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The invention relates to an i nproved process for the production and _
purification of n- butyl acrylate. 10 ckground Information and .
Description of Related Art n-Butyl acrylate (BuAcA) is a commodity chem cal
useful for the production of acrylic resins and polynmers and copol yners
for paint formulations, solvent coatings, textile and |eather finishes and
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n-butanol (BuOH) with acrylic acid (HACA) in the presence of an acid
catalyst, e.g., a sulfonic acid, in at 15 | east one reaction zone to
produce a m xture of BuAcCABAGKIGROUND GEYHEANVIENTIONMduct inpurities, and
subj ecting the product mxture to purification in at |east one distillation
zoné, together with any of various schemes of reflux and recycle streans
among t hgeld@F e Inted®ne(s) and distillation zone(s) to obtain a BuAcA of
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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 consumption 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 minimum, is very desirable.

U.S. Patent No. 4,012,439, issued March 15, 1977 to Erpenbach et al., discloses a
process for producing 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
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continuous process for nmaking al kyl acrylates free fromether by reacting a
Cl- CA- al kp@@lngra @ nolar ratio of 1:1 to 1:2 in liqui dpphPRgs343800 to
130C under 100-760 mmHg in the presence of a catalyst. e process enpl oys
a single reaction zone and two distill %tion zones for separating the alkyl
acrylate fromunreacted al kanol and etHer by-product. 5 U S. Patent No.

4,814, 493, i t | .t .
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i st 1t on PO ATARERERI Srodeah saieaifhieh s 140, AiBhes amencetrasierin om
lights caeyid aid@IAS 288 8-bBtafel, (BUOH) are héuctad v 18actdBs AR C heliiné Bk ed t o

either or both reactors and the |ights being sent to waste treatnent,
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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 mixture is 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-buty] acetate (BuAc) and di-n-butyl

ether (DBE). BuAcA, BuOH, and water are removed by a combination of binary and ternary



azeotropes. The vapor m xture is condensed to forma substantially organic
liquid p rising a major portion of BuAcA and m i ons of
BuCOH, vva[kgﬁ%g}‘?g%}:)ght ends, and a substantially aqueogié |%08i|i£ phase
conprising mainly water and a m nor amgunt of BuOH. The organic phase is
fed to a finishing fractionation zone, 3 rom which a side stream of BuAcA 5
product is w thdrawn. Mst of the ov rr}ead stbrea lof t he .fliéipi hi ng
fractioné%‘?oﬁ'ﬁpezsoﬁé‘?(‘fﬂ??ﬁﬁg’étﬂr_el’b‘f° en3eg 19 °‘Hb?f“151ﬁ‘f' yf’F?@chB'ﬂ_ PO#S*BuACcA and
BUCH pr egsibrighila HiafoPportieh bf BEMCAindWiin6Y postiths of BEOLL Wittsand light'eR8y Ghesl t O
the reaction zone. wever, to prevent an undesirable buildup of Iight
ends in ststantigiyaguecnstigridphpsscomprisieg mainkyrwaisr apd a gunos emewthof Bugh (ﬁ@ and

sent to a_pur r. . ' | t O ' of |ight
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l'i ght  engighiBpug, iid debytiddab Bictedction He OHEWBVEE, to PRRVER af QibRSiEDIE Hulldihef 1Rfitieous
phase. A portion of  the organic phase and the entire aqueous 15 phase, are
di scar de@ndsio the:system; sminos pertion pisuph ovsrhepd siFpamds parged-and sed tQjf BWES ded
streans | . dforhil ERcalelS erﬂh!g@ uhABA
reaction.@ﬁ%%ﬁ%@%@#@?@% or antlwg()f%%%?g 'S rtehgycl e gs refrailiﬁx to the
pur ge re@udd in thopege Ateam nati vel y the overhead vapors are condensed and
forwarded to recej viing vessel.. a paortion.of..t r ta |.S
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fromthe reaction process. The stream may. be further gr,l?,ce sed f.or proper

di sposal eads producpdin the systeay Themajosly RS the lightepd imgurhes HYUAEHE om t he
purge re r bk t : idPhA%An cRifetdquéans t he

pur ged p%fﬂ#gﬁmé%gﬂoeﬁgaﬁgﬁsﬂggwbvag[?df%%g;‘c{io ﬂeo&rtné?he fini g#ﬂg zon.g, and
havilng a phesdyare discariggisuckethatthe il amount of light grds dpjsuch dispardedsiiesmyyy zone. 25
The process of,.the.inventi | v-ant.l | p of

i ght end8MPFrablR Lo the amp emo\?\/ﬁgﬁgﬁ%%d%é éz]ﬁﬂéﬁ e{}ﬁaeoaf’%s?{éo'% ﬁ%&ﬁgﬁy él?ﬂirdeact ed
BuOH, andhk®gepictgriéde refisdto te purgeeecyerp achen Altemgtivetynthe bvarkead vapmpdre sh this |
purpose, at_a relatively |low |evel. BRI EF DESCRI PTI OF THE ,DRAW.NG.30 The
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i n @0cor demee thé streamh prpartignetherpafyfror thegeaction process. The stream may
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.



equi nol ar anmounts of acrylic acid (HAcA) and n-butanol (BuOH) are fed to
the reactwoomone together with an acid esterificati Onpéﬂbﬁdo)é%s e.g.,
about 1 to about 5 wt % based on the weight of 5 total reaction m xture.
Exanpl es of the esterification catalyst,include alkyl- or arylsulfonic acid
such as net hanesul foni c, benzenesul fonic or toluenesul fonic acid. HAcCA and

BuOH are fed to the r e ut 1.3 nol es of
‘BuCH per nol e of MCA.@Q%W@EQEQ(?@%&S&@M HACA is

pr ef er abl e t olmtheisynthesistdi@-hatl gerpglateABhA A inaecorddbcdwitinthisiavenyish aldse o J.
about 0.85 to.about 1. ] es. .of .BuCOH per nol e of HACA., To 10 mnim ze
pol yner i f&‘t“f‘lﬁ’r‘?‘riaﬁ‘°?'?f§°€?°gygi§sa§‘fi (QA,S%P ﬂfﬁ?’#‘?ﬁ?"il &“élﬂ)rﬂrﬁfeflé? &Féeaﬁ?%? TR
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the art will appreciate _the type and amount of inhibitor necessary to
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conpound such as a enzene or a nono-| ower oxybénzene,
e.g. 15 hheireactionizomes.g bt 9.85vmabont h§ imales afBuOE fey moletdf#IAcA. N an enbodi nent

of the inyent.ion the esterificatign,.af HACA.w th BuOH . to produ BuAcA

ken ol SHEpRRk BRerSS i Hch G0 BARaSS plefstebis oot ot RolPimBaAEbe firey oosel
Wi th t he HAXA inP@é systei, g, bt 0.85%abo@tdls Mok HBI0CR périmdlebf BACA! Fges, €. g.
in the formaof trays,k and bubble caps or packin to separate the bul k of

t he 180 Ac ABHRIZE PRIGHETHOTEIEN PrPes. 2o venss ction nlbiios Scpreferablyalsodecd ot st
conpri si | | beVinix | Vi LT )| : , and
cat al yst %gﬁ%ddg%wyﬂneri %ﬁgﬁ%ﬁiﬁkgmﬁkggﬂ? reml%aﬁgﬁgﬁct e E%é%or are
sone quarkmouhteaf injfibifor aecepsaryAo aghieveBuwngolynErigatiopasaid type and sgwlntdpipdassl at a

tenperatyre, e .4g. ccl r. of abaqut 20 to, about. 150C .and.a pressure
in the réﬁgdeva%?gé%gaﬁ%réo F3 Q%goﬁtmaﬁ%’qu .pfe’l'?u a8 EOrARHRNS from t he
reacti on compemid suchas ssdihytroxybyhzede ddlaAtoho-lbaweilkyl dihydwaRybahfenefe.BuOH and

wat er an m nor anount of |jight ends, i.e. by-product organic conpounds
havilhg sgﬁaWHH‘Pq‘eo%é'is_nEﬂi‘PWFﬁl?&l%G?W%‘EYW'-BuAcA, such as n-butyl acetate
(BuAc),  n- butpyhn GhEYAGR bEhE gweﬁaon thEEsteriRaRRAR EA UL Bﬁ@ﬁﬁ&e %?Q%&SBUAC A)

and isobutyl acrylate (IBuAcA). The overhead vapors are con and
separ at e BuAsotakesplash pwmaerily an the besegerction portiomeffheieactioh assselwithi thgtap maj or

portion qf A . nt.s_of BuOH and ter nd th | i ght ends,
and a su 8)80 fda%%toggfel Jﬁgsgg%z‘gaﬁ@q‘% é%lgnaglg HB*J’F%‘% i) erﬁ? e 9@{%’? “?iﬁﬂl%g‘f@g 5%he
organi ¢ patidag to Ssepateithd bulk bfthé BoASA andurdre-Rex1 BUOLY fbrh 963idue Bethé bike of thiei shi ng
tower) and, t he agueous .ph to .a butanpl recove zone, (t he but anal
recd¥er y PHRRC &P aﬁﬁ%ﬁ qu‘i"gg%\?f)‘&"‘aﬂ"i’ﬁ‘?‘i ‘Efrr#’?‘ffe uAcdy apd catlgst Been
Repl aced ahd bolfibrizat6h ShkibiY. 7 R1s5cdmbiRg /i #he fekctor are some quantities of free HAcA

and BuAcA. The reaction vessel operates at a temperature, e.g., in the range of about 20 to

about 150°C and a pressure in the range of about 50 to about 400 mmHgA.

The overhead vapors from the reaction vessel consist mainly of BuAcA, lower

25 amounts of BuOH and water and a minor amount of light ends, i.e. by-product organic
compounds. having somewhat lower boiling points than BuAcA, such as n-butyl acetate (BuAc),
n-butyl propionate (BuPr), DBE, secondary butyl acrylate (SBuAcA) and isobutyl acrylate
(IBuAcA). The overhead vapors are condensed and separated into two phases, a substantially
organic phase having a major portion of BuAcA, reduced amounts of BuOH and water, and the

30 light ends, and a substantially aqueous phase comprising mainly water and BuOH. The organic
phase is sent to the finishing fractionization zone (the finishing tower) and the aqueous phase to

a butanol recovery zone (the butanol recovery tower) wherein the BuOH is separated from the
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5 water for recycle to the reaction vessel. The residue fromthe reaction
vessel co mai nly of | ow nolecular weight poly A and
BUACA, soﬁgé??%gaFMCA BuOH, and catalyst is fed to a Eggﬁ' ;%a er
operating at a tenperature, e.g., of abqut 150 to about 250C and a
pressure, e.g., of about 80 to 5 about 50 psig, where sone of the polyners
are converted.to Nonprs. see Hor | enko, US 3,868,410 for further
dlscu55|oﬁmFﬁsﬁpﬁgaﬁ‘ﬂ§%V?agﬁdm? onents. After a residence tine of,

e.g., about 1 Ti@ redi@ie!froaPtheiréhctiiDEdsseDEorigRing @ddinly bﬂatvqﬂolé&y:%rght s recycl ed
back to the reaction vessel, wth a_slip stream e. of about 5 to about

20 WN o opolymerseEHACARad Badch csome feee Fificdg Bu Hnwéetatygt lafqdéaweermterr enoval
di stillat opf t 200C
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heavy enebout Efmpsig, where some of the pglpinend ateonveeted @ambnonms.' e Hlorladhol ©St he
resi due f C it i.s discarded, The ani ¢ e of.the overhead
condensat éﬁ%,gﬁg I?ﬁg‘%%raiﬁc}'%hon\f I&e&%ﬂd%gglpgn rox?‘ﬁ’ Tafssidetee et  apout
80 to aboel., MoutM %6 HbutBAGA, moRdf ﬂib et tresred ietidue 1§r®y-clecﬁ$&lﬂo ﬁe t@cout 15

15 wt % of BuO—l about 1 to about wt % water, about 1 to about. 10 wt % of
i ght end¥essehuithuipstrean. Gegt ftfab%ém abyut2) wyapidhe heat teatedyesidug bewwst he

Fi ni shi NGB to aHIEY &9%&0@8%&1515&%&5 %efaﬁﬁ%@trﬁtsﬂ Gatuft abomzs%out 20
to about 150C and a pressure, 50 to about mrHgA.

Fi ni Whed #hont20036\andy pusq@mqftayo'&fl%@ vglpout T80 omHER. 'ﬁhetwcolammﬂong&e BEVIL % | S
W t hdr awn t over head
vapors conpﬁ?%‘?on\éﬁﬂlg{“alegﬁll)e%té%%%Bgﬁ&g%ww%g%pre era gout 35 to
about 70 diddaededf BUACA, e.g., about 10 to about 80, pref erably about 25 to
about 70 wt % BuOH, and bout to about 10 w % of ht ends, are
wi t hdrawn f ro(r)ﬁt'?r?égaf‘l?ﬁ’%ﬁﬁ‘ ‘fﬂg qvethead fopdens ?/\é? WH%?’??@%{GWV &M/ M t he
fini shi ngaméiRNRIg., Absut 80 AFiLHREEIS Wof:s@m, il mfdor &hamgoege BSGt §to fbofl 15 about
0 to about 75, pref erably about 5 to about 50 wt % i s lg)ed and sent to a

pur gé rch%P&BIFQHc%bP‘@ria‘PlabWtidﬁ% aterealoyt hte abetd avite OZ'ESlg tepds, pndabiont t he
remai nder | I :ft‘?l& han about
0" rreanso'g gelgéttﬁﬁgﬁvw %t‘f@&’t%} ﬁ % Ikvgf’glg&g%ougﬁgg{r]% %flci ent to
oper ate ttmppratugpe, geof)abenyzo tb @abent 150 ¢kand @ pressiwe, ferga wf atroat 5 toi abbat4§0 t ower i
contains a or..a of .BUACA and i.s re tia essel

S0 e R’ e BaaBh baV0R 2 REK ob Sl 35 98P e el S o WBR AR o 1o,
e.g., aboisa xihp&mde%&em frd @ thdVidstidg tBwel landdverhedDespord thpnsiﬁg) dlg., 88bue §0 of

water is fed to the butanol recoverar; tower operatin terrperature

60020 of @150 SOcorelerably ahout 35 6RtRH T Lvish LBRACA, o, about 30 tobewtaBs Thi o Gheet
Has Been FReftRfaodtbs 1d dvoht 70 wibd %ﬂﬂ&oﬁ,‘ dndlelg!, labout 1 to about 10 wt% of light ends,

are withdrawn from the top of the finishing tower. The overhead vapors from the finishing
tower are condensed and a portion of the condensate, e.g., about 0 to about 75, preferably about
5 to about 50 wt% is purged and sent to a purge recovery fractionation zone (the purge recovery
25 tower) with the remainder being recycled to the reaction vessel. Here, "greater than about 0"
means at Jeast a small quantity, which is large enough or sufficient to operate the purge recovery
tower. The residue from the finishing tower contains a major amount of BuAcA and is recycled

to the reaction vessel.

30 The aqueous phase of the reaction vessel overhead condensate containing, e.g., about 1 to
about 10 wt% of BuOH, and about 90 to about 99 wt% of water, is fed to the butanol recovery
tower operating at a temperature, e.g., of about 70 to about 120°C and a pressure, e.g., of greater
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WO 01/ 19772 PCrNS00122573 6 than about O to about 5 psig.. Alternatively,
the aqueoweoplwase of the reaction vessel overhead condepsakg3gs be

-di scarded. The vapors fromthe top of the tower are primarily a binary
azeotrope of BuOH and water which is copdensed into two i mm scible phases,
one being predom nantly BuOH which is recycled to the reaction vessel and
-the ot herghg $8utl toABo®l5 Rid %PHQEE' ' ' | & . ecycl ed
to the butanol tlrﬂetgoegry I{%:)ém%@%gnsaﬁrg Tux q(l)lrg(];u(ii scarogglgw%ﬁ&}yég%egp‘é%ﬁ?ag t he
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cont ai ni ' d.i.s discarded. The. d portion of the
finishi ng@%ﬁé@f!oﬁ%ﬁﬁgﬁ u’%ﬁ%ﬁ‘ﬁg it B e&’ﬁ%’dflwgwgﬁmg'ﬁsgﬁfgp%?ég’ medrtEends

whi ch, wheedothimely BaOH which isfrédyeied & the CeaplicinGBlel A OGRS o' sBlkiBn BEA hkep Of
light ends in 0 the system However, to mnimze wastage of BuOH and HACA

util Pzed F9PUE mowdter; which i recxcled fodhe bytanolirespyery tower 8 refiex ondisgarded

recovery dradoéled @ tAeRAERINYesselTBIHRY | %ﬁpj f%&E‘tt he
| i ght ends. .‘rae speci fi calel ;, é_h%ﬁ??g%ggo\ﬁggégg%ed%@ra er a JTa
ige

t enper at (feBtaingnggery kiftle ByOlt angds dut 150C, preferably about 65 to about

110C, a suba L C.. f 9. about 50 o about 500 nmf—IgA,
pr ef er abl yuabgggﬁ%gé # %hg%gﬁ@gﬁés@g%toﬁv#@ﬁheﬁgogf?%wﬁwgan PO &L pur ge
recovery lightends whichwhenudigpariiedds sufficiemnto progent bn Midesiiabl Bulldvey ofQgAF &g th

condensat descri bed eviously. Alsq entering the purge recover t ower
i s ggport SHSER- #Pé”?ﬁ%iﬂ’&%%’wg’gﬁiugiﬁ?ééﬁ“‘ilﬁédg\/@ﬂ’ré%& densat e
of the pUYER strtRs RiRsillel BVBE pige f&&&e&%w%pto@epﬂﬁésmaj%%go&ien gf BabAanget al |

herei nafter. The overhead vapors fromthe purge recovery tower are
condenseduiv4 from thedighbends: Morespeeifieptly sthe purge resovsryjtemier operadesaaeous phases,

with the ’gg{g’l ' 0 t % of the total
over head tgh ean%%’ aéri)%?i%r?tg gﬁjr?gﬂa&ugisgo @g%%ﬁ%lg%ﬁﬁga?u?ib % of BUACA,
about 30 stlatmbsphericiressushaffe. g3 bblit 58ho attouB SA0ommbiplL prREeratilyathit 20006 b&r ds,
and ,abou t g.abo 15 %.,0f ,wat er, and the aqueous phase being the

re rm{?ndebsgfm@ﬂ%&t ﬁ%‘l’“’ﬂ%\,\&?ﬁ’gg‘ﬂmﬁ SRS FGTPYRgY tovger &.Ch,t‘je B pogionaf thenout 98
WN o of \filishing tédetbiverhieddconbéisite, Woscrib previbuil)l ARD ehEtfiah 5 than
about 1.0 V\;tﬁg/tgof | i gﬁteends. Aseprsevi oulgl y mantiong%t, a p%ﬁrgeo}r?g?)vf%nt?he

condens at'@VEAgAperHon pfhe ubstanilly oxgsnigiphass of gheatyerbeadsondansite ofthe pargel ed to
the pUr 0QedoGG Yéihef ok FOMRY, 1Be BELLBE in g%r%egg%&g{?{ﬁepe' ng di scarded, with

the entire conhdensate aqueous phase scarded. Alternatively the

over heard vapdhsoverkead vapbesfen thermuirdeaecoserst aakvdrareccondensédsind thewdadaisate a

por tjon e .resultant .stream.s di rded and the, remainder_is recycled
as trzi’afl u%&f OQ?%%%poﬁga&éc angﬁq?eé’%m?’ﬁﬁﬁﬁ’.e chpgfﬁf 19g; o %’P“Y Heroabowtam
com ng 09V vad dfftite toRTEverhead styaBiSdH chitainidp ¥, Satloflt RO Wbou? B0 WikoBBARAA, about

10 to aboyt éﬁ w % BuOH, about 3 to about 20 w % |ight ends, and about 10
t o about aE@xt §p abopt {0 Wi% of BuOH, about 3 to about 20 wt% of light ends, and about 5 to about

15 wt% of water, and the aqueous phase being the remainder of the total overhead containing,
e.g., about 85 to about 98 wt% of water, about 2 to about 15 wt% of BuOH, and generally less

25 than about 1.0 wt% of light ends. As previously mentioned, a portion of the condensate organic
phase, e.g., about 10 to about 80 wt%, is recycled to the purge recovery tower as reflux, the
remainder being discarded, with the entire condensate aqueous phase also being discarded.

Alternatively the overheard vapors are condensed and forwarded to a receiving vessel, a
portion of the resultant stream is discarded and the remainder is recycled as reflux to the purge

30 recovery unit. The composition of the stream coming out of the receiving vessel is about 5 to
about 60 wt% BuAcA, about 10 to about 70 wt% BuOH, about 3 to about 20 wit% light ends,
and about 10 to about 50 wt% water.



WO 01/ 19772 PC1'/USO0/ 22573 7 The purge recovery tower is operated such
that the twhalnaspunt of the light ends in the discarde Sobftgs Of the
over head condensate organi c phase and the entire di scarded aqueous phase
I s conparable to the anount of |ight engf produced in the system so that
there is no undesirable buildup of lig ends in the system 5 The residue

conposition fr t he purge recovery tower contai fro out 10 t o about
B0 ot 56 of _BuAc DG RUFER Fgover SRET < a1 s opoamsniR e L S e

rel ativel Viiseaded portiorfofhidbvertthd Yedensa@ dehahic PhiscAnd e eAtfitd disSardQqabRE tO the
reaction vessel. The process of the invention nmay be further described with

r ef er ence Phasetiheo erfg the amouptofilightends praduced in the sxsteansothatthere isfnor r ed
enbodi men . | s R Into reaction vessel | are fed
n- but anol g‘%&‘;‘gb{é@ﬁ I?lclglgg?‘gfq?ﬁ%égtéghd an acid esterification catalyst
such as net hand@betesidne comgmisition K6r) the purgengbovieryrtewerZontiins dfiroch dboutddpeabauvel y.

brbcess. | BRI EIAGH wol 3. aBt 1D SoEBAT o T SR e B S of
skill in tahouits bf whtk] and ¢ighOsmids, and 3RedPled & e reh@ivatvesdls and concentrati ons

to utilize. Conditions of tenperature and pressure _are nmaintained in 15
reaction vesseilbaprogest gfthe inyertonmeayis fasther geseribed vthpeferanes te dhafrawing.s one

eXCesS 1 0 Rt Bsdhidittic cﬁﬂéi’ﬁlﬁlofL E{e@%rfg‘gﬁ%omlgntgﬂﬁgrinvegﬁ% ﬁH&LJ armunt s of

various by-products such as i I ncl udi ng n- acet ate (BuAc)
and d@ - n- but y| Inte reactionyesEr! harg fedagubutanch BuOFceersdis acidHAGA) vl dnacidnei ght

pol yners : i . I c nds _.pr,esent
i ncl udi ng%%ﬁ@%ﬁﬂﬁ%gﬂg%@é‘? aﬁ%ﬁ%}lg‘%?é %ﬁ%@ér@sde{%!uﬁi i(5&1(:3 ﬁé‘?’glr% ggﬁs ?ﬁug%{ ion
zone si t uat pulyrhé&rizatiorcidhibiter iy alad typizallinenpleyedithroughnotthe plocess,and hadded yessel | .
These vapors are forwarded through Jﬂepne L.hi o con&lﬁ ser 8 from which the
i qui d cofPRSARTIAGIoP3tioRS and fopergiratpns. Those g IQ’E’(}W% Z¢ ARPTSfens at e

i s separ aiqgtidrslafd toheifatibhstto SR Wohiibhof MnfRFinsre ssire aRf 1Hai RGP HS
phase 12. The organi c phase condensate containing predom nately BuAcA is

fed #hr oudgectionessehl tq epusy axeadtiop gf HAgd withPBuOkhpresont intsome greepate ffanp -butils hed
BUACA i i - i '
UACA IS : LAEL’ (%Yiﬁc&ﬁmfa %&?&h}[sﬁﬁmaﬁguﬁtm;ﬂﬁg%fs UgWg ﬁ%ﬁ%ﬁ‘r %ﬁ% vapors

fromtowe containing significant anount | esser
anount s ofincheiirg n-butyl acetgte (Behe)sind di-e-bitglkthen (RBE)and heavy Eads suclcanidenser 20,

and the residue fr.omtower ont aj.ni rimari BuAcA L.s recycl ed

hr ough 1 Fieedlir wEe Refiereor HACK i ERASh, FagP g e oot ol coERabBdn 21

f or war ded pfegerit iR AR BUTH, BRPSA| witer Adddight s risgihtolthd Kactibiizatioh zWiel situated
appreciate that this streammy be forwarded to any location in vessel 1 as-

30 aphr opimmediatelyabeveshe reagtiop sprsefaenaction Yessel Eohbrsp kanorszge forwarded thropgh
o LoP . : . _ ! "
through | kRee o E&déd&gﬁ%ﬁ?ﬁei &vh%(ﬁlfz(ﬁ)@h%&? cdiQURUE Fowd aifduA’ iG'sthaBiorQ0 ¢ he

condensate I's purge ug Ine 24, to purdge recovery tower 25.
The over haherevhgendensato in sppargfed inbciosojble snbstantially otganisiphised 1 shdymubousant
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 21 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



WO 01/ 19772 PCT/'USOQQ 22573 8 anmounts of BuOH, water, and |ight ends are
fed throwshelo@ 28 t o condenser 29. The residue of tqy&ﬁrms%?z t ai ni ng
significant anmounts of BuAcA and BuCH and largely stripped o I ght ends
is recycled through line 30 to reacti og vessel 1. The condensate from

condenser 29 is fed through line 31 tOo separator 32 where it separates

into or | rgani c is.recycled
thr ough S ESHEEAT, B1ERendC il ol 85 B B CORfer BTG Sl cer

i s W t hdtoawen2§ bentaiging kignificafh amoehtslofatcdemd BrOHaridergelytstrppedofipdtiendshase

al so bein dj scarded, t h line 38. .The foregojng discarding of a

porti onI B‘]g'ectyﬁl?ag‘?"@‘éﬁeﬁﬁ‘egh%gﬁﬁigﬂf?sfﬂel' ﬁ'ﬁﬁ ES%h}é%‘g condspicE 2hirted or 32 act
to keep iHiGuchilbB1 ePart¥or $DOhAY Risaekatsiifith @fBahi2 AA@hARGRs phg.ga@. H%CWA. 1%1Jar om

vessel 1 conprising mai nléé/r | ow nol ecul ar wei ght polg/rrers . nd/ or
BUAGA anergnig phase isrgenicled dhropghding3d 4o purge regovery towgh2d dsmefl@owhils theat treater

40 where f i - ar. and/ or BuAcA.. Mbst of
the heat-trea erelg “gﬁhrggag%ﬁ@\r&é%slﬁ%aﬁ aﬁ? rﬁl\eégiraeegw g{éﬁg é\'ie r?lq?leé’uf ﬁ%af%glg%ge’%ou nts
of HACA dischirded thiodghNines3 8t dhy cdregbingdisvagiing df a@ortibniofthelogdbiciahd theantiel 1.
However, to prevent a build of . heavy. ends in_ the system, | i pstream
from th¥%HE p%f“?e QR pePA3 rg%&&k?@%ﬂ%‘?&f%ﬁ@@ﬁerﬁg PRSEERR/INREECS: enpv al
uni t 44. The Tesisud fiivessélll chpAdng Maing 16w Hblgeufir 9/Right fther8 BPHAEACT HACA
and/ or BuAcA are condensed and recycled through |ine 45 to reaction vessel

1 Wi | e féorBuficd pndiMighael additianproductyis fod faqughiing 89 imhheat trates 40 sihgre part

di scarde LSRY r LQi nn

signifi cgﬁltpégmun?re%?ﬂ%gté{% IIfIIéQé e% ?ﬁ%& W&?ﬁé@ﬁx&ﬂ%&é—&a}%&?h er %odﬁggaet poi nt
of but anttaterd@containingiureasedamdotsi of B dAandetr BeAnd i9@cytidrimpugtelint 4icar ded.
The overhead vapo onprisi ng an azeotrqpe of maj or _portipn BuOd with
water is™ %5’ vﬁESSLS hﬁ?‘iq% r,&pr?gen&gﬁl&gdz e%%@@f‘@%%sy E‘r%"lfpft'?ggi?%t es
into an fhegedtitatePIlis fedabronph Bho ¥R 188 hed\GleadSafho MR U4.0ThSeipbts Wil S
re%cl ed to reaction vessel 1 throu |ine 52, and an aqueous

h h
confr i si fhcuHRINBA SRnifisrE Ampuntof HAsp andigr 5%5?%?’!3192“456556@96%}’013(? '@g;ébr y
t ower 491iﬁéusotuqthc§w€es§e4 1 Whild teGEidleifb Ve 44is elmg&%ﬂﬁﬂ u%-]mﬁmgglg shdlue
pre e

cont ai ni ng 25 omnantly water 1s wthdrawn through T and
di scar dediscapied01/ 19772 PCT/ US00/ 22573 CLAIMB 1111111-111111 ¢t 11111"pa

Lrrrrr 1. A f duci ~but vl . | at.e. (BUACA) conprising: (a
esterifying g‘é‘ﬁ)@eﬁslstszphg%ir O ge%f:%r {iﬂcﬁl%ﬂ'f‘g%am‘(réﬁéﬁ&ﬁ a’F%‘ﬁ’gP*%{ﬁ(ggon((a :
f rom whi sifecdathrough tive48iad ivamediate point b€ hittnoltdcbebipitives 29. O oRhNY, 8tream

cont ai ni ng BuAcA and BuOH, water and |ight ends conponents, said |ight
end® co bedig g 1B®PYerhfgd yenort compEising an azsgerspde majenpertionudH hat of

BUACA,  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.



(b) condensing said vapor m xture to forman organi c phase contai ning
BuAcA, Budehé@dt ends, and an aqueous phase contai ni L hant |y

wat er and Bud?’,g 10 (c) feeding said organic phase to a?%r@{s@ﬂzﬁ}%
fractionation zone, (d) w thdraw ng BuAcA fromsaid finishing zone, (e)

wi t hdrawi ng and condensi ng the overhead”vapors fromsaid finishing zone - -

conprising a mgjor portion of the tgt BuAcA and Bu lm
m nor portions of water and |ight eﬁ‘ﬂ‘g’h@% (f) recycli ngr jm'm ’””m
of said overhead condensate of the finishing zone to the reactioh %orse, *

(g) feeding a mnor portion of said overhead condensate of the finishing
zone, to a purlge cRI8%ST {pr produsing rRuivhacrylats €Buiad) comndngsi ng t he over head
vapors of LR 3erviie GQN APRith & 151 QN '-g,ﬂm %gmjp- 0 of
BuOH, BuA(gZ,%bt%é erg arr%‘ Ii_gglxcends to%?%{‘%%%ﬁ@%)f‘é‘gﬁ%{‘p 286 "con fél?kh?gng

si gnisf i caomerhgadvapos mixiire BuMGthdravn ikl mixtue tongdinisg BudicA antBu®Hawatecomd phase

cont ai ni 0 BuOd. BuAca.and ,light ends.. (i)...recycling a portion of

sai d orggl%hierbr%ézg%lp%qm sh?‘@\l}gl?qﬁle“és oggﬂﬁegffgt??@g#’%'m?%ﬂgﬂﬁgé’ésﬁ%w&y zone
back to slawer thaif tet SFBuAAl Y zone as reflux, 25 (j) discarding the renminder
of said o-rgani c phase, and (k) di#%cardi ng the entire agueous phase of the
over head ©dsoRdeasipgs "*’tpﬁéméﬁ?‘ﬁ? B 3% afsgnis phase confaining BufeARUQH Jight | ai m 1
wher ei n saazdgl,ﬁ&%hﬁ@&;@ﬁ&i%ﬁ@ﬁﬁ@gﬂ%ﬁ&ﬂu%%&ﬂa%@ﬂne conpri ses about
10 to about 80 wt % of BUuAcA, about 10 to about 80 wt % of BuCOH and about |
to dBout (eh feedingstidoraghic phesgdo a Goiskeing fragtiopstinn@ere, of cl ai m 2 wherein said
range of 1S : . . % and said range of BuOH i s about
25 to abo@]% “ﬁ%ﬁéﬁ‘é‘%ﬁ?@g@é‘ggg?% aiml wherein fromgreater than
about 0 t(e) alithdtawiifg anti Yorofensing ttie ovdrhead Siymed frdia saidBErishie pdrecentprisihga | 11111 |
I 11~ W 01/19772 [ . JI11L1I_11~I11I VI Vi LI 11T PCT/ US00/ 2257 * CL
Ms 10 OW@PW%?fﬁl&eetﬂ?L?‘leB‘f‘afc&ﬁqd@CH Preset 47 TiperPortions ghwater @éi@gtpur ge
recovery ggge with the remainder of said condensate being recycled to the

reaction zone. 5. The process of claim4 wherein the anount of said
overlAead @orearing paajor paytionef said overhead condensate of the finishing zone to the reaction

Zone,

(g) feeding a minor portion of said overhead condensate of the finishing zone, to a purge
recovery fractionation zone,
(h) condensing the overhead vapors of said purge recovery zone comprising significant amounts
20 of BuOH, BuAcA, water and light ends to form an organic phase containing significant amounts
of BuOH, BuAcA, and lights ends and an aqueous phase containing some BuOH, BuAcA and
light ends,
(@) recycling a portion of said organic phase of the overhead condensate from the purge recovery
zone back to said purge recovery zone as reflux,
25 () discarding the remainder of said organic phase, and
(k) discarding the entire aqueous phase of the overhead condensate of the purge recovery zone.
2. The process of claim 1 wherein said overhead condensate from the finishing zone
comprises about 10 to about 80 wt% of BuAcA, about 10 to about 80 wt% of BuOH and about 1
to about 10 wt% of light ends.
30 3. The process of claim 2 wherein said range of BuAcA is about 35 to about 70 wt%
and said range of BuOH is about 25 to about 70 wt%.
4. The process of claim 1 wherein from greater than about 0 to about 75 wt% of said
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finishing zone fed to the purge Tecovery zone is about 5 to about 50 % 5

6. The f cl i ' {d purge recovery tes at a
cermer at a7t e HRTRRTRRMEN IR © 0" ot " S50C" AnfeRosfEdd: &° 0 e
range of about 50 to *aboutt 580 fm™HgA. . 7. The process of claim6 wherein
said range of tenperatures in the purgls0 recovery zone is about 65 to about

110C and saji d,range of_ pressures in said zone is about 200 to about 10 350
mm HgA. ave?h% c?#g'esegesfnﬁrp 5@%& g ZQReds &%ﬁogfa BUTEP ERSAYeRY Fmgddthdke ¢ he

over headm%ﬁﬂ%ﬁ@f%&i‘ac@)ﬁdcn&di?@bd%ﬁﬂ@yc[e@%ih@&éﬁcﬁ&f%nk.s about 90 to about 99 wt %
of the total condensate and contai ns about 10 to about 60 wt % of BUuACA,

about 30 to about The pracespobtlaimy drvharein theamouns of saidanstiead condenssie fiogithe ends,
wi th aboyt. 80 % 0f _sai d. Q i,C_ph ing recycled to said
H}nsﬂig %o%e%)cp tldtthe ur%ge rF%overyazHae )[s ﬁé&?g to algoalggl? B’E’g

15 purge PECOY ry - zone UX mal I'ng discarded. 9. The
process of cl@i m Ehefpescessof shiml 1| adeedikidpsgae@ivelylronosridisata condensat e of
the purge recovery, zone contai_ns abou to about 15 % of OH, _and | ess
t han abolsmperague it Bpeg ‘?fgqﬂ?“téﬁa%;‘%"flh (’glf-'rn‘ii’:‘h“‘I’GS‘FSS‘l“FQ,‘h'X;'Ee éﬁ%’&%"F P to

di scar deghoRP$d0 2 A sai d organi c phase and in the discarded aqueous phase
of the overhead condensate of the purge recovery zone being such 20 as to
prevent or rel-ard The@rasassiofaleing p whexgin saidirangeiof tentneratyres inthe pufgp recuiverypr ocess

f clai ' i f : i g
oni or - g B 68 baed IR rd SRR EpRILAS il SIOXGEL Y FANB0 SR © T8

maj or anount o
i git endlS0 msm Hgycled to said reaction zone.. 11. The process of claiml

wherei n the oyer head vapor f th ur recover e 5 are .condepsed
and forwar ded®to gﬁ?@_&"@?ﬁﬂ“ﬁf%ié”i'f‘%ﬂrﬁ@%ﬁ?@%‘ffg‘g%°v8ﬁw?‘ﬁ@nﬂg§$9 nt
stream  {he@itgk Rov@s ond iH BbotEIGR| abbiet 99 waRAITHRCoANEbntERate ARBEINEHS abSut
recylced as reflux to the purge recove% zone, wherein the anount to be

di scar ded 1oabey60; v VenfBUAS A, aloane 3¢ toboytdD avt &6 eHRUQH jandjabat 5 trabputg®t  ends i n
the systgp, gﬂgm T Pt disaiSh & ]:Ea%?b ]-]ggslﬁé .k eam

cont ai ns%?l,o(i)lut Sd?’gﬁ%l%ggltﬁqg%o Q%SF#M % BéﬁEcA, éﬁ%{k 0 t{t a%geltatt%%agémt % BuCH,
abolst 3 pwgaizoconer2B®nemssefling d the cemairslerbeidgadiscarded t o about 50 wt % wat er.

Thi s Sheet Ha9S Be The I;%Ls%%?glaljﬁ% ]W:l‘lje'r]éi]flls:!iidl alqlixeoluis Ipflase Iof T.Ihle %‘lre!rfi{ead condensate of
the purge recovery zone contains about 2 to about 15 wt% of BuOH, and less than about 1.0
wt% of light ends, the amount of light ends in the discarded portion of said organic phase and in
the discarded aqueous phase of the overhead condensate of the purge recovery zone being such

20 as to prevent or retard the buildup of light ends in the system..

10.  The process of claim 1 wherein the residue from said purge recovery zone
comprising a major amount of the total of BuAcA and BuOH present and largely stripped of
light ends is recycled to said reaction zone..

11.  The process of claim 1 wherein the overhead vapors of the purge recovery zone

25 are condensed and forwarded to a receiving vessel, wherein a portion of the resultant stream
from the receiving vessel is discarded and the remainder is recylced as reflux to the purge
recovery zone, wherein the amount to be discarded is sufficient to prevent or retard the build up
of light ends in the system..

12.  The process of claim 11 wherein the resultant stream contains about 5 to about 60

30 wt% BuAcA, about 10 to about 70 wt% BuOH, about 3 to about 20 wt% light ends, and about
10 to about 50 wt% water.
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