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WD 2008/ 068063 PCT/ EP2007/ 059107 PROCESS AND

APPARATUS FOR PREPARI NG ALKYL ESTERS OF METHACRYLI C
ACI D The subject-matter of the present invention

relates to S a process for preparing al kyl

M R84 A8 hnd their conversion pro&GéV@P%ﬁP8K°é§ﬁ°7
be used in a nultitude of chem cal synthesis

processes which can lead to a wide variety of

di fﬁﬁé@ﬁésfmhsﬁpﬂﬁg@%swﬂ PREFNRERe ANRYL!BSBERS OF

apparatus for performn IS process. 10 For the
preparation of alkylmﬁﬁgﬁég? &CIh here al ready

exi st processes whi ch have been known for sonme tine

o S P PRIt bl oR ol o cRkFrtes, o

kﬁ;pﬁbyﬁeslEdﬂﬂgﬁ&pﬁhﬂn@ndlkyé certtesponditeg yand their
obtalned ol i | I r uects._c

SUPRL IR A MRS DL SpcAl DE e of
mhetrmatcuadle pynticonss m@rrogggd@a et yCEPlilf éeagdp toni qgwide

Ly LT 3M1g§ d¥f¥é§éﬂg'ﬁ@r@ﬁe¥e®¥o@bf%@H@“products, and

prepar on processes for al kyl "net hacrylates and
G Ry aRPanRE Ysarify RERENERE JEF FFRSGREs whi ch
are required, the correspondi ng processes are

pi cal.l scal ed such th nmoun duct

EFél arkr B GO Fo? th?ggygasmGEE?ﬁry aPESYT there
eitdaddzatéxie nf pkoowmse pr sbésbedavie thwerf kndvr for some
q:%. el o ngrgf %Hg%\y g) L ?ere% y ﬁk}ﬂl f%@ﬁl@@&rylates are

prepar I on net forefront. Even a snal
uRschv et exAmBl RnowR [RGc EePagRT It 9§ bat eaemeTic or

shileriabl ecagyantiage s Bget %dﬁl%é%ﬂ)ﬂcﬁl_rrgﬁlyanbbﬁbﬁned
of product prepared, for ex e to the du t|o

{Heé SOMETGHF cBRsURPLYBRTTH t Epa r&?Fon proc
mltﬁl&w@tﬁctdmjeﬁs,a émﬂf&ﬂy egflso ethni a muheltude of
(ﬂpsar at i o Socessdal S 'E[efeor esent invention now
STEdEs K€ 5r'obEmth Water is used at many
p0|nts in the process described here for preparing

“}Mg td“agm/é at af@léﬁfbw@mﬁ éﬂpl§é£{éy hasrtPent
nt

I Sposa a ter passing WO 2
RPCEER20G D05 gEsses for alkyl ‘methacrylates and owing

to the large amounts of such compounds which are
required, the corresponding processes are typically
scaled such that the amounts of product obtained are
high. For this reason, the optimization of known
processes in the further development of the wide
variety of different preparation methods i1s at the
forefront. Even a small improvement in a known process
can contribute to considerable advantages owing to the
large amounts of product prepared, for example to the
reduction of the energy consumption in the preparation
process or to the protection of a resource required in

the preparation process.

The present invention now addresses the problem that
water is used at many points in the process described
here for preparing alkyl methacrylates, and this water

typically has to be sent to disposal after passing
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2 through the particular use. The present invention
therefore has for its object to optim ze the use of
water as a raw naterial in a process for preparing

al kyl nmethacrylates to the effect that the water
FHENANARA0HBGES ni ni mi zed as far as possPEFéEPBHSMBFéFm
used in the process can be_used as far as possible at
different points within the process in different

< g£§§%hal E§§a§91 L Jhe- Present tRyenbl-@8ent 1n§ention

Its aimto 1ncrease the product
dlenefipren bag dot exESofoRUECH npPoRRF Witas the use of

Gldt@y akkony, SuRmenytetibhe imventpedcedd e preparing

invention relates to a process fo repar,

RetRacr VISHEC A A4RS r ddet | pr%%ﬁ‘%f 9su%§%ct Va5
@c{rﬁé&ﬁdp't(il’cbrmj@ uﬁenmrrmdisiaeg fanetatfaqvcyesazrbm,, a\ml evater
su uric_acid and at | ea ne _al

ST i ¥ BT oRFPESE iéjnanl ﬁé%négegrgﬁorflé%pgasct %gglble at
clidfifieerenit b.psubject vhghihe thede nesmstdon Proddéffesent
%r %&le%nq@er ation in at |east one rectification

ol . condensing the reaction product which

has been subjected to a separating operation in one

Qfh b€ s dipat _iﬁ%ﬁéh@ﬁ]@ﬁf Siddd.t isepRanat igs t bercdndensat eto

i.nto an organic and aqueou hase in_at

eSS 3Se ggﬁar%??%tj(:tsoq%%gh?%? us’ SC.}P Cﬁnﬁgﬁ%he(}f an
digarivedphase wictirondtegricino obtain a  washed organic
phase and washing water, and optionally f. recycling

t he aqueous phase rermved together with 35 the

wagimeny wat éhebdewenstionat | east one reaction

chanber. The reaction chanber used may, for exanple,

be one tank WO 2008/068063 PCT/ EP2007/ 059107
The invention relates a process for preparing alkyl

methacrylates as the reaction product by

a. subjecting a reaction mixture comprising
methacrylamide, water, sulphuric acid and at least
one alkanol to an esterification reaction in one
or more reaction chambers,

b. subjecting the crude reaction product to a
separating operation in at least one rectification
column,

c. condensing the reaction product which has been
subjected to a separating operation in one or more
heat exchangers,

d. separating the condensate into an organic phase

and an aqueous phase in at least one separating

apparatus,

e. washing the organic phase with water to obtain a
washed organic phase and washing water, and
optionally

f. recycling the agqueous phase removed together with

the washing water back into at least one reaction

chamber.

The reaction chamber used may, for example, be one tank
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3 or a battery of 2, 3, 4 or nore tanks. In a further
enbodi nent of the invention, water which conprises an

al kanol and sul phuric acid is fed at least partly to

the reaction chanber or to the first of two or nore 5
MR X0 0By ae0f®er s. The tenperature in t RET/EREOPBK059107
chanmber can adjusted, for exanple, to be about 90 to
aboaf}I 120C, and vaporous reaction product can be

Wi_t rvvnfr 10 y eagt i,@n u om 0

YO e r%actl 0 n%érs an%l Olgs rrEEL]')egn g%ﬁf(écteﬂd?p% further
exdmplimento af sﬁbar ati Rt Ioper aWii‘éﬁerhﬁ@éhsc@ﬁP%lseS an

aqqga{rfdlcaéﬁ&mSQQme’lcCOJ@ﬂ‘Sgg Ady 08€ Q@ pdedly to
exchangers and subsequently washed _ with ter as the

tofdeRsat el oR hehpaSSInPhatsr thus £1556btd né?ﬁ'obec?lhgmore
remmMedd rcpiantdee-g.eacti on product by phase separation
and recycled back into at |east one reaction chanber.

A process according to the invention may conprise, for
Aheexaemberatines f ohl odiengreeepsonachampext wren adjusted,
GOPr i.5)0g 8l efo agEoniy %‘(1%6" b9 rbeabbon prgguer. and
sol'i ds™and “sdl phuri ¢ "aci spent acid) is wthdrawn
femarsus eastchbhenr daeddert cRanbee, WERArawe doerurghe

S of8d 0 ntxtheasts ne Jdotat i r%‘re V?é&@tloh ncM@]ﬂnEQri;t and
is largely freed of solids by E_Fatlon

flifot dtHBh v%%‘%%?c?% chafFged \ﬁXLaH‘ eam® t%e S%P?E%’flng
lpatratthenr e@ctmeahwcml@trecst::ﬁmmi@d tobumn 30cbhéensed

mxture into the py.apour h e

BmSFiSi Wy SPET eAS C%a% e eaa{%:oPl%lyn@Q eﬁ@ﬂ? washed

@n(ulhedwatrem alseashe onenﬂeatsat@xcrfdrﬂgewa§ iag twatet nvhus
gfa%%%@enﬁﬁiﬁg CURSGSA NG \Wat efhand-d£actdon tedieet | by

ostcondensate is recycled into alt | east

@ﬁ@ser e%‘a%@@]@?]t%n’éé@ lfﬁfcffé]se%egﬁc?\éoﬁfbtcf o?be

advantageeusmbersone cases when WD 2008/ 068063

PCT/ EP2007/ 059107

east one

A process according to the invention may comprise, for

example, the following steps:

a. a mixture comprising water, ammonium salts,
reaction product, solids and sulphuric acid (spent
acid) is withdrawn from at least one reaction
chamber,

b. the mixture is fed to at least one flotation
vegsel, in which it is largely freed of solids by
flotation,

c. the flotation vessel is charged with steam to the
effect that the reaction product is converted from
the mixture into the wvapour phase,

d. the vapour phase comprising at least water and
reaction product is cooled in at least one heat
exchanger SO as to form a postcondensate
comprising water and reaction product, and

e. the postcondensate is reéycled into at least one

reaction chamber.

It has been found to be advantageous in some cases when
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4 the inside of at |east one heat exchanger is

sprayed wth washing water fromthe washi ng of the
condensate fromthe rectification colum of the
prepurification step and, for exanple, a mxture of

BOs LODEIISN6S and 5 washi ng wat er for mBCFAEPRAORERFI107
exchanger and can be recyclgd into at |east one

reacti on chanber. It often |eads to good results when

pr epuﬁiﬁgnofpré{du§gag§ %Hg eﬁég@ EQC@%H@%@Stlé)ngprayed

cation 10 an l'east one main
pEHCHS | wadh org Wﬁéereééftqﬁbntlb? oaghing fe the condensate

Q&%ﬁﬂd rtﬁécﬂfédﬁhﬂﬁiaﬂﬂlbcﬁﬂ le%@lem db st idHeat g\hﬁépurlflcatlon

preo ow- boi I i n urities iC
fn%I pﬁrﬁwp%ﬁanat % ﬁ‘re? AT T ?%Sate “and

ma@;maa.ﬁ@d watmlr afsemef Aazeoheopiemtn excinamsgdd ther egdn be

t d.b f d
BPCSeRantIEy OF REGRS b6 iR T opurt ETEEE i ch have

a hi gher boi I [ ng poi nt than the al kyl nethacryl ate
&Eep%%%gg Z?egﬁg lQ%fb%bbﬁngrbgHQEbt'@ﬁeﬁanthgenrégctlon

Su Jecte exarrp , to a condensation in on

PEPEUsEat 1S exeldfGacs FR \ah chegase M EBﬁEEﬁ%gf%atlon
can bertr suljest edbdo andphasepsepad @it Dvh aAndchide reaction

s phase of the d t b I
E’gggb‘l i Ao atie 25 H’%G%‘E ejg i Jgogr?l on ez:l%lc b %refefi

Hastlllllia\mm bpeadbounmeknltdybeoédvéntvalge@mngn 1mpurltles
%%?L% da@l%%e %{] tlh)%\l%’] er%ipﬂléc ag@ﬂ?c Ca@l@énv‘h@l@eatalkyl
i on chanber

Ieas one reac ed with 30
m@th@@ﬂfwlaﬁﬁd@wme@@@aﬁéé%tﬂ prﬂﬁf@%t@ﬁ’bc mixtures

?ﬁ%g’é@'fngvil‘%h}(h%at@igm'aﬁﬂ:’({j f@l@(arﬂ&da %gtt@lﬁé’ Ohain

or anks can be ed a C n chanbers

BHT R GRLRER ST o (He B o L 1. paperTeies

phesant hifret hg raaghkeen BbXxlting spemstt othanextkat aikyl
east 6 % éswei t fromone or nore of the

at
P“SF}“ pFol rents: WD 2008/ 068063
PCT/ EP2007/ 059107 5 a. washing of the crude reaction

Qﬁgd%%wjgéfyiﬁﬁ impurities can then be subjected, for
example, tc a condensation 1n one or more heat
exchangers, in which case the condensate can be
subjected to a phase separation and the agqueous phase
of the condensate can bé recycled, for example, into at

least one reaction chamber.

It has likewise been found to be advantageous in
accordance with the invention in some cases when at
least one reaction chamber is charged with

methacrylamide and concentrated sulphuric acid.

~ According to the invention, for example, a battery of

2, 3 or 4 tanks can be used as reaction chambers.

In a further embodiment of the invention, the water
present in the reaction mixture stems to an extent of

at least 60% by weight from one or more of the

following process elements:
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first separating operation with water and

subsequently renovi ng the aqueous phase by phase
separation, 5 b. driving reaction product out of the
spent acid wth steam and subsequently condensing the
WOX 2008 / Asf8 O6Sact i on pr oduct and stean1PﬁE§E85997285?1°7
c. distillatively renmoving lowboiling inpurities and
their azeotropes with water $r0n1the crude 10

react i,on &gﬁuek’ cpRdepsiAg thes dvpil i tdesdenmueder a
adm xi ng t condensate with water and  renovin

. t he
aqueods Hsttas e SEPPFRESE T ep&PEPEHOTA pFotess gégSFdinand
t o t hgygaepdren yrayeasdi hd orald yagdéowonphase. dne phase
nore of the follow ng process elements: a. preparing
acet ofePEYATNdri n from acetone and hydrocyanic
aaid;;itiwﬂmg f yeagtibe ametdunet cyariohpdrithe nspent acid
rectifi.cati ol ; rti c ng-
Cyanof i s o S G LoD g T R icure
provi dds rErcigipar Besiucsr anst eF@dhg laiskyabtained,

net hagyiyi8h8 5 At J1§aStenkAARId 189-85 Bin®nenpliri€s and
reacti on chanbers i'n which a reaction Xt ur
coprQﬁQﬁfrnﬁ?@ﬁﬁ&@%%%dewlﬁékerWat%ﬁlpE%PWc 38#6 afiguae
an a{&@ggkggan b?r&dbkeqtedcbndeasﬁ@gan eatkeri finpatribmnes
reaction, b.. at_least _one.rectifi.cati C '

whi ch Vs r%%@fﬁ%ﬂgpﬁgﬁﬂcfogg%%gg%%ub?%%?gakggﬁé and
separ ateimuy i rgpeihat isgmecns @S hyb i areats SHEEAGEY-s

in which the reaction product subjected to a

separating operation can be condensed, 35 d.gﬁt | eas

SneYREHE HgaE6PEAANEN tthi BRSt REVEESAGENSMR%E € lBéonahY

M thavalemore oAt theaFlolaravisepralddyg elements:

apparatus in which the washin t. bt ai b
ooy i e Ehe 06-2065/ 083065V PetEP200} 086207 6 <"

hydrocyanic acid;

b. purifying the acetone cyanohydrin in a
réctification column;

C. converting the acetone cyanohydrin to

methacrylamide.

The invention likewise provides an apparatus for

preparing alkyl methacrylate, at least comprising

a. one or more reaction chambers in which a reaction
mixture comprising methacrylamide, water,
sulphuric acid and an alkanol can be subjected in
a to an esterification reaction,

b. at least one rectification column in which the
reaction product can be subjected to a separating
operation,

C. one or more heat exchangers in which the reaction
product subjected to a separating operation can be
condensed,

d. at least one washing column in which the

- condensate can be washed with water,
e. at least one separating apparatus in which the

washing water obtained can be removed from the
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reacti on product by phase separation and f. at | east

one fluid-conducting connection between separating
apparatus and at |east one reaction 5 chanber,

t hrough whi ch the renoved agueous phase can be

WOC ROI08d 0I686163i nto at | east one reacti oRCTCERHHRT/0ARL07
inventive apparatus may further at |east conprise: 10

a. at least one distillation colum in which the

Cruder%%%%ﬁbﬁrﬁg%ggﬁetb Ehg%efééﬁgrgkibﬁpﬁhﬁties

havi ng a boi g point Fower than that of the alkyl
net hacryl ate and of azeotropes thereof with water; 15

.. at gl-easdaone cheat r exrhangedud it M cbrhketiaporvesween

inmpurities renoved and their_ azeotropes %ﬁth vvateract.on
can bECPGFAEASEd EBPFHRME UHlerlat 629" aP Fedst®one
f eedl ichernbet , waileroudgln whiich tiie rendeadateuieous phase

adm xed wi.th water; 20.d. at. st_.on arat. :

appar &€0s 15 ﬁﬁ?gﬁlgﬁ k%ﬁﬁgobégghégé g?ggﬁecﬁgn ensare

can behseperated from an organi c phase and e. at

| east one fluid-conducting connection between the

aqueous phase and at |east one reaction 25 chanber;

Rn ADVEBEIVEOABPIESSEE [BVotHEFBRTVESSePFSFnCRIPERSS:

spent gaci defgom e esterifiaatdron ddaein oincanhbeh the

freed at | east partly of.sqlids; qg. ol | east. one
% Tiseh &

f1 ui dSEBAGUERATS BN RATETT betthe Hariigpirivies

vessehaatidga #edetildmghanter; howat |@est @h@theaf_ the
EXCha?%%§#r%%€ﬁgg¥§f§&§ 1¥998£OgéﬁéEgébéec%%é%%aﬁNW§kh

from ation” vesse i. at |east one
f | ui dwededucti ng connecti on between 35 separating

gppar gt us aRd heat wxohasgehanydtChn @hakhesHeetimigrous
of the aqueous phase o talged in the s%parat

. in
appar aPBETREESt HETPHEEr POF G edie @ &tqgﬁﬁuﬁékﬁ;wﬁ&?r
2008/ 068063 PEhBER26Q7£05849M a condensate;

C. at least one feedline for water, in which the
condensate is admixed with water;

d. at least one separating apparatus in which an
aqueous phase of the condensate can be separated
from an organic phase and

e. at least one fluid-conducting connection between
the aqueous phase and at least one reaction
chamber;

f. at least one vessel (flotation vessel) in which
spent acid from the esterification reaction can be
freed at least partly of solids;

g. at least one fluid-conducting connection between
flotation vessel and a reaction chamber;

h. at least one heat exchanger for condensing
vaporous substances escaping from the flotation
vessel;

i. at least one fluid-conducting connection between
separating apparatus and heat exchanger, which

~enables feeding of the agueous phase obtained in
the separating apparatus into the interior of the

heat exchanger;
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7 j. at least one fluid-conducting connection between
heat exchanger and at | east one reaction chanber. The
invention additionally relates to a process for
preparing polyners based at |east partly on alk 5

WSt (200810618953 conpri sing the steps of: PﬁT/EPEBg7{ﬁ§9107
an al kyl methacrylate by a process according to the

i nventi on; b pol ymeri zi ng the al kyl nethacryl ate and

%pthQ&]ly CQHﬁﬁoﬁ?ﬁldeBESééﬁpbs Q%nﬁﬁﬁﬁnkﬁg'ﬁétween

0] polynerlza I on . up t Kyl
netha@ﬁ@ﬁa@@chﬁmgqnnﬁaﬁ|aﬁ1M%Wﬁhé%maﬁ§@qﬁaqae%?am?er

the use of an al kyl nethacryl ate obtai nable by a
BHRCessvageobdi Ned ot iddalihe |I|é\1%ltfelsontbn d h@rocess for
product.i on of flbres fil oa g F?

EFREEL D& LG n&§se§§p8$ &Fﬁg aﬁ?F r|%§ alkyl
heatteryauxids, ardoa@rﬁdmrgctﬂmmmeawd ofdrilling

add|t|ves and also t 0 ng
ﬁbuldﬁﬁb co é%ltﬁhnfg‘ rﬁgéé%?i%ﬁ%a?% § process

aUX|Hamqqaﬁln@eanh@hﬁa&ﬂﬂﬂﬂ%ﬁo@s flocculants and

grill ?:&33/%@@ itdives whi chniare hasedom A ahky! optionally

netha I"at e obtalnable by a process accord
i nven®i on.COIEEE | ed P& cr i PIAEN Of t%% |n€gﬁ?T5%g?ﬂal

tEeng@ﬁuaxqu&akn@npresent |nvent|on a "reaction
chanber" _i.s under. st oo anber wthin which
&n i nvertive @@ié gﬁi oﬁe gﬁtgan take place. A

30 reaction chanber may, for exanple be a tank, a

%h%s klnv@n 9(919 A% ;h%r of1the ddik@edl tedS i NPOLt 3t an

her esteri cation reaction in the reaction

@ﬁé@bﬂ@emt@ac&p@@aﬁe@%ﬁnmaw SrPYREHN IECOBBL GG to

the contextieh the prasenprbexttian esteriibeasj onfilms,
reaction is understood to nmean a rea;vgon whose

FORELPBR pIETICE 1o SRR Tt Al Y1 GRS AP YR Zmaeing
%&Q&ﬂ@ﬁ&ﬁ@% PCT1 EP2ROF/ 0501671 i B-ieast er iffliocatilents  and

E%?iﬁ&%% Inaégltgresent Eﬁft g§so to fibres, films,
coatings, moulding compositions, mouldings, papermaking
auxiliaries, leather auxiliaries, flocculants and
drilling additives which are based on an alkyl
methacrylate obtainable by a process according to the

invention.

Detailed description of the invention

In the context of the present invention, a “reaction
chamber” is understood to mean a chamber within which
an inventive esterification reaction can take place. A
reaction chamber may, for example, be a tank, a flask,
a loop reactor or the like. It is unimportant whether
the esterificaﬁion reaction in the reaction chamber is

operated continuously or batchwise.

In the context of the present text, an esterification
reaction 1is understood to mean a reaction whose

reaction product' is an alkyl methacrylate. An
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preferably understood to nean a reaction between

nmet hacrylic acid and a |linear or branched 01. 22- nono-
al kanol , preferably an al kanol having 1, 2, 3 or 4 5
carbon atons in the al kyl radical and one OH group. In
Wee 20R/DHEB0S3 t he present invention, aPCE/EH 0077059107
reaction product” is understpod to nean a substance
m xture as is withdrawn fromthe reacti on chanber in

]e%[;ct %ft%% of LQQCE%&“% IR pr&f@éé@@ text is

ment the present invention, “crude
mqwlp’r odiRIeT 300G dEP st BEAT 0 AreaiPAHaOn  between

%iékt‘_fﬂ i XLHE g Vgﬂdz‘hacal\lrb@ar V\ﬁo&hdkbnaélvﬁblﬁéd)mcgrbg—lﬁbno—
nor e tanks used as_the reacti on anber |n tge

Fe&cti%n bBFBFBTaRYY T AT h o7 es 915 ‘or 3 or 4
}marrib‘drﬁ attioats  ibn tiHee adantlextaddfcatth empir eseniOR groupa
"rectification colum" is understood to mean a col um
having a plurality of trays or corresponding
ﬂmtemhalsconteﬁtf|¢f|rﬁﬁﬁsnnnaﬂﬂn§'féﬁV§@§§P@ncea “crude

Sk%%@:rtqto' rbBukbi ch; o t he fehudedeaghi QRed oductubStance
“ected to a separating operatlon A separa%ﬁ
SESCAICONA S s 1ender i FRIVE o LFeEn thé 5BRFREPBN G ﬁ%ﬁ%ﬁﬁn

el UL FRRCHEOR Kl Othicdc i | hdhawn greffadeel r@alﬁcbdii)fhent
Qgg?Fi IS urlfled 5 togethgr th steam suitabl e a
& et/ 1 Gite or TOFE COTtrT 17 Ay 16

sinclle ram oext ent hdwat thsseshbathpcwamgmxuabkwﬂuch can be
S L P

hlg er boi I'i'ng point or Trom conpounds which are not
@m@mrgemftbm teacEslommee FoBD ERE Vapddiephesecessing

?hIHQQCng@htlons existing in the colum. In the
context of the present invention, a "vapour phase" is

understood to mean a gaseous substance or a 35
MnXt i€ ebntestoroMbtReganesiemtsubskances Whéchiﬁhgation

optlllu%‘glglclo al SQ or%%rl Se aworqlporrgl o Oéoldq%’ q,h

ext™ present |nvent|on |ng
2008@068@63d@:ﬂﬁ%&@@?/OSQl@brﬂ?SmwMMﬂ@ |§ﬂﬁﬁﬁﬂ%ﬁ&mdor

%glgq%tgj Usdn whibshahhe &IydedRActi 98 which
produ ter t e separating operation

the crude reaction product is subjected to a separating
operation. A separating operation is understood to mean
an operation in which a crude <reaction product
withdrawn from the reaction chamber 1is purified
together with steam suitable as a carrier by means of
one or more column trays to such an extent that
essentially water, alkyl methacrylate and alkanol from
compounds having a higher Dboiling point or from
compounds which are not discharged from the column in
the vapour phase under the conditions existing in the

column.

In the context of the present invention, a "“vapour
phase” is understood to mean a gaseous .substance or a
mixture of two or more gaseous substances which may

optionally also comprise a proportion of liquid phase.

In the context of the present invention, a “washing
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can be washed with water. For exanple, a suitable
washi ng colum is an apparatus in which the crude 5
reacti on product, after the separating operation, can

be contacted with water in the countercurrent. lIn such
HE 89884068863 or exanpl e, al kyl nethac??TZ B2¢0F AP 107
can be processed further as @n organic phase after a
phase separation. 10 This invention relates in

E@&bhﬁu'af todhe dne Ay sissn ofn e haed b slewh Och the

net hacrylic acid and its subse ent esterification t
FELREC FPRICE 168t vt s et iivn St TakE Pl %%%r%lon'
ga@ OFen?WﬁshQ@Ct%Dﬂh15ﬁﬂhaﬁbem$rwhe&bm@a& ,essensuatdlyle
e sel ected. according to _the r t I
Resteds | or Bt & crbarPE'al ranieiste bhey Gruce
freard iba hersdid@abl eftHowsver , Separhasngnqnﬂﬂﬁukmms can
Bge%o Qg Lp D adyanl 208U Ry ddis R8LRH | Bl | 9fcn

east successi ve tanks as
aeac®p©math%mbeﬁkﬂfb@ﬂampé?: exdipt e MeAPSGTYA AL Rr eECHREA
faur I PPhHEcsHERESRIMG et 3RKS anl NoidHiFi €aPRas8 after a
solution of nethacrylamde is introduced into the
PBARCOPSPAEGCERE first tank of a battery of tanks
con?r|3|ng two or nore tanks. 25 It is frequently

erred in accordance mAth td

gkégr r'és] 6%&10519 fgcrl i Cat P%EIE?F%%% %n %h%%@&féf&é‘ls
bﬁttemgtbacrmbamndﬁnretQENﬂmﬁﬁh?CﬁMiﬂﬂn oRCéHanbepd. its
exc%%gﬂ%ﬁtw éété)ﬁ%ﬁéé’if“ol@e t@aqﬁet@cfﬁlﬁb natkekrs. This

ITvely t variant. In the process descri bed

' HereLipn | §apos&ilice, HIGCE exdhpl@e t ©F ediPLh anrafet o

sabHbbeB afieht al-raklssdiaml heandaidon reasttding to
descrlbed inthis text 1J‘rl.!nto a .35 f| st.tank. T tggg
r e am-

FEeh&sredioFor 1 &ATIEC NGE&R THe amde
sebution tampy iedrgenesal Fyuhds ten beelsvidtadrl e . However,

%gmﬁgﬁﬁ%g%eyo ;s?é%%{rﬁgaﬁ%rﬁ ASIRErA We Q(ﬁvali\?\%’éo@so%hen

y corresponding t
208/ 668E63 IRCHERZO07/D50meyfoqped 1in  at least two

successive tanks as ©zreaction chambers, but, for
example, also 1in three or four or more successive
tanks. In this case, a solution of methacrylamide 1is
introduced into the tank or into the first tank of a

battery of tanks comprising two or more tanks.

It is frequently preferred 1in accordance with the
invention to perform a corresponding esterification
reaction with a battery of two or more tanks as
reaction chambers. Reference will therefore be made

hereinafter exclusively to this variant.

In the process described here, it. is possible, for
example, to feed an émide solution as obtainable from
the amidation reaction described in this text into a
first tank. The tank is heated, for example, with
steam. The amide solution supplied generally has an
elevated temperature, for example a temperature of

about 100 to about 180°C, essentially corresponding to
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the exit tenperature of the am de solution fromthe

am dation reaction presented above. An al kanol is also
fed to the tanks, which can be used for the
esterification. 5 Suitable al kanols here are in

WO 1208 /@ 6896 3al kanol s having 1 to aboBETZBPEAPHOHR59107
atons, which nmay be |inear branched, saturated or
unsat urated, particular pre?erence bei ng given to

et haﬁer W@Pﬁrﬁ}:‘eﬂh’éﬂﬂ}@l 8 £MBynd 0 Sldilsewi §§1@€1é‘§e¢rom the

toget acrylic esters, which is the case
egpeaitaiony m\acttr:s@rse@xf@wmv%%t PBRY¥S- TR 39 4 so1S°
ghar gegh W thewat®ink$0 thatchherwin s e taokab weier the
concentration in the tank of about 13 to 15 about 26%
ﬁft\ﬁélgmca iifTparti cul ar about 18 to about 20% by
weight. It may be preferred in accordance with the

nv er, iC 0 [ exappl
e
Swahvimgr ilc tazi @bt f 8d rerbha edses, ovlsifghpeay be linear
\%'f?l tabl g, 40 2l kapglsrareqeseeci aldyadinoseal kapotsicular

ch are present in the reaction mxture in.the
PEGLea A 1Nkt FY R cAPi BYF The&Ci-on Pt lpfmay
@":["k@ﬂrl%@' utieonuaed otoakkasael i/vSth25méehhl‘:ﬁLf]LEd seisters,

0y 5048, PR, 2 P00 e Al anal o s

d| stributed over the tank battery such that the nol ar

GaL @ Lhe Bt AR P, s, abouty 15d-ddo aboMl 1o

and, 1n't equent, reacti on 30 stages, based

 opteRe Yaliel GANEENSLAEART ol abheattifed of apsuE 13 to

%b@u@ﬁt%@’/t ﬁB9UtV~ie]1é1}tS a%ﬁ @%&%ﬁ'e&ﬁﬁ%d adhe: Qbka:laﬂab%ut
i e esterification ma onpose "
APkRakd "k Gt kdhol™¥Y difF r@E?%FFﬁﬁgsgprneaaﬁcoo?daqqﬁe SPitch
Wﬁéklimx@rﬁgf e;ﬁ—l aﬁéidenl frat eguivhedh alsprdfsasscydy nexdtple,
stre of, the downstream processes of r ti_on
§yst gk PErst Pa & %an P gﬁ’ér goerg %E?ﬁ %l%%%lls "end
puilpbiptie WOiZ0GSY (BRDED AL BRSO G UGATber 1 15ui table

" alkanols are especially those alkanols which are

present in the reaction mixture in the course of the

egterification reaction.

The amount of amide solution and of alkanol 1is
controlled such that a total molar ratio of amide to
alkanol of about 1:1.4 to about 1:1.6 exists. The
alkanol can be distributed over the tank battery such
that the molar ratio in the first reactor is about
1:1.1 to about 1:1.4 and, in the subsequent reaction
stages, based on the total amide stream, molar ratios
of about 1:0.05 to about 1:0.3 are established. The
alkanol fed into the esterification may be composed of
“fregh alkanol” and alkanol from recycling streams of
the workup stages and, 1if required, also of recycling
streams of the downstream processes of the production

system.

The first tank can be charged with water in principle
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such that water is fed to the tank from any source,
provided that this water has no ingredients which

m ght adversely affect the esterificati on reacti on or
the downstream process stages. For exanp

a0 e G686 3B wat er or spring water cBﬁTHEPPQB7t’6591°7
the tank. However, it is _en i saged in the present
|nvention to feed a mxturé of water and organic

Ou@ﬁgt ttle\f: Lot rf%d tankas ther e@?ﬁ)horlarﬁhaggﬁfce ,

as talned exanple, 1n the purification of
mdﬁadqd |té”lad?0|td13<ﬁ Wk $iachys | o 16ngseerntepwhich might

fRidele19hadiraent ofet hesppLessat s amdadt der eort hehe
tank is charged at least in a gr%giortlon of, at

oS STy SREraRE. AT anEre eriniay, “deBincEadt zed

Rya teed giv @L'Br_"arﬁg | @asérabaut béO%ebiy ta/vettlgént@nkat Hbeeser,

suc of gani ¢ conp
Wierntwerebad £ ewt@h: ta\mdopra{arleCt M@@%eﬁarﬁlwéﬁo the

Sé%’ﬁ{' 4d ch'felf chrkoéharﬁlg&erVa@é”@ly@aﬂﬁe@asfgﬂsexglg le,
ances orrre e two terns _are used synon m)us}f3
Her edhe empetf afdyiPheoheRidAAYd 16513 @anmpRRacrylic
%feéo*lc'étcﬂsm e pe ?éa\/\{flﬁcftfhémdl &t@@l@iﬂn&rﬁﬁro?feac%hé anfraodss
o a purificatjon as .been found in
SRS EESEs 165 Fe a%%nt%&u&s\mgﬁ rdhda Pat ty of & @
]EprpZJErtdfonnmfe dtarks st hbgas ents lpy odecyist f r bart fwample
ir r LS e.se r o
\?é:S:_Le?a Le %he toggzrgeugﬁto ch ﬁ%@g‘,t %%Hdt‘)%oo by

conpounds from the first
tv@nlglftteltn?g faéid léaﬁ‘éctalgplt’b 805urkby i wedicdk. TR $t least

%fb%‘fﬁ:d%@f’ off,ersidie ROVANLAGE ihale tHE ae@ueddy such

high evolution of Toamin 30 the first tank need not
p& Seadst EPEIRCERISy conpl i cated def oani ng appar at us.
In the case of passage of the gaseous substances from

e firs nk |nt the second ta h o]
nbe%ntbl‘%iﬁgé' i A tﬁé"of i 75t A5 El%tlfrll 1;'rrgmf hg\%&gégﬂ the
e:mtreamf&cd:aallm enteastide, re&d:ta onV&SOE(hlaﬁberOmf ghaeous

fs eend tank dn.a i ppLe gﬁ?n%rermé' nGe ddeaf eefbnymously

mation there 1s gener y significantly |ower; _
ﬂﬁbeleé,l s qrpaad o Uske deTBaRRAGYApFar &F€rswp can  in

%‘}%{C%?LQG%&CE%EP@OQ&05%@771dua11y from each tank and

fed to a purification. However, it has been found in
some cases to be advantageous when, in a battery of two
or more tanks, the gaseous products from the first tank
are first fed into the second reaction vessel without
the gaseous compounds from the first tank being fed
directly to a purification. This procedure offers the
advantage that the frequently high evolution of foam in
the first tank need not be counteracted by complicated
defoaming apparatus. In the case of passage of the
gaseous substances from the first tank into the second
tank, the foam which has been formed in the first tank
and may have been entrained also enters the reaction
chamber of the second tank in a simple manner. Since
the foam formation there is generally significantly

lower, there is no need to use defoaming apparatus.
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12 The second tank arranged downstream of a first

tank then firstly takes up the overflow of the first
tank; secondly, it is fed with the gaseous substances
formed in the first tank or which are present in

fior 1008 /10£80.63The second tank and any fEFréﬁF?\@O?éﬂﬁglm
are |ikew se charged with ggthanol. It is preferred
here that the anount of nefhanol decreases by at

%§t 496,dfﬁgﬂhgaE%rﬁﬁgE@ano&K§%¥%éﬂ? gachy C%ﬁ%s@ﬂ tank

rece wat er concentration jn
§é@<§ndflt@ﬂ<l}aneakﬁ51@1pt He'$ uPYREFLPUNRS P dﬁjf?%tr Stank;

QmHdNat, oft the tbasSkithankie tdesanncenibatinfes formed
drfferences ar e, thouh often s ont.r,ol

iRe Waf el 1&&hcemMat Pon Y& Pos&FHl eprefsernhce Crlexta%ln@pl flrat

Ryneanghef seeoﬁdpptan]@f avad erargt r gadyovgmgsentnks are
pr.ocess. Ci rcuyi of th

e AR b P e DRaTRARE. Ot [Fe PRI Ohore

ithaad vedre ageoust i pfaceotvarte deeheapes bﬁv@r’ﬁ i Pgthat 03

he Crélo\qg{ r@@%éz‘ﬂ@ I%leéet 162 08 dﬂ’a{ééerbrgot@é't p@écéﬁ@ng

reacti on mbers W th steam as, a carrier

R - bg%maé@red:qrt?%rl%@ar%ﬁrg Oer ST feih and in
Eﬁg'fuﬁ@%é@nt%ﬁkénh@ymkﬁﬁﬂéHKWESmaﬂhadu@é afhe first

wat er and organic co oun eci al | al

rEt¥dcr %t%gn??%H% %hgf elFecar‘r%eh ké/u}#%u gEten
ke@Qver ed as descri bed. The vapours fornmed in the

second tank are renoved from the tank and int'roduced
into the bottomof a distillation columm or

rr@et icfoin¢atcilor fo henmiva Ber \RRCERer a5t @t | ¥§ cla@r%hb]r%r for

pred wthpaobattery ehe tBugp19r BBrewhasks, alheady
over "ow of "the second tank.is trans{ e%red i n eac|

PSS 01R tHIF dPESRRSSandiThgtt R e
Barkharbeap opit et efrbfﬂt eha Izdoatircrh dtemberkhe In this

fur her tansarel W se steamy h
a5y Lot T o L AGeShE M NERLB I8 wich cthe

nln@fe@ltablny taxdqtusuhaj ctmxlaebomaqtzmm @mmt 19T, bw‘ﬂrlven

' %%Qshggsgﬁé PQE&EP%997é9§83QZS with steam as a carrier

and can then be subjected to a separating operation in
a rectification column, which removes a mixture of
water and organic compounds, especially alkyl
methacrylate, from which the water can in turn be

recovered as described.

The vapours formed in the second tank are removed from
the tank and introduced into the bottom of a

distillation column or a rectification column.

When the esterification is performed with a battery of
three or more tanks, the overflow of the second tank is
transferred in each case into a third tank, and the
overflow of the third tank, if appropriate, into a
fourth tank. The further tanks are likewise steam-
heated. The temperature in tanks 3 and, if appropriate,

4 is preferably adjusted to about 120 to about 140°C.
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- 13 The vapours escaping fromthe tanks can be

passed into a distillation colum or into a
rectification colum, the introduction preferably

being effected in the ower region of the columm Thf
WepRO08 /06®P6i3se an 5 azeotropic ni xturBC B(EE%9?7é959 07
steam nethacrylic esters_ apd_al kanol and, depending
on the al kanol used, have a tenperature of about 60

&glenh%eﬂo&%ocesé r@aﬁp&ﬁ £BBOULNTR temhautp 9996 into

t hanol 1is used In the dIStI||€%#On col um

ehed bt RN €SLEM| STselarat 8d 4t Yy For i
fth%mltﬂ&?o\a@murorpcg{]mﬂetﬁmb Itys I:Vdfh]lcmjl dbfdécted highee lower
er at ur es e hi oi I'i r
Hﬁ%%yl?g a&gﬁ %?%99iso yrlagg 8n%rs angﬂhéﬁ¥%
a&eomempdbeduxbmra»qﬁnﬂaxrleﬂ(ﬁ¢¢ﬁmf|m%tha¢@ﬁk¥¢oﬁ3ters
Lank, l'%fé%o PLORET YalGefatay bArWRL CARLRIUS MAWLLH o

unn and cool ed means of a
heape@@@h@ﬁg@fora@%atﬁ@r%%f aPWHtor e hé&tr example

ect)ﬁg)rth%ngﬁf Stol LpBas @%9@ f %&l tl@e’@ﬁaid@Bf l}l|s IUE@YTEIH the
cases when the nethacrﬁ i.s. cool ed

e n g Rttty e dr v S Yo [FeRerhea
h@aty Lxehan FeyrmM tdomaires Wdum‘ nEohéieil costensetion boil

and Jﬁﬁ$0|l to aa;qugrayﬂg egﬁhggogélﬁﬁh%o APoUL 5 ons

9% a rie- coo texc
undamﬂakmmuhaqxxﬂmmgatodab@wﬁI@XWGS@b@GVIISCe%&ers and

RakLsStr %?@afs Ctltga%l watel,- C%k@rﬁ’pf@ndefﬁt% e €3d beirst

|ntroduc ux J5 to the colums
sencarorat Fonkconte) W?F@%féfﬁéjo%%m?“%mé\%ﬁ“ed] t Cpg be

egual] b AF0SH blige teosoek the reihacr Wrid cesltet Hormedns

g%cggﬁ€§§§feﬁﬁ%@ te&yé§£ oo %F%ha <¥€|tQ8 or more heat
e&@mphgerﬁlrsIttduundbebakef@un@oﬂxngbby1ﬁ¥dﬁ§-oﬂntm90me
%%&Mater 1egoqled Qgéﬁaa£§f9898é§e§°@%e%kQQédﬁB%”mééhs of

St Rl 't o Achi eve urther coolin ¥1neans of an
apprbprsat &wor |h@a%oﬁm§@aﬁgﬁrsexch%ng‘g’rlc FeRS@exdanpt erst

Egakh%#%%%%%%§ Rfie3ERNLL eS8 £ dhes @ﬁ%r@%ﬁﬂéﬁyétﬂon and

ester can be cooled’in the gaseqg state b
TeaTRO IO 191 81 THGRETEXURENGE APORCwaPerto BT ng:0”C

Bt h Candersed Mdﬁl@mﬂweﬁewb@tﬂm@@eﬁrmdertakes a

cooling to about 5 to about 15°C. A part-stream from

the water-cooled condensate can be introduced as reflux

to the columns for concentration control in the column.
However, it is equally possible to cool the methacrylic
ester formed by means of a battery of more than two
heat exchangers. In this case, it 1is possible, for
example, first to undertake a cooling by means of two
water-cooled heat exchangers connected in series and

then to achieve a further cooling by means of an

.~ appropriate brine-cooled heat exchanger..

For example, in the process presented here, the
methacrylic ester formed can be cooled in the gaseous
state by means of a first heat exchanger with water
cooling. Both condensed and uncondensed gubstances are

then passed on into a second heat exchanger, where a
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t hen passed on into a second heat exchanger, where a

WO 2008/ 068063 PCT/ EP2007/ 059107 14 further

condensati on by neans of water cooling takes pl ace

At this point, for exanple, gaseous substances

fiGer2 098 /106&0SBer red i nto a separat e brrBGTéEB?@Qﬂ/h%%%W
exchanger The condensate in,this brine-cooled 5 heat
exchanger is then introduced into the distillate

$ 880, d“@bﬁ& Lbe [SARIYY NG 9ASEQHS HHBSEANGRS 16RN bekes

i ze er or sent to disposal. The nethacrylic
@éta@re -coNdehbafe HIigH 1 h%OEeSEfﬁHlP\}vﬁt erdaTHIHY Regetances

exehapgsh ise tBEQn@Q@fﬁleﬁnﬁc%ﬂ&ekﬁgﬁﬁkﬁﬂaObrbﬁeneodDed

cool ed heat exchanger to a erat.ure l e ha
pset pleéf:@@ﬁﬁ??'ab%]ﬁ? SCCErbdearb%%t T’Eﬁ § c%% QOOIGd
sleep C@;Ebrha@ef oikhe et hmtzyd:dw:ce@t entbortrm&j cﬁastnglate

S'g%”'f' cantly. | grrer COL§nt, of égéehg e%gt*aheeswgrﬁ be
§1cas W t out e corres ondln (of0] 0}
The 11%edc omzetm@onerenmret i&ot ﬁéﬁppﬁ&ﬁrsf &freedm%hacryllc

%@%% SOPRAAL e HeLBm tEﬁeorgéﬁbﬁdphﬁﬁgeénﬁbbﬁéﬁy|héat
ester I's separated fromthe aqueous phas

SHFEGESSFhake CHRICICORAShelP & V@FEF cRR e%l §>or hagene-

%od%qréﬁenﬁ%&é e%!cfgﬁﬂgh‘eﬁoﬂ'@mmdﬁemp&mecmlel yofl Ramsel than

an ossi urt her i rities,, f th

di°s I I%]f‘?%?vrréf gmgl nct p b%gglsjed%urt hePOBE"e

desior tha.n l—mmetcp ahe axlerteadyrydescrasct@dr disoesd haweye a

beg% El%qa/[ dcgrﬁ%y Egntéﬂ’cs JB Xg8: Of swatercand would
ani un ac

ccorrp nto the esterification
peocdss dnpe eaidiingt tEhntPEIRSIGREINT 2500k | HeP- The

K edlhe JrRimNed OF gani cHiase-tsndPslridd 0 o a  phase

scrubber. There, the nmet hacryl i c est .S scrubbed
FEPR TR n oS 7 et GaPEPaTFi ?W&ce@% tsl}aecpr%]fjfcer%Ster
tike s¥pararddd uf Bdm aﬂnenhqgeotlhapmalser s Tfa emmw bblease

to, Eﬂargely ve co und \é\f a d tq
Eﬂ’?’%g oraa?léﬁ'ﬁg naséu%'se%uénﬁn eps ?rcr)hr%‘ﬁf qiers ot
e asspar aioe@camqi@ous qrrEss adtich a:]dfﬁfi@]sesalad m R@%%bly
fﬁﬂé fﬁgﬁ C eoppoynds, 3 esPeci & { yn akkapolmaAandin
pOSSI |npur|t|es can In turn I.n
pmuwgpml@ be used further as desired. However, as
already described above, it may be preferred to recycle
this mixture of water and organic compounds back into
the esterification process by feeding it into the first

reaction tank.

The removed organic phase is fed into a scrubber.
There, the methacrylic ester is scrubbed with
demineralized water. This process step offers the
particular advantage that it 1is often possible to

largely remove compounds which can lead to

discolorations in subsequent steps from the product.

The separated agueous phase which comprises a mixture
of water and organic compounds, especially alkanol and
possibly further impurities, can in turn in principle
be used further as desired. However, it is advantageous
for economic reasons to recycle this agueous phase back

into the esterification step by . feeding it, for
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be used further as desired. However, it is
advant ageous for econom c reasons to recycle this

- aqueous phase back into the esterification step by

feeding it, - for WO 2008/ 068063 PCT/ EP2007/ 059107 15
#0a1R9I08,/ 068063t he first tank. Since netﬁ%%(???%o"éé?%%m
have a strong tendency to_ pglynerize, it is in many
cases advant ageous when care 5 is taken in the

%%{a%f' catj.an @f. methacrylic acid that such a

ri‘'zation is prevented. In plants for preparing
nmet hacryllc acid or nethacrylic esters,

RAlWEEr heahhepyofitenctakes phaee \wers;trb@lgrretbﬂdeybyc to
aci.d or nmethacrylic ester firstly

ve .a
PRLYTELS ZEhat’ Y okl ll&aI“ﬁPXOﬁ@&e@ar?Cf oaﬂﬁa‘%eous “9“%“ care
gentratied ast Itﬂga (B/sa:rezalﬂmng;npﬁ'r o hetweernylic acid that

ac I ic_aci.d t d
CE‘m?r ?&tymgﬁlzﬁl qftl%a%r%él\)gglt%?t Zrbl ?gheg whi ch can

15 subsequent |y Iead to polymerization. In order to

&&ekﬁ%%t%u%rp?ﬂéﬁfﬁ@ | hehavi QUracdd offBMetleacryl ic

ntageous 't m Ze the substance flow to he
efsftedts thaiPOlfY“ieéthzftJ{q’?e f 1YW St e %(Giihe nglace when

MREBRCEYNLEG ested ©r Oheth&chPlhackytier afidstsy have a

ff tly,. high b -
36t cAthar ERe e of 1oRPh ZOHAL TROR ATz ear T P

Ezwlrltdmer roreadtt  MEsthieadantageousl eng adexiehe between
0-9f JTet ggﬁrdyl | G AcCi q‘?}éjcr drel %.Cgryl iLsiester wmdh a
ab &35 sta c

i'T1 zers su at polygrerlzatlon i
tp@rlg’meyflzsl@pp)iﬂesig@d:l%?r tERR paAr ESEL EmE sk sfr ncan

Q s%%%%s_ rnesgnted oil%r%rﬁ%@ttll@mprl nci pl e be
m xed wt st abilizers such 30 that a m ni mrum | evel

of polynerization takes place in the systemitself. To
trhi so:eielk: the pﬁ‘@l‘vterﬁf $1ieh pbattymeirnzpaibinc Wedraviipur, it

which th t i d
HOLS hd ETRRDASELE ° 80 dhiimd e (B! DABLYLIEOIRNy to

dmtl |dl fefteicdn |‘r§1$u,pplfeusvﬁlfh BBeapgfrl@p’rl aﬁaée Of “the

erfygrlguppﬁ%te%xa@e'oft has bepnreuRd il0 haid is
sufficiently‘ hlgh. at substantially all points in the
system that the number of calm =zones is minimized.
Furthermore, it may be advantageous to admix the stream
of methacrylic acid or methacrylic ester with suitable
stabilizers such that polymerization is largely

suppressed.

For this purpose, the streams in the process presented
here can in principle be admixed with stabilizers such
that a minimum level of polymerization takes place in
the system itself. To this end, the part of the plant
in particular in which the methacrylic acid or the
methacrylic ester is present in high concentration
during or after the distillation is supplied with

appropriate stabilizers.

For example, it has been found to be viable to supply a

stabilizer at the top of the distillation column to the



- 10

15

20

25

30

35

~stabilizer at the top of the distillation colum to

t he WD 2008/ 068063 PCT/ EP2007/ 059107 16 stream of

met hacrylic ester drawn off there. Furthernore, it

has been found to be advantageous to flush those

piar 2908/ 0188631 ant i n whi ch net hacryl i cPCREERRQP7/059107
met hacrylic ester is circul %eg wth a5 tenperature

of nore than about 20C, pre?erably with a tenperature

in_the range o to 12 it
O R e T

Exapleamogene W bRe dARiensauedobtai Red AdTaHEIRORS to

@{ChRAN0ERSee t Q@8ther oW ttheé puhhabl #n stabichi zesthdsrilic
recycled intothe toE of the distillation,colym s%ﬁp

Brad t H¥ colgRiaesBli6n FF§f?hte%?or?lrgugﬁggéed“u' &
¢e thiyewdh sdebi thaedabethacoyld, c pestferradrly with a

stabilized net ha lic acid. -This. .is d o

P e eh ey EBE rarR ot cALRS R SLEr ARl e,
ofi th5 at ke lodliomn ofatstehiichi 2eherion ivethadakl gf ester. For
%gila}(nﬁgrzaé 0 o@f ‘JF% haghyLhcsael Sz imRidhachylkhe heat
ester. The

eat exchangers thensel ves nay

eschesgendi ngr9IetRewi selbe  Th&gEaRAFt hShA8tdbFFT zed S
%E%Q:'l%@ of ni¥et fRET »ﬁbFC & ghe oBigRtihaaEybhe cedtem isuch
such a way that no calmzones, 20 can form here

&hefer ERFt RRSYEPsotBBen PBundtto b %ﬁ%%ﬁtag%%ussg$9yed
thestpheaess wpiesentethihel ezavhen meftbmceydngl e, eeher  or

of fgases .co i_Si .car. j de, f [ :
3508l e JRRELT e sy SR T O fARNAPRL ke in
pasbed thapughatt me ezalni £PBaki GR0p| ™ t Hyether twR HOL

%h%?'eolgﬁﬁ,hia% WRYeh t BB 8aS 1 81 %! Wik HONSEl @gakMzation
purified to remove  conpounds mhlcqﬁcan be renn¥ed i.n
o6l i BebParAYLiGui 1 ordR  GECORAYY L ithe§8CEFe 1he heat
%Qb?ﬁ%bggfa}tEEﬁgﬁmféﬂ; ga&ntcéikéwpbmﬂﬂngﬁ5rsémkerse be
rther. utilization or.disposal, .The I.G .ester.
G ABREd R b NRCObE AT eaorHE L e et At 85 4
ad ridwhesithsequerdt gr epur isticbatd omgy bhathao calm zones
met hacryl i ci ai ned, are subsequently sent 35 to
gépurgﬁé}hgfgaF%E%?%'The esterification results in
di lute sul phuric acid as the remai ning residua

It has also been found to be advantageous in the
process presented here when, for example, the offgases
comprising carbon monoxide from preceding processes,
especially from the amidation step, are passed through
the esterification plant together with steam. In this
way, the gas mixture is once again purified to remove
compounds which can be removed in solid or in liquid
form. Secondly, these are collected at a central point

and can be sent to further utilization or disposal.

The methacrylic ester obtained or the MMA obtained in
the esterification and the subsequent prepurification,
or the methacrylic acid obtained, are subsequently sent
to a further treatment. The esterification results in
dilute sulphuric acid as the remaining residual
substance, which can likewise be ‘sent to a further-

utilization.
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substance, which can |ikew se be sent to a further
utilization. WO 2008/ 068063 PCT/EP2007/059107 17
Prepurification of the ester or of the acid In the
process presented here, the subject matter of 5 the
Mo 2H08 1068HRI on can al so be used in cBRREEPZBA7/QPEHO7
a process for prepurifying gethacrylic acid or
methacrylic ester, as described in the process el ement
whi ch follows. For instance, in principle, crude
methacrylic acid or a crude nethacrylic ester can be
Foequhyidgiced iian #ff (Fhen &S taR 9 Ot itH8 B3¢ der to
a;rlxe at a very purf product. Such a purification

ic constitutes a furt rocess el epent.c
éfhn%h%,Pq&?%ﬁ?(ﬁﬁ?%ﬁ%&ﬁg Vergh?tsﬁage Eeﬁﬁgg%%g ot
&%epfpr@ggﬁﬂta@@@msibm.mamy edses whenssdchima connection
purification 15 c ri : t 2YES: [ :
wHi%h 8a§%r?%%s?oaggbo ??ﬁggéggggétdﬁﬁﬁglof the deid or
preaductridrie resoved an destiribedpiap i | RERFORS aglement
dese befiomc?]v?s. TopLhi s jeRfancel, ude drethaciyip Le £St €fude

of 'crude nethacrylic acid is transferred first into a
diestiadmatliion *eLANRT A whFERe20"E MR Fom Woi PPhg” € Pe
ONStddrient s andruet BerCcanrhe ikennved.in Torddr stendrrive

the "crude nethacrylic ester i ent_ t . dLSt L tiQk
é&luﬁn,VFHYmh?Eﬁecd%%msﬂ%tad&ﬁ%ﬁbnaisgugéF g%&%ékaf%EECh
isidaniamtdan & hundper dabdesd ¢henewbl eam. The eBRURAS:
%%}tgﬁ)'énge%%%gfﬂ"tﬁo§g@§gl for Zpexgaphe. foih$Ueld ape
Wery at "a"wal 1 tenperature of about 50 to about 120C
issivagtiicamesnis The pwiyi Gadssh Weepett ot néd EHHéilcatlon
S o e ast o T hr el erably about. 100 ta . o
" C e ester is prefera out 100t .
éﬁGGFJGDOCﬁE%F?t?%%t%ré%%u?%emFFﬁé%C?hégﬁ%lﬁﬁﬁoggdiﬁjl &
gfggcs;tas}_sr@éufhﬁi@@& tom s apr efeerahibedboeate 40Tro Ecut end,
ar. At the.top of the_co Ll ;
éﬁﬁ%#?tﬂ@ﬁ@écr¥$écr§3%§3a.grn(%ar{|cﬁPgP%8¥%£gg ﬁ%%fi s
fratarescamles] birsi35isthers atet dhéahhen mEORWIY oihatelich
E%%iW%%%%éﬁfﬁﬁbt€§$8599ggﬁ§§dagﬁ NRRRST QfarPNee Orel®Bed.

exchangers:
To this end, the crude methacrylic ester is sent to a

distillation column, in which case the addition 1is
performed, for -instance, in the upper half of the
column. The éolumn. bottom ig heated with steam, for
example, in such a way that a wall temperature of about
50 to about 120°C is  achieved. The purification 1is
performed under reduced pressure. The pressure within
the column in the case of the ester is preferably about
100 to about 600 mbar. The pressure within the column

in the case of the acid is preferably about 40 to about

300 mbar.

At the top of the column, the low-boiling constituents
are removed. In particular, these may, for example, be

ether, acetone and methyl formate. The vapours are then

‘condensed by means of one or more heat exchangers. FOIr

example, - it has been found to be useful in some cases

first to perform a condensation by means of two water-
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exanple, it has been found to be useful in sonme cases
first to performa condensati on by neans of two water
WO 2008/ 068063 PCT/ EP2007/ 059107 18 cool ed heat
exchangers connected in series. However, it is

#FQURI0IOB /968968l e to use only one heat eﬁgﬁéﬁﬁé9°%f°59lo7
this point. The heat exchanggrs are preferably

operated in an upright state to increase the flow
c%%?[e@ln%ea'% %}&rl‘%‘?f 4% rsueM dde f atamtdoHn I@$wever, it
stationary phases. - Connect ed domnstre of t

WEt aaeddedpeatbEkchangEe FrlY he fa C@Er}geeé't at

exGhangers . ”@heb%eaatbréitﬁlamﬁdaﬂ‘keapr@ﬁ@mmgﬁropdmt&ted- :

it is also possible to connect a batte f
ﬁﬁréﬂbrPHE1§BBI@&QH%utﬁolQQEEQﬁSeggldo%%%?ré%ﬁg %nd in
thackatt®r prefreheat thex coangerisn the \sdpduonagye Phases
on%tee% ed. provided wilh tl'??’et %ééfe&o@f@d ROLt eé}@(‘fﬁﬁ’él@ger
a8%pasé' “separ at or ince the vapours may al so
cant aha W@tt@rr quleﬁqub@@‘é W%ﬁ%hméé’cuﬁ% ps brine-
gb%ﬁgﬁedhggtore§@H£n§Qra-fBﬁﬁheﬁ:15£“tbhb6atP@551ﬁme to
exanpl e o possibl e further utilization
ﬁ@W@Icltngal R e esOdr i EFeatPon "F&actrons” FSPled heat
d hgek@to aBwasteehhl catin rgact i eattaxyhasobeemeat
escri

ed above. In this case, th
5 P§5F§'re%§%lgﬁpqﬁﬁé t AeSfiFst eé%%%%ggf Fﬁflﬁggiiﬁlth

@aab;lIherrenmwedﬂmwgenampbhaséedstbe@ia%ha%ﬁl%ﬁpﬁ¥ﬂ%9r-
%q%c%o V%@Sﬁf&nggkéé_ e of,thenongariC Rhfsead@ous

the tops. of the heat
@k:@lsangéngzhampw:es 25 t@psms‘?ﬁe(?éopanﬁef@ @ & hurther

%%E@%%QtQBQGH'CAﬁhaaéxaﬁpEe phase whi chobasbbeen further
adm xed with stabilizer, is. thus g033|ble f|f85éé&0n

s e B8Pl v Br evETitY %kpgfoﬁﬁﬁilon Bf caf iy zones.

F%@@@Edbyl,, ther peesepte an’dd]eanstmelrllzfe'rcaktmqiigsr@miton
urther .su ssion o 7Rol ri 0 qgﬁmg

&W@ G%ﬁ ?%%%%é% ggﬁe cof eﬁéggkc§%%2a2¥%§talned

fplhamet he 1I$eat poedtearsgdrys  irecyadiad onal 50 pr e abl §irst

%%E%§§§1Wh%@oge€bﬁ%ral'Zed water in such a way that

sufficient Separating action 35 can be achieved in

t he phase separator.

The removed organic phase is fed as reflux into the top

of the column. Some of the organic phase can in turn be

used to spray the tops of the heat exchangers and the
top of the column. Since the removed organic phase is a
phase which has been admixed with stabilizer, it is

thus possible firstly to effectively prevent the

- formation of. calm zones. Secondly, the presence of the

stabilizer brings about further suppression of the

polymerization tendency of the vapours removed.

The condensate stream obtained from the heat exchangers
is additionally -preferably admixed with demineralized
water in such a way that sufficient separating action

can be achieved in the phase separator.

The gaseous compounds which remain after the

- condensation- in the heat exchanger Dbattery may,
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The gaseous conpounds which remain after the
condensation in the heat exchanger battery nmay, WO
2008/ 068063 PCT/ EP2007/ 059107 19 preferably by rreans
of steam ejectors as reduced- pressure generators,

SUhj 2N AV EREB again to a condensati onPS?/ﬁﬁaﬁ§76P591°7
one or nore further heat e (‘9hangers It has been

found to be advantageous for 5 econoni ¢ reasons when

urcetk & 10 f}%s%ce O gondenses Aebterly the reduced-

daseous s romt e prepurification. Fqr

ORERAUS | (94nLRIEEIDl e h R SFHRG hEPCGas@gis® o @

SHRIANCES 4P $HEh R aRRSt cE0NERASabt Ofnoreds f@bﬁ:weﬁGdheat
fromthe mai n Eurl fi catl on of mathacg%l ic.10 ester

THE BRI e 161 ATHDSSPr COM et &8, Torn Gmpre, for

ierbdr[car&;?‘ e_d‘héahé‘tg’1§lmﬂﬂe1a propoat poatobndaethatoyl rondenses
ester [ as_.not been condens rrai

B f i cgf-‘ﬁé’n stage oné;"isr%)ru{eé Vi as‘?]ﬁggaéggg separ Tht or F1E
ipteqoutrhief et farcat Fom cotammlén the 1155 possible to feed
R GRY[d S | ggéw@ ghbgﬁgheaé QRS W gy éobogﬁégﬁﬁénshﬁébn,
a maxi m zation of yireld can take Iace and

lass seBt ainadt KASRy| the eBRéRs \fé%n

Hidahl e sgbecdd-@iniigd hefdeshgh &ndpi’bee@ﬂEé at]m of for
t hese further heat exchangers all ows the co 03|t| n
%ﬁﬁr? d% of

SEIPhSe offgastFEEV Rse At exthamgers Tl
eseciahily c tésteonweithothdsowndoi bees, thmdﬁelsed in the

a%JUSted égki nth%tgﬁgdlggcgf iJhéhethe phase
epurl i catTon © thacrylic ester, the water

CEHEMtGm t Ratops bheer iPRehfiGRtiOR telumn  in the

%&%ﬁ{lﬁrﬁtdmﬁ | ow bei kg conshiddjentsr | axéhgley udRat

yl methacryl ate overaII can _rjse ont| nuo l?ﬁ" L n ,
G dBRXiBigpEdeRt Phi ¥igdd &t b2 &y orrmimum
dicshay ge sometfadhel vat essteds t oocthe. syMbemmelr of the

the s refe bl t 0

o b | e TR ShE e LR apdn et SRt SRR Cor
afgere dfunmgm thushet |¢x®mr¢g\emt@ll®‘68f@de comppeition of
Rt eg%kg ghelepg ' ftﬁ%@%' Ofeat N&RMISRYES - PNhag8pecially

separ out ase separator typical'ly has a .
¢é1$temnt@fntor<gfari+%v émq'@ﬁﬁsueﬁt% by dyaiF tever ef or e be

acryllc

Owing to the feeding of water in the prepurification of
the methacrylic ester, the water content in the
esterification and the concentration of low-boiling
constituents in the crude methyl methacrylate overall
can rise continuously. In order to prevent this, it may
be advantageous to discharge some of the water fed to
the system out of the system, preferably continuously.
This discharge can in principle be effected, for
example, in an order of magnitude in which water is fed
to the system in the prepurification. The agueous phase
separated out in the phase separator typically has a .
content of organic constituents. It may therefore be
advantageous to feed this water to a form of disposal

which utilizes this content of organic substances.

. For example, it may be advantageous when water -thus
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35 advantageous to feed this water to a form of

di sposal which utilizes this content of organic
substances. For exanple, it may be advantageous mhen

wat er thus WO 2008/ 068063 PCT/ EP2007/ 059107 -

BN L2ADETREEO6M t h or gani ¢ subst ances |sPF@dE?BOPKé°59107
conbustion chanber in a sul phuric acid cl eavage

process. OnM ng to the oxidizable constituents, its

%%ln%ranfdlél Gy ugll%?ln 8&%5111@36 Uhhhizedeat i@a%iteopaﬁ:to' Ythe

tion, poSSI expensrve di sposal , of tE
W@W@USQ%WRan¢h%W%ﬁrmrﬂﬁlor@anﬁ@ 1phpgignc&CFS t Rhgavage

QiR savoirady Ficke Rue fbgadiearok tkensetibaenykic its

éster . 10 For the fine |cat| n of , t he t hacr
ST 1 il VR EHUT TR | E‘Hgﬁt&? esct ap-‘ i s°8Tbj EX jcgy'
H@.%&thmbn(Manpdégﬂbxyreﬂﬁmssiveeél$m@8@ludé the water
net hacr.yl i c _gest er_, of g [ const i ts
oﬁlth150&i q %P%% co uﬁn ?% o%#ggn grten
mmaadmﬁhacryllc ester. To this end, the crude
nmet hacrylic ester is introduced into the |ower half
of a distillation colum in a manner known to those
Sking @prid iogd igpy ofr e asihas Y aiS &$5&3 urm can in
grrncrplg correspond to any design mhich appears to
e suitable to those skilled in the it
FRE Bdn FotmdPo b2 Tt agedts T h h@f%§§%§£?r the
@ﬂepmunmmedﬁn@tmﬁcrﬁkuttEﬁgerpnodueubwheheﬂhéID another
‘%r' S'%: '1'1%%'1%[}‘1 Cqlum frsegsr’ OReT a8 %é@h&&‘?ypic MDi€er of

which correspond a prOX|nate y to
ﬁoH(NMMﬁyrhﬁﬂh¢@men¢%n5¥¢rsﬁﬁ95 j WSk |I%QQI1%%% of a

%H@%rﬂﬂé@§%ﬁld&ﬁ§hihk9 Dyn arephosryétBaesyeic aster.

m ni num | evel of so-called "dead_ .30 s aces" sho
f%%rﬁh%?t?ﬁdcoFﬁﬁngrugﬁe“ﬁ%aﬁ* éeé% 8H-Sauced
qaﬁparahﬁ%eiywé@nguﬂ65|dénoe tdﬂ@toilatmbnrmmﬁbnmylu@ a
esters i ch tes thei Xqﬁrr tion. This in

Fe k&S Pot Sgp evgklpgoé%ggton shé?domns and
cIeanlng of the appropriate 35 parts bl ocked

Wi Lh-pal yimer, Qe vy, RE equntier i Ahe1e correspond to

any design which appears to be suitable to those

skilled in the art. However, it has been found to be

~ advantageous in many cases for the purity of the

resulting product when the distillation column is
operated with one or more packings which correspond

approximately to the following requirements:

Firstly, just like in the other lines flowed through by
methacrylic ester, a minimum level of so-called “dead
spaces” should form in the columns. The dead spaces
lead to a comparatively long residence time of the
methacrylic - esters, which promotes their
polymerization. This in turn leads to expensive
production shutdowns and cleaning of the appropriate
parts blocked with. polymer. One way of countering the
formation of dead spaces is, both by design and by a
sufficient operating mode of the columns, to always

load them with a.suffieient amount of  ligquid, so that
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formati on of dead spaces is, both by design and by a
sufficient operating node of the colums, to al ways

| oad themwi th a sufficient anount of |iquid, so t hat

WO 2008/ 068063 PCT/ EP2007/ 059107 - 21- consta

MouSHI0RY 08083 col urms and especi al |y BFT{ﬁ82°98/95ﬁ1°7
internals such as packings i,§ achieved. For instance,
the col umms nmay have spray &eV|ces whi ch are designed

agaéléélt%ts pfﬂ}éé}g%%f of hengolumm it el éspé@la'slly of the

tion mm internals may be connec %_ong
aToter GRLESTERE cEREN ¥Fa H’%ﬁ:@ri*%t eF adfr eé’l‘? or

%%&nc%lcrtlﬁd h@éll?rﬂné‘?beﬁgii h&\’/? &pﬁa@anlewaim&& which are
erably ast about a refer

Idessiiongsbut OﬁotﬁﬁtéﬂFﬁﬁ?fﬁhs $ Fg% adhe3|%%%%ea In
Hadiengih). thhe &@h@mﬂ mﬁteheaé3|maywhgn¢wnmﬁ¢n@dbéo one

sel %3} ted SUCh that ,they ?ﬂg@ ug'l Leagt 8 QQH 19%@1e51on

Ieas abou nore prefera
Is@@mm ab@uchSO&@hbauogen%¢®m$y h@Yenvﬂé ﬂﬁ@ﬁt95%£8pt 2,

%%E%%Q? oQtse Lengfdh,yAnet hepadesh e @w@um»y at

In t Internal regions_of the c
dsppet AAPYUL ¢ b5 IR FES O cdniiact igHE T sean
m%t Yl ithe esﬁe&rgec,hl ass tm@bouhtéﬁ%ppmmr abky be

t bout % and
S HE% BBl 1° 50y PRCKS MeihobPalTy SEoesl Gy 1%

iptesenaltdy ram 2@alsar i domttal RPs Ford examrsl @rqﬂ@ashluzbsat
W '% ALY HE ttP& %@r%ﬂ‘é){]lffné@emgi%uﬁﬂaﬁaySQeof the

CONT | I gured coni cal obl 1 que surfaces
Addterdomeasane h%@g%@nsﬁ§PthQ¥ k@@ﬁﬂﬁﬁ-t%@@%&ﬁ%nﬁmgf be

g:gl%lLHoSvlgH:tm rj}ﬂb’%&rr?lt %eg%@ﬁ@f tRet b@lﬁﬂhunﬁsbétﬁaﬂnly
possi bl e during the ope of th
Tt bl B S T ot ! s

F@ﬁ%ﬁﬁnnﬂgssTthﬁnt&bdﬁtﬂﬂﬁ@[a@EefégapbYalﬂ$eSthﬂd About
e_e aporatlon ur f |
L9 Syaporall o surlages during the .evaporatione i1

in i ST cont ex at the anount
@hﬁﬁaﬁpan |netd1;@cu<ﬁhjmn botf om @ekesnup Botepnghe,  run

{%%qezp%t £ 0 Gt al[gog' 9 dpand:- prefanah ywabeut oberl' Ointo

amount “of nmethacrylic ester in
Ebleu it ST HrEa UE BS ﬁpéﬁ@e@aﬁn R %O%%%%?%%hcﬂﬁgrcally

or with obligque surfaces. Another measure may consist
in keeping the amount of liquid methacrylic ester
present in the column bottom as low as possible during
the operation of the column, and secondly in preventing
overheatingv of +this amount in spite of moderate
temperatures and large evaporation surfaces during the
evaporation. It may be advantageous in this context
that the amount of liguid in the column bottom makes up
in the range of about 0.1 to 15% and preferably about 1
to 10% of the total amount of methacrylic ester in the
column. The measures proposed in this paragraph may

also find use in the distillation of methacrylic acid.

In the purification of the methacrylic ester, its high-
boiling constituents are separated from the product by
distillation. To this end, the column bottom is heated

with steam. The bottom temperature is preferably about.
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also find use in the distillation of nmethacrylic acid.
35 In the purification of the methacrylic ester, its

hi gh- boiling constituents are separated fromthe
product by distillation. To this end, the col umm

WOt 20RB/9688&Bed with steam The bott oRTEEFRRP &2 107
is preferably about. WO 20085068063 PCT/ EP2007/ 059107

- 22 50 to about 80C, in particular about 60 to about

171%0 o Wl owaldo it enperatm €0 0fad %S&ddﬂamo a@@u&ba@@%oc
he material obtainedin the co gott

0
pisheWablly CEBREVEF V€SN Otnd6ES| ¥ ﬁﬁd Goe g‘%?y reans of
a heat exchanger or a battery of several heat

exchangers fo a t erature in ran bo

aBsut er‘?]efePgﬁ "SSout * 40 to abgcg ?%r&% E?t%%m

pﬁ:éﬁf&ﬁ:ablly memweahgeomlxammman@ @ogle@obyhur@,eans of
t

Sst i a%hydr &ﬁgn%%gp” 3€S Pr eﬁ‘%@?ﬁ B Mefhaciyl i cheat

OXyi sobutyric ester acrylic aC|d and
skaebihpzes ¢m1p®néﬁﬂl§erﬁ§u§9b§@q@en¥@99€vp§ &Poyitortyet°
uessel gofer exanmle, S&@@@@l 9b eb SeRfutt GokE aned hesre

use. It has been foun e advant a ma
PESESTRREN tlﬁeané”laé’tglealo o ﬁeé% 5‘} g%g)tg%o' um ggttom

is recycled into the esterlflcatlon reaction. For

exanpl e, the nateri al th :
ITE‘&S?CI edmiag £oithe fi rsElf"ank eﬁﬁéyglgvggttrl ééom%rrl}aéntly

ﬁi@t&d\tayﬂage etstratr,, Wity i Sl Uty T v 9 §E e oAt eaF Tyl 1C
@rVSB ?thﬁt¥'ehg d8lidueeltn i ghra a

ém |ng corrpoun s present in the colum, bottons are
seoyebed YeEeEt he ePRRTRAE i 0 HRIAGDnO T2 ]t SERE  TO

LeBcaErt NesL ol B hadhepset h@euyli ccesber acuritfagedusy in

distillation is wthdra and d f
Reay e%%%%gévlhe& Eﬂﬁat"ﬁ C?%gg%gﬁgrger?n%hg &lumn

b&ehamg;eis; rEogy Heat mhtbhe:hﬁapeslts%rcéncbélp@m)](?%%ICtbfyn
ans_o ter ol e@j@p

glérbr?}ﬁaem%om e&%% tﬁggggﬁ‘%ﬁ% ers O?EEé ?rée%%mge%g%tgtn 1s
cenpicheti omtwf the tﬁmfstlttfh%% b@@ﬁsf SIS oThESudSr uFhe

Eavgﬂgﬁg%aséﬁaMDeQmﬁhg wapouts feomat hoetistédbadhmdially
viable method and a very high yield, relatively high-
boiling compounds present in the column bottoms are

recycled into the esterification reaction.

At the top of the column, the methacrylic ester
purified by distillation is withdrawn and cooled by
means of a heat exchanger or a battery of two or more
heat exchangers. The heat of the vapours can be removed
by means of water-cooled héat exchangers or by means of
brine-cooled heat exchangers or by means of a
combination of the two. It has been found to be useful
in some cases when the vapours from the distillation
column are transferred into two or more heat exchangers
connected in parallel, which are operated by means of
water cooling. The uncondensed fractions from the
water-cooled heat exchangers can,  for example, be
introduced into a brine-cooled heat exchanger or a

battery of two or. more brine-cooled heat exchangers,
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colum are. transferred into two or nore heat

exchangers connected in parallel, which are operated
by nmeans of 35 water cooling. The uncondensed

fractions fromthe water-cooled heat exchangers can,
fiwar 200e8les063e i ntroduced into a bri nBCESBP2AOREAPO107
exchanger or. a battery of .two or nore brine-cool ed
heat exchangers, WO 2008/ 068063 PCT/ EP2007/ 059107 -

| ch b ed I
I
areddnsateduc et panebd ecof Fedt i Hee v exssd] &ﬁ&hé@ﬁﬁrﬁo gre

i fr%'du\(:%%sellnie}s Ngans, o1 e @c PHYP Wé@s@lflé[ﬁcherselﬂﬁat td a
exchanger or a battery of two or nore furthefr
Lf%?ner heat

Suderger8sSThe PyomedRat 85stF eRHPs bl 8d,

RRIMIRebyofeans eft tarhat ber ewef ome msré wEumafer heat
cool ed heat e ha gers.and_one ar tvvo brlgre- eecg

et anEgeE Fang doﬁﬂn% 82t enp&rafite i a ran e of
axeuiple, 1003t70m|a®11$t @0Ca pratfezabl pfabmme Ort ¢ma:bouater—

15C a%d SR r% yaﬂcp &hd aé%ettﬁg BPONL - 2ob Ped Ofeat
ream | S W

rawn fromthe condensate stream
mhaglgreer@ycioe@ i 72 02t REMBPERFIFEL f8n 2cSTaHET Rl PRt O

15 top-0f tztﬁ)eCCO'IﬁP@feFQElﬁo@iﬁﬁﬁat@ $id eapbgan 1bse>o‘ ednd
into the top of the colum i pr|n|I% a

fpre @%artareb\}vala 3t HAEEO S aﬁ&}d%v% | g0

adva]nt 3geous V\ﬂen a portion of the condensate stream

IS ed into the va i ne e e

@ol %e%r? exar‘r“%lq%l Srarwgl egp&}{ th:xle J&R}é}{ség‘@ stream
pief efs edetial ethi snté eehﬁngilaﬁts]our&ftlr%u@@éum via the

stabiLEzeRd n <91 he. t o, of c&ﬁ&en§9fé‘mﬁtﬂéa&¢n{”&5ﬁr be fed
part-stream o e condensate I ntended for

Aadre theg tom &% RS AT Hot | & fay way, for

Rrapphed ohf | nti@sftErQbma@e@r | i Hewbeter e i ntrodusyi onbe
and be |ntrod ced direct]| 1trotheto

of
COVERN2IRENS EE & P IR e t R TRTS é? eodt A" is
ifleldr aditeesthst ahpbuzerl dinet calvdres t Ope otoph@fcdmﬁmcojﬂh@n,

|ntroduct|on 30 f ot
§SFe, S FEP S &4 Ae\}gé) H?suc lg ll%% 2‘%%}. nt e%%cr S
tEIaaedtL@g &fl soch el ot edc e s stablllzer into the top of the

column.

A further part-stream of the condensate intended for
recycling into the column can, for example, be branched
off into the vapour line before introduction and be
introduced directly into the top of the column. Here
too, it 1is preferred that this feeding introduces
stabilizer into the top of the column. The introduction
into the top of the column can be done, for example, in
such a way that the interior of the top of the column
is sprayed with the condensate such that no calm zones
can form in the top of the column at which the
methacrylic ester can polymerize. It may additionally
be advantageous to- add a stabilizer for preventing
polymerization to a condensate part-stream which 1is

recycled into the column. This can be done, for

- example, - by adding an appropriate amount  of
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is sprayed with the condensate such that no cal m zones
can formin the top of the columm at which the
net hacrylic ester can polynerize. It nmay additionally
35 be advantageous to add a stabilizer for preventin
wol \2rosrs/0atsioss t o a condensat e part-strB@ﬁ{Eﬁ?€ﬁ7(§5g1°7
recycled into the colum. Thi,s can be done, for
géagyggéogy ggging an appropriate amount of WO

. ER : 07 4 j Zat i
!Pr?ﬂqyﬁ‘}etr&rz agfs:f St abill%ﬁ'l%{rlo?tso%lt heaszconsgéc;gh]%%e]\jﬁa_i gp]gr t 0[2? ceam
icutreiehech teo paspir-@hnepofintrndash fof spi@ctanmt fee top

has hgen.Soupd. t e bgaadyanhageeus ity SOMBICaAsEsgEbesn in
the condensate part-stream after the 5 additioqfof
{Eest ab?e T zBReButt ifef GPRIGATI VS | RES T RETSRBp & He Th€
%:agi?l,oﬁaéﬁe%thtewwimmtahltg e oy eappgr atnrsy the
ra as ic mxer, in_order.to [ -

e e e e
condensalss parkefstiaedy 30 Fhetdmcomdwazabl éngasedes to
2 SE%%FQﬁa%@'&Qi§6§m0ﬁ53£9§ﬂut&8ntQ& RWHd ficab] Dizer in
ﬁF cess are,”? for exanple, sent to disposal. 15 The

¢hed equdsduett spregéntstineathe buffer vessel is kept

with the aid of a brine cooler at a tenperature of

about 0 to about. 200C, preferaq%¥nabout 0

to_about. 15
ARG BTSN \PIFEWT A G EBo U} oaﬁ%c?gﬁﬁlged
lim ofEler phiei FeaBY eoanyp dteisheraterpufbti esafipdm, t leent  to
p,oductjgnd to arrive at ultra-pure nethacrylates, the
ﬁ#%ﬁﬂﬂﬁ? can al so be subjected to an absorptive
purification.stage. It has been found to be useful,

r%gest&égiggl %rood\@@@ ﬁ?@s@ﬂfeiﬁr QAUC FF 3 WAl Es] Ofs akept

_ ortion of the pure product, is purified
fwirttthekhei t3id t RE & dPEANE nPPRETH aratsi%vé:.eenperature of

- Raydic W ard yamaiwdi £ood fmsird tdesol espesinl o yedoabbot 15°C

e ey L0 REER A ¥ dhel, soan L be

It has additionally 30 been found to be useful in sone
%Fe%rgg%n %gezgﬁ&%%gtany further impurities from the
product- and to arrive at ultrapure methacrylates, the
product can also be subjected to an absorptive
purification stage. It has been found to be useful, for
example, when the pure product as a whole, or at least
a portion of the pure product, is purified further with
the aid of a molecular -sieve. Particularly acidic
impurities, especially formic acid formed in the
preparation process, can thus be removed in a simple
manner from the product stream. It has additionally
been found to be useful in some cases when the product

stream, after passing through the adsorptive

-purification stage, ‘also passes through one or -more

filters in order to remove any solids present in the

product.

The streams obtained in the workup comprise

predominantly polymerizable compounds; In order to, as

- already described more than once in this text, prevent
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stream after passing through the adsorptive
purification stage, also passes through one or nore
filters in order to renove any solids present in the
product. 35 The streans obtained in the worku

YOO8 0680630ni nant |y pol yneri zabl e c%ﬁ%é%%£%9749ﬁglo7
order to, as already descriged nmore than once in this
text, prevent WO 2008/ 068063 PCT/ EP2007/059107 - 25
the faramtid Qf) Of £CRIMZONSSes | t 1hahheanedOurdube B be

vant ageous 1 n the case of the process descri bed re
BEYAMIEACORE paY 1 f CRRR Bﬁaﬁpwra?eé&@;?%ﬁ%%e$ hére

g%t %_fetnh\/&iélteh ptat!iithsaCclrg/Itima a5ttt anel conssant 1y d | ovwedact
ver w hacrylic ester. In_a,further ' n
WFtphgeﬁ34ﬁﬁgi%ﬁn?§éﬁﬁeﬂrﬁefgpsgaﬂggy-ggrgﬁﬁﬁﬁyggnmith

m%thﬁe&ﬁﬂgg ester.i sIhheref bnetherhdeahnd downst ream the
of the buffe S ut up I e ad j -
Bﬁ?ﬁeisgat?5%£e%¥§%e%|enr%dr dgr %%ﬁﬁe@%eui egéoagéfﬁﬁ%@yllc
Espemegﬁbnsh@feicr?thdé@dﬁéaﬁle&%WﬁﬁEﬁﬁ%mmﬁ?cﬁhﬁa%%u%%er
%Egsgqpoﬂﬁﬁ sbeppiag frem the digsblbatien setification
e product obtained in _the purification stage is
stibsequight PYIRKFt frér aoh ffFBﬁPFHe P& %t ?88 desgens ©f
\Za%tége 15}@5 glr@eﬁgdmg@ré n ahtangetekeabagt -thd o ahoutrs
, _prefera about _0.taq, about and nore

ﬁF@F@F&@I?rPW Xgergﬁﬁgl%ﬁagﬁgu Cf%ggnioc. Stripping of
t he Zpent acig 20 In the process presented here, it

l.sa - exanp t Lbj i bhe i
SR onbrPEUET g oBppaled AP Ry PuStRLeRLitac soeR e
puPseiceenial WA thcFer™t & T Uy UBHEY Y FECYRTT 539D atkt "
LntQedherprosessn | thhge2>cagpout or-xaapkeoua 20°C,

stream conprisi ng spent sul | acid,_as ¢ b :
BhEaCHER 1YY &HOPF}E Oegtoeﬁqq%tgﬁ%(!nc? acr%i% " Bt a%]fagbdl y in
wi tthngteath bboatf botat ioncvessel . As this is done, at

| east sonme of the solids present can be deposited on
the surface of the liquid, and these

Stripping of the spent acid

In the process presented here, it may be advisable, for
example, to subject the spent sulphuric acid obtained

in the process to a purification in order to

‘subsequently recycle it back into the process. In this

case, for example, a stream comprising spent sulphuric
acid, as can be obtained from the esterification, can
be contacted with steam in a flotation vessel. As this
is done, at least some of the solids present can be
deposited on the surface of the liquid, and these
deposited solids can be separated out. The vapours are
subsequently condensed in a heat exchanger, preferably
with water cooling, cooled and recycled into the

esterification reaction. .

Tt has been found to be advantageous in some cases when
corrosion is prevented in the heat exchangers and the
cooling action is improved further by introducing a

mixture of water and organic compounds, as obtained by
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30 deposited solids can be separated out. The vapours
are subsequently condensed in a heat exchanger,
preferably wth water cooling, cooled and recycl ed

into the esterification reaction. 35 It has been

figu2d 08 0I5 0@v ant ageous i n some cases RREAEPZEPTH3FIRO7
is prevented in the heat excghangers and the cooling
action is |nproved further %y introducing a mxture

ound S
AN M (G T GE?FS%E?%SE.Y%MD&S the
couridd ceft icme @5t €7l | BREPBRTYA ICheSSIRK | PIFERAESH of 1REO

the MRifacyimesteripr epaned, waft @hdtheieatops of the
exchangers in such a way that .the, ng 8! f the. eat
u

Eectran GECE2RPE T Spr AFEd ﬁPFﬁYFﬁ|sW is) mgx PSBL.
&@fﬁlttllrajm to;d heraor rmmxmmma@| oanctan@ht hend the

cool.i.n aC|d |n the h .
PSS z?%tn%%er aevan age %ﬁ?gfééfﬂ€%$ S
mdmmatm@ esterhidy cadvaort{ze nideeelaof watehr ahems
predom nant |y nef hanoly i s r?SyCHﬁchQEO td¥e hter and

esterification process together with the thacrylic
aciedonidamsiiacr 1§t er st &fni ngSYomeExactFQ hi sthe

@kQﬁﬁ%%lcb&lbﬁe pbLpRer, téﬁét@@@vemdﬂscthEEdmethacryl1c
flotatio ords.m xtures of acid an% SO|IdS é;e{
F his

eReid an nﬂ@ﬁ ACTRELE &S5 et TE SRy T art her

0r't her S
t@r&&g@uspﬁswheIstrfpmmsslth@ abqveed@mmWEbedoflotatlon

R G G e e e

ence uric acid again to recover
semevefl , théheéﬁergyeus%ﬂn¢n the Procddythey THeS or to

wcopdensabl €. gasegyss £oTPOURds: 0bkakped, |&cih§nc1nerate
strlppln%_are sent to an furﬁher use s

The Bl tlste, T ot e S Br CLeaePh ST Gt £
spertinackdlpnadrier detycldgad nmater i sdcdvam tdmene250f the
esterlflcatloghgbpcess into exactly this process can

EFSG e U5EFT & 6P Exanpl e, twice for reasons of

oper at i onal rellab|I|ty For instance, the two or nore

E%%taﬁhggnﬁgﬁggF aggoH edxﬁﬁgéﬁﬂdélwdﬂtgﬁnegin§§ the
ds ‘can settle ou in t ese vessels, it _|is
stripping are sent to any further use or disposed of.

The plant described here for removing solids from the
spent acid and. for recycling material from the
esterification. process into exactly this process can
also be performed, for example, twice for reasons of
operational reliability. For instance, the two or more .
flotation vessels can be used offset in time. Since
solids can settle out in these vessels, it 1is
advantageous to remove them when the particular

flotation vessel is not being used.

The present invention further relates to the use of the
methacrylic acid obtainable by the process according to
the invention and of the methacrylic esters obtainable
by the process according to the invention in fibres,
films, coatings, moulding compositions, mouldings,

papermaking auxiliaries, leather - auxiliaries,
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30 advantageous to renove them when the particul ar
flotation vessel is not being used. The present
invention further relates to the use of the
met hacrylic acid obtainable by the process accordin%
two B8 HEs8PRRENti on and of the met hacr POTYEES087£059107
obt ai nabl e by the process_agﬁp[ding to the invention
in rlbres, films, coatings,” noul ding conpositions,
ul di_ngs p r FNg. auxi 4 ards | eat,h o

Toih TS PR ot bebbes BT ERbb0 7/ obaqoy  tigy the
fireaantsvandiani I1GIRFeRidFei VéPTresn abfbiTF onCOopRenTs,
%ﬁuﬁ?dl dih‘:]ng Q\éenkb_@h pﬂsglt%%%,lt 8' fidsesaiddd ni_, cpapeRfisking

di ng_ conposi tions, moul dings, . paper in
ABFH TS | eafR&Puxi PSH GELPF oecUl S Wi and
4411 g addidiiicyes swhivihicar eadmsedsed aometshaceyhacrylic

aci d, obt ai nabl e. by the process_accor di t

4t | SR AN Bhe a E%é(t h%@rew S o%%%%%%lbﬁ by°t hE™e

prrocessi @ccordiog @0 thhehanvehi¢oastyar pbtisippbéesby the
W edl t 0 fiereinafter, which

?arﬁé?%g%ra} néc#ﬁ)le %eééézér%élan%gvew t J}?t he present

i nvention individually or as an ensenble of t or

HATEL BFS t hePHPERBSs elfdMBRES SnentWidied. % soﬁﬁwtrated

%%%%%%dﬂtéwy Qﬁ%@gV&ﬂhﬁgQQu%mﬂﬁﬁngmﬁ peocessbined with
el.ement s resented, within.t sent text_ar

oI PRRP ST ot e 150 bRGHT L THVLR | Oh STcA™t RAPeTRES ©f
avwe cammbinoed overtdld praragisyeslemmrgoessefbiope@paiingome
esters of yl j i 0 S e .
R T o
autesdrdted avianiageerisPEE PRt stedh ¥EBaFPYLared peth the

aahieyad wWheon20ohhe s ©cdt Mhegr Ol thempres@Nbverall
i'nvention as such is_ used in another field_or §§%¥5glic

ETHER @i TSGR of OF hBTeBRE BT s 86Tt} pl'e
heyiel I?fxelpar agrorcefs adetronerepamahydr metharyhithi scid.
ocess el enent, acetane cyanoh inis par by
My kn nggggges ?%%%, %%% e é%ﬁF%%F Upﬁganntgat
Bz topadives deffeethncsshasughéni @lsqt e achieved when
the subject matter of the present invention as such is
used in another field or only combined with some of the

process elements presented here.

Preparation of acetone cyanohydrin

In this ©process element, acetone cyanohydrin is
prepared by commonly known processes (see, for example,
Ullmann’s Enzyklop&die der technischen Chemie, 4th
Edition, Volume 7). Frequently, the reactants used are

acetone and hydrocyanic acid. The reaction is an

-exothermic reaction. In order to counteract

decomposition of the acetone cyanohydrin formed in this
reaction, the heat of reaction is typically removed by
a suitable apparatus. The reaction can be conducted in
principle as a Dbatch process or as a continuous
process; when a continuous process 1is preferred, the

reaction is frequently performed in a loop reactor
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Edition, Volune 7). Frequently, the reactants used are

30 acetone and hydrocyanic acid. The reaction is an

exotherm c reaction. In order to counteract

deconposition of the acetone cyanohydrin forned in

MO 2008/AGE0H3, t he heat of reaction i SPEFHEREPPY/ 059107

removed by a suitable appargtus. The reaction can be

conducted in 35 principle as a batch process or as a
qfhpq%y%l NOLesH A (f-Gandiauous process is

preterred react| nis frequently perforned in a

| oop reactor MD 2008/ 068063 PCT/ EP2007/ 059107 28

%g{ﬁ%éhf fﬁéﬁ@g?ou%%a@prggﬁhgaelye%&uﬁ@inxieaﬁeredééiaed

eadi n 0 e sire oduct_.in hi ields.
P ot that HEHB rUSRLiEn £6 GTOdIb il gd Semction

pHddueitents r eaclean ati neu it i dret r eaattmnneq:mrda Endinthe

hi.f t ed he .d
(eSSl O o e, R PB PO cne

a@rmata@nmpﬂo@mtappfnpadéﬂéthlabltIhezé?eatcbthlhe?rOdUCt is

g(}\éggﬂ_p?lgﬁ fa&ﬁfxgﬁerv@léh yizgl da ;%Po ggket %t@b@\lqrﬂerloto
osition in the course of }t) ater worku

Fihge advir@tacsr G hmt@re et st Theldi xiRgebRet he® 'Prevent

' @%%kﬂ@%s@ﬁgcﬁNQEpQﬂﬂgnéb&ﬁé@ of eglgd andSe£afotup to give

principle be effected in essentially 15 any way. The
rEEn & 231 1M MRG S ds in particular on whether a

bat chwi se node, for. exanple in a batch reactor, or a

g$t|qygy§%gndgf fqﬁlexaggégohg 33%60ph§&¥53§5n1d3 acid

Fect 6t I n prlnC|pIe advant ageous when
Kh@C&QQK@nexﬂhslﬂe@ﬁhﬂQiHMﬁaP@a@ﬁﬁ@ﬁt@ﬁaJélr%§%?96¥?lly

WE§S%EyM“be ﬁ@@h@dSBEUQﬁ%ﬁﬁbOW%heﬁﬂﬁﬂ1ﬂKbéti&§hlar on
irch conduct waste air contai.ning acetgne and

WiGtEEFanPc RetghWaset hi®%Be CORdUEKREPIPor 1Bxafipl R2ECR

&Eb@%@&tfﬁﬁ pesemtdintuaessabde?5 flor tdeamcleibbnng loop
tower which is.at a hed to the reservoir vessel, the

WRECE i 1EsEEPTNGFrom the reservoir vessel can be
scrubbed with acetone, which renbves hydrocyanic acid

E OQ%%' Bﬁg%gsgtr g?d egegﬂggﬁéagéohgt%hkgetﬂk90§§§tone
is fed into the reaction via a reservoir vessel which
has a scrubber tower. Venting lines which conduct waste
air containing acetone and hydrocyanic acid can thus be
conducted, for example, through this reservoir vessel.
In the scrubbing tower which is attached to the
regservoir vessel, the waste air escaping from the
reservoir vessel can be scrubbed with acetone, which
removes hydrocyanic acid from the waste air and
recycles it into the process. For this purpose, for
example, some of the amount of acetone introduced from
the reservoir vessel into the reaction is conducted in
the part-stream through a cooler, preferably through a
brine cooler, into the top of the scrubbing tower and

the desired result is thus achieved.

Depending on the size of the amount of end products to
be produced, it may be advantageous to feed the acetone

to the reaction from more than just one reservoir
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30 exanple, sone of the anobunt of acetone introduced
from the reservoir vessel into the reaction is
conducted in the part-streamthrough a cooler,
preferably through a brine cooler, into the

top_of
e 29089158963t ower and the desired reBGF EPEOBEZQS91°7

achi eved. 35 Dependi ng on_tgg size of the amount of
end products to be produced, it may be advant ageous

k%éé?%!tfkféﬁﬁgFHBhtéékﬁfE%ff@ 98 h1ONTEHBr eathanf the
just one reservoir W) 2008/ 068063 PCT/ EP2007/ 059107

290 \@SSEPTE| FERIY AN EXTSe1T 1S F58S1 b7 e PbF ceRRRINT
%%ﬂdﬁ%iﬂ%f ObwaBl € E&m%Véﬂﬁ vesselis t oiheamamy cases
rrespondin scrubbi ng tower._.However, it IS | :
Eades 15 | ERent When %ﬁ?yo ne” 1% FﬁgeFé’soéLszYér&myls
;é@ﬁﬁ@ipﬁéld sﬂjﬁzkeqaji ppedewpbhdangoscespdridiong ewgwbbimgthis
ower. .In thi i ted 0 n ' .
P DO i BRI ol et sy
dametsr aisipoy tccawBidnevasirl dijdrdegapre RERBSPETbedcetone

9&9”%&%%0 LQUgh thisg vessek okchBledeR t Bhsough this
scrubbr'ng tower. 10 The tenperature of the acetone in

g Sreds 12V G v (5 iR E e Wi n an

essentially arbitrary range, provided that the

taxcm;t oilﬁnpératruﬁhdweof i ghédastabeecatint Hehe appsoproby enay in
t enper.ature, The, erature j : e [ S
L VA fo- o e el
T ctvhiglest it rigiet Gt onehel sacet olee ubeduidr SseFabBF nghe

%%g%%ﬁ%%%tgy ”Eéﬁﬁs?gtﬁge@pprﬁﬁéiEuﬁéﬁﬁéﬁéﬂuré(ﬂ'in the

by nmeans of a plate cooler, th brine_to a 20
rEReEVaigt & TS bt Eﬁf‘f%‘“‘%\%eﬁusi . BREeYhpeP LY eg ko
Rfodure sacet.one on entry into the scrubbing tower is
therefore preferably, for exanple, about 2 to about

6C. 25 The hydrocyanic acid required in the reaction

qan e sntuiddinedtonto, t hier eamtiomeeitdrd for| pgurhbing
Qr_in aseo for It Yanf OLoEXa0RLkercbecchude gas
Ff%an¥%§%§N%§br%gg§§ OP%?rgﬁlthggA%g?&SSSM/S%o%eség °r
example by means of a plate cooler, with brine to a
temperature of about 0 to about 10°C. The temperature
of the acetone on entry into the scrubbing tower 1is

therefore preferably, for example, about 2 to about

6°C.

The hydrocyanic acid required in the reaction can be
introduced into the reactor either in liquid or in
gaseous form. It may, for example, be crude gas from

the BMA process or from the Andrussow process.

The hydrogen cyanide can, for example, be liquefied,
for example by the use of an appropriate cooling brine.
Instead of liquefied hydrocyanic acid, coking oven gas
can be used. For example, hydrogen cyanide-containing
coking oven gases, after scrubbing with potash, are
scrubbed continuously in countercurrent with acetone
which contains 10% water, and the reaction to give

acetone cyanohydrin can be carried out in the presence
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30 The hydrogen cyanide can, for exanple, be
l'iquefied, for exanple by the use of an appropriate
cooling brine. Instead of liquefied hydrocyanic acid,
coking oven gas can be used. For exanple, hydroge
wyariode-/o0esoaisni ng  coki ng oven gases, EﬁTéEP399%665%b07
W th potash, are 35 scrubbeg continuously in
cogntﬁrcurrent with acetone” whi ch contains 10% wat er,
e.reaction.t iLve, ac ne an an
Odr r Ped®88t-Ci n Pﬁggg%esence 8208%%06%%%%Eb9n§ cbgumns
E@ﬁhﬁ@g@@7h®5@£@18530 of a basic catalyst in two gas
scrubbi ng. col unmms connected in series. In a further
enbodi nent, a gas m xture conprising hydr ogen -
dyanide faxdheser ENGRSENEspedi aPRy am&FEéee ga8"PT O S
BMAPI O6£8848T didm hbet Angliussovepgpoecessly eanchede

L%
réact éd w acetone |n the es
gatalfyom Ft &t dne f enﬁgaoéggrﬁgéb& process,

b%mﬂhﬁ réibﬂédthbtbraceSSndeeunﬂhadnﬂ§3?n¢ﬁe¢%r®nbe810
SN T opdis 0. ENR Cudergassar am AR usseM iquid
e gas mxture resulting fromthe

abevﬁnentloned customary processes for preparing
hydgogen g%anlde can be used as 15 such or after an

aci d scrubbing. The crude fromt ocess

IR W hPESSERE| Alosy gVEﬁ?C BEF eﬁﬁacehﬂﬂﬁ jorr ™ t°
%%Qn@orﬁegMﬁJ JauRs hgae ard armmbndayssont airusie gas The

: EH}ZQF” cal ly 22. 9% Yo Vol %r&)ftﬁ{% g&etﬁgﬁpyoéﬁaugﬁseémary

y volunme o .
xtozesxs@surﬁ@rofpnaﬁermg thedtaman ARRLAS WP bR edged as

hydroeyani€ acid, and water @ end orfed from r@&@aﬁeoﬁndhe
er

anmoni-a and at nosp I c oxygen. _The crude gas of th
EW@rmﬁﬁﬂ@%ﬂoce%sW hiRBn e6RPger aild YudBieRe Oxgeh and

g’la\f%%ﬁﬁlg %%@' f‘érrﬁeé@lsgﬂbtny \r/r%?éhbylev Czlrtﬂraarﬁxﬁchh-ﬁ\l, Qé%byns
P18 Y504 Dy ¥ o Pime” o gmg’&%{jyl\?vlol%ﬁe%%y Wd
G, p% . by wol UﬂS&u&tabeoiNH@t-Mlaﬂ]%l ogpvolter @f Nz, 1.7% by
n99;agl d-sgerubhed coyde gas frgmhhe AM-HQGLSSprocess,
hydrocyanic acid and water are formed from methane and
ammonia and atmospheric oxygen. The crude gas of the
Andrussow process, when oxygen is used as the oxygen
source, contains typically 8% by volume of HCN, 22% by
volume of H,, 46.5% by volume of N, 15% by volume of
H,0, 5% by volume of CO, 2.5% by volume of NH; and 0.5%
by. volume each of CH; and CO;.

When a non-acid-scrubbed crude gas from the BMA process
or Andrussow process 1is used, the ammonia present in
the crude gas frequently acts as a catalyst for the
reaction. Since the ammonia present in the crude gas
frequently exceeds the amount required as a catalyst
and can therefore lead to high losses of sulphuric acid
used for stabilization,r euch a crude gas 1is often
subjected to an acid scrubbing in order to eliminate

ammonia therefrom. When such an ac:Ld scrubbed crude gas

is used, it is then necessary, however, to add a
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30 or Andrussow process is used, the anmonia present

in the crude gas frequently acts as a catal yst for

the reaction. Since the anmonia present in the crude
gas frequently exceeds the anmbunt required as a

et 0P8t/ 06896 3can therefore |ead to hi gRCTHERAR04{ 059107
sul phuric acid 35 used for abilization, such a crude
gas is often subjected to an acid scrubbing in order
Q4 lébmenqga?s'@ngggéﬁ Lherefrom Whgprsucham catalytic
acid-scrub eJ’pru'e ggs is used, it is then _ ,
recasar yIn honwkveible o KaAWAR WDOXSES/ GesUsPrganic basic
RCH{JFRZRQ7 hROEUh i o3l assuiHea)a gsitc catal yst to

the reactor in a catalytic anount. In principle,

known i norganic or organic basic conpounds nay

fagiatdoem a;gratrﬂ[eiecaitralg&eo@ Hydr Dgehi @yahi Sermn or a gas
aseous or in liquid.fo m X e
g&ﬁ%ﬁF§?nﬁoﬂ95%%b%% g?ﬁ%%%gg{a%gggggﬁéné£§§eagfggne are
(fedt | noatiyusébly |twopar derur rencthe chnt itgouSon FbeCUs
I S_[fncaﬁie_u(? thed oop,d epstOr ~£00PEF SESmBE1 €8Skt D88st
neans of feedi ng acetone or two or nore such neans, 10
and aencord AEREITDAIYRNECT | P dbrmgaSedst Means:
derggﬁgﬁlcoggldmeghftmgo@r freediadchltrgans, and géseous
east one neans.for feeding a catalyst. .Suj e

CHRFTPL 4T 2F éprfﬂ%iiv% any QPE%Ifﬁ%ﬁllgg%%%boﬁﬁﬁg,at
Seel tapnanmeaina, feodifemdiydr exicdeadolsgt-i on  or
pot assi um hydroxi de sol ution, which can catalyse the
reaction of acetone and hydrocyanic acid to give _
Scettomd ecy arrsaidis s HevevelD | PHASIEIS eh falkaline

toc‘r3>én n?xg@%\éagltﬁgl?oﬂt% V!h%ﬁbﬂf!%?,l f@b@'iﬁﬁ’lt _H&Sﬁd}éﬁ&ieﬁlgsolution
) st,. especially an _.am.ne. Suitable
EXamltesate @%ﬁ%ﬂﬁkﬂﬁ/%ﬁl%Qﬂ%%%H%b%ﬁﬁrﬁ%ﬁsﬁ%%ag§se the
?*e%UiWo@m rd>|€: _aﬂidwcqéaxl amde, hydiedshyhiam negid to give
ri-n-pro a e .an he 1ike. t
GSELOTE icgfyalnﬁgyga?d‘glés goe St de eglgarlébgé%ocpf%e?% e]?(gund to
tenpadeast agedemswhene harpcadplywb osatbr @S pihpgrganic

. %%%a%#isltgasés Q@iﬂ&g%rﬁggﬁﬁﬁkqs'sﬁtéﬂ% Olexa®y1®s are

such Xi'ng appar at u . Suitabl e punps are jn ,
peicecidairy aPl pGRBES 1KY chaBrees such as diethylamine,
dipropylamine, triethylamine, tri-n-propylamine and the

like.

A loop reactor useable in the process element described
further comprises at least one pump, or two Or more
pumps, and at least one mixing apparatus, or two or

more such mixing apparatuses.

Suitable pumps are in principle all pumps which are
suitable for ensuring the circulation of the reaction

mixture in the loop reactor.

Suitable mixing apparatuses are both mixing apparatuses
with mobile elements and so-called static mixers in
which immobile flow resistances are provided. In the
cagse of use of static mixers, suitable examples are

those which allow an operational transfer of at least
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suitable for ensuring the circulation of the reaction

m xture in the | oop reactor. Suitable m xing
apparatuses are both m xi ng apparatuses 35 mﬁth

nobil e el ements and so-called static mxers in

WONBI0IB 0BIBOW3r esi st ances are provi ded. P¢W$%°°7:é%91°7
of.use of static m xers, §u§5able exanpl es are those
whi ch al | ow an operational transfer of at |east WO

examnp east about bar or at | east about 20

@aﬁsﬁndéﬁﬂﬁbeﬁﬁtbﬁﬁ(ﬂﬂﬁﬂq|%ﬁ%rﬁF%%%uFon§F§ﬁPH%:Wﬁthout
%g%hgg%bﬁiﬁs :Cnrltebetrﬁdﬁ%hgnl nlgln AppEIRPr i at furt xesing .
nsist o astic or neta t.abl | ast
RPLrop5: SbRanbHEE: PVERPPSOREREL o 1A by Sprrieal
NetakblexepsasBycsonstst , far eeoaamilee 8VCni cRef HDPE,
g&b?y g%érconluE%FEIt ﬁéyglanglkgf gﬁ; ééﬁéW@§e for

abl “f of exanpl' e, rectan ufar Xers.
eatabyst S audete] nﬂh@ﬂoopﬂé@@@éﬂprtéfté‘FléHFy and the

Q?%St ream.af < d hg, PHEB1 8NG St FEAMRard 18, Xi Fktangular
ement  present I1n the loop reactor. In the reaction
déxeirebed, catalysts are used, for exanple, in such

an anpunt that 15 the overaII reacti on i s conducted at

a pH of not t I

BButcaE 56 absur e i ot iy 2o Bfbr e Py

dbwhhﬁréaalcblfomhekun@s amict hipretergeange of Tailsoing Galsem%nt
%eenz "ffn ft% to t% é%%‘%“t 1@1 8cﬁé3 %1&1 Zieﬂlbed

rnatlvely tion of the catalyst intot
tebplyeast eredowsst r ésmﬁ SR Spurip FHFUGE rAERH Y at

ghé'%%é¥§¥¥7¥é5bt15n|§saE§ﬁdQ@ﬁéamdtlilpHeoﬁreﬂﬁsamme

described to feed the catal t
SEaPoger et AT HA Gt Grtore n EbBah AoRRed -5 i eppout

be ﬁtdvalagfaw@u%ﬁﬂf@rn@piprmpemattman rHNgLrof theetmﬁectlon

and, ca st is ensured e f eedi he |
Va4 E6r Wl%blfbp?l atem X|tgg£kgéﬁtb§ gh[%cltgfégug ?'SQopfor
example about 6.8 to about 7.2.

Alternatively to the addition of the catalyst into the
loop reactor downstream of the pump and upstream of a
mixing apparatus, it is also possible in the process
described to feed the catalyst into the loop reactor
together with the acetone. In such a case, it may be
advantageous when appropriate mixing of acetone and
catalyst is ensured before feeding into the loop
reactor. Appropriate mixing can De effected, for
example, by the use of a mixer with moving parts or by

ugse of a static mixer.

When a continuous process in a loop reactor is selected
as the operating mode in the process described, it may
be appropriate to examine the state of the reaction
mixture by instantaneous or continual analyses. This
offers the advantage that, where appropriate, it is
also possible to react rapidly to changes in state in

the reaction mixture. Furthermore, it is thus possible,
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exanple, by the use of a m xer with noving parts or by
30 use of a static m xer. When a continuous process in

a loop reactor is selected as the operating node in

the process described, it nay be appropriate
@uCaIA00s A06B A3t e of the reaction 35 nigFEKEP%9°7/°591°7
i nstant aneous or continual_ gnalyses. This offers the
advant age that, where appropriate, it is also

ROSS| gxgm P! eagt Ridl ¥, t Prehanges drt St@d 8, | Ere&h@ely

reacti xture. Furthernore, it is thus possi
2@08ﬁ@%80633P@JﬁEPZGOZﬁG@@&dPSQ§§ for exanple, to
meter in the reactants very precisely |n order to

Ariaer St s St SLEPR B VoL op LA e, v
lsee» 11914 tiabl ﬁl@maéa/cstt@r nebdwdssuarahlé oanek:aﬁp$ emepl&pds
ggg;ﬂ[ %me}ﬁfm@ﬁ“fe Ent OfSJJé%efr%OtgssghEéwner of the

e c%nposr Ion o reaction
mxdnherdnpxﬂyt@ﬂﬂ@especem©stogﬁct&ﬁbdé@§é§l?HPn of the

Il ¥n1\%tttﬂl%] H})']esr.ﬁ%bq)g e GBI 1@N processes.

| oring, quality aspects and safety, it has been
found to be wuseful to determ ne the conversion in the

rE.‘e?%gdllgi'll}mv%&tﬂHl% Vilge tdentheat éﬁﬁﬁwﬁdefsﬁ)mﬂ henitoring,
n mx xiure a o_conpar,

Wi GYs #EPegkad a“fg ?ﬁggﬁrg)l etI Ba h?t rgegggl% to be
sigdrall etsel deteoniot tthigel GII[ZI"N@&EI@I iry héhéctaaﬁCtlon
;@‘a%t L.on can L. pﬁéggl QJe%ﬁdiefffM et M L0k B s dhent Wbgre

$teis arranged W | oop reactor. 20 Since_the
reEct icon, chopever 1t s wiedt hebai cherh et t 65 abigased

ﬁgd}ggxgélfyﬁflcrent cooling and sufficient renoval
the heat of reaction should be ensured. It has

frequently been found to be advantageous when the
reAcinONcpsoceedsuwbbile aeheatiexchangeme prep erabtyor,

25 within.a tube bundl e heat r
F%@ Attt TS Prodtci™t o b rodﬁggg b?ﬁgggggggg @Ethln
ahe appiepr BﬁBEemsata:esz@ermdanlrbe 'the edpeg reactor.

%’ Ll entd y, eaft:%roﬂ n%{é\}é@ scal &« PrRELRSES, iRedkder to
XC angers avrng vol ume ‘of about. 10 to bout

iavopa t ydelar hage, sufficient cooling an félCleI’lt
removal of the heat of reaction should be ensured. It

has frequently been found to be advantageous when the
reaction proceeds within a heat exchanger, preferably
within a tube bundle heat exchanger. Depending on the
amount of product to be produced, the capacity of an
appropriate heat exchanger can be selected differently.
For industrial scale processes, heat exchangers having
a volume of about 10 to about 40 m® in particular have
been found to be particularly suitable. The tube bundle
heat exchangers used with  preference are heat
exchangers which have a tube bundle flowed through by
liquid within a jacket flowed through by liquid.

Depending on the tube diameter, packing density, etc.,

the heat transfer between the two 1liquids can Dbe

adjusted appropriately. It is possible in principle in
the process described to conduct the reaction to the

effect that the reaction mixture -is conducted through
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30 been found to be particularly suitable. The tube
bundl e heat exchangers used with preference are heat
exchangers which have a tube bundl e flowed through by
liquid within a jacket flowed through by Iiquid.
BOp&fdisd§ 668 68he t ube di aneter, packin 3907 £939107
35 the heat transfer betweep,the two |iquids can be

adj usted appropriately. It IS possible in principle in

tggf%egfgé)ﬁsaéxéﬁgﬁggkze% O gONduek e dRACEESR1E0 Je the

~that t eaction mxture is conducted throu%Q
WEAPGOSFOGEUEE FETAER2U0FIOB0TGF S40° RETALS! cat

G hangeEmbPed hertdbe thiendt bkt seldapand ithe thact]arket
t akes place within the tube bundle, the heat being
refVEd from the tube bundle into the jacket Iiquid.
5 However, it has |ikew se been found to be
racticable .and in ny _.cas t viabke t
RRE S Eer 1 o T 0 B LhFoLs Tt RO TARKEE oF the Rear Lo
exchamgergnidees the bequildbisedof gonssit rigiq sreaction
%ﬁ&%ﬁ&%t%%r?hgﬁ'@h%h%ag%éﬂﬂgfkﬂﬂgﬂﬁéaﬂteiﬁﬁhﬂé&ﬂﬁ”ﬁhile
cases been_fodnd to be advantageous when the re ctionh
et Uk ey dpsedi fiR%ed oM tRZn %e%emt%g ﬁ’é&ﬁ%noft e
ftlu%)él r@@m&%@nﬁq&, h@éfi‘g@f ahbyydefdseat | bgepl atemd t 6o be
achi eve a higher residence tine and better, mxi.ng.
FRESTEEEEODE MUet COBI et The WETtre oF (e Lpited
huntlie mmhe dejeriditng lon t headesi gif offltidve reegtvranggs,
a:t%% ter%%l% tge%eg%tti%xgloipltarﬁ%s\{o' W ofciihe d acci‘ethi.g%er
refera greater than the volume of the tube bundle
2es(idgsed oamehandoheéies BEXERE-t ubes). The heat
renmoval fromthe reactor is adjusted with an

appropriate coolant, for. exanple wth water, such that
tTE‘Q redctq ot ﬂ@ﬁ‘ﬁ@ltat‘iﬁjé‘r‘i"esng?t % a’ Toths d%’? g,#lle "Blpe
BbﬁdﬂeZ%é&S te@Eholind s the paesigul af aboutred®tar, be
apou >, Jn partijcuylar about aphseut, 35C. ;
BB8H c§§% f%%n%éau%ogf?EUOEE#y-$$%%§%h§9l%gg Jacket is
preferably greater than the volume of the tube bundle

(based on the contents of the tubes).

The heat removal from the reactor is adjusted with an

appropriate coolant, for example with water, such that

. the reaction . temperature is within a corridor of about

25 to about 45°C, in particular about 30 to about 38°C,

in particular about 33 to about 35°C.

A product 1is removed continuously from the 1loop
reactor. The product has a temperature within the
abovementioned reaction temperatures, for example a
temperature of about 35°C. The product is cooled by
means of one or more heat exchangers, especially Dby
means of one or more plate heat exchangers. For
example, brine cooling is used. The temperature of  the
product after cooling should be about 0 to 10°C, in
particular 1 to about 5°C. The product is preferably
transferred into a storage vessel which has a buffer

function. In addition, the product .in the storage
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reactor. The product has a tenperature within the 30
abovenenti oned reaction tenperatures, for exanple a
tenperature of about 35C. The product is cool ed by
means of one or nore heat exchangers, eyl al | XPX
Woa29 08/ OGBS 63r nore pl ate heat exchang%‘\g'g Epgp07/053107
exanpl e, brine cooling is_used. The tenperature of.

the 35 product after cooling should be about 0 to 10C,

Fﬁﬁytlggharﬂe t 0.gBouY 5Gurthedr odest |%xamp1e, by
preterabl transferred into a storage_vesse|

n@@sé;amflﬂfer rep@dfidon 2 | RAAGAEEFEA™ tﬁEO‘Br oEl]a%t ?Eorage

Q%%s%ﬁoﬁﬁgeaV@h&@@%ﬂgﬁ&Q@&J%&MEEE@@W/05910%xamp3& to a
vessel can be cqol ed further, for Exar‘rplse1 %le storage

ER$CantEytr P paPt- St5anffr ot £he -5
‘ti%&fp@rﬁtt@r& suftable heatiexichamgersibler ehahpleomféllaued
pl at eat,_exchanger, Qr ;kept a t ahl torage 5
tr&%%rl %l%s%eln c?Er e|§1 ngstgltgi%%tehg%%g%t i nued
reaction can take pl ace in the storage vessel. The
%%dt%to&?cn: b&sf eeix%eg%/bmtee tlﬁ%oSttheagﬁd&%ﬁa%eWééBel in

any In principle wever, it has bee ound 1o be
E@Yamtﬂa@eenénthp%%mHeaeggrt haf ?‘ﬁ‘é S%E cftj d %3%e
%%t%%t%@e@hsﬁaaﬂ%cﬁﬁe ac e ama:tonq:ios@h:@du@mel@rrwyeled
nozzl es %o the storage vessg Osfuc

0

OFr rre%?fb‘?]dp g i YA of FRESSHor%ed PF oduct T akes nozzles
p_lnaee tiid hinotdge stfesagé sw@sethatlsccmmmndﬂél%l Bpxing

gmoved %‘E%&'e@tug&é (%/uétﬁ_o%kle% Ty @agewiVesaelHat - @rage

st abl i zat1on he product is adm xed there
meﬁ@@é -suitable acid, for exanple with H2SO4. This
deactivates the catalyst and adjusts the 20 reaction

m xture to a pH of about_ 1 t bout
RsoGHcs. 6 ok papI BRSO PR SPoE g § Srage

arels@,elfome&arr@l estsath phizaciaci drawmdlng a‘hecopredtlc‘ef is
oute%g t.0 about. %105% c#ac{ 0f o -aRQUL A3 tR;
th
ob RBn 15 ?a%gpl zéd prodict is pid 1
WbSOdraWhlﬁro@$a©91vates the catalyst and adjusts the
reaction mixture to a pH of about 1 to about 3, in
particular about 2. A suitable acid is in particular

sulphuric acid, for example sulphuric acid having a

content of about 90 to about 105%, in particular of

about 93 to about 98% H;SO4.

The stabilized product is withdrawn from the
stabilization vessel and transferred into the
purification stage. A portion of the stabilized product
withdrawn can be recycled, for example, into the
stabilization vessel such that sufficient mixing of the
vessel is ensured by means of a system composed of one

or more nozzles.

ACH workup

In a further process element which can be used in
connection with the present invention, acetone

cyanohydrin. which has been obtained in a preceding
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stabilization vessel and transferred into the
purification stage. A portion of the stabilized
product w thdrawn can be recycled, for exanple, into
the 30 stabilization vessel such that sufficient
WoxR0g8pb68NE3 vessel is ensured by neafST/OFPZP &R/t 07
conposed of one or nore noz les. ACH workup 35 1In a
further process el enent whith can be used in

nnect i n n t
S AMGhy i BATER. RaS ‘baen bt & e 1 h o pr cced T vl -
JZQGBDOBSO@S PETAER2007 0594p7ecteds tét age, Fiottil 2tive

@5?59 e fTﬁ%ntéﬁéﬁf%ﬁ%é&”1d¥hd%peb@@@oﬁbthcy@ﬂdﬁ@@ﬁﬂ@lCls
acid, is su ed to a distillative

ct
Erasfl | 2&d M@%@t%e CYHPOhY TR i s YfrE‘S&”Sf of &
b@f&é@pbhﬁgngomﬁlammntg mijEMBaoﬁlatﬁléatnespmmhqus

col um. bI distillat
SORAUE Aot B B Byaheans’ oF oS B L cgPtim e

tbmﬁ?ﬂ[ Howieselrd, kevitse possibkeviea aposgppiépri dfe an
urifi n_of et ope (o] e\YXo T

e o g B e
apbsougenb® nedowpinabieal | Phg- ?Win%VadHF%%or1Sr2¥latlon

addithhen, athwe Uonmireed all tRgaf idanlevapariaoreragorator.

e[se two or nore distillatio ol um be_co d
Wit RBHE Laibt hEPFC 1% TRE*Er %ﬁﬂﬁ i%‘%i&ﬁ%ﬁyafgn UE% or
é@ﬁ@sﬂﬁdﬂﬁﬁhﬁoﬁéOﬁa@aﬂmiauﬂumch@immmatm@m peneraid jned
gﬂpa ge erature of about O to about 15C, for
¥xahpPBSa® 8nperature of about 5 to about 10C. In
principle, the crude acetone cyanohydrin can be

EﬂérggﬁﬁgdagéEgﬁklﬁybﬁb ?Hﬁgncgdﬁ@% ﬁ%&ﬁbﬂﬁyﬁhoﬂége to

een found use I n SOFTE cases
ehadéiesal lagaren & Bphtoiyary el by ﬁ&&%r&@ﬁe r? atabOUt

6%5@%@%11: fi%&t ta5$s eté@g@o.@ of téheeheatiref ofhebout 5
rodu al rea purifie y distilla n. ref
E l}litt hejl' q‘r‘ood H’ent ojfncili’tr)sl H’lg cﬂl@l ?rs[c%tone

€ ﬁrocess descri
h?aﬁohyhelﬁSCanude amﬁt@d@ceﬁambhwmnﬂhy|¥mﬂheéﬂéﬁ‘m%lumn

%Q%egf a h%ﬂﬁ; been found to be useful in some cases
when the crude cool acetone cyanohydrin, by means of a
heat exchanger, first takes up some of the heat of the
product already purified by distillation. Therefore, in
a further embodiment of the process described here, the
crude acetone cyanohydrin is heated by means of a heat

exchanger to a temperature of about 60 to 80°C.

The acetone cyanohydrin is purified by distillation by
means of a distillation column having more than 10
trays, or by means of a battery of two or more
corresponding suitable distillation columns. The column
bottom is heated preferably with steam. It has been
found to be advantageous when the bottom temperature
does not exceed a temperature of 140°C; good yields and
good purification have been achieved when the bottom

temperature 1is not greater than about 130°C or not

- higher than about 110°C. The temperature data are basged

on the wall temperature of  the column bottom.
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exchanger to a tenperature of about 60 to 80C. The
acetone cyanohydrin is purified by distillation by

nmeans of a distillation colum having nore than 10 30
trays, or by neans of a battery of two or nore

o rZEBfE AN Bui t abl e distillation col BRAZEPFAA7/059107
colum bottomis heated preferably with steam It has
been found to be advantagedus when the bottom
tenperature does not exceed a tenperature of 140C

good yields and 35 good purification have been

attd evediaheretone boraeehydehpetat BF@ FS hBE GPLHFEr POy

t:han. gboyt, 4306 a-nats bhghebluhan aieutd130Cldbeon is
tenperature data are bas

d on.,the wall t t
e oA DS D ST 0RB08aS PO BRSNS 0BG heTan Ly
b%Ed The ﬁ{é#ml@cewe.a%ﬁn?hwr i mo s abeditt 0 90Re mbalrum in
0 o e r | h Th :
@%ﬁ%%qéh?%naggegpe$$o&ﬁ%ga%%% e?%%#&ﬁﬁﬁaegn?egﬁgga good
preassitre, beuvefear difl b atowrr priessrar of about 50 to

about 900 nbar, in particular about 50 to about 250

nmbar and with good results between 50 to about 150 .
@Far . the t HeoR opOsf tHE coF@RAM M gas éBRRET Hpur HPEStt1es,

%%%%ﬁg?ﬂf%LXcéﬁéh@n?ﬂH“E@&ﬂé@ﬁ%ﬁﬂtCaMﬂdL are removed,

, e renove seous subst ances .are ,G00

e sTBFOVBH e IRESOUEX cgﬂ‘g?‘?gteaf‘coers a*bat £87Y 6 }%Cyomo]jn%%ngy of

B hﬁa_t exahanger sorPref eaeneryi ©fgi ven lear enge heat

usi rine 00l n ith.a tenpera of o ahput -
.nﬁﬁsl'& %r‘%ﬁieg%él:g\?eslghegel aseo‘il}s%&%ong?i ?ﬁ%rﬁgg %?lne

tde Mappuvsthhe oppoeTafity Pé cHiiEns8. ChheaPerkt 10°C-

9ﬁﬂg§n$f$é§ntﬁéa%§se6@% ke et d O£ expaplgpoats the
standard pressuré. However, it ual Ié(%lgossi bl e

S €eq
ARPHESIHESh FBURPIE e atvantdgeiusSPRISIRR- tAs S T2IC
WE%“ Eﬁk% fpg%beZO condessatp D, stage dtarefdrelt pdessure.
under reduced, pressur.e, r ef erabl t .the S
WHTYER Prevar | iFQHﬁ;i%ﬂﬁ ??ﬁ%ﬁ?o%paTﬁg%uﬁ%éﬁsgégngsto
passeddoantatecascoaled sowkl ectdsrg vewben anehis first
COHég%§§£}$§r §$ea'ge@%¥éyﬁgﬁeuﬁ&e§b9gau9eﬁopéggghre
B DT cCUrarTaf ~about 5 to 25 about 10C. '
preferably at the pressure which prevails 1in the
distillation. The condensate is passed on into a cooled
collecting vessel and collected there at a temperature
of about 0 to about 15°C, in particular at about 5 to

about 10°C.

The gaseous compounds which do not condenge 1in the
first condensation step are removed from the reduced
pressure chamber by means of a wvacuum pump. In
principle, any vacuum pump can be used here. However,
it has been found to be advantageous in many cases toO
use a vacuum pump which, owing to its design, does not
lead to the introduction of liquid impurities into the
gas stream. - Preference is therefore given here, ' for

example, to using dry-running vacuum pumps.

The gas stream which escapes on the pressure gide of

the pump is conducted through a further heat exchanger
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The gaseous conpounds which do not condense in the

first condensation step are renoved fromthe reduced
pressure chanber by neans of a vacuum punp. In 30
principle, any vacuum punp can be used here. However,

WO teed B dedund to be advant ageous i nPREVFPRASE£05§107
use a vacuum punp whi ch, OMA to its design, does not
Iead to the introduction of% iquid inmpurities into the

%%ﬂﬁ?gﬁr§¥grggfg gooiehh%ﬁ%ﬁp&ﬁngkyeﬁthgrgem @kature

0 us y-runni'ng vacuum pu
stff ezlpowhi 6h tes calpest oﬁ5t e &@S%tl}rtéleé}tdia ‘6?1101{4 heoﬁaﬁﬁse |
%ﬁngygt ed it drqugh a1 f uet-bar ﬂ?at:héxcd’tﬁm%ti\&@ vessel

/ 068063 PCT/ EP2007/ 059107 -
pREfEY abl yoe@Bl 61T or FRe gtongeeeﬁﬁ&ﬁat?}?%a%?d under
ﬁQQHRmQ E?n%@@ﬂbn%5ciTK@nSﬁhkhﬁﬁkﬁnmﬁﬂCpecﬁoﬂmeéecxl the
ere are |ikew ected in_the caollecti I
RAGH e cB9F ORI Gt THEEbnBRNSaray o o Eedttehy, for
ixmaqu&wmdmpdathaat éimh@mmﬂenshutOQlﬁerﬂ@ﬁﬁEdﬂohaﬁherY
prfesgur eo?r' dﬂ?mﬁ %1 caprbeqehfact eghrfd in

exchanger ut also wWwth a batterg
@bna&iaﬁ rm@@sﬁeeﬁ eﬁ@ﬁ&ﬁ@@ﬁ§5arﬂ§W@éT%W3se? L | nthis

Ray 2l drBl ot 1Gas eousp SHbst anaes deNBAi Bgnaf ttey 4l sflfther

condensation step are renov and _sent ny further
WU IZRG IR I SRS af‘ttﬂ?ﬁl?%l J1]1Jzzaa°| i The

collected concentrates may |ikew se be utilized

th d
Ehagggggﬁ%ﬁ§uL§oP Fg@%%%rrene Exﬁgﬁgafééeéﬁpnﬁtlﬂﬁzed

€ ex vantageous to ,
rfeaydlee tée deﬁdeﬁﬁatékwewqrxhéoreé@9n9m#queaSOHS, it

@&EPQ&Q acetene, exanshydiidny, Thigahsapddbest €d recycle

preferably at one or nore points which enable ac

ttdrer endssppatearct Grto THee %%%Eh%%t ger naﬁeIPﬁer?néFE?SHe
AHPECHP O itd Oiﬂe 28r provddeshré hatad heyatdoonet or more

R
dlsrupt t re |on of th

ehLel B RioArRaRE  SRoORE ofoPHe Antay 5ne
wdﬂdeﬂywmmfrrmgpnsrmt pflnacplenehamd hgdyocyampesition
g%%8%<%£g e%agpk%e &Oanﬁf dfggﬁg% o bqﬁgeﬁeﬁaéfbn. of

requently in ratio abou
the acetone cyanohydrin. In many cases, a predominant
amount of the condensate will, however, consist of
acetone and hydrocyanic acid, for example in a molar
ratio of about 2:1 to about 1:2, frequently in a ratio

of about 1:1.

The acetone cyanohydrin obtained from the bottom of the
distillation column is first cooled to a temperature of
about 40 to about 80°C by the cold crude acetone
cyanohydrin fed in by means of a first heat exchanger.
Subsequently, the acetone cyanohydrin is cooled to a
temperature of about 30 to about 35°C by means of at
least one further heat exchanger and optionally stored

intermediately.
Amidation

In a further process element as frequently provided in
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The acet one cyanohydrin obtained fromthe bottom of

the distillation colum is first cooled to a

tenperature of about 40 to about 80C by the cold

crude acetone 30 cyanohydrin fed in by nmeans of a

fior 20 OB¢a8668hanger.  Subsequent |y, t HBCBEEPHR7/059107

cyanohydrin is cooled to a enperature of about 30 to

about 35C by neans of at |east one further heat

iﬁ%hagggéag i&gtkﬁﬁakgghégggfgc 'JEﬁHnEQ'Q£§|%st%§S of
dati “Tn a further process el enent as frequently

pesviagey liin WO1Z00SBEBUB3 PET/ERZDU7 059197l ecHy to a

e L
, ic acid, acetone cyano rin is subjected to

SSTHYPSr APy sTRACRECTFT f &8t %ﬁ%%rE?EPQCFggéﬁ%ggffﬁﬁ ghe

ebigestQf reactions, this forns nethacrylam de as the
product. The reaction is brought about in a nmanner

known to those skilled in the art by a reaction

Tekweesaccome erits abedughkphaipdet adind andiagpn&nown  to

%%%%%hy%&hﬂ%eﬁo The reactigpei spexotherfd Lt WH Chpetween
nmeans tha éat of reaction_is advantageously renqged
trogenteaspst epn lTRer i eacioh Ré¥e REELERR aghinopedrin.

Rekf oFdme idh ai shal:LiMsenif OCRESCRI nidartOnthatoleat of

processes., Th 15 latter has been found,to be

&GF&NEaGed s PHRRATECHSSY. TRREN SPh& T PBattFonYPSe™

performed in a continuous process, the use of |oop

@Eac;t Oég ?S’ bg'?en éco%%% tg Be gﬁgiﬁll ‘be T %ﬂf%%%@d)nin a
m be“efrected, " for exanpﬁe, Im only on | oop

beachor seHomeweEssi t oray e aRAEmaEEEus BFRFETIRS 20 The

h§RGLIOR 2icS RN FABE itd ddaldRIt Rfedi® Of FBEL tOOHs .
reactors. In the process descrjbed, a suitable qug
MBSt 6heh €2 EReTor STBIed HGE Poithtds FU1E HES GheP T oSS

eyanohydrém, 1688 @kacbravned desepofatndf o be useful.
ggncentrated suug uric_.acid
r

poonLated s L¢cBEL B0t LIRS g onty one

_ angers-a one O
febe Mexet®r. However, it may be advantageous when the

reaction is performed in a battery of two or more loop

reactors.

In the process described, a suitable loop reactor has
one or more feed points for acetone cyanohydrin, one or
more feed points for concentrated sulphuric acid, one
or more gas separators, one or more heat exchangers and

one or more mixers.

The hydrolysis of acetone cyanohydrin with sulphuric
acid to give methacrylamide is, as already described,
exothermic. The heat of reaction which arises in the
reaction must, however, at least largely be withdrawn
from the system, since the yield falls with increasing
temperature in the reaction. It 1is ©possible 1in
principle to achieve a rapid and comprehensive removal
of the heat of —reaction with appropriate heat
exchangers. However, it may also be disadvantageous to

cool the mixture too greatly, since a sufficient heat
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The hydrol ysis of acetone cyanohydrin with sul phuric
30 acid to give nethacrylamde is, as already

descri bed, exotherm c. The heat of reaction V\,hi ch
arises in the reaction nust, however, at |eas

W @08 S 8M&dr awn  from t he system §F'ﬁéEP?H@7§P§Pa°7

falls with increasing tenpgpature in the reaction. It
is possible in 35 principle to achieve a rapid and

%%QHéﬁEwSigeféaﬂﬁﬁéd ghyt @%ﬂ%ﬁﬁrfguieéﬁéhgﬂg@ﬂkh: the

appropriate heat™ exchangers. "However, it pmay. also
diesddy aKERABEEESt 0 SEHRF (e nVxPEPELE%0 Yt %@Fy RiRfure
%ﬂ@é%f@ﬁ%ﬁﬁﬂj”ﬁﬂﬁhfﬁﬁﬂlﬂﬁézﬁgﬁééﬁﬁﬂﬁﬁe the circulation
PCT/ EP2007/ 059107 - 40 transfer .i.s qylrfd for 4
dppr optS at tRRchiRGETRE t HE Eﬁ@%@hangé@s cHte 2P
;shllélf\ﬁlcsmﬁzl t yeobvbie ofxttine wdsesiqrealeyoy tfirom the

allin Ah hat i the 1 o0

rsé’aé:t 9% | rc%ttnlléirl %‘O%e?{('%ub% %@g suffici ent P
reanaI of the reactlon energy fromthe system can

secongdiys Qu!onggkcg§s§@§y§edlow | R AR Res in  the
excessl ve [ 'ow tel’rper atures in the reacti ?Eém xture

EgFatdad tauéstélﬁ@st SPRi z&EP6n 6P 30 CHREEPLLEARGIGR ©f
he greaclkinel mod urtheat ddw-thieat emttangasr Sat Thilse heat

further worsens th at _transfer, S

\ﬁl}ﬁci“ﬁngeglsea% ]gu?@a%%t%ns%%ﬁ Eg ect edé ﬁqer’ as
addirekodr t e Ix@bpcheai:t arlezannotiee mdngédow t faphebe
%%%e%%%danng tsﬁahlEﬁéﬁtanEﬁ? SHSB 1§e58§5rth§annot be

iciency o e procesés suffers bverall. In one
shpadiefentioh tthe prpsegsl a2PereFen Ofpr éP8FABRYS, such

abgit thwo oteffiikden k?r alpoh et breecgdaksiuErersobveall.
volune flowrate froma stream of acetone cyanohydrin
is 20 introduced into a first loop reactor. A first

hQOQner%aﬁkﬂhﬂﬁﬁﬁfQEHMhﬁiprdHEBxﬁarmmxtimnu preferably
%? H%ﬂtg%Zh s Vo MHSPYR%e fgefgnﬁﬁfngﬂ@gvolume

one or nore gas sep rators
¢ilpgul atten Sromans wl‘nmilwrpaﬁ BRE60GR t BEaRPREdriBopls

SESEREE DEeen (et sanael ottt 15

ARdCikere PFEEFERRAIYY s #Ncamie WTe difth 250 WREYy one
B8/ Bhodeh B, | 8A8t c@Nendn thetih®oplements and one or

more gas separators. The circulation streams which pass

through the first loop reactor are preferably in the

range of about 100 to 450 m*/h, preferably in a range

of 200 to 400 m’°/h and more preferably in a range of
about 250 to 350 m*/h. In an at least one further loop

reactor which follows the first 1loop <zreactor, the

~ circulation streams are preferably in a range of about

40 to 450 m*/h, preferably in a range of 50 to 400 m®/h
and more preferably in a range of about 60 to 350 m*/h.
Moreover, a preferred temperature difference over the
heat exchangers is about 1 to 10°C, particular

preference being given to about 2 to 7°C.

The acetone cyanohydrin can in principle be fed into
the loop reactor at any point. However, it has been

found to be advantageous when the feed is into a mixing
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reactor which follows the first |oop reactor, the
circulation streans are preferably in a range of about
30 40 to 450 nB/h, preferably in a range of 50 to 400
n8/h and nore preferably in a range of about 60 to

B0 20B/8l7.06 8MBBeover, a preferred tenperBEH(BP2007/059107
di fference over the heat eychangers is about 1 to

10C, particular preference eing given to about 2 to

7 35.Th acet d
efege ntthe% %?DR?% Li Hllg(i%%t 'mﬁktgfm;n\%ﬂglet@@rtf@dor

laeeﬂta’ttwnduvf@rbe ”él@@arﬁtdgvé@uslqm@ﬁlflhelsr e@@V?gt?ﬂ%u%‘\ly
'f'e)&' e V\QP%Q:Q%/aQ@SQ@?’ tPel/ EP2P8AL 028 hbhydrdh addition.

el ement r exanple into a m_xer wth novin arts
Qréeaviiceni xbF . Tfhe BAVPRGFi ¢ HEWHE a89§ﬁf§550ﬁ§1ygeed
fed igh1ypsitieamcald tike caceloneocyy arelyrdri @ taddiyt podnt .

O herwise, it is, however, |ikew se possible to feed 5

the sul phuric acid into the | oop reactor at any point.
Tie r ahtdoofof helreeackanttsnics t he |top rlemit orepstor is

controll syGhy, t hat @an ﬁxc%?ﬁelsog ¢l phuThieuact dadSda is

sent e excess o c acid is, based on the
:o@remaelnar rEtd etedheot oRSL PRUBAES 2CaBodtS 1. sed o1 the

?%q%ou%éizd gogh%th%l r??énét@ﬂﬂl 14188€f Okband abeut ZItG'B dbout
in e | as oop re cas

Bt lhald! Peeh FHoRd £8°Be T5A7aATCad: é%héicnn:nbsggff6$nggout

the rieacticonasist tlked aemdteactor with such an excess

of sul phuric acid. The sul phuric acid nmay serve here,

for exanple, as a solvent and keep the viscosity of
tine geesctdasesi xtur baBOWeewnf@hm@ngCeﬁg%r%d‘éaW@%%?us to

%)%r{%\hé%lm qf,heat ; 0f s sgaghi Ahantodp | evakrbenpanat uhectof an

€ reaction mxture. This can _entai.l ficant
Fraleds afy it Hest 1 ThaCt &rp&Pst e B it arcglé]i:trp%}ﬁ serve
M ter e dys }?@\%{I 90a§0aa@©ukfeh20@ndl'heed;ea¢he evbyapsity
i's ensured nor e_ heat .25.exchan [ Sed N tﬂfgher

5 oﬁjF%a%?%ﬁg&?? ﬂé%t%ﬁﬁangunghﬁChbcan van ageous
whevizhe dfeate®xchfingensthave cadswi tlabier semgerature of

! em for. cont.ral | ihg fe conli g pef f QI HBDEScant yield
advantages. The temperature in the reaction mixture is

about 90 to about 120°C.

The heat removal is ensured by one or more heat
exchangers in the loop reactor. It has been found to be
advantageous when the heat exchangers have a suitable
sensor system for controlling the cooling performance
in order to prevent excessively great cooling of the
reaction mixture for the aforementioned reasons. For
example, it wmay be advantageous to measure the heat
transfer in the heat exchanger or in the heat
exchangers point by point or continuously and to adjust
the cooling performance of the heat exchangers thereto.
This can be done, for example, via the coolant itself.
It is egually possible to achieve appropriate heating
of the reaction mixture by corresponding variation of
the addition of the reactants and by the generation of

more heat of reaction. A combination of the two
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in order to prevent excessively great cooling of the
reaction mxture for the aforenentioned reasons. For

30 exanple, it may be advantageous to neasure the heat
transfer in the heat exchanger or in the heat

N IRA B FHE Nt by point or conti nuousPETAFE2087/059107
adjust the cooling perfor ce of the heat exchangers
thereto. This can be done, ?Br exanple, via the

coolanl 4 {SRld . 35 Liohs £OMALLYapPss! bhe QRN e¥dctor

ppropriate heatin e reaction m xture y
cOrawlsbondilhgiearidyi s athel il t PBR ¥ h&eparator.

react gpt 50@nd by & hei gaaeEAt i @Rict Méend@atoat inuously
reaction. A conbination of the two WD 2008/068063

ﬁ@ﬁfEPEb@?/mo]?eaﬂorpéfslﬁ bFPTt B8 | SRSy 0L Another
GRoelyabke. tHhe lweopwiendtaw tHwubdsaddi foomadl yin the

have at |east o as sep arat h
i S =R pf%%rﬁcg?‘?g on |C§’1)la%us%]e ?ﬁ d Sﬁlqned is
mamnly aanb¢memgaexsépar5h@rpnﬂdﬂdﬁwWEﬁhﬁﬁawnif%om the
?ﬁ %eycrtggr avy tgﬁe%%§gﬁl orﬂ%éfértlk@i Lgast 'apnsecond
€ reaction ctha

gas fornmed is _ mainl
denftmrmfméi deln W%r%@%@lﬁdmﬁr@%r BRRCEPBmM the rFBSElOH

eaah Ofe | éoﬂ}tﬁﬁigﬁﬁgl )@dlﬁ;ﬂﬁﬁf & redibintan@ seehadrylaapde,
react or. his sec the reacti on

reactqr
Ak thfe %%ﬁ%r??Fﬁ@n§§|gM &aﬁfgﬂﬂ?rﬁﬁfﬁﬁ%y%ﬁﬁ?%egOOp
asdmsobeens obtaicned Mﬁﬁﬁmtheaaemmlnnmgrpaﬁtf$nr¢ﬁmpof

AR RhRAgandy | il NS IR 8,00, PAEhs STELBRLET of

| S case e excess of
aldlmhm:rlct st fom tHes (5 it | begP r 5agEePT, oPrapt least

s%ﬁﬁéthg soRE fxddies eé%@%%u%ﬁ'cphé!éhé acwbcﬂr@awﬁh the

acetone cyanohydrin_to formfurthe

SRS | BFARY THE GorForrahidetbe T ¢ Ret aa?éwaﬂlﬁiﬁ The
M- ff rE R | Qﬁ:p tﬂﬁaCtﬁéctl’hamthﬁqadM&mt age thate loop

omnn to the aC|d excess jn.t S :
ﬁﬂﬁ% Y?qgﬁ%ﬁ)c§aEheOV%% t?%néﬁéx%uigﬂﬁrlc

auiduﬁxmesmelneahetfamsteﬂqmpjrQﬁQHQﬂMEﬁ@EthémyabL@ltY

é)tfe th@rro :rp rﬁlggﬁh &ty least %?nﬁilén XLog elshBRty and

|'east one Heat"exchanger  and east one gas
sdpdmsterl var ehar vaeded 2¥et REPFOYEAd | BopturBactddr . least

-HH%rﬁ?%%ﬂé”biéﬁgﬁ%?terlbasth%n%eQQ%Q|é%&hanger and at
least one gas separator are arranged in the second loop
reactor. The reaction temperature in the second loop

reactor is likewise about 90 to about 120°C.

The problem of the pumpability of the reaction mixture,
of heat transfer and of a minimum reaction temperature
occurs in every further loop reactor just as it does in
the first. Therefore, the second loop reactor too
advantageously has a heat exchanger whose cooling
performance can be controlled by an appropriate sensor

system.

The acetone cyanohydrin is again fed in in a suitable

mixing element, preferably into a static mixer.

The product is withdrawn from the gas separator of the
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25 reactor is |likew se about 90 to about 120C. The

- problem of the punpability of the reaction m xture,

of heat transfer and of a m ninumreaction tenperature
occurs in every further | oop reactor just as it doe

WO FWAHDEGFA6t . Therefore, the second PSEéEP§8€76959107
too advantageously has a_hgat _exchanger whose cooling
per formance can be controlle% by an appropriate sensor

S Aaarale ?éoﬂheré£€£8fezﬁ%ﬁn%ﬁﬁé%uﬂ ts agaiRpfReaithiren of

a SUItab m Xi n ement preferably into a static
mbeart.  Ihe E@O@@@ﬂltl 51%‘{@1d\2%mﬁofnpéﬁ1t?h§h§asr%ae‘fﬁr% opnd

fo AR ROQR/OBRAE3 MEHLP2007/ 059107 - 43 second

| oop reactor and heated to a tenperature of about 140

to about 180C to conplete the reaction and to form

tﬂhalﬂﬂéammﬂg arisde pre fErebiigat pegfosmpref enabl ythat  the

perf.ormed, _such_that th nexi mym. ke t g

AP 5%P§858Fu§enlﬁﬁnun1 erl%d 8? g&§~ %e S dum

tdere.oof, abwowt evaBphendoe teo tHb%quSQb@ilﬁutOé@ Tipute to

%g;rotdtc%l@ frﬂft& tire Oof -ahquts W:‘br teP @Q@é‘toﬁl gbbu®r two
Ut three to about five m nutes.

A NP @égéﬁfééfeabPHtaﬁ§”§ﬁba?%tGQOPBr:éﬁﬁ%lﬁ%?ﬂbes
SYGR adenper gt uheipoe BéC%f&dﬂmyﬂ iperdod. apparatus for

exanpl e, the ener can b d

AL I, L 0L S B, PPLLECo U 2o e Lol

|E@xequ@kémpb®55|bhe t&ﬂ&ﬂp@Yy the edexgyprplseﬁeaﬁ31 a
on%‘e%qt 10%%9 r}ﬁ’gﬁr?ef aﬂyaté 1YLt flq{alexéﬁ@fﬁy by MRANS: Ofim.

Wwaves. vari ous” cases, has been found to be
é@\?\@’ﬂ%?gedlrs 1a/mvatwéf rm?eﬁﬂrfgl%tféb FEPREY dete SRR DY

heat exeFangek £ 20mabhR th wo- shagdatabniul £bst agRample by
arrangenent of tube coils which may preferably be

PESSen L MILFO¥@VIESast doubl e, opposite arrangement .
This heats the reaction mxture rapidly to a

, éggﬁgrature of about_140 t%Fo%QQbu%%lﬁﬂ?lﬂ?aédvantageous

gt T &t be” ‘conbi ne
whee Jdse sepat aor steEorlsex@f'nfﬁB@teCﬁt ins apdEsith| @xchgnger

%qqlgluqéwc;—%ggeea%f ORI XLHE et BLOUARRHRS cFERAIY Ofoils
which may preferably be present in an at least double,
opposite arrangement. This heats the reaction mixture

rapidly to a temperature of about 140 to 180°C.

_The heat exchanger can be combined, for example, with

one or more gas separators. For example, it is possible
to conduct the reaction mixture through a gas separatbr
after it leaves the first tube coil 1in the heat
exchanger. This can remove, for example, gaseous
components formed during the reaction from the reaction
mixture. It is equally possible to treat the reaction
mixture with a gas separator after it leaves the second
coil. It may additionally be found to be advantageous
to treat the reaction mixture with a gas separator both
after it leaves the first tube coil and after it leaves.

the second tube coil.

The amide solution thus  obtainable generally has a
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after it leaves the first tube coil in the heat
exchanger. This can renove, for exanple, gaseous 30
components forned during the reaction fromthe

reaction mxture. It is equally possible to treat th
MARIGIY06H06%re with a gas separator AFLEEPRPOVEQvel 107
the second coil. It may addiztionally be found to be
advantageous to treat the reaction mxture with a gas

%ﬁ%ﬁgéﬂéHﬁﬂgnJEE%bf@t@ﬁaﬁtlb@a@estygﬁcéll?tatﬂ@ﬁpé@hture
u .

after it | eaves t he second tube coi The amni de

s AIDH (s tobtl@dr4bl e general |y has a
W0, 2008/ 068063 PCT/EP2007/059107 44 tenperature of

re than 100C a.tenperat 0 4
S FRECTHHR ﬁ%@% f‘%gurz‘ia? oBLtnaltned arg{(%%b 4 489 in
qm:da:mpdre daen dnsp@s@ail afi phe any disgposedsott | hoahyrther
éﬁy o&ﬁ%ﬁ%ﬁ taofurther ; progessing. o foyeVelechd TBY Bme
va s I'n'SOm8’ cases en the appropriate gases
a:r@aﬁomwhﬁ@d the a anoreRporie | GRSSsn ddeh PWAFYhatn 2
they, A &-opt {.a0ak hy suRiess U{zaﬁe@hartt hetec0atd NopUSbially
or as required, for 10 exa th steam pressur%
FHE THIF 43RS BéthtelranEBBFiLB o’flﬁ Yhe?t The reduire
@‘;@ﬁ@jl]@nt i gned wistemow ardddurstrat eddby wamy ofthus be
exa e t grence to nonlimting drawi ngs. The
ag%é%ia‘% éﬁst{‘\l erl:g 1. a plant systemfor preparing
and processing with met hacrylic acid or nethyl
'ﬁfeha§f<¥£§ﬁ1§ntlgﬁ&d %v:th SEHR MRl ClPiu@tzPét?éH Eg way of
prepari ng acetone 0 cyanohydrin, Fig. 3: 2 sc emati c
er<2amdsT kup Pl aﬁ@fﬁéﬁn%et%e NoR syt n STRPGNIE: al The
£ Ofowan am dation plant, Fig. 5 a schematl c
of an esterification plant, 25 Fi g. 6: a schematic of
a plant for prepurifying the ester, Fig. 7: the fine
purg filcati en plamt bystiehe ﬁcs;rteprepﬁtrgngl Fhbwerohessing

preferred el.enents Qf,3 RPN B ¥Rk hyl methacrylate,

for

Fig. 2: a schematic of a plant for preparing acetone
cyanohydrin, '

Fig. 3: a schematic of a workup plant for acetone
cyanohydrin,

Fig. 4: a schematic of an amidation plant,

Fig. 5: a schematic of an esterification plant,

Fig. 6: a schematic of a plant for prepurifying the
ester, ]

Fig. 7: the fine purification plant for the ester.

Fig. 1 shows the preferred elements of a plant system 1
for preparing methacrylic acid or methacrylic esters
and their further processing products. The plant system
1 has various plants connected to one another usually

in a fluid-conducting manner as elements of this

_system. This plant system includes acetone cyanohydrin

preparation 20, followed by acetone cyanohydrin workup
30, followed by an ‘amidation 40, followed by an
esterification/hydrolysis 50/50a, followed by a workup

for ester or methacrylic acid 60, followed in turn by a
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30 for preparing nethacrylic acid or nethacrylic

esters and their further processing products. The

pl ant system 1 has various plants connected to one
another usually in a fluid-conducting manner '
Her N8/ AF8A8d s . system This pl ant sygFéﬁP?HBV68é§1°7
acet one cyanohydrln 35 preparation 20, followed by

acet one cyanohydrin workup 30, followed by an

%ﬂn%at#ﬂa?lé@cag@!)how b¥fg8By which the ester, usually

esteriftrcation/ hﬁdrol si s 50/ 50a, fQIIomed by. a morku

st hagl epeshamErhaceyl | &F adEd P66 7Y ofed |Hjiupﬁeﬁﬁ
@h@ﬁﬁ@/wﬁpm/moﬂ@é%ﬁﬁalﬁ& éanebe sent to a

purification 70,

IS T HAET Y 0, BOP methac T4 o ot B by Bggpesing
BPrarmsy e eslerhpmﬂﬁm%mldJthuspebtapnédrcanpbgygéﬁﬁzﬁﬁlOﬂ
%]pé{:gr;ttql%g gn ?:Sesa&g)&% ﬂlg{v 8%ur!§1%&“'ofé‘£ﬁf@r reactions.

| ant’s ude 1 n particular
ﬂninEE|@mlymerkﬁﬁﬁanu§eéﬁ§OFéwﬁRﬁ%YW%ﬁh%QHXW%ﬁeS can

elg ng‘fﬁggﬁgé' ons;ng ! n the F{Q{é/me&leé@t:bQB r emﬁ Ofr 8rganic
crylates can be prepared, .and, in.th

mﬁﬁﬁﬁﬂ%@qortﬁﬁgamqge r SREAGHS, Pﬁ%a&EFg'wéﬁgﬁergan be
Q;Qirﬁ}éie;cédWGF& canrbeei0 @:e@ane:tct edcdmpdundsher Toregafibcther

conpounds. th ' -

ARFIRSS %nggpﬁr e Pgro or g&?gngﬁngh%lants 80

fmsYaﬂu ngogmowwﬁeﬁixhe.fﬁxmh@hln®réﬁbssWh@npﬁéﬁvc?§rther
ocpeoésy'%zél ac?{@éé“"% lf.)&l dfs 0k £ H@EH@@{:%ML@ acid or

sters hacrylat 15t are
w&@@@ﬁﬁ¥1XQMt¢ﬁﬁe¥%rglﬁ%P$¢b?%%¥ nBEFaYhg methacrylate,

Sb&éonﬁro%sﬂ@@ﬁa'ﬂtﬁﬁt{}f@nutes givé mEileah)s, moulding

aut onobi |l e ‘parts and ot nmoul di ngs. _by s
EqIRsTEi Siieh a$&B% ¥, @l&ﬁ¥ %rne%%ﬁﬁ%érs slabs,

2] tRAid aN-aTo Ubatt- they nanﬁlne$hesp|mMﬂkﬂlmH$s bnd Ehétable

like. In addltlon he an ste n
EFPHERY a phur%c %%Id &?a%t 1%%5Whofﬂ?ﬁYs@%?gE?ers'

allr3 eSlﬂlp:lnmflCUﬂaiﬂIHQ plﬂmﬂl’smﬁﬂ:ch smipeareto Béesui PaBI ethe
fZL(?kaet hi Jsinplg&&%érp t heeP&yisan skikked in ﬁhe iy at@ses

use in principle. Reference is made in th

comnsitse 5 f GBlekEFpLe 2316 R ERYpt &4, tslbla%epé@nt

E?%'£b1 phit£gr ated Raldnfd o Prieveppear ard Kentnoktable
a

fortthis purpose to the person skilled in the art are
useful in principle. Reference is made in this context,
for example, to the in Chapter 4, page 89 ff. in
“Integrated Pollution Prevention and Control - Draft
Reference Document on Best Avalible Techniques for the
Manufacture of Large Volume Inorganic Chemicals -
Amonia Acids and Fertelizers” obtainable via the
European Commission. The sulphuric acid plant 10 is
connected to a series of other plants. For instance,
the acetone cyanohydrin preparation 20 is supplied with
concentrated sulphuric acid via a sulphuric acid line
2. Moreover, a further sulphuric acid line 3 exists
between the sulphuric acid plant 100 and the amidation
40. The dilute sulphuric acid also referred to as
“Spent Acid” from the esterification 50 (hydroleis
50a) is transferred to the sulphuric acid plant 100
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Ref erence Docunent on Best Avalible Techniques for the
Manuf acture of Large Vol une | norganic Chemcals -

Anoni a Acids and Fertelizers" obtainable via the 30 -

Eur opean Conmi ssion. The sul phuric acid plant 10 is
oINS Ea0&8 series of other plants. PEF/ER3PAAEA59107
the acetone cyanohydrin prepar ation 20 is supplied

with concentrated sul phuric acid via a sul phuric acid

li.ne . [ epy. u rd 13 14
B MLEOUEL, BCLUCLIGE sihphuLIC a6 Lirend 5, In
aiedatilghunto: hied dbdaitle 5P phislf cdaerde aPYoPeF&fr 86+
%%ﬁf%?y??gc%éié‘ghﬁ ﬁ‘%‘l@mﬁc}?&k@g@tﬂ ftitl’%atcﬂﬂl[h’ﬁ@ sulphuric
_ Is transferre 0 [ id.
Fcast €60 v@?zcﬁf)aﬁ BET) EP3O0T} 650107 @-e%ﬁflg%bae% Yin

?Jﬁf@@%}d@% lniineso# O:rwspem;/zsulsphmi.c doi d demece b, | bhe
e sul phuric aci ant. 100, t di hurl ¢

@B‘ia@tscaﬁrﬁe Wﬁ%ﬁdﬁe%hgr%r E%be o#‘%%gﬁgﬁguﬁe}&mh are
Sanptiirdrc t@cttosan she 1éfktectredrhe orrexamsl eapREAT tO be
ds%sl(e:c{aqueed Ifg:rS pWReOZ%%%Q%%u&Ia r s\é@e%%?e%:’foggsﬁ'al 1k the

general’,” the ™ plants-are nmanufactured fromthe _
matteriialls Wai civaird essanPERal (9 tHosBUSki |1 RdPPACEREL AT

Yt ,Andappearnt 0 he i suirtabkeaher .t Ehgpartbtvhar of the

€
stresses. %sually, the material s stainless steel
EHiEH Sugt iR part ¢ (P& °t¢have "k cé Pglhlgllcac:la d and
egiedianag: Thethegi coscefittheedpl atlpwiich argid are

opgr.at.ed wi-t h sul phuri ' Cj - WM :
BT ErAlY SR BFyPe ke BEPRICELLKLY) Macsrials
and mprecteicted W tddderaom c Hae enpalacrptipl asifcebtpaned
addi Ehgn’mé%é@lm@rﬁb'ia 361 £ Obtsaianedad5 e EbE via a
met hacryl.ic aci d_plant 50a can be fed via.a _ .
PETHEGHIE T | I-ABS6 & 0% hehfr G cdd6i Bb. 531 15
!?%%_ aé?g%bggtgﬁf cgsmgq_d otﬁe pesefsd fiD add aaldstabskbbélizer
i.ndj cated w ©S" |\n,the, acetgne cyan rin -
Arep&EesSon Y8 hel gm datt on t?lrbe, t%’%egcg%ﬁeri f CYaPPgRain
%I(}e%&rtdhm@rhgdom ysies B@ddatthenpr epur itfiecaecrorréfiangion
SO e i fi I O 0] ; e
A T Ty St T 2o o a0 i aLeo
adet emel ipsirprfdviadadri Y %an acet one vessel

In the acetone cyanohydrin preparation 20 shown in
Figure 2, the acetone is provided in an acetone vessel
21 and the hydrocyanic acid in a hydrocyanic acid
veasel 22. The acetone vessel 21 has a scrubbing tower
23 which, in its upper region, has one or more cooling
elements 24. A series of offgas lines 25 which stem
from various plants in the plant system 1 open into the
scrubbing tower 23. The acetone is fed into a loop
reactor 26 via the écetone feed 27 and the hydrocyanic
acid via the hydrocyanic acid feed 28 downstream of the
hydrocyanic acid feed 28 1is disposed a pump 29,
followed in turn by a catalyst feed 210 which 1is
followed by a static mixer 211. This is followed by a
heat exchanger 212 which has a series of flow
regsistances 213 and at least one cooling line 214. In

the loop reactor. 26, the reaction mixture consisting of
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25 21 and the hydrocyanic acid in a hydrocyanic acid
vessel 22. The acetone vessel 21 has a scrubbing tower
23 which, in its upper region, has one or nore cooling
el ements 24. A series of offgas |lines 25 which stem

o0 ROV /I0ERD 63! ants in the plant systenPETHBBACPHR{B59107
the 30 scrubbing tower 23. The acetone is fed into a

| oop reactor 26 via the acétone feed 27 and the

hydr ocyani.c cl i h 0 [ cia f .
MR P A2 AoB Mot A0 4 Taghddhea in
di sposedita panp 29nsifisrpbwed dagrasn B A cif alpdicated

fbﬁﬁd ol WhisGhhd s 3540l loved hyaa stathgngeéxer221]l. the
This is followed by a hgat eéchanger Zlg}mhich . Eas
Fesehiios TR resFepaHeEsdo V3 dd %t LT % st SghEaCes

6QQqngthienec@d#ingn 1ihes | cog r eaatiora 2Gottthien of the

reacti.on .m xture consisting of / 0680

SEFERZOG P 0SFITF N 47 ce%soer%\? ﬁ@%?oc%an?%r%%?ﬁ ang
eacdlaysferi 2 1conduotiedth nis acoineciedta coEbAStHe? apresel
degreg, WG is iadicaled; by poldidides. bromihe of a

heat exchanger . reaction mxture i s conducted
viow ltilmg f ¢ ovEvbsi SL8ncests al dRAT hEXEBBRPRY 14imes Which

2pand p parddan of theawdd cuf aféoly stfgeamésion and

passed_into a_further heat xcha r 215.to ikch is
@@ﬁﬁ)_é’@tléfd §ORbF | et n@r\/egé%re[e%lgg?n “é}ﬁcckh éfvédric]i?ylse the
2Ll lies-tpresenkecaslpacteof a eotebiiidzerr cuptsgls @Rfh is

a _hea changer 219, [ ps ti
BFORORET  CRTS 1Bheh on SR SE e F EERE! P2 cpens
outd etf220 whirTdh f obhews crivele cAdak@ithg SERRPYHE: als

%ﬂﬁ%ﬁ#été%r vessehn22ines oatthachedosi ntarwhi ehead acetone
sul phuric acid féed 222 opens and from which the

SRS EN# &y ERoRPdrin i s 15 conducted through the
outl et 223 into the acetone cyanohydrin workup 30. In

0o 9 Mt e YRR REER 2L 0B 20:cr
whoi, c e ideosat i eam2eaii ogertis oimthe xyhnapr epabarges 2L in
RTLEE £ AP el At sponeest ki heubaato -
heated. A vapour feed 32 is connected™ to the heat
exchanger 31 and opens out in the upper region,
preferably the top region, of a column 33. The column
33 has a multitude of packings 34 which are usually
configured as trays. In the lower region of the column
33 is disposed the column bottom 35 from which a
bottoms outlet 36 leads into the heat exchanger 31 and
heats the streams conducted through the outlet 223 into
the heat exchange 31. A pure product line 37 is
connected to the heat exchanger 31, which is followed
downstream by the amidation 40. In the top region of
the column 33 is disposed a tops outlet 38 which opens
into a heat exchanger 39 to which a vacuum pump 310 is
connected and opens in turn into a heat exchanger 311.
Both the heat exchanger 39 and the heat exchanger 311
are connected via lines to a cooling vessel 312 to

which a recycle line 313 is connected and 1is connected

to the 1loop reactor 26 in  the acetone cyanchydrin
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preferably the top region, of a colum 33. The col umm

33 has a nmultitude of packings 34 which are usually 25
configured as trays. In the |ower region of the colum
33 is disposed the colum bottom 35 from which a

ot 200 /068063 36 | eads into the heat eRERAEBePOB{0aRY07
heats the streans conducted through the outlet 223

into the heat exchange 31. pure product line 37 is

30 C%Q%%gygp A the heat exchanger 31, which is

oIt ownstream by the am dation 40. In the top
region of the colum 33 is disposed a tops outlet 38

W%!Chagﬁ%%ildnntQOa heat cexehanger F3g.t @ whiebta has an
vacuum punp 3 i s, connected a(% ope n turn i.n

%&F%Whm&m 3586t B 1t P hedt S & 55 dnfeed
the hﬁabhemgﬂ@mganuﬁila aneoponﬁ@amﬁmtwn43l |mes t acatone

cool I whi ch I

Crrettariing FE Bonndd ed oPBFREY oopOr eablisr sECFRORS
thenatetiorie cyanbhydrin ¥We=2608{1088063¢e Clrcult of the
&8%%5@%&%%%95%%Q%QWQ§§} fé“é&%b294 dhe aptdatiancs

prc i n Fi as ahn acet one
ey anohsdr 4% fe@@SMe@rﬁdoé sahbﬁurﬂvéﬂpac% féd§ gukphuric

whiigh epepn i A0 GpdREP 6@@Ct3ﬂu§3nuﬁﬁﬁ'a@6t0Ie followed
cyanohydrin feed 41 connegted to e %one

EPHRSHV @A™ Ror kupe36 r}grﬁro Ui JfUnT, opens

Ilemr@ r@acgaczr éapd@mstrr eam dfrcm pwh'pc144 afidr siplst r e@am gas
el t

é)bllt&ﬁ&“ & 1?)nac q %eéigaél?zoéo Q'S%blgtﬁ%{he’ootﬁmread%tor 410

m xer I S
emltomemedcﬁmshee—arﬁmp arﬁééﬂcoéxcﬂrﬂa‘hg@r &6 Ghitd ihes 2

% 9@%@% ééﬁé%fh&ﬁﬁbﬁeE@rQﬂﬁJ A& OMLWBI Ghbactor 43.
a gas outlet 48 and a feed 49 to, a further
Fé@ﬁlﬁéét

toirtder ko9R . TTRELPEr fh8r PodFSfedttloreiayrs @
Oka Ridhdrs a1bb mrmarlablfeojcmwédmmrgm tdparator

420, 478 h?%fF 3t & 2R e I R | £

ﬁQEIo&gﬁtbytﬂugaﬁaseaafaleadlﬁQBtxjr@hﬁmh¢@herbfacatlon/

gtlet %% n%%% line 415 exit, the latter
g¥§5o g°to t 2 est catlon/ 20 hydrol ysis 50/ MAA

pl ant 50a.

Figure 5 shows. the esterification 50, in which a

solvent 1line 51 which conducts water and organic
solvent, and an amide line 52 connected to the
amidation 40 open into a tank 53 which is heatable by a
tank heater 54. In addition, an alcohol line 55 shown
with a broken line opens into the tank 53. The alcohol
line 55 opens out both in the upper and in the lower
region of the tank 53. The first tank 53 1is connected
to a further tank 53, which has a further tank heater
54’, via an ester vapour line 56 indicated by a line of
dashes and dots. This further tank 53’ too is connected
to the alcohol line 55 both from the bottom and from
the top. The ester vapour line 56 is connected to the
upper region of the tank 53’ and opens into a bottom 57
of a column 58. In addition, a 1line for dilute
sulphuric acid 59 is present in the upper region of the

tank 53’/. A tank unit 510 encircled in a dotted ellipse
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Figure 5 shows the esterification 50, in which a

- solvent line 51 which conducts water and organic

so!;en;, and an amide |line 52 connected to the 25

am dation 40 open into a tank 53 which is hea I

WO PANIE/NEBOS3 54. I n addition, an aIcoﬁSTVFF%@g%Z°?¥1°7
shown w th a broken line_opgns into the tank 53. The

al cohol Iine 55 opens out both in the upper and in

the domers £eghon ofeddi®tanks83. sThenki st Witk &Bcoblol
connected 30 to a further tank 53', which has a

flameherS t 8RR FEXHEET VIROUT v énﬁw%%Te?tv&ﬁoéFﬁ%¥%€%6for
iondi cated byranhdne off dashestand dotists Thics foifber in

tank 53' 0 ted t I

R g e
|b|el'ielg56$:d>15n£@ﬂ‘,mtéctva@ t ohe h@szx@mpp@pouéguldﬁleof% hé&o the
&) T gg?’tlf‘”gf OPﬁQ AR %ttﬁﬁétﬁ?thgf RteUEy 58 the

or di huric aC|d 59 is

codsem 5%, t ke kmmi'er bpégiesn bfne hellt AleB3leadst ik the

5§‘ enej r :Ii‘ I E| ed\; 6 3
Wil 539 enel [ ehadci ?J;&foraﬁﬂéri p§ﬁ?n\ﬁ?rh§£?/§o 8653ent

ﬁﬁﬁ¥1531hnd*§ﬂ\ﬁ%q?Qﬂﬁiﬁﬁﬁloq1nez%5 Y SSYRTT vahsar O
rRE 3B tﬁepQ&gbbleffOtheonEﬂJHMD 68, nox e fofrssucheat

lorRe

tank units taq f.ol.l tt

SR e URTISNSED B B R EbnRLod Vi o TR oF L3
eﬁﬁﬁﬂxnammmed|mea56 ﬁmuﬂa@ldxﬁmeq5Bogh ﬁﬁeﬁﬁﬂtﬁﬁp of

% 6#@ ?OtH1 oM B{ ehet he +HOl HER: S8xchahigh 512, a
b0| er T1n so |leads to the tank 53, Ji.n %r er .
tfgrfséedsv\abehaﬁa drapthi é1éol (BmPLbheRt t c}ntdlﬁé:a with

egleridficali pirchért Beavppeteregiced, 510 pref ebabpyovhded

top, of the colum_58, a.f t. h t
figl | 6REGTbyt] fﬂ ?%eﬁﬂbhdgg{ épa?gtor 5 93B9§£Zé}2 which

gg wmgealgedlabbéyhemezasopm .at Cphaerspdof tot hehe
and i st he X
;élh & ;ﬁ)hﬁ : zer dgéé4g hea % hangfle©126 8in whose

sta l'izer 1ndicated with
wweg )rearicbra atuascphwnte,t abnei Eér7 fEdd SSENGhePHRS out in

m%@¥%§ﬁ%eﬂ€1f¥§@r51ov£§eg 2 olth i HHg ot §QB®IFrdﬁrthe

prevents undesired olynerlzatlo nne ted
ﬁMﬁPeﬁLﬁ@gﬁﬁnpﬁ53é3§%p§FéPgPe§1§1l & sEFibher® Pne

whae and opens into the ester workup 60. The spent
acid line 59 exiting from the upper region of the tank
53’ or of the tank of the last tank unit 510 opens into
a flotation vessel 519 for removal of the solids and
constituents insoluble in the spent acid. From the
flotation vessel 519, a spent acid outlet 520 enters
the sulphuric acid plant 100, and a low boiler vapour
line 522 which conducts the low-boiling constituents,
for further workup and recycling, enters the

esterification.

The ester workup shown in Figure 6 is connected to the
esterification 50 via a crude ester line 61, the crude
ester feed 61 opening into the middle region of a
vacuum distillation column 62. This column 62 has
column internals 63 and a bottom heater 64 arranged in

the lower region of the column 62. From the lower
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| ower region a solvent line 517 exits and opens out in
20 the solvent line 51 via a heat exchanger 521. From
the upper region of the scrubber 516, a crude ester
line exits and opens into the ester workup 6
#PeRO084(B6@V6i3ne 59 exiting fromthe upB%?/F%§9%ﬁ/%?91°7
t he tank 53" or ‘of the tan Oot the last tank unit 510
opens |nto 25 a flotation vessel 519 for renoval of

&%%F ﬂﬂ?jc QRst i dMet Scr NeH bl €L i & thige SPePtom of
aci ro otatlon vessel 519, a spent acrcrj(_rﬁjI Bhe

@@tllsetcmnt@@sesﬂ:ﬁé‘ SR | T aBREEB aﬁ’Pefﬁ’O +
E%Wé%”ffﬁeV@QQﬁﬁlcbtﬁ©n52ﬂ)Mﬁhdh}QﬁnﬂUCESeﬁhethe crude

I boi | f

PEEF I oo P Ari | 41 | LS TG Eet G e Lon. T
woek upshowed forfi gfir ehé celoonnéet edisteltlye in the top,
S ey BLaf"eploutAcd Wdiles SabReLLRE he WP ShbTE:,

e Into t € region of
\aacu&medloslter Ifrartbﬁrc@le@mw S2Chapger c Fund @errésllty of

%%%%”“e&%%%&@%&% 637angdnachot Lem hegl epwbd apyangedphélse
| oner ion of the colum 62. Fromthe | VI%
2608/0688635 PCT/IEP20D%/ (BT Sepeéat%g.%% 8?“% pat*ture
cokum ng2 Phbeh teenshibut escddendiat t em ofs thivided into

col um, "an ester outl et 65 exrts t
eLEEP I AE P IR LH i G e‘ncee]%]gce&; ‘?h]eﬂger et "

esiee npieae deofi drovediaid ercmltez;:tterde o npuphidseagepprator
I6§p5argcge g ?ﬁﬂr egion; of cHae ug%eli‘mr@cgrloﬁ'skﬁl lthd NcédbEmn

eat exchanger IS connected via an
6at.l eln fhe arlowsve FEELREr PbatR&cRERGERG a @ water

Blul&rl%'t' tev 00fi s fiﬁaise%itcfwf[wer 67 Whi s ht lee ee f bt dfedabyon
phase separator

69 hase separ at 9
ﬁ‘loxt e AHLL e nf e?ﬁion"—rq'tehewﬁgﬁf: eﬁ%rﬂg 3 q@fq{ £He tne
@b%bd@¢1beteonorgan|eedndedqpeeasucensgenaeater aél3 1is

rec cle Iin he u n [ copRec

% ﬁlasg ar at%‘% 1ii‘GQéJ}gnolar[oggenslong&gu?i(’{hd %6 bed =
ueﬂ@mede@m@ﬁsaﬁetﬁeneoﬁaﬁn 62. In the | owner reglon of
the separator, a water 15 outlet 610 is present and

opens into the esterification. 50 in order to f%ed t he
wat eFigeneved Hdek ©§teRe outlet 65 stemming rom the

ester workup 60 opens into a distillation column 71.
This comprises a plurality of column internals 71 and,
in the lower region of the distillation column 71, a
column bottom heater 73. From the top region of the
distillation column 71, a pure ester vapour line 74
enters a first heat exchanger 75 which is followed by -
one (or more) further heat exchangers 76 which are
connected to a reduced-pressure generator 717. The
outlet of the further heat exchanger 76 has a line from
which, firstly, an ester recycle line 77 opens into the
upper region, or into the top, of the distillation
column 71. The ester recycle line 77 has a stabilizer
metering point 79 which is. disposed in . the ester
recycle line 77 upstream of a mixer 78. Secondly, from
the line of the further heat exchanger 76, a pure ester
outlet 710 exits. An additional heat exchanger 711 and

another heat exchanger 712 are connected to this in



esterification. A reduced-pressure generator 613 is
connected to the heat exchangers 66 and 67 via a
reduced- pressure line 612. 20 In Figure 7, the ester
outlet 65 stemm ng fromthe ester workup 60 q?

W0t 808 8dOSE0EBat | on col urm 71, Thi s coRF/ERR0GT/059107
plurality of colum interna 71 and, in the |ower
region of the distillation &dlum 71, a 25 col um

%%&% Eziéﬁﬁgcgf o Fromthe 1o rediionedf thea molecular

ron colum 71, a pure ester vapour line 7
snewes vesfebt Heht waicHangef 7PMAAWRY s SEEVPoviRHyRIS

9Rg (Ob,ABEeLdf uEhB@heBeabyexehangmwea@la\h| chieve, the
connected to a reduced- pressure .ge erat g%

BUTFEPUSE tHBCFTr tifer CREAFTEXERfng
teemr Whiehet f icostley eain esteﬂmyemqbéeulanesiévepewsssel

h , of th
aFip,%ggtﬁgﬁg%%§|Ew%%%fS%Fﬁg%ﬁ% %r réggclg Ifng 77 has

a stabilizer netering point 79 which is disposed in
the ester 35 recycle line 77 upstream of a m xer 78.
Secondly, from the Iine of the further heat exchanger
76, a pure ester outlet 710 exits. An additional heat
exchanger 711 and another heat exchanger 712 are
connected to this in WO 2008/ 068063 PCT/ EP2007/ 059107
51 series connection. These are followed by a

nol ecul ar sieve vessel 713 which has nol ecul ar sieve
packings -714. Purified further by the nolecul ar

sieve, the wultrapure ester is transferred through the
ultrapure 5 ester outlet connected to the nol ecul ar
sieve vessel into the further processing plant SO. WO
2008/ 068063 PCT/ EP2007/ 059107 - 52 Reference nuner al
list 1 Plant system 2 Sul phuric acid line 5 3 Further
sul phuric acid line 4 Spent sul phuric acid |line -
ester

{Erapure
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5 Spent sul phuric acid line - acid 6 Methacrylic acid
line 20 Acetone cyanohydrin preparation 10 30 Acetone
cyanohydrin workup 40 Am dation 50 Esterification 50a
Hydrol ysis 60 Prepurification 15 70 End gurification
3® ROGEgNEEcessi ng pl ant 90 Fi ni shi A§

Sul phuric acid plant 21 Acet,one vessel 20 22
Fydrocyanic acid vessel 237Scrubbing tower 24 Cooling
% gm(ggjagiag 4ddnes 26 Loop reactor 25 27

ce one rocyanic acid feed 29 Punp 210

Cat al yst feed 211 M xer 30 212 Heat exchanger 213

Al ow resist aRkB o214 Cooling lines 215 Heat exchanger

216 Cbllectlng vessel .35 217 Nozzl e 218 Cooling

@ r cuit Iy Y AC K dHATger 220 Qutlet WD 2008/ 068063
RCT/ ER2QOHL5¥ 0 phuris3 a2 1Strebi | i zi ng vessel 222

SU|ph%¥IC aCIq.EEE%c %%%dafﬂﬁg - ester
5 Spent sulphuric acid line - acid
6 Methacrylic acid line

20 Acetone cyanohydrin preparation
30 Acetone cyanohydrin workup

40 Amidation

50 Esterification

50a Hydrolysis

60 Prepurification

70 End purification

80 Further processing plant

90 Finishing

100 Sulphuric acid plant

21 Acetone vessel

22 Hydrocyanic acid vessel

23 Scrubbing tower

24 Cooling elements

25 Offgas lines

26 Loop reactor

27 Acetone feed

28 Hydrocyanic acid feed

29 Pump
210 Catalyst feed
211 Mixer

212 Heat exchanger
213 Flow resistance
214 Cooling lines

215 Heat exchanger
216 Collecting vessel
217 Nozzle

218 Cooling circuit
219 Heat exchanger
220 Outlet

15B2007/059107
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31 Heat exchanger 5 32 Vapour feed 33 Colum 34

Packi ngs 35 Colum bottom w th heat exchanger 36
Bottonms outlet 10 37 Pure product line 38 Tops outl et
39 Heat exchanger 310 Vacuum punp 311 He t _exch g

1® 20D OAE0fP vessel 313 Recycle |inePFT F\E%PBEZO 2107
cyanohydrin feed 42 Sul phuri,c acid feed 43 Loop

reactor 20 44 Punp 45 M xer 46 Heat exchanger 47 Gas

separ ataly, adet 25 49 Feed 410 Further |oop
reactor 4311% Fﬁ?@% 412 Heat exchanger 413 Gas

S&Far HHPhBO U BFLIchLRR | et 415 Anide line 51
?@I:;\léehr@juellerte 22 Ami dﬁ line 53 First tank 35 54 First
an eat er " Further tank 54' Further tank heater
55 Al ¢ XTS5 2008/ 068063 PCT/ EP2007/ 059107 - 54

32 Vapour feed

33 Column

34 Packings

35 Column bottom with heat exchanger
36 Bottoms outlet

37 Pure product line

38 Tops outlet

39 Heat exchanger

310 Vacuum pump

311 Heat exchanger

312 Cooling vessel

313 Recycle line

41 Acetone cyanohydrin feed
42 Sulphuric acid feed

43 Loop reactor

44 Pump

45 Mixer

46 Heat exchanger

47 Gas separator

48 Gas outlet

49 Feed
410 Further loop reactor
411 Feed

412 Heat exchanger
413 Gas separator

414 Gas outlet

415 Amide line

51 Solvent line

52 Amide line

53 First tank

54 First tank heater
53’ Further tank

54’ Further tank heéter
55 Alcohol line
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56 Ester vapour line 57 Columm bottom 58 Colum 59

Spent acid line 5 510 Tank unit 511 High boiler line

512 Heat exchanger 513 Phase separator 514
Stabilizer feed 10 515 Further stabilizer feed 5

6
- e R2AOBI/O%8OG3umm 517 Sol vent i ne 518%%58289?%?59107

line 519 Flotation vessel. 13 520 Spent acid outl et
521 Heat exchanger 522 Low boiler vapour line 61
%#Jde el 4 I 02 {Yacuum di stillation colum 20 63
um internals 64 Bottom heater 65 Ester outlet 66
Bat ERdRARgECLT®OM Heat exchanger 25 68 Water feed 69

- Phase zgpamator 610 Water outlet 611 Recycle line

612 Reduced-pr.essure line 30 613 Reduced- pressure
Féner &P6PT S stifi9 ati on col um 72 Col umm internal s
B3 oColmamik hetittom heater 74 Pure ester vapour line 35

éﬁtlFi Eﬁtghh%%ti%%)%crﬂ%er 76 Further heat exchanger 77
er ‘recycle

r I ne
512 Heat exchanger

513 Phase separator

514 Stabilizer feed

515 Further stabilizer feed
516 Extraction column

517 Solvent line

518 Crude ester line

519 Flotation vessel

520 Spent acid outlet

521 Heat exchanger

522 Low boiler vapour line
61 Crude ester line

62 Vacuum distillation column
63 Column internals

64 Bottom heater

65 Ester outlet

66 Heat exchanger

67 Heat exchanger

68 Water feed

69 Phase separator

610 Water outlet

611 Recycle line

612 Reduced-pressure line
613 Reduced-pressure generator
71 Distillation column

72 Column internals

73 Column bottom heater

74 Pure ester vapour line
75 First heat exchanger

76 Further heat exchanger
77 Ester recycle line

78 Mixer



78 M xer WD 2008/ 068063 PCT/ EP2007/ 059107 55 79
Stabilizer netering point 710 Pure ester outlet 711
Addi ti onal heat exchanger 712 other heat exchanger 5
713 Mol ecul ar sieve vessel 714 Ml ecul ar sieve

PEC 00y 06BDB3Ul t rapure ester outlet 7RETHEBGROBS/PePL07
line 717 Low boiler draw WDO_2008/ 068063

PCT/ EP2007/ 059107 56 dainms 1. Process for
g@ppa@eg%iﬂﬂggrnﬁgggygﬁg £s,:4as the reaction product
by 5 a. sdbjecting a reaction m xture conpri sing
Wetthadtwleamisder wattdiet sul phuric acid and at | east

one ald@Nel; g 1amast @hidHGridon  reaction in one or
nore reaction chanbers, b. subjecting the crude

raact iBHS3T SFG&t FGEPANSRF separating operation in at
least Mneculeat idiieeat vassedl utm, c. condensing the
reactio raqduct .whi ch has een subjected to a
gégargFﬂﬁ% &r atior EC éﬁgg%r nore heat exchangers,
5 5d. Wepapatiengsttee corfdertsate into an organi ¢ phase
@q% a@F%gy%QHﬁthqﬁ%é n at | east one separating
apparatus, e. washing the organic phase with water to
OBt7ai dow WesHed 67@ahi ¢ phase and washing 20 water,
~and optionally f. recycling the aqueous phase renoved
together wth the washing water back into at |east
one reaction chanber. 25 2. Process according to
Caim1l, characterized in
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that the reaction chanber used is one tank or a

battery of 2, 3, 4 or nore tanks. 3. Process according
to one of Clainms 1 or 2, 30 characterized in that

wat er which conprises al kanol and sul phuric acid is

fed 240 8/9&8063artly to the reaction chBARBEEPRPOTHOPALOT
first of two or nore reactign_chanbers. 35 4. Process
according to one of the preceding clains,

gﬂg%%%terized in that the tenperature in the -reaction
chanber is adjusted to about 90 to about 120C, and
vaporous reaction product is wthdrawn W 2008/ 068063

RCT/ EB20QLQ590/ prepdrihpomlifel r eaehbopybxtdr &s the
fromone or nore reac&%on chanbers and i s subjected
to a SEFEFAOPNGTOGET at™on by neans of a rectification

col uma,. cendgrsednion ane eeanbienheatizexctemngersprhding
5 subsequently washed .with a d tend at
e é:[ryli aml\gleb M%E'begu gBﬁuEQE r&?@. ean a

t he washi ng' thus "obt al ne I'ng renoved from
the reacti deaprtoducte by aglkaselsepapat iddn apdteFdEyeredon

back into at_least, qne Jneachi g ehamier i ok chaneaesss
according to one of the preceding clains,

char abteri se@IestiRg FRS coiptdsedCrREIPEI IRFRRYTE T 2
steps: a. @egb&h@ﬁ@gcon@pg&bmgowateﬁn amapni ubesatt s, one
reacti on product,,. ggLids aqd sul phuric acid 15 (spent
acid) is WERGrEWT oM &%

&8t one reaction
chanber., bcotkdensiixiur éhies fredctooat beaducbnewhich has

flotation sel i pchaityi argek ¥of rged-L0fi i
sol i ds by P%giht%%ﬁéé%£¥g%.gfhéaf SFation %essel iglﬂl 7
char ged wi phespgairre heRE SPICESNIERAr the reacti on

produgt isgeconuerted them thadehxhyee inte tags vepgamic
phase, d. the vapour phase co riskaggat | east wat er

25 and reabtP§f FHHuER 3T BIP t Yhadf 148t one

separating apparatus,

e. washing the organic phase with water to
obtain a washed organic phase and washing
water, and optionally

f. recycling the aqueous phase removed together
with the washing water back into at least one

reaction chamber.

2. Process according to Claim 1, characterized in
that the reaction chamber used is one tank or a

battery of 2, 3, 4 or more tanks.

3. Process according to one of Claims 1 or 2,
characterized in that water which comprises
alkanol and sulphuric acid is fed at least partly
to the reaction chamber or to the first of two or

more reaction chambers.

4. Process according to one of the preceding claims,
characterized in that the temperature in the
reaction chamber is adjusted to about 90 to about

120°C, and vaporous reaction product is withdrawn
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one heat exchanger so as to forma postcondensate
conprising water and reaction product, and e. the
condensate is recycled into at | east one 30 reaction
chanber. 6. Process according to Caim5

HPaRA0B/ 068863 n  that the inside of at PFBAEP2BR%/ fadt0”
exchanger is sprayed with washing water fromthe
washi ng of the 35 condensate fromthe rectification

CO'u”grgﬁltngmzprf%&%&f&ﬁatRQQtﬁkép-f}onPrQﬁﬁss or more
according to C aim6, characIerhégd ig 2008/06§9§§in
PCT/ EFZGGFAGH FFATISES (Kt & ifRt{Fe-of “© & 5P g

post cepdensabe apg washheg wat ek fecns fiinathenheatvlumn,

exchanger. and js.recycled into t t Lon
chanb&PR9818 % 3Bes§ 8 c8F di R to %%gﬁofggﬁggﬁgggé and

pr ecediubgectuainmly vermratter tzedainrt et ¢m%.¢§BQ@P%ﬁter
prOdu%%el%aéﬁﬁy el A ls | 85ST 1,008 PEERYT +éh&Pdd Ofrom

and at™ 1 east e main purification, the reaction 4
produche i reEied ismepiridavstt i W bePrRSE r eBEPBYALION  an

di sti llati-arsl@phedomonant et low beiddyign chamber.
impuritiés which have a lower boiling point than the

al kyl nmethacrylate prepared, and al so of azeotropic

mi Xt upesdeher eafcomd ity wab eoneand bgiegofeeeding cheims,
mai n  purification- predonnantl iLgherhoi ELngoto

i mpur i a&?CﬁﬁFEﬁeﬁavglagﬁgghgggbé?ﬁ%ﬁggggint than the °
al kyl stetlsacryl ate prepared. 9. Process according to

d ai m_8, Cgaflﬁﬁ@%%ée%dg@rﬂswgt@sté@w b@iddigm salts,
u

inpurities are subjected’to a 20 condegsatlon in one

or rore hedEaskiRangeFeduthe ESHdERsafBY £ Edted cld
to a phase ggRarati®mands wHemipmaustpbasetoflddws one
condensate iS recycled .into at |east one reaction
chanber. 25°fGL1f €3§§&5%bording to one of the _
precedi.ng cha nsixtwlaract Bedzed at tlrastatoneadiobpeion

reaction chanber is charged with a-m xEuEe19f freed of
met hacryl - ’
solids by flotation,

c. the flotation vessel is charged with steam to
the effect that the reaction product is
converted from the mixture into the wvapour
phase,

d. the vapour phase comprising at least water
and reaction product is cooled in at least
one heat exchanger SO as to form a
postcondensate comprising water and reaction
product, and

e. the condensate is recycled into at least one

reaction chamber.

6. Procegss according to Claim 5, characterized in
that the inside of at least one heat exchanger 1is
sprayed with washing water from the washing of the
condensate from the rectification column of the

prepurification step.

7. Process according to Claim 6, characterized in
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am de and concentrated sul phuric acid. 30 11. Process
according to one of the preceding clains,
characterized in that a battery of 2, 3 or 4 tanks is
used as reaction chanbers. 12. Process accordin

| to
“goe 2000 8t/l0é 8oeacedi ng cl ai ms, 35 charac?%?l%%%ogﬁ/Q%%}°7

the water present in the rggct-ion m xture stens to
y

an extent of at |least 60% wei ght fromone or nore

IS AR S LS oo

PCT/ El _ g of the crude _
r eact ifomrmgr dducthaf herta exqhanigsiepaitat itig GG ont nto

with wat et and s gsubseguentl ynhamweyi.ng the aqueous
phase by phase separation, 5 b. driving reaction
product out of the spent acid with steam and

%Ub39®%%&%5% ?Qﬁﬁﬁnﬁ%ﬂg td hensi xfurdeofpreasstimn claims,
product and _steam, thus tain c. distjillatiyel :
r emvicﬁﬁmgrla&ﬁeﬁéizleﬂqg 1I’llogFlﬁ,g E & regééﬂ%g ?{Dkggucyt 1is

urrtres an
azeot sapgecnieth tat et lfeaem tdwe cprudpurédérpppaon and at

pr odugt,,, %°Q>%?§$Q?% §g§ikﬂgggﬁéh?st&%m%@%Etfgﬂﬁﬁi@&uct
the cofidensate wth water and refoving the aqueous |
phase iby thitage epeparfadaononl ST FriRest LAcTH %ﬁawn
ot P e oty or peega o have
‘fore of . the

eIeneﬁt§@ﬂirrﬁ?&%&?%gpﬁﬁﬁFoﬁ@agy5%%%3%V€%P?$%§Qacrylate
ace:O@er&Qeaﬂdéhyﬂr@byanbﬁ aziedt rop ipumixstiures hehereof
acetone _cyano rin in i.ficati col umi.e. ;
conveW?Fﬁg tH%X%Eetoﬁgugyakggbgriné%%ggnetIgcrgpgnidg?ln
25 l4puspfacationf or prestraringgtdivky| et halet§hat okt ing

" impurities which have a higher boiling point than

the alkyl methacrylate prepared.

9. Process according to Claim 8, characterized in
that the low-boiling impurities are subjected to a
condensation in one or more heat exchangers, the
condensate is subjected to a phase separation and
the aqueous phase of the condensate is recycled

into .at least one reaction chamber.

10. Process according to one of the preceding claims,
characterized in that at least one reaction
chamber is charged with a mixture of methacryl-

amide and concentrated sulphuric acid.

11. Process according to one of the preceding claims,
characterized in that a battery of 2, 3 or 4 tanks

is used as reaction chambers.

12. Process according to one of the preceding claims,
characterized in that the water present in the
reaction mixture stems to an extent of at least

60% by weight from one or more of the following

- process -elements:
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| east conprising a. one or nore reaction chanbers in
which a reaction mixture conprising nethacryl ani de,

30 water, sulphuric acid and an al kanol can be

subjected in ato an esterification reaction, .

Weat0 081@ 68861 fi cation col um in mhlchPCTh%P$%%1f@%%1°7
product can be subjected to _separating operation,

35 c. one or nore heat exchangers in which the

react bon PLOdUGLSUN SHieLImd SERAA NoroARAY Atian:
can bé condénse . 9 east one separ at’i ng appar at us

i n which M@lZ@@S/@@@@@@tPGE/EPE@@?F@QQlOWlt piRtehe and
Condensates%%%e@%e%%@%rakggobﬂhg aihe Ol@RRichisphpResandoy
an aqueous e. at |east one washing columm in
which the P &nﬁ@Pﬁﬁ§§éo€an be washed with water, and

5 f. @: | eastivang fkaadg@eﬁdmrmgctcomt oén thet vement
separating_apparatus and _at |east :
chanber, tﬁF&% FEERE r EWovE %%%8U§§%€§] nden?lng
appropr|atehbogmuhEHranthf treR afEisin nprREuSIt, @aﬁ bgteam
recycled bagk iniQ.; Lgdat | east one reaction chanber.

15. Apparatus according 'to O aim 14, characterized 'f

t hat ict fudﬂﬁéﬂléﬁtﬂ§§gW'conpr|EQ99V¥¥9'at | eas?¥ ofet 1109

diSt'||at'9ﬁg%§h%ﬁ%s‘naﬂﬂlcﬁhéiﬁf dﬂédﬂﬁé@%sreaﬁthonwater
product can be freed of urities haV|n%Fa b0| ing

poi nt | ower TPRan™ 1% h&EUSE thet Rtk Rethisctyl af &

gf azeoLr@nes t hiemeofi tidd watrempvbd, at b@a&ﬁl@me the
eat exchan in or [ S
renoved and-TReiF gzeS?ropes%%F% pmégg? cg%%hbah% the
condensed bquebgenphasendenphpse eepratakéqst one

feedline for water, in which the condensate is

adm xed with water;

'13. Process according to one of the preceding claims,

characterized in that it comprises one or more of

‘the following process elements:

a. preparing acetone cyanohydrin from acetone
and hydrocyanic acid;

b. purifying the acetone cyanohydrin 1in a
rectification column;

c. converting the acetone cyanohydrin to

methacrylamide.

14. Apparatus for preparing alkyl methacrylate, at

least comprising
a. one or more reaction chambers in which a

reaction mixture comprising methacrylamide,
water, sulphuric acid and an alkanol can be
subjected in a to an esterification reaction,

b. at least one rectification column in which
the reaction product can be subjected to a
separating operation,

C. one or more heat exchangers: in which the
reaction product subjected to a separating

- operation can be condensed,

d. at least one separating apparatus in which



10

15

20

25

30

'35

25 d. at | east one separating apparatus in which an
aqueous phase of the condensate can be separated from
an organi c phase and e. at |east one fluid-conducting
connection between the aqueous phase and at | east one
IO RIR/0EB0ERaber . 16. Apparat us accoPETAEP2B0E 8pAt07
14 or 15, characterized inghat it further at |east
corrp_r: )se_s: 35 f. at |east one vessel (flotation
vesse in [ [ h &4 i
! £} R 4.4 omd hesestesidd catihed
reaction can\%ﬂe%eeg{gﬁ@%east partlys;&g}’l§ solids; WO =
2008/ OGSOG@W@M@W?@@OPH ABEOYF, PYeSSeast one
; Ingl d-eC.ond;a_ctt I @Qa%@%@ﬁéi Eﬁaslbﬁlﬁg‘\/eﬁfbjdn@i atiimonwhieskel the
a reaction chanber; h. at |east one heat
exchanger fGPdd&SiSTy <5 @&Wﬁﬁéfdgb”ﬁétthaﬁ’@é_’?r’ and
chagmng g@ﬂﬂtlﬁasilobaéiomluﬁﬁﬁﬂqnducumngeas@nnﬁetion
ui d- condycti ng _caonnection b ting
appar at us i’ﬁ&“ﬁ%&t B 1 R AT %Sﬁgﬁcgsé?e%%?%% one
of the 10 agwetisrphalsamberai rddduyht hehsepartds ngemoved
apparat us 10 hfae LRASE] 01 ©Of abbifoppahee eXChANGRE: drith

at least on ul d-conducti ng connecti on hetween heat
exchanger &%¢ afadleing Waesr 15CFBabE dif \Aﬁ?a‘i]?. into
Process forgtprnepat Réhepelopmmisrbasethalr .| east partly

on alkyl nethacrylates, conprising the steps of: 20

a. preparing an alkyl nethacrylate by a process
accor dippgrtaaud adandhRiiorg 220 bBlapol yifer i Ziawpater @ad| in

met hagrylatie gnd.Qpti.enald & LA

a. at least one distillation column in which the
crude vreaction product can be freed of
impurities having a boiling point lower than
that of the alkyl methacrylate and of
azeotropes thereof with water;

b. at least one heat exchanger 1in which the
vaporous impurities removed and their
azeotropes with water can be condensed to
form a condensate;

c. at least one feedline for water, in which the
condengate is admixed with water;

d. at least one separating apparatus in which an
aqueous phase of the condensate can be
separated from an organic phase and

e. at least one fluid-conducting connection
between the aqueous phase and at least one

reaction chamber.

16. Apparatus according to Claim 14 or 15,
characterized 1in that it further at least
comprises: .

f. at least one vessel (flotation vessel) in
which spent acid from the esterification
reaction can be freed at least partly of

solids;
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c. working up the alkyl methacrylate. 25 18. Process
according to Caim1l7, wherein the polynerization is
effected by free-radical polynerization. 30 19. Use
of an al kyl nethacryl ate obtai nable by a 9ro
He gohe/P &P &ne of Clainms 1 to 13 in t RET EF%@@?(PB%W
of fibres, filns, coatings, saoul ding conpositions,
moul di ngs, paperneking auxiliaries, |eather
ggm IF: : gg%tff:pggg{ anFieandfmii%Jd@d}gjucSﬁip@di tbxAsction
. Fi ., films, coatings, noulding co sition :
moul di ngs, 8dpEShaki P ER +‘Pﬁlari"‘§§?’e?eata|%%? VD Peaction
f2|OO8/ O|6806%1~B[5H6EF32007/ 059107 - 62 auxiliaries,
occyl ants .and drillin dditiy Lch :
an al Kyl w@tthag?ﬁﬁgt eon%b?’giaﬁab?gé%?ﬂg %rﬁﬁsééﬁﬁgngﬂng
accordi ng temnewf Csistardcas 13escaping from  the

flotation vesgsel;

i. at least one fluid-conducting connection
between separating apparatus and heat
exchanger, which enables feeding of the

aqueous phase obtained in the separating

apparatus into the interior of the heat

exchanger;
j. at least one fluid-conducting connection

between heat exchanger and at least one

reaction chamber.

17. Process for preparing polymers based at least
partly on alkyl methacrylates, comprising the
steps of:

a. preparing an alkyl methacrylate by a process
according to Claim 12 or 22;
b. polymerizing  the alkyl methacrylate and

optionally a comonomer;

C. working up the alkyl methacrylate.

18. Process according to Claim 17, wherein  the
polymerization is effected by free-radical
polymerization.

19. Use of an alkyl methacrylate obtainable by a
process according to one of Claims 1 to 13 in the
production of fibres, films, coatings, moulding

compositions, mouldings, papermaking auxiliaries,

leather auxiliaries, flocculants and drilling
additives.
20. TFibres, films, coatings, moulding compositions,

mouldings, - papermaking auxiliaries, - leather
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auxiliaries, flocculants and drilling additives
which are based on an.  alkyl methacrylate
obtainable by a process according to one of Claims

1 to 13.



