 €a€eﬁ"r 78 50E EPrﬁnﬂﬁel%g&ecoﬂla gd%
t hr ee- way tub@t Sﬁﬁﬁéklsmhe Rekandardc yaguuni brap tdesS@h ar a‘h@escr i bed

later bel ow. ketene trapfh&péﬁfé?éﬁrmﬁ%@emiﬁé Mé“ thé HYAL1ed o3mpeact or, a
and .an i de 30 condenser.

refl ux de oI| car bon di.

Details % %F}EagﬁgF Eﬁé ﬁ (§gandar Y§F¥4ﬂaqqﬁﬁ FF&&&P

exanpl es. Readﬁﬁh&@teneetedplvﬂporlzer casdetr lina wameded ifite thp of each

reactor was fidit9dgen purge iﬂﬁ‘e"ﬁern‘%% eéhéeéié% %zf?mﬁ?htl@nerow de
e reac

condensabl e to t e top 35

for the retg&ﬁ g
of the refl ux Eond&isEPTHRS Eﬁiﬁuﬁﬁﬁf e&n éﬁ%t?ﬁﬁﬂ%ﬁﬂq ¢y to a three- \\n
98/ 25879 way stopcock SC3. Further connectiils USH BCBI2E2

- 29 - 15 described later below.

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 liquid coolant which was

20 in turn enclosed by a vacuum jacket. Line L4 provided
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

25 trap/vaporizer outlet line was connected to three-way
stopcock SC4. Further connections to SC4 are described
later below.

The reactor-condenser train contained a reactor, a
reflux condenser and an acetone/solid carbon dioxide

30 condenser. Details of the reactor design are provided
in the individual examples. Reactants entered the
reactor via line L6. The top of each reactor was fitted
to the water-cooled reflux condenser to provide for the
return of condensable liquids to the reactor. The top

35 of the reflux condenser was attached to an acetone/solid



carbon di oxi de condensér. Material condensing in the acetone/solid

car bon di oxi de condenser was not returned to the reactor but collected
inatrap flask (trap C fitted to the base of the condenser. Trap C
cont ai ned but yl hydr oqui none (TBHQ about 40 np)

pol ymeri zaf‘ygﬁw% n 9|tb| tor, and trap C was al so kept c KB Ph solid
car bon di oxi de. The najority of the vi nyl acetate mas found in trap C
al ong with nost of the unreact ed acet al dehyde. Any acetic acid
vaporizing from 10 the reactor was_found in trap C.  The outlet of the
acet one/ sol i d carbon di oxi de condenser s attached to t he
reactor-condenser train outlet line L7. The scrubber system

contained a wah®hos Cdithbiie fc¥ndenser. th@a@@ﬁﬂuc&dn‘a@n@&nbeiﬁneh@nd an

anal yti cal scrubper con |n|n etic acid for the quaptification of
ket ene fge 35%2???%91 %P a ?d?°?4%?§§§bﬁﬁﬁe Qhd*e urned
quantificatiohoothanyeaatqﬁ hmmetaﬂéeotedcinza(hﬂapdélnuk (trap € apped by
trap C of thegkpaghof qﬁﬂgqﬂﬁfg fel @ ti The .anehigedci d (about
60 ML) in the % tical, scr g%econ %%§%gntg?hga Tg (ab%ut 40 ng)
polynerlfbtloﬁeFﬁhPYF¥ Y rﬂi?%ﬂﬁ&?yt?@ﬁQ'S§Wﬂﬁbéﬁ'FBﬂld was circul at ed
by a Masterf| pslenetrizetict dlrihibigosp. akd trap ¢ aeoadsat kepe base of the

anal ytical scenbbeLankibh diflia carbh BERYEL, OlmiidGa3kbheDe!Lnd d for

anal ysi s, tical scrubber
al | owed for tM&nXYJRFPEALEDWaS <.f§hm§c FEbEE@PfCF Lﬁle?n%vuh m°85ceF o‘h‘é? solid

carbon di oxi dangeadeed eacentl ddhydiehedany acetic tdthid dapekikiagverémcal arm
of the % 'Segagdégagﬁ?f%as foun[&rg. eg.rr%éotﬁh Ofpe ulf:ti{%‘f:r of! EthCS Access to

t he scr em was provi ree-way st opcoc I n one
posi tion, SCSa§éﬁPn9é@Q#1%t¢%§hﬁ§ déoxhdeaerdenanwisr attachedap@, in
anot her posi t k88, r&4Bt e ontRiMerS traafSoh®1éheline 17.anal ytical scrubber.

The seven nmj or se&ﬁé €§:355§%3£%ﬁ392%§ggglneéEw'wa gﬁDsgg}lggggogggctlng

|l i nes, tees and stopco
pc7/u597/1437ghe destructlon of ketene and an analytiz@gl scrubber

15 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

20 analytical scrubber also contained TBHQ (about 40 mg)
polymerization inhibitor. The analytical scrubber 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 analysis, and a

25 Claisen adapter at the top of the analytical scrubber
allowed for the addition of fresh scrubber fluid. An
acetone/solid carbon dioxide condenser was attached to
the top of the vertical arm of the Claisen adapter to
prevent loss of scrubber fluids. Access to the scrubber

30 system was provided by three-way stopcock SC5. In one
position, SC5 sent vapor streams to the water scrubber,
and, in another position, 8C5 sent vapor streams to the
analytical scrubber.

The seven major sections were connected by a series

35 of connecting lines, tees and stopcocks. The three-way



st opcock SC3 connected the ketene trap/vaporizer outl et line at the

poi nt past the L3 purge tee to the three-way stopcock SC4 via line L5
or to the reactor bypass |ine. Three-way stopcock SC4 connected |ine
L5.to the al dehyde trap/vaporizer outlet line anqxh%F%
reactor;coﬁg%ﬁggéﬁﬁrain inlet line L6. The bypass |ine ggagh 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 10 reactor-condenser train outl et biqe L7 or fromthe bypass
line'to the water scrubber or to the éh&lytical scrubber as stated
above. A description of the . operation of the apparatus follows.

Acetic anhydrigflepceRft BbsMtomhédteddHY ie?e8R L28p Ivapor Sid Giitdeeubi C
centineters per, e ketene

m nut SCCM . t hrou L1 were fed tot
generation sectih #oihﬁopm‘h‘t ?ﬁ‘?ﬁ%g%e, L3nBurge peodtR iR TETI¥ARYed in
trap B hel d atstopcock78férvi&€ binarLsicet doetbel redactobdyphisildaebat h i n

t he ket G%M-iwfag; 3%'?%8051@%&‘9 raorlé}ératea 408 kEs o0 Gk

gener ati on/ condensat, On ces;, veni ed gases leavin trap B were
allowed t® pascs dgcirap/ YaRCIIASh Put let li-’t‘%pg‘b‘&p@itf?r and then to
t he wat er scr udHmtotri-aondensest e kiriGt, lihe bypasike |byEpasndises.
St opcock SC2 vgs I rd the ket e ' QGessy and the
25 = ketene tra&c\?ggq}:%zggg\j\dg%gk%%%é{b tl?%[ grggfggp %ﬁlrr!ﬂh%gjb%e in ket ene
generation pr et Ldpenk7pandsthetotdiena3meef the teqriBst al |l ot her
times Ehat reacﬁ&raﬁidte‘ldete scs.fsosm'dtgrectedl the ghe éﬁféirﬁ)rf[rcﬁn ]rﬂHdbogﬁn
purge (2 SCI%@ | owi rqH% lhne.L €c C bath was
t hen remE)Q/ed from %d’j cgwfirggﬁeﬁ %ﬁ%{‘?hoe %&uilggﬁe#gnépwfa% tFh@%{al |.owed to
evapor at e and R¥@ffenddnentehbhecvakrr tsumbbegoprzEp. the analfdcalaporation
Iorocegsk whi chsdanibeabast seatbauibove. kA Me%‘éh:dgd/iaﬁpéﬂxilli@te| y 30 l\/& pure .
i qui et ene .conden e_in the e trap/ vaporizer. Stopcock SCl
35 was then ?%errr?etd'%?lo%gi ‘Sﬁ_g% a¥%¥éu§(:€o§.ﬁ.gwgra [ vapori zer WO
08/ 25879 Acetic anhydride (600 Ml/minupe)/ agd niusymen (25 .
-31- 15 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

20 generation/condensation process, vented gases leaving
trap B were allowed to pass through SCl to the ketene
trap/vaporizer and then to the water scrubber via
stopcock SC3, the bypass line and SC5. BStopcock 8C2 was
closed during the ketene generation process, and the

25 ketene trap/vaporizer was kept at -78°C. During the
ketene generation process, ketene purification process
and at all other times that reactants were not £f£lowing
to the reactor, a nitrogen purge (25 SCCM) was flowing
through line L3. The -78°C bath was then removed from

30 trap B and the liquid ketene was then allowed to
evaporate and condense in the ketene trap/vaporizer.
The evaporation process, which took about an hour,
provided approximately 30 Ml pure liguid ketene
condensate in the ketene trap/vaporizer. Stopcock SCl

35 was then turned to disengage the ketene trap/vaporizer



fromthe ketene generation and purification sections and al | oned any
vapors | eaving the ketene generation and purification sections to
access the water scrubber. The acet al dehyde trap/vaporizer was

| oaded by rging reagent grade acetal dehyde to a graduated

cyl’i nder angv?ﬁ’é%gﬁl stilling the acetal dehyde with a PEAURIHIAYEr bat h
I nto the acetal dehyde trap/vapori zer held at -20[err]C. During the
acet al dehyde | oadi ng procedure, no gas was flow ng through L4 and the
10 . acetal dehyde trap/vaporizer outlet |line was accessed to t he

wat er’ scrubber through SC4, SC3 and SC5 3 th nitrogen (25 SCCM

fl owi ng through L3. The react ant netering was begun by openi ng

SC2 d t 15
gas inl et tubeE?%go UdUe3° B i) 08 i iERR NG LABL1GR e
trap/vaporlzera%\}ow an]wgporﬁeéeat@nmuthanﬁetene gepeseried &Y ol
ket ene/ m nute. Mifm@dhdnlﬂs%c%@% to accé!@s? trd wae ekhgc2GBbet dehyde

trap/ vapori zer gas j,nl et h |line L4 ntai ni ng the
acet al dehyde 20 *Q%uﬁQﬁﬁﬁ&FFQXH aFraag ﬁﬂﬁ?@wﬁﬁwgPFgﬁ %rOV|ded 1.0
mol acet & dehghygingireagendpgyekle SOStaldelsce Wwer @ graduabsﬂtloned with
all three portgyd{ndaearid Q%%Ch19€§ﬁfﬂng the RIaP@eh é Woehtaoned to

provide ventln to t cocks osi tioned
"0 thi s mannerWaDs vatex Babh, insp iﬁsnﬂ"%‘?‘lﬂdﬁlhy%a%é‘l’f'l" REEL#%F ough ¢ ho
bypass |ine, ahdl@oaﬁlfm0%ﬂa t Puaringctbe acetaldehyideciosding t he pressure
drop across t r&é@@ﬁfg Wﬁ?gﬁ%eﬁﬁgrfigﬁfh thrﬁﬂ§mwé§r§§augﬁ drop across the

bypass I|ne g nltro en to Tine en s ut off, and
access t &%t he 3ge aif%}ag%e 5530/ WAROB L 3ek cebthiet dfwen@rascswesg%otq he
ni t r ogen/ ket enthstwazer tscrfibberi 2hirbugh LSCMNS03 iandrsesdwith Wwith the

ni trogen/ acet Zﬁggﬁy%gn i}i§%@@ﬂdf%99ﬁ§dﬁgr&%<h t he reactor-condenser

train via lin éBS was positioned to send
the vapors exiting B re%%qtea\smm%nmmnr HYnopening §€etddacid

WO 98/ 25879  feeding nitrogen (88 SCCM) to the keteReTtYapP/agdrizer
- 32 - 15§08 YA1 &P e UaBRLgh T1Ent SPF L e A he WE R 1 B SOnd ur ned
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 14 while maintaining the acetaldehyde
20 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 positicned to provide venting to the water
scrubber. With the stopcocks positioned in this manner,
25 the reactants and diluent gases flowed through the
bypass line, and no flow to the reactor occurred because
the pressure drop across the reactor was greater than
the pressure drop across the bypass line. The purge
nitrogen to line 13 was then shut off, and access to the
30 bypass line was blocked by turning SC3 to send the
nitrogen/ketene stream to SC4 via line L5 where it mixed
with the nitrogen/acetaldehyde stream and proceeded to
the reactor-condenser train via line L6. At this time
stopcock SC5 was positioned to send the vapors exiting
35 the reactor-condenser train to the acetic acid



on at this tinme. Reactions were normal Iy conducted for several hours

each day, and the tine required to heat the reactor (about 20

m nutes) was normally small 5 conpared to the total tinme that the
react or Was yipaig The reaction was term nated by openi % to
access all . gj’tgrearrs to the bypass line, switching SCSB&(U?%%Q§ ter
scrubber, termnating nitrogen flowto L2 and L4, cl osing SC2,
resum ng purge nitrogen to L3, and 10 di scontinuing the heat to the
reactor. The condensed liquid in trap C of the reactor-condenser
train was renoved, wei ghed and ana:’l%/zed The acetic acid

anal yti cal scrubber was allowed to warm up overni ght, and t he

scrubber sol Utéﬁ&}ﬁt{ﬁhldrs%'rﬁﬁﬂerv‘e'ﬁﬂ@dr@é&flsheatgg%é@eglso ﬁ%@ore

reacti ons were ned f,or seyer al ays I n_thirs manner
changi ng the c%l? ty%th J&: Reactigms were CorERyLY Sondusind react or
heel ) was Sevmmumsomchedaqumﬂ pilss e imeacequired vEShewt ghed

and analyzed. dheddie 2lAKAL 49oniSEENA] Ve Tor 20 emalpaCtOF

cont ai ni ng an insol ubl e sol P:/ remai ni at the
base of tRe reXCIRATEG FO tbgctokal time Hhat t\b&srﬁépgﬁﬁa‘ﬂ%&%ﬁ%ﬂ‘gzed.
Product s obt ai Tiesl fe=ariidne wasapetndhat & H}E%ﬁe@ﬁng sC3 t@@é@é@raltlr ain,

acetic acid scgulhers 0 . naI zed by gas
chr omat ogr aphyé usi_ng W e #QQ? ?—’1 %%@P %6“% ?lr"f) ogr aphs
usi ng i |%ﬁﬂ@l’?’?ﬁﬁ'zmﬁnaﬁwztB#t'sroaﬁrhﬁloarcﬁpaba aa@emu dehyde

and acetic acicllosimy s yzedumsn@gp@ré’é Hitedgen3 tBML3, and FFAP Cap' ITary

col um ( rograpmed ap. 40 Cf

nm nut es, i 5[er&{%brédnu etn? E%SE%%F trP I%z?ﬁ:& “fol d&hﬁ é %‘Sﬁeéfr] C for

1. 67 ninutes. k@it imbyari-§eo the xerFteiinpondeneedi txaimtwaswer e anal yzed
using a 30 m xremoved Ovié&ghﬁuDBné SRRl Y2eY ABeUBBeticSasigron film

e krese) P OBt s BhhL w8 R A ONLE il oD LR 25 oo L2
PCT/ US97/ 14373nd the scrubber solutlon then drained, 3@eighed and M xtures .
wer e premared dred 183 .C NS FRE 2 Uiy 2P8A St At %tlr® 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
20 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
25 reactor heel were analyzed by gas chromatography using
Hewlett Packard Model 5890 gas chromatographs using
flame ionization detectors. Vinyl acetate, acétaldehyde
and acetic acid were analyzed using a 25 m x 0.53 mm
FFAP capillary column (1.0 micron film thickness)
30 programmed at 40°C for 5 minutes, 15°C/minute to 235°C
and holding at 235°C for 1.67 minutes. Acetic anhydride
and ethylidene diacetate were analyzed using a 30 m x
0.53 mm DB-5 capillary column (1.5 micron film
thickness) programmed at 40°C for 8 minutes, 7°C/minute
35 to 200°C with a 0 minute holding time at 200°cC.



by addi ng 5 ML of a t et rahydr of uran sol uti on cont ai ni ng 2 % decane

internal standard to an accurately weighed 1 g sanple of the reaction
product. 5 In the exanples that follow, the percent yield

vinyl acet | fined as 100 tines the nol es of vinyl acetate

pr oduced d?f/vigo?g%sagf the nol es of ketene fed. Exanp| B THUSPHIBT

This exanple illustrates the process of the I nvention perfornmed with
t he reactor zone containing acetic anhydri de sol vent and

p-tol uenesul fonic acid catalyst_ag 150[err]C and a pressure of 1 bar
(100 kPa) 15 absolute. The exanple also illustrates conditions that
provi de high yields of vinyl acetate w thout the production of acetic

?ﬁid after a mﬁﬂﬁd¥e§tﬁéféfﬁ%édﬁ%%axfirSgéQa?ﬁ%ﬁhdﬂ%?%&ﬁh&% gnalybigughdl-ﬁ%-
e reactor D, ong t .Sea A end. e
20 r eact o\r,\@&/agdérgﬁ%tsedw%rftoiacﬁlelt a&k’ flﬁmg%‘ﬁzéagfe%‘%r}&’# ggf‘ﬁ%m%& upwar d.
The reactor was¥ éegage winternad: standaydrtdean accuyag®ly yeighedslnpl ),
p-tol uenesul f gngampETe ol Wladit@on prodtée 8 9, 0. 0306 nol) and TBHQ (140
ng, 0.84 1) ol yneri zat | inhibitor. .The reactor .tuhe was pl aced
25 in sr<':11T?errper a?ﬁrgr-’%o??ﬁ“(ﬁ e@d%‘?kc??ﬁ:‘“ﬁéa‘i%‘? .perﬁel"%r Xé-e’%g way

cl ai sen adapt ¥inydsacetathels Geftimedopenlendtbies e moleseadt inyA 10 nm
O D. gas deli upey¥atsbprdbided B VAGEHO the rﬁaﬁéﬂm&%}\rgi f@gl Mm . D. was

i nserted through the straight vertical armof the sen adapter and
30 extended to wthin about 1 nmof the base of the reactor. A

t hreaded conn@xkmpleéukhing at the top of the vertical armof the

cl ai sen gdapter held the gas delivery tube in place and provided a

seal . The reactor inlet line L6 was connected to the gas delivery

. I
tube. 35 The cur vBY® ¥R IR USkEatrs; they RRRERSS Afadhsi t ached
WO 98/ 25879 invention performed with the reactor Z¥E dstitalalng

- 34 - acetic anhydride solvent and p-toluenesulfonic acid
catalyst at 150°C and a pressure of 1 bar (100 kPa)

15 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

20 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 wmmol)
polymerization inhibitor. The reactor tube was placed

25 in a temperature-controlled electric heater. A three-
way claisen adapter was attached to the open end of the
reactor. A 10 mm O0.D. gas delivery tube with the bottom
end drawn down to 1 mm I.D. was inserted through the
straight vertical arm of the claisen adapter and

30 extended to within about 1 mm of the base of the
reactor. A threaded connector bushing at the top of the
vertical arm of the claisen adapter held the gas
delivery tube in place and provided a seal. The reactor
inlet line L6 was connected to the gas delivery tube.

35 The curved side arm of the claisen adapter was attached



to the base of the reflux condenser portion of the condenser train
assenbly. To begin the reaction of Exanpl e nunber 1.1, stopcock SC3
was positioned to bl ock access to the bypass |line thus sendi ng ketene
(0.7 5 logi e), acetal dehyde (1.0 mol /m nute) and ni trogen
(206 SCImoﬁ?gb?ﬂ%ﬁ?tactor t hrough t he gas delivery t uSETMSPH 4 Re gas
exiting the reactor contacting the water-chilled refl ux condenser,
solid car bon di oxi de/ acet one cool ed condenser and trap fl ask 10
(trap C) containing TBHQ (40 ng, O0.24 qngh)L and SC5 was positioned to
send the product exiting the solid carbo di oxi de/ acet one condenser to
the acetic acid (also cont ai ni ng about 40 ng TBHQ scrubber, and the

heat er t efReERBUPRs¥RSE Sie fRIF1L0LBhaLRsed NSoOIE 0 €heeact or 15
tenperature was reached gfter 20%§ﬂ£¥esqb The, re i on s allowed to
f.

ct .
continue in th°SPERREF FHFR 3%A begin R, RRACEREN, EF i nate t he
reaction, SC3 Example npmbeérililed stopdiockr BCBhweas quodiniongds¢e bheokgh t he

react or bypass 4 e ' fa st.he c i nti nued, and
ypass Jd-ags £8 tﬂé?ﬁhﬂ%ﬁﬁéﬁ%@ thﬁ@tggéﬂﬁﬁaggkenéiﬁﬁ@

SC5 was positioned tg send ater scruybber. The gas
feeds wer @ shufMGgymigHge) . acetaidehyde; i . Oy WpRb{MHRUER) d to nitrogen
(25 sCccm niftrogeng (206 o8ctM) itee the adeacogrt tieraesd ithe gasi od and at
O GhonChny neBdibyley LEBE wile (1Yl G38IRthd kddhecd |2 C vas

wei ghed and anal yzed by gas chromat ography. he acetic. acid scrubber
was al | oned to SRREACEANFoBR® wateriihddes: yeEluncendsneefreSPldAt . The

pr o?uct OIr ecoveragbon dioiiwi&@tﬁ%tdd%mai doﬁﬁéﬂbﬁ:@raﬂdﬁ&]z\@ clladkango
analyze asy C e18 eacCl o sol_ut
19,  nRbaleR)c SEATRLAA ok 105 B52Ch 2 iy 7O did 2255

retained Th the te r.
performed by c®e@dEdrngdt he senRtthm nnedugs exitingpihrersadiide ca¥PPR nunber
1.1 for time pIicxddefhcdfdne conderdidy} @dtB80asPik eI SERAGD vel y using

Lpe e et Qpratnspl Bhale 0 molE farbadl Dng i pRakas! 2t Tom
98/ 25879 temperature was set for 150°C. TheCy’ U< weardey
- 35 - 15 Sempek@BarandabBeaéhdd aFRiC 20Chincoss Ai NBLk irRalctapnC
was allowed to continue in this manner for a total of
314 minutes. To terminate the reaction, SC3 was
positioned to divert the reactant gases through the
reactor bypass line, the heating of the reactor was
20 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
25 trap C was weighed and analyzed by gas chromatography.
The acetic acid scrubber was allowed to warm to room
temperature and drain overnight. The product recovered
from the acetic acid scrubber was weighed and analyzed
by gas chromatography. The reactor heel solution was
30 retained in the reactor. Example numbers 1.2, 1.3 and
1.4 were performed by conducting the reaction in the
manner of example number 1.1 for time periods of 301,
300 and 300 minutes respectively using the same reactor
heel solution. VYields of vinyl acetate isolated from
35 the condenser train trap C and the acetic acid scrubber




(trap C wt % HOAc) follow. Exanpl e Nunber % Yield Vinyl Acetate

Trap CW % HOAc™ 5 1.1 42 1.13
1.2 78 0 1 3 78
0o . 81 The
react or heel ‘i%’f”ﬁ?.’on remai ni ng from Exanpl e 1.4 msgﬁE’US%?é‘a:”a

anal yzed by gas chromat ography. The recovered heel solution (86.73 @)
cont ai ned acet al dehyde (0.31 wm %, vinyl acetate (1.7 Wt 9%, acetic
acid (1.14 wt 9%, acetic anhydride (57.32 wt % and EDA (28.99 wt 15
. Exanpl e 2 Thi's ®€kanple illustrates the effect of
operating 20 the process of Exanple 1 at a |lower tenperature. The

exanpl € al so | dbUHIHLARORME! bPNE LG 3 PIoRidIBcElned 1n 24 ¢8 OF vinYl
acetate mnthouL t he g h@ 0 ffetlc acl a?ter a steady state
has been reach EF'ﬁEfgﬁ%I s H9Ag) fo SYhrough 2.5). The sane reactor system

used in Exanple 1 25 was used in Exanple 2. The reactor tube was |oaded
wi th aceﬁ*&n%%wwab@% (S5Y§eg§ R0 %t%%gp_ &9&5%%&"%&@9

aci d nonohydrate 1)

pol ymeri zation inhibitor as per Exanpl421. The reakt®? was oper at ed

I n the sane nmanner a2 per 30 Exanpl®g 1 except that the tenperature was
set for 140[err]C 4 5 Exanpl e nunb 2.1, 2.2, 2.3, g 4 and 2.5 were

each conduct eéd for 300 minutes uSing the sanme heel “sol.ution.
Yields of vinyl acékdte isolated from8Fap C and the 0 acetic acid
scrubber solutions and the wt % acetic acid 35 contained in trap C (trap

SCYI'V} UOSA)97 Z%})?];Ol ! O%he reactor hex\e/\P sgigéz‘?o?ng retﬁa'.ining 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

15 %).

Example 2

This example illustrates the effect of operating

20 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

25 was used in Example 2. The reactor tube 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 as per Example 1.
The reactor was operated in the same manner as per

30 Example 1 except that the temperature was set for 140°C.
Example numbers 2.1, 2.2, 2.3, 2.4 and 2.5 were each
conducted for 300 minutes using the same heel solution.
Yields of vinyl acetate isolated from trap C and the
acetic acid scrubber solutions and the wt % acetic acid

35 contained in trap C (trap C wt % HOAc) follow.



-36-- ' Exanpl e Nurtber % Yield Vinyl Acetate Trap CW % HOAc
2.1 37 2.81 2.2
75 0 2.3 74 0

5 . 2. 75 0 2.5
80 ' Wo sansem 0 The reactor heel sol uti SETABEEMEBed from

Exanpl e 2.5 was anal yzed by gas chronmat ography. The recovered 10

heel solution (88.18 g) contained acetal dehyde. (0.41 wt - 99, vinyl
acetate (1.59 wt %, acetic acid (1.03 w_9%, acetic anhydride (47.65
w % and EDA (39.42 wt 9%. Exanpfe 3 15 Thi s exanpl e
illustrates the effect of operating the process of Exanple 1 at a

hi gher tenperagggﬁplgﬁﬁnbgﬁ eyahop Ad ) atrl_.gg ceng{:t% ‘(_)%%é hat
provi de high elds of viny f f acetic
20 acid after a s¥éhdy state has been37eached (Exanpl es2382 t hr ough
3.5). The sane reac202 systemused in Exgmnple 1 wasgused i n Exanpl e
3. The reactor tubeywas | oaded with 4 acetic anhydride (65.8 g, 0.645
nmol ), p-tql uenesulfonic acid nnno% drate (5.8 g, 0.0306 nol) and TBHQ
(140 ny, 5 0.84 %ﬁ%l) pol yneri zati on??nhi bitor as per Exanple 1.

The reactor was opeza8ed in the sane nmagger as per Eganpl e 1 except
that the tenperature was set for 160[err]C Exanpl e nunbers 3.1, 3.2
3.3, 3.4 and 3.5 were each conducted for 300 m nutes using the sanme
heel solution. 30 The Hepcter hieRyl saltetion Yensvered from Examppl® and t he

acetic acid scpubbwds Stialiyzeds bgNgabheh¥bme hy.aCirHle recot@Rdd ned in

0,
ngyugégﬁf4g7gh¥@1’@&f%%@og(¥8%9W% g) contained ac% g%ggﬁgde {0.41 wt

%), vinyl acetate (1.59 wt %), acetic acid (1.03 wt %),
acetic anhydride (47.65 wt %) and EDA (39.42 wt %).

Example 3
15

This example illustrates the effect of operating
the process of Example 1 at a higher temperature. The
example also illustrates conditions that provide high
vields of vinyl acetate without the production of acetic

20 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 mol), p-toluenesulfonic
acid monohydrate (5.8 g, 0.0306 mol) and TBHQ (140 mg,

25 0.84 mmol) polymerization inhibitor as per Example 1.
The reactor was operated in the same manner as per
Example 1 except that the temperature was set for 160°C.
Example numbers 3.1, 3.2, 3.3, 3.4 and 3.5 were each
conducted for 300 minutes using the same heel solution.

30 Yields of vinyl acetate isolated from trap C and the
acetic acid scrubber solutions and the wt % acetic acid
contained in trap C (trap C wt % HOAc) follow.



- 37 - ' Exanpl e Numbet % Yield Vinyl Acetate Trap C W % HOAc

3.1 45 2.94 3.2

76 0 3.3 82

0 :5 3.4 82 0 3.5

82 _ WO9825879 The reactor heel sol utpeEmugeseayer ed
from Exanpl e 3.5 was anal yzed by gas chromat ography. The recovered
10 heel solution (86.31 g) contai ned acet al dehyde (0.33 wt: %9,
vinyl acetate (1.41 w %, acetic acid (1;2§ w9, acetic anhydride
(56.12 wt 9% and EDA (28.82 wt 9. Exanple 4 15 Thi s
exanple illustrates the process of the I nvention performed with the
reactor zone contBkaiphe \Wumber & woehdl v2npyrdcdd énoqgaPOEVﬁgt%géééc

p-tol uenesul fonic 3,zacid catalyst at, 150[err and " a P of 1
bar 20 (100 kPa) absolute. The exanpl®also illustrates 2-94

condi tions that provi '%igh yields of vih§l acetate wot hout the
production of acetic axial after a steady go state has beep reached
(Exanples 4.2 through 4.p). The sane reactor systemused in Exanple 1
was used in 25 Exanple 4. The reactor®®ube was | oaded wi®h N nethyl - 2-
pyrrolidinone (63.2 g,3® 638 nol), p-tol ugnesul fonic agi d nonohydrate
(5.8 g, 0.0306 nol) and TBHQ (140 ny, 0.84 mmol ) pol ynerization

i nhibitor. The reactor erated in the sanme manner as per Exanple
1 at 150[err]C. 30 T@?a Etﬁﬁngg? gokution regovergd fyom Bxanpier o

conducted for 300%-BXRS 3081vz68 byogdd(cheoniteyraphy. ITESSEddRlveqUsi NG
the same hekb solhgdlrsolVitabds (86.31 | 1bE i nRREY 1solated fromtrap C
and the acetic agyd ;- scrgbjcaer so?’ut(?/%{r?sglél%g %ﬁégﬂg%%%%tfi':%cf"ﬁ
contained in 35 ' ‘trap¥C BEPEATE (- %% Mad f CREAE acid (1.23 waD¥9G/ 25879
PCT/ US97/ 14373 @acetic anhydride (56.12 wt %) and EDA (28.82 wt %).

a e 4
15

This example illustrates the process of the

invention performed with the reactor zone containing N-
methyl-2-pyrrolidinone solvent and P-toluenesulfonic
acid catalyst at 150°C and at a Pressure of 1 bar

20 (100 kPa) 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 4.2 through 4.5). The
same reactor system used in Example 1 was used in

25 Example 4. . The reactor tube was loaded with N-methyl-2-
pyrrolidinone (63.2 g, 0.638 mol), p-toluenesulfonic
acid monohydrate (5.8 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 at 150°C.

30 Example numbers 4.1, 4.2, 4.3, 4.4 and 4.5 were
conducted for 300, 330, 300, 305 and 300 minutes
respectively using the same heel solution. Yields of
vinyl acetate isolated from trap C and the acetic acid
scrubber solutions and the wt % acetic acid contained in

a5 trap C (trap C wt % HOAc) follow. .



- 38 - " Exanpl e Nunber: % Yield Vinyl Acetate Trap CW % HOAc

4.1 59 0.8 4.2

76 0 4.3 77 : 0
5 . 4. 71 0 :

68 _%098125879 0 The reactor heel sol ut ?S'Rm§%7213€73red
from Exanpl e 4.5 was anal yzed by gas chromat ography. The recovered 10
heel solution (80.81 g) contained.vinyl acetate (1.04 wt " 9%, acetic
acid (1.01 w %, acetic anhydride (4._7333\/(_ %9 and a small anmount of
EDA (1.13 wt 9. Example 5 15 This exanple illustrates
the process of the I nvention performed with the reactor zone

cont ai ni ng Md«_@wﬁg C%a&mmaivlfnﬁqi&&a%@i drabVe Nt 39 tidhc
t ol uenesul foni c amg l(I:_ata yst at 15 ey and at a pressu of 1 bar

e
(100 kPa) absol ute. he exanpl e al so Il lustrates coﬁd?t I ons t hat

provi de high yiel ds#df vinyl acef@ate w thout the pro@uction of acetic
acid after a slpady state has beep reached (Exanpl esg5.2 through
5.4). The sane reactor systemused in Exanple 1 was used 25 i n Exanpl e
5. The ré@actor tubt-%was | oaded with alktic anhydri d® (59.5 g, 0.583
nol), acetic acid (8.% g, 0. 0616680l ) p-tol uenesul foaic acid
nonohydrate (5.8 g, i 0.0306 nol) and TBHQ (140 ng, 0.84 mmol)

pol ymeri zati on i nhibitor. The reactor was operated in-.the sanme nmanner

30 ~ as per Exanpl eThe KeaSorehepe, sobybinn cenansaed Srom Bxample 5.3
and 5.4 were céensud=edchrizlyzed0by388s SRPomdtbg¥idhy. ThéEl pedbeGexr&bpectively
usi ng thgasane I t 0. Yj : 1. SO from
Frap c add s nene€f soflehdtNeo. g1 g) bEaERKa iy SESEALE (2GLNC [
acid 35 cont & ne?Cetiq AgFAC (At PRpWE ¥k - 0898O apdydadde (4.73 wt

98/ 25879 %) and a small amount of EDA (1.13FGH W$97/14373

Example 5
15
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
20 of 1 bar (100 kPa) 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 5.2 through
5.4) . The same reactor system used in Example 1 was used
25 in Example 5. 'The reactor tube was loaded with acetic
anhydride (59.5 g, 0.583 mol), acetic acid (3.7 g,
0.0616 mol) p-toluenesulfonic acid monohydrate (5.8 g,
0.0306 mol) and TBHQ (140 mg, 0.84 mmol) polymerization
inhibitor. The reactor was operated in the same manner
30 as per Example 1 at 150°C. Example numbers 5.1, 5.2,
5.3 and 5.4 were conducted for 340, 300, 300 and 300
minutes respectively using the same heel solution.
Yields of vinyl acetate isolated from trap C and the
acetic acid scrubber solutions and the wt % acetic acid
35 contained in trap C (trap C wt % HOAc) follow.



- 39 - ' Exanpl e Nunber % Yield Vinyl Acetate Trap C W % HOAC
5.1 41 16. 2 5.2
86 0 5.3 95 0 5

5.4 WO 98 87 0 The P&%@ﬁ&%ﬂ%el

sol ution recove?gﬁgfron1Exanple 5.4 was anal yzed by

chr omat ogr aphy. The recovered heel solution (80.68 g) contained
acet al dehyde (0.36 wt 10 %, vinyl acetate.(0.71 w %, acetic anhydride
(62.53 wt. %9 and EDA (35.7 wt % . 39 - Exanpl e 6 15 Thi s
exanple illustrates the process of the I nvention performed with the
reactor zone contai ni ng m xed acetic anhydri de-acetic acid sol vent

and at 150[ er Ehémple wuiSe®y BIQTA 9ifvbUAcdtddk DanEeNest! SniteaaCi d
cat al yst |nsgeg : e éxanpl e al SO ShOows af e_stronger acid 20
catal yst continues®t0 produce acetic atd after the 16'3iny| acetate
yi el d has nmaxi m zed.2Exanpl es 6.2 throagh 6.4). TiBe sane reactor
system used in Exagpie 1 was usegdszi N Exanple 6. The reactor tube was
| oaded with acetic anhydride (59.5 g, 0.583 nol), acetic acid (3.7 25
g, 0.061& nol), befRz&nesul fonic acid nBhohydrate (5.4 gP? 0. 0306 nol)
and TBHQ (140 ngy, 0.84 mmol) polynerization I nhi bitor. The reactor

was operated in th e t r]C
Exanpl e nunbers 6.??‘32{.:%?%%6& §°%Hg§8£4£em‘g‘?%£cﬁ]f&%e§;‘?%¥’%05, 300,
300 and 300 38-4 wafnakalvzed fut Gage chronatearaphy.amhieedecsyrgefon.

Yields of vinpeedCabzieionoled &b ig)0€ohtadnéd dvktdiienyde (3C86iwtaci d
sor ubber, ol uh 03,808 L& e tRR! bE &5 Caceric SRRMART (69.552p C (trap

Cw % C)
wt %) and EDA (35.7 wt %).
Example 6

15 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
instead. The example alsc shows that the stronger acid

20 catalyst continues to produce acetic acid after the
vinyl acetate yield has maximized (Bxamples 6.2 through
6.4). The same reactor system used in Example 1 was
used in Example 6. The reactor tube was loaded with
acetic anhydride (59.5 g, 0.583 mol), acetic acid (3.7

25 g, 0.0616 mel), benzenesulfonic acid monohydrate (5.4 g,
0.0306 mol) and TBHQ (140 mg, 0.84 mmol) polymerxrization
inhibitor. The reactor was operated in the same manner
as per Example 1 at 150°C. Example numbers 6.1, 6.2,
6.3 and 6.4 were conducted for 305, 300, 300 and 300

30 minutes respectively using the same heel solution.
Yields of vinyl acetate isolated from trap C and the
acetic acid scrubber solutions and the wt % acetic acid
contained in trap C (trap C wt % HOAc) follow.
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- 40 - Exanpl e Nunmber % Yield Vinyl Acetate Trap CW % HOAC

6.1 50 10. 25 6.2
v i Shggromor

The reactor heel solution recovered from Exanpl e 6.4 was anal yzed by
gas chromat ography. The recovered heel solution (83.24 g) contained
vinyl acetate (0.55 w 10 %, acetic %8i9 (3.18 wt %, acetic anhydride
(58.7 w % and EDA (33.07 vt % . - Exanple 7 15 Thi s
exanple illustrates the process of the I nvention performed with the
reactor zone c@xagblenNumber $iveRd AeAL ﬁ&@ﬂéﬁéderf_?éﬁfd Gagl fiogel vent
and at 150[err]C 6.1 as per Exanpl e ut w nmethanesulfoni c acid

cat al yst insteéa. The exanpl e al s@% Il ustrates that ¥céfic acid 20

is not produced whef-&8 weaker acid is u®$ed but that the 2.56vi nyl acetate
yield is lowered. Thgezsame reactor system used in Examhe 1 was used
in Exaan%57. The rgagtor tube was | oaded with acetic anhydride (59.5
g, 0.583 mol ) 7 *Hcetic acid (3.7 g/80.0616 nol), nethanééul fonic 25
acid (2.9 g, 0;0306 nol) and TBHQ (140 ng, 0.84 mmol) pol yneri zati on

inhibitor. The reacige YEScOPE" dd %@gf ﬂggp er Exanpl e
1 at 150[err]C. © i?%%éf?n?Fi?n7?ég§% . merg&%%ﬁégcted for

anpl e
300, 300 and S-Exwggsaﬂﬂﬁ%% % G5 CHFOMatasTaRRY he Therderovrrsd| uti on.
30 . Yi eltlgs oﬁlelﬁﬂ-nyblatiadmt GBhS.mI d)ecdohtaimed apikyBrbdtate (O.SSaﬁet iC
aci d scr ufgper Ukl : %.ae8t i | contained in trap C
(trap C vi % H?«C) EFg??c(:)\?Vle& & Mg Y 953\0 ég%g%%ﬁuhydrﬁioe (38" G%t
PCT/ US97/ 14373 } and EDA (33.07 wt %). _

Example 7

15 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

20 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

25 acid (2.9 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 at 150°C. Example
numbers 7.1, 7.2 and 7.3 were conducted for 300, 300 and
305 minutes respectively using the same heel solution.

30 Yields of vinyl acetate isolated from trap C and the
acetic acid scrubber solutions and the wt % acetic acid
contained in trap C (trap C wt % HOAc) follow.



- 41 - Exanpl e Nunber % Yield Vinyl Acetate Trap CW % HOAc
7.1 23 0 7.2
32 0 7.3 26
0 5 reactor heel solution recovered from Ex 7.3
was anal yze_gch)s;/ﬁ,igggis§ chr omat ogr aphy. The recovered heE&r@éﬁﬂﬁ%n
(75.31.9) contained vinyl acetate (0.91 wt %, acetic acid (1.22 w
%, acetic anhydride (79.9 w 10 % and EDA (9.69 wt 9% . - Exanpl e
8 - - Thi s exanpl e iIIustrate_;s4 he process of the 15 i nvention
performed with the reactor zone contai ning m xed acetic
anhydri de-acetic acid solvent and at 150[err]C as per Exanple 7 but
with sul furic BxeimbleaNamber % Yieidlsxilggg. atBeapXaMpk & 9t iy Hedkr at es
that strong acids o , lower the viny 3acetate yi e and produce acetic
acid. 20 The sane 'feact or systen1use@ In Exanple 1 was ugkd in
Exanpl e 8. The readt8r tube was | oaded3& th acetic arthydride (59.5 g,
0.583 nol), acetic7agid (3.7 g, 30616 nol), 96.8 % gl furic acid
(3.1 g, 00306 nol) and TBHQ (140 ng, 0.84 nmol) polynerization
i nhi bitorT 25 The reactor was operated in the sane manner as per
Exanple 1 with theThenpeastorchesl gfalutith] recbteted i Examplel nutes. The
yiel d of vinyly.aleisal anasghad oy fgimdrrdatoqraphy AN Irid S ARk a2C

oq 1828 wt.- b acetrc

scrubber was 12 % and _trap cont al,n J et aci d.
Pl uggi ng of tﬁ?eéafogﬁtmndéﬁvﬁﬂ)t ARt o vERYh sRF|EAtEh 40 -Pdr Wht i on
prevent ed %) .f acetéc apidafl @2 oft e meathiorasioydwidd Nd.bi scheel

sol uti omg The ¢)i giiad PR’ {089 (w8.448 g) of the heel m xture was
recovered, and it contained acetic acid (21.14 wt. %, acetic
anhydride (55.83 wt. % and EDA 35 (24.95 wt. 9.

Example 8

This example illustrates the process of the
15 invention performed with the reactor zone containing
mixed acetic anhydride-acetic acid solvent and at 150°C
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.
20 The same reactor system used in Example 1 was used in
Example 8. The reactor tube was loaded with acetic
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.
25 The reactor was operated in the same manner as per
Example 1 with the temperature set for 150°C for 300
minutes. The yield of vinyl acetate isolated from trap
C and the acetic acid scrubber was 12 %, and trap C
contained 19.28 wt. % acetic acid. Plugging of the gas
30 delivery tube due to excessive char formation prevented
further operation of the reactor containing this heel
solution. The liquid portion (58.28 g) of the heel
mixture was recovered, and it contained acetic acid
(21.14 wt. %), acetic anhydride (55.83 wt. %) and EDA
35 (24.95 wt. %).
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- 42 - Exanple 9 This exanple illustrates the process
of the i nvention performed with the reactor zone containing 5 m xed
acetic anhydidgaps@eetic acid solvent and at 150[err]C pcPosdfisTExanpl e
8 but with phosphoric acid catalyst I nstead. The exanple al so
illustrates that strong acids | ower the vinyl acetate yield and
produce acetic acid. The sane reactor systemused in Exanple 1 was
used in 10 Exanple 9. The reactor tube was | oaded with acetic

anhydride (59.5 g, 0.583 mol), acetic add (3.7 g, 0.0616 nol), 85 %
phosphoric acid (3.53 g, 0.0306 nol) and TBHQ (140 ngy, 0.84 mol)
polynerizatioQ%%%@QE%gpr. The reactor was operated in the sanme nanner
as per 15 EX Wi th the tenperature set for 150[err]C for 300

m nutes. The yield of vinyl acetate isolated fromtrap C and the

acetic acid scrubberhishexhthip¥e &DUustfatds the probkssnefl dBe 84 W . % acetic
acid. Plugging; ’ﬂ@ﬁ el i ver X | ve. char
formation all 01\7\11.";‘;(1e Ip%%grfom‘reghée"}#yﬁ(;p%}%%%%r#%% %grelgré%g?%ir/x?%ﬁt ai ni ng
this 5 heanrixed pqehic gnhydrjdesacetin aridriselventi andork i Kip#C

(72.25 g) of tae |ExEimpile’ 8 BAE WEEW ho¥i@ hbid catalgst ai ned vinyl
acetate (0.84 v\/t.ﬁ?e a@%tic ac'h_d é\% 9&??_5;_%% \{\_ﬁt (I)é; g%g?iﬂg&yﬂi de
(77.55 wt. % ‘a’h%""éﬁ%‘ (35 fFagple glsoyillustrates Foap prrd

Thi s exanpl e ilowex itheyinyd pretate yieldiaurg) produgecacebic et he

reactor zone Cphé addthd)Frdaft@or89btEMCUsed in $amb18Chdwaat b¥dtin _
Anber | ysrr.'rb . reactor used in

this exa Frer]c%’%g’i‘ﬁ]egcﬁ]gf a’g‘%sg”eggwgn'}:‘?ﬁ%waﬁ: %%%%ﬁﬁb@c?ﬂ‘f ed with a
per manent t heramywdfide (59.8xgendi5§3fmah) t edrdscacfidt f2.7eqct or. The
central 35  perééd wdl)t,h@s" @aph8EphdPEe VRSiEL AASERUGL €F, ¥h & wol)
and TBHQ (140 mg, 0.84 mmol) polymerization inhibitor.
The reactor was operated in the same manner as per
15 Example 1 with the temperature set for 150%C for 300
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
20 for further operation of the reactor containing this
heel solution for only 65 minutes. The liquid portion
(72.25 g) of the heel mixture was recovered, and it
contained vinyl acetate (0.84 wt. %), acetic acid (1.98
wt. %), acetic anhydride (77.55 wt. %) and EDA (32.78
25 wt. %).

Example 10

This example illustrates the process of the
30 invention with the reactor zone containing the insoluble
solid acid catalyst Amberlyst® 15 and no added solvent.
The glass reactor used in this example consisted of a 74
cm by 25 mm O.D. tube fitted with a permanent thermowell
extending from the base of the reactor. The central
35 portion of the reactor tube was constructed with a
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- 43 - condenser jacket which was in turn enclosed with a
vacuum j acket to prevent heat |oss. The length of the Jacket ed portion
was 61 cm W& gfz gm O D. tube had indentations 5 cm base of
the jacket Support the catalyst bed. A physical mXxtur e o
Anberlyst[err] 15 resin (17 M, 10.26 g, ca. 31 nmeq -SOerr]H) and
16X24 mesh quartz chips (50 I\/[L) was prepared. -The base of the reactor
was | oaded with 6X6 mm Raschig rings to a height of 6 cm above the

I ndentations, and a 1 cm 10 hi gh | ayer 43f~ 4X8 nesh quartz chi ps was

pl aced on top of the Raschig rings. The entire m xture of

Amber | yst[err] . dns n ﬁ?&%ﬁxgﬁygﬁsaaguﬂt&ﬁp'&%l@@%& Qeghpéaced in the

reactor. The Iengt cata uartz m xt arge was 20 cm
An addi ti onal BaEW‘ﬁllﬁF"Fe&yé'—P Wexﬁatlbeatr%ﬁ? -qudtez 1ergpl QBsERR aced on

LOp of t][le cat fayRét e bortion Has081Mm2- nmé(ezt fnh:ﬁﬁ)KD\l\/aﬁuBétﬁidlheg to the
ottomo t et ached to
t he ot her neck o$ %ﬁ?:l%%[ I\?[LLB‘ ral‘ie%% de#:‘? s?s ﬁ#er%g‘et Sg\éy?gta&&of the refl ux

condenser Spor t FRRPRTR I catalaish haed. 208 prhysicsdhadxtyreneftop of the

reactor to al Iméﬂyéx’fm 15 reslhet(mbnmpf toOEe R aliag Iaquaq&so,mhe '
reactor. The 100 neck ﬁ%é as a_heel g 'i( %]r for any
Uﬁ éPst ¥

l'iquid drai ni nﬁn?lr%)%%%é"?sé’a di%3® ﬁ@'epare
exanpl e, |i qui badéedohothe Imqtmowaaelheéed agith GrXésmBaschngu tings er the

rai‘é‘ftai dehyde abg HeRESBHEORE & o BB e AR el essure
By o oREs LAY T K] GESRPSHaBhe CPotRP drad BdeCafnonater of o8

per Exanpl e 1 tbebRgsechixarnipigs.10The heitenpixtaing ef3@mberdystPelTat al yst

bed sl oWy rosﬁnéri’@ké@ e gH (#é.%ﬁt% %ﬁzﬁéeﬁé q:hen ﬁla%fehe&n"‘@heh St eam was

delivered to the reactor é e catal yst bed
t enper at ure cohfRRLRH- toThe engﬁ‘oﬂﬁy*‘h?s a?%lﬂsfb 5[ RREFE BAEEERRN slowl y
decreased and chargel|wa=|20 out an 88d70fonalirs ngn thighplayessobf4¥xanpt e 35

10.1, thggcat ajpush H&sr-ct MRl d1acd8C0h 848G | IRS catalyst bed.
A 100 Ml 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

20 attached to the top of the reactor to allow for the
return of condensable liquids to the reactor. The 100
Ml 2-necked flask served as a heel resexrvoir for any
liquid draining from the reactor. Under the conditions
of the example, liquid did not flow into the heel

25 reservoir until after the reaction feed flows to the
reactor were terminated. Ketene, acetaldehyde and
nitrogen were delivered to the reactor at a pressure of
approximately 1 bar (100 kPa) absolute at the same rate
as per Example 1 to begin Example 10.1. The temperature

30 of the catalyst bed slowly rose from 19.6°C to 83.3°C
after which steam was delivered to the reactor condenser
jacket. The catalyst bed temperature continued to
slowly rige to 110.6°C and then slowly decreased and
leveled out at $8.7°C. During the process of Example

35 10.1, the catalyst bed slowly wetted. The reaction was
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- 44 - termnated as per exanple 1 after 360 mi nutes after

which a portion of the liquid wetting the catal yst bed drained into
the reservo anpl es 10.2 through 10.5, the re per at ed
in'the sanevgasklogxas 5 per Exanple 10.1 except that stg%ﬁ?ﬁﬁgﬁvﬁg of

t he . reactor was commenced when the feeds were initially del i vered
to the reactor. Exanples 10.2, 10.3, 10.4 and- 10.5 were performed over
peri ods of 300, 330, 300 and 352 n1qutes respectively using the sane
catal'yst bed. 10 Yi el ds of vi nyl acet dte 7i sol at ed fromtrap C and the
acetic acid scrubber solutions and the wt % acetic acid contained in

trap C (trap GeMmiHatAChsf pblodkample 1 EteEPEeoNdihetedtafitrixd Vi nyl

Acetate Trap C.W ,% HOAc, 15 0. 1

14. 44 P h;ﬁ&f& portion of thejllQH%d wetting the catéi?st bed 10. 3
37 drained] igto the reservmiz. In Examples 10.2 Xhrough

0 10:.5, the reactor was :Jt:lﬁerated in the same Ofgéh:.on as The

reactor heel solutjon recovered fromreservolr r .the conpletion

of the redcti RFOEXRIRIS 4016, 8xGeRt that %5?&Py?§atb99g%§ W@t ormat ogr aphy.
The recover ed ftezadtor was somménced (when hec deedenwdrackh bt teliywde (3. 46 w

%, 25 acet 1 eti rige 2 1a Wt and
EDA (39.9 wt 1) Bfdrdd to Zhlé'tfe/ﬁcté’zc OESca?@Ii)éQ hge 2S 1813 W10 alnustrat O

the process of G i were Pei’-’ﬁ?Eﬁ?ﬁoﬂ"%@ﬁf’é’dﬁ Tl é%on@%@t rT§Q)‘?u§‘“’f%r t he
producti on 352 ofinuteyl raspeotvélvnddiricctheasdmbydaogbyst Tead.sane

react or ste %gﬁ%%l I ¥?§ 9%!! ut the feed

system vvgé m)? I e lg{/f El)ig%g Ged %bs e %get a?aéhyd%n?eec#)s%stem and

by replacing t3ReHi B&den scrub er solutions and the wt % acetic aci
contained in trap C (trap C wt % HOAc) follow.

Example Number % Yield Vinyl Acetate Trap C Wt % HOAcC
15 10.1 10 14.44
10.2 44 0
10.3 37 1.97
.10.4 34 0
10.5 31 0

20
The reactor heel solution 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 %),
25 acetic acid (1.17 wt %), acetic ardhydride (2.01 wt %)
and EDA (39.9 wt %).

Example 11

30 This examples illustrates the process of the
invention using a single contact zone for the production
of vinyl acetate from ketene and hydrogen. The same
reactor system used in Example 1 was used in Example 11,
but the feed system was modified by blocking off the

35 acetaldehyde feed system and by replacing the nitrogen
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- 45 - feed to the ketene trap/vaporizer wth hydrogen stream
The anal ytical scrubber was | oaded with nmethanol in pl ace of acetic

aci.d. The r s loaded with 5% Pd on carbon po 19),
acetic anhy ?%%g:{sz 5.8 g, 5 0. 645 nol e), p-toluenesul f%@%@fﬁ;ﬁ
nonohydrate (5.8 g, 0. 0306 nol) and TBHQ (160 ngy, 0.963 mmol ). The
react or was operated as per Exanple 1 at 140[err]C for 317 m nutes
but with the feed consisting only of ketene (0.7 mml / mnute) and

hydr ogen (88 SCCM). The material 10 ~ RSorated fromtrap C (4.32 g)
cont ai ned acet al dehyde (11.2 vt 9, vinyl acetate (26. 7 w %, acetic

acid 37. 9 o ]32{‘ v{]fﬁ r 9%Q,I from
t he met hanol sér#blgéét?edkg 3écon |n§8nI?ﬁ ﬁﬁyadrd et ate 0 95 wt 9.
WO 98/ 25879 The analytical scrubber was loade w1t}p(gqq 114873

- 46 - place of acetic ac:.d The re&k8b#bwas loadedt with B% Pd 5

1. A process for aig??ega? g? oa%‘let &}t,ea%%}?é'éﬁﬁ%riae (65.8 gt he steps

of -1) cont act |°r?g
5 0.645 mole), p- toluenesulfonic acid monohydrate (5.8 g,

0.0306 mol) and TBHQ (160 mg, 0.963 mmol). The reactor
was operated as per Example 1 at 140°C for 317 minutes
but with the feed consisting only of ketene '
(0.7 mmol/minute) and hydrogen (88 SCCM). The material
10 isolated from trap C (4.32 g) contained acetaldehyde
(11.2 wt %), vinyl acetate (26.7 wt %), acetic acid
37.7 wt %) and EDA (2.1 wt %). The material isolated
from the methanol scrubber (76.6 g) contained wmethyl
acetate (0.95 wt %).



zone, 'hydrogen and ket ene gases mﬁh@mfnﬁﬂtalyst conprising a

netal selected fromthe ﬂmmm m G oups 9 and 10 of the
periodic table; 10 ¢ a product conprising acetal dehyde

fromthe figst act zoﬁe;°3) contacting, in a ont act
zone, a m x{vé 3&%1% ket ene and the acet al dehyde ]?(gitg@@?‘gaff rom

the first contact zone with an acid catalyst; and 4) recovering
a product 15 conprising vinyl acetate-fromthe second contact

zone. . 2. The process of -Claim1 wherein the contacting in

the first contact zone is carried out ~até50[err] to 20 200[err] C
and at a pressure of 0.1 to 20 bars (10 to 2,000 kPa) absol ute,
and the contacting in the ;ig-ﬁg contact zone is carried out at
85[err] to 200[err]C and a : to 20 bars (5 to 2,000 kPa)
absol ut e. 25 3. The process of Caim2 wherein a non-reactive

di l uent gas i streabtaimed into -at | east one of the contact zones.
4.. The process of Claim2 wherein the contacting in 30 the first
contact zone is carried out- at 70[err] to 150[err] C and at 0.25
to 10 bars (250 ® poocesm)for preparingapinylitacetste CPOPFdsiagting in the
second cont act the stepd B 1)S coRthbeingyt imta ¥2G-Jt0 cbB@hetr | C and at
0.1to 5 barﬁn&}o to 50% %P%L absol ute., 35 WD 98/ 25879
PT/ US97/ 14373 zone, rogen an eceane gases w. a cata_.'Lyst 5 A

process accordi ng comprising avmeteiln sehecheddfrom the elemeatal 9&t in the
second contact zongrg@Pers S8 A0 of the per&@mt@éjﬂzy:;i d.
10 2) recovering a product comprising acetaldehyde
from the first contact zone; 3) contacting, in a
second contact zone, a mixture of ketene and the
acetaldehyde recovered from the first contact zone
with an acid catalyst; and 4) recovering a product
15 comprising vinyl acetate from the second contact
zone.

2. The process of Claim 1 wherein the contacting in
the first contact zone is carried out at 50° to
20 200°C and at a pressure of 0.1 to 20 bars (10 to
2,000 kPa) absolute, and the contacting in the
second contact zone is carried out at 85° to 200°C
and at 0.05 to 20 bars (5 to 2,000 kPa) absolute.

25 3. The process of Claim 2 wherein a non-reactive
diluent gas is also fed into at least one of the
contact zones.

4. The process of Claim 2 wherein the contacting in
30 the first contact zone is carried out at 70° to
150°C and at 0.25 to 10 bars (25 to 1,000 kPa)
absolute, and the contacting in the second contact
zone is carried out at 100 to 180°C and at 0.1 to 5
bars (10 to 500 kPa) absolute.
35



5 6. A process according to Caim5 wherein the first

contact zone further co tive l'iquid. 7.
A process according to ma'm‘lﬂnﬁmmﬂlhe second 10 contact zone
further contains a solvert.c¢ L ® s 8* A process according to Claiml
wher ei n t hewoabassyst is a supported or unsupporRGHUSIHMIZH| um
catalyst. - 15 9. A process according to Claim5 wherein the Bronsted
acid is selected fromthe group consisting of- phosphori c acid,
sul furic acid, methanesulfonic aci d, benzenesul fonic acid,

p-tol uenesul foni c acid, naphtha#@nésulfonic aci d,

napht hal enedi sul foni c 20 _ acid and an acidic ion exchange resin.

10. A process accgqrdi gg [ rei ;.Br : sq acid is
p-toluenesulfonicgécigﬁp£§g§g§i%Eégfgaiﬁfggeéggygfpgig u@ﬁh&hfiﬁgfdacetate
conpri si ng cphal¥slepn dihel pecondaconhack X OTPTHFEEoBen

gases with a hydrogensibasteatadidst conprising a netal sel ected
fromthe elenments of Goups 9 and 10 of the periodic table and
an acid catalyst in a 30 contact zone; and 2) renoving a product
conprising 5 6. Ayprgresg acaardingmteh€laimt acthexsia the firstip A

process according to gbatatd lzgherRirthere cofBhffs a non-reactifene is at a
tenperature of 100 to%%gggéand at a 35 pressure of 0.1 to 10 bars

(10 to 1,000 kPa) abs : WD 98/ 25879

7. A process according to Claim 5 wherein the second
10 contact zone further contains a solvent.

8. A process according to Claim 1 wherein the catalyst
is a supported or unsupported palladium catalyst.

15 9. A process according to Claim 5 wherein the Bronsted
acid is selected from the group consisting of
phosphoric acid, sulfuric acid, methanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid,
naphthalenesulfonic acid, naphthalenedisulfonic

20 acid and an acidic ion exchange resin.

10. A process according to Claim 9 wherein the Bronsted
acid is p-toluenesulfonic acid.

25 11. A process for producing vinyl acetate comprising
the steps of 1) contacting ketene and hydrogen
gases with a hydrogenation catalyst comprising a
metal selected from the elements of Groﬁps 9 and 10
of the periodic table and an acid catalyst in a

30 contact zone; and 2) removing a product comprising
vinyl acetate from the contact zone.

12. A process according to Claim 11 wherein the contact
zone is at a temperature of 100 to 180°C and at a
35 pressure of 0.1 to 10 bars (10 to 1,000 kPa) absolute.



- 48 - - process according to Claim1l2 wherein the
lli lmnsupported pal | adi um

hydr ogenati on cat aI yst euuﬂ gﬂmu .
catal yst and the acid c a Bronsted acid. 5 14.

A process accorgsgg to C’aim 13 wherein the Br ons}&flussrhsars S

p- toluenes aci d.
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13. A process according to Claim 12 wherein the
hydrogenation catalyst is supported or unsupported

palladium catalyst and the acid catalyst comprises
a Bronsted acid.

14. A process according to Claim 13 wherein the
Bronsted acid is p-~toluenesulfonic acid.



