PROCESSES: FOR REFI NI NG ACRYLATE -- -Field.of the Invention
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Butyl acrylate is prepared by the equilibtrum limted reaction of
acrylic and n-butanol. The reaction is conducted at el evated
tenperature in the presence of a catalyst. Typically, the coproduct,
water, is renoved during the course of the reaction to 20 drive the
reaction nore toward PROOESSES WORREFININGBUTEL ACRYIATECting this
reaction, inpurities in the raw nmaterials and side reactions generate
by- products that nust be renmoved fromthe butyl acryl ate
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general ly done iApphcahons&&maldﬁo.cBOmlS 538,ifiled May 29, 1986, i ons. United States

patent no. 4,012,439 discloses a process for producing n- but yl
acrylate free fromdibutyl ether. 1In the
Field of the Invention

This invention pertains to processes for producing n-butyl
acrylate by the esterification of acrylic acid with n-butanol and to
processes for refining butyl acrylate. In accordance with this
invention, a splitter distillation column is used to make a separation
between (i) lights, which include dibutyl ether, butyl acetate, butanol

and lower boiling components and (ii) acrylate and heavies.

Background of the Invention

Butyl acrylate is prepared i)y the equilibrium-limited reaction
of acrylic acid and n-butanol. The reaction is conducted at elevated
temperature in the presence of a catalyst. Typically, the coproduct,
water, is removed during the course of the reaction to drive the
reaction more toward the butyl acrylate product. In conducting this
reaction, impurities in the raw materials and side reactions generate
by-products that must be removed from the butyl acrylate.

Conventionally, the refining of the butyl acrylate-containing
reaction product is conducted by distillation. The purification is
generally done in several distillation column sections. United States
patent no. 4,012,439 discloses a process for producing n-butyl acrylate
free from dibutyl ether. In the disclosed process, the esterification
reaction product is sent to a first distillation column. A ternary



30 i di scl osed process, the esterification reaction product S
sent to a first distillation colum. A.ternary
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contai ning butyl acrylate, butanol and water is the distillate. This

distillate is condensed and subjected to phase separati ong-aRdofdas40r ganic
phase is deVP 2% t 0 a second distillation colum from \M‘;F?h a ternary

distillate of butyl acrylate, butanol and water is obtained. The base
product fromthis second distillation columm contains butanol and butyl
acrylate and is passed to a third distil &1 on col um for the separation of
butanol from butyl acryl ate. United States patent no. 4,280,010

di scl oses a process for making butyl acrylate in which the reaction
overhead is passed to a reactor colum with the distillate being a butyl

acryl ate, but anomigfitre containing butyl acrylate, butanol and water is the distillate.

This distillate is condensed and subjected to phase separation, and
the organic phase is delivered to a second distillation column from
which a ternary distillate of butyl acrylate, butanol and water is
obtained. The base product from this second distillation column
contains butanol and butyl acrylate and is passed to a third
distillation column for the separation of butanol from butyl acrylate.

United States patent no. 4,280,010 discloses a process for
making butyl acrylate in which the reaction overhead is passed to a
reactor column with the distillate being a butyl acrylate, butanol and
water azeotrape. A reflux is used in the reactor column. The
remainder of the distillate is sent to a dehydration column and the
organic product is further distilled to provide a butanol - butyl
acrylate azeotrope being recycled to the reactor and butyl acrylate
stream being obtained at the base of the column.

United States patent; no, 4,814,493 discloses another technique
for making butyl acrylate. The reaction overhead is passed to a
finishing distillation column. The finishing distillation column
provides a side stream of butyl acrylate product, a bottoms stream
that is recycled to the reactor and an overhead stream that is passed
to a butanol recovery distillation column. The distillate from the
butanol recovery column is recycled to the reactor. This patent also
describes the use of a heat treater which receives a portion of the
liquid from the reactor. The heat treater apparently cracks
components which can then be separated from heavies via distillation
column and returned to the reactor.



wat er. azeotrope. A reflux is used in“the reactor colum. The renmi nder of
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passed to a finishing distillation colum. The finishing distillation
colum provides a side stream of butyl acrylate product, a bottons stream
that is recycled to the reactor and an ov8rhead streamthat is passed to a
but anol recovery distillation colum. The distillate fromthe butanol
recovery columm is recycled to the reactor. This patent al so describes the
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separated from heavies_via distillation colum and returned to the reactor.
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acryl ate are sought ich,are cononi cal, energy efficient and
capabl e of provi &nﬁa%no&rto%utyl acryla%e.

Processes for manufacturing and refining butyl acrylate are
sought which are economical, energy efficient and capable of
providing butyl acrylate of enhanced purity. Moreover, processes are
sought that enable the use of acrylic acid containing acetic acid and
reaction conditions which enable dibutyl ether to be formed, yet
provide a butyl acrylate product to be obtained of unexpectedly high
purity.

Summary of the Invention

In accordance with the processes of this invention, a fluid
stream containing butyl acrylate, dibutyl ether, butyl acetate, and n-
butanol is separated in a splitter distillation column to provide an
overhead fraction containing dibutyl ether, butyl acetate and butanol
and a bottoms fraction containing butyl acrylate and heavies. The
overhead fraction typically contains butyl acrylate in addition to
dibutyl ether, butyl acetate and butanol. The bottoms fraction
preferably contains less than about 0.2 weight percent of total dibutyl
ether and butyl acetate and less than about 10 percent of the total




acryl.ate of enhanced purity. Moreover, processes are 15 sought t hat
enabl e the use of acrylic acid containi.ng acetic acid and reaction
condi tions which enabl e di butyl ether to be forned, yet provide a
but yl acetate product to be obtained of unexpectedly high

urity. 20 The present invention provides a proce
Pefin?ng anWods5P0¢ o cogtaining strean1cogprising e?ﬁgﬁgﬁggﬁﬁzle,
heavi es and al cohol, the process conprising the steps of:
a.- introducing said streaminto a splitter 25 distillation colum
to provi de an over head fracti0ﬂ4conprising et her, acetate,
acryl ate and al cohol and a bottons fraction conprising
acryl ate and heavi es; b. wi t hdrawi ng fromthe splitter
distillation 30 columm the bottons fraction; and C.

separating heavi glibhtydetliet shdbiéyd Geetate in the fluid'stfdar8 The overhead The
acryl ate contai ning stream may, for exanple

acryl at e- cont ai niwt&nr%%f@@mﬁ@%}% é@@emdag%?é%&i%ﬁ% et her,
g lrjfa?‘llar ?ggt g? g&egg‘?‘\éﬁ%@y of watei# B8tanol recovery coluldh S epaafece W th a
AVENDED SHEET butanol and butyl acrylate from lights containingadibutyl ether and

butyl acetate. ‘The bottoms fraction from the splitter distillation

column, comprising heavies and butyl acrylate, can advantageously

be rectified in a butyl acrylate distillation column to separate heavies

from the butyl acrylate.

In the aspect of the invention relating to esterification
processes, n-butanol and acrylic acid are subjected, in at least one
reaction zone, to esterification reaction conditions including the
presence-of an esterification catalyst, to produce butyl acrylate and
water as well as side products including butyl acetate, heavies and
dibutyl ether. A gaseous stream containing water, butanol, acrylic
acid, butyl acrylate, butyl acetate, dibutyl ether and heavies is
withdrawn from the reaction zone and passed to a reactor distillation
column. The overhead from the reactor distillation column contains
water, butanol, butyl acrylate, butyl acetate, dibutyl ether and
heavies, and this overhead is condensed and subjected to liquid phase
separation to remove most of the water, and the resulting organic
phase is the liquid feed stream to the splitter distillation column as
described above. The bottoms fraction from the reaction distillation
column js rich in acrylic acid, at least a portion of which is recycled to
at least one reaction zone.

The bottoms fraction from the splitter distillation column is

advantageously rectified in a distillation column to separate heavies



I nvention,; a fluid stream containing butyl acrylate, di butyl et her,
butyl acetate, and n-butanol is separated in a splitter distillation
colum to provide an overhead fraction containing dibutyl ether,
butyl 5 acetate and butanol and a bottons fraction containing but yl

acryl ate and heavies. The overhead fraction typicall but yl
acryl.ate i-"Waa¥s¥Pn to di butyl ether, butyl acetate¥gﬁ§ggﬁkgﬁblu.The
bot t ons fraction preferably contains |l ess than about 0.2 10 weight
percent of total dibutyl ether and butyl acetate and | ess than about
10 percent of the total -5- - 4-

di butyl ether and butyl acetate in the fluid stream The overhead fraction
fromthe splitter colum is subjected to further distillation in the
presence of water in a butanol recovery colum to separate butanol and

butyl acrylate f rfpshlthebutylcayRitel NBedbverdd/butil aeFylatichdud puriggefate. The
bottonms fraction fromthe splitter distillation colum, conprising heavies
and butyl acryl atleastheud 89 weight pereent dutwlacrylete, less tham about bate
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preferably being less than about 1600 ppm. More preferably, the

recovered butyl acrylate has a purity of at least about 99.5, more

preferably at least about 99.8, and most preferably 99.9, weight

percent butyl acrylate and less than about 400, and most preferably

less than about 300, ppmw of total dibutyl ether and butyl acetate. At

least a portion of the recovered heavies can be recycled to at least one

esterification reaction zone or supplied to another reaction zone to

crack the heavies and regenerate butanol and acrylic acid.

Brief Description of the Drawing
Figure 1 is a schematic depiction of a process for making butyl

acrylate from acrylic acid and butanol in accordance with this

invention.

Detailed Description of the Invention

Butyl acrylate is manufactured by the equilibrium-limited
liquid phase reaction of n-butanol and acrylic acid. The reaction may
be conducted as a batch process, but is preferably conducted as a
continuous process in which the reactants and any adjuvants such as

catalysts, inhibitors and solvents, are added periodically or



acid, butyl acrylate, butyl acetate, dibutyl ether and heavies is w thdrawn
fromthe reaction zone and passed to a reactor distillation colum. The
overhead fromthe reactor distillation colum contains water, butanol,

butyl acrylate, butyl acetate, dibutyl ether and heavies, and this overhead
i s condensed and_subjected to |iquid phase separation to rgy®sesss of the
wat er., .and- EPS2LY ¢ ng organi c phase is the liquid feed streamto the
splitter distillation colum as described above. The bottons fraction from
the reaction distillation colum is rich in acrylic acid, at |east a
portion of which is recycled to at |east "Ohe reaction zone. The
bottons fraction fromthe splitter distillation colum is advantageously
rectified in a distillation colum to separate heavies

- 5- fromthe butyl acrylate. Recovered butyl acrylate has a purity of at
| east about 99. 0 umintgimuptedlydn; aid pyoduxts gieremovedsperiddicallybarut 1000, nore
preferably | ess than aboyt and nost preferably | ess than about 60,
parts per milli omt%fléﬁ?‘%?’gwnw rﬁ“ﬁ'@flz&ﬁas’pref erably | ess than
about 500, nore pref ermpRiréadticitis!thpiealy @ohd@éted R ¥mPEEaturéSRithethevi th the
sum of di butyl ether, and butzl acetate preferably being | ess than about

1500 ppm More prrebge ghahoutR te 470 merafypicallydnythgrange of abouf8Q°y of at

| east about 99. 5, f b3 ferably
995, el ght per S2E0L P i prkgeibul A the 3RHS of sholn o8 B TRHIC .
preferably | ess thelow alteniperdifire Piabeatises ahdue degraidationtofthe acuttintsy | :

acetate. At |east ortion of the recovered, heavi eséﬁa be recycled to at
| east one esteri faF rylate apgd @ temnerature that caupes the % @action zone
to

polymer by reaction of the unsaturated moiety in acrylic acid.

The pressure at which the reaction is carried out also varies
widely. Typically, reaction zone pressures range from subatmospheric
to superatmospheric, e.g., from about 0.01 to 5 bar, more often from
0.1 to 2 bar, and most often from about 0.1 to 1.5 bar, absolute.

Catalysts appropriate for the reaction can be used and can be
heterogeneous or homogeneous. Catalysts include acids such as
sulfuric acid, sulfonic acids, and ion exchange resins having acidic
functionality. The amount of catalyst can vary widely and often is in
the range of about 0.001 to 20 weight percent of the liquid
menstruum.

The reaction may be conducted in the presence of a solvent or,
one or more of the reactants, products, coproducts and side reaction
products may comprise the liquid media for the reaction. Where a
solvent is used, it is preferably substantially inert and is
substantially non-volatile under reaction conditions. Other adjuvants
may be contained in the liquid reaction media, such as antioxidants,
stabilizers, buffers, and the like.



crack the.heavies and regenerate butanol and acrylic acid. Bri ef

Description of the Draw ng Figure 1 is a schematic depiction of a
process for making butyl acrylate fromacrylic acid and butanol in
accordance with this invention. Detai |l ed Description of the Invention

Butyl acrylate is manufactured by the equilibriumlimtedpcligbisesahase
react.i on of WA %ol and acrylic acid. The reaction may be conducted as a
bat ch process, but is preferably conducted as a continuous process in

whi ch the reactants and any adjuvants such7 as catalysts, inhibitors and
sol vents, are added periodically or

-6 - uninterruptedly to, and products are renoved periodically or
uninterruptedly from one or nore reaction zones, The reaction is
typically conducted at tenperatures within the range of about 70 to
170[err] C, nore typi c&hlewdaﬁwmbammfaheaémﬂanﬁﬁedmﬂwfmctﬂoﬁmnd most

referably in the range of akqQut 90t 140 below a te ature
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unsaturated noiety 1 n ac ressure at which't

reaction is carr ifeed. oGenemﬂhr,Mﬁssh@&HqtanMd:merbp amb:@tsumllzdne

pressures range from subat o
approximate s

i¢hiometric ratio for producing the desired
product, plus any additional amounts required to make up for losses
due to side reactions. Often, the mole ratio of the butanol to acrylic
acid is between about 0.8:1 to about 1.2:1. Most preferably, as much
as 90% of the fresh feed is consumed in the reaction zone. It should
be understood that the amount of the reactants, and their relative
concentrations, in the reaction zone may be different than that of the
fresh feed due to recycling of unreacted reactants, with the mole ratio
of butanol to acrylic acid ranging from about 0.5:1 to about 5:1 and
most preferably ranging from about 0.9:1 to about 1.5:1.

The esterification process of this invention is conducted in at
least one liquid phase reaction zone. More than one reaction zone, or
reaction stage, can be used. When more than one reaction zone is
used, the reaction menstruum may be the same or different in each
reaction zone.

In one embodiment of the invention, the conversion of the
butanol and acrylic acid to butyl acrylate occurs in a single reactor.
The butyl acrylate produced in the reactor may be withdrawn as a
liguid product stream from the reaction menstruum or removed as a
gaseous product. If the product stream is withdrawn from the
reaction menstruum as liquid, the conditions of the reaction zone

should be such that the theoretical vapor-liquid equilibrium provides



to superatnospheric, e.g., fromabout 0.01 to 5 bar, nore often fromO0.1 to
2 bar, and nost often fromabout 0.1 to 1.5 bar, absolute. Catal ysts
appropriate for the reaction can be used and can be heterogeneous or
honbgeneous. Catal ysts include acids such as sulfuric acid, sulfonic acids,
and ion exchange resins having acidic functionality. The g@Epygosiacat al yst
can vary wWRI2M4d often is in the range of about 0.001 to 20 wej ght .
percent of the liquid nmenstruum The reaction may be conducted in
the presence of a solvent or, one or noregof the reactants, products,
coproducts and side reaction products may conprise the liquid nedia for the
reaction. Were a solvent is used, it is preferably substantially inert and
is substantially non-volatile under reaction conditions. O her adjuvants
may be contained in the liquid reaction nedia, such as antioxi dants,

stabi | i zers, buf forrat leagtd@bonb50; preferably at least about 70 and more preferably
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factors. Typical kenctionarisslits baria theliguidphase. fTikstenipadtarcandcycl e feed.
Generally, the fresh feed bat nol an ,acryal c.acjd is SUpr)lglcg?d i.n an
approxi mat el y st Bressnemehould also besutBeiept toiduive the matertq asphaset | pl us

any additional a I &Pﬂfﬁﬁ ‘{5’9“‘5 '
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feed is consuned.,jn the reaction, zone. |t,.,shquld be understaond.that the.
amount of the redBPRgRIEM 375a1xoPe g?ré‘ﬁtb‘b“ ‘the vapor-aquid equiftbrium for

the reactants is such that at least about 50, preferably at least about
70, percent of each reactant contained in the reaction vessel is in the
liquid phase. Ifitis elected to take the product stream as a gaseous
effluent from the reaction zone, the conditions of the reaction zone
should also be such that the theoretical vapor-liquid equilibrium
provides for at least about 40, preferably at least about 50, and more
preferably at least about 60 percent of the butyl acrylate contained in
the vessel to be in the vapor phase.

Regardless of how the product stream is taken from the
reaction zone, it will contain butanol, acrylic acid, butyl acrylate and
water and impurities such as heavies, dibutyl ether, and butyl
acetate.

In a single reactor process, azeotropic mixture produced in a
liquid phase product production and removal regimen is removed
from the reactor and typically subjected to liquid phase separation to
remove the water, with at least a portion of the organic liquid
comprising unreacted reactants being recycled to the reactor. Under
gas phase product removal reaction conditions, the gaseous product

stream removed from the reactor is subjected to distillation to return



concentrations, in the reaction zone may be different than that of the
fresh feed due to recycling of unreacted reactants, with the nole ratio of
butanol to acrylic acid ranging fromabout 0.5:1 to about 5:1 and nopst
preferably ranging fromabout 0.9:1 to about 1.5:1. The
esterification process of this invention is conducted in e
quui.d,phas@VQ%ﬁgﬁ?ﬁ‘Hon zone. More than one reaction zone, gif,c-}rlg%z{o?%ﬂ st age,
can be used. Wen nore than one reaction zone is used, the reaction
menstruum may be the sane or different in gach reaction zone. I n one
enbodi ment of the invention, the conversidofi~of the butanol and acrylic
acid to butyl acrylate occurs in a single reactor. The butyl acrylate
produced in the reactor may be withdrawn as a |iquid product streamfrom
the reaction nmenstruumor renoved as a gaseous product. |If the product
stream i s wit hdr arenctaniato ke resetionizone.nFhstoverheadsromphedistiatiomndi t i ons

of the reaction zone should uch ,t hat,. t he eoretd cal vapar-ljquid
equi |'i bri um provi gmn:tssu&uee?e%éocondensahonan ﬂqm phase sepaPaq;mrggc? for

at | east about S5OyeRéRf Radd, dndh doPish of B Hquid idRetuTRea totké er abl y at
| east about 80, percent of the butyl acrylate contained in the reaction

vessel to be in t Histillationctoprmpas reflux nadibe semainingorganicphage ihoul d al so
be sufficient to Q%egthe water to the gas phase so that gases renoved
fromthe reaction Wi Il be an azeotropic mxture. Oten, under the

conditions of the reaci anothef embodirhehtsf ths @recess,weghentjabreptioape

formation, the vapor-liquid equjlibriumfor_the rea¢tants. i s sugh that at
| east about 50, pPEMEransieRloyYe a%q%smbome%ﬁ!asﬁmowtbmiml&m
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unreacted reactants. While, in many instances, essentially all of the
liquid withdrawn from the first reaction zone is passed to a second
reaction zone, the broad concept contemplates using a portion of the
liquid stream for other processing. In either case, additional reactant
can be provided to the secondary reaction zone as a fresh feed or via a
recycle stream. Also, an intervening separé.tion step may be used to
separate product and/or coproduct from the liquid. The separation
may simply be a liquid phase separation to remove, e.g., water via a
flashing or distillation unit operation, or coproduct or product
separation via a membrane separation or a sorption process.

Sequential reactor zones provide process flexibility. For
instance, no overhead stream need be removed from the first reaction
zone. Thus, a plug flow reactor could be used if desired. Generally,
the residence time of the liquid menstruum in the primary reaction
zone is sufficient to produce butyl acrylate at a concentration to
within 50, typically, within about 70, and sometimes at least about 90
or 95, percent of the theoretical equilibrium concentration of butyl

acrylate in the reaction menstruum under the conditions of the



effluent fromthe reaction zone, the conditions of the reaction zone should
al so be such that the theoretical vapor-liquid equilibriumprovides for at
| east about 40, preferably at |east about 50, and nore preferably at |east
about 60 percent of the butyl acrylate contained in the vessel to be in the

vapor phase Regar dl ess of how the product stream romthe
reg.ct,l gn defé”’?z?o"w | gcont ai n butanol, aclroyl ic acid, buti’/ Igggrﬁgklllggge and
wat er and inpurities such as heavi es, di butyl ether, and butyl acetate.

In a single reactor process, azeotropic mxture produced ina liquid phase
product production and renoval reginen isl@enoved fromthe reactor and
typically subjected to |iquid phase separation to renove the water, with
at least a portion of the organic liquid conprising unreacted reactants
being recycled to the reactor. Under gas phase product renoval reaction

condi tions, the gegtivuIfa @euiCteactdritoficertiations) Bethdens eeahvhdi S
subjected to distillation to return
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colum is subj ectegh G 0 renove
wat er, and a por |on ?ﬁg IC]UI gﬁn?}geturne to t %@‘Pﬁ atlﬁon col um
as reflux and theonetmachageﬂreghsmdrﬂmmtld' confersinm. Advantageoualyg)'aber
enbodi ment of th rogcess t| al ones are e In this
ebodi ment . 1 i quieARF SORRS By ERRHRPY At 4ot ato0s Z0cRnt mosE REIOHNEN | | qui |
contains product be&?eéﬁ%&t%aﬁmwrﬁ&rﬁ%ﬂ:ﬁé%ﬁ%ﬁmuﬂﬁ&ﬁuﬁl” many

I nstances, essentially all of the
acrylate produced in the process is produced in the first reaction zone.

Often, the first reaction zone is operated such that an amount
equivalent to at least about 50, preferably at least about 70, and most
preferably between about 75 and 90, percent of the fresh feed of at
least one, most preferably both, of the reactants is consumed in the
primary reaction zone.

The conditions of the second reaction zone are maintained such
that the butyl acrylate product is vaporized. The conditions may
include a temperature and pressure such that the product flashes into
the gaseous phase. Preferably, under the conditions of the second
reaction zone including azeotrope formation, the vapor-liquid
equilibrium for butyl acrylate is such that less than about50,
preferably less than about 30, percent of butyl acrylate contained in
the reaction vessel is in the liguid phase. Also, under the conditions
of the second reaction zone including azeotrope formation, the vapor-
liquid equilibrium for butanol and acrylic acid preférably is such that
less than about 50, and in some instances less than about 30, percent
of at least one of the reactants contained in the reaction vessel is in

the liquid phase. .



l'iqui.d withdrawn fromthe first reaction zone is passed to a second
reaction zone, the broad concept contenplates using a portion of the liquid
stream for other processing. In either case, additional reactant can be
provided to the secondary reaction zone as a fresh feed or via a recycle
stream Also, an interveni ng separation step may be used tLE-raRPAIS8IE
product andVBO¥&8Pt oduct fromthe Iiquid. The separation nay sinply be a

| i qui d phase separation to renove, e.g., water via a flashing or
distillation unit operation, or coproduct,or product separation via a
menbrane separation or a sorption proceSEll' Sequenti al reactor zones
provide process flexibility. For instance, no overhead stream need be
renoved fromthe first reaction =zone. Thus, a plug flow reactor could be
used if desired. Generally, the residence time of the liquid nmenstruumin
the primary reacti on Often¢he seconfifreaction zdme israt dempebatiyes withihthe at a

concentration to wthin 50 ically, within,aboyt, 70, and s tinmes at
| east about 90 HARESS %@Pﬁgﬂ% éﬁ'fq%ﬁeﬁ%m&éﬁm itgPB'FP_Eﬁfggﬁ%t ration
of butyl —acryl agge {gn50%@, hEEHIoe . (RAPEatD tHat thuddiSutdiidddranatieh t he

- 10 - reaction (for gfven reactant concentrations). Because no over head
stream need be t afide regetaintg or butyd aciylaten tPreferably: thy teaperature bf theed. The

reaction can progeed, further in the second reaction zong,to _achieve the .
desi red anount o q@ﬁ@%@%@rﬁ%ﬁ%‘@ﬂ%ﬁ Pngpngésagguajggwggsg teferably
at | east about 7@.g, adouboiit P5RC prcien] theh the turébofthd énstpaafent of

the total amount of butyl acrylate produced in the process is produced in
the first reacti imthefiest repetion zonee Fhe prespurednithe speand renctigezeped such

that an amunt  oop also vary widely. Typically, pressures range from subatmospheric

to superatmospheric, e.g., from about 0.01 to 5 bar, most often from
about 0.1 to 1.5 bar, absolute. Often, the pressure in the second
reaction zone is equal to or below the pressure in the first. reaction
zone, e.g., about 0 to 0.9 bar below the pressure in the first reaction -
zone.

The reaction in the second reaction zone is conducted in the
presence of liquid comprising at least one of butanol, acrylic acid,
heavies, and one other liquid component, e.g., a solvent. The reaction
menstruum may be the same or different in the first reaction zone
and in the second reaction zone. Where a solvent is used, it is
preferably substantially inert and is substantially non-volatile under
reaction conditions. Even though butanocl and acrylic acid will be
vaporized, the reactants are maintained in the liquid of the second
reaction zone for a time sufficient to produce butyl acrylate, A gasis
withdrawn from the second reactor and comprises butanol, acrylic
acid, butyl acrylate, water and impurities such as heavies, dibutyl
ether and butyl acetate.



equi valent. to at | east about 50, preferably at |east about 70, and nost
preferably between about 75 and 90, percent of the fresh feed of at |east
one, nost preferably both, of the reactants is consuned in the primary
reacti on zone. The conditions of the second reaction zone are

mai nt ai ned such that the butyl acrylate product is vaporiz

condi ti-ons- MW‘? -ude a tenperature and pressure such thaﬁ’ﬁ%t}g?%gluct
fl ashes into the gaseous phase. Preferably, under the conditions of the
second reaction zone including azeotrope fqQrmation, the vapor-liquid
equilibriumfor butyl acrylate is such t hdf -l ess than about 50, preferably
| ess than about 30, percent of butyl acrylate contained in the reaction
vessel is in the liquid phase. Al so, under the conditions of the second
reacti on zone including azeotrope formation, the vapor- liquid equilibrium
for butanol and acryl Oatalwbﬁwbpﬂaﬁﬁ)rrtheequﬂibﬁmrbmimmhahsed 50,

and in sone instances | es n about cent -of at ast. one of t he
ot ant o cont of TB4ER eoRd reasion BTs R ey e Y satne Pt difirons Slalyst

- 11- OhdseA ih msesfmcﬁ@@ﬁsﬂ@rm@magéoﬂ {E R bl In thehi n the
range of about 80 to 170[err]C, nore typicall .W|th| n the range of about 90

to 150[ err] C, butfinstreactionizonpas aﬂmmganeaummt onawluntiagr adat | on of t he

reactants or but e I|
menstruumin the%%%ﬁgéﬁ%é%ccta%lﬁg 5€€’Jﬁ/2e ég%e?‘%ﬁéﬁa ?rqglé‘fé?w 0[ err]
to about 15[ err] zegtiter one. tmmtﬁdﬁmheméufahetmgenmgﬁmmw t he
first reaction zone. The pressure in the secqnd reaction zone can al so vary

wi del y. Typi cal | ycatlyetss 5 KeRetionFens, enablies g dafferent catalyst to be
used in the second reaction zone.

Heavies are formed by a Michael reaction and as dep1cted by

the following equation:
Acrylic Acid + Butanol + Butyl Acrylate ~<#—» Heavies

The heavies product (including dimer) is typically an equilibrium
product. The heavies may comprise a substantial portion of the liquid
menstruum; for instance, at least about 10, more typically, about 20
to 90 or more, weight percent of the menstruum. In such an
embodiment, acrylic acid and butanol can be recovered as a bottoms
fraction, and at least a portion of the bottoms fraction can be recycled
to at least one of the first or second reaction zones. Advantageously,
the second reaction zone can be operated under conditions favorable
to cracking the heavies.

In accordance with this invention, the crude butyl acrylate
stream withdrawn from the reaction zone and typically containing
dibutyl ether, butyl acetate, butanol, water and heavies is refined by
distillation in a splitter distillation column which produces an |



to superatnospheric, e.g., fromabout 0.01 to 5 bar, nost often from about
0.1 to 1.5 bar, absolute. Oten, the pressure in the second reaction zone
is equal to or below the pressure in the first reaction zone, e.g., about O
to 0.9 bar below the pressure in the first reaction zone. The
reaction in the second reaction zone is conducted in the pcgaReHesseyf |iquid
conpr.i si ng WO 8. one of butanol, acrylic acid, heavies, and one other

| i quid conponent, e.g., a solvent. The reaction nenstruum may be the sane
or different in the first reaction zone alig in the second reaction zone.
Where a solvent is used, it is preferably ubstantially inert and is
substantially non-volatile under reaction conditions. Even though butanol
and acrylic acid will be vaporized, the reactants are maintained in the
liquid of the second reaction zone for a tinme sufficient to produce butyl
acrylate. A gas |werheddcﬁ'mﬁ¢mtaumdm1jeﬁb@a&wl acrtateand butandlut anol |

acrylic acid, butﬁ ’ agr*l at %'ac\efatnecron gng it | eiatse%pavzilgsgff\“ es, di butyl

et her and butyI -12-

Catal ysts approprg @f&aﬁlgneémm&pabdmuoouw@rwmﬁafymeemednan t he
second reaction zone and may be the sanme or different catalyst used in the

first reaction zohbuty Mageousl y, if the catalyst in the first reaction
o e b ROEnEOL 1 i b A U PUDRIRRR by | o
use of a het er ogestestims depénds marmundmraiffmi-s: Fércexfamiysie, tlmaczhmﬁmme,
enables a differ er}, %&lgutyi a!nrlldtelf)léamfsecond r’%%g;tlltﬁn zone.

composition of the reactants. Impurities in the feeds will also

influence the composition; for instance, acetic acid is often an

impurity in acrylic acid and butyl acetate will be generated in the

reaction zone. Advantageously, if desired, the processes of this

invention enable a mixed acetic acid and acrylic acid feed to be used

to co-generate butyl acetate and butyl acrylate, both valuable

products. Further, whether the crude stream is recovered as a

gaseous effluent affects composition. Moreover, catalysts and other

adjuvants used also affect the composition. In general, the crude

stream will often be comprised of the components listed in Table 1,

below:



Heavies are formed by a M chael reaction and as depicted by the foll ow ng
equati on: Acrylic. Acid + Butanol +.Butyl Acrylate Heavi es

The heavi es product (including dinmer) is typically an equilibrium product.
The heavies may conprise a substantial portion of the liquid nmenstruum for
i nstance, at |east about 10, nore typically, about 20 to , wei ght
percent of WR&HEMtruum In such a%penbodiyment, acrylic gg’ll'@g%@g@ut anolg
can be recovered as a bottons fraction, and at |east a portion of the
bottons fraction can be recycled to at | east one of the first or second
reacti on zones. Advantageously, the seconddreaction zone can be oper at ed
under conditions favorable to cracking the heavies. I n accordance
with this invention, the crude butyl acrylate streamw thdrawn fromthe
reaction zone and typically containing dibutyl ether, butyl acetate,
butanol, water and heavies is refined byablegtillation in a splitter
distillation colum which produces an

- 13 - overhead fraction containing dibutyl ether, butyl acetate and

but anol and a bot t @gg.Jdsfaid On con%{&l ﬁcryl ate gy nd
0

»
Cther. ' “The actual composit| onal B ECEeaRE Y, 7 SRiENE zor??ﬁsi Sduct
Butyl Acrylate ' 40 to 98 75 to 95
Butyl Acetate 0.01 to 50 0.05 to 0.2
Butanol 1to 50 3 to 20
Acrylic Acid Otob 0 to 0.002
Dibutyl Ether 0.001 to 25 0.05 t0 0.15
Heavies 0to 25 0.05t05
Water 0 to 50 0.5t03

The crude stream will generally contain-a total of at least about 0.05

- weight percent of total butyl acetate and dibutyl ether, and often will
contain at least about 0.1, and up to about 55, weight percent of total
butyl acetate and dibutyl ether.

If water is present to form azeotropes, as is usually and
preferably the case, the crude stream will actually be comprised of a
wide variety of constituents including several azeotropes containing
one or more of the above-mentioned components. Table 2, below,
summarizes the principal components including azeotropes that may
be present in the crude stream supplied to the splitter distillation

column.



stream depends on a nunber of factors. For exanple, the conposition of the
crude butyl acrylate stream depends, in.part, upon the conposition of the
reactants. Inpurities in the feeds will also influence the conposition; for
i nstance, acetic acid is often an inpurity in acrylic acid and butyl
acetate will be gener ated in the reaction zone. Advant ageo%‘rﬁysﬁ/&sﬁeg red,
the processe¥O8S¥M s i nvention enable a mixed acetic acid and acrylic acid
feed to be used to co-generate butyl acetate and butyl acrylate, both
val uabl e products. Further, whether the cryde streamis recovered as a
gaseous effluent affects conposition. MredVer, catal ysts and ot her

adj uvants used al so affect the conposition. In general, the crude stream

will often be conprised of the conponents listed in Table 1, bel ow
-14- Table 1 Conponent Typi cal
Ranges, Preferred, Table 2 wei ght percent
wei ght percent Butyl Acrylate 40 to 98 75 to 95
Butyl Acetate 0.01 to 50 -~ 0.05to 0.2 Butanol
é tg 80002 Di butyl EF%eﬁoﬁQnQQrACBygbg ?g osition ONg)ﬁﬂaﬁB?ﬂin avi es
0to 25 VP 5 (w. %) OPomtles
Water/BuOH/BuAc/BE 30/13/51/6 920.6
Water/BuOH/BE 29.9/34.6/35.5 90.6
Water/BuOH/BuAc 29/8/63 90.7
Water/BuAc 27.1/72.9 90.7
Water/BuOH/BA 50/37.6/12.4 92.0
Water/BuOH 44.5/55.5 93.0
Water/BE 33.4/66.6 " 94.1
Water/BA 38/62 94.3
Water 100.0
BuOH/BuAc 67.2/32.8 117.6
BuOH/BE 82.5/117.5 117.6
BuOH 117.7
BuAc 126
BE 142.5
BA 148.8

BuOH = Butanol
BuAc = Butyl Acetate
BE = Dibutyl Ether
BA = Butyl Acrylate

The number of theoretical plates in the splitter distillation

column will vary depending upon the composition of the crude stream



Wat er, : 0 to 50 0.5to 3 The crude
streamw || generally contain a total of at |east about 0.05 wei ght percent
of total butyl acetate and dibutyl ether, and often will contain at |east
about 0.1, and up to about 55, weight percent of total butyl acetate and
di butyl ether. If water is present to formazeotro le3: susual |
and-p?/eferawpff’/ﬁ%@“-case, t he crudg streamw || actually E?@’éﬁ%’r"?”g‘e‘d of ay
wi de variety of constituents including several azeotropes containing one or
nore of the above-nentioned conmponents. Tgpble 2, below, sumrarizes the
princi pal conponents including azeotrope€s-that nay be present in the crude
stream supplied to the splitter distillation colum.

- 15 - Table 2 Conponent or

Conposi tion . Normal Boiling Azeot r ope : (WM. 9%
Point ([err]C) xiéd the desitddbrohcéniiration of the byl adryldtedn the bottoms 90. 6
Wat er / BuOH BE 29.9/.34,6/35.5,. 90. 6 Wt er / BuOH BuAc
29/ 8/ 63 stream. Fgg cRaippls, thgspiration of butyl acrylats S foymiad

90. 7 Wt er/ BUOH Bhsotropes of butyl acetatdnd diutdl ether requires le3¢ theoretical
plates than that required for the separation of butyl acrylate from
butyl acetate and dibutyl ether. Generally, the splitter column will
have at least about 10 or 12 theoretical plates, more typically,
between about 15 and 30 theoretical plates. The number of
theoretical plates is preferably sufficient to provide a-bottoms fraction
containing less than 1500, preferably less than about 500, ppmw of
total butyl acetate and dibutyl ether. The point of feed to the splitter
column will also depend upon the crude stream composition. For

. streams supplied directly from the esterification reaction zone, the
feed to the splitter column is frequently at a point that permits at
least about 5 theoretical plates to exist below the point of feed. The
splitter column may be of any suitable design, including trays,
packing or a combination of trays and packing. The splitter column is
generally operated with a reflux ratio. of between about 1 and 50. The
reflux ratio is generally selected based upon the composition of the
crude stream and the desired separation.

The temperature and pressure of the splitter distillation
column will also depend upon the sought separation. Often, the
splitter column is operated at subatmospheric pressure in order that
the separation can be effected at temperatures below those that can
result in degradation or side reactions of any of the components in the
feed stream. The pressure at the base of the splitter column typically
ranges from about 0.01 to 1.1, preferably from about 0.1 to 0.8, bar



Wat er / BuOH . 44.5/55.5 93.0 Water/BE

33.4/66.6 94.1 Water/BA . 38/ 62
94. 3 Water 100. 0 BuOH BuAc
67.2/32.8 117. 6 BuOH BE 82.5/17.5

i% SEB‘_’OH . WO 98/52904_ | 14%"%ﬁ%f4

148. 8 BuOH = Butanol BuAc = Butyl Acetate BE = Di butyl Ether BA = Butyl

Acryl ate The nunber of theoretical ates in the splitter
distillation colum will vary dependi ng uport Tt he conposition of the crude
stream - 16 - and the desired

concentration of the butyl acrylate in the bottonms stream For exanple, the
separation of butyl acrylate fromfornmed azeotropes of butyl acetate and
di butyl et her requahssiutee Theitempersiurelat phabase ofithe spliftercolnmnésl for t he

separation of butyl acrylate.frombutyl,gcetate a | but yI or
General ly, the spl#FIEFESTHHH F@%\’feﬁqﬁ’fﬁ%@a Tg?fg%tprg%ﬁyl t°_
theoretical platesi3ove. eTHe/ pieadte)at thRyS 8P tabsplittdreoiitin3gpidatg st i cal

plates. The nunber_ of .
between 0.01 and 0.8, typically, 0.05 to 0.6, bar below the pressure at

the base of the splitter column. The temperature at the top of the

splittei' column is generally about 40° to 110°C, preferably 50° to
100°C.

In preferred embodiments of this invention, water is present in
the column. Generally, sufficient water is present to form azeotropes
with at least 70, preferably essentially 100, percent of the total butyl
acetate and dibutyl ether in the crude stream. Often the water is at
approximately the saturation concentration in the crude stream.
Water can be added to the column to enhance the formation of any
desired azeotropes to effect the distillative separation. Where water
is present, the use of a decanter to treat the overhead may be desired.
The organic phase can be used to provide reflux and the aqueous
fraction discarded. Alternatively, at least a portion of the aqueous
phase may be used in the splitter column or the butanol recovery
column to promote the desired azeotrope formation.

The composition of the bottoms fraction from the splitter
distillation column is often as set forth in Table 3, below:



theoretical plates is preferably sufficient to provide a bottons fraction
contai ning | ess than 1500, preferably |ess than about 500, ppnmw of total
butyl acetate and di butyl ether. The point of feed to the splitter colum
wi |l al so depend upon the crude stream conposition. For streans supplied
directly fromthe esterification reaction zone, the feed pordER08diki tter
colum is. M‘éaﬂlﬁém“ly at a point that permts at |east about 5 theoreti.cal
pl ates to exist below the point of feed. The splitter colum may be of any
suitabl e design, including trays, packi nglgr a conbination of trays and
packi ng. The splitter colum is generally " Operated with a reflux ratio of
bet ween about 1 and 50. The reflux ratio is generally selected based upon

t he conposition of the crude stream and the desired separation. The
tenperature and pressure of the spli tter distillation colum will also
depend upon the sought separation. O‘te 8 splitter col urm i s operated

at subat nospheric Qressure . n order paratl on BSA, ffect ed at
t enmperatures belo PARORE At can gradatl on Ofvgf-"?ﬁ reactions
of any of the conponents in the feed s% The pressure e base of

the splitter col urm ty ally ranges from out 0.01 to ferably
from about 0.1 to X‘B'& 0138 9]51’09898 -17

- absol ut e. Ptgﬁ eUre at t he 0.1t he splittgyg G@t&mg S
he''r

generally within ange of about 80[err] to 150[err]C, preferably
90[err] to 130[ er Buftandlhe pressure at 0080ttoB of the spli 00680 tod.Lm

typically is between l.and 0.8, typ 0.05 to 0.6 r ow t he
pressure at the \tl)\gé‘@dlﬁ‘g?ﬂe splitter h%ﬁhﬁxsThe t enper at Blggﬁéf'qﬁ'ie top of
the splitter coI UMibhéyl BRAEF &l | y aboutp,g6d $000.110[ err] C, mu.eb@tsbloz S0[err]
to

Heavies 0.000 to0 25 0.5t05

Water 0.000 to 10 0.000 t0 0.1

The composition of the overhead fraction from the splitter

distillation column is typically made up of the components recited in

Table 4, below:
Table 4
Component Typical Ranges Preferred
(wt. %) (wt. %)
Butyl Acrylate 10 o 50 20 to 30
Butyl Acetate 0.000 to 30 03to4
Butanol 20 to 80 50 to 70
Acrylic Acid 0.000 to 5 0.000 to 0.002
Dibutyl Ether 0.000 to 20 03tod
Heavies 0.000 t0 0.1 0.000 to 0.001
Water 0.000 to 50 4 t0 10

The total dibutyl ether and butyl acetate in the overhead fraction is

generally at least about 100 ppmw, and often is in the range of about



100[err] C, In preferred enbodi nents of this invention, water is
present in the colum. Cenerally, sufficient water is present to form
azeotropes with at |least 70, preferably essentially 100, percent of the
total butyl acetate and dibutyl ether in the crude stream O‘ten t he water

Is at approximately the saturation concentration in the Crﬂtﬂ‘?u %ﬂn Wat er
can_ be. addeWa%528% col unmm to enhance the formation of any desire

azeotropes to effect the distillative separation. Were water is present,
the use of a decanter to treat the overheag may be desired. The organic
phase can be used to provide reflux and th 9équeous fraction discarded.
Alternatively, at |least a portion of the aqueous phase may be used in the
splitter colum or the butanol recovery colum to pronote the desired

azeotrope formation. The conposition of the bottons fraction from
the splitter disti0.ltd l@preferably aboubOtito 8sveight percent of thieadsterh8ad bel ow:
- 18- ) Tabl e 3 Conponent Typi cal
Ranges Brastiopr od (W. 9

(w. % Butyl Acrylat The overhead ﬁ'écﬁdhﬂs%bbectedtoaﬁnth%disﬁl%o%% Sut yl
Acet at e 0. 000 05 But anol

0.000 to 5 butannsl rewem colummc Advantageously, the recovered bobanalds 5

%eg\c/)ioetso 0.1 Di buts)(]_lm EL h@y% E{‘?}né]ébgty?oaletr %ﬂ‘ﬁy%a?ega? tha(% 1990 to 0.02
desirably recycled to an esterification reaction zone. The butanol
recovery column is operated in the presence of water to form
azeotropes such that butanol is recovered as a bottoms stream. The
amount of water present should be sufficient such that at least about
70, most preferably essentially 100, percent of the total butyl acetate
and dibutyl ether forms an azeotrope. The number of theoretical
plates in the butanol recovery column will vary depending upon the -
composition of the portion of the overhead stream from the splitter
column that is passed to the butanol recovery column and the desired
purity of the butanol. Generally, the butanol recovery column will
have at least about 5 theoretical plates, preferably, between about 7
and 20 theoretical plates. The number of theoretical plates is
preferably sufficient to provide a bottoms fraction containing less
than about 5000, more preferably less than about 3000, ppmw of total
dibutyl ether and butyl acetate. Frequently, from 2 to about 16
theoretical plates are provided below the point of the feed to the
butanol recovery column. The butanol recovery column may be of any
suitable design, including trays, packing or a combination of trays
and packing. The butanol recovery column is generally operated with
a reflux ratio of between about 1 and 60. The temperature and

pressure of the column will depend upon the sought separation.



Wat er. . 0.000 to 10 0.000 to 0.1 The
conposition of the overhead fraction fromthe splitter distillation colum
is typically nade up of the conmponents recited in Table 4, bel ow

Tabl e 4 Component Typi cal Ranges Preferred

(WM. 9 (WM. 9% Butyl Acrylate

50 to 30 -BHQMSMMet at e 0.000 to 30 BByt But anol
20 to 80 50 to 70 Acrylic Acid 0.000 to 5

0.-000 to 0.002 Dibutyl Ether 026)00 to 20 0.3to 4
Heavi es 0.000 to 0.1 ““Y0.000.to 0.001 \water

0.000 to 50 4 to 10 The total dibutyl ether and butyl
acetate in the overhead fraction is generally at |east about 100 ppnw, and
often is in the range of about

19- 0.1 to 100ft.nneth¢ edlinreisoperated a&@ubatmmpéiencpa‘em inrdére over head
i oti 11 ation i n BGUREREPaHR BRPE IR Te SATaRTaseSedeew the et cr e
but anol is can relult in degradation or side reactions of any of the components in

the feed stream. The pressure at the base of the column typically

ranges from about 0.01 to 1.1, preferably from about 0.1 to 0.8, bar

absolute. The temperature at the base of the butanol recovery column

is generally within the range of about 50° to 120°C, preferably 60° to

100°C.

The composition of the bottoms fraction from the butanol

recovery column is often as set forth in Table 5, below:

Table 5
Component Typical Ranges Preferred

(wt. %) (wt. %)
Butyl Acrylate 5 to b0 18 t0 30
Butyl Acetate 0.000 to 10 0.000 to 0.4
Butanol 20 to 80 65 to 76
Acrylic Acid 0.000 to 6 0.000 to 0.01
Dibutyl Ether 0.000 to 5 0.000 to 0.1
Heavies 0.000to 1 0.000 t0 0.3
Water 0.1 to 50 2t08

The composition of the overhead fraction from the butanol

recovery column is typically made up of the components recited in
Table 6, below:



sufficiently free fromdibutyl ether-and butyl acetate thaj—titd lrably
recycled to an esterification reaction zone . Jhg.dutanol rleEH{ﬁé EJOUASTBEES
operated in the presence of water T8 S pes such at PA@AD i s
recovered as a bottons stream The Wﬂ‘amr present shoul d be

erabl y essaiidsahasa 100,

sufficient such that at |east about
percent of - RBP4 butyl acetate and dibutyl ether forms an azeotr ope.
The nunber of theoretical plates in the butanol recovery colum will vary
dependi ng upon the conposition of the por%hon of the overhead stream from
the splitter colum that is passed to thé&<“pbutanol recovery colum and the
desired purity of the butanol. Generally, the butanol recovery colum wll
have at | east about 5 theoretical plates, preferably, between about 7 and
20 theoretical plates. The nunber of theoretical plates is preferably

sufficient to provide a bottons fractiorfCalsdat6ai ni ng | ess than about 5000,
nore preferably le t han agout 3000T¥§P

f total di but;sﬁ her,and butyl
acetate. Frequent| yOIPERERY: 5 about ﬁt gPRal plate ?&é‘g}vi ded
bel ow the point of the feed to the buta covery col um. Wity ut anol
recovery columm may be of any suitable desi&, I ncludi ng trays, packing or

ol

a conbi nation of Butgldcaylateacki ng. The ket recovery cod i s
general Iy operat eﬂg@l&e@a flux rati ooabP%g“een about 1 36@0%' The
SUre ' I

e
tenperature and pr o1 the colum w epend upon t hé sought
separation. Butanol 10 t0 70 -20 - 25toi0en, the

colum is operated at, subat nospheric pressure in order t t.h eparation
can be effected ag“’fyi’ﬁﬁéi"‘gtures bel ow ﬂ-@@sﬂ'ﬁ%at can resﬂﬁboitﬂ%o‘i%é)adation
or side reactionspiuteDitidy t he conpongiod thaot he feed streggy gdghe pressure
at the base of the columm typically

Heavies 0.000 to 0.1 0.000 to 0.005

Water 1 to 50 2t0 8

The total butyl acetate and dibutyl ether in the overhead fraction
from the butanol recovery column is often at least about 5 and can
comprise up to about 80, weight percent of the overhead fraction.
Since water is used in the distillation process, the overhead from the
butanol recovery column is often subjected to phase separation. The
organic phase can be used to provide reflux and the aqueous fraction
discarded. Alternatively, at least a portion of the aqueous fraction
may be recycled to the butanol recovery column to promote the
desired azeotrope formation.

_ The bottoms fraction from the splitter distillation column
contains butyl acrylate and heavies. This bottom fraction may be
acceptable as is or may be further processed in a butyl acrylate
separation column to remove the heavies. The separation may be a
flash separation in which a butyl acrylate stream is taken overhead,
or may be a distillation. Generally, the butyl acrylate separation
column will have at least 2 theoretical plates, typically 3 to about 10



ranges fromabout 0.01 to 1.1, preferably fromabout 0.1 to 0.8, bar
absolute. The tenperature at the base of the butanol recovery colum is
generally within the range of about 50 to 120[err]C, preferably 60[err] to

100[err] C. The conposition of the bottons fraction fromthe butanol
recovery columm is often as set forth in Table 5, bel ow

Table 5 -CHPPRAAM: Typi cal Ranges Prarerrog 4

(Wt. 9 (wvt. %9 Butyl Acrylate 5to 50

18 to 30 Butyl Acetate 0. 000 to2 0 0.000 to 0.4 Butanol
20 to 80 65 to 75 Acrylic®Acid 0.000 to 5
0.000 to 0.01 Dibutyl Ether 0.000 to 5 0.000 to 0.1
Heavi es OOOOtol 0.000 to 0.3 Water

0.1 to 50 The conposition of the overhead

fraction fromt h&macdlpla'@eoﬂ&e;bmﬂ agrylate sepaation eplumaanep befoft he

(2:(;m_30 nents recit %gy 'sﬁltlgﬁ tfes?gn, tfr‘?clu)ﬁng trapé%lpéacgmg ora E%:HBW

vatf)i C?/(') Ranges trays and pacRirif. cThéButyl acrylate separation column is generallfyWwt %)

' operated with a reflux ratio of between about 0.05 and 10. The
temperature and pressure of the column will depend upon the sought
separation. Often, the separation column is operated at
subatmospheric pressure in order that the separation can be effected
at temperatures below those that can result in degradation or side
reactions of any of the components in the feed stream. The pressure
at the base of the separation column typically ranges from about 0.01
to 1.1, preferably from about 0.02 to 0.8, bar absolute. The
temperature at the base of the butyl acrylate column is generally
within the range of about 60° to 170°C, preferably 70° to 150°C.
The composition of the bottoms fraction from the butyl acrylate

separation column is often as set forth in Table 7, below:



3 to 30 Butyl Acetate
10 to 70
0.000 to 0.005
5to 30 Heavi es
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ether in tPﬁe ovér%ead

often at | east about 5 and

t he overhead fromthe

Butyl. Acryl ate 1 to 50

0.000 to 80 10 to 60 But.anol

25 to 40 Acrylic Acid 0.000 to 2

D butyl Ether 0.000 to 40

0.000 to 0.1 0.000 to 0.005 Wat er

2 to-8. - WORESI8Y al butyl acetate and di butyl

fraction fromthe butanol recovery colum is

can conprise up to about 80, weight percent of the overhead fraction.
Since water is used in the distillation p%cess,

but anol recovery colum is often subjected to phase separation.

The

organi ¢ phase can be used to provide reflux and the aqueous fraction

di scarded. Alternat
be recycled to the
azeotrope formation.
distillation colu

rfompanents but y|

ively, at least a portion of
but anol recovery col qapld®D p

The bottons fractio

t he aqueous fraction
ronote the desired

may

n fromthe_splitter
Bang®sneayi es. ?éer@sﬁt om

fraction may be acceptable as is or nayvﬁe%)urther process fwrt. ) exanpl e,

in a butyl acrylate

separation col um,

to renove the heavi es.
separati on may b3BuwylAaghateeparati on i n5h98h a but yl

The
acr y1ttoe98t reami s

Soparati on col umPHPLRCHEIE ar | east INPRSGILE! cal bl af CRBIpIROE Y, 5% o
about 10 Butanol 0.000 to 0.1 0.000 to 0.001

Acrylic Acid 0.000 to 0.05 0.000 to 0.01

Dibutyl Ether 0.000 t0 0.1 0.000 to 0.05

Heavies 5to 95 10 to0 90

Water 0.000 to 1 0.000 to 0.02

The composition of the overhead fraction from the butyl
acrylate separation column is typically as recited in Table 8, below:

Component

Butyl Acrylate
Butyl Acetate
Butanol
Acrylic Acid
Dibutyl Ether
Heavies
Water

Table 8
Typical Ranges
(wt. %)

95.0 to 100
0.000 to 0.05
0.000 to 0.01

0.000to 5
0.000 t0 0.1
0.000 to 2
0.000 to 0.5

Preferred
(wt. %)
99.6 to 100
0.000 t0 0.01
0.000 to 0.01
0.000 to 0.01
0.000 to 0.02
0.000 t0 0.5
0.000 to 0.056

In an advantageous aspect of the invention, at least a portion of
the bottoms fraction from the butyl acrylate separation column is



-22 - t heoretical plates. The butyl acrylate separation colum may be of
any suitable design, including trays, packing or a conbination of trays and
packi ng. The butyl acrylate separation colum is generally operated with a
reflux ratio of between about 0.05 and 10. The tenperature and pressure of
the colum wl| dePend upon the sought separation. Oten, SebRIAL 1 on
colunm. i s tﬁ%&%ﬁ?ﬁﬁal subat nospheric pressure in order that the separation
can be effected at tenperatures bel ow those that can result in degradation
or.side reactions of any of the conponents in the feed stream The pressure
at the base of the separation colum typr&4tly ranges-fromabout 0.01 to
1.1, preferably fromabout 0.02 to 0.8, bar absolute. The tenperature at

t he base of the butyl acrylate colum is generally within the range of

about 60[err] to 170[err]C, preferably 70 to 150[err]C The

conposi tion of tpasded ot Feakt@Gpepiting aitiéherabling conditidri 1o ree@arat i on
colum is often as set forth_ in Table 7, bel ow,

-23 - acrylic acid and butanol. Aspregiopslygisglosadsthe processes thappi ca
(Ra\;vtn 9 eE/O usE'h84 it reactors can be operated such that th¥'kecotl reaction

zone is at a temperature and contains heavies in sufficient
concentration such that cracking of the heavies is facilitated.

Although the foregoing discussion has referenced a splitter
distillation column in combination with a butanol recovery column
and a butyl acrylate separations column, this invention contemplates
the use of a single splitter distillation column with a plurality of
reflux and off take locations to accomplish the separations effected by
the recovery and separation columns.

A preferred embodiment of the pracesses of this invention will'
be further described with reference to Figure 1. In this embodiment,
the esterification of acrylic acid with n-butanol, in the presence of an
homogeneous acidic catalyst, to produce butyl acrylate is effected in
sequential reaction zones.

Fresh acrylic acid and butanol are fed to a first reactor 100 in
approximately equimolar amounts. The acrylic acid and butanol
supplied to the reactor 100 are typically of standard purities.
However, as a result of the processes of the present invention, higher
concentrations of typical impurities in the acrylic acid stream are
better tolerated. For example, the acrylic acid feed to reactor 100
may contain up to 0.2 or more weight percent acetic acid because the
acetic acid can react with butanol to form butyl acetate, a light
component that can be readily removed by employing the present

invention. Other impurities, such as acrylic acid dimer, commonly



Butyl Acrylate 5to 99 10 to 98 Butyl Acetate

0.000 to 0.1 .0.000 to 0.05 Butanol 0.000 to 0.1
0.000 to 0.001 Acrylic Acid 0.000 to 0.05 0.000 to 0.01
D butyl Ether 0.000 to 0.1 0.000 to 0.05 Heavies

5to 95 10 to 90 Water

0.000 to 0.W2%5204  The conposition of the overhead frac??g,ggﬂog?#t he
butyl acrylate separation columm is typically as recited in Table 8, bel ow
Tabl e 8 Conponent Typi cal Rang Preferred

(Wwt. 9% (wt. 9% Butyl Acryl“ate 95.0 to 100

99.5 to 100 Butyl Acetate 0.000 to 0.05 0.000 to 0.01
But anol 0.000 to 0.01 0.000 to 0.01 Acrylic Acid
0.000 to 5 0.000 to 0.01 Di butyl Ether 0.000 to 0.1

0.000 to 0.02 Hegwesent in the acrylic acid feed) at®alsodolerated: dimer, forCexa@dpley 0. 5
Wat er

advant ageous aspdaFerdily facker bR £Rs Rieh, termperatucs Rpetich of AR apsomd o

f r2 ZCE ion from t herelblioy 200 48/ diRbGase@NRIW. Sfinflatly|'8s & Yesult of the unique
refining scheme, it is possible to easily remove dibutyl ether, the main
impurity in butanol, which allows the use of a lower grade butanol
feed. The ability to use a wide range of acid and alcohol leads to
significant economic savings.

The butanol: acrylic acid molar ratio of the fresh feed to reactor
100 is approximately equimolar (1:1).

The reaction is carried out in the presence of an acidic catalyst.
Examples include sulfuric acid, phosphoric acid, and resins that
contain acid functional groups. Preferably, the catalyst is a long
chain alkyl benzene sulfonic acid such as dodecylbenzene sulfonic acid
(DBSA). DBSA catalyst and variations of it are described in United
States patent no. 5§,281,222. Relative to other cé.talysts, DBSA
generates significantly less dibutyl ether and heavies during the
esterification of acrylic acid with butanol; hence, higher efficiencies
are achieved with DBSA as a result of low dibutyl ether and heavies
formation. However, DBSA is a homogeneous catalyst; thus, it is
subject to entrainment. Nonetheless, the reaction is carried out using
DBSA because, unlike conventional processes employing DBSA,
which would require catalyst reclamation steps, in the present
processes DBSA is simply cycled via lines 1 and 9 between reactors
100 and 200. The reactors 100 and 200 and supply lines 1 and 9 are

constructed of materials resistant to corrosion by the acid catalyst.



passed to a reactor operating under cracking conditions to recover acrylic
acid and butanol. As previously disclosed, the processes that use
sequential reactors can be operated such that the second reaction zone is
at a tenperature and contains heavies in sufficient concentration such that
cracking of the heavies is facilitated. Al t hough t '
discuss?onvﬁQQW?gﬁerenced a splitter distillation co?unnhﬁ%hg%ﬁggﬂg?ion

wi th a butanol recovery columm and a butyl acrylate separations col um,
this invention contenplates the use of a ibngle splitter distillati.on
colum with a plurality of reflux and of f“Pake | ocations to acconplish the
separations effected by the recovery and separati on col umms. A
preferred enbodi nent of the processes of this invention will be further
described with reference to Figure 1. In this enbodinent, the _
esterification of acr Thecatalyst cunicéntratioh@anlvary avérrewidessage Imf an

cequent i al react 8acept 8 e DERA can wery et B Tocomsfiahfl Shoe™t cd 1o
a first reactor 43 Weihe bPteht b t15 1R RenftiBYA! Bechie DEYA i¢ aci d
and butanol supplied to the rfeactor 100 are typical ly of standard. puri ties.

However, as a restuscousfcatalyspmadesreto reactdrsl00-arA0tisiprovided argolufiomer
concentrations of i cah i rities im,th ryli cid,streamare better
tol erated. For eg%ggata{lﬂ%r@gl??m c&?%rh“&@ﬁ&#?@ﬁ?f%%%?%nt ain up
to 0.2 or nore Walegblor Psedcstidamaceti ¢ aci d because the acetic acid can react

wi th butanol to formbutyl acetate, .a |ight conmpaonent that, can be readily
renoved by enpl oyi ng tipBibiters axe provided foreactyr -i’lﬁiﬂmhfblé@js@%#eas

acrylic acid di MefhenPHigRINeYPZ), hydroquinone (HQ), and monomethyl ether of
hydroquinone (MEHQ). It is generally accepted that polymer

formation occurs in areas where the temperature is high, such as the

reactor and distillation columns, or in those areas where vapor
condenses on cold surfaces. PZ is utilized in organic streams and HQ:
and/or MEHQ in water streams. The amount of inhibitors used
depends on the process. The chemical inhibitors in reactor 100 will be
about 50 to 10,000, e.g., about 500, ppmw by weight based upon the
weight of the liquid menstruum.

Besides the chemical inhibitors, oxygen is added to reactor 100
to enhance the inhibition of polymer formation. Use of oxygen is well
known in the art. The oxygen can be added as pure oxygen, as a
mixture with an inert gas, or preferably as air. The oxygen is
supplied by an air sparger provided at the bottom of the reactor (not
shown).

Reactor 100 is a tank type reactor for the reaction of acrylic
acid with butanol and removal water in order to force the equilibrium
to acrylate. A conversion of about 80 to 85 percent is desired. A
portion of the liquid reactor 100 is taken to calandria 110 for



-25 - present in the acrylic acid feed, are also tolerated: dinmer, for
exanple, is readily cracked by the high tenperature operation of the second
react or 200, as discussed below. Simlarly, as a result of the unique
refining scheme, it is possible to easily renove dibutyl ether, the main

I mpurity in butanol, which allows the use of a | ower grad LAnesiaf eed.
The abilitﬂw?ﬁmﬂgg a w de range of acid and al cohol Ieadss?§H§?§n+?icant

econoni ¢ savi ngs. The butanol: acrylic acid nolar ratio of the fresh
feed to reactor 100 is approxi mately equi ggl ar (1:1). The reaction is
carried out in the presence of an acidic fatal yst. Exanpl es include

sul furic acid, phosphoric acid, and resins that contain acid functional
groups. Preferably, the catalyst is a long chain alkyl benzene sulfonic
acid such as dodecyl benzene sul fonic acid (DBSA). DBSA catal yst and
variations of it increasingdheleniperatune pEtheJdiguidscgdandria 110.is® 231, 222.

Rel ative to other catalys DBS ner significantly lLess dibutyl
ether and heavi escéﬂ_ﬂ?xfatﬁé‘ﬁtlﬁigbﬁﬁ él?‘%'ﬁ'?ﬁff ‘Slﬁ‘eo SYVII%&%WJ’ BRFHF Y¥tanol ;
hence, higher ef fthgicoRtents ofth 1@abic b\ will dzitdted add oressniférndlly | oW

di butyl ether and heavies formation, However, DBSA is_a honpbgeneous

catal yst; thus, iheated.cAbemativelycniacketedaeactordesigned s genenate thection is
carried out usin , ' s ' . l,Qyi ng
bBSA, “whi ch woul deEte e S5 nrobidel it b AT s ERTR Y
processes DBSA i splacewf thedsinkadastofanhd eetantiriznd 9 bet ween reactors 100 and

mterials rosistant  t o rmRarae nRattar 10 ca srg from 80 £0 1709 Bt
it is most preferred to maintain the temperature within the range of -
120-130°C. The return stream from calandria 110 is therefore at a
temperature about 5 to 10°C higher. The average residence time in
reactor 100 is about 2 to 3 hours. The pressure in reactor- 100 is
maintained at about atmospheric pressure.

The esterification reaction generates water which is removed
overhead and supplied to the bottom of a distillation column 120. As
stated before, removing water drives the reaction toward butyl
acrylate. The distillation column 120 may be attached to the top of
the reactor. Column 120 is of standard engineering design and can
use trays or packing. To accommodate any entrainment of the DBSA
catalyst, the bottom trays may need to be constructed of a2 metal
which can handle highly corrosive liquid. To prevent polymerization
and other fouling reactions in the distillation column 120,
conventional inhibitors such as hydroguinone and phenothiazine are
introduced throughout the column 120, diluted by butanol or some
other process liquid.

The overhead from the distillation column 120 is removed via

line 11 and supplied to a condenser/separator 130. In



The catalyst concentration can vary over a wide range. In reactor 100 the
DBSA can vary from about 0.1 to 10, preferably about 0.5 to 2, weight

percent of the liquid nmenstruum Because DBSA is viscous, catalyst nake-up
to reactor 100 or 200 is provided a solution of the catalyst with acrylic

acid, butanol, recycle liquid, or any other reactor feed :
| nhi bi.t or s BWSEOyi ded to reactor 100. The inhibitors i nﬁ@%&“

phenot hi azi ne (PZ), hydroqui none (HQ, and nononethyl ether of hydroqui none
(MEHQ . It .is generally accepted that pqh%ger formati on occurs in areas
where the tenperature is high, such as t FTeactor and distillation
columms, or in those areas where vapor condenses on cold surfaces. PZ is
utilized in organic streans and HQ and/or MEHQ i n water streans. The anount
of inhibitors used depends on the process. The chem cal inhibitors in

reactor 100 wil | cdndeabenkepadator 180, t3Ovaperds condensed Bod the lignidis wei ght
based upon the j ght of the |igquLbd nenstryum , . Besy d t he chem cal
i nhi bitors, oxy\é\ﬁh essegaﬁ%t&ﬁtglﬁet}&ogg% eé’ﬁ}%’&é‘w ffﬁ?hebi tion of
pol ymer formati ofistilla€iofifcolisdfi /20l snd/He aﬁmw phBsé béing'sent Hicligx ygen can
be added as pure oxygen, as a mxture w

th an Inert gas, or preferably as

air. The oxygen Padisppsaliosdo apo‘dwrazpkm@,péweqhomns\w HeRO¥R Wﬂi&“ﬂot tom of the
eacton (10t SMOHenin o ARG gl o, o0 (e enctor for (e
the equilibrium to afhyliguid rehctionmenstouumifrahdhe réfetor1@Gi@pptivd | s
desired. A port Congl 140 Seactdr b0, R356or 200% o 2eartletd thik Sadtor ' & 110 TOF

equipped with an air sparger (not shown). A portion of the liquid in

reactor 200 is taken to calandria 210 to increase the temperature of

the liquid. The calandria 210 is a conventional tube in shell vessel.

Thes turnover rate must assure that the contents of the reactor are

well agitated and maintained at the desired temperature.

The operating temperature in reactor 200 is high‘er than -

reactor 100 and the preferred range is 130° to 140 °C. The return

stream from calandria 210 is about 5° to 15°C higher than the

preferred reactor temperature. The higher temperature not only

facilitates the conversion of the remaining butanol and acrylic acid to .

product, but very importantly, under these conditions, enable the

heavies to be cracked back to butyl acrylate, acrylic acid and butanol.

The operating pressure in reactor 200 is lower than the

pressure in reactor 100, and the preferred range is about 200 to 600

mmHg absolute (about 0.3 to 0.8 bar absolute). The residence time in

reactor 200 is approximately 2 to 3 hours. Water is fed to reactor 200

in order to maintain a concentration of about 1 weight percent of the

liquid menstruum for effective catalyst operation. The concentration

of catalyst in the second reactor is about 1 to 20, preferably about 5 to



-27 - increasing the tenperature of the liquid calandria 110 is a
conventional tube in shell vessel. The turnover rate nust assure that the
contents of the reactor are well agitated and nore uniformy heated.
Alternatively, a jacketed reactor designed to generate the requisite heat
and provided with nechanical stirrers could be used in pI £ tank
react or anWoi5aMri a The tenperature in reactor an range from
80 to 170[err]C but it is nost preferred to maintain the tenperature within
the range of 120-130[err]C. The return streamfromcalandria 110 is
therefore at a tenperature about 5 to 10{%4% 1] C higher. The average
residence tine in reactor 100 is about 2 to 3 hours. The pressure in
reactor 100 is nmintained at about atnospheric pressure. The
esterification reaction generates water which is renoved overhead and

supplied to the pmt tegs) 06, v@elghﬁi:bideﬁibm&@eﬁﬁhel\%ighﬁafﬁi@hqﬁdbef ore,
renovi ng water drives the reaction toward but yl d&mﬁ distillation
col umn 120 may bEeastragmdAs Fitheeackyr 10 Pﬂé‘bﬁfé‘ﬁé‘i e i s of
standard engi nee "%Hf% gf&é#ﬁ ys or packing. To acconmmopdat e
any entrai nment I'é&?% /}eggg%pa at';iro%ottomtrays may need to be
constructed of a net al‘hmhquidbathoﬂxahrﬂamfnoghtgaetmﬁ@smhchcmﬁanhs To prevent
pol ymeri zation d qt her fouli g reac ton.col um 120,
conventional i nﬁﬂﬁ?‘f‘ﬁ? and gatal éﬂ& ién‘?a H:"ﬁ'ﬁ%%ﬂfhb@ hﬁéhé’g
introduced thr Ougﬁeaﬁnfrbﬁﬁammoégﬁmﬁ&iﬁ Estalyet BHRNAYIAhAATEaGRT

process |iquid. overhead fromthe di'stillation colum 120 is

removed via |ind0Q 111651@11&@ ploi kecnoted shatthednbibitengsncentyationds also
greater than in the first reactor, due to the cycle of the heavies

between reactors 100 and 200. A purge from this recycle stream can
be taken via line 10. The unique reaction system of our process
allows for the recycle of heavies, catalyst and inhibitors. In
conventional processes the entire heavies stream containing the
inhibitors is typically discarded. Thus the processes of this invention
enable lower catalyst and inhibitor usage and reduced inhibitor and
catalyst cost.

Butyl acrylate, water and lights are removed as a vapor from
reactor 200 and supplied via line 14 to an intermediate point of a
distillation column 220. The primary purpose of distillation column
220 is to recover butyl acrylate, essentially free of acrylic acid, from
the vapor stream of reactor 200. A secondary purpose is to recover
water which is flashed in the reactor 200 due to the heat load in the
reactor 200 and the calandria 210. The overhead from distillation
column 220 is supplied via line 16 to a condenser/separator 230, and
the water phase and a portion of the organic phase are returned to
the top of the distillation column 220. The remaining portion of the
organic phase is sent via line 2 to splitter distillation column 310.



-28 - condenser/ separator 130, the vapor is condensed and the liquid is
phase separated, wth the organic phase being returned to the distillation
colum 120 and the agqueous phase being sent via line 12 to disposal or to
anot her columm (not shown) to renove residual organics fromthe aqueous
hase. The liquid reaction nmenstruumfromthe react suppl i ed
\F/)I a line 1WQo¥2Y: gr 200. Reactor 200 is a standard tankp‘mé%g@#ﬁequ?gped
with an air sparger (not shown). A portion of the liquid in reactor 200 is
taken to calandria 210 to increase the tenperature of the liquid. The
calandria 210 is a conventional tube in si@0l-l vessel. Thes turnover rate
must assure that the contents of the reactor are well agitated and
mai nt ai ned at the desired tenperature. The operating tenperature in
reactor 200 is higher than reactor 100 and the preferred range is 130 to

140 [err]C. The rpidbdbeifcoRiin 220 iCRbtRH! ThedbB dféol@bmmz@bﬁyi»e hPa
15[err] C higher than the preferred reactor tetgﬁerature hi'gher

tenperature not dg@regsuracf B0O mxgHg ahsohupe(aboy 4bﬂl‘ﬂhé°1nt¢)a'ﬂh widt anol

anabl e The. heavi i R HREE of b ab ¢oTRRp HBbu oo WG botfDR R, | 015

but anol . Tasd wwﬁghtgmwmmgﬁﬁcs (mbmhwyhz%d)s Thﬁs\bbttbﬁan t he
pressure in reactor 100, an he preferred range is out 00 to 600 nmHg
absol ute (about Ofractionig returned yia lingd) °r9ﬂ%t°¥399dg‘ St8P r eact or 200

mai neai & concorieits i MmN Siraid: cohilelatifFc} b r*e%%d?}énts? uum

for effective catpmyaunnpeadbraﬁo The concentration of catalyst in the

second reactor is abo%he]feegf Sp]:ﬂ{;erfcﬁsgﬁa on cglut 53i8is the organic
stream from distillation column 220, which consists mainly of butyl
acrylate along with some butanol, lights, and heavies. The purpose of
splitter distillation column 310 is, as described earlier, to separate the
stream into a tails fraction containing butyl acrylate and heavies, and
an overhead stream of butanol, butyl acrylate, and lights such as
dibutyl ether and butyl acetate. The tails fraction is essentially free
of all light components. The column design is consistent with
conventional engineering practice and can use packing or trays. In
this embodiment, the base temperature of the splitter distillation
column 310 is about 120°C with a pressure of about 400 mmHg (0.6
bar absolute). .

The overhead stream from splitter distillation column 310 is

supplied via line 3 to distillation column 320. Distillation column 320
separates the overhead stream into a tails stream consisting
essentially of butanol and butyl acrylate and an overhead stream
consisting essentially of lights, mainly dibutyl ether and butyl
acetate. The lights stream is sent via line 5 to waste treatment and
the tails stream is recycled via line 6 back to either or both of reactors



-29 - 15., e.g., 10, weight percent based upon the weight of the |liquid
menstruum As with reactor 100, inhibitor is added throughout reactor 200
to reduce pol yneri zati on. The liquid bottom stream fromreactor 200,
whi ch contai ns heavies and catalyst, is recycled via line 9 to reactor 100.
The bottom stream fromreactor 200 is richer in catalyst gagd.asayhgs than
react or 100Y0P¥528Moul d al so be noted that the inhibitor concentration is

al so greater than in the first reactor, due to the cycle of the heavies

bet ween reactors 100 and 200. A purge fromthis recycle stream can be taken
via line 10. The uni que reaction system of3lour process allows for the
recycle of heavies, catalyst and inhibitors. In conventional processes the
entire heavies streamcontaining the inhibitors is typically discarded.
Thus the processes of this invention enable | ower catalyst and inhibitor

usage and reducediimbh Fher TR 4ebRANRIIRARn cojymn saF Il hoBieH ol  vat o

and |ights are renov as a vapor tromreactor via line 14
to an internedi ateonventionalfenginéexing praiction and canmse packifigeorntraysr Theur pose

f distillati I 220 is t coyer butyl .yl at tLally f
of acrylic acid, Pessemnerangs ot dstllahoncobintn 3D B aboutSABTORENS pur pose

is to recover watgfesivedf dbduf BOO REHHET04War £6¥elte). 200 due to the heat
load in the reactor 200 and the cal andria 210. The overhead from

distillation col um 270h¢ tailsfoattienifromesplitiay distillation eelnenam8d0 isepar at or
230, dth t . & Q00 PRYe dt
The top of |t he. o SpeCyia ne’s Bodiy0Ru8, cblmPaSAT ColiaPSadkipdiBiad "¢ 1

)i

J U

organi ¢ phase is tistailsifhadtiondin®o 4N osefhichatl @tredns bf butdl acrlaty awda3iils
stream of heavies. The tails stream is recycled via line 8 to either or
both of reactors 100 and 200 or is recycled to the distillation columns
(not shown). The tails stream also contains inhibitors which, as

described earlier, are desirably recycled. The column design is

consistent with conventional engineering practice and can use
packing or trays. The base temperature of the column is about 100°C
with a pressure of about 100 mmHg (0.2 bar absolute).

Employing the process of the present invention, a butyl
acrylate product can be produced having the preferred composition as
described in Table 8, above. Acrylates with such low levels of lights,
especially dibutyl ether, exhibit significantly reduced odor as
compared to commercially available acrylates and enable the
production of unexpectedly high quality product from lower quality
feedstock. This combination of improved quality and lower
production cost has not been heretofore appreciated. Moreover, this
invention enables the production of large quantities of butyl acrylate
of a quality heretofore unavailable; i.e., commerical quantities of
butyl acrylate in amounts of at least 10,000 1bs (avoir). Utilizing the

process of the present invention, commercial scale quantities of butyl



- 30- . The base of colum 220 is heated. The top of colum 220 may be at a
pressure of 300 nmHg absol ute (about 0.4 bar absolute). The liquid at the
bott om of col um 220 contai ns about 60 wei ght percent water and 40 wei ght
percent organics (nostly acrylic acid). This bottons fraction is returned
via line 15 to reactor 200. This recycle step assists in ' laQdA0 a
wat-er concel?P¥®¥n of about 1 wei ght percent in reactor gggﬂkﬁkﬁhﬂTh feed
for splitter distillation columm 310 is the organic streamfrom

di stillation colum 220, which consists nmainly of butyl acrylate along with
some butanol, lights, and heavies. The pBZose of splitter distillation
colum 310 is, as described earlier, to separate the streaminto a tails
fraction containing butyl acrylate and heavies, and an overhead stream of
but anol, butyl acrylate, and lights such as dibutyl ether and butyl

acetate. The tai idt@%&&&[ht%%hﬂﬁ?ﬂ&ﬁ&ﬂ%&ﬂe p&fer¥ld Bhlpdsitsti agomponent s.

The columm design I's consistent wth conventional engi'neering practice and
can use packi ng reportedyin thesecdridscobmbodif fable 81 ahwveabet aleogandimore of t he

splitter distillati.on,colum,310 i s .about,.12Q[e C, Wi [ ure of

about 400 mrHg (Brefegh y’£‘5§8fﬁt°85‘1:p°m °_nWh"fﬁéL Bgé%gggtd]g‘ftra%g’ﬁ%sfom splitter
distillation col 4Fglatédndconbaifid nbEthove dhah BBowt 2060 phm ButyRéther, aed um 320.
Distillation colum 320 separates the overhead streaminto a tails stream

consisting essemorathan abowi 0 prm dvdyinnejateanet mere thaniabontolQd head
scetate. The || ghn WHARbY, Bnlchmdrt bt abRE 200 pBtHiaiof (RBughY 1Y)
tails streamis prpjeietds)ar, most poeforalily)is atiledetro9@wbel hutyl acdsteor s

and contains not more than about 150 ppm butyl ether, not more

than about 50 ppm butyl acetate, not more than about 60 ppm

butanol, and not more than about 200 ppm heavies (excluding

propionates). '

The following examples are intended to illustate one or more,

but not all, embodiments within the scope of the present invention.

Example 1
An embodiment of the invention employing two reactors was

demonstrated using two 7 L reactors. Parenthetical reference to
.elements recited in Figure 1 is included merely to further illustrate
the operation of this embodiment of the invention; however, this
example includes variations of the process not illustrated in Figure 1
but which are fully envisioned by the invention as heretofore
described. All quantities of materials and reaction products are
approximate, resulting in a mass balance being about +5%.
589 g/h of acrylic acid and 580 g/h of n-butanol were feed

continuously to a first reactor (100}, along with a 136 g/h stream (via
6) containing recycle butanol and inhibitor, and a 187 g/h recycle



-31 - 100 and 200. The design of distillation colum 320 is consistent
wi th conventional engineering practice. and can use packing or trays. The
base tenperature of distillation colum 320 is about 800C with a pressure
of about 300 mmHg (0.4 bar absolute). The tails fraction from

splitter distillation colum 310 is supplied vialine 4t C'%§J7/0h§§t'on
col umm. 330.WQ8%/328%4_330 separates the tails fraction into n overhead stream

of butyl acrylate and a tails streamof heavies. The tails streamis
recycled via line 8 to either or both of reactors 100 and 200 or is
recycled to the distillation colums (not38hown). The tails stream al so
contains inhibitors which, as described earlier, are desirably recycled.
The col unm design is consi stent with conventional engi neering practice and
can use packing or trays. The base tenperature of the colum is about

100[err] C with aswmmesghoa@a%c&mm (ﬁmﬂoheﬁnﬁ@é&ﬂdlﬁ%

Enpl oyi ng the process e present invention, a buté acryl ate product

can be produced [vas ingrodueed rlnt!ethes@ﬁé@ﬁ%ﬂﬂéﬁa%"fd deserme dhedfirshbl e 8,
above. Acrylates {,«J‘ré&gﬂ@e@“’%g v&lhﬂgdf%sufem‘?ﬁltﬁéw q%blbf&-yé et her,

exhi bit 5|gn|f|c conpare R i TRARA aval | abl e
acryl ates and enqieh-ibdtdfe ubrsnmmtslactra temperatipecfd2d\C hndlatmbaj)héryc pr oduct

fromlower quality feedstock. This c I.nation of inpro ty and
| ower production Rressurgo & YﬁROrWE’@MEEEﬂBMt@rm&ﬁF%%P‘X%W&% this
i nvention enabl es.eb xR, eg]gleﬁ%‘lﬁgt%thﬁ&ﬁ é&l{ﬁﬂh'(ﬁtﬁsc&ﬁdeﬂé&d%?acry' ate of a

qual ity heretofore unav commer i cal quantities but yl
acrylate in anourﬂecantedatThmanicome@ﬂ'dmtbadecax)termslremmgdtth@process

of the present | nyephion, Somer glwa%eczallaﬁas%%nt' Lo Ofte?-le;vﬂsentto

anqther distillation column (not illustrated in Figure 1) at a rate of

144 g/h for further treatment, and the organic material contained in
this stream was recovered and returned at a rate of 15 g/h to the first
distillation column. A 1332 g/h liquid stream was also removed (via :
1) from the first reactor and supplied to the second reactor.
The second reactor contained 3.5 L of liquid resident in the

reactor for a period of 2 to 3 hours at a temperature of 133 C and
pressure of about 350 mm Hg absolute. Air was added to the second
‘reactor at a rate of 94 scem. Besides the liquid stream supplied from
the first reactor, dodecylbenzene sulfonic acid (DBSA) diluted in butyl
acrylate was added periodically at a rate that would equal 56 gh on a
continuous basis. A purge stream (via 10) was removed periodically
from the second reactor at a rate that would equal 23 glhon a
continuous basis. A vapor stream was removed from the second
reactor and was introduced into a distillation column (220). The
distillation column was operated at a head temperature of 72 C and
pressure of 300 mm Hg. Air was added to the base of the distillation
column at a rate of 94 scem. Part of the bottoms distillation column’s



-32 - acrylate product exhibit not only the preferred conposition as
reported in the second columm of Table.8, above, but al so, and nore
preferably, are of a conposition which is at |east 99.8wm % butyl acrylate
and contains not nore than about 200 ppm butyl ether, not nore than about
100 ppm butyl acetate, not nore than about 100 ppm but ano nor e
than.aboutV§@ﬂmﬁﬂm heavi es (excl udi ng propi onates) and, n%g?@ggé g&abLy, is
at least 99.9wm % butyl acrylate and contains not nore than about 150 ppm
butyl ether, not nore than about 50 ppm butyl acetate, not nore than about

60 ppm butanol, and not nore than about Ppm heavi es (excl udi ng

pr opi onat es) . The followi ng exanples are intended to illustate one or
nore, but not all, enbodinments within the scope of the present invention.
Exanmple 1° An enbodi nent of the invention enploying two reactors was

denonstrat ed usi ngotterd streani 648 BY s redydied Aba ratd) o1 2Y ghaodhettop of thent s
recited in Figure_ 1l is included nerely to further, illustrate the operation

I
of “this embod mendieGliating cplnFew oA StiRae peRteined utrk ARl cbo FALh s
vari ations of theixﬂﬁﬁﬁﬁsémi‘ﬁ&aﬁ ’?E&dﬂﬁaﬂ:e&?%ggstﬂeﬁtcom&ﬁ re fully

envi sioned by the i1nvention as *heretofore descr quantiti es of
mat eri al s and r eaatnylic apidd¢isxc 15) wasranpveakfroni the hase of thendistillatioms s

bal ance bei ng about, 5% 9 g/h of ;acrylic,acid a 0,9/ of
n-butanol were fe “ﬁﬂ%ﬁﬁ%@ﬁg%&ﬂ%sﬂwr@ EPBF”P%G?&%B% R¥ a 136
g/ h stream (via 6iyag@Bindvéd fiond e/ opofidistilatioPéfuind) chhddiiseddnd 2 187 g/h

recycl e

decanted. A portion of the organic phase, containing about 90 wt%
butyl acrylate, was returned to the distillation column at a reflux to
distillate ratio of 0.4 g/g, and a portion of the water phase was
returned to the distillation column with a reflux to distillate ratio of
49.5 g/g. The remainder of the water phase, 19 g/h, was periodically
returned to either the base of the distillation column ensure water
was present to azeotrope the product out of the second reactor (200)
and to keep the catalyst active, or sent to another distillation column
(not illustrated in Figure 1) for further treatment. The remainder of
thc;, organic stream, 1140 g/h, can be sent to a splitter distillation
column (310) to produce, ultimately, essentially pure butyl acrylate.
The feedstock and stream compositions are reported in Table 9,

below.



-33 - stream (via 9) froma second reactor (200) containing catalyst.
Air was introduced into the first reactor at a rate of 9.4 sccm The first
reactor contained a 3.5 L liquid volune resident in the reactor for a
period of 2 to 3 hours at a tenperature of 129 C and at nospheric pressure.
A vapor strgﬁgk%%%n in water was renoved fromthe first reactor, sent to a
first-distil 8ol uim (120), condensed and decant ed. TREVISYAB$4 phase
fromthe decanter was returned to the §'sti||ation colum. The water phase
fromthe decanter was sent to another dFstillation colum (not illustrated
in Figure 1) at a rate of 144 g/h for further treatnent, and the organic
material contained in thig sgreamwas recovered and returned at a rate of
15 g/h to the first distildation colum. A 1332 g/ |iquid streamwas al so

renmoved (via 1) fromthe t we@cwor Frff suppli e t oz he second reactor.
The second reactor contali 3.8 J/f Iwguid resi dént In the reactor for a
period of 2 to 3 hours at enperature of 133 C ahd pressure of about 350

nm Hg absolute. Air was de¢l to the second reactor at a rate of 94 sccm
Besides the liquid streanmsupplied fromthe first Epactor, dodecyl benzene
sulfonic acid (DBSA) dilu i ngghgt 3 agr%lgtgeg\@qaddgd periodically at a
rate that would equal 5 g n & &adgt i rugcgs:;lg;\s,:g'gé\ per ge stream (via 10)
was renoved periodically $#romthe second Teactor at* a rate that woul d equal

23 g/h on a continuous bagSis| A vapor streamwas renoved fromthe second
reactor and was introducel i pto a distillation colyum (220). The
distillation colum was o teR® Fra @@gg@ﬂ?mra\of 72 C and pressure
of 300 Mm Hg. Air was add c&!ob‘he‘ddase:i@&lafvdg‘sgllﬁtion colum at a
rate of 94 sccm Part of gghejbottons distillation Tolum's
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-34- . bottomstream (via 8) was recycled at a rate of 22 g/h to the top

of the distillation colum. The stream contained butyl acrylate with dilute
i nhibitor and heavy inpurities. A water rich streamcontaining acrylic acid
(via 15) was renoved fromthe base of the distillation colum and recycled

to the second reactor at a rate of 1131 g/h. Vapor was re the top
of distillaWOW¥R¥Pum, condensed and decanted. A porti onngélﬁg%g)’og%ani C

phase, containing about 90 wt % butyl acrylate, was returned to the
distillation colum at a reflux to distillate ratio of 0.4 g/g, and a
portion of the water phase was returned t#&he distillation colum with a
reflux to distillate ratio of 49.5 g/g. The remai nder of the water phase,
19 g/h, was periodically returned to either the base of the distillation
colum ensure water was present to azeotrope the product out of the second

reactor (200) and to mﬁmmg&adrghﬂﬁtsn%hu&ta%ng%buﬁsombﬁfyl

distillation colum (not illustrated in Fiqure 1) for further treatnent.
The remai nder of 4%19&9 Geini2 was fed to the middierof splitter distillationoeaduem it t er
distillation col

acrylate. The fee toc% ld&g?%ggrun&gglr?;é@é#@%&r‘é&ahﬁgﬁ%%??%%&ﬁyﬁg butyI

bel ow. of the splitter distillation column at 53 g/h and air was introduced at

the base of the splitter distillation column at a rate of 355 scem. The
splitter distillation column was operated at 150 mm Hg absolute head
pressure and 71 C head temperature. Butanol, butyl acrylate and
light impurities were removed over head, and butyl acrylate with
heavy impurities was removed from the base of splitter distillation
column. The overhead from the splitter distillation column was
condensed and decanted. A portion of the organic phase was
returned to the column at a reflux to distillate ratio of 11.7 g/g and
the remaining organic phase was sent (via 3) to a lights distillation
column (820) at a rate of 113 g/h. The total water phase from the
decanter can be sent to another refining column (not shown in Figure
1) at arate of 1 g/lh. From the bottom of the splitter distillation
column, a stream was removed (via 4) at an 1110 g/h rate and
supplied to a bottoms distillation column 330.

The lights distillation column (320) was operated at 150 mm

- Hg head pressure and a head temperature of 55 C. A butyl acrylate

stream containing inhibitor was fed to the top of the lights distillation
column at rate of 6 g/h and air was introduced to the base column at a
rate of 30 sccm. A vapor stream concentrated in light impurities was
removed over head from the lights distillation column and a butanol
rich steam was removed from the base of the lights distillation

column. The vapor stream was condensed and decanted to yield an



-35-. J[err] -36 - The
1140 g/ h organic stream contai ning about 90 w % butyl acrylate (via 2) was
fed to the mddle of splitter distillation colum 310. A butyl acrylate

stream contai ning inhibitor was fed at the top of the splitter distillation

colum at 53 g/h and air was introduced at the base of th '
di stil.l at i-(WPg%ﬁz?ﬂ’in at a rate of 355 sccm The splitter dl?cs?%*}ao%ﬁgn col umm

was operated at 150 mm Hg absol ute head pressure and 71 C head tenperature.
But anol, butyl acrylate and light inpurities were renoved over head, and
butyl acrylate with heavy inpurities was- $€noved from the base of splitter
distillation colum. The overhead fromthe splitter distillation colum was
condensed and decanted. A portion of the organic phase was returned to the
colum at a reflux to distillate ratio of 11.7 g/g and the renai ning

organi ¢ phase waérgadidé phadedant) waterd Alpitiondf the brganiophasel amhwabel0) at a
rate of 113 g/h. The total_ water phase fromthe (ﬂec nter can be sent to
anot her refini ngWeEe o qti‘%ﬁﬁ%’xl gtilaterationt 46.68/g. From

the bottom of t h?.‘hﬁﬁ'hﬁfaiﬁhg%&%{' Blod B4 decanter can be sent to another

refining column (not shown in Figure 1) at arate of 2 g/h. The
remainder of the-organic phase from the decanter is purged from the
system at a rate of 4 g/h (via 5). The butanol rich stream from the
bottom of the lights distillation column was removed (via 6) at 136 g/h
can be returned to either or both of the first or second reactors.

The bottoms distillation column (330) was operated at 20 mm
Hg head pressure and a head temperature of 53 C. Two butyl
acrylate streams containing inhibitors were fed to the top 6f the
column at rate of 5 g/h each, and air was introduced to the bottom of
the column at a rate of 83 sccm. Vapor from the top of the bottoms
distillation column was condensed and refluxed back to the column at
a reflux to distillate ratio of 0.2 g/g. From the bottom of bottoms
distillation column a stream was removed (via 8) at 59 g/h and can be
recycled to either or both of the first or second reactors. From the top
of bottoms distillation column (via 7) 99.9 wt% butyl acrylate was
removed at 992 g/h.

The compositions of key streams taken from the reactor and
distillation columns are reported in Table 10, below.



colum, a streamwas renoved (via 4) at an 1110 g/h rate and supplied to a
bottons distillation colum 330. The lights distillation colum (320)
was operated at 150 mm Hg head pressure and a head tenperature of 55 C. A
butyl acrylate stream containing inhibitor was fed to the top of the lights
di stillatio%col um at rate of 6 g/h and air was introduced to the base

col um -at a Yate*P 30 sccm A vapor stream concentrated i RETPpAp0ss4
inmpurities was renoved over head from_ége lights distillation colum and a
butanol rich steamwas renoved fromthé& base of the lights distillation -
colum. The vapor stream was condensed and decanted to yield an

-37 - organi ¢ phase and water. A portion of the organic phase and water
were returned to the colum at a reflux to distillate ratio of 46.6 g/g.
The remai ning water fromgjhel decanter can be sent to another refining
colum (not shown in Figuge [l) at a rate of 2 g/ h. The renuminder of the
organi ¢ phase fromthe dggﬁn elgis pH Ed fr@®theysystemat a rate of 4
g/h (via 5). The butanol _giB: b1 ean®@ =bm t hei ot t'8m of the |ights
distillation colum was @ ed (via 6) at 136"'g/h can be returned to
either or both of the fi nst pr second reactors. The bottons
distillation colum (330) qQperatgg at 20 nm Hg head pressure and a head
tenperature of 53 C. Two 5@ I c,crylge stre ccggtai ning inhibitors were
algrategbf 5 g/8 ach® and air was introduced

fed to the top of the col
to the bottomof the col t arat® of 83 scTm Vapor fromthe top of the

bottons distillation col gm s condensed and refluxed back to the columm
at areflux to distillate§r° io '_f' 0&:02 g/g. Frgmthe bottom of bottons
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distillation colum a streamwas renoved (via 8) at 59 g/h and can be

recycled to either or both of the first or second reactors. Fromthe top of
bottons distillation colum (via 7) 99.9 w % butyl acrylate was renoved at
992 g/ h. The conpositions of key streans taken fromthe reactor and

distillation colums are reported in Table 10, bel ow.
-38-. . [ eVP]98/52904

P_ngl S_97108814

Exanpl e 2

-89 -

Example 2

576 g/h of acrylic acid and 599 g/h of n-butanol are feed
continuously to a first reactor (100), along with a 137 g/h stream
(Stream 6) containing recycle butanol and inhibitor, and a 156 g/h
recycle stream (Stream 9) from a second reactor containing catalyst.
The first reactor (100) contains 3.5 L liquid resident in the reactor for
a period of 2 to 3 hours at a temperature of 129 C and atmospheric
pressure. A vapor stream rich in water is removed from the first
reactor, is sent to a first distillation column, and is then condensed
and decanted. The water phase is sent to another distillation column
(not illustrated in Figure 1) for further treatment, and the organic
phase is returned to the first distillation column. A 1339 g/h liquid
stream (Stream 1) is removed from the first reactor and is supplied to
the second reactor.

The second reactor (200) contains 3.5 L liquid resident in the
reactor for a period of 2 to 3 hours at a temperature of 133 C and
pressure of about 350 mm Hg absolute. Besides the liquid stream
being fed from the first reactor, dodecylbenzene sulfonic acid (DBSA)
diluted in butyl acrylate is added at a rate of 3 g/h. A recycle stream
(Stream 10) is removed from the second reactor at a rate of 27 g/h. A
vapor stream is removed from the second reactor and is introduced
into a distillation column. The distillation column is operated at a
head temperature of 72 C and pressure of 300 mm Hg. A water rich
stream containing acwﬁc acid (Stream 15) is removed from the base
of the distillation column and is recycled to the second reactor at a

rate of 1061 g/h. Vapor is removed from the top of distillation column,



576 g/ h of acrylic acid and 599 g/h of n-butanol are feed continuously to a
first reactor (100), along with a 137 g/h stream (Stream 6) contai ni ng
recycl e butanol and inhibitor, and a 156 g/h recycle stream (Stream 9) from
a second reactor containing catalyst. The first reactor (100) contains 3.5
L liquid resident in the reactor for a period of 2 to 3 h /08814

t enper at ur eWE9843994.C and at nospheric pressure. A vapor streamrich I n water
is renmoved fromthe first reactor, is sent to a first distillation colum,
and is then condensed and decanted. The 2@ er phase is sent to another
distillation colum (not illustrated in Qnre 1) for further treatnent,
and the organic phase is returned to the first distillation colum. A 1339
g/h liquid stream (Stream 1) is renoved fromthe first reactor and is '
supplied to the second reactor. The second reactor (200) contains
3.5 L liquid resiandid then ¢dndensed and decantad p & partionfof the organiophasegt a

| U d st r eam bePRIaIRAE O DHaFt P ALLHIEt 1S TR o chelenPDn ¢
i quid stream be , ni ¢
aci d (DBSA) di Upgemd) "PHE ¥emBshderdf Shieorgahit dtitand 1181 ¢/Kfis dellt tb a A
recycle stream (Stream 10) 1s renoved fromthe second reactor at a rate of

27 g/ h. A vapor sphierdistillagiomceluandmprbduces uliimatelyicessentinllly pure nt r oduced

into a di stiIIatbg;é'lcol np% The distillation columm is operated at a head
tenperature of 7 aar?ﬁyliﬁ ssure of 300 M Hg. A water rich stream

containing acrylic acTHe(361¢Aoddanit streeni(Berkalni 2)istfed tb theniddle s
distillation colum and is recycled to the second reactor at a rate of 1061

g/ h. Vapor is reftboeplittendistille olgmy; dhe gplittes distillation column is
-40 - operated at 150 mm Hg absolute head pressure and 71 C head

temperature. Butanol, butyl acrylate and light impurities are
removed over head, and butyl acrylate with heavy impurities is
removed from the base of splitter distillation column. The overhead
from the splitter distillation column is condensed and decanted. A
portion of the organic phase is returned to the column and the
remaining organic phase (Stream 3) is sent to a lights distillation
column at a rate of 143 g/h. The total water phase from the decanter
is sent to another refining column at a rate of 3 g/h. From the
bottom of the splitter distillation column, a stream (Stream 4) is
removed at an 1005 g/h rate and is supplied to a bottoms distillation
column 330. '

The lights distillation column (320) is operated at 150 mm Hg
head pressure and a head temperature of 55 C. A vapor stream
concentrated in light impurities is removed over head from the lights
distillation column and a butanol rich steam is removed from the base
of thelights distillation column. The vapor stream is condensed and
is decanted to yield an organic phase and water. A portion of the

organic phase and water are returned to the column. The remaining



and js then condensed and decanted. A portion of the organic phase,

cont ai ni ng about 90 wt % butyl acrylate, is returned to the distillation
colum. The renmi nder of the organic stream 1151 g/h, is sent to a
splitter distillation colum to produce, ultimately, essenti al | y pure butyl
acryl ate. The 1151 g/ h organic stream (Stream 2) c{'x%js Ppe m ddl e
of .the spl WABVSMWAstillation colum. The splitter di stll ion colum.is
operated at 150 mm Hg absol ute head pressure and 71 C head tenperature.

But anol, butyl acrylate and light inpurities are renoved over head, and
butyl acrylate with heavy inpurities i s-#tmoved from the base of splitter
distillation colum. The overhead fromthe splitter distillation colum is
condensed and decanted. A portion of the organic phase is returned to the
colum and the remaining organi c phase (Stream3) is sent to a lights
distillation colwdter flomptHecdcRafferlid delt to andthef fifilinpRblRimm B &aats oM t he
decanter is sent to another refining colum_at a rate of 3 g/)h. Fromthe
bottom of the s@A&ht g}hemﬂl‘iﬂ‘tq dhe ovgania phas %ﬁ‘P@aﬁhe(@cﬁBEﬁﬁlﬁ) is renoved

at an 1005 g/ h r, t I | uim 330.
The |ights di stllﬁ&g I on c %%g)a]{%égg‘g ﬁgb&gaﬁgad pressure
and a Pead tenpﬁdisﬁdmmKS&EaﬁGQmmheb@tml ?fﬂmrlﬂ @mst lldmtﬂt tation | i ght .
inpurities is renpved,over ) Sedistillati nco m and a
but anol 11 ch st SRR if B @heniisaShirne, 55 pithat o BROG SRR | on
colum. The vap@rsebs §26h sesRdensed and is decanted to vyi eI d an organic

phase and water. A portion of the organic phase and water are returned to
the colum. The renaiThierhpttoms distillation column is operated at 20 mm Hg head -41-

pressure and a head temperature of 63 C. Vapor from the top of the
bottoms distillation column is condensed and is refluxed back to the
column at a reflux to distillate ratio of 0.2 g/g. From the bottom of
bottoms distillation column a stream (Stream 8) is removed at 7 g/h
and is recycled to either or both of the first or second reactors. From
the top of bottoms distillation column 99.9 wt% butyl acrylate is
removed at 998 g/.

The compositions of key feedstocks, and compositions of
reaction and product streams taken from the reactors and distillation

columns, are reported in Table 11, below.



water fromthe decanter is sent to another refining colum at a rate of 2
g/ h. The remai nder of the organic phase fromthe decanter is purged from
the systemat a rate of 4 g/h (Stream5). The butanol rich stream (Stream
6) fromthe bottomof the lights distillation colum is renoved at 137 g/h
and is ret either or both of the first or second r?ﬁﬁhﬁ%ﬁm
The-bottons di'still-ation colum is operated at 20 nm Hg hea press fe and a
head tenperature of 53 C. Vapor from tfpe_top of the bottons distillation
coltum is condensed and is refluxed back to the colum at a reflux to
distillate ratio of 0.2 g/g. Fromthe bottom of bottons distillation colum
a stream (Stream 8) is renoved at 7 g/h and is recycled to either or both
of the first or second reactors. Fromthe top of bottons distillation
colum 99.9 wt % butyl acrylate is renoved at 998 g/ h. The
conpositions of key feedstocks, and conpositions of reaction and product
streans taken fromthe reactors and distillation colums, are reported in

Tabl e 11, bel ow. « |- 42 -
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refining an acryl ate
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the process conprising the steps of:

streaminto a ig&htter

cont ai ni ng
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distillation colum to provide-an overhead -~ =~ * JSIB 0 TS BEE
conprising ether, acetate, acryjn?tﬁeetﬂasBeenReplaced and al 1§| gﬁ_ﬁ?ga T !

bottons fraction 10 yl ate and —
b. wi thdrawi ng fromthe splitt mm muwlﬂ“h col umm t he
bottons fraction: and g heavies 8(ii‘,bottom

fracti.ons. M&%52904 5 The process of claim 1 wherein t e acr ate
containing streamis a butyl acryl ate-containing stream corrpri si ng
butyl acrylate, dibutyl ether, butyl acet at e, heaw es-and but anol..

3. The process of claim?2 wher ei n step %-is

I ntroducing the bottons fraction into a butyl a M’ mg B,i!l on
colum to provide an over head product contai ni ng uteyl Lach

25 bott om product contai ni ng heavies, and w thdraw ng fromthe
butyl acryl ate GWEICLARM on colum the over head product. 4.
The process of claim 3, further conprising the 30 steps of:

d. withdrawing fromthe splitter distillation colum the

overhead fraction; agd ;A process for Fefinink 3UHuR§H r?’ﬂat&lb%nﬁﬁiﬂﬂyfﬁgeirham ion

into a but'anol recovery dIStI|| I on colum
produce an over tmmprmngbtmd(acpylate wgbutyl ether, butyl acetade,timayieseambr and

butyl acetate arigj tanol the process com b'OtgttR tesl}sro%am conpri sing butanol; and

a. introducing said stream into a splitter distillation
column to provide an overhead fraction comprising dibutyl
ethér, butyl acetate, butyl acrylate and butanol and a bottoms
fraction comprising butyl acrylate and heavies; _

b. withdrawing from the splitter distillation column the
bottoms fraction; and

c¢. separating heavies from said bottom fraction.

2. 'The process of claim 1 wherein step c. is accomplished by
introducing the bottoms fraction into a butyl acrylate distillation
column to provide an overhead product containing butyl acrylate and
a bottom product containing heavies, and withdrawing from the butyl

acrylate distillation column the overhead product.

8. The process of claim 2, further comprising the steps of:

d. withdrawing from the splitter distillation columm the
overhead fraction; and

e. introducing the overhead fraction into a butanol
recovery distillation column to provide an overhead stream
comprising dibutyl ether and butyl acetate and a bottoms

stream comprising butanol; and



- 45- , f. wthdraw ng..-fromthe" but anol recover
distillation colum the bottons stream . A proc¥$ﬁﬂ$ SHEERHAS BEEN

production of butyl acrylat ermsSheetH ng the steps of REPLACEDg
reacting in at |east one reac ‘\ acrylic
aci d-contai ni ng feedstock w t but anol pepRisedabig

f eedst ock- WO 9fPP¥Pice a butyl acryl ate-contai ni ng product_
stream 10 conprising butyl acryl at e, dibutyl ether,

butyl acetate, heavies and butanol ; . int ﬁ“mmH MH H“!Euct
streaminto a splltter d?‘éflllatlon co

overhead fraction conprising dibutyl ether, 15 butyl acet at e,
butyl acrylate and butanol and a bottons fraction

conpri sing butyl acryl ate and heavi es;

-46 - c. wift hdwithdrgwing fironh the bitamobrecoveny distillationc ol urm t he
bottons fraction; 1 ﬂl}(ﬁa ar tlng heavies from said bottom
fraction; golump the Fthe splitter distillation colum
t he

4. A process for refining an acrylate containing stream
comprising ether, acetate, heavies and alcohol, the process comprising
the steps of: ' |

a. introducing said stream into a splitter distillation
column to provide an overhead fraction comprising ether,

acetate, acrylate and alcohol and a bottoms fraction comprising

acrylate and heavies;
b. withdrawing from the splitter distillation column the
bottoms fraction; and

c. separating heavies from said bottom fractions.

~ b. A process for the production of butyl acrylate, comprising
the steps of:

a. reacting in at least one reaction zone an acrylic acid-
containing feedstock with a butanol-containing feedstock to
produce a butyl acrylate-containing product stream comprising
butyl acrylate, dibutyl ether, butyl acetate, heavies and
butanol; .

b. introducing said product stream into a splitter
distillation column to provide an overhead fraction comprising
dibutyl ether, butyl acetate, butyl acrylate and butanol and a
bottoms fraction comprising butyl acrylate and heavies;



over head fraction; and : |ntrodu01ng t he overhead fraction into

a but anol recovery distillat | on col u pI’OVI de an overhead stream
conpri sing dibutyl ether and mmm a bottons stream

conpri si ng butanol; oT’h t he butanol recovery
distillation colum the b0ttbms st ream and pc1jfbs9 p{ ving at
| east. a por MOS0t he bottom streamto said at |east one react i on
zone. 6. The process of claimb5, wherein there are at | east two

reaction zones, at |east one of 'such reactjon zones maintaining conditions
under which at |east a portion of the hea#Bes are able to be cracked, and

wherein at | east a portion of the bottons streamis supplied to said at

| east one reaction zone nmintaining such conditions. 7. At | east
ten thousand pounds (avoir) of a butyl acrylate product conprising at | east

99. 8w % butyl acryl ate an€. comthdriwiggfedmthe aplitten distillaticdOéblypmm thet v
et her and not nore than about 200 ppm butyl acetate.

-47 - 8. THRottoms draghion;| at e product of claim 7 wherein the
product further contains ot gypppatiiirHesies frofl SailbbttRe fiation;

e. withdrawing from the splitter distillation column the
overhead fraction; and

f.  introducing the overhead fraction into a butanol
recovery distillation column to provide an overhead stream
comprising dibutyl ether and butyl acetate and a bottoms
stream comprising butanol;

g. withdrawing from the butanol recovery distillation
column the bottoms stream; and .

h. supplying at least a portion of the bottom stream to

said at least one reaction zone.

6. The process of claim 5, wherein there are at least two
reaction zones, at least one of such reaction zones maintaining
conditions under which at least a portion of the heavies are able to be
cracked, and wherein at least a portion of the bottoms stream is
supplied to said at least one reaction zone maintaining such

conditions.

7. At least ten thousand pounds (avoir) of a butyl acrylate
product comprising at least 99.8wt% butyl acrylate and containing
not more than about 200 ppm butyl ether and not more than about
200 ppm butyl acetate.



(excl uding propionates). : The but yl acryl at e product of claim?7

conprising at |east 99.9w % but yI acr : The butyl
acryl ate product of claim?9 \“mm \ l\s &% cont al ns not nore than
about 150 ppm butyl ether and m out 150 ppm butyl acetate.
WO 98/52904 PCT/US97/08814
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8. The butyl acrylate product of claim 7 wherein the
product further contains not more than about 200 ppm heavies
(excluding propionates).

9. The butyl acrylate product of claim 7 comprising at least
99.9wt % butyl acrylate.

10. . The butyl acrylate product of claim 9 wherein the
product contains not more than about 150 ppm butyl ether and not
more than about 150 ppm butyl acetate.



