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Further processes which use a raw rhaterial basis other than ACH are
described in the relevant patent literature and in the meantime have been
realized on the production scale. In this connection, C-4 based raw
materials such as isobutylene or tert-butanol are used today as reactants
which are converted to the desired methacrylic acid derivatives via a

plurality of process stages.

An additional subject of intensive investigation has been the use of
propene as a base raw material, in which case methacrylic acid is
obtained in moderate yields via the stages of hydrocarbonylation (to iso-

butyric acid) and déhydrogenating oxidation.

It is known that propanal or propionic acid which are obtainable in

industrial processes starting from ethylene and C-1 units such as carbon
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853, steps for this process are: a) amdation; b)
conversion; and c) esterification. In the am dation,
the main products obtained fromthe reaction are SIBAmM
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In the amidation, the main products obtained from the reaction are SIBAm
= sulphoxy—alpha-hydroxyisobtjtyramide hydrogensulphate and
MAA-H,SQ4 = methacrylamide hydrogensulphate as a solution in excess

~ sulphuric acid. In addition, HIBAm-HQSO4 = alpha-hydroxyisobutyramide

hydrogensulphate is also obtained in a typical amidation soiution'with_ a

yield based on ACH of < 5%. At more or less complete ACH conversion,
this amidation process which is quite selective per se proceeds with a
yield (= sum of the intermediates described) of approx. 96-97%.

However, by-preducts formed in not inconsiderable amounts in this step
are carbon monoxide, acetone, sulphonation products of acetone and

cyclocondensation products of acetone with various intermediates.
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which are formed in this process step are
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products of the intermnmediates with one another. WO
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The conversion mixture of this procedure is characterized by a high
excess of sulphuric acid and the presence of the main product
MAA H,SO, with a concentration in the solution of about 30-35% 'by

weight {(depending on the sulphuric acid excess used).

In the case of more or less complete SIBAm-H,S04 reaction, the
conversion step proceeds with an MAA-H,S0;, vield of approx. 94-95%.
Adding the losses in the amidation as a result of the above-described side
reactions, only between 90-92% MAA (based on ACH)is thus available for
-the subsequent esterification fo the methyl methacrylate (MMA) desired as

the product.

As a result of the severe reaction conditions, by-products which are
formed in this process step are considerable amounts of condensation and

addition prdducts of the intermediates with one another.



The aimof the esterification is -the substantially
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MAA used (total selectivity of MA + MMA). Adding the losses in the

_amidation and the conversion as a result of the above-described side

reaetions, it is thus possible in the overall process over all stages fo
achieve maximum MMA vields of 90% based on ACH in an optimal

reaction.

In addition to the poor overall yields of the above-described process
which, especially on the production scale, are associated with the
occurrence of considerable amounts of wastes and offgases, this process
has the disadvantage that massively superstoichiometric amounts of
sulphuric acid have to be used. From the ammonium hydrogensulphate-
and sulphuric acid-containing process acid which is regenerated in a
sulphuric acid contact plant, tarlike, solid condensation.pro'ducts

additionally separate out and prevent trouble-free conveying of the



process acid and have to be renoved at consi derable
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Sone approaches to the utilization and conversion of
IWHI B by dehydrating to give nethyl nethacrylate are

g?&ﬁﬁérbaq%rﬁgti\}ehr%r B Engaration of esters of 2-hydroxyi'sobutyric
acid, especially methyl 2-hydroxyisobutyrate, starting from ACH is
described in JP Hei- 4-193845. In JP Hel- 4-193845, ACH is initially
amidated below 60°C with 0.8 to 1.25 equivalents of sulphuric acid in the |
presence of Ie'ss than 0.8 equivalent of water and subsequently reacted at
temperatures of greater than 55°C with more than 1.2 equivalents of
alcohol, especially methanol, to give MHIB or correspon‘ding esters. No

" reference is made here to the presence of viscosity-lowering media which

are stable toward the reaction matrix.

The disadvantages and problems of this process are the industrial

implementation as a result of extreme viscosity formation at the end of the

reaction.
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In addition to the above-described studies on the dehydration of MHIB and
related esters to the corresponding alpha-beta-unsaturated methacryiic
acid compounds in the gas phase, there are also proposals to carry out

the reaction in the liquid phase.

The preparation of MA starting from 2-hydroxyisobutyric acid is described,
for example, in US 3,487,101, where the preparation of various
methacrylic acid derivaﬁves, especially methacryiic acid and methacrylic
esters, starting from 2-hydroxyisobutyric acid in the liquid phase, is
characterized in that the reaction of HIBAc to give methacrylic acid is
carried out in the presence of a dissolved basic catalyst at high
tempefatures between 180°C-320°C in the presence of high-boiling esters
(e.g. 'dimethyl phthalate) and internal anhydrides (e.g. phthalic anhydride).
According to the patent, MA selectivities of around 98% are achieved at



HI BAc conversions of > 90% No information is given on
the long-term stability of the |iquid catalyst
especi al ly the exhaustion of the anhydride
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at high temperatures places drastic requirements on the materials to be
used, and these problems relating to the hélogenated entrained by-

products in the distillate also occur in downstream parts of the plant.

EP 0 487 853 describes the preparation of methacrylic acid starting from
acetone cyanohydrin, characterized in that, in the first step, ACH is
reacted with water at moderate tem peratures in the presence of a hetero-
geneous hydrolysis catalyst and, in the second step, 2-
hydroxyisobutyramide is reacted with methyl formate or methanol/carbon
monoxide to form formamide and methyl hydroxyisobutyrate, and, in the
third step, MHIB is hydrolysed with water in the presence of a hetero-
geneous ion exchanger to give hydroxyisobutyric acid, and, in the fourth
step, HIBAc is dehydrated by allowing it to react in the liquid ph-ase at h'igh



geneous ion exchanger to give hydroxyisobutyric acid,
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RU 89631 relates to a process for preparing methacrylic acid starting from
2-hydroxyisobutyric acid by elimination of water in the liquid phase,
characterized in that the reaction is carried out in the absence of a catalyst
with an aqueous solution of HIBAc {up fo 62% by weight of HIBAc in
water) under presédre at high temperatures of 200°C-240°C.

It is also known that 72-hydroxyisobutyric acid can be prepared starting
from acetone cyanohydrin (ACH) by hydrolysing the nitrile function in the
presence of mineral acids (see J. Brit. Chem. Soc. (1930); Chem. Ber. 72
(1939), 800). '

A process representative of such a process is, for example, the Japanese
patent publication Sho 63-61832, in which ACH is hydrolysed to 2-
hydroxyisobutyric acid in a two-stage process. In this process, ACH is



presence of mneral acids (see J. Brit. Chem Soc.
(1930); Chem Ber. 72 (1939), 800). A process
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When low temperatures of < 50°C which would ensure a selective reaction
are employed, the increase towards the end of the reaction time in the
concentration of the amide salis which are sparingly soluble under the
reaction conditions results initially in the formation of a suspension which
is difficult to stir and finally in the compiete solidification of the reaction

batch.

In the second step of the Japanese patent publication SHO 63-61932,
~water is édded to the amidation solution and hydrolysis is effected at
_higher temperatures than the amidation temperature, in the course of
which 2-hydroxyisobutyric acid is formed from the amide salts formed by

the amidation to release ammonium hydrogensuiphate.
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i ncrease the degree of extraction of H BAc into the
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' The disadvantages of JP Sho 57-131736, process for preparing MMA via
mefhacrylamide-hydrogensu!phate (reaction sequence: émidation -
conversion — hydrolytic esterificétion), can be summarized as follows:

a.) Use of high molar sulphuric acid excesses based on ACH (in
the industrial process, approx. 1.5-2 equivalents of suiphuric
acid per equivalent of ACH) |

b.)  High yield losses in the amidation step (approx. 3-4%) and in
the conversion step (approx. 5-6%), which is ultimately
manifested in a maximum methacrylamide sulphate yield of
épprox. 91%. ) _

c.)  Large waste streams in the form of aqueous sulphuric acid in
which ammonium hYd’rogensquhaté and organic by-products
are dissolved. Separation of undefined tar residues from this
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in the am @thlfmnsmdéqstkcan@ﬁe@ﬁe !!Ei@@idarmacmjmr teat ed
extract i oncﬁlgrﬁl%afi@e&rng rﬁo ﬁﬁ%nc?{h}e%t%‘ﬁr ma water-

and HI BAc-contarning €ex rac ase ich has to be
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to complicated extraction with an organic solventto forma
water- and HIBAc-containing extractant phase which has to
be worked up by distillation with high energy consumption to
isolate HIBAc. About 2 kg of process acid waste are
generated per kg of HIBAc and contain about 34% by weight
of water as well as 66% by weight of ammonium |
hydrogensulphate (see Japanese publication
SHO-57-131736, Example 4). The régeneration of a waste
salt solution with high water contents in a suiphuric acid
contact plant (= SC plant) is associated with considerable
energy consumption which distinctly limits the capacity of

such an SC plant.

' Itis common to all these processes that the isolation of HIBAC from the
ammonium hydrogensulphate-containing aqueous reaction matrix is very
costly and inconvenient. An excessively high water content in the HIBAc-

- containing extractant phase also causes entrainment of ammonium
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%%g no | onger be operated continuously on the
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energy consunption in the regeneration of highly
concentr at ed %ueousrﬁgrocess acid and al so_extraction
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ounssinpbt ave jneixpenaipplyopri ate to the purpose ow ng to
the smal |l nunber of sinple process steps. In view of
the prior art, it was thus an object of the present

it R 8 Rt dtﬁecthfQNé B UNP HRANESN 1O brdVi§P 8 irBsesd Which
fﬁ’lmsth )acryl ates whi ch can be carried out sinply and

ﬁ@db}érﬁmaﬂe)layrylatesm@ndaef oblained iy selecivelyhe present
invention to provide a process in which the alkyl
(et h)acryl ates can be obtained very selectively.

Futihd1eiore! @is fHeréford BROBISU ©f ik ?I@s@ﬁt irEntitie thF
invention to provide a process preparing a

RIREEHs Ec&rwea@rw akcylimeth)amyiates @nich arbuasmsl amount of
by-products is obtai_ned. The product shouid be obtained in maximum '

yields and, viewed overall, with low energy consumption.

Itis a further aim of the present invention to specify a process for
preparing alkyl (meth)acrylates which can be realized particularly simply

and inexpensively.

These and further objects which are not stated explicitly but which can be
derived or discerned directly from the connections discussed by way of
introduction herein are achieved by processes héving all features of
Patent Claim 1. Appropriate modifications of the processes accofding to

the invention are protected in the subclaims dependent upon Claim 1.

The present invention accordingly provides processes for preparing alkyl. '
(meth)acrylates, comprising the steps of transesterifying an alky! o-
hydroxycarboxylate with (meth)acrylic acid to obtain alkyl (meth)acrylates
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acid. The inventive neasures may additionally achieve
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especially taking into account the high selectivity, high conversions are

achieved.
The process of the present invention has low formation of by-products.

The process according to the invention can be carried out inexpensively,
especialtly with low energy demand. In this process, the catalysts used for
dehydration and transesterification can be used over a long period without

the selectivity or the activity decreasing.

The process of the present invention can be carried out on the mdustrlal

scale

According fo the invention, alky! a4hydroxycarb0xyl_atés are reacted with _
(meth)acrylic acid. The (meth)acrylic acids useable for this purpose are
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flyorine and bron ne, and also al kyl groups which may
prederenss PN aNEN 48 MEtBACYIIE 8C1010, nore preferably
from1l to 4 carbon atons. These include (3-
nmet hyl acrylic acid (butenoic acid),
Bhe¢ alkyi adtidydxycayiborxylaes dsed Jorthisypurpoge iace kaowd,pesise,
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butanol, in particular n-butanol and 2- et hyl -

- 1--propano| , pentanol, hexanol and 2-ethyl hexanol,
'ﬁm labldubdmaboémahﬂ@t—hja@bngcajbmgyiatas unesichfan e and

_ ‘transes?erlflcatlon derives preferabiy from the {meth)acrylic acid which can
be obtained by dehydratlng the a-hydroxycarboxylic acid. When, for
example, methacrylic acid is used, a-hydroxyisobutyric ester is used.
When, for example, acrylic acid is used, preference is given fo using

a-hydroxyisopropionic acid.

Alkyl a-hydroxycarboxylates used with preferent:e are methyl
a-hydroxypropionate, ethy! a-hydroxypropionate, methyl
a-hydroxyisobutyrate and ethyl a-hydroxyisobutyrate.

TSuch alkyt a-hydrokycarboxylat'es are in many cases obtained
inexpensively from the corresponding cyanohydrins. In this context, the
purity of the cyanohydrin is uncritical. Accordingly, purified or unpurified |
cyanohydrin can be used fqr the hydrolysis re_acti’on. Accordingly, the alkyl



. The acid radical of the al kyl a-hydroxycarboxyl ates
used for the transesterification derives preferably
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a- hydr oxyi sobutyrate and et hyl a-hydroxyi sobutyrate.
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ket ones an? al dehydes, and al so hydrocyanic acid and a
RO BIARYStal cohol . In a first step, the carbonyl
conpound, for exanple a ketone, in particular

acetone, or an al dehyde, for exanpl e acetal dehyde,

or & fuatttedr stép tthe alyanohky drinethos edbtain ed ispehobed with evater
-t.o qive the correspondi ng cyanohydrin. Particul ar
%V%gﬁ?gxé%mwgaﬁmvaﬁ‘ re to reacting acetone and/or
acet al dehyde in a typical manner u3|ng a smal | anount
of alkali or of an anine as a catalyst. In a further -
Eypigallys His cgapiisnyiacamiachast ipdhaipieseros ofeneatalyshiuitable
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/%anese oxi de catal ysts, as described, for exanp
ER-Apo400945n4bis qaseathssmapganesrioxide snay bsased in ﬁhe

oRhSr S foardi® dIBRE8NHIE ROMGIHEY b Fe S mahghREse
sulpha_te with potassium permanganate under acidic conditions (cf.
Biochem. J., 50 p.“43 (1951) and J. Chem. Soc., 1953, p. 2189, 1953) or
by electrolytic oxidation of manganese sulphate in aqueous solution. in
general, the catalyst is in many cases used in the form of powder or
granules with a suitable particle size. In addition, the catalyst may be
“applied to a support. In this case, it is in particular also possible to use
slurry reactors or fixed bed reactors, which are described, inter alia, in
EP-A-956 898.

In addition, the hydrolysis reaction may be catalysed by enzymes. The
suitable enzymes inciude nitrile hydratases. This reaction is described by
~ way of example in-"Screening, Characterization and Application of
‘Cyanide-resistant Nitrile Hydratases" Eng. Life. Sci. 2004, 4, No. 6.



form of manganese di oxi de which is obtained by
treati ng manganese sul phate with potassi um
per manganat e under acidic conditions (cf.
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addltl on, the catal yst may be applied to a support.
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I n addi ti on, the hydrolysis reaction may be catal ysed

' acids, in particular sulphuric acid. This is
- 'BlfaWéEﬁf ysedder te hydrplysisrmpginaye allggbwrltwﬂ@\maweér this

;WBF)&H% uén&@&&@%t y'd Eﬁt‘i‘se J%V\%ﬂ’Eﬁn‘e%p%at{epqtru%yaﬁé}i’f}w&bl%

used as
tbatsecsalrf/:cemaer bopyass meder whichssopnmisasajrententor llesset

1, the | ar ratio of er .to cyanohydrin is
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ﬁfeeﬁ g the range of 1:1-10:1. The water used

or th@t}?wgrol ysis may have a high purity. However,

this property is not.obligatory. Thus, as well as
service vvatf%r

fresh. it is, al i b
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p033|ble to use recycled water for the hydrolysis. I'n
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rﬁ&ggg Ih 321;3')4% %fiﬁé? faheﬁﬁmlpae/e‘m D A01882D-A0 ThE gRAKECT the
aldehydes and/or ketones added is generally not particularly critical.
‘Accordingly, these substances may comprise impurities, in partlcuiar
alcohols, for example rhethanol, water and/or methy] a-hydroxyisobutyrate
- (MHIB). The amount of carbonyl compounds, especially acetone and/or
acétaldehyde, may be used within wide ranges in the reaction mixture.
The carbonyl compound is preferably used in an amount of 0.1-6 mol,

preferably 0.1-2 mol per mole of cyanohydrin.

 The temrp'erature at which the hydrolysis reaction is effected may generally
be in the range of 10-150°C, preferably in the range of 20-100°C and more
preferably in the range of 30-80°C.

The r’eaction’can, for e_xamp]e, be carried out in a fixed bed reactor or in a

suspension reactor. -
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acetone and/ or acetal dehyde used. Accordingly, the
reaction m xture can be purified, which cleaves
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‘reaction mxture conprising_hydroxy a can
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mvm?m@gzeﬁe&upbghkﬁsfor this purpose are known per se
For example, suitable cation exchangers can be
obt ai ned by sul phonati on of styrene di vi nyl benzene
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nary a I'um groups” wh bon coval en
degaitiyteemda, in EP-A-0686623. '

In the next step, the a-hydroxycarboxamide thus obtained can be
converted fo the alkyl a-hydrokycarboxyiate. This can be dohe, for
example, by the use of alkyl _formates. Methyl formate or a mixture of
methanol and carbon monoxide are especially suitable, and this reaction is
described by way of example in EP-A-0407811.

The a-hydroxycarboxamide is preferably converted by alcoholysis with an
alcohol which comprises preferably 1-10 carbon atoms, more preferably 1
to 5 carbon atoms. Preferred alcohols include methanol, ethanol,
propanol, butanol, in particular. n-butanol and 2-methyl-1-propanol,
pentanol, hexanol, heptanol, 2-ethylhexanol, octanol, nonanot and
decanol. The alcohol used is more preferably methanol and/or ethanol,

very particular preference being given to methanol. The reaction of |
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r alia, in EP-A-0686623. In t e te
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cat al yst These 1 nc onpbgeneous cat al yst
hastcebegredeseribedaalzivigst s. The honogeneous catal ysts

i nclude al kali netal al koxi des and organonetallic
compounds of titanium tin and alum nium Preference

The ntdlyetib@f @@hytﬁoﬂydarb@mmme&b@&m o elikbihple
al koxi de, for exanple titanium tetrai sopropoxide or
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rs as ave been descri bed above. The nol ar
ratio of a-hydroxycarboxam de to al cohol, for exanple

a- hlydrox i sobutyram de to met hangl , is not critical
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‘rate generally increasing with increasing temperature. The upper
temperature limit generally arises from the boiling point of the alcohol
used. The reaction temperature is preferably in the range of 40-300°C,

‘more preferably 160-240°C. Depending on the r_eaction temperature, the
-reaction may be carried out at reduced or elevatéd pressuré. This reaction

s preferably carried out in a pressure range of 0.5-35 bar, more preferably

5 to 30 bar.

Typically, the ammonia formed is passed out of the reaction system, the

reaction in many cases being carried out at the boiling point.

The ammonia released in the alcoholysis can be returned to the overall

- process in a simple manner. For éxample, ammonia can be reacted with
methanol to give hydrocyanic acid. This is stated, for example, in
EP-A-0941984.. [n addition, the hydrocyanic acid can be obtained from

ammonia and methane according to the BMA or Andrussow process}



The reaction tenperature may |ikew se be within w de
ranges, the reaction rate generally increasing vvlth
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Ya BBR((Easises. from ihe 68111 ng poi nt R TERZ0RGASZAG!

used. The reaction tenperature is preferably in the
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reaction is preferably carried out in a pressure
range of 0.5-35 bar, nore preferably 5 to 30 bar.
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constituents, for exanple solvents, catalysts
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base. It is possible here to wuse ei t her honmpgeneous

or heterogeneous catalysts. Parti cul arl%@sui tabl e
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F%% aSE]lqlaas under the trade name Amberlyst® and from Bayer under
the trade name Lewatit®.

The concentration of catalyst is preferab'!y in the range from 1 to 30% by
weight, more preferably 5 to 15% by weight, based on the total of the alkyl
a-hydroxycarboxylate used and of the (meth)acrylic acid used. '

The polymerization inhibitors useable with preference include
phenothiazine, tert-butylcatechol, hydroquinone monomethyi ether,
‘hydroquinone, 4-hydroxy-2,2,6,6-tetramethylpiperidinooxyl (TEMPOL) or
N mixtures‘fhereof; the effectiveness of some of thesé inhibitors being

' imﬁrovabie by the use of oxygen. The polymerization inhibitors may be
used in a concentration in the range from 0.001 to 2.0% by weight, more



The particularly suitable cation exchange resins
include in particular sulphonic acid-containing
st grene di vi nyl benzene polyners. Particul arl
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commercially from Rohm & Haas under the trade nane
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the (neth)acrylic acid used. The reaction
is carried out preferably at tenperatures in the range

50C..to f b 70C 130 i .
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| evat éd pressure endi ng ‘on the reaction
Ftr@fq:f@blartmrﬂee falﬂgasfr®@a£ﬂrb2 is preferably carried out
in the pressure range of 0.02-5 bar, in particular 0.2
to 3 bar and nore preferably 0.3 to 0.5 bar. The
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In a particular aspect of the present invention, the fransesterification can

be effected in the presence of water. The water cbntent is preferably in the
| range of 0.1-50% by weight, more preferably 0.5-20% by weight and most
preferably 1-10% by weight, based on the weight of the alkyl o- '

hydroxycarboxylate used.

The addition of small amounts of water surprisingly allows the selectivity of
the reaction to be increased. In spite of addition of water, the formation of
methanol-can be kept surprisingly low. At a water concentration of 10 to
15% by weight, based on the weight of the alkyl a-hydroxycarboxylate
~used, p'referably less than 5% by 'weight of methanol are formed at a



(et h) acryl at es and a- hydroxycar boxylic acids forrred
based on the sum of the anounts of al kyl -
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wei ght, based on the weight of the al kyl a
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surprisingly low. At a water concentration of 10 to

15% by wei ght, based on the wei ght of the al kyl
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transesterl I cati on de on t masses
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lying within w de ranges. The reaction tinme of the
transesterification of the alkyl a hydroxycarboxyl ate
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g pre y 30 seconds to 15 hours, nore preferably
5 mnutes to 5 hours and nost preferably 15 mnutes
to 3 hours. Wen nethyl nethacrylate is prepared from
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‘and most preferably 90 to 110°C. The pressure is preferably in the range
from 50 to 1000 mbar, more preferably 300 to 800 mbar. The molar ratio

of methacrylic acid to methyl a-hydroxyisobutyrate is preferably in the

range of 2:1-1:2, in particular 1.5:1-1:1.5.

For exampie, the transesterification can be effected in the plant shown in
Fig. 1. The hydroxycarboxylic ester, for example methy!
hydroxyisobutyrate, is fed via line (1) to a fixed rbed reactor {3) which
comprises a cation exchange resin. (Meth)acrylic acid, for example
2-methylpropenoic acid, is added via line (2) or line (17) into the fixed bed
reactor (3). Line (2) may be connected to further lines, for example line (9)
and [ihe (13), in order thus {o reduce the number of feed lines into the
reactor. Lines (9)7, (13) andfor {(17) may, however, also lead directly into
the fixed bed reactor. Under the aforementioned reaction conditions, a

reaction m'iXture is formed which comprises, in addition to methanol and



and most preferably 90 to 110C. The pressure is
preferably in the range from50 to 1000 nbar, rmre
preferably 300 to 800 nbar. The nolar ratio
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aﬁﬂy.eda{wlmgwwfmr@ theysustemyviadivgtyh)-c aci d and
nmet hacrylic acid can be obtained and can be passed via
line (6) into a second still (12). Here, nethyl
[hyopartivulzdb prafeated anbodptdrdcihgl transestaifieation dastel | ed

sl e Fill To Jhls sroeite catglbusan b8RdeR R 2 region of
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bottom or in the region of the column. However, the reactants should be
brought into contact with the catalyst. Moreaver, catalyst can be provided
in a separate region of the still, this region being connected to the further
regions of the still, for'example of the bottom and/or of the column. This

separaté arrangement of the catalyst region is preferred.

As a result of this preferred embodiment, it i.s surprisingly possible to
increase the selectivity of the reaction. In this context, it should be

| émphasized that the pressure of the reaction can be édjusted

independently of the pressure within the distillation columns. As a result,

the boiling temperature can be kept low without the reaction time or th'e

residence time rising correspondingly. In addition, the temperature of the



line (14) into a reactor for dehydration (15). The
nmet hacrylic acid obtained in this way can be fed via

'w’réwe blé) to the transesterijfication explained above
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fed at the same stage or in any position in the column.

' The temperature of the reactants can be adjusted by means of a heat
exchanger in the feed, the units needed for this purpose not being shown
in Figure 1. In a preferred variant, the reactants are metered separately
into the column, the lower-boiling components being metered in below the
position for the feeding of the higher-boiling compound. In this-case, the

lower-boiling component is preferably added in vaporous form.

For the present invention, any multistage distillation column (3) may be
used which has two or more separating stages. The number of separating

stages used in the present invention is the number of trays in a tray
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plates I1n the case of a colum with Structured

ing or a colum w th random packi ngs. Exanpl es of
a nultistage distillation colum with trays include
those havi ng bubbl e-cap trays, sieve trays,

Th BOLNAREB)thay be ad@ipted WAl hteflai. THe @emnsprefdrably
sieve trays, bubble-cap sieve trays, jet trays,

kash@ crpdgaser (f 2hips condensingine vapageaid atiatios ewaporator
(CI b}urm wi t h random packi ngs, those such as Raschig
rings, Lessing rings, Pall rings, Berl saddl es,

I ntal ox saddles; and, for a nultistage distillation

i Sl el RSB R ek s s
HYBMaftkr 88%eactor, in which at least one catalyst is provided. This
reéctor may be within,‘the distillation column. Hdwever, this reactor is
preferably arranged outside the column (3) in a separate region, one of

 these preferred embodiments being explained in detail in Figure 2.

In order to carry out the transesterification reaction in a separate reactor
(8), it is possible within the column to collect a portion of the liquid phase
flowing downwards by means of a collector and to pass it out of the
column as a substream (4). The position of the collector is determined by
the concentration profile in the co[urhn of the individual components. The
concentration profile can be regulated by means of the temperature and/or
the reflux. The collector is preferab]y positioned such that the stream :

‘conducted out of the column contains both reactants, more preferably the
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reactisr tefrpetetireri fi cation reaction or to increase the
selectivity. The water can be fed fromoutside via a

l-ine (not
. The transesterification reaction takes place over the catalyst in the fixed

bed reactor (8). The flow through the reactor may be downwards or
upwards. The reactor output stream (9) comprising the products and the
unconverted reactants to a certain degree, the content of the components
_in the reactor waste stream depending upon the residence time, the
catalyst mass, the reaction temperature and the reactant ratio and the
amount of water added, is first passed through a heat exchanger (10) and
adjusted to a temperature which is advantageous for the introduction into
the distillation column. Preference is given {o setling the temperature
which éorresponds to the temperature in the distillation column at the point

of introduction of the_ stream.
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in the cross—transesteriﬁc:atioh, is discharged from the column (19)as a

‘botiom stream.

As a result of this preferred embodiment, it is surprisingly possible to
increase the selectivity of the reaction. In this connection, it shou!d be
emphasized that the pressure of the reaction can be adjusted
independently of the pressure within the distillation columns. As a result of
this, the boiling temperature can be kept low without the reaction time or
the residence time rising correspondingly. In addition, the temperature of
the reaction can be varied over a wide range. As a result of this, the

reaction time can be shartened. In addition, the volume of catalyst can be
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dihydrogenphesphedetion time or the residence tinme
rising correspondingly. In addition, the tenperature
of the reaction can be varied over a wi de range. As a
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In addition, the volume of catal yst can be WO
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a further reactant can
be added The a- hydroxycarboxyllc acid obtained from
the reaction, for exanple  hydroxyisobutyric aC|d can
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dehydration is approximately equal to the pressure in the above-described
transesterification of the alkyl a-hydroxycarboxylate with the (meth)acrylic
acid, without any intention that this should impose a restriction. The
difference of the pressure in the transesterification and the dehydration is .
preferably less than 0.1 bar, more preferably less than 0.05 bar. Ina
particutar embodiment of the present invention, the (meth)acrylic acid
obtained in gaseous form can be passed to the transesterification without

condensation and reevaporation,

- The dehydration of a-hydroxycarboxylic acids is described, for example, in
DE-A-176 82 53.



the a-hydroxycarboxylic acid, for exanple the
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~ condensati and reevaporation. The dehydration of
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obt divdeexysanp@mniged to abtain ﬁt {ags pep@"@ﬂ al kyl
addition, (meth)acrylic acid is a
m@‘@&g’w@é@%’%?&f Surprisingly, it is accordingly
[D)OS srdrisestapifichtion pf thiat alk@ra-pyexycadoxylsyd or of the alkyl

(rrethEacryI ates |likew se to serve for the preparation
of (FrBYHPX¥eabPyYlatasgvith (meth)acrylic acid to form at least one

alkyl (meth)acryiate and at least one a- hydroxycarboxyilc acid,
E) dehydration of the a-hydroxycarboxylic acid or of the

a-hydroxycarboxylic acids o form {meth)acrylic acid.

The preeent invention will be illustrated in detail hereinafter with reference

to examples and to a comparative example.

Example 1 _

In a reactive still shown in Fig. 2, 4619 g of methyl a-hydroxyisobutyrate
(MHIB) and 3516 g of methacrylic acid (MA) were fed in over a period of
48 hours. The reaction was ca‘rri.e_d out at a temperature of 120°C and a
pressure of 250 mbar. o-Hydroxyisobutyric acid formed was removed from
the bettom. Methyl methacrylate (MMA) was distilled off. The reaction was



i n which case the product ratio of alkyl
(meth)acrylates to (nmeth)acrylic acid can be
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'ﬁhe he‘q&lro;qnsobmw«ybcidmmihed fydratiee predess wasadéhyainated

X ¢..acid; ‘E) dehydration of the
% i;%%bﬁ//@@ﬁmd or of the :
a hydr oxycarboxylic acids to form (neth)acryli c acid.
" The present invention will be illustrated in detail

(Beenei!!nafsehactivdty bf 9&5% encaiculatede wdnigh ssdedfimedtas the ratio of
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(MH B) and 3516 g of nethacrylic acid (MA) were fed in
over a period of 48 hours. The reaction was carried

Gompatatyetlorgiaplgtire of 120C and a pressure of 250
mbar . a- Hydroxyi sobutyric acid formed was renoved from
the bottom Methyl nethacrylate (MVA) was distilled

Méthyl Hethaeqite aaswrepdiediDoaeyirabdg Atkthyl
PCT/ EP2006/ 062281 .carried out in the gr esence of 16%

WYWQX@ Isobetyralg: & hisygsetonwastaried gyt according to
EP-A-0941984, A mixture of 20 g of sodium dihydrogenphosphate and

80 g of water was added to 60 g of silica gel. The water was rembved from

the mixture under a reduced pressure. The residue was dried at 150°C
overnight to obtain a catalyst. 10 g of the catalyst obtained were

- introduced into a quariz tube which was equipped with an evaporator. The
quartz tube was heated with-an oven, the temperature of the catalyst layer
being about 400°C. A mixture of methanol and methy! a-
hydroxyisobutyrate (2:1) was evaporated continuously at a rate of 10 g per
hour and passed through the catalyst layer. The selectivity, defined as the

ratio of amount of MMA formed fo the amount of MHIB converted, of the

reaction was 88%.
Examples 2 to 18

Example 1 was essentially repeated, except that no water was added 1o

the reaction mixture. The reaction was effected under the conditions
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eacti on was 88 Exanpl e:l ?Oto 18 Ex%n%?e 1 90 67
essentially repeated, [excepipot hat| no 8mo8r was aglﬁtsd
to _the reaction.mxture.  The reaction was etfected
&inder the ¢ondit@®ns W0 20080122011 FP.00 94.95
PCTHEP2606/1 06228 —speaciti T Tabt ey atnn eSPECT a4

ith regard to tenperatur e,mpesn dence%q'lecr)re' and nol ar
1at1 o of the regmyantd. Thepgel ecti viggpodef | nedoags
the ratio of : -
11 90 1.00 170.00 94.83
12 100 1.00 170.00 94.06
13 90 2.0 42.50 91.61
14 100 2.0 42.50 91.73
15 - 90 2.0 85.00 - 90.63
16 - 100 2.0 85.00 90.30
17 120 0.50 28.33 92.05
18 120 - 0.50 42.50 92.62

 Examples 19 to 38

' Exarﬁple 1-was éssentially repeated, except that the reaction was carried
out under the conditions spécified in Table 2, especially with regard to the
temperature and residence time. The rhoiar ratio of MHIB/MA was 1:1. In
addition, different proportions of water were added, which are likewise
listed in Table 2. The selectivity, defined as the ratio of amounts of MMA




anounts of MVA and H BAc forned to anmobunts of NMH B and
MA converted, of the reactions is |ikewise shown in
Table 1. Table 1 Exanpl e Reaction Ml ar Resi dence

BEY 200B{422911t enper ature MAB/ MA time [ FCTEH2008(G62281
[mMn] 2 120 1.00 28.33 93.21 3 90 1.00 42.50 95.06 4
400 HIBAO fdrna&Dtcddm@ibintscofINIBIIB 200 MA. cﬁmmﬂedflof tﬁe120

acdons angdne g afoas S AsSdNesretkerdie I'6g 185 oo

Pab/é®. 11 90 1.00 170.00 94.83 12 100 1.00 170.00
94.06 13 90 2.0 42.50 91.61 14 100 2.0 42.50 91.73
15 90 2.0 85.00 90.63 16 100 2.0 85.00 90.30 17 120
?.[?108228. 33 92.05 18 120 0.50 42.50 92.62 Exanples 19
Exanple 1 was essentially repeated, except that

ERe react ifdhoidA Car r Mefar OUtRéﬁiﬁéhcéh%él&EWH onﬁlolar
specified in Tablg 2, especijplly withiregard t he

t enper af tgrapemaduredsi d&ft® ti e, tmee ol ar [%ht i o FdlfBAC to
of vetel vel&ladadd, OTEh are Fibb co |isted i HUA
Tabl e 2] The sel ecjti virgtyo defl ned as the ratio |of ratio
anmount s|of  MVA

19 90 0.20 42.5 98.61 1.33
20 : 100 0.20 42.5 98.18 1.21
21 110 0.20 42.5 -97 .44 1.11
22 120 0.20 42.5 96.27 0.99
23 - 90 . 0.20 85 98.34 1.18
24 100 0.20 85 97.66 1.09
25 T 110 020 | 85 96.56 1.02
26 100 0.20 170 96.95 | 1.00
27 _ 20 0.50 - 425 98.80 1.61
28 100 0.50 425 | 98.64 1.36
29 110 050 425 9821 | 122
30 | 120 0.50 42.5 97.58 1.08
31 90 0.50 85 98.76 1.39
32 100 0.50 85 98.35 1.20
33 110 - 0.50 85 97.78 1.10
34 : 100 0.50 170 98.08 1.10
35 90 1.00 500 | 9941 | 2.090
36 100 1.00 50.0 99.65 1.618
37 110 1.00 50.0 99.82 1.360
38 120 1.00 50.0 99.54 1.319 .

The above examples shdw that, by virtue of the presént invention', it is
possible to form alkyl (meth)acrylates with very high selectivity, the ratio of
~alkyl (meth)acrylates to a-hydroxycarboxylic acid, even at relatively high
‘water concentrations, being close to 1. Accordingly, relatively littie



WD 2006/ 122911 31 PCT/ EP2006/ 062281 and HI BAc f orned
to' armunts of WMH B and MA converted, of the reacti ons
nolar ratio of HHBAc to MVA are |ik

WQ?QQ‘B’“@Z@%I e 2. Table B%x. React] orPCRB|E5’r2006/062281
Resi dence Selectivity Ml ar tenperat ure 2O to tine
fneghadoBicfarmed] The hbIBr fationdf Al ( nmth])acnéates to19 90

42.5 9 98.18 1.21 21
qﬁgtp%a&t@%?@?cwaf @2&0 ]b%%@(ﬁéé i the emperatire. g9
23 90.0.20 85 98.34 1.18 24 100 0.20 85 97.66 1.09
25 110 0.20 85 96.56 1.02 26 100 0.20 170 96.95 1.00
27 90 0.50 42.5 98.80 1.61 28 100 0.50 42.5 98. 64
1.36 29 110 0.50 42.5 98.21 1.22 30 120 0.50 42.5
97.58 1.08 31 90 0.50 85 98.76 1.39 32 100 0.50 85
98.35 1.20 33 110 0.50 85 97.78 1.10 34 100 0.50 170
98.08 1.10 35 90 1.00 50.0 99.41 2.090 36 100 1.00
50.0 99.65 1.618 37 110 1.00 50. 0 99.82 1.360 38 120
10050099541319



The above exan‘pl es show that, by virtue of the present
i nvention, is possible to form al kyl

t r Iates with very h sel ectivit the ratio
@525?)352% bt h) acryl ates t%r’ga hydr oxycfcﬁﬂﬁﬂ%@@@?@m
even at relatively high water concentrations, being
Cladws: to 1. Accordingly, relatively little WD
2006/ 122911 32 PCT/ EP2006/ 062281 nethanol is formed.
The ol ar ratio of al kyI (msth)acryl'ates to
8- NYHFREYs asisrsphiia 5rﬁéfh SR Asthd BiE é/tbgs of
t he tenperature. 122 33 PCT/ EP2006/ 0622
d ai ﬁﬁ%nse_sterrﬁm@eafsaikmlraﬁw@mwa@aoavlaw with (meth)acrylic acid

{ o Qe e BRSBTS RS cfihonyic acig) apd

(met tﬂér@@ra‘ﬂtnthr@Ccu—%ydtdkyﬁbﬁb@xmlcab&Wto (omesin ) Btiy)aghyis acid.
and a- hydroxycarboxylic acid, and dehydrating the
a- hydr oxycar boxyl i c aC|d to obtaln (meth)acrylic acid.
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al cdimjrgtwcsarb)dxydetehy tibtawe:dibkua)kmhabk&;ls 3f aProcess
-acco oCIalmZ characterized in that the
hydrr&@; RRXANRES: s obt ai ned by a hydrol ysis of a
cyanohydrin. 4. Process according to daim 3,
characterized in that the cyanohydrin i's acetone
Tyarologdss acc@'di@@c@l@&'maﬁ;@bama’lgimﬂ iol thehih@ or 4,
characteri z n_that cat used for

e SR 3 BERAhY S piob e A aroher.
characterized in that the cat aI yst conprises

nan anese oxi de, sul phuric acid-or an enz

Ssess aoeaiing todlaim % sbarasierizsd mﬁba%ﬂ@mnﬁgydrm

CI a| cterized in that the al cohol used
for ' Cét ‘3’&“9@?8’@ the hydroxycarboxam de -

conprlses 1 to 10 carbon atons. 8. Process according
aim7, characterized in that the al cohol is
AREESHATYAING tedrigim 3 or 4, characterized in that a catalyst is

used for the hydrolysis.

6. Process according to Claim 5, characterized in that the catalyst

comprises manganese oxide, sulphuric acid or an enzyme.

7. Process according to at least one of the preceding Claims 2 to 6,
characterized in that the alcohol used for the alcoholysis of the

hydroxycarboxamide comprises 1 to 10 carbon atoms.

8.  Process according to Claim 7, characterized in that the alcohol is

methanol and/or ethanol.

9. Process abcording to at least one of the pfeceding Claims 2 to 8,
characterized in that the alcoholysis is carried out at a temperature in
the range of 160-240°C. '



9. Process according to at |east one of the preceding
Clains 2 to 8, characterized in that the al coholysis
is carried out at a terrperature in the_ran

of
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aim-12, characterized in that the acid is an ion
excm@m{ySISA. Process according to Claim12 or 13,
characterized in that the transesterification is
carried out in-a still. 15. Process according to at
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according to at |east one of the preceding clains,
" characterized in that the transesterification of the
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transesterification is carried out in a still.

15. Process according to at least one of the preceding claims,
characterized in that the transesterification of the alkyl
a-hydroxycarboxylate with (meth)acrylic acid is carried out ata

pressure in the range from 100 mbar to 3 bar.

16. Process according to at least one of the preceding claims,
characterized in that the fransesterification of the alkyl _
a-hydroxycarboxytate with (meth)acrylic acid is carried out at a

temperature in the range from 70 to 130°C.

17. Process according to at least one of the preceding claims,
characterized in that the transesterification of the alkyl
a-hydroxycarboxylate with (meth)acrylic acid is carried out in the

presence of water.
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tHharRrotess aecbrding foatlairh e 7noharacteried ioftha thplwater .

. arRECEU AR 0 drios0% A VY Saskd PR el blea: o
V"'”hll%%‘@cﬁ%&y&érﬁo é is in the range from3:1 to ,
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aci dpifs3carried out at the sane pressure. 22. Process
according to at |east one of the preceding clains,
characterized in that the (neth)acrylic acid obtained
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oxycar acl asse
t r ammcﬂenied:mﬂhan the tdaation ¢|mezlmrthatt'ra:nseatwification of the

' eev%y? aah dorgxycarboxy!ate with (meth)acrylic acid is in the range

from 5 minutes io 5 hours.

21. Process according to at least one of the preceding claims,
characterized in that the dehydration of the a-hydroxycarboxylic acid
and the transesterification of the alkyl a-hydroxycarboxylate with

‘(meth)acrylic acid is carried out at the same pressure.

22. Process according to at least one of the preceding claims,
characterized in that the (meth)acrylic acid obtained in gaseous form
by the dehydration of the a-hydroxycarboxylic acid is passed to the

transesterification without condensation and reevaporation.



