WO 01/19772 1 PCT/ US00/ 22573 2 7 FEB 2004 PROCESS FOR THE PRCDUCTI ON AND
PURI FI CATI ON OF N-BUTYL ACRYLATE BACKGROUND OF THE I NVENTION 5 Field of the
I nventi o gkherianvention relates to an i nproved process fopctisogprageiction
and purification of n- butyl acrylate. 10 Background I nfornmation and
Description of Related Art n-Butyl acryl ate (BuAcA) is a commodity chem cal

useful for the production of acrylic reSins and polyners and 2@@%@@
for paint formul ations, solvent coatings, textile and |eather finis {and

adhesi ves and binders. One nethod of synthesizing BuAcA is to react
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catal yst, "€.7g., a sultonic acl in at 15 | east one reaction zone to
produce a m xture of BuAcA, water and several by-product inpurities, and
subjecting the product mxture to purification in at |least one distillation
zone, together with any ofB‘&@fG@ﬁSUﬁg}l@ﬁeﬂ'ﬂéWEﬂU@\hnd recycl e streans
anong the reaction zone(s) and distillation zone(s) to obtain a BuAcA of
relatively high purity. Wen any of these processes are operated, |ow

boi | i ng Ijigﬂ%gitﬁgﬁ%moqlduced in the reaction zone, i.e., those having

boilin 20 bel ow BuAcA. such as butyl acetate and di butyl

et her and charmchesritadehtes'td kg lithpeivds process for thegirodiction ahd perification of n-
systenatically disposed of to prevent themfrominterfering with the

descri bamtylpendatton and conpromising the purity of the BuAcA. However, this
is often difficult to acconplish, e.g. by purging an appropriate stream

w t hout al so losing an unduly | arge anmount of BuAcA product and unreacted

Bu@y, angiRroung Mhiohngdandhaenabh f Rarga £OSt in energy 25 consunption
or purifircafron equipment to prevent such |oss. Thus, any inproved process,
whi ch  acconpi-Bshd scanete (Bediad isdi eopusedityothemieph usefbifor ti prediraiog of gephie

| oss of BUuAcA and unreacted . BuOH.and/ or th? I ncr ement al .costt qf engl'cg}ﬁcand
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produci ng n- acrylate reacting acrylic acid wth n-butanol in

li quid piBace)amith a@9lit Acid (HivRAS) initepresenec ofhncaid catalgxtcbgngenulfasicacid, in at
catalyst. The process utilizes a single_reaction zone and thre ) ...
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any of various schemes of reflux and recycle streams among the reaction zone(s) and distillation

zone(s) to obtain a BuAcA of relatively high purity. When any of these processes are operated,
low boiling impurities produced in the reaction zone, i.e., those having boiling points near or

20 below BuAcA, such as butyl acetate and dibutyl ether and characterized as "light ends", or
"lights" must be systematically disposed of to prevent them from interfering with the described
reaction and compromising the purity of the BuAcA. However, this is often difficult to
accomplish, e.g. by purging an appropriate stream, without also losing an unduly large amount
of BuAcA product and unreacted BuOH, and/or incurring an unfavorably large cost in energy

25 consumnption or purification equipment to prevent such loss. Thus, any improved process, which
accomplishes an adequate disposal of light ends while keeping the loss of BuAcA and unreacted
BuOH and/or the incremental cost of energy and equipment to a minimurm, is very desirable.

UU.S. Patent No. 4,012,439, issued March 15, 1977 to Erpenbach_ et al., discloses a

précess for pfoducing n-butyl acrylate by reacting acrylic acid with n-butanol in liquid phase and

30 in contact with an acid cation exchanger as a catalyst. The process utilizes a single reaction zone
and three distillation zones.

U.S. Patent No. 4,280,010, issued July 21, 1981 to Erpenbach et al., discloses a

SUBSTITUTE SHEET (RULE 26)



2 2 7 FEB 2004 continuous process for making al kyl acrylates free from
ether by reacting a C, -C4-alkanol ina nolar ratio of 1:1 to 1:2. in

liquid Mﬁ"% 80 to 130C under 100-760 nmHg in the presence of
: € pr

a
catal ys ocess enploys a single reaction zone and FGdH&EPati on
zones for separating the alkyl acrylate fromunreacted al kanol 2%@
by-product. 5 U S. Patent No. 4,814,64932 issued March 21, 1989 t i/
et al., teaches a process for the production of an n-butyl acrylate by
react i @dnhudusipiéeoforvhikdindgikyl dceylagds drek FronSthePBERBAGS, £L, &M-alkanol in a
esterification catalyst and sol ubl e manganese or cerium  The system for

car ryi mpolapmtiotaid : Iptook:@ 4w lifwid | phdsesat 0 dad 5 0FC Linden 100 76H ramblg inl tha pregkadesof
reacti on rodurcﬁ'l is sent to a finishing tower wherein the reaction product
s SepdraiAlEY he PRty SrBGYS f SihelcyRaTSTone and to disiVeion 7anes fanseeariag

PO L] 00Ol S SR RerdaicR ULANAN IGEQNERVARQUer | and 2 resi due stream

which is re to the reactor. n tream from t he but anol

recovery tovigsS. Paeithy.CA, 814 495, idshied Vet 27,1980 6o BolSfrdu ab! {eaaBsla siabauch
tower is renmoved fromthe system South African Patent "No. 9704628 i ssued

Mar ch 6 the gosiuctips of aw aduty! pevdaie by weastien of ndestanbol withacrylicHachin thad

n- but anol 1(1Bu aggi[tieacte in tgo Luebictors i n seri.es, fhnd t he product 15
separ afEF T TS Gt TR FORY TR RS Y O DA SARGRE T CER e Al A ST KNS BIRS |
acryl alogr (HBUMGALs irfdifidt ¥lreRtd1eTork RBRY 2 Bg't&)/%ﬁrgﬁﬁetr@{i&ioﬁﬁ}}@%%m 20y BpoH.  Such

streamis further separated in a splitt trlilatio um to provide
an overfiméshing toset mherein teaemition foiRkct BuskparasiddnBuGhire barvtlacryhné toemn, a
fraction containing BUACA and heavy ends conponents, e.g., |ow nolecul ar

wHl ght VBhtissesisamia NOSEAN ohWAICHIIS pRFACa byagoiviespisay toxerai andarepidpg sream

"heavigs.1) ; r fr | r th itter colum i.s subjected

Lot ur ot ipediiti o AEIeACRE, ALl Rebded ok e FRlanht o iy iMes SafRlFA0
BUACA fiiedfdattof)ing aGedifad steash f51E sabld tdWeAGs redvad e BleQk@Rd  BUACA being
recycled to either or both reactors and the lights being sent to waste

treatnment, Sewith Afridas Ratant dles 9704628iissued March BB, 1998 disdosediasirbbdsatwheneins

rectified.in tyl, acrylate distillation colum to separate AcA

pr oduc PG AR AL %ﬁm&?(&?b@w%ﬂm@s@ it IR OB oTin Engres pisduct
IEF%M ; TG daiis | oSt 1V, ' - hut vl
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anount ditattylrethart( BBEH), hiBuiGdetand (Busags atid Bu@HI Guchidedm isfufther @patateinzone
fromwhich an gverhead vapor mixture is withdrawn conprising BuAcA, BuCH,

30 wat EPUEEIAISIgHPD spkpEn Qi REavide an v erhnrdirasioprcoaaining BB, BuAs and Bui,
boilin [ [y bel hat af BuAcA, .and conmposed mainly
of n pupd FoRlBraRRti o RARY Bl Ak s bR s o Bt B ad A RRBER % ng
vat er  areezHtpabMess BY HapQahi/BaBuABAOhndMida¢] adtidLproatots VRN The

20 overhead fraction from the splitter column is subjected to further distillation in the presence of

water to separate BuOH and BuAcA from lights containing DBE and BuAc, with the BuOH and

BuAcA being recycled to either or both reactors and the lights being sent to waste treatment,
while the bottoms fraction from the splitter distillation is rectified in a butyl acrylate distillation

column to separate BuAcA product from heavies which are recycled to either or both reactors.

25
BRIEF SUMMARY OF THE INVENTION
In accordance with this invention, n-butyl acrylate (BuAcA) is produced by a process
comprising reacting, generally amounts of n-butanol (BuOH) with acrylic acid (HAcA) in a
reaction zone from which an overhead vapor mixturc 1s withdrawn comprising BuAcA, BuOH,
30 water and light ends which are organic by-product impurities having boiling points near or

somewhat below that of BuAcA, and composed mainly of n-butyl acetate (BuAc) and di-n-butyl
ether (DBE). BuAcA, BuOH, and water are removed by a combination of binary and temary



PCT/ US00/ 22573 2 7 FEB 2004 azeotropes. The vapor m xture is condensed to
forma substantially organic |iquid phase conprising a najor portion of

- BUACA aggh i/fe9F2 portions of BuOH, water and light ends, apgraysoornists
substantial ly aqueous |iquid phase conprising nmainly water and a m nor
amount of BuOH. The organic phase is fed to a finishing fracti dhat FEB 2004
zone, fromwhich a side stream of BuUuAcA-5 product is w thdrawn. Mst of the
over head stream of the finishing fractionation zone conposed of a major
por t i orezedtropres. {Ibe aperf mbiive As eardlemieditp frresesibstantialin erganisdiquidplasef wat er

Cndesi rBRRSHIE § MO GOPNGTHE A and RO GOBiRes SRPLD HASE 96 (BHoAna. 26
o of  anpuehBal el B Bithe SERlorb e e M ted SRR REM MMQEGFRT®

the pur@garit pra&is fddeoQvitmibitas fidaRaiasiod k6, frbg Whitha sidkc@vamyofiBactAonat i on
zone are condensed to form separate organic and aqueous |iquid phases,

wi §h eawhdyhaswitbdawai fyiag of thsorverkaad streany ef thiedindshinghfiactipmator send epmprsed
system .The mpjority.of the Light .end | rities remain in the.organi

Shase. cHmEREEPoEen RS T ioe of e BB proshtine SRBODPOBATESRACE B ¢ he
entire li’élﬂ%ﬁ&k? _isl:%c:?égé’é?o th8 k&b CHdathvwedieh b Bivehi M dridk&ta MupPdf lidraht
ends in such discarded streans Is conparable to the anount of |1 ght ends
pr oduc exhds in theeystemc & intinor fdrdom efmichdeerhedd streamois parded andBamsaoiapurgeycl ed

as reflux to the, purge recovery zone. A ernativFI y the overhead vapors are
condengEePERY Irptiqnatar dorgtolicgsspaatin oblghe endyirpi the yaluable ByhcAand t ant

stlﬁeamé%ﬁiiﬁﬁ%ggegg&mthe remai nder recycled as reflux to the purge

recovery uni discard” what is neant is to 20 renove the stream or

portion t herggf overhexd viapersTRRs theOpur ¢ RESESy frabigratibs ashd @Y cbddndéd fitform
processed for proper disposal or further treated for recovery and reuse.

The r esicparstefarganic hed paueges Hewid\pbasesywile cacharhass eontrgninga poatien of theHighBuAcA
d BUCH, in th d ' f.th d over head.f the .
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of ab dup of light ends in the systemwhile@ mhimzing the | oss of
BuAcA gpidstjnredistazdedBuch thatiek foes pimognt dfdighveidsaf sudhniisgydeaindreasmw i2qui pnent

to acconplish this purpose, . at a relatively low |evel. BRI EF DESCRI PTI ON OF
THE DRARAMREahle trHbe amennhef lisht sndspreduaed dn the seacsiont ihr« srmypder o the argasH
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condensed and forwarded to a receiving vessel, a portion of the resultant stream 1s discarded and

the remainder recycled as refiux to the purge recovery unit. By "discard" what is meant is to
20  remove the stream, or portion thereof, from the reaction process. The stream may be further
processed for proper disposal or further treated for recovery and reuse.

The residue from the purge recovery zone, containing the bulk of the BuAcA and BuOH
in the purged portion of the condensed overhead from the finishing zone, and having a reduced
light ends content is recycled to the reaction zone.

25 The process of the invention accomplishes the prevention of a buildup of light ends in the
system while minimizing the loss of BuAcA and unreacted BuOH, and keeping the cost of

energy and new equipment to accomplish this purpose, at a relatively low level.

BRIEF DESCRIPTION OF THE DRAWING
30 The drawing is a schematic representation of a preferred embodiment of the overall

process of this invention.



In the synthesis of n-butyl acrylate (BuAcA) in accordance with this

I nvention. close to equinolar anmounts of acrylic acid (HAcA) and n-but anol
(BuOH) are fed to the reaction zone together with an acid esterification
catalyst, e.g., 1 to 5 wt% based on the weight of 5 total reactfcp FEB(tZng
Exanpl es of the esterification catalyst include alkyl- or arylsulfonic d
such as net hanesul foni c, benzenesul fonic or toluenesul fonic acid. HAcCA and
BuOH are fed to the reaction zone e.g.4.0.85 10 1.3 noles of BuOH per nole
~of HAcA. Stoichionetric excess of BuOH over HACA is preferable to mnimze

the pol yneri zabl e free ?ﬁfﬁﬁnﬁ%&m@mﬁm INVESEIIEN! . 3 nol es of

BuCH per nole of HAcRE ynerization in the process,

a
pol yneri zatjon inhibitors i Vi AZIAS On Beshrdsmes wath thifoimyentien. ggsebe
mxed with ifh,ﬁ"e K‘.eSLFhoggle&g?rﬁs‘chﬂ%Iﬁan thz art will appreciate the type and
amount_ of | hiap,i,g,_g,qs DESSTSEENd (HARSN aed/ B butanop GBYRHE) pieer o hesiePH A and
amount *BMRG"6ased -on a variety of factors. The in ib."}%rt:é@nﬁﬁ’\h’%i tof
eXﬁW'ﬁﬁ&ﬂ@?W@&ﬂﬁﬂﬁeﬂmtﬂlY%3-£>onpouﬁd-°such 288 Y hYdroxybEnzene

or a nofRo-lower al kyl dihydr Ong{)‘ﬁgésﬁp"%g‘a’,qE%‘!ﬁ{ﬁb?*ﬂ[]&%noaﬁwhﬂmm acid

. nnometsillreatiomonidesy e invention the

esterification, of A W d? k@b ul fBhAGA Ot FRasApndu@tiaraiedy i n
t he ba%"é?hrf’éa{ﬁf‘ihaﬂcsgﬁﬁﬂc\é\%ﬁ&% t eO%%actti on vgssel W th th‘%&'&“&rg portion of
the vegsel. A Akieng fractgpmati onlstmagles of Bu@H p 1ppis Bf trays and

bubbl e 'Caps or packing, to separate the bul f_the. nbRagEed
BuCH f swithiesiedieexress b@%@geﬂﬁfwlsiﬁegfﬁbr}kﬁn% ’éﬁc}”rrphﬁﬁgf’ rinarily |ow

mol ecu] ar wei ght pol yners of and , ByAkdles NBuOH perystle ofdtAcA. To
pol ymeHiAgd e % ‘ieB?:Fcﬁr. Al'sd(;g;sﬁctr%errai ning in the rea]g%t or re"%sogv d 1o such
slsitly abodtd

ayant | bifsnidk gt)g@ﬁer&ﬁﬁeﬂ i ]Bum]?,.awgmcémhgdnﬁ\bé%ﬁlpf i
- teénperature, e.d., in the range o t ' C and.. £ hed

range géndaiibrhaly beOnizea VBﬂTﬂT'g‘b“?% Zé@seﬁﬁ,shé%ﬂ_&ﬁ-ﬁgq‘gae"?’ﬁg%gﬁégﬁﬁg fromﬂ}l
the reaction vesse| consis ' . izh Gaidppenirsl ardGufbeBugpasahd
wat er aweua‘ﬁ#w&%’?ﬁﬁﬁﬁ?ss%# T??Sﬂ%%eﬁ%ns,&{%.n b%rgdu_ct,-or q%ani ¢_conpounds
havi gy, $: b bewes. Rt biktigtponnt s, firaraBRls RPERQIBRZLE PR ARREPP Ycet at e

(BuAc), n-butyl propionate BuPr),: DBE, secon . B&l¥hatess. ( SBUACA)
and i sotmpplndeust @tﬁ:dlé’D’B[Pﬂ(&g??z"’?%BI %9’@?’3'33, e %g%%?lgy%%éycondgnseg% and

separateq into two. S&as tivalethér.or gani ¢ phase having a nmgj or
por ti ohyg’foq@b‘}fd’,&,orr]ggﬁ%gﬁngn%unt sé_lgc? 53(?]4 ;nd wat er., n\%ﬁﬁg cgll-l Qér ds, .
and a 30 suhgtzandhbddisheayofsbesnysntion hegwsrilicangp ﬁgﬁf%lﬂ%‘ v ng u@gi. The
organi ¢ phase is sent to .the .finishi L Qi ' w36e] (MnteHeitBp Shi ng
* t ower ) BavfecA F?éﬂea@lﬁeti’?"ﬁﬁﬂgé“%bﬁsﬁﬁa%ﬁﬁﬁéég\%}ﬁkg%g(the but ar'laolp

recover n} &n"?{ﬂae"{ﬂﬂeﬁ* LBntinBRaHidratoe pages eq. i thefeime ofiexy 27dbbubbly SIRIRT 20
clhe

conpr iegamnga%iegiﬂfifﬁiﬁéﬁgpéééﬁlﬁqﬁl‘i‘,gq@%%é&'g&%b%%&e:egﬁasta& 81 DES e
| and BuAcA, and catalyst

20 colurnn comprising primarily low molecular weight polymers of HAcA
| are some quantities of free HAcA

and polymcrization inhibitor. Also, remeining in the reactor
| 20 to

and BuAcA. The reaction vessel operates at a lernperanure, €.g., in the range of
150°C and 2 pressure in the range of 0.067 10 0.533 Bar (50 10 400 mm HgA).
The overhead vapors fror the reaction vessel consist mainly of BuAcA, Jower amounts
25 of BuOH Qnd water and 2 minor amount of light ends, i.e. by-product organic compour'fds having
son'-;ewhat lower-boiling points than BuAcA, such as n-buty) acetate {(BuAc), n-butyl propiopate
(Buf’i), DBE, secondary butyl acrylate (‘:SBuAcA) and isobpryl acrylate (IBuAcA). The overbead
vepors are condensed ~al.nd separated into Two phases, 2 subsmnti_ally organic phase having 2
A major portion of BuAcA, rediced amounts of BuOH and water, and the light ends, and a |
30 substantially agueous pbase con?pn"sirig mpainly water and BuOH. The organic phase is sent 10
the ﬁnishi-ng fractionization zone (the finishing tower) and the aqueous phase 10 2 butano}

recovery zone (the butano) recovery tower) wherein the BuOH is separated from the water for



pol yners of HACA and BuAcA, sone free HAcCA, BuOH, and catalyst is fed to a
heat treater operating at a tenperature, e.g.. of : "150 to 250 C and a
pressure, e.g., of 6.53 to 11.36 Bar (80 to 150 psig), where

pol ymers are converted to nononers. See Horlenko, US 3,868,41?%%??@%
di scussion regardi ng heavy end conponents. After a residence tine of,
e.g., 1 to 50 mn, nost of the heat treated residue is recycled back to
the reaction vessel, with a slip streams e.g., of 510 20 wt % of the beat
treated residue being renoved to a heavy ends renoval distillation wait,
operating at a tenperature of 125 to. -200C and &a pressure of 0.133 to
0.934 wc(ﬂm@em@nw%@ The volatiles fromthe heavy ends Jenoval
twit are recycled. {odhe e@ﬁ&smamgﬁww%mmi toos bl laTrWERUCh uni t
i s di scarded! “Fﬁ?éj“&iboé'ﬁ ase of the overhead condensa&% Qre;ggca
reactl?n}#/‘ﬁ%%edf}e SRS 8, A ATRh Ok femtimtA, BuQH, argiorai2y 8 o 1Y% of

HACA he f| nishing | ower, such to r, oper at j te £6.53 1o
tenperq,;ﬂd{:ag,, €at)a 1empefani®, &9, sDhC anéi %Topress %’% re?s%% 0§7Oto 0. 533

Bar (50°to 00 nm HgA) . i shed B 4 gfywﬁmnmrs .See99.0 to
9. 99 Vit108 6 Bar (HQ tedy: 1935“' 5’\}3&568’&"' g%&ﬁepg]?%g%%’ ‘%Hé&mht he finishing | ower,

and overh By pznéfcemalbﬂsmﬂ3 €53.70 wt %
gﬂ@ wgﬁggg?ggsg Bl dls&sﬂomr&gjaﬂﬁﬂg vy

_of BuAGACT erably 25 to -70 wt% o 1
to 10 Welofiee Lindlk €pds, anaow ! hcirOcmin, mogmfﬂh@h%oﬁwalrcgt‘h%d‘ﬁ e e back
e

t ower . over head vapors fromthe 5to hy Pl R Phe ﬁcgmreatew %
wat er, b thorr:’k:@um%';@ﬁl Iighi Slen eisea™y k- adz{e4 pfse erabl y 510 25 than 95 wt%of

BuAcA an nor %“E S a gegp( <185 sem SRl dRANakorpest, bperatihe heteeprariEsfe,

- TEPOus FEMBETO VAN e d'sent to a purge recove J.act t zone
(t(pe pur ge qggq(yery DO0eC fandiatihesstie of Sdidrie 8938 Han g 0L E%//’éd h%r{]ﬁ 190

reaction vessel. Here, "greater d.is rec r@@&qwﬁlcwﬁssgiduﬂhe
,aqueouqudhakeﬁﬂrnﬂkehqﬁéhéﬂﬂwqyag‘é@f aer%cy!glﬁ:dggcon ée&ni?gte containing, e.g.,

0" rrean g‘a:g]i d§,5r;gglldcdquant|ty, whi.ch is | arge enough.or sufficient to

ggﬁ[ :lt ﬁs a rranqrmg;l;gggf;%x%hqggﬁoﬁﬁlgﬂ%ﬁ S)Trga@%oglvcssepc%p}ngéﬁear major
amounl, c.g., 80 w0 .95 wit% of BuAcA and minor amounts, e.g., Sto: 15
15 wi% of B\AOH ‘110 3 wi% waler, 1to 10 wi% of light ends, and abewl
0.00] 1o 0.05 wi% of HAcA, is fed 10 the ﬁmshmg tower, such lower operating at a
. 2010 150°C and 2 pressu:u: e.g.. of 0. 067 10 0.533 Bar (50 to

lemperaiure, e.g:, of
400 muom HgA). Finished BuAcA having a purity of, e.g.,. 99.0 10

withdrawn 2s a vapor side stream from the finishing tower, and ovérhead vapOrs COmprsing,

99.99 wi% is

20 e.g., 1010 30, pxeferab]y -3510 70 wi% of ?uAcA, e.8. ; 10:0 |
| 80, preferably 2510 70 wt% of BuOH, and e.g., 110 10 wi%o of
he overhead vepors from the

light ends, &re \mhdraum from the top of the finjshing tower. T

finishing tower arc condensed and a pomou of the condcnsatc £. g o r 0to 75,

prefcrab]y 510 50 wx% is purged and scm 10 & purge TECOVETY fractionation zone {he

25 . PUrgE recovery 1ower) with the remainder being recycled 10 the reacrion vessel. Here, "grealer
than 0" mmeans at least a smajl quantity, which i is Jarge enough or sufﬁc1ent 10 operate the

purge recovery tower. The residue from the finishing tower contains a major amount of BuAcA

and is recycled 10 the yeaction vesscl.

The agueous phase of the reaction vessel oveshead condensate conaining, €.g., lto
30 10 wi% of BuOH, and- 90 10 '98 wi% of water, is fed 10 the butanol recovery
iower operating 81 a iempesature, e.g., of 7010 120°C and a pressure, e.g.; of greater

than 0 Berto | 0.378 Bar {0 to 5 psig). Mlemaﬁvely, the 2queovs phase of the



99 wt % of water, is fed to the butanol recovery --10 -xt% of BuOH, and
9010 30 70 to 120C and a pressure, e.g.; of greater |ower operating at a

tenperature, e.g., of 5 psig). Alternatively, the agueous phase oé Z&iﬂ 2004
e

than O Bar to 0.378 Bar (0 to 2 7 FEB 2004 6 reaction vessel over
condensate may be di scarded. The vapors fromthe top of the |ower are
primarily a binary azeotrope of BuOH and water which is .condensed into two
i mri sci bl e phases, “one being predomn nantd y BuOH which is recycled to the
reacti on vessel and the other a solution of a mnor amount of BuCH in

water which is recycled to the butanqgl recoyver 8fel18% oPlhe 10wer arc
di scar deeacionresset loxerheed FW@%“&%EH%&”\FQ%@'&BE' ﬁléq’\rggsﬂs gﬁg{ f re(;n? Che tower is

conposed primarily of water i ni i<t donBeReOihtandhoiimmiksbhrphedes,
The pur GEuFBY 14 HRATYAZEHECRY ?ﬁ‘f%%gﬁpmér{‘qg%gﬂrl %15eacrll1 Condensat e cont ai ns. an

amount of .| i Ahi uhenclisseaycliado thereactidri eiseritant shppibgensoliton
undesiré’ﬁllcéjeﬂgﬁr&géﬂg}mkﬁ%oendscins‘ Et?jLe system I—b\A/evg%,c to mnim

ot nindZen . or
wast age [t Rt 2pnHACBuOH inieaer whichisnscpelo¢ sihe bikao BYﬁ’Eié“E’Frraese{ﬁp r's

distilled in the purge recovery tower tQ sepgrage ' : ' BeON
and BuAaXsdardm drirecydlehto BAALACLRP VESEhe efrlegg}]? ?mtqll?g% p\g%rdggéékg%g% tomg‘r

operates at a tenperatur f1 9% BadP0C, preferably 65 to ] 10 C a
0. 667 B waler ?W‘%@%ﬁﬁ%@&i&ggﬁb%ﬁﬁggﬁ eric pressure of, e.g., 0.067 7. to

6 La (50 O - -}, 0fkreed RORIGT @by Hishfig towePovibicaBaoniarsate ety #mim P!

The primary feed"to the purge 5 recovery tower is.the,puw i fs
the fi nijsghitegds ohixh, when dismardednid SHER @ IYRISYF @&d’"ﬁﬁ%ﬁﬁbgﬁtfé‘g@gp%iq;%w@“&g '

“entering the pur recovery. tower | ' PliAlReaRatE Hel grokessahgani ¢
phase ofthe EBS!EPe THENEY TR Wé’&fz@‘%%éﬁgﬁé’?%&pé{e)&% ecovery tower .asﬁrbefl ux, to . !

be desc Qﬂ‘ﬁ’g‘g strba i ERLBNe IR B buhRretnaht wiver tolivpaciie? majes peaten of BP_QH
purge recoVery tower are condensed and_the condensate 20 se ara?étse al NLO

or gani ¢ BundcAdienuse ipaseds. Marhspereleilyathe PURTISEONSE GV EPE2 to 99

wt % of -t he total overhead eam an LY, €. 65101010 £ @, % of
BuAcA, STPEHME: f9%f Budy, 3 to gép\%fnb)?o%k‘ﬂ?ght ends, and 5 to 15 wt % of

wat er, anflaihSshdHe pHssRBaFee.pei Ng OHEENeMai ndeyS7oBart{hB t¢ 508V Mead
containing, ~e’g., .85 to 98 w%of water. 2 to .15 X\ﬁ%}?f %Hgij’fegﬁ"fjothe wge -
gener al | grefegaigly 0.267 1o 0.467 Bar (200 10 350 moi HgA). "1he pr P

15 . recovery tower is the purged portion of the finishing tower overhead condensate, described
previously. Also entering the purge recovery tower is a ;':oorkion of the substantially organic
.pha'se of the overhead condensate of the purge recovery tower as reflux, 1o be described in
greater detail hereinafier. '

The overhead vapors from the purge recovery tower are condensed and the.condensate
20 separated into organic and aqueous phases, with the organic phase being, e.B., 90 10 |

99 wi% of the total overhead sueam and containing, €.82., 1010 60 wi% of BuAcA,

30to 70 wi% of BuOH, 3to 20wi%oflightends,and " Sto
15 W% of water, and the adueous phase being the remainder of the total overhead comai.nii:g,
e-.g., 8519 o8 wt% of wat-er,. 2to 15 wi% of BuOH, and genera]}y less
25 than | 1.0 wt% of lipht ends. As previously mentioned; a portion of the condensate organic_
phase, e.g., - 1010 80 Wi%, is recycled to the pu.fgc recovery tower as reflux, the
- femainder being di::.carded. with the entire condensate aqueous phase also being discarded.
Altemnatively the overheard vapors are condensed and forWarc_:led to a receiving vessel, a '
portion of the resuliant stre:.am is discarded and the remainder is recycled as reflux 1o the purge
30 recavcry. unit. The cﬁrﬁposirion of the stream coming out of the receiving vessel 1s 510
60 wi% BuAcA.- 1010 70 wi% BuOH, 3to 20 w1% Light ends,

and. 1010 50 wilp waterT.



25 than .1.0 wt% of light ends. As previously nmentioned; a portion of the
condensate organi c phase, e.g., 1010 sO wt% is recycled to the purge

recover ywhwgéssas reflux, the remainder being discarded, pfinfisdoesgntire
" condensat e aqueous phase al so being discarded. Alternatively T%ezover heard
|

vapors are condensed and forwarded to a receiving vessel. a por FEB 2004
resultant streamis discarded and the reduinder is recycled as reflux to
the purge 30 recovery unit. The conposition of the stream com ng out of
t he recei vi nglheemsgt racoveryttowsis wpesaBd AQA) thaOthe ¢otz0aroews Bl (i, ligdit end 20 Hie %

| i ght ds, d..1.0 50 w ter. WD.01/19772 PCT/USQO/ 22573 7 2 7
FER 200 A FREIBROGIOT Sbe 67 R CEus IR G BNSA O LR AEB S SGHFOBRC o
e e SISl oibaldife 1o theGRLARDL AR LA labBEiNELIRAY GORdeRsAlie 167 dani ©

phase a € entire disca aqueous ase 1s conparable to the anount

of i ghtys@egdebp Bdisepdiilizht &RisSH SHeedpsted? that there is no undesirable
bui l dup of light ends in the system 5 The residue conposition fromthe

purge recoverlhe msidne compasdition froontha puige rd@very taeutontBas Foms abpuBlEatovd

" une RSB s, o T oS oSNt S APl
The P OGeRSndl of Dffed I QadTBNd REeLRIdB indR3GId ARG, L Teference Lo the
I'ch 1S mati1 ¢ di m o

dr awi ng. a sc agr a preferred enbodi nent of the

i nventive prong@ssrocekd of Hednv@ahimdy efister desaitedieith rfdrsianolthd SaQihg,
acrylic acid (HAcA) and an acid esterification catalyst such as
net haneswititlois £schemati¢ NBayan pf o gierrddrerbalimant of i IBVEESaERGFRl y. A

| i zati on_ i nhi bi is al i cal | oyed. t he . ,
Pt nded at Bt s R iR RS ORI i CERA AT S G POThS
the art Qfehifich@GPeiiza sAPPROREIRRSuIbARALIINVS 2 Er&2AGREE Dad 1:00S k?pSectively.

utilize. Conditions of tenperature and pressure are nmaintalned in
r eact i o pelysmdrizhti¢roinhihive inalsegpidably eofpldyad threiighpuBtiGprpcass.emtd added atme

exce to for) - but vyl |ate.(B A .wat er, [ t. f
oA ous By lebibhand SeM S Bl TS5 g e P )

d di -n-but . : I ' :
ool ymer Jodiofafd Bflcepuios A liaR Woriiichs Y linad Blind TRESGH 26 it in

I ngd udi ngadBeesRBl At canwaagtactiod of FHHUA @it BuOH preserion bdrae Exaes tooformai-baryl
zone situated 20 i nmedi ately above the reaction zone of reaction vessel 1.
These vasurate dBuALA) and wattridndsmph amqunes & varioes opwdnete sugh aslightehdeh t he

000 SONIGISRLe. ] v d ORISR NERRERORE) A0 REpcagilnaat
prase, Lo ReEEO SRS ORISR AT O O pARTLOMBSTIEA
BUACA i prdehhitichudingaBu@Hs Bdés#y, eater and light ends rise into the fractionization zone situated
20 immediately above the reaction zone of reaction vessel 1. These vapors are forwarded through
line 6 intd condenser 8 from which the liquid condensate flows through 9 into separator 10
where the condensate is separajed into immiscible substantially organic phase 11 and aqueous
phase 12. The organic phase condensate containing predominately BuAcA is fed through line 14
to finishing tower 15 from which high purity finished BuAcA is withdrawn as a sidestream
25 through line 18. The overhead vapors from tower 15 containing significant amount of BuOH
and BuAcA and lesser amounts of water and light ends, are fed through line 19 to condenser 20,
and the residue from tower 15 containing primarily BuAcA is recycled through line 21 to
reaction vessel 1. The diagram indicates stream '?.1 forwarded to the base of vessel 1. Those of
skill in the art will appreciate that this stream may be forwarded to any location in vessel 1 as
30 appropriate. Most of the condensate from condenser 20 is recycled through line 22 to reaction

vessel 1. However, a minor portion of the condensate is purged and fed through line 24, to purge

recovery tower 25. The overhead vapors from purge recovery tower 25 containing significant



25 through line 18. The overhead vapors fromtower 15 contai ning
significant anount of BuOH and BuAcA and | esser anounts of water and |ight
ends, apg hP@+zhrough line 19 to condenser 20, and the resiRl4gohias t over
15 containing primarily BuAcA is recycled through line 21 to rﬁ?t@
vessel 1. The diagramindi cates stream 21 forwarded to the base <204
1. Those of skill in the art will appréciate that this stream may be
forwarded to any location in vessel 1 as 30 appropriate. Mst of the
condensaheuwfts of B cOhl] evaseer anddighs endscare fesbithtdugbugie 28itneo@@ertser 2% alld widue of
vessel 1. However, .a m ngr portion of the condensate is purged anfd_fed

t hr oughtomeRd> santaining,sigyacant amspaisiBdgA and Byl anddarsshiystypprst ot ighdends

b [ 198 arich B iB8 B LA ML et B ot et 2%t e are 1 ea
throughpldid® 128 31G0GeRERBEST whdre i?g%qﬁﬁﬁ iHteor@hnic bANMBRuctRs pREN]I Al fit of the

significant” anounts of BUAcCA and B and largely stripped of |ight ends

i S5 ecyarigenic phawlighedyicind t30uglolinedt td purgy exsetrytowdhzS sortler sdtile the om
condenser 29 is fed through |jne 3%@4 0. segarat,or 32 where it separates.into
or gani CeERAAsE st direueinlipg 3 apt disparded; vty eatifsagugosPhase §lsp &§ing

t hr ough;.| | r 2 : | j . j.pder
o wi ¢ rveged e BpRite R, THE Rk &gt 8 PO N rfabilind WRLRIREC
al so beigugoudhiteardatsephiaiiOh akt 136ke38 thellight feBd £60thd @ veiaB G5 bafande.
portion of the organic and the entire aqueous phase from separator 32 act
to keep the Theytesideadmmresstld eveprging masde lnvw molreulas oxeightipolyreers @b & A¢om

[ 1 | Si i.nl I I i gh I f A 0 d/
BiBon ndan s A FRe ) addio BrodtHs § el it BRe YD Bed eter An o er Rt
40 wher g Rablads drbeokiRasl ?&H%Ic% SR § L0 { MIFASAHRMRACK e ARG AR Sl ¥fat

the heat-treated streamfromheat treater 40 containing increased anpunts
of HACAranet/d0rcoBtadifg iscreased amednts bf BiAgiA hidier BAACA is reegcied Gmovglsbe¢ 41 1o
However, to .prevent a build up of heavy ends in the :{Kstem a s|lipstream

from tisactiactessel datiawerer, ite preygntmpaldgep of hravy snduinghe sysism ot PsHeas gm
om e _ S0 s o o f R
onal or tag RE 4678 it TR 12 47 %0 R Qldt Sorlofd: 8l Me B o uplt O

113whi | e44 behedifimb Ausedifiodnt diotindd¥ HLACMahBbr BuA cehire ghddrse@ adbreafecled through
di scarded. Aqueous phase 12 from separator 10 contai ning a m nor but

si gni f ilimet5 wrreantionofes®l Opvhileghd regidul frsum kinit 44 és wghdmwarthrowgbdinediéaard poi nt
of but apol ‘E]eecovery tower 49. Optionally, stream 20 48 may be di scarded.
The oveétféEf%apors conprising an azeotrope of a major portion BuOH with

water is f edAI,IMo%%gaIé 1@6&5{9_5&?&5&89@@%%&@6@5\{@& bt sIAE Bind améﬁaﬁffﬁﬁm

into an organrc phase conprising an increased anount of BuOH which is
recycl af fédthraghtlirevvteaaéhtefimédiste pgint of boendZrecavety aswadiGe dysiqnadg estream
conprising sonme BUuOH which is either fed as reflux to butanol .

20 48 may be discarded. The overhead vapors comprising an azeotrope of a major portion BuOH
with water is fed through line 50 to condenser receiver 51 where it separates into an organic
phase comprising an increased amount of BuOH which is recycled to reaction vessel 1 through
line 52, and an aqueous phase comprising some BuOH which is either fed as reflux to butanol
recovery tower 49 through line 54 or alternatively, is discarded. The residue containing

25 predominantly water is withdrawn through line 55 and discarded.



recovery tower 49 through line 54 or alternatively, is discarded. The

resi due containing 25 predomnantly water is withdrawn through |ine 55 and
di scarded. 2 7 FEB 2004 9 CLAIM5S 1. A process for produci ng n-butyl
acrylate (BUAcA) conprising: (a) esterifying acrylic acid (HAC® /VFEB 2004
n- butanol (BuOH) in a reaction zone fromwhich an 5 overhead vapor m xture
is withdrawn said m xture .containing BuﬁcA and BuCH, water and |ight ends

conponents, said |light ends conponents having boiling points near or
somewhat |ower than that of BuAcA, (b) condensing said vapor m xture to
form an organi c phase contai ning BuAEAARMBH, 1ight ends, and an aqueous '
phase containing predomnantly water and BuOl-1, (c) feeding said organic
phase to a finishing fractionation zone, (d) w thdrawi ng BuAcA fromsaid

finishing zone, (e) wthdraw pg. and, co kg e eeddieagk: vapors from
said fini shilng z@ner%ﬁmﬁﬁ?{g‘%?g rﬁgpttypg%p%?@ﬁe tc?t al ﬂgf UACA and BuCH

present and m nor (ti Qns,Qf Y-\ | GOHA endsction(Zone fengy Mhighpary
maj or {BOrasteHY g ascgﬁb‘ %‘i}@r}g‘é %ﬁ{ e%ggﬁgl of th%nfi ni shi n; ‘EBQS tgﬂ,{t h
reaction eza(r)gp% of Rixhped \Qgh@mﬂhrserd,ﬂﬁbﬂhﬂemn@ﬁnisaﬁﬂﬁéﬁeﬁﬂﬁg‘% e 28t e of
the fiRBRFG S 0he, to a purge recovery fracti onahi on zane. . (soeRIFRNSI Ng
the ovgpheams\ceppoacos, saddgbueifls CCERIRENS; "FHHE E‘BW&R St ng significant
amount s~ of BuCH, BUACA, water and light ends to forman organic phase
cont ai iwey éryiiat PEBHACAmOUNt s of BuOH, BuAcA, and |ights ends Eng an
aqueouEP phase contal nj.r rﬁg%rﬁbqam%%gaﬂﬂﬂhdigbnmbn%ﬁuﬁCﬁ =|1i% a
por t i ofPlofOREPFTE GENIC phase of the over head condg%;ﬁ&_ﬁ fromthe purge
recovepyas 3AAGnkackospHasd comeinipg preduviorytly BiFtsT 28 X, 25 (j)

discarding the remainder of saig organic .phase, d (k) discarding the -
ent i r e (@ofeeding phdhsrganic mh%e%%?%&ﬂ’ﬂ@%%&@ﬂ%é@e@?’ the purge recovery zone.
The process  of -cl ai [ el bl ead condensate fromthe finishing
zone &wp@égwﬁén‘g&@%kﬁ%ﬁf%?‘%%a%ﬁﬁ%g to_80 w % of, BuCH angmé E‘% 10
wt % of %}i Ao dERFSe 23d chheerplgribe svebead winereiamerel Hisarg PRhGEBFERACA i s
35 to wt/ % and sai d 30. range of i S. &ns of wabeanqur lighe s

5 B D e gl dord s ot

of cl ainmjdr pbreromiod e BRG! % of sai d ,
cniis,‘ : ' _ . - . ;

15 {f) recycling a major portion of s2id overhead condensate of the finishing zone to the reac on
zone,

(g) feeding 2 minor portion of said overbead condensate of the finishing zone, 10 2 puIge

recovery fractionation zone,
; rising significant amounts

(h) condensing the overhend vapors of said purge recovery zone cOmMp

50 . of BuOH, BuAcA, water and Jight ends 10 form an organic phase containing significant amounts

of BuOH, BuAcA, and lights ends and ap agueous phase containing some BuOH, BuAcA and

light ends,

(i) recycling a portion of said orgam'ﬁ phase of the overhead condensate from the purge recovery

zone back to said purge Tecovery zone as reflux,

23 ) discarding the remainder of said orpanic phase, and

(k) discarding the entire agueous phese of the overhead condensate of the purge recovery zone.

2 The process of claim | whersin said overhead condensate from the finishing zone

| COmMpIISES ]lO 10 80 wi% of BuAcA, 10 to 80 wi% of BuCH and 1 to- 10 wi% of Jight ends.

3. The process of claim 2 wherein said range of BuAcA is 35 to 70 wt% and said _
30 tange of BuOH is 25 10 70 wi%.
4. The process of claim 1 wherein from greater than 0 to 75 wi1% of seid

nish e ) ] e with the
overhead condensate frorn the finishing zone is fed to said purge recovery z0m



over head condensate fromthe finishing zone is fed to said purge recovery
zone wWith the 27FEB2 10 remai nder of said condensate being recycled to the
reaction zone. 5. The process of claim4 wherein the anount of [ A
over head condensate fromthe finishing zone fed to the purge ri?ngiﬁ 2bitie
is5to 50 W% 6. The process of claim| wherein said purge recovery zone
operates at a tenperature in the range of 30 to 150C, and a pressure in
the range of 50 to 500 mmHg. 7. The proldess of claim6 wherein said range
of tenperatures in the purge recovery zone is 65 to 13 0C and said range -
of pressures in sai 151208 e @ RthaEE i 0B z0fthe process of claim 1
V\/nereirﬁ%m%rﬁgdgﬁicgngﬂggg%] hesoverhead condensate of .the gura% he
recovery zoge.is 19 pr6ce39 oW Phmf whigeinahe Emeorddsaist & SRR EORE ETa]to 60
wt % of -0 BUAcA, 30'to 70 wt % of BuOH and i{) i9, 20 wt% light ends, with 10
to 80 mithiek 0k dedtaghnipor cepiiag e B EPRySre8y Y W™t o sai d purge recovery zone
as reflux and the_renui nder. bei ng di scarded. 9. The RiRe@psradds #laai m 8
wher ei n sai . aquddPrpeeas 8! G?a’rpﬂewg?féwﬁé”éﬁp%%%ge’:ﬁsgve “of Q)%t he purge
recovery zone contains 2.t .15 900 9fs Buekute indfiel rdmpasoft hin td 500 mmbgof

Bi ght BRPE2Hif” Lé%ﬂd‘&? 0:5;38| ?’gﬁ; ehds ih the discarded portion of Sairy
organi ¢ phage andrefyrbbds dif shamdedhagiremiksradge phuswes 1He" S ieatf
condensate of the purge recovery_zone bei n%dsuch.aszéootooggyg%ligr.ret ar d-

t he buidmetip 661011 AT sodgaid ranghal BESPEH N 3DC 2PRE hrocess of clarm | wherein

the residue fromsaid pur VERY. o QAR iHeEef @ maporadooutensst of he
total of BufcA an@@rﬁ%ﬁs%ﬁgkgﬁﬁ %ﬁé’e agr%gdefl%’ st rﬁi pped of .I-i%}t é(rgfh/ iq?
recyﬁl @,g ]}lg%éﬂcgvlg,@aﬁog;wpggweg v2% dftihe Tthal pdoess 5 COPEM N ?n il hle
over head “vapors of “the purge recqvery z are co apds, botaabaadicl o
‘o r eceBubng, 803880, Wik’ dvCR 3&5@&”@?@ ‘b"%ﬁﬁ@ ?"géuﬁ@ﬁtﬂ%gﬁ)eam f.;]g)ma;d gl
receiving vessel s _di : 356 26.8Ri regex ahSeaeyhaedr heingafiscardce.o

t he puﬁ?‘b?ge\ﬁﬁét%%??cgé%ga?&ﬁg@?%t‘ﬁ% anount to be ditq%carded | s, %ﬁﬁ%ﬁffﬁt
to prevent @ retRidplobessididalmupwhelein sayhequneds PRafe PG OLTERRR ~The
process of. claim 1 | wherein the resul. str ‘B N84 2 1i@bGhdurtte
BUACA, tiE(PrBe WW%:BH‘@@P?}M%& o ""gf" oi}}fbg 1. %ﬂg{&gﬁgﬁ 10 to 50@wt % wat er .

arnount of light ends in the discarded portion of said organic phase and in the discarded aqueous

' .15 pbase of the overhead condensate of the purge recovery zone being such as to prevent or retard-

the bui]dup' of }ight ends in the system. '

: 10.  The process of claim ] wherein the residue ﬁpm said purpe Tecovery z0ne
comprisiﬁg a ma)or amount of the total of BuAcA and BuOH present and Jargely swipped of
Jight ends is recycled 1o said reaction zone. '

20 11.  The process of claim 1 wherein 1he overhead vapors of the purge recovery 2on¢
are condensed and forwarded 1o & receiving vessel, wherein a porbon of the resultant stream
from the receiving vessel is discarded and the remainder is recylced as reflux 1o the purge
recovery 2one, whierein the amount 10 be discarded js sufficient w0 prevent or retard the build up

' of light ends in the system. .
25 : 12.  The psocess of claim’11 wherein the resultani siream contains 5 to 60 wi%

BuAcA, 10 to 70 wi% BuOH, 3 10 20 wi% light ends, and 10 to 50 wi% water.





