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W02008/ 071464 PCT/ EP2007/ 059095 METHOD FOR PRODUCI NG
METHACRYLI C ALKYL ESTERS BY WAY OF AZEOTROPI C
DI STI LLATI ON The present invention relates in general

U &fdB dey By 1 4 4Pr Ocess for preparing al kybc:r*/Epzom 055095
met hacrylates, to an apparatus for preparing alky

nmet hacryl ates, to a process for preparing polyners
based at | east partly on al kyl nethacrylates, to the
use of the aI k met hacryl at es obt ai nabl e by the

prigEREeP %U%Nqow CRYBHE | DK Tl BHEMRSBY WAY OF
products, and to chematedbpIProtketsLoesed on al kyl

nmet hacryl ates obtai nable by the process according to
the invention. Process for preparing al kyl
namieacpyéaéﬁs iespa iai yrelatafet h:y:h @’ehba@uyl éfms A® =

from pri.or Sart. EP .0 561 264
A%Q%Q &l osetts A 6TREEIFSr "8 }{é’garl mpetes) an
meriraceyust e fomat hamgﬂlamgde @Tldtgohatreetm:mglaJHaJ nedo a

a r.&c I
rgg?tclgg% g:&ﬁl I%‘]‘te tl—Jez‘yft ur'es. In a |t| on %é@gggﬁ{iy on
hlaéﬁyéner‘@?tﬁé%rﬂa%??ﬁassd‘é? at &@ewni t ASpr ocdssesheat alkyl

hingh hberpesaklr esbtAinhb18ensF akhy dhsacvant %.Q:%Qalﬂ*ﬁln'go to
met hac Iate and i recursors, whic

t th
DD AT Lo g oRsfey oo BEPIRErF re B Fo Shemical
p@rrblduultar lb)aslmdgh:ri eMétyofmdtdteramt] sidessht 2mdlfle by the

98285 ! diha@s Lher ¢h0es.qu.ohl ect of the

present |nvenF| on~t 0 ovércone di'sadvant ages which
arise fromthe prior art. 30 In particular, it was an

obf-eetsaf tde b@%@@%ﬁ%. téﬁkaeH@E%a%E§ﬂ tes especially
met h Iat parficularly gentle” and

.W@%E@Hg.ﬂ% ﬁﬁ(érat\ﬁnﬁrfﬁ gRPS¥RI 850 £hRa®rd Furdtter For
obkamplef t 'ep iVt | 8y s Mﬁhbc&&se§5 the @@@@%@ﬁts for

T

ver
pbepagapbbﬁluédalalsyla retdracredrates , madR00 8 bGd/ late by

PgT&E%%QQ%&Q5%Q%étf%n at high teémperatures. In addition

to the high energy use costs associated with processes
at high temperatures, it is generally disadvantageous
tc subject methyl methacryliate and its precursors,
which have.quite a high tendency to polymerize, to a
particularly high level of thermal stress.

In general terms, it was therefore an object of the
present invention to overcome the disadvantages which

arise from the prior art.

In particular, it was an cbject of the invention to
prepare alkyl methacrylates in a particularly gentle

and inexpensive manner with high yields.

It was a further object of the invention, as well asg
the reactants needed for the preparation of alkyl
methacrylates, to use a wvery small number of other

chemicals in the preparation of alkyl methacrylates,
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whi ch ot herwi se have to be renoved by conplicated
purification steps, since these further chemcals are
general ly undesired in the subsequent processing of
hacryl ates, especially whe t
t()t%gﬁé?ﬁnigéﬁatlon of plastics used |n@CEéEﬁgé?22ﬁ59095
technol ogy sector. In addition, it was a further
obj ect of the invention to—rEduce t he shutdown tines
of plants for preparing 10 al kyl nethacryl ates, which
améisdpecitdicry iges otisateed twi t bbet heemewedal byf pomphtrated
nd bl y,.i p [
RS ConTacC i Thoaf kP ies Raifbe DELLEnY Tl e are
objcEEragfl vt herdafidiad oer- w/'al@et%ulm@w@@t amroqtﬁwmdof the

apRakAt UsetiQlcBFRRadd Nde8bkYE a TR NGGEN! AleSre LD to the
all ows the preparat|on of these esters with mninmum

sREEHGTR ticre L #REECHeHPFE did HshcaedeebhohfERNPYOIY

ekkicticent manner. 20 It was anot her object of the
invention that, after the preparation of an al kyl

nmet hacryl ate, only a mninmum |evel of workup and
p@ﬂiﬁdﬁﬂﬁiﬂnﬁohplGﬁEtyihﬁBrtbebeobBHptoyﬂﬂ £S5 Anvention
CQ@"%éﬁﬁé@ntggtéﬁhéﬁgﬁﬁ Qa g&f%f g? Qn%ég ?8 aring
af orenentioned obj ects 1's made by ] ect F
oflkiHe @%E@@Fyl%f-m ng¥lel &l rmaret h§5§@l§’élaé|1ﬁ‘s ‘associated

coashi tHd neemdFLf esf edoeFRedi MRl Aoddie PEesSeMabrly in
|nxen%lon 30 The gresent i nvention thus al so rel ates

r odBEE® £ oPRpFBpaiWG al kyFC neCRREAFEar d8tR  alkyl
copphesirgdaasssteps: . providing an acetone
cyanohydrin by a process according to one of the
preceding clainms; 35 ii. contacting the acetone
chanohyieisdm @btkcan of n@h@anmvazctdomomm afm g@rovide an

mekpaskuban arat' k- o0t 36tddag dég g g}écwé@@wfylates
Wi t an al coho V®2008/O71 64 "PCT/ 200 059095
which allows he preparation of hese esters with

minimum shutdown times and in a gentle and hence

economically efficient manner.

It was another object of the invention that, after the
preparation of an alkyl methacrylate, only a minimum
level of workup and purification complexity has to be

employed.

A contribution to the sclution of at least one of the
aforementioned objects is made by the subject matter of
the category-forming claims, the subclaims constituting

preferred embodiments of the present invention.

The present invention thus also relates to a process

for preparing alkyl methacrylates, comprising as steps:

i. providing an acetone cyanohydrin by a process
according to one of the preceding claims;

ii. «contacting the acetone <¢yanchydrin with an
inorganic acid to obtain a methacrylamide;

iii. contacting the methacrylamide with an alcchol
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3 in the presence of an inorganic acid in a reactor

to obtain an al kyl nethacrylate; iv. continuously
discharging at least a portion of the alkyl

mﬂagga dyomthe reactor 5 into a

col um AL a vapour stream the d|scharggcgéh556559859095
effected by feeding a discharge stream conprising
steaminto the reactor. 10 dn3principle, discharge
streans are all steamconprising streans which are

known to thdse skéHmeSEnd$eo&ruﬂandnamgaﬂﬂ;taché in a
ot o1 eI 8P B PN Y BRI
conpletely of 'steamor water or conprise i

gases, for ex@fprevistlyogéhsehaagingastvelkaat st epprtion
15 It is gengralhy pglqiﬁr%@th%%trﬂ%%edlﬁf&ﬁf 4SSt EEaR o

conprises at, | east 40%'b g vol ume, "preferably at |east
60% by vol un@ténd %orelprét Lrabry atcollélﬁ‘élt g5 by Vvapour
vol une, bas%&reﬁmgach case on the starting stream of

S m .The, di sch e str ve erature

B8 Al SF SRR 5 Aroa 18Yc, THHENES aft yirRCHarae
rar&greanofcoam;tsm@O stt@aabalmttolfwﬁ, meefterably in a

range of about 100 to about 140C and nore preferably

in a range _of about 105 to about 135C. It nmay al so be
plef eriagirigat diRehdrsenatyeansr eam iod If e sam-eompeising

I e26kamasWirh 25 a@:eork‘%ﬁﬁaiﬁ i dkd Sl ERLErid heRet BB ang

‘reactor pre sure E gen ral, the feed pressure is at

| 8REF3E. 6P %ECW%%ﬁﬁ 9EBERN RRY gRgReist
rmﬂehprrefcer@hleyeaty dfe&'S:teatrtWIcﬂte wst it Obr aSotfLise further

p re t tor, _The feed ressure
I S e e
bak, p$e@@ﬂﬂﬁ%ﬂhutnwnfarradgetb&tabdui disohaaheut sbream

baamgaqsggr edPrefesablysi i $8088. Of %%&a%-lg t%to least

abou Conti nuous di scharge 15 un erstoo )
_ VIELURS t P BETEI seRAF e MY hGik least 85% by

Iﬂb@ﬁmépﬂbahedminléacﬁob@gyﬁb@UEhQV%&a&tﬁHQ‘Hﬂﬁgkm, of
E g | east .one hour, l{Jreferablt%l/ at | east
23 ﬁgﬂrs ﬁd ﬁgpgarge stream may Have a perature in a

range of about 90 to about 180°C, preferably in a range
of about 100 to about 160°C, preferably in a range of
about 100 to about 140°C and more preferably in a range
of about 105 to about 135°C. It may also be preferred
that the discharge stream is. fed into the reactor with
a pressure which is greater than the reactor pressure.
In general, - the feed pressure is at least 1.01 times,
preferably at least 1.2 times and more preferably at
least twice as high as the pressure in the reactor. The
feed pressure is preferably within a range of about 1
to about 8 bar, preferably within a range of about 1 to
about 5 bar and more preferably in a range of about 1.5
to about 3 bar.

Continuous discharge is understcod to mean non-
portionwise discharge without interruption, not in
portions but over a prolonged period, often at least

one hour, preferably at least 24 hours and more
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W)2008/ 071464 PCT/ EP2007/ 059095 4 preferably at
| east 7 days. The continuous operation of the process
is not only restricted to step iv. Instead, it is

a for other steps of the pr
aﬁénggz%bg %4he i'nvention to be effectgggﬁﬁEP2007/059095

contlnuously 5 preference being given to the

conti nuous operation of steps4i. and iv., and
particul ar preference being given to that of steps

i preferbbly andlpeeteﬂemm@sanHduﬂbdxﬂnupuﬁ\@@Eﬁdti&@ of

CQHE'EHSHgsgpﬁraEb%nég:y a%&%&dte o s&o USefut:nstead

rs-aré in princi VESSEl ST Whi CIT are’” Known
t@tthuseaéﬁﬁﬂIp@ssnbihe:%ni @hheappeaep$ocﬁ% the process

SHbE@QE@ngCEEeEhetH%V%Eﬂﬁkﬁgﬁxﬁﬁﬁah§?§é§£éﬁ‘ 8 fnuously,

wal I's, such that there is a tenperature in the reactor
Brﬁﬁ?ﬁ?ﬁ% rbﬁ’%g@ Flepeutordhs apebinegpecoperation of

peekprably. about i90, toaaBoubatbOcuand nbresprehesabbying
Wi thin a of .about 95 fpo abhout ,145C. wever

(B VPRactdr £ M Piei FLEBRt Gt s ddh dse bEPHestef Byence

néanshef tlhheingi schasge txt re&m 20attniisual soperation of

pgggﬁgrgd Lhat the al cohol used for the inventive

reaction to give the alkyl nethacrylate is fed inin

a lower region of the reactor, often even the reactor

botLem k_cew@»aos:@gla% Ilsn gﬁf‘ﬁﬁ@iﬁ_ﬁ/e uaw 10 AR ch are
mean the | ower volume of the reactor. T

he
afFeoml 5% BP@F@r a%*fﬂyllr@éa iR tW%u@ﬁta BB o PRIy tO be
Thi: 5t gohér i botesnt o bﬁétefe@@%¢ﬁg Qiréhehééiédﬁ(ﬁh their
nixiyr re en%@k Hﬁ; react or ul t of c
his e uFe 9 ohigye? ES@Q§§§FVr?hé‘lﬂt 3g-acEer
reachon ha§amyﬁt@bnabbytdﬁaunbsabouErssosait@M&ferably
PO oys Rkedi 588E9d%§y4cp9§8uﬁ&?¥“ e 0L Ok fr%lthln a

known to those s In the art a appear
stAESD| @f #BPUEhPE par pbsut J46K Cas Heivgpiiragriheorreactors

foaMe heerpesed oritfs 0Ea8S MQlsdTidl heht kS RAVARLAFERYS the

I e the entire
éfScharge stream.

It 1is also preferred that the alcohol used £or the
inventive reaction to give the alkyl methacrylate is
fed in in a lower region of the reactor, often even the
reactor bottom. Lower region is generally understood to
mean the lower half of the volume of the reactor. The
alcohol is preferably fed in through a porous body.
This contributes to better wmixing of the reaction
mixture present in the reactor. Often, as a result of
this measure, it 1is no longer necessary that the
reactor has additionally driven stirrers. Suitable
porous bodies include all porous bodies which are known
to those skilled in the art and appear to be sguitable

for this purpose, such as diaphragmg or foams composed

-of glass or metal. It is advantageous, 1like the entire

design of the inner region of the reactor too, that the
porous body i1s forxmed from a particularly acid

resistant material. This should withstand the inorganic
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35 design of the inner region of the reactor too, that
the porous body is forned froma particularly acid
resistant material. This should wthstand the

2%%%| 6792908/ 071464 PC.’I'/EP2007/05909]§c ngngDS 095
use in the process according to the invention A

are preferably used in the formof concentrated acids
such as concentrated sul phuwix -acid. Useful porous

bodi es al so include perforated tubes, the 5
paopdstmmwd(ﬁnthEetmmaraﬂutatmbﬁdhmgston&hﬂuhnventlon

P ﬁ'ﬂzh"%\r%f S;%P@f@:%l? ph%‘étd %tqatrg%é g(!g held 1 ?%Qeer?tPXted

bubb ape and densi i eve
géﬁéﬁél suRE sﬁ@e @DQQﬂﬁﬂﬁﬁﬁﬁﬁlsﬁu&HhuﬁiQ1r@mg@ of Useful

?QEEuQ 0% daq eabouty R0 nﬂhc@ﬁ@éerﬁgkfoWbEQHn QJﬂﬁﬂge the

10 0.1 to about 25 nmand nore preferably within a
rBﬁ@@orBF-oﬁﬁoutofO Fh% 1098%F | A8 f dRenerdigigivdiqRent and

O@obF]ielbhOwsgll‘@Qﬁﬁﬁéﬁgpfﬁvihﬁd tﬁté@@tlho;be&lntg ifuided by
Sl that t co ed I.n |n n

g%a ﬁggﬁgﬁ oF RE r 84 gt ﬁ fi%ﬂ. i FEEY & 1In
efénetred, prdfeer abky E sphaylhu:gecsr jet mindpithea range of
agseﬂe' ol B1_ @B abbkS R %ﬁe”of te%%tbly%aéhaofb%l J%&g{e of

her e galnst the I nner wa our space
t Rel F@acUTG n2praer apgd weste @Jre%qe:@blmwh‘abﬁw & erange
20ragdhsitng.theseioi Amorder that there cannot be any
undesi red polynerization. Particularly suitable
apparatus for the feeding of the alcohol into the

uppes fueghem amboemmamtrbﬁg&h&ﬂpﬁmdﬁgslﬁﬁﬂuﬁﬁiﬂgﬂubNthe

t or .l 25 1 s al so ref d at
gﬁ%?%?gﬁé mﬂthgﬁgtggug%igtplsgﬁlon(x)§% Eg =1%ot is
sé¢dcindisuah vhaer fegdeny of the aldadtamt Hl’altﬂrsylbiailng—

| paves t@ﬁ@é@écﬂ' b%te'f%'ﬂ‘a%quur@y @n:sfﬁt@b' Sr Vﬁgttcﬁﬁg the
to as_low boilers in the upper 30 fegion
Robet | éFs, 2a8udit ylﬁm@ﬁ%%%mfé BEpd, the alcohol flows

hh(éif@xagéﬁlbsltythé eaher aadilwaber ,theaara@eurre@@etced & the
leaSttg rt'X bac% Intq thew£§§0t8%f Th%kanxgéEﬁgé§§late
adhering there, in order that there cannot be any
undesired polymerization. Particularly suitable
apparatus for the feeding of the alcohol into the upper
region are spray rings which are mounted below the

reactor 1lid.

It 1is also preferred that the conditions within the
distillation column are selected such that, firstly,
the alkyl methacrylate leaves the distillation column,
preferably wvia the top, as low boilers in the upper
region, and the high boilers, usually methacrylic acid,
hydroxyisobutyric ester and water, can be recycled at
least partly back into the reactor. The temperature is
selected according to the alkyl methacrylate to be
distilled off and is accordingly within a range of
about 50 to about 150°C, preferably of about 60 to
about 120°C and more preferably within a range of about
65 to about 110°C. In the case of the methyl
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sel ect ed accordi ng to the al kyl nmethacrylate to be
distilled off and is accordingly within a range of 35
about 50 to about 150C, preferably of about 60 to

ggg?goég %gggonore preferably within a éﬁ¥§%éﬁo%¥ﬁ%ﬁog5

In the case of the net
W2008/ 071464 PCT/ EP2007/ 059095 6 nethacryl ate,
t hese tenperature ranges may el i-kewi se be suitable,
particul ar preference being given to effecting.
dmethhbayﬂanewﬁthEBeaﬂempyraﬁhﬁﬂxxﬁnééstmay&hﬁk@wlﬂ@Cbe

a r ef hi n f 5 70

SR8 PRRSRPT (L SLEDLILT lo oLl 0) ahetle to
peéSeat e8owWich idgpddon owbehsui rabfangy® pﬁo%bout 65 to
skbbligd1iBe &hsnarhogepee@hseeam b talikyla %&@%ﬂe@ a&ﬁout

to be distilled. In general, th pressures arée wt

a’%fange 6#0&60&0"6? 7 Tre a%ﬁ*sl%tletbe@ igr efféreéfmegﬁ under
WehBI I’pﬁ%@ﬂeﬁ?gwh@ﬁl?abﬁﬁbe@rg&é?b%goblhl%agébflrtélgdd%ose
no. L el er W e o0 (0] abo
1265180 181 20 At A frott chRe Ao e Y Lt e
tEQpbeadeE1EbﬂstEnngensraﬂsothafbwemeedehya&hew1thln a
cggﬂgé' Lizon0f cthe 7vaa°oou%b§££eimbt 2be gl agi% "W thin

neral , the vapour stream ma avé
c@nﬂﬁ@@@m@fbéﬁﬁp%nQh@ﬂm@@uﬁhﬂ$@am hﬂﬁ;tmmd7®%re

byrued ghib1 pf vai&win nef haciydat e andaddi tipna | w&o%bout
and 1 ess by ght of water, nethanol acetone nmet h

yl
FhriatEAT ol Jlee PGaFBRGFSoBtASTT EoRciaf BiE, Préssure” and
meed‘m_aefantmfe 280a6i.diangd/ o sf ordli o aCiﬂfluéndzﬁdm B9 the
p ed in acc rdance with the inventi.on
B R
distétdhat i grheolvannul n sgenermal mayhe hezesot rumae fforliewing

%&ﬁ@&ﬁl@na' Bé(é.eﬁ%ﬁa"‘c@é' Al £ %‘J"’F ﬁSréeﬁﬁkﬂr 70%

t he vvater fromt esteaman n the case
t%t wedgatdi et i plaviomeshasrebaesl agddanndetoionpl &y 30%

@dllét@gl B, wieligh$ wfefﬁﬁ]@ g‘héfhfﬁ‘g%pr a&&ulbﬁean@hethyl
erat ure. con ons |1 n e | STI | Qn_Ccol u
P S Ry LA e L bt uPREGs maRad Y 1c

acid and/or formic acid.

It is also preferred in accordance with the invention
that an azeotropic distillation isgs effected in the
distillation column. In general, Ithe azeotrope forms
from the alkyl methacrylates formed in the reactor and
the water from the steam and alcohol. In the case that
the distillation is effected as an azeotropic
distillation, it 1s preferred that the pressure and
temperature conditionsg in the distillation column are
around the pressure and the temperature of the
particular alkyl methacrylate azeotrope with a

deviation of not more than 10%.

It is also preferred in accordance with the invention
that the wvapour stream is fed into the distillaticn
column in a c¢ircular motion. The feeding intc the

distillation column is then effected preferably in the
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particul ar al kyl methacrylate azeotrope with a
deviation of not nore than 10% It is also preferred
in accordance with the invention 35 that the vapour

S%b%%%/%7fl§g4l nto the distillation colc#@/i%%@7 n059095

cular "‘motron. The feeding into the
columm is then effected preferably in the
W)2008/ 071464 PCT/ EP2007/ 0590095 7 |ower region of
the distillation colum, which is formed at nost by
tﬂlewbmvver:egabﬁ obft heheolcﬂlimt:i/blamton Ac@lmrﬁ:[uj arwhich 1is

i I c ik are
sul k:fﬁ%fi a4 ﬁ%%szgylsk&#% e%lg‘lﬂ%rtﬁ‘e anéje5 esucnllrr} b%01ume
t Be cnﬁmuéarth@ovapnurlscl@@ﬂ$asall |@af@ib11nkeFowotlons
'Qﬁ&éﬂcearé h%u\i@emr SEéead"HM Bg:heda M@t the e ang

distillation colum 1 n circular notions,
\Aﬁ?@ﬁrhﬁ? §F§ofH§Veotfh§h§hé(|§@%‘fr Stagiamalasori tofis fed in.

hgbrx1ﬁEwahdaﬂfKﬁb0%abaaél@lﬁé&ﬁﬂégmsbé deRDSihi @R  the
ntrai ned i,n the vapour

th Ituents )
Srdlm O o hi GReLbat e iR Lt 6 B e dfdEons
Thkichi quayd edsst |mmt sl'reermheﬁef radm whesyapalr or of a

Sﬁéf?ﬂ10@§ sbﬁeEﬁg %df%% 1% sh np%ﬁHG&Jj(ﬂ&e'g(aﬁ%o
react or é al so pre I n accor anc@
thhe|ﬁvqnﬂdomomaﬁﬂtqan;auﬁnnwaxn¢@annpabgeyapﬂunuﬁtnﬁam

sepahat Ohe UPSELSRE Ofo@dtifhdRes disdilat i o COldiM. The
Useful = apparatus here is al|l separation apparatus

W'h%%l?is CORREWAUEHEEhFSIWET | P T nthpevaPPUanFtream can
appenssSytDefea?0lsubt apher 1 gspeckalhyobuhk sepatators.
Particular preference is given to cyclone separators,
which are also referred to as centrifugal force

stparat erlssc i prededesdt dnachicevwsiaree sepanathen iofverhe on
lﬁlqé{'t’:d tl"i’é]d \9@50 for@{fé\énﬁ]g?@@é’é’gs ﬂkﬂ!cﬁh ﬂ quél d saé%%rator
gaseous 25 constituents gaseous constituent
DeppgreaE  eher@aftet tda hellditstl 1atiaon amiem - aéJseful

dessaideds akawe, iksS @IFf%f DatRedf OEPBErasudN which is
Jeeotiopic (distiliation, 30 The imentign further
suitable, especially bulk separators. Particular
preference is given to cyclone separatorg, which are
alsc referred to as centrifugal force separators, in
order to achieve the separation of the ligquid- and gas-
comprising vapours into liguid and gaseous
constituents, the gaseous constituents being fed
thereafter to the distillation which, as described
above, is preferably  performed as an azeotropic

distillation.

The invention further 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,
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preparing al kyl nethacryl ates, conprising, connected
to one another in fluid-conducting form a plant
el enent for preparing acetone cyanohydrin, followed

by - Lant el ement for preparing ]
f%PF§§5602§g6 pl ant el enent for prepar?ﬁ%Pgﬁi%§6g?6§%OQ5
met hacryl ate, W2008/ 071464 PCT/ EP2007/ 059095 8
optionally followed by; a plant- el ement for purifying
the al kyl nethacrylate, the plant el enment for

prepar bpgiehkyivnebbaewygabe; 5 conprising at | east

one reactor ef er abl or.nore,___foll owed by _at

| east %ne %%%ﬁ%lla??%ﬁg%%lunﬁ9rlo Cohhett'dd inghe alkyl
f1 ui d-venhdactyhgt&orm means in the present context

" g TN an s L i qui : |

f?%%-flgﬁfgg %ﬁ%ﬁ?@%cegogaﬁp%%&%%ﬁﬁglﬁééﬁfferetﬂgé¥¥late

c@ﬁﬁ@é%?éﬁgmﬁth phe individual_enbodinents of the

purification sehicd, &&ferancad:s "EQSféQaB*Dﬁ renBtksnore,
e

15 above. coqgfﬁééon with the parts of t

i nventive éhﬁﬁﬂ f& reference is made to the renmarks
in this- textledar anod hetstenbbgl imntcoludhe | nventive
process, 20 this process is effected in an inventive
apparatus. The invention noreover relates to a process

f epnnprepdr ingfﬁ;uﬂylﬁgp_sdbasédgaﬁ olreageapar tiry tdre gidgdent
nethesky! ahes. ey i sing, {de éﬁgpgagt ii%ﬁi&- mixtures or
preparing an al'kyl rmnethacrylate by a process

aeEBRBI nhred bhevbro O eihetanees 10°and b%; senducted. In

pobynest zbng whehal ke nehBachivlate anthoRtierdl | Bbf a the
983?? gggtig%}'so 1%5'ngeygréggeaHﬁylmggéhﬁggyLﬁgefreﬁg%ks

above.

In connection with the parts of the inventive
apparatus, reference 1gs made to the remarks in this
text. In another embodiment of the inventive process,

this process igs effected in an inventive apparatus.

The invention moreover relates to a process for

preparing polymers based at least partly on alkyl

methacrylates, comprising the steps of:

v. preparing an alkyl methacrylate by a process
according to one of Claims I to 10 and 16;

vi. polymerizing the alkyl methacrylate and optionally
a comonomer;

vii. working up the alkyl methacrylate.

Useful comonomers include all of those which are known
to those skilled in the art and appear to be suitable,
particular preference being given to free-radically
polymerizable monomers. Among thesge, mention should be
made 1in particular of styrene, butyl acrylate or
acrylonitrile, methyl acrylate or ethyl acrylate.

Polymerization can be performed as a solution, bead,
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Useful conononers include all of those which are known

to those skilled in the art and appear to be suitable,
particul ar preference being given to free-radically

p [ l.e .mononers. Anong these, nengi
Sgbﬁggé/?ﬁgégﬁticular of styrene, butyln%%f5$§$€&%$bggog5
acrylonitrile, nmethyl acrylate or ethyl acrylate.

Pol yneri zati on can be performed as a solution, bead,
W2008/ 071464 PCT/ EP2007/ 059095 - 9 enul sion or
saspéssban ol weperatiican, poll.yeksézasian, bk else as a
p rizatj ol vy. i d.up, f

B AT P 2 DEeRY YL oSV ssRbersi v Tor
pekgmeiein Bynopsefyphtatbent hef potlyerersabvents-comprising
PpEEVRELANtn FOE XA POl YOI CHPII SLignaret are 2
as the solvent and pol ynethyl nethacrylate 1 s
pPEEFPPLERBE | AoX PPt ant POAPPSEd CHFMEFEtHAYDI 2 Efierne
waker, tiseparsdegerdd omaidee ppechpitapl angdedhiedy1d0eln is
addi ti.on gha i.nvention relates to the gsefof a a
uPEPEPEEE2GFRY ot HeT TRt &2 Bbt SPRBBFE LY tﬁ@tﬁ}a&@éssan
avabed ngeperthedi ivent tbr pretipiesntf ehisdréedti ngs,
nmoul di ng conposi tions, noul di ngs, paper maki ng
auxiliaries, leather auxiliaries, flocculants and 15
bént GAdddian veshas predreriad chéntedl v odbet usgnof an
agddtbhplret %@kgﬂV%gﬂHHbffﬂa?é@Songaﬂl%Pé, bl It process
coati ngs, noul ding conposjtions, npul dings, _
pAPEPREKPAg ECadg i WVt 1PRat ReF 1RGSR %’11&3 coatings,
fhoaratagt s anbmbdidildiang addinblvasnas, pr ef asd@skmaking
chen}gal ?roduct ich are.based on a ggre a
nBERAEF T e est et DBtHT naB'E 6y ERES pr ot 28ERERBFBi ng™
tbothemi adéhtivas ¥arpoesSeprodesbenleatnpsodndtpl ant
parts will be 25 illustrated hereinafter, which can

in principle be conbined with the present _invention

i Fdi A4 or ths v estsianbl ecortefo v AdPESsF thielms,
PEOSESESE| enBil 81inFelbinged r 1bhsSOM Gasesys | tpdM¥reking
advant agepus when the process.el enents esent ed

VPR T TR Br oo orE 5 | 36 drd 15T Brned hithcthgats  and
piesehing nsédlt dnesueb phatetreyi chemical products which

are based on a pure methacrylic ester obtainable by the

process according to the invention.

Various procegs elements ‘and plant parts will be
illustrated hereinafter, which can in principle be
combined with the presgent invention individually or as
an ensemble of two or more of the process elements
mentioned. In some cases, 1t may be advantageous when
the procesgss elements presented within the present text
are combined with the present invention such that they
are combined overall to give a process for preparing
esterg of methacrylic acid or a process for preparing
methacrylic acid. However, it should also be pointed
cut that advantageous effects can wusually also be
achieved when the subject matter of the present
invention as such 1is used in another £ield or only

combined with some of the process elements presented
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are conbi ned overall to give a process for preparing
esters of nethacrylic acid or a process for preparing
nmet hacrylic acid. However, it should al so be pointed
0 t t ageous effects can usuall I
a?ﬁg@@?éo% éﬁqthe subject matter of the %?gé%%%§§7;§59095
i nvention as such is used in another field or only
conbi ned with sonme of the process elenents presented
W)2008/ 071464 PCT/ EP2007/ 059095 - 10 here.
Phepar.ati on of acetone cyanohydrin 5 In this process
el enent, acetone cyanohydrin is prepared by comonly
known processes (see, for exanple, Ul mann's

¥ ¢RBEpAdPE @ér arethneschencivéamiie, 4th Edition,
Volume 7) . Frequently, the reactants used are
acetone and hydrocyani ¢ acid. The reaction is an 10 .
eXxBt hérhit rREEERBR. (81 B1EddT t 02EBtMRer aflyanohydrin  is

deeeppesit bon c@fnmbmga@c?m?me };Cr)tﬁittfﬁb)ésy i (naié‘eqr m_aiskl idkample,
t reacti Qn e pneat or, reactlion .S I C :
Ohduabihs | BheuieRra Epp s ud oM SRR | Gt be 4D

cBdducbrd Velupw Mdi.plEragientilat chtpeocesstantas uwwed are
c ' us p ; n ti us i S

pgg E?#%dtaéﬁe E?ggéﬁygﬁﬁﬁs ??ggﬂent y pé&%%%ﬁ%%liﬁu% —
I@éﬁthéé@%ér \Mﬁ%ﬁiﬁqnfitté@.mﬂoﬁﬁﬁﬁoprtayelfxwmteract
nakBohBat Ut €off oa pBEhaddiead RG LR MG 9eHIredka 28 this
product in hb%hé§ elds_is oftenthat the reaction
pFBaGELOTs E66I &F3d Fuf FERFemen r a8cCVBA By &FPITE bY
r eaetii eabeguidpphidatms .S =i f tedct hok heafli bectdciuefted in
the. i on_product n addition, the reaction__ .
PoEEEES Rpoqfentry ChanErat e h n &or Gbr |G Lrvous
spabrebzer vihprpbat kerddvaregepvbcehe over pkkfyrekd, the
| Ao QEAEELT O; P BMEND, o & ﬂ@%ﬁﬂ'ﬂ&% | nithe,c of
th%_late? wor kup t&mbivép he starf%né na?e?#%ﬁg.'ﬁﬁftor
nWRidy bF thetadePohe*BRECRYERBEYENI ¢ acid 30

reactants can in principle be effected in essentially

oY Y g%t%tehongfam%ét%ogeq%g 1n|gn grt’élr(l:gl aci[esoinred

product in high wvields is often that the reaction

product is cooled at sufficient reaction time and the
reaction equilibrium is shifted in the direction of the
reaction product. In addition, the reaction product is
frequently admixed 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 egsentially
any way. The method of mixing depends in particular on
whether a Dbatchwise mode, for example in a batch
reactor, or a continuous mode, for example in a loop

reactor, 1s selected.

In principle, it may be advantageous when the acetone

is fed inteo the reaction via a reservolr vessel which
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whet her a batchwi se node, for exanple in a batch
reactor, or a continuous node, for exanple in a |oop
reactor, is selected. 35 In principle, it nmay be

aQ%ﬁ¥¥ S en the acetone is fed in t

reac 5%9 vié“%preservoir vessel which vm%%@é%§?9284959095
PCT/ EP2007/ 059095 - 11 has a scrubber tower. Venting

i nes which conduct waste -aiin containing acetone and

hydrocyanic acid can thus be conducted, for exanple,
t frecugh ddisobreaseromair. Vigsiselng 1inébewBCenbbbAgutoWREste

i i L. the 5 servoir_ vessel, .the te
\g{i%rﬁgsdc? }pt%nlgﬁ%gg?na%%eoner eSer \e/%Y (ﬁr?/%%%%:fc c%ﬁi%ecanm@ﬁ?s be
s Gashed ami t hE@iceevasplehi chroughpvesi hydeseyamic ackdel.

f om the V‘@s%x%kﬁ:@irngg‘rq:oﬁ&tcy%ﬁfcljlt jpto %ggcﬂ&?ce&? the

For this purpose, _f exanpl e, sone of “anount ~of
aCEFERY At r 58568 - r SRELOVEBESr e86FvORFCRREBEl Enpp  the

t &esre?a@tiizonvé§sgﬁr@aﬁ] ele | @cﬂd%éaﬁr &i@h{ %@J@t?&ril{egugﬂréich
a_cooler, preferably through a. brine cooler, i ,
t5§m8Vthe%¥é%ﬂﬂ¥Qﬁ§qcw@ﬁggndfrPﬁe d&8i r spgSsuI2iy s and
t mesvadkiseved. it&dDepradipyporsd heruirzetlgist hergaeent for
0 ro S ed,- it e,

a%&gﬁ %%éo%?ﬁ%)§€e%§§hg&§g§ of& Cgﬁ?erﬁﬁE%?%ﬁF?éoﬁfom
nbhe tifdaeviests ormsyelseinobr theesselction tid scouhtebdd in
| £nis Jaessidle fpreigaahof ot heo1kyo rFUGHIP A gh o

vessel's to bear a correspondi ng 20 scr ng to

wever Cqt s i Franyheade® <fuf thei erruhbeRdomaresneand
othehdeseégenvebkuvessel 8hug ae@diepped With a
correspondi ng scrubbing tower. In this case, it is,
however, often advisable for corresponding |ines
whRephndonduch Wwast iz @hdtbanampansporft acktpnelRts to

789 BYSEaeKAn ¢ catd £ M INCUEAL (U Sl YIS acetone
vessel or through this scrubbing tower. e '
t BRpef R ureeatt 1% desmnacne t RBareserebi ronay yeservoir

preBsepl eThecwi thicBnaaxessent ijal I36ABtd & raNGe.of the
30 8r%\éi deodré hrat t he lageton%erls in tgg L_I qwcdorsrt ate aéin
tﬁg m eservo ves 8 to ar a espon g
scrubbing tower. However, it is in many cases
sufficient when only one of the reservoir vesegels is
equipped with a corresponding scrubbing tower. In this
case, it is, however, often advisable for corresponding
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 liguid 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
iz cooled by means of an appropriate cooler, for

example by means of a plate cooler, with brine to a
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appropriate tenperature. The tenperature in the

reservoir vessel is advantageously, however, about 0

to about 20C. 35 In the scrubbing tower, the acetone

u f riybbing is cooled by nmeans o

aéﬁ%ﬁ%&%éﬁ§4¥%bler, for exanple by nean%cngg2BPg{859095
cooler, with brine to a W2008/ 071464

PCT/ EP2007/ 059095 - 12 tenperature of about O to

about 10C. The tenperature of the acetone on entry

i meoptche tsareubli ngbtawern iso tbheuef oroe)qar efles ablempef_rature
e t o abqut . 6C. 5 dro ani_c aci
)é’gm)'%}gd %%%%hél%r eg%t |eglnl{:r<}’an1% r}i S o%ﬁgg Fh€o ttcﬁ”er is
ré@@ﬁ@ﬁO@ﬁthprefﬁrabéMud iwrllexqmmieousabonh1 2t tmayabout
f glocexanpl e, be crude gas from the BMA process or
fromthe Andrussow process. 10 The hydrogen cyani de

can, for exanple, be liquefied, for exanple by the

usaeo;h%rmmd@wla&@dco%qmél}ilmﬁ tHd1Steadt9bn can be
efi.e rocyani.c aci coki ng. oven gas _ can ,
gg ZoggFe Ei Fé qﬂ?ﬂr&§?Ft6§énﬁg§gESnth?nl%kﬁ?ﬂﬂ or in
cghsagusvdhmgmsegt afdyer Sor ulkbianglwi,t lopotashe afss from
SEnubhed conbiauous) kLR cAUNLErEuLLent uifh acet one

whi¢h contarns o6 wat and Peact £om 10 di ve
acet one cyanohydrin can be carried out in the presence

ofrh £ a t agoscr col
iR ST YRR, Ay B Mg o e

REUFEREBABr PY e Mﬁ&ré@%ﬁ%ﬁ&ﬁ%@%@ n‘é?‘?l%j%&e]%rlne
especeaﬂlpfalmqukfugﬁShidﬂ@&yaﬁl@NACQHOC@%krﬁgfd&Hﬁ gas
tgg q;u§§g§/pEpcess 25 gan gﬁrea ted Wt acett e

Phe or8eefce “6F aoPATPLS ' c AV hntY Attt ongontalning
cy@héhgdrcp'\rﬁm ng@sgas- | Rqued seactbing| vitdie proesds are

descibbed hats s MAILIPNGE, | SONRRN Q3R URIPH ABMne
crude gas or an Andrussow cru ga
which™ contains 10% water, an the reaction to give

acetone cyanohydrin can be carried out in the presence
of a basic catalyst in two gas scrubbing columns

connected in series.

In a further embodiment, a gas mixture comprising
hydrogen cyanide and inert gases, especially a crude
gas from the BMA process or from the Andrussow process,
can be reacted with acetone in the presence of a basic
catalyst and acetone cyanohydrin in a gas-liguid

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
procesges for preparing hydrogen cyanide can be used as
such or after an acid scrubbing. The crude gas from the
BMA process, in which esgsentially hydrocyanic acid and
hydrogen are formed from methane and ammonia, contains
typically 22.9% by volume of HCN, 71.8% by volume of
Hy, 2.5% by wvolume of NHi, 1.1% by volume of N,, 1.7% by
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gas m xture resulting fromthe abovenenti oned
customary processes for preparing hydrogen cyani de
can be used as such or after an acid scrubbing. The

ﬁgvg%og?%ﬁﬁ%‘ the BMA process, in whi Cﬁ‘cf?@?%én&‘?%é’9095

rocyani c acid and 35 hydrogen are forned
nmet hane and ammoni a, contains typically 22.9% by
vol ume of HCN, 71.8% by volume of H2, 2.5% by vol une
of NH3, 1.1% by volune of N2, 1.7% by W2008/ 071464
PEFLERZ00HD5908L. -Id3 e unknofn CHAndrmstsher knowwcess,
Aﬂ?&?gég%ﬁ{:og‘éﬁﬁ' s drAcyanL ¢ agl, m%{id f‘%%%nermeaarh%ne and
formed from nmethane an armoni a and atnospheric
ORPHERLA TIRACr fEaogake vl ct vy IRTdr uEBeW PN GEesgas wieén the

OXHEONs5EWUTRBAS  NCwREY IR YFOUL EC LN AL NShe oxygen
typically 8% by vol une of .. 22% b vol unme of H20,’
4%9‘3%?83/ GOrGARnSf HRPICES0YhyE ¥ dPYinkChpme ot FCN,p\22% by
VO?MﬁﬁeObfﬁEkOZCgEQS%b&?¥£¢¢m%P€&oNH@2ﬁnds@-5%)d@&ume of
vgl ung, each_o en .
n ﬁ-ggfdschﬁéﬁga Eﬁﬂggjga%'%?oﬁ¥tH3?§Wﬁ Fodls angt 0-5%
Andr ussaowe peackssti SHusedi @dwe amonia present in the
crude gas frequently acts as a catalyst for the

reaction. Since _the ammonia present in the crude gas
fVeglent Rynexededscrnbbafpaitidee g@isr €doas tdiec &M tocess

15r anghagaR sbhersf osesd ead tesdghchessgmoiisubplyehe ip
acid wused for s%ﬁplllzatlon, such a crude gas

I's
of £en S35 BT Bd TERTHCIY SEFBbBihg?i Fardferst ofor the
erentnbbe. sdmer a-hdemetaia Wessstuchian the crude gas

i d- e r g i,s used, it is_then
TeLeREIIPE AR D8 BE phlub el (2 cavalvee
cardl gar therhtoreatead tr hight doptses chmmiphumic acid

PidOg iy IR 11:N0RGAN C QR QY 9aNi £-RAST CoaCONpoungs: o
may function as the catalyst. Hydrogen c anlae in., |
PR FR 13HuPE orIR TSP HIGadl DY A%t GPe eliminate
Carrpsh 54 nghéydf 6geN BXENI dachand aeetioreraded @Gude gas
continually.to a Iogg reactor .in the continuous nq%ﬁ%

5 a

1T t P %asd® t hE | 6857 eBECEFSE5Kpri SR¥S%ET T eal?
neansalofe f bediing catetlgee orot wheorrsmpersuch Aeans,alytic

aimc%@r?ét 9Hepggﬁg§pﬁgr, fk%%%rpglﬁé%érglgroga%%%gﬁlc basgic

compounds may function as the catalyst.

Hydrogen cyanide in gaseous or in liguid form, or a gas
mixture compriging hydrogen cyanide, and acetone are
fed continually to a loop reactor in the continuous

mode. 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
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30 hydrocyanic acid, or two or nore such neans, and at
| east one neans for feeding a catal yst. Suitable
catalysts are in principle any al kaline conpounds,

;ﬁégoggéﬁggggaa sodi um hydr oxi de SO|UtI%gﬁ é%%dH7/059095

ot assi dr oxi de sol ution, which can

reacti on of acetone and hydrocyanic acid to give

acetone cyanohydrin. Howeveri4it has al so been found
to W2008/ 071464 PCT/ EP2007/ 059095 - 14 be

ddy anitgedas adinen vinen: cahal ysttakesk | ssad orgaanc organic
Bhelysle, SREHAN AN IR oS! ANGBXATBLEROPLE ave
second tiary amnes such as h
d$p¢@p§xaam ey treetigian seines i -sugr oA arﬁwetkaﬁeﬁmlne,

t@fprép&l&ﬁlné\|999e£ﬁ?§&85n833%9hen'Brb??l@h@%%s%nd the
e| enent” descri be further conprises at [éast one

-or two or nore punps, and at |east one nixing
apparatus or two or 10 nore such m xing apparatuses

b I [
201 188p o BB CaRaBPPAGL En i PEUFRFISN S0P [EHE o dpricar bed
nMixtiurer i corperisesp arvadearst 16nSuiptualy,e orxitngp or more

Zﬁ%@é@ uses are a%g]@tm b9 ARRAAL LS ]{géra%éh mbi L& or

nts and so-c¢ ed static m Xers
i TpEhi $eCh | BYiKies | aprameRitugee- provided. In the case
of use of static mxers, suitable exanples are 20

t hose “géCh al | ow an operatlonal transfer of at a%t
dDOUt 2R pEMMPEor 28R anpl ePALFERLE tPZtlSIPﬁarW]aJrC t are
Isumﬁaah@ufozodﬁ§Uﬂﬂm§rtm@eba&bpga¢dmwt@@nﬁhﬂlﬂyaﬁtlon

{ﬁgtféoémgggcégkthe functi oni ng.
igproprla e

i Xers onsi st of plastic or netal. 25
Sui tabl e plastics are, for exanple, PVC, PP; HDPE,

F@ﬂ%ﬁaﬁﬁé\ﬁ&xfﬁiEapﬁgiééugé§eé§enﬁ$tﬁoﬁﬁk§h dﬂbar%ﬁ%§ES

exa nic oys zirconium_titanium and

|‘ffJf<'~“e11 FobeiEs e BNERBF e 3@, SOICodi&Th| ELAF&EL ARHIFRF 1D

WXEF18. immobile flow resistances are provided. In the
case of use of static mixers, suitable examples are
those which allcw an operational transfer of at least
about 10 bar, for example at least about 1% bar or at
least about 20 bar under operating conditions without
significant restrictions in the functioning.
Appropriate mixers may consist .of plastic or metal.
Suitable plastics are, for example, PVC, PP; HDPE,
PVDF, PVA or PTFE. Metal mixergs may consist, for
example, of nickel alloys, zirconium, titanium and the
like. Likewisge suitable are, for example, rectangular

mixers.

The catalyst is added in the loop reactor preferably
downstream of the pump and upstream of a2 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
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30 The catalyst is added in the | oop reactor
preferably downstream of the punp and upstream of a
m xing el ement present in the loop reactor. In the

r%%logpoq_%%ﬁl bed, catalysts are used, é %@6‘?}@59095

in such’an amount that 35 the overall reac?l on 1s
conducted at a pH of not nore than 8, in particular

not nore than about 7.5 or-absut 7. It may be

preferred when the pH in the reaction W2008/ 071464
PCREEP20O/0590958- riBgevarf esbwiit hién 5a tangeoof &byt for

e§a¥nﬁ1@b8}dbuz 2. af QL 85253@176 ~about 6.8 to about 7.2.

Al'ternatively to the addition of the catalyst into the
5 loop reactor downstream of the punp and upstream of

aplfEkxhBgi BRY abUshd tad$i @ &0 HPsshbl @acithe 1nto the
process describped to feed the catalyst into'the |lo

r e80Porr S3CGGEt HETW R T A heChc &i6n W, %%‘éhuﬁs’éé@ém th a
mayxhag adjgmﬁaa:QEJ,US1W16.r$ appsOpHoatsa blieXi g @he process

a d I |senuredbfor fe d|n into

tﬁ%é?gggéﬁr eactor aLa 3%’r opT ‘;Tl%? Y xithg© %‘% 8??201{%80‘:t°r
f spgetkanple,thbythheaasboot . a Ini xeuchi ah qERg Ngiparey be
oéd@¥nt§§@oﬁg awﬁéﬁl' 8E¥1aa$ect§§n%'CB@t'Qggyéne and

process I1n a rea as th
opakatVhf n’éée ?ﬁSpﬁédprQ@é%edeéﬁadt}@@ iinteay thee loop

a@@a@@@rat enpprevaizne t hestraf € @int hger eadtd@Red, for
m xt ur e yb ggant aneo or_conti nua#1 anal, ses_ Thi's

of F2TR- T he ddVdfit &FE tHat® WHEFE YUpp oBPVé g, PR ESs 99 by
ahse pdssibtetio meéaet.rapidly to changes in state in
the reaction. mxture. Furthernore, it is thus

possible, for exanple, to meter in the reactants very
pfleen sa| gont Anepder ProcaEAi Aze Vicsld Hegstes. i25 selected

C@érsﬁeoag;b&gt@ﬂ | veide ca Dg ebiected. gbQkre%XaAP! 8+ may
nplin he reactor |oop. Suitable analysis

%‘? h&??roéir atfeortﬁxaﬁﬁﬁr%methﬁ*@as%‘i’%%%nP neRaR urdRgHtion

afixthere exgt henptaht ¥nepupeastr edertin@klt henalyses. This
co 03|t| n of .t he reactlon m>§1ture by suitable

spec?rosc agygggg that, ere approprlate, it is
also p0551b1e to react rapidly to changes in state in

the reaction mixture. Furthermore, it is thus possible,
for example, to meter in the reactants very precisely

in order to minimize yield losses.

Corresponding analysis can be effected, for example, by
gsampling in the reactor loop. Suitable analysis methods
are, for example, pH measurement, measurement of the
exothermicity or measurement of the composition of the

reaction mixture by suitable spectroscopic processges.

Especially within the context of conversion monitoring,
quality aspects and safety, it hasgs 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 is released

theoretically.
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30 Especially within the context of conversion

nmonitoring, quality aspects and safety, it has been

found to be wuseful to determ ne the conversion in the

r%@%b@%?%)&ure via the heat renoved f%m%%;f%owowo%

reaction m xture 35 and to conpare it w eat
which is released theoretically. W2008/ 071464

PCT/ EP2007/ 059095 - 16 I+~ the-case of suitable
selection of the |oop reactor, the actual reaction

can itheprdass ple beiedlbbet edlacthon ofheHaulecgy steastor,

t I et cli .
noovar ol 2eRcrate SOR 1B Eh el shd 3 RGN | knin
| BBS, BWbei cusiewoldurarmed sutthénenther ehoval xfactor.

t benBeatnef regactiban showhd e iensieeeditic, h%§1 order to
been found to be advant ageous whe

fre nt |

r@ﬁgf‘gony FHCecRESh t ik fd CHERT eSeRaRGEr, a’i@)@efs‘é%%ﬂﬂ‘%/lent
Wrthbnad bidbe Hauingdéet hegt I@E(H’tgﬂ&gﬁrsh&ﬁmnﬂén@_n%%ﬂe]@e It
1 unt of uct 't r.oduc t he_capacity.o
a%agg%pr gﬁ sar eggﬁﬁﬁ Lci?ﬁ] %@V@%F%%g@ds nen the
dir¢detr eon| yproc{é@dsi neimsh i n ala stmue pxotesges, hesdferably

exchangers Minﬂun& é{°|h\é ae ol a%orgc}e ert0 1?8%&"9 ﬁlﬁg“%nm%he

In part| cul ar ave een
SENPEBF e OTTHE Qs biiAd I Erﬁéﬁﬂe@xcﬁéﬁgeﬂi@pm@m&?ﬁh an

pap_@%;_sﬁs@t@r EeQ@abxcﬁéﬁﬁéF}g%Eﬁ Wl Ghrikavef dierent1y .
bundl e f.| oned hrou b liquid wthin a jacket
T S HEEE AL by T ot R o hebn SFaepgRss having

da ameleng pdckibagdensi ty, abbat, 40t hé heatpattcdrsfler have
bﬁéé\ﬁeﬁo&{ﬂﬁ E&‘DP% gﬁkgic&i‘ be 20 ;adj yst edfhle tupe, bundle

appropriate e’‘in r|nC|pI
preRiess @@ﬁn%@tﬁto@a@ducmthe rpaefeoante there  heat

eéi@l@én%@ﬁé lhecheagkicony nuabgr%dn(sﬂl%onﬁm g&eﬁgﬂ by

the he exchanger in the tube eltse
et N ‘fja‘k]%%npl%\cejﬁﬁ‘ﬁi:n thevedbe thyREs, tbb(e Hdatid.

zﬁe;_baumg eshVelefl raiPe heldmbreebunghekingodtheikackelte .,

p%’%ctl eaabq Verrlsf %Setlmlrekeer\lM St%ebeecqvcf Olinlc{iqutl%sb can be
adjusted appropriately. It is possible in principle in
the process described to conduct the reaction to the
effect that the reaction mixture is conducted through
the heat exchanger in the tube bundle itself and the
reaction takes place within the tube bundle, the heat
being removed from the tube bundle into the jacket

liguid.

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 ligquid 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 jacket by means of flow resistances,
preferably deflecting plates, to achieve a higher

residence time and better mixing.
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and in many cases to be viable to conduct the reaction

30 m xture through the jacket of the heat exchanger,
while the liquid used for cooling is circulated within

t le. It has in many cases

bE%ZOS$Z§Fggggus when the reaction n1xt8$@@{égy§97}6%9095
distributed wthin the jacket by neans of flow

resi stances, 35 preferably-deffl ecting plates, to

achieve a higher residence tine and better m xing.
WRe08/=0714 64L P@%E@ZOWED&%QEO +the7 vdheng abifo tdfe tube

b dl
| BEKS prR G IS A0 AL L0 B MMCLE RL oe
t8 @EéuﬂolluFOtﬁbOv©lénéoofHhﬂavqkmmﬁ @ﬁ tbﬁeﬂ@@hﬁqfls
gp@atfekabm?n dAe nwl upRa.0f +hhe tibgbundl ene5 t(J%S%ndle

on. the .contents of the tubes% The heat renoval from
REaPQQCPBrtP§ SORGEREE Rft RR&NtYUBBEY opri ate cool ant,
for exanple with water, such that the reaction
e re. i S Wt hj rridor .of about .10 25.t0,
2508 et el thef, SBbom i ¥ BhontIgEESd it =
paPPrQDraatab@@plaatLoﬁﬂnnﬁxémﬁleAwptbdueters rsery echat
CORL! RUQUR Yol TOMJNE 0 5 4 CRct O, INSLRLOGUE! %0y e

enperat ure mnt ovenenti oned reactio

t%ﬁpéPaFéPB§, 4B8F  extamprs td cudmre Bdcite 36 tebAROWBHEE8°C,
The peeduetiss §p6LedzBYtoNBBAGLO0s00€ Or nore heat
exchangers, especially by neans of one or nore plate
heat exchangers. For exanple, brine cooling is used.

The peuﬁer:aturzes ofrduner2D peogtithuabsey coobinng tdkoullbop
b 0 1 p cular_1 to bout 5C...The
p?% £ h?%f étﬁf?r%(wat?%#sf e‘ilrret oata S or“éllgtehln the
v@%@%ﬁm@httﬁnﬁés ae®@¢i@m &@mmﬁr@#ur¢m,ad@wnlcﬂxamnﬁf a

| ptf&%’é%at@ré h%zstgbag@ yegsel rean P 40l ed f UELHBEs by

for ‘examp 25 constantly renpving a part-stream
fRoME h@fst%%g@r VBSEE| RPG SHNAPCEReat SEREPERYEY, bY

fméaﬁ%an@fe bRea o@lam@rheablat@hamg@&, Qi cheRigeals . a For
Slable Shotage  LeRE AliGed ! e PPN EYcRR25 LY

Chat eoht | Red per

product after cooling should be about 0 to 10°C, in
particular 1 to about 5°C. The product is preferably
transferred into a storage vessel which has a buffer
function. In addition, the product in the storage
vegsel can be cooled further, for example, by
constantly removing a part-stream from the storage
vessel to a suitable heat exchanger, for example to a
plate heat exchanger, or kept at a suitable storage
temperature. It is entirely possible that continued

reaction can take place in the storage vessel.

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

vegsel.



10

15

20

25

30

35

reaction can take place in the storage vessel. 30 The
product can be recycled into the storage vessel in

any way in principle. However, it has been found to be
a%b%to%g%‘%‘iiez;” some cases that the prOdﬁfi‘ E§2007/059095
recycle by nmeans of a system conposed of one or nore
nozzles 35 into the storage vessel such that
corresponding m xing of theistered product takes

place within the storage vessel. W?2008/ 071464

PCT/ EP2007/ 059095 18 Product is also renoved

c [ u v, n

SPaBr Tati n- Vs el TS prodiar & Mdnt pd Ther 5°oFa0S
wversglsuinasl eaacsfeﬁbiflolrzaéwe@ml &g -5 ﬂ@soztprqfﬂugt is

deat kwat ec%éfl;-e gatal yst sﬁﬂgaﬁgbu%&ﬁ& hefofe%@{tah@ﬂe with
m xture to.a pH of about 1 to about art.i cul ar

abletits 2. Tﬂ@uu‘%%‘?o%l‘é%*?%su $hsy BQFFFEEFaran uPpidRrE the
agkdcotion exiophee subphar icel ast d abavitngl a tccombent 6f, in

about .90.to ahout, 1050% in. |cular of _ 10 about. 93

B aay et Tt sPRAPRPLES Ul tte 12 PR ABax
w‘stlﬁx@hawmcfr@m@he fogt abikkinpaei osuvelsseicargid having a
transbarr egde %Soeu‘th%o pyri fi,6ati on gghage; in P%Cft&'c%'ia‘}f of

the stabilize roduct I5 w thdrawn can ycl ed
féboéiaﬁﬁléo Fﬁ?éttﬁé 5e3Bi i zati on vessel such that
suff|C|ent m xi ng of the vessel is ensured by neans
a syste sed of .one or nore,nozzles
wSPEup BhER AP Eer BPOUBEE el bfiont VAPRCEREan berdBeq the
| Btabanheetion W tiestleé present itwerdiicn;edcetions the
ct

C%éﬁQ%XﬁéwoW“'s%EgQas 2D %éc%%%a'c{kedcﬂé‘ &éﬁfﬁ%d‘%ﬁ%’du

or exa réeacti on of acetone
hy@ltbdyawnc é@pd bies g@mm:if{eé?d t For disstannlat,i veinto  the

me&g@llzaeléka%lstsé@d sStd @ HRGe IO iRl ihd SF the
constituents by neans of a

freed of | ow bo
cb’??é?ﬁaoﬁ&l ﬁ@lsé’c}]etﬂrgﬁ AT aBF e2dPYEEMatGBRIFETc &fs one

oOr more nozzles.

ACH workup

In a further process elemsnt which can be used in
connection with the present invention, acetone
cyanohydrin which has been obtained in a  preceding
stage, for example from the reaction of acetone with
hydrocyanic acid, is subkjected to a distillative
workup. The stabilized crude acetcne cyanchydrin is
freed of low-boiling constituents by means of a
corresponding column. A suitable distillation process
can be conducted, for example, by means of only one
column. However, it 1is 1likewise ©possible, in an
appropriate purification of crude acetone cyanohydrin,
to use a combination of two of more distillation
columns, also combined with a falling;film evaporator.
In addition, two or more £falling-£film evaporators or
elge two or more distillation columns may be combined

with one another.
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30 can be conducted, for exanple, by nmeans of only one
‘colum. However, it is |likew se possible, in an

appropriate purification of crude acetone cyanohydri n,

t QSR inati on of two or nore dist
co unnéﬁwgﬁggmbonbined with a faIIing-leEEngggpg(g??ogs

35 In addition, two or nore falling-film evaporators
or else two or nore distillakien colums may be
conbined wth one another. W?2008/ 071464
PCT/EP2007/059095 - 19 The crude acet one cyanohydrin

%‘E%Sa t errper at ur ger %ﬁa%&ﬁ&% o ﬁéi‘g?:tg?eng{ggéfe to
ekdep| bt ¢k tlemfeian Lﬁ%ﬂf@fahbﬁuwlshSat G eURIAIOE ¢ about

Pi r’&isz.}@ouEh@5‘3EUd%c%Ceéﬁh?p1&YQn9Q)ﬁQ@rgtﬁ§g be about 5
i ntroduyced dlrectly into the colum. ~However, it ha

b&en AR t 01BECusefi |Rr%%%hp%%sesthﬁuﬂquﬁﬁcr%@@tone

Cegknatetione Q&@ﬂ&ﬁyQMﬂkodubéﬁﬁﬂﬁkéﬁt eed the column.
?phan er, first tgkes t he h%%& af the

10
54Tl rdady?Pu F?Fe%pobﬂ?%dltsch??aflﬁs THET 1Y%, Ca5eS
iwhea ﬁmai&ﬂudﬂﬁmmbheatebbneheypnohgﬁsldesmwlMEhns of a
h r ohyd i S cheat e
mosat SRR TR AINNTENe Be IS gt the
6PTPEUgHCa LTS atiye ragdiore @amwllrﬁunsolpurﬂwwme in

diS it akhORmMBY G RS B e lpgxtc{éé@ '@éb&zgi%n%alher% ‘ the
rays,  or by S

referably having nore _than

DCBEPe ﬁ?y GRHBIF L ot § BpBRERngYs iRkl € = heat
dext:hlahgélrotlocal uanperiiiareobdmbolat EamMeics sheat, ed
preferably with steam It has been 20 found to be

advant ageous when the bottomtenperature does not
eXbeedceticasp ervanaty dfin 40€, pyoofipdebys dimtilgeddon by
PHELRECRH on have; 1@ﬁhbggﬁﬁnwh%Qe%@%§%%f(HQVLng more

terrperature i S not reater than about
hFBRBr 1Ph&F33FoutorL IOC. NqHeS t @hpar RAGEETHaCE &M IFasetore

2500Rebpenwahl bamaméyﬂqS@E 1hke ieel WP uheld 0Mnhel N1 umn
RO FeRunior CERLER. OF THE CoHomt SPes GPEET | 10 BRI e
péoﬁndnﬂdnpbef&ﬁMﬁqtagE&usreﬂenedﬂp;ebsutem temperature
p&s&srﬁgkyexceed a temperature of 140°C; good yields and
good purification have been achieved when the bottom
temperature 1is not greater than about 130°C or not
higher than about 110°C. The temperature data are based

on the wall temperature of the column bottom.

The crude acetone cyanohydrin is fed to the column body
in the upper third of the column. The distillation is
performed preferably under reduced pressure, preferably
at a pressure of about 50 to about 900 mbar, in
particular about 50 to about 250 mbar and with good

results between 50 to about 150 mbar.

At the top o©f the column, gaseous impurities,
especially acetone and hydrocyanic acid, are removed,
the removed gaseous substances are ccoled by means of

one heat exchanger or a battery of two or more heat
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30 at a pressure of about 50 to about 900 nbar, in
particul ar about 50 to about 250 nbar and with good
results between 50 to about 150 nmbar. At the top of

E§n§§§ ik 144aseous inpurities, 35 espegb%gééaasgp8gsogs

yanlc acid, are renoved, the 1€
gaseous substances are cool ed by neans of one heat
exchanger or a battery of twggor- nore heat
W)2008/ 071464 PCT/ EP2007/ 059095 - 20 exchangers.

Peefchiageessi.s gre€rrhare tds ugjingrbr haee cm@lhmaing tbBrine
c%@ﬂ%ﬁénﬁq tueﬁ? (ﬁé%%]rgb89t5£ JhE% bou tE8°C

gaseous cons e va ours oppor
t dhdendEiss tmr@ gasscuao@@@ﬁgatw@ntgtag?e ’if:hmayapqdnes the

pb@%%rth%ﬁt%xaﬂpl%on@%n%%andﬁﬂg @5§§§unébndéﬁyﬁf n Ltage

i s equally possible and has been found
aBfant BgEBuSP T ACS onet Tas E¥FARYE ¢ hitd fFF§Pdard pressure.

candensat,i ot st agecusiekf edad nindesna eﬂugedadérne%u:?d to
efer pressure_which prevails in t

§t|I?éﬁ%ﬁﬁ?g%%%scoﬁ&bns%?%e|scﬁﬁ§§%d Bietnt & % firse
coohéensaohbmxsﬁﬁgwessebféadtedHumdsnjﬂéﬁu@&@tpﬂessure,

t f. f t lar at
ABOUT 2 T afsut T0C, TP L e BhE cRER I whi
d6ifst léahdense The eademigadte condwrmzad omn stepe an ecooled

r@H@Y@@t&h@”&%ﬁ%éﬁEQHﬁfdco@E§§§Eﬂet%@%@b%E by ﬂgﬂﬁérgéure
é um punp. principle,  any vacuum punp can

e Orlowév@PO ti L34y benPRbuhaiiarbat Bout 5 to

adbantageeus in many cases to 20 use a vacuum punp

which, owing to its design, does not lead to the
introduction of liquid inpurities into the gas
sTheawasreier emgwdsidhemdfiote dovemthermndegrse in the

exappl e, oS NG JLy srcggm D VagHUm-pU gP:.SOIP Z%h%herg&&ced

stream whi ch escapes on he pressure si
i BTEBANEEt eGRERPSEgh By f URedeF heht éxchiasiem mm In

|pr@ﬁ@£§1@bl xar@;oo&ae@klumt pubpi neratpa LiesRenRivg e u@fever,
abouh &1 m# % Cg{stl uents whi ch, condense

htF e “&Pe Qe oFP YP?WﬁQ?RH?e%?lﬁﬁﬂVé§§@es to
use a vacuum pump which, owing to its design, does not
lead to the intreoduction of liguid impurities intc the
gas stream. Preference is therefore given here, for

example, to using dry-running vacuum pumps.

The gas stream which escapes on the pressure side of
the pump is conducted through a further heat exchanger
which is preferably cocled with brine at a temperature
of about 0 te about 15°C. Constituents which condense
here are likewise collected in the cecllecting wvessel
which already ccllects the condensates obtained under
vacuum conditions. The condensation performed on the
‘pressure side of the vacuum pump can be.effected, for
example, by a heat exchanger, but alsoc with a battery
of two or more heat exchangers arranged in series in
parallel. Gaseous substances remaining after this
condensation step are removed and sent to any further

utilization, for example a thermal utilization.
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30 which already collects the condensates obtai ned
under vacuum conditions. The condensati on perforned
on the pressure side of the vacuum punp can be

eﬁ@g%ggm@ﬁ’h exanpl e, by a heat exchangef . bul,a}$0q,g5

ery of two or nore heat exchangers
arranged in series in 35 parallel. Gaseous substances
remaining after this condengation step are renoved
and sent to any further utilization, for exanple a
thermal utilization. W2008/ 071464 PCT/ EP2007/ 059095

- ct 3[19%[]; t [ i.se, be ...

uﬁg%i ze %‘ﬁ %(ﬁerceoglscce esire &%&@%%H{ g\ré’deec%%orﬁl%hmd
réasbhsr |ats desitedn Fowsdero omxecenehyc reasons, it
aﬂaénbéeﬁo%uh@ eCYGd eef&tk@ﬁei?”%%%%%eoﬁtso ttcherecycle

reaction Ere arlng acet one cyano y rin. T IS IS
e‘FF%cF@H%F%P PEbLPEAL CHfe TERGTRIE TR MEERAMi gy acetone

eBpRhehpeees s mlb h@sl @QEebQé@t @refBﬁbl@orﬁer&ﬁﬁi &% more
princi conpos provi ded that

TR he et L B BB B e SR S RS, R 1 eSaekine T
cyandbydatas Imamanynca@e&ncapﬂleed(hmwmntan}arrmmmpcmltlon

t Fox‘??&!&'&”%@z*a% Wi, ﬁ%""eﬂ d&%@%b%t t%ﬁe 89%1 apd of
B Bt o &

rocyanlc aci d, In a nolar
dbleat azetong mnom@fmr edlemany | paacs at |ao p@dommant

abadtnd: lof 13 nEhe -agelone teyanohydri fogbtal-ned-drome  of
the bottomaof the distjllation colum is fi rst cool ed

tCEPRAPEAG: TPy Rttt 2430 Eouf*88ELEy thedcdiRtar
craitbo acet apeutcyanoydrawodiedlt n, byregasatof, dnf ia Statio
hegt lgxchafgfr 20 Subsequently, the acetone

cyano %It_fl nN"Ts cooled to a tenperature of about 30 to

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

%H@%Q@Eoﬁé‘dcﬁ?%bﬂg&l:iﬁ 8beLeted ‘E'%:%an%‘ill' atb@t%omz%f the

Am dat | on process el enent as frequently
pEo%E HekR P t felwrepaf afisftoFCreERacry B & oqdisFadiinst of

eshers ofp nRi hageyl csacicd, pLgcetpae eyaaohydidd istetone
Sngnéﬁyégln QEd in by means of a first heat exchanger.

Subsequently, the acetone cyanohydrin is cooled to a
temperature of about 30 to about 35°C by means of at
least one further heat exchanger and optionally sgtored

intermediately.
Amidation

In a further procegg element as frequently provided in
the preparation of methacryiic acid or of esters of
methacrylic acid, acetone cyanchydrin ig subjected to a
hydrolysis. At different temperature levels after a
series of reactions, this forms methacrylamide as the

product.

The reaction ig brought about 1in a2 manner known to
those skilled in the art by a reaction between
concentrated sulphuric acid and acetone cyanochydrin.

The reaction is exothermic, which means that heat of
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30 hydrolysis. At different tenperature levels after a
series of reactions, this forns nethacryl am de as the
product. The reaction is brought about in a nanner

Kﬁ@@@oé9o7§§ ghose skilled in the art bﬁxﬁ%/§ﬁ¥§d§¥b59°95

tween concentrated sul phuric acid an
cyanohydrln The reaction is exotherm c, which neans
t hat heat of Vw2008/071464—REJ/EP2007/059095 - 22
reaction i s advantageously renoved fromthe system
Theaceacti ba hdvantagecanlpgaenchedperbor ubd spsaem.
bat chwi se process or in continuous processes. The 5
| atter has been found to be advantageous in nmany
cEses.refwriathe hegget Fon | Saperdamifedben mecdprirAdousn a

PhRESSRiset h$r8§§s§f bQoplhea%%%n%%sbe%&d‘c%% {0 The
be usef ul he reaction can fected, "for exanple

i 1P bhFy BAS PPeBpIrEadt 5P, bﬁoﬁQVé‘Fltaigteoh*éy ifge many cases.
advent ageousavbesnt he perreaekdonn & peHtAMRGS brdcess,

bat t f t

it g ot e TRSH OO Paketar e i Bhe g, Bios Stul.
f Blad peaﬂt$Ohocaacéﬁom¢ﬁgﬂnﬁﬂnmﬁmm,gm@mpbe, 15 wole one
ff&&'pp%g%of:orﬂe%‘&%?trqtteqn B %UQEGaBE =o08€, 8 en the

nmor e gas separators, one or eat exc ngers. an
OFRADF L Por &5 nPREFSTMERA 16f taerbaettgﬁmsp @ BweoRVeyiorg loop
neas:zo2d. The hydrol ysis of acetone cyanohydrin with

sul phuric acid to give nethacrylanide is, as already
descri bed, exotherm c. The heat of reaction which

aIn sekei pricressr ebeddibadist » kaeerle alodeastactor has

I e i 0 h t since .the yield
S o e P MRl OF R 8 BV b B AL 18 Y e o
Imo¥e pfesdi moa nits @@:r n@pplcenfc@“aac:ﬁi enel phyaipt daghd, one

L ehe éyesé$£P¥@$rsOfoﬁgeogeﬁBr@fh%%@c%&%ﬂdﬂé%%s and

appropriate hea exchangers. However, it may al So
d?%%d%nt%%u@l{f@r%oanq hefrfRt & eP¥EB dreat | yﬁonveymg
sides a sufficient heat 30 transfer is required for
appropri ate exchange at the

The hydrolysis of acetone cyanohydrin with sulphuric
acid to give methacrylamide is, as already described,
exothermic. The heat of reaction which arises in the
reaction must, however, at least largely be withdrawn
from the system, since the yield falls with increasing
temperature in the reaction. It is ©possible in
principle to achieve a rapid and comprehengive remcval
of the heat of reaction with appropriate heat
exchangers. However, i1t may also be disadvantageous to
cool the mixture too greatly, sgince a sufficient heat
transfer is required for appropriate exchange at the
heat exchangers. Since the wviscosity of the mixture
rises greatly with falling temperature, the circulation
in and the flow through the loop reactor is firstly
complicated, and sufficient removal of the reaction
energy from the system can secondly no longer be

ensured.
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heat exchangers. Since the viscosity of the m xture
rises greatly with falling tenperature, the
circulation in and the flow through the | oop reactor

|%0200%t0§%4%gnpllcated and sufficient ﬁ@ %?%085/6E§095

r eact |o energy fromthe system can seco no

| onger be ensured. W2008/ 071464 PCT/ EP2007/ 059095 -

23 In addition, excessively2kow tenmperatures in the
reaction m xture can lead to a crystallization of

camst iaddaintiomf tdecesactebp niLeaWureeatpetziaexﬂmt in the

%ga«'a@.q% g!;z mgrgurggsr m@gaenﬁat he h@fysééff 8L10A° of

a resu cl ear réductfon c¢an
d@P@@Fé@rueF—ﬁSad@lftl Gipe th@amprr edacitgrummanredt behe heat

charaadwi-th the Opti Bl e AMpYPLSHOf thsa%%%@t%r%b )

t hat the eff|C|ency of the process suffers overall. 10
| & oh&SehbodPherthsth t fe (r6Edssyig1por EPEHCtion can be

paeterakly aﬂouadamlbhl rdshto abept i@é@@oﬂu%éﬁﬂiétx be
of .the volu ow rate f50n1a streanhpf aceto h
cTARGHY rl%nﬁg 1¥¥Er88 cBEL RTPEET r & IBSﬁCFQHE?or suc
Athietsthkoepfirceantygr opr eher pbbbycshassafiécor noeeahéat
exchangers, one 15 or nore punps, one or nore m xing

el ements and one or nore gas separators. The

ctRc@hat eahodimeaivs okhitéle passesshr cugrathieor i rztefeoopoly

rgpeher t@Be tBE.%fi%r abl ¥ et Rer JARER e ADOW 5&‘14 O\rolume
6gg nB8/ h, eferably in a range of° 100 to 500

OWDrEa Al P i FEESeEngRLof a%BaFezoCz[%O%d%@ is
nﬁhhrodﬂ.ﬁcaﬁ ainttcea%]t gnestur 1&es Ihzfmtdxealctaorfmbwh loop
t reactor, the circul atio
sPredir P EeprbibrkoRPel §I5' B gbrter i i w0 o
n@thmogﬁemwmmﬂg/@meaoranggaﬁmiﬁlng)6D®mﬁ®¢© aadd one or
r%@ep@sgega{awa»cer@ r aRge q c@ag@g ggsttq_»e%%% wﬁ{fzc%gp%ss

reover referred tenperature erence over
h*'e%%%&‘i}ehéﬁ@er%l?%t aBeGP 1r2COC, apgr tpkederably in the

pf@ﬁgéeaﬁeab@uegwl ¥en &5 a{%wt rk@efEbiThe naGetiRe of
C%g@ E¥ é n ca rincip bﬂ into 30 the Hgo

B GPCa ot "RGReuEr torohus tpean anas of dhous
150 to 450 m’°/h. In an at least one further loop
reactor which follows the first loop reactor, the
circulation streams are preferably in a range of about
40 to 650 m’/h, preferably in a range of 50 to 500 m’/h
and more preferably in a range of about 60 to 350 m®/h.
Moreover, a preferred temperature difference over the
heat exchangers i1s about 1 to 20°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
a static mixer, or at a well-mixed point. The sulphuric
acid is advantageously fed in upstream of the acetone
cyanohydrin addition. Otherwise, it is, however,
likewise possible to feed the sulphuric acid into the

ioop reactor at any point.
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found to be advant ageous when the feed is into a
mxing elenment, for exanple into a mxer with moving
parts or a static mxer, or at a well-m xed point.

T 2%%%2%g52%4 acid i s advant ageously feggtPEﬂ£§65F?$§095

of the acetone 35 cyanohydrin addition. eErW se,

is, however, |ikew se possible to feed the sul phuric
acid into the |oop reactor at any point.

W)2008/ 071464 PCT/ EP2007/ 059095 - 24 The ratio of

the reactants in the loop reactor is controlled such

t a esse of.,sul L idi]ls e . Th .
eE@%ssP%?fguf%%uFﬁ% a%?gckg?@%as% &Hgéhé%%&hnF§$Ctor -8
r 8onsrel LeHe weridt ithaént an abyowssl. 8f1 swipdboutc 3cid is

prebenti rsthd eQpdLactOranghabodt 51i3: 1L 0 8hQW of tne

[

21 in the last |oop reactor. In sone cases, it has
bBeAEFodRF 4D Bl HBFamAFEdtI g S 1029 E ok nPt e to about
react iign vhe the-dtoopseactott¥ht AngUehocar 18XCcas:Ofabout

| phur i kd, T | phuri id h ;
T 87 2otBrbrE. 8 a  SPVERCCARA koep (he viscosi Ly ol

the reaction m xture | ow, which can ensure a higher

r of f_ T ty a I k.t e of
BT Reheo il Hh ERS bith J8ufe B0k SMARMERS o
yPEFECTRAFaSt At iffe tenpéeatlaa® | reatecr egdéthosuch an

NextHEE b3 ANYPHUAQ tAbOUENd 206: pAhe; heak iemRMAl serve
IS ensured b one or nore heat 20 exchangers in the

|€8ﬁere£8Fo.E¥<a|“}P fras Fech FOURE to2Be *s@ParitifgebtRcosity
when thhe rheatt iexc hainganse hbse, awsilthabhe <$@0S@ 2 higher

S or.-caontrol |i t he. cool i ng_performnce
orRRPR R SeoouiVEr T Paa=Cabt PRy TR LuTe of
rebet reachignunextoret h&hakorceme rriteridd sigpsidnistarforyield

2856%aPRLEs . | tnEBY. Re Advantagepusyd Orggégggtﬁ th&eheal ;o

transfer_in the heat "exchanger or int
eXBPahgRY sEPorRPUBYL $BT At or continuously and to
adjust the cooling performance of the heat exchangers

thereto. . This can be done, for.exanple, via the
0@6‘? art=3 seﬁrflo‘é?n)l 1115 s SHIITY possiBie (HF adiisve Reat
apprivprget® leathagloop reactor. It has been found to be

advantagecus when the heat exchangers have a suitable
sensor system for controlling the cooling performance
in order to prevent excessively great cooling of the
reaction mixtuxe for the aforementioned reasons. For
example, it may be advantageous to measure the heat
transfer in the heat exchanger or in ~ the heat
exchangers point by point or continuously and to adjust
the cooling performance of the heat exchangers thereto.
This can be done, for example, wvia the coclant itself.
It is equally possible to achieve appropriate heating
of the reaction mixture by corresponding wvariation of
the addition of the reactants and by the generation of
mocre heat of reaction. A combination of the two
possibilities i1s also conceivable. The loop reactor
should additionally have at least one gas separator.
One method is to withdraw product formed continuously

from the loop reactor via the gas separator. Another
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of the reaction mxture by corresponding variation of
the addition of the reactants and by the generation of
nore heat of reaction. A conbination of the two

p%%abgkgggﬁi% |s al so concei vabl e. The I g/%§$§ Z/O§3095

shoul tionally have at |east one ga

One nethod is to wi thdraw product forned continuously
fromthe | oop reactor via thesgas separator. Another
W)2008/ 071464 PCT/ EP2007/ 059095 - 25 nethod is thus

t oewhkddr asv tthmq;ases vfrmhmﬂadm tiee gaeast ifyrnfadmihhethe

' |
e TASTE [ S oL S LA an IS « nEC | 905 PeaBest i°
|§a9ﬂéVeﬁ@mbPHrmﬁnﬁxwded Th@opaOQGGOn@lﬁﬂdmmwn from the
reaekorreddtdhi § ss66006k 100D, 1 %@%E%Egrtrlea I BAG c? ' Qindsecond

m xture conprisi_ng sul phuric acid and nethacr
asORRs TBEEROEht nddisy sErend@anFSaradie ftil"retrer%tplon

r eagtake I&Jﬂi@ﬁéﬂﬁg stm%)%h%lbe%ﬂ% Egnaarrﬁeeta(@ﬂmélﬁlde,
t anohydr i s case e exce

gégp%ﬁﬁ|§y q? C%gb¥|F £ F5BFt1e8ctsr £ iﬁ% é&rSt locp

Ieaettosomaaﬁremetedcesshsuﬂphuremaﬂnndg @eambswmddm of

t t rin.to f rt her

QS £ 8GE O%?aﬁ%ﬁ?ﬁQXH I h %_ %aﬁhé reac . exgess  of

hacry Or Mance o ion 1h
ﬂblﬁhuﬁﬁﬁeapé@pfrp@a@h@rilﬁ§§ tiewradeartage tdatat least

OMbRE 1®r t heesukbpbukiC éél@%ﬁléxeesl% ingeheckirglen tne
Ioogﬁreactor t he punpabi | of the reaction mxfure

and SHEeCYﬁBOHKQFlﬁrSﬁsﬁéFmaﬁﬁrHHQﬁlﬁﬁQﬁﬁFﬁﬁ%ﬁﬁﬁiﬁciThe

aperfopnaned. hbﬁ tn:mah atakeash ame mw>é>lt nerel e , lcop
t cha east _one g

2%6%52 orogga ggra égﬁng%thggggcoﬁ@lpgoﬁcégaﬁzﬂﬁ%ﬁhurlc

Th@ldeaaﬂeeﬁ tlenpereat Thest nlohe seaondrloamelpumpahlllty

'éf'tK@“&égcéﬁeﬂtmQQtEQeagﬂﬁth%%%g tE%eP%ﬁ%bl S0 QUed N%nd

punpabil 1ty of the reaction m xture rans
anHE BRaBe B nithem YEakd | aret evperatede 1B5 ta@trw safn Teast

ecyleéymﬁuahgeule@@mr eagt Ared dsto@s héagoéﬁchant_q@% and at
S Therefore, the _second | oop ctor
LT aeheuerS RapESHas: SagcRoRaEmadge SRR Loop

pezd ot omnc &hean-dec cont I aldrged At ware appr aplid at€cs88SAlcop

reactor is likewise about 90 to about 120°C.

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

system.

The acetone cyanohydrin is again fed 4in in a suitable
mixing element, preferably into a static mixer or at a

well-mixed point.

The product is withdrawn from the separator, especially
gas geparator, of the second loop reagtor and heated to

a temperature of abcut 130 to about 180°C to complete
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system 30 The acetone cyanohydrin is again fed in in
a suitable mxing elenent, preferably into a static
m xer or at a well-mxed point. 35 The product is

“%5565?2@75%gﬂ1the separat or, eSpeCially%Fﬁ%Ek%QP?éPS%PQS

separa the second | oop reactor an

tenperature of about 130 to about 180C to conpl ete
W2008/ 071464 PCT/-EP2007/0599085- 26 the reaction and

to formthe nethacrylam de. The heating is preferably
pehtorredtsonhatatot fermmakenmethenpei amide.i s

attained only for a mninum 5 period, for exanple for

a tine of about one mnute to about 30 mnutes, in

panei chearingr astipecbiralbbyt pwoformedbosucki gitator the

aRaut mbir et AbOME e five mivules.g Zﬁﬁ? C8Pri N3 minimum
princi pl e be ‘effected in any apparatus for achieving
sBER18%t edpe&r SR ¥orfQuch &18foraf poheel. o1e mgnute to

eaaa’ateg ot mfenaa@sgy liﬁapabei&wl@'gi €dr B & ineOBEedARA : ltwo

nner, el ectrical energy or by steam wever,, i

i Oe&ﬂﬁ%& %ﬂé@?bpgt%? pFﬁr?ﬁeqﬁué%ﬁu%y Iif€arfstytces -

eTet&r opngnet inxiradirdtd drg ébfeexadplie byy meEansaafis for
] . I n, vari Seolt Nas, beenyfound t.o
gégég%g¥§§ggé§§'thgéﬁ§%§ag§§§i§8rstep |s§egpggge%ﬁﬁ%0d'

aFRBat ceREPdfger th#t herggost agear kel tistrmeied in  a

aE 6 BRERIESha Of rhube rCaly) Se1 MBL ch-HRY RILIES abl Ypbhe stean.
present in,an at | east ‘double 0 opposi té

le, .2
FHPURYeTenit FRi SIHBALY PRESELBAE: Con SHPRLY &he ggieagy by
troeans enper ad LEet 0fmedost 1 A 30rd @i dB R, ThRsheadxample by

g e_conbi ned, for exanple, with one or
ﬁﬁ%%g%d§£5@%£¥§ BrS% " For exanple, it is possible 25

to conduct the reaction m xture through a gas

sepayat Pbuaf tekekt h%aW%%th%ﬁifé?n&uPS &2 L2 d A AN e ous

heat exchanger. This can renove, for exagﬁle, gaseaus
CHRPONERE S PRGAEE dUrSthgl® heifegsedon™ ranfeRE exchanger

eeh | BRo-stage or multistage arrangement of tube coils
which may preferably be present in an at least double,
opposite arrangement. This heats the reaction mixture

rapidly to a temperature of abcut 130 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 egually 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

temperature of more than 100°C, typically a temperature
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m xture. It is equally possible to treat the reaction
30 mxture with a gas separator after it |eaves the
second coil. It my additionally be found to be

a to treat the reaction m xt 9483
%&gpggg%9gggﬁ after it |eaves the firs%%feéﬁiékfv 095,
and after it leaves the second tube coil. 35 The

~am-de 'solution thus obtainabbe generally has a

tenperature of nore than 100C, typically a tenperature
VWE08BH0T1464 BETAER2@07/ 059095 27 of about 130 to
180C. The gaseous conpounds obtained in the am dation
can in principle be disposed of in any way or sent to

f Thehersedusr soausiurgls Hovevired | innapeberddesdragesus in
| BrSARPpEases Wialbdd anproprhaleugses ULCUBiAttner
inh a transport line in such a way that they are
OB¥PERAFLYY - pritlitirssed di t HEY ot inisadPgesusasin some

reguksedvhé®r tiRXagpbeopirtBret eqay s ety ecoﬂiﬁd.n%an in a
tEus be % t.ransported further Esteréflcatlon 11
f GF PREPOSEeg W cH cBRSEi AUty ap70cEESY e PéfemPrpally
1§reaaubézaéede1mehe quresientougiventdronaen regquiecsédpn for
pr S di n i nv. ionis

% ﬁw%ls"9 ne?ﬁ%%%m %gs%gghethgg%ylgb aci h%ﬁd be
|t§an§9@§ba@eﬁvrébﬁ§rlflcatlon to nethacrylic esters.
This reaction can be perforned in one or nore heated,
for 20,exangle st eam heat ed, tanks. However, it has in

er n found to be advant ageous when the

esterification is perfornmed in at | east tw successive

tan ut, for examle. also in three_ or four

BoeBesrik’ e, VT frofaRehss Chr BrPhrbl aanatt Sna
nethabeyhaatidéeni $henpredeatd inveattive tiankameattient heith
figst t_»aeésgf a%c%atdt ey %@@@n opiL sl ng taV\?ng{rﬁoaiLy81s

nor e tan S. re%uent erred to per
d%ﬁregﬁﬁghﬁqﬁylamlde methacrylic acid and ts

subsequent esterification to methacrylic esters. This
reaction can be performed in one or more heated, for
example steam-heated, tanks. However, it has in many
cases been found to Dbe advantageous when the

esterification is performed in at least two succesgive

- tanks, but, for example, alsgo in three or four or more

gsuccessive tanks. In this case, a . solution of
methacrylamide is introduced into the tank or into the
first tank of a battery of tanks comprisging two or more

tanks.

It is frequently preferred to perform a corresponding
egsterification reaction with a battery of two or more
tanks. Reference will therefore be made hereinafter

exclusively to this variant.

In the process described here, it 1s possible, for
example, to feed an amide solutiocn as obtainable from
the amidation reaction described here into a £first

tank. The tank is heated, for example, with steam. The
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30 esterification reaction with a battery of two or

nore tanks. Reference will therefore be nmade

hereinafter exclusively to this variant In t he

PEPSBS S g§§g ,bed here, it is possible,

eﬁgnp / ?eed an am de solution as obtaln %?OO¥/059095

t he an1dat|on reacti on described here into a first

‘tank. The tank is heated, foesexanple, W th steam The

W02008/ 071464 PCT/ EP2007/ 059095 28 ami de sol ution
seppbeed sgénsrahl y shagpldredel ematath]l enperat tre, ¢bsvated

b b
Zé%@ﬁ%?a@rﬁ:@”p%@l Ué’:»?a 18 QUEEH@Qr%QuIQ Q¢ 180G 190 to

correspon gtot eratu
t BBOHHI déSQBFutléﬁSﬁﬂéﬁﬁ hE aﬁpaaﬁﬁﬁﬁnéméacwonthe exit

pEé&E@EQGu%EOV&E ARcaldanel iss1aksenf edrdp the A@ﬂh@t

an be used for the esterification. Suit
aFEéﬁBanhBF@SEPEeﬁn ahPVici pife %ﬁﬁ%lkdrﬁal%ls%aﬁﬁ%gt% the
t eaakeyt wAiear ban aBtousesdWibehthay cbeclifeaatiOnor
branched, saturated or unsaturated, particular
pref erence being given to nethanol. These al kanol s nay
| Bkéwhsdebelisatbingbthher awe himetpratrgdple esngr sslkanols

Wﬂbglﬂnbs 1t hfb Cas @Sgega@ﬂé%w é%érﬁ@”sﬁﬁlé‘ﬁ' f’n' gatﬂeorﬁtnear

15 The tank 1 s al so char wat er, So th her e
|§ra btr@tnéllh%ter%@m?ﬁ@ at PEn RsEelneasd of Rokcular

ré@eréﬁ@ét b%@%gbxgl\wghﬁa matﬁahbncumres@b@ltkah%ztso may
g 20% b % gg am)uﬂh %gl golut on
BYi8PKaRGl 18 co‘h‘P%‘F’P%’a sticht*t A2 0F &t © nof2rers .

rahnohoisanhdecaee akkanohldfy aboutahsdsdetdfabattions.

1: 1.6 exists. The al kanol can be distributed over the

tank battery such that the nolar ratio in the first

r'ehet brnksigbayro2sharped watdbowter, 1.5 ddwt iThadee is a

suBegauUenRl Jreachh Odnt S1206s. ihasatk opshhe ot aboam qg to
stream nolar ratios of, about 1:0.05 to about 1:

: 0.
2FBSGS1 AR SHedSHRRE ol KanBRTF AL AF0 e 18 Eo about
esberbfiweighn. my be conposed of "fresh al kanol" and
al kanol fromrecycling streans of 30 the workup stages

and, if required, also of recycling
The amocunt of amide solution and of alkancl 1is

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

system.

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

adversely affect the esterification reaction or the



10

15

20

25

30

35

streans of the downstream processes of the production
system The first tank can be charged with water in
principle 35 such that water is fed to the tank from

a rovi ded that this water

iﬂ%%%@#%ﬁﬁgé ich mght adversely affecPCEZEPZOO7/059O95
esterification reaction or the W?2008/ 071464

‘PCT/ EP2007/ 059095 29 ‘downstrmeam process stages. For

exanpl e, dem neralized water or spring water can be
f ddvins tirfleant apkocdorewaragesd .t FGrWiéﬂﬂMpm@ possirbher&Dized
f t r ounds to.the
S L EhEE B S Y R R ot
oﬂtn@tﬂwabxlwwxﬁeacpﬁs@xblﬁethaéeyﬂl @ ersnwe lof awater and

pretanied enhodiymu oéothehepregﬁis pra%se%ﬁéaﬂ%& for

thetank is charged at |east partly w a m xture of
WEHEPaRd sigh td?%aﬁ’luélfé@ﬁﬁé@ﬁdSOflcﬂWWlbiétt@ﬁyd or

Ofetthe.cefy1HRS e=ddKs. | Inusgd ﬁr%ﬂéie:edeséﬁbbcﬁiﬁéﬁt ORF the

reaction, the S subst nces fEr med, 5 gl ally

t K& ﬁ\?tsﬁacz?ﬁ?%ﬂe ‘?e §rart i pPMciid CB@r afawt o?‘?aSt

I pdrzilguakdiy bf r @m edciturank cand watkt 0 &and5 such organic

pggbé caki;on. However, it has been found in sone cases
vant ageous vvhen in a battery of two or nore

tanks, the gaseous products fromthe first tank are

fishsh fedphrterihe,second seagiien vessel @thQ&& tllihe the
gaseous conpounds fromthe first tank being fed
d?FE€FP§lF8téOBuFeﬁceéﬁn@n thﬁn%a%%teeow%stcﬁrf@% f%med
admgat:agelyha;met h&t:fr[aﬁﬂﬁ.gell’ttd Yebt @hs evalablt i wiidoe be
|a the fH_:s r%n %be cou eractked b fed t '
conpl'icated %SL appaf JPus: ca@% ed to =
passa@ec@tlphe P@a&e@ms sithshancesefir émmtie ifni rssimet ankses

i pto ébln t%g@%%géuéaaﬁenﬁgﬁg{oQ”E%@%%QghQ§Eb@%B or_ more

f or rst tank have been entrai ne
aF%ként el t Haseenet i rededarhdrcsf Fhe ddatitd tank are

| fissi MRIE IRiWIet he SiRGRnd heed @8184 04EBELON WiRGIRIH Sthe
QSQSEQLLV SI%%EEE%anHEQ om the first tank Dbeing fed
directly to a purification. This procedure offers the
advantage that the frequently high evolution of foam in
the first tank need not be counteracted by complicated
defoaming apparatus. In the case of passage of the
gaseous substances from the first tank into the second
tank, the foam which has been formed in the first tank
and may have been entrained also enters the reaction
chamber of the second tank in a simple manner. Since
the foam formation there 1is generally significantly

lower, there is no need to use defoaming apparatus.

The second tank arranged downstream of =z first tank
then firstly takes up the overflow of the first tank;
secondly, it is fed with the gaseous substances formed
in the £first tank or which are present in the first
tank. The second tank and any following tanks are
likewise charged with methanol. It is preferred here

that the amount of methanol decreases by at least 10%
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| ower, there is no need to use defoam ng apparatus. 30
The second tank arranged downstream of a first tank
then firstly takes up the overflow of the first tank;

Is%%%(al /,0714645 fed with the gaseous S”bf’&?ﬂéﬁ?9§2w§§095

n the rst tank or which are present in

tank. The second tank and any follow ng tanks are

| i kewi se charged with nmethangb. -It is preferred here

that the anmobunt of nethanol decreases by at |east 10%
WE2008/t671464 RGIHIEP208Z£8590898ach Ihisd raam tiaskpteceding

t @g%i{ b%%d \Jal%e%a%n q’ﬁfh]i‘g]t tC!}le g‘[ e&?dl Qeqc éc?né(?rhi;rhaend in
wat er concentrati on € second tan
f GhEehefuxtdiks tapkei frfl@y fdidherhaf rof ttﬁn@tf ieBt theankirst

t BEnRONGEM f@éﬂ@éh@fééch:?nE?EféE@ncEEO‘é% Oa‘ﬁcﬁ.{!;h often

smal |. The vapours formed in the second tank are
réﬁﬁééd from the tank and introduced into the bottom
of a distillation colunmm. 10 When the esterification

' f d th batte re nor e tanks
 BBCVERFIEY o TG Ut onAtt BFROTS. SoFinard reyed £rom
eabk cdasek ntend t himdddanied andintbe tdwverfbowoh thed a
t@k%gﬂ?&‘fl hfcéﬁ?ﬂfnﬁp“ ate, into a 15 fourth tank. The

further tan S are kewi se steam heated. The _
tenperature in tanks 3 and, if appropriate, 4 is

preEar ahky adjdstadda abow %89f&9mé30%&t%4%0baéﬁg%y of

ours escaping fromthe tan s _are passed into a
GFBEFFI Ei BREBOaRIES /( e SRErarasl y ettty 4 deph 1
t teahsferredgiion éﬁchh&:adiét uhtatlanntﬁ@&fumtaﬂme and the
Vv 0 [ zeqtro ure_of car
?pgﬁ]ﬁﬁét @fcry i eg ergs %algal k’a%apé"mpr&é‘ﬁ&nd. hgte =
obourhle atdanol Tsedfvmhem temper anuee bikabdué G6deam-
t@eg§e§b°@5e1@9&?e§9£u§éaQBl%aﬁ uty (ﬁé()fgﬁéﬁpééﬁ%late,

net hanol used. ISt I at’i on
tﬁelSn%¥%%%¥%¢1x %éi%Ftﬁé §@pabavédlﬁﬁ §RsaBastf dRATC.
fromthe

The vapours escaping from the tanks are passed into a
distillation cblumn, this preferably being effected in
the lower region of the distillation column. The
vapours comprise an azeotropic mixture of carrier
steam, methacrylic esters and alkanol and, depending on
the alkanol used, have a témperature of about 60 to
about 120°C, for example about 70 to about 90°C, when
methanol is wused. In the distillation column, the
methacrylic ester is separated in gaseous form from the
vapour constituents which beil at higher temperatures.
The high-boiling fractions (mainly methacrylic acid,
hydroxyisobutyric esters and water) are recycled into
the first reaction tank. The methacrylic ester formed
is drawn off at the top of the column and cooled by
means of a heat exchanger or a battery of two or more
heat exchangers. It has been found to be useful in some
cases when the methacrylic ester is cooled by means of
at least two heat exchangers, in which case a first

heat exchanger with water performs the condensation and
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vapour constituents which boil at higher tenperatures.

The high-boiling fractions (mainly nethacrylic acid,

30 hydroxyi sobutyric esters and water) are recycl ed

[ t reaction tank. The neth |,
ﬁb%ogtg%ﬁ rggvvn off at the top of the aﬁ#%ﬁ%ﬁ%\(ﬁ%&%wo%
cooled by neans of a heat exchanger or a battery of

two or nore heat exchangerszilt has been found to be
useful in sonme 35 cases when the nethacrylic ester is
caolcedliyngreansa otemgbrbheast tofo dieait egchangetksud Mo°C,

S qr rw ter rforns
N e e ek Tt Gt S a
-cgelipgcddl i algeeo & tenpebattbr 6 55IC .abburas -ts¢ raout from
30fe wﬁ@bkec@o§gaoggng%hgﬁtgog%%dhﬁ?%Fgﬁ%ﬁ%%ﬁ%&”as reflux

undertakes_a cooling t bout to ab A

paPt L8Er EQAPMREME Orh € OREEBL XEGEI08d SEBdEHs dife tdih Frelumn.

| pbwedueediasikeblbiu®1’ t@otsfa_;qmel NI the methacryllc
con ent:églon control 1nt

DEFF, "Satt SY: GRass he SmattRsyY | O diths FhpRed:vo
byeaEansxmﬁangémﬂteﬂip ofthier ecddan tivo 1heap0551ble for
r t | I
CAELAROET s ikl S GRBcAle! 3 IR Shengy g cuo
1‘®a‘€«a¥e¢0@b®@edqueht cERBRBAGEES Mme@te@ iim seeress and

amenthe@ torachieve adutbher egohkng b}SEWBﬂéléan @f‘ an
gélate bri pe- cool ed_heat exchangér or exanple

bt dtes present e harat ?ﬁ%haﬁgeﬁethacryllc

ester formed can be cooled in the gaseous state- by

t .h t h t ng.
eh cSralRiEh adl i hacnae el b PaREsE are Beray  the
rm@%b@cnﬂllmtcSaesedhndﬁdﬁnaexbhamyaledmemethe gaseous
féjt‘fé@@r b‘i}onrggﬁgt 'oqfn Qy 1S Héa%fvate%{c éfqgwﬁéﬁe%ater

20 pl ace I's point, for exanple, gaseous
SEMRt B esBOE An comelenise r%f‘é’ﬁ‘?@@d?ﬂﬁ@da sybshpaces are

'bm@e paeked dicaineychangesondheceendensadeyd P, thhére a

-cool ed ., heat .exchanger is then introduced,into
%r 12T | FPREERSEEr-E8m PN MEE FheCt et HitngCgastads takes
wbsd:eances ¢an hep@bnitlf | EozekAamdiler gassent tsmbstances

‘%é@o%ﬁgn Eﬂg qg%%%%%%&%% 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
utilized further or sent to disposal. The methacrylic
ester condensate from the second water-cocled heat
exchanger 1is then cooled in a water-cocled or brine-
cocled heat exchanger to a temperature of less than
15°C, preferably about 8 to about 12°C. This cooling
step can lead to the methacrylic ester formed having a
significantly lower content of formic acid than would
be the case without the corresponding cooling step. The
cooled condensate is then transferred to a phase
separator. Here, the organic phase (methacrylic ester)
is separated from the agqueous phase. The agueous phase
which, as well as water, may also have a content of

organic  compounds, especially zlkanol, from the
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ester condensate fromthe second water-cool ed heat
exchanger is then cooled in a water-cool ed or brine-
cool ed heat exchanger to a tenperature of |ess than

1%%20%%?%%&%%My about 8 to about 12C, Thbéﬁé%ﬁ%b@9/§99o95

step can to the nethacrylic ester for

significantly lower content of formc acid than mould

be the case w thout the corregpendi ng cooling step.

The cool ed condensate is then transferred to a phase
sébawaﬂdﬁtiHHWﬁtamem@ygam(pqﬂnnipkammhamﬁpuiiuxﬁkag as

3 f. T,

Shoss Sepeughed o 1 Aiepus ARt e AUCBSay ve
c@aﬂeéﬁtrr@ﬂ té?g‘%ﬁméc%%n’fa]@%lﬁd%llxé@[éécpél |wp tfk el | organic
fb@ﬁpbﬂ%d\éﬂzw7lﬂ% PEHEPZO0E O500% 1 6n 3% rocess by

distillation step nma n principle be used further as
JEEFAETS Fonvsr the §I1F€§d§e&€§&PPb€&n§bove it may

be preferred to recycle this mxture of water and

ni ounds back into the e t rification
p?%%esgeﬁove f%e ?%bcltph%ﬁo t'fve stlpggct?ons?%%?ber
TRaerenovether gandthatepkid s f&atann(ala sceabbbbed with

Ta%mnekaql%hhwtyéf c ﬂ%é Le éré%abgg@e%h hase which

dem neral i zed water. The sep ated
16°8BRPECSes? a THIBnGWIR 6f voa%@r a@dldor @aaﬁ@léon%@mnds

e&ggébaanwala{qam{ol caBahn Ul fui-A r.m N6t pheipee U%d used
g r as desj ver, it is a vanta%eous fo
e

r ed
PE rdaséiie 1SS ecioMeVehr s Hyuesus® EE‘E""ESSHS for
|abonbhecesr@m$émsa&monr&t@plby fleedi pgidqus ophatk back

exgipl e, Nt g 0% frc‘% foa:{‘k Lséﬁgcebg‘ft haglylic esterse
have "a_strong ency or S " Pn narly
cﬁ%é@?éévaﬁﬂﬁ@e§b§ ﬁh@ﬁtcéﬁék is taken in the
esterification of nethacrylic acid that 20 such a

oLﬁnerlzatlon is,prevented. In plants for preparing
theer yPFEPARTHI DY R HacT yINAYE edt eProng tendency to

ppbiyreirzati ontofiten akaﬁypbasesmanan&a@ﬁa@@ylwwen care
aci d o] s met. ha

. f fl
rat e F985 tﬁat%%%cﬁsgﬁﬁ 5%%2} gﬁb %ﬁﬁqﬁylléNaCfgvthat

such a pclymerization is prevented.

In plants for preparing methacrylic acid or methacrylic
esters, polymerization cften takes place when

methacrylic acid or methacrylic ester firstly have a
low flow rate, go that local calm =zones can form, in
which contact lasting over a long period between
methacrylic acid or methacrylic ester and a
polymerization initiator can be establisghed, which can

subseguently lead to polymerization.

In oxrder to prevent such polymerization behaviour, it
may be advantageous to optimize the substance flow to
the effect that, firstly, the flow rate of the
methacrylic ester or of the methacrylic acid is
sufficiently high at substantially all points in the
system that the number of calm zones ig minimized.

Furthermore, it may be advantageocus to admix the stream
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whi ch contact | asting over a |long period between
met hacrylic acid or nethacrylic ester and a
pol ynmeri zation initiator can be established, which can

oS ERE ek pol ymer i pat ] on benavi our 11T ARy b59095

advant ageous to optim ze the substance flowto the
effect that, firstly, the flow rate of the

nmet hacrylic ester or of the nethacrylic acid is 35

sdaff h@itejﬂtlxylﬁicgmcﬁ}s S@hb?iléﬂflhdﬂ/yi@ lesl&@h:ntvﬁ.tihnddthiﬁ:able
system that _the n er_.of ca zones is.mnimzed.
FEPREMIBPE® | (SWa) be iy anPageBaE -F5 At x the 1argely
sevnpprE¥82008/ 071464 PCT/ EP2007/ 059095 - 33 of

met hacrylic acid or nethacrylic ester wwth suitable
stabilizers such that polynerization is largely

sEppr 6838d PUBPRSE -t Hile pRikpoes thetser PAPSESS tesented

PROEESSaBl a8 HBGhcHEAIL KAN A1 REANGERHE BR1aAdNI%ed guch
With stabilizers iuch tgatcﬁ_n1n|nun1jevel of )
pol§hefi ZHAIgHM ake¥e bl REe BN YN 28/ Feief Plege in
tthe egdretnhd payltt .ofTé hehpkarhnd,i nHparpactl af ithe plant
i ch the t hacrylic,.acid or the 10 net.hacrylic ester
;Agﬁprpeas%n cnlﬁna%i g c‘b’lﬁ%ght ra ‘T‘oﬁ“e%h&ﬁrﬁ’gh&r Ftiér The the
dhsthatuyl on isssepplied mesenmppoprhiigite concentration

sg@bilhzess. Fareexaml e,qdd: s degn faun ]
vi abl eétp suppl yea 15 stdajbglﬁlzer at th%ut g:’p flkiteehde with
FRETPPALI2BR totkhii® fhe stream of methacrylic

ester drawn off there. Furthernore, it has been found

to be advantageous to. flush those parts of the plan

P PRRTRLE nab YRR DREPd BRI OE Rabe [ Eo0st B0 REBBLY 2
céralul bt zelr it htlae 20openperatuda sofi 1date chhaplamutto the

g%%‘%?%ef erabl %g@k&%l&eﬁp%@g&re ifdhe r Of hore.

0 to about with a solution of stabilizer
i FHAeReEer Y i cibsthas Peen &gl etosdife afivahbageous to
congdensate sebt i ped idr t Beehgatanexchangel sn tRQekhek 1:c
Vgéfha gglt%@g%;?;?%fézeéétég is 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, is
recycled into the top of the distillation column such
that the column top, on its interior, i1s sprayed
constantly with stabilized methacrylic ester or
stabilized methacrylic acid. This is preferably done in
such a way that no calm zones can form in the top of
the column, at which there is a rigk of polymerization
of .methacrylic acid or methacrylic ester. The heat
exchangers themselves may correspondingly likewise be
charged with a stabilized sclution of methacrylic acid
or methacrylic ester in guch a way that no calm zones

can form here either.

It has alsc been found to be advantageous in the
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25 recycled into the top of the distillation colum

such that the colum top, on its interior, is sprayed
constantly with stabilized nethacrylic ester or

stPidd t.hacrylic acid. This is pre n

in éﬁ%ﬁ%gl%gf that no cal m zones can fo%ﬁ??%ﬁ%%g9{§%9095
of 30 the columm, at which there is a risk of

pol yneri zation of nethacryl g acid or nethacrylic

ester. The heat exchangers thensel ves may
corcespendiregdantddkewtise beenchdpgecdxuintdl g sttabi biZgdses
sal uti .Qf yl | j t rylic_es '
R R R e
efeFBeci alil vhasraw shdeanidathant tbe, adwrantzgeoyds through
U b8 W0008 D71 4684 RCTLERROO U993 widd <PEQRSSSn this

presented here when, Tor, exanple, the offgases
cURYri Gffy ¢3F bBhXRBRBxilde I pPRLRIPHE LprEEedsstemove
espepbanty fwiomi heagndat i @flosé@pinarespassed tikr oLghuiq

the esterificgtion.plant together with _steam |In this
SiRal SRS R HHRAE |5 D acet SEa RepaR B Al Boint
r endy eanc bepeends twhifokhtbar béideémpvedn nrsdisgosali.n
liquid form Secondly, these are collected at a

central point and can be sent to further utilization
ofh@i sdsEicrvild cThes v habEfinedestiertlobt ¥MAedbbrimes in
MVAeORisaidiadt iidat itie fsd erhti Galdsrnand ?H%Won,
preputification, . .or the nmethacrylic acid _obtained,

aPg §E}83&?& Fy 1d€nfcifo P FiMHer AhSefHRERIUCH Y sent
esberd ffeatheon resakhentn Thd ué@téﬂifﬁuaﬁﬂoﬁcir@s&&ts in
t Re i nj i dual 15 substance, ich_can .

| HEUETe BN Held haP ORTT ) Afraanii  residuad
Peeparphreat Wi ol tdee edfbewdseofbe heseadi dt20 &n furecher
precess prgsented here, the subject matter of the
present invention can also be used in connection wth

a process for prepurifying nethacrylic acid or
nmetbperykieaesber ofashdesstibedri brt BReprOEQSS €l enent
which folTows. For 1nstance, in principle, crude 25

net hacrylic acid or a crude nethacrylic ester can be

In the process presented here, the sgubject matter of

the present invention can also be used in c¢onnection
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
constitutes a further process element can, for example,
be in one stage. Hewever, it has been found to be
advantageous in many cases when such a purification
comprises at least two stages, in which case the low-
boiling constituents of the product are removed in a
first prepurification as described here. To this end,
crude methacrylic ester or crude methacrylic acid is
transferred first into a distillation column in which
the low-boiling constituents and water can be removed.

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



10

15

20

25

30

35

subjected to a further purification in order to arrive

at a very pure product. Such a purification which
constitutes a further process elenment can, for

e I n one stage. However, it pg
t§6680§607gvantageous In many cases mheﬂgé%c ﬁép6§v6%5095
purification conprises at |east tw stages, in which
case the Iow boiling constitgents of the product are
removed in a first prepurification as described here.
Tdishidlendpn ceatlemnpt hier Whicclesteiseor theudaeddition is

TRLUACCYLRC agid | 8,30, LeansTarTed Ji (oL Nt 8: oe oo

F6n cofumMm T n |th i ng
censuinnuertxe andlwarer beahohe irsenbeated W@iﬂhlstead, for
t Begphyde et Rachyli G85t8ld S Seht ta
PP ERSG 677 REShSE = "5 dlastlsallatlo ogva: 55?140“

cale Fhe FRRNT | 8C°S bérf%ﬁwe%r Thﬁfstﬁﬁééfli?ﬁt%ﬁ@ is
U?E@Eobﬁ\leﬁ ainddhe re@husn. pEba%sQﬁleumﬁrlb@t s's%r@eazhe@hln

f, | e h a way that_a
tEhBrRIEME 6 e, LR S5 GHEb GRS S0 B SaiAhan 2bout
ThGOpmafabmutoaoosmbperfmhaxbx&mﬁuréedmthdnpbhanﬂaﬂumn
TE t t C

TUF PHESEULE, WL 1% 39 WA G, SARE.OTd W% oo

pee8subarwithin the colum in the case of the aC|d |s
preferably about 40 to about 10 300 nmbar. At the top

of the colum, the Iom&b0|lln%ﬁgonst|tuents are
rBfo¢BE. toR R tFR%I §P1UPRes &DfRy-OWGO |@ongel tuents
ekher refegtdne Iancbameiiwlatw meh&€se Tﬁayya&@lﬂ %}@Iﬁ@)le, be

15 f
RN ger oot RaE Sad AEF AV o ee TPo AP AT heTe then
usehdénsadsbyemeases of ioist ¢ perboihwed condenserison For
b¥x§ﬁ}_§fé OELtt %M@é%fgghad t%eq;e eﬁf&@ﬁﬁ]ge&ﬁ some cases

connected in series wever I's equal |y possible
t5iuse BRI PedherHedt @W@F@f&l% nRpgspeifnttwoTheater- -

h@@él@dché@ﬂeéﬁcﬁéﬁﬁﬁkgf%bﬁﬁbﬁt@@eﬁﬁt%%rﬂé% AamdiRRieght 5 ¢
state to%hncrease the flowrate_and in _order t

ot GVERPSLAE RESRIGIG TF SPat IO9Wd) yPhalEer cxchanger at

ptlef erpotet beThg pevenekehabb@irgi G aTHAHNAMAGN idtErated
in an upright state to increase the flow rate and in
order to prevent the formation of stationary phases,
preference being given to obtaining maximum wetting.
Connected downstream of the water-cooled heat exchanger
or the water-cooled heat exchangers may be a brine-
cocled heat exchanger, but it 1is also possible to
connect a battery of two or more brine-cooled heat
exchangers  downstream. In the Dbattery of Theat
exchangers, the wvapours are condensed, provided with
stabilizer and, for example, fed to a phase separator.
Since the vapours may also contain water, any agueous
phase which occurs is disposed of or sent to a further
utilization. An rexample of a possible further
utilization is recycling into an esterification
reaction, for example intc an esterification reaction
as has been described above. In this case, the agueous

phase ‘is preferably recycled into the first
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Connect ed downstream of the water-cool ed heat
exchanger 25 or the water-cool ed heat exchangers nay
be a brine- cool ed heat exchanger, but it is also

p inBl onnect a battery of two or 1
bﬁ?%89§28ﬁg§6%eat exchangers domnstrean?g?éﬁ?%%07/059095

battery of heat exchangers, the vapours are

condensed, provided with 30 gtabilizer and, for

exanple, fed to a phase separator. Since the vapours
megtelrséicentiannteaker, any aqueous phase which

occurs is disposed of or sent to a further

utilization. An exanple of a possible further

ulhei zanPyRdi sroeayel phgsintis dedesteridflonti brikg5he top

r 82CEthaN coll A€ X @BRIe JeNt0, AR RRLAId Tiald Ahd 880 O be
as has been descrijbed above. In this case, the aqueous

pHESE & IR ablhy £eB§ciofd #hf oleRe frFhpngers and the
V\68808nghé6éol?GthEF’%QQlﬂe0&9&9h &e_mov?e@d &sjaa{:ﬁ ifeldONis a
tank. T renoye rgani c ase | s, s.reflux 1 nt ,
| BRss VDRSS ERET SRR Rl Rl Tip 1
i hAhtar npossiblesedE tustslpr aytdheetfdpstafrefiye heatvent the
e d t t . oSLN

CrebeRgecs S andl B AT, (ot diSce of the
alRPREYIAREN BYAREFi z2POUTt Turthens paepRTeseieonrs2fy the

t goeiheet kxekynpreManhciher Eaemabpenr-ef reabieaones.
Secondly, the presence of the 10 stabilizer brings

about further suppression of the polynerization
t Thdencydefisthe wapentis cbesived. fite: cordensat eexsiHRai8rs

obt ai f.r t ngeyrs _is additionall .
p?éf ea:%tyloa i edggmg%ﬁggéggngar% llxzeecg Wighwa eer?ll}élnrahmd
sughes way sutdt sufbicitemt sephf beiagt astperatdag Beetion

ashheneds i Lhes Phasensepat aLokepIhgr gaseous conpounds
which remain after the <¢€ondensation in the heat

exchanger battery may, 20 preferably by neans of
STRaM ejREEOhS aAScHRSbICeds Pr e@sifle Jenefadi®r s,after  the

sup& cted once again .to a, condensation by s _of

one %?n%%ﬁ%p?urﬁ erqﬂgat h@?%haﬁﬁ§&§n9§rhagggg§ﬁy may,
foupfetabbe advamemenusof orsteam ejectors as reduced-
pressure generators, be subjected once again to a
condensation by means of one or more further heat
exchangera. 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 is possible to feed
further gaseous substances to such a poétcondensation,
as obtained from the main purification of methacrylic
esters. The advantage of such a procedure 1lies, for
example, in transferring such a proportion  of
methacrylic ester which has not been condensed in the
main purification stage once more via the phase
separator into the purification column in the
prepurification. It is thus ensured, for example, that
a maximization of yield can take place and minimum
logses of methacrylic esters occur. Moreover, the

suitable selection of the design and the operation of
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econoni ¢ reasons when such a postcondensati on
condenses 25 not only the gaseous substances fromthe
prepurification. For exanple, it is possible to feed

20T BERET Y om the. main pur i 11 cati on o MACHALTYI (2095

esters. The advantage of such a procedure lies, for 30
exanple, in transferring suchya proportion of

met hacrylic ester which has not been condensed in the
nmehespufutthati beast agehengereved 1vive the @hm@551tion of
S rat i_nt ur| i cation.colu in_th

ERE L | 5Tl UL B oo PRI Bk A P ITRAL LY
36ha ﬂ@&tﬂmta@fohowbeLbedscahOtbkea®j®@©e®nd mi ni mum

| osses of nmethacrylic esters occur. Mdreover, the

sui tabl e sel ection of the design and the operatlon of

WP DeB/ 671488 PEFREPZ00F/ B56695 in the prrese ifdcatdon of

heat eeﬁehﬁagepﬁlaltl QWS the GQ{HJOSWéﬁ@ﬁl loéonﬁﬁﬁt()f fltaas the
\/ I hese ea XC ngers eclally conte

g R Ll}b? SR | 6% hoFeGR

(ﬁONWMIﬂuemtshenpﬁ&purctudaummthyl thhaerﬁhatyhdyerall

ér?rrlége %fﬂu&??if {Bo %Bgr %%t 'teﬁr'feu@“ 2 a”‘it may

e concen fon O ent’s |h
cb@dédmnhygemﬁhmﬁm@m asbmec@ﬁ tirge water fed to

GO | BUQHSEhLY oukh A dafe t @y QESMenFrE@b§abh§ @%hey%dgasly
advantqgeous to di scharge sone o he watéer fed t

TSy FeRtRATer FHe syBt eRFiBF&P&PabPy csﬁﬁﬁﬁ&@§s|yfor

Td}tanglﬁti@,chmgancagdeﬁ ?fl fﬁég_ﬁh.eubé ehf aﬁ&eﬂ wfa(ﬂﬁar 1s fed
Xa e, 1n an or 6] magni. wat er

AR oyl A O b B PR Dar 1 BRe TR Shnsesese
preserdiedepatatied dbe iphadwe phaseasepartatdrcally has a
tamw% Easo az‘EPé“ %Bhs‘aflt%%%'c f@nﬁﬂ}%b(tsu@ﬁééefcﬁ‘e be

ereror e advant ageous to wat er
f Vﬁr&a&ﬁ%sﬁp ERRCC S | valeert hps ac ot 0ff disposal

QREgiadH GutSUbISA N GaS: s ZbrRodn X Eyart e b Pences .
advant ageous when water thus contamnated with

organi ¢ substances is fed to the conbustion chanber
v subppleic Bci thagl eayagrRivantageous when water thus

contaminated with organic substances is fed to the
combustion chamber 1in a sulphuric acid cleavage
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.

Fine purification of the methacrylic ester

For the fine purification of the methacrylic ester, the
crude prepurified methacrylic ester is subjected to
another distillation. This frees the crude methacrylic
ester of its high-boiling constituents with the aid of
a distillation column to obtain a pure methacrylic
ester. To this end, the c¢rude methacrylic ester is

intreduced into a distillation column, sometimes into
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process. Onmng to the oxidizable constituents, its
calorific value can still be utilized at |east partly.
25 In addition, a possibly expensive disposal of the

bgbosggg&%ggnated wi th organic substanﬁﬁé{%g%égff%sgogs

often Voi . Fine purification of the

ester 30 For the fine purification of the nethacrylic
ester, the crude prepurifiedgmethacrylic ester is
subjected to another distillation. This frees the

cthee Imptdhactali ¢ iestemanfndit skhowgh- hoi lthege skilled in
cgﬂgt%ggents with the aid of 35 a distillation colum

to obtarn a pure nethacrylic ester. To this end, the
crude nethacrylic ester is introduced into a

dirgLi ldi261:an 26Ql WMy o SRRt L ARS 11N fﬁg%gﬁy(E6¥¥¥%Pond to
PCT/ EP2007/ 059095 - 38 the lower_ half,” in a manner
kRBYN £85LEHBseWBkF e@PPA2TFhet@r t Pe TheUu 3R} | aEP onthose

cektMMegann Ncipsi BeLpl eisvespond tes Hady €65h8Nto be
whi.ch ears to be suitable to those . skilled in tPe
AFEVAREREGERS | (PhaBRB¥encroRAd 87betPadVaTE AROLRE | the
naayutaseg fprotihetpumiieyn oftitehe dirsesiultdmigrpr asktlatmn  is
di_sitj,l | atijon_col [ rate it h of
ﬁgggr%ggﬁiﬁéghgh?%ﬁ c%?régggﬁd%@ﬁyg%é%o%?ﬁ%%EI§y %FsPond
t AePFokioar gy r equihenéal sowthgsreguijgsenkeke in the
other lines flowed through by nethacrylic ester, a
m pi mum | eyel of so-called "dead _spaces” should form
i A-FREL¥ol UHAS. 11kE dBadispateen s ings flipwpd through by
maamafz%etﬁelsmg,r esi ﬁlﬁﬂ@&utni mleaxoél t be smebla%%@w | €dead
esters,,whi.ch.pronotes thei pol yneri zatj,on. .S 1n
LR aadS N 1ok pERE Ty et™ prBuGET DA Fat dolinsIaRE Spaces
cleadi np ok t hemppprOpredve lpagt srddiobked wittthe of the
way nteri 20 f ' of :
QE%%Hgﬁﬁ%gggis, b%%%%%%'desigﬁh%n b éﬁﬁ%?%ient thélr
opet Atz hbtier of IR Scol Hims turd al s | sad thERnsive

widbdacsubh i dMaamuntngl ¢l dhg S f hehe appropriate
parts blocked with polymer. One way of countering the
formation of dead spaces is, both by design and by a
sufficient operating mode of the columns, to always
load them with a sufficient amount of liquid, so that
constant flushing of the columns and especially of the
column internals such as packings is achieved. For
instance, the columns may have spray devices which are
designed for the spraying of the column interxnals. In
addition, the column internals may be connected to one
another such that barely any dead spaces, or better
none at all, form. To this end, the cclumn internals
mey be connected to one another or to the column wvia
interrupted adhesion seams. Such adhesion seams have at
least about 2, preferably at least about 5 and more
preferably at least about 10 interruptions for 1 m of
adhesion seam length. The length of these interruptions
may be selected such that they make up at least about
10%, preferably at least about 20% and more preferably

at least about 50%, but generally not more than 95% of
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constant flushing of the colums and especially of the
columm internals such as packings is achieved. For 25
i nstance, the colums nmay have spray devices which are

g §296%9099&6ghe sprayi ng of the colum ﬁ@% %€%6§%/%%%095

Ition, the colum internals may be connec
anot her such that barely any dead spaces, or better
none at all, form To this-epd, -the colum internals
30 may be connected to one another or to the col um
viche adhesd@ptseaadﬁeﬁgmm.s@mm&héﬁudeEmmmstaﬁs5mansay be
h at . _| t r I
affcoran BRSy PiRihad, A HLRS M Fofinfpipseistly
f hogem whichdheaton m,tmn |C@@gta|¢t TWetihenghh oﬁetlh@cs:eyllc

i Bkeerypt naBs 3haPR¥HRRtSElpRct e;ﬁce%mamtzé&eytmeabout
up_at | east about 10s freferabI% at | east about 20%

ahd > Mo pFeFEr aBF e BRI BasteShoahaBoos et Jgifer 8EI yall
thrﬁﬁbesthane%@@c@&l@@QOO&EO71%@ﬂuHEﬂ/EBZQQ&&QﬁQQQS run
h r Zong §?hes n seamlingth(ilje gr d n measure .
§TBEONFRATY Ci’?]eeFﬁFQ hal Sf ‘ﬁt’ Je of&iH, fnto
eSbecnatEylorhagb1MWﬂc¢pb@mm mayobeomtnrﬂlgundﬁt¢mn1ca11y
hagryl i r sth 5@%%5 e b
Iegsaﬁﬁ%% %% @ §u5g§§ ﬁn?gl era%ﬁgufés&% hé%gnSlSt
abBut <2804 8% aﬁme s¥HrPakles, O%sbﬁﬁl%&dy witleatihic ester
in:@é@ﬁtslnr Whe hﬁﬂtﬁrﬁﬂt}:%ﬂﬁ/om For examalse ,pdsrgeﬂﬁtél b$uring

en i,nto |nt r|or of the co
hEaRBERc ik exl fhe' BbThiPh 266 Mesidltacat preventing
Anwehheaueagurefnayhmmnnamoﬂdt|nlﬂeeapﬂgeth®ﬁmnmﬁmerate

O?%%Qyégu éhgﬁdyw&%(ﬁnéiﬁﬁ$¥§§§$% sﬂr%hg %mdﬂq;qﬁ1the

m as m1as 0SSi e“operation o
C%V@mﬁra%h@nsedﬁhdmyY|ﬂmbr@ﬂﬂﬂnﬁﬁgeQWQrheatthgsoﬁxmtext

t b St a@@@nambﬁnépbtsew&uried%attﬁe (RIREABYESR M kes up
I arge evaporatign surfaces during the 15 evaporation.

117 nByS bE*BEvait ageeus PnltﬁPsléonﬁ&@ PH{SraHy about 1
aPuNb % obfl ictlel ddall henaal nds babtRACPRKES WRtern e he
e out 0.1 to 15% and eferaggé about 1 tﬁ
EIEEL nE nfehntan: BrohRa St erafAdrARE may

(ﬂﬂsmwilﬂmeum@aSmrebepﬂb@bﬁbﬁatnomhmﬁ pathgraphioaycid.

"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 &0 to about 75°C,
with wall temperature of less than about 120°C.

The material obtained 1in the column bottom is
preferably removed continuously and cooled by means of
a heat exchanger or a battery of several heat
exchangers to a temperature in a range of about 40 to
about 80°C, preferably about 40 to zbout 60°C and more
preferably in a range of about 50 to 60°C.

Thig material, which comprises predominantly

methacrylic ester, hydroxyisobutyric ester, methacrylic
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20 also find use in the distillation of nmethacrylic

acid. In the purification of the nethacrylic ester,

its high- boiling constituents are separated fromthe

p pstillation. To this end, t
ﬁegggntalj?f%%g%ed 25 with steam The bottﬂ[)(;(‘fenr/tcﬁgé)n'pera(t059095
is preferably about 50 to about 80C, in particul ar

about 60 to about 75C, wthagall tenperature of |ess

t han about 120C. The material obtained in the col um
batidmans %hdrléfmxabiqmpmw cbat isnbeaqluynaﬂlgh via a
CQQ ?Qy\ggﬁﬂﬁ.Of £08 h gha%g%% da<9§t sggt to
sever af "heat” ~ eXchangers sture Tnh a r

ofnabber A@et-o I%bb@ﬁ gogn pf@ﬂéﬁab:lOy Ia@oaﬂvaotaqeous in

ahedl GQGandyABRe 1M elgkalblivii nog £ ang8 afh aPRUL R%umn
to 60C. 35 This material, which conprises

pPRUbAT nart | YeCHetRecr iRER écéﬂteeresmméwﬁ%%t ygaction.
eBcber ,exmtm@qr ythe Wa@ﬂ%@éﬁ@%&%@ﬂlﬁr@ﬁ%@étom is

d and_st gi i.zer _co one tIS s qu . ,
ik bR R S R £ gives
svenssetd:o anbehezdvsetaye rtahatb,eelwﬁthunai t'»oLeb«e to a very

in, C h | al,, .qht ai.ne

B S e o e niUH 21k,
e%@ﬂeﬁﬂwi’%h&'uléhgheh@@léﬁg CP@powadﬁppéeSﬁﬁé At éfiealcolumn

fort she £04 UPBchOtE@M to £BREYELEEri ALQat NenflLsttion.
esterification tank. This gives rise to the advantage

that, with a viewto a very economcally viable
ﬁ@ﬂhoﬂhandtapvebﬁ hitgk yiceldmnlO rekat méeghycrylic ester

0 . resen colum , bott
BEPeo0 | B SATREISacRLESeit W SR VB POLOPIR by
tropRIns @ﬁeac@aﬁm exdtleampehacryki dagdteary @Urtwbedrbynore

dh St |é>§éﬂ1%é§sw fﬂgrﬁ@@taaﬂ caal ed, By L5 %Exa%% Hervea

heat exchanger or a atteré two or nore
X6 PR sOF THRt REafost cRhBedhpBUFEaBRERTBe OF ey &3y of
eainse ofodBder - heaked @ﬁ@lﬁa@g@mng@ﬁ:s Oby by manrs okt a

br e c oI ed hgag1 ex&Hang §rs ,or g% E % a4 ful
:'Ocﬁl of* t hB® 8 DT it o-Be Pos ety
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 coocling. The uncondensed fractions from the
water-cooled heat exchangers c¢an, for. example, be
introduced intec 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 wvessel 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
example, by means of a battery of one or two water-
cooled heat exchangers and one or two brine-cooled heat
exchangers down to a temperature in a range of about 0
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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20 in sone cases when the vapours fromthe

distillation colum are transferred into two or nore
heat exchangers connected in parallel, which are

0 ans of water cooling. The, gﬂgﬂﬁpﬁ
?ggﬁpgggq¥?gﬁ1the wat er - cool ed heat exc ngers can, 9095
for exanple, be 25 introduced into a brine-cool ed heat
exchanger or a battery of-tsw er nore brine-cool ed

heat exchangers, which nmay be arranged in series or

in parallel. The condensates obtainable fromthe heat
exc e t nt c e el
a3y ! PPEHAB k| Shoh [Eh0 CEEIEKEES s ream
adTdr tifer rAERE1 e@xdmgngethor dasﬁatltléltyoﬁf @Q\bim mﬁe the
ft'b%)h@ff heat c@waﬁﬂgetﬁe W gandansaker skheald Sbe  fed

(o30]0) for exang means of a battery of one or
mtwat]é? teBoPEd H@aFO XBPRargePY 1awd Pdse 18y anjo way, for
békﬁﬁp]:@Ol ed;@eatdﬁétﬁm@wggrs otwvmext@r,a tenper atdif e be

e of about I r bout
P 3ehRRTRo0s ERH 2 mrtR PR BEAbT TR PEANS Gt iean is
aﬁe@t1ztpotﬂﬁQVNw@®@81Dﬂe4ﬁboP@TﬁEE20@ﬁ¢OéﬁO@&e-chumn
Af&@'féx%%%@msg%a l3h na dre LTEOCBQQ?@%EB %ﬁua%a'ﬂhls
and i s retycled | to t stl Il atron™col um "vi a
tbpedinghales aﬁﬁ?-’oﬂﬁée@orﬁf@ﬁgdﬁ@@t rEdre cihebeoPe@ s the
i abDuthe top of the colum in principle in any way,
for exanple via distributors. However, it may be
advant ageous when a portion of the condensate stream
izs flugrdt Hient op4 te- saperm Ioifnetlabom;ﬂdmlgaapa oint&8Rded for
e e n. pteferred
CheE s e e o oo SRR b tihs e lBiR DEF Bregcned
t%@ftéﬁlt@f the verawm. lAnturhdorpainisedeamionh taed be
Q&&%%%ﬁ%éa'B&%@gﬁﬂyh%htéeGKQ'ﬂHb'BEOtﬁﬂ§ EQLUAR. Here

can, for exanple, branched 15°off into the vapour

1596 be¥lor &9 ntﬁrc?dflfcﬁeéfh ittt he Gt odfiseed 1@ r daxtrpduces

 igdgbiherdopinio ttige cCObYMBE HREE coll@@n . i tThieS ipkefeticad on

(ﬁéﬁ% qﬁs|%%§q5 %égaég ﬁ%ﬁfpaﬂ gglhbﬁgt %%Eoe%g%p éz 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
polymerization irnhibitor 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 wnen the condensate part-stream, after the
addition of the stabilizer but before entry into the
top of the column, passes through a suitable mixing
apparatus, preferably a static mixer, in order to
achieve very uniform distribution of the stabilizer in

the condensate part-stream.
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into the top of the colum can be done, for exanple,

in 20 such a way that the interior of the top of the
colum is sprayed with the condensate such that no

c n n formin the top of the ¢ '
tﬁggéﬁahagfﬁﬁic ester can pol yneri ze. |?bﬁZ€P35O$?bg5°95
additionally be advantageous to add a stabilizer for
preventing 25 pol yneri zati ongpo-a condensat e
part-streamwhich is recycled into the colum. This

c aheherrdaneerdfsabl e X @ s Mlﬁkﬂﬂ@sﬁﬁml&b@{b lt)@fé apBtained
anou f L zation inhihitor as_stabilizer to

R s er L B RSt e 6 “SaPRy Png THRE E0
t Hé speya30 of the columm. It has been found to be

advant ageous in sone cases when the condensate
part-stream after the addition of the stabilizer but
bétEr ST WIHEEk Here st oint KBecHUFHET passed is kept
t kieughcige sWit@bbe er Xb?ﬂng?&ﬂ%]?éﬂsatprﬁf eeaRkYa®ure of
stati xer, .in order to achieve very uni form .
dPEEFED L 6 a&%o%théostcabm@zfeerra}qﬂy RS icrs Atlout 15°C
panti- sbreapra\@20024071464 rREHLEBZ00R60590950 42°CThe

“uncondensabl e gaseous substances whi ch are obtai ned

in the purification process are, for exanple, sent to
difsposuiier 5 thhe remote paoducivprlesentinipnrtittd ssuf feem  the

Vﬁ%é@hcksaﬁgp%o\Mﬂfldéuéﬁﬂdiﬂgaﬁhﬁgiéﬁk§¥"ﬁé¥$ﬁ%;§ﬂates,

tepperature of about O to about” 200C, prefera '
abBEt BrPGho e 5&1 SendPfror BT hbity | Ata FesrfEPtive
opushiftitaZibf :@€gelOIkn nacdefedp TRV EAME fukdher, for

inmpurities from.cthe roduct.and to arrive at

(PRHEBY RS ° S B a0 38 BTIREEY o st deast
be sobféctied it chan pabrsoptddvet puird fouoati icrd sﬁmagﬂqheﬂ twith
h been-f oynd to , ex - nﬂﬁﬁ € iia.
pfﬁS p%gauc(t%aséa %‘%@ﬁ# a%%‘é%’st 1 gl%or |c#1 .0§Cldlc
t hBPPHLe1pPodudErecd agdyi f ifer™ivy t heeidhi t Rormpé ail@ ofthe

apAebeeHt abnSipAReRAr t kgl thy agd ditemohABUrid i 8S,simple
especially formc acid_forned in the_ preparation ,
SPOCBSE, TP ( M€ DETPNBhed SHFaR of 5 eios Bdditionally

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 comprige
predominantly polymerizable compounds. In oxder tc, as
already described more than once in this text, prevent
the formation of calm zones, it has been found to 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
ester is therefore withdrawn downstream of the buffer
vessel but upstream of the adsorptive purification

stage in order to be flushed over the top regions of
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manner fromthe product stream It has additionally 20
been found to be useful in some cases when the product
stream after passing through the adsorptive

p tage, al so passes through

fﬁ??é?g??zgg? er to renove any solids pres #H%qgiéﬁ§9095
product. 25 The streans obtained in the workup

conpri se predom nantly potyagerizable conpounds. In
order to, as already described nore than once in this
tekosepr beent cHuhargrave | orhiofh catakzonep, ithehasrapours
b d bey, 30 S_J e case of the
pggggégngg%ngg h%?g¥§?igg§§gnc%gg&garts of the

pl ant which cone into contact wth nmethacrylic ester

afgeC Oﬁﬁé@@ét&y élb@é(‘ﬁ%@ve:[nwﬁﬂb RiPee i Lo Stlagd N i

a further enbodinent of the process presented heré€, a

PR S ST &R Bf YHEERRRIYI £ECT5 Vet eunid iCReERoEEage With
Wi t tt@rr@waewestmam ottazt@e buf fasoutvesseltdUbbout 20°¢C,

PRt AP R #PTehed BRcFCCHE LosCt BgroRETar Bretetably in

w02©®®g®74ﬂ6ab®ﬁﬁ/EP@@O?$069095 - 43 those heat
exchangers whi ch take up the vapours stemring from
the dlstlllatlon colunn The product obtained in the

RHRY 0P SEiae ged ypgeduent |y wi t hdrawn from
the purlflcatlon st age MAth a tenperature in a range
of about -5 to about 20C_ _preferably about O to_about
15t HhY REPESHF ePEFSBPSHND eﬁeraﬁﬁem@V oGV sphlegctor
lékSBtpippi g of Ileclwonspredeasi @& llgnddis pmﬂceebject the

pé(?l’?eg{tﬁ éj g%’i hulrg.cnaé/cztc? a %IaﬁIal%Jl eCJtrE o%heexa Qo a

ess €l emen 0 Su onsunéﬁ
mzpiﬁm@tmmdlnbtomdm to shbspoavessd vt orecyidle it back

P d 1 AL @RolcR <Qr deiy t o sHbggguentd . r@%i(r%fe It bagk cay

into the process. In this case, for exanple, a strean1 _
GHRRT G P corRarRads SHPRIMEE Cadicdd a2 afeBebBbrRitReded

faih tdies esteet{f Codt Obn, CaAnbBacoBRhagteddWyvt RhSkEeaBm in
i n

flotation wvessel. As this is done, at least some of
the solids present can be deposited on the surface of
the liquid, and these deposited sclids can be separated
out. The wvapours are subseguently condensed in a heat
exchanger, preferably with water cooling, cooled and

recycled into the esterification reaction.

It has been found to be advantageoug in some cases when
corrosion is prevented in the heat exchangers and the
cooling action is improved further by introducing a
mixture of water and organic compounds, as obtained by
scrubbing in the course of the esterification in the
purification of. the methacrylic ester prepared, into
the heat exchangers in such a way that the tops of the
heat exchangers are sprayed with thig mixture. In’
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
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a flotation vessel. As this is done, at |east sone of
20 the solids present can be deposited on the surface
of the liquid, and these deposited solids can be

sgpa The vapours are subsequegt ﬁﬂ???n§§§b
|neabgégg7lg§%hanger preferably with mater cool 1 ng,

cooled and recycled into the esterification reaction.
25 It has been found to be-agdyant ageous in sonme cases
when corrosion is prevented in the heat exchangers
apueﬂhElnanbﬂyng aetm@mmﬂs |np1®vedréuythed by into

| f an
e e Bon L e R T BT o qﬁ@ﬁ*ﬂ%
e3f b ﬁn@atm%?h?f“hrl’#ec BEEREI Ehewhe fhennerkatdyl ithis

ept8bepEePRLedhel REQ 1 Q‘ Jedle LRANGRIS Hb&UH L S ation
that the tops of t 'heat  exchan e%f are sprayed

WREROTAPs RAEEEFBS | R addrf) oR™0 . After” their
COEMOsEDN- I Eteies ngamtlsahtamid heng5 €qethag Oﬂflséha::r to

a he _heat exchan LS roc dure has,

f%%gﬁégagdvzﬁ:{ age. Whter erl a \Nﬁoih St ’erF"n tlﬁ‘écmerate
ether rEEvatiog (Iam)rtewle‘lcﬁ okt &vagmdp V82008007 4Bt e to
PGIL EPR0Q{{103909%. a4 %a%@&naﬂantia nRiuanol 'x%cover

recycled into the esteritication process toget
wWEPREt BE FRE haReyEY cusadi dnakiae nﬁ%“ﬁ‘é@??}l c est er
stemmi ng fromexactly this process. In the stripper,
the above-d scrl ed flotation 5 affords xtures of

' aHE BT t FLERRS SPEREVAEFS E@lﬁ?a stht the
totamypitgtaee sset ototanydisposat.usé o8 pOSsObHEE, of .
for exanple, to incinerate the resulting mxture in a
cl eavage plant and hence to obtain sul phuric acid

gﬁﬁtl Hegicdabad herovérr IemomDpfsehedenérgy the

usedlshiled headiPcassy g uncondensabl e Haseols from the

ounds obtalned in the, stripping are_sent to any

€7t Fet T 1SR BN dPERGSEF of RO 15 AR aﬁhl&es}a?%%as can
haemofmé enmiongedol tde faomdlhe consused@ei deabBns of
for recycling fromthe sterlfl at i
sttt D sl Eby T s Rpocesetanre O 8o or more
flotation wvessels can be used offset in time. Since
gsolids can settle out 1in these <vessels, it  is
advantageous to remove them when the particular

flotation vessel is not being used.

The aforementioned will now be illustrated in detail
with reference to nonlimiting drawings and examples.

The schematic drawings show:

Fig. 1: a plant system for preparing and processing

with methacrylic acid or methyl methacrylate,

Fig. 2: a plant for preparing acetone cyanohydrin,
Fig. 3: a workup plant for acetone cyanohydrin,
Fig. 4: an amidation plant,

Fig. 5: an esterification plant,

Fig. 6: a plant for prepurifying the ester,

Fig. 7: a fine purification plant for the ester,
Fig. 8: a section from Fig. 5.
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al so be perforned, for exanple, twi ce for reasons of
operational reliability. For instance, the two or nore
20 flotation vessels can be used offset in tinme. Since
ttle out in these vessels,
van%g%§2u§%to remove them when the par??é%?2907/059095
flotatlon vessel is not being used. 25 The

~aforenentioned will now be kbl ustrated in detail wth

reference to nonlimting drawi ngs and exanples. The
schemati c drawi ngs show Fi g 1: a plant systemfor

1 0 t c
%ﬁyl régl[Ohacr a?pgrsesf eﬂ&g}rﬂgt& I!E)ir%%gr%' stem 1
Foat opéepgamgydrraqhaqx}gllcg agldorqmprr@t@zmcrﬁrdrlc esters
acel QM2 iGY FRAPHI rocFé@sué% sﬁfbcﬁm@@t'% Pbests Eftem

: an esterification plant g | ant for
6réﬁﬁ|‘f’§'¥h‘@u?hé’ éé’ttér ccmrgectﬁd Pi ﬁ@eplﬁqq*%%%%ually

Bhant fmdﬂae—cﬁﬁicwatl rid §.m&inar s%@él mém@mﬁ Of S. this
W2008/ 0714 / EP2007/ 05909 eqcr 1 shows .
PrEFEFY e ¢t ofY 5 pllant™S eémalC o p?%%%?P?ﬁ‘Srln
pe*epamayzliio@ a&ﬂ d Helhevédcbyl iscessingr scyamnahitdein workup
BYr t het,1Rrogessi RPdugt 83,106, Pl ARt Sﬁ’éffcfﬂré 1 15‘395
vari ous Iants cdnnected t 0o one another ‘usua
ﬁ|8@|e@léeﬁa@épmﬁ@yl$ﬁ@ﬁé’rslés = Rt sfet lotied béfysﬁt e\ﬁ@rkup

EBh-S cRl-ant o%ysfteedﬁacri@llqd;e%@c‘&tme LENOErid turn by a
%reparatl on, 20, fol |_owed 1L_)%lﬁace c]z_Fg‘ c nohydr| n wor ku

Bnef oPY By dh difi-dat e 1ovuetly
estekilf irﬁ@ﬁh@@fjﬁ}/ﬂt@l ysirs hethBaryiakl mmex:ti byLsa poE ket .

r est r or. _nethacrylj.c id 6 f. i-n.t b
E %t Pre pl‘jjrslt Jgﬂréan%d ngcr{ugsr %ﬁ%%%iﬁ%ag%tge sedt o a
cﬁg@rahbyt pmtcmﬁlsm haktayt aBe, dieafwtlhaormiliar aprecessing

Eﬁ%ﬁ%ﬁt gbhe EH{:@uééteriﬁurepéftgc&i‘éh? Og%@hrfﬁgrfé‘é]tlon

e sent to a 15 further processi nﬁ I ant
PBPERBE USr RfEbsFRECEPFENtECBOTHRET Ble TP | ERRGF1IONS -

pel yres | palliyRRriappabat Useadthf ACHRISmeehalufiRees can
8rgmB§é§§§§ Iongnd, in the reactors for organic
reactiong, the pure monomerg 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, tilmg, glabs,
automobile parts and other mouldings by suitable
equipment such ag extruders, blown-film extruders,
injection-moulding machines, spinneret dies and the
like. In additién, the plant system 1 1in many cases
compriges a sulphuric acid plant 100. For this plant,
all sulphuric acid plants which appear to be suitable
for this purpose to the person skilled in the art are
useful in principle. Reference is made in this context,
for example, to the in Chapter 4, page 89 ff. in

“Integrated Pollution Prevention and Control -~ Draft
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In the polynerization reactors, polynethacrylates can
be prepared, and, in the reactors for organic 20
reacti ons, the pure nononers obtained here can be

C%@%%%%?%?HQG urt her organi c conpounds. gbf/%H%§§§%%59095

" processing plant or the further processing plra

is/are followed by a finishing 90. When the further
processi ng products are polymers of methacrylic acid

or 25 methacrylic esters, especially nethyl
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dies and the like. In addition, the_plant system1l
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am dation 10 40. The 'ut e sul phuric acid also
rlPeP?LdPBB AL "96ém“9¥9%f239 Ahe edberigEnEatilon the
5@1éhy§r QNS ﬁanﬁeaq\.tuﬁear afisder £ee tigntidiei S18 phuice are

6l 0Lap L% oyt e Lines Torpent UL 1o
dehitabseal phori ctiaei dbarticular 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 sulphuric acid are
additionally lined and protected with ceramic materials
or plastics. In addition, the methacrylic acid cbtained
in the methacrylic acid plant 50a can be fed wvia a
methacrylic acid line 6 to the prepurification 60. It
has also been found to be useful to add a stabilizer
indicated with R in the acetone cyanohydriﬁ
preparation 20, the amidation 40, the esterification
50, the hydrolysis 50a, the prepurification 60 and also

the end purification 70.

In the acetone cyanohydrin preparation 20 shown in
Figure 2, the acetone 1is provided in an acetone vessel

21 and the hydrocyanic acid in a hydrocyanic acid
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15 can be worked up. The workup of the dilute

sul phuric acid can be effected, for exanple, as
described in WD 02/23088 Al or WD 02/23089 Al. In

g ral pl ants are manufactured fr

ngggoﬁg/gHH%6§h are famliar to those SEBF?E§29%7{%29095
art and appear to be 20 suitable for the particular
stresses. Usually, the materi7al is stainless steel

whi ch nmust in particular have exceptional acid
reeEsEén@@.'Hﬁeregébmﬁeoﬁeshel plartass whi edrarleing tower
oper M huri ¢..aci d p I

el fhUHER pRezE L0180 SRR o 1A T ceatine
aﬁéep‘le@ﬁéct%‘é wﬁ hseeiedi ©apbfgass Ligesl a5t |“é‘510hI nstem
aggichi YRrilhe PREAG ¥id GRCigh Qb alpaden i D &hén into the

met hacrylic acid plant 50a can be fed via a

WEFH&PWFH% BRYSL| id%e 6116 t"l‘u%e‘b‘i’%?)ur%sfl Esfi oD, 3 t1oop
ha&aagsxir bﬁeﬁnfeoutlldet @cbﬁoﬁ&eﬁl&bdt @ 7adtha tshm@bhirdzedsyamc
30 i.ndi cat "S' in the ano in

oPERT SRt s IS AT (G0 Thet bor ST TR0 e the
5bydrbevhaydrol ysiisl 5G@zed he Sr epur idisetseh 60 amanp 29,
akse1clie el PULLL! 0301 O Thead3d LRACHBNnicn s

%ano ydrin preparatio gure
a @tléﬁé’efishr)’ro%l geatif ﬁ‘ﬁxéé—’et%lrﬂe v@éls%l ispfodi@vere by 2

hydeecy alichatddd | nz:az hydh@@ﬁamr&sﬁm 8 WB2008L071464 flow
PCT/ EP2007/ 059095 essel 22. The. acet gne vessel

2i%Ras 5“§8Fu@&13nga?%méi: Shhi¥E FACT 89y
r epeodpopascamecar 2egr &Heoo&eamg:lcai elffesnixﬂ:é4coﬁ!s$£trire§ of

0 S I C Lio
CRe%EPURy LAER RN b A S ERTLIOEEONS Moo
The cac:@tt@rte i & edonpidenabbepdepgyact owiRghyiis th@dlcated

ag§t opeifeed 12£and g hygrocyanic e?:&':lgaﬂ@@rt he12, the
drocyanic .acid feed 28 downstream of the

h§8?‘8€§fﬁﬁl SIFGUF S et 2BRFEC P pydad thSpump o gresistances

;@:.lizaﬁgﬁdth@ taddl iy alcakeal yat4f eﬁ‘eﬁjnclea }Mplol&ltllo@ %Gf the
0 atic m.,xer 211. This s fo we

ST haRGor S5 255 O hEE oSk 12 Df 71 otene? hear
restcbtapees 2253 tandhaich eastcaomedoa iagedlect2idy Fassel
216 in which a nozzle 217 1is present as part of a

In

cooling circuit 218 with a heat exchanger 218, which
keeps the reaction product firstly in motion and
secondly cocl. Via an outlet 220 which follows the
cecllecting wvessel 216, a stabilizer vessel 221 is
attached, into which a sulphuric acid feed 222 opens
and from which the c¢rude acetone c¢yanohydrin 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
heated. A wvapour feed 32 1is connected to the heat
cexchanger 31 and opens out in the 'upper region,
preferably the top region, of a column 33. The column

33 hags a multitude of packings 34 which are usually
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“connected tq the heat exchagpet 31

the | oop reactor 26, the reaction m xture consisting
of acetone, hydrocyanic acid and catalyst is
conducted in 15 a circuit to a consi derabl e degree,

‘MB%?béﬁ%ﬂfEH&aled by bold lines. Fro”bb%?&@%%bg/059o95

exchanger 212, the reaction mxture is conducted via
the flow resistances along the cooling lines 214, and
a portion of the <circulatiams streamis passed into a
further heat 20 exchanger 215 to which is connected a
coitfeguingy vessetray216 Inn s dlovemozede0i217£i she column

sent of C ' Ci j 2 ' a
RS SR shgtel e [estlng, chicity, 1P i 2t o

RAANE | Rt ohd aﬁéad§e§-@|w JFheodieaty exahangey el and
22 vahitgle ol heils then 29 €04 | estbgh Vessebu2lbe 833 into

stabili zer vessel 221 is attached, into mhiﬁh a .
SHhiSE a&FE 233 -opéns PUdd PN cHiffe 37 1S
crardecaeel one ehandivedr | exdéSangeondact edviiduough £balowed

into e e e__cyanohydr] rkup . .30
%%’ %%ﬁ%é%é,gioﬁ#%b %ﬁ%%%?%%ncéghoﬂ%ﬁr#ﬁeggéggr%%$5ﬁ§ of
20ie tdvalwnn | 21 223déperseinto tdreatitekethadh§erwhd¢hi prens

wWhiteh 4 e st T £20M£RGLRT3ET @1 LAS GYaD PLERAE aLiAP 290 is
s heated. A vapour feed 32 is connected to the heat

FETBEH &g B 10RFHS opBNS VST T e Rpper exXefpaacr 311.
Efrersid Yyhébe keRhegi<an, 3 of zadcehemhedt dheh&odaAmail
ti,tude of.packig%s 34 whi.ch are

33 h K
007 DI BA PO EP00TR050065 -8 L Gorl Pa b0 HY 0
twhaydh d nredeclowbineedilon igf ddmnesoladmand3isscennected

i.sp d co tt fr [ b :

%ﬁil2?8363?ggdségﬁ?ggghégﬁgggle£%%%ﬁ%gggg%eangygﬂggygrln

PREPFPEaes @énduct ed through the outlet 233 into 5

t he heat exchange 31. A pure product line 37 is

which iis foll pwed
SEFEGAEBYTt hé YanPRiicoRM01M nFifle fopfi&gfoniaf 2n

theteakurayad3dbhsdfisposed aill opsd odt Isetl 3 ikt cheipefised

Lt o, 8, fRAt sxchanger 39 tQ.uhich a yacuum pygp 310,18,
cyanchydrin 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 is followed
downgstream 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 =& gas_outlet 414 and an amide line
4715 exit, the latter leading te the
esterification/hydrolysis 50/MAA plant 50a.

Figure 5 ghows +the egterificaticen 50, in which a

‘solvent 1line 51 which conducts water and organic
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10 connected and opens in turn into a heat exchanger
311. Both the heat exchanger 39 and the heat
exchanger 311 are connected via lines to a cooling

Vﬁéﬁ@be?&?lﬁg whi ch a recycle line 3135@%{%&%§%4f3£9095

onnec to the | oop reactor
acet one cyanohydrln 15 preparation 20. The am dati on
40 depicted in Fig. 4 first fms-an acetone
cyanohydrin feed 41 and a sul phuric acid feed 42
whbtheopen antlo an ogmirdeactbing3. 5Thecanetaned20to the

1 tQ.t
CAR00RY ohral oafef ! GORNSC e 8ot 128U Bagrapye oy o
| b@lpkr é&@t@r 53 doWnsﬁﬁéatriL@ﬁ, a apurep ehahdl ipst Béarmhown

Oxtu.tﬁ &%%kéﬁ 1‘%91% Of i A S RUTPL A4, 5t3he’I‘he alcohol
ul phuric acid opens out. The m xer 45

f%PP%wéé ﬁedkﬁm%‘ﬁ? eQﬁFE‘y 4 e SREREnGEK 4an\,ﬁP€h jqyer
tHEHiOREBE tihat Q:aaa]ga§3 sepaeatfarr47 d4:9m whi gl connected
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0$4a,thnadahaesaercoapauabﬂEneoﬁstﬂudﬁbaMeﬁobwh@'munﬁ of

SpEEEradse SBELOMEDRIUEANE ShooRent rhibrco

fe? | shed Byradasl sepabat d?otl’nléromr mw@mt@r@ angdas rom

oghd et ofl4 Tiad AN A gepbhnel 1AL5 @Xify EBRnLALLEN to the
| eading to the _esterification/hydrolysis 50/ MAA pl ant

Qﬁﬂ?e%Sr%$ﬂ%?e°% howsathe>ést 8PPt PREPFoR™SE, & RAMEEh 57
aof sohveadblhmme 54.whish eadducos, maéerlam@ orfgani @lilute

W) 8/ 0.71464. EP2007/ 059095 solvent and
SGRH G 54 ohhctt oL PEStho L ah AP FBR 40 SR L 41
atamnk55%3. whi chrksuheht abPeebyiaclednknheatdartthl dliipse

aPéj' Eb?ﬂeda%réhc%h%eé&% c§5t HRW'?S3 V&rfci‘ §4b5v9Llﬁﬁn dildihol

ens into t e tank 53. T co I ne opens
in9poPh iEmc k@SEﬁbeWaﬁﬁ&ﬁli%ﬂﬁaF@meﬁt ﬂ@@l@ﬁséﬁb@ﬁefor

tcﬂ{&( S%WOTh@rﬂﬁ‘l@fetaﬂk Bhds eemmectiadrstocd faytheFr in

q:k tery —llk\:/g” ggcgggsglogllfwtegecrh tggk ee%tee tank units 510

being connected wvia the ester wvapour line 56 to the
bottom 57 of the column 58. From the bottom 57 of the
column 58, a high beciler line 511 also leads to the
tank 53, 1in order to feed water and organic solvent
back to the esterification. 1In the upper region,
preferably the top, of the column 58, a first heat
exchanger 512 followed by a further phase separator 513
are connected wvia a suitable line. Both at the top of
the column 58 and in the first heat exchanger 512, a
first stabilizer £feed 514 (stabilizer indicated with
“87) and a further stabilizer fead 5i5 may be provided
in order to feed an inhibitor or stabilizer which
prevents undesired polymerization. Connected to the
further phase separator 513 ig a scrubber 516 in whose
lower region a solvent line 517 exits and opens out in
the solvent line 51 wvia a heat exchanger 521. From the
‘upper region of the scrubber 516, a crude ester line

exits and opens into the ester workup 60. The spent
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54', via an ester vapour line 56 indicated by a |line
of dashes and dots. This further tank 53" too is
connected 10 to the al cohol line 55 both fromthe

f.rgm the top. The ester vapoy
c§§?§§?2§qéé6?he upper region of the ta éiééé55é§?6§9o95
opens into a bottom57 of a colum 58. In addition, a
line for dilute sulphuric-agpd-59 is present in the
upper region of the 15 tank 53'. A tank unit 510
eachdcua&d|B§1ékﬁﬁfﬁbeff¢@seheiapbe&ne@gﬁumndf the tank

tagleo%a%%IS%a 5%4€M égé:[1 unl d%@)qu s 1nto

er vapour T ne I'S "POSSI FHE 18
nﬁrélﬁt&ﬂmﬂntﬁﬁksehlﬁé%(ﬁ¢nlkemovalknﬁt@hg B@Reds and
SHsﬁgﬁgmentgachngézﬁﬂfée {@nkt Shent) &4 Be' MProm the
connected via the ester vapour to°th tom

5#1@Faiﬂﬁ@ncdﬁﬁﬁﬁ15851&r oM tﬁ@eb*ét @@m@%?c"é)‘#l%%e 52@0I %nxmers

58heaéﬂﬂﬁhd¥¥dfﬁcidnﬁléﬁﬂ Qb@o|éﬁm5at90%h%oﬂ3@¥<$%b
ord eed wat and organi c ent back to
RERIS Ch A o ML S L L ‘fﬁrégr“e]r%b?%tsf

t Bert opfunththe cebukup58, aﬁdflrﬁécﬁ®hingexchaﬂg£fs512the

f . urt her phase separator 513 are
c%%%ggﬁg %Fgoé suitable line. Both at the top of the

columm 58 and in the first heat exchanger 512, a

fTiﬁét e%ka@ |vJoZ_’@(rupf %%»51141:( Sb@@t&»é Z@r 1lsn%9ﬁ%%@ew thy the

"S") further stabilizer
p?%@?ﬂéélcﬁﬁlaﬁdép '3 3 Sed=BHe nﬁ?E?%oP—laﬁ §t1ab|qhezéi‘=rud@
WBkEbr pfeyentss usgesiihed petynerhabiigilLCopsgebad &@ a

the further se.separator 513 is scrubher 516
ahgsubH] (REpePLERE: S8 Bt ahe I Fhe i TR Gngias
ou@lumnssnthens@bvéﬂtandmaSHOVtamahbe&éreﬁéhampanged in

5@ﬂ§eﬁ&%£h%e %%ero%egﬁﬂg ol o 1.0, SGIUbDbRER16 hé‘ lower

cru ester exits an opens into the este
weeRbpn 6oLt the §9éﬁmnV\QZO®®F@h1@@@SPG?NEP@OW@Omm of

-t 89s 2eildmh, n%rﬁ%@&‘éf'@ﬁtﬁéﬁmGtSheezgﬂP@r 6§8h9n191fto the
the tan 53" t ank | ast tank unit 510

GPRRSET iSOV LT OrP Y oddel U 0 BFBE Sy bhet Fude
sedtds AndedconslotvubbBtideirasebulthe ifidchesaaitcadich. In
FEQQ‘EBSer region of the column 62, usually in the top,
a first heat exchanger 66 is connected via an outlet,
ag are one further heat exchanger or a plurality of
heat exchangers 67 which are followed by a phasé
separator 6S9. In the phase separator 6%, the stream 68
and 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 is connected to the heat exchangers 66

and 67 via a reduced-pressure line 612.

In Figurxe 7, the esgter outlet 65 stemming from the
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5 flotation vessel 519, a spent acid outlet 520 enters
the sul phuric acid plant 100, and a | ow boil er vapour
Iine 522 whi ch conducts the | ow boiling constituents,

bé?:ﬂ?/ ;Lﬂygrkup and recycling, enterS,P(l_;@/eE%007/07‘:69095

est ion. 10 The ester workup shown 1n

is connected to the esterification 50 via a crude
ester line 61, the crude ester-feed 61 opening into
the mddle region of a vacuumdistillation columm 62.
Thesetolwomku? 6as diereol imoi kBt edhat 51 63t aaal acbhottonT1 .

Ggﬂggr om?hp :Ls%ggead ﬂfhréﬂeql/ og\?h o;eLgl'ng.n 1?1&5&&%1%()'7[1 and,

e I'ower ~Treglon of
céﬁstﬁh@tb@wq%her@@tlp@m@ﬁ thhei dicslidmatiam egobymn 71, a

oHbh 85n6%8d s, heREAS 740 Fhey esier tf:)bn%eglon of the
purification 70 and hence feeds the crude 20 ester

ffiééaléﬁ-at:aapbmw@l t 31t her f PH& SpufPEEEatiaRPun nlinge 74

Uéﬂﬁéréegﬂ i1t tHeaeokBRa8derusalhyidh the flQPowed by
first heat exc s, connected via an %utl et

a®"5r e' Ohe "It he?sgﬁgg?rex%%%Egﬁx angeNsr 4Pi t Yo are
heatnexthdngers #7 mla:me@fprémlhm\edgéxyemmuase?% The

6 I h fry
SERELBLOEE e B DA AR AN 0% LS 8L 1S3 o
dvipiged Fhretéyganic eahéraq@@wé’,ecdnm tifersosnsg into the

regyele dddeflldn theouppes rt%ﬂi onokei fge CONNRShedt i on
to _the ghase separator 69 and qpenin out in the

UPPEY™B0 “LegiiF oSt He EBFERRC63 1% ThoRRBwer Stédiionzer
ofetbeingepasftior, 78 Watbth outd etdbdfbdsd prﬁsel’ﬁheandsster

o] t h esterlflcatl n50|no ertof '
EEareL Rhoka BRor T E Lra s /G, SReorciy! From
redecednpressghe fyzhbeat beaglexichangemedtsed &t puxse ester

h@@h@%cbaagg&gt@fi 230 A0 B4 R ﬁe%l@daggﬂaﬂg@%w&% and

1 ne . Figure 7, the ester out nm ng. .
f%@ﬁltl% W@osﬁﬂ%ﬂepm@ze@w osggusctedsto gefbg in

V@éi(i@sfi@o@:@l%@?ulo&t.o Bh&li st idldeat Egn16RLaMD 1a mHlietular

rés%sesaseq.l ul%?gi t%hféhcﬂa%mmg teg{ﬂal S 51eve dpacklngs
714. Purified further by the wmolecular sieve, the
ultrapure ester is transferred through the ultrapure
ester outlet connected to the molecular sieve vessel

into the further procegsing plant 80.

In connection with the sgection, shown in Fig. 8, from
an esterification shown in Fig. 5, reference is first
made to the remarks in Fig. 5 to which the following is
added: alcohol, preferably methanol, is fed through a
porous body 84 configured as a glass frit into the
reactor 53 which is heatable with a hester 54. The
porous body 84 may also gerve as the wvapour inlet.
Alcohol is also fed in via a spraying device 85, which
is preferably arranged as & spray ring in the region of
the 1id of the reactor. The reactor 53 is connected via
a vapour line 82 to a cyclone 81, in which the gas-
liguid mixture which forms the vapours 1is separated

into gaseous and liquid constituents, and the ligquid
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in the lower region of the distillation colum 71, a
columm bottom heater 73. Fromthe top region of the 5
distillation colum 71, a pure ester vapour line 74
e r heat exchanger 75 which
oﬁ@gggP?ﬁg?é§hfurther heat exchangers 76§ﬁ; %é%ﬁi?é@@o95
connected to a reduced-pressure generator 717. The
outlet of the further heat-exzhanger 76 has a |ine
from10 which, firstly, an ester recycle line 77 opens

i pbosthéeuenppercamgiken, recyched thiat @p, hofhtheiler line
di.sti 0 lLu St cy.

2C3phprPRbCRe FRe Ty SR oBE e SR D] ol e
t herest aiegiacyef e thienergactupst Pearargio athe xgeazggor. The
Sgeapdhy, &&omdopdhes!ide ehet h@aﬂfﬁé’ufé‘erafheatsent to an

exchanger .76, a pure ester outlet” 710 exits.
aBdPPFERRE Chedtl ThdchdHgi™ 711 Rand aﬁéﬁﬁéﬁ-lﬁéé@n column
e&@ha@ge&d7ﬂ?§amrs(tr©®m”l&£ﬁ eghd oCybmnen 81Sermes azeotropic
cgnngc&% g These are 1o a_nol ecul é%{eve_t
vESEEF 713 (ki ¢ ®had ol Edt evB®paEki ﬁg Sr14-eam
Puniftiedlfufeleinby the HBE@&@kaSBSREW%Eatvﬁpour inlet 87
ULLT apur o%ﬁé Béd%rQESf% ‘éﬂt Oﬂ?&' the yktrapyiee g1
ester ou et connected fo th ar S|eve vesse
iﬁFotPhéhﬁuﬁPhéWnpﬁéc§é§lﬁ@epVaﬁPusollQS BA-connecti on
with the section, shown in Fig. 8, from an
esterification shown in Fig. 5 reference is first

made to the remarks in Fig. 5 to which the foll ow ng
is added: alcohol, preferably nethanol, is fed

through a porous body 84 configured as a glass frit

into the 30 reactor 53 which is heatable with a heater
54. The porous body 84 may al so serve as the vapour
inlet. Alcohol is also fed in via a spraying device
85, which is preferably arranged as a spray ring in
the region of the lid of the reactor. The reactor 53
I's connected via 35 a vapour line 82 to a cycl one 81,
in which the gas- liquid m xture which forns the
vapours is separated into gaseous and |iquid
constituents, and the liquid W2008/ 071464

PCT/ EP2007/ 059095 - 52
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constituents can be recycled via a high-boiler Iine
connected to the |l ower region of the cyclone 81 and
the upper region of the reactor 53 into the reactor.
T onstituents of the vapour
a"ﬁg%(’%%‘éﬁ??%%?c Gistitlation inma d st Boa/Estl/phooss
connect ed downstream of the cyclone 81. The azeotropic
distillation is performed bysa3reans of the steam
initially fed into the reactor 53 via a vapour inl et
SRefarende ponausl bbiyt 84, which is fed to the cyclone
81 10 or to the colum 58 via the vapour |ine 82.
W)2008/ 071464 PCT/ EP2007/ 059095 53 Reference nunera
13st Al@|ansystygnem 2 Sul phuric acid line 5 3 Further
syl phugi, ek g | 4 0eq 4 Spent sul phuric acid line -
ester 5 Spent sulphuric acid line - acid 6

Met hacky¥ Flee ot Pirwel 202 ak@t bheS cyanohydri n

pr epar@bé) sulGpoBOr AceiONe Tyadohysls i wor kup 40
égrdat$on 501gﬁ5§r|f|catlﬁnl.50a h%dr$ly3|s 60

epurTH5tat§ Y5 70 F fe pUTi TiTatTon 80 Further
g oceS¢singaquaintc HOidE hisdi ng 100 Sul phuric acid

nt t yani ¢ acid vesse

%@Scr%%%gt%g@&%%ﬁ%%%ﬁ{e%s 25 O fgas
|3thes 2otond ¢xrdydr 5 wIriget one feed
40 Amidaticn
50 Esterification

50a Hydrolysis

60 Prepurification
70 Fine purification
80 Further processing plant

g0 Finishing

100 Sulphuric acid plant

21 Acetone vesgsel

22 Hydrocyanic acid vessel
23 Scrubbking tower

24 Cocling 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 Cocling lines

215 Heat exchanger
216 Collecting vessel
217 Nozzle

218 Cooling circuit

219 Heat exchanger
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28 Hydrocyanic acid feed 29 Punp 210 Catal yst feed
211 M xer 30 212 Heat exchanger 213 Flow resistance
214 Cooling lines 215 Heat exchanger 216 Collecting

HRGRE20 7 W%008) 071464 PCTI EP2007) 050005 g R 905
Qutlet 221 Stabilizing vessel 222 Sul phuric acid feed
223 Qutlet 5 31 Heat exchangef -32 Vapour feed 33
Col um 34 Packi ngs 35 Col unm bottom wi th heat
exghangetlef0 36 Bottons outlet 37 Pure product line
34T rear S s Rahier 5515 ool 1 g vessel | 313 Recyel e
| b2 43ulpbtohe syadohgdsin feed 42 Sul phuric acid
feed 2§,43-.L00p reactor 44 Punp 45 M xer

31 Heat exchanger

32 Vapour feed

33 Celumn

34 Packings

35 Column bottom with heat exchanger

36 Bottoms cutlet

37 Pure product line

38 Tops ocutlet

39 Heat exchanger

310 Vacuum pump

311 Heat exchanger

312 Cooling vessel

313 Recycle line

41 Acetone cyanochydrin 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 sgeparator

414 Gas outlet

415 Amide line

51 Solvent line

52 Amide line

53 First tank

54 First tank heater
53’ Further tank
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46 Heat exchanger 47 Gas separator 25 48 Gas outl et
49 Feed 410 Further |oop reactor 411 Feed 412 Heat
exchanger 30 413 Gas separator 414 Gas outlet 415

?géggggyﬁglg%4Solvent line 52 Am de linﬁcaf§555%¥?6§§o95

I'FSt "tank heater 53" Further tan
W2008/ 071464 PCT/ EP2007/ 059095 - 55 54' Further
tank heater 55 Alcohol |ines§6-Ester vapour line 57
Col um bottom 5 58 Col um 59 Spent acid |ine 510 Tank
uptt Srtrthgh behkehektse 512 Heat exchanger 10 513

E?gse ifggﬁg%ggig%4 Stabilizer feed 515 Furt her

abi | TZér 16 Extracti on colum 517 Sol vent
| Phe 1B=5¢8 €rpderedtrr |ine 519 Flotation vesse

520 Spept ,agi goPHLlet 521 Heat exchanger 522 Low
boi | '

er vapour |ine
58 Column

59 Spent acid line

510 Tank unit

511 High boiler line

512 Heat exchanger

513 Phase separator

514 Stabilizer feed

515 Further stabilizer feed
516 Extraction column

517 Solwvent line

518 Crude ester line

519 Flotation vessel

520 Spent acid outlet

521 Heat exchanger

522 Low boiler vapour line
61 Crude ester line

62 Vacuum distillation column
63 Column internals

64 Bottom heater

65 Ester outlet

66 Heat exchanger

57 Heat exchanger

68 Water feed

69 Phase separator

610 Water outlet

611 Recycle line

612 Reduced-pregsgure line
613 Reduced-pressure generator
71 Digtillation column

72 Column internals

73 Column bottom heater
74 Pure ester vapour line

75 First heat exchanger
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1=

20 61 Crude ester line 62 Vacuumdistillation colum
63 Colum internals 64 Bottom heater 65 Ester outl et
25 66 Heat exchanger 67 Heat exchanger 68 Water feed

Fﬁﬂgggggozgggrator 610 Water outl et 300%%%6 5 334f559095

%ed-pressure line 613 Redu sur'e
generator 71 Distillation colum 72 Columm internals
35 73 Colum bottom heater- g4 Pure ester vapour |ine
75 First heat exchanger W2008/ 071464
P8/ EPROO7HhODON8at exbhandérFurther heat exchanger 77

er recycle line 78. M xer 79 Stabilizer netering
EZ?nt Eggéiorﬁﬂ¥gfgs?%Peoutlet 711 Additional heat

eX8hangexer712 Ot her heat exchanger 713 Ml ecul ar
skgve : 4 cyl.ar .si.eve packings 10 715
LF§ Y5581 141 méﬁé?£§§65€582

trapure ester out boiler line 717
RéltceBupeesstire gehéfhtor 81 Cycl one 82 Vapour line

15183 khgbcbehbernkhnesx8AsRgeous body
712 COther heat exchanger ‘
713 Molecular sieve vessel

714 Molecular sieve packings

715 Ultrapure ester outlet

716 High boililer line

717 Reduced-pressure generator

81 Cyclone

82 Vapour line

83 High boiler line

84 Porous bedy

85 Spraving device

86 Heating region

87 Vapour inlet
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85 Spraying device 86 Heating region 87 Vapour inlet
W2008/ 071464 PCT/ EP2007/059095 - 57 dains 1.
Process for preparing al kyl nethacrylates, conprising

oPoRBEE70288E2 0 ng 10 one of “the pr eced gL eratgRl 759055

contactlng t he acetone cyanohydrin with an inorganic
acid to obtain a nethacrylantde; iii. contacting the

nmet hacryl am de with an al cohol in 10 the presence of
agledmesganic acid in a reactor to obtain an al kyl

nmet hacryl ate; iv. continuously discharging at |east a
portion of the alkyl nethacrylate fromthe reactor

i ht 0 aPrdicstil | aficon c@lnapemEsicn vapdwrl st restpipad sy tdiees,

diLsk ggggﬁgegggsggégcted by feeding a discharge

stre m CoO rsing teaminto the reactor. 2. Process
aécor APKEVES1TPa AN 1, 2GABPREN FriRRQAVFELnackY i3 Process

SU'DhUébéo@@hﬁg 28 §nePBQC€§§ §§@@édhﬂ§ EQa€h§|"11 or
2, .wherein the alcohol is fed a | ower % %%Hn of thﬁ
4 Fhe

r bhct oF RRACBLBEesst R cortfiGTP o OFXPRC &rei B+
aICohohn02§an$cfed1dntbhbbughnaameOhacbydﬁmiae

%esé ﬁﬁ&%?' g9 cri - oRee @5&9%858&8% o Céf'i" Meonol  in

ereln n an u er reg
the rehet @rressace OFfrcﬁfes:snm@mm ngcm éhe aofretahé:or to

precedbggaghaéﬂsalky@eﬁgtﬂaérgiggélIatlon is effected
at a tenperature_in_ a range of 50 to 120Cin the

di-$ti | FAPF RUEBFLIMI185harappgc s 14666 & ﬁ?g)qtol%@%fthe

the pretegding n@taiar&ylamer efAoc@N azeotrepiétor into a
dIStI||at£0? 8, effecied in th

lation column as vapcour stream;
the discharge being effected by feeding a discharge

gtream comprising steam intce the reactor.

2. Process according to Claim 1, wherein inorganic

acid is sulphuric acid.

3. Process accoxding to Claim 1 or 2, wherein the

alcohol is fed a lower region of the reactor.

4, Process according to Claim 3, wherein the alcohol

is fed in through a porous body.

5. Process according to one of the preceding claims,
wherein the alcohol is fed in in an upper region of the

reactor.

6. Process according to one of the preceding claims,
wherein a distillation is effected at a temperature in

a range of 50 to 120°C in the distillation column.

7. Process acéording to one of the preceding claims,

wherein an azeotropic digtillation is effected in the

distillation column.
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distillation colum. W?2008/ 071464 PCT/ EP2007/ 059095

- 58 8. Process according to one of the preceding

clainms, wherein a high boiler streamis recycled into

Po26RE78208F i ng Lo one of the preced: ngCE BTAR7/ 059095

wherein the vapour streamis fed into the distillation
colum in a circular notion.s30- Process according to
one of the preceding clains, 10 wherein the vapour
sBreanppa&&es bhkﬁu@hn@-aapabﬁéObf whet esvaaiiegf ¢haims,
dIStI||atIO c 11, ar at us for repari

Eﬁ elnthacry}ék (£°£ng r|%§§) cSnnéct SE g oﬁ%gg the
ameaheprlﬁrbmutde ﬁEsc@ﬁ&acuanCb@umn a pl ant
el enent for preparing acetone cyanohydrin, followed
by; - a plant elenent for preparlng met hacryl am de,
f 8l oWBHOBESS2@Ccoxdimgntt @l @RenPif shepmgraadigal kypims,

”ﬁh@@@&ﬁ'%%%,vdﬁauﬁﬂﬁﬂféaﬁohboﬁﬁé vt thdPl@¥tillation
eleﬂent for ur|f¥ g the al kyl nethacrylate, the
; brép

pFantMel ehefit “f6F BPFAGMal kyl nethacrylate 25
conprising at | east one reactor, follomed by - at

| £85) ,PR8odhs! L alan camy, 12: ARRATAIUS ACLPT Ll Dns,
o d separ a or |s I Spose

bwhaeemnrﬁheeaapouram$n¢&m @agsﬂaenhxwu®m|amﬁegémator

AQBQE?EH& aecordingc ke Ghakimilc9bnlioivhgrein an
alcohol feed line is disposed in a | ower region of the

35 reactor. 14. Apparatus according to Caim13,
wher ei BpbBea¥i2008f O 1464 PG iER200416909meth&Orylates,

comprising, connected to one another in f£fluid-

conducting form:

- & plant element for preparing acetone cyanochydrin,
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
methacrylate,

the plant element for preparing alkyl methacrylate

comprising '

- at least one reactor, followed by

- at least one distillation column.

12. Apparatus according to Claim 11, wherein a
separator 1is disposed between the reactor and the

distillation column.
13. Apparatug according to Claim 11 or 12, wherein an -
alcohol feed line is disposed in a lower region of the

reactor.

14. DApparatus according to Claim 13, wherein the
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al cohol feed line in the reactor has a porous body.
15. Apparatus according to one of Clains 11 to 14,
wherein a sprinkling device is provided in an upper 5

reqi reactor. 16. Process accor

1§8g$8§g§7mggéh iIs effected in an appaﬁQFﬂglaccor éBogs
to one of Cainms 17 to 26. 10 17. Process for

prepari ng polyners based at ggast partly on al kyl

met hacryl ates, conprising the steps of: a. preparing
aglatkyl pethactiybair byearprotesshaacaopdiagstbodpe

of Clains 1 to 10 and 16; 15 b. polynerizing the al kyl
net hacryl ate and optionally a conononer; c. working
upStheABpkyatuethanm@ﬂdﬁng 18 Frecess fdedmgi Ag too 14,

q\,a%mz sgﬁag}gﬁbﬁgr kPl ymer Z%Eé@f‘déé eff egﬁeqlpper

ree- radlc I zat1 on. Use of an al
nﬁ@ﬁh@ﬁy@ﬁt%h%b¥%?ﬁ%®¥e by a process according to one
of Cainme 1 to 10 and 16 in 25 fibres, fil ns,

coatings, nouldin osi tion moul di n S, . :
phper nERPAES AU TIFTE 166t R ackdl | PAr| 3§; which is
féBEedt ant snamc dipdddanmsadaiddmdbng 200 Enbr@f dlidimey 17
cggtbggs nmoul di ng conpositions, 30 noul di ngs,

paper maki ng auxiliaries, |eather auxiliaries,

floccul ants and drllllng additives which are based on

aﬂ7a|kﬁ%o@@égacfﬁiEﬁﬁ%éééfﬂﬂ@b| frs PIOLESS at  least

according to one of C alns and 16.

partly on alkyl methacrylates, comprlslng the steps of:

a. preparing an alkyl methacrylate by a process
according to cne of Claims 1 to 10 and 16;

b. polymerizing the alkyl methacrylate and optionally
a comeonomer;

c. working up the alkyl methacrylate.

18, Process according to Claim 17, wherein the
polymerization ig effected by free-radical polymer-

ization.

19. Use of an alkyl methacrylate obtainable by a
process accordihg to one of Claims 1 to 10 ard 16 in
fibres, films, coatings, moulding compositions,
mouldings, papermaking auxiliaries, leather

auxiliaries, flocculants and drilling additives.

20. Fibres, films, coatings, mwmoulding ccmpositions,
mouldings, papermaking auxiliaries, leather
auxiliaries, flocculants and driliing additives which
are based on an alkyl methacrylate obtainable by a

process according to one of Claims 1 te 10 and 16.



