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57 ABSTRACT 
In a process for producing an acrylic or methacrylic 
ester by esterifying acrylic or methacrylic acid with a 
lower aliphatic alcohol having 1 to 3 carbon atoms in 
the presence of an acidic catalyst, the improvement 
which comprises 

(1) distilling the resulting esterification reaction mix 
ture while feeding the acrylic or methacrylic ester 
into a distillation column from outside the system, 
thereby to yield as a distillate a mixture composed 
of the acrylic or methacrylic ester, water and the 
unreacted alcohol and being substantially free from 
acrylic or methacrylic acid, and (2) recycling the 
residue in the distillation column, from which the 
ester and water formed have been substantially 
removed, to the esterification reaction in such a 
proportion that the mole ratio of acrylic or meth 
acrylic acid to the alcohol in the entire starting 
materials fed to the esterification reaction is kept at 
1:0.5-1.0. 

6 Claims, 1 Drawing Figure 
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PROCESS FOR PRODUCING ACRYLIC OR 
METHACRYLIC ESTERS 

This invention relates to a process for producing an 
acrylic or methacrylic ester (to be referred to hereinbe 
low as a (meth)acrylic ester). More specifically, this 
invention pertains to an improvement in a process for 
continuously producing a (meth)acrylic ester by di 
rectly esterifying acrylic or methacrylic acid (to be 
referred to hereinbelow as (meth)acrylic acid) with a 
lower aliphatic alcohol having 1 to 3 carbon atoms in 
the presence of an acidic catalyst at low mole alcohol 
to-acid ratios. 

It is well known that the esterification reaction of 
(meth)acrylic acid with lower aliphatic alcohols such as 
methanol, ethanol or isopropanol yields the correspond 
ing esters. It is also known that since this reaction is an 
equilibrium reaction, the resulting product contains the 
unreacted alcohol, (meth)acrylic acid and water formed 
by the reaction in addition to the desired (meth)acrylic 
ester. A distillating operation has previously been uti 
lized in order to separate the (meth)acrylic ester and 
water from the reaction product. However, because 
there is a strong affinity between water and (meth)acry 
lic acid, (meth)acrylic acid tends to accompany water 
inevitably when distilling off the water. These sub 
stances cannot be satisfactorily separated from each 
other even if the number of trays or the reflux ratio is 
increased. This complicates the step of purifying the 
(meth)acrylic ester and causes various inconveniences 
such as the occurrence of much waste water. When the 
mole ratio of the alcohol to (meth)acrylic acid in the 
starting feed in esterification is decreased, the amount of 
(meth)acrylic acid which distills off together with 
water tends to increase. Accordingly, it has been the 
previous practice to maintain this mole ratio at as high 
as from 3 to 5 during the esterification reaction, and a 
great deal of cost must go into the recovery of the unre 
acted alcohol, the increasing of the capacity of the reac 
tor, the increasing of the utilities, etc. 
On the other hand, in order to reduce the strong 

affinity between water and (meth)acrylic acid, attempts 
have been made to add an azeotroping agent having 
higher affinity for water, and distill off the water 
formed as a result of the reaction from the reaction 
product as an azeotrope with the azeotroping agent. 
Benzene, toluene, xylene, etc. are used as such an azeo 
troping agent. Such a procedure, however, is quite 
disadvantageous from an economic viewpoint because 
the operation of separating the (meth)acrylic ester from 
the azeotroping agent is not easy and complex steps 
including the recovery of the azeotroping agent are 
required. 

It is an object of this invention to remove the defects 
of the above-described prior techniques, and provide a 
process for continuously producing a (meth)acrylic 
ester directly from (meth)acrylic acid and a lower ali 
phatic alcohol. 
According to this invention, there is provided, in a 

process for producing an acrylic or methacrylic ester by 
reacting acrylic or methacrylic acid with a lowr ali 
phatic alcohol having 1 to 3 carbon atoms in the pres 
ence of an acidic catalyst, the improvement which com 
prises (1) distilling the resulting esterification reaction 
mixture while feeding the acrylic or methacrylic ester 
into a distillation column from outside the system, 
thereby to yield as a distillate a mixture composed of the 
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2 
acrylic or methacrylic ester, water formed as a result of 
the reaction, and the unreacted alcohol and being sub 
stantially free from acrylic or methacrylic acid, and (2) 
recycling the residue in the distillation column, from 
which the ester and water formed have been substan 
tially removed, to the esterification reaction in such a 
proportion that the mole ratio of acrylic or methacrylic 
acid to the alcohol in the entire starting materials fed to 
he esterification reaction is kept at 1:0.5-1.0. 

Since according to the process of this invention, the 
mole ratio of the lower aliphatic alcohol to (meth)acry 
lic acid to be fed to the reaction system is as low as 
1:0.5-1.0, the process of alcohol recovery can be greatly 
simplified, and utilities such as steam can be drastically 
curtailed. Furthermore, the (meth)acrylic ester can be 
obtained in a much higher yield than in the conven 
tional processes relative to both (meth)acrylic acid and 
the alcohol. 

Because the esterification between (meth)acrylic acid 
and the lower aliphatic alcohol is an equilibrium reac 
tion, the reaction product necessarily contains the unre 
acted alcohol and (meth)acrylic acid. The present in 
ventors have found that in order to obtain the desired 
(meth)acrylic ester with a good efficiency by distilling 
the reaction product, it is necessary to feed the same 
kind of (meth)acrylic ester as the desired product into 
the distillation column from its top during the distilla 
tion, and by so doing, it is possible to obtain as a distill 
late a mixture composed of the (meth)acrylic ester, 
water and a small amount of the unreacted alcohol and 
being substantially free from the unreacted (meth)acry 
lic acid. 
The residue in the distillation column composed of 

the unreacted (meth)acrylic acid, a small amount of 
water and a small amount of the (meth)acrylic ester is 
recycled to the esterification reactor for re-use in the 
esterification reaction. The amount of the recycle is 
preferably one or more times the weight of the freshly 
fed starting materials. If the proportion of (meth)acrylic 
acid is excessive in the starting mixture fed to the esteri 
fication reaction, the formation of impurities (mainly, an 
alkoxy compound) in the esterification reaction de 
creases drastically. This means that the yield of the 
desired product increases both on the basis of (meth)a- 
crylic acid and the alcohol. Investigations of the present 
inventors show that if the distillation residue is recycled 
to the esterification reactor in such a proportion that the 
mole ratio of (meth)acrylic acid to the alcohol in the 
starting materials fed to the esterification reactor is kept 
at 1:0.5-1.0, the yield of the (meth)acrylic ester can be 
increased to 96 to 99% based on (meth)acrylic acid and 
97 to 99.5% based on the alcohol while in the prior art 
it is 91 to 94% based on the former and 94 to 97% based 
on the latter. 

In addition to controlling the recycling of the distilla 
tion residue to the reactor as above, the distillation of 
the reaction product is also controlled such that the 
desired (meth)acrylic ester is withdrawn as a distillate in 
an amount in which it must be formed if substantially 
100% of the fed (meth)acrylic acid is converted to the 
ester. By so doing, the continuous manufacturing pro 
cess for (meth)acrylic esters can be carried out 
smoothly. 
The distillate containing the (meth)acrylic ester and 

water, which has come out of the distillation column, is 
separated into two layers. The water layer is submitted 
to a recovery step for recovering the alcohol and the 
(meth)acrylic ester contained in it. From the oil layer, 
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the alcohol and water are separated to obtain the (meth 
)acrylic ester. Since the process of this invention is 
carried out at a low acid-to-alcohol ratio, the amount of 
the unreacted alcohol is very small, and an extraction 
step for the recovery of the alcohol required in the prior 
art is not necessary in this invention. Thus, the process 
can be greatly simplified. 

Preferably, as stated hereinabove, the distillation resi 
due consisting mainly of (meth)acrylic acid is recycled 
to the esterification reactor so that its amount is 1.0 or 
more times the weight of the (meth)acrylic acid and the 
alcohol to be freshly fed to the esterification reactor. 
Increasing the amount of the recycle does not so much 
affect the reaction, but too large an amount serves no 
purpose. Amounts more than 7 times the weight of the 
starting materials freshly supplied to the reactor are not 
required. When it is desired to obtain methyl acrylate, 
the amount of the recycle is preferably 1.0 to 2.0 times, 
and when methyl methacrylate or ethyl or isopropyl 
(meth)acrylate is desired, it is preferably 2.0 to 5.0 times. 
The mole ratio of (meth)acrylic acid to the alcohol in 
the starting materials to be freshly fed into the esterifica 
tion reactor is 1:1.0-2.0, preferably 1:1.1-1.5. 
The acidic catalyst used in this invention may, for 

example, be a liquid catalyst such as p-toluenesulfonic 
acid, sulfuric acid, sulfonic acid or hydrochloric acid or 
a solid acid catalyst such as a strongly acidic ion-ex 
change resin. The solid acid catalyst is especially advan 
tageous. 
The esterification reaction is usually carried out in the 

presence of a polymerization inhibitor such as hydro 
quinone, hydroquinone monomethyl ether and pheno 
thiazine. It is used in an amount of 0.0005 to 0.5% by 
weight based on the weight of (meth)acrylic acid. Suit 
ably, the esterification reaction is carried out at a tem 
perature of 60 to 100 C., preferably 60' to 90° C. under 
a pressure sufficient to maintain the reaction system 
liquid, usually under atmospheric pressure or a slightly 
elevated pressure (0.5-2.0 kg/cm2.G). The residence 
time of the starting materials in the reactor is at least 0.5 
hour, usually 0.5 to 20 hours, preferably 0.5 to 10 hours. 
Longer periods of time are not economically advanta 
geous, 
One preferred embodiment of the process of this 

invention is described below with reference to the ac 
companying drawing which is a process flow sheet 
suitable for the practice of the process of this invention. 

(Meth)acrylic acid and an alcohol are freshly fed 
through lines 1 and 2, respectively, and a distillation 
residue in a distillation column 5 containing a large 
amount of the unreacted (meth)acrylic acid is recycled 
through a line 6. The freshly supplied (meth)acrylic 
acid, the freshly supplied alcohol and the residue con 
taining the unreacted (meth)acrylic acid are mixed and 
sent to a reactor 3 having an acid catalyst therein. Pref 
erably, the distillation residue is partly or wholly sub 
jected to a purifying means such as a thin film evapora 
tor prior to recycling. As a result of the purification, 
high-boiling compounds, polymerized products, etc. 
present in it are removed and the accumulation of high 
boiling components in the reaction system can be pre 
vented. 

In the reactor 3, (meth)acrylic acid and the alcohol 
are reacted nearly to an equilibrium point. The reaction 
mixture consisting of the (meth)acrylic ester, water, the 
unreacted alcohol and (meth)acrylic acid is fed to a 
distillation column 5 through a line 4. In the distillation 
column 5, the (meth)acrylic ester in an amount substan 
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4. 
tially equal to the theoretical amount of the ester from 
the starting (meth)acrylic acid and alcohol is distilled 
out together with water and the unreacted alcohol 
while feeding the same kind of (meth)acrylic ester into 
the distillation column 5 throught a line 7. (Meth)acry. 
lic acid does not substantially distill. The amount of the 
(meth)acrylic ester fed through the line 7 should be 
such that the water content of the distillate is 3 to 8% by 
weight, preferably 5 to 7% by weight, in the case of 
methyl acrylate, and 8 to 13.5% by weighht, preferably 
11.0 to 13.5% by weight, in the case of methyl methac 
rylate, and ethyl and isopropyl (meth)acrylates. The 
(meth)acrylic ester to be fed into the distillation column 
5 may also be the ester from a line 10 or 21. Economi 
cally, however, the ester from the line 7 is preferred. 
The distillate is sent to an oil-water separating tank 9 

through a line 8. 
The (meth)acrylic ester layer separated in the oil 

water separating tank 9 is fed to a low-boiling compo 
nent separating column 12 through the line 10 option 
ally via an extracting column. In the low-boiling com 
ponent separating column 12, the alcohol, water and 
low-boiling impurities are separated, and the (meth)a- 
crylic ester is taken out from the bottom of the column 
through a line 17. A part of it is recycled to the distilla 
tion column 5 through the line 7, and the remainder is 
fed to a rectification column 19 through a line 18, 
The (meth)acrylic ester, the alcohol and water dis 

tilled in the low-boiling component separating column 
12 are sent to an oil-water separating tank 1 through a 
line 13, and the (meth)acrylic ester layer is recycled to 
the top of the column through a line 15. The water 
layers separated in the oil-water separating tanks 9 and 
14 are taken out through lines 11 and 16, and, as re 
quired, sent to an alcohol recovering column. The alco 
hol and the (meth)acrylic ester are recovered, and again 
fed to the reactor through the line 2. The (meth)acrylic 
ester purified in the rectifying column 19 is withdrawn 
as a product through lines 20 and 21, and meanwhile, 
the distillation residue is withdrawn from the bottom of 
the column through a line 22, 
The following examples illustrate the process of this 

invention more specifically. It is to be noted however 
that the invention is not limited to these examples alone. 

EXAMPLE 1. 

A starting liquor composed of 5.0 kg (69.4 moles) of 
acrylic acid and 2.91 kg (83.1 moles) of methanol con 
taining 0.2% by weight of water and 8.3% by weight of 
methyl acrylate (the mixture further containing 0.05% 
by weight, based on the acrylic acid, of hydroquinone) 
was fed hourly together with 11.87 kg/hr of the recy 
cled distillation residue into a stainless steel reactor 
filled with 35 liters of a strongly acidic cation exchange 
resin. Thus, the total amount of the mixture fed to the 
reactor was 19.78 kg per hour, and consisted of 9.1% by 
weight of methyl acrylate, 14.2% by weight of metha 
nol, 52.7% by weight of acrylic acid and 23.9% by 
weight of water and byproducts. The reactor was put in 
a hot water tank to maintain the temperature of its in 
side at 80° C. In the reactor, 99% of acrylic acid in the 
starting liquor freshly fed was converted to methyl 
acrylate. 
The reaction mixture withdrawn from the reactor 

was sent to a distillation column, and distilled at atmo 
spheric pressure while feeding methyl acrylate contain 
ing 0.02% by weight of hydroquinone from the top of 
the column at a rate of 9.77 kg/hr. At this time, the 
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temperature of the top of the column was 69° C., and 
the temperature of the distillation still was 102° C. In 
this way, there was obtained 17.53 kg/hr of a distillate 
consisting of 90.5% by weight of methyl acrylate, 2.5% 
by weight of methanol, 7.0% by weight of water and 5 
less than 0.0005% by weight of acrylic acid from the 
top of the column. In the meantime, the residue in the 
distillation column was withdrawn at a rate of 12.0 
kg/hr. 2.4 kg/hr of the residue was sent to a thin film 
evaporator and after removing high-boiling compo 
nents and polymerized products therein, mixed with the 
remaining 9.62 kg/hr of the residue and recycled to the 
reactOr. 
The distillate from the distillation column was sent to 

an oil-water separating tank and separated into a methyl 
acrylate layer and a water layer. Methanol and water 
were separated from the methyl acrylate layer in a 
low-boiling component separating column, and the 
residue was sent to a rectifying column to obtain methyl 
acrylate. On the other hand, the water layer was mixed 
with the methanol and water separated in the low-boil 
ing component separating column, and sent to an alco 
hol recovery column where most of water was re 
moved. The residue was recycled to the reactor. 
As a result, methyl acrylate was obtained in a yield of 25 

97.8% based on the acrylic acid used, and the utilization 
efficiency of methanol was 99%. 

EXAMPLE 2 

In the same way as in Example 1, a starting liquor 30 
composed of 5.0 kg (69.4 moles) of acrylic acid and 4.38 
kg (83.3 moles) of ethanol containing 7.6% by weight of 
water and 4.8% by weight of ethyl acrylate (the mixture 
further containing 0.05% by weight, based on acrylic 
acid, of hydroquinone) was mixed with 23.45 kg of the 
recycled distillation residue, and the resulting mixture 
was fed hourly into a reactor filled with 70 liters of a 
strongly acidic cation exchange resin and kept at 80 C. 
The total amount of the mixture fed to the reactor was 
32.83 kg/hour, and consisted of 16.7% by weight of 40 
ethyl acrylate, 13.0% by weight of ethanol, 42.3% by 
weight of acrylic acid and 27.9% by weight of water 
and by-products. In the reactor, 98% of acrylic acid in 
the freshly fed starting liquor was converted to ethyl 
acrylate. 
The reaction mixture withdrawn from the reactor 

was sent to a distillation column, and distilled at atmo 
spheric pressure while feeding 2.72 kg/hr of ethyl acry 
late containing 0.02% by weight of hydroquinone from 
the top of the column. At this time, the temperature of 50 
the top of the column was 79 C., and the temperature 
of the distillation still was 110°C. In this way, 11.93 
kg/hr of a distillate was obtained from the top of the 
column. The distillate consisted of 81.6% by weight of 
ethyl acrylate, 5.4% by weight of ethanol, 13.0% by 55 
weight of water, and less than 0.0005% by weight of 
acrylic acid. In the meantime, the residue in the distilla 
tion column was withdrawn at a rate of 23.62 kg/hr. 
2.36 kg/hr of the residue was sent to a thin film evapora 
tor, and after removing high boiling components and 
polymerized products in it, mixed with the remaining 
21.26 kg of the residue and recycled to the reactor. 
The distillate from the distillation column was sent to 

an oil-water separating tank and separated into an ethyl 
acrylate layer and a water layer. The ethyl acrylate 
layer was sent to a rectifying column after separating 
ethanol and water in a light low-boiling component 
separating column. Thus, ethyl acrylate was obtained. 
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6 
On the other hand, the water layer was mixed with 
ethanol and water separated in the low-boiling compo 
nent separating column, and sent to an alcohol recovery 
column where most of water was removed. The residue 
was recycled to the reactor. 
As a result, ethyl acrylate was obtained in a yield of 

97.5% based on acrylic acid used, and the utilitation 
efficiency of ethanol was 98.6%. 

EXAMPLE 3 
In the same way as in Example 1, a starting liquor 

composed of 5.0 kg (58.1 moles) of methacrylic acid and 
2.27 kg (69.6 moles) of methanol containing 0.4% by 
weight of water and 1.3% by weight of methyl methac 
rylate (the mixture further containing 0.05% by weight, 
based on methacrylic acid, of hydroquinone) was mixed 
with 36.35 kg of the recycled distillation residue, and 
the mixture was fed hourly into a reactor filled with 90 
liters of a strongly acidic cation exchange resin and kept 
at 80 C. The total amount of the mixture fed to the 
reactor was 43.62 kg/hr, and consisted of 43.8% by 
weight of methyl methacrylate, 6.8% by weight of 
mthanol, 43.6% by weight of methacrylic acid and 
5.7% by weight of water and by-products. In the reac 
tor, 99% of methacrylic acid in the starting liquor 
freshly fed was converted to methyl methacrylate. 
The reaction mixture withdrawn from the reactor 

was sent to a distillation column, and distilled at atmo 
spheric pressure while feeding 3.57 kg/hr of methyl 
methacrylate containing 0.02% by weight of hydroqui 
none from the top of the column. At this time, the tem 
perature of the top of the column was 85 C., and the 
temperature of the distillation still was 110° C. In this 
way, there was obtained 10.71 kg/hr of a distillate con 
sisting of 86.8% by weight of methyl methacrylate, 
3.5% by weight of methanol, 9.7% by weight of water 
and less than 0.0005% by weight of methacrylic acid. In 
the meantime, the residue in the distillation column was 
withdrawn at a rate of 36.48 kg/hr, 3.65 kg/hr of the 
residue was sent to a thin film evaporator, and after 
removing high-boiling components and polymerized 
products in it, mixed with the remaining 32.83 kg of the 
residue and recycled to the reactor. 
The distillate from the distillation column was sent to 

an oil-water separating tank and separated into a methyl 
methacrylate layer and a water layer. The methyl meth 
acrylate layer was sent to a rectifying column after 
separating methanol and water in a low-boiling separat 
ing column, to obtain methyl methacrylate. In the 
meanwhile, the water layer was mixed with the metha 
nol and water separated in the low-boiling component 
separating column, and sent to an alcohol recovery 
column where most of water was removed. The residue 
was recycled to reactor. 
As a result, methyl methacrylate was obtained in a 

yield of 97.5% based on methacrylic acid used, and the 
utilization efficiency of methanol was 99.5%. 
What we claim is: 
1. In a process for producing an acrylic or meth 

acrylic ester by esterifying acrylic or methacrylic acid 
with a lower aliphatic alcohol having 1 to 3 carbon 
atoms in the presence of an acidic catalyst, the improve 
ment which comprises 

(1) distilling the resulting esterification reaction mix 
ture in a distillation column to produce a distillate 
comprising the acrylic or methacrylic ester, unre 
acted alcohol, water and any low-boiling impuri 
ties while recycling the acrylic or methacrylic ester 
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separated from the unreacted alcohol, water and 
any low-boiling impurities in the distillate into the 
distillation column, thereby to yield as said distil 
late a mixture composed of the acrylic or meth 
acrylic ester, water and the unreacted alcohol and 
being substantially free from acrylic or methacrylic 
acid, and (2) recycling the residue from the distilla 
tion column, consisting essentially of acrylic or 
methacrylic acid from which the ester and water 
formed have been substantially removed, to the 
esterification reaction in such a proportion that the 
mole ratio of acrylic or methacrylic acid to the 
alcohol in the entire starting materials fed to the 
esterification reaction is kept at 1:0.5-1.0. 

2. The process according to claim 1 for producing 
methyl acrylate from acrylic acid and methanol, 
wherein the resulting esterification reaction mixture is 
distilled while recycling methyl acrylate separated from 
the distillate into the distillation column so that the 
water content of the distillate is kept at 3 to 8% by 
weight. 

3. The process according to claim 1 for producing 
ethyl acrylate from acrylic acid and ethanol, wherein 
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8 
the resulting esterification reaction mixture is distilled 
while recycling ethyl acrylate separated from the distil 
late into the distillation column so that the water con 
tent of the distillate is kept at 8 to 13.5% by weight. 

4. The process according to claim 1 for producing 
methyl methacrylate from methacrylic acid and metha 
nol, wherein the resulting esterification reaction mix 
ture is distilled while recycling methyl methacrylate 
separated from the distillate into the distillation column 
so that the water content of the distillate is kept at 8 to 
13.5% by weight. 

5. The process according to claim 1 for producing 
isopropyl acrylate from acrylic acid and isopropanol, 
wherein the resulting esterification reaction mixture is 
distilled while recycling isopropyl acrylate separated 
from the distillate into the distillation column so that the 
water content of the distillate is kept at 8 to 13.5% by 
weight. 

6. The process according to claim 1 wherein the mole 
ratio of acid to alcohol in the feed to the esterification 
reaction, exclusive of the recycled acid, is from 1:1 to 
1:2. 

k is x xx 


