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WD 2008/ 068064 - 1 PCT/ EP2007/059110 | NTEGRATED

PROCESS AND APPARATUS FOR PREPARI NG ESTERS OF
METHACRYLI C ACI D FROM ACETONE AND HYDROCYANI C ACI D

The subject-matter of the present invention relates 5
prdongbpalbysee4a process for preparing & A0/ |E ReN08h/9 5511 0
methacrylic acid and its converS|on products, which
C2RrelEa NIRRT oI L) udBakaATS AR BYBPREINS EsTERS
pr OCesses can e’'variety o
d@FfHE@HACREBIﬁeACI@rEE@MSAQQT@NBdhﬁbSHYERQE¥%NEQ ACID
apparatus for performing 10 this process. The prior

art discloses a nultitude of processes for preparing
nERRacT Y] & ETAHET Ay obhem PRERRAY ofnveHekyl relates

%9£§§§§§11§ tBafa %)I'Bﬂetést ugler of r&h & L2NG g@@y@se%éeﬁsl@e of
process I n t he ursg t he E,re aratlonﬁgrocessh %

t%%?%?%?% h%sa?b ban ubféc?@& £553RY REGAVERPent™1ghg can

obé enséastlhy aaftﬁLEIfﬁlrtﬁﬁidTB@f . cherguebt byntsleehs WMes

Ve to be sed of as wast e ubst (o
OTE eGP G IGR 100 afdMELonals ol CApar 156 For taae"

coS fromt
apr@ce$eam@eprodosts,oanthOdaspapaaraOQSSf@m pbaﬁbrmlng
L K brocesses frequently result in the problem

at p tentlal reaction participants are taken from
the process and valuable raw materials are thus in
pfh@Cﬁell%rwae%f@ddlae%@éstfw pstabtLebmyt PfodedBes for
stoic |onetnxiﬂ1nef|0|al for the gvocess i S £
CRPPFERRSd. ™9 fcipl £S5 g eBEPPLER oilyn many o
othest pEobbeseanﬁmttNHt thatulafi taldeew at shgeamns elemves
overcon1n t east s e
e nBEREeR: dp e e BRI Y BLEBRNaPLBProgess,
aan@bjt@eureébrehehamvent |b:m subj prbeddé:oa PR odasONNEIndient
alh OWs  ¥eLy C tqt}enséf"teer%éﬂrhéﬂtzat ' ?Pe&ueﬁhﬁy, such

streans obtained in the course of the process.
afeif €307, MefvewalsC afPobfe8POBRdt IRE  PRvertdich ﬁ&bstances,

proviEe can appadat §sviehikhsal tewsddpeieEmmness of . t!A@art

égégfégggé %g%g%i%gmgn% Eoslgléy]the ggggég§§ocosts or

both, the known processes frequently result in the
problem that potential reaction participants are taken

from the process and valuable raw materials are thus in

principle wasted, and/or the establishment of a
stoichiometry beneficial for the process is
complicated.

In principle, this gives rise to an object of the
invention, that of alleviating or even overcoming at
least some of the disadvantages which arise from the

prior art.

In particular, it was an object of the invention to
provide a process which allows very comprehensive
utilization of the streams obtained in the course of
the process. In addition, it was an object of the
invention to provide an apparatus which allows

performance of the process according to the invention.
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Sunmary of the invention The objects underlining the

i nvention are achieved by a process for preparing

al kyl esters of nethacrylic acid, 5 conprising at

| east the follow ng steps: - preparing acetone
cyanéhyarivasPEém hydr ocyanic 2 aci d and aREEHERRIGYV /059110
first step, - purifying the acetone cyanohydrin in a
second 10 step, - preparing nmethacrylam de from
agempasycpdnthgdinmentnoa third step, - esterifying a
reaction m xture conprising nethacrylam de and at

| east one al kyl alcohol in 15 the presence of a

Nt REUPEI BF tRatBfeaRdnduppibiel draErd irs ginve sgiypved by a
WFEB@@EM' abe bRedafrougt R1XEEP estand U ifetimEtNac acig,
al kyl nmethacrylate in_at |Least one further step. 20

| RORPF AP LHEr “ErbBaFFeReSof SLARYERUSREFBR: ¢ ho acet one
cyanohydrin can be freed, for exanple, at |east of

I npuritj hayi ng LLing_point of nore than ahout :
|5 bt Fel R aan=asbarth oot tR Part | e | N 38 Cyanic
col umacaddantiesectaparini esftantbetepcycled into the
reacti b oy DL epakLng e g&gﬁy j.n. seou
produc?gr%g¥é$%ed§$% t%gggéggaf§¥lon 0 :Hgtﬁggry a%%ﬁ?nd
can beSt®Produced into the reaction mixture of the
esteriprephtong 3R thhaciBy saddict | onah | YcbeondvaniaeeQus-in
in the, context of _the present invention when the

al kyl h%tﬂa%ﬁ§?§t§te?orned in the esterification of

net haceytanm flgingsit h at |[wessttosre al kyktakeoholcoam®rising
washe | . and e LN te t ai .
afterdT%%ﬁgﬁﬁgi%@lggc?%peéﬁfnpgggth%nggf%#$£$c§%$§ﬂ01 tn
pr oceshe Thaeserear @fofa wat gk ugad ofsuvpieir i endcisglabgric
any fugther8ubstancasir amdhie. i@l i ficat iFglrfRY step,

in accordance with the i nventi on,
and

- purifying the alkyl methacrylate in at least one
further step.

In a further embodiment of the invention, the acetone
cyanohydrin can be freed, for example, at least of
impurities having a boiling point of more than about
-5°C and 1less than about 100°C in a rectification
column, and these impurities can be recycled into the
reaction for preparing acetone cyanohydrin. Gaseous
products obtained in the preparation of methacrylamide
can be ‘introduced into the reaction mixture of the

esterification.

It may additionally be advantageous in the context of
the present invention when the alkyl methacrylate
formed in the esterification of methacrylamide with at
least one alkyl alcohol is washed with water and the
washing water obtained after the wash is recycled into
the esterification process. The mixture of water and
sulphuric acid and any further substances from the

esterification may, in accordance with the invention,
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WD 2008/ 068064 - 3 - PCT/EP2007/059110 for exanple,
first be freed of solids by neans of flotation and
optionally additionally subsequently be cooled. The
cooling can be undertaken in heat exchangers, and the
MRt aPes fPcaéer and sul phurBc-acid 5 aRCTABPAANANOESO9110
substances fromthe esterification in the heat

exchanger can be m xed with the washi ng wat er

oboui resthriml ¢ he Diastt obet here¢dylohetsbddcdyl abg wiadns of

101 oy [ : g e
G O A,
at

stenle Tiige | APetiBgr f &68s oPct haweattadseghanier heat

asRcMehE8s At andeart RAktliYeWokhwhherWashi REIWASH c acid
during operation. ccording to the .invention,_. the, ,
VRRRi &Ywa‘{uéfrthc%ﬁ] Be ?L‘Saﬁﬁ?goé&@% §h% oSEheThEapation in
exiehahget , ekehaegamplcan Jechnitddtwitie tneewashihacester
of. the heat. exchanger .which .are t -constantly.in .
CORTAET N TRt RAS AT OBt AT oF AN BT BRGEY E ki Hith
angtemny further substances fromthe esterification
during operation are wetted with the 20 washing

water. In a further enbodi nent of the invention, the

al ky mayned ek 102t bl f obfedrdan oS ethed tohq washing
FWéﬂéwiﬁbcath%dﬂaé&iiﬁﬂ@ @Héihb@ﬂiéxbhéﬂgéﬁesaéh that
pr.e urlflcatlog, when _a Hé@-sta e rification is to

Lol TPBRE. SRETREEROSS BIE MRt cimmget o Fantobted at
Sidrsdanpast i el thaveha wewkinboiwdtey pdinindg hapettheion.
RS ARIPAcY e T08,TRLA PULS | 68U P0G O Moo e

exanp enove subStances whic ave a her I'ng
Inpeidicehannthe tdlekyheget hachphaes, |fvn héxamphe exsuch

iﬂhé@ﬂ%héc{m&é@”@ﬁfﬁaaégeoﬁdYHQtﬁggguéxcﬁgﬁggkswﬂﬁgﬂ are
the prepurification renoves substances which _have a

Ibe rc ot 13 Mgl ot It CORERCE NEL Bl kihe 381 ¥EYRECP| HBESHngNd
tdigsshtibst arGes anhg thep condemsed NbsteRlddNg.from the
| eavi ng. .uncondensed .r esi due substances in the %gz h
SRR T I T i5G | PPORDFORTT ofeR e SR alded the
wh sdhirfitawea teerthi gher boi | i ng point than the al kyl

In a further embodiment of the invention, the alkyl
methacrylate formed can be subjected to a
prepurification and a main purification. In the
prepurification, when a two-stage purification 1is to
take place, it is possible, for example, to remove
substances which have a lower boiling point that the
alkyl methacrylate. The main purification can, for
example, remove substances which have a higher boiling

point than the alkyl methacrylate.

In this context, it may, for example, have advantageous
effects when the prepurification removes substances
which have a lower boiling point than the alkyl
methacrylate and these substances are then condensed by
cooling, leaving uncondensed residue substances in the
gas phase, and the main purification removes substances

which have a higher boiling point than the alkyl
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WD 2008/ 068064 4 - PCT/ EP2007/ 059110 nmethacryl ate

whi ch i s condensed by cooling, |eaving uncondensed

resi due substances in the gas phase, and uncondensed

gaseous resi due substances fromthe prepurification

a® 2ROGHdeRdeéd gaseous resi due 5 subst aRCEBSEPZOATL®2O110

mai n purification are subjected to a common

post condensati on. A condensate obtained in the comon

postiecdensaei owhéah then,cindendadt ber ceabodorenteaving

tﬁ%co%ﬁ%%%bgm’rgglé&gj%ﬁ&%@aﬁ%e@ Qﬂ@s%heSQQ§£a%%8%e, and

whi ch can form an aqueous phase and an 10 ©Orgafic

phasendersgdf ur gREECBRboMTFRHILDf HESLERFSSt | 0RrOThe the

DbQ@@@%&@lbathﬁa present RIrRcasseBE tfgﬁbé&hé(J re81due

rec cIe t he ueou%ﬁghase at least partly |ntq)

eSURFFPREEEI o Bt 114° rBeyRI BUrhé 16RgaRC aﬁﬁas? Jﬁﬁt&d to

t he cprepur ipbistaionaiknasa thiatnh. p&&xﬂ%mmngauycnhﬁﬁnned in the

ordlng to the nventjion is erf i.n

|§ egrateé) rﬁnée?%a%hoappafg us %or splf%tlﬁ further

samphdnmenamqf themaynsmtadvant hgecudjwiegred heo a phase
Syl C.AacCi p i a

o 0w TR Far thor Subot arnes I Al Poabseqfa an

| AEEaBEEh PhgfAant £6r sl i LHERGSEhe FUPIPGRE acP§  the

(iﬂ’vl@l‘lbjﬁbﬁ act gk ddddui@ phantyne Sg%e@l@tn&l NgeotE88 may

sul.phuric aci pI|tt|n | ant can_be further
o Bededln Lo or 2eymel ctis o SuBhRAr S g dra SEndartly
smhpbuthe aetérhﬁuSaahbaln&dtmanxhgmﬂse¢he|bﬂgun1c phase
r 0 angh n. The present
|%§g§t?gé QF %u ?E? % g% ég%gratus for 30
preparing al kyl nethacrylates conpri sing, connected

tRneAng iébééf&fh%oﬁguﬁhéngn@%hﬂhonaﬂgEﬂgrformed
el ement for preparing acetone cyanohydrin f ol d

by &g %%ﬂra&e&eﬁﬂta%rwb‘?%paﬂ ﬁﬁpﬁéﬁﬁ%r ;}?Oa—rmsdéllttlng
3bul phlionedabyd, - id pagntbeeleRRA: sl@iouer apRi fthaldiktture

rrg%hacr e!rat aehd 0 1pcl{lal ly followe,

with further substances, is introduced into such a

uricd acid, qugpproprlate together

plant for splitting the sulphuric acid (sulphuric acid
splitting plant).

SO; obtained from the sulphuric acid splitting plant
can be further processed, for example, to sulphuric
acid, and the sulphuric acid thus obtained can be used

in the preparation of acetone cyanohydrin.

The present invention also relates to an apparatus for

preparing alkyl methacrylates, comprising, connected to

one another in fluid-conducting form

- a plant element for preparing acetone cyanohydrin,
followed by;

- a plant element for preparing methacrylamide,
followed by;

- a plant element for preparing alkyl methacrylate,
optionally followed by;

- a plant element for purifying the alkyl
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- a plant elenent for purifying the al kyl WO

2008/ 068064 - 5 - PCT/ EP2007/059110 nethacryl ate,
optionally followed by; a plant el enment for

pol ymeri zation, optionally followed by; a plant part
fop R0DABZAFAQE45 t he apparat ¥s -havi ng a PEEAEFI @R fWrp110
colum for renoving constituents having a boiling

point of nore than -5C and | ess than 100C fromthe

acet oneetbyanphydei noptepareédy drdlowWedrbgtification

col um_ bei co [ | ui i for ;

t he plgnts%%ggleﬁgﬁﬁéﬁgr %?%pgég%%ﬁggﬁgﬁﬁgg%yaﬁgﬁﬁﬁﬂi%ly
in suchodl@mgd P¥at the constituents renmoved are

recycl gdpighe pher eeackignshehgpreparing acetone
cEanohydrln. In a further enbodlnenE,of t he invention,

t hBSpl AMPATPEUS enBAYIEDr B epafF iyt 2Py et ARCHat & °F
casmbeingonmenitad danhtfd uhdviagduct bagliagmdmirttheof more
plant el nt __for preparing ne ¢ryl am de in such
mgéthatgggsegﬁg ;%%%%ct%h taﬁﬁngin%Fﬁ@ préSar &9%me
ofysethmdryhanpdepaaed, i nndducée i mtegrttife qegdetri orrolumn
Th¥E Ho e Rhhee 20 eSEen AL E3hiaR. : FBe ANt: ! eRENp1ant
for preparing nmethacrylic ester by steritying

netareny| AarderaPaking RegsengnevanydrancdholSushy a way

f@ﬁagxaﬂﬁiecoﬁ%ﬂﬁﬁhéﬁt@t £§ﬁ§be§n€aM@SE%Ey%@eHOYinto the
washi ng ne hacr¥llc ester obtained with_ water, and

t Fe*RasHer L hyP T FRR T eRAnPFECBE FHARPIY L tBnduct i ng

connection with the plant elenment for preparing
t hat.

t hacrylic,ester .in,.such a y t he hi n r
obbahelCBFPEF TP PV G Rl o e
esten¢ht catfioon Puoeessingt hadsydeemdéthanrtlntse can be

APPROPEL 85 €1 Hh N SATR-CARRSCMIRE AR RYERHLY @ 13PRAIAR
conprises a plant elenent in “which the m xture of
WePEr PERRREINPhueFBaaEY daBhdeany SHCtuA: WeY $iisst gfceous

fpesatdes esbekihbgatimonanpteépstabeont bEethedfhagalyildsmide
QX means. of floéatLon and .can then be cool ed.
re introduce into the reaction mixture of the

esterification.

The plant element for preparing methacrylic ester by
esterifying methacrylamide with at least one alkyl
alcohol may, for example, comprise at least one washer
for washing methacrylic ester obtained with water, and
the washer may, for example, be in fluid-conducting
connection with the plant element for preparing
methacrylic ester in such a way that the washing water
obtained after the wash 1is recycled into the

esterification process.

It has been found to be appropriate in some cases when
an inventive apparatus comprises a plant element in
which the mixture of water and sulphuric acid and any
further substances from the esterification can first be
freed of solids by means of flotation and can then be

cooled.
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WD 2008/ 068064 - 6 - PCT/EP2007/059110 An inventive
apparatus nmay conpri se heat exchangers which are in

flui d-conducting connection with the plant el enment

for preparing nethacrylic ester in such a way that

t o moxByresok4wat er and sul phuric aci d BeO/BPZ0G7/059110
further substances fromthe esterification is mxed in

t he heat exchanger with the washing water obtained in

t he washengioé tdpatkiyks metalyaceypmatre swi t healt esxclrorgers
t t ugti fqt 0

1B, 2L Rl sREAER 1R Skt ks R plane
nezehmest Ieay ekibaybral mytbécrgvéWd@d;t@;f alrﬁ egych a way

whhgh %HgﬂﬁlxtﬂféOanWéﬁbeahaeé%ﬁﬁhﬁ&dM%sidsﬁ%ﬁ any
that the inner surfaces of the heat _exchanger are

weHEERCA SMELSPNCESr t] 5P §iME t RECGRS ARG WA e SdFHFRE 1n
0@ﬁéatﬂe@rt hendipaashi oy \Milfeerw&s&mrbg? waté@dm@,mfe@r in

h th t f f t
CkERGHGEPIHAI of Ghe forYLCORSPARFFISrA BORCalE hrtr
the m xture of water and sulphuric aC|d and any

f h t t d
#‘5% ﬁkgﬁﬁg}%gé\%\lgt‘é?éghog‘ffhf&ﬁh ‘éz%fgl” S%?aee%n ’E%he heat
peaﬂhaé%ﬁentflﬁmt bord ¥ yiedgmend sal kﬁprrre@ha@pye atmozzles,

Ry T Wddiern o%{mry SBe atpxlo%aafedo ngs pie pf'éécﬁ YiggiehenBiple
and a main purlf el enent, so that the alk% 25
nebhaeryraten ©F Lpd}%cw@ah%%gawert@ﬁur%tqueai% &hg dnner
@tﬁf@bésfld:?t itere hBad fexdhefigenbotiarentrokdt het least
I hve | on,. t.he repuril I Ng el ene (o 0) rlse

BRI R T e g S LR Lot 2 S
n@&hhcnylﬂaeeandaanbappamabdQCEdm post coredeisi,ngwBh that
Congoﬁn{é&?n%‘ﬁ%@e% %@%rﬁcﬁéat aBQcHSWErf 'wwl‘éh are mot

uctin connection to e maln uri
seehstaat Lvindahdepsabre g@e*ébwhﬁesm%%ug%b@tfan%%er and

f £QIbhaRyc MBd & pUrdrd cationrattaetedsGBBrhec£8d ffk‘érﬁ’ the

t he aratus for condensin aseous substan es
t‘ﬁ%t%éfg?%%ﬁ??]ﬂyl DIBroRET UG { RAE CBRRERD ¥ the

pestkongdensaséron is possible. The at | east one
apparatus for condensi ng gaseous

The plant element for purifying the alkyl methacrylate
may further comprise at least one prepurifying element
and a main purifying element, so that the alkyl
methacrylate 1s subjected to a prepurification and a
main purification. In a further embodiment of the
invention, the prepurifying element may comprise, for
example, at least one column for condensing alkyl
methacrylate and an apparatus for postcondensing
gaseous condensable substances, and be in fluid-
conducting connection to the main purifying element
such that uncondensable gaseous residue substances from
any main purification effected can be fed into the
épparatus for condensing gaseous substances in the
prepurifying element, such that common postcondensation

is possible.

The at least one apparatus for condensing gaseous
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WD 2008/ 068064 - 7 - PCT/EP2007/059110 substances as

a constituent of the prepurifying elenent nay

additionally be in fluid-conducting connection with

an _apparatus for phase separation, so that a

c8Rd H§§?86886ﬁained in the cormon post cBREEAR2Y P 6053110

subjected to 5 a phase separation, which can form an
aqueous phase and an organi c phase. The apparatus for
pRY6ECEBFSFaftoR maPshiddientort dhftecPrel fining element

; lnaydaaamag@hbmlggclmnaﬁh iﬂm:al/aictbrtchftht iy phaitie® @5RNEith
or preparin nmet hacryl ate such that an aqueous
it BEBBERH R 2o EHE S g A B Hhadtr e chardtaReate
cahtbéntddiat theastonpant Ipodtedritkengatepar ats ulpfected to
al k t Lat, The .app t r e
caphraPEon s "Ry SR S ot et S iiPys, gsse and

f eDi drgendacphageconnection with the prepurifying

el ement such that the organic phase can be recycl ed

into the colum of the prepurifying elenent, in

palei cBPRRATRRES t hOTt oPhEE St hESEFIURHALO™R0 " prekent for
| axgrblen fuethel rrahalkesdrdudte ndsecehnadbrishkybith the
neihacryhﬁte obt ai nabl e gy a procigs accordlng iot one .
oL eihi st A" 16 Tor PIESAGCT Ny FiLbYes, "FFiagtyiate  suc
cohttngsy agubdurg ploaposicbitenisedmoithditigs, apparatus for
p ' xiliaries, _ |eather auxiliari

f Hgggaké Sraaﬁ:gl% akx] be ' & o ui(ééét.a p{%%:’%:oly to the

occul an rillTng addi trves, and

- fpbeearatioms ofcoatkigs, mempraday hyteongdsi t pppgratus  for

B4 SL NGepaRARELRBKIAG a8HXELLARN €S, 1Rt Nekample, be in
auxiliaries, flocculants or, drilling additives ich .
at eUbASERORC G kyTORRA R yI #iéPobt BRRabIRFaRIE fying
pE DRSSt ach@tdi 8gato the oZgahAventhase Beimi bed recycle
descrip%kon of -the inyv nt{on Vhrioug.grocess gn% .
a%%%?atuseelgﬁﬁﬁf?'oﬁj he ?%veﬁFFBH 13814Pe & Elgpﬁéd h
hezet nafler, imbd chheanobeofiseldei polhmn. cont ext of the
present invention individually or as an ensenble of

two or nore of the elenents nentioned. WO 2008/ 068064
-Tige - pPETEEP20DYED59 P10 fupitdiear atg it oF aeetbpeuse of an

cyaophyfet Racrylate obtainable by a process according to
one of Claims 1 to 16 for producing fibres, films,
coatings, moulding compositions, mouldings, papermaking
auxiliaries, leather auxiliaries, flocculants and
drilling additives, and also fibres, films, coatings,
moulding compositions, mouldings, papermaking
auxiliaries, leather auxiliaries, flocculants or
drilling additives which are Dbased on an alkyl
methacrylate obtainable by a process according to the

invention.

Detailed description of the invention

Various process and apparatus elements of the invention
are explained hereinafter, which can be used in the
context of the present invention individually or as an

ensemble of two or more of the elements mentioned.
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In this process el enent, acetone cyanohydrin is
prepared by commonly known processes (see, for
exanple, 5 Ul mann's Enzykl opadi e der techni schen
Chem e, 4th Edition, Volune 7) . Frequentl t he
reAcEaPBA0e8RBiare acetone &nd hydrocyéﬁﬁﬁ?3ﬁ9Q97/ﬂﬁ§110
reaction is an exothermc reaction. In order to
counteract deconp05|t|on of the acetone cyanohydrin

B pi af 12 NRE pedfRgnt of reaction is
typlcally removed by a suitable apparatus. The
reactlgp can be conducted in prlnc%PIe as

pFoceddifr RFALTHNt i RUEHE pr oL W%encﬁa58ﬁY§ﬁb8us
ppoEessed Sopr e&fmﬁﬂhbﬁidy khewnr p&et:eeeess (beequertd yexample,

or med actor, _15_whi fitted aqut
LS ot ol Bk RRp AT Sat UPE of Sa RePRAA endiig oo 407
thdidesns edolpmeditt iFrclugmtyliyel dshe sredceanthatisete are
r du d .quf f en on
t%ﬁ%ﬁgﬁd t e&)ZOﬁ %gé% %ﬁkgqu?F EYIUE§FS gﬁl??gghin thean
de¥eichepniof t Feactdadti on Produdrdefn adepti ogouteract

r@@@ém pﬂfp&v%flehefaeeeeﬂél }éyaelahgsreglwl tthra8Bd in this
gr% rlate stabilizer_ to a vant

1oy eblae PR26r @ "T%%Jé?fen%s s i%yt F6RoVRL by
t&esﬁﬂﬂaBBeoéppheataberTM@W@HBdK1Qh\@hn25etbenducted in
stgrtéf nater al s. T e n1X|ng of the acetone %Q%tlnuous
H%d?% ni c %C|da rea ?%ntg c&R~Pn pr|n0|ple be
effectss); | mhessent cahntynuamy weyocdhe mst hodebérnedi nghe
depends, i n 1%“%:%%1.1%}11:‘19 30.phet-hen ajhatehw 3, mde o

for exanple in ctor, or a continuous node,
firi @k ahpl Bl i rrdh crlabpapmé%wmtehé sel ected. In
principle, it may be advantageous when the acetone

is fed into the reaction vi servoir vess [

s T 16ty GRBEHEP oV | VeRATHG Y | hESONAPCH: %oﬁﬁt&%esmd
V@deilctal rircohtigihni pdeadet ohe anfl drydrideanithcacireacan on
t hus con , f.or | thr hi.s.

eILsJOe(%vm r %egg)g’ﬁg%tzoﬁgfggg%)gﬁt r&%fé Wk fime and the
PCHERRO0 #O5gUorium iheskbtfubdi by tbaediwArthonsof the
z¥ééﬁ%¥35tﬁk$ tre§ﬁr%£kﬁtﬁg§§abhérE%ﬁ@@I@naonduct is

escapi ng fromt
frequently admlxed with an appropriate stabilizer to

the advantage of the overall yield, in order to prevent
decomposition in the course of the later workup to give

the starting materials.

The mixing of the acetone and hydrocyanic acid
reactants can in principle be effected in essentially
any way. The method of mixing depends in particular on
whether a batchwise mode, for example in a batch
reactor, or a continuous mode, for example in a loop

reactor, is selected.

In principle, it may be advantageous when the acetone
ig fed into the reaction via a reservoir vessel which
has a scrubber tower. Venting lines which conduct waste
alr containing acetone and hydrocyanic acid can thus be

conducted, for example, through this reservoir vessel.
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reservoir vessel can be scrubbed w th acetone, which
renoves hydrocyanic acid fromthe waste air and 5
recycles it into the process. For this purpose, for

exanpl e, sone of the anmpbunt of acetone introduced from
tHe 2888/ 06fPCdessel into thé reaction iIRTFRRATPTH L0
the part-stream through a cooler, preferably through a
brine cooler, into the top of the scrubbing tower and
160t hehg@esFredPPeBgl t tPYerhuyhachi eved. abépehgicng ten the

thessi¢6ipf {hesampunihof sk Praoduet eddpiRy from the
pr oduced, |t€%%y be advant ageous tg feed the acetone._ .

t BEEREV P ERCc ST ofitrolPe t AARUPRSE oHe T eReRVoRE  187hich
vesseles | nhi/lirscoant ext acitd | Spoessi the feaseachaak and
tpe éf@ or, ore re Qyoir vesgelgvéo ? ar. a ..o
co??%spo%ding BEPub ngpFSﬁSF.'Fb erMPt FERG %hnfor

casasplsuf soveent wiren amuyntonef oaceheneesetvodnced from
V@ﬁée!résé:?vg?%”g%egél"“i%toaitngé rxeéé’é’t!‘%ﬁg' tég%BHEhBQed in

tower. Int case, | , however,
aelie sABre-Fbreedr F&EpEAlI iy CPoFrRs, wareherdplvicEhiasel a

abfiR0dce8Netl ansRY triacet opeoranthysepeyame asklrt Qnd
be co duct%g thro%%h,thls vessel or through this
SPYIHT i R OWETSUDE e Rt eiYe  of the acetone in

the reservoir may in principle be within an

sentially arbitrary ra provi ded that -the
RO oR Phe' Pk 200ne "R oh b PRaguces to
teapereduwred, The maypeeatdventagehes teséeedi theesseltone

| adyant ageously, REWRVeh,-abou, 0 Lﬂ;sfo o"ﬁkéou'iceéggvoir
I'n the scrubbing tower, the acetone used for scru bln%
it edl byt HbansoBteRh appr 86r Paceibosl &pr paFh of the

exahpbe hpreeanssofvaiPl aEes608! €b, Wddh Hr bBerkepanding
teqF rature of about}? t o about ,10C., The .tenperature
ot Hbt oi8YGH - enttJ'T it t hétscribbi ng t JIEHY i sCases

tdheff ef @rentpr ehenakinly f oneexdnptiee alkeutrvditro adoadls is
6 : 0 8064, - - RPCT/ EP 9 ﬂge .

R 0 OB d e ey R e ek oh i e 10 this
iqRtgeadudedi $ ntlwowéreey eacfoenepdhésabhel £qui dogrepponding
lines which conduct waste air and can transport acetone
and hydrocyanic acid to be conducted through this

vessel or through this scrubbing tower.

The temperature of the acetone in the reservoir may in
principle be within an essentially arbitrary range,
provided that the acetone is in the liquid state at the
appropriate temperature. The temperature in the
reservolr vessel is advantageously, however, about 0 to
about 20°C.

In the scrubbing tower, the acetone used for scrubbing
is cooled by means of an appropriate cooler, for
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 is
therefore preferably, for example, about 2 to about
6°C.
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gaseous form It may, for exanple, be crude gas from

5 the BMA process or fromthe Andrussow process. The
hydrogen cyani de can, for exanple, be liquefied, for
exanpl e by the use of an appropriate cooling brine.

| Wet 2a@84P6BPGdefi ed hydrocyddic aci d, CIKT /BP0 Qedst 10
10 can be used. For exanpl e, hydrogen

cyani de-contai ning coking oven gases, after scrubbing

wi th potash, are scrubbed continuously in

COUAL LI EAUN W t B Rget g A Ciy, ceplai s, L0 YaLeh, be
and the reaction to _give ‘acetone cyanohydrin can be
chhrEredusat i Hthe thcesERRELDE oP1EPASII® catdhyst PhH 1N

t YBs888sSEHIMNI NP CObYIMSE o 08REEHEE, | BeSeth@Ee bBsa from
further enbodi nent, g 8as gix%ure conBrising hydr ogen
cyaRi G¥PaRECFREFt ©§asEST ERRethar§S8%cPhdESS%0 gas
fromthe BMA process or fromthe Andrussow process,

c be reacted with.acetone in_the presence, of j.C
e B B a8 oty aPrh T EaE  p g AT R,
r Eact exampbe| hyt hbeprseesd desarthapriate quodfimcgedudne.
| $ngLYeA L2 1uyg 2 BV SIdde gas 961 @n ABgE HSS BV
c?ﬁ%e gas. The§iga§'ni§§ﬁre resulq?inglfromtheé en ges

aBdlemEnt 1ofRd EQ¥t GHERTPLlr oB¥IEeg e oCES G taining
hygkog8n Syani daseadn berused As-ursdicly oiaht efoddkiaci dire
scrubpj ng. The crude gas fromthe 30 BMA procgss, in

TRFERORES o T A RF A o8| COHBEATGHAZ SRy dr Btian, ACStome

fenhired feoamateidhan®tandaaanpniand caiteai neactypncatd y give

2 9 : 1. 8% vol u of 59
aCe o e Car N 1 bty Koo G B B {1my iy Drefence
vofune dbfacHa. catahesknolih Ay usSSsiv FFOcEdsinggs columns
hygdrocyabkciacid-and water are formed from nmethane and
ammoni a and at nospheri c oxygen. The crude gas of the
Andrussow process, when oxygen is used as the oxygen
SDHI C&, BORtldNS dibdahdnr abaut 36 bmivalume eondellsing
g? 008/ 068064 .-. 11_- .PCT/ EP2007/ 059110 Zzw%g%rvoluned
YEROIYE. 50y Vol T oFSRE, 9B8FBy STRSME lof HoCTude
586 byfyvohuhike 0BMEOpr2cBb¥sbyprvdirome the RNHSrussdwl pE%UceEs ,

VQAHnBee§%gc9EdCu%t%n%égg%ne in the presence of a basic
catalyst and acetone c¢yanohydrin in a gas-liquid

reactor.

In the process described here, preference is given to
using a BMA crude gas or an Andrussow crude gas. The
gas mixture resulting from the abovementioned customary
processes for preparing hydrogen cyanide can be used as
guch or after an acid scrubbing. The crude gas from the
BMA process, in which essentially hydrocyanic acid and
hydrogen are formed from methane and ammonia, contains
typically 22.9% by volume of HCN, 71.8% by volume of
H,, 2.5% by volume of NH;, 1.1% by volume of N, 1.7% by
volume of CH,. In the known Andrussow process,
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 about 8% by wvolume of HCN,
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5 Wien a non-aci d-scrubbed crude gas fromthe BVA
process or Andrussow process is used, the ammoni a
present in the crude gas frequently acts as a

catalyst for the reaction. Since the amoni a present

i WOt RO08/480§4s frequent Fyléxceeds theP@ 007/059110
required as a catalyst 10 and can therefore lead to

hlgh | osses of sul phuric acid wused for stabilization,

sdeff aPYr oduges P5 dhterf6 stbj byt edPtwnanofcit: 15% by
s¢oubhieng s B,0r deg £ ebithaabe c@MmPnsa bhetef @ of NH,

When such gn ac d- scrub ed crud%agg is used, it is
t BB Aecés Xryo H@ﬁe?@F PS 5He °Qui t abl e basi ¢
catalyst to the reactor in a catalytic amount. In

PLLIS B Socknonn, LLIRNLC O 0 30 G hReic SAPQUIE. o

alyst ogen cyanlde in
gasedusimrssaw | pqucds’sorlna @ﬁe@, gase 28undxiar eresent in

copmrisl h%ggfso 56)/ % aéEQ tgneca?iael dfoa the
cont’i nua Yy rea I n e cont | nuous e.
| HepRFdoBasSindfe I:b@p aﬁr@rml@r B@Wﬁl‘éeénattlll%aﬁmd@n@as

r@@eaueﬁtﬁ?e%ﬂge@fset ene cgmdm OkcHDR @c8UE rraartsatalyst

at | east one ans for feedin uid or gaseouys
h§BFoEFANIEESEETGT SortAfo t6Y ﬂ%f %éﬁwaﬁc acid
| aast oﬂ@rm&imzimng sudtat al ystrudsui gabl eils often
cat Lys gare in prln p al kaline .c unds., .
SRt R LAn el P B B 2 HrafP B i ate
pemassnanthyueéxpdle @T@Ieln:t |seu¢h Wit cle idhrs atdlefs e ntude  gas

r?QCtﬁQQdOf ydﬂyetﬁﬂglh%g%ggganc aﬁb@e%@rg'vgo add a

acet one Cyan rmn However as al so been found
t 6Uipabafy dFEdGe RS IHETE t e EafalSARCIFediRsdafatalytic

OhfI8lhE. qat Mnhisicigspechmby BRoafRnec SWi lbdlagic basic
exanpl es _are 35_secondary of. tertja m nes such as

i Be EER S A I R A ST R/
tri-n-propylamne and the 1ike. W 2008/ 068064 - 12 -

RgTégséggrgggg%égescr %%§Oﬁ$a8 geruiq rlsesI%F éast 9°°

omexpunp QMG 1079 nbydrogenpssy amidiat Ia@alsta@)ﬁ*@one are

gkéng:tcg%gg{ﬁl%% B W0 186y MUEL-S4N 1M XERE continuous
ggde In this case, the loop reactor comprises at least

one means of feeding acetone or two or more such means,
at least one means for feeding liquid or gaseous
hydrocyanic acid, or two or more such means, and at

least one means for feeding a catalyst.

Suitable catalysts are 1in principle any alkaline
compounds, such as ammonia, sodium hydroxide solution
or potassium hydroxide solution, which can catalyse the
reaction of acetone and hydrocyanic acid to give
acetone cyanohydrin. However, it has also been found to
be advantageous when the catalyst used is an organic
catalyst, especially an amine. Suitable examples are
secondary or tertiary amines such as diethylamine,
dipropylamine, triethylamine, tri-n-propylamine and the
like.



10

15

20

25

30

35

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

m xture in the I oop reactor. 10 Suitable m xing
apparatuses are both m xi ng fparat uses wth nobile
Wen2PP8/ ane06®d- cal | ed stati®? nixers i nPGAHIERR007/059110
i mmobile flow resi stances are provided. In the case

of use of static mxers, suitable exanples are those
vhi ERORI FEACRAT opErabilenan HEnPrFOCesE slemeast dpscribed

ap@ut hdP k&‘fmfrfl%resexéﬁml%a@t | east pkpUt db Bab Obrakmore
| east about bar under oper.at |nﬂg conditions wtho
n

ut
SPYAPF i caMC rakt risdSonShe n HRe FundePIRF g - ©F Qo or

Appr O psh@lh emik Xes Sappyraonseést of plastic or netal.

Sui tabl e plastics are, for exanple, PVC, PP, HDPE, 20
PVDF, PVA or PTFE. Metal m xers may consist, for
eXxanphle] e ofounipckebral lioysprzinecépheumll i pampemwndch here
l e e . €,~,F € ngul.ak
e B P g T The o Foaarar e o
prietened| yn @Wﬂ%@@l@aﬁ@@?t@he punp and upstream of a

m xing el ement present in the loop reactor. In the
reaction described, catalysts ar f.or exanpl

R T b CPRATSL LS o8P aPP PeliFHoN PobaTatuses
conehc teth idte aepEmehtBot amdr esoSO:aﬂJm 8sthnipamtiedaar in

gﬁ*% :ga‘tmh abofl]t.o7 Sre%rls%% es arét Wll&%d In the

the in the reactlon arles W't hi
rease off a@@at & SSt@tabouulmlﬁs fsnltébéﬁpl@@ﬁmms are

%@oé@ @P?HE élao“ﬁSaﬁ\' BEEPQE&&SEE! ttqah@%eadcgﬁlga @Lfeast
the cata

yst Into t he op reactor downst ream of the

pkgrandOubaty eémrofe%ﬁmﬁ?ﬁ% Af apparfatieut 1% Paf ser at

passd bl apbbitt ey pHeesadedesgdhad dp ¢ordithéns without
cat alg into the | oo S reactor WO 2002:/ 06806

9591 FFS T ot HES wi t B he one%upﬁ%§ﬁgﬁn9
aqp;aS@riAt@aynib@raadmayt ageasstwhef appaspicater metal.

”%X‘ nagofe %ﬁetsgcrh san%r cat ?'E%Ste SoSDSuUr e, def e yppg,
*reactor. opfiate m xidg can
kié/‘[@if,f eo‘Et\éZ{;I, d1or PTFE Metal mixers may consist, for
example, of nickel alloys, zirconium, titanium and the
like. Likewise suitable are, for example, rectangular

mixers.

The catalyst 1s added in the loop reactor preferably
downstream of the pump and upstream of a mixing element
present in the loop reactor. In the reaction described,
catalysts are used, for example, in such an amount that
the overall reaction is conducted at a pH of not more
than 8, in particular not more than about 7.5 or about
7. It may be preferred when the pH in the reaction
varies within a range of about 6.5 to about 7.5, for

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
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5 exanple, by the use of a mxer with noving parts or

by use of a static m xer. Wien a conti nuous process

in aloop reactor is selected as the operating node

in the process described, it may 10 be appropriate to

exankoesfhessgate of the reatdion ni xt urRETHYEP2007/059110

i nst ant aneous or continual analyses. This offers the

advant age that, where appropriate, it is also

posgebhert gitkadtha aptdtyneo dmangeshia Skeate iIt bnhg Dbe

fgé‘é}éﬁ% (?2)1)1% Urﬁerf“%&z'ﬂa%r :Ledtel t m':.:stlhgusoPosa%é)écﬁ'l 13n4
ﬁ% e reactants-very preC|s?

|©abﬁhf$ttolﬁ1nﬁﬁ$2ée§lebéfp§§se§eeééﬁ9esﬂéﬁ@|n@he 1OOP

apal yshs. cap 5%05§£§E88dﬂu3g&gfxaﬁﬁ{e bbY e$BEBLERY | For
the reactor Foop Sui t abl e apal ysi s nethods 20 are,

feF2BREApI 8Y P en€§§uF%héhtml%%%sﬁ%%ﬁeﬁ?VngtH@rts or by
ex&d her N cét ¥yt DE measyr ement of the conposition of the
reaction m xture by suitable spectroscopic processes.
Especially within the context of conversion

Milinéh oa i agnt 2buqual brycaspedts aaddopafreryrort ikaseleeted
foun 0 n 0 in.th
EhcrrEnoBEral iy ok et otk "PepOBa B RUELELR0a) it ey
rleacEippropinitce tan@ianigenpahe i3taie hothethrareaction
W ehuts Rl easgdant heabeLi G | ¥on8dnba1t Nen£LBEEOf This

suitable sélection of the |oop reactor, the actua
reakeTon ©Esn ?ﬁVﬁPFﬁE?pl%h%% effsdfed>RPTAPRISERe tifbe 1S
salﬁé@n’poaéﬁamge&owﬁdadt thepl Qdp reacdhmngesSi hitesthee in
action owever e [ rder . to_35 avo
y? r?%%%lO%qu§%?E%t E%oFlnﬁmgnﬁ su?fﬁglgh OSSlEﬁe’
ofoxt hexhepl epf tceanttieon tan the ersapeahtd t veayg precisely
frequentd v bean, found Lo-he advant ageous when the
reaction proceeds wWithin a heat exchanger, preferably
WO 2008/068064 - 14 - PCT/ EP2007/ 059110 w thin a tube

benelt s hrerad 1 18X CARNDRS 5 s @ﬁnﬂéngf@ectea @5@uekaa§1e, by
product to be%groduced tEe cap aCIté g
Dbtiht T hedt Ex2Ranget©eBn BE58P&EL @-&alYSlS methods

da:fé er €t yexahole | ngHstméabuseate: pr oeesseemeheatof the
%ég W%%%félav'”g measurement of the composition of the

reaction mixture by suitable spectroscopic processes.

Especially within the context of conversion monitoring,
quality aspects and safety, it has been found to be
useful to determine the conversion in the reaction
mixture via the heat removed from the reaction mixture
and to compare it with the heat which 1s released

theoretically.

In the case of suitable selection of the loop reactor,
the actual reaction can in principle be effected within
the tube systems arranged within the loop reactor.
Since the reaction, however, 1s exothermic, in order to
avoid vyield 1loss, sufficient cooling and sufficient
removal of the heat of reaction can be ensured. It has
frequently been found to be advantageous when the

reaction proceeds within a heat exchanger, preferably
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5 a volunme of about 10 to about 40 nB in particul ar

have been found to be particularly suitable. The tube
bundl e heat exchangers used with preference are heat
exchangers whi ch have a tube bundle flowed through by

| WguRkdO®Ri/OhiBAGA | acket fl owedl4t hr ough byP¢TtﬁEQDOﬂKD59110
Dependi ng on the tube dianeter, packing density, etc.

the heat transfer between the two i quids can be
adj.tbtied sapprlopr bandlly. heat seposzidde. | Rependengl eni nthe

t??\oehec%c‘!_s ?ﬁé&ﬁEPEQJ %&Og%%ctaﬁe GAct LOPat Py her an

ect that e reaction m xture is conducted._through
18PPKEPKéaE ceREREN GECHEmIEHe b TRl e el ¥t fa%ent ly.

ther riearidtan d1akesa Pl ageometBE s, t heatukscdiindless thering
heat _bei ng qgved fron1th t ube bundl.e intg th
ei(ﬁﬁrda

j &cretum 9 HOhet8r SO th AL W kWi RS AFurve
t beba poaetdi cablbe pﬂﬁiﬂdmﬂnﬁhy(ﬁﬁmﬁaﬁkekxThEEﬂﬁhetbnndle

conduct the reaction mxture throu h th cke f
BB SRR EaEE S O R Y ER A CHERERRERERC hed) | heat
isxchangbaseWhdenhavaea ttulpe mmmﬂke fﬁOWaé mhrmumh by

c -heep:found to adval
2% ﬁlg QJEQHB X g%c%%t gkégpthln A Jacket ligquid.

reaction mxture is distribute by
nBarsneing| oW rd stbr ediampEer er RBCYF1IAEf IGCAS Y - ;

ptatesnehe aghhf¥Eed hbgbREen' eshdenggot | TEqa@ik be&arer be
ﬂé nggo The ratio qf jacket volune to the valune.o
t

BERACETHEY = deperdi 1 B ﬂSFhB-ILae%PgrPr&PcﬁiPée in
rehet@modESSabeﬂtriﬁed tt@ abondudt 1@het heeavotiore 06 the

th th
| REZh B« P P B Ol AP, SOPALRLUE Bl
shéhéld@éatex@hw@mdarfrl@mw@ teéet druncs eadf bse bl @angh the

aPea@QPéHp@é%é%‘ﬁﬁgé@tw1£95ne%®@ﬂﬁhﬂétBuH@iér t%@cmeat
hat the reaction te erature is wth |naC0rr| dor. of

ale@wgw%ew@ﬁmﬂ 15 -tyeq/ epovHAE 059tP0 the tipcket
ap@th&SC in particular about 30 to about 38C, in
particul ar about 33 to about 35C. A product is renoved
continuously fromthe | oop

However, it has likewise been found to be practicable

and in many cases to be viable to conduct the reaction
mixture through the jacket of the heat exchanger, while
the liquid used for cooling is circulated within the
tube bundle. It has in many cases been found to be
advantageous when the reaction mixture is distributed
within the Jjacket by means of flow resistances,
preferably deflecting plates, to achieve a higher

residence time and better mixing.

The ratio of jacket volume to the wvolume of the tube
bundle may, depending on the design of the reactor, be
about 10:1 to about 1:10; the volume of the 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
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5 reactor. The product has a tenperature within the
abovenenti oned reaction tenperatures, for exanple a
tenperature of about 35C. The product is cool ed by

means of one or nore heat exchangers, especially b
E@n3008/ o706t nore pl at e~ hifat- exchangé%ﬁI/EH%OQF 059110
exanple, brine cooling is used. The tenperature of the
product after cooling should be about 0 to 10C, in

paF t teubbpull €b°Ebodn BErtThelpirodhetiti $O0pief @rbawlty 38°C,

tfﬁ?ﬁﬁf@@léf‘té’b&n?t?ﬁ ags y8sselsyhibch has a buffer
function. In addition, the product in the storage 15

vessel can be cooled further, for exanple, by
conspasihytr eAevi N t - @@ﬁ@ﬁmém@mthersmr age loop

e Hent B hagEclor Tt St RIS SPBAGE | the
t&bmm&m&mﬂrnnéd iseamtioel ytopussidlerddat ont iexseple a
%ﬁ&fé&clgrﬂec%'% t§1§8 P' afs d ”t EHS e Eselcitiea V‘?‘Léseéoof&? by

be retycled 1nto the storage vessel in
arrﬁ;/alvmy ofn néncinpl @Oriélov},@@/fieﬁf ekrchhagebeen ¢eReElablbe by

QQ¥§Q§a9§PUSoﬁ@ S8PE Lases bﬁ@%ethﬁeQEOd%%EHd%gers For
recycled 25 by nmeans of a system conposed of one or

Rz | BE1DE nEEOLABIstiST AfedesEet SERRSFRRtre of the
GOF SRSPONEIERG M d@@gln@f sthidei 18t abed apoaduce tt®|<e§O°C in
pl ace, Wit hin t[}g issg% 30 Fg guct is_al b1

rRHOvE Lot tnddust OF o or &f& “Wessef Bt e§a b4
steond fzatedninesse | s’ﬂfbeageodmstsels whtohxdwhst her uffer

\él\éeaﬂf Iva es%e cat g:I yJS / a(r:t(??érgj US%\MéIét}h %?(e);%& ;rglﬁ%orage

me@srle t6aa pHrof sbededl tbumbersy. 3, fioxy 35example, by
Radtd it @ry abuifoZind s t@&l@@ﬁé&ms ﬂxramparttﬂeculs%rage
sul phuric aC|d f or _exampl e sul uri c ac havi n

(%ﬁﬁ%ﬁﬁ b émﬁHlRﬁ?%%)g%%ﬁtefﬁgﬂ?gﬁﬁ pﬁﬂﬁ(ﬁﬁ%ﬁéiﬁ to a
qg%ykagﬁeh? a@@dﬁaﬁ@%&fQSGﬁ k¥0: 2G08/ Q68064 ablld storage
P EP2007/ 059110 ,The st abi |zed i.s Wt hdr

f? %5%5 5t abil' zé?loﬁnvéggey d%dg%ﬁgﬁsfé¥Fgﬂ |Opt%nued
titenctpin fesoattiade stlagee i pore | Srowofge heestabi | i zed

pr oduct

The product can be recycled into the storage vessel in
any way in principle. However, it has been found to be
advantageous 1in some cases that the product is recycled
by means of a system composed of one or more nozzles
into the storage vessel such that corresponding mixing
of the stored product takes place within the storage

vessel.

Product is also removed continuously from the storage
vessel into a stabilization vessel. The product is
admixed there with a suitable acid, for example with
H,S0,. This deactivates 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,S0,.
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5 withdrawn can be recycled, for exanple, into the
stabilization vessel such that sufficient m xing of

the vessel is ensured by neans of a system conposed

of one or nore nozzles. 10 ACH workup In a further
PH@c2888 APed@ft which can bel@sed in coETERXHP MOFPLLO
the present invention, acetone cyanohydrin which has
been obtained in a preceding 15 stage, for exanple
fromthe reaction of acetone with hydrocyanic acid,

i Bheubj gcieth @ distddbdt i veis WorkiharEig st afdidul Zed:he
crude, acetone cyanohydrin is _ freed of Iom#b0|lln% the

cohdPiibeRt EoBby nEaRESsf al€or r ELHBRGPRG Lol udmE
spii+ abl €ali s i st akéonappeeessdsn20fcahebe tadiducieed ,pzfdauct

exa e y neans, of on n cQlum. Ho er
IWkgﬁég%W%os%?%lebelnrgﬁycgﬁgropgpgteeﬁﬁp |catﬁg%00f the
csualel Ated ohen cyasshdydsiinoh thetusefdicombinatikdamgofof the
t e Lh! & I c ' i-t-h
SPESP et e ERen Satae o T o SO BE G s ome
feir | hoe fres e&Aporat ors or else two or nore
distillation colums may be conbined wth one
anot her. The crude acetone cyanohydrin conmes fromthe

30 the distillation generally with a
tenperature of about 0 to about 15C, for exanpl e a

nper at.ur e, of about about 10C. rin |p| .
ﬁ% é@r§9850n%r°8§3ﬁoh T ary lCh nf:rgoduéed'Llseca +h

dctasméd:tylcprmtowheh coltlmn. rHewsargr , |1tn’vi$a¢31¢even f agsgone
%& %?ﬁ%fﬁ kﬁﬁﬁﬁpe %@§e§e%%.m@ﬁ@aiﬂ@dcrf@ee¥°@reced1ng
ton ren 0

cyanohy y means eat exchanger
fetage { akes (FIUEME of TPRe tHeat TERCEREN @rfod%?tone with

QBF Pudfigdihy mfﬁ"édﬁjé&tedheiﬁfoée dﬂ%tﬁilatlve
further e dlnen%7 E éess descri bed her.e,
WS D087 06864 St2 12@ / 67/ 519" &Yﬁé"}b}’cde?&hels

cfenehydofn lswheatadnby mmmytﬂﬂuamdaﬁubyexmhangeroﬁo a
ate erat re of,_about Th .
c é% pﬁ?lpnedgg %4%%81 Figt ifggl%%aﬁgqﬁgss

i by stiIFat T on
zfamsbmlqmmdwpbﬂﬂunﬁqﬂ %Kamml¢f|@m|mﬂans of only one

column. However, it is likewise ©possible, in an
appropriate purification of crude acetone cyanohydrin,
to use a combination of two or more distillation
columns, also combined with a falling-film evaporator.
In addition, two or more falling-film evaporators or
else two or more distillation columns may be combined

with one another.

The crude acetone cyanohydrin comes from the storage to
the distillation generally with a temperature of about
0 to about 15°C, for example a temperature of about 5
to about 10°C. In principle, the crude acetone
cyanohydrin can be introduced directly into the column.
However, it has 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
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colum having nore than 10 trays, or by neans of a
battery of two or nore correspondi ng suitable
distillation colums. The columm bottomis heated
preferably with steam It has been found to be 10
ald0anoagioa80GMen the bottomTenperat ur eEIEP29$7/059110
exceed a tenperature of 140C, good yields and good
purification have been achi eved when the bottom

t enpéeabgeeons norRnghwardn tifarhedind WBotenrsnef a heat

hégéﬁgnggént@bgUEe$59£étJP§ Lenpeeat UEg datgoare based

tenperature of the colum bottom The
crude acetone cyanohydrin is fed to the col unm body

i fhehgcuppae Riadeitire 4ol pipi fTee Birsdikkalilenibs by
performed_prefe abl nder red ed pressure,
DPGrBFabP} 20 diiSt DHEASHIR GfoNttut Bo to FEG HeFtion

nbal ymh N haparig cmbﬁe aloit 50 tworapout o25Gynbacaarsd of a

M%%QF [oYoo! ﬁsult%)begmeenmgg to abou %sﬁé%&ﬂ%g M table

pYof The cdlum, “gaseous i npuri
edpetidl dyianet onkuang- hy@h@cy&@ﬁ@ma0|@0t§p@ r défovégated

tﬁfe £0DY 9@§€9uss%%%§1anQﬁ§ at £ cogled bzoaﬁanstgf be
eat eXxchanger or a battery of two or nore heat

exeTiangRISOUPY ewla_\?@nc*éhﬁs PFERThe FEMPE TGS bFOFE 1ot

copttag W t Bedpbesperat We ohoabgutgébd oyakadis 1864 Idod
Thi s ?lves t he gaseous constit

%gnts of the vappur Q
oBpb LURFEY o FenseSThe 3Fr§ Vegondgﬁgbtlgﬁ stgﬁé om
nmaympaketprace,s f abtexgnpheerattisdanddodtpr 28388€e.or not

"Qv‘g%van hhn! §b889aﬂ}5 posgh,Al %ee%‘éﬂé%r?e%%tf O%Q% tsed

ageous I'n Some cases wh i rst
condensavibh semperasuet feft elde undbemp ceed@ pressure,
preferably at the pressure which prevails in the

distillation. The condensate . is passed on into
cHP eBUER| REREPRG 9§§§@PY§ﬁancaﬁ|é&ée&otﬁéﬁ 5ﬁugn body

tﬁﬁpehétQ@@é@DéHEEH0680@he-éﬁﬂumﬁ(ﬁ?ﬁ@266§t659éiﬁon is

f t b t.150C, t I b
R At a s Rt I ety ol il e T T R

i att he ﬁrémmte candersation 51 ef-ar ehaeroved Of mdrat he in
rfgggﬁiﬂar about 50 to about 250 mbar and with good
results between 50 to about 150 mbar.

At the top of the column, gaseous impurities,
especially acetone and hydrocyanic acid, are removed,
the removed gaseous substances are cooled by means of
one heat exchanger or a battery of two or more heat
exchangers. Preference is given here to using brine
cooling with a temperature of about 0 to about 10°C.
This gives the gaseous constituents of the vapours the
opportunity to condense. The first condensation stage
may take place, for example, at standard pressure.
However, it is equally possible and has been found to
be advantageous 1in some cases when this first
condensation stage 1is effected under reduced pressure,
preferably at the pressure which prevails in the
distillation. The condensate is passed on into a cooled

collecting vessel and collected there at a temperature
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pressure chanmber by nmeans of a vacuum punp. In

princi ple, any vacuum punp can be used here. However,

it has been found to be advantageous in nmany cases to

use a vacuum punp which, owing to its design, does not

1001 2008 {@68b0&2 i nt r oduct i on 1F A i qui d |ﬁﬁﬂVﬁE&@§7M@5@llo

the gas stream Preference is therefore given here,

for exanple, to using dry-running vacuum punps. The

gat sbpeamowticrlesecapes®cn the parresiswlasiale @poudss to

m%@ ﬁynp o8 conducted through a further heat exchanger
ich is preferably cooled with brine at a tenperature

of about O to about 15C. Constituents which condense

h?k‘i@ @%édd&e\/\’c%ﬁlfﬁﬁhﬁ%ﬁ@%&lﬂ the ekl eebhfgnyessiel the
whi ch al ready col lects the condensate gptalned und

26 Y3 L GRPEGAFAELORS, STHe. CORACREALTS pffor iy ofauced

tﬁmbs@mﬁ§sutﬁaﬁbde obyth&wwa@uunﬁpunp cancb&mefﬁemped,ln
for, a heat exchan but qﬁ N Wit

H%E{%$§p f ?RB gﬁ%ﬁ&%a@ﬁﬁﬁ Sx%hgﬁber% arrangedHawever
siribas paeal |undGaseobs suvstangesusensi Magy afeees to

5 t
fur§h§ vseuﬂﬁng omhsltc%p U8 o %egﬁgpgﬁﬁah, 8028Y not

for exa
utead zaei 6he mér@@mc(is@p@d% kGt e8PRRytieRehnEe the

hes it idelzeeh. fHrbheteascdesd I e ddiwRver gitoh aeOROM Gor
reasons, it 30, has_been found to be extrenely

RRATR Hye ot RGO & PHE D RERTS Y 4R 0 t he

reaction for preparing acetone cyanohydrin. This is

fected preferabl f ane no i nt
efé%lg accese%c)Y%lc OEECF actoc%1 %ﬁg q%%ﬁgé%%%t%éde ot
netye i puppi Asi ploaduatedarmhrsoigiost t fentBsSrpheetdedchhager

t$ﬁ¥b% 1@0 rgféEHBgth%o@%ﬁpﬁﬁﬁﬁiqgkfﬁe ihezagel @@ature

cyanohyd ny cases, a predom nant amoun

te ébﬁﬂén@aﬂéDMPPPuthéﬁegerCQﬂﬁEﬂ?ﬁeQﬁs %%é?%n@oﬁéﬁnse

h’Yéjf@CM@@ Clﬁ@év@hsé OkogXanpkd |i’hatmi@| %OMCtlﬂg vessel
2008/.068064 - PCT/EP 007/05 rathbof a.g
S ahegedy fojflr nt SREATES (TDRbbS 1 tpder

Rh&naﬂet@bﬁdﬂyabnbydrTme(ﬂﬁﬁmdamﬁaknmnltperbotmed1aﬁ1 the

tg%%séﬁglsé |%aE%OQﬂgﬂ6%ghﬁ§ Eh%ﬁtdﬁ%ﬂﬁg é?f@cted, for
tYenperature

example, by a heat exchanger, but also with a battery
of two or more heat exchangers arranged in series
parallel. Gaseous substances remaining after this
condensation step are removed and sent to any further

utilization, for example a thermal utilization.

The collected concentrates may likewise be utilized
further as desired. However, for economic reasgsons, it
has been found to be extremely advantageous to recycle
the condensates into the reaction for preparing acetone
cyanohydrin. This is effected preferably at one or more
points which enable access to the loop reactor. The
condensates may 1in principle have any composition
provided that they do not disrupt the preparation of
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
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about 40 to about 80C by the cold crude acetone
cyanohydrin fed in by neans of a first heat exchanger.
Subsequently, the acetone cyanohydrin is cooled to a
tenperature of about 30 to about 35C by neans of at 10

| BasR0BREOFBPEAer heat exchahYer and optHENHAZP SH/HZRL L0
internediately. Overall, it has been found to be

advant ageous in sonme cases when the acetone

cyahdhyOfi mpout & wrlectd falkaet oh:215feeHuARt 1S ify éedratio
at ¢l gast,cof .inpurities having a boiling point of nore

t han about -5C and | ess than about 100C, for exanple
nore than about OC and | ess than about 90C, and these
imaérhtéesnareyaaemyﬁedﬁigb@alhba feaet itk fettom of the
pr.epar acetone cyano ri 0,cor ondi_n

R s P PO Fu Ry A agebuSPY Lo Por PorrE MU e ©F
aadoot am0apparaﬂm3nth©HChabya thecte¢dldatdomaeolagatone

L%?gﬁ?ﬁgﬁkgg ggﬁsghé §p{ﬁ 16%%,3 f??%k'%%aﬁméycﬂghger

Cc and fromthe acetone
c§ahsahgdennl pr ertéxeedacah@nﬁ heyahotestnin casi steddidunho a

'§eﬁﬁ@9§§ﬁ§g b&fABH&EC@Bdwa'5Ebu50§§béoﬂy“%ééﬁﬁtof at
el enent Lﬁg]ﬁ‘ pari ng acet one Cyano % rin-such._t
|

hat
th@a%n%@t tdeferffdd SERIHRICT et} eatlﬁpaltlwe Frored

r eacttesdi gtepyepari ng acetone cyanohydrin. 30
Am dation In a further process step, the acetone

cyanohydrin prepared in the first step is subjected
t@varsslhydto&yséSbedm ﬁbﬁﬁérewtlken@@vam0a9e®@$eﬁ9 some

L afl! %%OJ SiA 0T Mg 4 tificat
%%a%ry e as the pro uct y l2008/06801'&? } ffé-lon

P@l‘EﬂZOOﬂ@SQﬂH@edT@t r ekRaston 9 BIBUHHE EfouthaHng &
NBONEL nkNPMI 0 of hegR-eSkihhgd duvuithe-ast Byne less than

reaction betwee conce rated su phurlc aci

a%%?%ﬁe199aﬁoh§%Piﬁexa °regeei & h gﬁ? and less
whh&h apens bbat, heatl eheber ealpumnleanahe tremfwe(éd into
f{ﬁg1tgg%c fgéﬂn el exangkgngoracetone cyanohydrin. The
corresponding process variant is advantageously
performed with the aid of an apparatus which has a
rectification column for removing constituents having a
boiling point of more than -5°C and less than 100°C
from the acetone cyanohydrin prepared, and the
rectification column is connected in fluid-conducting
form to the plant element for preparing acetone
cyanohydrin such that the constituents removed can be
recycled into the reaction for preparing acetone

cyanohydrin.
Amidation

In a further process step, the acetone cyanohydrin
prepared 1in the first step 1is subjected to a
hydrolysis. At different temperature levels after a
series of reactions, this forms methacrylamide as the

product.
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reaction control. The reaction here too can again be
performed in a batchw se process or in continuous
processes. The 10 latter has been found to be

advant ageous i n nmany cases. \Wen the reaction is

PED f 20 0RA06 3084 cont i nuous pradtess, t he PGIEEGROPFFH59110
reactors has been found to be useful. The reaction

can be effected, for exanple, in only one |oop

rBaet areactiGwey et s ihronghtbe agguant HYyeGUSTARBATt HE1arg Lo

reasidongic$1pefforped g a hattery of twe,eriBRrepkeQRen
reactors. In the process described, a suitable Ioged
rin

reaReoRt Faked ol Uit PEed pRTht SITOMTeFIREC

oyRohydekAonongs Okxo2leiie, f 6@d Poi Mésnéothat heat of
concentr at ed sulphurlc

c'd 0 or re gas
SEPRT Dt P SRS oF SHBY S htﬁ?meggﬁaﬁﬁgggmagar §%aTgre tor
mesctd xersontitel hydr ol ysi s of acetone cyanohydrin
with sulphuric 25 acid to give nethacrylamde is, as
al ready described, exothermic. The heat of reaction
wﬁh@flnﬁa3ﬂ¥9n nhehe teactdan eaminhoheveperformed in a

usguyo@ésé east | apgeb¥nchaudhthdpawpetien. t hene
sg ten1|n such a way that a yield naximzation can be

evediasibrentHelydefa Pal PEVIBEABEAUPNLReBPHgCaseS -
tm@@r@ﬁ@rﬁeé@t%&@ i@aﬁétﬁbrméﬁ L8 ap@&ﬁﬁbhﬁghﬁ process,
1 NCl O _.achnl eve an co e SV
r%vﬁ tft tJréJOrPealfe% cg?ﬁ %\ﬁeflh%é"ﬁbd? ?ig?euﬁggfll'
emﬁhaﬂ@&cslombmenebe|dfﬁam¢e@e v sevtagebrs pot opdy one
tPgagq;é{‘urﬁO\tug‘gegreg ¥nayS|kpé: §éaﬁt§@é$u '@Hén the

hea transfer is requifed for approprlate exchange at
theadieken ekehpayépsmesi Ade at ke tiesdot yEw o¥hmore loop
et e-dises with falling tenperature, the

circulation in the loop reactor can be conplicated

when WO 2008/ 068064 - 21 - PCT/ EP2007/059110 it is

cool eHet @@ ogesat |desstfidd) eat sugmavake dfodfhereactor has

reaction ener romthe system t hen bly n

HHH@é?rbﬁoﬁﬁsg¥%é_P%l?Esa§éFt?SSQHéﬁce %P@gyar By, Ofle or
tmmm@rﬁégdegdimuﬂuforeaoncentwaxedr@uiﬂhunﬁniaQné, one
chlysrﬁc%élgﬁlggpzﬂ"ators, 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 can, however, advantageously at least largely
be withdrawn from the system in such a way that a yield
maximization can be achieved, since the yield falls
with increasing temperature in the reaction. It 1is
possible in principle to achieve a rapid and
comprehensive removal of the heat of reaction with
appropriate heat exchangers. However, it may |Dbe
advantageous not to cool the mixture too greatly, since
a sufficient heat transfer is required for appropriate
exchange at the heat exchangers. Since the viscosity of
the mixture rises with falling temperature, the

circulation in the loop reactor can be complicated when
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constituents of the reaction mxture at the heat
exchangers. This can further worsen the heat transfer,
which nmay lead to a yield reduction. In addition, 10
excessi ve cooling can have the consequence t hat t he

| BOp2pea¢o6B064annot be charg@l with the RSPEAFRA007/059110
anobunts of reactants, such that the efficiency of the
process nmay suffer. 15 In a further enbodi ment of the
|mVennron00ée§oﬂnmmngrehaﬂyexa&@felebeut tmemovisilr def t g-he

2?%%%}‘#% r%t{?a; CFSom el hgyé’QerH”%afyl hdat BoEEPRLY no

cyanohydri'n can be”introduced into
alppgsr P@o@nsﬂéﬁétor Such a first | oop reactor can
have one or nore 20 heat exchangers one or nDre
punps one .or nore mXxi nts_and one or

g&8 sEFSrALGRs. 'ﬂﬁ?e%ﬁ%é%ﬁﬁi WstF@QﬁﬁrﬁﬁPEﬁspaég the
théadghohhemiktﬁfe|0@@n resadortar s farysadiplation  of

n ab qut Q to _450 nB/h,. preferahly a
rgﬁﬁgg ?uﬁa ®t o° %%ﬁlh “an %ignnoréxgrg er%% Hﬁ% heat
ranghangeabouﬁhZSOdamZ%MKWEHm w¢nseanthe|h§@ﬁ QﬂﬁﬁSfer:

fynt bgr &Qﬁpiﬂgﬂfth wWhi chy; £kl omsatbeiohirsin ! Qition,

reactor, e circulation 8treans are preferably in a
r aRgeseivabotroUag 0ca50 hBYR, thR eFePESEIeRRca ‘f%‘@e the

Oioé? keaéeer@éﬂneedb@eea%%ear efflerhartlmé igpta maangendfnt s
60 to 350 nB/.h. Mor eov referre

t BRp&RECHAR i f rREhcEobeF SR hahgbl§ RFocess

aleut shfter10C, particul ar preference bei ng given to
about 2 to 7C. 35 The acetone cyanohydrin can in
principle be fed into the |loop reactor at any point.
Homeeer furthéms epbedimeagndof othe advernEigabusawiraytion,

thrf%§%m?§é'HB%&Er%%b”@hl%ﬁ%m%g’aEQute%ﬁEEEengﬂié%s,
mxer wth novin arts or 2008/ 068064 - 22 -

P@f/Eﬁ?@O?W@@@TﬁO 19t ZAtEe nift¥el. FheSETePRud &GsFone

| syadyrpbagaousky fed llmtrmﬁdu@@dn Ointdsle acetf@met loop
¥anohédr|n addi ti

SR P BaBAloh k0Rsr  DROR! HedCront grtt, HANES et o, moe

| heptr eachangatrsanyngoiort .mdre pumps, one or more mixing
elements and one or more gas separators. The
circulation streams which pass through the first loop
reactor are, for example, 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 reactor, the circulation streams are
preferably in a vrange of about 40 to 450 m*/h,
preferably in a range of 50 to 400 m’/h and more
preferably 1in 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

element, for example into a mixer with moving parts or
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The ratio of the reactants in the |oop reactor is

controll ed, for exanple, such that an excess of

sul phuric acid is present. The excess of sul phuric

acid can be, based on the nolar ratio of the

ClOnsE008LNE80640 about 1.8: 22 o about 3:PLT/EPREE 70591 10

| oop reactor and about 1.3:1 to about 2:1 in the |ast

| oop reactor. In some cases, it has been found to be
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heat of reaction and a | ower tenperature of the

reaction mxture. This can entail significant yield 20

afivantagess Tife trRapereddi£ntd tihe teactioopmydaurted s is
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have a Sui sensor systemfor controlling t
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advant ageous to neasure the heat transfer in the heat
exghasger casekn tilte Heeatbeeaxchanger so pbentdbygnpagabuer to

cont i nuou and 1.9 adjust h oI f f
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POSSL bl e Loach g?ge ARPTONEd B shhedhd NP pf th@e viscosity

reaction m xtur correspondl ng variation of t he
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% o?f’i%i hbegl ESp%éjélgtr g\r%\p/glrco Oer gegl}g par a %L?HO % )éﬁ phout
115°C.

The heat removal can be 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 may be advantageous to measure the heat
transfer in the heat exchanger or 1in 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 equally 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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5 method is thus to withdraw the gases fornmed in the
reaction fromthe reaction chanber. The gas forned is

mai nl'y carbon nonoxi de. The product withdrawn fromthe

| oop reactor is preferably transferred into a second

| 6op2peace68064n this second2d oop react CTABRR007/059110
reaction 10 m xture conprising sul phuric acid and

nmet hacryl ami de, as has been obtai ned by the reaction
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aguiéhgg o é81§0f£?ﬁ Ehésﬁlrgﬁe&%é r%ea%%%rse%gn%é(¥g%st

reac vant ageously has a eat exchdnger ‘whose
c@@m¢ngﬁfpehﬁorﬁaﬁ@escaﬁulmh%%ﬂﬁlwﬂQMﬂd byeagts with the

aﬁ@ég@ﬁéaéﬁaﬁgﬂ§9£1n3¥§t%Bkm3§uzﬁ%e§c%kQ%%dE#ﬂ%ﬁﬂﬂ@W'The
i s again |n in a suitable m xing el enent,

pPRF ?%%?90$nt% a EP%tlEeﬁFﬁéPn TRE pf¥Qucy s more  1oop

V\téﬁ@ﬁ@ﬁ@ml/ﬁeﬁ@%%é/eggaansegar aheg , 0bwtie; WO mﬁﬁl&@ﬁ@ﬂﬁﬁ:‘lc
P EP 7/.059110 con Ioo reactor and
actduereess: SHodPR O LaBBureIq0oFe Ao EsR A Y

cofiptiet er¢het teacthighuaadantiohtocm the meﬁha¢HWHaﬁaﬁaand
Suir@ﬁngt?ﬁ}i/nghies ﬂéﬁ&r ggley :ﬂﬁglf@v[é‘@d %HChcdlt}?,t gbe least
one mixing element, at least one heat exchanger 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 1loop 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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maxi mum tenperature is attained only for a m nimum
period, for exanple for a tine of about one mnute to
about 30 mnutes, in particular for a tine of about

two to about eight or about three to about five
MAuR@e8/ AR s can in prikd pl e be ef FEQ/EPIA0R T{RHpO110
apparatus for achieving such a tenperature for such a

short (geri od. For exanple, the energy can be supplied
i feeend orhas® | sRACERENNRRA YISATRS 1 teal 2enfe? PRIt e ©of

Sileae 1HeVWeVerabddt i ssedvakby Regsiddee tie Suppkyibhe and
e&g%% by 15 neans of_ el ectromagnetic radi ation, for
e

B e e Y 1A Bt SRaves. I n various cases, it
has been found to be advantageous when the heating

st.ep i,s effected in_a heat .exchanger |

t%gst}éegaét]d?g nut | ﬁraegé;eraark?l%géaneen °%0 2(fu\ligeugglloi Itshat the
whactmumy fEmgfeerahine be spreséntned apndy |East aowinémum
qpooside BorangempAt i s heahs e Jiean! [ MXhUEE o
rapidly to a tenperature of about 140 to 180C._ 25 The
hdaputexzhanbetean be penbifedarf 6prerafple, Ok AOUSnEWO

Of o MEHB L% ISARAT 8L 0L oufcOr £ IBXSEPLS, dhouts POssi Rlitutes.
t o conduct the reaction thﬁéee t hr ou

h a gas
SEpET afor 1Bf PEATCEPLEaRSs $HETGS tl’?uBEYCGPPaFﬁ‘tPﬁe for
f&&tieﬁq@aﬁge?. al ht emseare terov eorf auctxanpkborgageaisd.
components forned during the, reactjon 1 .
féea%%ti ﬁamf#%’uret. 5t Féleggﬁm Icyanposélébl eg"{p%mllrele&gt the °
reacvémnioma Xt uasneict fpya ghscseparht encxabyeroy t by edresam.
t nd; + coll o y ki.h gnall 0 Q
B R e A e
segritat 7L bAIPIF WALt C | SRABSLTIRE i (IT t e bY

anchd ter hict®mress. the second tube coil. The am de
sol ution thus obtainable generally has a WO

2008/ 068064 - 25 - PCT/ EP2007/ 059110 tenperature of
it evahaoud 008€est ypiccaldsy lsedrenfpewad ute bef adlveutt abddus

tq 1800C Th eQ conpo ai.ned, i e

A0 BIS-RS R FOIROUIB OB 0P b opchanger
weltlor teenstage f ort el tisreoss sirganddvever of i fubay dgd 1s
qg¥§ﬂ§@ﬁ§9uﬁréﬁe§gﬂ?y 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 separator
after it leaves the first tube coil in 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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cases when the appropriate gases are conbined in a
transport line in such a way that they are optionally
pressuri zed either continuously or as required, for 10
exanpl e with steam pressure, and can thus be
tWearssd Aded ofasr t her. I n a-f @5t her enbod PREAEPEPOTHE59110
invention, it has been found to be advantageous in
some cases when gaseous 15 products obtained in the
preegerattore off mettacrlydmnd decCi ntyhecgbly se bemperature
fur ther 4 nanspy tg e introduced into the reaction
mxture of the esterification outlined below Such an
i ntroduction can be in principle be effected at any

@Hé“%é§é5J@ §§&§6uﬁﬁ§abb981nbﬁlﬂb ZQEWMMﬂﬁHLQ@féﬁﬂ in
adva eous eci al %g en an esterlflcatlon
n

§ ﬁ*éé% P23 1o 20"y e THE r%guFPFEBer
ﬁngdUHbSJeivéﬁrQ the n=B8acbeonndixttigeoistHe some

Qﬂiﬁﬁ%&

esterificatio mhlc i S ent f T

IS SIu¥EFEn © tﬁgﬁFé§ﬁﬁtlﬁg P égsgou;r3%6%§ﬂ¥s ca%‘ &
e sopidrgurkethe f on exaiplee, waychhathdthevheagmseptionally
&%s%q.\;‘r%.dz oM thigheam ééﬁthflhéflgﬂ%edofnté?s %eaﬁa&egauchfor

ey ensure at | east OCa Xl n of
commmitss ovishsuretermt i MySsTSUlie taﬁ@d cortent $hgye be

fHUHL At LS FRMIRIA Y constant tenperature 30 of the
tank contents or ensure a conbination of two of the

el enents nentioned. Esterification 35 A further step
Qﬁ1t£EfUﬁvBéti@mﬂdﬁlhhathyﬂﬁotysiSn@%ntdﬁhhadﬂylbm&dbeen

I|c cid.and its sub en t cat |
B PR Y CBS A0S BLDRBMETLpes Sl caLioh.
DY cgive tar qhﬂaﬂﬂﬁﬁuxnitﬁ@rPEﬁBﬁpaglgmegﬁ1m@thacrylamlde,

§QPQﬁQ§§QQﬁ?e:%% f&%ﬁ%é?%QQ&AQ&Qﬂ%O aP@ai§Qr0&§85§ into

wever as in nany cases been found
é&vanﬁﬁgé§&§nmh@hxﬁﬁéees?%rﬂ#ﬁta@ﬁ&ﬁr1§1§éFF8PHEBUtFhned

Mellgast shwh saeceassir@danks, kuah ber ﬁxa@s;a:lmmpalewbe
in three or four or nore succgessive tan In th

ALecte % ofhit iYW oPOBEhatt yIFan d8SFeT W%Elh%%d i ois’
tasvavasik or ofnta t hedfansigeéank, of sedeatitally of whamks an

esterification is effected in several tanks, to
introduce the resulting gaseous products into the
reaction mixture of the esterification which is present
in a first tank. The introduction of the resulting
gaseous products can be éonfigured, for example, such
that the gases contacted with steam are introduced into
a tank such that they ensure at least local mixing of
the tank contents or ensure heating of the tank
contents or ensure an essentially constant temperature
of the tank contents or ensure a combination of two of

the elements mentioned.

Esterification

A further step of the invention is the hydrolysis of
methacrylamide to methacrylic acid and its subsequent
esterification to methacrylic esters. This reaction can

be performed in one or more heated, for example steam-
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conprising two or nore tanks. It is frequently

preferred to performa corresponding 10

esterification reaction with a battery of two or nore
tanks. Reference will therefore be nade hereinafter

elel 28PgAP§8ee4t his variant.26m the i nv@fil/gP2007/059110
described here, it is possible, for 15 exanple, to

feed an am de solution as obtainable from the

ahtdbed ontavket | Baweesty i bedhRer éni FESYa CRisest PeegniEound

The tankalanhegteds Rﬁéne%ﬁ@p%%teW£Eﬁc%k§%ﬁlJEh%erformed
am de sol ution supplied generally has an el eyat ed

t BApEttat UERSLT W ex EHFFESE Vet i Tir e PO 1abbdt FAG™RT <

291@!90111& 480&e @@SEBtlh:ab}rym@QIér espeRdisng et @ ke .exint this
ngerature of the ag qutlon f onlthe
r%% ovE

i oft FRISEHEN QboTBETATIHIRIHGE 110 atBETPRRCTg nto
t hiee tanKSpannﬁDCGMEbélusedtamktdﬁa@sbettéryabfomanks

2$ﬂ§ﬁ %§P$§aVIgag€ % gr@agﬁg in principle any

about carbon atons, which may
be |linear or branched saturated or unsaturated,

P th%mf¥éqd€ﬁgf§eﬁ£§fgﬁk88 @d“%bfﬁbﬂﬁtga%@rrégﬁﬁﬁa ing

al kanol s may, |iKew se be used together with
n%%%%m%ue%@eaf@a%e%m“eﬁh 2t RBtESSY¥ &fpelfal Py Mpre

t ¥ asest Qtéﬁéxt‘e’:l{d@n&zlll'rhehéaékoré abso wdhds getbraitdafter
wat e elre is a total water concentration

ek Sl Pk oo SEBLE B Tant about "26% by ver ght - i n
partlcular about 18 to about 35 20% by weight. The

afpu %Lh ?%9' Hekopiaad of laékage' i p6eBipeL! edor
such ota ar ratro o to VD .
m@b@oeno fppd FCTARPIE0HUBFLTR aF kahbR1BRPABotHTOM

Lide 4 410 BROWN 1vb B 89St gestRebedl kRBOE CaAtHE 3 first
dlstrlbuted over the tank ba é;gr suc that. the nol ar
b

re@pe | AREnEARKr 4 MeRGSSh gmpheq WiRR sh6gR- The
ladide angolubidhe suppeqaentgéeaahumy 5habagem, dsethted

on the total de stre tlo

]F?WQ%??%u%%ouf%f 6¥§m5?8 §St§ﬁf ﬁ%ﬁfE%TéE %Eggéoﬂoo to
falbuint ol 8 (EC estegsdntciat i lon rmapflt@pm:rbimd’@f thier esixit
al kanal J. and alskanol Lrom.r ecychi Ngn SRR RE amidation
reaction presented above. An alkanol is also fed to the

tanks, which can be used for the esterification.

Suitable alkanols here are in principle any alkanols
having 1 to about 4 carbon atoms, which may be linear
or branched, saturated or unsaturated, particular
preference being given to methanol. These alkanols may
likewise be wused together with methacrylic esters,

which is the case especially in transesterifications.

The tank is also charged with water, so that there is a

}total water concentration in the tank of about 13 to

about 26% by weight, in particular about 18 to about
20% by weight.

The amount of amide solution and of alkanol 1is

controlled such that a total molar ratio of amide to
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the workup stages and, if required, also of recycling

10 streans of the downstream processes of the

production system The first tank can be charged wth
water in principle such that water is fed to the tank
fWonang/868P6€, 15 provided7that this RER/EPIHE MH9110
i ngredi ents which m ght adversely affect the
esterification reaction or the downstream process
stdgesolForf exaiplte, lddmidertal | abdutwat et - or pistg. The

vai ghnSan ke figd Hostheptapk. JHeweusle chiki Bakickey s&ich

possible to feed a m xture of water and 20 organic

c%h%éuﬁé§3t@oﬂﬁé't%ﬁ?loa§1bbF§Pné%”“ﬁbrreéﬁéﬁﬁlels fbout
the1puridd cabbepn af: 1mat hasd yl e am& gubsaghbaer Wdaetion

est er f d t th
SbSaREea RarE Ghet Tank ote i SFETRAL TopaR Rt ios

Whf h abattxt ure.ob wab elabalmd such. br garl cesdblished. The

CO@OHQES }é\h%ﬂ 2 Q: td €LY, Eil\ga?%orﬁmrﬁg t ng%olm%olé%%d of
ﬁ es erl I catl on rea %
sUb:seahc@ékh@prléd ancéspékaabﬂy friqan mE¢¢MElyIIl§HCS§S“?§m§ of

C@H ' onm{'ugc'smaﬁgéée 3Qqdr ayn J:Qifcful'rr&i vi gpal |y £f rx%@ycllng

eac tank and fed to a purification. However, it has
beeReaBan@li FRONBOVASEESaNo PROCERFER affeohBewmgipduGt ion
aspatémry of two or nore tanks, the gaseous products
fromthe first tank are first fed into the second
reacti on vessel w thout the 35 gaseous conpounds from
thiee f fisbtt arknkberany bed chdirgect |witlo waperi incatdiomwiple
TH, Sy, PR d fers dy, a h

?%%%en?%& ﬁ?g%gévglutf%% og H%g%1?%nktﬁi(%yrg?yts s
rf@e@vn@w b’éh@buhhéﬁa@ﬁéérbiiaéoﬂﬁl ilogrediDtz008yiobs0s4ht

-adSers£GH ERAOH 0%%%109_8@@&9@%@91aapaf@5@§loﬁn cslhe the

case of passage of the gaseous substances fromthe
fAPERSEEPRM | REOGRE sBERRES - t &, FFRTPHAM WSS+ Zed

beete Obﬂedphfﬂnbhazaftlerﬁtca{rﬁl’kb’e ﬂE@ pay thave ab®&en However,
ntraln?d al so entersF%he re n 5 chanber gf t he

sje%oﬁa éﬁﬁwﬁﬁe Pgsﬁr} %Crglx WaSs 85m watér and
faragehion thmpeundsgeﬂeraﬁhﬁ:ﬂ@ﬂmKAcaa$|yobtameed, for

t&?érﬁpiec’, n%.rpegﬂet Opﬁ'fffﬁ@é@%@ln%fapfﬂé{:ﬂgg§ylic acid or
methacrylic esters. In a preferred embodiment of the
'process presented here, the tank is charged at least
partly with a mixture of water and such organic

compounds.

When a battery of two or more tanks is used in the
esterification reaction, the gaseous substances formed,
especially the methacrylic esters, can in principle be
drawn off individually 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
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The second tank arranged downstream of a first tank

10 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 the
fVPsR00BARRSOThe second tankk@nd any f olACHAERE A0AMIeS9110
are |ikew se charged with nethanol. It is preferred
here 15 that the anount of nethanol decreases by at

| dafoandng farmnAtaiie + o lankhebasr?e | PfeaBRsgage ont the

thesphesediipdrahabk. rihg walerr cancepbhrt i 8hol Rhkh@&econd
second tank and in . further %anks ma dbff r. from
4t +9nt Ff&

th
tﬁ%Pkoft?ﬁefP?FSFﬁuﬁghﬁ@ﬁrﬁ?%%n ehee erEhcddnk
ag8d theudhavef been 2hisredhed Theswvapaitexrd othed rieaction

the second tank are renoved.from _the tank an .
e BhSteat ot { RechERt gt 3 & St BAasr ympince
26h¥hefpdre featrertiifarcathemei siperdonemdl W t s ignddtilcemrly
0 re e t

et Pe Ep e e b e L e B s e TRk

and the overflow of the third tank, if appropriate,

i ALO a3QdOUELRKT alke-arthes f UblReE rbaRkso@r @ | £keyt seank
steam heated. The tenperature in_tanks 3 and, . if

JBREBPEFABELY FHES I eF BBI PVAITdSFe P o BBoaL TES0 togK
abedbndHPC. it The \Fappursclescapi ggseoam hestankesarfermed

pass into 35 distillati.on colum hi r ef bloy
b%?n?ﬂ%f%k?%% ?ﬁdﬁrﬁflH&éFﬂrﬁﬁ%mpg?g?ﬂg ¥ EhE87 Phrst
distkl | &fheon seolanth. tEmé  wapoussycohpliseing tanks are
a iCc_m r-e arrlj t ea I j
CERLEPELS TP SLAYelontl oo T UpRiHLifq ere
2ohat pEieERPXOOTE0590 10ethaBOA| KERFPAFSEd Prhatle 4east 10%

t epper ahdkecsl tabeyt HBdd iabosth 1896 bar texamplededing
about 70 to about 90C, when. nethanpl is usgd IQ th% .
dFREX| | BEF oHE RO URHOCERBT S hiPRacPy RE SSFERO} ank and in

seipar Eied hier gaselons nfagr ndf f bart Heedm vapatur of the first

constituents, which I.l__at . hi rte tu Th
h?%%gbo# Fnﬁo F&EFF%%&O.nﬁ%1§£5%§%%§§%%§h15§§Ugh' Bften
hgrde bkyi sobutyric esters and water) are recycled into

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

distillation 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.

The vapours escaping from the tanks are passed into a
distillation column, this preferably being effected in
the 1lower region of the distillation column. The
vapours comprise an azeotropic mixture of carrier

steam, methacrylic esters and alkanol and, depending on
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the first reaction tank. The nmethacrylic ester forned

is drawn off at the top of the colum and cool ed by 10
nmeans of a heat exchanger or a battery of two or nore
heat exchangers. It has been found to be useful in
S@PEe20¢ases8 Wfren the nethacrdf it ester PETIESREGTHPS9110
means of at |east two heat exchangers, in which case

a first heat exchanger with water perforns the
coneerddteined angedb &awsol & ngermpexatewseraf upbopt 60 to

aboyt+ 6Q b0 cabaiy 30G Wi LBoa: Seeond, binser coobed when

heat exchangér undertakes a copling to about to

apRHRanslt, IS pattedt r edim s AR Loolcdumn, the
Cﬁ@@ﬁ@é@&?l@a@s@@rlﬂ§r§€p§€dté§ nafgaerUQ thenc gkvans he
for concentration cont hf nn 20, Howe
i Y2PQUeqGarfryt EB?gFBI 35? h%t fﬁgngFFg@ergFgFes

fnm@edhhghnbamslng aﬂxﬁdumqngﬁ o énlan mewhachedemide,
o) Qang$r t%s 'gndSwQ?é§ mé%efPécyc%ed into

o uf ake cool'Thg by nmeans” o
mnm@rf@@@te¢dﬁ§ﬁh¥¥ch®m§erih@OM@ﬁhQﬁ¥Y}ﬂ%e?ﬁé@raﬁ@rmEd

2p; t hento aehi gve & d U'Eéﬁebfcoé}llé Ngoh¥mABaNRH oéo@I‘ed by
appropri ate brine-cool ed 'heat exchanger. For exa
iTeRme Bfoced e eVERIPHerer BhE2TheHadly| FE° gg%‘etmore

fie e de AN G £80! B€l hast Beegageans t80b@tabefby naa@@me
of a flrgt hggt ex% ger MAthtyater coolin b £
N sBESBnGGn &6 &d1SuBstaitc e aF &° %e ngggga ©
ot i Akeasa sewondcheat eexicdmamees, merehichf geskera first
;g@%ﬁn&%&lgﬂ%gy H?@H%QEFW%@HSQ%' 0! 8be8erBbatEn and

exa gaseous substances can
tmeﬂObélﬁgaﬁS#é#r@ﬁﬂ@¢ﬁ%ﬁ%¥%e9§ré@émﬁr#H% %%OPEEUthéQ

exehBnogr sedbgicondgnsate1Ed hBhe BkicRaneee! eddeReakes a
exchanger is then introduced into the distillate

s‘t“i’%]a%ﬁgv\ﬁpl SRNPE 1 @mkichi HP Yas &diS - sdbsPahtes - tai™ bdTo™

VE%@0@££@58@@éled3@ond££HéE@268ﬂ/Bégiﬁﬁroducbdzaé reflux
further or.sen 0_di sposal._The t hacr t

conde %af%ltm%ﬁw%ﬂﬁ g%@SﬁHLﬁgte?ncoo gao el§ ehie" Eolumn.

gohanger is iheaquablgdpbasabMatep coolledher mgthasrylic

&0 B3l AXAANGELALO & 3% tHann 5

?é¥ pre%erg | y “about & to a out E%éﬁTﬁFs cool i ng e
heat exchangers. In this case, it is 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 substances are
then passed on into a second heat exchanger, where a
further condensation by means of water cooling takes
place. At this point, for example, gaseous substances
can then be transferred into a separate brine-cooled
heat exchanger. The condensate in this brine-cooled
heat exchanger is then introduced into the distillate

stream, while the remaining gaseous substances can be
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step can lead to the nethacrylic ester formed having a
significantly | ower content of formc acid than woul d

be the case without the correspondi ng cooling step.

The cool ed condensate is then transferred to a phase
180sepaB#p6B0ckiere, the orgadPc-phase (MEWER3A(GT/ 059110
ester) 1is separated fromthe aqueous phase. The

aqueous phase which, as well as water, al so have
aucontert o?furtd-reganoc @@mﬁo@sdlespéelal éealmcrylic

f éggﬁkhecoﬂgghggkét ' @Qoﬁnt epPnaBYsEBoRE | NG id £ B Used heat

further as esi red. However, as already descrlbed
aBBeBanPETNEyE bEhepr ¢fastest 1B recyRFer 1 FPRLSA xPar Pifne -

V\@Eagﬁefan%ét)étga%b&ha@l@@ﬁouﬂg? abgﬁgmpél{:@thbg of %Less than
esterification _proce eedi t irst

r éacti oPHHfE2 PEnﬁVéB éﬁé %ﬂ e E§1Fe§0011n9
iateggciﬁrm@xﬂ toThBéemeth&cH?Ehace$tE@ gstreed flaving a
SCru enlnerall er e S ga

aabgBﬁ 18ﬁg%2 |(ﬁ$r n%ggtw% fo-qh g?f Eﬁgn quld

CORprises“a mxture o
obgaithe cespowiddouteshecicainnesgidkaialg qgﬂihngtﬂHQPlr?he

pEngéalecBﬁdgﬁggt%5 fiur t heferas desid.r JAOWRNET .5 | tphase

i S advant ageous econom ¢ reasons to recycle this
aqaﬁéﬁ§t9ﬁas@3$ﬁﬂ<th%t@rﬁﬁéléspéﬁﬁﬁl&ﬁﬁ9§§Q$M%%QnFSter

f§§d%%@a&%teEQWrdﬁ“¥ﬁéeaqu@b@stﬁﬁa&érSHhEaGQuéﬁﬁs phase
Si nce nethacr¥hhc esters have a stéong t enden

pBIYABri A8 VEBlls 3% WRh§T cady atvaRt &Ge5us® %SHQSE% ot
|5rgahen i neohgoesderi f iccatdanldly nevAaenyllic atrdm the

f% tliﬂgglgnp%hfﬁgg¢§? Hgnéhgjgé.ﬁ%pﬁﬁg ??g'%uEE%EQS as

preparing me iC a hacr esters,
peepneedzatiovavelt erst alasagivace stdhehetdeasylitc may be

ngfQErEEtQ%PEﬂdy%f%“@ﬁlé'ﬁ§££ur868§ %atE@NdeN%rganlc
so that local cal mzones can f orm

299@peesés4 bagk -JF@#VEﬁ%ﬁb?ﬁﬁ%@%ﬂilqﬁﬁ%ﬂ?(ﬂﬁﬁ%ﬁﬁss by

| asthnggoyver iatbongepenired betweesn gehkacrylic acid
or nethacrylic ester and a polynerization initiator
can be established, which can subsequently lead to
pmhynEfémGVé@n.ofganic phase 1is fed into a scrubber.

There, the methacrylic ester is scrubbed with
demineralized water. The separated agueous phase which
comprises a mixture of water and organic compounds,
especially alkanol, can in turn in principle be used
further as desired. However, it 1is advantageous for
economic reasons to recycle this agqueous phase back
into the esterification step by feeding it, for

example, into the first tank.

Since methacrylic esters have a strong tendency to
polymerize, it is in many cases advantageous when care
is taken in the esterification of methacrylic acid that

such a polymerization is prevented.

In plants for preparing methacrylic acid or methacrylic
esters, polymerization often takes place when
methacrylic acid or methacrylic ester firstly have a

low flow rate, so that local calm zones can form, in
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In order to prevent such polynerization behaviour, it

may be advant ageous to optim ze the substance flowto
the effect that, firstly, the flowrate of the

met hacrylic ester or of the met hacrylic acid is 10

sWbf ReDBADEGOREgh at substanBlatly al |l poFPUEPIGPTHES110
systemthat the nunber of calmzones is mnimzed.
Furthernore, it may be advantageous to admi x the

swheam gbnnetchacrlytlsrtonacu ever nmet hdend | deasiast Wetween

SM&EF}PEE 1stabi Lizgrs sych that, POkVnRr i zaldiQy- 1S and  a

8 5 suppressed. For this purpose, the streans
i RO M@eﬁiéééé§nprlé@§r3rta§@r & ]@%neﬁﬁaﬁﬁﬂﬁéﬁélf W@éch can

agﬂbé@guéhﬁmysléﬁa|téeF§l§Méﬁlsz@bna m ni mum | evel of
pol ymeri zation takes place in 20 the systemitself. To

this end, the part of the plant 1in particular in
mﬂhcbrﬁh&-mﬁihgeeybhc ankﬂ1opolpmermeahaonykhhaeﬂbem, it

el Btk AL EPresndfiahe Gl 19,8 ahEE" A0 o

sthbi | eZéest 25 hEdr, e»énﬁﬁ@iyat hhs béeﬂWfoqﬁ@etocﬁe the
Vhé@h$f£?1§8ppgﬁt@r Skﬁp'léfertﬁé t%%th%@r?ﬁ Ereac1d is

di st ion colum to the stream of nethacry

eSvEFigiamhlpf hiHer at s:mqmmlely i BLAaP YT f dind-he
t gyBecpdvaidagedidss hamBexf | &sh dﬂ%ezbﬁétss 0f trhitnimized.

pl ant whi ch th yl th t

et pelrred e Hed SbeErabars e ho SdTen AioRtrean
266 mptabetghbiy wdikl aortme‘phaarylem astke meridge aniitable
aBoub; 20,1 0. abollc ] 206y, 35go§ﬁegqtzaeqogf s18b1 11Z8fe1y

inne acry ices some of
congensasedebt ai ned i n the heat exchangers, together
with a suitable stabilizer, is recycled into the top
of the distillation colum such  that the colum to

oRoTt §hilfit BIEOSS s Wit oy ebC WS 2088 F968EFP =S5, Rresented

Pﬁgfgpaaﬂ7hgﬁgﬁiQKﬁQQM§tB@tbﬁmﬂkéh &tahlbtb&dllzers such
nmet hacrylic ester.or

Thrati & S ERID] §Uohe oin PLLGI R ) That oS chitAcS 1
theSsyanehonmsaiﬂheﬂﬁophmé 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
stream of methacrylic ester drawn off there.
Furthermore, it has been found to be advantageous to
flush those parts of the plant in which methacrylic
acid or methacrylic ester 1s <circulated with a
temperature of more than about 20°C, preferably with a
temperature in the range of about 20 to about 120°C,
with a solution of stabilizer in methacrylic ester. For
example, some of the condensate obtained in the heat
exchangers, together with a suitable stabilizer, 1is
recycled into the top of the distillation column such

that the column top, on its interior, 1s sprayed
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the columm, at which there is a risk of polynerization
5 of nethacrylic acid or nethacrylic ester. The heat
exchangers thensel ves may correspondi ngly |ikew se be
charged with a stabilized solution of nmethacrylic acid
oWoneohacp§BPesester in such3a way that BE/EHIACOHES 110
can formhere either. 10 It has al so been found to be
advant ageous in the process presented here when, for
exanptantivie offgasestadudprdesi ngmeahBeRYABAOXI QREEF omOT
pé@&ﬁgiﬂge@f8@€ﬁ§€§y11@3869aa|Eﬁlsfqglkﬁ%ﬁ@?dxﬂy(a&ne in
[

step, are passed through 15 the esterificatjon plant
togebher WAk htideaRP IGRiThi 2GRy CaPhdgds Ih xtlifetr® ©f

0fBe aBAlLRnpURkItf m@ﬁd}p 1Y €1 g CQ”EQ@RdSDf\Mpd:lfyMﬂm:ion
regoved in soljd or I i qui Secondl t.hese

BRI W £C¢ht A BGFH?Cfnh&ccaﬁsB% sentf o Peat
f exthengats| itztairﬁsylvms dmaposmrréabo'ﬁthrrgﬁtyhad:i}yéwcse be
ester o ta| el t b 'n n_ct
e%]iler??l catll on Gand %111 U Cge(%%%% %I?eparl |tél§1tcl jic aCld
tbe methacrylic asitémwbiai aedh & evastibseafuenel yﬂaéélntZOneS

tg lg %8£r§1hﬁé Lregatnept. The esterification results in

ute su phur| c acid as the remaining residual
subst ance, which can |i kewi se be sent to a further

utt! iZad i asdr wﬂflf@@txﬂdont@f bhe gstentagedfisthin the
acid 30 In the E ess present d her e gjhe sCLrJlb' egle

TSP 81 PEERETGPES O S ISR oh Bar*al8bCbe Hied Ggases
connpci & bng wtatﬂ‘bcm pmm:es&dfeor fpomp@réc]dzdlgng processes,

'@éﬂgg‘é{é{ii acid Qh o % % ?éﬁgerares deset hed-ough

€ process el enent I nst ance,
i Bher estepliéicetdda maMackgppEhasi yisgh as%%rﬁle In this

npiPaceyli ¢R8tRIxC@Re bes %‘z‘l@eecd@adlﬁ Opériﬂiéﬂelf:o remove
puril f| cation_ in_order to arrive

pPOBReNAS WRigTy 3T | BSt ITTMAE hROSSOe Ges0sR Ligiid
'f&fﬁlEE@@@ﬁﬂ@§91L®es©Omﬂét¢515e¢té@réhea peacesd point

eIe nt n,
gEcaane segg géagprther 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 1likewise be sent to a further

utilization.

Prepurification of the ester or of the acid

In the process presented here, the subject matter of
the present invention can also be used in connection
with a process for prepurifying methacrylic acid or
methacrylic ester, as described in the process element
which follows. For instance, in principle, crude
methacrylic acid or a crude methacrylic ester can be
subjected to a further purification in order to arrive

at a very pure product. Such a purification which
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be in one stage. However, it has been found to be

advant ageous i n many cases when such a purification

conprises at |least two stages, in which case the low 5

boiling constituents of the product are renoved in a

f WoseOpBEpaBRDBicati on as dessBi bed here . POW/BRAGO BHESL110

crude nethacrylic ester or crude nethacrylic acid is

transferred first into a distillation colum in which

t henbbwneboeki ng foonseirt pevics send leateert cam b qremyaathle,

1BeT0 ﬁh'o%eengta@gge %{é{%é‘ﬁ?t hq%ryhae el &t IFH RNt £50 be
distillation Tol um, case the addition is

perdrf@rl‘ﬁeeeorler hs f@Ade, caﬁeEhéﬂfe&rpersw f2ofPuthg ication

C@bHﬂ?lngedﬁﬂﬂHHb@oﬁﬁ@nbtégQ%atQﬂlWWEfbﬁtéagé toe low-
exagE in such a way that wal | tenperature of

aBBut 118 SN HMFHE 51 26E |t§leaCIH’F%\il removed in a
P8t ikt C lde@uris i qaerifoer el dedetibedu (Iﬁﬁfep.r essutiaisThend,

pressure wi.thin..the colum in th cas S

SERRE SO o o106t QB 600 AL e neud s

ptessaferwedhifirsite towtenm distine ajaism o¢011h¥enaerld Wisich

p#ﬁ%e&g@l OQQQH %Qﬁ i Zzgnc.:lgogaggf‘r caft bteh%én%pv’ed
col'um, the |ng constituents  are

r aoeds |errldpar1th%uparddet rreér@aﬁaeryllfcore%s@arrrpre spet to a

efiheri1aset gne vyt hyln f gmete. chke vapeursdd@€ion is
t hen _25 condensed by nmeans of, one_or nore heat

eREREAFBPS: ForT neej t Hhs HhEenPBEAd ﬁ%lﬁe of the

gaeiumnlntﬂﬁnEccaaaa Botrtsdbm t d spehéarad a wddarhdeasasipn for
ans of _two ter- cool ed h t, -exc

%ﬁ% 'd 1h %‘éﬁﬂgs %% %, % |ls)%(§}gﬂ%%t§lr§ssofblabOUt

t 50 use omlbpusnelRBAE emha«r—geue\md 30Tb|sn splpr)i tcatThen is

][se{fsmeangﬁrd%xaree@ﬁ@é&r ablog oper atek bReaBuver iviifthin

ate to increase the flowrate and in order to
pEoenplure LBr FBEI 6ASEf Odt &hico At pHas &F e aEsFecahput
doynsteeamalt t o Wabgr - cmbeq;ﬁte@éu@(chaﬂgem tae theumn
wat er - cool ed hea% excha gers be brlne 35 cqol e
hoat TR CRaRGePE BOE FELPS 181 §6 Hoserie X8 e atnadt
batt erlyanf two or nore brine-cool ed heat exchangers
downstream In the battery of heat exchangers, the

vapours are condensed, provided wth
At the top of the column, the low-boiling constituents

out

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. For
example, it has been found to be useful in some cases
first to perform a condensation by means of two water-
cooled heat exchangers connected in series. However, it
is equally possible to use only one heat exchanger at
this point. The heat exchangers are preferably operated
in an upright state to increase the flow rate and in
order to prevent the formation of stationary phases.
Connected downstream of the water-cooled heat exchanger
or the water-cooled heat exchangers may be a brine-
cooled heat exchanger, but it 1is also possible to
connect a battery of two or more brine-cooled heat
exchangers downstream. In the |Dbattery of heat

exchangers, the vapours are condensed, provided with
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WD 2008/ 068064 - 34 - PCT/ EP2007/059110 stabilizer

and, for exanple, fed to a phase separator. Since the
vapours nmay al so contain water, any aqueous phase

whi ch occurs is disposed of or sent to a further

ufiol 224BI/6680A" exanpl e of -~a3possi bl e fuPEREEPBE007/055110
utilization is recycling into an esterification

reaction, for exanple into an esterification reaction
asthbd lbeer dexbhrifsad eavelel nfefi §ocas@hadtre RRIAISOT -

pRasec S HY efgpaRly M 1ed iotecihe fhest, any agueous

gevd
esterification tank. 18 The renpved organi c phase i5s
f eHage MEAIGHX GBS Hes t pSPoFed hel coFumentsdife df fRder

opganieaphase camni n dmphe uwsed ko speayibhe topsrther
of the hgat exchangers and, t he .%@p of the col um..
SPhd&IEREPBoVET orgEic Pifhse 5% 180 phal¥E Gt tHeation

hasabeepnadnicxxedewathlst abitld zen, dsters fitdats qposisedxttei on

FLEstly 4o &f f&&é«%#ﬂé’d PLSYSD! ;Hethfi%r 'E&f%é on 9l CalBous
zones. “Secondl y, e presence of the “stabil'izer
brhags abdst f preferaddppr essianelefd t heinto  the  first

pakypericzation,t endency of the vapours renoved. 20 The
condensate stream obtained fromthe heat exchangers

is additionally preferably adm xed with dem neralized

weher refosdah oggeay ct ok seufifs deantassapariatt nch@Ctdan top
ca bg ach&ﬁyed in thepr?%§ separ.ator,. 25 The gaseous b
COpBRASORRTEN PERE R iartEr TREL Comirendeh Tt THa be
heatdexchangery bab¢ etpprayl threfkeabl pxbhamgans efnd the
s J or re - Rre rs, :

Séggg%?egﬁ D13%n. %H%%% g%e %%%&ﬁmﬁﬁﬂ%%ﬁ%§1§ e is a

once again to a 30 condensationm by neans of
onkage mitech ubeRerberat adaviaegngeish |atafus pesn it is

feHpd todaeiadwantagequs, f ofo e@@@e&gvé@?sorgﬁfe%@ﬁ the
such a postcagndensati on condenses. not_only the

ghSEBBE L ehbefarcdd 1A WRT heSSHPRPUY | f FRGt PERSSREGR ©of the
exaapleizet i Brpagsi bheoto feedtBdrf usiheregabeousof the

SUBPYA0EeSat 0081 E0n8RO5! SENERDSLL M s 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,
preferably by means of steam ejectors as reduced-
pressure generators, be subjected once again to a
condensation by means of one or more further heat
exchangers. It has been found to be advantageous for
economic reasons when such a postcondensation condenses
not only the gaseous substances from the
prepurification. For example, it 1is possible to feed
further gaseous substances to such a postcondensation,
as obtained from the main purification of methacrylic
esters. The advantage of such a procedure lies, for

example, in transferring such a proportion of
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as obtained fromthe main purification of nmethacrylic
esters. The advantage of such a procedure lies, for
exanple, in transferring such a proportion of WO

2008/ 068064 - 35 - PCT/ EP2007/059110 nethacrylic
e¥0eR0OA/ 6A8NAS not been condensed in t RETARRAN07/059110
purification stage once nore via the phase separator
into the purification colum in the prepurification.

| nefbathusiensuwted, Worclexhapl eott Haerb aondgiaedatinorthe
oﬁaXhelgugﬂ@lkg%goﬁla%%dﬁgj'Bﬂﬁ@unho£933@§a0fthe phase
nmet hacrylic esters occur.” Moreover, the suitab
sefee¥RbAr of IMeC deditgh aRYTthd CapéPat i ofCHRMMt helfe  the

fép@hh@@&t%ﬁham@erﬁs alhonseh Bere@pesit |e§t@1m@f1e t hghat

as | eaving these heat .exchangers, eci al
tH eqﬂadh%f%]rﬁatdforl‘-owfbow@flé ct“’i‘Pb% ugiga_e cfz\ﬁl%g"il&lmum
thesteedi 6g oﬁemﬁhetyﬂmcthespbeﬁurbbbmatiomaﬁbovbhe the
neth Lic er seqntent,
Eb P R afrlRoRaem RE CRECAERAbRor Sl To% BBFFFRECTS Of
conss¢t Gentseirnhehe exudengethybl&ewhachylamsmawetahn of
Cafle "I LONT 1 BUGYRLY L O B! O RERYSALLLN Soddoially
@% vantageou I scharge sonme o
f et%omfﬁléts‘?%t%Wola@lbqfr%het@y%?eﬂfﬁj‘ﬁ?‘é?@rabIy
continuously. This discharge can in principle be
ef f ect ed, for 0 exanpl in an . order of magnitude.in
G ERE b oo & Er L BB0OF heCs ey afh e peebatl £1688idh of

ptlepur mbthatrghicThesagueousphaseatsepacahedndut ihn the

t e at t ypj cal t
i SR e R e Rt B B Fow-poiling
vt Bigeduss t anf edte t Rirsdpateatitg an¢oharoyldiepoyarall

205 0} £8e UL L ¥§§0£E1§ COnt 8Pkl car g%kf%n%li B3tances. may
For exanple, it may advant ageous when water t hus

defit afv ARt edeRiEh tor g%PrﬁCchasliﬂ%t SAEes Ofs g watehefed to
CEHDUSY EPBmC Barbesr itha Sytpdul i pracedabl gavage i3ously.

th di bl ti1t t
S © I LoUATT® oo Bt | 17 bBEarFiPaey B | BECEChERy) y FOT

lexaodid | ol an posdebl yfexpgnstudedispebakhofvatke is fed

g?%g%heg§g%§%%hfﬁegh$ﬁb?egﬁgﬁgkgaﬁygﬁta%ﬁgsa%ﬁegngsphase
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
contaminated with organic substances is fed to the
combustion chamber in a sulphuric acid c¢leavage
process. Owing to the oxidizable constituents, its
calorific value can still be utilized at least partly.
In addition, a possibly expensive disposal of the water
contaminated with organic substances is thus often

avoided.



10

15

20

25

30

35

35 WD 2008/ 068064 - 36 - PCT/EP2007/059110 Main
purification of the nethacrylic ester For the main
purification of the nethacrylic ester, the crude
prepurified nmethacrylic ester is subjected to

alot RepsdpsBPFtati on. This fikes the crﬁﬁ?ﬁﬁﬁ%ﬁ%ﬁéﬂﬁ%ﬂlo
ester of its high-boiling constituents with the aid of

a distillation colum to obtain a pure nethacrylic

eMeen, pTifhratead Ofheherm@ehﬁerﬁgéeveseeﬁster is
introduced into the |ower half of a distillation 10
colum, in a manner. known to _those skilled_in the art

TReT dFBei MRrAR| BHEdS1GRALEENC .nt&E METPRE T dr e S56Rd 1t She
apyudesigrepht Chi @éppeartshdariie suiekakie 19 tm@pected to

skil]led in.the_art. t has een f t
TShaHOSR: AdEbad Tk iRhny HHshetTerS s RS oo e P vLac
resueti ng pm@dmmgthﬂlhﬂng(hqm$¢iEM¢mﬂsc®iuhnths aid of
oper e.pac whi c r

B o S TS R By P o BB i T b R ry L
Feesery, ivusﬁhuﬁkeenﬁ t Hehot varuds nBSthreRBHLIChrovghr 18

antE@&ﬂ@é&ylhﬁt§St€Be alBM@k”“%thVebefasofﬁ@ﬂfﬂiatlon
‘dead spaces” should formin the co

sPRtesn: | B 02 t BARANEHNPAP YL Vel 9@%‘%981‘1‘1@?%%}% ‘?]i‘?reaB‘F

the nethacrylic esters, which pronotes their 25

p rization. This.in turn | eads L9 expen
pf%%U§%F§652ﬁ8688wﬁ§1§ﬂﬁ-Cfean.ngpr% ?ﬁ%ggp%r%%FSg?nd to
panirs deotded wiidh papperrs Ofeo waie ofswidiaitler | i t Kéose
%?ﬂé&” 1@ ggad, space v\)e%’erbm:[‘t b}A adegeen afwhm 8o be
crent operating node of the colums, to always 30
|@éﬂanh@9¢weh S UTIRE| ePRSRFOURRY ofthe quRHEitsh %t the

cpashapind| ushbagcef waencokﬁenSdaeelq&QQQb@IIwoammhhels
col um |ntern | s such as acklngs i,.s achi.ey

PREANERS (HE TooPifince Tay i apadbIPeRs Bi < wRccregRend
desp goetind o¢ 1§ heo spraytf ol of it ereghimemémnt r nal s on.

35 In addition, the colum internals may be connected

to one another or to the colum via interrupted

adhest by, FeansliBachnadhesipohesedimelsavéoared ¢agough by

a&@Hﬁagrylic ester, a minimum level of so-called “dead

spaces” ghould 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 expenéive
production shutdowns and cleaning of the appropriate
parts blocked with polymer. One way of countering the
formation of dead spaces 1is, both by design and by a
sufficient operating mode of the columns, to always
load them with a sufficient amount of liquid, so that
constant flushing of the columns and especially of the
column internals such as packings 1is achieved. For
instance, the columns may spray devices out, which are
designed for the spraying of the column internals on.
In addition, the column internals may be connected to
one another or to the column via interrupted adhesion
seams. Such adhesion seams have at least about 2,

preferably at least about 5 and more preferably at
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preferably at |east about 5 and nore preferably at WO
2008/ 068064 - 37 - PCT/ E22007/ 059110 |east about 10
interruptions for 1 mof adhesion seam |ength. The

l ength of these interruptions may be sel ected such

tHat 20ABYOABRE4Up at | east- abbut 10% FIEHEEANOY /R59110
| east about 20% and nore preferably at 5 | east about

50% but generally not nore than 95% of the _adhesion
stapptenfont Arfbt heterespyioneasore Indy ok pARESIPR seam

tbsngeher N@he r@ghgeﬁ of £t h%h@%éunﬂnt%%%@*tabﬁé these be
cone I n

contact with the nethacr
e§?é?§?e@e§%“¥haﬁh%506iE%@@?aﬁ?eﬂg¥aﬁFy1F€§§¥tﬁ%ﬂut 10%
iﬁdfeﬁ%%@nﬁtml@a@t ebewvakl y204 esadt hﬁj’reabptléféﬁ%bff at
sur spe internals, J-yn
??f%n?g § é%gnﬁ¥8er?ﬁiy LPGLTRA EH2Bpér ¥ Rifo The
t héhenieni seawnfléhgtibol um may be 15 confi gured
conically or with oblique surfaces. Another neasure

may consist in keeping the amount of liquid
nenhbbey| idesdstrer MpREYEAL MaY t he cdralim Bt tBRe adNitewnal

a§e§95§gb&§ dyci pg1tie, oegf;at:hgmgf tm%ec%%a, -3 into
second é reventln over eatlng thi.,s amount in

20CRpRE &fl%d’é]il%té“g“é'ﬁﬁé’ﬁféﬂfr €8 ‘é‘ﬁﬁstarl&és than  about
gyaggrpfe@@raﬁyyf a@gs dnahngbb’ae eﬁapalhﬁt mofre btrelf&y:ably

advant Xt t t the annunt

T56Fd TR haost LR EOE ﬁ’ak%‘érga‘:eﬁ 't e 1?r@:a“"’lollo§f ot
aboltmd. intteritlhsndrupr éfcar:aztdrytdtﬂqut Fotro ammxex h&he
toLabs ARUD QLeASiHELNBALY thEBILET olh chle BN nay be

e neasures p opose I'n this paragraph may al so
usenfhoehed dreRitFRALYO®T ofithet Patighecsaefacern fROther

QﬂéééuféthﬁﬁrOéohgfsﬂehhﬁckébpﬁngsﬁﬁk; bh&uhtgh1E3Q1qu1d
boiljng conpstituents are separatgd fr gﬂg ct b
dneERRFEY T bR, SPESEhIRE SRR the & Fuﬁﬁ q%?%e%?eﬁow
Whé h MleTheubohgomHeenppéahuﬁeni sofpr eher al yumbputand
50 to out, in particul a %pu ?é%
W THC Y f@hb%r%Yu?el% Iegg%Fﬁ%g bo%% %Eg %@Z in
nepet¢ alofobnadaedten tdwpeostumesdhoandm large evaporation
surfaces during the evaporation. It may be advantageous
in this context that the amount of liquid 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
50 to about 80°C, in particular about 60 to about 75°C,

with wall temperature of less than about 120°C.

The material obtained in the column Dbottom is
preferably removed continuously and cooled by means of

a heat exchanger or a Dbattery of several heat
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preferably renoved continuously and cool ed by neans of

a heat exchanger or a battery of several heat WO

2008/ 068064 - 38 - PCT/ EP2007/ 059110 exchangers to a
tenperature in a range of about 40 to about 80C,

pief 8P8BY968B6At 40 to about380C and morRCT AR a5 110
in a range of about 50 to 60C. 5 This material, which
conpri ses predom nantly nethacrylic ester,
h§a¢biyggéﬁuﬁpwq:%@m@¢raﬁ@rﬁaénywi@anﬁﬁcp%nabout 40 to

ShaBuLi é@roccowa%l sawrtseweeél ¥boMt a6d o cSkRagRre

vessel for exanpl e sed of or sent to anot her

uBgeiprahdy hBed F@Bﬁ@ Pg BQOHHvﬁﬂtBQeéﬁs fn 10 many

cases when the material obtained in the colum bottom
recycled into . the esterification reaction

eigﬁﬁle AESHhtdrial YoMt he COIRm Bo ttcnﬁredémlnantly
rmeyhheﬂyﬂmtoesherflmsﬁreswespbu¢atu@naanar Thithacrylic

g IS m t, a.,
o
yBepdager eieftdalel y fhirgrexmipiag éé@]@@@ﬁds e§é‘nts$1ﬁt to

t BRoERL UMY s Ot oM zar %é@r?)@b@ﬁ’d' P }Sel.neadvantageous in
esterification_ reaction. he top % e colum,

t RBRHetIRRGS | WReBst &he 2@aﬁﬁr‘f.11a.1eoofb’§/aaﬁl% i fat Fion jcolumn
wbbbgeawt andeegelled byntdeahs oésBeheficextbangeacrion.

a batter f t nor e at._exchan ers., The he { of.
eﬁ%%[}g c’a\rqvgBS FEREvet’ @ vt mantglq%f TSP e 1S
heatyeke&amgéostbe ﬁyr$Eaﬁst@tlfbcaﬁe@@o@b@ﬁ h&&tis gives

ei‘?.% Q%éet‘ﬂr bé(a{?gﬁ‘c“%%é? Stfj}}a?{’ coaRinati o of the é\AQrery

oun I N SONe cases.mhen th
v@@@u@@mabwt helabsei | ToEheoR afumh are r gHser rYé@ 1d,

| PEDat WO Of HQAFE];E B@aﬂ1§§066ﬁ9©{1§ds09&€§éh@d inNthe column
parallel, whic

t ed
c]a%‘Fngs Fhe ﬁ%%ﬂﬁ%ﬁsé%g?re%\%% %%Egﬂ?%hﬁ%ﬁg%oreactwn

wat er - cool ed heat exchangers can, for exanple be

|BLrofyced bpt o g bLige cagled heql oxGhaaR A corer

tery of nore brine- céol exc
whiichf nayg ﬁafadnahgédatnoserl%swmmhdramwaahél<3IM§K1 by

cpadeasakes, qhtal né‘:Q\JI:]F om Lhe, th’Jtt’é&%ﬁ%‘Qeﬁﬁoabﬁ e
i ntroduced into a |ng vessel and“sent to a

heat exchangers. The heat of the wvapours can be removed
by means of water-cooled heat 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,
which may be arranged in series or in parallel. The
condensates obtainable from the heat exchangers are
introduced into a collecting wvessel and sent to a
buffer vessel by means of a pump via a further heat
exchanger or a battery of two or more further heat

exchangers. The condensate stream is cooled, for
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buffer vessel by nmeans of a punp via a further heat
exchanger or a battery of two or nore further heat
exchangers. The condensate streamis cool ed, for WO
2008/ 068064 - 39 - PCT/ EP2007/ 059110 exanple by

MEaN L 06 /A EBAttery of one or3Pwe wat er - REBI BeR MEaf059110
exchangers and one or two brine-cool ed heat

exchangers down to a tenperature in a range of about O

t exabpue 20 peeher abf yaallmittexryt cohboue 16C &g Wrter-

MRLe 1RGE R %b|e¥<dh%1 e&%nga%d)for?eb% Zd brlfe-Ffboled heat

part-streamis wthdrawn fromthe condensate stream
afdchangegycIdewn it & heCEPSFRF1EEi &R eolr@mecviof taReut 0

tep ofpdie Q@|°U:fm pﬁaﬁeﬁmﬁ;na@batst@ eam caole hedcllang
into the tog gﬁ col um |n £PI nC|pIe in ﬁa way,

f BPZeeRIREFEGTY dfstr FBUESr 5T ABRATOP, tPt 1hay - be
advantageous when a portion of the condensate stream

Ii fe%.%EC)the ya o llne qg%y EHS ;%%d% % stream

Pl & s SO pre erre
thaﬁ th$sr¢5YtéedlngﬂaisbhentiMﬁnyii§tsKabl¢®k@mn|Nﬂ@- the

thent opr of pkhe mopA fé’éﬂc{i@ﬂsé’t&!t =shbeam &Int Re feq

congensate I nt end for recycling into the col um
caRLtof heekalplod, t@@ BodiERed D BF GIFIRIR 61 R atr for

| eRambetor evii gt r odust +9BuBBEsbe |Hb\K7@dé|§¢d ditectihdyy be
i nto the togéof the colum. Here EHpreferred

t RAVAPHPECPESAIRED At POFEeE & ataﬁ dzOé} § e is
otetihemtal whe <Fapount dddaectabave it tbpe bdp tdfe tdrelumn,

ﬁe TS 1%9(#3 e <{ O exﬁ?ﬁkg’ aFgoz?Jr%lf%l}r%d atchfj\{]hls

or e co i'S sgraye
tlﬁeed@néeﬁéape :@u@ﬂr@dms - adad i zonesnteahhtoicwpi 9t the
thgi,@R . of the colum at which the nethacrylic ester
can polynerize. It may additionally be advantageous
to add a stabilizer for preventing 30 polynerization
tp srcairdensghecpatireatr e wheChedisdden€oye| edtienAtied for

e solum, JThLs ean 05, A ol ot OBl DY 20l o
sbébi lirtey thet heapowndérsat ebphote stimgamduritarmdedahdr be
SE£@¥EHQC8& %ﬂ%ééﬁiy into the top of the column. Here
too, it 1s 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 is
recycled into the column. This can be done, for
example, by adding an appropriate amount of
poiymerization inhibitor as stabilizer to the
condensate part-stream intended for spraying of the top
of the column. It has been found to be advantageous in
some cases when the condensate part-stream, after the
addition of the stabilizer but before entry into the

top of the column, passes through a suitable mixing
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35 of the colum. It has been found to be advant ageous
in sone cases when the condensate part-stream after

the addition of the stabilizer but before entry into

the top of the colum, passes through a suitable

MR 2190 8P 908 068064 - 40- -4PCT/ EP2007/RS5YER007/059110
apparatus, preferably a static mxer, in order to

achi eve very uniformdistribution of the stabilizer in

tdepaondensaterpeeralsiy eam FaAtiec uncotkiensdlyl e order  to
02SEPUSe SYBSLANCES W Gt ALS 1ARRINEed: tRel BBabilizer in
purification process are, for exanple, sent to
d@%%o%%?deq%%t%rﬁﬂ%tp?%ﬁ%%@ present in the buffer

vessel is kept 10 with the aid of a brlne cool er at a
%? eratur of bout 0 to abg g 20C, rably g
or %%%%? 98P LR d9ABr_pr 8PEP BP§an lF nageo %the
ahouth2 twrli@Gcaltncor derotess eapee doy faxdmele, sent to
$$ ur |fs fromthe 15 product and to arrive at

u r%pure nmet hacryl ates, the product can al so be
subjected to an absorptive purification stage. It has

bﬂ%@ £ouad gQOQSCHS%E%%en 0511Qﬁﬁgp$§ff¥@e0egggﬁg§%ekept

product _as or at least_ a portion of t pur e
prdfucthe sapidr iofi el fRFAMer CRPLRT202 T he afRfrature of
nab el (iiilftélf E¥But P@Mg??b@ét%réﬁlﬁl &bolLBpoYr itbi @®out 15°C
especially Ci orned in r epar at

SRl S B o Ry o e TS o
the product strean1 It has additionally been found to

u%&%@ IEO u&@ﬁeEIOQM rg 1§érqﬂﬁh1 the
ot R Y o BT

er passi ng t Sor pt lve urification
Dg@uct| gadpme@rrh*r@ugﬁ OHE RO emethaeey satas, the

%ﬂ%ué@ regRve A, sobé dSsz%é%EEd' n ﬂche aﬁr oduebrp3Q ve
he streans obtained in the work

R Rt Y A YRerfzabre E%ﬁaoéﬂagd Fﬁ B?délrsetfb‘l'a§°r

adstaashye degiesh bede npue:et baddaree d9 4 hilsolextorpeaeverktst
the formatio

it has_b d
AR b e | e e EheRtaRueke BRoREEEtaederipuhRord t
3Ihd omiherf he partleaflatrhe sgleanat. Wiheglt icoderilyt oacidic
%%%ﬁyﬁties, especially formic acid formed i1in 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
the formation of calm zones, it has been found tc be
advantageous in the case of the process described here
too when the parts of the plant which come into contact
with methacrylic ester are constantly flowed over with
methacrylic ester. In a further embodiment of the

process presented here, a part-stream of methacrylic
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with nethacrylic ester are constantly flowed over with
nmet hacrylic ester. In a further enbodi nent of the
process presented here, a part-stream of methacrylic

WD 2008/ 068064 - 41 - PCT/ EP2007/ 059110 ester is
therz6 08 Loas 0 éir awn downst+ edim of t he bUHTHB/EPALSIISI59110
but upstream of the adsorptive purification stage in
order to be flushed over the top regions of those

hest e 2x d sangers: e hwi akérapnt ldewagowes: & stbambng fer
f e disti j cQ Ov it ha :
f%%%lé?o k%géadl\}g%%égjge}%uséﬁjnmtt e ea{:cc?;érfjtré‘oxetltvoéf1 ?ﬁ}eﬁﬂcatlon
pFleaeat innwgddwontoahbe thiargwmbi aderokhepftop regions of

Fﬁﬁﬁ%@ifhggEiO%x%ﬂgngﬁE% puHfdicati re i sygonthgur @@pours
10 1n such_a way thaf the prepurifjcation renoves
stibetBHe sE WP chh st bl | dbkr™ beP + Ry poi nt than the

al kyl methacrylate and these substances are then

conde db cool i ng, leaving uncondensed residue.
éﬁﬁﬁ%ﬁ esl¥nhﬁ% %ﬁgnggg se? %ﬁe Y%%ﬁﬁﬁ YZatFofhe
remmvest solistdrcesrabént  ihaeatdoni gitesn bohei mgpmpdinet ion
Lhan 108,81 KYLaciBhaY | Al WhiEhe | Sacondensed it igured
cool Tng, eavi ng uncondensed Tesidue substances I n

tie gash 20wghaseat and uncondensed gaseous resi due

subst ancesp LYt Beca Pl BRUNIIRALY o sEh EOHNFRASRD have
gaseous residue  suybstances fromthe ma urificatiaqn
ar e §%b}%ﬁ?édbPéléngoﬁﬁHﬁ“bd%Q%%nHEﬁséhggﬁ.“f§hﬁcry ate

condeg@@de ehtaknedusisdicded capgon tPast coadrdsasédn by
can advant ageous| be subjected tqQ a phase separati s
nhi ch SO 1 m AR G o e p e e s PSR Tare, i Bk in

e and an orSanlc
In thisheasss phmsaqueous phase can, for exanple, be

30 1 e.c%'l‘fé eqnaclqppgﬁireﬂ%i@iti%{_t | e d R dd® substances  which
esterification, dr the organic phase can be recycled
conpl et&¥§ o péﬁﬂh?ri|h9§iﬂﬂ9rnRﬁﬁﬁﬁfi%%@Fothér alkyl
bot h. Jdenf¥-0ducte obtaiiped over aldoridenisee pusyfi eabilamg,
stage leaving uncondensed residue substances in the gas
phase, and
- uncondensed gaseous residue substances from the
prepurification and uncondensed gaseous residue
substances from the main purification are

subjected to a common postcondensation.

A condensate obtained in such a common postcondensation
can advantageously be subjected to a phase separation,
which can form an aqueous phase and an organic phase.
In this case, the aqueous phase can, for example, be
recycled completely or partly to the esterification, or
the organic phase can be recycled completely or partly

into the prepurification, oxr both.

The product obtained overall in the purification stage
is subsequently withdrawn from the purification stage
with a temperature in a range of about -5 to about
20°C, preferably about 0 to about 15°C and more
preferably in a range of about 2 to 10°C.
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stage wth a tenperature in a range of about -5 to

about 20C, preferably about 0 to about 15C and nore
preferably in a range of about 2 to 10C. WO
2(08L06806430642 - PCT/ EP2007£059110 StpippErPgo®f/dhe110
spent acid In the process presented here, it may be

advi sable, for 5 exanple, in a further process

el enent, to subject the spent sul phuric acid obtained

in, the rocess 19 a__ rifiication in order to
s§E§é8§§ﬁ§+$—+6§§eﬁ8—8§—88é§ into the process. In

this case, for exanple, a stream conprising spent

Sﬁhp@ﬂ ! r@%%gs %%e%%%t%%.?@&@ n%%:w%grﬂgnAJvﬁsable, for
esterification, be contacteéd wi th‘steam i

f pseapilen vessel| fupshehi priosegenelegtenteastosewpigct the

tBﬁeﬁE' | 91 pResent Lars beweposid ed onchhe %%Eege ofo a
t he qui d,” and t hese dep05|ted solids can

sEBEF-gtl@atlBHt InTHRYSRbHoGPs St %&E&%nt??%%ﬁdéﬁse@ac}{
lmnaohealte J;S:@@émngeﬁ ctphief er=ade) )y fbt hewatplecoal Isftgream
cool ed. and rec cl ed i.nto t.he est rification eact

| FONRE L BARH f%% t & e &nt 36% us 3 $6he %
wheom tberestem1fscptewentean|beth@nheame@kwhaﬁg@meam in
agdfﬁ%uat%gnpqg##ﬂﬂ.aQ& OEhHE ngéﬂ%rgafg{tﬁgasgysgme of

i nt roduci n a mxture o ter an nic conpo
a‘éhebtssmlﬁée Wesﬁ?mb%@ﬂgbﬁn e sddmcs oBf the surface of

egheriifGaki ogninthbee BUpPSi¢al @ 1alast ke asdpd ddted

ester epared, into the heat exchangers in uch

waytt hé“g‘et H’ealt%ﬁ%g of L EhEVPS SRERT LY t‘r’gﬁb‘ger%s%ff 3 heat
sgrayedgei-| h drid femalityr @i thn watdsl t ico ltiod, hecooled and
CoLrosion-t C C n_an ing of the acid

i n“The % Sg§c%§%g§?£e¥ﬁflcgtro%eﬁ%ggtﬁag a further
advantage Mat erial which stems fromthe

e§£eﬁa§'B@éFO@ohﬂdnE5t %ea%RaWQEQEEQle%Qsome cases when

predontnant hanol IS rec Into
eSPEFPFicat |1§n ireees < d odjet ﬁéﬁ wiaat t pechereaeryppe the

agbd1 ang %ﬂ&ﬁ{ yhisC esbesved enimthdd opvexagtiydtbisy a
prpcess. the stri t he above-de crlbed
DR TS O L MAEFTs AR GaTRO U s oPEgEPtAiPEE BY

tdetrtbbing in the course of the esterification in the

talned

purification of the methacrylic ester prepared, into
the heat exchangers in such a way that the tops of the
heat exchangers are sprayed with this mixture. 1In
addition to the corrosion-reducing action and the
cooling of the acid in the heat exchanger, this
procedure has a further advantage. Material which stems
from the esterification (a mixture of water and
predominantly methanol) is recycled into the
esterification process together with the methacrylic
acid and methacrylic ester stemming from exactly this
process. In the stripper, the above-described flotation
affords mixtures of acid and solids. After their
removal, these are sent to any further use or to
disposal. It is possible, for example, to incinerate
the resulting mixture in a cleavage plant and hence to

obtain sulphuric acid again to recover some of the
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35 renoval, these are sent to any further use or to
disposal. It is possible, for exanple, to incinerate

the resulting mxture in a cl eavage plant and hence to
obtai n sul phuric acid again to recover sone of the WO
2008206806480643 - PCT/ EP200%2 059110 erRGBERBEI 41GF9110
the process. The uncondensabl e gaseous conpounds
obtained in the stripping are sent to any further use
oengigposeddoin shFhprefafe.-descri bed here for

renoving solids fromthe spent acid and for recycling
material fromthe esterification process into exactly

t e prieederzallal SHIRCer COMRSYRdeor OBk ahpre, in the
t wk eephongr gasosenef td0agperattnaal usel babil kpysefobf .
instance, the two or nore flotation vessels can be

used offset in tinme. Since solids can settle out in
theseplesnseld:santibesd hdvantfage atsndw neemswkidbefratierthe
t rticuylar ot on ve (P ' u 1
TREe B Lo G A | oROFur (T s et Bof Hor us g rop T
tﬁ@temaf hasgtydnc mCdESﬁbt antigbl exayt the thriscessocess can

ageor diag ﬂbé’rféﬁﬁec‘inv%@x‘ oL Ofp 0L, t hG bRt h@ﬁykégsons of
est er obt ai nabl é rocess according to the

| PReRRF AR F?%F—é llzéyn IFRE, ToHtdgy, Weel §WRgor more
Cf’l@tﬁ§tibﬂn37|esf§él|§jl agfﬁi b@aia@emakwgsﬁ:ux:l:ﬂ ati®s, Since
r auxiliari occul.ants ,and drillin . .
atfdrtfves “2fhn agd‘?ﬁqisj]eon °Yhe 1fredett>q nv%%??%ﬂ t el afes 18
tadVabt&§eoﬁS|W$o(HﬂﬁmGMB them(MWnﬁmonpbs|Upar;icular
5 | eat her

aUXI€%Q?§%SQQ$$%22%% é %%géédrl%Flng addi ti ves which
are based on a nethacryllc aci d obt ai nabl e by the

PFIOL €58 8EROT @IhognEQoﬁheurtaé%n&bgateg omRhRagIM IF the
ester” obtaj nabl e Eﬁocess accordln% to the

TFRT O B02GE8 SR CHBRL FoRd el PrRGR e 2ccording £o

| theisinaértiby wayosf thexarphaccwyllicr ekerenedtizdnable by
rgggin1tin Sdravmn s.. The

proc according  to the invention in fibres,
films, coatings, wmoulding compositions, mouldings,
papermaking auxiliaries, leather auxiliaries,

flocculants and drilling additives. In addition, the
present invention relates to fibres, films, coatings,
moulding compositions, mouldings, papermaking
auxiliaries, leather auxiliaries, flocculants and
drilling additives which are based on a methacrylic
acid obtainable by the process according to the
invention oxr a methacrylic ester obtainable by the

process according to the invention.

The aforementioned will now be illustrated by way of
example with reference to nonlimiting drawings. The

drawings show:

Fig. 1: an apparatus for preparing and processing
methacrylic acid or methyl methacrylate,
Fig. 2: a schematic of a plant for preparing acetone

cyanohydrin,
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draw ngs show. 35 Fig. 1: an apparatus for preparing
and processing nethacrylic acid or nethyl

met hacrylate, Fig. 2: a schematic of a plant for

prepari ng acetone cyanohydrin, W) 2008/ 068064 - 44 -
P@Q/E@Q@gvﬁégéilo Fig. 3:- a&%chenatlc(ﬁcﬁ¥3ﬁﬁqgﬂf059llo
pl ant for acetone cyanohydrin, Fig. 4. a schematic of

an am dation plant, Fig. 5: a schematic of an
eEigri B cat i ephohahic S ¢ GYOBKERhaédlte dfol pcatone

for prepugygﬁbﬁgdfpﬁ ester, Fig. 7: the fine
purification ﬁ%ant for _the est 1 shows the

pFe¥erf ed® ePEReHEs10fOh %?aﬂ?lgﬁgf%ﬂ1ﬁlaﬁ6 f or

ng@arSnganaéh@mayiccOﬂcaﬂ @ﬁtﬁfihﬁ@ﬁyioﬁ Bh4et s and
eir further, processing prod . The plant s\

h %9va%roﬁs 5?% F5*Corh ctedpﬁgn neganot rep%@%é %9 tre

in a fluidscenducti ng manner as el enents of this

S e T t ' u c n drin
TEE ohar ot o 30, PR SORG Ry S o
wor kup 30, followed by an am dation 40, foll owed by

ap; gest eghéwgath@nbbgéwwal 812R£5808, ofokl ?W%@ltb)é tem 1
up for ester or nmethacryli c acid 60, foll in

wor

ttPh We@arﬂ% B’EFF‘F‘FEXH—Sn Ftd aPfer "HHPERTY {c" esters

e@ﬁ@rth@ﬁﬁafhytﬁérnﬁthyésﬁﬁhbapﬁ%ﬂabes .Orheehacity lsiyetem
| resent he pure_ester ure_ ac

igtgaﬁeap a’ e %%ﬁﬁ ?ocgnnFu%F e& procesglngHgF geuatly

80n Usef Giluidrthedupt bugssinagnepl apes 8@ empolgde ofn this

p%gé%&w arnRal WBhizalkl Q. aPHéié&ﬁé aegtgﬁecwa%oﬁq%rm

er organi reactions. ynerlzatlon
reaeraratigp| Yhet Radlpadedt aﬁceb@n%r épfafl@aydaha wiogkup

the, r epsl PESed OrbPr gani Camh @aet baANS 40t he FpUNBwWEBNORET S an
ODLELIPE, DSLE SR by SOMYCLh oL LUUCLPTRRNLC o
ftt hest @r osesaetigaptanis 86i13060s/ @vélbektHowed thynaby a
ff n| Sh ugl%lcay"%gt H](?,rf lurfgé%r v&l@%?l%e%%iengegéggyctu%ually
methyl methacrylate, gr methacrylic acid is present.
The pure ester/pure acid thus obtained can be sent to a
further processing plant 80. Useful further processing
plants 80 include in particular polymerization
apparatus and reactors for further organic reactions.
In the polymerization reactors, polymethacrylates can
be prepared, and, in the reactors for organic
reactions, the pure monomers obtained here can be
converted to further organic compounds. The further
processing plant or the further processing plants 80
is/are followed by a finishing 90. When the further
processing products are polymers of methacrylic acid or
methacrylic esters, especially methyl methacrylate,
they are processed further to give fibres, moulding
compositions, especially granules, films, slabs,
automobile parts and other mouldings by suitable
equipment such as extruders, blown-film extruders,
injection-moulding machines, spinneret dies and the

like. In addition, the plant system 1 in many cases
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nmet hacrylic esters, especially nethyl nethacryl ate,

they are processed further to give fibres, noul ding

conpositions, especially granules, filns, slabs, 35

aut onobi |l e parts and ot her noul dings by suitable

ef0i paeAY0688hH4as extruders,4Bl own-fi | MRSEABRRPN0, /059110

i nj ection-noul di ng machi nes, spinneret dies and the

like. In addition, the plant system 1l in many cases WO

2008p068664 a- A8 phPG EP2DQ70059L10.0 Conpppt sébig plant,

S huyt i I or t:hi.s I -

S%th%hl%hg%lg %CZ%% sﬁg ?t(:: g’éltﬁg?r a?}oﬁé’gtfer siiélt ggl esulftoarble

t BPs phdsoFatneIchet pekBBn PSSPl gtk it thpeart are

g%ﬁ%?ﬁ%'ﬂgp k@ﬁb@b@efRﬁE?é%?%@e!SSgE@@fiﬂnamhis context,
ext, or exanple, to in apter 4, e .

f £0Tj neXafRtegr ated Pofl it on&F’?’%t(Felﬁt on BiHF c tr%g' -

Dr ahtegRet et enpel Dot iornt posvdesiorv alrid| edteatuli qguésraft

f he Manuf f 1|
- Rerreare’ CORBRTE AQ dE G o AT £ ergRbgie, SpF, Che

vMantuhectdOr&ur opean 16orge ssVohunEhe swpharic adihgmicals
Plapt 499 i8.;§9Nnechedd o & 551168 ofp o Nelbil antS:  the

For'instance, the acetone cyanohydrin preparation 20
i BusapphieFamties icohc eRhe ated B pifur feiaciki anta 400 1is

subphueteqadid 4iReri2s Nof egveer apfanddier reul phivdatce,
acid line 3 exists 1% bet ween the,sulggunic aciq.pl nt.

18D aRBC LRES oY GROPEAT RO T SRETATL (e 20Ul h SRR AR Wi £
atsnceetested alahurispentidcivdd fa odulpleuric acid line

esterjfication 50 (h ol ysi i a rred
t%e ﬁﬁﬁﬁ%ﬁf aci 1ﬁ¥%%1!1%8§pp§%g&gﬁg?%% ﬁ%%%% ?ofééiStS
spenwesul pher iselativd it @wld.planR20lfheasdl pigr iaigstdon

phant 400, 4:he,di | wha S ARUrbeiaci dysean-beewpiketdo as
u The morkup of the dilute sulggurlc acid c

e??@@lﬂ%d,ﬁ—qjﬁﬁ" eX&ian ethgs aetert BaFﬁonV@Q}Zl(%g’@g%lMSis
050MD 0 28088sAbrrkd gahnerak, &lEephptant scdide plant 100
naﬂufacturgd Enog%t nateg{als ichwgreCZ aamli roin
tbPTREER ERPI Ld@SFn tfe SRt Hpeatc t3°b2 *sdffanle

fohet belpauticubatdspilessesnoUstalel Wilive swhidnirdlc jsgeid
Shahnbess s ML husiel Riperts et ayBeKe, suipnric
acid can be effected, for example, as described in
WO 02/23088 Al or WO 02/23089 Al. In general, the
plants are manufactured from the materials which are
familiar to those skilled in the art and appear to be
suitable for the particular stresses. Usually, the
material is stainless steel which must in particular
have exceptional acid resistance. The regions of the
plants which are operated with sulphuric acid and
especially with  concentrated gsulphuric acid are
additionally lined and protected with ceramic materials
or plastics. In addition, the methacrylic acid obtained
in the methacrylic acid plant 50a can be fed via a
methacrylic acid line 6 to the prepurification 60. It
has also been found to be useful to add a stabilizer
indicated with ng# in the acetone cyanohydrin
preparation 20, the amidation 40, the esterification

50, the hydrolysis 50a, the prepurification 60 and also
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pl ants which are operated with sul phuric acid and 30
especially with concentrated sul phuric acid are
additionally lined and protected with ceramc

materials or plastics. In addition, the nethacrylic

a0 d2obs AVGRAE4 i n the met hack§lic aci d PIGEHERGS 1d&%9110
be fed via a nethacrylic acid line 6 to the
prepurification 60. It 35 has al so been found to be

usle¢ ubnd opaddf aeat abi | 72er indicated with "S" in the
acetone cyanohydrin preparation 20, the am dation 40,

the esterification 50, the hydrolysis 50a, the ,
pFepurhd | GASTER0 CHABCRYSS 1D PHOBRDBBEBYR -296 shown in

F%Q%ﬁ¥@0@7/@5%1égetbh% @@jﬁ&ﬁvf%%ﬁt%@naEOacbﬂohbevessel
acet one_ cyano rin arati o sho Fiqure 2

the & o @%\?e |Cn ﬁﬁlgcei”fﬁne yg’éy% afgid
th@sﬁgﬂrzzyamhe acied one ardpairlocyhnhes agi écrebbehg22ower
108, PEEERDC i aRe, (ihdla s SO R DIORENBE md e lling

per reglon or’ nore cooling el
%ﬂemeBE$|éé(ﬁAoﬁﬁga§a|QésCE§9Mﬁchl@@%m23rwh10h Stem

VAL, u§aP£@@és$1§nEQelﬁ|€HE pY8hems s@@%n1|%b%ntﬁ%t%othe

Scru |ng to he acetone is fed into a

r 3GERRPiDG \Ho¥She2dcettie PEEFCPE ahd thfed h%&Fchaanll@OP
apd fovbA E@evﬁﬁd&Q@N%Métdﬂé(Eé@ﬁdZ?SaﬂQWm&br&@mnﬁbyanlc

the, hyd d feed 28 ;

(B U | FE UPROBSeEeBAEargef FEBH SR WHrER rETIE" the
fmyaﬁweﬁamyca stbdi cfarder 2211isThidsspsskdl | eweguopy a29,
nedt1 Syghandg WLENANA8,BaGLLESE QLA IO wnich  is

reS|s ances and | 8ast “one cooling line 214. In
f@ﬁl@m&ﬁréﬁcﬁoﬁtﬁilqh@lx%ﬁc?ﬂén MAbétsuris cbpsiqveagby 2

Oﬁea@CEEQEﬁan ydrocyani cyeeill apdscatal ysdriss of flow
conducted in 20 a circuit_to a consi derabl e je_[gree

WHESHSFRNEeRIi 2aBed by hol 82FFnTE Mt %

exighangsp 2dactdbhelsr eanbi eBaFXbur ellb{sue‘end:mts&@t\img of
the flowr S|stances al ong t coo é ggd
PEOrYTFon BYFREYREFc G ‘gt?%F?% bES passe RE5SE n
far thecuheato2s mmﬁnﬂdﬁrabiéi@egnwmchWhSCbomﬁeam@dQ§ted
98%'68§i@9 Yfﬁ%gl gggmlntﬂ@'Cﬂegtnoéékﬁa%%gr'5212 the

sen
reactlon mlxture 1s conducted via the flow resistances

along the cooling lines 214, and a portion of the
circulation stream is passed into a further heat
exchanger 215 to which is connected a collecting vessel
216 in which a nozzle 217 1is present as part of a
cooling circuit 218 with a heat exchanger 219, which
keeps the reaction product firstly in motion and
secondly cool. Via an outlet 220 which follows the
collecting vessel 216, a stabilizer vessel 221 is
attached, into which a sulphuric acid feed 222 opens
and from which the crude acetone cyanohydrin is
conducted through the outlet 223 into the acetone
cyanohydrin workup 30.

In Figure 3, coming from the cyanohydrin preparation
20, the outlet 223 opens into a heat exchanger 31 in

which the stream coming from the cyan preparation 20 is
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cooling circuit 218 with a heat exchanger 219, which
keeps the reaction product firstly in notion and
secondly cool. Via an outlet 220 which follows the 30
col l ecting vessel 216, a stabilizer vessel 221 is
afiCa@iRéd/ ieR64whi ch a sul phéi c acid feBeTPER2@YeNds9110
and from which the crude acetone cyanohydrin is ,
conducted through the outlet 223 into the acetone

cyeask@dri A woateipr 3¢es’5 PR FLgureomieE i n§ S r 6het heeat
Cy.anehwdein @rlep%rrfi‘it' WperdD, ddte ol eghQZ%WS :‘:é@f-’on,

a heat éxchan 31 in” which the strean1con1n%
t RESEpaRLpe At @R 2697 SNWOCLO0E BBAVER 4247 the column

PEE/ BRZH0E 0pfldlcudeaied. pAcvapesr feesh3Zhi sire usually

connected to the heat xchanger 31 and .open
tﬁ@ngﬁEEFeﬁe@ lFra%ﬁefﬁ?agﬁﬁ ?ﬁgefoﬁeﬁéﬁ %(ﬁhe Zolumn
cGBunmSSSdlgbese@Iuﬂma I ham a midtdant udé ofrpackwhgsh a

Béo\é@:lo ; ua&Lé yléz?&g niﬁg(ﬁr %ﬂea%etarta I‘L 9%19 31 and
re on 0 pose e col um
bhlea@m 3516f rs@maMnscwoaldumetdo@mnqkettl% PuEkRt ftd into

tlaﬁeheﬁteagxcgﬁeﬂgﬁgél and Reaﬁéré §BH§§H’5 topducted ig
through the outlet 233 into ea? exch an e 31,

A
pGPENEEEEACEq | Hee 3RS RIS edl t oVPRED hogt tollowed
e&@)g@t@ﬁgéa%é b))f\'htﬁﬁ |ﬁ1fd@1|t|1®toﬁd4020m$ttﬂr%’iﬂtbp T:das@lon of

atign In t to ion 0
o o o ot bt e AP oRoB e Loy G Wit Sopens
exehangehe3d texatdgiem yacuanwpurp 31®ac§umxpumﬁn1ip is

ag%ﬁg@% g tdl"og; r%g d"-"l?ﬁﬁ gzaetsagg ea%llexéfﬁarf’goglh 311,

at “exchang eat exc %er 311 ~ are
cBphbctds Viieat | ﬁéghmgarcéél ﬁfgivébgeb% 2 haggegh 311

azheCyehenddiey 343 d SlEﬁQQeot!@daanQob&ﬁﬁnﬂ%Hé%dL 802 to

the |1 oop reactar 26 .in the acetone c
pPBpERati dit2ELo0l Fie b+ dafi 6@“@@%@& i gegregted

f kbst thas Bsop aceioiescy@amwhydr i ehkeedcddonand @yanohydrin
sulghurl a0|28feed 42 which open into a | oop reactor

?ﬁg 2acétlo

The amidation 40 depicted in Fig. 4 first has an
acetone cyanohydrin feed 41 and a sulphuric acid feed
42 which open into a loop reactor 43. The acetone
cyanohydrin feed 41 connected to the acetone
cyanohydrin workup 30 opens into the circuit of the
loop reactor 43 downstream of a pump 44 and upstream of
a mixer 45. Upstream of this pump 44, the sulphuric
acid feed 42 opens out. The mixer 45 1is followed
downstream by a heat exchanger 46 which in turn opens
into a gas separator 47 from which, firstly, a gas
outlet 48 and a feed 49 to a further loop reactor 410
exit. The further loop reactor 410 or a third has a
comparable construction to the first loop reactor 43.
From the further loop reactor 410, a feed 411 enters a
heat exchanger 412 which is followed by a gas separator
413, from which to a gas outlet 414 and an amide line
415 exit, the latter leading to the
esterification/hydrolysis 50/MAA plant 50a.
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cyanohydrin feed 41 connected to the acetone 25
cyanohydrin workup 30 opens into the circuit of the

| oop reactor 43 downstream of a punp 44 and upstream

of a mxer 45. Upstream of this punp 44, the
SUPPROPBLO6ABEA feed 42 opend8out. The MGRIERPS(%/ 059110
foll owed downstream by a heat exchanger 46 which in
turn opens 30 into a gas separator 47 from which

firstly, a gas outlet 48 and a feed 49 to a further

'?9§u£sa§t Oghéaqg %bt eya%r ¥hthenr ohooRor eagtor 4Ly &

rabl e construction to the first .

a
| 88pVERECt é%nas 51Fr grﬁhlﬁhe COPERETE S o8 te&ac e 4Ry Iapic

fegtvydidd, entans an35 heale eXPﬂ@él985241&oWhé@beHS to the
ar at or

followed by a gas se ram whi ch t
Dt SR aTh 4R oCRRnannaE Py Fenype SIEN Pire heatens By a
| eadk ngebetrhes4 ester afidcat ban/ kydral ¢shisl SDIMAASHI aitown

SCa._, WO 2008/ 068064 -OpeSH% Pl EPRROLLAROTLO rH IR Ghor

%oms fheTesteriticat
Slimbi 6B GunﬂUttsuuab@thanU1otganw@pe§0HVéhtlnaﬁbeaﬂower

apidesti ge. %%e t§§ terhtehefl%saaﬂ datik 05340 0RMhnected
intdo a tan I ch heat abl e by a tank heater 54.

|ﬁ0aadﬁw-’éﬁeraﬁaélkcoﬁ$olr |thved55h§ﬁoﬁn EugithRTa tHRgk digater
| pe, W@?Sahnﬁgtébevbﬁﬁktr53:Lnggi%6a|1@1@|1@iate|dl fﬁ)? 35 1ine of
0 S ou in e upper.and . in.t .

RSP ReS S 8e S Tt oy BRCE nRR 5 B R df E PR cped
fust hee taindoraxd | 1whécBshasozh f irbherteaankotheat ernd from
54 a ster,. v ' [ [
o?hedasﬁesqgﬁh d%???pgﬁﬁgﬁ% %ﬁ%r tan:[[ig1 ggnﬁgc@e& £E the
coppect eegion ehethecbhpk EBheaBQ IPPERST AB1ROt Be DeGoImMS57

ang fromoihgnt 0Bs . Th@neSE@G:L‘tﬁB?lur i N i%@ | $or dilute
connected to the 15 up glon of the tank 53" an

opehRP Rt S %Cb‘ét%ml%?Prsteﬁ céPuites 8PPeR 5&&.19%9% ghe

|t ek f o8/ di Autenksuhphusio aeicd redelds ipr esentt tied 1 ipse
chEi FOFBAT HT8 Ut (BEP P F s 52Phs Torid 14 ofikh alcohol
heatabbE taank 5§tandv5@dmniizn@oﬁél Zmzllmepéssahﬁe for
edc'zjlgr VERO rorjlﬁllgr kté kpostsarm uf'qu:s opg, YO in
more’ of 'such tan S to ol

battery-like succeSSJ.on, each of these tank units 510
being connected via the ester vapour line 56 to the
bottom 57 of the column 58. From the bottom 57 of the
column 58, a high boiler line 511 also leads to the
tank 53, in order to feed water and organic solvent
back to the esterification. In the upper region,
preferably the top, of the column 58, a first heat
exchanger 512 followed by a further phase separator 513
are connected via a suitable line. Both at the top of
the column 58 and in the first heat exchanger 512, a
first stabilizer feed 414 (stabilizer indicated with
“S”) and a further stabilizer feed 515 may be provided
in order to feed an inhibitor or stabilizer which
prevents undesired polymerization. Connected to the
further phase separator 513 is a scrubber 516 in whose
lower region a solvent line 517 exits and opens out in

the solvent line 51 via a heat exchanger 521. From the
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battery-1i ke succession, each of these tank units 510
bei ng connected via the ester vapour line 56 to the
bottom 57 of the columm 58. Fromthe bottom 57 of. the
25 columm 58, a high boiler Iine 511 also leads to the
tranko &8 /daBoygder to feed wateer- and or ga&aTy EPQWVER 059110
back to the esterification. In the upper region,
preferably the top, of the colunmm 58, a first heat

o4 Sogﬁég5éﬂ Eﬂﬂ|@%@dstu@bE&rﬂhB§ phasesgpasa@ter line
are connected via.a suitable line. th

teb’blt(ﬁ aflﬁe TS UIm B8 Cand nets%grfl rs]fk%a?%excﬁénge?ent

5P, d alifié rse skabnhgzélroﬁeedledfm;(m abégigerof the tank

gl cat ege Wiy éﬁi) angdya iggw Engt aﬂgk' 2€h Bg@ﬁs&lﬁto
nay be provi ed i’ OF der an i nhibitor
st ablprabionhivelss3s. p$b9/erﬁp§ wrRiea 3 edopolihfer $ohtddnand

t r ;pha se or |
S%}E%%tsgesﬁlﬁ?s rl%sc;ltﬂfﬂlrée iphagBeSePIERL Ora @B, | ¥r@m  the

in whose |ower region $ so%éent line 517
i 7

AR R opefsesutc i Fhépﬁﬂtve%?l FYiX¥ Y RBEFTS
exthaggep h@ﬁﬂc Eeel e 2098/ 888064 towt9boiler vapour

PCT/EPZ 59110 pe of .the, scrubber 5
e ThShao uppel s saon, o e ey 9ica.
vﬂmkup fﬁftth‘léhe spentkuraci éirdd ne rs@yexiifiong f eoetlse the
éﬁgﬁ %?éHE(H the tank 53" or of the tank of the

unit 510 opens into 5 a flotation vessel 519
for renmoval of the solids and constituents insol uble

it d h@s@@ﬁ%oﬁﬁhltg sEB%H‘ tihe rifdutatd ong V@éﬁﬁécéé@ td the
spent acid outle enters _the sul phuric | ant

f@¢e¥ﬁ§PQ?Q%RFkﬁﬁl%?avépGEP SEE S %@ﬁcﬁ OHBECF§ude
td- drowtheld | By constitdgeniro 1@hkor middlberrawidup of a

and recy04|H% e ters th%_ est%g'fl tloncoﬁggmesggr has

B i ondect e o the
(ﬁﬂkﬂMﬁlIﬁﬂ&IﬂBB@ GBaaadCBudEﬂﬁsr@hh¢QM%r6@4 ghsapgade in

153, £54¢ Eee??gloHPQQEankﬁt%oﬁﬁﬁmﬂl@Q'e ﬁﬁ&hoﬁjﬁi fower

vacuun1 stiTTatron col um hi's col um
(ﬂﬂgmﬁﬁ|Qﬁeﬁhﬁﬂ@p%@m%n@2awbb@boﬁ?ﬁéﬁﬁéPteﬁ EP?aHQEHOWnOf

tﬂﬁiéoﬁﬁbﬂﬁ§9|gﬂ Astdie sotum 68. Kie®,t hspdyeinto the

%é¥]ggnéh%d¥¥€¥g;é¥%gw%ghaﬁgpsﬁéggée%eéa k%héog}ude
ester freed of low boilers to the fine purification. In
the upper region of the column 62, usually in the top,
a first heat exchanger 66 is connected via an outlet,
as are one further heat exchanger or a plurality of
heat exchangers 67 which are followed by a phase
separator 69. In the phase separator 69 the mixture
stemming from the heat exchanger 67 is divided into
organic and aqueous constituents, a recycle line 611 in
the upper region being connected to the phase separator
69 and opening out in the upper region of the column
62. In the lower region of the separator, a water
outlet 610 is present and opens into the esterification
50 in order to feed the water removed back to the
esterification. A reduced-pressure generator 613 1is

connected to the heat exchangers 66 and 67 via a

reduced-pressure line 612.
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20 this colum, an ester outlet 65 exits, opens into

the ester fine purification 70 and hence feeds the
crude ester freed of low boilers to the fine
purification. In the upper region of the colum 62,
usoakbgsyncshestop, a firstSheat exchadﬁ%ﬁ/&ﬁ?QQﬂ/059llo
connected via an outlet, 25 as are one further heat
exchanger or a pIuraIity of heat exchangers 67 which
are frildwyed by thephaseerseparbtior 9. skrmmhagphésem the
Sgg é@t o 2@1 h@o %lﬂre 11’%5”@ r@lgﬁﬁﬁé&%ﬁeéglum 71.

exc anger B s di Vi into organic and aqueous
cBhssi comprises redycte@litie A 1CPHUBD fRESHPpeF 71 and,

regi epcbel figb.conpgebad 40 the Rhase 19eRaR! OchltﬁlQn and, a
openlng out in the upper__region of the colum , 6

t fe P‘B’(Nelborté@”bnh%f‘t?ﬁe TSepaf 5P8r ,FhE waPBr re(ﬂj‘tqnet gldzhe
|§(1j@t.€§§e§]t1@ﬂ3d cﬁ:{l&ﬂ&l ntLo thepeskerédtent vampour0 iine 74
order to t ter r aned ck A0, th 3

e%?%???léagﬁﬂﬁﬁlip? ucag- SPg§§up gEheFat of Zf%lowed by
conaected torehe ﬁeathexcﬁ&ﬁgersuﬂﬁhamgwrﬁv Vba which are

[eaeedepossyr e, |1 08 01 W, 2008 068004 20 50 727, Tne

sverhehgof r bhet Rerthsreheadr REFLEDIEFedS RS0 3 Line from

dwﬁiblhl aﬂ%t&?l Ugn ééterT%@y@Q@pnm@s 78 Rigenad |1trM:chthe
colum internals 71 and in the |l ower. regi on of t

JRERFT | gtBHPTeol G 7300 ok bOFt orihedt Gt i At ton
Ftouhhe 7top THegi o of kheYCNESﬂuhbaFTDnhaslammtﬁhlkizer

pure ester va pour ne .74 . enters t

DR Eef oS ASRRT 10 DSplfln CEl Al NOA cne  ester
frw¢yelehéaneeﬁdhamg€m§3m5wﬂn@hmaxér dénnéereddily ,a from
ra@ng—‘QHﬁrgﬁsgﬁg Qﬁ%hé&%eéyexEB%nl_a;QrO% \?\;'? Furddh@ster

further heat exchan as a line“from
foustey, 7aR exdés- rg*eycér@nﬂ@a?b %%%‘hse?‘iﬁ%ngﬁé 711 and
URRSFhELOIHRRt OkxbAhAgthe 119D, a0k thentkdstéd | @b obhis in

colum 71. The ester recycle lin ha stabili.zer
et $hg POITC O hi TREFS @F?poggﬁz?weﬁhiﬂ%s?eﬂpﬁﬁc lar

r@ﬁwda e V{esns@ﬂ?mpstwlemm ofhaas rrmmeemarSesmﬂé y,pafaiungs
[ the f er.. h (%
f% n%uﬂ%%eé; ‘é%”(tr | ona atfrj\e%‘ihanger
thDure ester is transferred through the ultrapure
ester outlet connected to the molecular sieve vessel

into the further processing plant 80.
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anot her heat exchanger 712 are connected to this in
series connection. These are foll owed by a nol ecul ar
20 sieve vessel 713 which has nol ecul ar sieve packings
714. Purified further by the nol ecul ar sieve, the

uld rapus £oestet is transferred 4 hrough tHEE/HRAHIUIOS 9110

ester outlet connected to the nol ecul ar sieve vesse
into the further processing plant 80. WD 2008/ 068064 -
SHe fe POI¢ER2O05Y &BO11Ot Reference nuneral list 1 Plant
system 2 Sul phuric acid line 5 3 Further sul phuric
acid line 4 Spent sulphuric acid line - ester 5 Spent
sul phuplantactwsteéme - acid 6 Methacrylic acid line 20
Aset ong, cypelydiifypreparation 10 30 Acetone
cyanohydrin workup 40 Am dation 50 Esterification 50a
Fidrol BYEhen PEETIF cat19nt18% 70 End purification
3P

Furgbefic psorsssi g taat1i9d Fiassding 100
Sulphurlc_aciq} | ant 21w§3ftone_vessgl 20 22 _
Hydr ocyRfie e ﬁk@%&%e C1%3 87 ubbThg”t ower 24 Cool i ng
et enemisth2br fgascld nesn®6 Loop reactor 25 27
5@ Ong.leste 28, NG eY AN 5-aplfalesd 29 Pump 210

alys? eed Xer
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
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30 212 Heat exchanger 213 Flow resistance 214

Cooling lines 215 Heat exchanger 216 Coll ecting

vessel 35 217 Nozzle 218 Cooling circuit 219 Heat
exchanger 220 CQutlet W 2008/ 068064 - 52 -

PCT/ EP2O0T(959410 221 St abitd zi ng vessélCT/EP2007/059110
Sul phuric acid feed 223 Qutlet 31 Heat exchanger 5

32 Vapour feed 33 Colum 34 Packi ngs 35 Col unm bott om
weth heatbekchangeves361l Bottons outlet 10 37 Pure

6%29UC§u£%%gr%§§a%£@sfgg&Iet 39 Heat exchanger 310

uum p at exchanger 15 312 Cooling vesse
3233 Reeykelet|ine 41 Acetone cyanohydrin feed 42

SyiphUﬁégtagkgh§§§Qr43 Loop reactor 20 44 Punp 45
M xer 46 Heat exchanger 47 Gas separator 48 Gas

otit | et VaBOWY Feed 410 Further |oop reactor
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 heater
55 Alcchol line
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411 Feed 412 Heat exchanger 413 Gas separator 30 414
Gas outlet 415 Amde line 51 Solvent line 52 Am de
line 53 First tank 35 54 First tank heater 53
Further tank 54' Further tank heater 55 Alcohol line
W 20084 689644 - 53 - PCT/-EP2007/ 059110 PCIG HERA0S7 /059110
vapour line 57 Colum bottom 58 Colum 59 Spent acid
line 5 510 Tank unit 511 Hi gh boiler line 512 Heat
eﬂ@harm@tferfyxlé‘pahﬁs:eixsepar ator 514 Stabilizer feed 10
S%? # fer st bilizer feed 516 Extraction colum 517
ven ne % ©rude ester line 519 Flotation
v@&seICd_lSurﬁrZO Spent acid outlet 521 Heat exchanger
5 % yappys line 61 Crude ester line 62
acuum d| stillTation colum 20 63 Colum internals 64
Bot® orF#eat@rit 65 Ester outlet 66 Heat exchanger

511 High boiler line

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 wvapour 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



67 Heat exchanger 25 68 Water feed 69 Phase separator

610 Water outlet 611 Recycle line 612

Reduced- pressure line 30 613 Reduced- pressure

generator 71 Distillation colum 72 Colum internals

730 Codegrodosdom heater 74 Rure ester PapgwP2l0ioAg 053510

75 First heat exchanger 76 Further heat exchanger 77

Ester recycle line 78 M xer WD 2008/ 068064 - 54 -

PCT/ EP2€0471 DEO4A (e 7 Stbpdbizer nmetering point 710

R?%i eﬁter gU§|§tOJEf @dditional heat exchanger 712

0 r ‘heat é?é%anger B-713 Mol ecul ar si eve vessel 714

Vbl Bcuhdditsi@vel paeki nggechadded t rapure ester outl et

7 Hi [ [ ow boil er draw WD

Sh%) oRaes ol %leé 50071 050110 O ai 15 1.

Prbtesdokerulrepatevr) WkStlesters of methacrylic

ag{ 4, KOOI TAPG: Alvd eastkimes fol lowing steps: 5 -

prﬁgarlng acetone cyanohydrin from hydrocyanic acid

ahtP acetioFPHFe £55¢%5t°%tEpS - purifying the acetone

cy@momﬂﬁmrbéiufMSBnﬂﬁd step, - Ergparing g
ac m rom acet one cyanohydrin 10 in a thir

STehe L Rt SR

r . . ..
yiTig a reaction mxture conprising
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met hacryl am de and at |east one al kyl alcohol in the
presence of a m xture of water and sul phuric acid to
give al kyl nmethacrylate in a fourth step, 15 and -
purifying the al kyl nmethacrylate in at |east one

f wot bensgbepoe2. Process aec®sding to CRITAER2007/059110
characterized in 20 that the acetone cyanohydrin is
freed at least of inpurities having a boiling point
o€lemme than -5C and |ess than 100Cin a

rectification colum, and these inpurities are

recycled into the reaction for preparing acetone
cyanohydprcass25o3. MRramasingacebryl ngstersei tfermaithadieylic

pgsgﬁd'e Ehéhﬂﬁ’ahnlé@bEhtH@S§89§oQ£H§U§E§ gbt ai ned
int paratlon of nethacryl am de are |n?roduced

into tE@epﬁ§a69|oﬁCﬁF?F@reCdﬁnPWQdééperVFQ%H|Q¥¢rQRyanlC

4. Progess amgondbngntoifng efrkhespegredi ng cl ains,

characterized in that the al kyl | ate fornmed in
t he esPBFf Y&ﬁ@loﬁﬁﬁf ﬂ%?ﬁ%ﬁ?yl%ﬁﬁ?ébxé Hatlh edst @4

al kyl atephol is mashed Mﬁth wat er and the washing 35

wat er oht ai ned aft i Screcy t
ot or | PRERFT bioprbeles ia s, ceSEY EBhokE! by Bbnygrin
t he prévedi hgicfashep, WO 2008/ 068064 - 56 -

PCT/EP@QQ@&%%? g characterized,in hhékukee Mogn8 sing

wat er an huric acid and any furth
substameégaﬁrbkﬁmh@e é%%%r??|é§F?BnQQ$f?¥%¥1fﬁé€8h8ﬂ in

sol i dsthy @&@@%n@% cﬁioéathﬂu&@dci$e@a@@@|add Sfphuric
Process a c rdl ]g%g% t chargcterlzed %n g%att

t he codftfig (Terac TR~ Aty eXchahger's -° the'P-
m xt ur endf mater and sul phuric acid and any further

subst terd fj ' he _h

cxcnangat T e i S THE e hEBERERAREL (IR Hlaer one

further step.

2. Process according to Claim 1, characterized in
that the acetone cyanohydrin is freed at Ileast of
impurities having a boiling point of more than -5°C and
less than 100°C in a rectification column, and these
impurities are recycled into the reaction for preparing

acetone cyanohydrin.

3. Process according to either of the preceding
claims, in which gaseous products obtained in the
preparation of methacrylamide are introduced into the

reaction mixture of the esterification.

4. Process according to one of the preceding claims,
characterized in that the alkyl methacrylate formed in
the esterification of methacrylamide with at least one
alkyl alcohol is washed with water and the washing
water obtained after the wash 1is recycled into the

esterification process.

5. Process according to one of the preceding claims,
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the wash of the al kyl nethacrylate with water. 7.

Process according to Claim6, characterized in that

the washing water is introduced into the heat 15
exchanger such that the inner surfaces of the heat
ewchangeyoasecaetted at |leastcpartly w tHERARPA0OIIOFP 110
wat er during operation. 8. Process according to Caim

6 or 7, characterized 20 in that the washing water is

i dhapdlocedizafio time h8wt ekbhangextsueh tdiat wheer and

i&@f{; ﬁéa%&@f e V%ﬁ,h %EE‘Eﬂ@QersM‘BéE aLe "fom  the

cons y I'n cont act m xture of water and
sefphutfEcacianand ahjrebr theaed s@bst NS f Pym ierns of

e§18£é£i8§té9& gushngogpesation are 25 wetted with
the washing water. 9. Process according to one of the

precedi ng clains, characterized in that the alkyl

ngt haCP:Vd)?é@Si Saccﬁdmjiﬁo:g edd ocaaptepsy | fdmdmﬁmbda in
in purifica Process_ag co ding,to Ca

SELghaFhE SPERARS i (HASTAE! oblr [ FREaPT R RERbaes 210

stibst mhgesrahdthwhage aadlswéphbmublagiﬁoﬁnﬁ.BManfmhﬁher

aékg]gtgﬁégécwrg;ﬁrﬁ §gﬁat sdlocess: f&gd' B tod ai Pear

aracteri ze € nmaln pu i cation
renohaRgenbdBantiesdiivtth Rhee e siligitervaiorT | ARtpbRAE in

tHed Fhen ab Kyt he BRI BACT M @it £ r- YL 2008 098P6der. 57 -
PCT/ EP2007/ 059110 1 Process” according to one of

Clains 9 to 11, characterlzed in that the
pr epur pfbEed s Oradesmiiasy Sibst anees Whj cheiwaectdrizzed  in

I hai li t th th Ik d

{TeCE Sl AREEC R cERER. CohadiEea Ry e obl R, e heat
Ie%whamg@mcGndﬂnseﬁamestU@e:suhgtaﬁ@eiaﬂﬁs thé ddw heat
%g% an§g§ g?%ndggﬂédcég'9@a§€?ﬁa§%f?“%ﬁ@@cgﬁe“@b%ﬁlng

ave~a hi boi |1 ng poi nt n the al kyl
ﬁ%@%%@r@mﬁk%gmﬁp%ﬁa¢%0%ondensed by cooling, |[eaving
uncondensed resi due substances in the gas

8. Process according to Claim 6 or 7, characterized .
in that the washing water is introduced into the heat
exchanger such that the inner surfaces of the hat
exchanger which are not constantly in contact with the
mixture of water and sulphuric acid and any further
substances from the esterification during operation are

wetted with the washing water.

9. Process according to one of the preceding claims,
characterized in that the alkyl methacrylate 1is

subjected to a prepurification and a main purification.

10. Process according to Claim 9, characterized in
that the prepurification removes substances which have

a lower boiling point than the alkyl methacrylate.

11. Process according to Claim 9, characterized 1in
that the main purification removes substances which
have a higher boiling point than the alkyl

methacrylate.
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phase, and uncondensed gaseous residue substances from
the 15 prepurification and uncondensed gaseous

residue substances fromthe main purification are

subj ected to a common postcondensation. 13. Process
ageoradl ®goe®oCt ai m 12, chardteri zed i n PV BEHPMO 74 059110
condensate obtained in the comobn post- condensati on

is subjected to a phase separation to form an aqueous
phase and an organi c phase. 14. Process according to

' t &h
31 m 33, 6ha aFLes st 1o 2% dalod e ppuges phase.
othamecloeyhred phaskats recycled into the

pfepurﬁﬁécﬁkbﬁﬁrlgﬁcggﬁen y@md%é%“%ﬁ%éﬁéﬁ%é&thE@ho%%ve
of the preceding clainms, 30 c aracterlzed in that th

M xture SPWRAL EPidAdY SAiEHuriEacHRe P Kfpprissiegeaiate

t oget hed W thekur t hagbstssd@ncase | THH r oduc€EnESR0 by
a pl ant for spILtt ng t he salghurlc aci.d. 35 #g. :
Pr 0cesS A di hgP Y 0 dne 6P e RES Gre G HY Sc PAPRE2NCes in
characﬁmﬁlgﬁsipma$®at 803 obtained fromthe sul phuric

d tt I h
200, D b D e R R e

VO 2008058084 hlggter POMIER2@D7/W59100 thsye the alkyl

pr epar@dd 00-0f1 KLt 0ge ieyanohy dridngbhseAPPabRt U%ota@ﬁng,
preparing al Kyl nethacryl ates, _ conprising, copnected

to oneleHGHIEr UNROPEERESd s reSHduet |§+§397t&fiﬁes a-pl Bhe gas
eI errerﬁhafs_mr pepari ng acet one cyanohydrl n, foll ovved

t I t f th I
Fol | WEE B 1S S GN® oF SRERECr of LB CBi Fhg gy €he
nethaqygégumafqunlmmwudqdf(uﬂamndkﬂgﬁd gaaaquﬂ re81due
el erre %@Ja%rpc?%é fyi nII he tEI'Ié(yI n@ 1?%%’atlon are

optlonéI Iant
ponnﬁ?@Q&ﬁqQﬁd Qﬁn@cﬁQWWQn POStCOHdensatlon

13. Process according to Claim 12, characterized in
that a condensate obtained in the common post-
condensation is subjected to a phase separation to form

an aqueous phase and an organic phase.

14. Process according to Claim 13, characterized in
that the aqueous phase is recycled at least partly into
the esterification, or the organic phase 1is recycled

into the prepurification, or both.

15. Process according to one of the preceding claims,
characterized in that the mixture of water and
sulphuric acid, 1if appropriate together with further
substancesg, is introduced into a plant for splitting

the sulphuric acid.

16. Process according to one of the preceding claims,
characterized in that SO; obtained from the sulphuric
acid egplitting plant 1is processed further to sulphuric

acid, and the sulphuric acid thus obtained is used in
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15 followed by; - a plant part for finishing, the
apparatus having a rectification colum for renoving
constituents having a boiling point of nore than -5C
and | ess than 100C fromthe acetone 20 cyanohydrin
piepaped/oahlcthe rectificat?dn-col utm H&E/RFF2007/059110
connected in fluid-conducting formto the plant

el enent for preparing acetone cyanohydrin in such a

wehe phaparheiennsti agenpser ewprelydrénrecycl ed into

the reaction for preparing acetone cyanohydrin. 25

18. Process according to Caim1l17, characterized in

that thePpraRtsel eifint PEEDFFEFS i nglhykyl methacrylates,
nedhpei ¥iagte icoraonnesd edtion féne d- cordwetd ngifhor Mlwid-
t he glagé e%enent for preparing nethacrylamde in
suRh"8C a9t hat™30 gaseous products obtai ned in the

pr epar at poanof eleethac fplramrmpaarieng rtaeddiee dyantahdein,

reacti ] re .of the esterification. 19. Apparatus
accord?ﬁéf%%é§12¥h1l7 or 18, 35 characterized in that

the plant péhehenelemenyr efari nPrapatiaer yinethaserl dpyide,
esteri fyi ngyggthacrylamde with at |[east one alkyl

al cohol conprises at |east one washer _for washing
net hacRyPiénEstdremsitta Hetl R ERawARSr 2l4y¥d Wethacrylate,

2008/ 068064na159 foPCIWER20Q7/ 059110 the washer is in
fl ui d- condugct i ng cqgnection {Ath t he | ant elq?ent
toes

for prepar?hg et hactYFH Qi PEUY 'Y vy that 2RV
t he wasétngcwatl @cepbtrat hedadlyvefol hewadshyi s recycl ed
into the i fi ' e ., . at ;

accor dJT? nﬁ%r?%neé%%écﬁgi ﬁ{‘&ﬁ??%lﬁl%%ol anf?g?g{:'t eﬁ%ztelgnianlly
t hat ifotbapedses;a plant element in which the

nm xturg gfaM@tgsrandosuFphushengci d and any further
subst ances fromthe esterificatlon,!s first 10 Ereed

of 'S ol PEEAEG tHEans B 14F ot &t i o 1 Fbol ggiumB, for
Appacaits aceetdithgrnte Charimgd0,a cbai achgr ipedaht Nnof more

that,it_goppriges Realy exghanoerg,apd thghedle  acetone
cyanohydrin prepared, and the rectification column
being connected in fluid-conducting form to the plant
element for preparing acetone cyanohydrin in such a way
that the constituents removed are recycled into the

reaction for preparing acetone cyanohydrin.

18. Process according to Claim 17, characterized in
that the plant element for preparing alkyl methacrylate
is connected in fluid-conducting form to the plant
element for preparing methacrylamide in such a way that
gaseous products obtained in the preparation of
methacrylamide are introduced into the reaction mixture

of the esterification.

19. Apparatus according to Claim 17 or 18,
characterized in that the plant element for preparing
methacrylic ester by esterifying methacrylamide with at
least one alkyl alcohol comprises at least one washer

for washing methacrylic ester obtained with water, and
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exchangers are in fluid-conducting connection with the
15 plant elenent for preparing nethacrylic ester in

such a way that the m xture of water and sul phuric

acid and any further substances fromthe
eB0eRDPBLABBOA4I s nixed in $he-heat excAENEEHR2GHTH59110
t he washing water obtained in the washing of the

al kyl methacrylate with water. 20 22. Appar at us

atber diasdpetro G aim ZLuicharaohertiizen ¢pnnepaion with the
PTQBEOQ§Em$hEnEBESFr@%ﬁr@ﬁ@”ﬁk%h%Q%%ﬁ%% AHt@r in such a

ovid or “the iIrntroduction of the washing

wawr thato thfe Wedtlexcharger ohhrd ratht B ¢ht FB@u&IﬁS@n is

2§e@§c1@§ VAEHi fBe Bt EErsHEhat hah bheckpser surfaces
of the heat exchanger are wetted at |east partly wth

the washing water during operation. 23. Apparatus
aggor dAp]gaf@tﬁb aiaﬁdb]rd)irng’zzto &Ghee:hmfacd:baimad 1i7n thatlo,

fupnctio aI ment for zzIe
p? U1 de Eﬁzggfeed or tﬁe |2B1 ﬁf%lon §+ g%helement in

wals hthg thet erixitme the Weaereﬁ€Whmw&Qh@meeﬁabﬁeand any
'f‘ﬁ%@ﬁé‘ft '#ﬁb% rLJ@s Wa%nﬂgt%t eés%lé?ﬁ]f&@éh&ﬂe 10N6fs rgt

surfaces eat exchang whi ch are not
chrsean®fysabide kvntareswp hftAkakiRRupR oFNGRL PO LAE -
sul phuric acid and any further substances fromthe
esterification during.operati are tted with the |,
VBAhi MPRATRT S WP 9808108866 w00 - 2PCTPEPEOGTFESS D 10
Zéha@ppatatwbmpxxnaﬁnghéaton@xmhaﬂgemgeoa@dngthe heat

Cé%&ggn%gpgf agLeri Zeﬂﬁ% E:c?&'ﬁd\%e Co#gaansgsgaﬁk Wch the

hé alk e rirses
om?eanbr@b@melflyl ﬁgrepgﬁ*@ﬁrlagdmatmclafyéem eypitry ln Such a

e&&yer&hats Orr thaketibe AKkyhafBlhagky| alfonsrsubkesteding
to a 1_a];aJurlflcatlon and a main purification. 25

PRBE 54T bebr BFRAGEEBCeP Al #RA then SesCEdTiFEd PR tinatixed
thf ﬁhé?%@éﬂ”f%bﬁéﬁ@@ﬂtw@@ﬁpﬁﬂ&ﬁsw@éhi@@SWSQQB ctained
ol u or conden te and_.an
aﬁ%a?g?dga?%+n%d%fc€ﬁ% t%%b g@ %Yi hTlelsaEb| wrer
substances and is in fluid- conductlng connection to

E%géou'ﬁhfﬁ%&éVEQQa%&?HS”Ec§%HEE£a£19”88Q§§€§8§ized in
that functional elements, for example nozzles, are

provided as a feed for the introduction of the washing
water into the heat exchanger, and enable introduction
of the washing water such that the inner surfaces of
the heat exchanger are wetted at least partly with the

washing water during operation.

23. Apparatus according to Claim 21 or 22,
characterized in that functional elements, for example
nozzles, are provided as a feed for the introduction of
the washing water into the heat exchanger, and enable
introduction of the washing water such that the inner
surfaces of the heat exchanger which are not constantly
in contact with the mixture of water and sulphuric acid
and any further substances from the esterification

during operation are wetted with the washing water.
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resi due substances fromthe main purification can be

15 fed into the apparatus for condensi ng gaseous
substances in the prepurifying el enent, such that

common postcondensation is possible. 26. Apparatus
aleoREPRJO6806kai m 25, charatlerized in PO/ BRERO AR 9110
at | east one apparatus for condensi ng gaseous

substances as a constituent of the prepurifying
eRénentpprasatnusf | gicgordiddgct ity cemmecPifon bliet h rrpceding

appaLALYS &idraPhesSe, SePatat Rl Shd hah aadccondensat e for
obtained in the _conmmon postcondensation is subjected

t BURLpKABE Phesephvat MERIaGEYLRtEAFIBITHSET SfudGist one
pbﬂé@u@ﬂﬂg%ﬁg Q1QRRING _pi}&@deg %%ihrﬂppva?ﬁfjdﬁn@CéQédﬂe?g, so
to J ai , characterized i t hat .t he apparatu r
pﬁgét sgaﬁ?atﬁgﬁy?s i ﬁﬁﬁ¥1§§§300ﬁ8u0t§433%§%1 ct$8n a
wprapthéfptaniorl endns hainppepafingtabkyl

nmet hacryl ate such that an aqueous phase obtained in

the apparatus for phase separation can be fed at .
| 2ast Papceyst admrPmepatat i @hp ot &4yl characterized in

nehhacrat Sredar 28y ARPalalnis :2Ce8hgdlngeb0 £ 2l Bhde one
or 26, characterized in that the apparatus for phase

SEPAER| o s | FORIERILRDndBdtYhg CHHARITBIR R t h2RRe 2R
WO-3008t 0680680r 6 lpos T ERRONTH 05Halbeops epwidriadmgble

A L L L
paatncyharifiyity t héetoptofsudie ¢hlarmuno2dentseé gfasmpus
?%!é%kd&&t @%%rs)éa%ies?g%?!éﬂa@h% D¥a8n gﬁ&fieﬁ%aac% dt9d be

one of al ms for the préparation o
ffedes, 1149 ns theoat pRgIrafuel di RGr coPPReRs YIS, Jaseous

nBuhgi 898e< PapRr MBKkENgpadpuk-h akies, chealher such that
auxiliaries, flocculants and dril #ng 10 additives.
3EOMEPH RIS FPRARISAOLET N2, PABEI B4 Rig conposi ti ons,
nmoul di ngs, papermaki ng auxiliaries, |eather

T RLLERa e L 0geUL ARt 82Rd did i ngs addh bl ves Whbel |,
that the at least one apparatus for condensing gaseous
gubstances as a constituent of the prepurifying element
is in fluid-conducting connection with an apparatus for
phase separation, so that a condensate obtained in the
common postcondensation is subjected to a phase
separation, which can form an agqueous phase and an

organic phase.

27. Apparatus according to Claim 26, characterized in
that the apparatus for phase separation is in fluid-
conducting connection with the plant element for
preparing alkyl methacrylate such that an aqueous phase
obtained in the apparatus for phase separation can be
fed at 1least partly to the preparation of alkyl

methacrylate.

28. Apparatus according to Claim 25 or 26,
characterized in that the apparatus for phase

separation is in fluid-conducting connection with the
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15 are based on an al kyl nethacryl ate obtai nable by a
process according to one of Clains 1 to 16.

WO 2008/068064 - 61 - PCT/EP2007/059110

prepurifying element such that the organic phase can be
recycled into the column of the prepurifying element,

in particular into the top of the column.

29. Use of an alkyl methacrylate obtainable by a

process according to one of Claims 1 to 16 for the

preparation of fibres, films, coatings, moulding
compositions, mouldings, papermaking auxiliaries,
leather auxiliaries, flocculants and drilling
additives.

30. 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 one of Claims 1 to 16.



