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- 1 WO 2008/ 068065 PCT/ EP2007/059112 Process for
preparing cyanohydrins and their use in the
preparation of alkyl esters pf_methacrylic acid The

PRRs Sidbiodstpsention rel ates to a process for %CT P2007/059112
preparing acetone cyanohydrin and to a process 57

preparing al kyl nethacryl ates, in which an acetone
cﬁannhymkiﬂmnmpnsymﬂmagpkspﬂmﬂmydninacemﬁdaﬁeﬁ:wh@b e the

Pr esenly RINENLLQN des 35 o JThe i SkaL.on (8! aliy

met hacr reque I Ses sast
process step i n which acetone cyanohydrin serves as a

SrREl | ng-JURLe i a o Lyanghyd le‘i‘éte@re &P”DQU”?&o%i Leh for

are frequently subject to thermal deconposition
pP5EB35 5T at 2&F eVt e FHEMPEIHI Wt e aTFhe LP5 fmiprocess for

dp@egagshél oamypduﬁéehéefyegté@ thig CGRSE-RI&n acetone
re ueﬂYﬂé roc anic acid acet one ag |n

but
f GYERBPYBYLPr 68u R e Elr§8a6tefien“?de?%€t’é afipewith the
deeesnpasi Lheanoionyhsohyddi ns proceeds under 20
sui tabl e circunstances frequently at tenperatures of
nore than about 70C. The deconposition of cyanohydrins
i Bhe eaptepagaicaonhi oif t halkyhnohpdharriydadrs frequently
'e&eﬁfegéet%eﬂléhéeashgm:£§5e§§ %E%g %@Ct 008, dtone
exanple 1n the preparatlor%3 y t hacry ates, '
SEERNOBY AT i P ef fAV S HeBBnPoSIRITGA ST MAFSTSIRdr iGYanehy dyins

daféthom@Eﬁ@.@b iwhide éﬁéqufeq@eﬂtqud &8st 0Roi tH a1

reaction. For this rea ubl i cati ons
oS Ehe THAGER IR RlveSIaUFOR L HATRe ) Wit £ e
ahaizeasieccmy:b&tla:ntdml byoguerentfarmwed r éspondiag case are
t 0 n drins in th urs
?Féﬁ@%r elégra ﬂ {k;%%ﬁ% 6%? ATl & e%gt % t
pFweelser floy- pﬁtcmumtﬁ n@re tdtleQie@meWSCﬂﬁttQﬂt@i

cyanohydrins in the course of 35 further processing
|n an exot herm c reaction process in which

oh§GFPRECEIE 1PBact @l | FYATBYFieECt PTPERety ader
Ieastam [cEatiin@t 27126 afigleguBhi¥il g @@paié:htp@.sata&es of
DDt 0L B, eV YA! et 9 bhe neat sRhoduced L, LS g
in reactions in which the cyanohydrin is an
intermediate or a reactant for further reactions, for
example in the preparation of alkyl methacrylates, such
a thermal decomposition of cyanohydring has a direct
effect in the form of a yield reduction in the overall
reaction. For this reason, many publications known from
the prior art have had for their object to at least
substantially prevent a corresponding thermal
decomposition of c¢yanchydrins in the course of their

preparation.

US 2006/0111586 Al relates to a process for minimizing
the decomposition of cyanohydring in the course of
further processing in an exothermic reaction process in
which cyanohydrins are reacted in a loop reactor having
at least one reaction zone and a mixing apparatus, an

amount of heat equivalent to the heat produced in the
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2 exothermc reaction being withdrawn fromthe

reaction mxture. In further devel opnents of the
docunent, the fornmation of so-called "hot-spots" in
particular is suppressed by virtue of the proposal of
an 5 exceptionally conplex a addition sequence of the
reactants. However, a problemin the process proposed

| & d e i beat:habnt I‘Itﬁsll’i‘EﬁStHi’Cﬁd;B&\eﬁerﬁc@ﬁm eftial |reaction

hi degre el |l i gent, contr.ol ity.and ¢
R G o ba st | GGG fEoade 19CR T onthe
]ibnmﬁﬂkpnscﬂb dbsca$sedn Bfiosuspopsobliems daxrttimelar is
of a ns.. ¢t th an
%Lﬁ%ﬁ{@%%éﬁ] afy RONYGLd NS T yas ‘gﬁ:% Q581aN of  an

the Present invention to € a process
Qﬁc%ﬁﬁﬁﬁﬂahﬂy'acéﬁ@ﬁ@f@yan@ﬁﬁdﬁﬂﬁn 1§GWWﬁ@ﬁecanOBe the

%%%%ﬂéh@ﬁ'Oﬂéﬁébérpfgc%%%ﬂﬁgmpiﬁD%HéK?f&&@%s proposed
nmet hacryl ates. It was a further object o

it ehPHBR '@ pPBvitd¥ta 5%@%%&6%8’5&?%%&%1 a

Q}aag'wh)ﬁégtrﬁe Wi clirajeilqwsgemr ycshipbe cemba@l tof alde can
react.i on tlons agﬁon ¥? y IOM/IeveI of gont

I
CommpiexitY 17" addrt S & "ob]ect” of I%hadgltmn
prtesent imven@iodisoupsmvndeoé pmnmﬂss:@wakﬁmﬁmu1mg the

3ﬁ§ﬁﬁﬂ% far as possible mnimzes
e therm Xﬁpgh%gﬁgggﬁpﬂgﬁjgf the cyanohydrins in a

simul taneously sinple process. 25 These and further

abj e s Mﬁ@ﬁéf&fé‘gahhgbb@EEnUfOfbheaSpré’é&q@pP@#@rﬁﬁlon to
fromt resent text. to the person skilled int

&P eh nodw ¥dye® oifot?‘he%?? TRt ac‘ﬁrté’neacﬁ?@{}‘égy%mf
pidees sesn abedesed hed &n d&éaaﬂlb@aneéﬂ)fhmmﬁrgp@flng

ARG NVEAEHQD, e L ”Ve”_rtth NaLel At %%rtc%e% PLpTESe. o%r the

prepari ng ~acetohe cyaro artn, 2 i W e
rinvteutd or35t @ o I veidey ac@trm@@%dfhydmmm@gacmet@ne

rc?% dﬂnt he,Ri &senaa Rfs av@%alswpﬂen é‘oﬁ@?@l of the
tO form acetone cyano y rin"as the reaction

ﬁF%%ﬁRﬁPn tﬁ@n@bgbons and a very low level of control
complexity. 1In addition, it was an object of the

present invention to provide a process for preparing
acetone cyanohydrin which as far ag pogsible minimizes
the thermal decomposition of the c¢yanohydring in a

gimultanecusly simple process.

These and further objects underlying the invention, as
are apparent from the present text to the person
gskilled in the art with knowledge of the prior art, are

achieved by processes as described in detail below.

Summary of the invention

The invention relates to a process for preparing
acetone cyanohydrin, in which a zreaction mixture
comprising acetone and hydrocyanic acid is reacted in
the presence of a catalyst in a loop reactor to form
acetone cyanohydrin.as the reaction product, the loop

reactor having at least one apparatus for cooling the
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reactor having at | east one apparatus for cooling the

3 reaction mxture, at |east one punp, at |east one
apparatus for mxing the reaction m xture and at | east
one feed orifice for feeding_hydrocyanic acid, acetone
and catal yst, the catalyst"béing fed i n downstream of

5 the feed of acetone or hydrocyanic acid or both. The
codadtysdn i snfsethite, kar exarpl epnat pupej ntat n ttdwst one

Ioo react or_which Ioser t an entyr [i e_of

=F LN Rt Rrg T el BHALOL L LhERaR 1cast
rmm&ngeéﬂ thre fieactiicon Medine hhdnotpzaifeedidri ficegone
fals fagdLngsi n Jdrocy %%S{%t aﬁleg riad esd hidkeeelar of

feeding 1n° atetone or fee rifices. At the sane
e, fe9d ckaetyere can bedreeyam @t2@ HorhtPeHL  he
| oop reactor at which the path Iength of the reaction
m xture before, 15 entry IH%O an entry orifice into

| B3t CohRl ¥ppat it 89 iy MiSh My Fedtt i dnP ﬁw?uﬁa the
IBosh P@sttSPWRickhes pabhekeﬁgthntbatryherﬂéacblaﬁ the

t I ft f h
R b e EeTEr e Bher ¢ FREsCal GnPPYRORr FEod o liging
euhéeasacmnenampatar@sth@n t@Oanfgﬁngthélpeaéproﬁeedlng
g Xt H?arog Sn&‘és' nEeot @ Pée&hgrﬁﬁg_@leysﬂor‘ NeLd@in

react xture between mxing in at [ eas
o?néet%i’ﬁﬁ)apﬁt ottor Lapsi l@@fl{fﬁé@ﬁeac@ okhfi @amee Fimef the

B ecafl HEDHedbout ailoas polhle cat atyst 168p kRactor

pr|n e be fed n cont interm.ttent
kéﬁ%‘%r%]f‘%rﬁaB LRRSHROEE BhbnPraghach: RithE FobsEore

reﬁuxywlmﬁo inreﬁMﬁypbe;fabeutnﬁ& to abest o3 #PGarkhus

BT RERI RS RAd RNl o NELLONEDL L 0ot O LAY SLE che

used T's™ai7i rmorganic e Of an organic base
Qxaﬂplbemgtmrgb@tcthﬁ1neagt1annmxxun§eoﬁrﬁv31§raﬁéﬁﬁ the

%&%Sfa%%qﬁﬁ%@ QR iBr ogugt sicecphef %@mﬁ’e entry

cont’l nuously or |ntern1ttently fromthe
|Jg§7p: r RACEHE IV K ifdgia j opta at least one apparatus for

mixing the reaction mixture.

The residence time of the catalyst in the reaction
mixture between feed and mixing in. at least one
apparatus for mixing the reaction mixture is, Zfor

example, at most about 10 s.

The catalyst can in principle be fed in continuously or
intermittently. The temperature of the reaction mixture
in the loop reactor is, for example, about 11 to about
70°C.

In a further embodiment of the invention, the catalyst
used 1is an inorganic bage or an organic base, for
example an organic amine or a mixture of two or more

organic aminesg.

Reaction product is preferably withdrawn continuously

or intermittently from the loop reactor, the reaction
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product being cooled to a tenperature of about O to
about 10C in one or nore heat exchangers after |eaving
the | oop reactor, and, in a further enbodi nent of the
i nvention, being adm xed with an acid, especially with
5 sul phuric acid. It has b&eff found to be advant ageous
in some cases when sulphuric acid with a water
corb@ntt obeifgl d8oB% Extdmag&temp%xtﬁ@@e |<F1ft Bl%outo 0 to
process_according to the inyention, a sanple o .
t?lkéo?t'eal:& nTi Rt'Gr Srcg‘ﬁrﬁe}g\ﬁ#h&?‘&\%ﬁnﬂe&ﬁ Fﬁéelroglﬁavmg
rgact doopf akaexany| eandt ah bealirtire: panmbdiménwwhbEhthe
ca e sa e i s_analysed .spectroscopically during .
e B b e A R WP PR ER R o d D o
contpmucus | ycod - | bt ehast beatl found thebsamglivencagebegs in
& d-hack %Hehhgup.gﬂ&rg%a%tthrd %Hﬁf 4 hg. 202l ¥§h§ent of
The reaction is perforned, for exanple, at a pH o
dboutt®. 85 thy atiAnB. 120/ i nvention also relates to
a process for preparing acetone cyanohydrin, in which
a reﬂgtion mxture c ri sing acetone and hydroc%aTic
act d*S PESEERE RACOTHETBr &Se ot Tt AP yst PATRLS ©f
|dop reactabnt anforumre amggna;pwﬁijWm dgomheche hloop
reaction p u in e_l oqp reactor
RO DheTasharBils B bosfinl tns inffonth WAlen
magurdie atatebst isnenplimpedasperbaseconecappar dugsng or
fof 40 Xich@ t Rerhaactben mpxburg,andi ndn 8achcaseraboreq
| east, one feed orifice for feeding _hydrocyanic acid,
HOOFR BRI T aPal yiStte TS Hn Bo2plodut? BaMRge can be

Widd M tOHHA UGS Weictdit effiddd aiid Yandiand.he

| oop reactor, and the reaction product, after |eaving
the | oop reactor, being cooled to a tenperature of O
tthel O€enntdne ors npee foeatedex clianger:samanice bekng a pH of

. xe i t ur4 c acid with a water content of
SHPUES & i MO

by wei ght. The catalyst is fed in, for
exanpl e, downstream of the feed of acetone or

Ry dr oLYRIM €1 @1 120" ROtHesd +ACROAINE LD tHe preparing
';QQ?EAQ"“C§£§gﬁ§§§ﬂgft %%n h&ﬁgﬁ:ﬂ; reaction mixture
comprising acetone and hydrocyanic acid is reacted in
the presence of a catalyst in a loop reactor to form
acetone c¢yanohydrin as the reaction product, and in
which the loop reactoxr has at least one apparatus for
cooling the reaction mixture, at least one pump, at
least one apparatus for mixing the reaction mixture and
in each case at least one feesed orifice for feeding
hydrocyanic acid, acetone and catalyst, reaction
product being withdrawn continuously or intermittently
from the loop reactor, and the reaction product, after
leaving the loop reactor, being cooled to a temperature
of 0 to 10°C in one or more heat exchangers and being
admixed with sulphuric acid with a water content of 0.1
to 8% by weight. The catalyst is fed in, for example,
downgtream of the feed of acetone or hydrocvanic acid
or both.‘
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be fed in at a point in the |oop reactor which is
closer to an entry orifice of the reaction m xture
into at |east one apparatus for mxing the reaction
m xture 5 than to a feed orifice for feeding in
hydrocyanic acid or a feed 6rifice for feeding in
acetone or both feed orifices, for exanple at a point

|Abé$‘§di1@§>ptbeaaq{é3r1§{ren&\@bﬁh the Padthadl wingt Bapf lt:L']k%w:Lse

reaction m xture before entry into an entry orifice

et HEd edltiTn Bi xBUFRE 161 ni\{Beat 13ystreghie Zppdr Bt lys 1
fOrosexi g &heeﬁea?tb@lflﬁhXbﬂth@Sr@bcﬁﬁ&h.QQ%MMEdIﬁhto
pqgh Iength t hat thet -Lion, n1xtuE§ traveks aft ‘
the t88ATng Gf “FRFA S ai e aots tefoRE %SPoF“éLX ure
gtary tote deeentory. figrd fice béedimgrénchiydmonyrtdre acid
| O 028l LBASY 0N e 1B, APPALALHY oI JHAIAE L8P poch feed

he 0 e

reaction m xture resi aenc t1me cata yst
iortheceaciPorexanii @r 2t bat RedRtf é8dtaRd LePRI Fgackoat at

|Wﬁ¥6h08ﬁe @ﬁﬁﬂaléﬁgﬁﬁfdﬁxtﬂg the J8ast | @i Xt UR Fore
in this caseé 20 too, in a Ereferred enbodi nent of the

iSRSt | GREO 2Rt eTgst abohtcEo X FhE CERAF ™ c g Hhere
fiatkd nagontéagousine oapphnkensi tient fxihhe the reaction

erature of the reagtion m xture l.00
reghpE i 4% 1o &%l %,&6a6> t%(%‘.? tpaﬁ.b ang% @hagc the
ot et tydsin usedxtmlrtEhe teaveilen maftbe anthé norfgaming  of
k}gﬁﬁfﬁyaﬂ'ﬁé’r Cad@SEeref e CXAEPLE @Htrgr Qﬁﬁbcaﬁn‘eﬂ%ry

or a mxture two or nore organi c
R idithg afo Hﬁl@ i HeaREien, fﬁl§5%13e Brte hely e&@talsé_‘n one

Npgdie e die digkieny foremida-dioop weachesr. at at | east
one point and the sanple can be anal ysed

spectroscopically. The sanpling can be effected 35
crdnzt I meedskeyncer tihher mf t ehid ycandlybe siamrpltfhecamelaetion

K o die Aoof’%éc?acérﬁ’é %lfinéhe ﬁ‘”a%ﬁfs' $ealbe o

reac on IS per f or exa out
Grpamsatasoufo®n. mexing the reactlon mlxture in thlS case

too, in a preferred embodiment of the invention, is at

most about 10 s.

The catalyst can be fed in continuously or
intermittently; the temperature of the reaction mixture
in the loop reactor is, for example, about 11 to about
70°C; the catalyst used in the reaction may be an
inorganic base or an organic base, for example an
organic amine or a mixture of two or more organic

amines.

According to the invention, a sample of the reaction
mixture can be taken from the loop reactor at at least
one point and the sample can be analysed
spectroscopically. The sampling can be effected
continuously or intermittently and the sample can be
fed back to the loop reactor after the analysis. The
reaction is performed, for exampie, at a pH of about
6.5 to about 8.
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Det ai | ed description of the invention According to the
present invention, the reaction 5 mxture of acetone
and hydrocyanic acid is reacted in a |oop reactor. It
is equal ly possible and envisaged in accordance with
the invention that, instead &f~a single |oop reactor,
a battery of two or nore |oop reactors, for exanple
three, four or five |loop reactors, can be 10 used in
the preparatlon process The Ioop reactors may, for
G4 et es Yparallel. A loop
react or usable |n the context of the present
i_nventj.on h east two feed. orifices for, feedi
el R e o St S M S b T
nmmxuuﬁﬁnoiwacdﬁmnsLﬁmdaMyesocﬁmwlcedc1@ ihereeactdonn a
u ng s 0
JoR e lEeh o iSRS B Bl B ey biea i
coranslagfce heltrlrea‘me obent et hehatar elpnetesdapy fopingle
e 20-comtspl  of e Sacts opyhales mkheseosybstanreess,

i ncl'ude, for exanpl e, catalysts. The reaction is an
E05T HEFATRL S cBREPBN. TPNTorder T16e d6GRt giafqtors, can be
m@lﬂh@mﬁpéf@tﬂ@@t@f@cé?yﬁﬂohﬂérl@opzﬁeéétﬁﬁg Ay,
&hls reaction the heat . _reaction is %gplcahl

€ i faBIE &F’atsl?éfleﬁq@ & H3H e be

conducted in principle as a batch process or as a

on S n C | S
ot el SR ae S A" o FRL MBSRLOBE R, prgmens
wwe@@r;meae%r afhi b4es$ts et eideesiit oaméﬁ@em at yfeﬁdme

R el elrﬁfolaré@tlhpdcﬂ@aldéa@d@nt@e ge§it 884 for the
roduct in hig 1§$ds is often that_the reé tlon

5@ deh-s 5@& e FHISTAHTIGTI eIV ERY | ohP t i heSaneffBion
35cﬁedet|oacequdhn§r|Uﬁ1|eh@kn§ﬁéﬁbnﬂ1tﬂaxuy r ateoonthbse
th treact on duc %dd he reactlgn n th

EPg’&ué‘Pces e uenFFy a& xeloGer R4 ZpprBpPrat & <
stalbick zdr tie rtdae:taldararma:ger@ihemeamemad:esweydtor nthe
%ﬂ%& 5O péﬁVe%J ldeeé? 19RekLN t%é‘sl%;”s&ﬂétéﬁées

| ater vvorku give e startlng mat er
include, for example, catalysts

The reaction is an exothermic reaction. In order to
counteract decomposition of the acetone c¢yanchydrin
formed in this reaction, the heat of reaction is
typically removed by a suitable apparatus. The reaction
can be conducted in principle as a batch process or as
a continuous process; when a continuous process is
preferred, the xeaction is frequently performed in a

loop reactor which is fitted out appropriately.

A main feature of a method leading to the degired
product in high wvields i1ig often that the reaction
product 1is 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



10

15

20

25

30

35

The m xi ng of the acetone and hydrocyanic acid 5
reactants can in principle be effected in essentially
any way. The method of m xi ng depends in particular on
whet her a batchwi se node, for exanple in a batch
reactor, or a continuous modé, “for exanple in a | oop
reactor, is selected. 10 In principle, it may be
Mm@g@mﬁoﬂm the asetesecorti shkedakBir-owbR@up to give

ctlgn via a reservoir vessel which has a scrubber

SRR hd i Fe® Whi ch conduct waste air

contalnlng acet one and hydrocyanic acid can thus be 15
cRnduc or a t re sel
O chEing ! o R WAEERORE (AL el el Sl fe S Cacia
e iAsis veagelln tmémmbe abe efdasitaf f fomesisentially

rB8eryey I YesSgkthan %ﬁf %ﬁr Q{Q_:fddé/tbéﬁhﬁcﬁtloﬁﬁrt%hwr on

renoves hydrocyani c acid he 'waste air and

rESIeS .at DR CTHSDr RS, EOT t R BdSpodd  Por Patch
AR, SeAe aofccbzhtelmm@t mebegceineekaipoduced 41 omop
t he reserv0|r es into the reaction i s conducted in

ﬁ?éﬂcpaﬁ'li st & ec?ugh a cooler, preferably through a

bri ne cooler into the top of the scrubbi ng tower and

t.he. i1 ed S t
5, e denilen ooty 57 MaRCULNE JRREEh00 -8 one
Grﬂod@%@dlﬂt@ e Deearhirn ageaus tuesassiiithevagesbnehich

tad he deagtdon d&pm rm\rf@mt.b@@ 1 U8t 0B ERSEAMBLEE3Daste
vessel . In this context possi bl e for each of

PHE WS gt @Creé'scmcﬁl?é RERR AR eari can thus be
Qﬂﬁkﬁﬁﬂﬁﬁﬂlﬂ@n:SGkﬂhblég thweghHAWEMEl resérvSit NVEBBEL .
ses ., suffici ent mh only ane of the regerv0|r

3g%se S |s':rUb i"pred VMW?F T Rspondi RgtecrtBbi hg  the

trewsrvaiy tWE§835 casée |wasse hewsveepscebting from the

@%%iegﬁg i f@ésggir%%&onﬂgn%cédtgbge? %EH cAuGte Wa\%fﬁch

alr can transport acet one )l/jlehocyanl C aCI dt
FEMOF G C TeFIINGULIE t hheidvedsem ofhehr oiasita hiair and

gekyhbhierg towemtS thbe demesat ukeof thhe FRBERNRR i NFor
the r serv0|r may in

example, some of the amount of acetone introduced from
the reservoir vessel into the reaction is conducted in
the part-stream through a cocler, preferably through a
brine cooler, into the top of the scrubbing tower and

the desired result is thus achieved.

Depending on the size of the amount of end products to
be produced, it may be advantageous to feed the acetone
to the reaction from more than just one reservoir
vessel. In this context, it is possible for each of the
two or more reservoir vessgsels to bear a corresponding
scrubbing tower. However, it ig  in  many cases
sufficient when only one of the regervoir wvessels is
eguipped with a corresponding scrubbing tower. In this
case, 1t 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.
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principle be within an essentially arbitrary range,
provided that the acetone is in the liquid state at
the 5 appropriate tenperature. The tenperature in the
reservoir vessel is advantaggously, however, about O
to about 20C. In the scrubbrng tower, the acetone
used for scrubbing 10 is cooled by neans of an
appropriate cool er, for exanple by means of a pIate
Wi t Hnet tamaauu of abo
tt?ﬂﬁ? arrlh‘é ?eﬁﬁegg?ur"‘ge%’?ﬁ hé* c%ef olﬁeeS %V%Jrff rWaY in
ignlmdﬂ;descbabbwmghunweam sesgdrerigflone préfierablyy, rhoge,
e c [
equrreéiln #%e reaé??%%ﬁ%aéébgg:F%gr%g% e% ¥§ggg ﬁg Ehe
eEEetclT Idittcher tERPRIrgGgeor | Bihe gasteureaiyyne | t iy, the

Qs SXATRY %e@.felcri@eacg@éntfé#é%u@pyt heoRMPe PI 0£888t 0b to

fromthe Andrussow process hydr ogen cyanlde can,
Wxafsi%, be |iquefied, for exanple by the use of
an appropriate cooling brine. Instead of |iquefied

d Ki 25 d
o SrEuPeheh EPARPae Kon e NG R i by ERF Bbing
gasesxxﬁkﬂbrh&crubbmﬁg wift h apot apbroaréatscr ubbédr, for
%%tnl “@%yrde%n%o%‘fercﬁ 1ol wobhegcetong, whigh o 4

COI’]t % wat er e reaction to gl ve acetone

er@ caih BEOBAS 10 el 0abolh N8 Cpr dBecEeBpeBAtare

Rasi @h@ata@e)t%rné nohmrér&a@ SehHBbidHE cgbyanﬁmgoramledls
in series. éiher nbodlnen& as nrxtu

& ﬁ@ﬂrﬁb pﬁ? Yeyarfite SR Far t 2ga4ks, 2 5 about
egspecially a crude 35 gas fromthe BMA process or :
fromthe Andrussow process, can be reacted with

acetone in the presence of a basic catalyst and

dbet omedoyzyehiyer feidn regakred qaind theaceartiong cam be

Lhe Rsgcess daseribed Rere.cJyr etergnce |s gll‘éﬁﬁéoor in

using a BMA crude gas or an Andrussow crude gas. The
gas et k@ esdbt iNRY f r 6AYt KB Pene?ft | 6HBES gas from

¢ust @MAl process or from the Andrussow process.

The hydrogen cyanide can, £for example, be liguefied,
for example by the use of an appropriate cooling brine.
Instead of liguefied hydrocyanic acid, coking oven gas
carl be used. For example, hydrogeﬁ cyanide-containing
coking oven gases, after scrubbing with potash, are
scrubbed continuously in countercurrent with acetone
which contains 10% water, and the reaction to give
acetone cyanohydrin can be carried out in the presence
of a basic catalyst in two gas scrubbing columns

connected in series.

In a further embodiment, a gas mixture comprising
hydrogen c¢yanide and inert gases, especially a crude
gag 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-liquid

reactor.
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5 processes for preparing hydrogen cyani de can be used
as such or after an acid scrubbing. The crude gas

fromthe BMA process, in which essentially

hydrocyani ¢ acid and hydrogen are formed from net hane
and amoni a, contains typically 22.9% by vol une of

HCN, 71.8% by volune of H2, 10 2.5% by vol une of NHS,

1. 1% by volume of N2, 1.7% by volune of CH4. In the
known, Andr ussow pr ocess, dr ocya aci d and wat er

are FBF mBdOFFEM ﬁ%ﬁ%@%ﬂmg}){eﬁﬁnomr&%&ﬁ&ngﬁnﬁssph%%‘f%n to
QXYETEN. aTBmmnemﬁd@agaefcﬂheu1Andﬂm&semwpkﬁﬂeh5 gadenThe
xygen. i.s $1 0 gﬁ % n

%/%sgca }ftu /o%e& otf{]r?r% %J\f( gzég/gvg%e {’13& fssuﬁEomary
W%WW&WMPMHQMMW umea@ide le 5% byged as

Vég.}éﬂmoff Jﬁ% zaé(yé@ydvgéﬁr@b% N"@hémgr\gdé/@jagyfrom the

ume eac and

\/
% aex@ceﬁubbedwe#eae %@Wﬁlﬁﬁlﬂhehmfﬁzf%lé%sacb@ and
DFOCLSEmbS ¥SER, rlcheAEIHE aaesend, i Bonthens

crude s frequent| cts as. a_catal.yst,
ey AN LA 35 3R I 1 et
for.equeny | Wo&mﬁeectsfthﬂ3,anmum% rhgquvaahdmaso& aat, aIJySI" by

N A

acCl use%ff SucC a Cru
dicerrcysujce i@t tandnwated @@Eu@@ﬂﬂﬁdrﬁEﬂMemetbane and

{3t ean@mﬁ%io% ﬁq@%fl%f F g e\!}@eni%crbﬁ{he gas of the
aci d- scrubbed crud e gas is used it is then

" PBWETeT - M@%&kp%ﬂ%%nsw%zﬂﬁ%ﬁba§|&he oxygen
ceai@csest dohtdlind eagd DEal Ny aggabgl YoleimeaWIUMHCN | 22% by

pri.nci nown i pprgani c _or or cb unds
1?%% ¢ ﬁzas ?hg ¥Yal{rt ﬁwgfogéh g%én#ﬁé ume of

gﬁ@eoﬁ% @y|mmﬂumﬁuqffqﬂxnch/abgasol@ﬁenoitﬂﬁe and 0.5%

‘ﬁ?nygfﬂnﬁﬁegk%r%&e%préﬂhd o and acetone are fed

cdnt'i nua of " i i

y to a reac in the continuous node.
In this case, the |oop reactor conprises at |east one

neRRs Lindeed g RGRIMNRER Ui @Js MK & SHCD BRRNSyrodfse
at | east one neans for feedin I| id or gaseous

R r RGBT ROHc PFOCEF St wo® okS haRBghsa &fesant in
leeRst c Ph@e MERRS f@équéﬁ@ﬂl*ﬁga&bt@taéy%t-catalyst for the

reaction. Since the ammonia present in the crude gas
frequently exceeds the amount required as a catalyst
and can therefore lead to high losses of sulphuric acid
used for stabilization, such a crude gas 1s often
subjected to an acid scrubbing in order to eliminate
ammonia therefrom. When such an acid-scrubbed crude gas

is wusged, it is  then necessary, however, to add a

:gultable basic catalyst to the reactor in a catalytic

amount. In principle, known inorganic or organic basic

compounds may function as the catalyst.

Hydrogen cyanide in gaseous or in ligquid 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 guch means,
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5 Al oop reactor useable in the process el enent
described further conprises at |east one punp, or two
or nore punps, and at |east one m xi ng apparatus for
m xing the reaction mxture, or two or nore such

m xi ng apparatuses. Sui t ablle punps are in principle
all punps 10 which are suitable for ensuring the

CAtf cul @ddon cﬁfeth\r@saﬂsﬁa(ﬂdron At A ghE | 8P gaseous
rea tor. The cat yst added in the | qop reactor

ERAYC dB6nh FOt HE pliftp SartP UpsFagfy of2nf 2t
rﬂlexamtg @lee merins %mrﬁaﬁm@ e tdeerdlooqr reactor. In the
reacti on described, catalysts are used, for exanple,
in such an anmount that the overall reaction is
Gontlerp excattear prEefbhot inotke phane8s phepanti dabaribed
NQLARE & mﬁgﬁlgegt o 51@5ﬁeb%ﬁe furbl 8 Pho or more
preferred Hin the reactfon 20 varies wthi
PV ERfye 1 a%tbu%ei‘ﬁts PRC aBOULNT . BPPRBRt LB X AAD| BlabBAL the

Gfef’adtgcﬂbouEnlitareAl t espat |t\t«ii‘i y SQ thtﬁoﬁéidl tsh@ﬂz of m&mng
cata | Nt O op reactor ownstiream

el e GOl RRS QL oI Sl L1 PE TR
pasisitbl &re nsthealpt ecées desuribed tihe feecule: tat ab§sthe
|Iqet ttl'?:% IH%%L{r%athﬂo etzig)%ghge Wi t h the acetone. In

SUCH & case nt ageous ‘when appropriate

m xi ng of acetone and catal yst is ensured before

frerdi agchnyect he |a§’@cﬂ’e§olhea9ﬂé’r 1oéﬁprﬂ?a[dt%xe BLXEBYably
can be effected, for exarrr%p e use of a m xer

W SHRAATY Har @d?urﬁiil él%?tlée%‘ﬂa?ﬁ c2 kBN v epmgnt

GO U p{r@eﬁ@% nr@aét?ﬁlp reactioe géaéﬁiﬁﬁg @ésctzﬁﬁbed,
peratin e. 1n 0oCcess descrl pe
S SO e T B B S at & GTOThes cdip b That

- rabet eyl 1 nstant ameous aorcomttissusdt aaapﬁsesi i smore

%Pa‘%{sa”‘l%agé(%ﬂé@fa{hﬁ&t %‘E[eet?l%&r %%[%J&t% d 1od Sq qut
al so pos e to react rapidly anges In sta
it The wesackrorya banmed Wbﬁrlheiﬂrﬁar@H |3en|§htehu§eactlon

Ressill ayithOf 8XamplR 4O HBLAE i 5t h@o reaehants /eryor

precisely. in order to mnimze yield | osses.
example about 6.8 to about 7.2.

Alternatively to the addition of the catalyst into the
loop reactor downstream of the pump and upstream of a
mixing apparatus, it 1s also possible in the process
degscribed to feed the catalyst into the loop reactor
together with the acetone. In such a case, it may be
advantageous when appropriate mixing of acetone and
catalyst 1is ensured before feeding into the loop
reactor. Appropriate mixing can be effected, for
example, by the use of a mixer with moving parts or by

use of a static mixer.

When a continuous process in a loop reactor is selected
as the operating mode in the process described, it may
be appropriate tc examine the state of the reaction
mixture by instantaneous or continual analyses. This

offers the advantage that, where appropriate, it is



10

15

20

25

30

35

5 Correspondi ng anal ysis can be effected, for exanple,

by sanpling in the reactor |oop. Suitable analysis

net hods are, for exanple, pH measurenent, neasurenent

of the exothermcity or ne%§urenent of the

conposition of the 10 reacti-on i xture by suitable

spectroscopi ¢ processes. Especially within the

Qﬂm&fxpogélbp@vebsh@@dﬁn&ap&&n@ toQ@&hh@ﬁs&&ﬂECéﬁa@@din
usef ul etermn

has_b
R R e S e TR e
risvmvegafpbm t he m&ﬂaronnnthanaaanamua)w@mpapeecusely

with the sw t;&% eir@eé ireqjcfgf%%r%j od heoretically. In the

case o ection e loop reactor, 20
the actual reaction can in principle be ef f ect ed

W pdie die Sivad ese 2 nanged-aktdi n the LooRole, by

reactor. Since the reactjon, however, I s exothermc
ISEMRIdET ti Hi FPIFEPE o1k %%‘F%%jr%nfm%w%gm%faods
siffd | cEent ex=eival phH tnﬁtfashﬂ:&tmeﬁ'ft I eReksahesoul dbethe

d h f | b f ,
S s T en e ket AT SRR, Heathe

eveclTaniger | Jpﬂehﬂwabiwuxmahﬁaﬁa@ﬂnﬂmgsb@@dbepheaEsses
exchanger. Depending on the anmobunt of product to be
produced, the capacity of an appropriate heat

1ve 4 e s i t @en el Enﬁtzwves@l%rmonltormg,

igRduSter aés cat & RphRCcessesyyheat: epsggamﬁ%rns AEYhAT tA be
vol gut 10.to about 40 nB artlcu ar have
@%Lﬁouﬁat eBﬁr‘ﬁéP?lc%ﬁl%rI%P%‘fﬁ]?S&tﬂ ifhethfpereaction
isdhee heat Eﬂ@hhﬁger$emseé@MﬂM@mnuﬁawfﬂmmtfwm heature
apger ve ub u fl throu h
%gﬁf g%ldé%n T 7 aqjacag% ﬁhg Q%?GEOUSﬂggl ?%%ggsed

Dﬂa&mmtngadﬁYthe tube di aneter, packing denS|ty, etc.,
the heat transfer betmeen the two liquids can be

adj usted appro rlatelg i.s possible in principle in
7 Gife $rvee’s dBdER Fa@dsteéet%ﬁ@ﬁctoft Hé'a elRIR oRER @O/

he a%ftﬁﬁqt relaatc {ldie d=gacid Qfr fAcdple b SPAEkCd@0vithin
Leoudh  tg, DEaLs SXENANAT | L8 o URRPURELS a8 or.
Slnce the reaction, however, 1is exothermic, in order to
avold yield losgs, sufficient cooling and sufficient
removal of the heat of reaction should be ensured. It
has frequently been found to be advantagecus when the
reaction proceeds within a heat exchanger, preferably
within a tube bundle heat exchanger. Depending on the
amount of product to be produced, the capacity of an
appropriate heat exchanger can be selected differently.
For industrial scale processes, heat exchangers having
a volume of about 10 to about 40 m° in particular have
been found to be particularly suitable. The tube bundle
heat exchangers used with preference are heat
exchangers which have a tube bundie flowed through by
liguid within a jacket flowed through by liguid.
Depending on the tube diameter, packing density, etc.,
the heat transfer between the two liguids can be

adjusted appropriately. It is'possible in principle in
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reaction takes place within the tube bundle, the heat
5 being renoved fromthe tube bundle into the jacket
liquid. However, it has |ikew se been found to be
practicable and in many cases to be viable to conduct
the reaction 10 m xture thr%%gh the jacket of the
heat exchanger, while the liquid used for cooling is
c&m@ubabeb & s\ tck%sn:ﬁ%dtuge dundll e {:I\X;h&%d'ﬁtilmnﬁ@ the
cases be 0 t o be .advant ageous, when e_reaction
RerTre  Ehau SR b RuiOR . ARRCERE | M Erm By hRdnEroposh
ftloov hesitstemmdesigelS pneftéreabtybaeebliedieng tiedtfesand othe
i i r .+r.esi 1 a et ] Xi
R T e e
e mEyovigepefdPg bR t Hailfesbgndde t hete eddteor jablet
20iaboyt 10:1 to about 1:10; the volume of the jacket
is preferably greater than the volune of the tube
bundl e (based on the contents of the tubes). The heat
reseasadr f r om hlalg rleiacEtfvmsé Sb@é{luibﬁﬁﬁwﬂd’] o pZéﬁtiﬁable
appropri ate cool ant r exanple wt ter, such that
CRE EACHROR EaRper SPulE 15 A ki P acBRTT doF 151 *aBGaTOR
25 ttubaiirAstl) e ppatckeul af abeuhe30 eychbogér38@hile
't'heoaighﬁhé&afu&@%oﬁ éo%ﬁ%%“t i§5€-ir%911ét821°$ﬁféhi'r§ the
removed "continuously from't | oop "reactor. e
prdtfucPURgsea tdnhpBrat ute WieEli ncapes dssvenBaunéndd be

rRAEH QY R EFRENT he | BLEXBIR! GigktuteMPes aluEer9buted

aboyt, 35C.. The, product is cooled b nF ns of one or

Noret feat M & changERs, B¥pedicansy t%fss WnsTHFIBhanEes .
meef plzatley henrdf lechiangernsla ey, a&anp&@hi@w%nea ?igher
00l.i j s.used. The t erature of the product after
c%c()ao lld;egms g&%‘f Baéld;g)oel}t%r% fo*10€" in particular 1 to
about 5C. The product is preferably 13 transferred

D AaSLOrBge MRSRAl YOI G NRS AT{SIunl UBE! LOL Libe
addition, the grodupt In the storage vessel can be

HE¢ MMt hefcreriinxafmpl hepylesdamstodnttiie resasiomg, abe
RArstream £6 0Abble st:aradeche volume of the jacket is
preferably greater than the wvolume of the tube bundle

(based on the contents of the tubes).

The heat removal from the reactor is adjusted with an
appropriate ccolant, for example with water, such that
the reaction temperature is within a corridor of about
25 to about 45°C, in particular about 30 to about 38°C,

in particular about 33 to about 35°C.

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

particular 1 to about 5°C. The product is preferably
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5 vessel to a suitable heat exchanger, for exanple to
a plate heat exchanger, or kept at a suitable storage
tenperature. It is entirely possible that continued
reaction can take place in the storage vessel. 10 The
product can be recycled int o He storage vessel in
any way in principle. However, it has been found to be

aﬂm&nﬁlm@d ! iiﬁtaor@fgaagagtehaieggeq pmgﬂ@?t Ha% a buffer
recycl e y_ means_ of. a system conposed aof one or nore
HOFITECR | i ¢ MESthiye. JEE e P HEe b hatr the | storage
corgmsipondeng i ngodledfl thertstared fbeducdxdngkes, by
péc%%& %ﬁglgt n.J:té?r?ovs'tn?’cj age V?fscs—gt're%rmomf%toml S t%!esostorage
renoved C ntlnuo.usj1 f fomT he storage "vessel1nto-a
steardli zeei en syededlle Theapr odabangsr, 2@cadmxeab chete a
thea sebtableach r,f O%rexﬁr%{ea\@tg S leThbﬁoh’gge

eactivates the catalyst. A [oop reactor usable in t
CEHRSG2 0317 he I edEnt SNt RYRAY | PO ndhatr egenfdpued

Meddti®d edhe oReratddg i 23 1 &t rant Rasl: | east
one apparatus for mxing the reaction m xture. The

apparatus is arranged such that it is passed through
athd gastdwricecdny bhe reegciliedn intiokttiliee Presem vaside in

I ctor ' ne f .the lo react Qr
S0P SR AR orec08e 0L JUPRLEWLPA co e
asyardagsesian ith awitd | stentms b svedatt ets seayeéed

WXehSahd Wei Gh Lpupbh| eblew-hesiSt 8RceS@Mfre nozzles
provi ded. Suitable m xing apparatus is, for exanple,
ST R xBYSTaSF nPPESHl ates pridiA i et W e FP ORI E eB1 X iNg

Vant tiié appakd Usrod@ziZ| @ alexersladd | wiediappHat USerage
35 ot her m xi ng apparatus, spray nozzles and the I|ike,
prévided that they can be used successfully in a | oop
m xer for the m xing of the reactants. A correspondi ng

Prig anparaiys. caRRRId oLkt g Ol é%gg £9BRr AN L0l ge
- 14 exanple, with the aid of extermal energy supply:

MeWeFdr , 1PECi sa ectied Yl porsi ot e varEPref heedpradupe  is
ceptigxl ofhdhe presend LaveRbhen.adiya EUrtR8ample with

enbodi nent, when the reactants are m xed exclusively
S0s. This deactivates the catalyst.

A loop reactor usable in the context of the present
invention contains a reaction mixture in the operating
state and has at least one apparatus for mixing the
reaction mixture. The apparatus is arranged such that
it 1is passed through at least once by the reaction
mixture present in the loop reactor during one pass of
the loop reactor. Suitable mixing apparatuses are both
mixing apparatuses with mobile elements and so-called
static mixers in which immobile flow resistances are
provided. Suitable mixing apparatus is, for example,
static mixers, simple plates provided with orifices,
Venturi apparatus, nozzle mixers, stirred apparatus,
other mixing apparatus, spray nozzles and the 1like,
provided that they can be used successfully in a loop
mixer for the mixing of the reactants. A corresponding

mixing apparatus can perform the mixing operation, for
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5 the kinetic energy present in the reaction m xture

in the loop reactor. The kinetic energy present in
this way can viably be utilized, for exanple, by

means of static mixers. In _the case of use of static

m xers, suitable exanpleS'éV%'Those whi ch al | ow an
operational 10 el evated pressure of at |east about 10
batamp 0, exadph e ciaé | gagt aboukxibdrhan Oénétrglyea%hpply

out._ 20 ba under ratin nditions with
TR et o r PepRBRe AP il Gargited in che
Appriogrt at ef m xéres mmﬁsmmmlsunwéntmbastlanﬂ aret dhrther

R A gL, 15,0000 by

ééhﬂrpkene*éic negREgYalargaenty| teofhemreadiian uniakidre in

tﬂHé'lBS? @é&%@dﬁasﬁhéamf%éﬁﬁé EUhrg8X3ME@nt in this
rectangul ar. m_xers. 20 Accord to t% i nvention, the

PEACt FoR oF aRJdr des aHfd 11zerd a@éﬁ@ﬁéEtob@r Jeeans  of

‘aact%tthﬁ‘ RyaseBydrim preceedse bA the: ppesefta-if Aixers,

SU|tqgle catal sts are .in i nci pl e basi
BliTaine SHcRS SR Hiopt. i o oL b, Sragspfonal
@&yﬂauﬁdxyrasannqxnﬁuﬁt Ihm$abahoﬂ5 tRanmpresfareeaayple
ﬁkaiégstcgge%ndl% 98 a@@@asf a%%qﬂtu%@vggxoster
utit on or potaSS|u Yy rOXIde uti1 on
@éﬁq%@a hecrdAE i PBH dfﬁlialé@mn@l%cfltwtocyaﬁtﬁlabmns

t1@1 gine &GeLeREengYanohyidbrithe ﬁykéfflg' Gah UG L of
SIC .CO ounds nclude f.or Sg exa met al oxi des

dPG&kPdes SEIRY S Piasthe h)“?‘&'reom BEf RS
a:lvlcal i PRt AP Rr alvlwxl desa ofoxt heTral. kakét aet a{iScers may

| kal.i ., nmet in the conte t o h sent te
% %ésﬁnde?s o0& B8PhEan P¥thpﬁﬁ% godggﬁ1 Y3nd #itconium,

peﬁagsmmn1aPérf@hnanéek@f t bekproeesssactoebliengate, 35for
Lhe rnwentL.e8 2 W@hﬁago espendi ng conpounds of rubidi um

and caesium’is certainly possible, but will usually be
avoi ded for econom c reasons. 15 1In a further

aFpoedianeat tof ke ipresaNitod Nve i ftushish of Shydroc anic
preferred in nan cases, t he rocess acgg{d n; he
proce

BRoEntIh AFEFOBE & 191 WedoGeERESorgRT eds

in the presence of a catalyst. Suitable catalysts are
in principle basgsic compounds, for example inorganic
basic compounds or organic basic compounds. Suitable
examples are any alkaline compounds, such as ammonia,
sodium hydroxide solution or potasgium hydroxide
solution, which can catalyse the reaction of acetone
and hydrocyanic acid to give acetone cyanochydrin. The
suitable incorganic  basic compounds inciude, for
example, metal oxides or metal hydroxides, especially
the hydroxides of the alkali metals or alkoxides of the
alkali metals, alkali metals in the context of the
present text being understood to mean lithium, sodium
and potassium. Performance of the process according to
the invention with corresponding compounds of rubidium
and caesium 1is certainly possible, but will usually be

avoided for economic reasons.
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Sui tabl e organic bases are in principle all organic 5
conpounds whi ch do not have an adverse influence on
the inventive reaction and additionally, when the
cyanohydrin prepared in accaordance with the invention
is to be used in an integratled process | eadi ng
further, for exanple in a process for preparing alkyl

1fh net haekkat eaboBARenit haT e I SRRy EH: e@ﬁtrlaﬁtﬁbﬁ”kvhlch
the reaction mxture or, when it remains in th

reAcPEBASTRERL Uk, MaB%s Fi5tHave an PARTE Se ?%??%H&% co
athd heénvehages Ivweiddi npef L;BeltJh@:lirméCS Leiagf Luszrgmﬁlc bases.
qdi rpent o.off ahh% %%Seeé‘t dqvent Oﬁrmé’gfii%" ﬂr ganic
pré?erence 0 am nes as ani ases. Pt
Itazsnm?emdsf omﬂd:lt _csicbencatdvlaaivagenu@dmeaet hefluanQEygn the
SRAASIAN organic Gatal yst, espectabhy18p, amAen  the
SU|ta | e exanpl es are secondary_or tertiary 20 am nes,
SOy dilat hpraRrred ditprapsPaRimes  viitDet HyE afitention

tird -t RFOPYsS e @ndikhPegtbked bkoaagsb@@ad&agnﬁukeher
b advant%&ﬁous jn accordance with heéPresent
e

nt FEATRAEN tHe i fdi vPEREFSEubst @nceF TS| vBEKYL
irrretﬂhae:nyéaa:tesqn asr adddcbrsubh thwiotdie eeadlantfSrar ethe
rPe)%\e b %rtrhggkgréy nt 'x@ﬁ% ! ¥LtW| éé}nﬁ?}ln§a§%l y&]ie\l\/g ggtion

notes t F eact oﬁ such fhat

' @)@43'@1113”&0 daddsa et allyss{e agna e@renfa timﬁeluemcrfe on the

AtR]est) da3yifed Qs reaction mxture such that 30
very good m xing of the conpounds to be reacted with

one anot her has already taken place; on the other

ltand,a  tthethiexi Nngmbetiweentcabal ysheangrtehenteaﬁ:haehsion,
i kew s takes Iace ver

dl _
EROROGNFY, SREhOFRAES =i M | Frie TUPSR G proanic
termaset elor hhar gedgn  8Sundnycetlee hadvgenkgabugn. whor the

[ [.po i t; hag be d van n
e e Y oS B AL A R A PSRRI Y M
BOingxi sEupselden ewampdeist i eepoRAESREBKYt her tertiary

LeAGANts, shce®. acgkone amgtﬂgﬁaagﬁanlc a@hﬁroﬁ?@amlne
addi tion paint of the catal he m xi hg

gﬁﬁéFgﬂagmlﬁephgrpogppropylamlne and the like.

It has been found to be advantageous in accordance with
the present invention when the individual substances
involved in the reaction are added such that the
reactants are mixed particularly intimately with a
catalyst which promotes the zreaction, such that, when
the need exists to add a catalyst at a certain time,
the catalyst is fed to the reaction mixture such that
very good mixing of the compounds to be reacted with
one another has already taken place; on the other hand,
the mixing between catalyst - and the reactants likewise
takesg place very rapidly and very thoroughly, such that
a minimum time lapses until complete or largely

complete homogenization.

For this purpose, it has been found to be advantageous

in accordance with the invention when certain relations
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reactor. For exanple, it nmay be advantageous in 5
accordance with the invention when the addition site
or the addition point of the two reactants, acetone
and - hydrocyanic acid, are caonparatively close to one
anot her. For exanple, the "addition site for the
acetone may be separated fromthe addition site for
telﬁ&'.s’hﬂ bydw?éMﬁMk@ aa&dﬁbyoahqic?imeffwm alhd srkgssants,
than 20% . of the .tqta ength of the Qp reactor, in.
Bt ot ar e el Mhragi nacte al orbia oron goine
ladoptheackdrlysThisndr cargempnindaspparacvantiagedus loop
int : r the addjti of ~
ﬁé%%ctt;r#t's, Etnl?%(i n%é%lﬁlg%ﬁé ?gac?%ﬁ{ s%(g:laan ?af%nﬁ%%%us w

eIaPHcEpIad yil Butthe tioentien ekt tlom adddhbgn site or

Qﬂﬁﬁegéafgiéﬂfﬂdﬂﬂﬁnéf RaRi Yo OWeR8tahesd Ndtone and
g\z;,t al yst concentration that the formation of |ocal
Pt Mg zoﬁ"fé’sdv\/ou‘?ﬁebecé’%‘ﬁéaa@&f"eﬂ-ﬁ’ h&dGfisso B9 one

keert Heaundrdx0 deamgiegntage oitsd i & Cof tlaneer Wehd &B6tone
i nvem‘bi on when the, distance fromé&e addi ti on si%e fo

A€t onE orsefprad:rﬁttende di%i o' Si ¥ Joﬁ’l%dr%ﬁ/%ni Caci éhe
thydrive vappar etaisd floy mi xdimgare reactiants ilesshechaop20%

r , [Chy ef.er abl ' 1.XI N :
ot LA 1 4Ag B COE L FH D Redarhel T pachipplar
56w the% 0% e thet &lotladndemadh e theopg copagese ot
has additionally been found to be advantageous in

sonme cases in the context of the present ipventi,on

7 B RHEC BT ¢ | PR NP FEIARE LSt afySECEs 10 that,
ag¢lteet edhsuciidimion hefdi shanceehet sweesn, addiztiren pdi nthe
f_th at al and_t he apparatus .for. m.xing the
PeactearE i Wt Tk e POBRY P eRo Y, £ Bl Syt i Faag, e
okaché ondistrsly wireheedibet waedd ichenaddi tiagni o newing

r t r-t.h i . pQi or, '
SO R ERE ey ARt FARLDA Rhgko i ESAN Gy o
ePE3er OVICFIERE 1aSh AUGR YORLFi REnGXPREtRdact torhas also

Blexhu _r@dlz{ti the HoOOopatEAELEEoUEN j.fri”é@@dﬁr@éﬁéér WA&h the
SHoRdEnt S,0L e ol BresenL. | miention, Lheire zox
acxitnget e rfeaet | oite Nnadiiit éohnstihe for hydrocyanic acid
to the apparatus for mixing the reactants in the loop
reactor, which is preferably a static mixing apparatus,
is selected such thaﬁ it is about 50% to about 75% of

the total length of the loop reactor.

It has additionally been found to be advantageous in
some cases in the context of the present invention when
the addition point for the catalyst is selected such
that the distance between addition point of the
catalyst and the apparatus for mixing the reaction
mixture in the loop reactor is at most 50% of the
distance which is between the addition point for
acetone or the addition point for hydrocyanic acid,
depending on which of these addition points is closer
to the apparatus for mixing the reaction mixture in the

loop reactor. In further preferred embodiments of the
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| oop reactor of the catalyst in relation to the

addi tion point of the acetone or of hydrocyanic acid,

5 depending on which of the two addition points is
closer to the apparatus for, _m xing the reaction

m xture in the |oop reactor,” i's at nost about 30% or

at nost about 20% or at nost about 10% or at nost
aheierfi% i APedbto@povRedeseitishee d¢anganeatdotidhepoint
addition go;':nts for _the re%ﬁ?ants and ot he_[X r%actii on .,
4K sPRRFECUBs &G At PDr e TRTAFYSY, "HAS YA Snuhel e
dfocglv ardages: regardhaeg ¢deabdysbi | ity oéléheoneatdi obhe
i.Ng4.he . react-or.,. Th t L,on itjon, .-
i
dleneptEiad ragmwiech gppalrag uswe orddi king PRénkaaési shoser

MXtiHe dgbd e oo 1eaet @y and especidh| ¥iRtufe in the

di stance fromthe addition “point for the catalyst is_ _
REFEOTE t 0- 1R SF9ctaPeRat 3 ObePbr 8 cBRABRCEPAGEof 0%

tdre sgatm@laltstapaith e 020 atearidtompyud W, m xi ng of

the reactants can already take place to such an

extent that an already |largely honpbgeneous nixture

et salbdres ot atySted Thrsahaegehy ofr eventadfidcedn points

%}Ce%ﬂé‘“gg ABXLER, WAlCh BRRUres, g, {S'P&? UBLEQLMhint 5,

reaction and hence results in a yi el 825 Tncr ease

SwioRs ited 1y it 11 | s lofstac didhed cpamehy def nadygngages

rx%?&ﬂdi@lﬁg di 880G ANty herardphgem@pt: ioh the the 1loop
addi ti on paint for the catal%st in th(g | nmedi at e,
AUy oS hESHFFdrttus 9or . te n?XPhgioR thetnt  for

resticnen anhdt thelmddidnienakbydensur es daptandd from the
honmogeni zation of _the reaction .m xtur ith t.he .adde
SRR O R, SRR et 1 kT Bk S, e Pt oop
e csiognidrict aptpgeiaplioved homugérinest | breranthe heddition
?%ﬁ'n@ fopogeq Z@éﬂé’l&é@dﬂge e dordmionegl dipcalrract
oncentration gradients and can thus 1 ncrease the 35

Fiheltd. Pefereur st asiiiad neft  ofhe heCpbekemt with the

rR\sRRtaN, mittulas addihbord | ynbeevalodndst e already
advant ageous _when the 18 | oop rerzla\ctor hasl at ealc.t
SRESDURTRGR t RPn IR [@ACFAFeRT that ~an already largely

homogeneous mixture meets the catalyst. This largely
prevents local concentration maxima, which ensures a
more uniform reaction and hence zresults in a vyield
increasge owing te a smaller loss of acetone cyanchydrin
as a result of digsociation. The arrangement of the
addition point for the catalyst 1in the immediate
proximity of the apparatus for the mixing of the
reaction mixture additionally ensures rapid
homogenization of the reaction mixture with the added
catalyst. In this context too, it has been found that
the significantly improved homogenization and the rapid
homogenization reduce the formation of local
concentration gradients and can thus increage the

vield.

In a further embodiment of the present invention, it

has additionally been found to be advantagecus when the
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| oop. In a further enbodi nent of the present

invention, the punp is integrated into the |oop
reactor such that it is arranged between the addition
point for the 5 acetone and hydrocyanic acid reactants
and the addition point of tRe catalyst. The reaction
m xture is cooled in the reactor in such a way that

e qaetcetdm Xt uas hasn ?&éeﬁﬁ?ﬁl hk\MtlthL W Oit_'"é&ctor

enper at ure dur operation_o e | oop reactor

R s s N [ e ats T St Hors s coaf ek ion,

abl@utpLﬁQDG.sfMt@gﬁﬂmé@ iess than laboutreEdE car su@ssthat

than about 5C, ec]1’5 PreferabItI%l at Id%a%t %epggﬁ Fﬂr the
0 h at

eXchaRgeF TE aFFarlged TH (HE | 555 Tase SUC
ke toggc teinen hyidetaaysniion atchiel mcr@eltca‘ aperiEte orddtiahon

gggatt?%ogglg Eg%aﬁg,g exchanger at |east once per

ass of the loop réactor. |f appropriate, it is also
possible for two or three 20 heat exchangers in series

@hel ReRtabhehike geol;d Q%olre%qtﬂ Qhdnpddbesr The such a
cooling is effected prefer abl)¥ r?ans of water, ui

¥RY oft c&PBanttSEH ¥ l%’rm‘ee 3F prithci prEttally
the foent exdmpirdheryr dsethg ntyle@t bp&ratha tefpehat uteop

in_the reagtiqon _m xt relsadj dt025
tr acé:?gt u%gl b%tev\é)éeﬁr Care par |cu]:flz¥ less

ttbaa tadrpay aROPE, offoacboetpcara@let olabsmthﬂm aggut 10°C or

q§§gr Lhed hgohtaespbe;sent text. The reaction mxture
can be wthdrawn fromthe |Ioop 30 reactor

continuously or intermttently, but preferably

@Qatﬂe@a@m%l )éthAléﬁét@t bAl Mol &xdhd g awsf aRathed in
as a

t t whi
O e aRe GRery e TR IR (e Aok TS (L e
contrext aff t heppraseot, | neent i q_rass n ahftongher t3® heat

2uRAdhERnt of 1die.SuBLect STl Lar, Of fh%h'em'i U Weaddy.
reactli m Xture renpve S neans o
Lar taprdnszitatexchahgens, Pred epaﬁsybb9 feanstve @rYplHixee

Reat exchangRmhs tonackeqRer atur ¢n0fd:883 dihaps 186611% he
preferably to a ter'P%erature of about 0 to_about 5C.

reaction mlxture e cooling is effected preferably by
means of water, but any other coolant is also suitable
in principle in the context of the present invention.
The temperature in the reaction mixture is adjusted to
a temperature between 10 and about €0°C, in particular
to a temperature of about 30 to about 40°C, as

described in the present text.

The reaction mixture can be withdrawn from the loop
reactor continuously oxr intermittently, but preferably
continuously. A reaction mixture withdrawn £rom the
loop reactor has a temperature which should
advantageously be lowered further. To this end, in the
context of the pregent invention, in a further
embodiment of the subject matter of the invention, the
reaction mixture removed is cooled by means of a
further heat exchanger, preferably by means of a plate

heat exchanger, to a temperature of less than 10°C,
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Subsequently, the mxture is transferred the above-
descri bed storage vessel by, for exanple, a 5
postreaction can take place. The vessel is preferably
circulated such that a portion of the contents is
constantly w t hdrawn fromthe vessel, cool ed by means
of a further heat exchanger to the tenperature

ededtaed, fos 4 heenesseturd osf exasd e abwwbdad GeoC.
about 10 5C, and then returned into the vessel. The
recycling into the vessel and especially the feeding
i tlps¢dpeentmi Xt urheaal meadtyrpr esenttrang hervedsalhe | pbave-
f nmbogli of ese i nv i on
St e o O L KRTeRLT T RE st ook of Sfpnpler @
kel e tirer Fah Hkenshlase ni Thag WsgeHe tBadriedgrably

PEOAUCT AU ESRRcH N thhe  wesgeleibRT Sxample, Bihms is
recycl i the m xture wthdrawn into th%fyesse

f t
c‘%ﬁ’fl%‘éarg‘*g]ﬂgci"éﬁhﬁyai'f@arféfo@? the ¥BEFSpri AWAPEUPY aBFens

noz z| la. Farduksequesity, ckbBamBteri alo present tiempkheture
VeSS . elther Intermttent or_conti nupusly IS
et T R TR REr e o STRLENPRREEY 0 kB anour
siubi | azdt chrenofratherngd otlotd takesvgi=gle. Thearecycling
f e [ t of;t t Jdiynventign,. .t

AT EPETOCIEN | BEpePLResh! o CELLlng dhnq  the
Viik¥Cur e pérepdaciprefenlui tiabl Bhe e@fsed 4 siBulphdpireher

aGithb Ayl danvatee caAL8at: Of i n@boutod), 1 4@ abedkerably
10% gor exanpl e, abou to about . 8% or a

0.5 oyt 1 to,
R L BaRt the s AT CHepERIECoCt RaCpRLal
tendereestabkishedfi tidersrat uor. pkbddethaardreert f oundhe
to be wver artjcularly_suitable when. the pH. .
ATk Fota et alihe & tol b A e mixeure
partthdndvar ahoot thes wessshouta2. be Edifegxadplley 2megne of

cL 0 éE&aqﬁhyggg{Fzﬁbggy%_reaction product 35

i's subsedquently "subjected to a purification. A
purification by means of a columm, especially by means
(guﬁhéqﬂéﬂﬂmygatHQﬂaCQh&@@rﬂﬁylnﬁr@@@@t 1@nt0pﬁboubesé81,
gggﬁgy trags, has be&n found to.be suitable in nan¥ 20 d

* THBCEFUdETaREL §ne Ty SABRYBFPHSCEN bE® aldBdSt57-e

into a further vessgel in which a stabilization of the
product takes place. In a further embodiment of the
present invention, the stabilization is effected with
an acid, especially with a mineral acid. A suitable
example is sulphuric acid having a water content of
about 0.1 to about 10%, for example about 0.5 to about
8% or about 1 to about 6%. The amcunt of acid added
depends cn the pH to be established in the mixture. It
has been found to be very particularly suitable when
the pH is adjusted to a value of about 1 to about 4, in

particular about 1.5 to about 2.5, for example 2.

The crude acetone cyanochydrin as the reaction product
ig subsequently subjected to a purification. A
purification by means of a column, especially by means
of a redtification column having about 1¢ to about

18 column trays, has been found to be suitable in many
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the rectification colum, for instance, in the upper
third of the colum. The tenperature of the acetone
cyanohydrin may in principle be about 0 to about 100C.
51t has in various cases been found to be favourable
when a preheating of the p'ro%l%cf t akes pl ace.
Advant ageousl y, the product is preheated, for exanple,
byaseans Tofe heahdexchangeew daidteyditin f bad acet gaged to
cggnotydcrtiirkidcraacvm of f iromt rectification_colum.
|10 The ‘case of "such~ 4 Heat” Bxchinge “For Exalpfe 1PPe*
atkiode oftyahehyariummwi t Fhe teapeeattune obfabot HRECone
i i om,t .cqal: t nd, .in at o
Pl Pl T, R RHTD, BRLSBPLEDR, sl e a00-c.
plfi fio6d B Fardeper atapes ofoegBoufoendt ¢cabeat fBoQuUrEdle
tigeheaty transhess behng Adj ushed shciudhat the.acetanee.
g&gnoh drin to be l“n roduced into'the colum _is

ViRt 29t uabbut Cihe PEAMEICenser B¥ER2AC 20 f uFPReexample,
skbpj ertaref &he Hermentek@naggasivsi&z i/\ﬁhéh 20 Pf DERS Sick@lbne
prepar, ng acetone c 0 ri in I,ch a .reaction
e T 4EEr b aRhen g ar beg anne o8Pl ign. In
regaet edsé noftheuphesertom of escloated ysforneaapdp, acetone
r SAGH . for et pne LN t acti,en :
pr pdu(%t{},f&lgln% i‘[r‘qTl ic% tﬁgMﬁgggggggctgﬁ hggogtﬁll gggtc e
OREC BB aPpar BXUB folRe cosPiwgnt heokba®t | 8Rdmi xiBrea aheat

| @ashange R et wheAStLINe s2RRANRAL USyEREhPEXIAY ddebe

reactlgc],gen m xture and i n each asa:%(?t | east one feed o
FYFHIET oF Of dedfF AEPRYAT BES afitc 3RFH:  BfetGhedlamiat 80°C,
cdial ysat teaosfen peaductadieisigdMdlh avilat the acetone

C ' | 0 | nt er m ntly fromthe | oo
r%ﬁ:’#w&%n% 113 e}%rle%c ?%q’rllé%c?o%% ,Eg?t%?f}né%vigﬁgbff REght
|sppp@dctdre dpeing emgotaddine a tenperature of 0 to
10C in one or nore heat exchangers and bei ng adm xed

wi th sul phuric acid wth a water content of 0.1 to 8s
By velghter 35U atas 9éen thsund 'VENEdesr dSRBEEIREEh £Re 2
ippeaiddONFbRabrephe ivigel dhforac et pagoBYaPOAYdrinN which a
treatnent of, a reaction product as obtain '

dijn
FEEOT IRt e W Gohe COMPTiSing  acetone and hydrocyanic

acid is reacted in the presence of a catalyst in a loop
reactor to form acetone cyanohydrin as the reaction
product, and in which the loop reactor has at least one
apparatus for cooling the reaction mixture, at least
one pump, at least one apparatus for mixing the
reaction mixture and in each case at least one feed
orifice for feeding hydrocyanic acid, acetone and
catalyst, reaction product being withdrawn continuously
or intermittently £from the loop reactor, and the
reaction product, after leaving the loop reactor, being
cooled to a temperature of 0 to 10°C in one or more
heat exchangers and being admixed with sulphuric acid

with a water content of 0.1 to 8% by weight.

It has been found in accordance with the invention that
the yield of acetone cyanchydrin treatment of a

reaction product ag obtained in accordance with the
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- 21 present invention with sul phuric acid having a
water content of 0.1 to 8% by weight, for exanple
having a water content of about 0.5 to about 7% by
wei ght, or about 1 to about 6% by wei ght or about 2
to about 5% by 5 wei ght or~abbut 3 to about 4.5% by
wei ght, for exanple 4% by weight, allows excellent

Sﬁ)ﬂ@ééh@atﬂrﬁfédt@orbew1@h‘h|sﬁﬂ%urllr@: agddidi oywischaa water
treatment is sujtable as reEaratlon for use |n

anp
p?%%%%@%soﬁeébfhgt?uﬁﬁhéﬂf wedgBti alfdF axywle naving a
pwaparabbnnehmrcuseab@uan0|ﬁtegﬁahbdu&07arqq33$eﬁght or
P i ng. al ha rylate A a,next _,
{1}&9@{ ') tg le%o ErE%t hé Stlgn 8ya\§lg)ﬁ§/l (i n%los about 5% by
an¢dam©dorThéonEa§uﬂes<ﬁmmp©s©d5%nbtheaghtexﬁomfemhmple

£5S venti re | Ndi vl [
PESR AT CoRtLASDLE DL IR 10 e

PO ERERS - f6¥l Eﬁé}ééﬁpﬁg SAGEY onetESRHLHYr LA, sThEable as

NeagpiHegsredi e eppl ayed iim @B&Sc@@ggbnaiéeflﬁng heurther,
- al SO

teachln of the present text explicitl

TRRTGHESEE SGcH cBRBPREREORE. B0 THESpridtesk integrated

guomresngféo phepaniegt adkybaseahseriyeatel, in Whlch as
% g esp |aII wi-th r ard the fact t hat

aad %@E{% CssL‘[ apr %8 %a}méalr EH 9: h}é rln is

i's parti Ty“suit |ncorporat|on “YHEQ

Aocdsted or preparing al kyl methacryl ates. The present
25 process leads to particularly pure products in high
yield. The present invention therefore also provides a

Dribe e DS ALY S dEPRPPRERI Ky RBEhaanfieattesOfutikeh Bxesent

aiGetante] @y anehysii PabBS E@tﬂhb@nabtraaﬁgnilynaa@c@é@a@a@ely
3%’h t he $resen i nven | east one_ste

P U GHRE S CBF oXBLE Wi 1T S prFeRtesT ofict Brebaring
leradianad t eyanwhydirinan The pmeacupke bmicobbi nedbMditdd in

tapﬁr prc%%%lﬁqa!ﬁvq{‘t'%ﬁle ndiogl uald y gr The o E%%ggl Crext

two or nore of process efent s enfi 6he
ot 135 tdas @l sq tenmamm@mmcagmhmetacme pr ocess
el ements presented in the present text are conbi ned

W th the
The process according to the invention has a series of

advantages, especially with regard to the fact that it
is particularly suitable for incorporation into a
process for preparing alkyl methacrylates. The presentc
process leads to particularly pure products in high
vield. 'I‘hé present invention therefore also provides a
process for preparing alkyl methacrylates, which uses
acetone cyanchydrin, ag can be obtained in accordance

with the present invention, in at least one step.

Various process elements  will be illustrated
hereinafter, which can in principle be combined with
the present invention individually or as an ensemble of
two or more of the process elements mentioned. In sgome
cases, 1t may be advantageous when the process elements
presented 1in the present text are combined with the
present invention in such a way that they are combined

overall to give a process for preparing esters of
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present invention in such a way that they are conbi ned
overall to give a process for preparing esters of 22

nmet hacrylic acid or a process for preparing

met hacrylic acid. However, it should al so be pointed
out that advantageous ef fects can al so be achi eved

when the subject matter of the present invention is
usethASrSUch Scid anokhproeaykr eBEERre@arisgCaibhaedylic

onl sone of . the process.elenents rese ted
%@ W kup 16 Iﬁhgugértﬁéﬁ pridt e B Whi ERAE
cza:hrdmtamils n efd@Emect icam Welbot hige praﬁmrﬁvéd]v&mtamnthe
ANV Ll ehebae bAOD,PBLA! 180.L0ARs such
prece |ng stage, for fromt Feact 'on of
daetamethvea rﬁnwmmw @r atis dcomblsaﬁj esigdwibhasome of
%H%'ﬂﬂdﬂééﬁEé@%ﬂ%H@%ﬂbréQB%EE&“Héf@ed crude acetone
cyanohydrin is freed of |ow boiling constituents by
means of a corresponding colum. A suitable
dicst ivdxatigon process can be conducted, for exanple
by neans of only one colum. However, it is |ikew se
possible, in an 20 appropriate purification of crude
dcet @nefuy’ahehydgm‘mme% 0 eliseneantcomwbiinat | oanofbd wosed in
| at | cq@hums I co h a
PR m aor et PAZERAT | oA b 80 oy gCctone
fcaﬁanqu’dfrunn opagdr ahabs b@enel@@tqmﬁ@r ivor @ precedlng

Hrsldd | akbpn 6Q FBYm D@ HeOrhi 18 oS oW tddi¥he with
not her. The crude acetone cyanohydrin cones fromthe

YOG G t RE I st i LPat B8 3&€ﬁ§|da| I5° wigh gistillative
meﬁp@@ﬂtumﬁeofsa@bullz@dtcbf&mnn aﬁﬂﬁoﬁQN'dyaaﬁnberan is
rature bou 5 30 Lg b [n pr|n0|p
tf%%%giru ggacg Tone” cya RHohydrt ﬁ ggﬁnég Bt odifedtr a
gioreesppniding t deleoh umd Sﬁbmebbc dISHu*idﬂﬁﬂnfpnndess

b seful e S t c
LArboousebilan S0 sasSahen B, Gl o0p! oy one
ﬁprﬂm%aké@w%rre bf thE hdakedrsehe BEPIuct in  an
abheagdy i pYE (?LQLQL VLl = | bat icedeTheref e, cir&noﬂidrin,

1

further enbo nt of the %rocess descri bed here he,
to use 1natlon C two or more istillation

columns, also combined with a falling-film evaporator.
In addition, two or more falling-film evaporators or
else two or more distillation columns may be combined

with one another.

The crude acetone cyanohydrin comes from the storage to
the distillation generally with a temperature of about
0 to about 15°C, for example a temperature of about 5
to about 10°C. In principle, the crude acetone

cyanohydrin can be introduced directly into the colummn.

‘However, it has been found to be useful in some cases

when the crude cool acetone cyanochydrin, by means of a
heat exchanger, first takes up some of the heat of the
product already purified by digstiilation. Therefore, in
a further embodiment of the process described here, the
crude acetone cyanchydrin ig heated by means of a heat

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



10

15

20

25

30

35

crude acetone cyanohydrin is heated by nmeans of a heat

exchanger to a tenperature of about 60 to 80C 23 The

acetone cyanohydrin is purified by distillation by

means of a distillation colum having nore than 10

trays, or by neans of a battery of two or nore 5

correspondi ng suitable distillation colums. The

colum bottomis heated preferably with steam It has
foun Lt nt ageo b :

p@ﬁ%e?% Ture gggggﬁgﬁ%excg%d%ﬁu¥Q%'ergﬁﬂrgi%?9¥£ﬁzfon by

goohsy i @Ifdsaamsgobblatpmmfuoedmmn havénpeencwehitéveed 10
he t ture great th

Aot 1366 ot ot gher t han Sbodt 110G fhe o moze

t@ﬁ@s&%%t%ﬂaﬁ@%s@wtvelqlcweomawlltl@%er ahfr ecdpmn

e e U batdom Eae&&e@eyacﬁ@ne seanohyde i rhdeS been

fed to the colu r third of th
i, L SAPRRERUGRUSS “hall | 5P Bo sy ey SErperature
uhﬂﬁizkﬂﬂUQGﬂﬁﬂiQSS@éﬁpeﬁmEﬁﬁéabfyl4aPCa poedsuieldt and

aboui 50 ie artic b 5

300 305 PaSPthRe T Ghsat” At o fhgln i [ gotEom
dlsoperEBMinebal s 200t dimatep dharheabohtinml3 Yusesus not
I 1188 BRRACT A d Yo Ao ONE ARG Y QrOCYRPL CaREl Based

are renoved, the renpved gaseous substances are
SooItEE WP lde &FFRSTa e [fatthex Aodngey bs-teat tery of

two or nore heat 25 exchangers Preference is given

e to ng .brine co W Ih erat ure. of
I5sn St bt g e e fr TReEBhat818n poay
amnsﬁheuapperothﬁh@.w&bouhe tbeumnppdﬁkunﬂigtiblatlon is
ta
SRATEIEG BB LRI AL e 308 S 0BYs R BeTerably
et | & e@@é!lsls}ﬂrﬁosﬁfbl ébgtit ha8 béen Rbgr# t §00pmbar, in

2AMANIRY@QUSHBLEOMR) CasesaMhian bRioS phiakStand with good
condensati on sta e is effected under reduced pressure,
ﬁreég'ﬂjért%lby‘?té’teeﬂjh 85 SRR EWHPEN THP&vai |'s in the
distillation The condensate is passed on into a

g%: 3pllect£ng %Fssel fnd eoHéggéxﬁgheE%pgglgiesl

espec1ally acetone and hydrocyanic acid, are zremoved,

the removed gaseous substances are cooled by means of
one heat exchanger or a battery of two oxr more heat
exchangers. Preference i1is given here to wusing brine
cooling with a temperature of about ¢ to about 10°C.
This gives the gaseous constituents of the wvapours the
opportunity to condense. The first condensation stage
may take place, for example, at standard pressure.
However, it is equally possibie and has been found to
be advantageous in some cases when this first
condensation stage is effected under reduced pressure,
preferably at the pressure which prevails in the
distillation. The condensate is passed on into a cooled
collecting vessel and collected there at a temperature
of about 0 to about 15°C, in particular at about 5 to
about 10°C.
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of about 0 to about 15C, in particular at about 5 to
about 10C. 24 The gaseous conpounds whi ch do not
condense in the first condensation step are renoved
fromthe reduced pressure %han_ber by neans of a
vacuum punp. In principle, y vacuum punp can be
used here. However, 5 it has been found to be _
atantyageous | domfpdyndaseshich Wee Aovactigne® in the
ngircsh:‘ 8Wﬁ8gntsot i' ct:>1sl ds Sei};gnargoerserrl?oo\; dl ?agmt C{:ht.ehereciluced
imtToducton 8f " Tquit Fhplf Tt i'es i nto the" gas
sineemmr <Pr eflerdree | 8yt heeeher e ofi ven hexeyurforpump. In

e 10 [y =1 .hg cuum T
g@ﬁﬁ%ﬁl’ch@cggggﬁgn t p(r:éélgsgrge S ges% l]é)'t hgsg%?{%r’
i derriubeed fRHBdgHa Per pRERNRREECEBRCABNGEY viRRSE to

s eprLef-esabhy 1@19(@;!3 eghWw:hh I%Wi&% o & e raped Adnir €do®¢ not
ﬁbo t 0 to about 150 Consti tuéents whjich condense 15

are FirkewsEOeUFFeeRe®Ti N 4% Tt TRE i NE X etREP the
whischsakeandy mdferdiscd ha contlepsabes apiadmedewidjer for
vacuum condi tians. dThe condensat ic%rﬂmperf ormed on the

&"S‘%“ e $ide"ort hé:y\/'é%ﬁ?rﬁnﬁﬁﬁ can b&effected, for
exanpl e, by a heat exchanger, but also with a battery
480 gL 1o QFeEBf rHiea! SEEQQQSG'&% aEE@”%%@s's

Fe. Ga ng a

Préeréjﬁfe of
in paral seous substances renain ter this

EHRAEEER | b Seepuaredr Erserahard fé@ﬁ{th%gimt f §rehapger
blr‘h:i:dhz a_'Ltst Obre f OF aIEKATBLE1 édlt _hzﬁ.li:ﬁ?'brlitgié |aa:a::a!l Oﬂedm§5r3._ﬂ§re
Cc cte oncentrates I KEW S e utililz

Pir tHeT S0 68! PP Ut ohbytr | CFOPtAEHRONEe Hddbngonfignse
hasecbegre f dihewti@cbecekl setelly iadvant agedlisdrd ricecyetgel

on S e [r.eactl f epar.l
e A kT 8D RE LA BE (B PR e pcter
yacuom noeed BOlgns nt STTwhi chndpabkbigocessriermerd logopthe

peactohe Qe CONAERSALRSJIRY bilnP' LA Bl dBMe-@lly, for
conposition provided that they do not di sru%; t he

préeparsri o of DeRE ST andlydriEC MitRarfy Pattery
6ESESvo Aopr elad Madic amelRhoefrst hersonfdensahe sddiles in
hOWG\i r, consist of - .

parallel. aseous substances remaining after this
condensation step are removed and sent to any further

utilization, for example a thermal utilization.

The collected concentrates may likewise be utilized
further as desired. However, for economic reasoné, it
has been found to be extremely advantageous to recycle
the condensates into the reaction for preparing acetone
cyanchydrin. This is effected preferably at one or more
points which enable access to the loop reactor. The
condensates may in principle have any compesition
provided that they do not disrupt the preparation of
the acetone cyanchydrin. In many cases, a predominant
amount of the condensate will, however, consist of
acetone and hydrocyanic acid, for example in a molar
ratio of about 2:1 to about 1:2, frequently in a ratio
of about 1:1.
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35 acetone and hydrocyanic acid, for exanple in a

molar ratio of about 2:1 to about 1:2, frequently in
aratio of about 1:1. - 25 The acetone cyanohydrin
obtai ned fromthe botton1ofé%£ distillation colum

is first cooled to a tenper re of about 40 to about
800C by the cold crude acetone cyanohydrin fed in by
nE@QSa@étanéitg&nhﬁgﬂrEﬂchaﬂgeﬁedSfSuhseﬁ&ehbkyowthé the
acet one. cyanoh in is_coole L9 tenperat ur

At S EPaE M Ty Phedhs BpTar BPosor g deure of
faipoher 4ieattcexebanger 88AE opyi obl¢| ycsldr erude  acetone
| Y SESRMALE! Yoo L0nAL ORI O | 51 2o U EDET HBLOCES hanger .

enent” as frequently“provi e preparation o
nBilpeeryentlaci dher dPceater SYGMOhySEHaCri$i €osdied to a

a@@rﬁ at@dﬁé]OBYdfaﬂH%dtS spibj-ectathio 45458 l&ydfn@a&% Sef at
t fferent. tepperature levels after _a serie

& RS EHFSIPET MEAtet A d%n%s,OPEéonaiaau@ttored
'Hﬁtéfmgdiaﬁe1§.brought about in a manner known to 20
those skilled in the art by a reaction between
concentrat ed sul phuric acid and acet one cyanohydri n.
Treideaodn on i s exothermic, which neans that heat of
reaction is advantageously renoved fromthe system 25
The reaction here too can again be perforned in a
bt cAwWESECPRECEESCEES] IR lemAi st preeesshy. prR¥ided in

l-atd ebr@@&r@%@&nf asind rrfe@l’ﬁ%r@d.\i%nt a@@@usm NofBMYsters of
en the reaction is erfo& in a %ontlnao%
ﬁ%@é%%r,y IhP Tt AT OUpT r 84 ] ﬁb% hEeRPOGHES

'bﬁydﬁﬁﬁyﬁls:30AIhedﬁéﬁetenn caemperatfieet etkvdls after a

n |y .on I r r t. may_b
SR eb e e, 0 PR, Rl s e
tetedrgt of two or nore loop reactors. 35 In the
process described, a suitable | oop reactor has one or
nore feed points for acet one cyanohydrln one or. nore

& BEPRES ORor e oRZenGhEt e@PSUFphiR | @ aBpEReBndnown  to

those gkilled in the art by a reaction between
concentrated sulphuric acid and acetone cyanchydrin.
The reaction is exothermic, which means that heat of

reaction is advantageously removed from the system.

The reaction here too can again be performed in a
batchwise process or in continuous processes. The
latter has been found to be advantageous in many cases.
When the reaction is performed in a continuous process,
the use of loop reactors has been found to be useful.
The reaction can be effected, for example, in only one
loop reactor. However, it may be advantageous when the
reaction 1is performed in a battery of two or more loop

reactors.

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

or more gas separatorsgs, one or more heat exchangers and
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or nore gas separators, one or nore heat exchangers

and 26 - one or nore m xers. The hydrol ysis of acetone
cyanohydrin with sul phuric acid to give

met hacryl am de is, as already described, 5

exotherm c. The heat of réaétion which arises in the
reacti on nmust, however, at |east |argely be w thdrawn
foremdhens\streRersi Nce the yield falls with increasing
tenperature in the reaction. It is possible in

principle to achieve a rapid and conprehensive renoval
Iheof hiyiechgat sofof eackitonew ¢h=appydpin atwe theatulphuric

| be d .
S S e 20, 08e0 SORN DaRons b0,
ter@dfegimiics rBywi heatf opf ap‘p‘—ﬁ@ﬁﬂpat etek@hangesas time the

heal-texshanger s. héhr@%@rt he i segstt ia@tgetlge B X§YEBaERwn
rises greatly with fal %éterrperature

EroRu IS ofy SERMmt h§1P68p adtiGild £Fistyyth increasing
cempldreated, and subfi cietignovattof ikhe geacibiien in
ener fr 06@ t he J(]%/St em can .seco

b
LSS FRERTT of, TeRtae bl ST T Ehrer S hraeval

ioff t heher edetaiton of Xt wrematder eaditl a apppsiralildtzat i baat

%fxc %91 EI ?rﬁﬁlwc‘evogr ,t hft rl%Q?t 'aggomh?g ucﬁfs@civah{%%i‘ae&l tc

exc further sens the heat tra
&Opésd:t e ofrtlwﬁuéﬁ &0l ezreafilefd peduet iPore Wi dee s heat

@%%%tf%‘ir 18 additi-Qm £Hf 1-9RR-JRAGKY SREMQhgdE at the

glﬁar ged wth the optinml anounts of reactants, such

at t%elé??l%?f%ncyg%?c? h&hﬁr o‘éé%%o%hﬁ'er%f oVEFal TLXfyre
enecemadizrant waftH r&:lmm@stsem;aemﬁr@n tips eéff@bla{tlon

30 about tywo thirds to_about t quart er
ol u%gl fl ow? at ee"fl?%m a str eafh léfrcetcOm S’lclyca‘?’lnto C{;/dr [ Eﬁnd

Bgfflmneuducedmonab aofi rshe | mﬁ@crteam oeneidgf/i r §romoophe
LoaeLar cahefs%eehhzyh'ﬁa 2WELL BRI gnfiegkgexchangers,

Or nore punps; one or “nore mXxing el ements and
one or 35 nore gas separators. The circul ation streans

Wi CRARBSS orf N ttbed fieyd1¥ St 16QOP tefpek @t ude® in the
Ereferabl i,n the range, of _about 100 to 450, n8/h,

F@Féﬁﬁﬁlymﬁﬁtﬁr?anﬁén flead to a crysta lization of
constituents of the zreaction mixture at the heat

exchangers. This further worsens the heat transfer, as
a result of which a clear vyield reduction can be
detected. In addition, the 1oop reactor cannot be
charged with the optimal amounts of reactants, such

that the efficiency of the process suffers overall.

In one embodiment of the process, a portion, preferably
about two thirds to about three quarters, of the volume
flow rate from a stream of acetone cyanchydrin is
introduced intc a first loop reactor. A first loop
reactor preferably has one or more heat exchangers, one
oY more pumps, one oOr more mixing elements and one or
more gas separators. The circulation streams which pass
through the first loop reactor are preferably in the
range of about 100 to 450 m’/h, preferably in a range of

200 to 400 m’/h and more preferably in a rangé of about
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200 to 400 nB/h and nore preferably in a range of

about 27 250 to 350 nB/h. In an at |east one further

| oop reactor which follows the first |oop reactor,

the circulation streans are 7oreferably in a range of
about 40 to 450 n8/h, preTeQrabe in arange of 50 to
400 nB/h and 5 nore preferably in a range of about 60
32)?(?5& i . m® /ar ﬁ@i\/%{? =& pre%Lserexé tferfiereat Uep reactor
[ rence.qver e eat exchangers is apout 1. to .
L P BT ARNE i o L LORE i ¢ BhabsiE Slpg ion

7 Y4BT hex e e poress eaypdniohy i nacanange préficigheithe 4oed to
[ 1/he | r.at in Hvever 4 gipt B

b%%é; mf/lci)]ldnoE to Igég%ﬁaﬁ?aggg%%g e%ft he f%§d4iog fnn}ta% ﬁnd
msgqgrreferahrly fbr exanpreei mfo abaikertWi tA A Ag/h.

RSO r, aStld Pl tedPEraHLPEUMEIE fRGIGdsS over the
dvant ageously 15 fed in upstream of the acetone
@ifaarfohy FPHABARTEi oS Gt sé, i%° i s1Ohbweveprticular
| peefiid S o Isd e dovrdreeth ddwntsul plwuriccacid into the
| oop reactor at any point. The ratio of the reactants
in the loop reactor is 20 controlled such that an
eXeessceforal phvarichvabiidh | sanprieseptindimwlexbesstasl into
huyg] e BN S n..th i 0 pf
i%ﬂné;t 'ot n?ga%;b%fut Q% %‘qjl}p t 852&0?% C%“:Fel‘;%f tljw'g fkjuia[r}’gt. been
15505 deetien iR ERARCOUS vher otpofiged2is inteha mazding
| O rBACt R r 2RahPlSONBLEASESixdr RASIDERDvIQYNEat0s or
be advant ageous to gerf rmthe reaction in_the oog
Peattor i th$dch 4R i sBFpHuri® &EVaRteHgously
Siddphiini apatirbamyocferttee  heeepnkorcyexasipld;irasaddition.

%%}%’e%“diﬁ%”d L‘Eeﬁ%heh%é%%i tylﬁ%m?fset hE LERLLLON § feeq
mXxture 16w, ~whi'cl can ensufe "a higher “renmoval o

Héwt ofl ohewdtd e ighd ndd e oo eredaice ¢t arfye point.
reaction m xture. This can entail significant yield

advant ages. The tenperature in the reaction mxture is.
dbéut ¥881Po @bodthre26€a2c35 e hBat themhRAP | FeéfsGredis

Rpreelakedosecheathat an excess of sulphuric acid is
pregsent. The excess of sulphuric acid is, based on the
molar ratio of the constituents, about 1.8:1 to about
3:1 in the first loop reactor and about 1.3:1 to about

2:1 in the last loop reactor.

In some cases, it has been found to be advantageous to
perform the readtion in the loop reactor with such an
excegs of sulphuric acid. The sulphuric acid may sexrve
here, for example, as a solvent and keep the wviscosity
of the reaction mixture low, which can ensure a higher
removal ©of heat of reaction and a lower temperature of
the reaction mixture. This can entail significant yield
advantages. The temperature in the reaction mixture is
about 90 to about 120°C.

The heat removal is ensured by one or more heat
exchangers in the loop reactor. It has been found to be

advantageous when the heat exchangers have a suitable
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exchangers in the |oop reactor. It has been found to

be advantageous when the heat exchangers have a
suitable 28 sensor system for controlling the cooling
performance in order to prg*;nt excessively great
cooling of the reaction mxXture for the

af orenenti oned reasons. For exanple, it may be
aﬂmamﬁﬁgeyBSetm:mﬁﬁsuoﬁtthE1hﬁgttﬂmireﬁsiﬁmgipekﬁermance
heat a | xchan S [ by
p%?n?géggcon i R %%ﬁ% éﬂi éﬁﬁétgrgﬁé EggﬁlEEI‘Df the
pegd OF ein c eligt uize ﬁ@at téyechafigeegerhiépred. repiwicanFor

f I a | I S
R DAL i TR

t e nk®lt i ohimi Xt6r e B3Rt or PEShRRGEH] @érldﬁ1ont%@ heat
té}@:r@dﬂgéﬁ@rp&fnﬂ hey r@@m@n@ﬁ apdt bﬁu&ﬁ@iﬂeﬂﬁ@aEbOEdQEst

qggg t. of reaction. é % on of %
i P ITRPTS %%"E%“%%n% i b SaFhe*f Bg?EacFB?reto
sﬂmui deaxtldbé i doakl y fba\/@mnplmstvmetlg@swepanat dEself.

% 05?8 lelg(i(_ijJ SpctJQStJh %]dl&gwapd’ O%l{rCt Vg%gg%%rlate heating

conti1nuo oop r eact or
gdparhe orreaAﬁOplt‘ilermlxtBﬂI’ﬁ)dbys s spe ririgd rwxmon of

GaReSd QIR | Dt hRe LRACHLAR of LY e fieactiffation of

chanber. The gas forned is nainly carbon nDnOX|d

TIRESr iRt mhoﬂf%ﬁfﬁFJF%m the w%%t%%%ct%ﬁ j ghe two
picefnahlit itdansker a8doi tdnde SEgONE.  1T0RpP ll@@@:t ObeakBor

, th t
RUCLLFORE) T8 dE1YF afl rcilor Ramans  SSEeRaLoT-
liren obtladded sbytd heitkedcawoprioducite Foxmstd | ooptinuously

1 OFpel S Jeacted i Lh fihe 1enaloing HArtoSLY eagofy e,
754 75 Rt o

acetone cyanohydrin. Inthis c excess

STENG | ésacilndg r 6m twethdrav |tHup Eéa@ﬁorfome@t in the

lRast: i YOMBr&h LR €%GRSS ol UM Lr aCtHe bRACHMdD is
the _acetone cyanohydrin to formfurther

st At yIRm e m@rlﬁ%Xl%%rfSPﬁa@a@d&Ftt e SheEcHontyem the
H\M@pﬂfrﬁﬁéﬁofodﬁs 3@ré:§@ﬁ&]@1§ hasddte radsani age Tahaéecond

ng %a r.ic %% l, excess in the first 0
RO IR RE pbatiis (5B L PR ST AT mi P r B ango
MammalEhecam@rl$rmms%®ﬂp@m¢1culacﬂﬁtehﬁ.hhetyaerﬂlamede,
ia'gprl"%vse%eérp S n &Y f)?aﬁﬁe reaction in the first loop
reactor, 18 reacted with the remaining part-stream of
acetone cyanohydrin. In this case, the excess of
sulphuric acid from the first loop reactor, or at least
gome of the excess sulphuric acid, reacts with the
acetone cyanohydrin to form further methacrylamide. The
performance of the reaction in two or more loop
reactors has the advantage that, owing to the sulphuric
acid excess in the first loop reactor, the pumpability
of the reaction mixture and hence the heat transfer and
ultimately the yield axe improved. In turn, at least
one mixing element, at least one heat exchanger and at
least one gas separator are arranged in the second loop
reactor. The reaction temperature in the second loop

reactor ig likewise about 90 tc about 120°C.
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one m xing element, at |east one heat exchanger and at

35 | east one gas separator are arranged in the second

| oop reactor. The reaction tenperature in the second

| oop reactor is |likew se abput 90 to about 120C 29

The probl em of the punpabiTity of the reaction

m xture, of heat transfer and of a m ninmumreaction
tEnpepadblem ofcthe bnmewedyityr thietheoeparedenomijtsire,
a3¢! begge%ra sf QE gﬁ{St h%rg&%u% r% €38 O%%H QR ture
reactor too van ageous? has a héat exc angeP

whoser £ obll i ﬁgerpefﬁnthancéoeanrbeccgm pokFedsbytadoes in

apREL OpFd Al SeRSOfe £ SYSt ereheThes&ccﬁ{d)nqo@gn%é%b% 1 %00

again fed inin a suitable 10 m xin
PREFI ATV &P atfc RERET. e%‘ﬁ@aﬁﬂéﬁucf“’h%e cooling

Whé RES i & & 0Ok h NBed e riaRANMDP P! ah heppseeendt k0@Rnsor
react or and heated to a tenperature of about 140 to

aP6TEM80C to conplete the reaction and 15 to form
t he nmet hacryl am de. The heating is preferably

o] C Xi epp rature i s
gﬁééjéggg%%% %#%%%%yﬁ?h HE%% q@%%%d ﬁor exanp‘?esi’lltab1e
trivkeel e %‘tbﬁuﬂntb.n@:«rﬁma@ho Jzo:cabimtamanIrMees in
particular for a tinme of about two to about eight or
about three to about five mnutes. This can in

p“%kit%cwm%u%‘é eff ¥etedrPHNaky cdppdratdRs f erraktpevPhgthe
Stdorad t aaﬂa@f atdaetber sueh r=shert tpera odenpgedature of

Bt haformin ohrarS bR Barbasro i HyAC g and

Howeficarm uhe|mﬁuhﬁﬂﬁygamm$5|ble to supply the energy
by means of el ectronmagnetic radiation, for exanple by
nmeans of mcrowaves. 30 In various cases, it has been

fBtthd heg Wasadvient agedeyabifyen pefrd oreed ngushepthat the

effechad itRrpherlrexchandsf - Whid t&@aitﬁﬁﬁ'oﬁ minimum
nmul ti stage arrang enent of tube coils

B &bl Jbeeﬁ?‘égéﬁt Lok &n Bime eadt aBous one dedBétF% eto
&fﬂcﬁftg%tﬁl’ﬂﬁlnuﬂﬁeﬁ heatSattheci Bt fON M Kink eof 38bout two

%%Pigégutoe%g%%nnggaaggutoﬂjﬁggytt%4%b%%tl%gjma minutes.

This can in pr1n01plé be effected in any apparatus for
achieving such a temperature for such a short period.
For example, the energy can be supplied in a
conventional manner by electrical energy or by steam.
However, it is equally possible to supply the energy by
means of electromagnetic radiation, for example by

means of microwaves.

In various cases, it has been found to be advantageous
when the heating step is effected in a heat exchanger
with two-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 about 140 to 180°C.

The heat exchanger can be combined, for example, with

one or more gas separators. For example, it is possgible
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The heat exchanger can be conbi ned, for exanple, wth
one or nore gas separators. For exanple, it is
possible - 30 to conduct the reaction m xture through
a gas separator after it Ig%ves the first tube coil
in the heat exchanger. This“can renove, for exanple,
gaseous conponents fornmed during the reaction from
the d@atidontiie Meddl on | hixiSueguahtyuplossi bhe teparator
treat the reactiaon i Xture wth gas _separator, after
AT v s { AEEBondiocorl 2ot ED adiPtRonall yope  Heat
feownithriaerbe dolvent agaous retrover eatfdithe eemgpion gaseous
' i arat er. . v
FERbs coial FapaLr e PO P SFrph (B2 0ES B
HEE V&S | . IThéSamidie 1901 e Rustebaieadbltde reaction
L e ot 4D (5 TB00C. 15" he™
pi.cally a tenperature__of abo 0 : e
%@éousi%o%}suﬁéél&&%a&éa’ il??tHEmég'i d&t ih jampppgsous
pd ndplte die dtespasiech afisttumnywingy Hrgsensepordst Nesth
Qgessing. tovever, Jd, fmy. Qe a@&f‘f‘té‘@%ggfté D 2P Fenves
cases en The Tapptopriate gases™ are Tonbined ih a 20
tthenspocnd iCmde eosdch a way that they are optionally
pressurized either continuously or as required, for
exanple with steam pressure, and can thus be

thenspBited Fotuhepl JByst GGt icwieh Ashgrehelr shep 2
Wil re@nstl Uit @rd RNRGESS ®l emenip Ak 1 a3 Bempseskure
|% tg)e @rgsgnt 0y ntion in connection with the
FrofE88tacédr &Pnd o the invention is a hydrolysis 30

of nmethacrylam de to nethacrylic acid and its

SHES eAUant, LUSLIALEA T 0.4 0, JFt RACKYLT ¢ Bstensy TS 4p
rea}ct .on can e. pertor nmed !n one or rmrenhegte , for
exdampiplet @emdiemastd tahksn #ovever, ot sead ite nfther

paseeslean .f oupdetoOr be jadvanlageous IeN {835 in some

esterification is perforned in at |east tw successive
FafRs, BuRD fidi® eRBRFPEPT 1880 FASERr B Dr OHRLIGE ndfe 2

transport line in such a way that they are optionally
pressurized either continuously or as reguired, for
example with steam pressure, and can thus be

transported further.

Esterification

A further step which constitutes a process element and
can be used in the present invention in connection with
the process according to the invention is a hydrolysis
of methacrylamide to methacrylic acid and its
subsequent esterification to methacrylic esters. This
reaction can be performed in one or more heated, for
example steam-heated, tanks. However, it has in many
cases  heen found to  be advantageous when  the
esterification is performed in at least two successive
tanks, but, for example, also in three or four or more
successive  tanks. In this case, a solution of

methacrylamide ig intreduced into the tank or into the
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successive tanks. In this case, a solution of
nmet hacrylam de is introduced into the tank or into the
31 first tank of a battery of tanks conprising two or
nore tanks. It is frequen}hy preferred to performa
corresponding 5 esterification reaction with a
battery of two or nore tanks. Reference wl|l :
thieref orenibecfradebheterpabtet ankEckbusbyekyngotivbi 8r more
vari;ant. In the process described here, it is
possible, for 10 exanple, to feed an am de sol ution
as obtainable from the am dation reaction descri bed

e: Lnt f nk.d ted :
e T A0 i el T
esteril | i ataiomnrepevhPRd WitEnmier BREFRTY f 6F PR HOTe

tieimes at Weg afer@oulyi100 tRedorabouthd 8HadeesserthiakifyYer
corres onQ¢n to.the exit tenperature of the am de
SHUITY F o H i P43 - reacti on presented above.
An al kanol is also fed to the tanks, which can be

ed r the esterjfication. .20 Suitabl e al kanal her
S0 LISCERLEdI GOl 1ttt 1B Fe SIa e 1O Box
carctvarl cat obe, feldcmnmeymbee | Bréationr d avieheihable from
S aheda@ nsaturat el RALLLEHLAT no¥ef enpnse Jbekngs

iven to methanol. These al kanols may |i1kew se be
t O’ Wi LA Repkaer ylbor esteausle 257 iH cht $amt héhe
casRicesprgid doh | NeupFNsast eféddeal 1 PNShas Thent aBkeisted
| so charged with water, so that thgre i%ﬁg t ot.a
o T o PP L Reot ATRPGFoAHOGt Ofs 3P abbil o
260ty AeSiogitt,, iessearttiiadllyar cabaespbldiiagabout tB6 28%t
i .The-a nt _of -am | yti n f L
e oa oua 1AST S Tl b mel Ry AkRgton
treachlilean Firssferdissutabeve 4 A albdonoll: 1s cabse sfed Thethe
32aralKandli AR he vl Sidddygd toek sthe jtranigchakt ery
such ‘that the nolar ratio in the first reactor is
about 1:1.1 to about 1:1.4 and, in the subsequent
sedehible s£llageslsbased oaréherd opainaiple simeaflkanols

-%%%%5grﬁylgg about 4 carbon atoms, which may be linear

or branched, saturated or unsaturated, particular
preference being given to methanol. These alkanols may
likewicse be wused together with methacrylic esters,

which is the case especially in transesterifications.

The tank is also charged with water, so that there is a
total water concentration in the tank of about 13 to
about 26% by weight, in particular about 18 to about
20% by weight.

- The amount of. amide solution and of alkanol is

controlled such that a total molar ratio of amide to
alkanol of about 1:1.4 to about 1:1.6 exists. The
alkanol can be distributed over the tank battery such
that the molar ratio in the first reactor is about
1:1.1 to about 1:1.4 and, in the subsequent reaction

stages, based on the total amide stream, molar ratios
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32 of about 1:0.05 to about 1:0.3 are established.

The alkanol fed into the esterification may be

conposed of "fresh al kanol" and al kanol from

recycling streans of the workup stages and, if

required, also of recycling * streams of the

downstream processes of the production system The

fof ﬁbbb@lﬁk cam. @@ e:hﬁr gsduwi tin mmk eférbn Psi el phiged. The
S t hat ter t h a romany sou

TR GRS RBEO: 6 (AR AL T haba Bht SORRPERT. of
rﬁi’gxtﬁsladaékanby” afafrectallenest éroh cadyarl intgacstoaans of
t roC st ag X

dufe OEREL SRRRRORARE SLEP B Re A o8 ymesvphdne
%mkearmﬂomﬁerthe idowrstr&aw paopessesl ef otlﬂ%e@r@ductlon
ndxdige of water and 15 organic conpounds to the tank,

as obtained, for exanple, in the purification of

nmet hacrylic acid or nethacrylic esters. In a

pﬂrf]rﬁefiﬁﬂt eﬁ‘amii d 194 Eh@rg@&o&ﬁi& pﬁ@i@d‘lt ed @Qﬁ@mple
the ta e at ast W t a mxture
S At S U S g, oot oA Wid Ry Tt &Ry e

(ﬁrdwm:le&ir tm:ﬁrte tlank swaisenskdsi not hegredient i gwhttcbnmicht
aﬁcﬁ%f%&% . %]%f%%%eo‘dﬁes “Q§EQP§§§c£9£5‘Rd’reba?écg%%a'dry the

IC esters can 1 n princi
ofqunme\ﬁmjuarpyessorﬁmqﬁ 1 aﬁr@ra@caﬂmjmo gemineralized

Ridd A cat i 11’1‘@"\@?&@& bbnhas beepd {Qungdei P2SRMEHGASGS ¢,
to be advant ageous when, in a battery of two or nore

tidnkks %H*ée‘@ﬂa%%olae%maacttg 59 tar1em3f>Ft'rus1fet% kwafgr and
fdﬂg‘dn:!fcﬁd d s diits seeond theactd=olk veS§seI wbt@@nédt hefor
eous . co ounds frfomthe fi rst te

fed
S tota pati Hgari o it s Opr ot ure ??% 233 oF
amtamcag/é.ltdwaestheﬂ r équeant Igréﬁ@#r@i/ohmbpdmmeﬁtf gdm the

éﬁ_n‘pcltl S %{»éédﬁ?gé heed nofpbe t%?ﬂk”tfé aghg g@ﬁ at least

am ng appar at us. the ca
FEssdge ofittthe 35 LR s%%st‘&ﬁ%%% f@%@ntﬁéchl r §rganic
duda@ the second tank, the foam which has been
forred in the first tank and may have been entrai ned
al so enters the reaction
When a battery of two or more tanks is used in the

esterification reaction, the gaseous substances formed,
egpecially the methacrylic esters, can in principlie be
drawn off individually from each tank and fed to a
purification. However, it has been found in some cases
to be advantageous when, in a battery of two or more
tanks, the gaseous products from the first tank are
first fed into the second reaction vessel without the
gaseous compounds from the first tank being fed
directly to a purification. This procedure offers the
advantage that the frequently high evolution of foam in
the first tank need not be counteracted by complicated
defoaming apparatus. In the case of passage of the
gaseous substances from the first tank into the second
tank, the foam which hags 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
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chanber of the second tank in a sinple manner. Since -
33 the foamfornmation there is generally
significantly lower, there is no need to use

def oam ng apparatus. The second tank arranged
downstream of a first tank 35 then firstly takes up
the overflow of the first tank; secondly, it is fed

WHd thRngagseerstsulst ahees 08 ”%)danéxﬁaltlr}e Ehgst rianktiy
ar which are present in_the flrg Jqtan The second

e d- T 161 IR S drfk 8 FATMIE &

with nethanol. It is preferred here 10 that the anount

nethanol ecr.eases b t east 100 fromtank t.o
g ChEa00y (eRIETRERRNeR aRBir ity LD rank
Wdtee‘r tonsely r atken ILI}P tth@ sev:enﬂlounlofanﬂla nfirde tank;

f a y Lofr t t
e O, B R phn (B fieche | Biobbifbee ! Bkned
shfal Fhe THe ngdpobipek f @ﬂ«’ne‘ﬂhjrcﬁht & es REPRE R ankharde flrst

&%ﬂﬁyediﬁkpnbebBﬁdtaﬂ&nﬁndaﬁ@tQQQPCQQHHRhﬁJkPet@%kkonbre
%;_ disti]lation colum. en the esterificat ogere

RS S5T el hee &qﬁht@?§ 6F thride &F iy %
theovend | emoahzt e mm:hcﬂan&etmagéan&ﬁ/eratedlemt 10%

ch cas |nto athird t nk and.th over f he.
ro%i%aﬁ% ap%fo%rla e, |ﬁ§Ch ourt%g?aﬁﬁeg?ﬁéng
fummerrktaam@;:@ ecdrideavii st istreaim bleat eelcofrcﬁ;etank and in

@f@eféﬁ:’&@r' '%a%s §ya'2ﬂff'écr aEEBﬂprﬂk?atte 0364 ﬂh?e hEizst

prefera usted to" about to about

BT stfe%cagnﬁ@n¥¥%ﬁ%@ﬂedﬂ&ﬁ%eaﬁ@Spa?s%d et 39ften
Gnstiil.l ation colum, this preferably being effected in
the I ower region of the distillation colum. The

vapours conpri se an azeotropic mxture of carrier
S:&:@amapmiﬂ'mch&m@d esth etheaaéea:lnldartrﬂn}armre d:eqaetmd&ied]gfrom

%rl]le %I?]Lka%glg. ergc:ccpcﬂyg gg ra%{?eoo% @P O%OE a

t0 35 about Tor exanpl e ou
et ilgethianolcolymased. I n the distillation col um,
the nethacrylic ester is separated i n gaseous form

fromthe o _ i .
When the esgterification is performed with a battery of

three or more tanks, the overflow of the second tank 1is
transgferred in each case into a third tank, and the
overflow of the third tank, if appropriate, into a
fourth tank. The further tanks are likewise steam-
heated. The temperature in tanks 3 and, 1f appropriate,
4 is preferably adjusted to about 120 to about 140°C.

The vapours escaping from the tanks are passed into a
distillation column, this preferably being effected in
the lower region of the distillation column. The
vapours comprige an azeotropic mixture of carrier
gsteam, methacrylic esters and alkanol and, depending on
the alkanol wused, have a temperature of about 60 to
about 120°C, for example about 70 to about 90°C, when
methanol is used. In the distillation column, the
methacrylic ester is separated in gaseous form from the

vapour constituents which beil at higher temperatures.
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vapour constituents which boil at higher tenperatures.
34 The high-boiling fractions (mainly nethacryl am de,
hydr oxyi sobutyric esters and water) are recycled into
the first reaction tank. The nmethacrylic ester forned
is drawn off at the top of £fe colum and cool ed by 5
means of a heat exchanger or a battery of two or nore

heat Qi(fdjl@-flﬂﬂﬁlnét hascbeensf ounchia yoe wsehsdrylamide,
ﬁgg& ase %hen t he nethacréllc ester 13 coolgﬂ_?y N
&%y Y&ast TG Heat™ s Fn WY st te
amarfmrsmeaeaexmhangemMMtTh@@metheeryminsemm@r formed
cond nsatio 1 a a e
SRoNEaRt 8200 10n8 TR0 LRel ARG ALHAS Boted by
meansexcdhangbeanngechakgsra orwool bagtevy abdutt we tqr more
ahgut e]t%ﬁar@e&%rt %t rhecm%mlzfereg{n fcﬁﬁﬁi V\?é e CRU BN in some

condensate can be i ntroduced as refl ux to t he col utms
FaEeconbER s JReElomE Tl 19 nefheT codPuRROlEs MywdiRans of

bk '&%a‘tlwb Pesst bleg chaneeels,t hen methaer yéiése astffrstc
or med means of a batfer %%)nnre than t qeat g
éﬁaﬁ NIEK T CREET IRCT O ST eCO?%D nsation an

examplend i tst at ceupdentake aicombomy b9 fearsbamft tW°C,
t.er- cooled t_.exc I

R B S SRR SR R Al S M fer Al

appiopgi dte BbPne- cootedaheat e¥5ﬁéngérPaF¢rS§%§ﬁﬁlefrom

Ret %te&(l%%%sl R %%%faie%@af&%r &ad e MBihaaiodd %@%@flux

ormed can be cooled in the aseous 25 state nef
5P &he collugest T ISR tHAH QRat sl fs%t‘ﬁo

cendeased] andsu(rfeaﬁm@s%@mﬂtearﬁwwle tl}iélefmetﬁ%@ﬁﬁﬂ ic
oninto.a s eat exchang ere ur
EGhGENSHT Eﬁf Y g 8is of F%?b%%5?¥¥gciaQ%%re %%an Ewo

AEathlsx@bangeréorZBxambhe gaseou31$ubsxapoeslbmecanfor

&Qgﬁgng ”ﬂ%%,fterﬁsduhawtgkéeteﬁ k. nens% ﬁ.%éﬁg eratzwo

éxchangeér he condensate I n
wrthangerlps tiveat i weicbanoed s n@@nﬂﬁetaiﬂstﬂir} | &?éles and

gheGam oW b dhe r@ﬂ@ﬂﬂe@a%@ﬁ@be@nﬁ@gnga%pe an
utilized further or sent to dis The nethacrylic

QBPéQPéﬂaESnaeﬁQSF80996ﬁ1Fﬁ@tSEQGﬁénﬂﬁFer cool ed heat

For example, in the process presented here, the
methacrylic ester formed can be cooled in the gaseous
state by means of a first heat exchanger with water
cooling. Both condensed and uncondensed substances are
then passed on into a second heat exchanger, where a
further condensation by means of water cooling takes
place. At this point, for example, gaseous substances
can then be transferred into a separate brine-cooled
heat exchanger. The condensate 1in 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-cooled heat
exchanger is then cooled in a water-cooled or brine-
cooled heat exchanger to a temperature of less than

15°C, preferably about 8 to about 12°C. This cooling
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exchanger is then cooled in a water-cooled or brine-
cool ed heat exchanger to a tenperature of |ess than
15C, preferably about 8 to about 12C. This cooling 35
step can lead to the nmethacrylic ester formed having a
significantly | ower content 28f fornic acid than woul d
be the case without the correspondi ng cooling step.
Bﬂ;%p ool erleawnﬂ@ns,ﬁteemb&hhheplhbare%ft@rﬂ efbdned phasey a

t he o C e (nethacr
22 R o Syt "B BRERR, Oof ISR IT RBRE il woula
amueﬁmscphas&uuMnuﬂ1th5 mmﬁﬁespmm@nmg comlyiaf setd@yveThe
%%tdﬁn fden%ral ani g compoynds,  gspeciald y @%kagol ase
rom ation step nmay in prlnC|pIe e use
fS@ptahr@rtoscs Henfosi ted. cHeRBEr Phaseal fresfdie @asklrq bester)

AROVG p Al HBRY Pfom PERECRRAELLE LaGYe! € THY Sadledid epRise
wat er and organi ¢ conpounds back_into the

FEEENf | 3%t FEA Lprate¥8tEY M¥aHi AgSPt B RhEMEESE of

eaehiien taskpodhdihe resmyvedhorganiadkehage i sfkedt the
' r.ubber There, the .neth cryllc ester

to,
SR ag e S WaY iy d MEEe The SERE er as
degcaes . phasevahi, clas cadmaadyesi%cmnttaﬂ elofvanvat gr Bartd be
43R GOTOUNIS, ) £SDREL Atk ¥ ALEABE! whAlE Ihd WA R o
rinciple be use furt er as eS|re However

compevadsagdeek f dmtcaec it EFeBhcabl o\ RTRCEHF s bY

Fgueeus phasatbacke 'frﬂvc@,tt heasestighi thaation step by
feeding it, for exanple, into the first tank. 25

Si nce nethacrylic esters have a strong tendency to
phky neendeedi to'rgahnc rrqnyas:eas% adheant a@eousav\hmu}ahs@r

t aken the e er c tian.of nethacryl.l
lrﬁlg suchﬂ% porf’e?rerl jt %n |esSt|53rrevetﬁt ed. ¥§68P88d nW:Lth
Bemipegpadiizrd netteacr yTie aepdratederhaeoysi @haﬁﬁ evlgich

k8 E_I?Lrs'eéat on:afiten takes,place awnorgﬁh@@“c¥$ﬁ1§ounds

acCl or acrg{lc est ers‘?l I‘Stl have a
neép@Cl@éltfhaﬁlhw cEPM zléheEuEBn lffbrﬁirlnﬁlpm @ﬁ used

¢ortaect | astingiowey. aubaBgeperipd bBet weeRadbageous for
nmet hacrylic acid or nethacr¥llc ester and a

econcmic reasonsg to recycd his aqueous phase back
into the esterification step by feeding it, for

example, into the first tank.

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

such a polymerization is prevented.

In plants for preparing methacrylic acid or methacrylic
esters, polymerization often takes place when
methacrylic acid or methacrylic ester firstly have a
low flow rate, so that local calm zones can form, in
which contact 1lasting over a long period between
methacrylic acid or methacrylic ester and a
polymerization initiatcr can be established, which can

subsequently lead to polymerization.



10

15

20

25

30

35

pol ymeri zation initiator can be established, which can
subsequently lead to polynerization. 36 1In order to
prevent such pol ynerization behaviour, it my be

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

nmet hacrylic ester or of the methacrylic acidis 5

sy foehept by hialv e subshanthalley ;alt 180l Hepddlie, sc
system at the nunber o I'm*zones is mnim

it hee nBAEaNERIRRY Shd adRRin B USNE0 SadRtRICRe flow to

siHeeanr fcdrethagr yl i eia6t dy0r gBEhAGNHW C @il W thene
SUI abl e stabilizers such ¥ poI rization is

FYLiE spthresse® FBE tﬁ THAE st3eds 1
|smﬂﬂ1@:mmagzsshpg1esaﬁ edubheaﬁtﬁamlyn gfdrli nedphesben the
admxed ]gstablllz rs su% %mn rrumle erlmzL g
p & yrrerl za IFon I%ak&ungied:ceo n (i% nt1heZ §§Fsst eri t SeitT 98
tFhirs: herrehoriehe Yramtaywfbd el ypiegedus par tadudarthe stream

t:hac C.acl t .G e
e i R e R b
@ltﬁhilllllételr@n i §u§bpp|¢1@fatvm Helvappigstisne 1s  largely
shahiresges. 20 For exanple, it has been found to be
viable to supply a stabilizer at the top of the
distillation colum to the streamof nethacrylic
getrercdraavwwuxddsd het]&e sEuéhher Her ehd tpihase e epré oemtled
L2, ° ANt A0eous L0, 28T LU LA0SS BATL SO 18 e pucn

ant SH ikl Jﬁ%cry acid or hacr Jl ester

-itQa@l rac U e Eum tlheval t@hpmhﬁuemmtmetahaﬁ gdagwe in

206 Rrefelablye ¢t hpg th%%p%’rﬁi Ur@nén Lhe 6@”9;@1e0fp1ant
about 20 to_about 120C, a sol uti on of stabilizer

iR neRhatFylrE et emhipdy ebeefwaecrséloﬂrﬁe G iheor the

geftensgl ecobtatned iR tpecheat exchanger s@oﬁ@@x@&f@imn
[ recycled into the.to

rh a suitable staQ lizer, i

BEEtRE aPSti RFEEFon BBl LThEShERE AL the TOPRIRHEG optith
eppirveriater sorpiildzepsayed constantly with

stabilized nethacrylic ester or

For example, it has been found to be viable to supply a
stabilizer at the top of the distillaticon column to the
gtream of methacrylic ester drawn of £ there.
Furthermore, it has been found to be advantageous to
flush those parts of the plant in which methacrylic
acid or methacrylic ester 1s circulated with a
temperature of more than about 20°C, preferably with a
temperature in therrange of about 20 to about 120°C,
with a sclution 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, is gprayed
constantly. with stabilized methacrylic ester or
gtabilized methacryliic 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 risk of polymerization

of methacrylic acid or methacrylic ester. The heat
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35 stabilized nmethacrylic acid. This is preferably
done in such a way that no cal mzones can formin the
top of the colum, at which there is a risk of

pol ynmeri zation of nmethacrylic acid or nethacrylic
ester. The heat 37 exchangéer’s thensel ves may -
correspondingly |ikew se be charged with a stabilized

Suc#&arﬁbfg Hﬁ&ﬁé%wlalsc RG}H dcoQEe%BHéEﬁﬁhyC mte%gé] be

hat no calm zones _ can form ere either. 5
Cthéhlﬁﬁe%l‘sbtlbe@nSfté“&’ﬁéltzédbe%&d%}:&rﬁrhg%% udetpaeRelic acid
RFOCRSShAEESEIE edshere iwhesicH 05 exgnple: the edigaseses

C_qlsm car bon _nonoxi de from precedi ng processes,
é%agg efl?eorﬁjtkﬂeeram dation step, are passed through

10 the esterification plant together with steam In

t y the m 0 i.ed:to
rlre]’:rm\}’léas ’al gggvnml %(ft%gcan % :}Jgerem \%:Qfg}a'}lt%?e]oﬁl lh the
Iprqmedss fmme@ee:@nhtye whese e cvtdracked Bie aoffgases
%%H ﬁm nEar%E{ Cﬁanéﬁlésntff&nf Wi i | b%@bé@@es,

| sposal . he nethacrylic estér obtained or the
W@%&aéﬁ]ﬁ’ed‘—_clf‘?f“ "the eSHerH PeaToR i her S efiEREID
rrepus bt i @8t 108l plibe tnedidpeiidt CwAEhd sleka. ne:oh this

are subse t ! further treatnent,
é@ﬂerf?bsggggnﬁﬁeiﬁﬁFg %% %ﬁcg{ﬁﬁgé s&fa JPC ad?dremove

tdrengcamred i wgi clesicamal be subsibarde, imhgéchidaw i kewlsguid
?ﬁ ntséébﬁﬂl rtﬁﬁése é%g é@{l%%te%r%ﬁyréf&@ﬁﬁfgﬂ g%lnt

e ester or rocess presen
teerce, carh s iasjrdC tt arefurddiest uttuiezmteé‘éhtor REPASSH -can
al so be used in connection wth a process for
prepurifying nmethacrylic acid or | ic .ester

A SRR FIBREY HH° t RECHF o S 1 %hent Ega wfTen 9T ERRS 1n

FBHeI@§téﬁﬁﬁlcaﬁu§mlaﬁdMﬂhecmmmEEqm@mmapfypuﬁlﬁ¢cdtmbn,
n. be sub

h
¢hﬁ Tﬁﬁﬁég%g;#%ﬁ§$% oPaET 1Py P ShBYelleftly sent

to a further treatment. The esterlflcation results in
dilute sulphuric acid ag the remaining residual
gubstance, which can likewise be sent to a further

utilization.

Prepurification of the ester or of the acid

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

be in one stage. However, 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
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at a very pure product. Such a purification which
constitutes a further process el enent can, for
exanpl e, 35 be in one stage. However, it has been
found to be advantageous in _many cases when ‘such a
purification conprises at Péast two stages, in which
case the low boiling constituents of the product are

rﬁ%fﬁpf@%@rf’ﬁlcétiﬁ Beepild f+Gatd OReas. descrithed end,
here 0 is e crude nethacc%glc ester or cru

de
rWFFEaSEY 1?seﬁq%ms?ErF&¥ r SELACHY L C acid is
wﬁﬁndﬂ@ﬂﬁ@ﬁlﬁbfmmnlnnomhacﬁlstheléomebomb&n@n in which

nstj tuents, and wate can be re ve 5 Tao t
TR AR SR EEL TG OF SETRRe ) M TP Egse.
&mmensuandhlchecwmydﬁuyﬁuhhqrxﬁuasesperfesneenﬁcno a
'dlsgt%ﬂclet dﬁ%gﬁ&ﬂer hal fw}‘?j; cih N&a £O! i gaalegbﬂrmis
ottomls eated wth st eam exarrpe in_suc
weyr fiaeda WK t éRPEREEEFe bR éﬁ%ﬁﬂ PRy teglaboff the

12006 .s agbi evedimn hgoRYknf | LAt heAtks \Qﬂt[kﬁorsﬁf%@m for
under _r educed ressure The re35£{e within th

EFAFRT S /n WhSUHs & 3o Hddstarvd p?%rf‘e?%%w%b%%tabout
500 to abiowtit 6Q@oHIAr isThechiessdr e Thd hpl&rtllﬁecaohut’m is

ié)%é{l O%‘H%%SE%IS et gs:e CI %fjhé? e[ses]c g#eatt)lh%hgb%%le ree within
ltdne bywiluimng igorigts tassd oFf ai:rlee resiosedis mr@éﬂfﬁlew aabout
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ormate.  The vapours are en 20 condensed by neans of
die the rﬁﬁS@ Iedatt sk AEy et . PrRfreraxbmieout 14 halse nlaput
fhownedzg- be useful in sone cases first to performa
condensati on by neans of two water- cool ed heat
exchangers connected in series. However, it 1is

emuajl'ley possobl ehto cademonl ylenel dedto Ekolmngensat ti2énts

|s T ge e ef I
o%era f% gﬁlﬁgrlgﬁ%&fggteEﬁgg%ng% ?ﬁ%ﬁéﬁﬁﬁﬁ%e be
ﬁaheran@qerton@r dend tre ey iz f &hrmt\r@pt@fs are then

ShaldePRakY a%8thes LPNBREL BY dpwastLam Ofchdi®ers. For
wat er - cool ed heat exchanger. or the water-cool ed heat

@%@ﬁ@ﬂ&er 4ty HebaeBr itRENgo tébo’tp%duﬁggple)}@h% cases
But-gitt Hes S M0SS BbBdéAsation by means of two watezr-

cooled heat exchangers connected in series. However, it
ig equally possible to use only one heat exchanger at
this point. The heat exchangers are preferably operated
in an upright state to increase the flow rate and in
order to prevent the formation of staticnary phases.
Connected downstream of the water-cooled heat exchanger
or the water-cooled heat exchangers may be a brine-
cooled heat exchanger, but 1t 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 adgueous
phase which occurs is disposed ©of or sent to a further
utilization. An example of a posgsible further

utilization is recycling into an esterification
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connect a battery of two or nore brine-cool ed heat
exchangers downstream In the battery of heat
exchangers, the vapours are condensed, provided with
stabilizer and, for exanple, fed to a phase separator.
35 Since the vapours may al st contain water, any
aqueous phase which occurs is disposed of or sent to

ardadit e, Wbkl izaimon: Antexampl esobrarpessidbhereaction
further . utilizatiqn is rec clg¥9 i.nto an
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sufficient separ ng action_ can be achieved jn the
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after the condensatlon |n t he heat exchanger battery
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econom cCc reason en such a postco
caiddseschieved in the phase separator.

The gaseous compounds which remain after the
condensation in the heat exchanger Dbattery may,
preferably by means of steam ejectors as reduced-
pressure generators, be subjected once again to a
condensation by means of one or more further heat
exchangérs. it has been found to be advantageous for
economic reasons when such a postcondensation condenses
not only the gaseous substances from the
prepurification. For example, it 1is possible to feed
further gaseous substances to such a postcondensation,
as obtained from the main purification of methacrylic
esters. The advantage of such a procedure 1lies, for
example, in transferring such a proportion of
methacrylic ester which has not been condensed in the
main purification stage once mwore via the phase
separator into the purification c¢column in  the
prepurification. It is thus ensured, for example, that

a maximization of vyield can take place and minimum
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not only the gaseous substances fromthe

prepurification. For exanple, it is possible to feed

30 further gaseous substances to such a

post condensation, as obtalneg fromthe main

purification of nethacrylic “‘esters. The advant age of

such a procedure lies, for exanple, in transferring
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organlc substances For exanple, it may

AMCagEsys vitent SR e FhiFu 2t &t B ﬁatfé’d-'“tm‘ﬁw disposal
ehdah €t30bgtanees si $ohee@nl-o dfhergeaihustiven aglaher
in a sul phuric acid cleavage 25 process. Onmng to the
oxi di zabl e constituents, its calorific value can
Foirl |ebanpie) | Zed adyl dast apaehbpgeous when water thus

contaminated with organic substances is fed to the

it may

combustion chamber in a sulphuric acid cleavage
process. Owing to the oxidizable constituents, its
calorific value can still be utilized at leasgst pazrtly.
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 1is subjected to
another distillation. This frees the crude methacrylic
ester of its high-boiling constituents with the aid of
a distillation celumn to obtain a pure methacrylic

ester. To this end, the crude methacrylic ester is
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In addition, a possibly expensive disposal of the

wat er contam nated with organi c substances is thus
often avoided. 30 Fine purification of the

nmet hacrylic ester For the fipe purification of the

met hacrylic ester, the cru&g'prepurlfled met hacrylic
ester is subjected to 35 another distillation. This
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sufficient operating mode of the columns, to always
load them with a sgufficient amount of liguid, so that
constant flushing of the columns and especially of the
column internals such as packings 1is achieved. For
instance, the columns may spray devices which are
designed for the spraving of the column internals. In
addition, the column internals may be connected to one
another or to the column via interrupted adhesion
geams. 8Such adhesion seams have at least about 2,
preferably at least about 5 and more preferably at
least about 10 interruptions for 1 m of adhegion seam
length. The 1length 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 the
adhesion . seam length. Another design measure may be
that, in the internal regionsg of the column, especially

those which come into contact with the methacrylic
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addition, the colum internals may be connected to one
another or to the columm via interrupted adhesion
seans. Such adhesi on seans have at |east about 2, 30

preferably at | east about__54 nd nore preferably at
| east about 10 interruptions“for 1 m of adhesi on seam

| ength. The length of these interruptions nmay be
setpeted baedh that ibeyt mBke, uprafekebiy abest th8% about

ferably at | east. about 20% and_npre preferaply
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20 boiling constituents are segarated,fron1the product
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pr.ef erably. abo 50, to_ahout 80C, .n rticular agou

B Hitnicirado ith GARY CHmERrIFD BTt T dLors haRared
abal €204h. The bottom temperature is preferably about
50 to about 80°C, in particular about 60 to about 75°C,

with wall temperature of less than about 120°C.

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

This material, which comprigses predominantly

- methacrylic ester, hydroxyisobutyric ester, methacrylic

acid and stabilizer components, is subsequently, via a
storage vegsel, for example, disposed of or sent to
another use. It has been found to be advantageous in

many cases when the material obtained in the column
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25 The material obtained in the colum bottomis
preferably renoved continuously and cool ed by neans of

a heat exchanger or a battery of several heat

exchangers to a tenperature , ,n _a range of about 40 to
30 about 80C, preferably about 40 to about 60C and

nore preferably in a range of about 50 to 60C. This
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Wl GR R aPe s AERangedh ) Th €SP @' HdL PalBlditlngetheor
battery of twc or more brine-cooled heat exchangers,
which may be arranged in series oxr in parallel. The
condensates obtainable from the heat exchangers are
introduced into a collecting wvessel and sent to a
buffer vessel by means of a pump via a further heat
exchanger or a battery of two or more further heat
exchangers. The condensate stream 1s cooled, for
example, by means of a battery of one or twoc 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.

A part-stream is withdrawn from the condensate stream
and is recycled into the distiliation column via the
top o©of the column. The condensate stream can be fed

into the top of the column in principle in any way, for



10

15 -

20

25

30

35

condensat es obtai nable fromthe heat exchangers are 25

introduced into a collecting vessel and sent to a

buf fer vessel by means of a punp via a further heat

exchanger or a battery of two or nore further heat

exchangers. The condensate ft¥eamis cool ed, for

exanpl e, -by neans of a battery of one or two water 30
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id81Qdhe top of the colum in principle in any way,

for 44 exanple via distributors. However, it may be

advant ageous when a portion of the condensate stream
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@aﬁy‘ﬁ'@r{i@&tiﬁm Steana becslonsd{d X Rthedly aHdRg is
%%c%%&%%Prgﬁh%:aqH%Qt églumn. This can be done, for
example, by adding an appropriate amount of
polymerization inhibitor as stabilizer to the
condensate part-stream intended for spraying of the top
of the column. It has been found to be advantageous in
some cases when the condensate part-stream, after the
addition of the gtabilizer 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.

The uncondensable gaseous substances which are obtained
in the purification process are, for example, sgent to

disposal.

The crude product present in the buffer wvessel is kept

with the aid of a brine cooler at a temperature of
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pol yneri zation inhibitor as stabilizer to the
condensate part-streamintended for spraying of the
top 25 of the colum. It has been found to be
advant ageous i.n sone cases when the condensate
part-stream after the addi*ti on of the stabilizer but
before entry into the top of the colum, passes
talfa;rcmtgm a cs Uikl ezc(rjﬁcxi r;greis@mtam usboupt ef etfcabehlyo@t 15°C
e mxer, rder to 30 achi I,
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gp¥aaekids present in the product. 20 The streans
obtained in the workup conprise predom nantly
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£?é3§&£82n€£yca'H‘Z%Q?%aﬂf%'Eﬁ%ggﬁﬁhépuﬂg ggdgg to, 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
foo 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
vegsel but upstream of the adsorptive purification
stage in order to be flushed over the top regions of
those heat exchangers which take wup the vapours

stemming from the distillation column.

The product obtained in the pufification stage is
subsequently withdrawn from the purification stace with
a temperature in a range of about -5 to about 20°C,
preferably about ¢ to about 15°C and more preferably in
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advant ageous in the case of the process described here

25 too when the parts of the plant which cone into

contact wth nethacrylic ester are constantly fl owed

over wwth nethacrylic ester. In a further enbodi nent

of the process presented heét®,” a part-stream of

nmet hacrylic ester is therefore withdrawn downstream

of thegbubfesh30: vessel1dut. upstream of the adsorptive

purification stage in order to be flushed over the

top regions of those heat exchangers which take up

t dier g Sof stlesmamgntf raoomd he distillation colum. 35

The product obtained in the purification stage is

subsequently withdrawn fromthe purification stage
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tHee | 1R oAfF t Heree depReft BaY sBPT 4€s caalbke separated
sepas atkd 1apoutrs Eie V@@l@@é@u@xﬁ’@lﬁub&ﬁaéﬁablﬂ in a heat
condensed in_a eatblexchqgg referag % with §$c§ 3
COBt T HEP S 'cooP&G-8RE° ¥ ecy PG t HirOedPeri f9CHTDn 2"
resatad laad ﬂnumasmbeemdhxﬁuraulmmJaﬁxanmageous in sone
cases when 20 corrosion is prevented in the heat

exchangers and the cooling action is inproved further
bTyt i e dmm nfgolsrld i XteR e2@fankagecundiar §ane ccases when

?Qb@bﬂ@@dbﬁlns@ﬁ@bﬁbﬁg'é&dH%%@é&HSﬁmﬁfthe
the esterlflca ion in the urification of

ﬁ:é;tq;lda%” petégperl%r éﬁg)rr&yedi ntgrther by introeducing a

mixture of water and orxganic 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 this mizxture. 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
predominantly methanol) is recycled into the
egsterification process together with the methacrylic
acid and methacrylic ester stemming from exactly this
process. In the stripper, the above-described flotation
affords mixtures of acid and solids. After their
removal, these are gent to any further use or to
disposal. It is possible, for example, to incinerate

the resulting mixture in a cleavage plant and hence to
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25 the heat exchangers in such a way that the tops of
the heat exchangers are sprayed with this mxture. In
addition to the corrosion-reducing action and the
cooling of the acid in the_gﬁﬁt exchanger, this
procedure has a further advantage. Material which
stenms 30 fromthe esterification (a m xture of water
adist a i edlommantd yadwet hagwin. i s recycled into the
esterification process together with the nmethacrylic
acid and nethacrylic ester stemmng fromexactly this
pflox essicdnderniseldter | ppeeputhecabpyendescobiradied in the
f ' f ' r

A T o e (hobe o e Sont o e o Tt
use or to disposal. It is possible, for exanple, to

ifed Nt ahe gkheriesul tHdig Mt UkembRriagt|RAviage Prant the
and hence { bt ai n sul phuric acid .again. The

([RSGHdend8bFe §%§%ou§ OL ompBERAS BBt aMREE T 1t he TOM  The
SHddeppi Mig=ariesrs eprobe sanyi it t Imecradﬂer othils sgmebs:g‘ can

arIlThe Blant qescrkﬁedfggr%x%pr renoyi f@eS%| %#?HS oF
t rom

spent “Acidand for recyc |ng mat'ert al
egtegra el @nebx@helsstynt Boexaoisicpngki, s tireodess eanmore

éﬂl%ocak{%oq?r@eF e f@é{n%@rrpugedtveaﬁ%eftorlﬁea&% Okince

operationa iability. For instance, the two or .
RSl ds | ot oFeFEdSel ©Wan be usBESEf f @SS/ it 1S

Shemtaflduts cap selddreout thémt hesenvessed s, phktisular
vant ageous to .renove then1mhen e particul ar

iGN VESSST T ARt REWE * 15 The present

i nvention further relates to the use of the

'E%t hﬁ%vg ¢ agigl abi ofﬂ tenevjé aréfﬁ—r@g 0LgSEnacH0L dLRY e

|nvent|on or hac Ic ester
mtéxamlec bgcifie q@t@c;@e@leccm@n ﬁ@et PrIEIhvarepsding

'trb FHY eShyvedl fdd B SOt ha0fet ARELEL N £9PBPShbEANSable
ul di ngs, papermakin aUX|I|ar|es | eat her

ém. FRar PE9Cest oREEPERIRT k@ dri® | FRYSABAPE vigs. fihres,
addintd 0N, cdd€ings, moulding compositions, mouldings,

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

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

drawings show:

Fig. 1: a plant system for preparing and processing

with methacrylic acid or methyl methacrylate,

Fig. 2: a schematic of a plant for preparing acetone
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present invention relates to fibres, filns, coatings,
moul di ng conposi ti ons, noul di ngs, papernaki ng 25
auxiliaries, |leather auxiliaries, flocculants and
drilling additives which are,based on a nethacrylic

aci d obtai nable by the process according to the
invention or a methacrylic ester obtainable by the
process actmignisit he i nvention. 30 The

af orenentioned will now be illustrated by way of

exanple with reference to nonlimiting draw ngs. The
i ngs showchsPatilg. of a2p| wptkeystemtlor Itepacatgne
and processidigphyirih met hacrylic acid or nethyl

met hacrylate, Fig. 2: a schematic of a plant for
preparing acetone - 48 - cyanohydrin, Fig. 3: a

scienat i ¢ aofschenmertkiup gl antarf emideetiome pleyanohydri n,

5 Fig. 4: a schematic of a an am dation plant, Fig.
5: a schematic of an esterification plant, 10 Fig. 6:
&F¥thdmat isc seheagitam ofform eeperifiyiicad iche plester ,

Fig. 7: the fine purification plant for the ester. 15
Fig. 1 shows the preferred el enents of a plant system
F1F 0or6 pr EpafrR§UARELRacPy| | L WRIE drohethebyifying  the
esters amg@tiheir further processing products. The

pl ant system 1 has various plants connected to one

anot her usually in a fluid-conducting manner as
élignemt:s d¢het Hiise2@usystiemt ithi plphanttosyshemesisnelrudes
acetone cyanohydrin preparation 20, foll owed by

acet one cyanohydrin workup 30, followed by an
ditatl G Ghe |pvekeisedrelenents of a plant system 1
eeler phbpati ag/ hanol ys)s: 50298, £l pweth Y18 MWOLKUR 5
for.ester o thacryli'c acid 60, followed in_turn by
&155 Y putT 11 Tat PO aRs 13 tRFOTRT ch- t e eBl@Rt system
Usuadd yvapeblyl prethacrydaiected oot kaes ydhstget dukSally
REFS%Pt'fluiduconducting manner as elements of this
system. This plant system includes acetone cyanohydrin
preparation 20, followed by acetone cyanchydrin workup
30, followed by an amidation 40, followed by an
esterification/hydrolysis 50/50a, followed by a workup
for ester or methacrylic acid 60, followed in turn by a
fine purification 70, after which the ester, usually
methyl methacrylate, or methacrylic acid is present.
The pure ester/pure acid thus obtained can be sent to a
further processing plant 80. Useful further processing
plants 80 include in particular polymerization
apparatus and reactors for further organic reactions.
In the polymerization reactors, polymethacrylates can
be prepared, and, in the reactors for organic

reactions, the pure monomers obtained here can be

-converted to further organic compounds. The further

processing plant or the further processing plants 80

~is/are followed by a finishing 90. When the further

processing products are polymers-of methacrylic acid or

methacrylic esters, especially methyl wmethacrylate,
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The pure ester/pure acid thus obtained can be sent to

a further processing plant 80. Useful further

processing plants 80 include in particular

pol ynmeri zati on 30 appar at us d reactors for further
organic reactions. In the polynerization reactors,

pol ynet hacryl ates can be prepared, and, in the

r eley orasrd oprocgasied feathénnsxatgevpurﬁlhnaanemmuldlng

0 can, t hers ni c
OULBLOBISLE, OO B SO0 A0 T AR b
fArEpeebhtocedsirhg pladdt s @mherslmﬁélﬁbngﬁme@Ybyayltable

f &g shhdg: 90sudienthe LuntBer-o Preaessi-#g 1p 0GhSiders,
aré. pol ymers of nethacrylic acid or nmethacrylic

e5tar St L @Bt 139 ety MR hactRA RS L 45916% héjidyr ghe

pr Dieessaad, fam&ﬂeioztlp @Ih\ée lslalﬁ@s,sygftua:rrdlng :Lln many cases
osSiti ons, y n 1 1 1B Sl a \

a%%%%ﬁ% B DR s Tt GOl &g oy abRte plant,
pEreﬂ]phamh aas:mtplmhem whi own-sfpdemrexts uder suifable

£CL1419 %%g réBh”@ﬁﬂ ﬁe%!%%laggetg§t are
e EREE, hEoRe T

|on Sy stem In many
dﬁ@ﬁlﬂ%eﬂsﬂ apgumg@hla-l@e Befarpngﬁt ig0@adFoint ro:hgsmcamtext

@hhrsﬁdﬂﬁﬁlé acid plrant sp phicghyaRpe @! t% gutale i,
this purpose to the person skllle e art are

1 niaaa fed, PR RASHECEN s A CoRtERls - Draft

@t ednce f Docenanpl en Bedtherdl Blopt Bsckni page Bar the
Integr§te PO"“H&%P Preventi on and ntro
0

O FRrE onch DoBUNGNT Ui BiSt  AJSFPBTL TeoRAMGEL® -
f rmariien  Neeidact ame oFetae@ez@bBuneobnaugahle via the

R Ac qggﬂﬂg[ n e
vi a ﬁ%ﬁh§ES%%beanagghn1§§§on Q} éurlc %tpﬁg%t
mwnneckashnbet éd Ferassedfesobhest @élanms:ant%or FéFlStanC@
|t'l-§=_t s ond hey M@lﬁyléﬁ@ﬁé'ﬂétibﬂr @@aﬁgt k@Bp29ebSwith

LLeg tae@dsy pricentrated sulphuric deid YIa'a 1 )ine
sulphuke0v3e|dei|ﬁ@r&hex1s§ﬁlphﬁfmeemmhhﬁ Suh@hUTléx1sts
Bttt oo Bt P 8BS o Yooggtlfi "t e pgfion
4o eih@riﬂh&ateonsﬁbphhydcolq31@ also referred to as
“Spent Acid” from the esterification 50 (hydrolysis
50a) is transferred to the sulphuric acid plant 100
through the lines for spent sulphuric acid 4 and 5. In
the sulphuric acid plant 100, the dilute sulphuric acid
can be worked up. The workup of the dilute sulphuric
acid can be effected, for example, as described in
WO 02/23088 A1 or WO 02/23089 Al. In general, the
plants are manufactured from the materials which are
familiar to those skilled in the art and appear to be
suitable for the particular stresses. Usually, the
material 1s 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  guiphuric acid are
additionally linred and protected with ceramic materials

or plastics. In addition, the methacrylic acid obtained
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50a) is transferred to the sul phuric acid plant 100 25
through the lines for spent sul phuric acid 4 and 5. In
the sul phuric acid plant 100, the dilute sul phuric
acid can be worked up. The workup of the dilute

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

gﬁﬂelf:ﬁle rﬁé\l\lﬁqé’z%r %tf&carde taﬁwedaﬁrﬂaahgd via a
I‘I al | C a 0 those s e I N e

il fantdl L1 ehdorme ey 60 Tt

stasesabso bewal Iﬁourtd]etonaieermadefm?s sbaigddess steellizer

‘ﬂg&gf&%%sé 1%” | cglar | ?‘égt@%‘:epatdet%%&ac 'ﬁ%nohydrm

ance. The regions of _ pl-an
aperreed Wt h28ul phiwe | erdelad iamd 4@spediaal Pytairtifiication

concefd q{ﬁﬂréwﬁ?ré@a act g a ?epﬁggﬂb%%ﬁye‘b' Qﬁ@ also

and protected ceram ¢ na ertals astics.
ddvt t97h Pue 1sdttHasy yId ¢ aci d obt ai ned 50 in the
met hacrylic acid plant 50a can be fed via a

nmet hacrylic acid line t he urlflcat|on 6

Has & BE%HOFSW‘&Y?’BO]%‘%% PEfd A stibbi 57 in
iFI’iG_ijLuﬁ@d witid d&tomet he @aeivo@dc;aanohydacetﬁne vessel

t 1 dat 0,.th f
PR oy ESRIh o D 12 R AR o e
afleﬁﬁelt 2 enthpueterenti yaspel 121 thees azetonebbing tower

%%@Wﬁﬂﬂﬂ'rhﬂrfﬁérébbeﬁ %%g%%@““ﬂé% KL R9unsr-2, CBB@lng
acetone is rovided I n an acetone vessel 21 and t

i€ amﬁj?ﬁréeﬁydﬁbc9§ﬁgésa&%Pe%egémW@BFhTﬁéem

&Q%Oﬁz%tx\é_eﬁfzﬂpl%hﬂtﬂslrﬁ S16d UG &pyesm 23opdh ChntbnNthe
S e or re caoli?§ﬁ1elenents

st TS LEONRR A has TR ckegRoTRT o sida TR Loon
&R o pEIEanit:sa i thé hecpkant imlerﬁ”fl apknthat bydhecyanic

%%rll&bkl} VI Ay cﬁ% e A dféi%dffé’ &ﬁ&xﬂ’%@ré%pof the

reactor cetone and t ydrocyani c

aycaogvanile mEddocy@fd &3 d Feedl DBoYRIRStLR capER 29,

E@ildﬁ&ﬂoﬁﬁantﬁrﬁcﬁgyf%?déﬁ%dﬁyéhsﬁﬁ§%ﬁ a1puUNMPh28n  is
20 follomed in turn by a catalyst feed 210 whi.ch is

folilowed By aastsseF&CmWrzﬂ Thi81fsifolfooderssy By @

heat exchanger 212 which has a series of flow
regigtances 213 and at least one cooling line 214. In
the loop reactor 26, the reaction mixture consisting of
acetone, hydrocyanic acid and catalyst is conducted in
a circuit to a considerable degree, which is indicated
by bold lines. From the heat exchanger 212, the
reaction mixture is conducted wvia the flow resistances
along the cooling 1lines 214, and a portion of the
circulation stream 1is passed 1into a further heat
exchanger 215 to which is connected a collecting vessel
216 in which a nozzle 217 is present as part of a
cocling circuit 218 with a heat exchanger 219, which
keeps the reaction product firstly in motion and
secondly cool. Via an outlet 220 which follows the
collecting wvessel 216, a stabilizer wvessgel 221 is
attached, into which a sulphuric acid feed 222 opens

and from which the c¢rude acetone cyanohydrin is
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heat exchanger 212 which has a series of flow

resi stances 213 and at | east one cooling line 214. In
the | oop reactor 26, the reaction m xture consisting
of 25 acetone, hydrocyanic acid and catalyst is
conducted in a circuit td dtconsi derabl e degree,
which is indicated by bold Ilines. Fromthe heat

exslaReed 2tArclb@ Eeact baplstxt upe i sneenduséedayégone
the flo reS|st$pce%8 along the cooling lines 214, and
i

SYROPIYER18F oK rcul ation streamis passed i nt o
a further heat exchanger 215 to which is connected a

&ollﬁcélng yesseljj%}ﬁfkg mhh%? 9%§%§%%}F %?ep%ratlon

presen cool" i ng C|r
éﬁchaﬂg%roametmwh oremepsinhe redeedbnepebaneer 31 in

not d 3 nd| ol . a
et Y LRt Lenand 3onesend! vrol Moa agyoubhodrin

| ows t | eCting vessel
@fr@@alrﬁfépnv%sas FEphesd. & (SRS FRD Ihi tH gonnected

gul Smgu ﬁteaﬁl Mmhg?ea_z Qmersﬁaéilaageﬁgomwﬂal @ﬁ tehhe u%per
cruqgqe aceto (0] N 1S con cte t.hr ou t
ShErer: 5Py ettt ke TR ARy L 7 SR S0+ [ Ee
EoQume 333 camsngaf rom t hieudy andhygackhipgeparéat wbhnchs are
u e - i
m%ua%ﬁghe %é% gééghﬁghgﬁg?gi1ﬁﬁé cyanéﬁ&%?nggilég ot the
prépanaBiBon s2Glispanest édie Aadapaurbdigeyn 36 j Erom which a

%evar&%&ge%uttl%tt hes healgexehangene3haand Opansqut 311 and
upper region, preferably the top regio

of
éﬁlaifrﬁn ths StHEAE COMGTMTESS HATordlthe Udek €285 into
@%@k:ﬁ§§t34eWhhéhgéreﬁlUSU§||yuﬁénfpguﬂﬁdtaslinays37lnls
the |l o e n of the colum 33.1is dis ed t
EorRa RS, ro S | Pehtwar et e bos Y BRE S Pl g
ﬁnmnstheaMe&nrekhhaﬁgeﬁaanmmﬁoheémstﬂhe sbpearegion of

Eﬂgd%%&% Qﬁpqu ab 5%E&e£ %% 'Qhﬁlg§t§§3$ﬁ¥g opens
1A pure i

change oduct |in I'S connecte
@néOh@ath@tcrmﬁgangﬁr Ihi &R wélﬁbl |ao\7@d:u%maéalﬁ is

E%nh@%té&'%%ﬁ!%@éﬁ% 10 thent eRrhegl or0f ei&ﬁhﬂ§éﬂﬂ®11
di sposed a tops outl et 38 mhhgh open

ﬁ@5 etmqa*h@aefr SECRERART cH oa V% b pbfp 3ﬁ3<<i%anger 311

are connected via lines to a cooling vessel 312 to
which a recycle line 313 is connected and is connected
to the loop reactor 26 in the acetone cyanohydrin

preparation 20.

The amidation 40 depicted 1in Fig. 4 first has an
acetone cyanohydrin feed 41 and a sulphuric acid feed
42 which open into a loop zreactor 43. The acetone
cyanohydrin feed 41 connected to the acetone
cyanohydrin workup 30 opens into the circuit of the
loop reactor 43 downstream of a pump 44 and upstream of
a mixer 45. Upstream of this pump 44, the sulphuric
acid feed 42 opens out. The mixer 45 is followed
downstream by a heat exchanger 46 which in turn opens
into a gas separator 47 from which, firstly, a gas
outlet 48 and a feed 4% to a further loop reactor 410

exit. The further loop reactor 410 or a third has a
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20 connected and opens in turn into a heat exchanger
311. Both the heat exchanger 39 and the heat
exchanger 311 are connected via lines to a cooling
vessel 312 to which a recygle line 313 i s connected
and is connected to the lo & reactor 26 in the

acet one cyanohydrin 25 preparation 20. The am dation

dngepigied dondtgucdidhrsb hase aﬂlr@tzetl@@@ reactor 43,

drin feed 41 and

e e ToR et P a0 e e g fpcers a
dyﬁnomﬁthang&uxﬂlm.whﬁmbci&df¢bﬂ¢¢&dabﬁt@ngas separator
%nOhﬁfnnghnwl\{‘géﬁqu?’% %aeé‘s 9181:“@?4 2‘%191“ n 18 1ine

|'60pg react or downst ream of upstream
G5 a m KBkt 45, L@%ﬁ#eanw%#t¢¢ﬁs pggﬁadAHche to the

SRR G2 3G HyR8® 142 10P ey 1Rl p1Ehe Moser 45 is

foll owed 35 downstream by a heat exchanger 46 which in
turn opens into a gas separator 47 from which,

fEilgsiﬂey 5 A gfdfvs OUiHeet élfﬁ:h@ﬂdff iacaf‘@ﬁﬁ'zl 4540 aid Uﬁtf]h]ﬁﬁh a
p actar_41 exi.t. .The fu er | oop react 10
ST A g 155 M ar GOl Hohst FOEET onfe ¢ HEgemic

faor]sztenltoop arehctam 43midér ominke BErt hmnﬂemmadr eapt orthe

?ﬂr\q’da%lg%bq 0410338%{“1%{1;50 &, m 1?%%5&] eé(\@é.}gfe'ﬁy a

as separ at or rom to a
@@ﬂketh%lf@%n@‘l an Iamagidlitien 5 an5aggpholt Hénleat-"_t%r shown

Laadi ng gude 1 e8¢ ebﬁéhga&h@e/ RYEr @laysd S5 HO0/NRA @1@61101
Qa. Figure 5 shows t

e esterification 50, i.n I
dPFerit® | ?ﬂ%ﬂ@l AR &P%naﬁcﬁéw@%nan%r éﬁnm@" & Thpwer
sekpent ,ofanthantankdeal.i nﬁléthﬁ@ﬂeChﬁﬁ 53 t:h:_e connected

wndat 40 o ipto a 3 whi ¢ I
tanllqgh erg%ﬁk ?% add |§n%a§n méhﬁﬁh %&%ghggter
§Hdv,vn viwi tehn @smeaksmgqute lopenssq nntmiﬂtcrwtetdarﬁy% limye of

%%]'aow Ad B8 20. ORENS AUl ot hcalr{ktahf %Sténgoﬂlﬂected

15 region of e tank 53 t ank
t@ me@%@@hoitol&qeurﬁebowméw théhi PRCAG® gnd from

ftMe”th ! arke heat et vabourVilagran §§t ek epektlkddne Hbthe
i catdd by a Jine of " dasfies and dots., Thi's further
of a column 58. In addition, a l1ine for dilute
gsulphuric acid 59 is present in the upper region of the
tank 53‘. A tank unit 510 encircled in a dotted ellipse
igs formed from a heatable tank 53 and 54 with alcohol
line 55 and ester vapour line 56. It 1is possible for
one, two or more of such tank units to follow in
battery-like succession, each of these tank units 510
being connected wvia the ester vapour line 56 to the
bottom 57 of the column 58. From the bottom 57 o©of the
column 58, a high boiler line 511 also leads to the
tank 53, in order to feed water and organic solvent
back to the esterification. In the upper region,
preferably the top, of the column 58, a first heat
exchanger 512 followed by a further phase separator 513
are connected via a suitable line. Both at the top of
the column 58 and in the first heat exchanger 512, a

first stabilizer feed 414 (stabilizer indicated with
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to the alcohol line 55 both fromthe bottomand from

20 the top. The ester vapour line 56 is connected to

the upper region of the tank 53" and opens into a
bottom 57 of a colum 58. In addition, a line for
dilute sulphuric acid 59 7s%resent in the upper

region of the tank 53'. A tank unit 510 encircled in
a“sgb)g 2 26 tehl Elra%eﬁ%r% Isliafmrlg%@xf (rjﬁgac%a i@hﬂ@ireblbaﬁk:ogaded
an Wi al caho i ne an ester vapou i ne

117 PY56Esi bPe £6FT ofB, WISt EHor %f SstL?gPr Ahich
whtd-seritos f alddawdined bqidl@m)eﬁ:lzle&mmcemmct@@ch tof the

thess, ! t i te h

VAT L SoBiRecdl Bietan & Srothdt o1 g whose
Fraret heedpitn on §21lyentheé ingolalivn &8,ts arn@homw eput in
e é&ﬂv&h@oliﬁédglt Qikhe H@a[(kkté?chéﬂgé’f dest opfgRdihe

wat er and organi ¢ sol vent o the esterification.
|¥PRYe GpPertr &di ohle FrerePssl Ylithe Rogruse terter line

coliun 584 %ﬂér@t iheat a&eégha&}gaﬁoﬁ@pf@bl Ovﬁﬂé b¥pant
furt gijé?hase separator. 513 .are connected via

i ne. SBOFARE: fERE 85 SIPEh e ST o§ gt AR g tank
|513 't her fof stheednlexchanger 1832, tankf inst Suabopensr into
f ee abilijz ed with-53 "S,
fur?%er s% %I IerezE"éE’re fe 295%?): ren%)ovalr o?/ng’ rand
taprfsdeld wmtanhilbisedubde stiabi thzersm?@h acriudaverﬁt@m the

L%}Qﬁfdtﬁ% PELYEEL | Zald ony %@Cte?gléoohtEQetf Wihebnters

ase separator 513 i's a scfubber 516 i.n whose 5 | ower

rfégﬁ o PRSI V@nfCLin®@ B kil s and Gpeiy deplier VaRBOUT
sialneensot i Rgish Viendudeat texchengaso bling Feefstheuents,

f th bber, 516, de ester |
e S MR Ehe 6Sfkr RSFRGR B, ThETERER Che

‘aEttbdiifnea39 cexi ting fromthe upper region of the t ank

10 53" or of the tank of the |last tank unit 510 opens
into a flotation vessel 519 for renoval of the solids
g oot | veeie Bhewiubhe Rigutige 6spenhtcaenected o the

the o filQlali0m apsela 549cradepert-Acid Rutd et B20 crude
enters _the sul phuric acid plant 100, ‘and a |'ow boile

Easedr  15°Fi nel 52PShih derductEet hrél‘ﬁ%%\?bdqefgllﬁ}i of a
Genstud UeAl%illation column 62. This column 62 has

column internals 63 and a bottom heater 64 arranged in
the lower region of the column 62. From the lower
region of the column 62 which constitutes the bottom of
this column, an ester outlet 6% exits, opens into the
ester fine purification 70 and hence feeds the crude
ester freed of low boilers to the fine purification. In
the upper region of the column 62, usually in the top,
a first heat exchanger 66 is connected wvia an outlet,
as are one further heat exchanger oxr a plurality of
heat exchangers 67 which are followed by a phase
separator 69. In the phase separator 69, the mixture

stemming from the heat exchanger 67 i1s 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
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for further workup and recycling, enters the

esterification. The ester workup shown in Figure 6 is

connected to the 20 esterification 50 via a crude

ester line 61, the crude ester feed 61 opening into

the mddle region of a vacuumdistillation colum 62.

This colum 62 has colum internals 63 and a bottom

heatlert 68l @rrangedsém: she bpwes tagoonhef etherddiuanhion
Erom.t he | qwer 25 .regi on of the I [

S%Onstlint U?Ecslg¥hé%%otf %r% oghgt ﬁ“%stec%l 5%1%'?1(}%% 28&%%1 T the

;matietiBiaxiars, dpemsedusted-phvessegtcer gbiggator 613 is

%}I{é d OR /0 Rd ﬂ@gge Leeflsntbescrade ot oy freed

of low boilers to the fine purification. In the upper

e BIe P RS WS Uil L1 usual ly in the top, 30 a

first heat exchanger 66 is connected via an outlet,

as are one further heat excha r a plurality of

Hent FagoREnder stBY WA H aPiLio ofed By Epiasdzom the

separat eerk9p 180 tbgephasecsepar dtieti@9attibe modume 71.
enm ng fromthe heat _excha r [ s divi | n
gﬁﬁﬁ%i% &%%M%a%e%ug$ggﬁg % ug%f§¥9§n¢%0§@¥%gﬁgﬁ% %glggd'
iim the Jpper regiioen befngheonfeetellabiohecphage 71, a
$RPALR! Obot Pdmand LRGN BY OUt-dnh LHE URRET rEEULAN & the

the colum 62. In the |ower region of the separator,
digdtidilation golrep 6% | & REERNntSHSd opRPRUY ntld he 74
g@ﬂt%rﬂg‘i&ﬁtﬁ@at %_a;tﬂ @tcgﬂngirfeﬁdwhgehma@rmpm@ﬂ by
ack to the esterification. reduced- pressure. .
G&l5er aPor %ﬁﬁefs é%%ﬂﬁ%%tgﬁaFo Fe ﬁ%%?gﬁxgian§%95h66are
anchretbdda &o 5 ar ededededresersare ngeét2atbm F7glre The
T4t 0 i t ter k
GRS H ST R TORR IR |78y T LIREKERon
odript s sl wetdivur @it tSBET cotaml ¢ nt Brhal $ JreRRding the
iypddie hawernr egben ofcd hendi sthh! atdon gl ugiséiiiation
col_lum boftom heater 73. Fromthe tog regi on of tge _
EFUN af} onTREI GRESFL FCHAR e58Rr Va %ifigdpylizer
eRitesirdy f ipcintheats exthanger s75aikibebets fal | owed dyter

ne (9 "Pre) foriher, beat jexchangers 76 wWolch @18 rron

the line of the further heat exchanger 76, a pure ester

outlet 710 exits. An additional heat exchanger 711 and
another heat exchanger 712 are connected to this in
series connection. These are followed by a molecular
sieve vesgel 713 which has molecular sieve packings
714. Purified further by the molecular sieve, the
ultrapure ester 1is transferred through the ultrapure
ester outlet connected to the molecular sieve vessel

into the further processing plant 80.
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15 connected to a reduced-pressure generator 717. The
outlet of the further heat exchanger 76 has a |ine
from which, firstly, an ester recycle line 77 opens
into the wupper region, or |nto the top, of the
distillation colum 71. Theester recycle line 77 has
a stabilizer 20 netering point 79 which is disposed in

ther esdde mesyedle 1ise 77 upstream of a mixer 78.
Secondly, from the line of the further heat exchanger
76, a pure ester outlet 710 exits. An additional heat
exchargent’ Idyssreeln  anot her heat exchanger 712 are

cynne%%ﬁ&:}g} Cp 1%§leser| es connection. These are

a no ecular si eve vessel 713 which has
ol ecﬂwtfm@wlﬂ&dkﬁMSacﬂidl%rl fied further by the

Ml WALy ST SR 441 apHe exdfed o transTerred

roug e ultrapure ester outlet connected to the

n’fbl ecﬁ%ﬂtslf‘é%/]@l\}é%%‘“elac%b $i% 1 RE¥rt her processing

pd ant BknobyliRefefence muneral list 1 Plant system 2
Sul phuric acid Ii nq}qu Furt her scul huric acid line 4

Spent AT i YHEEW e BT RS 1S Spent sul phuric
a0 d |A¢‘Eﬁ:onaam}(hncﬁlykbiﬂmmqﬂk@ acid line 20 Acetone

cy.ano fyeparation 10 30 Acetone cyanohydrin
A

wor ku tion 50 Esterification 50a Hydrolysis
60 Pr diriredifiatdtoren 15 70 End purification 80 Further
HecessibRlad 90 Finishing 100 Sul phuric acid

pl ant 21 Acet one vessel 20 22 Hydrocyanic acid vessel
60 Prepurification

70 End purification

80 Further processing plant
90 Finishing

100 Sulphuric acid plant

21 Acetone vessel

22 Hydrocyanic acid vessel
23 Scrubbing tower

24 Cooling elements

25 Offgas lines

26 Loop reactor

27 Acetone feed

28 Hydrocyanic acid feed

29 Pump
210 Catalyst feed
211 Mixer

212 Heat exchanger
213 Flow resistance
214 Cooling lines

215 Heat exchanger
216 Collecting vessel
217 Nozzle

218 Cooling circuit
219 Heat exchanger
220 Qutlet



10

15

20

25

30

35

23 Scrubbing tower 24 Cooling elenments 25 Ofgas
lines 26 Loop reactor 25 27 Acetone feed 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 exchifhger 216 Coll ecting
vessel 35 217 Nozzle 218 Cooling circuit 219 Heat

exghangesbi 220i £Ytd&EsS6 - 221 Stabilizing vessel 222
Sgé@hurif acid feed 23dQJt| et 31 Heat exchanger 5

392 X/apBut PREEHE 33 €D 34 Packi ngs 35 Col unm bott om
werh heatiexchanger 36 Bottons outlet 10 37 Pure

pt pdu in 8 Tops outlet 39 Heat exchanger 310
\/gguu%%%%pgxﬁini%gt exchanger 15 312 Cooling vessel

313 Reéypder | fewed 41 Acetone cyanohydrin feed
33 Column

34 Packings

35 Column bottom with heat exchanger
36 Bottomg outlet

37 Pure product line

38 Tops outlet

39 Heat exchanger

310 Vacuum pump

311 Heat exchanger

312 Cooling vessgel

313 Recycle line

41 Acetone cyanohydrin feed

42 Sulphuric acid feed

43 Loop reactor

4.4 Pump

45 Mixer

46 Heat exchanger

47 Gas separator

48 Gas ocutlet

49 Feed
410 Further loop reactor
411 Feed

412 Heat exchanger
413 Gas separator

414 Gas outlet

415 Amide line

51 - Solvent line

52 Amide line

53 First tank

54 First tank heater
537 PFurther tank

54’ FPFurther tank heater
55 Alcohol line
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42 Sul phuric acid feed 43 Loop reactor 20 44 Punp 45
M xer 46 Heat exchanger 47 Gas separator 48 Gas
outl et 25 49 Feed 410 Further |oop reactor 411 Feed
412 Heat exchanger 413 Gas separator 30 414 Gas
outlet 415 Anide line 51 Sa%vent line 52 Anide |ine
53 First tank 35 54 First tank heater 53' Further

tank @sté:ﬁjr\;aﬁ%ug ank.deater 55 Al cohol |line 57 - 56
Ester Caléfur ine 57 Columm bottom 58 Col unm 59 Spent

4 d 1GNNS RSNk unit 511 High boiler line 512
I-Ht &}tﬁhﬁn&ger 513 Phase separator 514 Stabilizer
f5e,5ied ]50 Fur hj;er stabilizer feed 516 Extraction

§oﬁ Vent™ 1S ne 518 Crude ester line 519
H 1ot atTaork wessel

511 High boiler line

512 Heat exchanger

513 Phase separator

514 Stabilizer feed

515 Further stabilizer feed
516 Extraction column

517 Solvent line

518 Crude ester line

519 Flotation vessel

520 Spent acid outlet

521 Heat exchanger

522 Low boiler vapour line
61 Crude egter line

62 Vacuum distillation column
63 Column internals

64 Bottom heater

65 Ester outlet

66 Heat exchanger

67 Heat exchanger

68 Water feed

69 Phase separator

610 Water outlet

611 Recycle line

612 Reduced-pressure line
613 Reduced-pressure generator
71 Distillation column

72 Column internals

73 Column bottom heater
74 Pure ester wvapour line
75 First heat exchanger
76 Further heat exchanger
77 Ester recycle line

78 Mixer



15 520 Spent acid outlet 521 Heat exchanger 522 Low
boi |l er vapour line 61 Crude ester line 62 Vacuum
distillation colum 20 63 Colum internals 64 Bottom
heater 65 Ester outlet 66 Heat exchanger 67 Heat
exchanger 25 68 Water feed B9 Phase separator 610
Water outlet 611 Recycle line 612 Reduced- pressure
hibne §Qa@l§lB@QUa@eeeaﬁ%DPBQnﬁenerator 71

D stillation columm_72 um internals 73 Col um
B&ft ofPREatEFS* 72 PPE ester vapour line 35 75 First
heat exehangenl?’fekur thenaheatr exchanger 77 Ester
gﬁycbg IinE 72 legrn-e58 - 79 Stabilizer netering
B 799 PGPS SEFBFT8GFI et 711 Additional heat
gxchamMgércula? Sihee Weateéxchanger 5 713 Ml ecul ar
ve 7 i eve packings 715
UFS M&?%EE& 14c ggeg%gga ; :

trapure ester —out i gh boiler line 717 Low
BoPl ePldramiwe 2608+r068085t- 5 9 - PCT/ EP2007/ 059112

9&%‘"§1gh boiler line

717 Low boiler draw
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1. Process for preparing acetone cyanohydrin, in
which a reaction m xture conprising acetone and 5
hydrocyanic acid is reacted in the presence of a
cat al in a loop reactor to form acetone

cWard WWﬁ as the reaction 35 oduct, the | oopCTFEHATEP1LZ

havi ng at | east one apparatus for cooling the

repction mxture, at |east one punp, at |east 10 one
apparatus for mxing the reaction m xture and at

| east one feed orifice for feeding hydrocyanic acid,
apetOm&dﬁéb§al@éﬁStprébgrﬂﬂgalasétbﬁéngcyedohydrin in
downstream of the feed o

or boﬂﬁu- 3 E?%%%%%na886§?togeF§5Efl %nggéﬁmﬁglgnd
char actettaechiic  abad ﬁBeHEHGﬂqitlnsﬁhajprﬁgﬂnqg of a

por it Ak dfifed 0op, T gacholoihl el .0l 08sr 8 AN GREERYne

orifi reac i on xture into at | east one
appar atysndrrd2in niad ng-hche nedsdtliash HBAANSE t hdRet o 1@0P

feed ordfics ﬁ&hﬁgegtn%a%thx&{@ca@%ﬁa@%df@& 2coling
feed orifice feeding in acetone or both feed

orifiddse Bea¢$b%%s§l§EH6?dlﬁ§1%?%%&3?ﬁetﬂﬁmﬁreéEdFEGSt
cl ai Msne 25pEhns 6t eFbzethikinbhaind heegat by stiksutedand

| engt It of 576 PRRCECSH RSN E berar EeRtRY LyChogganic
ent ry aatd f i aeetofng hend eagtabpshi xtheecrhndyst beasg fed
one ar Xi eact.i.gn tur

P @ %%Skﬁgag%thggengﬁﬁg Ghlon MXtur&ds@ or

30 nos that the reaction
m xt ur@dﬁ%@%ﬁ@d t3e 3¥ddi ng of hydrocyanic acid
and acetone before entry into an entry orifice of the
reaction mxture into at |east _one _apparatus.faor

R xi nFIHETLaASTH T url® 55340 By ocggﬁr&?g@ff&lzﬁﬁl
t 0 onecloit titee precedisty ©f afed, inchar acpeiinzedni thehdoop

the resid nce t| of th taly e 0
the TeSlAaNGe Ll 18, Of g L0 LRBLYEL bRcH)eoteRatboBe cre
reaction mlxture into at leasgt one apparatus for
mixing the reaction mixture than to a feed orifice
for feeding in hydrocyanic acid or a feed orifice

for feeding in acetone or both feed orifices.

3. Process according to one of the preceding claims,
characterized in that the catalyst is fed in at a
point in the loop reactor at which the path length
of the reaction mixture before entry into an entry
orifice of the reaction mixture into at least one
apparatus for mixing the reaction mixture is at
most 30% of the path length that the reaction
mixture travels after the feeding of hydrocyanic
acid and acetone before entry into an entry
orifice of the reaction mixture into at least one

apparatus for mixing the reaction mixture.

4. Process according to one of the preceding claims,
characterized in that the residence time o<f the

catalyst in the reaction mixture between feed and
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mxing in at | east one apparatus for mxing the
reaction mxture is at nost 10 s. 5. Process according
to one of the preceding clains, 5 characterized in
that the catalyst is fed in continuously or
intermttently. 6. Process &<tording to one of the
precedi ng clains, characterized in that the

terrperr@tﬁfgof_tntmec 10zEeacddonaphxtuEesi Fdheni 90y the
reactor is 11 to 70C. 7. Process according to one of

the prieR@fiify cMHareie cthdtadtett Z6d $n that the
catalyst used is an 15 inorganic or an organic base.
ess accordin ne of t ec -
i acrRTo THeTha EnEocstin y& TREGEFEAdathy Maige,
am ne.clpira:tdriomeds arcdtding the onsteflutte precdgidngin
cl ai ms,.charaed 'ﬁdlﬂﬁbJMtér‘?@ﬁ' on product is
ous

wi t hdrawn cont 1 H y or intermttently fromthe
| oop reactor, the reaction product being cooled to 25

QStem%¥&HéE§ Qéc@r&?né0€o|%ﬂymbprtﬂ@rﬁréééﬂln% claims,
exchangers after | eavjng the Ioog%reactor ro%ess

accor dFHRF 3T I RSH 9, l%ha?%%terF d FR™PERaFYFRe ©F the

cool edréae:aﬁ:cbronnﬂm@tt@t is achd xdbop t readBoan asi dll to
ﬂﬁﬁfs according to Caim 10, characterized in

that t ‘eaction product is adm xed with sul phuric

aC|d 35 12. Process according to one of Clainms 10 or

7, h |
e BAARLIAZES AT INAD S| enachiorthilng vabths,

l1to is used

Procesﬁh%ﬁﬁRﬁ@ﬁ%ﬁFQ(JléhetS@-théhﬁre%%ﬁﬁkﬁs%la$$ﬁg is an
char act@fdzad d ot hat A-Faiy efe the reaction

mxture is wwthdrawn fromthe | oop reactor at at
8. Process according to one of the preceding claims,
characterized in that the catalyst used 1s an

organic amine.

9. Process according to one of the preceding claims,
characterized in that reaction  product is
withdrawn continuously or intermittently from the
loop reactor, the reaction product being cooled to
a temperature of 0 to 10°C in one or more heat

exchangers after leaving the loop reactor.

10. Process according to Claim 9, characterized in
that the cooled reaction preoduct is admixed with

an acid.

11. Process according to Claim 10, characterized in
that the reaction product is admixed with

gulphuric acid.

12. Process according to one of Claims 10 or 11,
characterized in that sulphuric acid with a water

content of ¢.1 to 8% by weight is used.
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5 |l east one point and the sanple is anal ysed
spectroscopically. 14. Process according to Caim 13,
characterized in that the sanpling is effected
continuously or 10 intermttently and the sanple is
fed back to the loop reactdtlafter the analysis. 15.
Process according to one of the preceding clains,
characterized in that the reaction is perfornmed at 15

a EH of about 6.5 to about B. 16. Process for
ptépar FRECEERt BRECEGARGhY iGN i Af FAFCRIECFEAES gitaims,
M Xt ur eheoaPt & 61 Pgd aget ordagnda hyﬁﬁﬂ&yabfc elté d desaction

ot oRiEeb Dy R SRR ar By R ST e SadfRP et
producteaand Dnemhgmhnttheﬂkboptheacsamphas ae | eastlysed
one apgﬁég{ygségﬁl%gfp%lng the reaction nixtuyez at

| east e punp st one apparatus for mixing the
reaction 25 mxture and in each case at | east one feed

OfhTi CBrokOEs T %ﬁ@&&gaﬂ%gdr %yamglacng, a&@é@é@t@f‘ﬂzed in
catal yst, reaction uct bei ng t hd

contlnﬁ%%gl Ll |?ﬁ%ﬁ%ﬁ?$en¥?y ?@Qﬁﬁq IQRﬁqu%ﬁﬂﬁ%ﬁ, or

and th@nt@ﬁﬁit‘@éﬁuiﬂlpdaﬁﬂ wafd esahebyi ig Fd heatloopo the
reactoi beln cool e %gture of O0to 10Cin

one or e\ Ex%ﬁ%%ﬁeggt ?ng adm xed with

sulphurlc aC|d with a water content of 0.1 to 8% by

mﬁéghtprgée aEE8§§§§ga%%pngpgofOtﬁéapgg%gﬁing claimg,

aracterized in the catalyst 1s ]
downst Fleama gt 9@ 1% cbHabf theet§AELEPINYEr BEFEFIT®ed at

acid og ths abd2 48 EBrogesstagcording to Caim 16
or 17, characterized in that the catalyst is fed in

at a point in the |loop reactor which is closer to an
endry prode€e bérthprépacﬁhgn acxtone | eyanhdhgalstinone in

T
feed hydrocyanic acid 1s reacted in the presence of a
catalyst in a loop reactor to form acetone
cyanohydrin ag the reaction product, and in which
the loop reactor has at least one apparatus for
cooling the reaction mixture, at least one pump,
at least one apparatus for mixing the reaction
mixture and in each case at least one feed orifice
for feeding  hydrocyanic acid, acetone and
catalyst, reaction preduct being withdrawn
continucusly or intermittently from the loop
reactor, and the reaction product, after Ileaving
the loop reactor, being coocled to a temperature of
0 to 10°C in one or more heat exchangers and being
admixed with sulphuric acid with a watexr content

of 0.1 to 8% by weight.

17. Process according to Claim 16, characterized in
that the catalyst is fed in downstream from the

feed of acetone or hydrocyanic acid or both.
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orifice for feeding in acetone or both feed orifices.
10 19. Process according to one of Clains 16 to 18,
characterized in that the catalyst is fed in at a
point in the loop reactor at which the path | ength of
the reaction nixture before®ntry into an entry
orifice of the reaction mxture into at | east one 15

appar ahus-d ddadAgidded eaciiam g gtute, |§hé§rac€@§§_zed
30% of the path length_that the reaction m xtur

travelld gfeat the Fé‘é&llﬁfﬁtofl%y%ﬁ’%d@n% aacﬁcdlré{:ndm the
acet onedief BELc bt I yhiiBhO iaN eNbgyr b farceewiry hexifice

reactio xture into at_ | east .one appar.at us

e e LEEEr bROR: Thar B2 M o te DR 8t (Rpbakatus
one offddt amtgih§ tthd 9reachadracteixizedei mhsmattohe feed
reSIden %‘ﬂ'n%ég f gdl% tghy%kdr%c&gﬁl e%g:&”br a feed

m xture ween RTat |'east one

appar atwuis ifasr  rfod nngtﬁ‘—\iialng‘ eakl | oﬁqcﬁbﬁ&ﬁl@r eF s hpthpsfeed
10 s. 2L.¢;Rrcess according to one of ainms 16 to 20,
characterlzed in that the catalyst is fed in 30
continuously or intermttently. 22. Process according

t1® onefcddal mechrdiag?lto chawacteri zadims tbat tbhels,
tenperature of the tion xture t he

react or-3% ?cltfﬁl&e%Slr?a%aEStH]%r Séégéyggcé‘?dlfgegdotlon one =
of d q:cmmtl&rt 22, loghareat et zad vhithathehpath length
catal yst é2§4 @J%)r L BB cut DOLIANLE Qﬁ‘@fy 0{1]?@(5] an entry

organlc base cess according to one
16 to @3 fiachapfactlei i@éci‘—hoflhﬁtleihlé‘eca”‘tf&l%/satt u%%%lstF sone

an 55@1’ It AMEBL. 1d5ei iy OERES l%éQ‘ﬁldeﬂgmlﬁtﬁﬁé ofs at
Cl ai ns to 24, _characterized in {hat

t he ré%b‘-’tq 0RO %mi XE urtd'§ s RRIEPhdF SWACFr did eth%opreacuon
react ati-aturad dPatenst adnerpoiind dredtihg samphgdirscyanic
analy%&%d and acetone before entry into an entry
crifice of the reaction mixture into at least one

apparatus for mixing the reaction mixture.

20. Process according to one of Claims 16 toc 19,
characterized in that the residence time of the
catalyst in the reaction mixture between feed and
mixing in at least one apparatus for wmixing the

reaction mixture is at most 10 s.

21. Process according to one of Claims 16 to 20,
characterized in that the catalyst is fed 1in

continuously or intermittently.

22. Process according to one of Claims 16 to 21,
characterized in that the temperature of the
reaction mixture in the loop reactor 1is 11 to

70°C.

23. Process according to one of Claims 16 to 22,

characterized in that the catalyst used is an
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spectroscopically. 26. Process according to Caim 25,
characterized in that the sanpling is effected
continuously or 15 intermttently and the sanple is
fed back to the |oop reactor after the analysis. 27.
Process according to one of & ains 16 to 26,
characterized in that the reaction is perfornmed at 20

a pH of ,@hoI: 6.19:d0 PUK Srganic base.

24.

25.

26.

27.

Process according to one of Claims 16 to 23,
characterized in that the catalyst used 1is an

organic amine.

Process according to one of Claims 16 to 24,
characterized in that a sample of the reaction
mixture is withdrawn from the loop reactor at at
least one point &and the sample 1s analysed

spectroscopically.

Process according to Claim 25, characterized in
that the sampling is effected continucusly or
intermittently and the sample is fed back to the

loop reactor after the analysis.

Process according to one of Claims 16 to 26,
characterized in that the reaction is performed at

a pH of about 6.5 to about 8.



