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clains piiopty to U S Piovisional Application No
60/ 624, 846, filed Novenbci 3, 2004 Field of the
I nvention This invention relates to apparatus and
nmet hods for making vinyl acetate from ethyl ene,
oxygen, and acetic acid_ Introduction Vinyl ate §
oPFRsEsRAREANERRS Tors mprorgd MsthadsfpraMAlRG Yigy Act/As W°“3E§ft( &M
acid ethenyl ester and acetic acid vinyl estei Vinyl
acetate i.s used nmainly for the pioduction of polyners
HPIHBISARYs ¢ g , toi paints (mainly dispersions),
adhesuwe&mdme«nmmeﬁaﬁdCpageiHﬁk@deesmwgmmohewmmgﬂ@mnﬂ>US‘
) I cohol ) and
po?‘f/s\l/olnlcrltly pElECtagorng% @?62%462@5@3%\%\6?@&2@1 ene copol ymers
ai e piocessed to give resins, paints, and sheeting

FNA® bt tROMSLHBRS ai C nade flon1V|nyI acetate - vinyl
chl oiide copolyneis Vin %ceta e i s al

smal | Tata équttfn? régtte%ltg appara si fﬂr %a(l)(lnﬁ vm | afe?a ¢ flfonbetl?y]cnc
poxogichd aaticseMei al nmeans have been enployed to pi oducc
vinyl acetate including the addition of acetic acid to
acetylene in the gas phase over a solid catal yst and
thgodwetiot i on of acetic acid (ethanoic acid), ethylene

(et he%)yl Q:@Qte W@@DC@ZM) 1 (@l'elr\m—b\ml 4 v&yl@etz@"nonomer (VAM),
COOCH=CH 2 + H The reactio takes pl ace c

TGO SO SGAI G, [ CBPRCT "SaTP Gy gu e poducion
h&ﬁB@lgtﬁﬂeﬁidSO@Q/tﬁaisysgl Sor@hints nnaﬁlflbedlg)a]Sloti};haS\Ebtm a¢xtile and paper
T T

pY @ g Sitatats- edfyle@e @polmn@oal arAdeByhip Gie toriss, Bis. aishyctineddpor

a&)@crﬁ ey ﬂ'&tn lvﬁqﬂlleag’eté?é @B)h YliorRE EdpBil Bers. %YWZ&Q@B & also used in
di acetatc, and gly acet’at es The reaction

is
et e iice 29 cmmwsr/lg ARSI TSCRO e VR B beer

| SRy LD GB®duck ﬂﬁﬂ@&’&dﬁ@tﬁ&t&iuﬁ&l\éaddlmﬁ@f hetincd aughylefeon tht e
s%nthe5|s acetate In 1961, Russell descri bed

il YL BGELE

%8&%§§°\ﬁmﬁﬁ$gﬁt§r“m‘ '8 e of acetylene and acetic
a@uﬁcMﬁnemmeddewa&ncemmwamﬂdKEmeut0| tube and out
t hrough hol es spicad al ong the Iength of a packed bed
tube to formvinyl acetate ésee 2 of US

Patent No 3, Z8B: 2OOICORK H% n?ag%CQPC#ﬁFg % emis

t he oi dance of hot spots that can damage the catalyst
Russel | nmenti oned tha q Eoles an %mmn msg&as

t h PSRBT ST A T R BMFLSINA RE Parternat e
bmd;gelmt;s aatzp)yatsm,l&;: tivehethade Dvar imcgogetmeuﬁlc%mtscompmws edlgdigm. The
1ec1c%or% ?]CCUIS 890? cratgxres gnr 9(: Iﬁgdcnagd ¥ Méurcggﬁ)tﬁg 0 %%ﬁucm arc

€ reaction o | ene, oxyge and acetic acid
oweer, 80gad aﬁ@lgpam@@qqpﬁ@thyﬂ Wgtatpd:thy}g@j:ne (a;ﬁ:atatéﬁm%lglkcgl agptates. The

MRb@bn REEHRLS. (-S8&I/hMolcPat ent No. 3,743,607. Mre
recently, various catal¥st conposi tions hav

n fo
i npr ovenentde i§ fm f?qqgongglﬁ H%aétfcs ovwwlhaxgéc@tgif% sought f01 the
”@ﬂﬂh%of vilr@ r1ce@%gﬁ[ﬁﬂ|9€l RAYGUBEctittE a@tocab in,which a WixBirc Fatagidne and

ch&ﬁ_ ac}fdﬁbﬁg((‘) 1nt8 a ccnn al% rle t{‘n SeSREsu ﬁ’ll;oughq{wc? Ep‘téa@ glmk'éﬂhet latgth of
a packed bed tube to form vmyl acctatc (sec anmple 2 of U.S. Patent No. 3,268,299). An
advantage of this system is the avoidance of hot spots that can damage the catalyst. Russell
mentioned that the holes along the length of the distributor tube could be replaced with alternate

bands of a porous material.



relatively |ow selectivity to VAM (high selectivity to
C2) . SSmlarly, Smth et al. in U S Patent No.

w®20084524157 reported hi gh conversion but w th hP@hus2005/039714
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selectivity to carbon dioxide. O her workers, for
exanple Grjak in U S Patent No. 5,550,281 , have
reported good selectivity, but at a high expense,
nanmely, |ow conversion of ethylene (hence, the need

for high recycle and expensive co essi.on step Jomcrfmm
Des pi Pwing fitc ¥, mpespsveripeiorsd %ﬁﬁngd“b'éﬂ B 2SR

e &ioh %f@ﬂy‘ﬂ:ﬁe 3x e Gindf aldtic &:1djd’v@16ﬁﬁﬁlyﬂfcoﬁmkmg’fgi A, land an alkalai

g%gtag;tgt?.ggenlg.ﬁafebw S% 42 ?? accrgcteelrl veagl %ﬁat@}r%%m ositions have

Sbummmypl -ofemtdieof ki veritesiosf vlnml aactitq: mgtomaxg ﬁg@famp{ch/éuguqtmc etal.,
cl:lgﬁ,g r}laéegtrkdp E 8%' 89? %:scalb&g)tr&gsges gf comhlg dp ¥l dBMJIt l@@ﬁif a)ty@en but at

reacti on channel nE‘ |SLP§P t
cazttaélyw-sclmm tnmw PiehesderoRy SR Sa%frpéglg gm0 Paten

%{'lhél |£ne; reé&t@& hi gh Q6 efkio Bk vaih Bx) %J&tl‘h@tt@caﬂhﬁdlbﬂdm Oiharworkers,
Inside the reacti annel

Grarplegint s Howyo et gofseab O L RS e
NRRBE ameYNBW @onaftrsd)rﬁﬁSthyl%%cﬁrfe thd‘mecéﬁohlyglgp@clp gnd expenswc
converted to n JrBadinsi % d f
68‘?1%%5‘9%83‘15)0 gslpgednthie éft(){ ?veeggs loﬁy:g‘%b/&lf(g}{l{?gﬁ\%ferrt od msa ced fora
\Wirdeyss ofisatna @y lnonanmeenoner thahis blrrcdiiss pPykigh ‘ﬂl“é"b“oéita“q 8%st
MAxygen is converted to products; and at
Solegngltydf%? bo? the acetic acid is converted to products.
The above-descri bed conversions and selectivities are

R R8d the Phvéhtisi ngI e pass t hr ough the reaction

channel . _That en edis s
rreanshi‘ﬁe?‘éthfzpefthg‘f m‘feﬁe éoé'{: 4 eﬂ}%gﬁg.g%(ggge%%é?ﬁc@%g&és &
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acetlc agig tdn og%%R En(?J &L 1@'R i¥h @knnbie@sde tl%qg@cn@lfchztnh&! ted dityylced) ecetic

rm a(c:et at e nDnohrgsr ast O@} (pf?he ethylene is
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reaction zone. In a o Bherted to
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chbm«meﬁs ‘cdnmerteth joprodedts; ogans pEly %ﬁ; reacant i§ C(Blfsul%aﬁﬂv Aé)ﬁs not

t %gﬂ}e%%m@@prbcﬁmt@ whth % }oeﬁ&hatanleast doe, (mefafaeuytmaatsu 90) offthe

en s at |east 10% The e o
aétlllde'ﬁr‘ﬁ(fo'm%%@y@éwl F@Q@t‘“‘%@fv@ 8%“1%% & fisndeal ‘t” ‘af °ér§?r%’ﬁ°gﬁté]?‘ﬁ !

ARG VESLHBEY 1B Ldﬂlnelébmﬂre@$'[51r@@%®fbﬂ tdne et hyl ene fed

to the reactloncanne A S GRNY, ol biste, c@Mdisin
subst aftFEPTAFHEEY i ?‘VenLOe pzoo?](i\gge]arrtgeretlgﬁ%%& gngg]l(Jaret e, c8filising

ebxlaynb‘heg] @rchdnia cl1a®ek;(@mm@:§|rq&,@ datglyst- g}nmﬂ @ytmin &ong 0%‘9 82*5f1%crt]l1ylene
t g%e\ﬁcl d Y ané‘&?)tyg&ﬁntm? %fen Qfan&ﬁ'hhﬁ’lﬂ mth&X ihd @olal dtid diietdylene to

\ : t21 % of rat OX gen N ccqﬁgb\‘ﬁb moqc tTQ(. cthylcne
prlioeigen i§ 61 anigsst e the eneef i" \?Pf’ AIHY[BhE 1 Y B
di, Q¢ H&1 an& didBY @nOrEacl 18 $m vikhlecaboverdesed taied d10x1de At lcaﬁt 20% of
conver si onsa Se eCt \Y Rl 51!"&']{%
R e T e
e l&meheﬂemj/lcnct(i'be tialtylercdiss & coryerthd fomed§te) i CMEHEgp viny! acetate

]np Wher & car%oﬁséi &gclueln dhe??nqcttl ot %959@0/3 & tl@rb%?éaﬁlq c&&ﬂ&@ﬁq products;
Inventi on provi esamsto maki n

a@e¢ ta¢ @1€Ct0’0npfp?§1YWg° tpraRAndionge i 1?"/@ a&‘w one %‘W ﬁy?r‘b‘:d conversions
conprising a catal yst-containing reaction zone, and
passi ng et hylene, acetic acid and di oxygen into the

i eaction channel In the reacthon channel the ethyl ene,
acetic acid and di oxygen react to foimvinyl acetate
mononer In this nethod, at |east 20% of the ethyl ene

is conveited to products, and of the ethylene that is
converted to products, at |east 95% of the



ethylene is converted to vinyl acetate nononer or
carbon dioxide, with a selectivity to cai bon di oxi de

WO 2006092605 | ess Al so, at | east 40% of the oxygRCI/US2005/039714
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converted to products The abovcdescri bed convei si ons

and selectivities aic obtained in a single pass

t hi ough the reaction channel In a piefeped enbodi nent

t he above-descri bed ieaction channel conprises a

single ieaction zone In a further asp $t, t he ferred
iandsiaetivisies 357 SNAITES ¥ agingle s uggRe EHEOHEHE I BIF P
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ahor el TITHG P ERdK B BRHAT *ashs FaakhE G aApRELmp g
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Wﬁetlc Elmciil ang dl%IX)%le QB eqya@tqontcﬁ]a%n& 34 fm: }é§(tt101§ Q\aﬁﬂ@ftﬁ@ e\t'f@Mm acetic acid

artil a pressul e of acetic aci /
cad @eﬂyactneeﬁcm foprp wing gedtade popeeln it laq“mfie“ékﬁ“f P ﬂghe ethylene is

rERACHQN FEGREEARd §TIR EeMRAAD s cpivesd lttf;&odilfts acledsi 55%at i
at the i eaction tenpelature In an

|eﬁl\ygpﬁ i %veﬁtle%vlvamélgt ati)llngaé)glgr or Faél%on OéS% Iwog Q sc‘fcctnvxtgl t% carbon
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ﬁtlﬁ action channe nprises a reaction zone
do mt)lafcm:chglbgdlmgit dlieypbave- d¢serzhed ]ep@lmﬁ ﬁ@nn@{ qupréSﬁ%a singleagaption zone.

aci d, IMrﬂ%k QX R 119/¥§15n {)rbﬁde@ abRtdstor ﬂ]@prﬁdﬁﬁtmnVAMnyl acetate
wherein at | east one of | ene ?cetl

dhorygerart caatieee g §‘fea§%9&‘ R I"{r?tade"*gfm denm}l
t Mremhéljéa%mﬂﬂ Bgellchprk® rzlgetahloﬁfzorfe hﬁltdll&lﬁg}ltcm@lmst chagtingthe | n

a further aspe the in £Qke o
t(ﬁl@/&leﬁ? dcd:ﬂ%?cil gﬁ]% glloxxﬁg\mver IS caEaiygt:?% g 119 VAgﬁ%ﬁéﬁﬂgﬁg B?Irﬁ{ﬂ"p ESQIK f

r eacttio wheahralomadd Qn(ﬂwrbﬂw@fﬁlg topefl fepblg dhe rgcter;ﬂx%ecgﬁélte deyRogat
pr%(bl Lchonanﬂ? §01cﬁlt h]@ (Q@&)h R {)é’l\ﬁtﬁr@ at | east 2

yst-contal ning |1 eacti on zones,

channéﬁmﬁﬂwéﬁﬁﬁimf@WFH%ngé%Tﬁ%ﬁw%ﬁﬁﬁ Vﬁﬁﬁo%ﬁbﬂﬁ hesgae
Jrlon{éfrl&f EinlpBéhne FheidE EEE}MDS a&ftlc hd’te alidl’wcﬁmgeh o1 4 1Sact1dmatmnncl

Vi ny acet ate can be sa e 0 | i) ethylene,
R A e

dicenicysgie nniiibyeén aybr tsehialgst ntcvfpmrnyade@mwt {phse Py Ofrﬁliuéene acetic
oy h Gad o1 ifst Ri 186G S pdhed dong the length of the
Mﬁ?rﬂ%%“§¥ﬁggwggggie%§:?Qﬁt]aﬁ convenglonafgsystens
Theectipedetielon can be done in nicrochanncls, and can

take qg\(ﬁf?&@}gﬁ)e@fthetlh\%ntioﬂBﬁ)kfﬁ&tap&i&ﬁﬁtﬁy tl@fpmmdnmoafh/ammcl S
f or thureS of lve reactants Pai

f @atpufl% 216?]1“{]‘1%(5 i‘ewglh(i:l lBlﬁl Cﬁ)ﬂVﬂBﬁé at 8&8'; cagalﬁ/stl%llec lTllel’lg zones
| Llchﬁﬂu@a\tnﬁdt byt ¥ ef:BsentenitOrepri@vionyshya b ch{ned adjacent to the
tent pp}lcatlons An extensive discussion of

nﬁﬁ??%fﬁ|ng in mciochannel devices can be found in

S Pat entadppki datcfand SdediNentd GHEISADD Bé‘@&}“%t“ieﬁ%arb‘?e safely

S aflcK M chRed¥hGdhOGRa BﬁJ&:&ﬁmeﬁdﬁﬁg@anmmhuh
Lfg&lcg{gﬁ&ﬂgs IC?é]a]EE?Sn‘ CSCI \ ?84 859 A g Sé [? tant1all iess

qﬁéﬁ@%WﬁgﬂﬁﬁﬂWﬂ?§?F“BUFéﬁ“@éé@OWﬁ“WPE?8@ﬁﬁﬁﬁ AN be'

f Qe had c&hvsnuaaau @@ttemmpd e adn @nbcSehe iNmict@hahags, 2BGanake

descri pt a t us »i dBan
o BaREE P O UARI i Pt e Pl LR s
Appl | cm ticolar fSeireshibthd Dvehiidh RO additlopaly Habyngigr Yy Glcrep@od

% ubmm A a ReLabed skt idfickdkh ]
8rc 101&} Shbg§§0d p?tgﬁ ﬁn&ﬁgns Arpcx:tcgg\%rot bse ll e\lled A hlggtl t Iﬁ:eseanne

ré¢ve1cmaoé«sfomweUéol?ﬁfqﬂi Arrlissgon &F Aendr 8§y0 howevci, if
such conflicts arc present, the term nology in the
present desciiption is controlling G ossar]
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As is understood in the ait a "mcrochanncl™ is not
nmerely an oi ificc The length of a m ciochannel (that

WO 200bk826a8 r ecti on of flow dm ng nornmal opei atiPC/UBR05/039714
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not the shoncst dinension of a mcrochannel Both

hei ght and width of a m crochannel aie substantially

pei pendi cular to the direction of flow of reactants

t hi ough the reactor M crochannel s ai e aI so defined by
tBeSCI'RDtl?nSSe s(%asg%ng anda mxm? ﬁ%}%lcrgcrl]lgnnels caclg:i]océ r?Hré 1& |U§r g'it%%}\;g})%'éation Ser.
. é0/§/48éﬁ&mrbdcssmhpfmughhlmmﬂ distgbutgli feedursiopOr@Us!s can be found in

rr@fs aiffeAd @pﬁamncs”ep%am% zgfaas@ dgsrlph&?& b f&is %m&%; Qﬂedqu
nmm or ess pr ef erab mm Ol ess o]} cferab

amfeﬂyfﬂoz ot Mrean @sfguﬂd aﬂas r%*@lé Applistitan 3Bt o TR If@?§§ ebruary 6,
ard4.iam ow.a@ r@iBodiarBb Sorald ﬂeretuoaslm.irdmmiim ﬁll below It is not
a mCl OoC nnel

AR EL P s DB T RS ARl G Byl e
t e SOfnobugy Thke wésde desofptivthiecarirdlimgchannel arc defi ned by
a mciochannel wall oi walls The choice of matc pal foi
the wal | s depends on the intended use These walls aie
p@'@fsé"r)ably made of a hard material such as a ceramc,

an irog 1%8@&00@”tﬁé’axSMQﬁIcr@&alﬁlEE@not 1Qc,rc1ﬁ9ﬂﬁl|ﬁcd mhoa@{rm ofd
|ocha|gnel wal ] s are comp

errbogH meg(t 1 1 d AL 1 E g

PSR pEL e ‘éé‘e PP YSIRE I CurRRPTER! PETAN SBPt SR CH dgrension
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b 3

e Bt R TRBIRR B MR B ol Bl oo
(ﬁ|aglgasmﬁgwh:t that is" (gsﬁip(ﬁ@m)] at lepsichng putlstornicrp¢herfngls pig ot mcrely channels

em@&' z@@n,ts or nﬁé%b;%&)ué &ht&rﬁ%l A %H&Egha@mé:l’ has%hl'ezm o%@ti%nsmn of 10 mm or
desi gned for reaction channels arc intci |leaved with

SKTECHEY P O FRGIEeTgY SR AT dy ABLTSHEE R | AL o

exa hﬁngeerhlrodﬁmre opref ﬁmpﬁsmblsembfadbmrem Isngthtdie mlclochannel is greater
C rlocg‘lé lannsglle] el%e¥11n€1$5 mn {e?zmng: 0 aEﬁtg:g&dr Cellllaq-fe SI(PCS Of tltle mlcrf)channel

pme@én@mvlyy mlqnoctumeq«'l wvall mowﬁt abq chyiicg ¢f matepl dor aucwtays @fvcnds on the

iR M. TRty BXENARES, 1TInsde SENARNELSiaPdul ME drdilidy aQon based
m ci ochannel s may contain, for exanp 100,

le, 2, 10,
18610su6}h asifistlcor @H’&‘H Hér@*elewbww@ﬁ%n@ﬁ%mewé% ? e cqupfised of a
mmumh&nm]hosneaﬁ\cm@l it camg&dnd Has mu &Iellnel coﬁﬁlﬁb{\styOIfhe PlicddBdnnel

ci ochannel S
n%eWﬁes can_be m akﬁq%v\él mél]an SnOdnl'Ié someé)fe? 1er %{nbod ne%’ls are mflde by

nlullnmatplt, eltqlrlmyptbrdharmei knpwl st shmaai‘ eardonwec pedrtdenpodomoshims
h@@%ﬁmng@c&#élﬁl{w qcl{rs]')l Id(tslgmd%omawmq%mmrc 19Htl(!a§ctd§v t‘ﬁlqlﬁmﬁ (either single
connect to a comon footer Dupng operation, the heat
eXchiange drisspblenigrtedhaneti f pi csent) contain f1 owi ng

heat i ngsoaiag{ewne@&moalﬁhgna‘ the ikSoc NRRet biéviBed dr@@lc@)&ﬁmi R (o3 that
this ty actor usa

R P B P e R P G861 SEE < BB RER o a gp ooty

adfalindemaital xehangneicipclahiels. £ pamjy ef marotiamielatag catair for example,
. ]

R L e S

refadel@nee pi itenfroemeneelsdehcamtrigeideaita arrie olg@aighicrodiamcels. In

tyRe pl@felréﬂ &JBB(IH%Q&SU})@IU}BIQQJc%@l@mﬁcﬁ" ﬁ"llefs are%hl%été/(ﬁl) ¥ cdnﬁﬁlnog Beader

heat and nmass tiansfcr iates, and the substanti al

aPEeTREtRIF MigiephapRe hUgET Yecqpssiet © agPEme ReiAnBYE et dhe heat
Ccﬂﬂmﬁgéﬁibd:l&fhaltnhl@(lhﬁﬁeft) dbﬁtdlﬁ)ﬁo@@@l@bah@abd/@r&dohﬂgﬂﬁds Non- lnmtmg

ent c pf‘ ur e
teixamﬁcles 0¥ fh:srﬁ/pe o{ kng\ﬁn rcc):flc? usa c Hl cfpresgr}? mventnﬁxaméluc[c sc o?%r]

ohiclygonppieedisbtct drdiitaeure mmetPKfelssmnme diagpstecath n‘mEOChWIS)

al | owi ng hi gh throughput Furthernore, use of

m ci ochannel reactors can achi eve bettei tenpeiature
contiol, and maintain a lelatively nore isothei mal
profile, conpared to conventional systens In addition
to the process mciochannel (s), additional featuies
such a m crochannel oi non-m ci ochannel heat
exchangers may be present M ci ochannel heat



exchangers are preferred Heat exchange fluids may flow
t hrough adj acent heat transfer m crochannels, and can

wheoogaswss oi |iquids and may include steam | iPCI/tiS2005/039714
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nmetal s, oi any othci known heat exchange fluids - the
system can be optim zed to have a phase change in the
heat exchangei In sonme piefeired enbodi nents, nultiple
heat exchange | ayers are interl eaved with multiple
reacti on m ciochannels (for exa at | east 10 heat
excivifigen §S Prientsrd 20898219941 (bp a&wh%fedrciﬁéwgom‘m by

%f&glgg)hmﬁrlaﬁae aMaﬁtﬁQ:@ harned & tad t?ped)@ﬁlbmteﬂuleclude their rclatlvely
m ci ochannel wal | s that
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NRLtoR cai deRbVAtherRf temper -athr®EdAltrel, AnmehB@ia rdMdF €S mord isstherghigrofile,
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gﬁ&lﬁﬁ alcrochdngel il noh-AdcrdoBangtl et ©khaagets nody bh(px]emmlt/hcawbannel heat
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flow iatcs and/oi reactivity chaiactc pstics Any of
t he apparatus descri bed herein may al so be descii bcd
as a systemthat includes one or nDic fluids in the
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=03 i th (dohd fiRegand
Cest 102t O B 1D b Ty S SR ol e
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2/ Op Flffat Islbowaﬁzﬁﬁjglltcgécnnﬁglatule proff c {)1? tf:celgatcté)wcng}{l%s}{'g'agf t heat

removal schemes. (mass flow rate on the process side is 146. 2 Kg/m2 s, T,y = 160 °C).

Fig. 8 shows temperature profiles along the centerline of the catalyst bed calculated under
four contact time levels with single phasc heat convection as the heat removal method. Partial
boiling heat removal at 250 ms is also illustrated. T., (process) = 180 °C; T,y (cooling) = 180 °C:V
(cooling) = 0.3 m/s.

Fig. 9 shows thermocouple placement in the test reactors.

6



ditfercnt contact tinmes Detail ed Description of
Preferred Enbodi nents |. Apparatus The invention can

w@e@vioss1s nci eased capacity pei unit by increaBCTgS10h&039714

20

30

35

nunber of repeating units per ieactoi unit A iepeating
unit conprises a ieaction channel in thermal contact
Wi th a heat exchangei, and could be, tor exanple, a
| ayei of ieaction channels in theiml contact with a
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i eaction channel (a flowthrough catalyst) or only
occupy a portion of the cioss-section of a reaction
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coating In sone enbodi nents, a barrier coating is
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to otherw se cleanse t he catal yst ent | al
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i e use of hahde- and sulfui9fiee salts and conpl exes
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Prefeired catalysts aie of the urn or thin | ayei type
in which the active netals aie distributed in a thin
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netal s pi oduce a hi gher proportion of undesirable side
pi oducts The pmoi thin l[ayer (oi small paiticle)
typically has a thickness ot 50 to 1000 m ci oneters
(mm), pieferably 400 mm nore pieferably in the iangc
of 50 to 200 nm Foi small catal yst pai tides having
thydrokdmesseisng tesfixet happrt tresiel ty gmoesin{liged @rnampiiseind OOG R

cllem & %? talﬁf#{ J)f\éﬁy &Feh?ﬁoﬁms%ﬁg]e ?%hlgl I&P@&&ﬁg thl %QHQJ&QUE the

the cata as a
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i s scHemheherrmyerof PEYEEs 8y uh vy lzwisﬁ“‘iﬂﬁ?féﬁo%ide‘ Catalystor
cahAlysihrddn !;tﬁmldﬂe&lﬂﬁ sefmbepoas Bacm%edﬂgf pé IS a 24m| Mowcever, the

SOone |efcued enbod res
i FRTERPR Bqlgl; pbcésr‘?ﬁrdl'oé’é’%r Uétt er%l’ésﬁl a&s&% hi 16%9(8 élﬁ?ﬁ)\ﬁgl%roug?qructurcs At

( contactniok ef 150 efsghadspegtedpredseadiop B0 lcnah thr s pevfder qaplyes ranges
pi eferably at |least 100 ¢ of solid catalyst
(prefciably in the foimot a fixed bed) This anount of
catalyst can be in a single ghannel but this nuch or
nore can be dispeised ovei plural ieaction zones in
plural reaction channels Il. Process Contro



Advant ages possessed by the present invention include
the ability to safely pioducc vinyl acetate in

wo e@edswns that utilize high concentrations ofPCT/US2005/039714
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reactants in near stoichionetiic amunts In sone

pi ef ened enbodi ments, the process foi the production

of vinyl acetate has a ratio of ethylene to oxygen in
the icactor of 6 1 oi |ess thioughout a ieaction zone,
noie piefeiably 4 1 ot |ess throughout a ieaction
Devesn Odrch/sittd | d atmvpi depepdied @ioa bk yizcof Barticlasj thirgsgape, corresponding
t hl Oagrhc%%% Rw a?cﬁo%gllir(ﬂ@ t&xﬂ)@r%tu er&]@&&@urp&t@ﬁe@&QQr zone
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e b B Ry e e
d@%@v%ﬂh@dﬂby the reaction rate and the heat transfer

featurg, éat/antalgceof@l@tnﬁjeMQE 19b@ﬂ:1 ﬁ%‘éd %X&E@phl\gf ak aﬁinpbxyd tolvenventional
dashed curve in

t @ﬁfféﬁe%ﬂlmpé“ fc ?j FSF’?’%")%”]?CB?O% éﬁteaga [sjtatr: 1eﬁct18n ?hcrl atl% 0 aseobje i:cycle to
f ead fdeals &sﬂﬁﬁl ioenper atfirbly butor kst sill tlhrcee:fedabéftﬁ Ine dess wed
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praagq:t;‘q@md t9q & gw%gmtlpc?ﬁrqc&s‘s‘ clbmfmcg ﬁ%x ef(zg]a)ict &Cﬁ?c acni%é)l %%mxtulc of

MR A 0ty BR chPRGH®RA thrddkiepluralldi€ices alodgBe Irigdivfa process channel
concentration of the reaction rates are

|ﬁ%¥%ﬁ§éd““*ﬁ@*‘@ng§§ €%t he reactants, such that the
concenstigatgiob nsacdnt freadaorponeit lS]P@é@r‘@w@mr‘-‘e?ﬁ'l“U’ yigdhd
t I?Cle rgtﬁlr%“n?@m qc@&t?\ llﬁps% a%YﬁQthH]ﬁuQ\!e@&@\l' ly ahEiaGtasORc dailyst
s Yhe ave I ncrenental rates throughout the
reactlon zone, but the majority of the reaction occurs
early on in the zone. By staglng the feeds, the
reaction rates can be noderated at the |nIet and
i ncreased further down the reaction zone. This allows
nore effective



use of all of the catalyst, while avoiding having
excessive reaction occur over any particular portion

w@boosls2etact i on zone. In some preferred enbodPCEOSHN5/039714
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staging occurs by injecting one or nore reactants

t hrough plural openings in a continuous process

channel. Optionally, reactants nay alternatively, or
additionally, be added into manifold regions (headers
or footers) that connect plural channels, In

pifcefaerfioetic e riatesall reintni Prey * et 8a §4 4¢) ta"cléﬁroff‘ﬁ geactor.

I"['m: ﬁ%ﬁwmtcﬂ%r MrSis Q)Q@rc}vf:d £ € Sortaid ®cRh whRRNTs dbtermaad a;l tySrtcactlon
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crorfiop PR B UYU18Y st i ng of nultiple reactor
sub- asrsem@ |pie&;8 csapadiatred stpngt @i by g Stip-oas et feagnts through

T llsl(l %l é)pennigs m.a contmuou¥;9 &Qqs%pﬁég rOprrnfw 1&&5&5@% att&nakﬁecly, 01

reactant stream i nmedi ately
t gld@pa/ipbe udcrmadtp atierord B Giirdsig of lrecedbasFapatet @@f@tereﬁ@s In

Of ok IaI%feFr&%jer&merhﬁe MB@ztaREs AREH 19inS¢Hdn Qﬁﬁe(ﬁﬁbh(}és)@anot
be greatly sinplified dye to the absence o

B R hTa AR TIBF ERSTHER dePOOf PR e RO A g™
Ch&mﬁllgszoh&attelﬁlﬂﬁg Wi dal@@atcadalrﬁﬁ}, re@tidn zened G8chak atdgrt/2anhiking
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si mul t aneousl

. s omstm? such gtle | b
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39%5?@93 IsheSdaagesctian ghdititus 3 0busel daeninundiei 8t oadyst ieaded pamyform
ifferent stjeans t 4 thus has
i @5(\!{\%’%&%‘?1} gléerhc(iow? Q §?S?H1l:iq} can ge (g 091% dh ag khc Waé r%’]s%g%n and thus |
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ollogveﬁo? hese s ﬁlbpéd alt(gtatcfdg&q tlﬁpal £ &al@n'gctl)ﬂ%tﬂn@ﬂ&i
TAS FIOwW rate thi ou each opening is conti { ﬂ] f
byonsiktag of métindhidaceh @ssemblﬁh@p%rtrdfhyeéum P ﬁijC“é"f“Ffi @“é VAR

C %gé” Aol LTS bceglxédnntS ek Gﬁi‘hlr@gaﬂt hea@ Inhlf]édﬁh&l}sdﬁﬁpte and/or

For th f
| g]I;r@fglta[ee:b/?fgfpgnqogttlgcc?t%lgst E’Pﬁg% 13}( rgath gfde 1lc%cgoas téOcl:l gbbssésseggnly can be
t E@at@%hﬂpﬂﬂ&lﬂira‘o tiefabesde oOIfnxag pasiemgant! Akpwy Miaritheertlusion of heat

r cactants t0,th ant channels. Likcwise,
g?al*r!,wlﬁlin§lq thtahcén F:cqocal o1l lfoT’t ﬁj&?%n)mlﬁ)f‘rﬁgacﬁgl tslect Il Olﬁ]

n g stagmcdaction pubesseoply pmbn §1mpl$ﬁeétiue| tex ﬁwg abseflse pftangeaa) yﬁtéganncls and
the dydsau cieﬁgrgh %’Eﬁ&\@ For RliitipID GrefRAD B&dimultapogfehaéd. Yig. 3 shows
appi oxi mately"the chaiacte pstic mxing length in

m ci ochannel s Since the gap sj,ze is small in

m crochannel s, the total mxing length is a nodest

val ue conpared to the overall channel |ength

di mensi ons Wi |l e oxygen is shown as the distpbuted
species in Figure 2A, it is possible to stage acetic



acid with or without oxygen This option would all ow
foi production of vinyl acetate by the oxidation of a

worob0s®1Df et hyl ene and acetic acid i n which P¢BEUS2005/039714
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partial piessure of acetic acid when cal cul ated on the
basis of the total feed to the reactor exceeds the dew
poi nt pressure of acetic acid at the reaction
tenpei atuie (as ntasuied at the inlet of the ieaction
zone, or, alternatively, the peak tenpeiaturc within
trdiesupi smezemorkzamnehc)d) Byinginistdrint te Feaggant Hic gieers aphigshould be
uncgeist E%{\t%ﬁ?ﬁ bifrer@f Et@mﬂ?&aﬁ b&hixg t@g%ﬁl@ll WihGR teRBn 8RR D4 Ghilar
eaction 1ate torwaid while keeping its
mwmwaﬂmpl essui e | ow enough to avoid condensation in
the 1 eRGERIoAR RS eld Ig’dC@(ﬁ]i hdat b v @(ﬁﬁlucﬁ‘ﬁﬂo déérsitnk the Bubbieodt feed
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rélg%kfc descrlb m em]%tbflﬂlcan 8 gglnemg?'ébOdl rrgnts in the

I angc of 1 to 20 bar, |n sone .enbodi ments in the range
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range of 120 to 400 OC, in sonme enbodi ments 140-200
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(oi in) the reaction channel walls) ovei at |east 50%
of the length of a ieaction channel (or at |east 50%

of the length of a ieaction zone) vanes by | ess than

10 OC, noie picfeiably 5 0OC oi less, this is in
contiast with conventional rcactois that typicall
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channg s})mé/@xfb@éimays the $8d {thRars cbisO&ly afeéetc gideftoylabhng dipxygen.

Coi less It is contj ol - temenat. e
Ixhsofnﬁémlf;oggnte{néIotl%Cé)mPoncx%s ngtatljspé) rlestSe}ét 1%01n (!;legg;g@td thFngfgt%OI

fnﬁfogévaMtcp vyt etd c@;rbonhca@udg Id etpe amipprdimgntsedthes gasesdippt frp gssentially
mc‘?’tlt(l) t%? repctlgrg%g%cﬁlg lner‘}%éo\{)b EMpl@@gj th & eRodmRh@ tNeS(Ixyéch fe

I ments, heat is renmoved. throu g
ad@ta@wﬁtre%@t“a@mﬁélﬁg 89% Ry &t BER SRHEIMEN SRS SRS PR SHRS
rga&t or configuiation has a subst antial volunetric
productivity adv nt a r.a k nv a

and t GB@ Pressyes(ypic Fﬁagﬁ?% 3 §t€1}?e?m{c ‘Metctf)e "“ﬁﬁc’ﬁé’?lr!é{ 3262@6!’
&ﬁ&tghﬁlfﬂ a @hctian ha@icD GhiaRened enradimontsi gpi@agnpcmg‘ UM EQ bar, yj seme

co C nt ,coo rg q@g rp| ocess ieaction flow fn
¢
ven?n%dlhtell] mn%e%l ¥ tube rcactois for VAM

p| odudtihmmiurpiaiditah zaeislprafpoofat et 10 "orin ©°F8 cupRIjrents e

_?[%ngt: IE}PQE) ﬁ)@%b Qf ind sgmcaQﬁHoHlﬁlgnt; DoReeQY gndtin@me eaeddin@nts Evarso °C.
€ iesults in Figuic 5a and Fiqure 5b sh?01 ] Mﬁe t, tacdlogglamel

claiptetsrre! ‘iﬂ‘ﬁé‘i“‘&“ﬂ%ﬁ‘“&?ﬁﬁdFf‘?cd?ﬁ‘%ed??’ G PREEE L EAVEE

hﬁaﬂ‘lﬁ) dvéransdsciovd of ths &bﬁlﬁth of aabctidnehdnedhtor et l(:ah@o%eaéﬁlp jepgih of a
I b s m'¢Bntrast with

a‘\‘i%ff ?nazBPezv%lcs lfyq% : nn #()g’l‘il g&L ?Qfel-ga?S @éﬁ&p tHisSi tlh)glt t tl

ans Sur aica pci_unit ieacto
vehwmnilscapmis thaggyatiehave bet progsrlest €4 Hh ﬁé‘P 15 Caigheiten thy éWrage

tplx%elzltlpc & tl%qul?ﬂgédon%lct@@@mmp@lﬂe kRREHQT obdr aﬁédﬁgb% of the
ase convectivc heat tiansfer an%hsm facc Flane? camom

Slgtat i exttimg GOTEHBFEST R TSSO B HALE Y

pﬁE@HB&efcsmsdaoul d be used to opt| mze the heat | enoval

in the h xcha nnel 0. N Gde th
can bét IFE aé)gécéca)n{](g?m aHrgém ﬁa&? Jlr"lee?r(gl fexl QWHS@& §de the
cajpadvifdr ViAW o hEBctcoo bhsi arvigtrighras nédct (g]abq dgsipgf gqoﬁ@f scbgwé:h@fl ggduces
fo'talysﬁ%e H)rt@fgr ﬁb(%inx%ng%\gét E&bndVedhrol l%]‘é&htlﬁﬁ@ﬂ;ﬂhl‘l&bft y

raulic dianmetei of the el
h@lcpaghamm:@r 8@8’@”?%@‘“@@?\”‘9‘@%‘{%%‘"‘H@H{aq §ug§ﬁ:§1f zé VO umetr1c productivity

c %fnrt"lgg bRPE bW cbif RN BB Bitd e @@&815F1@ﬁd4 eoohardly $ustesmn

];lﬁegtlxv;:ltl%?%%Eg%ﬁlltcpw{ugg\}%gea@@g% Wlf?] 5% cu1 rcnt ci)olang)g\{dﬁ[bgess reaction flow.

enbodi iresit&yiotaheell and @it rcnrceoxpfoo\v,‘e@svesiumvy patld(’gmb@ of water on

charagter MSE SRR Tk RARE BB dnd
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OB W et S siPbtP e EGRyraD B EGrea GGy dpn ht i
ad%w&u&aamd(cwnewaem ed aspect of inventionis its
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nore preteiably 60% still rmre pi efei ably at | east

80% and yet noie prefeiably at |east 90% in sone



enbodi nents 20 - 60% in sone enbodi nents 55-95% and
in some enbodi nents 50- 75% Per pass convei si on of
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at least 30% and in sone enbodi nents about 25 to
about 35% Sel ectivity to carbon dioxide is prefeiably
| ess than 15% (based on how nuch of the ethylene is
converted to cai bon dioxide), noie preferably |ess
than 10% and in some enbodi nents about 5 to 10% The
Gomvtaérpiranctaria dssainetaidihe desifse bystiemprabcapdilih depips @R thE on
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t I eactl on N a

t @n(plgq (ﬁml]yleneﬁggféll) |2gid g@(%lﬁﬁ?q%-g arildccg&ea i(O%) érﬁ éetd% tﬁlgPCﬁaéule 160 °C
\ AidipRiarciaah. ThemRMmahameheesd altlemmmmam ethlyst wighibaweid fraction

e fiey LATREL LU 21 O S0 TP 9t
t exch@pov chotvhén Hieat Anot her advant age of appl yi ng
pait I %]\)l rln n&ilmﬂg %gctloﬁ:lm%yq@kcal 1§tottlnq»tackbd lgzh lalyd tﬁ&lttﬂc\ﬁ@at conducts

cataly can give tenpeiatuie piofile
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(f&fa'n &R 1@[1}%%9(:11121?&1 &RIHIGE WhtreaQte bt:g]ﬁmﬁg&)tf ak yzﬁllysbl&:d the reactants

cul at ed under four contact tlmslmg hrh \chgtothc
phfagféh%%k“f«‘st EWRRPEEIP el gl theygaciiudpic pd ‘B‘"I‘X“%‘% ol
ga@mﬁlbtzl&ll @fnpér hacﬁfbﬂicamhg tﬁhamn@d bed. S\ cOrdaklyi, the hcafrﬂle& pydilld on the

i nch, and. t gap on the
DF algg\gzﬁﬁ]aazc tump%atwapcak n(i%u thf mﬁct %ﬂ%qggo ant flow sticam
has t hetaweintagéotvedt oai thybf@fﬂm@)g of thpfogtalpi ded is figgijpgntal to the

c QJ]JC%J}/ E B éalpchdgc!t gAMLY AUSHRLvicld REo eIy tilkife will be
use Int catal yst bed is laigei At 250 nms contact
time on the pi ocess side, it paitial boiling is the

choi ce of heat renoval net hod, the tenpeiature rise in
the catalyst bed is less than 10 0C



As one alternative to partial boiling in a cooling
channel, staging of |eactants, preferably conbined
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technique to avoid hot spots and effectively nmanage
tenperature Mcro-to-nmacro manifold options In sone
enbodi ments, the invention requires distnbuting at

| east one ieactant fiom one channel into a second

adj oi ni ng channel wheic a ieaction is taking place As
|sl‘iort!erﬁ:d desb inabigeleihgerdeee i it desirald fapent tetVindarrsctes elplerige thermal
e of FaRy e g el ot AL oM Al e
minpepohaniEs sloeHrubgioblenaiusing Hagus Gl aeHv ey eiengrgre compared. It

QEO%JS th%pthg tlelgﬁ% Qtlrec'&aqldtt%mal'oﬂg}hé &act0$ 1eR@S & nfabieigh@t wien @artial boiling

| eact t t t
LGN L SR e e TR

Shf[zmy a&lve cmst dap b@usecpaglal: ieﬁabelmleploﬁlbamrhglhtgargléhelkcs
di i ection 81}?3/8 M kel fem gi:riiturlc prowes % Jﬁ%&itc@llé%%@caﬁﬂ@ﬂ de@lattutated

can bEEYFH
or Sone I ntei

roaahr ﬁiilECOatng kieme W&tlshvvlihgsgia\e @hqsqjhepth:env@t;tp@ astthedigatagmay gnethod. The
;_:%%Q Neck hQ goo?aptacﬂglﬁ!:lsn‘s dann el@lt: kvﬁ'lgthﬁmgme(b ® 1%%11@@&&)@1%1 gap on

dei ootei) Typically, one of more rea 9 ant,
stborrém Slé%'é§ 04 inghpdtool e GeRNERD L REM RRATFST o 451 © 3 Ne
dedgﬂl&%lll Wntahﬂtf‘ncam llﬁllgéi uoh@pinehe tbm;beﬁ aa@uiddeiirt e daptjebbed is larger. At
i 2§O fnﬁ ccal ag tP]}elﬁ)ﬂflﬁe 1é>cefsT 91c{e i E)altlalﬂboowhlgfmf e Qti1!)1¥eeof @ea%l?\wapllnghod the

dblﬁ;felenﬁerme inalt eyt bt:dmelemb@m Mith-and mi n| mJ m | at e of
CONNEG onegaltgg${\19§)h)art'lﬂ%¥\{h& ¥h %QH%W\alﬁlaestdgﬂlé lofMdiRtah @ tpe:ferably

Foi systens of connecting c hanne W con 1i
cinafned v e SO eE T GPL 1 BRET 1R G SCH U 7o and

egga[velm%gyegggrdt@gc pei channel The equatl on for this
case i§ Iowand|sdef|nedasQQ 7.n.c - '

niicgo-toamyero mileldoptiaqt 115 [ kg/scc] = maxi mum connecti ng
channeh qcﬁfﬁ‘iﬁlb(fdhlﬁﬁﬂls,l tet igventimn reqgires }hstﬂblmng] rtdggphonvsFTEet T QHpPne

glla{}lgﬁnto g?‘escgnd a Jommg, éﬁ%m ere 4§a%§on 18 ngt }hﬁg 8\ s@li€dcsirable to keep
ng connec anne I mensions 1t is

of t
s ot hestms sl s OB oRB Ma G SR 91 e P gacro

ogcalgﬁt?ltc! cfahtbs 18 @t Enithi VG odkhMhbEBlould 8¢ desiphc@id dehiovtiehiasim@fiow
channel such that the icquired duty of the unit

offEHePbn i s attained For those cases we define a
qual i tiyis bmsm 1o At @icta QRUr@m-CisQ rgo mabibeale NHOGIA o ca@nioka

C&Elﬂéc&c?i‘nﬁa sirg am to e alsveﬁr quallel %’iuﬁgﬁzo ara@lé%ﬁéo%ﬁl@s q{lul: diteB®n of an

annhe cl oss sectional
ain&aﬂovt ihe requ sdaleonnifad ca@csqhg«xmd Pfrpliss plechcularHésoalﬁ ént(il lt1vhate

f)l%\%&&/lﬁl@%l% tQ tg!: <Y1§§t10‘1'] hﬁthé‘ @)H&@tu@fchéﬁmﬁ&%écﬂ@, Ghasn&hy connect a
f bei ng peifect distribution. 1003,

s headér IHRf fg@tgg A é‘f’?aaﬁ PG more reactant streams uses a macro-

manifold for distribution within a microchannel unit.

Quality Index factor “Q,” is a measure of how effective a manifold is in distributing flow.
It is the ratio of the difference between the maximum and minimum rate of connecting channel
flow divided by the maximum rate. For systems of connecting channels with constant channel
dimensions it is often desired to achicve equal mass flow rate per channel. The equation for this
case is shown below, and is defincd as Q.

Ql —_ n71“2!\ B l“ll\ 1000/0

m

mas

where



flow in at |east one channel, and values of ovei 100%
i ndi cating backflow (flow in |Icverse of the desired

wo b@w/oshercti on) in at | east one channel |n thPGT/US2005/039714
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invention, Q and @ arc defined based on the channels
that conpiisc 95% of the net flow though the
connecting channels, the | owest flow channels aie not
counted it the flow thiough those channels is not
needed to account for 95% of the net flow thiough the
oqpegkd rgnasimameinsctiBy choeicbrest @y '8¢ appi opi i atc MM
desi gns foi m crochannel icact ors gual ity index
traGt by scfoninineaceHating fows RahiIBe™Sel ol v 20% See
Eitzge alk tlt'l@HtClS@dsuéHQhat the
fﬁl’ Cé%éWACGShC?C alCa\Jal’y11]§901§C(P%)(§lgltnI€1?goI]blgllgat Cd he Te X 1
resfderce Hive cENRANPIESopity Raasti fdtﬁé’é‘YegW“Ra‘a"ékﬂ“c?‘é o ghannel to
deshd0ed ahitd reduited ddgad hanii dpt@idiad atahod Fig thogneseanedeline a
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at 150 O0C undei 5% C2H foi 4 h (other reducing gases
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A simlar set of experiments was conducted at a nuch
| ower pressure, 6 psig, with the sane catal yst. Figure
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of oxygen and the selectivity to CO2 were inferior to
the high pressure tests, with a maxi rum O 2 conversion
of only 36% and the CO2 selectivity al ways above 20%
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whi | e sinul taneously achi eving high selectivity to VA
here nmeasured as | ow selectivity to CO2. Table 1

w@Ea0abysis 2 Cat al yst 2 Catal yst et hyl ene seem 2AT/BSDAS/@39714

21.2 acetic acid seem 11.8 11.8 11.8 oxygen seem 3.5
3.5 3.5 nitrogen tracer seem3.9 3.9 3.9 Inlet
Pressure (psig) 55.92 52.6 53.2 Pressure Drop (psi)
55.7 52.2 53.0 Contact Tine (nms) 1487 1487 1487
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3dcalbibacBen B8e volume of 1.78 en’'. Data provided for the reactions in that 1cact01 show

that, while it is possible to achieve high levels of oxygen conversion, the selectivity to VA is low.

Further, their data shows that the selectivity to VA decreases dramatically as the oxygen
conversion is increased.

15 Tables 1 and 2 provide further cxamples of results obtained that demonstrate the

effectivencss of the invention in achicving high conversion of oxygen, ethylene and/or acctic acid

while simultaneously achieving high selectivity to VA, here measured as low selectivity to CO2.

Table 1
Catalyst2  Catalyst2  Catalyst 2
ethylene sccm 21.2 21.2 21.2
acetic acid sccm 11.8 11.8 11.8
oxygen sccm 3.5 3.5 35
nitrogen tracer sccm 3.9 39 39
Inlct Pressure (psig) 55.92 52.6 532
Pressure Drop (psi) 55.7 52.2 53.0
Contact Time (ms) 1487 1487 1487
Ethylene Conversion (") 16.8% 14.1% 5.8%
Ethylene selectivity to CO2 (%) 2.6% 11.3% 17.0%
Oxygen Conversion (%) 93.3% 83.7% 97.4%
Oxygen selectivity to CO2 (%) 2.8% 11.6% 6.1%
02 conversion to CO2 (%) 2.7% 9.8% 6.1%
Bed avg temperature (®)] 128 138 150
C2H4:02  (mol/mol) 6.06 6.06 6.06
CH3COOH:02  (mol/mol) 3.36 3.36 3.36
HOAc Conversion (%) 29.5% 22.6% 8.7%
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14255 2 1 3 34 151 22 23 2 444 6 00 3 32 140 6 6 2

409 5 00 3 27 140 6 6 Table 2. Conti nued Oxygen
weEedvwlosases HOAC Et hyl ene Oxygen Convei si 0 ConveP&I/0S2005/039714

Convei sio selcctnt selcctivit nnnyto CR2 y to COR2

(% (%9 (9 (9 (Y9 79 3%3 1 7% 75 2% 8 1% 33 7% 79

0% 37 8% 55 1%5 8% 2 1 2% 79 3% 32 6% 47 0% 7 0% 2 1

9% 76 8% 35 9% 52 5% 5 6% 20 1% 88 2% 25 0% 6 1 1%5

6%%&08% 80 7% 38 2%55 7%5 8% 2 1 0% 80 1% 37 9% 55

%2 1 5%80 3% 34 2%49 7%6 2% 20 2%82 4% 3 1

8% 76 0% 7 5% 30 2% 82 6% 32 0% 76 2% 7 8% 3 1 5% 82

4% 32 1% 76 @98 8% 3 1 7% SHL49PH0 3%Rcdave 9o Biteegn3 1

2% §4Yshos 3 TiMpos 75 69 P279% 3 £249% 82 (P32 0%7e N 7

9% 32, 0% 76 69§33 0G4, 7 (DY4rPB 796 61 0% 30529 57

4% 7 9% 19 6% CLAI VB T2 A met?; f of makiMfg vinyf22

acetafe, conpflsing: 12 VI di n , reactl1 channjgg
conprj sing a gatal ystygpntai nifig reactiQp zone;;, %/
passing ethylgpe, acetic acid and di oxygen intoyfhe
reactll on champgl ; wheggin the gihyl ene, sgcetic ﬁczlod
and dj oxygen ygact toskprmvi nyj6 acet atg,nmMONONEY, 5
wherej n at | eagt 20% ok;t he ethyd ene i sjsgonvertgdhyt o
products; whepein at keast 80% of the ethyl ene 4hat is
converted to qroductss2is convesded to Minyl acetate
nmononer or carbon di oxbde; whey®i n at |east 60%xf the
di oxygen i s caavertedsed produxiss; and mnerein zt23
| east! 40% of 42he acet b€l acid i3¥34convertied to przdacts;
and wherei n t43& abovesdescri bed34dconver siSbns and22.23
selectivities*arc obt abhed in -“832S| ngl e 'Yass thr (ﬁﬁgh
t he r%eacti on ¥hannel . 5.00 140

Table 2. Continued

Oxygen Ethylene HOAc Ethylene  Oxygen
Conversio  Conversio  Conversio  selectivit  sclectivit

n n n yto CO2 ytoCO2
(%) (o) (o) (%) (%)
79.3% 31.7% 75.2% 8.1% 33.7%
79.0% 37.8% 55.1% 5.8% 21.2%
79.3% 32.6% 47.0% 7.0% 21.9%
76.8% 35.9% 52.5% 5.6% 20.1%
88.2% 25.0% 61.1% 5.6% 22.8%
80.7% 382% 55.7% 5.8% 21.0%
80.1% 37.9% 55.2% 6.0% 21.5%
80.3% 34.2% 49.7% 6.2% 20.2%
82.4% 31.8% 76.0% 7.5% 30.2%
82.6% 32.0% 76.2% 7.8% 31.5%
82.4% 32.1% 76.4% 7.8% 31.7%
82.4% 30.3% 71.9% 8.1% 31.2%
81.2% 31.7% 75.6% 7.7% 31.4%
82.0% 32.0% 76.1% 7.9% 32.0%
76.6% 33.0% 44.7% 7.2% 18.7%
61.0% 30.2% 57.4% 7.9% 19.6%
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2. The nmethod of claim1l wherein the contact tine of
di oxygen in the reaction zone is 500 ns or |ess. 3.

wab@ensdehod of claim 1l wherein the catal yst copQI/USE85/039714
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Pd. 4. The nethod of claim 3 wherein the catal yst
further conprises Au. 5. The nethod of claim1 wherein
the reaction zone is a mcrochannel reaction zone. 6.
The nethod of claimb5 further conprising a step of
removing heat into a mcrochannel heat exchanger that

i s di sposed adjacent to tHd&AMaction zone. 7. The

met hod of claim 1 conprising the step of staging
d|0Xﬁ?en into the reaction channel. 8. The nethod of
claim-1 futpebyd of BRiRE Y RCacSPRBSBE recycling

unre aﬁ&)ﬁﬂing £edsolhdatkelichih@isinh @ catayaeton@iming lraginekone:9.  The
met hod of cl 0 e et hyl ene
and aP“?%%§V%7b%?m?mﬁandEm%%mgﬁgﬁggééégg%g%Certed to
pr oduehaein hOethyTive, aneic haxtiang flioxyzan 1oL ofHEBVEY hactpjgmonomer;

et hyl £0g2 gl agbbybl e LRhas0oRetl oxidecis 15% or | ess.
11. Th claiml wherein t Iar

et hyl whecip ¢ lqutégwggthe Ablas § hﬁtge GOpETte 8\8110 I%ﬁoél\ﬁcrlitéﬁl 8 vmyl
Bicctake t95noln@15§carlﬁ)ﬂdlohh&‘ concentration of di oxygen i's at

l east 10% b t he .sel ect f athylene to
car bohgFiB&| lﬁét 6Pé’°i§§/gj QY Conveitﬁd ¥) Oxucﬁeangod of claim

1 wher@érsn atleakt@d® tof BOMe@facid frecomtetisd| tepreducts; énverted to
pr Oduc‘ﬂerdmwjgbog!: eséfﬂbC(l c%ﬁ@:?sm%§a(fﬂ@fflec¥ NeesalcRyhigdan & Adle jass

converte ucts, 1s converted to vinyl acetate
mmmmm@mrqwmmaww@ﬁ d|0X|de wherei n the ethyl ene

sel echi Vi t ¥t QudbRein divastiflBe t@itatiOfoecoF dioxygen in the reaction zone
| ess. 2005/ 039714 13 The nmet hod of claim 1l wherein at

| igAOmSoR S0 et hyl ene, acetic acid, and di oxygen aie
added i n aT&hagﬁdohmshﬂ@MmmmﬂEC@MYﬂ@mmﬂwfmb poi nt's

along the Lengtilagfod n§Vahsramh%Qﬂanﬁh@nmtonq@ascme met hod

of cla m1 I'n e i eaction channel is | renct
m cr odhanndhe IMVJF! n@c ap | wheeip tl ﬁéCtHP AR SidgHer 8clhan£c A bon Zone.

less 1o Th@hﬂﬁétltb@@t (Q“flm@|ﬁﬁ!h€n0114p1&(h§'@ElLlS(bfn@noamphdaplallmaty
ot ieaction m crochannel s I.ran ray of m ci

owisegichaped beayegchmpgst Hls RO “%?%gﬁgfémhﬁmzmln t he apay

of m uochanneh8hddsf ilamt heigraing heptrdstaging doxsggpling & fepgjion

ot adjacent heat exchange m crochannels 17 The nethod

of”@Fg|n11 wherein the ieaction channel is cylindri é

18 Thes. met Hodmoliodef eiim! TurkbrerapiFingaeicp efaec iRy EHiEd joeds back
,kﬁgen%n&“mgmﬂeat exchangei, and fU|the| whei ei n the

rea
I Oon zone has a iatio of heat

agsf&r sui  face-n
ciie and at tedst 70% of
alea to reﬁb%@@ﬁmfbﬁ@deWﬁ%@ab?“ﬁw‘é? e e and I 0
the acctic acid are converted to products.

10. The method of claim 1 wherein the ethylene sclectivity to carbon dioxide is 15%
or less.

11. The method of claim 1 wherein the molar ratio of cthylene to dioxygen entering
the reaction channel is 6:1 or less, and the concentration of dioxygen is at lcast 10% by mole, and
the selcctivity of cthylene to carbon dioxide is 15% or less.

12. The method of claim | whercin at least 30% of the cthylene is converted to
products;

wherein at least 95% of the cthylenc that is converted to products, is converted to vinyl

acetate monomer or carbon dioxide;

wherein the ethylenc selectivity to carbon dioxide is 10% or less.
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19 The nethod of claim1 wherein the ieaction zone is
adj acent to a heat exchangei, and further wherein the

WO e651wms zone has a ratio of heat transfer sSupEHEUS2005/039714
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aiea to reaction zone volume of 1 6 cm' to 200 cm'

20 The met hod of claim 15 conpiising 3 alternating

intci |eaved |l ayeis, conprising, in order cool ant

i eaction cool ant reaction coolant reaction 2 1 The

met hod of claim 20 wheiein the reaction channel hgﬁ.a en
hel ght. of Toe §Bhadef glaiprh vhereiPHE B RO BT ¢ F &I el and dioxye
At §5£5 iy ats!'e]?edrﬁ%ﬁ&t RNt 1IERARS Q(Lmthﬁ&qg,aheswghfoﬁd)e rchiov e

a| e a b‘er Juﬁpwgtl?‘(ijté)ﬁflgwg%}%feglglpoafgatrc]tlon clleinncq hsgﬁl Hcer?éﬁblbnglgﬁ\gng at

23« Thern®tihos 20fm @ll@k.m 1 whei ei n the reaction channel

conmppses ul a LOUS, 43§ di.50 888 i MBgcHahBls arranged
| engt b of ’ﬁg’m:l %Jooqflalg]nmé lgér{lrs}gp% ik wherein a rcact ant

iissanaceled nfioochivecly. eact i on channel th| ough the porous
sect | pa1s %elqgt%?m'éﬁﬁgl SQJhetréin@leml%&f\w@djcﬁdnﬂeli1@&1thelma1 contact

i eaeti on channe ube in a tubulai |eactoi, and
oatpiplusiing! alisei prasexeepeidHOGH e pcii phciy of the
channgj negj nRth6PFTRRET i Oierap thdreatibridbennslhestind®l The

met hod of claim éﬁfmgé“ P{Perc“p‘f%‘e‘éfﬁ al %g{ is gcggm{ggbeﬁleﬁuxc%gm

more than Pewcds ot clai m 25 wherein
ah@fu@t&i a/h(y &b (he 0aPpsS BHC Bass rdtip g@wataqalpffﬁr ﬁjatacc a1ea to reaction zone

i ca ania, oi znconia supp0|t 27 The
l“H‘S&FEo?am {PMHZ(SCJ{];\Ahel ein the cataly

or pmif.ypcTieatetioy gftclaing h Ahsipeie feﬁCtlt)lh@n% gla(ifcy%ttto a hedt exé{laﬂgm

C QlErRllrthé Gfer@h th'e @e@@tton 12 Ws%ordod oRRatthssfaratrfaaduofio redcadnrponc
wher ei n cat a i, inteimttently disposed in
|‘@é\1@1C|06h6%nté§0qcr’i“ a continuous ieaction channel and _
whei eipp. a Tl%&ﬁiﬁlaﬂbfdle&n atichegrisig Jonferhatiog inferleased lpygrs. comprising,

bet enl reacti orc100,l » thet| is mxing but
s‘ﬂB@?aﬁi"i RV %%F)%;eéqr té%%h o% bet ween re@ctl gg

zones 229 Tﬂihzv mfeltOIdoﬁclfo'f‘ 2@ Whdrei the fRerapRAIEHES BheH) AR
dioxygcn iatio in the i eactl on channel 30 The net hod

of "cl ai m 29 wherein the cent ! volume ratio
Peact i%n cRatodobela | pEFER ’S%afa’“oi%f'ﬂncmhagaﬂ&lgge jprvotume rat

chiai M0 whei Gimeltifi@ndl atrfa@ ach petiiyd @ntencge effinterna ghagne! volume.

di oxygen i In the ran e mdri rou
0O, 5 (IS T L e

| &ﬁt}/dhls 61<;ioﬂsdﬁ1io@the Pegbfits reactipn ganpeead 33 The nmet hod of
claim V\%]cre{nha rggcs%t% 1108 £ QDLAGEN dhbdIRl thlSugﬁQQ pﬂiﬁuﬁéctﬂoﬁﬁss

34 Th | ai m 32 V\hereln di ox
t he foidm offhametBs! of Hama Mg ™ HIe r@fign ﬁl?%%? Lu.%c i aq ﬁlal Hactor,

r glﬁlcct)ninﬂﬁin%Q@&'G@lsedﬂQSmﬁ& defiprety oamd clmmeisns:alrae:omtccnon w1th a tube

sheet.
25. The method of claim | wherein the catalyst comprises Au and more than 2 wt%

Pd.
26. The method of claim 25 wherein the catalyst comprises a silica, alumina, silica-

alumina, titania, or zirconia support.
27. The method of claim 1 wherein the catalyst is a thin layer or rim-type catalyst, and
wherein the catalyst comprises at lcast 12 wt% Pd.

28. The method of claim 1 wherein catalyst is intermittently disposed in reaction

Zzones in a continuous reaction channel and wherein a reactant is added through orifices in between
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the inlet is in the range of 1 to 20 bai 36 The nethod
ot claim1l wherein tenperatuie in the reaction zone is

w@rookesests 130 OC and the tenperatui e ovei at |paEUSH08039714
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of the Iength of the ieaction zone vanes by |ess than

5 0C 37 The nethod of claim 36 wherein the tenpeiatuie
in the reaction zone is in the iange of 140-200 11C 38
The nmethod of claim 1 wheicin the per pass conversion

of dioxygen is at |east 90% 39 The nethod of claim25
V@R kdned b Gracidraiks ybdingdorspisiagiétly ao efalyzeddeacinprivay refFtion
zirconi a suppoit 40 The method of cIa|n125 mheleln the
E4fal yst conprises a znconia support 4 hannel
maki nZ. vimyicthedatclatme!l Wiy g }SPWYE’GP W@O P\ “}"é%"”‘&%"u“c%ﬁa““c
¢hanieks conprising a catal yst- contalnlng i eaction

zone, passing et hyl ene ceti
Cho dh ronTeRANER R TE BB A0 g AL, b

elafighiene to dloxygen is 6 1 or Iess and the
cone EF | ?L’Ilehc 1 eli?%oci oq LR ﬂ%etcﬁ tl%tratlo%@écfflélﬂ_@%cw aBk @oxygen is in

whei ef'h ene, acetic acid di oxygen react
M&rﬁ@enMVinwh2édetate nmononei and cai bon di oxi de,

whei ek sURSHRMLD &lcladn Bl dheRfn tleh@iocbd @it ed cetdfydsiefal i 51 or
convened to vinyl acetate nononei or carbon dioxide,

wWhei cin at | east 20% of the ethylene is converted to
pi odugis WhRinkinBd étclalne@sthcR0%cabntbdyemoix jéfams dr &scom

cited_to piodu nd SEle LV iYo
cai boA* d|dQF&g%PiM}gﬂgxyhCmﬁ”n¥%§ﬁ g&gg{%{%P%HEQ

abovesdescﬂwh&do¢dh%0nghdﬁ?ﬂdﬁﬁ“§@ﬂé%@W@WFVE§“%F%””“““°“
gtacﬂ§gt¥ﬂm1 gﬁqg%ﬁwpass t hrough t he reactlon channe

ol She oo sk b ST E B RSPk el <

Bl hRnREaGledUdTdeal: SOMQE B Rndiher tlceataathqnsonco/@mwp by sesghapg °C.

44 The _net hod of ¢ 43 m@e M Bndinek
conppsés Au“ﬁﬁﬁm88{Zgggﬁﬁ$%&%¢eemmg geﬁgkﬁét hod of

CladdclBt #0R0Ter ei n the ieaction zone is a m crochanne

reacti /N 2eN§ mcﬁ%d-ghﬁaupﬁmggin af p&lpads B d@sibil dtddRYgen is at least
COlTpl i"Si ng a ste enovi ng heat into a m ci ochannel

he®s. exchangC| that i s di sposed adjacent to the

i eacti@n zgRenmdifod h@aifes hedcinihe edraismodpdsccositpn,iaBimmg or

the step ot staging dioxygen into the ieaction channe
zirconia support.

40. The method of claim 25 wherein the catalyst comprises a zirconia support.

41, A method of making vinyl acctate, comprising:

providing a reaction channel comprising a catalyst-containing reaction zone;

passing ethylene, acetic acid and dioxygen into the reaction channcl;

wherein the molar ratio of ethylene to dioxygen is 6:1 or less, and the concentration of

dioxygen is at least 10% by mole;

wherein the cthylene, acetic acid and dioxygen react to form vinyl acetate monomer and

carbon dioxide;

wherein substantially all of the converted cthylene is converted to vinyl acctate monomer

or carbon dioxide;
wherein at least 20% of the cthylenc is converted to products:
wherein at least 20% of the oxygen is converted to products; and

wherein the selcctivity to carbon dioxide is 15% or less;
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48 The method of claim4 1 wheicin at | east 60% ot the
di oxygen and at | east 40% of the acetic acid are

w@eowsesieed] t o products 49 The net hod of cl ai mBC1US2005/039714
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whei ein the ethylene selectivity to caibon dioxide is
10% oi | ess 50 The nmethod of claim4 1 wherein at
| east 30% of the ethylene is convcited to products,
whei ein at |east 95% of the ethylene that is conveitcd
to products, is converted to vinyl acetate nonomer or
cai bopd cth@eqh gesbovheseibal conersebdmil efretiviéss e phigipadyn § Pngle pass
car bon di ox g |s 10% o0i less 5 1 The nethod of claim
ﬂ""]fg]vm“e‘iﬁ%ﬁ“ﬂ““tmnlceast one of ethylene, acetic acid, and
di oxyagen dhemettidedcliim 44 whereit & cquipsHimse! Pt e ity ré%‘i%‘t" zone
al ong t he Iength of the ieaction channel 52
’Is\rggogs?rﬁ%g ot claim4 1 wheicin the |eacti,é)n channel
has at3. | edde mehed OﬂFlﬁﬁlﬁ%|W8?f616fheiafal¥ﬁﬁwc°8}p“7 ess 53 The
met hogh of 16} kiRt UaiGOIRink:sin kg caalpk fartadr kaypriod Aueedsrorg M
m ci ochannel s airanged in an an ay ot miciochannels 54
THEet hod of cl ai m 53 wheicin the anay of
ni ci oghan ek sehed df plaintyd jwherkin demeagion Zeiieis BCaIEHEA Br
adllaacent heat exchange mi crochannel s 55 The mst hod of
fim4 1 wheiein the ieaction zone |sfad4 ent 102
heat &xchafgerthodafgamAStHar: WReisdied SERe T REEESh "Zone
NS oRal@ilkQ cﬁfmn?@@tzxt s Hlmsefdaﬂjacshmcf meeacamcmm o ieaction

zone vol une of ) n he' Feaction
cl ai nf54 C—Bﬁﬁ}b hgc? ?.‘félag;n Zgl Cf)lé] mmlg A% ste? %tt gigﬂ?gg{\}g% th;}gE S, ti

Q;Q;[Eﬁ&l,l Si ng, I n oi dei cool ant i eactl on cool ant reaction

Che. aggc r eﬂc me 10(?' oft Cfalljﬂ chqgle&t 684 &ltﬂpd$x9gcm%ra€lbﬁt 40% of

the r ti off "Channe farp-to-volunt ratio of
ahedcemtlda@cmteéfopmﬁmﬁwel |nter nal surface area per

cubi ¢ sgent JTIMe%d foclalnﬁmle\plﬁ%lm e @ned sekealvityre. calbéh diokive is 10%
met hoé of claim4 1 wherein the reaction channel

coipY i ses plural porous sections di sposed al ong the

| engt Boof fhendieactdaan 4 Chiannel jcasptlo wWhierediyhinals pevsEedit
is added to the reaction channel through the porous
st fns. 59. The method of claim 58 wherein the

r eact ivonrenheloaneds% of the ethyltns tanis gpnwsﬁIOQFodP%“aEF?J}Ve“CSﬁ" yinyl

L & RBSQlsissection on the periphery of the
ﬁ: nnénl% cﬁgér “a connectjon with a tugﬁ%sheet 60. The

met hodvhsfeinghegihpicne sgleqiiby & ICﬁbO(“I'ﬁié)XI((:ké{S ot 1€ onpri ses Au
and myje t h@dqmého\dﬁo%lzﬁ’ld 41 @hcreid fideasrohdrd dthyjfnccdcq]c reidEnd

wherein th cor o fe-redfidon
THEURETHGHTE b et B PR IR} e EHRp O 08

athaheBst 4 wt % Pd.

52. The method of claim 41 wherein the reaction channel has at least one dimenston

of 17 mm or less.
53. The method of claim 41 comprising a plurality of rcaction microchannels arranged

in an array of microchannels.

54. The method of claim 53 wherein the array of microchannels is in thermal contact

with a plurality of adjacent hcat exchange microchannels.

55. The method of claim 41 wherein the reaction zone is adjacent to a heat exchanger;

and further whercin the rcaction zone has a ratio of heat transfer surface arca to reaction zone

volume of 1.6 cm™ to 200 cm™,

56. The method of claim 54 comprising 3 alternating interleaved laycrs, comprising,

in order: coolant : reaction : coolant : reaction : coolant : reaction.
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63. The nethod of claim4 1 wherein catalyst is
intermttently disposed in reaction zones in a

W@ onbisasos reacti on channel and wherein a r eaptBUS2005039714
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added through orifices in between reaction zones so
that there is m xing but substantially no catal yzed
reacti on between reaction zones. 64. The nethod of
claim4 1 wherein the ethylene to dioxygen ratio in
the reaction channel is 6:1 or less. 65. The method of
cI ai n5764 whemethat df biein 4 twihereio ihegaston o pabbay ¢ P eeg o pladh
\;\%18 IQ%at l%as%l(;l' cm of lh%?n%l mtgrgal at]l;ﬁge M%Qg?‘%eé;?hég%l Eﬁ lﬁtg%ﬂl CLF}]HQd
velthod of cIa|n14 1 wherein the reacti on channel has
an outd et 'Ial‘x@gle@&ﬁrcf%fdfﬂla&helfehehc%htﬂlcﬁtchdnﬁel Edinpkike pluahgeous
of 1 to 20 bar. he nethog on cha|n167 wher ei n
sestipns digpasider g the HfégtP %%E"t FEROFBHE i 8% at | east 130 0OC
and t heerdieRedAt ik idedn e rattioh emstel GOhohe fohres feelipgt-h of
the r @ ct I'H mct?ln(g(gv\%lll]ﬁ ?85\?11}3%111 t}?eshg’acttl&%nanﬁel Qq tub@%l a tIthﬁl leactor

met ho ereln th ass conversk%$
dillmwy@emg asaoaws jeetims pn DOPAIPIRY; Ofﬁﬁeh%ﬁ%&l ARIER GPETRIHY 4 ‘“i?e
gm fein the reaction channel has at | east one

nmensi on of 10 nmm or 0
vi nyl S&cet Hearchebashimt) n‘éhereﬁ‘r%‘\ﬁa@ﬁﬁémép“rseesés‘él tamgﬁore teh 4w
ghyannel conprising a catalyst cont ai ni ng reaction
zone; pass t h Give caRdis i OXYEIRRudpbit. O
the r égct [ J(r)lﬁ%%ﬁ 3t Xt CF - \9\% C?e‘in e cﬁ Vet mgnea acet i lcl:ﬂpam d
and dwmxygﬁmnm@aébﬁtmnﬁbWM$vﬂWyPm&@é@aWé“ﬁbﬁﬁh%Wt°
wher el6§] at lle%?e%d 300k &Iltb?enﬁtatzlylst@ﬂﬁteﬂnﬁttcﬁ@rm@bicﬁd1 rta@tlon

product's; wheiein at |east 95% of the ethyl|en
COONRS &Y 7 QepLinuey's pqa@t@a él%agnel jd W&]&lﬁl{} ATPEH P 85C{2}¥ Wl qughao& gltccs tm Between

NRAQEEIonA sdlih & @lcRANmBlin@ KitGehstamiaity @i chtallytee re@tthy beswezn reaction
selectivity to carbon dioxide is 10% oi |ess, wherein
at**f*east 40% of the oxygen is converted to ploducts
and mhﬂlehmmﬂheoabmmeud@egpb@dmﬁeﬂveh@W@wsmﬁﬁumem““m‘
Iectéglt|e§ aie obtained in a single pass through

%mm?gac P'on channel 72 The method of claim7

wher eith t héharpathod ef claip ﬁéwbq:reuaﬁhb5@9©%tr$dsic?]ustreﬁéclcl tgieﬁ}u feed is2:1 or
zpne is 150 to 500 ns 73 The nethod of claim72

wherein the cataly t cQ se Pe,; 74 -
The nmeéfhod TBFM¢hogi0 §§4aﬁ&?m“ao¥ﬁm”qat5V5g¥ﬁ{%lg]

C onpr iges Abk MEholheclimthoticroh the Feadtinn ghnnahiel & gt H'é* pressure at
an. 20ne cqqggaﬁg a niciochannel reaction zone 76
ai m

I
Tﬁé tethgd" of et furthei conppsing a SteE-oﬁ £130°C
renovidg h&at mitdof goinviod PoePA e dt M EREHATIR 1AL
i §ndqlllest99(§§tgx afbacent S(i/PofttllB@cngtﬁ 3¢ QILti&DA6e varies by less than 5 °C.
69. The method of claim 68 wherein the per pass conversion of dioxygen is at least
90%.
70. The method of claim 41 wherein the reaction channel has at least onc dimension
of 10 mm or less.
71. A method of making vinyl acctate, comprising:
providing a reaction channel comprising a catalyst-containing reaction zone;
passing cthylene, acetic acid and dioxygen into the reaction channel;

wherein the ethylene, acetic acid and dioxygen react to form vinyl acctate monomer;

whercin at least 30% of the cthylene is converted to products;
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77 The method of claim7 1 conpiising the step of
staging ethylene into the reaction channel 78 The

woredohostens claim 7 1 wheiein at | east 40% of tPEI/US2005/039714
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et hyl ene and at |east 70% of the acetic acid aie
conveited to pioducts 79 1 he nethod of claim7 1
wheiein the nolai i1atio of ethylene to di oxygen
enteiing the ieaction channel is 6 1 oi |less, and the
concc 0 09 nol e 80 .
The n‘g%l If]:%h‘ll ag{aasg%Sa/jMQ%)ég)? V\}f]1 ér?aé Ifgtrc]m é/tgr%?'io dﬁl?du bg;ocg%veﬁ%jgo vinyl
dPER R EH B catbon dgidde; 40% ot the acetic acid are

conve ﬂﬁ{élethherll@QH@Jeﬁct&ltyfl-to-l;lﬂ'gonrfﬁixm@Q; 104 ofle@i M7 1
whei ein the Leactlon channel is a mciochannel having

at | edBFBHE Ut HENY NG BED B CtsTH o pedectg ondThe et hod
of cl aviRred tie boRRlkdcSbHen gonaelﬁbrlsl @htctiftied Ldbtai@iin a single pass

nhgmﬁe$ﬁ@§§L?m§ﬁdanged in an an ay of mciochannels 83

m 82 wherein the array of
m cr ocRannéhsmitkpdiofclainélt rhdreic hntaett tivietohdiexypdnlin éik ichogion zone
ofs 180 8¢t heat exchange m ci ochannel s 84 The net hod
of claim7_1 wheiein the ieaction zone is adjacent to
a heatexch Bw@%‘r*od OEHHUM T FhHER heriealeet Gempiies 4t fae £ e Pd.
zone Iras aThahdldof ciifat whdr@angt cdalsUfRECRHEAALO

N (R I LT M
a@w@wemmeto a heat exchanger, and fuithcr whcicin the
i eactign z anemé?lﬁbﬁ ofcd; lﬂt75 ﬁll‘tggl c&xﬁﬁi&in%ﬁ ?%SOFF ?ctfngvcﬁg%%gtgu%o a

aica to ieaction zone vol une ]
sBictPRE R R ARG \gRecthajisAispescduigrant 1 thetieacioa aenci on channel

has a 7hei githe @fihod 0Bk 01 onfpBif theldd® oMBARR A0k nGhB thYeAion
mnerefn the reacti on channel has a surface-to-vol une

[8}) nnc '
of at |l east 10 cnt of channel internal surface
area ﬁér ¢ Uity rgetipe nt dlaie ¥ ewhaddin ativhe HOtAbT tehahyivet and @f 1LHsET0% of

8@3 aCIIlﬂ:edCIH‘gtethg/el%% tOC[i &jllm 7 1 V\her el n t he r eaCt I on
ur al or ous sections di sposed

hannel ngﬂlses
along7?he Bled efclahél vesen homolahativreébthylameh digrageeiemering

athé RAGbANnnkISs @dslﬂéis taﬁli th@@)nécﬁ@a(ﬁt)ﬂ &Ql&%ﬁ‘@%l leJqu‘%LbQ Bhole.
t he PQ hous sect i

m 88
wher et t h&"FRH Ptocr]f‘“E ﬁb}‘iheéelm ft é“a%w’/& B*éhfi dﬁoxagqiamt least 40% of

rmammmnWMamdmﬁaﬂrmj@mmgsa porous section on the

gﬁr Igl[o'%?r y ? ngel'h%d{)ﬂc adm I[ eea;lnrthea a(;: gllqnenlclﬁs 1H1810§51{115: lylglpg at
1F®é§mam2i2@mmrh%support 91 The met hod of claim

1 wker ei fnd ot 8t iy 8t colm%l 1@11g|tamlmalllrﬁ§f¢e!"lctg[‘1 mhidrdTh M&Qseauanged
catal&;t and wherein the catal yst conprises at | east

18 W5 Pnicedanthe method of claim 9 1 wher ein

cat al g3t i Sheinited oi daieBE dm)ercﬁh tsmﬁyeelfmlaoaﬁaﬁts sQRth&BRBntact
and wherein a

I ‘gg%tpgn l&y 0 ual‘llcjfsmagat?ﬁxf f@)aﬂﬁhmlg r ?rLP’ "&s in between
84. The method of claim 71 wherein the reaction zonc is adjacent to a heat exchanger;
and further wherein the reaction zonce has a ratio of heat transfer surface area to reaction zone
volume of greater than 2.0 cm’™.
8S. The method of claim 71 wherein the reaction zone is adjacent to a heat exchanger;
and further wherein the reaction zone has a ratio of heat transfer surfacc arca to reaction zone
volume of 1.6 cm™ to 200 cm™.
86. The method of claim 75 wherein the reaction channel has a height of 0.05 to 2

mm.
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reacti on zones so that there is m xing but
substantially no catal yzed reacti on between reaction

wWQwess52698. The nethod of claim92 wherein theP€l/nyioesieso714
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to dioxygen ratio in the reaction channel is 4 :1 or

| ess. 94. The nethod of claim93 wherein the O
concentration in the reaction channel is at |east 8%
95. The nethod of claim93 wherein the rati o of
ethylene : acetic acid : di ox en IS ﬁ‘q Vrl\ﬁnegte of .
6: 3: 18And D pethod @G‘amﬂ%é”‘ﬁ‘éf]ﬁ ea&?"“éi’%l’ YA SWHET iR e
détﬁ)@'ﬂ%stﬂ scxddatdndcninkhe sfrokcmrafpeaiubic c@metdroéinmetlvbainel
of claim95 wherein the reaction channel has an outl et
Y pressure at the outlet is in the range of 1 to 20
bar. 88. The mbbhddlanf 7lchimicimig2eagimarchinnc! carayas alui Rrqus
DL RGOt A0 %enkif pfihe kEASHdAQ, HE and the

nperature over at | east 50% of thelenth of the
r eact whercin rectapbip pdslad @;ﬂlelr@gtsonflwawl Hrageh th@@)' OUTffé“%t hod
of cl @9 M 91l MABE &icRint v RIMPBY radctidna hdnfel ishi@utc éaectibudan reactor,

zone is in the ran f 140-2
PG PIRPYSIAE ARFEPBTCH ? ﬂ%&ﬁgﬁf‘p?f&/s‘g%c 6‘%‘&%63‘ geaaanwa?“a?’r@%éﬁ@gé“%@

isfect | east 90% 101. A process for the production of
vinyl gpcet . ToclHBE YTl 8%?&%‘11“9@ &H}yt ERBiscsAGHING s@pbid,

and dloxygen Into a reaction channel, wherein the
react i9bn cHammaiod efshp? 7 el hasgeyplom His FecTOpHTRIPA FHJYS:

?nﬁ@%é& N%Ecataﬁﬁ&%bms&tk@sted\w/ime acetic acid, and
en over the catalyst to

parti dF pr E@é“lﬂ‘@d gffclayp W}Freérb‘iaﬁgé\hg lﬂterél\{’lé}/\htfﬁ Cgstoosag i
b@SéSSn Odontrheus t@tmh caeetand ovhtrhie a reeast orddek hewelsortfies in between

ornt ur.e; of n reaction
rg AL ZQPSS Qo tﬁ%?ﬁf is ur!ﬁmg&rgté%bgtgrg%%)QwQFtalgfggle'éai%%éet\?«g:l I tthe

rgasti on zone is |ess than 2 neters in length. 1083.

The p f'QC qﬁesmglﬁod%k §51m919/ﬂtcrm 58 @th)ncnfc I&Edl&@gﬂﬁ edtidilkh€redcion
the reaction zone is at |east 135 0C. 104. The process

ofhagnelkf 41 205 wherein the reaction zone is a

m cr oschannehe F@aE bi Gdim 20RBereid @50, chhentpitiocie ¢ raftiog kimhml is at

101 %q,herei n the contact tinme of dioxygen in the

r 6%tt"on zone is 500 ms or less 106. The met hod of .

cl ai m9E01 Whenaiod of diem @A whdryisthe ronpiciiglens :peptic 4ql7 dioyygen is n
thod o?g3ila1?d{aﬂ'06 wherein the catal yst further

coFrpl@aP ‘Ses 108. The nethod of claim 106 furt

conpr i%i ng The witiog obflaim Shryisreiydifreasn i 4% R MATEPS ar‘l'annel
heat exchafgeheifdaat cliis oslivepas ﬁ?leileandljoﬁﬂﬁﬁﬂel Haart daget and pressure at
reaction zone. 109. _ The nethod of claim 106 conpri sing

tﬁéo‘gl”éb“‘élfe‘g’t’bh@fllﬁﬁ Y¥Etic acid into the reaction

channeds, The method of claim 92 wherein temperature in the reaction zone is at least 130 °C

and the temperature over at least 50% of the length of the reaction zone varies by less than 5 °C.

99. The method of claim 91 wherein the temperature in the reaction zone is in the
range of 140-200 °C.

100.  The method of claim 91 wherein the per pass conversion of dioxygen is at least
90%.

101. A process for the production of vinyl acetatc monomer,

passing ethylene, acetic acid, and dioxygen into a reaction channel, wherein the reaction
channel comprises a rcaction zone containing a catalyst;

reacting the ethylenc, acetic acid, and dioxygen over the catalyst to form VAM,;
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110. The nethod of claim 109 further conprising a step
of recycling unreactcd feeds back into the reaction

w@bmansdel1s 1 1 1. The nethod of clai m 101 wher ePeT/URH05/039714
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nol ar ratio of ethylene to dioxygen entering the
reaction channel is 6:1 or |less, and the concentration
of dioxygen is at |least 10% by nole, and the

selectivity of ethylene to carbon dioxide is 15% or

| ess. vafEl%m tlTJ”}SrtH%‘%JEsQPe O(Pfaceﬁ:é a%fdrwllé;pcgalcmg(ﬁ {tﬁc lﬂgls J)f%%%(;tal feed to
30% of the ethylene Is converte ucts;

athe ready exgaghs fevirpiat meshiys digestie pra at he f‘?@?ﬁﬁ\’/ @mp@ﬁmt: o

produciys, The }Q&b@éé%f 886l 10 Owhetdthe BEBERLRe ITRAQAINRD nfers in length.

car bo i 0 ein the ethylene selectivity
to ca?’é?g ﬁlwoeé?CaSé of %a"fgéo%l}“ﬁmetﬁ%t?w TG ARE G GO o loast
cl®i’th 108 wherein acetic acid is added in a staged

I ﬁ:hlr (e)lgé:: Intol'ﬁe p?%anneiﬁglm i?ﬁwlgﬁeﬁﬂkc e L netlbae 101 ocl t&l%bl%gctlon
wief-ei n the reaction channel is a mecr ochannel havi ng
at | eagt omg: GoARBEULA 10f wikrdThOlonth& Bde o yged Hhe reaction
met hod of claim 114 conprising a plurality o ‘? reaction
nfer 5HURTEISS arranged in an array of microchannels.
116. The netdedahoabf gdi@iion \illib@nﬂbﬁtﬁfa@lyﬂ cbrh;ﬁlgalpanar array
ol ural Ty oF metrdaBt A ncRge Pt

117. 'Illﬁé nﬁhdmdlloébf Cdallrall@ﬁ L8 whrerigign stehef nexeawtglheamzme
. §a]c@@maﬂ1§eeﬁgat i Chafbetifls d%mtl@m@&n to%%a&%&&%r wher ei n

the reaction zone has a rati o of heat transfer surface
area tl8r eAbaTWIRd 2kEM Y] rpRrisgR the sEp efpaging gredqygiddie the

. tkddBon chiaxgelret hod of cl ai m 109 wher ei n the reaction
channqlmha.?hel une ratio of at |eas

e-to-v
e of " Snanhar e Bl Rt i Y58 G treacid e
clenk infpeltegeacodn chanber nal channel vol une. 119. The net hod

of cl qll m 199 AM"'I%B gf dhich h@ VHRAR tfaeqp 14 ha@l@ Bﬁ&hﬁ&%%lﬁ%ﬁn entering

pl ural porous sections dispose
t Herepdiate Al ioh herrest- an%h@t%@traéplhofélw@a@tsahlﬁasﬁ 1% dwl> and

t1 g% §eh:$_t;1vrt?aﬁ$tﬂy(énetﬁ?ﬁ&{l%ioxﬁih{ig%\l\grlﬁﬁe |00{1 ous sectl ons
cal er el the reac
channel m?@ %183% a1l Bisieipet F@a%ot/mft‘*eéﬂla‘e'aﬂdwwegf%t@

aprpcgus secti on on the periphery of the channel near

a Con%gg#n e(m JSI’) o? th}q?n% :ﬂg@% E:on%cg%d fo é)l olaucts 15 c?nveltegto vinyl

claim1 erein eca
alceint manomsy ¢ricerbal dipridaand ti t ani a, or Zi rcom a support .

]22 M%cmkmfdle&fsal%n J’%%n%?ﬁ@kno‘%@tl@g ySt i's
internm ttent di Spose eaction zones in

cont | du%us“ﬁ%%top B CR AP YT SR i &7 st shion igo a
aededo bdﬂmoug{g tl&rld:nf&,th)Eﬂﬁe iefictibeém@en reaction zones so

that t re; ubstanti al | cat.al
react Illci}ﬁ be%c mergoé (r)fgzgacl:l :Ij@nvamlgm the reactlon chnnfg is a micro anng having at

least one dimension 0f2 mm or less.

115, The method of claim 114 comprising a plurality of rcaction microchannels
arranged in an array of microchannels.

116.  The method of ctaim 115 whercein the planar array of microchannels is in thermal
contact with a plurality of adjacent heat exchange microchanncls.

117, The method of claim 109 wherein the reaction zonc is adjacent to a heat
exchanger; and further wherein the rcaction zone has a ratio of heat transfer surface arca to

reaction zone volume of 1.6 cm™' to 200 ¢cm™.
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123. The nethod of claim 109 wherein the ratio of
ethylene : acetic acid : dioxygcn is in the range of

WG20rA5mns 2:2:1 . 124. The net hod of cl ai m 100CTAIs2005/089714

tenperature in the reaction zone is at |east 130 0OC
and the tenperature over at |east 50% of the |length of
the reaction zone varies by less than 5 0C. 125. The
nmet hod of claim 109 wherein the catal yst conprises a
2|rcon|a support. 126. A process for the production of
vi nyl lHtet Hreanchphefrim loﬁdg’é‘eﬁéheé‘iaﬁ%ﬂ“ ghranel e asyrecigrgime
a&wb ddkeaytge Bmi ditiangl heaaltsudnre oharna@bic cadiaee of intdrel channel
eetlon channel conprises a reaction zone cont ai ni ng
cé%alyst reacting the ethylene, acetic acid, and
d i oxydén olhsmethhéofshinal Gpgtherern tHfeaaptioy Abdnnahbrsipeiben platal porous

| s@&l%ﬂs (ﬂ.ﬂ&c@aﬁon%ttlﬁyéngtﬂ ®f th@l%?crtlblpch@&kldandan d dioxygen are
ed in a staged Tashion into at |east two points

o oG PPHEN GG S0eE A b HEAE P et
pr OC 3350 of Tlﬁ'nﬂ:thﬂli di2Ginvihereiemintit@eat o Chdnod isadube infhasbuan
d an. | et and

grlgaégt él?({] cgtnpl 1shné a 8 ﬂls 9{:Ct1 1% 01{]tﬁeeper1% ael@/tof Yle channJ 1¥3€ cmgnc%Snon with a

atbetsheet. i nl et to the reaction zone. 128 The process of
cl ai m,3126 m%ﬁmmo#cmn [ RAGE A MZ ANt h&uﬁbm GHQCHARRL bilica-
reacti on zone. . The process of "clal m 128 wherein

t henipe Hetid @W“ﬂ@ﬁeuﬁﬁé an inlet and an outlet and the

mass fibow Tt o Gasn i ® v@ié@ﬁ\tcﬁﬁly@ts utt&ﬁltt@ﬂitﬂdﬁbosﬁﬁ mteﬁ@lon
reacti on zone than it i nl et

R 3ot Astreb AP 1R el St PR R Epeer
t deqvaon0dond kMY g id mixinp But kebaattibmozanigzct s:aG00 bargeeo reaction
Iess 131 The method o f claim 130 whciein the catal yst
conppscs Pd 132 The nethod of claim 131 wherein the

cat al yat f Themethei ofcednirp p&edhenip teagioph etk hisaticarid ¢ ligiygsn is

132 \Whed &lsn:ithe2-bgaction zone is a n1C|ochannc
i eaction zone 134 The nethod of claim 133 fu

conppsthg Acgtedisd Bfclam ATt nHRETe | A B! S 6°8ﬁ5ﬁﬂaﬁst 130
hreaibhd mé(ﬁ:h’t@dﬂzgﬁb otchateaitsood bStﬁ:DlS@dl (ﬁdje aaahth zdne virkReby less than 5 °C.

| eact Ilgp ?he ntw 1%? ot-rcrl]agn Iir(‘f()tw mem?he c%ta@%}l n%fgb%gesggm%l“a E%E%te

the stép o e reaction c
136 THéSneﬁmoﬂweﬁl@Papﬁwmngﬂuﬂ@ﬁemfmmwp%5|ng a step

of r e%)(s%'n%%gyleﬁ@ 'a@@ﬁ@ ‘é&(ﬂj altcﬁﬁg(?geg Aedéa kL b8l @RS (Rteaction

channel aim 132 wherein the
e A FlepEPEey aeﬁaFﬁl(WP%’F CP‘B‘”‘”@%% HIRYE oxi de is 15% or |ess

138 Th@tctﬂ@ﬁlﬁ@ﬂ‘)yl@fc &b aB‘H,]az@dMﬁ@&ﬁJVH theh@taljdd kodtornt @AMO  Of
et hyl ene to di oxg nter i eaction.channel 'q.
?thcélyc td hion

6 1 oi whlcrglé} at kaétno& ones %cem ¢4 lgt e}ng Hm)g/fgelbale addcd m a s d fe% as
IeastM®OW®bwmnvhetmandmmheceemem@ummty of ethylene to
cai bongi o’fllxcq)?ociié 0 a%h %6 \Lh%l%?h the reaction zone has an inlet and an outlet and
the linear velocity of gas is greater at the outlet of the reaction zone than it is at the inlet to the
reaction zone.
128.  The process of claim 126 wherein the reaction zone is a microchanncl reaction
zone.
129, The process of claim 128 wherein the reaction zone has an inlet and an outlet and
the mass flow ratc of gas is greater at the outlet of the reaction zonc than it is at the inlet to the
reaction zonc.

130.  The method of claim 126 wherein the contact time of dioxygen in the reaction

zone i1s 500 ms or less.
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139 The nmethod of claim 126 wheiein at | east 30% of
the ethylene is converted to pioducts, wheiein at

WO e@sN538890 ot the ethylene that is convened toPCT/US2005/039714
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pi oducts, is convened to vinyl acetate nononei oi

cai bon di oxi de, wherein the ethylene selectivity to
cai bon dioxide is 10%oi |ess 140 The nethod of claim
126 wherein at | east two of ethylene, acetic acid, and
di oxygen are added in a staged fashion into at |east
two poiint sThahengl défhieinl BAghéreiofhe cddyst @aetiicold- channel
11 106 et df orehil M %’a%CM%EﬁAlﬂt fhger EGRRL AD

chann is a mciochannel havin | east one

di mensilon OE methpdrislin B3 gvhqigip “TFheéCtWét‘fﬁ‘é& agpicrpqhang repgiion
COmpi i sing a pluiahty of ieaction mcrochannels

arranged in an an C|ochanne

cl ai mA42 Uﬁ@F@P%OPH@’Bﬁéﬁﬁﬁchwﬁmgafm%ggT%% nﬁﬁg @als

i icrbdnarnaeteat eahingetthavis tiisposedptjudcathe e shctiadicacent heat
exchan 2 TR&. TR thed s@finddi 1284 t
th|elgﬁtzgwn5%c$&g%h§han%gf ﬁé cf%?nér%ggléq§% écmmnon
nabiegdd of cl aim 132 wheiein the ieaction 7one is

adj acegy t-PucdnehB@bt cB¥E MRIGRES compehing UEENGTrecviRg Birdhctdi@eds
i eaction zone has a iatio of heat tiansfei suifacc

g i@ ior PR one vol ume of grcatei than 2 0 cm

146 Ther. metihoedthod ofclagh M2i32reinticiceylanctshlectivigate tirpm dppdeis
i§° iacent to a heat exchangei, and fuithei wheiein

t é f&3¢ction zone has a iatio of heat tiansfei sui facc .
at ea t188.r eBetnictnd gishan V25 wimsingfe nolap ragiprpf ethy sneig giopygen entering

' %ﬁlacﬁh chRLROg &fles§: L (R b2nWheT & 'dfdx;tgglels kB&GIt10R By mole, and
channel has a sui face-to-volume iatio of at |east 10

cthy SlectiHaplrdyepgip e diogids BACE Odf%a pei cubic

cent i ned.ci TR mdnat erdah | hanrRklat Mot 10reof I 8thflae inebzad to
of claim 126 wheiein the reaction channel conpi ises
pPePSH poi ous sections di sposed al ong t he | engt h of

t he r edetkinorestaringihe clyichewheis einmerad fopadtdmis conyeried edny!

S&Qﬁm&ggc% ggof cPQel t hi ough the porous sections

aim 148 wherein the ieaction
channeﬂmm§“&eﬂM%@”ﬂﬁ”&“ﬂﬂﬁﬂWﬁﬁ“?@%Et%Wo‘ﬁﬁd conpi i si ng
a poi qus Serdh@ddorldibe2garprher Masofvotoh@hytdnancel adreaid a

t
o reraTi U e gL e Foeeng BT e Lyt Fleaon

sthahreBal umma, titania, oi ziiconia supp0|t 151 The

met h OdMPf cl‘"llcarlnemogi %fzcl;}g@ Qkf\lvlﬂtrcﬁrnﬁe 1‘&@&@” cxachlhelllssa 1@(:1()@1'31%61 having at

| ayei ol wherein the catal yst
cbwﬁww§@§ﬂﬁmoﬁéwﬁvﬁhﬁvm@6Pd 152 The met hod of claim

126 whgb ei finCadipl¥sliaim 341 otBiidgtatpirilityyor eGP Bi@ebchannels
i eaction zones in a contlnuous i eacti on channel and

wWHEPE D 38 ARt Puechanecligded thi ough oiifices in

bet weemras. The method of claim 142 wherein the planar array of microchannels is in thermal
contact with a plurality of adjacent heat exchange microchanncls.

144,  Thc method of claim 126 whercin the reaction channel is cylindrical.

145.  The method of claim 132 wherein the reaction zone is adjacent to a heat
exchanger; and further wherein the reaction zone has a ratio of heat transfer surfacc arca to
reaction zone volume of greater than 2.0 em™.

146.  The method of claim 132 wherein the rcaction zone s adjacent to a heat
exchanger; and further whercin the reaction zone has a ratio of heat transfer surface area to

. -1 -1
reaction zone volume of 1.6 cm™ to 200 cm™.
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i eaction zones so that theic is mxing but
substantially no catal yzed ieaction between reaction

wQowessbs8 The nmet hod of claim 1l wheiein tenpeP@/US®OH/089714

20

30

the ieaction zone is at least 130 "C and the

tenperatui e ovci at |east 50% of the length of the

i eaction zone vanes by less than 5 0C 154 The net hod
of claim 132 wheiein the catal yst conprises a zirconia
suppoi t 155 Apparatus for the production of VAM

conpr i47i ngha mebet ¢fnlapul>2 wéerein o Fraetiva pitatel ko Apir e prjolume
18%%? at4eaG 3% @rjn%$Ehafu{epﬁtcmal)ﬂu%c ZONRScuBit bR fiNatonGewal danat]
| east 2 catalyst-containing ieaction zones, and a
¢8BMEng channel adjacent to the reaction channel 156
The apgai atid %cﬂlf)d &kﬁinﬂ‘l 255 erdi @e @dattioh ien@ataalpyiss pluml fotves
at least 2 ﬁoggal ni.ng, hanngcanl on zones conpiises
ST 3 Ve ‘W’e BT BB 4fus of claim 155
whei eiwhertihercemt i pddodi® theeaetion @lmannﬁlh thrmel therpnpe Pesess-a

mcro i LTRRSHPR 2 @fbe 2 MHBuRF
| ess i%g T enlg%%ﬁqg{aglgdgsﬁlg&g?{r%e?%? wher e|r€1‘ tﬁe1 dat

| resggtot, ARl C@@P%I'“ﬁ@tpo@‘éfﬁﬁfélf"h‘?"rfbe ReBRleR;ob e H3prsnegagonnection with a
Mgisefanncl reacti on zones having at |east one
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plates designed for reaction channels interleaved with plates designed for heat cxchange.
160.  The apparatus of claim 155 wherein the catalyst is a thin layer or rim-type catalyst,

and wherein the catalyst compriscs more than 10 wt% Pd.
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168 The apparatus of claim 167 wheiein the icaction
channel is a tube in a tubular |eactoi, and conpiising
W@2@eisae$s secti on on t he pepphcry of the channedT/nsmns/es9714
connection with a tube sheet 169 The appai atus of
cl ai m 156 wherein the catal yst conpiises a znconi a
support 170 The appai atus of claim 156 conpiising at
| east 20 cc of solid catal yst
161. A system comprising the apparatus of claim 155 wherein the at least 2 catalyst-
free mixing zones comprisc dioxygen, ethylenc and acetic acid; and wherein the cooling channel
compriscs a heat exchange fluid.
162.  The apparatus of claim 141 comprising a plurality of rcaction microchannels
5  arranged in an array of microchannels.
163.  The apparatus of claim 162 wherein the planar array of microchanncls is in
thermal contact with a plurality of adjacent heat exchange microchannels.
164.  The apparatus of claim 155 wherein the reaction channel is cylindrical.
165.  The apparatus of claim 155 whercin the at least 2 catalyst-containing reaction
10 zones are adjacent to cooling channels; and further whercin the at least 2 catalyst-containing
reaction zones have a ratio of heat transfer surface area to reaction zone volume of greater than 2.0
cm’™. \
166.  The apparatus of claim 155 wherein at least 2 catalyst-containing reaction zones
have a surface-to-volume ratio of at least 10 cm” of channel internal surface area per cubic
15  centimeter of internal channel volume.
167.  The apparatus of claim 155 wherein the reaction channel comprises plural porous
scctions disposed at least 2 catalyst-free mixing zones along the length of the reaction channel.
168.  The apparatus of claim 167 whercin the reaction channel is a tube in a tubular
reactor, and comprising a porous scction on the periphery of the channel near a connection with a
20 tube sheet.
169.  The apparatus of claim 156 wherein the catalyst comprises a zirconia support.

170.  The apparatus of claim 156 comprising at least 20 cc of solid catalyst.
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