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REMOVAL PROCESS FROM AN ACRYLATE STREAM Field of the Invention This
invention relates to an improved process for producing acrylic esters. More
5 particularly, this invention provides a method for removal of sulfur from
an acrylate stream. The sulfur is typically in the form of an alkane
sulfonic acid compound, and is generally used as an acid catalyst for the
esterification reaction. This acid catalyst may be efficiently recovered,
recycled, and reused via the disclosed process. 10 BACKGROUND OF INVENTION
Esterification reactions for the production of acrylic esters are well
known in the art. The esterification generally involves the reaction of an
(meth)acrylic acid and alcohol having 4 or more carbon atoms, in the
presence of a strong acid catalyst to produce the corresponding desired
ester. US 5,386,052, herein incorporated by reference in its entirety)
describes the 15 reaction generally, and claims a process for producing
acrylic or methacrylic esters. Examples of acids employed in the reaction
process include, but are not limited to sulfuric acid, ptoluenesulfonic
acid. benzenesulfonic acid, xylenesulfonic acid. naphthenesulfonic acid,
methanesulfonic acid. ethanesulfonic acid, and the like. These strong acids
must be removed from the reaction liquid after the reaction is completed.
'The acid then must be disposed. 20 Currently, a11 methods of disposal have
an environmental impact. One method is to dilute the acid with water.
Thereafter the water must be treated and disposed. Accordingly, the acid
must also be separated from the water and disposed, usually by
incineration, or recovered. US `052 also describes a method for the removal
of the acid whereby the reaction liquid {containing a predominantly desired
ester product which is water insoluble) is extracted with 25 water,
separated from the aqueous solution containing the acid catalyst. and
recycling the aqueous solution. Also described in US `O52 is a method for
removing the strong acid in which the reaction liquid is treated with an
aqueous alkaline solution for neutralization (Japanese Laid-Upen Patent
Publications Nos. 243046/198G, 34965/l 991 and 230240/1992). According to
this method. a 30 large amount of alkali is needed for effecting a
sufficient neutralization. Moreover, it is very difficult to separate and
recover the acid catalyst and unreacted acrylic or methacrylic acid from
the aqueous alkaline solution after the treatment and. therefore. the
aqueous alkaline solution    3 Q A PR 2002 WO 99I23059 2 PCT/U598/2! 547
must be disposed as a waste after the treatment. A drawback of this method
is the production of a large amount of waste water which contains a high
concentration of potentially harmful organic acid salts. Due to the above
drawbacks, it is desirable to remove as much sulfur containing 



5 compounds from process steams as possible, so as to minimize
environmental impact(s). It is also desirable to recover and reuse the acid
catalyst so as to reduce the overall costs involved in the esterification
reaction, as well as reduce the labor and expense involved in any acid
disposal. SUMMARY OF THE INVENTION 10 In the esterification reaction to
produce 2-ethylhexylacrylate (2-EHAcA), acrylic acid (AA) and
2-ethylhexanol (2-EHOH) are reacted in the presence of a catalyst;
generally methanesulfonic acid (MSA) and solvent such as cyclohexane,
toluene, benzene and the like. These solvents form a low boiling azeotrope
with the water formed during the esterification reaction. MSA may be
recovered by a water extraction process during the course of the 15
esterification reaction. The MSA phases out of the reaction and may be
extracted by the water of reaction formed in-situ. The reaction product
stream is allowed to contact and mix with water. The mixture is then
directed into a decanter for phase separation. A separable phase is formed
between the water/MSA phase and the organic stream from the acrylate
reaction process. The MSA/water 2U phase is then recycled to the
esterification reaction process. The recovery process may also employ other
mechanic equipment such as a continuous stirred tank reactor (CSTR) or an
static in-line mixer (SILM) to achieve the organic/ water mixture. Although
this process is discussed in terms of recovery of MSA and the reaction to
form 2-EH acrylate. it can also be employed for the recovery of other
acids, particularly other sulfuric acids in the reaction to form other 25
(homology esters. In one aspect, the present invention is directed to a
process for the removal of sulfur (r0111 au acrylate reaction product
stream comprising: (a) contacting in a reactor (methlacrylic acid with an
alcohol in the presence of a sulfonic acid catalyst and solvent to form a
reaction mixture containing the corresponding ester reaction 3U product,
water. solvent. and residue byproducts; (b) allow the reaction mixture of
(a) sufficient time to form a two phase system comprising as phase ( 1 )
acid catalyst/water. and as phase (2 ) reaction product. acrylic ester,
solvent, heave   3 0 APR 2002 WO 99/23059 PCT1US98/21547 ends, and
oligomers; and, (c) recycling phase ( 1 ) of (b) containing acid catalyst
to the reactor of (a). The present invention employs the use of an
extractor to aid in the separation of the acid catalyst from the reaction
by-products. The removal of acid (which contains sulfur) results in fewer
organic sulfur components to be emitted from the reaction process and hence
is a more environmentally friendly process. Accordingly, the acid catalyst
used for the esterification reaction and unreacted (meth)acrylic acid can
be effectively recovered and reused for the reaction. The amount of
catalyst to be used in the reaction process can be considerably reduced.
This process eliminates the need for a treatment of the reaction liquid
with an alkali, per the art, 10 meaning that the production of a large
amount of waste water containing harmful organic salts) can be avoided.
DETAILED DESCRIPTION OF THE INVENTION The present process involves
separation and recovery of mixtures of MSA, 2-EI-I acrylate, 15 solvent,
and acrylic acid (AA) by liquid-liquid extraction or decantation using
water. The reaction stream, is obtained from a 2-EH acrylate manufacturing
processing involving the use of a liquid sulfonic acid catalyst (e.g., MSA)
for the reaction of 2-ethylhexanol and acrylic acid in a solvent. In one
aspect, the present invention is directed to a process for the removal of
sulfur from 20 an acrylate reaction product stream comprising: (a)
contacting in a reactor (meth)acrylic acid with an alcohol and solvent in
the presence of a sulfuric acid catalyst and an aqueous environment to form
a reaction mixture containing the corresponding ester reaction product and
residue byproducts; 



(b) removing the reaction product from the reaction mixture; 25 (c)
contacting the reaction mixture of (b) in an extractor with water to form a
two phase system comprising as phase ( 1 ) acid catalyst/water, and as
phase (2 ) reaction product. acrylic ester. solvent, heavy ends, and
oligomers; and, (d) recycling phase ( 1 ) of (c) containing acid catalyst
to the reactor of (a). Alternatively. the present invention is directed to
a process for the recovery of acid catalyst 30 employed during the
production of an acrylic ester comprising the steps noted above. In an
aspect of the inventive reaction process. an alcohol, preferably having 4
or more carbon atoms is reacted with an (meth)acrylic acid in the presence
of an acid catalyst to form an   3 0 APR 2002 . WO 99/23059 4 PCTNS98/21547
acrylate ester; said acid catalyst containing at least tine sulfur moiety.
In the present invention, any alcohol selected from aliphatic, alicyclic
and aromatic alcohols can be used as the alcohol. Examples of the aliphatic
alcohols include but are not limited to butyl alcohol, pentyl alcohol,
hexyl alcohol, heptyl alcohol, octyl alcohol, 2-ethylhexyl alcohol, nonyl
alcohol. decyl alcohol, dodecyl alcohol, bexadecyl alcohol and stearlyl
alcohol. Examples of the alicyclic alcohols include cyclopentyl alcohol,
cyclohexyl alcohol, ethylcyclohexyl alcohol, ethylcyclohexyl alcohol and
butylcyclohexyl alcohol. Examples of the aromatic alcohols include benzyl
alcohol, methylbenzyl alcohol, dimethylbenzyl alcohol and butylbenzyl
alcohol. Examples of polyols which may be employed include
trimethyololpropane, pentaerythritol, hexanediol) 10 ethyleneglycal, 1,3-
or 1,4-butanediol, and the like. Exemplary solvents to employ in the
esterification include: toluene, benzene, xylene) cyclohexane, and the
like. As the acid catalyst for esterification, toluenesulfonic acid,
benzenesulfonic acid, xylenesulfonic acid, ethanesulfonic acid,
triflorosulfonic acid, and methanesulfonic acid may be 15 employed.
Methanesulfonie acid is preferred. Sulfuric acid has frequently been used
as a catalyst for esterification. Sulfuric acid is not recommended since it
may be difficult to efficientlv remove from the esterification reaction and
due to its corrosive nature. In the esterification reaction between acrylic
or methacrylic acid (herein referred to as (meth)acrylic acid) and an
alcohol, the starting. (meth)acrylic acid and the alcohol are usuall~ 20
supplied to the reaction in the general molar ratio ran~~e of about 1.0:1.2
- 1.0:0.S. The amount of the acid catalyst used is generally from about 0.1
to 5.0% by weight, preferably from about 0.5 to 2.0% by weight of the
reactants. The reaction is carried out generally at a temperature of about
100C while reaction water produced in the course of esterification is
preferably removed by azeotropic distillation. In order to facilitate the
removal of reaction water. an inert azeotropic 25 agent may be used.
Hydrocarbons such as benzene, toluene, xylene. and cyclohexane are commonly
used as the azeotropic agent. The removal of reaction water may also be
conducted by conventional means such as membrane separation using a vapor
separation membrane. or by a method other than distillation. In order to
prevent the loss of (meth)acrylic acid or the ester due to the occurrence
of unfavorable polymerization thereof, a polymerization inhibitor or an 30
oxygen-containing gas is usually added to the reactor. Common
polymerization inhibitors include phenothiazine (PTZ). hydroqumone (HQ),
methyl ester of hydroquinone (MEHQ 1 and the like.   3 0 APR 2002 s' A
reactor ptvdvct scam cozrtaining uateacted alGO~hnl, solvent, and
(zacth)acrylic acid, the corrosponding ester, the acid catalyst, heavy end
oligacp,ers, and a trace wmouat of say polyrne~tion inhibitor amploycd ie
dircoted to an extractor wherein water (co~ntnined-that water produced
in-aim- or otherwise) i9 act~ded to phase separate the sulferaic acid $om
other S cotnponeats presrni in the traction product. Water is to be pzesent
in a minimal amount, or that amvuat necessary to phase separate the
catalyst from the traction product) The more water pceacnt in the z~cacti4n
mcane that a gteatrx load is glacod on the reaction system to subsequently
remove the water. Lf necessary, water may be added at about a 1:1
mvlarratio ofwata to organic feed. The organic feed stream lompet~ttab is
geaierally las9 thaw about 100 C. The 



10 recycled process wabrr added for phase scparanoa is generally at a
temperature of About 70 C or lower. Mixer rates are variable based on the
composition of the mixture to separate) tba type of acid employed, the
ternperaturos anpIoycd within the extractor) etc. Mixer rates witbsa the
aactt'actor should be su~cient to allow mass traesfet needed for e95cieat
bona. Mxbanical devices which era cnaployed fot this extrac~tian process)
include static ia-line rnixa 15 (SILIvI) which funetivns ~ to an extre~ion
column. It is important to tho e~ctrattlon process that a good mass
tsas~fcr is achieved between the watat/orgaeie Abase. Although fresh water
can lx usod in the eoctrrctor, the reaction roster (i.e.) overhead water
tom reactor coltmaa) p~toducod in the eeoai8~ion tzecaon end removed from
the reaction system mny also be employed in the extractor colu:na for
recoverp of the sulfo4ia acid c~lyet. 20 T'be use or recyclit>$ of reaction
watxx has tl~ advsatage tb~ei the amount of waeoe water in the system can
be iedttced. After voatact; the water phase containing MSA is taken Eton
the bottom of the extzaatnt or dccaata and directed back to the raactar for
reuse as a catalpst. C~rcater than 50A MSA may be recwored tinder the
pnxoat iaveniive process. 'Ibe M9A has been shown to be active and 2S
reusable for cvntiauod esrai~ficad.omeacdoa~. It will be understood by
those of skill in the trt that the proeeat inyeadon, although oxplained in
relation to 2F.f3 tu~ylate and IvISA, the proc~es is also applicable to
producdon of multi Ranctional trwnomerg (MFM's) and MSA as catalyst for
their production. MFM's is broadly dcfinied as the reectiaa product of a
(meftt)acry'latie and a polyol. FxaasQles of MF'M's 3 0 include trimetbylol
taecrylate, hrxana diol discryl$6e, tetra ethylene glycol diecrylnte, and
the like,   ~ o aPR zooz 6 , s L A procass far the rerrioval of eulfiv from
a reaction product stream to produce 2 ethylhoxplacrylate (Z EHAcA)) said
process compri9ing: (a) contacting is a rcacbor (mcth)acryIic acid with an
alcohol in the pt^esence of a snlfonic acid catalyst arid 9olveat bo fnrm a
reaction mixture corltaiaing the cozresponding ester reaction ptvdocr) wna,
solvent) arid raidnc bypanducts; ~ o (b) then dirzoting the rcactma mixture
to a decaatrt sad allowing the reaction mixture of (a) suffiaeat tinne m
form a two phase system comprising a phase ( 1) acid estaIysttvva~r, sad as
phase (2) reaction product) acrylic ester, solvent, heavy tads, and
oligomcr~; and, (c) recycling phase (t ) of (b) oontainircg acid catalyst
to the rof (n). is 2. 'Ihe prods >,ecarding to caai,m i, wherniun t#ie acid
cadslyet is selacoad &o~oa the group eamsist3ng of r~ethanGrulfanie scid,
bartataesulfonic acid, toluenaunltonie acid sad xyleneeulfonic acid. 3. -
The prooesa-saoordin~g to claim 2) whtreia tha acid is metherlesnlfonic
acid. 20 4. 'Ihe process of claim i wherein water is added to the Traction
mi~cturz to phasing. 5. A prvcass frn the rrxacYal of eulfia from a
reaction product ~esm bo produce polyol (meth~crylate, said process
oomptisin,~ (a) contacting in a reactrnc (mrth~cryli~c acid with a polyol
In the presence of a 25 aulfonie acid catalyst and solvent to fionm a
teeaHon nrixtwe containing tha corresponding a~tcr Traction product,
watear, solvent, sad resides byproducts; (b) than dir~ectimg the reactiaa
mixture to a decanter sad allawiag the reaction mixture of (a) st~fficier~2
time to form a two phase system i~onxprlsing a phase (1) acid
csialystlwa6ec) and a_c ph~e C-~) ration product) solvent, heavy cads. sad
oligomas: slid) 30 (c) ruycling phase (i) c (b) oo~o~B mid catalyst to tha
reactvt of (e). .A,.AL.Ay.A&.A3.Af_  .0_v+7N x7C
n+zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]caU]ca]caU]ca]caV]c(a]c(a!      
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