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This invention is concerned wi~h a :nethod for p~oducing high purity 

methacrylic acid esters in high yield. A number of commercial processes are 

practiced for ~he ?reduction of such esters including .sulfuric add treatment of 
l 

acetone cyanohydrin, two stage oxidation of isobutylene or t-butyl alcohol, and 

liquid phase catalytic condensation of propionaldehyde with formaldehyde. 

A typical commercial cyanohydrin process is described in L'S-A-4,529,816 

("816") for the production of methyl methacrylate ("MMA"). In this process, 

acetone.cyanohydrin ("ACH") is (1) hydrolyzed by sulfuric acid to produce a.­

hydroxyisobutyramide ("HIBA:vt") and its sulfate ester, a-sulfatoisobutyramide 

. ("SIBAM"); (2) the i,H.lBA.L\1 and SIBA1vf are thermally converted to 2-

rr:ethacrvlamide ("MAM") and a small amount of ::nethacrvlic acid ("~fA_-\"··: ;-..+.i:!'t 
. • J 
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to methyl a-hydroxyisobutyrate ("MOB")). Also disclosed in '816 is an 

improvement to the general prscess for producing MMA wherein the i\tfOB present 

is :solated and returned to the process between the thermal conversion and 

esterification steps. 

The thermal conversion step in '816 is conducted at a sufficiently high 

temperature and for a sufficiently long time to maximize MAM formation from 

;ffiBAM and SIBA.i.'\1 prior to esterification. The thermal conversion of SIBAM is 

m.ore facile than the thermal conversion of HIBAM. One objective of '816 is to . , 

obtain the maximum yield of IvfAM and MAA at this step. MAA is a co-product of 

the thermal conversion step and is also converted to MMA during esterification. In 

lddition, '816 specifies that care must be taken when returning isolated MqB into 

lhe process between the thermal conversion and esterification steps such that the 
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sulfuric acid strength is maintained at about 97 - 1003 and the mole ratio of free 

sulfuric add to MOB is maintained bet'W'een 4 and 40. 

EP-A-0 407 811 discloses an acetone cyanohydrin process that does not require 

sulfuric acid for preparing methacrylic acid esters. A key step of this process is the 

vapor phase dehydration/ deakoholization of a.-hydroxy-, cr.-alkoxy, or {3-alkoxy 

carboxylic acid esters in the presence of an alkali metal and platinum group element 

modified crystalline aluminosilicate disclosed in EP-A-0 429 800. However, this 

process suffers from low vields based on ACH. 
A J 

Even with the improved process described in '816; there is still a need for a 

high purity,. high yield NfMA process. Part of the driving force for additional 

improvements is the need to reduce waste products from currently practiced 

manufacturing processes. 

The present invention provides a method which enables the produc:ion of cr., 

~-unsaturated carboxyiic acid esters in high yieid through :-educed formatic:-. :r 

:-ea-.:tior. side products and recvclin·::: ::>f :Jrocess inte:~media:es. 
J - A 

In particular, the present invention provides a method whic..11. enables the 

production of high purity (e.g., greater than about 99 weight percent) cr., f3-

t:.nsaturated carooxylic acid esters in high yield (e.g., greater than about 95 percent) 

based on the starting ACH by a modification of the conventional sulfuric acid/ ACH 

process. 

According to the present invention there is provided a method for producing 

methacrylic acid esters, which comprises the steps of: 

a. hydrolyzing acetone cyanohydrin (ACH) with sulfuric acid to produce a 

hydrolysis mixture comprising 2-methacrylamide (MA!'vf), a­

sulfatoisobutyramide (SIBAM), a-hydroxyisobutyramide (HIBAM), and 

methacrylic acid (MAA) under conditions, e.g. conditions of time and 

.. '. · ... . 
. ... . . 
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temperature, such that the sum of the total moles of MAM, SIBAM, HIBA..\11, and 

MAA derived frorr. ACH is maximized; 

b. esterifying the hydrolysis mixture with a C1 - C12 alkyl alcohol to produce an 

esterification mixture comprising a C1 - C12 alkyl methacrylate, a C1 - C12 alkyl a.­

hydroxyisobutyrate, a C1 - C12 alkyl I3--C1 - C12 alkoxyisobutyrate, and a C1 - C12 

alkyl a.-C1 - Ci: alkoxyisobutyrate; 

c. separating the esterification mixture into an aqueous fraction, a first organic 

fr~ction comprising the C1 - C12 alkyl methacrylate, and a second organic fraction 

comprising the C1 - C12 alkyl a.-hydroxyisobutyrate, the C1 - C12 alkyl a.-C1 - C12 

alkoxyisobutyrate, and the C1 - C1:z. alkyl f3-C1 - C12 alkoxyisobutyrate; 

d. dehydrating the components of the second organic fraction to produce a recycle 

mixture comprising a C1 - C12 alkyl methacrylate, methacrylic acid, a C1 - C12 

alkyl alcohol, and T.vater; and 

e. combining the recv::le mixture with ·either the hvdrol vsis mixture, the.: :s. 
....... J J ~ 

between steps 1 and 2, or the esterification mix::..:re, that is, between steps 2 and 3. 

For purposes of tl~is dis.:losure, the terms "de!:?drating", "dehydration·· .. 

"deyhdrate" and "dehydrated" mean eliminating a water molecule from a.- or 13- · 

hydroxy substituted components or eliminating an alkyl alcohol molecuie from a.­

i>r 13- alkoxy substituted componen~s to produce a., j3-unsaturated carboxyiic acid 

esters. 

The a.-hydroxyisobutyramide concentration in the process stream just prior to 

!Sterification is preferably from 2 to 20 mole%, more preferably 5 to 15 mole%, based 

in the starting ACH. 

The a.-sulfatoisobutyramide concentration in the process stream just prior to 

sterification is preferably from 1 to 20 mole%, based on the starting ACH. 

The 2-methacrylamide concentration in the process stream just prior to 

Sterification is preferably from 60 to 80 mole%, based on the starting ACH. 



4 
' THIS SHEET HAS BEEN l 

REPLACED _ 

The methacrylic acid. concentration in the process stream just prior to 

esterification is preferably from 0 to 5 mole%, based on the starting ACH. 

For illustrative purposes, the following description refers to a method for 

producing methyl methacrylate. However, the method is generally applicable to 

methacrylic acid esters prepared using the sulfuric acid/ ACH process and C1 - C12 

alkyl alcohols. Use of alcohols of C1 - C4 are preferred because of the commerc:al 

value of their methacrylate esters. Preferably, the C1 to C4 alcohol is selected from 

methanol, ethanol, n-propanol, isopropanol, n-butanol and isobutanol. The most 

preferred akohoi is methanol. The greatest yield loss in the process as currently 

practiced occurs during the thermal conversion of HIBAM to MA:t-.-1 prior to 

esterification. Since the thermal conversion of SIBAM to MAM is more facile than 

the conversion of HIBAM to MAM, SIBAM is a more desirable hydrolysis product. 

Because the formation ofHIBAM from ACH results from the p!'."esence of water, 

typical commercial processes use H2S04 with purities approaching 100%. This 

minir:-.izes the: formation of HIBA.Yf a:::1.d maximizes the formation of SiBAM. The 

prese:'..t :nvention eliminates the requirement for the thermal conversion of 

HIBAM :o MAM. The net effect is to optimize the hydrolysis and dehydration steps 

based on a redefinition of the optimum pre-esterification yield as the sum of MAM, 

SIBA1'f, HIBAM, and MAA. Methods currently practiced in sulfuric acid/ ACH 

processes strive to maximize only the sum of MAM and MAA prior to the 

esterification step. In the present invention, the thermal conversion of HIBAM and 

SIBAJ.\.f to MAM is not required since the resulting esterified products, ~fOB, 

nethyl !3-methoxyisobutyrate ("Jl-MEMOB"), and methyl a.-methoxyisobutyrate 

''a.-MEMOB"), are isolated and ~onverted to MMA in a separate step . A second 

nodification to the sulfuric acid/ ACH process in the present invention is to 

lehydrate MOB, a-MEMOB, and ~-MEMOB to MMA prior to recycling to the 

iiiU~ir 
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process. This is in contrast to the '816 process where the MOB is dehydrated, in 

lower yield,· after recycling. 

In this invention, ACH is hydrolyzed using suifuric acid, typically using 

excess sulfuric acid at a temperature from about 80°C to about 135°C, preferably from 

about 80°C ~o about 105°C, :or a time sufficient to maximize the pre-esterification 

yield of the total of MAM, SIBAM, HIBAM, and ~iAA. The temperature can be 

maintained at a single value or changed during the course of the reaction. This may 

be accomplished either continuously or stepwise. The time required will preferably 

vary from less than 1 minute to about 60 minutes. The sulfuric acid concentration 

is not critical. Concentrations of 95-100% are preferred, but 100% sulfuric acid is not 

required. The mole percent distribution of reacted ACH equivaient products in the 

process stream in the hydrolysis mixture will vary. However, conditions are 

preferred which result in the following distribution: about 60% - 80% Y!AM; about 

1 - 203 SIBAM; about 2% - :03 HIBA.i.VI (more preferably 5% to 15%).: ~:.d. a:-:ut 

CC"'o - 5% :NfAA with an overall ACH conversion rate of about 100%. The advantage 

c: ::r . .:..s :-le·.·: process is that the yield loss incurred in the conventional proces.:; by 

efforts to reduce HIBAM levels during thermal conversion to MAl.VI is reduced. 

The MAM i SIBAM I HIBA~f I MAA mixture is then esterified, e.g. using 

any esterification procedure which can be practiced on an industrial scaie, such as, 

for example, mixing with excess aqueous alcohol using sulfuric acid as a catalyst 

under pressures of up to 6.895 x 105 Pa gauge (100 psig) at 100 -150 ·c with residence 

times of generally less than 1 hour. In the case of MMA production, excess aqueous 

methanol is combined with the hydrolysis mixture. Esterification conditions are 

not critical and can be varied over a wide range. The only requirement is that the 

conditions be mild enough such that side reactions leading to degradation products . 

do not occur to an unacceptable extent. 

iiliiiITlf 

!. 
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The esterification step produces an esterification mixture comprising MMA, 

MOB, a.-MEMOB, and ~-:MEMOB along with significant quantities of water and 

unreacted methanol. This mixture is separated into an aqueous fraction and an 

organic fraction. The aqueous fraction contains varying amounts of the above 

components whic.,;.:.i may ultimateiy be recycled to the process. The organic fraction is 

separated into a number of additional fractions using standard separation 

techniques, but fractional distillation is preferred. Fractional distillation conditions 

are adjusted to give a forerun of low boiling components such as· water, unreacted 

methanol, small amounts of M!vfA, and the like. Next, a first fraction comprising 

high purity MMA is obtained. Finally, a second fraction comprising higher boiling 

materials including MOB, a.-ME?vIOB, and 13-ME?vfOB, and the like, is obtained. 

The isobutyrate-containing components of the second fraction are dehydrated, 

preferably in the vapor phase in the presence of a crystalline aluminosilicate, and 

rr.ore preferably, a crystalline aiuminosilicate that has been modified. with a.n alk::.:i 

metal and piatinu:n group element, to produce a recycie :nixtu.re. This mixture is 

recycled to the process. The dehydration_ step is performed on the components of 

the second fraction as is or, more preferably, in the presence of methanol and/or a 

diluting agent such as an inert gas, and preferably at reaction temperatures of from 

about 200 ·c to about 400 ·c. Methanol aids in the prevention or by-product 

methacrylic acid formation. 

One advantage of the present invention's modified process is that even 

though each individual step in the process is not conducted in a manner which 

\\Tould maximize the yield of J\tfMA based on that particular step, the overall process 

:n.aximizes the overall yield of MMA. 

The advantage of the present invention over known methods is three-fold. 

~irst, it avoids the use of the typically harsh conditions needed in order to maximize 

he MAM yield in the thermal conversion step of the typical ACH process (step 2 of 
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'816). Such conditions reduce the overall yield of the process due to side reactions 

such as, for example, the decomposition of MAM and any MAA which is present as 

· a result of the hvdrolvsis of MAM or the dimerization of MAM, and the like. Bv 
J J , 

r~ducing the s~v~rity of the thermal conversion conditions, the yield of MAM :s 

al.so reduced due to the lower conversion of SIBAM and HIBA.i.Vf· to MAM. 

However, in subsequent steps, this excess SIB.Ai'\1 and HIBAM is esterified into a.­

MEMOS and MOB, dehydrated to MMA, and recycled to the process in a more 

efficient manner than obtained using the conventional thermal conversion of 

HIBA!vf to MAM. By recovering the MOB and a.-MEMOB, converting them to 

M1'1A and MAA, and then recycling them to the process, there is an overall increase 

in the yield of MMA from the process as well as a reduction of waste material which 

must be disposed of, e.g. by incineration or landfilling. Thus, the modified process 

results in a significant cost saving in terms of increased yield and reduced waste 

disoosal ·:>ver cu:::-rentlv ::>racticed orocesses. ... ., .... ... 

. .\ second advantage of the present :nvention is that ~-~fE:YfOB, a by-product 

?r: :.uceii ~n the este:ificaticn step , :s easily isolated aiong with MOB and a.-

YfEN10B. ~-MEMOB is also converted to ~IMA. This lends to an additional yield 

:mprovement and another net reduction in process waste. 

A third advantage of the present invention is that H2S04 lower in purity 

~an that used in currently practiced processes can be used in the present process. 

rhe formation of HIBAM from ACH results from the oresence of H20. In fact, .. 
iIBAM is the more desirable hydrolysis product since the thermal conversion of 

iIBAM to MA."'vi is more facile than the conversion of HIBAM to MAM. Typical 

ommercial processes use H2S04 purities approaching 100% to minimi~e the 

lrmation of HIBAM and minimize the yield loss incurred from the conditions 

ecessary to thermally convert HIBA.i.Vf to MAM. Since the thermal conversion of 
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HIBAM is not required with this modified process, lower purity H2S04, that is, 

higher levels of water, may be used. 

Some embodiments of the present invention will now be described in detail 

in the following Examples. 
/ . 

EXAMPLES 

The following data demonstrate the increase in overall yield which may be 

expected in the conversion of ACH to MMA by comparing the changes in 

composition in the hydrolysis mixture expected by the process of this invention 

(Example - 1) with that expected using a typical commercial process such as disclosed 

in the '816 patent (Comparative Example - 2). The results for this invention are 

based on using a hydrolysis temperature of 105° C for 35 minutes with a weight ratio 

of sulfuric acid to ACH of 1.7 to 1.0 (63 weight% sulfuric acid). The results for the 

'816 Comparative Example reflect pre-esterificatior. compositions typically 

en..:ou:::tered in a commercial production facility. Representa:ive expected results 
.. ..,... , 'I .. are :n ;.. aoi.e L 

Comparative Example - 2 shows an almost 20 mole % greater expected 

conversion to MA..t.\11 than Example 1. However, this is at the expense of the 

expected overall total pre-esterification yield (i\-fA:M + MAA + HIBk'vf + SIBAM). 

In the present invention none of these four components is wasted rather; they are 

either converted to MMA in subsequent steps of the process or they are converted 

to other intermediates which are recycled to the process. Tnerefore, the overall yield 

of MMA is dramatically increased over that obtained using current commercial 

processes; 

B Replaced 

i'1iiill\ ill\ Ill\ 
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Table l 

Stream Composition After Step l 
l'Pre-estcri lic:ition) 

Selectivity Based 
on ACH at 100% Pre-escerification Overall Yield to 

Conversion Yield MMA 
M.Ai\.f+MAA+ (Based on 

Example No. Comoonent wt% in Stream (mole%) HIBAM+SIBAM ACID 

1: <This Invention) 97.3 95.6"' 
H1S04 63.0 
MAM 25.8 69.9 
HIBAM 4.0 11.0 
MAA 0.1 0.3 
SIBAM 5.9 16.1 
Others 1.2 2.7 

2: (Comparative Examole from '816) 92.7 91.8** 
H2S04 63.0 
MAM 32.1 90.3 
HIBAM 1.3 1.3 
MAA 0.4 1.3 
SIB AM <0.l 0.1 
Others ~? 

J.- 7.3 

.. C.:i.lcuiated using an esterification yield of99.5%, an isolation of the second organic fraction yield of99.)%, :m~ 
:?-A-0 J.29 800 data of 99% conversion of i.he second organic fraction with a 96.6% yield to MMA and MAA. 

·• Calculated using an estcrification yieic of 99.!"% and a 63.7% yield on MOB to MMA and MAA as described in 
'816. 
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1. A method for ·producing methacrylic acid esters, which comprises the steps of; 

a. hydrolyzing acetone cyanohydrin with sulfuric acid to produce a hydrolysis 

mixture comprising 2-methacrylamide, a.-sulfatoisobutyramide. a.­

hydroxyisobutyramide, and methacrylic acid, wherein the sum of the total 

moles of these components derived from acetone cyanohydrin is 

maximized; 

b. esterifying the hydrolysis mixture with a C1 - C12 alkyl alcohol to produce 

an esterification mixture comprising a C1 - C12 alkyl methacrylate, a C1 -

C12 alkyl a.-hydroxyisobutyrate, a C1 - C12 alkyl ~-C1 - C12 

alkoxyisobutyrate, and a C1 - C12 alkyl a.-C1 - C12 alkoxyisobutyrate; 

c. separating the esterification mixture to obtain an aqueous fraction, a first 

org3.nic fraction comprising the Ct - C:2 alkyl methacylate. a.-. .:i :.. .:-6c:.:-.d 

organic fraction :om.prising the C1 - C12 alkyl ::!.-hydroxyisobutyrate, the C1 

- C12 alkyl ~-Cl - C12 alkoxyisobutyrate, and ~ne C1 - S12 alkyl a.-C1 - C12 

alkoxyisobutyrate; 

d. dehydrating the isobutyrate-containing components of the second organic 

fraction to produce a recycle mixture comprising a C1 - C12 alkyl 

methacrylate, methacrylic acid, a C1 - C12 alkyl alcohol, and water; and 

e. combining the recycle mixture with either the hydrolysis mixture or the 

esterification mixture. 

2. A method as claimed in claim 1, wherefo the C1 - C12 alkyl alcohol is selected 

from methanol, ethanol, n-propanol, isopropanol, n-butanol, and isobutanol, 

and preferably is methanol. 

11111111111111 111111111111 1111 
* C L . M S * 
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3. A method as claimed in claim 1 or claim 2, wherein the separating step 

comprises ~ractional distillation of the esterification mixture. 

4. A method as claimed in any preceding claim, wherein the dehydrating step ~s 

conducted in the vapor phase in the presence of a crystalline aluminosiiicate. 

S. A method as claimed in claim 4, wherein the crystalline aluminosilicate is 

modified with an alkali metal and a platinum group element. 

6. A method as claimed in any preceding claim, wherein the esterification 

comprises mixing the hydrolysis mixture with excess aqueous C1 - C12 alkyl 

alcohol, in the presence of sulfuric acid as a catalyst, at a pressure of up to 

6.895 x 105 Pa gauge (100 psig), and at a temperature of 100°C to 150°C. 

7. A mt::~1.od as claimed in any preceding claim, in which the cx.-

:-. yc:oxyisobutyramide .:oncentra.tion in the process stream just prior to 

esterification is 2 to 20 mole%, preferably from 5 to 15 mole%, based on the 

starting acetone cyanoh ydr:n. 

8. A method as claimed in any preceding claim, in which the cx.­

sulfatoisobutyramide concentration in the process stream just prior to 

esterification is from 1 to 20 mole%, based on the starting acetone 

cyanoh ydrin. 

9. A method as claimed in any preceding claim, in which the 2-methacrylamide 

concentration in the process stream just prior to esterification is from 60 to 80 

mole%, based on the starting acetone cyanohydri~. 

iiiili~1iii1ii1il1f 
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10. A method as claimed in any preceding claim, in which the methacrylic acid 

concentration in the process stream just prior to esterification is from 0 to 5 

mole%, based on :he starting acetone cyanohydrin. 

11111111111111 1111111111111111 
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