. 2 0, SEP19 ' : 1 PROCESS FOR THE .PRODUCTI &\&WTHACRYLI C
ACI D ESTERS This i nvention i s concern

Wi for pr
purity nmethacylic acid esters i R hi g et E% e of conxm,l al .\5
5 pr.ocesses are practiced for the produ saeh—est ers i ncl udi ng _
sulfuric acid treatnent of acetone cyanohydri n, two gt syogasrs osEef |-
i sobutyl ene or t- butyl al gohol and |iquid phase cat @ﬁﬁé ia?;,,%A%satlo of
propi onal dehyde with i Eggﬁ"ﬁ% TI'AEtP PRy CEBANer i cyanehydrTTT Pr ocess
i s described in US A 4Q0F2AETHACTBAGO AlaD EfEERsoduct i on of et hyl
nmet hacrylate ("MVA"). In this process, Acetone cyanchydrin ("ACH') is (I)

hydrol yZ®ds byventidnis concdrded owithoa unethioel fdr- proditciny itdg hgj @m de
("HBAM') and its sulfate ester, [err]- sulfat0| sobutyram ("SIBAM") ; (2)

t hendthBAlamatidld3tdvs inrlagh twel@l Aynumbezrdfabntmepeial processes are

D

practiced for the production of such esters includiqu.sulfuric acid treatment of
acetone cyanohydrin, two stage oxidation of isobut';lene or t-buty: alcohol, and
liquid phase catalytic condensation of propionaldehyde with formaldehyde.

A typical commercial cvanohydrin process is described in US-A-4,529,816
("816™ for the production of methy! methacrylate ("MMA™. In this process,
acetone cyanohydrin ("ACH?") is (1) hydrolyzed by sulfuric acid to produce o~
hydroxyisobutyramide ("HIBAM™) a:nd its sulfate ester, a—sulfatoisobutyramide
("SIBAM"); (2) the HIBAM and SIBAM are ‘hermally converted to 2-
methacrylamide ("MAM?”) and a small amount of methacrylic acid (“MAA"": which
iz then (3) esterified with methanol to produce MMA (rasicual FEiS~M is 2s:=riffec
to methyl a~hydroxyisobutyrate ("MOB")). Also disclosed in '816 is an
improvement to the general prccess for producing MMA wherein the MOB present -
is isolated and returned to the process between the thermal conversion and
esterification steps.

The thermal conversion step in '816 is conducted at a sufficiently high
température and for a sufficiently long time to maximize MAM formation from
'HIBA\/I and SIBAM prior to esterification. The thermal conversion of SIBAM is
Tore facile than the thermal conversion of HIBA\/I One objective of '816 1s to
obtam the maximum yield of MAM and MAA at this step. MAA is a co-product of
the thermal conversion step and is also converted to MMA during esterification. In

Wddition, '816 specifies that care must be taken when returning isolated MOB into

he process between the thermal conversion and esterification steps such that the
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-« methacrylamde ("MAM') and a small anount of neth
which is then (3) esterified with nmethanol to pr
is astenfted to nmethyl [err]- hygr oxyi sobutyrate

“'[err]816 is an irnprovenent to“the general process for produci ng MVA
wher et o t I¥g§ LS g r [OCH et ween the
t hg?ﬁgﬁcc%%\i/er Sl %hERZ%g{aég é#?@%géﬁgggggfe@% %‘ﬁg t%‘%e’%‘ﬁgﬂ Pat%ooﬁ\?}zrreg I on step
in. g 2 1 L liy4di gh tenperature and for a
suf{l?gﬁecnt ‘f/ Pﬁ%?ﬁgﬁﬁ)&#&% ?né%éﬂﬁ\%l%gﬁg; ion from (H BAM and SI BAM
prior tgmy grichigiatdigfosdden hb&bﬁ@'cy‘éﬁﬂh?ﬂﬁh%d&ﬁsﬁl@?‘ﬁde% nBRqhaei | e
than the thermal conversion of H BAM -One’objective of [err]816 i's to
obtsalfurid i aHst Breparing thahaddiicaid Mvdrat At kéy s@begr thid\Brocess i€ ther oduct
of the thermal Conversion step and is al so converfed to MVA during
esteipori piedseatehidradded| teslaohoBdticm of id-hgrirbkpt, ccaillkoxysir Pealkaken when
returning isolated MOB into

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

modified crystalliné aluminosilicate disclosed in EP-A-0 429 800. However, this
process suffers from low yields based on ACH.

Even with the improved process described in ‘816, there is still a need for a
high purity, high yield MMA 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 production of ,
B—unsaturated carboxyiic acid esters in high yieid fhrough reduced formaticr of
reaction. side products and recyciinx df process intermediates.

In particular, the present invention provides a method which enables the
production of high purity (e.g., greater than about 99 weight percent) o, p—
unsaturated carboxylic acid esters in high vield (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 (MAM), a-
sulfatoisobutyramide (SIBAM), a-hydroxyisobutyramide (HIBAM), and

methacrylic acid (MAA) under conditions, e.g. conditions of time and
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t he process between the thernal conve‘rsi on anq—_?@ eps such’
that the Substitute - sheet - 18/ 9/96 sul furiic %%&JETELF ?%Nsn mai nt ai ned

at about 97- 100% and the nole ratio of free s:uL-furlc acﬁd@{—e-—{-ﬂrr]lv[B S
mai nt ai ned between 4 and 40. EP-A-0 407 811 di scl oses an acetone

Cy an QB ek iRb 06EES thdtethetRff JFGthe' 1REA1 MBISbf NEA M, 2STBANIO 'HIW LPE Enl
nmet hacrylic acid esters. A key step of this process is t he vapor phase

dehy A Qerfled foRol ACH isomaRimi{z:; | - hydroxy-, [err]-al | koxy, or :
[err]-al koxv carboxylic acid esters in the pr esence of an alkali netal and
pl &.i esterifyingpthel heyrbnolysin diikiurd withst &f |-G allgtiabadidli saprodiicecdrosed in
EP- A-0 429 800. However, this process suffers from | ow yiel ds based on ACH
esterification mixture comnnsmg a Ci1 - C12 alkyl methacrylate, a C1 - C12 alkyl o~

hydroxyisobutyrate, a C1 - C12 alkyl B—C1 - C12 alkoxyisobutyrate, and a C1 - C12
alkyl a~Cj - C1z alkoxyisobutvrate;

c. separating the esterification mixture into an aqueous fraction, a first organic
fraction comprising the C1 - C12 alkyl methacrylate, and a second organic {raction
comprising the C1 - C12 alkvl a~hydroxyisobutyrate, the C1 - C12 alkyl a~C1 - C12
alkoxyisobutyrate, and the C1 - C12 alkyl B-C1-Cq2 alkoxyisobutyraite; 'l

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 water; and -

e. combining the recycle mixture with sither ﬂxe hydrolvsis mixture, tha: is.
between steps 1 and 2, or the esterification mix:ure, that is, between steps 2 ard 3.
For purposes of this disclosure, the terms “dervdrating”, "dehydration”.

"deyhdrate” and "dehydrated” mean eliminating a water molecule from o—or B-
hydroxy substituted components or eliminating an alkyl alcohol molecuie from c—
or B- alkoxy substituted components to produce o, 3~unsaturated carboxviic acid
isters.

The a-hydroxyisobutyramide concentration in the process stream just piior to
sterification is preferably from 2 to 20 mole%, more prefex_'ably 5 to 15 mole%, based
n 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.
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A

Even with the inproved process described in '816, there is 111 a need for
a high purity, high yield [err] MVA process.
addi tional inprovenents is thg need to redu
practi ced manufacturing processes. The pres j provi des a net hod
whi ch Tereaipetisadriptic picidi vohtantration e the frecdds- stherh yusd pogapboxyiic acid
esters in high yi.eid through reduced fornmation or reaction side products
asigrifimayiohi is preferpbhycrem Do mede%; based pnpthetstantirgr AGHe present

i nvention provides a nethod whi ch enabl es the production of high purity
(e. g. Fagrilasuativhpurposes, the faboyhingpdascriptipn| mefeds, :o @ méthodnfat ur at ed
carboxylic acid esters in high yield (e.g., geater than about 95 percent)
pasduciorg meshyk methagylate Bjowenetithecaethad & genrrallyapplicablaato sul furic

%g% / g‘rgﬁ%f gcgﬁ%%g%g? @388&%&”&&& t Q g ' ?i%:earc]‘.gd } R@Q E::Irgcnesg E%EieCi 2 Cplrzow ded a

alkyl alcohols. Use of alcohols of Cy - C4 are preferred because of the commercial

e

value of their methacrylate esters. Preferably, the Ci to C4 alcohol is selected from
methanol, ethanol, n-propanol, isopropanol, n-butanol and isobutanol. The most
preferred alcohol is methanol. The greatest yield loss in the process as currently
practiced occurs during the thermal conversion of HIBAM to MAM 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 hvdrolysis product.
Because the formation of HIBAM from ACH results from the presence of water,
typical commercial processes use H2504 with purities approaching 100%. This
minimizes the formation of HIBAM and maximizes the formation of SIBAM. The
present invention eliminates the requirement for the thermal conversion of
HIBAM 0 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,
SIBAM, HIBAM, and MAA. Methods currently practiced in sulfuric acid/ACH
processes strive to maximize only the sum of MAM and MAA prior to the
ssterification step. In the present invention, the thermal conversion of HIBAM and
SIBAM to MAM is not required since the resulting esterified products, MOB,

nethyl f—methoxyisobutyrate ("B—MEMOB"), and methyl a~methoxyisobutyrate
"a~MEMOB"), are isolated and converted to MMA in a separate step . A second

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

lehydrate MOB, c—MEMOB, and B-MEMOB to MMA prior to recycling to the
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. methacrylic acid esters, which conprises the steps of; ydrol'y2| ng '.
acetone cyanohydrin (ACH) with sul furic getg JElt T @ASCEEEA hydr ol ysi s -
m xture conprising 2-methacryl angde (NVAM ,T8r§ pLAGHED at oi $obut yr ani de :

s (SIBAM, [err]-hydroxyisobutyram de (H BAM.,—ahrt acrylic acid (MAA)

und fo&egldrrhw&sm @achrasQQBCihé'Sl%s ﬂ'fce%é %&EQhe MOBstddnidrasdieah - 18/ 9/ 96
erature, such that the sum of he total noles of MAM® SIBAM H BAM and
I\/AA{dieéﬂ y@m,fa[f@ﬁp&@baﬁﬁg,nam m zed; b esterifying the hydrolysis m xture

with a C[err] - (err] alkyl alcohol to produce an esterification mxture

[corrp]rl si Iy thisGheention, A hyldrglyzeet Gsiagysudfeic acid] eypikaly Qstng] al kyl
err

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 MAA. 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 équivalent products in the
process stream in the hydrolysis mixture will vary. However, conditions are
preferred which result in the following distribution: about 60% - 30% MAM; about

1 - 20% SIBAM; about 2% - 20% HIBAM (more preferably 5% to 15%): z-d a

a~nd azcut

£% - 5% MAA with an overall ACH conversion rate of about 100%. The advantage

this ne~v process is that the yieid loss incurred in the conventional procass by
efforts to reduce HIBAM levels during thermal conversion to MAM is reduced.
The MAM / SIBAM / HIBAM / MAA mixture is then esterified, 2.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 109 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

tonditions be mild enough such that side reactions leading to degradation products _

do not occur to an unacceptable extent.

I —
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errllerr

- hydroxyi sobutyrate, a CJerr] - Cerr] alkyl | Hertererrgo1 err]
al koxyi sobutyrate, and a CJerr] - (Ceee] al kﬁITW@rﬁf‘Eﬁt@r%ﬁw err]
al | koxyi sobutyrate; c. separatigg the esterifjicati PLACSH ure—ht o an

“aqueous fraction, a first organic fraction conprising the CJerr] - (err]
al kyl nahieasstytifitationntep predates af Gakirifiddtint iRt Ehpridthd MMA err] -
Cerr] alkyl [err]-hydroxyisobutyrate, the CJerr] - Cerr] alkyl
[ e MDBCheMEMOB] end] B-MEM@Bsalbngywithesignifitahbheuaheitiel of whter randal ky|
[err]Cferr] - Cerr] al koxyisobutyrate; d. dehydrating the conponents of
t harseadted megwmol. fThis mixtuteoispgepanatedaintearchguedus tnactionmard siing a
Cerr] - (err] alkyl nethacrylate, nethacrylic acid, a C&err] - (err]
al Ryganicdsagion.adepqueousafifacion COMAINS Y§rYing reepsite ofithe @abevai t h ei t her
the hydrolysis mxture, that,is. between steps 1 and_2, or the
esICORIRRARtts yrhign may ailtimadely ke r i &Re progesindl i OTgANIG iFASHOBSS of
this disc,osure, the tecrns . dethydrating” ."denydratjon" "devhdrate" and
- deRparard gLt a Pk AR AiPRa it Hoiovsing Xrddid perarplot [ orr) -

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 MMA, and th_e_ like. Next, a first fraction comprising
high purity MMA is obtained. Finally, a second fraction comprising higher boiling
materials including MOB, a-~MEMOB, énd B—MEMOB, and :the like, is obtained.

The isobutyrate-containing compdnents of the second fraction are dehydrated,
preferably in the vapor phase in the presence of a crystailine aluminosilicate, and
m.ore preferably, a crystalline aluminosilicate that has been modified with an alkzi .
metal and piatinum group element, o produce a récyde mixture, This mixturé is
recycled to the procéss. The dehydration step is performed on the components of
the second fracti'on 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 tc about 400 “C. Methanol aids in the prevention of 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-
would maximize the yield of MMA based on that particular step, the overall process
naximizes the overall yield of MMA.

The advantagé of the present invention over known methods is three-fold.
first, 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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-hydroXy substituted conmponents or elimnating : ° ol ecul e
from[err]- or [err]- al koxy substituted conpo é‘ﬁn%SIﬂEﬁTR'F‘%E err],
[err]-unsaturated carboxylic aciyd psters. The f- hy o rRERY A SR Lt y--adni de

concentration in the process streamjust prior to esterification is

pr &16).aBlyh fcoadi oo reudentheovearatleyipldbe tlabpyodess dubonsitie ¥eabiésmerd on the
starting ACH The [err]-sulfatoisobutyram de concenttation in the process
st seeamap uiir exanmple; theedeesmpsigiaroof MAM ehdratyt MAAowhich & pfesent @dy based
on the starting ACH The 2-nethacryl am de concentration in the process

st peeauitftthprhiwdrolysie of MAM eattherdimerjgagionr abMAM, andsthe Bk80 Byol e%

based on the starting ACH. :
reducing the severity ot the thermal conversion conditions, the yield of MAM s

- ailéq reduced due to 'th_e iower conversion of SIBAM and HIBAM: to MAM.
However, in subsequent stéps, this excess SIBAM and HIBAM is esterified into o~
MEMOB and MOB, dehydrated to MMA, and recycled to the process in a more
efficient manner than obtained using the conventionél thermal conversion of
HIBAM to MAM. By recovering the MOB and a-MEMOB, converting them to
MMA 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 landfiiling. Thus, the modified process
results in a significant cost saving in terms of increased yield and reduced waste

disposal over currently oracticed processes.

A second advantage of the present invention is that B~MEMOB, a by-product
sreauced in the esterification step , Is easily isolated aiong with MOB and a~-
MEMOB. B-MEMOB is also converted to MMA. This lends to an additional yield
mprovement and another net reduction in process waste.

A third advantage of the present im'rention is that H2504 lower in purity
han that used in currently practiced processes can be used in the present process.
the formation of HIBAM from ACH results from the présence 6f H720. In fact,
IBAM is the more desirable hydrolysis product since the thermal conversion of
IBAM to MAM is more facile than the conversion of HIBAM to MAM. Typical
ommercial processes use H2504 purities approaching 100% to minimize the

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

tcessary to thermally convert HIBAM to MAM. Since the thermal conversion of
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- Substitute sheet - 18/ 9/96 4 The nethacryli c{agiigl sgBRC@ASBEENoOh in t he
process streamjust prior to esterification i{s preRemial¢ER from0 to 5
nol e% based on the starting ACHS8 For il ust 'Ve purposes, the follow ng
¢ description refers to a nethod for produci ng nethyl nethacrylate. However,
t he HEB Abis sogsewprisdd widp phis caddfiedopraxdess,dowerc pacity 3@y stimtdgar ed
using the sulfuric acid/ ACH process and CJerr] - (Jerr]- alkyl alcohols.
Use raghet teoteld of wfat€f.emry be Wedrr] are preferred because of the commrerci al
value of their nethacrylate esters. Preferably, the Clerr] to Clerr]
al cohol iSpmelambediments efetheaprsiseneinwandion wirupaneg desgiped pasietail
n- but anol _and j sobutanol. The nost preferred al cohol is nethanol. The
gr edlede fﬂ”@l‘@ﬂ&)gga‘mﬂ%ﬁae process as currently practiced occurs during the

thermal conversion of HBAMto II:;EM Eri Sr {d esterification. Since the
thernmal conversion of SIBAMto 4 facile than

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 disciosed
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-esterification compositions tvpicailv
encourtered in a commercial production facility. Representa:ive expected results
are in Tabile 1.

Comparative Example - 2 shows an almost 20 mole % greater expected
conversion to MAM than Example 1. However, *‘us is at the expense of the
expected overall total pre-esterification yield (MAM + MAA + HIBAM + 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 tc the process. Therefore, the overall yield
of MMA is dramaﬁcally increased over that obtained using current commercial

processes.

-
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* the conversion of HBAMto MAM SIBAMis a nore desirable hydrolysis

product. Because the formation of H BAM from ASk )1;;e L e presence
of water. typical comercial pro®esses use Herr] ,rhl pUrities
* approaching 100% This minimzes the formati onlof—Hl Hm zes the

formati on of SIBAM The present invention elimnates the requirenent for
the_thermal conversion of HIBAMtoTRME#IL The net effect is to optinize the
hydrol ysis and dehydration steps based on a redefinition of the optimm
prg-esterification yi eF@aasCOtnn@"@mmﬁmSme SIBAM H BAM and MAA. Methods
curfrently practi ses strive to maxim ze pnly

thg sum of MAM and MAA prior to the ég‘g% ? N%%ﬁlgcam&wl tOQer%lgf ) . ¢ od

i nMention, the thermal conversi on of .

since the resulting esterified products, rret Iwy,,[M,,\,;AA+ (Based on
[ erfdammt REXYi SObutostoaiicat Cv'v[.‘.’efnl’jlreﬁyEI\/OB"(}nole%lﬂd MetHIRAM+SIBAM ACH)
[ ergT-methoxyl sobutyrate ([err]-MEMOB"), are |soI at ed and converted to}] MVA
i n jpl: SEwahaengomt ep. A second 97. 95.6*

H2S04 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 Example from ‘816) 92.7 91.8*=

H2S04 63.0

MAM 32.1 ~ 903

HIBAM 1.3 1.3

MAA 0.4 1.3

SIBAM <0.1 _0.3

Others 3.2 7.3

Caiculated using an esterification yield of 99.5%, an isolation of the second organic fraction yield of 9.5%, an
ZP-A-0 429 800 data of 99% conversion of ihe second organic fraction with a 96.6% vield to MMA and MAA.

=* Calculated using an esterification yieic of 99.£% and a 63.7% yield on MOB 10 MMA and MAA as described in
'816. .

e
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+» nodification to the sulfuric acid/ ACH process in the present

i nvention is

to dehydrate MOB, [err]-MEMOB, and [err]F BRE to recycling
the Substitute sheet - 18/9/961f procgss pPabEp! N Cantrast to the
* '816 process where the MOB is dehydrat ed; after recyclin

In tk@@Aj_lmfvzention, ACH i s hydrolyzed using suifuric aci d typically usin -

excess sulfuric acid at a tenperature from about 80[err]C to about

135[err] C, preferably from about 80[err]C to about 105[err]C,

for atime

sufficient to maximze the pre-esterification yield of the total of MAM
S| BAM Adniikbdafiod pybducifigemethmuey it ackl esterdyevhich comprises the steps of;

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

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 C - C12 alkyl methacrvlate

Ci12 alkyl o-hydroxyisobutyrate, a C1 - C12 alkyl §~C1-C12

IaC1°

alkoxyisobutyrate, and a C1 - C12 alkyl a-~C1 - Cj2 alkoxyisobutyrate;

Oy

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

organic fraction comprising the C1 - C;2 alkyl methacrylate, and = secend

organic fracticn comprising the C1 - Ci2 alkyl «-hydroxyisobutyrate, the C1

- C12 alkyl B~C1 - C12 alkoxyisobutyrate, and :he C1 - Ci2alkyl 0—C1 - C12

alkoxyisobutyrate;

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

raction 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, wherein the C1 - C12 alkyl alcohol is selected

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

and preferably is methanol.

MMWWMW
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» mai nt ai ned at a single value or changed during the course of

This may be acconplished either continuousl y{ 0f;sSdifipw 1s4s BN

wWill prererably vary fromless th 1 m'nut.e‘ 0 akepiA®ED m nut

he reaction.
time required
.es. The

di stribution of reacted ACH equivalent prdducts in the*proce

sul furic acid concentration is not critical.~encerntrations 0

preferredy fath o0 R MNEH InCal2ith Gla+§ A% é%ﬁbf&ﬂ-thl@@oﬁ?itﬁ@gfﬁf”t

95-100% ar e

reamin

the hydr cloygpriised Kadfiendl HistilRlkion 6P @5terFRAGION Sittudee preferred which

result in the follow ng distribution about 60%- 30% MAM about | - 20%
SI BAM about 2% - 20% H BAM (nore preferably 5% to 15%: and [err] 0% 5%
MAA with an overall. ACH conversion rate of about 100% The advantage of

thist.is ndunethodess clasmieldain are pyecsiding adaim, nwheredn the dehydratingrstem il
process by efforts to reduce HHBAM | evel s during thernmal conversion to MAM
i s reducempnduicted/invthe Siapaw phasellinAkle/ préddncs »f areviilitealuniresdificatd, e. g.
using any esterification procedure which can be practiced on an industri al

scal e, such as,

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 alkwvl

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

6.895 x 10° Pa gauge (100 psig), and at a temperature of 100°C to 150°C.

7. A metnod 2s claimed in any preceding claim, in which the o

avaroxyisoputyramide concentration in the process stream just prior to

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

starting acetone cvanohydrin.

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

sulfatoisobutyramide concentration in the process stream just prior to

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

cyanohydrin.

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 cyanohydrin.

T



“for exanple, mixing with excess aqueous al cohol using sulfuric acid as a

catal yst under pressures of up to 6.895 x 10[errk hg) at
100 - 150[err] Cwith residence tirgs or general |lyTHSsH $1B . In the
case of MVA production, excess aqueous methanol ils conBEReMERth tHe

hydrol ysis m xture. Esterification conditions are not critical and can be
[ i . Th | ' t.is that.th diti b
1 d Bougr BthO A ned 8 2B e SRR, o SRl e BrEREURe. P80 not
occur 10 aPoHAAREERLARA ShEHrBlss streath Bl HEE 5 BERHcaliBhY Wolk J8E s
n step produces nf _ mxture “conprising ,

esterificatro an esterifrcation
mole%, based on the starting acetone cyanohydrin.

* c L N s *

© ‘This Sheet Has Been Replaced
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MOB [err]-MEMOB, and [err]-MEMOB along. with significant quantities of water
and unreacted nethanol. This m xturd3is separated into an aqueous fraction
and an organic traction. The aqueous fraction contgins varving. amunts of

t he above conponents which may ultimately be recycll eghit GHEBE HASEEEMS| The
organic fraction is separated into a nunber of addiiti onaREFLAZED ons {isi ng
standard separation techniques, but fractional distitTration s preferred.
Fractional distillation conditions are adjusted to give a forerun of | ow
boi | i ng conponents such as water, unreacted met hanol , small amounts of MVA,
and the 1ike. Next, a first fracti £.0 flng hi gh purity MVA is
obtained. Finally, a second fracti&h bu‘p.ra.ng hi gher boiling materials
including MOB, [err]- MEMOB, and [err] MEMOB, and the like, is obtained. The
i sobut yr at e-cont ai ni ng conponents of the second fraction are dehydrat ed,
preferably in the vapor phase in the presence of a crystalline

alum nosilicate, and nore preferably a crystalline alumnosilicate that has

been modi fi ?ﬂié’\iﬁx}%n@i%naﬂ:i‘d’\}ides a method for producing ¢, B- unsaturated

carboxylic acid esters in high yield from acetone cyanohydrin and sulfuric acid
through the recuction of reaction side products and the recycling of process

intermediates.

This Sheet Has Been Rep.
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netal and platinumgroup elenment, to- racj)gmgfecycl e mxture. This

m Xxture is recycled to the process. T ation step is Efarformedhon

t he .conponent g—ef—tt C riacti on as 4  (gPLe preferably, in the
presence of tRMEME@' g}@ﬁd | uti ng_aggfmj%ucﬁ ﬁs an_inert gas %136
preferably at |r&action tenperhtlires of from about Xubskiute $he 'niwﬁ.‘_/ __
400[err] C. thanply gEPSI996 1he prevention of by-product methacrylic acid
formation. On dvant age of theipresent invention's nodified process is

t hat even thodgh—eaet—mdividuall step in the process is not conducted in a -
manner whi ch uld maxi m ze t yield of MVA based on that particular step,
the overall protESS naxim z L. vield of MVA. The advantage of
the present invention over ﬁ‘ﬁ?}%&'ﬁ%‘(ﬁgg@!génﬁ&e&Wd first, it avoids
the use of the typically harOf MERHAGRHAICACIRESTERDr der to naxi nm ze the

i i nver si ep of  the typical ACH process (step 2
(I\)/:CA‘M yreld int h‘F’nits qg‘rreq\at!oncig c\ér?ce?rllo ws1tth f method ?or grgducing high guﬁty ( P

methacrylic acid esters in high yield. A number of commerdal processes are
practicad for :he sroduction of such esters including sulfuric acid treatment of
acetone cyanohydrin, two stage oxidation of isobutylene or t-butyi alcohol, and
liquid phase catalytic condensation of propionaldehyde with formaldehvde.

A typical commercial cyanohydrin process is described in US-A-4,529,816
("816™ for the production of methyi methacrylate ("MMA"). In tﬁis ?rocess,
Acetore cvanchydrin ("ACH™ is (1) hydrolyzed by sulfuric adid to produce ¢~
hydroxyisobutyramide ("HIBAM") and its sulfate ester, c—sulfatoisobutyramide
("SIBAM"); (2) the HIBAM and SIBAM are thermally converted to 2-
methacrylamide ("MAM?") and a small amount of methacrylic acid (“MAA”): which
is ther (3) esterified with methanol to produce MMA (rzsidual HIBAM is estecified
to methyl c~hydroxyisobutyrate ("MOB")). Also disclosed in '$16 is an
im;:.;rovement to the general precess for producing MMA wherein the MOB present
is isolated and returned to the process between the thermal conversion and
esterification steps. '

The thermal conversion step in '816 is conducted at a sufficiently high
lemperature and for a suffidently long time to maximize MAM formation from
..HIBAM and SIBAM prior to esterification. The thermal conversion of SIBAM is
more faciie than the thermal conversion of HIBAM. One objective of ‘816 is to
obtain the maximum yield of MAM and MAA at this step. MAA is a co-product of |
the thermal conversion step and is also converted to MMA during esterification. In
dddition, '816 specifies that care must be taken when returning isolated MOB into

be process between the thermal conversion and esterification steps such that the

g )
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ng}'é(;%w HEET] §16). Such conditions reduce the

5 due to side |rdactions such as, for exanple, th
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mar—conver si ognfondl tions, the yiStibstiggte\shpgts
| ower _conversi of 25| BAM and H BAMto MAM Howe

subsequent st eps,

this excess SIBAM and HBAM is esterified into a-

ver, in
MEMOB

and MOB, dehy#Hatigdcidstgnath HirripBied) A @byt ¥helii%oard the mole msioef dteri ci ent
manner than QRiRLAgdd R Ss! il G ERHeE Helldn £ DRI §! conversion of

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

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

vapor pnase dehydration/dealcoholization of «-hydroxy-, a—alkoxy, or f-alkoxy

carboxylic adid 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 yields based on ACH.

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

high purity, high yield MMA process. Part of the driving forca for additional

umprovements is the need to reduce waste products from currently practiced

anufacturing processes.

The present invention provides a method which erables the procduction of ,

B—unsaturated carboxyiic acid esters in high yieid through reduced farmaticn of

reaction side products and recyciing f process intermediacss.

In particular, the present invention provides a method which enables the

. production of high purity (e.g., greater than about 99 weight percent) ¢, B~

unsaturated carpoxylic acid esters in high yield (e.g greater than about 95 per

S oF

cent)

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

process.

According te the present invention there is provided a method for produding

methacrylic acid esters, which comprises the steps of:

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

hydrolysis mixture comprising 2-methacrylamide (MAM), a-

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

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



H BAMto MAM By AR g
MVAA and MAA, andithen re '

i ncrease on the yiekd y5)2, %ﬂ?’l}r%o
wast e material whilch nust be dispdséd of, e.g. by incineration or

| andfiiling. Thus, the nodified prOcﬁss- resul ts i Substityei 1 6
saving in ternms of_increased—yirerd ahd reduced waste di sposal over
currently pragh PLARERILHe s EEARLoRE RALAGEVR{M! BB QUECERBAM, RYENt i On
is that [er;?%bbéﬁgﬁf a by-prgduct prodﬁceﬁﬁ?n tﬁe esterification step, is
easi |y isol aifadh aefivig hi-hANUEBisanakimizedi-MOB. [err]-MEMOB is al so
converted to MVA, This |l ends to an additignal é/li el d i nprovenment and anot her
net reduct?-ofsteRtviR®bedydiplyis migureWitd Wl afiAgeybplcel (5 RROEHE #hvent i on
is that Her . : ' g al L0l ent R iced
processes cae%’1 e géé%nlll%wﬁced%%ﬁe%%t&r &%@ylﬁ%ﬁ? %rplr?gét%iaoﬁp;br-ﬂ %gg}%f rom
ACH resul t s HydaxdifbupFaeen Cg - T2 Hikel 8+3 - € dikedyisobutyrate, anda C1 - C12

alkyl a~Cj - Ci2 aikoxyisobutvrate;

and [err]-MEMOB, converting themto
to the process, there is an overal
e process as well as a reduction of

c. separating the esterification mixture into an aqueous fraction, a first organic
fraction comprising the C1 - C12 alkyl methacrylate, and a second crganic fraction
comprising the C1 - C12 alkyl a-hydroxyisobutyrate, the C1 - C12 alkyl ~C1 - C12
alkoxyisobutyrate, and the C1 - C12 alkyl B-CI - C12 alkoxyisobutyrate;

-d. dehvdrating the components of the second organic fraction to produce a recycle
mixture comgrising a C1 - C12 alkyl methacylate, me.thacrylic acid, aC1-C12
alkyl alconol, and water; and

e. combining the recycie mixture with ‘sither the hydrolysis mixture, that is. |
between steps 1 and 2, or the esterification mixiure, that is, betwsen steps 2 and 3.

For purposes of this disciosuré, the terms "deirtydrating”, "denydration”.
‘deyhdrate” and "dehydrated” mean eliminating a water molecule from o or 8-
hydroxy substituted components or eliminating an alkyl alcohol molecuie from a—
or B- alkoxy substituted componen's to produce o, 3—unsaturated carboxylic acid
ssters. - '

'me.oz-hydroxyisobutjrrarrﬁde concentration in the process stream just prior to
ssterification 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

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

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

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



HBAM i s the norp REPLACEMENT §}iEEDIlysi s product- since the thermal conversion
of /IBAMto MAM | sfmore Tacile than the conversion of HHBAMto MAM Typi cal

commerci al procgske FH[] ritSd err] purities approaching 100%to
mnimze the fof tiogsséotf I—?AI\/ nd mnimze the yield loss incurred from-

the conditions he | 'y convert H BASubstitvabdisheiencel 8/9¢96
thermal conversf{on of H BAM s hot4requried with tThis nodified, process,
| ower purit H e

_ rSSert]. that_1s, higher lLevels of water used. Sone
enbodi ment s of %mé%*@@ﬁ PR P ‘hS\Hr?%Sﬁég%aﬁl Jish BPge g‘gt ail in the
fol I ow ng QEM&%%:\ 1?%§$ from 0 to 3 mole%, based an the starting ACH.

- . o

For illustrative purposes, the following description refers w0 a method for

|-

producing methyl methacrylate. However, the method is generally applicable to
methacrvlic acid esters prepared using the sulfuric acid/ ACH process and C1 - Ciz
alkyl alcohols. Use of alconols of C1 - C4 are preferred because of the commercial
value of their methacrylate esters.” Preferably, the Cj to Cy alcohol is selected from
methanol, ethanol, n-propanol, isoprdpénol, n-butaﬁol and isobutanocl. The most
preferred alcohol is methanol. The greaéest yield loss in the process as currently
practiced occurs during the thermal conversion of HIBAM to MAM 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 hvdrolysis product.
Because the formation of HIBAM irom ACEH results from the presence of water,
typical commercial procasses use Fi2SO4 with purities approaching 130%. This
minimizes the formation of HIBAM and maximizes the formation of SIBAM. The
pres;nt invention eliminates the requirement for the thermal conversion of
HIBAM to MAM. The net effect is to optimize the hydrolysis and dehydration steps
basec on a redefinition of the optimum pre-esterification vield as the sum of MAM,
SIBAM, HIBAM, and MAA. Methods currently practiced in sulfuric acid/ACH
processes strive to maximize only the sum of MAM and MAA prior to the
ssterification step. In the present invention, the thermal conversion of HIBAM and
SIBAM to MAM is not required since the resulting esterified products, MOB,
methyl f—methoxyisobutyrate ("3—MEMOB"), and methyl a—methoxyisobutyrate
{a~MEMOB"), are isolated and converted to MMA in a separate step . A second
modification to the sulfuric acid/ACH process in the present invention is to

dehydrate MOB, c-MEMOB, and B~MEMOB to MMA prior to recycling to the



The foll ow ng dat dmvgpp@m@negggg ijncrease in overall yield which may be
expected I n the convers+eta—e+—A td MMA by conparing the changes in
conposition in the h %\%Ehs tjurle expected by the process of this

i nvention (Exanpl 1)[2 f 19ﬁét expect ed using a typical conmercial
process such as dijsdlaosed in the '|816 patent (Conpa&Butistitatdeshopt €18/2)96 The
results for this ijnvention are based.on using a hydrolysis tenperature of
105[err] C for 35 ht ratio of sulfuric acid to ACH of
1.7 to 1.0 é&%seﬂenqms 20 SHIrbst th G814l brockhiewhasuhs SIO®Ls 4 drarer) £16

Conpar at i vg Exanpl e reflect pre-esterification conpositions typicaly
encount er etbwer wdeldpafterecalingr oducti on facility. Representa:ive expected

results are in Table 1. Conparative Example - 2 shows an al npst 20 nole %
greater expect el ECEniPERIEIh "tg{NﬁAM‘ihﬁ’&‘fFe%Fﬁﬂ guitpric agd, gyRirally H3188i s at the

Fr BAM ef&%%% S&‘lﬁﬁ-?é £5h QVE el derd Bl trof 0%t 86 loGBbLATsFECh el odYPA +

about 80°C o0 about 105°C, lor a time sufficient o maximize the pre-esterification .

vield of the total of MAM, SIBAM, HIBAM, and MAA. 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 prererably
vary from less than 1 minrute 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 equivalent products-in the
process stream in the hydrolysis mixture will vary. However, conditions are -
preferred which resuic in the Eollew‘f'a distribution: about 60% - 30% MAM; about
1-20% SIBAM; about 2% - 20% HIBAM (more preferably 3% to 13%): znd az:ut
0%.- 3% MAA with an overall ACH conversion rate of apout 100%. The advantage
cf this new process is that the yield loss incurred in the conventional procass ov
efforts to reduce HIBAM leveis during thermal conversion to MAM is reduced.

The MAM / SIBAM / HIBAM / '-MAA mixture is then esterified, 2.g. using
ény 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 @nditions are
not critical and can be varied over a wide range. The only requirement is that the
tonditions be mild encugh such that side reactions leading to degradation pro&ucts )

do not occur to an unacceptable extent.



In the present in eHEfPhM‘.EMGNE SﬁEETh=s‘e f our conponents is wasted rather;
they are either c subsequent steps of the process or they
are converted to ¢ 5 which are recycled to the process.
Therefore, the ovs Is dramatically increased over that

obt ai ned using cu pf ocesses. 2 Substitute Shest bsit8/8(36
sheet - 18/9/96 9 Table 1 Stream Cojrposi tion After Step |

The esterification step produces an esterification mixture comprising MMA,
MOB, a-MEMOCB, and f~-MEMOB elong with significant quantities of water and
unreacted methanol. This mixture is separated into an aqueous iraction and an
organic fraction. The aqueous fraction contains varying amounts of the above
components which may ultimateiy be recycled to the process. The organic iraction s
séparared into a numoer 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 MMA, and the like. Next, a first fraction comprising
high purity MMA is obtained. Finally, a second fraction comprising higher boiling -
_materials including MCB, a-MEMOB, and ~-MEMOB, and :he like, is obtained.

The isobutyrate-containing components of the second fraction are dehydrated,
preferably in the vapor phase in the presence of a crystailine aluminosilicate, and
more preferably, a crystalline aluminosilicate that has been modified with an alkzld
metal and piatinum group element, t0 produce a recvcie mixture. This mixture is
recycled to the process. The dehycration step is performed on the components of
the second fracti.on as is or, more preferadly, in the presence of methanol and/or a
diluting agent such as an inert gas, and preferably at reaction temperatures of irom
about 200 ‘C tc about 400 'C. Methanol aids in the prevention of 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 whmh
would maximize the yield of MMA based on that particular step, the overall process
Maximizes the overall yield of MMA.

The advantage of the present invention over known methods is three-fold.
first, it avoids the use of the typically harsh conditions needed in order to maximize

the MAM yield in the thermal conversion step of the typical ACH process (step 2 of



|

preesticrificati ')nBE%éCEMENT/iME‘BaEed on ACH at 100% Pre-esterification
Overall Yield toj Gonversron Yield MVA MAA+ MAA+
(Based on Exanplfe No: Cgnmponent W% in Stream (ol e%

H BAM + S BAM | | 2O RER 196 +fnils I nvent i on |

97.3 5—6—Her]-SA dr 1f] 63. Guukkitute sheet - 18/Y9E3
69. 9 H BAM . 1.0 7 11. 0 MAA 0.1

0.3 SI BAM T 5.9 16.1 Ot hers 1.2

2 7 '816). Such conditions reduce the overall vield of the process due to side reactions

such as, for example, the decomposition of MAM and anv MAA which is presant as
a result of the hydrolvsis of MAM or the dimerization of MAM, and the like. 3v
reducing the severitv of the thermal conversion conditions, the vield of MAM is |
also reduced due to the lower conversion of SIBAM and HIBAM to MAM.
However, in subsequent steps, this excess SIBAM and HIBAM is ssterified into c—
MEMOB and MOB, dehvdrated to MMA, and recycled to the process in a more
efficient manner than obtained using the conventional thermal conversion of
HIBAM to MAM. By recovering the MOB and a-MEMOB, convérting them to
MMA and MAA, and then recycling them to the process, there is an overall incr2ase
« the yield of MMA from the process as well as a reduction of waste material which
must de disposed of, e.g. by incineration or {andfilling. Thus, the modified procass
results in a significant cest saving in terms of increased vield and reduced waste

disposal over currently sracticed procasses.

A second advantage of the present invention is that f-MEMOB, a bv—produc‘

‘r.l

uced in the sstesification step , is easily isciated along with MOB and o~
MEMOB. B-MEMOB is also converted to MMA. This lends to an additional yield
mprovement and another net reduction in process waste.
A third advantage of the present invention is trat H2SO4 lower in purity

an that used in currently practiced processes can be used in the present process.
The formation of HIBAM from ACH results from the presence of H20. In fact,
IBAM is the more desirable hydrolysis product since the thermal conversion of
TBAM to MAM is more facile than the conversion of HIBAM to MAM. Typical
sommercial processes use H2SO4 purities aporoaching 100% to minimize the
formation of HIBAM and minimize the yield loss incurred from the conditions

necessary to thermally convert HIBAM to MAM. Since the thermal conversion of



2+ (Conmparative Exans I 16) -

92..7 REPQXCEMEN'[Y M err]. 63.0 MAM 32.1
90. 3 H BAM 1.3 MAA 0.4

1,3 S| BAM 0.1 Qthers 3.2

8.

7.3 Cal cul at egd s?n% an ggt er| fication yield of 99Sulfstitute stidett-i DB/HO6t he

second organi 3 99[grr] E?-A-0 -429800 data of 99%

conver si on of the second organit fraction with a 96.6%vyield to MVA and
B Fqalited SYiEH tHis matliffed prioedsd, 1otved purltetiSGydhat i§3. 7 %

yleld on MOB to I\/I\/Aand MAA as described in 816.

higher levels of water, may be used.

Some embodiments of the present invention will now be described ir 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 mixcure expected by the process of this invention
(Example - 1) with that expected using a typical commercial process such as disciosed
in the '816 patent (Comparative Example - 2). The resul:s for this invention are
based on using a hydrolysis temperature of 105° C for 35 minutes with a weigh: -afi
of sulfuric acid to ACH of 1.7 to 1.0 (63 weight % sulfuric acid). The results-for the
‘816 Comparative Exampie reflect sre-esterification compositions tvpica
encouniered in a commercial production facility. Representa:ive expecied rasults
are in Tabie 1. _ ‘

Comparative Example - 2 shows an aimost 20 mole % greater expected
conversion to MAM than Exampie 1. However, this is at the expense of the
expected overall total pre-esterification yield (MAM + MAA + HIBAM + SIBAM).

In the present invention none of these four components is wasted rather; they are
either converted to MMA in subsequent steps of the orocess or they are converted
to other intermediates which are recycled tc the process. Therefore, the overall yield
of MMA is dramatically increased over that obtaine‘d using current commercial

processes.



10 CLAIMB: 1. PrReefen rgrrgélrpc

I ng methacrylic acid esters, which

conprises the s | yzi ng acetone cyanohydrin with sulfuric
acid to producefa hydrol m Kture conprising 2-nethacryl am de,
[err]-sul fatoi spbpt y& e 9‘{6er ']+ hydroxyi sobutyram de, and nethacrylic
acid, wherein t esumof the tofa

acet one cyanohvdlrin 1s maxi m zed;

nmol es of these ggppunRdishederiNg7d/960m
b. Sesterifying the~hydrotysis—mxture

with a CJerr] -lderr] alkyl—aleshol to produce an esterification mxture
conpri sing aC[err] - C[err] aI kyI rretj:?o?erg/la aC[err]_- C[err] al kyI
[erl‘] hydl‘ I\yIOUUuLyIaLC, o3 pI_C||J St u.%Jr(“: I.C"r \./lcllj \/l\,l
al koxyi solutyrate, and a C[ Qkchd Csmpbsudf Ader Stk [err] Cerr] - Jerr]
al koxyi solqut yr at e; {Pre-esterification)
: Selectivity Based
on ACHat 100%  Pre-esterification  Overall Yield w0
Conversion Yicld MMA
MAM+MAA+ iBased on
Exampie No. Componeat  wt% in Suweam (moieb) HIBAM+SIBAM ACH
1: (This [avention; 97.3 95.3
H~504 - §3.0
MAM 25, 69.9
HIBAM 4.0 11.0
MAA 0.1 0.3
SIBAM 59 16.1
Others 1.2 2.7
| 2: (Comparative Examole from ‘316) 92.7 :91.83+~
H2S0a 63.0
MAM 32.1 903
HIBAM 1.3 1.3
MAA 04 1.3 '
SiBAM <0.1 0.
Others 3.2 7.3

Calculated using an esterification yield of 99.5%, an isolation of the second organic fraction yield of 99.7%. an..
£2-A-0 +29 800 data of 99% conversion of iie second arganic (raction with a 96.56% yield 1o MMA and MAA.

Calculated using an esterification yieic of °9 .27 and 2 83.7% vield on MOB 10 MMA :mu MAA as described in
"316.



C~ separating the o, fi xture to obtain an aqueous fraction, a
first organic friagepokCEdEmMDr Y 'g the Jerr] - (err] alkyl nethacryl ate
and [err] organiic on conprliging the CJerr] - Cerr] alkyl
[ err]-hydroxyi sopuf yr RE gt ig96Cllery] - Cerr] alkyl [err]-Cerr] - (ferr]
' affid” the Clerr] t Cerr] alkyl [eubkstifl@ sheet O 8/d/b6
h¥ i sobut yr at e- contarni g _COMPONENtS- 0
protiuce a recycle mxture conprising a
Cerr] - - : acrylate, nethacrylic acid, a (JQerr] - (err]
al kyl alcohol and mater and e. conbining the recycle mxture with either
the hydrolysis mxture or the esterification mxture. 2. A net hod as
cl ai med i . cAanethdd ‘ormnéiding breetiEceylic add efters| Whithksmpaiseo bl stéss s¥el ect ed

from nmet hanol , ethanol, n-propanol, .isopropanol, n- but'anol , and i sobutanol,
and preferabl ya1 §vﬁﬁly@ﬁg, pcetone cyanohvdnn with sulfuric acid to Droduce a h"drolvsls _

mixture comprising 2Z-methacrylamide, a~suifatoisobutyramide. -
hydroxyisobu':yramide, and methacrylic add, wherein the sum of the total
moles of these components derived from acetone cvanohydrin is
maximized;

b. esterifying the hydrolysis mixture with a C1 - C12 alkvl alcohol to produce
an esterification mixture cofnprising a C1 -Cyzalkyl methat:frlaée, aCi-
Ci2alkyl a-hydroxyisobutyrate, a Cj - C12 alkyl 3—C1-Cj12

alkoxyisocutyrate, and a C1-C12 alkirl a—C1 - C1i2 alkoxyisobutyrate;

[¢]

. separating the esterification mixture to obtain an aqueous Ei'a.c‘ion, a first
organic fraction :ompfisinc' the C1- C;2 aikvl m e*"lac:vlate and a2 :zzind
organic fracticn comprising the C1 - Ciz2 alkyl x-hvdroxyisobutyrate, the C1
- C12 alkyl B—C1 - C12 alkoxyisobutyrate, ané :re C1 - Cs 2alkyl e~C1-C12
alkoxvisobutyrate;

d. dehydrating the isobutyrate-containing éomponents of the second organic
fraction to produce a recycle mixture comprising a C; - C12 alkyl
methacrylate, metﬁacrylic acid, a C1 - C12 alkyl alcohol, and water; and-

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

esterification mixture.

!\)

A method as claimed in claim 1, wherein the C1 - C12 alkyl alcohol'is selected

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

and preferably is methanol.

-
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3- A nmethod as clained_in
step conpri ses tA'c?ﬂl@NT(Bl'E‘ET”

A net hod as cl i hed i n-ary—p+ege
conducted in thelvapor phase,imh
aluninosilicatd. |5.20 ngr?@%m

im1 or claim2, wherein the separating
ation of the esterification mxture. 4.

ing claim wherein the dehydrating step is
he presence of a crystalline

s clained in clai rBubstithty sheett ht8/9/96
crystalline al Uminosilicate | dified wwth an al katt—metar—and—a pratinum
group el enment. |6. A nmet hod as {claimed in any preceding claim wherein
the esterification conprises—m-xi'ng tHe hydrolysis nmixture with excess

3 kyl -.al.cohgl, {n th : f | furi cid
2 loatalyst s ot & Tridls Aafed i HER Tsssiaimib it R Ga T E 80P pe i gy and
at a tenper at ur@nrishQl:ekchibfall s hRBLRdElthe esterification mixture.

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

conducted in the vapor phase in the presence of a crystailine alumirosilicate.

w

A method. as claimed in daim 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 Cg - C12 alkvl-
alconol, in the presence of sulfuric acid as a catalyst, at a pressure of up to

6.895 x 103 Pa gauge (100 psig), and at a temperature of 100°C to 150°C.

~1

A mezinod as claimed in any precading claim, in which the a—
nydroxyisotutyramide concentrztion in the process stream just prior to
esterification is 2 to 20 mole%, preferably from 3 to 15 mole%, based on the

starting acetone cvanonydrin.

8. A method as claimed in any preceding claim, in which the o~
sulfatoisobutyramide concentration in the process stream just prior to
esterification is from 1 to 20 mole%, based on the starting acetone

cyanohydrin.

S. A method as claimed in any preceding claim, in which the 2-methacrvlamide
concentration in the process stream just prior to esterification is from 60 to 80

. mole%, based on the starting acetone cyanohydrin.



T. A nmethod as clained in any preceding claim in which the ([err]-

hydr oxyi sobut yr g in the process streamjust prior to
esterification ijs REPLACEMENT,PESE referably fromb5 to 15 nol e% based on
the starting acdtone cyanohydrir. {8. A nmethod as clainmed in any
preceding claim| i vy eErt el g ri] - sul f at oi sobutSutmstitdee sheernt 829/961 i n
the process stre just prior tg dsterification isTfromTl to 20 nol e%
based on the stayt anohydrin. 9. A nmethod as clainmed in any
preceding claimjin which the 2-ngtfmcryl am de concentration in the process
streamjust priof 1o esterification is from60 to 80 nole% based on the
starting acetone cyanohydrin.

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.

| RV
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REPLACEMENT_SHEET 12 10. A method as clainmed in any preceding claim in

whi ch the REAACEMERT aHEg#TCONcentration in the process streamjust prior
to esteri f i} cgptioA—ts—t+omm o 5 nol e% based on the starting acetone
cyanohydri :
20 SEP 1996 Substitute sheet - 18/9/96
ABSTRACT
PROCESS FOR THE PRODUCTION
OF METHACRYLIC ACID ESTERS
This invention provides a method for pro&ucing o, B~ unsaturated
carboxylic acid esters in high yield from acetone cyanohvdrin and sulfuric acid
through the recuction of reaction side products and the recycling of process
" :

intermediates.



