React or And Met hod For Synthesising Vinyl Acetate In The Gaseous Phase

* [0001] The invention relates to a synthesis reactor for the production of

nmononeric vinyl acetate (VAM in which gaseous ethyl ene and gaseous acetic
~acid as well as oxygen or 5 gases containing oxygen react catalytically,
the .synthesis reactor being a wall reactor in which the catalytic

synt hesi s takes place in a nunber of regaction chanbers that are smaller

t han 2000 pm preferably smal l er than 1000 pm in at |east one di mension

inrelation togh e ross-section, the indirectly cooled walls of

which are coate a&mi‘% il th?‘}lvg i B'Isﬁ‘gé’é’lyld‘%i‘te In BrefersepusiPiaspri or art

conpr ehensi vely descri be; the synthesis of vinyl acetate from ethylene.

For this, epbotheneinvaaset lckteaGh d ﬁlﬁ'es@'re%%rl Rf thQ)ﬁy&@&mQ &Ogugi%%'?eng glmial ni ng
anpl e

02, possi bl t on o ases suc
are Er ought%{a%er(gé&é So‘%'c?‘ngats?loé'sﬁ é'IS% @Bd g?seﬁuscaﬁ%ﬂ ?Fédt asa‘t"e”t%sn‘ii‘éﬁ?e&t%r es of

100 C t 0’ 250SE HRENNE s deprchraislgiselly, tEhysinpss dacter tjngpassi rgebthie process
gas over a waihaheysiaijieeyniteas tddi Sactif angwerew%a@ﬁ '?!ha@ntfe?sacﬁét R angat al yst

15 contain d an o c.carrier
nor mal | yl u!St(g% @%gﬁcﬁrwabgg%gﬂeﬁﬁgn q‘#)}dﬁ) lrrm in at I?asﬁ%ne ddgedls:B%()&} rlglgtionéthté;al aSI S

spheres, gr&fiP4EEss- ieétlﬂ“eih% ingirecly tq0l56 ay ds Ofd'ﬁlﬂcb afftricgled Wi a paltadiywpidal | y
active subsekheles are applied in a shell-shaped outer zone. [0003] EP 1
106 247 Si g ﬁfl‘ bes such a nethod and a suitable catal yst whereby the
carrier 'tat! li%?l A ArPorwEaensigy grsspars hosrnbesioo 3inyleeaaedometueight  and
an Au cont €t thist e@yldnet aceBc 886 arROmblycusei agitden of feed Bcbr@zkrﬂ@scs pbsshiavitcat al yst
on the car rihefddlisn Gk i ess than 0.5 nmm
EP 1 106 24g 51 Ci tes%?ﬁéﬁg?f%\?ﬁj?re@ %mﬁle ate %gghg{s"e}gaé VTS PP Re pat ent
speci ficati ﬁ)"aSWr’f‘ﬁE? P oh kY %%hCaAP PRS8RGH PrASBHie. sTé'ISe%@t?n@lbﬁ/y i s
menti oned imstrisehprRIbEnt sBpRei H datlis led, Fortthis srongly exdeseic heetionk caugst i fi ed

as a funct iomaifhg th%dlﬁi%' gat %Qd kGl 'rr%{a@aﬁ %"l%ﬁlt’ilc %rr@hgcrﬂlfrrﬁ@@rﬁg arensat(:ﬂhloged

In EP O 987 a on based carrier
whi ch has" aagggcﬁ RS f%rrm 0@?0”538%4 ‘T’Sysu‘fhﬁﬁﬁﬁ'erﬁ?aﬁrﬁﬁ‘ﬁ@e @q‘ﬂtﬁ@sﬁ@“%"ﬁﬁ al ysts
whi ch are KABWRICH Hhetchiglyfineitorctiersubdanses et abuiied i aishelBBadk@0Gu@0z380. | n DE 198

34 569 A iumis proposed which has resulted in high
product i vi 3?@211%‘3 th 66?1"{‘2%1 %6??”5%?&#1&1 SRERR aguifphle cataly st gberghithe casor by
wei ght Hf [c8iau$thgs an ldeaﬂ BOO5poridE o 89 tol4 0B 66 weiis ehdsesu @neat @by si2.d% whi ch
bari um ar oadEHMTRE th&k&@ﬁ @*Sthéj(éﬂbig‘ﬁ cﬁp@tla%%gi i gﬂr@ﬁl ag%éxoqsmﬂe%rgil is oxi des

are used i Th admium.is detrinental on

envir onrren'?) aﬁtrg?&ri%%‘gh (f 865% FFr @%gﬁ82§%%1p§§%i”m§#dﬁs 'Bied 205U 'Br EP 0
997 192 Si ”Ef“p‘t St ﬁeﬁﬁcaﬁ% 0@3@@%??—@45 swispe hohithoush highrselkaivitiie diee®nédssn al so
known. Moultteli ;s speyilidaBele i %, nof et Gr QL afiedSh ARG RLMSE hel RieMAM. Syt hesi s

are known. as a
35pyr ogeni é;gtlg?& ET Sg%cé’g'% rﬁl S%H&Tglﬁo%?g b&'é§/3 L h%ﬁ%"ﬂe@?’&%’b@b%dnc%”ﬁruct ures.
“In EP 1251063"2513? ‘Sijsc”Q‘?‘b‘ﬂtfﬂ@rfﬁala seRdRePRTesonedtry.2- 15 mm are given for such

noul ded bo d|n iven asOZ,’LS%b ht Au, 0.3-4.0% by
wei ght Pd idog% V%T’n’ﬁ%@%r\o es'sgm{aﬁﬁ‘g YAVCH ST (P Betlg e ["’tﬁo?jg]seﬁ fRriEp BE 997 291
Bl carrier 1%¥%qoaI”sD%ﬁ%8%4@6§d~1v¢W®h vdtb aniugeis atopbedsthidhvies cemrjpdnent s from
the Si02, AgBBdauchiita otiisho 20 6%, QNQEPat AREON @rdghdodsed hewadRLERRM oned 5
pat ent speC|f| cation these carrier materials can be of any shape, e.g.

cyl i nder s, (%8R9 0BF rigdosmh P chtalistén phioklbaied oasadmitrn adedepayr doﬁmg

extr udaioes eﬁﬁweﬁtﬁﬁh@b&mua@\h}%&l bﬂdegpar@ u;ez:}?’maﬂ@cal?ﬁer %o%ﬁrﬁlé &e Bﬁéa%luﬁh' |s

di scl osed ntain el enents zirconiumand titanium
advant age g%}%ﬁggloh%vr’{ men%[l ﬂrourganpl es show that a producti vi ty of 225

gvAM kg33t tdvoéjsras lmEeM;%de gsp[@wﬁi@ 4109 A1Sr @b%gk@%1 afth: s%stﬁg !e ?11' n the

prior art urln esi s of

VAM In DEET%L %eéﬂﬂerﬂ?g@s '51%‘555?\” ‘“gsefﬁwersaé'%‘% e %ﬁaharﬁ’r?bﬂ*?eﬁou lers
such as et fiyYiNiexEedr ateetnare, In EPHYA22 e 48 poobidehebdy tsdacekbdtwish or a

di acet axyephydcanrelydraucidtstiton didkide Bb& RBLEMI SREGHIAAL LA A&l RALYSt 1S
descri bed which beneficially influences selectivity with regard to the

hi gh boil ers by addi ng vanadium 15[0009] It is also known that in the
production of vinyl acetate considerable effort is required to separate
the product fromthe educts and by-products foll ow ng the synthesis stage.
Separation normal ly takes place by nmeans of post-synthesis distillation
and other steps to separate the material streanms. DE 39 34 614 Al

descri bes vinyl acetate synthesis with different processing stages for
subsequent product treatnment, wherein 1000-2000 ppm by 20 weight is given:
as the known limt value for ethyl acetate and a target residual content
of ethyl acetate of 150 ppm by weight is cited. [0010] EP O 072 484



[0011] There is still ‘a need for a method to enabl e hi gh productivity as
wel'l as high selectivity of the catalyst. Wth regard to selectivity,
there is a particular need for nmethods that suppress 30 the formation of
by- products, such as ethyl acetate, that are costly to separate. [0012]
The objective of the invention is thergfore to overcone the deficiencies
in the prior art and reduce the formation of by-products and at the sane
time achieve high selectivity and productivity. Here, productivity is
defined as Fﬁ@'ﬂ%ﬂ@@nwsv%w MECREE aites fProsuntetioydsd bogiss Tof logdrigas yigdn -and uni t
of tinme expoessechywighmiut 6 3afougyAmidgaatids. s Whas Rt htascah Giliat ed mass of
35t he catal yst does not contain a binding agent. The device and net hod
accor di ng té’o%lé“ iERVERT POB s slavier triatasialsr efsl eilter i whittheomppriser atakebsti wot hat a

syﬂt Ihesn S I emgioténts BorliSe did,0 ARDY FUL &NV IZY) grod@C BLRFfhgl 1B kG BmIRSRAUS

et hyl ene;and,;a¢etd.6 S Xygen or gases contai ni ng oxygen
under go a cg?tav%% |Cccaﬁ}grla@esl%ocn vvh"a%?%g A A an¥9h8?oerg &l "érfé'cfpg%e %

synt hesi s r BRE("OFD @ ¢ Ricdusra PP e’F"é’Q‘?ﬁﬁf‘Fs @Eudatemrrfﬁié%ts dYsorieBRf 7B 1eBamber s i n
whi ch the cearddr ytatagiar eatiztiosst . trak esntgisace. eldentseasini@nansalahivinh aAsagh of
these react k@BnsPRAFIRS Svdrfior 9RL §Ampkd B > hadirectly
cool ed. Thea(;_l]lrl mensi ons Bf Et)he rea@%onh%h%ni)grpyﬁgcrtg’pys%ﬂ %cstgé W slich a way
that the fr2@%fow cross-section in each of these reaction chanbers is .

| ess thap 2f 08k RM 395 @ﬁﬂnagdydésg%@d tlrh@‘n@ p]rgrog)rt Q'H% a nu&her c%abg(?{o%gc?s di_mensi on.

[0013] Ina a qfi %geos enb PIITEI’] lon ¢hambers
conprise a n[J t BHRESHP ¥f"§ﬂc'l?é?f' E)?gazcoéaéﬂ\'z{ﬁ%’ﬁ“ﬁ&%c% siiAsetaisf gaps
wher eby t heandubigk hoilergapsh eancthwdidanki dnethte, netiaeye vaiycowiabd itk egartist @ each

ot her anfl | lemtokyetyiie par ta{eldehn g pach %Gﬁcratlon[ rojafglys! S H&cr?::@da% nt aﬁe i L
in an opti imen rec mensi on of the tube-shape
reaction chrrts ng%'ragynp&g'rcgsé%el?chwr‘f@gfﬁ?am?ﬁ’ %HQBE@F@%BP?}"Q Y@edifMhan 1000 pm
Int ;Jbe-15 hagpewh) rtﬂ;aéléfolk%n@mmﬁé &o&J&h&u dfslnﬁl Q@etgté &ﬁs&ﬁérg% gft?ﬁrgerg re@trad I nf
gap-type re n, chanmber gap o

the free fl %\%vgrgtr%otgg psroeqjgfgl o t%gd'éc{tshé?d %B’gf"fjr‘écffs fOB?i’E“Q Héf’t SYHEPY Stﬁ'ﬂpt hese -
very smal | ERPAEAYT engally FPéW%P*FPRabsamﬁmCég)eSHShmesrsel&hllamnn grhit aves stepamec hani cal
stresses angpseeuheciaibingrameC B 3834 smwbenslames ﬁ@ﬁ'a&é(at@%{?ﬁtﬁe@i’s'xﬁﬂ [0015]

The devi ce n C nt ai ns

pal | adi um ‘g%ﬁ%‘q E}OQ&SI St% : flopgﬁ C%,QH& gtat??ﬁ%qaeat g"ﬁ?f&i“ {Dﬁg?qué)lpmﬁﬁt eri al
and i s aUhe&Ybisegp e |”t§d‘“f"6” fimi Vﬂ}aﬁ’f stiviarelals apf a fawet sidtal omteoheinber s by
nmeans of a dfhetiettp dgeNiom BOjQdiekicbhe pal | adi um content of the catal yst
according to the invention is 0.3 to 10% by weight and preferably 0.8 to
5% by wei ghP%1 &3 “8hdsrsedl 2ceaiemhighshioughGhe eddiin sy smeli giattitien ol

pref erabl y #O4ntb @ vy!EYethy raverh @bl andlerigtidubioe f t@dﬂdtﬁﬁ&%mplaﬁdlea%‘v&ﬁh@rge of

the invent 'c%ﬂyclreﬁi@m Bf)Et‘IBﬁES Y81 ¥n g”ﬁ&;oné ?ﬂ'ﬁgatzg)n meﬁ'x}pd Au C%ﬁﬁ?{é%ﬁ %{;d ther eby

productivities can be achieved t

“cat al ysts @76\ ‘P rGIRT taﬁ%‘cﬁP‘FdﬁadSP‘f‘ to t@mremﬁfést@ﬁre \@@lﬁ%hm fﬁﬁ@flqnefa@@ﬁthfllor this
is that duecemtetcheter &t @hiyet. Teftemnicngdd sretpheedsaageOmatd liovBikahg tiendi r ect
wal | cool i nthﬁs%ghs&%%é%ﬁ%o%( déi p?u[?uaé./%w{. PdyRNLA9eous heat di ssipation

is created [0017] On the ot han e net a ST Can be distri buted over the
entire cat albgllsl]‘."l'ﬂe&y@l%tlllarﬁbdfleJEadié&]oHCbshbﬁﬁ Sn@mbrbddcﬁ&b{t%s whi é%lﬁﬁbﬁ%@e&nﬁ@ the

hi gh porosid¥eQhia Qe\l\l?narg% r&lo. ﬁ%tci%ft %{gan%] grt &hif nDQ ABRS e?c}déﬁwtgts%ﬁprfﬁe

resi stances duri n% actio é Ille I ve
activity. RCTREPEPE pfﬁ?ﬁ%%éﬂ’qh aétefhl\.ﬁ'@t:ﬁﬁ‘é i afeSCOEI@lS*aFePﬁ‘iﬂteerul ded bodi es.

The | ocal qw'ZﬁMb{%l:’(rvggﬁﬁgﬁlogrﬂ%h %Qhérc—g heov%%%r%‘e ¥1e de lCl ﬁ:n? ln?fﬁnOt EXCESSI ve

as a result of ar ge nogenous atton so grior @
catal yti cal®§ "4ets e fcﬁ‘ﬁ?"&f‘ °§G¥$’rz§3€‘é3t5a§‘dsﬂ§8ﬁ sege §pe iareipveaiah, selctyir atidngl y,
hi gh acti virdcesiviy: éleac oevedty is dfBA 8] trelmidsher MM Bcdtdle Edﬁaeasyéﬂtrﬂ% bfS

reactor accgy , ol m t L Hsed 3pwhi ch has, an
al kal i mt%gg%gtﬁﬁt %)fhﬁq &Mr%@ééd%‘u é ?gv"%%/&rhl\’wt"so% )g@b §Wmeéﬁrfass ot assi um

is the Pri M PAkEPT ’P?étcama‘[)saea’”d'%??ﬂﬁ‘t i1&e ‘é‘?ee?’rde@e*%d 8%sitngity thehe f or m
of its acetmeeiion sdvq 0§ b@plefnin doefrrotanar thaidvanbageeatsor enBediopRatc=0fnyt he

devi ce according to the invention the catal yst used contains one or nore
el ements fromthe group of earth alkali nmetals, |anthanoids, vanadi um

i ron, manganese, cobalt, nickel, copper, cerium platinum vvhereby t he
total proportion of these el ements does not exceed 3% by wei ght. 5[ 0020]
The invention al so covers the use of a catalyst in the synthesis reactor
whi ch contains an oxidic carrier material which as its principal conponent
has an oxide fromthe group Si 02, Al 203, TiO2 and Zr02. In an advant ageous
enbodi ment the carrier material contains further oxides as secondary
conponents. Bentonites, for exanple, can be used as natural m xed oxi des



20 equally to all areas wthin the reactor. In the tubular reactors with
catal yst beds used in the prior art, strong radial thermal gradients form
in the individual reaction tubes, which cannot occur in the reactor
according to the invention as the catalyst is present as a wall coating
and conpl ete optimal heat dissipation is ensured by the intensive indirect
wal | cooling. [ 0023] The method accdrding to the invention is also
characterised in that in the reaction 25chanbers the tenperature is 100 .to
250 C, pref etsadd i vibbO gho2DBhGnevdnt Redtherciare el lze oPRENG: ddRed berairmage of 1
to 12 bars, ogiggi L%@rgcl Yoalif o ctaamere%kasa%awre% tok Q%éhlﬁs% SRhageolsly the

nmet hod acco % i nventigh can used 1 n explosive process
condi ti ons W't h??a?t%(é‘?? Welu b Cul \Kﬁ’alc'i‘P“r%B‘é“P%fs frowipi ﬁéth‘é‘)ﬁ?"i*lﬁi&rf?i‘fﬁ‘é? Bkseng
par anet er s hlass Agiedsborsevalidk eavhiohtheseaeadiom thdobemus erath witk plcasiystang tsat es

bei ng at tali W}@%Cﬂ@&@ll&@ﬁ"h¥%imeagor%%%tréa@ﬂ& &%ﬁlbéré’-%%%ek&e%%@c@@@a)ﬂ?hétt ures
vmthacorrp%leo def vol une 1 n

conditions Pres&n Owcf:u‘?Sa ﬁa‘&lﬁ”ﬁéﬂ S?C(B’c‘gst esesﬁﬁﬂ‘“é@?'@ﬁﬁe%‘?ﬁr@a'hﬁaoﬂp’r”@ssur e.
O particul aﬁef%%txl*ﬁﬁﬁ tblarllwoéluévraﬁfd@ﬂ@eﬁh@nblwer explosion limt for oxygen
whi ch in US 5 i.s typic u at 8% Wth the nethod
accor di ng tbo%% ﬁz Il’”'hi"} Vﬁ?tf"%eﬁx F'(B’E%dlé%enggag'let e&ﬁesthﬁrfﬁace%g}ag'aerﬁ FORATER an 02
content of Bweter Jogtlsy mehmép'ﬁtss yhiengeme 2inam@Stohgapy mberersihe ubes or§ap0025]
The invent i odh tRl250e€B\6aY Fawithdbgbkd/is badnQithed 8@ ibiddiiaruh @616 b ot NY |
acetate synthesis characterised in that the palladiumcontent of the

cat al yst i sil§14 litipaniggritapeien ghertimsed tabedimsnt OniBpredseioonb dinwesightf thd n

anot her adVﬂBé-@@@wr@a%iiembtelsQﬂeQJth&rh@Od@MdﬂsﬁrefErla@y @9% @la;cmuoqm iPf the
catalyst is g gh e%c/t?opa cham!)?qhtth:s Ps t%? ﬁfreebflo}r(/a? ?te Cﬁaﬁ- pF %ﬁh In

anot her 5advant a ion of cat

i nvention, P’F?é‘bﬁréteélﬁ%ﬂﬁrhe@btrﬂréfmw‘@f‘ of the Qé@P%H‘?ﬁPe flayy @O%-S?Qiloﬂﬁr‘?@@v'ev\/el ght -
and pr efier abimgnslont, onc Yeldly ofeth@Btven| &RGLimeRsice, askant ageatige endadaiment the
catal yst ac i n r r ment s
fromthe grg%r%%ﬁ?g‘g%%m&g% s %/a %@%g&&ﬁ%@%ﬁ%&ﬂ % &S%aea?ﬁr?]gntﬁ)h %n
manganese, obgThe déviceketordigPPRBY invedBdr k¥ a @kRlst \mihldiﬁ shemne byiating, §ad al

proportion gfy 4 gn%ﬁastaﬂc%ﬁ'p&rrﬁmaﬁm cgt(?f‘errgétg%?gncfs/%{ﬁ%s:m ag{aﬁed o §0¢41 I'n an

advant ageous carrier yst according to
the inventi BHEESH BP FRECUoR CRATRIFLYMEERT P& PMAPE A9%h oxi de from the group

Si 02, AlZ03vp0fk e gﬁgdagﬁnor% texmcﬁrtﬁéjé(atéh%e%&o% tﬁ‘eg‘?\9éh§eoneﬂtb°§jlo”fd“ pj Ne

carrier gn al er oxides as Second %/i ng
Bent oni tes weight aé@(%l’ﬁfﬁ'[aé’y 084 SHeY Y&l WaerpRet iR 2ald FAnleads BXP et PYSTidH 28] An
advant ageousncf prefehasly Odev el phemtigiconseiatiss hm edshetiaC advahtys:t of [tiesyi@venbe@i, Ng

applied to Lhfeal §er9fm&h%%t%ﬁ%'é?wﬁ LAhaphets aPcY t%?%r&ﬁct@ﬂe@%érﬂb& or

or gani ¢ bi ndi ng Cglgent %a]y 3 gro ortion o agent 1n the ,
catal yst | a§&ieVPs! "(‘J“Bﬁ%cﬁﬁf cgrRuidg WGQF@‘F@?%HIOV’”BFPW&‘%P@%%%Q{‘ °0PBm t he

- group of2snmetald toxredeorsiol $his isahdt ulue $ethd eratalyat adnesngoio ted keabtor wat add ¢l 1 cat es
are used, fRGiRKRIRbSIng mrclagﬁma X E8rieB Qe adBtdAbusHRL L IPSRR is arhal er

gl ass. 20[0029] An optim sed enbodi nent of the catalyst according to the

i nvention cimasTiSinghd stharlHand the nataty @men tdisotretdld dep tirgenan dataigétiiayat | oiae

el ement s belgoATREANERN Hhoke bl St HRUGIDAART of BE AL £ 8eteP LDy L NE
catal yst layer w thout ‘any 6%@? ihﬁg seinth I'l catal ysts

known from I'RE® PRI rﬁst‘?tanc[s?) e?‘:é\%”[ W? Héh‘ﬁé\?l negatisz echPhiye @6™Mbhe
invention tfhieereas abystl vasictpree pariedsiah imnmoufdsdavaiesglige rieaneobi¢ ondtéie

pr egar gt ' ?ncénﬁerﬁrptl PR gfﬁﬁyse‘layéﬁ" i§ hot%x@é&‘é‘ﬂ@ﬁs Q@éé’u‘t%? th@%&@ Hér%e%v_gz bei ng
used 1 dentl

catal yar wndorrR SOEREY el SRS Slredt et r S PR Pt g
activat ed whighapivtessst aamiede®et ate. The pairs of plates were connected to

each ot her t the catal ers wer si.te each other with a gap
of appr ox. OB Rasrss i bR Aahesin 6o GrS B B ab SR D eded q | 30
pressur é5r ewhisih hast anr e mtal hedend df %ﬁ/fqﬁ% ragferabp é rat @y aleimbs Polesmpl st el y

i sot her mal | yegtimd5 8fcali T8 dQTRBER L WFefericB 6 SRSH MBS #iSadeh@n 1 K wher eby
measurenents were taken at 5 measuring points along the path of flow.
[0031) The pressure in the reactor was in the range of 5 to 9 bars

absol ute. Ethylene, oxygen, nmethane and helium were added in gaseous form
wher eby the nethane served as 35the internal standard for analysis. The
acetic acid was added in liquid form and evaporated upstream of the
reactor. The gas m xture entering the reactor was conposed of the
following, 6




expressed in percent by volune: 63.2% ethyl ene, 5.7% oxygen, 4.2% net hane,
9.6% hel i um and 17.2% acetic acid. Testing was initially started without
oxygen, but over the course of one hour the oxygen content can rapidly be
increased to the standard content. Analysis was carried out using gas
chronmat ography and a CO2 detector. 5[0032] In an initial test, the results
of which are set forth in Table 1, the dependence of the productivity on

t he pal |l adi um and gold content of the catal yst was investigated. The
measur enent80tikine fodirer imddnmaeovaembodieent @httke devi@ dvagsrdiagtoved Invagorwihe h t wo

di f;er ent gasiykioads doﬂtatn@eor@a&ra#nh(@te!é?ﬁ&ts the Q@%rduﬁ]a&i AR ar@ﬁ’-%a%d as
pr oduct ga%

oI ume nmass o cat a

| vAN kgr at " ?n”\( & "% adi(‘)“r‘?l vt NE"HCET Y C’Sbcaﬁ't%?q\/ fOF’H%{ E:e‘”\‘z\igsp“{‘lﬁk’& Wﬁefﬁ%
10consi (cjier b5 ‘é‘ﬁl PT?POé'Onmft‘%gte”teﬁédQﬁsﬁéi Frgesa Gy ysigbpor t i on. At cat al yst y

repared, a abov ontent jn mass %
Ilgr oguct i Vi f@@{)g ’&YE'%"’“ aEc’ RIOat e use§ 5¥'§ysz '"Ehe Sé(giﬁ?sbsa{aac% é'dbf?@‘ff’ﬁg* h
Pr oduct i vi t8p % A?ﬁ'%g‘ﬂﬂ?”ah‘}’h"ataspts ﬂ”f@ipﬁbﬁomam?”@a@ ah gk fronpile 9OEPIRG* h 0. 83
/ 0.36 450 ABQ 12054hd/zrd,. 10aB3ak3fd0uste rfbdimert (RO cardst 20ts2d Q0ntaifatuktiesr 1.
| nfl uence afibhg, Bable ﬁg@gn&%nbsmmgy ' QAHGL | b bY LR L O abl e 1

it can be seen that uctivity rncreases wth increasing "Bar Aau 15
content. AI"[XH'E)‘Dgh hi gh vaI ues are sonetines reported in the prl or art as

bei ng aq(y aWE&QFQP%dJaHtaBEMQCérPJo‘& eht va%gﬂ Qfethgsd%Hc@ Cciscgoll: ng Eo tﬁe lr?‘ %rlﬁ
t hat b

appropriate tests or exanple enper at ur es e troloped in
t he convent™gK& thﬁﬁi‘sﬁdﬂatﬁﬁ'aﬂ ﬁf ‘Q%Eﬁﬁ"tﬁﬁ C'é%?‘?eﬂseaté%ﬁtan?@HV COAﬂS“a@Wh%ﬁ"aﬁé of the
i nventi on cdEs! 96 tsa@iniistired)g apalivg lto/the statlstheed enipes b toaedday e opient as a

r7es ult of ayding mingﬂé %’erltq%g g biﬂ@ngl £BYE FroRGlSgrad & rrlei(am)&defsgfs, dhgosaet hod.

derivatives or alkali metal silicates, such as, for example, silicon oxide sois, methyi celluloses

‘15 or water glass can be used.

[0022] The invention also covers a method using the aforementioned reactor in which the
reactor is operated almost isothermally and the maximum temperature increase between the
inlet and outlet of the synthesis reactor is 5 K, preferably 2 K. This small temperature
increase not only appiies to the difference between the iniet and outlet temperatures but also -
20 equally to ailt areas within the reactor. In the tubular reactors with catalyst beds used in the
prior art, strong radial thermal gradients form in the individual reaciion tubes, wiich cannot
occur in the reactor according to the invention as the catalyst is present as a wall coating and

complete optimal heat dissipation is ensured by the intensive indirect wall cooling.

[0023] The method according to the invention is also characterised in that in the reaction
25  chambers the temperature is 100 to 250 °C, preferabiy 150 to 200 °C, with the pressure
being in the range of 1 to 12 bars, preferably 6 to 10 bars absolute.

[0624] Advantageously the method according to the invention can be used in explosive
process conditions with no restrictions with regard to the optimum operating parameters
having fo bz taken into account because of explosive states being aftained. Explosive
30 conditions are taken to mean gas mixtures with a compesition which could explode in a
defined volume in the conditions present during the process, such as temperature and
pressure, Of particular technical relevance is the lower explosion fimit for oxygen which in
US 3,855,280 is typically quantified at 8%. With the method according to the invention
process conditions are covered in which an O, content of over 7% by voiume is present in

35 the process gas.



[0034] In Test 2 the behaviour of the reactor according to the invention
was investigated at various gas |loads in the catalyst bed. Gas load in
1/kg"h at 5 bar Productivity in (lIivAnl kgeat*h 3000 300 6000 350 12000 400
- 450n 24000 450 - 480n Table 2:1nfluence of the gas |oad of a Pd/Au wal |
catal yst 5(0.83% Pd / 0.36% Au) on productivity n For neasurenents see

al so Table 3 [0035] FromTable 2 it can be seen that an advantage of the

i nvention consists in operating the nmethod at a gas | oad up to approx.

12, 000 1/ kgrohzs] ﬂhteintantidnh&sodmvérafaioﬁﬁiyarfdr GHeSH Hpédc@ﬂfof"l&liﬂﬂ af:étﬂw,syrﬁﬁéﬁs pressure

l 0SS I nt hecﬂa%@@%s%ﬁ ln%g{eq:'am %Oh’(@lﬁ 0% ﬂ)%%&gkl&rg d §tocl %V%F}ﬁtr ?T eraﬁ St han

in the knO\A@]Btubul ar reactor has a ca ncrease .

in the gas !"BEPaBOVREM D 35127 1Y RIGHSCORBESTIP P‘H@e %Pé%lﬁ thg gig Wief“l%ant
i ncrease i nthpratiyett sVi.25% to FBOBG veidhtomgefowmitih Otshe Litdbngeight emadeist 3, in

Y\Ihl gh i ner eﬁﬁbrﬂﬁgeﬁ’tﬁyc@h{p&%@ﬁ %ﬁt‘g@ga‘cbiﬁ@ ’é@fﬁﬁ:’lﬂago meeroﬁstpgg&laésfgg;cgﬁ%{tQ?Sgﬁ-zve
oads were [
a positive & '?e Cafﬁgﬁs dpért uctbly\‘f“'i‘;"tg tan%ﬁr(??ﬁ?gl 1rt°\‘}'2f§’|y§?'ig[5ns are not linited by

t he react or jo0#s) i@ aaeatnmg@bua%%d%mthte Qaiatw a'chYcﬁrfbttb - mvEﬁl(oﬁgns&%Iaﬁth in
mass % Producti vi t = 12,000

Ani p rs oad
1/ kg*h Pr oductlV|Q['"%//"_”E'm"tS frm KYLEL Ielah’ B?i @gtﬁlrse'agg?ﬂﬁ% @5@ “I”bé{?f‘ = 24.000
1/ Kot h Pr odBigngavdseyeobalt, nickalvoapien] dedkmt PHINUT mEsrsby e Jottlarwotersol tomd =
24,000 X6 kgdibméhiBided ndexdbedkB0 byhB8lghl 60

[0027] in an advantageous embodiment, the carrier material of the catalyst according to the
invention contains an oxidic material with an oxide from the group Si0,, ALO;, TiO, and
ZrO,, whereby in an advantageous embodiment the carrier material contains further oxides

as secondary components, Bentonites, for example, can be used as natural mixed oxides.

15 [0028] An advantageous further development consists in the catalyst layer being applied to
the walls of the reaction chambers by means of an oxidic or organic binding agent, whereby
the proportion of binding agent in the catalyst layer is 0-50% by weight and preferably
binding agents from the group of metal oxide sols, cellulose derivafives or alkali matal

silicates are used, for example, silicon oxide sois, methyl celluloses or water glass.

20 [0029] An optimised embodiment of the catalyst according to the invention consists in all the
aforementioned doping and acfivation elements being homogeneously distributed over the
entire volime of the catalyst layer without any layering as is the case in the shell catalysis

known from the prior art.

[0030] To test the device according to the invention the catalyst was prepared in an
25 analogue manner to the preparation in EP 1 008 385 A1 with a powder carrier containing
SiO, being used identical in composition to the usual bulk catalyst carrier. The catalyst was
then applied fo two stainless steel plates with webs and aclivated with potassium acetate.
The pairs of piates were connected to each other so that the catalyst layers were opposite
each other with a gap of approx. 500 ym being formed. This pair of plates was placed in a
30  pressure-resistant reactor heated by oil and operated almost completely isothermally at
155°C. The temperature increase was less than 1 K whereby measurements were taken at 5

measuring points aiong the path of flow,

f0021] The pressure in the reacior was in the range of 5 to 9 bars absolute. Ethyiene,
oxygen, methane and helium were added in gaseous form whereby the methane served as
35  the internal standard for analysis. Tha acefic acid was added in liquid form and evaporated

upstream of the reactor. The gas mixture entering the reactor was composed of the following,



2.50 / 1.10 830 850 1350 5.00 / 2.20 1120 not neasured 2100  20Tabl e
3:I'nfl uence of the operating pressure and the gas |oad on productivity
with different Pd contents [0037] In Test 4 the tenperature dependence of
the nethod was investigated whereby the selectivity for vinyl acetate was
considered in relation to ethylene and the productivity was 25consi der ed
inrelation to vinyl acetate. It was found that with regard to selectivity
an optimumis passed, which is in the range of 160C to 170C in the case of
a pressure efprdsdsbn serantcthy yoluBe B8l Wecttedeeat. ot psjigeh aadi mghak, 96:88%MkY wei ght
Pd and 0. 36%dy:. %ﬁb&m acﬁuﬂ’eétiﬁé w%§mh\ﬁstam%tﬁm %E#%LLW}CEF hg%cn%e gl most

0 I NCr ease I NCr eases
?ﬁ /(E Zﬁe?;{] 'f'j'%ra‘f\e/*(?‘@r fﬁ? %"é?e“a%mb*F'B&a'& %/ﬁp{?ﬁ’ttg? 'B‘ffeaaf)d P §reptangryd G- m?’ysewewas
achi eved at “ABBQUHLsing ﬁﬁss:hﬂomompmrid@da@ﬂgtedﬁr T= 155C T= 165C T= 175C T=
g‘?glcaE/'g‘g/g FE)R}%I gn |tni¥ai ?elst h\él rg's% f vm'nghoa(\)re st(e)tofort]t'}]h? Qab:!'ef1 9 Othev (f\el\;cler%%LceeCotf I’(h\él ' Y. in %
productlv:ty or the palladium and gold content of the catalyst was investigated. The
measurements were carried out at 5 bar and at 9 bar as well ag with two different gas loads
in the catalyst bed. The gas foad was measured as product gas volume per mass of catalyst
and time using the units lyamkgea"h, whereby only the active catalyst mass was taken inio
10 consideration, i.e. without the binding agent proportion. A catalyst prepared according to the
above method was used, -

Productivity

Pd/Au content in mass % Productivity
[Gvamfkgea™h} [Gvasa'Kgca™h]
atp =5 bars and at p =9 har and
__gas load = 12,000 Fkg*h gas load = 24,000 lfkg*h
0.83/0.36 450 750
2.50/1.10 830 1300
5.00/2.20 1120 2100

Table 1: influence of the noble metal content on productivity

[0033] From Table 1 it can be seen that the productivity increases with increasing Pd/Au
15 content. Although high values are sometimes reported in the prior art as being advantageous
in principle, it can be assumed from the lack of appropriate tests or exampies that
temperatures cannot be controlied in the conventional method with such an active catalyst.
An advantage of the invention can be seen here, namely that the temperature deveiopment

as a result of a high Pd/Au loading no longer acts as a limit for the method.



97.4 97.4 96.8 95. 6 abl e 4 Influence of the operating tenperature at
bars and gas | oad = 24,000 1/kg"h (wal |
In Test 5 an attenpt was made to use.the nethod according to the
i nventi on under expl osive gas conditions by increasing the oxygen

10[ 0038]

concentrati

regard to 02/ C2H4 rati os.
in order to increase productivity,
can be i nt el®034daldsy2 Ketbehayicor d de reartcypretamigeo tHzenveatohochs inkéstigdiebit

fact that

p=29

catalyst with 0.83% Pd / 0.36% Au)

on. Test conditions 3 and 4_are within the explosive range with

condi tion lysfiestgas @Bt ir@Radystesd condition 3 Test condition 4
vol unme 02114 63.2 61.2 59.5 57.8 % by volune 02 6.0 8.7 11.3. 13.8 % by

An advant age of the invention can be seen in the
expl osi ve process conditions

% by

vol ume HQAc Gas ioad in lfkg*h Productivity in
at 5 bar Fyan'Klea™h
3000 300
6000 350
12000 400 - 450"
24000 450 - 480"
Table 2; influence of the gas load of a Pd/Au wall catalyst
5 (0.83% Pd I 0.36% Au) on productivity

" For measurements see also Table 3

[0035] From Table 2 it can be seen that an advantage of the invention consists in operating

the method at a gas load up to approx. 12,000 I/kg*h. Due to the dsviation and disruption-
10 free flow, the pressure loss in the reactor accarding to the invention is considerably less than

in the known tubular reactor which has a catalyst bed. A further increase in the gas ioad

above 12,000 Vkg*h does not bring about a significant increase in productivity.

[00386] Along with the findings from Test 3, in which increasing Pd/Au contents, increasing

pressures and increasing gas loads were realised, it can be seen that all these three
15 parameters have a positive effect on productivity, and their variations are not limited by the

reactor or the method according to the invention.

Productivity Productivity Productivity
Pd/Au content [9vam/Kgea* ] [9vam'kgea™h] [gvamkGkar™h]
in mass % pressure 5 bars pressure 5 bars pressure 9 bars
| gas load = 12,000 gas idad = 24,000 gas load = 24,000
I/kg*h Ikg*h lVkg*h
0.83/0.36 450 480 760
2.50/1.10 830 850 1350
5.00/2.20 1120 not measured 2100
20 Table 3

influence of the operating pressure and the gas load on productwnty with
different Pd conients :

[0037] In Test 4 the temperature dependence of the method was investigated whereby the
selectivity for vinyl acetate was considered in refation to ethylene and the productivity was
25 considered in relation to vinyi acetate. It was found that with regard to selectivity an optimum

is passed, which is in the range of 160°C to 170°C in the case of a pressure of 9 bars and a



17.2 16.7 16.2 15.7 Inerts (He, 01-14) 13.9 13.5 13.1 12.7 Space-tinme

yi eld VAM 9vAni / kgc8l *h 430 630 700 1100 Table 5:Effect of increasing the
02 concentration on the productivity of VAMat p = 5 bars and gas |oad =
12,0001/ kgth (wall catalyst with 0.83%Pd / 0.36% Au) 20[0039] In Test 6
the influence of the layer thickness op the productivity and area-tinme
yield of vinyl acetate was investigated. The al nbst constant mass-specific
activity of the catalyst at increased |ayer thickness shows that nass
transport rebcst greles igidmy 0OAB3Y ay seibor B nat @360 Ibe waighthAu) fdr keari@gier . A

further advantagacRbivkibe of BMBAtIsANark SadhRESHRS %&iu&th@g} is LA ﬁcria%eﬂgvitEEEd for
shel | -11i ke Q%Le netal distrib ssociated wth high |ocal

, utiaopn, which i .
nobl e metal’ 25CONCERtT At ORe and Ottﬁagraeﬁgf’dij%\‘ﬂ'/?yn bffelnbt®) Setlfkata™areas. 9
Layer thi ck¥f88¥ish1§n PritiellwtFoipr fopdingaM ci vadkocat *h Area-time yiel d VAM
QV/W1112 Cat 300 850 130 500 780

T=155"C T=185°C T=175°C T=185°C

VAM Productivity
Gvam'kgea"h 700 900 1150 1400

VAM Selectivity in % 97.4 97.4 96.8 95.6

{related to C,Ha)

Table 4 infiuence of the operating temperature at p = 9 bars and gas load = 24,000 fkg*h
(wall catalyst with 0.83% Pd/0.36% Au)

10 [0038] in Test 5 an attempt was made to use the method according to the invention under
explosive gas conditions by increasing the oxygen concentration. Test conditions 3 and 4 are
within the explosive range with regard to 0,/C,H; ratios. An advantage of the invention can
be seen in the fact that in order to increase productivity, explosive process conditions can be

intentionally set in order to optimise the method.

15 -

Test condition 1 1 Test condition 2 | Test condition 3 | Test condition 4
% by volume
CoHy 63.2 61.2 59.5 57.8
% by valume
O, _ 8.0 8.7 11.3 . 13.8
% by volume
HOAc 17.2 16.7 16.2 15.7
inerts (He, CH.,) 13.9 13.5 13.1 12.7
Space-time yield 430 630 700 1100
VAM '
Gvam/Kdea*h _ .
Tabie 5: Effect of increasing the O, concentration on the productivity of VAM at p =5

- bars and gas load = 12,000 l’kg*h (wall catalyst with 0.83% Pd / 0.36% Au)

20 [0039] In Test 6 the influence of the layer thickness on the productivity and area-time yield of
vinyl acetate was investigated. The almost constant mass-specific activity of the catalyst at
increased layer thickness shows that mass transport resistances piay only a subordinats role
within the iayer. A further advantage of the invention is therefore that there is no need for

shell-like noble metal distribution, which is associated with high local noble metal

o]
A

concentrations and thereby low noble metal surface areas.



196 Influence of e layer thickness of the wall catalyst with 2.5% by nmass
Pd on the area-tine yield of VAM [ 0040] Wth higher |oading of the
wal | catalyst, a VAM productivity of up to 5 kgvAm kgcat"h 5 was observed
at pressures of up to 9 bars. [0041] In a further series of tests a Pd/ Au
catal yst was used which was prepared according to the nethod described in
EP 0 723 810 Al. In contrast to the moul ded bodies described in EP 0 723
810 Al particles with a particle size of 50- 150 pmwere used for the
tests descrii bgc : . basi c : irdentical_ to thatpf—the
noul ded body. %ﬁ%%ﬁ%ﬁﬁ% 10(:oncﬁg®%}f¥)}ﬁ?n t he eélAﬁecatt'"feJy'c?Wv%Ng reduced
in relati o To Tesrs T to 6 and reptited=wth—a BEh e Rg—y retric
proporti-on |of inertsgas and alsmall pragortion of water vgpour. Changing
t he proportjion of ethylene inithe educt sitreamto the extent carried out
had a neglijgi bl e ingol uence onjthe synthesis reaction. In Test 7, the wall
catal yst prlepared atCording t¢ the abot® nethod lvas used,'%&ai d cat gl yst
cont ai ni ng Zath% DY WeLGBE ortd 3B Ghickrel 8T kY w4 RET Gk P by pabh Rt e —test -
condition a gas tenperatdpie/Adf 155C and a pressure of 9 bars were set. The
conposition of the educt gas was selected as follows: 49.2% by vol .

et hyl ene (ngﬂ@ 2..00 ol ...acetic.acjd C . 3% by vol . water (H20)
2031. 5% by VoI * "i@;@e‘%ﬂéﬁ% A ‘“’a":acsa"ag’ﬁ{elai%mwﬁ%%ﬁ‘ﬁ%ﬁ%)@/‘?rﬁe@@&aw% of
measur enent WAt @S A gpesyrasH TalsI%@a®. 02 (% Gas | oad Productivity

P H 0 *
(S(Iilgegt ICKI) ty [0\'%”'5“( %@%%‘ %egl&%g%e g%éd/gg 'Eﬁan?s?@‘ése 155%&1 \% :ct}/vcv);s{gre}p/arlé ggcztordpng gym |
' to the methad described in EP 0 723 810 A1. In contrast to the moulded bodies described in

EP 0 723 810 A1 particles with a particle size of 50 — 150 pm were used for the tests
described below. The basic material is identical to that of the moulded body. The ethylene
10 concentration in the educt flow was reduced in refation to tests 1 to 6 and replaced with a
corresponding volumetric proporiio'n of inert gas and a small proportion of water vapour.
Changing the proportion of ethylene in the educt stream to the extent carried out had a
negiigible influence on the synthesis reaction. In Test 7, the wall catalyst prepared according
to the above method was used, said catalyst containing 2.5% by weight Pd and 1.1% by
15 weight Au, As a further test condition a gas temperature of 155°C and a pressure of 9 b.ars
were set. The composition of the educt gas was selected as follows:
48.2% by vol. ethylene (C,H,)
18.0% by vol. acetic acid (MOAc)
1.3 % by vol. water (H,O)
20 31.5% by vol. oxygen and inert gas (helium + methane)

The results of measurement are set forth in Table 7,

O, (%) Gas load | Productivity | Selectivity VAM CaHa
(related fo CsH4) | conversion
Vol% Vkgea*h Guam / (kQea™h) % %
6.5 6000 1600 943 16.0
9.0 6000 1900 4.7 17.6
11.5 6000 2320 938 215
14.0 6000 2620 934 248
14.0 12000 3180 96.0 14.2
Tabie 7: Infiuence of the O, concentration on productivity

and selectivity



9.0 6000 190094.7 17.6 11.5 6000 232093.6 21.5 14. 016000 262093.4 24.8

14. 01 12000 318096.0 14.2 ani elnfluence of the 02 concentrati on on
productivity and selectivity 10 [0042] Test 7 shows that, with a space
vel ocity of 6,0001/kg,,*h, by increasing the oxygen concentration from

6. 5% by volunme, which is not in the exPI05|ve range, to 14.0% by volume in
t he expl osi on range, the conversion of %thylene increases from15%to
24.8% In this case it is really surprising that this marked increase in

conversi on moh3 Tke@adsows ®ag mmara)épsdmleibmty%f @@mn/e@g?ﬁ tbyﬂnc‘i@abﬁ@% Miy&éﬁ from94.3
to 93.6% | Qor@gr&ruﬁ?oln in hrﬁ%%%vgy vlalu wl}tc%rlsyn mqpe e S|¥e ra{\ghe {Oalngqﬂyéﬁqm? eact i on

expl osi ve range, reat

of et hyl ene™ii% Eﬁ‘plBQZD” r@‘géﬁb%ﬁct”é%fs'ﬁ’éiﬂémylﬁm '”%fﬁ?r‘sﬁ? fragp Agfe o 3:4Irﬁ"/ﬂs indiiglcaset
happen. Oveit &lrbally fremieing batahis Madee aseadeln Ehadsiet drwi ks kd ORn1RR0

gvAn kgoat * Be&éﬁsgﬁgge 1@%%%@;’( BS S%er; gtgéa"l)’]act\%% ee%ryl rdagtﬁ'\gel'LrQﬂ }xhe space

velocity fro to uctivi e 1 ncreased

further to 3 x \C}SAﬁirﬁ'{E%e{?‘*oﬁ IEHEF QQF @E‘E“?t'f} ?V*Whﬁﬁafﬁ%%ﬂ‘of‘g%ﬁ% ene
i ncreases f winPO3sxedicgl H@BYPdcnPasedl ik tiid noepeni Overattnegio 8l ihkrgasa) h

[0044] I n Tesbuchith hiem aebogdkkneve zéiotdzmlpgae*rprl or art using a bul k catal yst
in a tubular reactor 15 was conpare h the method accor di ng to the

invention using a mcroreactor. As in Test 7 the wall catalyst prepared
accor di n§ tﬁ’oﬂ:aé"'talﬂ@)\?@eﬁt"htﬁ‘é SURES Vel frem 003 2. eWrika hetdle arodiivly  wei ght

Au. The gascirerpereatedfiethwas 3150 aed H AR PEasBUL® Y@ G «has®, W th a gas
| oad of 12, 0001 Mﬁ%oﬂwe%m‘ﬁ%%% ranﬁh ‘{Eﬁ%{:}% SI tion of the educt

gas was sel ected as Efe" (C2F14) 18.0% by vol .
Acetic acid (HOAc) 1.3% by vol. Water (H20) 256.5% by vol. Oxygen 25.0% by
vol . I nert [§as4](Hektathe methvied kreome from the prior art using a bulk catalyst in a tubuiar reactor

15 was compared with the method according to the inveniion using a microreactor. As in Test 7
the wall catalyst prepared according to the above method was used and also contained 1.1%
by weight Au. The gas temperature was 155°C and the pressure was 9 bars, with a gas load
of 12,000 Wkgea * h being selected.

20  The composition of the educt gas was selected as follows:

49.2% by vol. Ethylene (C,H,) 25 £.5% by vol.  Oxygen

18.0% by vol. Acetic acid {HOAG) 25.0% by vol. tnert gas

1.3% by vol. Water (H;0) (Helium + Methane)

Productivity Selectivity VAM {related C,H, conversion
io C2H4)
- [Gvar/kGea"N] [%] [%]
Wall catalyst with 2.5%
by weight Pd 2050 96.3 96
Bulk catalyst with
0.56% by weight Pd 720 94.1 3.2
Table 8: Comparison between wall catalyst and bulk catalyst with normal Pd loading of
30 the different catalysts in each case

f0045] With increased CoH, conversion, the wall c.atalyst also surprisingly exhibits greater
VAM seleciivity with regard to ethylens than does the bulk catalyst. Overall, this results in a
wall catalyst productivity of 2050 gvaw/kgea™h compared with 720 gyawkger™h for the bulk
35 catalyst. For the wail catalyst, a metal loading was able 10 be selected which is not
achievabie for the bulk catalyst since such a high Pd and Au loading brings about iocal

overheating, known as 'hot spots’.



Productivity ilzivAm|<Pcatth) Selectivity VAM (related to C2H4) [ %

C2I - 14 conversion [% Wall catalyst with 2.5% by wei ght Pd 2050 96.3 9.6
Bul k catalyst with 0.56% by weight Pd 720 94.1 3.2 Tabl e 8: Conparison
between wal | catalyst and bul k catalyst with normal Pd | oading of 30the
different catalysts in each case [0045 1Wth i ncreased C2H4 conversi on,
the wall catalyst also surprisingly exhibits greater VAM selectivity with
regard to ethyl ene than does the bulk catalyst. Overall, this results in a
wal | cat al yE04§liotasct the pi-grodict @@S(Dmgvmrk@hod*ahcoﬁm@pamedwwnbdnanﬂm

gvAM kg, "h fwntecbuwhdindseateal yst. For the wall catalyst, a netal |oading
was able to be sel ect ed which is not achievable for the bulk catalyst

. At o ocal ou hnnflnn known
si nce such g, By Pd and—Au—+padi-n S abeut—-ecal ef
as ' hot spot yw. 1 [0046] In Testr:gwﬁl b\x pr oduct : g‘tf" H‘?of the met hod
according to _the invention and the Khgph) et hod was i ﬁﬁ;‘;ﬁ]
By- pr oduct \Mtdtalazagdrl yst Bul k catal yst 5774 8917
11190y- pr odMetryleosigied ngby- pr oducr i k9vA®7[ PP[ n] [ Wi Aceiabdehyde57748917.
Ethyl acetate 1931 4283
1,2-Ethanediol monoacetate Q07 7818
1,1-Ethanediot diacetate / 868 1891
Ethylidene diacetate
1,1-Ethene dioldiacatate / 2038 7731
Vinyiidene diacetate
Total 1,2-diacetates 2908 9422

5 Table 9 Comparison of the by-product spectra. T=155 °C, p=9 Dbars,
gas icad =12,000 lVkgcat * h

[Q047] Surprisingly, the comparison of the wali catalyst with the bulk catalyst shows that, in
the case of the wall catalyst, by-product formation is considerably lower than in the case of
10 the bulk cataiyst. This constitutes an important economic advantage as the costs of cleaning
and separating the product and by-products are considerably reduced in an industrial

" application using the device according to the invention.

[0048] in a further Test 9 the service life of the catalyst was measured u'sing the falt in
15 productivity. The test conditions with respect to the composition of the educt and the
temperature were identical to Test 8; only the pressure for the test was 9.5 bars and dtfferent

gas loads were selected differently for the wali catalyst and tubular reactor.

Reactor with wall catalyst : 2.5% Pd gas load = 12,000 Wkgeh
20 Tubuiar reactor with bulk catalyst 0.56% Pd gas load = 6,000 Wkge*h
Wall catalyst . Bulk catalyst
Service life | Productivity Productivity
s} [Gvan/kGca*h] | Relative productivity | igyawkgeah] | Relative productivity
(10 h = 100%) {10 h = 100%)
10 2100 . 100 390 100
20 2150 102 370 85
100 2000 85 270 68

Table 10: Comparison of the service life of wall and bulk catalysts

25 [0049] The productivity value after 10 hours in each case was taken as the bassline valus
and the relative change with regard to this bassline vaiue is set forth in Table 0. The
measurements show the surprising result that over a duration of 100 hours the wall catalyst

is hardly deactivated compared to the bulk catalyst in spite of clearly greater productivity. For



Met hyl acetatel371076 Et hyl acetatel 9314283 1, 2- Et hanedi ol
nonoacet at e9077819 Et hyli dene di acetate 1, 1-Ethanedi ol diacetate /8681691
Vi nyl i dene diacetate 1, 1-Ethene diol di acetate /20387731 Tot al

1, 2-di acet at es29069422 [0047] Surprisingly, the conparison of the wall
catalyst with the bul k catalyst shows that, in the case of the wal

catal yst, by-product formation is consi'derably |ower than in the case of
10 the bul k catalyst. This constitutes an inportant econom c advantage as

the costs oOfecohiemmiongieRctns epakaid NebntRerBE 9aldGihq ARG B¥n Mxé?ﬂ%‘&k?th@r e

consi der abl y, ;. edy ?@d in an industrial application using the device _
according to the nventlon [0048] In a further Test 9 the service life of
t he cat al ys&ao\gﬁ]ss rreas ing the fall in 15productivity. The test

condi ti ons “e%"ﬁ' tWSS WBT EhD STPEIMONCT OP 17 AROTR IR caliidibg Aehieved

t enper at ur e Witk regaidde pthylensl at the sFes tim8 as oaly yigh hewpsies Saw’semfaﬁﬂmdnhe ttﬁsast was

9.5 bars and:adlsiﬁrtas@’r@nb og@&eh%qscléﬁm ?eo%‘éoe&taﬂﬁ{/ Sl fRlend EVX ﬂé) e wal |
cat aI SSA) as | oad =

catal yst an f

12, 0001/ kg egllgh 99‘36‘% M"”‘ ‘5 E’W?tﬁ °B'EM %@&&%W@@PGO@B%@%& Wingad =
6, 0001/ kg , Fppsiderally aﬁrdy%quwpwocawér:@i@ﬂ of thearogig evith the method according to the

|'i f ePr oduct invérttigiPinogbrphiiseh twith the method according to the prior art and thus to significant

10 economic advantages.



[ h).] gvAM kgcat *h1lRel ati ve productivity[ gvAn kgeat "hj Rel ati ve productivity
(10 h = 100% (10 h = 100% 102100. 100390100 20215010237095
100200095270- 69" Tabl e 10: Conparison of the service life of wall and
bul k catal ysts [0049] The productivity value after 10 hours in each case
was taken as the baseline value and the,relative change with regard to
this baseline value is set forth in Tab?e 10. The neasurenents show t he
surprising result that over a duration of 100 hours the wall catalyst is
hardly deacti 2B% conpared to the bulk catalyst in spite of clearly
greater productivity. For 12 technical applications, this represents a
consi der abl e adVaktyetdre usfin ¢ hyethew rbacafica bisiicira ey abAge bulitn gadealeyst . [ 0050]

Surprisingly it eW@@nécé?Hr&Qetﬁ:Qé\& afwehek gﬁ%dﬁ}éloi%asgs coHth%%oxyggr{E?n)é gﬁ% could be -

achieved 5 with aca%&{m dg gh %Irgne at
conversi on rates aefi et 8% ets'ﬁlrefcim{b%ﬂs‘:hgﬁi‘tﬁrﬁegi”ﬁ@a’fto observe that a
clearly reduced" ti6 aYittesiy regftotdya weligermsr sndvies f or med. The hi gh vinyl acetate
sel ectivi ty and- tdueytit oxmthesit axafpldy mprreet offréaﬁmtch%g@{,}%%ﬁent ly result

u

e AL e B b o L B L D L B N o

met hod accor di ngzto the 1 nvention I n SHé&f hod according
to the prior art @Hﬂmt'%?féeaftd’%fj'ﬁﬁi‘%‘?”ﬂi’tthaio econoni ¢ advant ages.

- at least one wall of the reaction chambers is coatéd with catalyst and
at least one wall of the reaction chambers is indirectly coolad, and
wherein the catalyst is characterised in that the paliadium content of the cataiyst is

0.5 to 10 percent by weight and that the gold content of the catalyst is 0.25 o
5 percent by weight,

2. Catalyst according to claim 1, the synthesis reactor being charactensad in that
precissly one dimension of the reaction chambers is less than 2000 pm and
preferably less than 1000 pm.

3. Catalyst according to one of claims 1 or 2, the synthesis reactor being
characterised in that thn reaction chambers comprise a number of tubss or gaps
arranged by way of piates, whareby these can be aligned in any direction and
ideally are parallel 1o each other.

4. Catalyst according to one of claims 1 to 3, the synthesis reactor baing
characterised in that the catalyst contains palladium, gold and alkaii metal
compounds and is adhesively applied to the wall surfaces of the reaction
chamber by way of a binding agant. | |

5. Catalyst according to any one of the pracading claims, wherein the catalyst
is characterised in that the palladium content of the cataiystis 0.8 1o
5 percant by weight.

6. Catalyst according to any one of the preceding claims, wherein the catalyst
15 characterised in that the gold contertt of the catatyst is 0.4 to 2.5 percent
by weight.



13 Cains 1 Catalyst for use in a synthesis reactor for producing vinyl
acetate in which gaseous ethylene and acetic acid as well as oxygen or
gases contai ni ng oxygen undergo a catalytic reaction, the synthesis
reactor being characterised in that the synthesis reactor is a wall
reactor and the catalytic synthesis takes place in a nunber of reaction
chanbers; whereby - the free flow cross-section in each of these reaction
chanbers is | ess than 2000 pmin at | east one dinension and that - at

| east one malW.otmmhﬁaﬁ@aﬁg&ﬁﬂwaﬂaﬂbﬁﬁﬁe&ﬁmgaﬁ&QQwﬁkkQmﬁg%g%¥§t and at
east one vall ofulhe oG an chaubers e dndirect]y, codled  and wherein
‘the catalyst is characterised in that The PaleEaPes dRIRATTSE % he
catalyst is 0.5 VOIM@Pereably T i veEREIRY waisht t hat the gol d content of the
catalyst is 0.25 to 5 percent by weight. 2. Catalyst according to claim1,
the synthesi s g eaghiaf aR6LHRAG 1A LA i ' hat preci sel y one di nension
of the reaction qpaﬁ%eri.kg ﬁggggfﬁgﬁF%%%S%%ﬁ%g%&W%Fgf%fgéxﬁEiess t han
1000 pm 3. Cat al Ver=KeLB et Al PBYEHeEebrontna PRsor oy elgmentsiram §ent hesi s
react or bei ng ch@Pgc earihgidi inptals Hanthahbigs vemtituimorchashedsss, ce@npri se a
nunber of tubes Qﬂﬁgaﬁﬁﬂﬁﬁﬁ&ﬂgﬁﬂmﬁﬁﬁW@kb@%e@kﬁF%ﬁmm%ﬂ#%QQ%m hgse can be
aligned in any dh&%ﬁ&%ﬁﬂe@§9b %gph!y are parallel O each other. 4 Cat al yst
according to one of clains 1 to T the synt hesi s reactor being
characterised in that the catal yst contains palladium gold and al kal

metal conpounds &relyst sccardine §i argloye appldreddb@ciiing Wkl tslafpaes of the
reaction chamber cijac@gd Bfind it RbAgHS o%gi?c%meiwéj@@lsr]%iteéaﬁg,g%r gingg g2y

one of the precegding claips, rei n_the catal

the pal | adi um coﬁf8%_p%$'$@2‘gﬁéf ?)‘gtzf%‘”b?r%byt"bafsa%@me% by wei ght. 6.
Cat al yst accor di ABeF@epitie et htetidi conprimdarttisngridel as swondwher ei n t he

catal yst is char esiperidnsesbntdnitdhask E)Iah@egéﬂn@e@%ta%mgtugfmi&geoxigﬂgst alyst is 0.4
to 2.5 percent by weight. 14 7 Catalyst according to any one of the
precedi ng clai s, wherein the catalyst is characterised in that the

pot assi um cont BnEa8Yst prardpgicany spe pidreprersdige damperneminttnanpiawgight  and
preferably 1 to daperetsenin thyt it to Be Gatsad 6 e B0 EMHRE t, Rapsly One of
the preceding ol & i snbigkd BndeactRl Al ohan@NIBLACHST hasd,Ln Lhat the -
catal yst used cog&ghﬂﬁegﬂgcghlnnrg_g]gnen,s_ rom.the grou% ¢f earth al kal
metal s, |anthanoi s, Vanadaum ST PN el ghrbae stieas 4 # kel , copper,
cerium pl ati nunf*aFRersdipy 4ee splatregthyprediposss bovaiafoiash esoradreaents does not
exceed 3% by weighti. 9 Catal yst according to any one of the preceding
clainms, wherein the catalyst is characterised in that it contains an
oxidic carrier1a§terial with a netal oxide fromthe group of 3i02, Al 203,
Ti 2 and zr 02, "'wHEPEHFFPHING P 2AY\PaRPAFeERedeabatE mewtertthecairsis er nat eri al
contai ns furt her coricdssd asthaed ondaryd sanppnerinsns Benbasi=hassy f or exanpl e,

can be used as na&Hﬁﬁ%iﬁ%é@ﬂk@%ﬁﬂ@§ﬁmé@maﬁ§E§£NSt according to any one of
-the preceding clains, wherein the catalyst is characterised in that it is
applied to the walls of the reaction chanbers by way of an oxidic or
organi ¢ bi ndi ng agent, whereby bindi ngs agents fromthe groups netal oxide
sols, cellulose derivatives or alkali nmetal silicates, such as, for
exanple, silicon oxide sols, nmethyl cellul oses or water glass, are
preferred to be used. 11. Catalyst according to any one of the preceding
clainms, wherein the catalyst is characterised in that alt doping and
activation el enents are honogeneously distributed in the entire vol une of

t he catal yst |ayer.



