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PROCESS FOR THE MANUFACTURE OF SEC-BUTYL ACRYLATE BY
REACTION OF ACRYLIC ACID AND BUTENE ISOMERS

The present invention relates to a process for
the manufacture of sec-butyl acrylate by reaction, in the
presence of a sulphonic resin, between acrylic acid and
butene igsomers, taken individually or as mixtures, as are
found, for example, in the éffluent gases generated by
methfi tert-butyl ether (MTBE) or ethyl tert-butyl ether
(ETBE) units.

The manufacture of esters, more particularly of
acrylic esters, by reaction between an olefin and a
carboxylic acid is described extensively in the litera-
ture. The processes used differ by the state of the

reaction medium (liquid-liquid, gas-gas or liquid-gas),

by the type of catalyst used (homogeneous or heterogen- |
eous) or by the physical state of the reactants (liquid
or gas) . The catalysts used in homogeneous catalysig are
often strong inorganic acids. '

The use of these catalysts gives rise to many
problems, such as corrosion of the plants,. formation of
large amounts of by-products of oligomer type, for
example, and laboribus and difficult separations genera-
ting acidic waste.

The difficulties of separating the catalyst may
readily be solved using solid catalysts.

The solid catalysts desdribed in the literature
differ according to the state of the reactants when the
reaction is carried out. In the case of contact between
liquid/liquid or liquid/gas reactants, those most often
mentioned are: macroporous strong cationic resins con-
taining sulphonic groups (US-IA-3 037 052, US-A-2 678 332;
EP-A-0 445 859);. zeolites  (US-A-4 365 084;
US-A-4 448 983; JP-A-03 145 440); salts of the n-dodecyl
aza cycloheptan-2-one-HBr i:ype (WO 88/02361); and -
caesium, rubidium and thall:.u.m salts ‘of phosphotungst:.c
acid (JP-A-04 139 149). The usé of ° macroporous strong
cationic resins containing sulphonic groups is the one
most often mentioned. With thege selective catalysts
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which do not generate any 'coloured or oligomeric by-
products, as is the case with inorganic acids, the
problems of cbrrosion and of separation of the catalyst
from the crude reaction product are avoided.
US Patent US-A-3,037,052 describes the use

of sulphone-containing cationic resins as catalyst in the
synthesis of secondary or tertiary alkyl esters. The
synthesis of sec-butyl acrylate from l-butene, with an.
acrylic acid/l-butene molar ratio of 1/1 is described in .

particular.

At this molar ratio, the equilibfium:
acrylic acid + butene <= sec-butyl acrylate

is, however, not sufficiently disp;éEed to obtain a very
good conversion of the reactants used. The preséﬂce of
residual acrylic acid at high content in the c¢rude
reaction product'makes its subsequent purification by
distillation wvery complei, on account of the small
difference between the boiling'pbints of the acrylic acid
and the sec-butyl acrylate (respectively 141 and 131°C at
1.01 bar (760 mmHg) and 95 and 85°C at 0.19 bar
(150 mmHg)) .

In order to avoid the presence of acrylic acid at
too high a content in the crude reaction product, it is
recommended, in European patent EP-B-0,445,859, to carry
out the synthesis using a butene/acrylic acid molar ratio
of greater than 1. By performing the process thus in
excess butene, very good conversion of the acrylic acid
ie obtained and, accordingly, there is a minimum content
of acrylic acid in the crude reaction product. The
optimum molar ratio recommended is between 1 and 5, and
with a molar ratio of 3/1 the best compromise between
conversion and selectivity is obtained. -

On the other hand, the fact that the process is
performed in excess butene results in the formation of
buteﬁe diméré.(octenea), whose subéequent separation from
the sec-butyl acrylate by distillation poses enormous
problems on account of the small difference between their
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boiling points (boiling point of sec-butyl acrylate:
132°C; boiling points of the octenes: 112-122°C).

Given the drawbacks which have Jjust been
described, associated with the use of a butene/acrylic
acid molar ratio of greater than or equal to 1, the
Applicant Company has discovered a means which makes it
possible to surmount the drawbacks associai:ed with the
use of butene/acrylic acid molar ratiés of less than 1,
in other words, a means which allows the presence of
residual acrylic acid at high content in the crude
product of the reaction of acrylic acid and butenes in
the presence of a sulphonic resin. This means is that the

sec~butyl acrylate distils, in the presence of water, in

' the form of a heteroazeotrope which is readily separated

from the acrylic acid. At a pressure of 0.19 bar
(150 mmHg), the boiling points of the acrylic acid and
the sec-butyl acrylate/water heteroazeotrope are 95 and
53.7°C respectively, the composition of this heterocazeo-
trope by mass being, at this pressure, 73.1% sec-butyl
acrylate and 26.9% water.

The fact that the process is performed in a molar
excess of acrylic acid relative to the butenes has, apart
from a lesser formation of octenes which are difficult to
separate from the sec-butyl acrylate, the following
advantages: on the one hand, it is possible to carry out
the process under conditions of increased safety resul-
ting from the lower concentration of butenes in the
medium, which butenes are readily flammable products,
from the decreased risk of a pressure rise in the reactor
in the case of accidental polymerization and of the
increase in temperature which would result therefrom, and
from the greater control over the introduction of the
butenes into the reactor; on the other hand, the minimum
service pressure required to maintain the butenes in the
liquid phase is very much lower than that which is needed
when the process is performed with an excess of butenes.
The éafety and the selectivity towards octenes may be
further increased by introducing the butenes in the form
of multi-injections.
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The subject of the present invention is thus a
process for the manufacture of seé-butyl acrylate by
reaction of acrylic acid and at least one butene in the
presence of a macroporous strong cationic resin con-
taining sulphonic acid groups, characterized in that the
reaction is carried out using a molar ratio of the
acrylic acid to the butene(s) used which is greater than
1, the crude reaction product comprising residual acrylic
acid, dissolved butene isomers, the desired sec-butyl
acrylate, octenes, 2-butanol and heavy addition products,
and in that the desired sec-butyl acrylate is separated
from the crude reaction product.

The butenes used in the process according to the
present invention may be l-butene, cis-2-butene and
trans-2-butene, taken alone or in the form of mixtures of
at leést two of them. Effluent gases (referred to as
Raffinates II) exiting from units for the manufacture of
MTBE or ETBE and containing a fraction of about 50-90% by

‘weight of butenes and a fraction of about 10-50% by

weight of butanes, may also be reacted. In this case, the
butanes will remain in the dissolved state in the crude
reaction product and will be eliminated with the
remaining butenes by degassing.

The acrylic acid used in the process according to
the iﬁvention may be a glacial acrylic acid or a
technical-grade acrylic acid. '

. In accordance with the invention, an acrylic
acid/butene(g) molar ratio of between 1.05/1 and 10/1,
and preferably of between 1.5/1 and 3/1, is generally
used. The use of molar ratios greater than 3/1 is favour-
able for the conversion of the butenes, but is not
economically advantageous. -

The macroporous, suitably strong, cationic
resins, containing sulphonic acid groups, which can be
used as catalysts for the reaction in accordance with the
present invention are, in particular, those having an
ionic capacity of between 0.6 and'2,5 eqg/l, a pore dia-
meter < 100 nm and a specific surface of between 40 and
100 m*/g. Mention may be made, inter alia, of the resins
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marketed under the names Amberlyst 15 and Lewatit SPC 112
or 118. Theése resins are suitably used in as anhydrous a
form as possible. When they are bought in humid form, they
must undergo prior drying, various modes of drying being
possible, such as using a dry solvent of alcohol type, in
a ventilated oven at a temperature below 110°C, or by azeo-
tropic distillation. The maximum admissible water content
in the reaction medium is generally about 0.5% by weight.

The reaction according to the invention 'is
generally carried out at a temperature of between 70 and
110°C. It is important not to exceed the upper limit of
110°C so as not to degrade the sulphonic resins. The
reaction according to the invention is exothermic (AH ~
56.43 kJ/mol). The value of the reaction temperature is
a compromise between the thermodynémic constraints and
the kinetic consgtraints. The preferred temperature range
is between 80 and 95°C.

The reaction according to the present invention
is typically carried out at the lowest possible pressure
which is compatible.with maintenance of the butenes in
solution. This is between 8 and 20 bar and, preferably,
between 8 and 12 bar. The pressure has no effect on the-
reaction; it serves only to ensure the placing in contact
of the reactants.

The reaction is typically carried out in the presence
of at least one polymerization inhibitor, chosen in particu-
lar from hydroquinone an& derivatives thereof, hydroquinone
monomethyl ether, phenols having sterically Dbulky
substituents, and phenothiazine; the content of
polymerization inhibitor(s) is generally at least 50 ppm
relative to the charge of acrylic acid + butene(s), the
usual contents being between 100 and 1000 ppm.

The process according to the present invention
may be carried out under batchwise or continuous condi-
tions. The reaction time is generally between 1 and
5 hours, preferably between 1 and 2.5 hours, when a
batchwise process is performed. Under continuous condi-
tions, the throughput time is generally between 1 and 3
hours. These reaction times may be increased, but this
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increase will be detrimental to the production effi-
ciency.

The crude reaction product contains residual
acrylic acid; dissolved butene isomers; butanes if
Raffinates II are used at the start; the desired sec-
butyl acrylate; octenes; 2-butanol; addition products of
Cs, C,; acrylate type, heavy addition products of acrylic
acid and of sec-butyl acrylate, and addition products of
2-butanol and sec-butyl acrylate.

In order to separate the desired sec-butyl
acrylate from the crude reaction product, the following
process may be carried out: '

The head fraction is first removed from the crude
reaction product in order to. strip off the light frac-
tions (butanes, butenes, etc.)'therefram, at a pressure
generally of between 0.001 bar and 0.665 bar (1 and
500 mmHg) and preferably of between 0.066 bar and 0.133
bar (50 and 100 mmHg). The octenes, the 2-butanol and the
above addition products are then eliminated by distilla-
tion at a pressure generally of between 0.013 bar and
0.665 bar (10 and 500 mmHg), preferably of between
0.066 bar and 0.266 bar (50 and 200 mmHg), as they are or
in the form of an azeotrope with water. The acrylic acid
and the sec-butyl acrylate are separated by heterocazeo-
tropic distillation in the presénce of water, at a
service pressure generally of between 0.066 bar and
0.399 bar (50 and 300 mmHg), the mass ratio of water to
the supply from the column being between 20 and 150% and
preferably 50 and 100%.

The examples which follow illustrate the'present

. invention without, however, limiting the scope thereof.

In these examples, the following abbreviations have been
used:

- AA = acrylic acid

- 1B = l-butene

- C2B - = cis-2-butene

- T2B = trans-2-butene

- B = 1-butene;+c£s-2-butene4-trans-z-butene
- 2-Bul = sec-butyl acrylate
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- HQOME = hydroquinone methyl ether
- DIM

octenes (the octenes, formed in small
amounts during the reaction according
to the invention, consist essentially
of cis-5-methyl-3-heptene, trans-5-
methyl-3-heptene, cis-3-methyl-3-
heptene and cis-3,4-dimethyl-3-hexene)

- 2-BuOH = 2-butanol

-~ H1 = heavy addition product AA + 2-BuA

- csa = C, acrylate :

- H2 = heavy addition product 2-BuOH + 2-Bul

Examples 1 to 3 - )
These examples demonstrate that the AA/2-Bua

separation by distillation is made difficult-by the fact
that the boiling points of these products are very close
(Examples 1 and 2). Heteroazeotropic distillation in the
presence of water (Example 3) makes it possible to cary
out this separation very easily.

Example 1
A continuous distillation is carried out, at a

pressure of 0.066 bar (50 mmHg), on an AA/2-BuA mixture
(composition by mass: 55% AA - 45% 2-BuA) on a column
with.Multikﬁit packing having an efficiency of 15 theore-
tical plates (3 as depletion - 12 as rectification).

. The rate of withdrawal is regulated as a function
of a set temperature at the column head.

The conditions and results of this distillation

are reported in Table 1 below.

Example 2
Example 1 is repeated, increasing the rate of
reflux and lowering the set temperature at the column
head.
_ The conditions and results of this distillation
are also reported in Table 1.



Table 1

Example Supply Head + Foot Rate Head Foot Composition by Composition by Maes ratio of the
rate of rate rate of tempera- tempera- mase at the mags at the head 2-BuA/supply
the {g/h) {(g/n}) reflux ture ture head foot 2-BuA
column (*c) (°c)
{g/h)
AA 2-BuA AN 2-BuA
(%) (%) (%) (%)
1 258 58 200 1.8/1 39 76.8 14 86 66 34 43
2 260 38 222 3.8/1 34 76 0.1 99.9 63 37 32
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The majority of the 2-BulA is found at the foot,
which is not very desirable. The quality of the pure
product is obtained to the detriment of the production

efficiency.

Example 3

The AA/2-BuA mixture (composition.by:mass: 50% AA
- 50% 2-BulA) is separated by heteroazeotropic distilla-
tion in the presence of water at a pressure of 0.19 bar
(150 mmHg) . The column used is the same as in Examples 1
and 2. The 2-BuA distils in the form of a heteroazeotrope
with water, which is separated in a decanter into two
phases: an organic phase ¢, and an aqueous phase ¢,, which
is returned in reflux on the column.. .

The conditions and results of this hetefoazeotro-
pic distillation are reported in Table 2 below.



Table 2

Supply Rate of Head Foot Head Foot tem- Head
rate of raflux of rate rate tempera- perature
the column the aque- (g/h) (g/h) ture {°c) &, & Mass ratio of the
{g/h) ous phase (°c) Foot 6, 2-Bul/supply
{g/h) Flow rate Plow rate 2-BuA
(g/h) (g/h)
300 291 429 162 55 95.4 129 300 .
Composition by mass
AA (%) .ccceresocscansossennnn 0.09 0.1 88.8 85.3%
2-BUA (%) ..cvevvsscnconcosnns 9%.2 1 11
Water (%) ..cecececsnccnrances 0.7 98.9 0.2

0T
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The use of water as an azeotropic agent facili-
tates the AA/2-BulhA separation and makes it possible to

minimize the 2-BuA content in the foot of distillation.

Example 4

72 g of AA stabilized with 200 ppm of HQME, 9 g
of dry Amberlyst 15 resin, 29 g of 1B, as well as a
complement of HQME in an amount such that the overall
HOME  content in the reaction medium is 700 ppm, are
introduced into a 250 ml stainless steel reactor stirred
by a'magnetic flea. The AA/1B molar ratio is 1.9/1.

The reaction mixture is heated at 90°C for
2 hours. The initial autogenous pressure is between 7 and .
8 bar. It is adjusted to 10 bar with nitfogen and then
falls gradually as the reaction proceeds. '

At the end of the reaction, the composition of
the crude reaction product is as follows:

Composition of the crude % by weight
reaction product

ARA 42.6

2-Bua o 50.1
Butenes 5.6

2-BuCH 0.03

DIM 0.8

heavy fractions ' 0.8

The material balance values by weight are as
follows:

Degree of conversion of the AA 41.2%

Degree of conversion of the 79%
initial AA/1B

Yield 76%
Selectivity/AA 95%

Selectivity/1B 95%
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Examples 5 to 8 (comparative)
Example 4 is repeated, starting with wvarious

butene isomers, alone or as a mixture, with the

‘butene(s) /AA molar ratios indicated in Table 3, the

reaction being carried out at 80°C.
The results are also reported in Table 3.

Table 3
‘Analysis of the gases Degree of
Compara- Nature of the Butene{s) /AA at the end of the conversion of
tive butenes molar ratio test (%)° the butenes
example ) into DIX (%) -
1B C2B T2B
5 1B . 3.4/1 . 9.5 27.5 61.2 . 25.6
6 c28 3.4/1 $.5 29.2 63.8 : 25.6
7 1B/T28B . 2.8/1 6.0 | 27.7 | 63.8 22.6
(57.1%-
41.3%)°
8 1B/C2B/T2B 3.3/1 6.3 28.7 63.2 22.5
(52.2%-19.7%-
27.6%)

* % values given by weight

The butenes isomerize on contact with the resin
during the reaction. In an excess of butenes relative to
the AA/butene(s) stoichiometry, and irrespective of the
butene isomer used, large amounts of DIM are generated,
which are subsequently very difficult to separate from
the 2-BuA by distillation.

Table 4 below shows that lesser amounts of DIM
are formed in the case of an AA/butenes molar ratio of
greater than 1, in accordance with the invention.

Examples 9 to 11
Example 4 is repeated, varying the AA/1B molar

ratio. The reaction temperature and time are 90°C and
2 hours respectively.

The reaction conditions and the results are
reported in Table 4.



Table 4

- Bxample AA/1B Composgition of the crude reaction product at Dagree of Yielad Selectivity/AA Selectivity/1B
molax the end of the reaction (% by weight) conversion {%) (%) (%)
ratio of the

AA B 2-Bun | DIM cea H1 reactant
in deficit
(%)

9 (compa- 0.33/1 3.5 22.1 5§7.3 15.1 0.2 0.2 90 91.4 99.7 60
rative) :
10 (com- 1/1 18.7 9.3 65.9 2.8 0.2 2.2 /AA:67 JAA:64.8 96.4 85.3 l
parative) /1B:78 /1B:67

11 . 3/1 43.3 3.8 50.9 0.7 0.03 0.4 84.3 a8 97.4 .93

€T
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The results of Comparative Example 9 confirm that
an excess of 1B has a detrimental effect on the selecti-

-vity relative to 1B. In this case, a lot of DIM is

formed, which is subsequently difficult to separate from
the 2-BuA.

With an 2AA/1B molar ratio > 1 (Example 11),
little DIM is formed, and even very much less than in the
case of an AA/1B ratioc = 1 (Comparative Example 10). The
presence of residual AA in the crude product is not an
inconvenience insofar as it can subsequently be separated
from the 2-BuA by azeotropic distillation in the presence
of water.

Example 12 )
Example 4 is repeated, replacing the 1-buteﬁe by
a Raffinate II cbntaining: .
- 34% by weight of butanes;
- '10% by weight of 1B;
- 36% by weight of T2B; and
- 20% by weight of C2B

and working under the following conditions:

Temperature 85°C
AA/butenes molar 1.9/1
ratio

1 Initial pressure 10 bar
Reaction time 2 h

At the end of the reaction, the composition of
the crude reaction product is as follows: '
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Composition of the % by weight

crude reaction product

AR 34.1
2-BuA | 46.6
Butenes + butanes 18.3
DIM : 0.8

The material balance values by weight are as

follows:
Degree of conversion of the-AA - 44%
Degree of conversion of the 83%
AA/butenes |
Yield 80.8%
Selecéivity/AA 97.3%
Selectivity/butenes 95%

These results agree with those found with pure
l1-butene.

5 Examples 13 to 17
Example 4 is repeated, working at 80°C with an
AA/1B molar ratio of 2/1 and with various commercial
resins: The Amberlyst resins are marketed by the company
Rohm & Haas, and the Lewatit resins by the company Bayer.
10 The results are reported in Table 5.



Table 5

Dagree of conver-

Example Resins tested Degree of conver- Salectivity rela- Saelectivity rela-
sion of the AA (%) sion of the butene tive to the AA (%) tive to the 1B (%)
(%)
13 Amberlyst 15 47.5 79 99 99
14 Lewatit SPC 112 39 66 80 92
15 Lewatit SPC 118 29 51 91 94
16 Ambexrlyst 39 35 62 91 97
17 Amberlyst 36 3s 63 95 92

ST




Examples 18 to 20

The reaction is carried out continuously at 80 -
85°C, starting with the Raffinate used in'Example 12,
with an AA/butenes ratio of 2/1. The throughput time over
the resin is calculated by the ratio Volume of swollen
Amberlyst 15 resin in the reaction medium/Flow rate of
the reactants.

The results are reported in Table 6.



Table 6

2-BuA/ini-

Bxample Throughput Composition of the crude reaction product Degrea of AA 2-BuA/AA
time (% by weight) conversion conaumed/ tal AA consumed
(min.) of the AA initial
AA Butenes + 2-Bui DIM Heavy M_ butenes
butanes 4+ 2-BuA
21 58 47 12 35.5 0.9 4.5 37 74 27 75
22 110 43.9 9.4 41 0.9 4.5 -39 78 32 83
23 205 41 9.9 43,5 0.9 4.6 49.5 99 31.5 63

|

A,

8T
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The results obtained under continuous conditions

agree with those obtained under batchwise conditions.

Examples 24 to 27

The reaction is carried out continuously at
80 - 85°C, starting with l1-butene, varying the
AA/l-butene molar ratio and with the throughput time over
the resin being as defined in Examples 18 to 20.

The reaction conditions and the results are
reported in Table 7. '

Thls Sheet Has Been Rep
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Table 7

Exanmple AA/1B Through- ‘Composition of the crude reaction product Degree of Degree of Butene 2-BulA/AA
molar put time . (% by weight) conver- conversion converted consumed
ratio (h) sion of of the 1B into (%)

_ the AA (%) octenes/

AA butenes 2-Buh DIM Hl H2 C8A (%) initial

1-butene

(%)

24 1.84 2 32.8 5.8 57.8 1.3 0.05 1.8 0.06 54 80.4 4.4 85.8
25 2.19 1.5 38.0 6.7 52.3 1.2 0.06 | 1.6 0.07 48.5 74.7 4.7 82.1
26 2,9 1.5 50.8 4.4 42.6 0.7 0.03 1.5 0.03 35.6 79.0 3.2 85.6
27 3.0 1 54.0 3.8 40.4 ' 0.3 0.02 1.3 0.03 32.1 8l1.4 1.7 88.8

|
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CLAIMS

1. Process for the manufacture of sec-butyl
acrylate which process comprises reacting acrylic acid and at
least one Butene in the presence of a macroporous catiénic
resin containing sulphonic acid groups, the molar ratio of
the acrylic acid to the butene(s) used being greater than 1,
and the crude reaction product comprising residual acrylic
acid, dissolved butene isomers, the desired sec-butyl
acrylate, octenes, 2-butanol and heavy addition products; and
separating the desired sec-butyl acrylate from the crude
reaction product. _ '

2. Process according to.Claim 1, wherein the
acrylic acid/butene(s) molar ratio is between 1.05/1 and
10/1.

3. Process according to Claim 1, wherein the
acrylic acid/butene(s) molar ratio is between 1.5/1 and 3/1.

4, Process according to any oné of Claims 1 to
3, wherein l-butene, cis-2-butene, trans-2-butene or a
mixture of at least two of these is used as'butene(s)..

5. Process according to any one of Claims 1 to
3, wherein an effluent gas obtained from the manufacture of
methyl tert-butyl ether (MTBE) or ethyl tert-butyl ether
(ETBE) is used as butene, the effluent containing a fraction
of about 50 - 90% by weight of butenes and a fraction of
about 10 - 50% by weight of butanes, the crude reaction
product then also comprising butanes.

6. Process according to any one of Claims 1 to
5, wherein the macroporous strong cationic resin containing
sulphonic acid groups has an ionic capacity 6f between 0.6
and 2.5 eq/l, a pore diameter < 100 nm, and a specific
surface of between 40 and 100 m*/g.

7. Process according to any one of Claims 1 to
6, wherein the reaction is carried out at a temperature of
between 70 and 110°C. .

8. Process according to any one of Claims 1 to
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6, wherein the react%on is carried out at a temperature of
between 80 and 95°C.

9. Process according to any one of Claims 1 to
8, wherein the reaction is carried out under a pressure of
between 8 and 20 bar.

10. Proceas according to any one of Claims 1 to
8, wherein the reaction is carried out under a pressure of
between 8 and 12 bar. ' _

11. Process according to any one of Claims 1 to
10, which is carried out under batchwise conditions with a
reaction time of between 1 and 5 hours. |

12. Process according to any one of Claims 1 to
10, which is carried out continuously, with a throughput time
of between 1 and 3 hours. ‘

13. Process according to any one of Claims 1 to
12, wherein the reaction is carried out in the presence of at
least 50 ppm, relative to the acrylic acid + butene(s)
charge, of at least one polymerization inhibitor chosen from
hydroquinone and derivatives thereof, hydroquinone monomethyl
ether, phenols having steriéally bulky substituents, and
phenothiazine.

14. Sec-butyl acrylate obtained by the process

claimed in any one of the preceding claims.



