WO 01/ 19773 PCTI USOO 22608 PROCESS FOR THE PRODUCTI ON AND PURI FI CATI ON OF
N- BUTYL D BACKGROUND OF THE INVENTION 5 Field of the Invention The
invention relat'ds to an inproved process for the producPFHHSYa608
purification of n- butyl acrylate. Backeround Information and Description
of Related Art 10 n-Butyl acrylate (BUACA) is a compdity chem cal useful
for the production of acrylic resins and polynmers and copol yners for paint
f or mul BROYESS BORVEHE FRGHUCTION EXDIHERBENCATEONTF N-BUTVENEERINA Bl hesi ves
and bi nders. One nethod of synthesizing BuAcCA is to react n-butanol (BuCH)
with acrylic acid (HACA) in the presence of an acid catalyst, e.g., a
sulfonic acid, in at i oduce a m xture of
BUACA, wat er and severaﬁ%Kdgg;&éj@qﬁngi&Wsﬁﬁ and subjecting the
product mxture to purification in at |east one distillation zone, together
with any of various schenes of reflux and recycle streans anong the

réact i Hald lgye distillation zone(s) to obtain a BuAcA of relatively
hi gh purit 0jding
|npur|t|esyng J%gggXﬂQ% égggg% &ﬁﬁ%%ﬁ?m@&ﬁggﬁﬁgﬁ%%ﬂdHmyﬁﬁug &éqlng poi nt's
near Osutyltsetydate. BUACA, such as butyl acetate and di butyl ether and
characterized as "light ends,” or 20 "lights" must be systematically

di sposed of to prevent themfrominterfering with the described reaction
and coamefyuﬁangoﬁmowﬁdbysca&xmﬁmnmmver this is often difficult
to acconplTsh, e.g. by purglrng an appropriate stream w thout al so |osing
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di scl Oxfe(sto obtain a BuAcA of relatively high purity. When any of these processes are operated,

low boiling impurities produced in the reaction zone, i.¢., those having boiling points near or
below BuAcA, such as buty!l acetate and dibuty! ether and characterized as "light ends," or
20 "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
consumption or purification equipment to prevent such loss. Thus, any improved process, which
25 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
in contact with an acid cation exchanger as a catalyst. The process utilizes a single reaction zone
30 and three distillation zones.
U.S. Patent No. 4,280,010, issued July 21, 1981 to Erpenbach et al., discloses a

continuous process for making alkyl acrylates free from ether by reacting a C,-C,-alkanol ina
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overhead fraction from the splitter column is subjected to further distillation in the presence of
20 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 buty! 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)ina
reaction zone from which an overhead vapor mixture is withdrawn comprising BuAcA, BuOH,
water and light ends which are organic by-product impurities having boiling points near or
30 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 in the overhead vapor mixture by a

combination of binary and ternary azeotropes. The vapor mixture is condensed to form a
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processed for proper disposal or further treated for recovery and reuse. The remainder of the

20 organic phase is recycled as reflux to the purge recovery zone and at least a portion of the
aqueous phase is recycled as feed to the purge recovery zone.

The residue from the purge recovery zone, containing the bulk of the BuAcA and BuOH
in the purged portion of the organic phase 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, while 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.
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t akes pkg%gﬁﬁ}?&n&ﬁtﬁ)rﬁ ?ﬁe ‘tnhg’ltBra’E@' l?eeg)éfi‘w(i?)@p%qogha%‘fe "crﬁ@_h?’@élﬁt i on vessel
Wi th t heodhmpnd BRE GRS 9BihgErckIRNMBS S84 meRNioRePAIRE dﬁﬂ;@?&xsreé}@éde%%ﬁ ages, e.g.
in the formof trays and bubble caps or packing,” to separaté the bul k of
t hE BuABYIegYERons prscmerpmIsyolior meraeiwbethere at t he base of the 20 col um

conpri sing PlaRfbbatle S ifGetkia, ek RihcASh SFEAZA Ol itsh Ao A

catal yst an
BuAcA takes place primarily in the base reaction portion of the reaction vessel with the top

portion of the vessel containing fractionation stages, e.g. in the form of trays and bubble caps or
packing,. to separate the bulk of the BuAcA and unreacted BuOH from residue at the base of the
20 column comprising primarily low molecular weight polymers of HAcA and BuAcA. catalyst and
polymerization inhibitor. Also remaining in the reactor are some quantities of free HAcA and
BuAcA. The reactor 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 mm HgA.
The overhead vapors from the reaction vessel consist mainly of BuAcA, lower amounts
25 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 (JBuAcA). 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 light ends, and a
30 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 water for



pol ynerization inhibitor. Also remaining in the reactor are sone quantities
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back to the reaction “vessel, with a slip stream e.g., of about 5 to about
20 wtdiscafded.he heat treated re5| due being renoved to a heavy ends renoval
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HgA. Finished BuAcA having a purity of, e.g., about 99.0 to about 99.99 wt% is withdrawn as
a vapor side stream from the finishing tower, and overhead vapors comprising, e.g., about 10 to
20 about 80, preferably about 35 to about 70 wt% of BuAcA, e.g., about 10 to about 80 wt%,
preferably about 25 to about 70 wt% of BuOH, and e.g., about 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., from greater than about 0 to about 75
wi%, preferably about 5 to about 50 wt% is purged and sent to a purge recovery fractionation
25 zone (the purge recovery tower) with the remainder being recycled to the reaction vessel. Here,
"greater than about 0" means at least 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.
The aqueous phase of the reaction vessel overhead condensate containing, e.g., about 1 to
30 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 about 1

to about 5 psig . Alternatively the aqueous phase of the reaction vessel overhead condensate
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port i ofe§sFibed in greater detail hereinafter; and a makeup supply of water. The water in the recycled
aqueous phase of the overhead condensate and the makeup water aid in the azeotropic
20 distillation of the light ends in the feed to separate them from the BuOH and BuAcA in such
feed.
The overhead vapors from the purge recovery tower are condensed and the condensate
separated into organic and aqueous phases, with the organic phase being, e.g., about 70 to about
95 wt% of the total overhead stream and containing, e.g., about 20 to about 60 wi% of BuOH,
25 about 10 to about 60 wi% BuAcA, about 5 to about 20 wt% of light ends, and about 5 to about
10 wt% of water. The aqueous phase from the condensed vapors make up the remainder of the
total overhead containing, e.g., about 85 to about 98 wi% of water, about 2 to about 15 wt% of
BuOH, and generally less 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
30 recovery tower as reflux, the remainder being discarded, and at least a portion of the condensate
aqueous phase, e.g. about 50 to about 100 wt%, is recycled to the purge recovery tower as feed,

with any remainder of this stream also being discarded. The amount of water in the recycled



BuOH and BuAcA fromthe light ends. Mdre specifically, the purge recovery

t ower Qﬁfﬁﬁfg at a tenperature, e.g., of about 30 topEhGstoriadC
pref erably about 65 to about 110C, a subatnospheric pressure of, e.g.,

about 50 to about 500 mm HgA, preferably about 200 to about 350 mm HgA. The
primary feed to the purge recovery fower is the purged portion of the 15
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5to aboutrhggueg@ YcB¥er) k3 isopfatedaneh Mk total bmoam@tithe 1iblt tddGothewat er . The
aqueous phase fromthe condensed vapors nmake up the renmai nder of the total

over Wéserdedpartipns afghe everhead eandersayrganicand agueons piRasess coppasdle gBtit 2 to
bout 15 wt.% Bu I i{ D . i<ght ends.
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of i %%etﬁﬂlg&lfohﬁ@cfdwsaﬂ%oﬂmlines 2, 4, and 5 respectively. A polymerization
inhibitor is also typically employed throughout the process, and added at appropriate locations

20 and appropriate concentrations. Those of skill in the art will recognize appropriate locations and
concentrations to utilize. Conditions of temperature and pressure are maintained in reaction
vessel 1 to cause a reaction of HAcA and BuOH present in some excess to form n-butyl acrylate
(BuAcA) and water, and small amounts of various by-products such as light ends including n-
butyl acetate (BuAc) and di-n-butyl ether (DBE) and heavy ends such as low molecular weight

25 polymers of HAcA and BuAcA. Vapors of the more volatile compounds present including
BuOH, BuAcA, water and light ends rise into the fractionization zone situated immediately
above the reaction zone of reaction vessel 1. These vapors are forwarded through line 6 into
condenser 8 from which the liquid condensate flows through 9 into separator 10 where the
condensate is separated into immiscible substantially organic phase 11 and aqueous phase 12.

30 The organic phase condensate containing predominately BuAcA is fed through line 14 to
finishing tower 15 from which bigh purity finished BuAcA is withdrawn as a sidestream through

line 18. The overhead vapors from tower 15 containing significant amount of BuOH and



BUACA in the streans entering the tower by formng | ow boiling azeotropes

w th conpgaenissof the light ends, particularly BuAc a?,@.rfiﬁg?m}' e purge
recovery tower is operated such that the total anopunt of the light ends in

the discarded portions of the overhead condensate organi c and aqueous
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substantially organi c phase 11 and aqueous phase 12. 30 The grgani c phase
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38 and discarded. The foregoing discarding of portions of the organic and aqueous phases from

separator 32 act to keep the light ends of the overall system in balance.

20 The residue from reaction vessel 1 comprising mainly low molecular weight polymers of
HAcA and/or BuAcA and Michael addition products is fed through line 39 to heat treater 40
where part of the heavies are converted to HAcA and/or BuAcA. Most of the heat-treated
stream from heat treater 40 containing increased amounts of HAcA and/or BuAcA is recycled
through line 41 to reaction vessel 1. However, to prevent a build up of heavy ends in the system,

25 a slip stream from the heat treater 40 is fed through line 42 to a heavy ends removal unit 44.

The vapors from unit 44 containing a significant amount of HAcA and/or BuAcA are condensed
and recycled through line 45 to reaction vessel 1 while the residue from unit 44 are withdrawn
through line 46 and discarded.

Aqueous phase 12 from separator 10 containing some BuOH is fed through line 48 to an

30 intermediate point of butanol recovery tower 49. Optionally, stream 48 may be discarded. The

overhead vapors from 49 comprising an azeotropes of BuOH with water is fed through line 50 to

condenser receiver 51 where it separates into an organic phase comprising an increased amount



BuAcA and | esser ampunts of water and light ends, are fed through Iine 19
to conggysiae7780. and the residue fromtower 15 cont aipggrisoddesr i |y BUACA
is recycled through Iine 21 to reaction vessel 1. The diagramindi cates
stream 21 forwarded to the base of vessel 1. Those of skill in the art

will appreciate that this stream ngy be forwarded to any location in | as
appropriate. 5 Most of the condensate from condenser 20 is recycled through
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ef f | ¢qriAtRing RESdBHRARY MEYT l§fW'¥ﬂB‘“f“i tg‘i‘?ﬁ‘gté 2kt @@e‘io recovery tower 25,
sThe overhead vapors from purge recovery tower 25 containing significant
anounts of BuOH, water, light ends, and BuAcA are fed through line 28 to
condenser 29. The residue of tower 25 containing significant amounts of
BuAcA and BuCH is stripped of light ends and is recycled through line 30
to reaction vessel 1. The condensate from condenser 29 is fed through |ine
31 to separator 32 where it separates into organi c and aqueous phases. A
part of 15 the organic phase is recycled through line 34 to purge recovery
tower 25 as reflux while the remainder is wthdrawn through |line 35 and
discarded. Simlarly, a part of the aqueous phase is recycled through Iine
36 to purge recovery tower 25 and the renai nder withdrawn through Iine 38
and di scarded. The foregoing discarding of portions of the organic and
aqueous phases from separator 32 act to keep the light ends of the overal
systemin balance. 20 The residue fromreaction vessel 1 conprising nmainly
| ow nol ecul ar wei ght pol ynmers of HAcCA and/or BuAcA and M chael addition
products is fed through line 39 to heat treater 40 where part of the
heavi es are converted to HAcCA and/or BuAcA. Mst of the heat-treated
stream from heat treater 40 containing increased amounts of HAcCA and/or
BuAcA is recycled through Iline 41 to reaction vessel 1. However, to
prevent a build up of heavy ends in the system 25 a slip streamfromthe
heat treater 40 is fed through Iine 42 to a heavy ends renoval unit 44.
The vapors fromunit 44 containing a significant anount of HAcCA and/or
BuAcA are condensed and recycled through Iine 45 to reaction vessel |
while the residue fromunit 44 are withdrawn through Iine 46 and

di scarded. Aqueous phase 12 from separator 10 containing sonme BuOH is fed
through line 48 to an



30 internedi ate point of butanol recovery tower 49. Optionally, stream 48
may be di The overhead vapors from 49 conprising an azeqgtropes of
BuOH mﬁtﬁ§%gpg§q?s fed through Iine 50 to condenser reggr@gmngﬁwmhere it
separates into an organi c phase conprising an increased anmount WO 01/19773
PCT/ US00/ 22608 9 of BuOH which is rgrycled to reaction vessel | through

| ine 52, and an aqueous phase conprising sone anount of BuCOH which is
either fed as reflux to butanol reChxBvig tower 49 through line 54 or
alternatively, is discarded or recycled to the reaction vessel. The residue
contai ning predom nantly water is wi thdrawn through |ine 55 and di scarded.

5 WD 01/ 197y 3 ARGrdéesROpradBG8: -3 0y GAIND 285 for producing n-butyl
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form an orgggl c phase contai ning BuAcA, BuOH, |ight ends, and an aqueous

phase oot BienihagoiBwddni nant |y water and BuOH, 10 (c¢) feeding said organic

phase 19, kbl ARAALRY 7908 Sl UHLILAL, B Byt o @

condensndsgantiiae aguweudisiase sonpiisg fredomisaitls WatddbsdBa@HZONE conprising a nmajor
portion_ of the total of BuAcA and BuOH present and mi nor portions of water
alfd | i Ght feedinggaid quganic phasg i afinishinafrapippatiopene on of sai d over head

cond, gl QSN R e T S ARG 8) o0, 1
st r ean{edf withdrewingaad emdensmgahgenegead eaposaromn faidafitisionatdne domprising 2

major portion of the total of BuAcA and BuOH present and minor portions of water and light

ends,

15 (f) recycling a major portion of said overhead condensate of the finishing zone to the reaction
zone,

(g) feeding a minor portion of said overhead condensate of the finishing zone together with a
streamn of makeup water. to a purge recovery fractionation zone,
(h) condensing the overhead vapors of said purge recovery zone comprising significant

20 amounts of BuOH. BuAcA, water and light ends to form an organic phase containing BuOH ,
BuAcA, and lights ends and an aqueous phase containing some BuOH, BuAcA and light ends,
(i) recycling a portion of said organic phase of the overhead condensate from the purge
recovery zone back to said purge recovery zone as reflux,

(3} discarding the remainder of said organic phase,

25 (k) recycling at least a portion of said aqueous phase of the overhead condensate of the purge
recovery zone as feed to the purge recovery zone, with any remainder being discarded, wherein,
the total amount of water in said recycled portion of the aqueous phase of the overhead
condensate of the purge recovery zone and said makeup stream of water having the effect of
increasing the formation of low boiling azeotropes with the components of light ends entering

30 the purge recovery zone.
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(h) condensing the overhead vapors of said purge recovery zone conprising

signifi anounts of BuOH. BuAcA, water and |ight orm an
or gani cwgﬁgééez’%cont ai ning BuOH BuAcA, and lights ends gﬁ%?lotﬂg%o&eous phase
contai ni ng sone BuOH, BuAcA and light ends, (i) recycling a portion of
sai d organi c phase of the overhead ldondensate fromthe purge recovery zone
back to said purge recovery zone as reflux, (j) discarding the reminder of
sai d or gadi dhelyaxess dlaim)l whersin kdit gveahead samdensaipfiomitionfinifhisgzaheaqueous

DU o8B0 B IACH i Ghy! PRAEMAbaT: BOP AP p R e '

t ot alo BN WPk ofEgidlentd) sai d recycled portion of the aqueous phase of the
overhead condensate of the purge recovery zone and said nmakeup stream of
wat er havBnglherpsossss el clain2 Wheseip s2id range ehduAes isebpers Soe abaw 7Baite ng

zeot ] : ght ends entering 30 the purge
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finishing zon conpri ses apout 10 to abqut 80 w % of BuAcA, about 10 to
abouovEBH CAREFsHE ST a%aﬁg'as zq7i 5 {5340 4 PUE IEONY 2peghith BRds. 3. The

grOCgéxﬁaiﬂaer%'f@Aim&}d@gﬁ%ﬁem@@éﬁneﬁw% r@kiGiAmé | s about 35 to about 70 wt %

and sald range o I'S about 25 to about 70 wt% 4. The process of
cl ai m 1 wi¥er Bierprégesnofiplamtdewheréin thezirwunt ¢f said oatrberd cobdenséte dfomsthe d  over head

ondensate from.the finishing zone. is f t.0 i d purge recovery zone with
1?he efnfné%érfgrﬁ%??ggftoggipdu%e&ﬁ%%g?szgeB@E%ud%g%@)@?%wfo’%the reaction zone. 5.
The procegs qhe plodésdlof cMing QhBretn WideiBtetecovbrySdhdlogtyRed R adespaarRsat € from
the 10 finishi nngone fed to the purge recovery zone is about 5 to about

50 wtthg ragge qitpbopidde gbousl 5¢1Cajand a PigpRuFep thesrangs o abeje 5P ée akot YO gp@ oper at es
at a genperature in the range of about 30 to about 150C, and a pressure in
t he range of about 50 to about 500 mm HgA 7. The process of claim®6

wher ei n sdl. d Thapgpeessiof tleipé whbteinesaid randehvd tqmpegpureemakepytge recovery

15 zone is about 65 to about 110°C and said range of pressures in said zone is about 200 to about
350 mm HgA

8. The process of claim 1 wherein said organic phase of the overhead condensate of the
purge recovery zone is about 70 to about 95 wt% of the total condensate and contains about 20
to about 60 wt% of BuOH, about 10 to about 60 wt% BuAcA and about 5 to about 20 wt% light

20 ends, with about 10 to about 80 wt% of said organic phase being recycled to said purge recovery
zone as reflux and the remainder being discarded.

9. The process of claim 8 wherein said aqueous phase of the overhead 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 with about 50 to about 100 wt% of said aqueous phase being recycled as feed to said

25 purge recovery zone and the remainder being discarded, the amount of light ends in the
discarded portions of said organic and aqueous phases of the overhead condensate of the purge
recovery zone being such as to prevent or retard the buildup of light ends in the system.

10. The process of claim 1 wherein the total of the water in the makeup stream of water
to the purge recovery zone and the recycled portion of the aqueous phase of the overhead

30 condensate of the purge recovery zone are correlated such that the total amount of water in the

two streams is in the range of from about 0 to about 50 wt% of all the streams being fed to the

AR

purge recovery zone.



| 5 zone is about 65 to about 110C and said range of pressures in said zone
i s about ﬁ@(bl;ign, gbout 350 nm HgA 8. The process of cl aipprlcydBERI N sai d
organi ¢ phase of the overhead condensate of the purge recovery zone is
about 70 to about 95 wt % of the total condensate and contains about 20 to
about 60 wt % of BuOH, about 10 to aboix 60 wt % BuAcA and about 5 to about
20 % | ight 20 ends, with about 10 to about 80 w % of said organi c phase
bei ng recyclldd The pewess o cleige 14 whavinsgid rangp ef waeriephaykS taaboutd widvmi nder
bei ng discarded,. 9. The process of ¢laim 8. .wherein said agueous phase of
the over heaaﬂcgﬂb"e‘ﬁg%?fseoﬁiaupﬁe‘%ebeﬁ? ﬁ‘s r?sérg@g\grg?lysa@ he cantar i about 2 to
about 1&&&%%% R EAmoantofitRsStal B 200 BuOM pedénndnd larp@hbirigpelsori th about
50 to about 100 w % of sai d aqueous phase being recycled as feed to said 25
pur ge rkghoerdsys reoyrleddn daid ack®mgRfider bei ng di scarded, the anount of |ight
ends in the discarded portions of said organic and agueous phases of the
over head condensate of the purge recovery zone being such as to prevent or
retard the buildup of light ends in the system 10. The process of claim1l
wherein the total of the water in the makeup stream of water to the purge
recovery zone and the recycled portion of the aqueous phase of the overhead
30 condensate of the purge recovery zone are correlated such that the tota
anount of water in the two streans is in the range of fromabout 0 to
about 50 wt% of all the streans being fed to the purge recovery zone. ~
1111111212121 21h 11 1 It GL MWD 01/19773 PCT/ USOQ 22608 12 11. The
process of claim 10 wherein said range of water is about 5 to about 20 wt %
12. The process of claim1 wherein the residue fromsaid purge recovery
zone conprising a nmajor anount of the total of BuAcA and BuOH present and
| argely stripped of Ilight ends is recycled to said reaction zone.
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