- 1 - WD 2008/ 068065PCT/ EP2007/ 059112 Process for preparing cyanohydrins
and their use in the preparation of alkyl esters of nethacrylic acid The
present invention relates to a process for 5 preparing acetone cyanohydrin
and to a process for preparing alkyl methacrylates, in which an acetone
cyanohydrin as can be prepared in accorldance with the present invention is
used. 10 The prepuwsadsien of al kyl met hacryl ates frequeRCIEPWONgLiges at

| east one process step in which acetone cyanohydrin serves as a starting
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- 2 - are compounds which are frequently subject to thermal
decomposition processes at elevated temperature. The
15 main decomposition products formed in this case are
frequently hydrocyanic acid and acetone again, but

-further by-products are also often detected.

The decomposition of cyanohydrins proceeds under
20 suitable circumstances frequently at temperatures of
more than about 70°C. The decomposition of cyanohydrins
in reactions in which the cyanohydrin is an
intermediate or a reactant for further reactions, for
example in the preparation of alkyl methacrylates, such
25 a thermal decomposition of cyanohydrins 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
30 decomposition of cyanohydrins in the course of their

preparation.

US 2006/0111586 Al relates to a process for minimizing
the decomposition of cyanohydrins in the course of
35 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 producgd in the



exothem c reaction being withdrawn m xture. In further devel opments of
formation of so-called nhot-spots" suppressed by virtue of the 5
exceptionally conplex fromthe reaction the docunent, the in particular is
proposal of an the reactants. However, a problemin the process proposed
is found to be that the nmeasures presented entail a high degree of
intelligent control capacity and can aczordingly be exceptionally
error-prone. In addition, 10 there is no discussion of such problens in the
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It was therefore an object of the present invention to
provide a process for preparing acetone cyanohydrin,

15 which can be used in an overall process for preparing
alkyl methacrylates. It was a further object of the
invention .to provide a process for preparing acetone
cyanohydrin, which allows very simple control of the
reaction conditiong and a wvery low level of control

20 complexity. In additiom, it was an object of the
present invention td provide a process for preparing
acetone cyanohydrin which as far as possible minimizes

- the thermal decomposition of the cyanohydrins in a

gimultaneously simple process.

25
" These and further objects underlying the invention, as
are apparent from the present text to the person
gkilled in the art with knowledge of the prior art, are
achieved by processes as described in detail below.
30

Summary of the invention

The invention relates to a process for preparing
acetone cyanohydrin, in which a zreaction mixture
35 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



the presence of a catalyst in a |oop reactor to form acetone cyanohydrin as
the reaction product, the | oop 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
feedi ng hydrocyani c acid, acetone and catal yst, the catalyst being fed in
downstream of 5 the feed of acetone or Bydrocyanic acid or both. The
catalyst is fed in, for exanple, at a point in the |oop reactor which is

closer to an entry.orifi. t reagtion,m x [ a ne
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in hydrocyanic acid or a feed orifice for feeding in
acetone or both feed orifices. At the same time, the
catalyst can be fed in at a point in the loop reactor
at which the path length of the reaction mixture before
15 entry into an entry orifice 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 éntry
into an entry orifice into at least one apparatus for

20 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 wmixture is, for

25 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
30 70°C.

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

35 organic amines.

Reaction product is preferably withdrawn continuously

or intermittently from the loop reactor, the reaction



in the loop reactor is, for exanple, about 11 to about 3070C. In a further
enbodi nent of the invention, the catalyst used is an inorganic base or an
organi ¢ base, for exanple an organic amne or a mxture of two or nore 35
organic amnes. - 4 - 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 invention, being adm xed with an acid,
especially with 5 sulphuric acid. It has been found to be advant ageous in
sone cases when sul ric acid.w q: wat er cont ent o o] 80 by wei ght
is used. In tﬂjéo‘g‘ﬂ%%eggllé%CSP&lﬁa § the “FHEERT 'O 8 SSH’SP & 59 the
reacti on mi xtabeucald ¥e i tdﬁ@ramnnbn-”@rrhlehé bpopangsast gfteroteaxampl e, at at

Ideast one p?lgﬁ@tﬁaoﬂht‘eg‘:@@isf sl_kzrtﬁ saaphe rscanal %ﬁ@g??(ﬁ@g;t r@ﬁcatpé cal | yI
uring or after the Wi ana e sanpling can be effec cont.i nuousl y
or intermttehtYSPERR n@%‘@nﬁdé“l@‘ﬁﬁ %SE’%e(chﬁlck eFBG?ﬁ%ff%o‘iS *teact or

after the Eana$y]sp1mriﬂ1am@1actlltohassbpenf boumdl, td dre exdampkegeats alpH of

about 6.5 t0 ghput.8seL0me éﬂ‘ﬁﬁﬂfz‘&n 2180 11 €hAbE ok B AcBROSAS So OF
prepari ng acetone cyanoh drin, 1n which a reaction mxture conpri sing

acet one and h§dt o & @Yac‘f’teélgbg +3a¥¥Y in the presence of a catalyst in a
| oop reactor to form acetone cyanohydrin as the reaction product, and in 25

whi ch the | oop,regctor.has aa{céoq'ﬁﬁrngo@% marl@lwﬁtieﬁ cooLin 4 er reacti on

m xture, at |east one punp, I"east” one apparatus fqor mixing the reaction
mxture arfd i PheaZR2Ease” af“llxé’é§? GRE fRed W&FPfiF%‘énf SFOH“e&ﬁ’iengl‘?%r ocyani ¢
aci d, acet oneredtaxgt afopstexangdet,i ot 3 pleakwct odei pgin t hidr awimi ch

cont i nuously 28 d LS rgat,@%t i fahg Lbg gg&&f&&gp%alwddwﬁg eaction

- product, after 1eavi ng | oop rea tor el ng cool ed % erature of 0
i £ht

to 10C i n one*Bremtaehett trdat@iger $h8n FHWINGIadit e P huric acid
w th a water cattigniousfly0.dr 3bnterBfotnnvisi gatd The catplygstcans Hed in, for

exanpl e, downgl{ qamyOt ot RRef £68p Ofe AGELONE QL BT OG¥ARIsG acid or both.

‘The reaction is performed, for example, at a pH of
about 6.5 to about 8.

20 The invention also relates to a process for preparing
acetone cyanohydrin, in which a reaction mixture
compriging 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

25 which the loop reactor has at least one apparatus for
cooling the reaction miicture, 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

30 product being withdrawn continuously or intermittently
from the loop reactor, and the reaction produét, 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

35 to 8% by weight. The catalyst is fed in, for example,

- downstream of the feed of acetone or hydrocyanic acid
or both. .



_ 5 _According to the invention, the catalyst can |ikewise be fed in at a
point in the |oop reactor which is closer to an entry orifice of the
reaction mxture into at |east one apparatus for m xing the reaction

m xture than to a feed orifice for feeding in hydrocyanic acid or a feed
orifice for feeding in acetone or both feed orifices, for exanple at a
point in the |oop reactor at which the path length of the reaction m xture
before entry into an entry orifice of the reaction mxture 10 into at |east
one apparatus- for._m xing the reaction nig%ure IS % of the path

at. nost 30
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i nvention'tha I'nstead of a si oop reactor, a battery of two or nore
| oop reactors, for exanple three, four or five loop reactors, can be

The residence time of the catalyst in the reaction
mixture between feed and wmixing in at least one
apparatus for mixing the reaction mixture in this case
20 too, in a preferred embodiment of the invention, is at

most about 10 s.

The catalyst can be fed in continuocusly or
intermittently; the temperature of the reaction mixture

'25 in the loop reactor is, for example, about 11 to about
70°C; the catalyst used in the reaétion may be an

' inorganic base or an organic base, for example an

organic amine or a mixture of two or more organic
amines. V '

30
According to the invention, a sample of the reaction
mixture can be taken from the loop reactor at at least
one poiﬁt and the sample can be analysed
gpectroscopically. The sampling can be effected

35 continuously  or intermittently and the sample can be
fed back to the loop reactor after the analysis. The
reaction is performed, for example, at a pH of about
6.5 to about 8.



10 used in the preparation process. The |oop reactors may, for exanple, be
arranged in series or in parallel. A loop reactor usable in the context of
the present invention has at |least two feed orifices for feeding 15
substances involved in the reaction or required for the reaction. The
substances required in the reaction include, according to the present text,
al so those substances which are not necgssarily spent in the course of the
reaction but rather are necessary for the 20 control of the reaction rates.
These substances include, for exanple, catalysts. The reaction is an
exotherm c reaction. In order to counteract deconposition of the acetone
cyanohydri n 2Betforined descthpsioeast itdre, inkenhéah of reaction is typically
renoved by a suitabl e apparatus. The reaction can be conducted in principle
as a batch process_or as a continuous process; when a continuous process is
preferred, tMEFEEEYon 5% ftrh?qué%ﬁqsfnger fOVRBELPR, a B | BTGt or whi ch
ijs fi t:j ed H)gtmﬂ{lﬁfx@pl’dfafaele}toné\ aad nhdadayramief aaidetbodedeast nich teo t he
esired pro i i i S.ls_of t 1 r ti.an product. is cool ed
at suffici en?féoeéagf%%ﬁl_/’ng‘dtgnl t_ﬁ(gu%?&r e%%%?%gr}%eqaﬁ?fi%%us%g%g ?}t{% fted in
the directi oResfordaaceesdEnoRhpr HAYRAL1qM thdd t iBAteeAeCt eactirdlroduct is
frequently adréogedraddddrgn appaaprdyatsr sivibi bt zesrd Oléhe asweadmge of the
overall yiel dfon.L ne;?arngpef\ire tt%rperee:v%tur “or five loop reactors, can be ‘

10 used in the preparation process. The loop reactors may,

for example, be arranged in series or in parallel.

A loop reactor usable in the context of the present
invention has at least two feed orifices for feeding
15 substances involved in the reaction or required for the
reaction. The substances required in the reaction
include, according to the present text, also those
substances which are not necessarily spent in the
course of the reaction but rather are necessary for the
20 control of the reaction rates. These substances

include, for example, catalysts.

The reaction is an exothermic reaction. In order to
counteract decomposition of the acetone cyanohydrin
25 formed in this reaction, the heat of reactiOnA 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 reaction is frequently performed in a

30 loop reactor which is fitted out appropriately.

A main feature of a method leading to the desired
product in high vyields 1is often that the reaction
product is cooled at sufficient reaction time and the
35 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



deconposition in the course of the later workup to give the starting
materials. The m xing of the acetone and hydrocyanic acid 5 reactants can
in principle be effected in essentially any way. The nethod of m xing
depends in particular on whether a batchw se node, for exanple in a batch
reactor, or a continuous node, for exanple in a | oop reactor, is selected.
10 In principle, it may be advantageousywhen the acetone is fed into the
reaction via a reservoir vessel which has a scrubber tower. Venting |lines
whi ch conductdmeste aJr contal§ acetong e? :ﬂ%:rOQX@R'C Cld can t hus be
15 conduct ed, “For &% OPRFE PhsErvoiT FedSEIP| ROt AtV e Scrubbi ng
t ower whi ch |ShatﬁeﬁﬁeUEI@mﬁﬁélaéServoir vessel, the waste air escaping
fromthe reservoir vessel can be scrubbed with acetone whi ch renoves
hydrocyanic-aggd fronlthe m?st% air ang 20 rec cI%s into the ﬁ%ocess.
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reservoir 30 yessel. iR LBhS-cOHtext, it is possible for each of the two or
more reservoir vessels to bear a correspondi ng scrubbing tower. However, it
is in mam cases sufficient when only one of the reservoir vessels is

equi pped w t hima poinegpondi g seyubbi agvhotegeous vinrs 8he casetond i S,

however, oftep;adussapls £RE eeaeewﬂndwgal &eeér%whvgewp%mﬁte ai r
and can tranﬂgﬁat acet one and é roc ani c aC| be conSucted t hrough this

vessel or thr@fe t$SRRerubhrR Flng %?es'ﬂ¥écpeﬁﬁ§ UEUrE Yt t he
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ar bi trary o angshg i, dadyt Natarke 208h0R8HT $niB LBEeLigut dysidle, at the 5

appropriate tenperature. Jhe tenperature jn the reservoir vessel is
advant ageous| HH%%véFrugﬁéﬁﬁ 0PSB OtRIPDCES| n3ERBCREA ubt? ndR%wer ,. t he
acetone used ﬂ*exsexsmmbblvagséD | stlooolwedtby akansssfapdmgappropr ititee cool er,
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‘about 0 to abo e t enper at ure _of e acetone on entry into the
scrubbi ng t ovEIMTEH hé‘rY@Fé’Fé(aﬁﬁéf epgbtly, £ ?%‘P el ¥sthori 2 t&hbout

20 recycles it into the process. For this purxpose, for
example, some of the amount of acetone introduced from
the resgservoir vessel into the reaction is conducted in
the part-stream through a cooler, preferably through a
brine cooler, into the top of the scrubbing tower and

25 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 Fjust one reservoir
30 wvessel. In this context, it is possible for each of the
two or more reservoir vessels to bear a corresponding
scrubbing tower. However, it is in many cases
sufficient when only one of the reservoir vessels is
equipped with a corresponding scrubbing tower. In this
35 cage, it is, however, often advisable for corresponding
lines which conduct waste air and can transport acetone
and hydrocyanic acid to be conducted through this

vessel or through this scrubbing tower.



156C. The hydrocyanic acid required in the reaction can be introduced into
the reactor either in liquid or in gaseous form It may, for exanple, be
crude gas from 20 the BVMA process or fromthe Andrussow process. The

hydr ogen cyani de can, for exanple, be liquefied, for exanple by the use of
an appropriate cooling brine. Instead of |iquefied hydrocyanic acid, coking
oven gas 25 can be used. For exanpl e, -hgydrogen cyani de-contai ni ng coki ng
oven gases, after scrubbing with potash, are scrubbed continuously in
countercurrent with acetone which contains 10% water, and the reaction to
gi ve acetone cyanohydrin can be carried out in the presence 30 of a basic
catal yst in tTe gesesmegbbengic shemisetoRfetelhe nr8eeTERLY |WRYa Hur t her
enbodi "ﬁnt apﬂargci@%t Ub& Qﬁ'ﬂl’fiinﬁi @%Nfﬁgye@gaamyam}ﬂﬂt&adyi nesigegases,
especially a cru a omthe rocess qr. fraom ryssow
process, canzﬁgﬂ?gfgtégaéﬁEhea%%?%% efﬁgfﬁ%%%$b§é Eégo?éggﬁgggéﬂmi 9 In
the proces$s dagmopsédther ecenmesfadigrce | Bhgi vEATPSrasiTRy aiBVA Brude gas or

an Andr usSow £Jid&d3S vedBe1 088 JardiN SdRBUN, | REwETER) tiisowbayaient i oned
customary 5 p&gg&i%§§ for preparing hydrogen cyani de can be used as such or
[

after an aci ﬁg. The crude gas fromthe BMA process, in which
essentially hydrocyanic acid and hydrogen are formed from nmet hane and

amoni a, cont@j Nghd Ve SHH1%g229%-0Y rhal weRe8he HebEG 7Eo 8% byueidgyre of H2,
10 2.5@6b% vol unme oE NH3, 1.1% by vaolunme of 1'12,. .7@6b§ vol u of CH4. In
t he knowtCAndriusSGR Sﬁoc%%s,mﬂﬁﬁ¥06§hnﬁg 2R ANSt eFCRFEE £ or'td from

met hane and awwopila dnd wempsphériac pheencoTher crudieh ghsing the 3Andr ussow
process, when mped@Ruks b¥ediRwtl e @XY88Hut 10°C. The temperature

of the acetone on entry into the scrubbing tower is
therefore preferably, £for example, about 2 to about
15  6°C. '

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

20 the BMA 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 liquefied hydrocyanic acid, coking oven gas
25 can be used. For example, hydrogeﬁ cyanide-containing
coking oven gases, after scrubbing with potash, are
scrubbed continuously in countercurrent with acetone
which contains 10% Awater, and the reaction to give
acetone cyanohydrin can be carried out in the presence
30 of a basic catalyst in two gas scrubbing columns

connected in series.

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

reactor.



15 source, contains typically 8% by volunme of HCN, 22% by vol unme of 112,

46. 5% by vol unme of N2, 15% by vol une of H20, 5% by vol unme of CO 2.5% by
vol unme of NH3 and 0.5% by vol une each of CH4 and CQ2. 20 When a

non- aci d- scrubbed crude gas fromthe BMA process or Andrussow process is
used, the ammoni a present in the crude gas frequently acts as a catal yst
for the reaction. Since the ammonia present in the crude gas frequently
exceeds the anmount required as a catalyst 25 and can therefore lead to high
| osses of sul phuric acid used for stabilization, such a crude gas is often
subj ected to an acid scrubbing in order to elimnate ammonia therefrom
Wien such an Zmi thecpubbess chesier josl i iexsedprefenencoehds rfcegsaty,

however, to agddid; 30 sumhtablgebasic Latal Vatatkdie dRRE Qad N r@he_cat alytic
amount. In principle, known inor aglc or, or anlc basi ¢ ﬁonﬁoun S_may
function as t¥@° c‘g{’%ufﬁ re I(thﬁg EYRnFife d§16F FRSHFYHUTE form or

a gas 35 A xtprecaesyy ifeorngrepdr bge nhydraogate, cyanddaceannlee aneed exb

continual l'y tguéhl&ppafrt%%cw abRat Ber@tduats @qée Last bisncage, the
| oop reactor corrprlses at | east, one neans f f eedi acetone t or nore
%hfasr?? ‘ga us

such means, BMAOPLOGHESHeddt WHE oG E‘Eem’ ‘%fﬁﬁ%l i
hydr ocyani c alcycﬂrogml tave diormede fsoeh metdnse and atnmbeast coetargens for

feeding a catalyslsy1ay 4ol 99Po) 8ASh e WEeaRNE b1 406, PrRARRR Skenpnt
descri bed furt er conpril ses ¥ | east one %urrp, or two. or rmre pL%S and at
t or

| east oné-%i x¥ mf apparatwief8f Afxi nd-theYediBR Mixtire,? nor e
such m xi ng apgbmat uses. &y.t abire pungs &newnn Andngespbwe aptoq;mﬁ;m,s 10 which

are sultabl e f o5 QOAHLNAChAC r%gkeki QBeClobgal £AGHT AOcHIM Wty i N the
| oop reactor. e I'S a In the | oop reactor refera!gjf%

downst r eam ofar{“‘l‘fé'“ﬁhn‘tf‘ n@l PRNGFAT PXETSH xi T eFENERt 928 5 in the
| oop react or.addrudsew qacideas, degar bedygaat b yebsdare used, ofyyerexanpl e,

0 such an anpuinicd halont0engVerllLal 8044 Oy | SoBapaust Sl ephhpf not

more than™8, Tn part i cul ar an about 7.5 ar about_ 7. It may be
preferred whefPkHEe g iHe t € 158l P LTS £5 8% Wil PYa YAWE 6t about 6.5
to about 7.5,100r sexagphelabeoubt 6CS, tD. Fhout vhIlZmeAbtfe NHat anvél ¢. 3% t he

addition of the catalyst-hnte dfeana co,.

20 When a non-acid-scrubbed crude gas from the BMA process
or Andrussow process is used, the ammonia present in
the crude gas frequently acts as a catalyst for the
reaction. Since the ammonia presgent in the crude gas
frequently exceeds the amount required as a catalyst

25 and can therefore lead to high losses of sulphuric acid
used for stabilization, such a crude gas is often
subjected to an acid scrubbing in order to eliminate
ammonia therefrom. When such an acid-scrubbed crude gas
is used, it 1is then necessary, however, to add a

30 .suitable basic catalyst to the reactor in a catalytic
amount. In principle, known inorganic or oxganic basic

compounds may function as the catalyst.

Hydrogen cyanide in gaseous or in ligquid form, or a gas
35 mixture comprising hydrogen cyanide, and acetone are
fed continually to a loop reactor in the continuous
-mode. In this case, the loop reactor comprises at least

one means of feeding acetone or two or more such means,



| oop reactor downstream of the punp and upstream of a 25 m xi ng appar at us,
it is also possible in the process described to feed the catalyst into the
| oop reactor together with the acetone. In such a case, it nay be

~advant ageous when appropriate m xi ng of acetone and catal yst is ensured
before feeding into the |l oop 30 reactor. Appropriate m xing can be
effected, for exanple, by the use of _aigi xer with noving parts or by use of
a static mxer. Wien a continuous process in a |oop reactor is selected 35
as the operating {ode in the process described, j. y be appropriate to

d t r
exani ne the sfht e G° h@nﬁea@%‘% % uf 85879 nst rI%neSﬁs %%)Seccgurﬁi nual
anal yses. Thibya@fdéeranicheacidiandagévwbohatr, wier esappr opanat eanidt dts  al so

possible to reagl: réd HenkOrShapges dn astatg1{ & t he reaction mxture.
Furthernore, it 1s thus possible, for exanple, to nmeter in the reactants

very precisely in order to mnimze yield |losses. S Correspondi ng anal ysi s
can be ef fectrd]lodprrencnp escbpleanpl ity prrdese eéevent daopril@d t abl e

anal ysi s nmet hads,jane. La5 SxAPLe. 10ELAERsU IR . JEasys eRnt,Qfe the
exothermcity or nmeasurenent of the conposition of the 10 reaction m xture

by suitabl e sP¥ERF0SEEhIBE PEEEESSBE . MEEHEL 2R AWPE hi AT t ATt of
conver si on noned@ridig, wiratuite, aspect swand <af etngrei t shadh beerxifgund to be

useful to detgoing Jhe coUNensi anphilo! Nerd ARt HEMAAIE X Gufiyh the heat

removed fromthe reaction mxture to conpare It wth the heat which is
rel eased theotRi A% . suitate £ole BrFUEingable SEFSHG 0 0P 'S oop
reactor, 20 theaacidammikeaeti bn ten licoppreactete be effected within the
tube systens arranged within the |oop reactor. Since the reaction, however,

is exothermc, in order to, ,
_ The catalyst is added in the loop zreactor preferably

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

example about 6.8 to about 7.2.

Alternatively to the addition of the catalyst into the
loop reactor downstream of the pump and upstream of a

25 mixing apparatus, it 1is also possible in the process
degcribed 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 1s ensured before feeding into the loop

30 reactor. Appropriate wmixing can be effected, for
example, by the use of a mixer with moving parts or by

uge of a static mixer.

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

'_offers the advantage that, where appropriate, it is



avoid yield loss, sufficient cooling and sufficient renoval of the heat of
reaction should be ensured. It 25 has frequently been found to be

advant ageous when the reaction proceeds within a heat exchanger, preferably
wi thin a tube bundl e heat exchanger. Dependi ng on the anount of product to
be produced, the capacity of an appropriate heat exchanger can be sel ected
differently. 30 For industrial scal e-pnacesses, heat exchangers having a
vol une of about 10 to about 40 nB in particular have been found to be

particul arly suitable...The .tube byndl e .h XC .S :US .t h_preference
“are heat excha;lngoer%oS TR htgvereaa%%ubrea llfli?%{ et%f I%\?\ae?%%fghrl%u%abwf i qui d
within a jackdte ftepgedorhmoughrey Fugthernomepeddi A§ BAUS Heesildd edi anet er

gg_cki Pgddensiﬁd&s _@}E&Tplet,lhecc_hefaétéf aﬁisf ehe betueemidevémp pigptisiaycan be
Gescri bed b Whier FRemHBUEH POy 1S ReoeFPect {hat the reaction mxture.
I s conductted t hrough the heat exchanger in the tube bundle itself and the
reaction takegylagRnWhihyi Bnt s ivbebudigreieaheabr example, by

sampling in the reactor loop. Suitable analysis methods

are, for example, pH measurement, measurement of the

exothermicity or measurement of the composition of the

10 reaction mixture by suitable spectroscopic processes.

Especially within the context of conversion monitoring,
guality aspects and safety, it has been found to be
useful to determine the conversion in the reaction
15 mixture via the heat removed from the reaction mixture
and to compare it with the heat which is releasged

. theoretically.

In the case of suitable selection of the loop reactor,

20 the actual reaction can in principle be effected within
the tube systems arranged within the loop reactor.
Since the reaction, however, is exothermic, in oxder to
avoid vyield loss, sufficient cooling and. sufficient
removal of the heat of reaction should be ensured. It

25 has frequently been found to be advantageous  when the
- reaction proceeds within a heat exchanger, preferably
within a tube bundle heat exchanger. Depending on the
amount -of product to be produced, the capacity of an
appropriate heat exchanger can be selected differently.

30 For industrial scale processes, heat exchangers having
a volume of about 10 to about 40 m® in particular have
been found to be particularly suitable. The tube bundle
heat exchangers used with preference are  heat
exchangers which have a tube bundle flowed through by

35 liguid within a jacket flowed through by liquid.
Depending on the tube diameter, packing density, etc.,

the heat transfer between the two liquids can be

adjusted appropriately. It isApossible in principle in -



5 being renoved fromthe tube bundle into the jacket Iiquid. However, it
has |i kew se been found to be practicable and in many cases to be viable to
conduct the reaction 10 m xture through the jacket of the heat exchanger,
while the liquid used for cooling is circulated within the tube bundle. It
has in many cases been found to be 15 preferably deflecting plates, -to
achi eve a higher residence tine and betieer m xi ng. The ratio of jacket
volunme to the volune of the tube bundle may, depending on the design of the

reactor, be 20 _about 10:1 .tg abou ;. 10; the. volume of the jacket is
preferably grg%?ePr?ﬁ%%Stﬁgsﬁﬁbﬂﬁé'é fﬁEngﬁegﬁﬁndFE“fﬁgge&%bng?%e
contents of théfecbethat The heaackeppvaixtveen ihecradacordi shadjalsted with

an 25 appropriaé ?hﬁ_@@' @&Ehaxf@eér exa][rmhg \MdﬂzéSVJ@er,e swé} 51téhae_tnot hend _eaclt i on
tenperature is within a.corridor of. about t o _about ,.Jn particular
about 30 to ahBur-38C "W HATEUI GT u‘ihe\sSt‘(f)%e S}B%rbql%Sth%Og%\atproduct i s
renoved cdntibebus| yefrpvadt Hardnoophe edetber . bIhElepr oduet thes aatkeper at ure
wi thin the abpy, tioned reaction tenmperatures, for exanple a tenperature
of about 35C. The product is cool ed by

However, it has likewise been found to be practicable
and in many cases to be viable to conduct the reaction

10 mixture through the jacket of the heat exchanger, while
the liquid used for cooling is circulated within the
tube bundle. It has in many cases been found to be
advantageous when the reaction mixture is distributed
within the jacket by . means - of flow resistances,

15 preferably deflecting plateg, to achieve a higher
residence time and better mixing.

The ratio of jacket wvolume to the volume of the tube
bundle may, depending on the design of the reactor, be

20 about 10:1 to about 1:10; the 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

25 appropriate coolant, for example with water, such that
the reaction temperature is within a corridor of about
25 to about 45°C, in particular aboﬁt 30 to about 38°C,
in particular about 33 to about 35°C.

30 A product is 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

35 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
Aparticular 1 to about 5°C. The product is preferably



means of one or nore heat exchangers, especially by 35 neans of one or nore
pl at e heat exchangers. For exanple, brine cooling is used. The tenperature
of the product after cooling should be about 0 to 10C, in particular 1 to
about 5C. The product is preferably - 13 - transferred into a storage
vessel which has a buffer function. In addition, the product in the storage
vessel can be cool ed further, for exampke, by constantly renoving a
part-streamfromthe storage 5 vessel to a suitable heat exchanger for
exanple to a glate heat. exchange

|
tenperature. TToTEEHaT etYFD %SFBng??\ap’eg fiti Hﬁé&h Sgtlo a&ﬁ:’iake pl ace
in the storagéuvesigsl. I0 Taddproduct tben beodedyclied Fheo stmrageor age

vessel in any y¥@yei n prhNChLBl e.cddawaverrurichelas een fouRgied bey
advant ageous in sone cases that the %r uct IS re cI eghby means of a

syst em conpos®IFVFHrE of SRBY o072 AEBTEHB 6’%9 PesTETHlch t hat
correspond ngvessaIngtd 5a obuf hablst oneak pemiwtgetlaké@rplaa@@p\lﬁt fvion & he

storage vess%la@é OHHSE 'e&cﬁhﬁ@efem&\éeq{ef&ntatE‘U(auséxyltfaer@ tit%r%lg%r age
vessel into a stabilizati on vessel . The roduct 20 adm xed, t he e with a

sui tabl e aci dCCTRFFAHEETI el i tF HOBBUES ?c’ﬁﬁé}&}?v & (RN A
| oop react or usaddien ranheakenpbxde am ttl’me ptesay vgpsedt.i on contai ns a
reaction mxture in the operating 25 state and has at | east one apparatus

for rrimﬁ%the reactlon m xture. The_apparatus_is arranged sucih that it is
passed t HoughatPYAAt &ifde By Hav¥Credciftbl the storage vessel in

any way in principle. However, it has been found to be
advantageous in some casesg that the product is recycled
by means of a system composed of one or moré nozzles
into the storage vessel such that correspending mixing
15 of the stored product takes place within the storage

vessel.

Product is also removed continuously from the storage
vesgel idinto a stabilization vessel. The product is

20 admixed there with a suitable acid, for example with
H,80,;. This deactivates the catalyst.

A loop reactor usable in the context of the present
invention contains a reaction mixture in the operating
25 gtate and has at least one apparatus for mixing the
reaction mixture. The épparatus is arranged such that
it is pagsed 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
30 mixing apparatuses with mobile elements and so-called
static wmixers 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,
35 other mixing apparatus, spray nozzles and the like,
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



m xture present in the |oop reactor during one pass of the | oop reactor.

- Suitabl e m xing apparatuses are both 30 m xi ng apparatuses wth nobile

el ements and so-called static mxers in which imobile flow resistances are
provi ded. Suitable mxing apparatus is, for exanple, static m xers, sinple
pl ates provided with orifices, Venturi apparatus, nozzle mxers, stirred
apparatus, 35 other m xi ng apparatus,- gpray nozzles and the |ike, provided
that they can be used successfully in a | oop m xer for the nixing of the
reactants. A corr ondln ing tus_can performthe m

oper ati on, ghptg ar g o tgpﬁﬁﬁyen%E%% supply
However, it iEO@@ﬂa1ly1@osslhh@aéﬁd mﬁ@ﬁebﬁedandtnm?ﬂﬁgm?éxunoﬂﬂvhe present

i nventi on, lnc&qa‘e%; hesr enpe4i ”Bf'ésel\f@enlﬁxlf@nﬂ'ﬁﬁ?t antys af e phXathr
resent in the reac |on@xture in the

exclu5|vely b fhe kinetic e
| oop reactor. XWW%I EHng %gﬁ&ﬁﬁt% PHhiITERRE) SRR S Be
utilized, ¥ ortlexakphe;idyemeas ofesdrst i n m}xeersea¢tmqrhen30€tse‘eoflmse of

static m xersgpSuh £ghl %eséégpl STnar mh@e%@ ‘@He%@yalﬂr%‘é’eﬁ@ qper@tiponal 10
el evat ed pressure of" at as% a out 10 ar fo@gﬁgﬁ gat | east about 15
bar or at |ed%tY abdut V?B Gndert LapERat ithg FonSYnWiMHG6t i gni fi cant

restrictions stettike fiiwets oning thApprays | of eusexerfs st iconsi>stranf pl astic
or netal. SU'%@:&'&&)I@ 3] o8 Gref @go@éamheh éﬁlavcan eFQW%naFiVDF PVA

or PTFE. Met m xers may consi st, for exanple ni ck al 1 oys
zi rconi urh® tlei]aﬁﬁélﬁﬁdaﬁaeﬁﬁﬁrﬁ RE. 2t i keAf s ARt &l?l Baxy eFo¥ o> | e,
rect angul ar mixetsast20a¥oeor dbngat ootrheati nesrstl crhouthe2 & desegt iworienf

hydrocyani ¢ agid.-and acelang toqlsg'eﬁt 0pehYANOIVAT LD pragaeds in the

presence of a “catal yst Suitabl e catalysts are in pri nc;% e .basi c
conpounds, f ol eXBAPFRIF R ¢ ARRIPEGHoTHIS TS Brgdinei65siat
conpounds. Suylesalie 2 exsrgl .esSaierldry wpildediase aomnpoindsexsudle,as

amoni a, ;30diga hygp oXiges ol difon %Apg&aszstw hydt oxi gxéeguma , whi ch

can catalyse the reaction of acet'one and hydrocyanic acid to giveé acetone
cyanohydri n. e isli-t abPE | FEAWIS-c Bisi B1ehbo li’ﬂdé’yrsnclﬁﬂ%c,or’fld’tm'

titanium and the like. Likewise suitable are, for

example, rectangular mixers.

20 According to the invention, the reaction of hydrocyanic
acid and acetone to give acetone cyanchydrin proceeds
in the presence of a catalyst. Suitable catalysts are
in principle basic compounds, for example inorganic
basic compounds or organic basic compounds. Suitable

25 examples are any alkaline compounds, such as ammonia,
sodium hydroxide golution or potassium hydroxide
solution, which can catalyse the reaction of acetone
and hydrocyanic acid to give acetone cyanchydrin. The
suitable inorganic basic  compounds include , for

30 example, metal oxides or metal hydroxides, especially
the hydroxideg of the alkali metals or alkoxides of the
alkali metale, alkali metals in the context of the
present text being understood to mean lithium, sodium
and potassium. Performance of the process according to

35 the invention with corresponding compounds of rubidium
and caegium is certainly possible, but will usually be

avoided for economic reasons.



30 exanpl e, netal oxides or netal hydroxides, especially the hydroxides of
the alkali netals or al koxides of the alkali netals, alkali nmetals in the
context of the present text being understood to nmean |ithium sodium and
pot assi um Performance of the process according to 35 the invention with
correspondi ng conpounds of rubidiumand caesiumis certainly possible, but

w Il usually be avoided for economc reasaens. - 15 - In a further

enbodi ment of the present invention which is preferred in nany cases, the
process accordin o the invention w | e perfornmed_usi or gani.c bases.
Sui t abl e or ga?ﬁlcgb UEENSE ST BTG ;ﬂge 18 RheEahitc 18VES 8%%@1% ch do

not. have an aflvepseféenfédienne momyt aseamveritlie epreedss oncerrtliaddi toonal |y,
when the cyanghydihdeRE£HRr 41N HACCHUSaNGR W tdiddectgyerd i BAsks. to be
used in an integrated Erocess | eadi ng further, Ionﬁgxaggtg in_a $rocess for
preparing al k§#148Phfet RESRS At E8SSEarP™s t her M- 1éRove sPF§*F+%m t he
reacti on rd xtcwepamdssédcht doematnbave ameadeactd amifuenaeepndbles not have

an adver se iniﬁﬁ&r&%eon thecstages Leadi ngsdilidienaylS | gnanf urther

enbodi ment of the present 1nvention, gartl cular preference is g\%ven to

am nes as org . e aht'ageou t he
- GRROYAES REERFESheldh ROTM Y De HdahPageBUE g

cat al yst usedis starbeongsni drcahaliystgrespécpabdesan eading. f8uthebl e
exanpl es are §§P°F‘Q§%¥ pL tantiary 20,30 eS;fo’%UChpf‘é%ﬂ iyl amicpe,
di propyl am ne, triet y?am ne, tri-n- prog%/ am ne and the |i’ke. It has been
found to it JBRERETEGHEESI n R opHdife RFt FMREehr &&&HlY i P when t he
i ndi vi dual subsdi@nices Rixktiureol #ed whethétr esotaion aire adeedesathot hat t he

reactants arg,fu pa&&é%'ﬂd Vbl | 1Bt ely Widdh aneatialyst ophi gl pronot es

the reaction, such that, en the need exists to add a catalyst at a
certain tine, St3ecdraysP ferfRerto the reaction mixture such that 30 very
good m xi ng of the conpounds to be reacted with one another has al ready

taken plage: an Lhe :QtbaL: halihodfitdt Xiho bELvesL Lalal YabeAndoh e
reactants 1ikew se takes place very rapidly and very thoroughl , . such that
a nini num t i RATEEESTURTIE LGNt &5 09 1VERgety 881 E6fRpl &t eCRBWBYENI zat i on.
- 16 - exist hedewentd hraaddebhofopadntts flog bLbeanisapiant syhdn ethacet one -
and hydrocyanj id, addi tion LNt .of t al ;t.he_.m Xxi ng
apparatus in %aﬁ?e%yosgp %%%%t g(r; %:]gr Oggg%i:e,caltt%qxgﬁ'beé(éagdevcg%gé&goﬁ{sn inb5
accor dance widhiihe PHIEAPI®N SHREWPIEG% 48 t PRFCIAR 0PTt hESEHYTY on poi nt
of the two reactmnt,s, asetphne and hydieeyabésinme) d, aripreopppanihéyvely close

to one anot her... E%&lgﬁ'?ﬁgl etr{r&@_@go&ji%liﬁ@af%i %}g{af PL.thg acetone may be

separ at ed fromthea bn sit'e rocyani ¢ acid by a distance
which is less than 20% of the total Iength of the | oop reactor, in

particul ar | ess thampebd¥rotiniheot btakatamgideqls tire dceopdanastwith
the present invention when the individual substances

25 involved in the reaction are added such that the
reactants are mixed particularly intimately with a
catalyst which promotes the reaction, such that, when

the need exists to add a catalyst at a certain time,
the catalyst is fed to the reaction mixture such that

30 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
takes place very rapidly and very thoroughly, such that

a minimum time - lapses until complete or largely

35 complete homogenization.

For this purpose, it has been found to be advantageous

in accordance with the invention when certain relations



Thi s arrangenent has an advantageous effect in that, 15 after the addition
of the reactants, m xing of the reactants can take place very rapidly, but
wi t hout the reaction already proceeding sufficiently rapidly owing to a

hi gh catal yst concentration that the formati on of |ocal overheating zones
woul d be expected. It has al so 20 been found to be advantageous in
accordance with the invention when thejdi stance fromthe addition site for
acetone or fromthe addition site for hydrocyanic acid to the apparatus for
m xing the reactants in the ] oop _reactor, which is preferabl static

i xi ng appar a‘?}fl“ss,at %e%‘%e%”el E{E}?eﬂdgﬁgho{‘hgfl %] stjogbot[ﬁe 56%1?%&‘% ut 75% of
the total |engté ofcetivnd oopl repdtaryanic hsidaddilta omddibidregrofund to be

advant ageous ;i SREEGASESst Nahfie tEBNLAXLnal ARarREESEAR itheentsqn when 30
the addition point for the catalyst is seléected such that the distance

bet ween addi tTEHYGint F6F t REAERLES ysttanl®Y hePEpparfid It S xithg t he
reacti on i xtareorndanckewliobptheattoent ioratwhensth80&siditidre slitst amce whi ch

i's between thg addhdi O Pohiind 05bs 38hRCRLRNEr ol saddidde@peP g for
hydr ocyani ¢ aci d, dependi n%égn Whi ch of these, additi %gl nts is closer to

the appar at us”¥HCTHeRLAg BR&Sr eaBFPon AR BV K hef ractYte In
further prefenethenbedicnertspbd, tllee addif ionpsésenfor nvlentaaetortehe

di st ance betv;%fin di t i At a a ; m xi t r ion
mxture in the-l og% r%‘g@?g%@% t he c,al?agﬁ/staﬁ?ﬁfc% at %%%Qt oﬁt?rhe addi tion
poi nt of Y%he RUBIGHERHF BF iRy B0y dhitEagerd Wischegéndis®s FRAMNIZIF of the

two addition gittes tictadl dsegthootthehappanat weaébor M ki noattuiculeact i on
mxture 10 tNedOabeastdhs die AorlBSh ARRHoBUNRPN R FREEEPOUL 20% OF

at npbst about 10% or at nobst about 5%

This arrangement has an advantageous effect in that,

15 - after the addition of the reactants, mixing of the
reactants can take place very rapidly, but without the
reaction already proceeding sufficiently rapidly owing
to a high catalyst- concentration that the formation of
local overheating zones would be expected. It has also

20 been found to be advantageous in accordance with the
invention when the distance from the addition site for
acetone or from the addition site for hydrocyanic acid
to the apparatus for mixing the reactants in the loop
reactor, which is preferably a static mixing apparatus,

25 18 selected such that 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
30 the addition point for the catalyst 1is selected such
that the distance between addition point of the
catalyst and the apparatus for mixing the reaction
mixture in the Jloop reactor is at most 50% of the
distance which 1is between the addition point for
35 acetone or the addition point for hydrocyanic acid,
depending on which of these addition points is closer
-to the apparatus for mixing t_he reaction mixture in the

-loop reactor. In further preferred embodiments of the



10 The above-descri bed arrangenent of the addition points for the reactants
and ot her reaction assistants, especially for the catalyst, has a nunber of
advant ages regarding the stability of the reaction in the |oop reactor. The
sel ection of the addition point for 15 acetone and hydrocyanic acid at a

di stance fromthe apparatus for mxing the reaction mxture in the | oop
reactor and especially at a distance-fngm-the addition point for the

catal yst is advantageous to the effect that, before contacting of the
catalyst with thSe Ay Jr_re\ec&é Q0 mxturg, o xing of égg&t&pteg - &an al ready
take place to PEREH an" &% ]’[nthatt an “already Tar e onogeneous m xture
meets the cat am}slappmhﬁeuﬂ; afgel yipinyenhs thl@@n@eﬁfﬁﬂﬁﬁl é® reb@ ma, which
ensures a m)reogisn farqpdRactiron:aad benee,dresuld s reNadiyh el gb 25 Hdcr ease
owing to a snma | oss of_ ac t ne c%/a?nohé/drl n a.resul t. of dléSOCI ation.

The arrangerreﬂ éb‘f TPhPudH t9on i AT t e Sgt BV ey h e T Hiredi at e
proximty ®f déperndpipa @trusvhmh phethe xiwg afditheny @Qentenlfm kg

addi tional l'y @85%@%ﬂﬁé}'a(§:u%0fBQ”ﬂgﬁé‘Mc}a’EH@r}fégcttlﬁﬁ feRetFOMN AN ptidire with
t he added cat i'§ context been foun

S I'n t as
si gni ficantl y??%%r%‘?f‘é’&%mﬁﬁeﬁfzﬁ??tbnq%% t%ﬁg Pipitd KBRbg? ?Liat%%‘n reduce
t he formati onoofat osalt ebroentdaténmtgradicenbsutn®® can t hus i ncrease the 35
yield. - 18 - |loop reactor has at |east one punp within the reactor |oop.

Ina further enbodinment of th resent invention i s _integrated
into the YbopTreattore HRErFHLRg aF"”P@%T?%%g‘ég EE?V\E@% n}; RAiT5%n poi nt
for the 5 acefone @imel hyehdwmyes c eaci d atdact antescgndnt hesadsliartiton poi nt of

the catal yst. Jh& f8a¢t Ifee Fhxt Hé@aifstPOQJa%dal B8y’ 8ACLGFakthaich a way
t hat the reactloncﬂé‘ture n essen ally 10 umformtegg ature during

the oper ati on*$12%HET oG r éﬁégbjrltlﬁ'h«@ dffer BE 3T Var it it
preferably | essadthan alfbet 280Tgcfioon e)Ca’TrpItéleI esasidllhannabmﬁntm@mfr | ess

than aboufs 5G ey eéﬁaaﬂwré& LeASt 1008 heat, emaeageé e$oRl ranged in the
| oop reactor such t e reac¥| on m xture, in the couyrse of Cg}eratl on,

can pass t hr oRRFPHAE eéaﬁr dXeHAg dl et S PP M HER pas 05t 1979 | oop
reactor. |f apprapm atel ddpeicdadllgoapossidibeahos fwomothed hadbl 2prheat

exchangers i n,Sard e, or h@ E%’té%bsi tg %Ean'anttEl%eFa&éCfcbOftH@ Xt The
cooling is eftfected pre erab nmeans wat ér, gt any other coolant is

al so sui t abl e¥RaF pr BREPEPe FﬁnFﬁ%t%t&ft S hEabREEEht ‘i”rﬁ}’ent'ﬁh@n The
t enper at wee |reddidonecatixtoiren xtiieg sfadihest echdtards a:amrq:iefﬁtdyre bet ween

10 and about Ot bfuda'isouleh bR @:kRERCIALI &0 Bholy dhilpaghout 40C

as described 1nt present text reaction m xture can be WI t'hdrawn
from the | oo BPIeBEEHEr ’Wéﬁt‘%rﬁudﬂ%eﬁﬁ oFRf nC@tRLYEENt IR Shute A er abl y
conti nuousl y.pAevea@et | Ditdll Xton€end tddioawnmdtom t hehich ensures a

more uniform reaction and hence results in a yield
25 increase owing to a smaller loss of acetone cyanohydrin
as a result of dissociation. The arrangement of the
addition point for the catalyst in the immediate
proximity ~of the apparatus for the mixing of the
reaction mixture additionally ensures rapid
30 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 increase the

35 yield.

In a further embodiment of the present invention, it
has additionally been found to be advantageous when the



| oop reactor has a tenperature which shoul d advant ageously be | owered
further. To this end, in the context of the present invention, in a further
35 enbodi nent of the subject matter of the invention, the reaction m xture
renoved is cooled by neans of a further heat exchanger, preferably by neans
.of a plate heat exchanger, to a tenperature of less than 10C, - 19 -
preferably to a tenperature of about-0i140 about 5C. Subsequently, the
mxture is transferred the above- describedstorage vessel by,for exanple,a
5 postreactig& can take p bace eV ssel |s ref& r.abl C|rcul%ted such

T
that a porti oWo8f TRECEENCERL £5 RPR (HdFawn From e Vessel
cool ed by nedwespef Ia ﬁufnhehehe@mbqﬁmmaamgeﬁ tbethéeﬁ@W@ewaﬁﬁﬁeopvedef|ned

for the vessghe fRkpeAa3MheaRatta 0iteo abouit:1 &) Seadttd tHen kakurned into
the vesse 1. The recycling into the vez}sel ?‘ﬂd especi al Lyn,%he feeding into

the mixture dffredBy PredEnt i REHRESRed STt PREFC erltdi fBRt of the
present i Bveratae@nneaaadphgdm@kﬂr;dcsalcadt egdastight ¢ hand ttte sKdddgarof t he

recycl ed matg)r Hiak 4P aglébgag_salrpgg ng of the reaction product present in the
vessel . For éxanpl e, such a recycling of the mixture withdrawn into the

vessel can be effected by neans of an appropriately suitable nozzle. 20
Subsequent | y Theheemat fon ahipresents icooflkdé wesske, readter imnerch &tently or

cont i nuousl y,,.s EEQESfﬁﬁéedrééﬁé&d%'f%ﬁkﬁﬁ%eVeﬁ§§| b Wbl ghaashgbi | zation
of the product takes place. In further enbodi nent of % ]ég zsent
p

i nventi oh® t K&idezBi magxg@iraﬁurg éIPF‘éBEed:b\fﬁ t PR P PRIy with a
m neral aci dreAcsort abhe exapgtaure surphtiogs agre Mﬁaigabéywaegs cont ent

of about 0. 140,301,108 O £X0plif, A0S . Bri ARG BT oabout 1 to

about 6% The anount of acid epends on the pHto be established in
the mixture. 1PES3phARSARBEN F6und 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 2.7 for.exampl e 2. Thectrude acqtonscruanebyds nasnbbe fgaction
produc the loop reactor such that the reaction mixture, in the '

course of operation, can pass through the heat
exchanger at least once per pass of the loop reactor.
If appropriate, it is also possible for two or three
20 heat exchangers in series or in parallel to cool the
reaction mixture. The 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
25 a  temperature between 10 and about 60°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
30 reactor continuously or 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 present' invention, in a further
35 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,



35 is subsequently subjected to a purification. A purification by neans of

a colum, especially by nmeans of a rectification colum having about 10 to
about 18 colum trays, has been found to be suitable in nmany - 20 - cases.

The crude acetone cyanohydrin can be added to the rectification colum, for
instance, in the upper third of the colum. The tenperature of the acetone
cyanohydrin may in principle be about- Qste about 100C. 5 It has in various

cases been found to be favourabl e when a preheating of the product t akes

pl ace. Advant age usI he _product |s gxamlse by means of
heat exchange® %é’ :gurl fft“e‘ap%xéeé F'one ?hgl%%ﬁydrl n drawn of “fromthe
rectification coI um1 In 10 the case of such a heat exchange, for exanple,

aclet Onebcyanobﬁ{lg%é@éﬂttl@ a EE@DQ(E@&W%@ ofs ?t&gﬁhsi@g%]ds tiet halibawe- f rﬁmdt he
col urm bott om.an exchan ool.ed with_the e cyanohydrin
to be purified® ?%r’apetr}ierrpé;iﬁ’trﬁ?? of %%%ef F%o agg)ut 88%8%’&@% he heat

transfer beingosdjasttdensumn ttrite thba%fcet'ﬁma vgamphy##i Breéerebint r oduced

into the col uppydg) HeeUIBLCHO @haut ot hﬁoﬁ@r&ztalﬁpeﬁﬁéur&nténf:wtf@r subj ect
of the invention consists in a 20 roce s for eparl 93[ cetone

cyanohydrin, FAPHHTHYa FattPon T ng" EE St on® afd Wy dr ocyani ¢
acid is reactefl i a tlferphesenbeatf axchaweylst Ea atheoptempera®u¥® form

acet one Cyanoﬂi‘é‘ééﬁr%%i tfae rtﬁ@ctfbggeproﬁ&ctexa%mel rabvmtcb theabo@p reactor
has at Ieast one 25 1lg)arat us e reac m xture..at | east
e

00
one punp,t%t Peast2® }é\f)’ﬁ)airﬁt:%n?% 1%?05% €t HE5P8 tt %ﬁ AEY S %nd i n
each case at ieast tbre vieseelorandd cesperiddadi hlge hyfdeddpaniititaci the acet one

and catal yst, ,feagtd og PLAGHCHRELRY wnt t&i{@mesgéﬁl nyausd y 3B éxr
|nteLmttentIy fromthe | op react or, he reaction pr.oduct ﬁfter

| eaving the I%‘Blboctjé%?é‘ttoro beitfy E68F%ﬂttd‘n§(ef1§f‘r88r ati% 8FEOSTPOHC in one
or nore heat eabérauagiersmcand:mel ngreadiinead wift thsulgelyciledavpdenwiah a wat er

content ofs 0. éné%@s@l%u B Léa@@ﬁorbgﬁbcim fé]se%ftCQ{rﬂatﬂ@@ with the
ri

i nvention that ield of acetone c anogy treatfms& react| on
product as obY%??F‘e]d i FPactdriRhte RHE ecycling o e mlx ur

withdrawn into the vessel can be effected by wmeans of

an appropriately suitable nozzle.

20 Subsequently, the material present in the vessel,
either intermittently or continuously, is transferred
into a further vessel in which a ‘stabilization of the
product takes place. In a further embodiment of the
present invention, the stabilization is effected with

25 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 amount of acid added
depends on the pH to be established in the mixture. It

30 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 cyanohydrin as the reaction product
35 ig subsequently subjected to a purification. A
purification by means of a column, especially by means
of a reétification column having about 10 to about

18 column trays, has been found to be suitable in many



- 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 weight, or about 1 to about 6% by wei ght or about 2 to about 5% by 5
‘wei ght or about 3 to about 4.5% by weight, for exanple 4% by wei ght, allows
~excellent stabilization to be achieved. In addition, such a treatnent is
suitable as a preparation for use in proresses |eading further, especially
as a preparation for use in an integrated 10 process for preparing al kyl

met hacryl at e.s’caisgs\{\hi’l%h’ d% naefg(etto%teepd Jn%rh g)agg‘rqp lc h tbhee a?&cfeté) ng
cyanohydrin i s am dat eﬁ.. € nmeasures pryopos_é/ i'n the context of The
present 15 i nFégt ixartdfacabieabkeloonh ifedi irdranlre  add sdparapesy for

i nproving thetyield din the phoGasseThborcfpRRPaLLRg agetamne aeyapehydrin. The
measures can be enpl oyed in any conbi n@ti on; the t&%‘?“#ﬁ gf é@g present
text explicit CyAPEEYeHE S asde S 2HEAPLSNET ndtT Bns. 20 *PRE  pF dRess

accordi ng Bo fhe Hasvein | varhaws acseepedesh dprndt dgesbe eSprennpbiewi th
regard to theyhagt thatpidndaziparticaul afhy sphbabie fesxddcoppoeation into

a process for _preparin | kyl _.met hacryl at.es. The present 25 process |eads
to particul ar P@V 8? ﬁiﬁ et Fhoh BRGHCyi éISd.pr‘?ﬁ’gag‘F§SeE?ri ﬁ??g‘ﬂl? DN

therefore al sbypmpandeso@ peatesschenger epdhi rgheal kytifstchasegtates, which
uses acetone eyanSRyaiM. d@nCak rberght ehoet it ACeRLEaNEs1 Wt N e present

invention, in_at |east gne step.., 30 Variousprocessel enentswi || beillustrated
her ei naf 59, GAFCRAEENCF nSpTR nel PPt He-Uifiered Ak CRAPRLS pr BSEHRPS nvent i on
i ndividual |y eyamshydrignserithe of twoperammre off t kboproce8s°@l enents
mentioned. |ny$eABr3m Cas8R%h ItheMYoPEmRdusuREeOUSaWhen t he progess
el enents presented in the grgsent hte t are conbi ned V\11t$ t he gr;;sent
invention in SOER Sy CPRATY t Hey Mar e T oABTHRY o CEPEPIY P51y & rocess
for preparingresigied ofo a temperature of about 60 to about 80°C,

15 the heat transfer being adjusted such that the acetone

' cyanochydrin to be introduced into the column is brought

to about the same temperature.

A further subject of the invention consists in a
20 process for preparing acetone cyanohydrin, in which a
reaction 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, and in which the loop reactor has at least one
25 apparatus for cooling the reaction wmixture, 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
30 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 éontent of 0.1 to 8% by weight.
35
It has been found in accordance with the invention that
the vyield of acetone cyanchydrin treatment of a

reaction product as obtained in accordance with the



- 22 - methacrylic acid or a process for preparing nmethacrylic acid.
However, it should al so be pointed out that advantageous effects can also
be achi eved when the subject natter of the present invention is used as
such 5 in another environnent or is conbined only with sonme of the process
el ements presented here. ACH workup 10 In a further process el enent which
can be used in connection with the present- i nvention, acetone cyanohydrin
whi ch has been obtained in a preceding stage for exanple fromthe reaction
of acetone w th h%ﬁ %anl aci d ected tq a dlstlllatlve 15 wor kup.

The st abi | | 2eH EPEAR SERLBAORy Hibhy dRHREEE 1P A5t o aREh | FRGE?
constituents bygnpeansodf Calcdiar eSpordi ngighht unbor Aezaimleh| kandirst id | ati on

process can bgagcepduchedntf 6k %Zé%[lE' &. 5%&%@79%@ R8E5150! UgR.
However, it is_|ikew se possi ate puri |c°at|on of

in ap ri
crude acet one®B9Bhohyd? i #P°40 Gi.fsg’yaw@éﬁﬁlzn%tfl%??‘%f 36 8P°Hbre® dv%ti |l ati on
col ums, & sowebght ned a\bd;ttrt ad fab | alogatf 14 Aevaporasiobt., Epraddatpbs, two or

nore fal |ing- il IBEVaRIEREOT Sa Dol SExEUD: Ot n@&ab@w&ééi&{' @8 ¢l utms may
be conbined 25 with one another. The crude acetone cyanchydrin comes from

the storage tB FheVed st 13090 Fendrah @ i8R tHPENpEr SEHFPEE 2bout 0 to
about 15C, foa examslretdohenfier atisee iof pbowdsdes301lé¢adapufutiter) n

princi pl e, thssﬁé&%ﬁpeigng C@&%@%&L}é@ébﬂ G32R hed | N4 odnced diracldy into

t he colunn However, 1t has been"found to be useful in sone Cases when the
crude coot® acBYRFRST yeito RIRAT1ngy 2k %hsMeFhar @t egx cABRNYRICHF 3%t t akes
up sone of the heat oftephe BF peodusie al tieadycpushd | edatyhyelirsitn [1aati on.
Therefore, inya firdper enbodi ment of the process described here, the crude
acet one cyano%ydrl n 1's heated by neans of a heat exchanger to a tenperature
of about 60 to 80C. - 23 - The acetone cyanohydrin is purified by
distillation Tiye maSunésagiio@bistatn‘jmntml epntéavi of mMite pheasedi0 trays,

or by means of, IbtaltJnerT 14996 BBEE 2n&RH{RRAANL g&eragp& XY

distillation colums eco oftomis
has been fountP¥ ol Rt ht e dﬁse]\ﬂwelﬁl tHe %W&WF@n‘S@FaPE?%aW& not
exceed a tenparatattee ofaddiiifdrignodrlye ehdssanes gead er | dnpdatyiedn drave been

achi eved “henaﬁ§maégMHfﬂghlon, the teaching of the present text

explicitly also encompasseg such combinations.

20 A
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 present

25 procegs leads to particularly pure products in high
yield. Thé present invention therefore algsc provides a
process for preparing aikyl methacrylates, which uses
acetdne cyanohydrin, as can be obtained in accordance
with the present invention, in at least one step.

30
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 procesgss elements mentioned. In gome

35 cases, it may be advantageous when the process elements
pregented in the present text are cowmbined with the
present invention in such a way that they are combined

overall to give a process for preparing esters of



10 tenperature is not greater than about 130C or not higher than about
110C. The tenperature data are based on the wall tenperature of the colum
bottom The crude acetone cyanohydrin is fed to the colum body 15 in the
upper third of the colum. The distillation is performed preferably under
reduced pressure, preferably at a pressure of about 50 to about 900 nbar,
in particular about 50 to about 250 nban and with good results between 50
to about 150 nbar. 20 At the top of the col unn gaseous inpuriti es,
especially acet one a(r;i %drgc ani_c aC| d are. errgaovaerc_glmttttnetE§ fd gaseous
subst ances ar & ool e llS:y FE8nSTof BRE TRt exc‘% ger or 5 Bartery y of two or
more heat 25 axthandewsvePr efir embouild e ber epentsd ngubri Battool i ng
with a tenperactw&ayeoaQOUéf@eé@s abaut 406 Bl Saghi/@é;ec! hohgase&w
constituents of the vap: urs g opBortunlt totcon ense. fir

condensat i on SLAHE M ﬁﬁe %I 88, F%?ere&at\%ﬂeel &8 sfahlia da%r%% re. 30
However, i% |;snec‘qua:lhe,r posrslrbheeahdoha:'w brapiredghdnily bathdsem: agfeous in
some cases Whel thickeolisr 8t cfOREENSAdOR 31t Bl S ef fected under reduced
pressure, preferably at the pressure which prevails in the distillation.
The condensate is passed on into a cooled 35 collecting vessel and

col |l ected t hex@®H atorkupenperature 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 flrst conden atlon step are renoved from}the re;&cjed ressure
chanber By nedhs 2of "W NREUURTBERPS 1STEPFERRci PR afp™ gﬁn'p”can be

used here. I—mt&mctnbmt wash beethef oupdesenbe aldvemttagmous acetnmmy cases to

use a vacuum pumniGh, MY Hasl IS.LeSi@Raide8S N0t J egdedOaiihe
introduction of liquid inmpuriti eg into the %ﬁ}stre m Prefere lptﬁt

therefore gi viidfer 0% of* TR o LHEI R OPuifi niefF SFEEGunY
The gas streahydMuoqztanescapesdon tibe pubgsatedsi de oh tldespuh?patwsreconduct ed
through asfurt&%tupheathgxmmqaz@@' chrd® PLebesad! Bby%%%h%r%t hprine at a

tenperature of about O to aboy Consti tuents whi condense 15 here

are |ikewi se T89%ctodd |1t‘P“’t'ﬁ’é’lioP9ecFPﬂﬁtt/"e‘é%’E?S V\/rt?ich maﬁf"’}né’adffcolq ects the
condensat es chtiespdndider codcnnm donguitaris dhet thimersatporceser f or ned on
the pressure gjfe,of céﬁﬁuc\!@&&'umff&‘m&:&%lge QJyf epleds Ler o%&?”ﬂirf‘e by a

heat exchanger, but also wth attery 20 of 'two or nore heat exchangers
arranged in AR - nHRYFYFF el . 1€asé6us 1ikpet smceRoF RSt ngMaf t38F this
condensatioon sieppateteepprediantdiaendit orady boetdee uyaholzadtion, for

exanmple a therjmal utili @6&191@1(?1:%%0Th8f00£x¥§0t&d GRIEENYE 3t 5 J@y,,] | kew se

be utilized further as desire wever or _econon ¢ reasons, 1t has been
found to be SALUERS!yaE0ascEgeBad Pathedydrdling- EbHHeRYaRYS ¥ 0 t he
reaction for mremdiut@zacetmeocyarmteydfanmﬂufa1ms eafat;eﬂtaedrarej‘xerabl y at

one or mor e 3 oinlcs. i gy enables ackess (oalied 9a8 cfad&%%baﬁne?ﬁey do not

‘condensates may 1 n princi any corrp05|
di srupt £Re p‘tleé’apaﬁlolnoﬂtelthe acetone cyanohydrin. In many cases,
predom nant- anount of the condensate wll, however, consist of 35 acetone

and hydrocyanic acid, L. SXamRl & A 0LAn L2kl 8L n b, it o about
1: 2, frequentlylnaraloo it 1!
the distillation generally with a temperature of about
0 to about 15°C, for example a temperature of about 5
30 to about 10°C. In principle, the crude acetone
cyanohydrin can be introduced directly into the column.
‘However, it has been found to be useful in some cases
when the crude cool acetone cyanohydrin, by means of a
heat exchanger, first takes up some of the heat of the
35 product already purified by distillation. Therefore, in
a further embodiment of the process described here, the
crude acetone cyanohydrin is heated by means of a heat

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



- 25 - The acetone cyanohydrin obtained fromthe bottomof the distillation
colum is first cooled to a tenperature of about 40 to about 80C by the
cold crude acetone cyanohydrin fed in by nmeans of a first heat exchanger.
Subsequently, the acetone cyanohydrin is cooled to a tenperature of about
30 to about 35C by neans of at |east one further heat exchanger and
optionally stored internediately. 10-AaBdation In a further process el enent
as frequently provided in the preparation of nethacrylic acid or of esters
of nethacrylic acid, acetone cyanohydrin is subjected to a 15 hydrol ysis.

At different tenperature levels after a series_of reactions, this forns

met hacr yl ani dBR@s2eHOTs ORIy REanr ddcPHERTLRA PPHughtt Bt Pn BY manner
known to 20 theses skifl leddibtibBatddn byoautneatisvangbeatoveenchanceartt r at ed

sul phuric acid _and aceto cyanohydrd n, T, tign iLs.exofh i.C, which
means that heat ot ré’gtctlggn rl}{%nagd]v%rﬂ aaeoﬁ%-fg&%rrggedlc??omg% hgr(ds?fstem 25
The react i%n ¢rreeapswddéng ggarabbe PpeiFiddatdonncalpaehwiie §is¥lss or in
conti nuws prevessesis Theakasit gire&@&gb;gyn Wieundsgearhe melvaabageeus in maPy
cases. en the reaction is. perfaorned i ntin p e use o

| oop reactor sthcﬁgé b%%n%feouan FGHE tLe E‘F% %&erh%%og%tﬁgﬁgﬁant% ef f ect ed,
for exanpl e, doesonigr ereekdop Feapebrtundwdydrd0°ft #a9A belafmegeous when
tEe reaction '&@ﬁ%ﬁﬁ{ﬂﬁ%di@na 1{;@&% eb¥e®f abWheGEd Mahen! aoR rkﬁﬁﬁidﬂff 3. 35 In
t he process descri a suitable | oqp_reactor has,one Qr re feed points
for acet gf?e iﬂ?&ﬂﬁg}l}rﬁ Jo%enco)g nor e éfedé]lﬁ)ao][l1 ntago 5r rh(;ejooné:en lfatnéjg sul phuri c
aci d, one or mimhemahasephpratot$0°Onelhy tepperhbare efebmmye Paied - 26 -

‘one or nore MxXehe whhe hydpokmsi% off aset estudyaRaftyd.in Wi th sul phuric
acid to give nethacrylam de is, as already described, 5 exotherm c. The

heat of reaction which arises in the re_act‘i on nust, however, at | east
| argel y be witheircawdef peptohe syasramdriinde £he ypekrlde f ePlwnmikaslyi ncr easi ng

tenmperat yise ifh thee reasdd othitd &6 PRSSES @i Bid ngiple T iaghisgve a rapid
and conprehensi v, regpvgl 19 0 thedeh_eajcte ufc r.eact isolrll gvithr ra%gri at e heat
exchanger s. I-%?/Eie%f“,e i PEREGZAPSH B arlsaéi\?a Fag&5us o’ o&%e Mi xture too
greatly, sinceE aasubfeerent heat aboansf 8P ito r edpoited 2P drmkaspr opii at e
exchange at thg-heah exERRgerse Soncddte ¥i6 Gt Yasd thennigdodr e
results between 50 to about 150 mbar.
20
At the top of the «column, gaseous impurities,
especially acetone and hydrocyanic acid, are removed,
the removed gaseous substances are cooled by means of
one heat exchanger or a battery of two or more heat
25 exchangers. Preference is given here to using brine
cooling with a temperature of about 0 to about 10°C.
This gives the gaseous constituents of the vapours the
opportunity to condense. The first condensation stage
may take place, for example, at standard pressure.
30 However, it is equally possible 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
35 collecting vessel and collected there at a temperature
of about 0 to about 15°C, in particular at about 5 to
about 10°C.



15 rises greatly with falling tenperature, the circulation in the | oop
reactor is firstly conplicated, and sufficient renoval of the reaction
energy fromthe system can secondly no | onger be ensured. 20 In addition,
excessively low tenperatures in the reaction mxture can lead to a
crystallization of constituents of the reaction mxture at the heat
exchangers. This further worsens the -heat -transfer, as a result of which a
clear yield reduction can be 25 detected. In addition, the | oop reactor

cannot be ch ed with the t i nal S ,Qf ac ug tthﬁ% t he
efficiency o?f%egp?fsgg%%s Cs?gfgj élggso%@% : d?n I{c?ﬁce %%g% |Srfe;ntggof t he
process, a pofiisn, cprédrgailion 3etehoaret WETEHEAIS PR dBBut et quarters,

of the vol umg4d owideat eHar@ara sl eagnal aset oge oyamehydsiop.i s imtroduced

into a first loop reactor. A first loop reactor f ly. e or nore
heat exchangeﬁ?]%l,rpcolr?gedr e & PUs, P 0e G ?rgber eu%iiﬁég% elﬁr(\ga}nsvseolla}nd one or
35 nore g&s sepakrag obeen Theurd riewl hei aAvarEagaaswhire MaIws Sasesodgh t he

fi rfst Igfp reard of \%:@11.?{ g%%rpamr%igom%ngaggeieg a@@%ﬁn,lglﬂsésprﬁﬁzo n8/ h, f
preferably in a range .o t and.nore preferably in.a range o
about - 27 mefs%a'i% i Jr%tﬁ?d%lcrrrlgﬁ 8 ES5ESoATPY I e Ji%%’pncrhgact or

whi ch fol | onspashestiesn. | Gopferapter igt htherefanat govent heams

preferably in.aArge +8f nabeytaAP- L &rAS FBLRumbbefy.ably in a range of 50
to 400 n8/h and nor e preflg?labﬁe in a range of about 60 to 350 nB/h.

Mor eover 1l preferred tenperature difference over the heat exchangers is
about 1 to 10@e paas i stkesmpwkieherseabesngngivhen mresgbyat sideo SAC. 10 The

acet one cyanghydrh s an i dbRfddieidpleBeghed iraenthentoopetaciqyr at any
poi nt. However,, |ht has been % und ti a]e agl\{aﬁt ageous when thre tfuereed isinto
a mixing el efBhtCh it PE-¥nf6°a i Xé& Fh™%ovi ng pafRs i d static
m xer. The sufphairdwr agi toi shadvadtiageodonytiBudérik | vhigst ¢egarsfe t he
ace]E Ong Ciﬁanqn%%{] l Q,r@d@&kgefse Oc@%tl)é’lcﬁéd it Itthe hoMEMAILidg ke g possi bl e
to Teed the Sw"fqi%huréfreaa%y éoqloecgtse tl’?g pcggggéggteas',t c?bryai%%dntdnder

vacuum conditions. The condensation performed on the

pressure side of the vacuum pump can be effected, for

example, by a heat exchanger, but also with a battery

20 of two or more heat exchangers arranged in series in
parallel. Gaseous substances remaining after this
condensation step are removed and sent to any further

utilization, for example a thermal utilization.

25 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
cyanohydrin. This is effected preferably at one or more

30 points which enable access to the loop reactor. The
condensates may in principle have any composition
provided that they do not disrupt the preparation of
the acetone cyanthdrin. In many cases, a predominant
amount of the condensate will, however, consist of

35 acetone and hydrocyanic acid, for example in a molar
ratio of about 2:1 to about 1:2, frequently in a ratio
of about 1:1. '



The ratio of the reactants in the |l oop reactor is 20 controlled such that
an excess of sulphuric acid is present. The excess of sul phuric acid is,
based on the nolar ratio of the constituents, about 1.8:1 to about 3:1 in
the first |oop reactor and about 1.3:1 to about 2:1 in the |last |oop
reactor. 25 In sone cases, it has been found to be advantageous to perform
the reaction in the | oop reactor with 8ch an excess of sul phuric acid. The
sul phuric acid may serve here, for exanple, as a solvent and keep the
viscosity 30 of the reaction mxture |oO ich c e a_hi r renoval
of heat of readti M &Y ﬁg&éf%ﬁp%?%giﬁ%gn)It?h§%$e§§#%§ﬁ %?x%ﬁ%e. Thi s
can. entai | si@ghétillaitiopn ebduadyant ipest Mrlakiseratterecratihe Pacti on
mxture i s abgutu©0 400 8BO0WLAROCg038 T hert reravalride engdtefleby one or

nore heat exchangers.in t |.oop reactor. _t s been found,to be
advant ageous Wﬁ%ﬁo i e d e%@h%ﬁ’g&e?nﬁa\?g & sr,}ﬁlirtsgb?lgat- €3ghandehsor system

for contrd | i sigbsdmpieaadlyi, ng-hrer foetheme ecyanonyidrin oipr epeAedexXcessdi vel y

great cool i nge ofiod N S84 oLt 35 erborpblie akere telnd geasons. For

. exanple, it nay Pe advant ageous to measure the heat transfe indthe heat
exchanger or }?P?%eo%aﬁu’é&ﬁ?aﬁtfé% PEHREIEY 56 nt°p<§r1°88ﬁ?¥nﬁ%ﬁ§?y and to

adj ust t he coohtemgnegrirsftedigance of the heat exchangers thereto. This can be

done, for exanple, via the coolant itself. It is equally possible to

achi eve appropriate heating 10 of the reaction m xture by correspondi ng

vari ati ori“gf &E&%&I’&E\i on of the reactants and by the generation of nore

heat of reaction. A conbination of the two possibilities is also

concei vabl e. fhe,l 999%%%@%&%8%@9@1@@@ ol ieRays ptol-e@asd one gas

separator. 15 One net I's to_w thdraw g\r,oduct, for ITEdfCOI’ltI nuousl:y from
the loop reactlf PrePRRREHRIL S&p TYALGt RS et ho8Ti STHRFE tBF Wi t hdr aw
t he gases formethdarywllie meadti anefowsn ¢ymnolaaitinon sckahbectedheo gas f or med

i's mainl y caron Mooy dea. The freoduet Wddhamel 1 08vdNe 2@ ckeopar eact or
is preferably transferred 1nto a second_| oop reactor. I%hls second | oop
reactor, the FY&ERT off nF KRG ¥ EONpHRLT n§OEHT pREFRec R aPidsd 3t hBRryl ani de,
as has been olt@dured by the reaction in the first |oop reactor, is reacted
with the remaining part-stream of 25 acetone cyanohydrin. In this case, the
excess of sulfhuri c acid fromthe first | oop reactor, or at |east sone of

the excess sulBhuFEEChEPH, 1Pedfuglt haPRRE addt ohe "EYRABhYTIAH tB°f or m
further mat haghiydanmdellltde perf aheaneetof byhe ar eaekicohonn babween nore | oop

30 t h t . QU t heo hut L6 oRGhH: £ i
reactors @&é&%&%ﬁnh%g%u% ngfgl}%h Dee Ul PNUL LG ACHH; gXCESS (N

the first |oop reactor, the i1ty of the reaction"m xture and hence
the heat tranBterraaetifn i hat EKPLERENT ol HhAFR fRARSVEE2t 18k ot at | east
one m xi ng el a@ftiomtisl aastneagededly axuargeErandtiad 3&ste@ast one gas
separator are arranged in the second | oop reactor. The reaction tenperature

in the second | oop reactor is |ikew se about 90 to about 120C. ’
25 The reaction here too can again be performed in a

batchwise process oxr 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.
30 The reaction can be effected, for example, in only one
loop reactor. However, it may be advantageous when the
reaction is performed in a battery of two or more loop

reactors.

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

or more gas separators, one or more heat exchangers and



- 29 - The problem of the punpability of the reaction m xture, of heat
transfer and of a mninmumreaction tenperature occurs in every further | oop
reactor just as it does in the first. Therefore, the second | oop reactor
too 5 advantageously has a heat exchanger whose cooling performance can be
controll ed by an -appropriate sensor system The acetone cyanohydrin is
again fed inin a suitable 10 m xi ng-ebgnent, preferably into a static

m xer. The product is withdrawn fromthe gas separator of the second | oop
reactor and heated to a tenperature of about 140 to about 180C to conplete
the reaction %ﬁ%‘ﬁ%“FﬁefBFg$¥%e met hacryl ani de. The heating is preferably
performed such that the maxi numtenperature is attained only for a m ni num

period, for Wh@dwiy@lél Be Qfccabodt QpsdNyauER tA 20 abHudQ m nutes,
in partlcul ar for a aﬁ out two fo about elghtaoé) bout three to
about five m?ﬁﬂtdestoTﬂ?'gecQﬁ ACPAHEDS ¢ De & £ 3ETRFY 9% fpeﬁ%r atus for
achi evi ng ssucdxetHeemper. atTree Hemrt saf hraashooen wlamzlmdarﬁe@s exarm;lf@ t he
energy can be.suppldrednidt 2 r&e%@ver&ttl onal sy 1% y ]fé eﬁtmc%!wnenergy or

by steam However, it iIs equall pos i ble er means of
el ect romagnet #e°t afd?eaﬁyogriﬁemf'ormé’fﬁnﬁ & P.ffreﬁrga% Pg? hﬁ?/‘ée? %‘é
vari ous casessgengerdasirbeerinf oung t ordeetiddnant dgeous Wrmsﬂlﬂnéeheam ng step

is effected %C Wi, t g hd St gendisangenent of
tube coils \Ahé}cl}%lér}gﬂtepre re]dr 9_%(,e I}P%\ggnt%h?n%gﬂég% eéélzﬁ dou | e, opposite
?}?rﬁ?e

arrangemérft . i stlﬁ%at bephe r° actlf‘?ﬂ?tﬁ'Pﬁ ure- o35 3RRARFIES rature of
about 140 to eﬂ;&ﬂﬁngea:s30HoweOer:ondtlcmayhelseabe| dmsmdwxantra@etolmsowg:h a gas

separator af (&l L Layss (e {dd Shrddig, Calinden 4 NEuf1oRl: xChanger. This
can renove, for exanpl e, gaseous. conponénts forned durin the r%actl on from
tl1e reacti on transfer is required for appropriate exchange at

heat exchangers. Since the wviscosity of the mixture

15 rises greatly with falling temperature, the circulation
 in the.>loop reactor is firstly complicated, and
sufficient removal of the reaction energy from'vthe

gystem can secondly no longer be ensured.

20 In addition, excessively low temperatures in the
reaction mixture can lead to a crystallization of
constituents of the reaction mixture at the heat
exchangers. This further worsens the heat transfer, as
a result of which a clear yield reduction can be

25 detected. In addition, the loop 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
30 about two thirds to about three quarters, of the volume
flow rate from a stream of acetone cyanchydrin is
introduced into a first loop reactor. A first loop
reactor preferably has one or more heat exchangers, one
or more pumps, one or more mixing elements and one or
35 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



5 mxture. It
separator aft

nore than 100C,

is equally possible to treat the reaction mxture wth a gas
er it leaves the second coil. It may additionally be found to
be advantageous to treat the reaction m xture with a gas separator both
after it leaves the first tube coil and after it |eaves 10 the second tube
coil. The am de solution thus obtainable generally has a tenperature of

typically a tenperatuw ef. about 140 to 180C. 15 The

gaseous conpounds obtained in the am dation can in principle be disposed of

in any way or,
-in some cases

transported f
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be advantageous
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st@0 360 mifthacryl ani de
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vhefetdres3bedapegivenatd abaus petborted in at | east tvvo

successi ve tanks, but, for exanple, also in three or four or nore

- successive tanks. In th|s case, g sol ution of nethafrygan”ge |s |ntroduced
vdri e

n can 1in princip
the loop reactor at any point. However, it has been
found to be advantageous when the feed is into a mixing
element, for example into a mixer with moving parts or

a static mixer. The sulphuric acid is advantageously

-fed in upstream of the acetone cyanohydrin addition.

Otherwise, it is, however, likewise possible to feed

the sulphuric acid into the loop reactor at any point.

The ratio of the reactants in the loop reactor is
controlled such that an excess of sulphuric acid is
present. 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
excess of sulphuric acid. The sulphuric acid may sexrve
here, for example, as a solvent and keep the viscosity
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 1is 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



- 31 - first tank of a battery of tanks conprising two or nore tanks. It is
frequently preferred to performa corresponding 5 esterification reaction
with a battery of two or nore tanks. Reference will therefore be nade

herei nafter exclusively to this variant. In the process described here, it
is possible, for 10 exanple, to feed an am de solution as obtainable from
the am dation reaction described here-izste a first tank. The tank is

heat ed, for exanple, with steam The am de solution supplied generally has

an ol evated {SIRELRl ure, of OF £XAURlL gof | SUPELAl VR 010200k 100 15 about
eX era e

180C, essenti &f y ‘corfespondrng Re
sol ution froniRherderd&oi cmferV@aJ@t |@Wepﬁséé’@ﬁufe(ﬂr§l§‘(§vé3°0ﬂcﬁnal Khothe s al so

fed to the tafléséctm Chlﬁ@ﬁtré)ef@irec&fé)rafbﬁer@éitqrdﬁeldC&EédenSZO ik t abl e

al kanol s here are prj Nci aIk nols hayvi n a rbon
at ons, whi ch REY™ ’I i h’éarma r %gﬁela L a%’/edg”c?rashlﬁga?%r Fat eofacéj1

parti cul ars pr’ei'@mseﬁﬂﬁre biet ngtleg velmthO nexelanger THuse Hi kadet s l’rh%fyt | i kewi se

be used toget Qﬁéhdﬂéé}d’f%ﬁ@r}éﬁﬂ Eoeﬁé%ﬁ,c&&mo@m sahbet§a§@3@§tpe01 ally
in transesterjficati.ons so that there

I
is a total water® %%lﬁégnﬁeg?{%waflﬁetﬂg ?Ig%‘l}‘ \Ll\fl’l[an'ﬁrtqogé%ﬁ? 26% by
wei ght, in pafhizuwtan kbolpnd8 far abwurl’3o 27@% m@ew@pgh@nt Thee bfount of

am de sol uti on. and @t;uahK@ngbss%f@n%olalc%desecla gbagrﬁaé@taéa@m@r ratio
of am de to al Eanol of The 35 al kanol

can be ditri® tEHeo%PCFﬁ%nt%TitBﬁ?tBYy CSEEﬁS?‘F\%‘?”?%eV%PatrmPat? in the
first reactorths abbitioh bfl the alsegtabts. 4ndnly thet bensudskrpuerit reacti on

st ages, basedm&&th?eaitot ¥ arederstheam r@r@:rnfa%tlbas of 3ghe Ofwsbout
1:0.05 to about are est abl.i shed. The al_kanol into the

esterificati o‘ﬁoﬁflﬁé ¢8fipostd A f T RRFERIAATol " T %d %an’é?a‘ﬁ%%
recycl i ng streamsldf addiet wordddyy shagesaandeast regui g@%l, sapsvatdrrecycl i ng

S streams Of ghe ﬂ&m&&rgémcerq&%ﬁaggwobrbaacer@gyﬁéaoaoﬁwﬁ&msﬂghe first

t ank n har W r in principl h th r.is.f
t ank ??Oﬁ?gnc %%ﬁed Eooga&%actorpv1ac eg Sgg sepgéaﬁggg Angthed to the

vmethod 1s thus to withdraw the gases formed in the
reaction from the reaction chamber. The gas formed is
mainly carbon monoxide. The product withdrawn from the
20 loop reactor is preferably transferred into a second
loop reactor. In this second loop reactor, the reaction
mixture comprising sulphuric acid and methacrylamide,
ag has been obtained by the reaction in the first loop
reactor, 1is reacted with the remaining'part—stream of
25 acetone cyanohydrin. In this case, the excess of
gulphuric acid from the first loop reactor, or at least
some of the excess sulphuric acid, reacts with the
acetone cyanohydrin to form further methacrylamide. The
performance of the reaction in two or more loop
30 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 are improved. In turn, at least
one mixing element, at least one heat exchanger and at
35 least one gas separator are arranged in the second loop
reactor. The reaction temperature in the second loop

reactor is likewise about 90 to about 120°C.



10 provided that this water has no ingredients which m ght adversely affect
the esterification reaction or .the downstream process stages. For exanpl e,
dem neralized water or spring water can be fed to the tank. However, it is
| i kewi se possible to feed a m xture of water and 15 organi c conpounds to
the tank, as obtained, for exanple, in the purification of nethacrylic acid
or nethacrylic esters. In a preferred ethoedi nent of the process presented
here, the tank is - charged at |east partly with a m xture of water and such

or gani ¢ 20 coRpgUNGS When & DALLELY0f L Y0, PTIPLe S ATks ke tised TN the
esterification reaction, e gaseotis subst ances foried, especially the
met hacryl i c esfehsat chrappfer i ard prle demPELHFRVERASTELORNGRTFPELRAFTFYR f r om each

L ankdand fed b@cgﬁpwﬂ fé\f&tylb%rtfﬂ@!\e%@ép téadtas BeeR Eeumﬂ ddesOl® cases to
e advant ageo n, .in attery of_.two _or re tanks g us
products fromgﬁﬁe flirFsstt' t%ﬁﬁrg%%r% r St eg’%f:ﬁflo t %°psecr§ﬁég§ga(a:€|%n vessel
wi t hout the 30dyasassrusdnpoliads fir ofedhe $¥¢landegnk wberfg fedldigectly to

a purificati operfbisadocagune ddansiiba agvant agerbhatatdesénesuent |y
hi gh evolution of foamin the first tank need not be counteracted by

conpl i cated d&¥85Ming apparatus. In the case of passage of the 35 gaseous
substances fromthe first tank into the second tank, the foam which has

been formed ifnihgcbissd E@Mont MY haumiheefeenid aimed shseagnéers the

reaction - . C
10 mixing element, preferably into a static mixer.

The product is withdrawn from the gas separator of the

second loop reactor and heated to a temperature of

about 140 to about 180°C to complete the reaction and
15 to form the methacrylamide.

The heating 1is preferably performed such that the
maximum temperature is attained only for a minimum
period, for example for a time of about one minute to

20 about 30 minutes, in particular for a time of about two
» to about eight or about three to about five minutes.
This can in principlé be effected in any apparatus for
achieving such a temperature for such a short period.

For example, the energy can be supplied in a

25 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.

30 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

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

The heat exchanger can be combined, for example, with

one or more gas separators. For example, it is possible




chanber of the second tank in a sinple manner. Since - 33 - the foam
formation there is generally significantly lower, there is no need to use
def oam ng apparatus. The second tank arranged downstreamof a first tank 5
then firstly takes up the overflow of the first tank; secondly, it is fed
- wWith the gaseous substances fornmed in the first tank or which are present
inthe first tank. The second tank andsgny follow ng tanks are |ikew se
charged with nmethanol. It is preferred here 10 that the anmount of nethanol
decreases by Et Ieagt 1ng from %‘ank to éuq:rék, b%se Ln eache case on t he
precedi ng tank® THENER P STESHEPAL TOR 14T (5 O8EC0RAIFANERHE SR t he
further tanksahegr diiftf edefvem tthe dfirshe Fibst aaidk; iphetkond@atr ation
di fferences aggendtuah, 0fiten Jba smkbve The ryapodksmps Medhddedire second
tank are renmoved fromthe tagk and mtroduce%,l ntg t he bottom af a
distillation COTRARENCSD SRFERDE ABL BRY 7S itGRTdR™ S7REr POt TR WiTh a
battery of5 t hmietwre nofte i1mnkgualhe pyeridlew of tiwnts edendrgaatkons .
transferred if; gach GA%% aNb@sasbhhfstdanksreand ct HeaQuer {hOWLiodshe third
tank, if approg,rlate, into S 25 fourth tank. 'I;re further tanks are |ikew se
st eam heat ed. SThe t ehpBfat BRel FiPraliys oe a‘%‘(’)“,n fEAPPT oPTTR IR YSsS
preferably adfasteshtt ahebowhct2ontoidhot Wwi4BCa Bhe wepamrresoapi ng from
the tanks are 6d Qed BRedistid lalon aal YRR, othdS A afegrall y being
effected in taﬁe ower regjon of the distillation colum. The vapours
conpri se &h azdtie59ne FREuFe bf carrier steam nethacrylic esters and
al kanol and, depending on the al kanol used, have a tenperature of about 60
to The amide solution thus obtainable generally has a

temperature of more than 100°C, typically a temperature

of about 140 to 180°C.

15
Thé gaseous compounds obtained in the amidation can in
principle be disposed of in any way or sent to further
processing. However, it may be advantageous in some
cases when the appropriate gases are combined in a

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

trangsported further.

25 EBsterification

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

methacrylamide is introduced into the tank or into the



35 about 120C, for exanple about 70 to about 90C, when nmethanol is used. In
the distillation colum, the nethacrylic ester is separated in gaseous form
from the vapour constituents which boil at higher tenperatures. - 34 - The
hi gh-boiling fractions (mainly methacryl ani de, hydroxyisobutyric esters and
water) are recycled into the first reaction tank. The methacrylic ester
formed is drawn off at the top of the cal urm and cool ed by 5 neans of a
heat exchanger or a battery of two or nore heat exchangers. |t has been

found to be u ef n,sq cas when.t t lj.cester 0l ed by
means of at as% t eat aexgﬁgﬁﬁe gt ‘?ank\ﬁ J!ﬁh Eﬁé"éﬁ% ?r(?s cglf exchanger
w th water pe&ﬁ&kﬂns the condensati on and 10 a cooling to a tenperature of
about 60 to about 30C, while a second brine-cool ed heat exchanger

undertakes a cooling to about 5 tpo about, 15C, art stream fromthe
wat er - cool ed %%nﬁ%nga?%u%%hf%epfﬁ??%ﬂ% et aB°F ??ux t 6 the” %(Qhﬁg for
concent r ats orestrtirffdlcatponheregekam. Wlshl—@\/\é\ﬁértel’i&/t oifs terpu sty yngIsssi bl e to

cool the met h@eﬁmglcReeé%né@rrmdlbytm@@éfo&f BebatdRl Ynete i@ £ dhan two
heat exchangers. iS possible, for exanple, first to

I n
undert ake a c??iﬁ]l”r‘f’gw Ynﬁﬁnghﬁ "er-cool ed heat exchangers connected
in series and 20 then to achieve a further cool i ng by neans of an

appropriate byj neheoogﬁstJ&,at degeﬁﬁmﬁrh&er a@npge,pda@,lme pregess
pr esent ed here e net h f %'rc esteé get can_be cool e he gaseous
25 statefy A 8f i 1879 12t 2BXhaRger - Wit P RafRr2Es ]1 qé Bdbt h

condensed andhsncenddasion sulsstcanons @ﬁ%ﬂlﬂhﬁd phssed igrrd nko Bimdcond heat
exchanger, whepg a ztfrtér ttfaerk q%d@&%eel 0% BY cRBAPSe Of wial s &R0 i1 t akes

pl ace. At this point, for seous syhst ances 30 C en, be
e Sopufart nPRHeL LGS deterally (HEES 3R Celddh

transferred
temperature, for example a temperature of about 100 to

15 about 180°C, essentially corresponding to the exit
temperature of the amide solution from the amidation
reaction presented above. An alkanol is also fed to the
tanks, which can be used for the esterification.

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

25 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
30 20% by weight.

- The amount of. amide solution and of alkanol 1is
controlled such that a total molar ratio of amide to
alkanol of about 1:1.4 to about 1:1.6 exists. The
35 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



heat exchanger. The condensate in this brine-cool ed heat exchanger is then
introduced into the distillate stream while the remaini ng gaseous
substances can be utilized further or sent to disposal. The nethacrylic 35
ester condensate fromthe second water-cool ed heat exchanger is then cool ed
in a water-cool ed or brine- cooled heat exchanger to a tenperature of |less
than 15C, preferably about 8 to about- B2C.- This cooling - 35 - step can
lead to the methacrylic ester forned having a significantly | ower content

of formc acid thg’SHgD#‘S g%l tsth?eh% 8§F\é\n&tsgogt t he cor ef:psq@d ngrgool i ng

step. The cooPEd & err et T o° a p ase 5 ‘separator.
Here, the or gahkanghabet (mmamwlemeecmfep)atngns@pm heegonpesed hef aqueous

phase. The aquepdish PABSSHIMY Clhg a§1k\§ﬂ1&>1 agr¥at ebcy8BYndl sOrdame &r cont ent

of organi c conmpounds eci al | kapo fro the di st IIatlo step may in
principle be dw‘P’ﬁ]‘F‘fﬁheg %%eﬁogla@s. ?gdre%ehﬁﬁ t,%58°aPFeddyY aeé%?l Eed g

above, it Fmysbecprefef r cdet doweeyz:da@mtpmcws@mr@f othmpépdaﬂtll@m gani c
conmpounds bacgyé ® the esterification process by feeding it into the first
reaction tank.” 15 The renmoved organic phase is fed into a scrubber. There,
the methacrylic ester is scrubbed with dem neralized water. The separated
aqueous phaseThi Eireonpanisesam hextureged watkr wahdrofgapiréncdppaunds,

especi al ly al kanol théz@nwbeeffurl% i fePrigcicpke t%%w&%@oaﬁfrgbgfc@s desi red.
However, it is advantageous for econom c reasons C%rgl e, this aqueous
Soet S-S pgrC

phase back® i mPEPYHES Hhegt FBReEt BY° by £ et Bx3hge, into
the first tanekdvéfseﬁlynceffmd:ha(trhpl I esest &f scdtae arsacptmg‘lt@nrdenbey to

polynerize, i, wlfseﬂéa%ﬁry r&ASES SOVAM agpgus ewgﬁaglsar Qehdnkakepzéd the
esterification of nethacrylic acid a sucl&mto ymer i Fatl on i s prevented.

30 In plants ¥t TGS BTEEST FRPe Paec it Ffa('?Fi? i cHBYEETY,
pol yneri zat i obt of4 ehi kcakies mcmsa}:WaertLonﬁehdcayhuxtacedoﬁrwa’e@ham@l ic ester

firstly have é?‘rc_!;eﬁWJ I %n{ %hgdssotghatthleoc%langal magonggtgélﬂecfl Of NFo4 N Whi ch
contact lasting over hn %93 peri od_between 3§ met h acr lic aci.d or
d pot t

met hacryl i ¢ e¥f¥P e PTG ¢ P S}Etéﬁﬁr e18s3Br sHed, whi ch
can subsequentdthd@adito gxdeprer i pat bompreferred embodiment of the

process presented here, the tank is charged at least
partly ‘with a mixture of water and such organic

20 compounds.

When a battery of two or nwré tanks is used in the
esterification reaction, the gaseous substances formed,
especially the methacrylic esters, can in principle be
25 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
30 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
35 gaseous substances from the first tank into the second
tank, the foam which has been>formed in the first tank
and may have been entrained also enters the reaction

chamber of the second tank in a simple manner. Since



- 36 - In order to prevent such polynerization behaviour, it may be

advant ageous to optim ze the substance flowto the effect that, firstly,
the flow rate of the nethacrylic ester or of the nmethacrylic acid is 5
sufficiently high at substantially all points in the systemthat the nunber
of calmzones is mnimzed. Furthernore, it may be advantageous to adm x
the stream of nmethacrylic acid or nethagrylic ester with suitable
stabilizers such that polynerization is largely 10 suppressed. For this

purpose, the stre in.the proce resented her an.in.princinle be
adni xed with Ert’%biaf‘l%:saf‘ergogﬁab %a?ﬁgp% ﬁisrru%efleejgaeﬁ}gf Sﬁgﬁjyfrleéalﬂgéa]& on takes
place in 15 thewsysttdrariet sel ho Teed Hics usrddefpemped taRpRrekESpl ant in
particular in which the nmethacrylic acid or the methacrylic ester is

present in hig}? concentration during.or,after the distil .atioq_‘i%(supplied

with appropri5t® SEEBPTI 28RS, G RSF ISt rerf it Bedd Found o be
vi abl e t o Bupphsgn af sty i zadresatup hehe opverffitdwe @fi sthd | Bitsdn Loy to the

stream of net facsydie 63t 6fs dWi0hf dheiRscbukt BaPBRASsed trdiagedeen found

to be advantageous t'q 25 flush those rts of the plant in which
met hacrylic atPd“Bf Hféffﬁﬁcrtﬁ“%c ‘?é%t‘él?fcf'a}% EF?CBF&F’%@t\AﬁlPh they eé‘ﬂp%srtature of
nore’ t han abowsnROCTher eseraisl y tankh @nd empgr afolkowimg heankmgeawsf about 20
to about 12001%\4&%@ SRAMd O Ofp Shabhdhger 1P met hadpdhegesidre For 30
exanpl e, sone of the condensatfe obt ai neld n t he heat
10 that the amount of methano ecreases by at least 10%
from tank to tank, based in each -case on the preceding
' tank. The water concentration in the second tank and in
the further tanks may differ from that of the first
tank; the concentration differences are, though, often

15 small.

| The vapours formed in the second tank are removed from
the tank and introduced into the bottom of a
distillation column.
20
When the esterification is performed with a battery of
three or more tanks, the overflow of the second tank is
transferred in each case into a third tank, and the
overflow of the third tank, if appropriate, into a
25 fourth tank. The further tanks are likewise steam-
heated. The temperature in tanks 3 and, if appropriate,
4 is preferably adjusted to about 120 to about 140°C.

The vapours escaping from the tanks are passed into a
30 distillation column, this preferably being effected in
the lower zregion of the distillation column. The
vapours comprise an azeotropic mixture of carrier
steam, methacrylic esters and alkanol and, depending on
the alkanol used, have a temperature of about 60 to
35 about 120°C, for example aboutl70 to about 80°C, when
methanol is used. In the distillation column, the
methacrylic ester is separated in gaseous form from the

vapour constituents which boil at higher temperatures.



exchangers, together with a suitable stabilizer, is recycled into the top
of the distillation colum such that the colum top, on its interior, is
sprayed constantly with stabilized nmethacrylic ester or 35 stabilized

met hacrylic acid. This is preferably done in such a way that no cal m zones
can formin the top of the colum, at which there is a risk of

pol yneri zati on of nmethacrylic aC|d or ggthacrylic ester. The heat - 37 -
exchangers t hensel ves may correspondingly | i kewi se be charged with a

stabilized sal utiaqn, of hacr yl or ,eth cryI | such a wa
that no cal mZ¥%ne Jc‘-’&h'l?odﬁr’rflﬁer r@l ?F\%’PS q“f”‘ﬂa% egh g}éﬁ cﬁ%r?d to be g
advant ageous Hyrdxtob:gipobutass:upreseﬁr@dahére’a\lﬁhéh aﬁ-’ér @@:Xﬁ%?é ifke of f gases

conpri si ng canfon: pmnoxjdedom praceding MQeessasc esieel aridrwehrom the
am dation step, are passgd t hr gh 10 t};e ester flcatlgncgli tbtyget her
redto

with steam I t#f3hadttt AE af B FRS offieE " HyafRpGP; r emove
conmpounds 5v\hlneiansara>fbea rmme@xdhamlrl eror |batlt|e@fu| OIf dwm oBedwrdl y, these

are col | ect qutht 2,680 {:spot@tha?é‘doe%%n fRengend 5@ s ther itdddezat i on or
di sposal . Ic ester obtalined or the lcl\%lgA obt ai ned i.n the

‘esterificati GirS®%d Wlhﬁél séﬁﬁé‘ﬁ’?rb}je‘bu‘??tﬁ%ajtsr 0PI e W8PRalfyl i ¢ aci d
~obt ai ned, arextsubssespienwby Ieent d:ahanbertherin réatatentasehe dsweti ficati on

results in 20,1 wenaubphup e, aghasd 1o 8 TRAl Bgnsgsidbia, substance,

which can | i Kewi se urther utilization. Pr r|
ester or l@f ttheeepliipapgo a temperature of about 60 to u flq’%tlon of the
while a second brine-cooled heat exchanger undertakes a

cooling to about 5 to about 15°C. A part-stream from
the water-cooled condensate can be introduced as reflux
to the columns for concentration control in the column.
15 However, it is equally possible to cool the methacrylic
ester formed by means of a battery of more than two
heat exchangers. In this case, it is possible, for
example, first to undertake a cooling by means of two
water-cooled heat exchangers connected in series and
20 then to achieve a further cooling by means of an

appropriate brine-cooled heat exchanger.

For example, in the process presented here, the
methacrylic ester formed can be cooled in the gaseous
25 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
30 can then be transferred into a separate brine-cooled
heat exchanger. The condensate in this brine-cooled
heat exchanger is then introduced into the distillate
stream, while the remaining gaseous substances can be
utilized further or sent to disposal. The methacrylic
35 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



In the process presented here, the subject matter of the present invention
can al so be used in connection with a process for prepurifying nethacrylic
acid or nethacrylic ester, as described in the process el enent 30 which
follows. For instance, in principle, crude nethacrylic acid or a crude

met hacrylic ester can be subjected to a further purification in order to
arrive at a very pure product. Such a pwrification which constitutes a
further process elenent can, for exanple, 35 be in one stage. However, it

has- been found to be advantageous _in,nany. cases, whe rification
conpri ses at Sﬁ:eeé’s.tc_atl1 < ?aéé’s,%%fenm\%lhgﬁr%%ls% Rl ofv]‘\iﬁ%c%?lrl?aﬁg%g]or?sti tuents
of the producticaiéicenbliedlpren conBgnt pfr forpiep@cifi dddtorvaas ddescri bed

here. To thi $,£RGe chddewNBLEIET Mhd CcRSBpoRBiaEUdEoIBINaR e .| aracid is
transferred first into g distil I.atlc?:g1 col Slg_rm i.p which the | owhoiling
const it uent s S37d at EPPAEREDE r rfbv &d s 5af’ﬁ?(§"r5% . the &r RESFet hacrylic

ester is Sentseparatdist Herat i bhecokganici nhaks cimeblszctid caditte™@n i s

performed, forg i$l3R€8d FRohhendPRELedE: f pREsd herkdl apieouEgHz@eumm bot t om
is heated with stéam for, exa

X nple, in such way, t hat _a wal |l tenperature of
about 10 50 t"&ifHoutdS12MRES sAECHPEGEd. PRe ﬁa)]lﬁ‘% FRE5 i Bn Glogtsggf Srmed under
reduced pressumenithe @ressuds, W téspedilad lyol uahkanpl he €age ofthiehe ester

is preferabl yi;akqyt 100, t 9- 80HE 608 HRahciphe Beessehe Mirddhier tfe col um

in the case of the acid i refer
10 desired. Howew?e ' ease a%@e%d%b%ggcﬁgbég ang%[, 1i%: %%Qy ng%ar'

preferred to recycle this mixture of water and organic
compounds back into the esterification process by

feeding it into the first reaction tank.

15 The removed organic phase is fed into a scrubber.
There, the methacrylic ester is gscrubbed with
demineralized water. The separated agqueous phase which
comprises a mixture of water and organic compounds,
especially alkanol, can in turn in principle be used

20 further as desired. However, it is advantageous for
economic reasons to recycle this agueous phase back
into the esterification step by feeding it, for

example, into the first tank.

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

such a polymerization is prevented.

30 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

35 methacrylic acid or methacrylic ester and a
polymerization initiator can be established, which can

subsequently lead to polymerization.



At the top of the colum, the |owboiling constituents are renoved. In
particul ar, these may, for exanple, be ether, acetone and nethyl formate.
The vapours are then 20 condensed by neans of one or nore heat exchangers.
For exanple, it has been found to be useful in sone cases first to perform
a condensation by neans of two water- cool ed heat exchangers connected in
series. However, it is equally possibleg;to use only one heat exchanger at
25 this point. The heat exchangers are preferably operated in an upright
state to increase the flowrate and in order to prevent the formation of
stationary phbse8rdntecPERYHinnSLFRaRP b Hezakdsr Jeb6vdauReat texchanger
or L he wat e[) 600! 1ol h@ainexeargais smyirieea thei r&xbs8neookrdwheat
exchanger, it ] SO sib onnect t of two._Qr nore

bri ne-cool ed I&%te%ﬁb%%ngé§§§dom%§f%é§g% F%Kih§ﬂ§§{t§%¥eofO%eafggxchangers,
the vapours dretheswaénsedespedyvi 98d AF t hthe abietbastrvddd, P6E%exdfpl e, fed

to a phaseg separmiQent3d HiBee dtheswepoiHts amay all9o seniwl ninataee, any
aqueous system that the number of calm zones is minimized.
Furthermore, it may be advantageous to admix the stream
of methacrylic acid or methacrylic ester with suitable
stabilizers such that polymerization is largely

10 suppressed.'

For this purpose, the streams in the process presented
here can in principle be admixed with stabilizers such
.that a minimum level of polymerization takes place in
15 the sgystem itself. To this end, the part of the plant
in particular in which the wmethacrylic acid or the
methacrylic ester is present in high concentration
during or after the distillation is supplied with
appropriate stabilizers.
20
For example, it has been found to be viable to supply a
stabilizer at the top of the distillation column to the
stream of methacrylic ester drawn off there.
Furthermore, it has been found to be advantageous to
25 flush those parts of the plant in which methacrylic
acid or methacrylic ester is circulated with a
temperature of more than about 20°C, preferably with a
temperature in the range of about 20 to about 120°C,
with a solution of stabilizer in methacrylic ester. For
30 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 sprayed
constantly with stabilized wmethacrylic ester or
35 gtabilized methacrylic acid. This is preferably done in
such a way that no calm zoneg can form in the top of
the column, at which there is a risk of polymerization

of methacrylic acid or methacrylic ester. The heat



phase which occurs is disposed of or sent to a further utilization. An
exanpl e of a possible further utilization is recycling into an
esterification - 39 - reaction, for exanple into an esterification
reacti on as has been described above. In this case, the agueous phase is
preferably recycled into the first esterification tank. 5 The renoved
organi c phase is fed as reflux into thg+tap of the colum. Sonme of the
organi ¢ phase can in turn be used to spray the tops of the heat exchangers
and the top of -the colum. Since the renoved organi g}a e i.s a.10 phase
whi ch has beeP*@RARIGIF WEFMRANT | DY, CPF""F%"‘ET%&"Q;@E 'lgﬁeé"lﬁer Ty to
effectively peeyendd tiiecH ox natdloill iofedc alahurdpnes of Seebhdtyylicheapresence of
the stabilizer byj 2% S, ' Wiresd ion

t endency of t%zé @%g%%‘? rtegrrpé\/éegcﬁrh%SnT e c%ﬁ;‘gér)ga%aimg% obt a?flegéd fromthe
heat exchangefdni&oEydiacoRfalP§Xpref erably adni xed with denineralized water
in such agvay that sufficient separating action can be achieved in the

phase separatpr. 20 Tg%ga %+§ %gggungg W chal el Rt eint Nee

condensation Th the heat exchangér battery nmay, preferably P nmeans of

st eam ej ect or BreEeFE RIARANEEs NATE J8F8r atf6F's SXBFPEEbj BRT e fgain to a
25 condensat i @by diERNScatbone mehorate firdmepréeadirexchangesses |t has
been found to_be, advan! agequs LlaRERIILC £ £85005 B Bs S4By Aough

post condensat “TON cONdenses no aseous substances fromthe
prepurifikhatiohe FekevkBigitdon tphaptposagaiten ¢'itde FEEF urkhertgaseous
subst ances t owg¢ChtBe Pgas condensat iononas abuahnpdrifon the nanove _
puri fi cation of, pethacryll s, esters, Tha-ad¥antade ok sicha praeedure i es,

for exanple, TA™MTENSTerring such-a proportion of nethacryljc ester which

has not been Eemtenseepndivheresengne Silereati oh 8t SHREBRELNte via the
phase separ at §ia i 0 deheeptr tbi cattdr alilmaakiohher plisgpasiafli.cation. It is
‘thus enSL!LrSed, for exanple, that a maxim zation of yield can take place and
m nimum =~ 40 - |osses of nmethacrylic esters occur. Moreover, the suitable
sel ection of The dethagrwlid tertesperitdigiedofon ey Yif t PRY2HES ®kchangers

al l ows the coppesitten ofcddienofdigastieasitgediese frepureftbaniers,
especi al l'y or the methacrylic acid obtained, are subsequently sent -
to a further treatment. The esterification results in
20 dilute sulphuric acid as the remaining residual
gubstance, which can likewise be sent to a furthexr

utilization.

Prepurification of the ester or of the acid

25
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
30 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,

35 Dbe 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



5 the content of low boilers, to be adjusted. Onming to the feeding of water
in the prepurification of the nmethacrylic ester, the water content in the
esterification and the concentration of |Iowboiling 10 constituents in the
crude nethyl nethacrylate overall can rise continuously. In order to
prevent this, it nmay be advantageous to di scharge sone of the water fed to
the systemout of the system preferabky continuously. This discharge can
in principle be effected for 15 exanple, man order of magnitude in which

water is fed fo the s |nthe re urlflfg ﬁ‘ Th aq eousrlo ase
separ at ed outf3%F% HR¥ 1§8Bé?3t & ?é §5°a g‘é’ntg1 dr gani c
consti t uent s.ciudarayetirermflice deteadvant agedeas Meghierdlihi @det @gsto a form

of di sposal é/yggf%l} Whi leizes tlmt% %pr@ﬂ'ﬁlquat(i'bﬁarl:i&uﬁwﬁbitnam%h For
exanple it nay e a Vantageous when wat er é us contam. nated wt organi c

subst ances i stHed Qb RN 1BENGRREFHRUEHAARY Y4 SE STADHRE i %Y ¢l eavage
25 process. Qmw nghio érie ohali zakle mkatqrtyilent sstietrs isalsenkf ito \wal ue can

still be util 1Z.ﬁqlﬁtath835tc&q{n{rl y. ﬂln Afdid | QRee @ %SthYt%@eQ%l ve

di sposal of the water contam nated with, or%anl C subst?‘n(i f t hus often
a he

avoi ded. 30 MHEPWECH i cERT oA PSEARRE metthalryl | WPRRY e &6 ne
purification @fldne nEidacoyhie esteom tike osatdsl pweplir |sltleeui meidracryl i c

ester 1S subigeld o 0:15.aa0t et sldd Lalan, cIRperheses dhutiude

met hacrylic es h-boi1ing constjtuents wth the aid of a
di still atli%n %l §An %k??"t‘}bté G For ARRATESy| FRe e AR LLIPBEIMR s I8nd, the

crude net hacrpgddforégtierurider reduced pressure. The pressure within
the column in the case of the ester is preferably about
100 to about 600 mbar. The pressure within the column
in the case of the acid is preferably about 40 to about
15 300 mbar.

At the top of the column, the low-boiling constituents

are removed. In particular, these may, for example, be
ether, acetone and methyl formate. The vapours are then

20 condensed by means of one or more heat exchangers. For
| example, it has been found to be useful in some cases
first to perform a condensation by means of two water-
cooled heat exchangers connected in series. However, it

is equally possible to use only one heat exchanger at

25 this point. The heat exchangers are preferably operated
in an upright state to increase the flow rate and in
order to prevent the formation. of stationary phases.
Connected downstream of the water-cooled heat exchanger

or the water-cooled heat exchangers may be a brine-

30 cooled heat exchanger, but it is also possible to
connect a battery of two or more brine-cooled heat
exchangers  downstream. In the |battery of Theat
exchangers, the wvapours are condensed, provided with
stabilizer and, for example, fed to a phase separator.

35 Since the vapours may also contain water, any agqueous
phase which occurs is disposed of or sent to a further
utilization. An example of a possible further

utilization is recycling into an esterification



- 41 - introduced into the lower half of a distillation colum in a nmanner
known to those skilled in the art. The distillation colum can in principle
correspond to 5 any design which appears to be suitable to those skilled in
the art. However, it has been found to be advantageous in many cases for
the purity of the resulting product when the distillation colum is
operated with one or nore packings whiels correspond 10 approximately to the
following requirenents: Firstly, just like in the other lines flowed

t hrough by nethacrylic ester, a g%ni,rrum | evel  of .go- cglénedrééicetald Spaces”
shoul d for m i RERREE Rl uhts. SRR tead kpadBs SF5SF3at o™ 4 cofparati vel y | ong
resi dence ti nesohas heeeret dmprnilies] estores, Inhitbhspraadt eshe hadyeous

pol ynmeri zati oy ddi s ity reeadsyto sdve pheduct tpd shet.downs and

cl eaning of the appropriate parts %I ocked with polynmer. One way of

count eri ng th%s?%“pr&ntgf‘kdead spaces is, both by design and by a
suffici ents operating node of the colums, to always load themw th a

suf ficient am?llilﬁtr&t Jd AW danso Fﬂé&e cansganty o Lushi,pgigfo the aldims and
especially of the col urm i Rternafs such as acki ags i s achi eved. For 25

i nst ance, t he®E oF RO /R -s 5PE§ EIEVF}E%SOW‘FF@W &P858eSPPntY & e spraying
of the col umuied etmabpray ntaeldtdponet t hive chbarmekaihargrais araly e connect ed
Lo one anothef,orof QNG GALMI sYhas | PAETIdRhat 3008R:ONpRgATS:s SCh

adhesi on seans have at |east about 2, 3 referably ai,least .about 5 and
nore prefll abPyasg peask é‘@&utb%iiﬁ@‘éﬁ??gt PORR PSPPI HFDT adhesi®n seam
| engt h. The | engéh pdsdiese ifitrertlypt itons efdpgcbéveky echeevenich ttheat t hey

make up at le t % bl st 1o L0%ANgE nL
preferably at g%%“?ée)lg)lsﬁ o;%o@uatl%g%q{e%dt fgg%g!rjg Iytlﬁ%?t‘rr%r,e thaP 95% of the
th

adhesi on seanftapigtizeTAnBERBES AP mEHSHPET ne§PRRE AP i A S nt er nal
regi ons of thgolwhdikataspeceadéycy hosehwhivahososerémtvedcont act with the

met hacryl | - 42 - esters, less than about 50% preferably |ess than about
25% and nore preferably | ess than about 10% of all surfaces, es%e(:i ally of
col unm i nt er nBPe, CONFRTIRGIERZ SHEERNY OPERFNk drisite thgh&eat uBECHIIH Dpen i nto

5 the interioisohaheisnhlign pryfdeaicionf aduiest cobtlcabkbpioeralitedbl i que
surfaces. Anoth S Y &ONSi i ' thg.Aoouy oleddAuid
met hacrylic e“s’?%r g?rgsgﬁgh?%twglg ?&%tﬁm&glggtgg%nﬁgs Fg‘?}v as possi ‘bll e during
t he operati onc@ Rheddeyrf, 1anthe &IBIFH PePATAF@Yenti ng 10 over heating of
this amowyg in spite of noderate tenperatures and | arge evaporation

surfaces duri t he e\éa%oratégﬁo%%}gmyw g?ﬁdvafg 80US jiePt hi s.ppnt ext

that the amount: of g1aisqt?i in um om nmakes up in the range of
about 0.1 to q®Wenrktpoaf erigbl ythoukeat exchanger battery way,

preferably by means of steam ejectors as reduced-
pressure generators, be subjected once again to a
25 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 is possible to feed
30 further gaseous substances to such a postcondensation,
as obtained from the main purification of methacrylic
esters. The advantage of such a procedure lies, for
example, in transferring such a proportion of
methacrylic ester which has not been condensed in the
35 main purification stage once more via the phase
geparator into the purification column in  the
prepurification. It is thus ensured, for example, that

a maximization of yield can take place and minimum



15 to 10% of the total anpbunt of nethacrylic ester in the colum. The
measures proposed in this paragraph may also find use in the distillation
of methacrylic acid. In the purification of the nmethacrylic ester, its

hi gh- 20 boiling constituents are separated fromthe product by
distillation. To this end, the colum bottomis heated with steam The
bottomtenperature is preferably about 450-to about 80C, in particul ar about
60 to about 75C, with wall tenperature of | ess than about 120C. 25 The

mat eri al obt ai nesdesl n O%fh %lh Qotto&éésréor ef er %bl Yl ggg\\;gg | nuously
and cool ed by ans o "edf “éXcha anger or a er of ~several heat

exchanger s t@lalﬁaé?iﬁer%chﬁcélpﬁ anrdﬁgia @ersmmmhotlﬁ) BPeRHGEn SUC,
preferably abmasé&d&h@mubaéo&angng@f@ a{ILrlﬁicv%r %lhb)’cbfflp@sitaﬂgﬁdﬁ about 50

to 60C. This terl gt hco g?epredgm nant | % met Sacr I|c e

hydr oxyi sobut ?%? ﬁ@?’ fﬁ 35752t d“ERA* AT i ¢ corrchnents is
subsequents y,thﬂ a:caltMraéelv‘es&@ilelfa)r toxhaphéjusltierbosed of or sent to
anot her use. It has been found to be advant ageous in many cases vvhen t he

material obtained in t 43 - otto iS rec ed intot
Coteriflcot! ohiitnat ohe ERpUIRg af cvatem thidie BrepRbat Eret B i bot t om
is recycled itfteo tmm:kfalc;rsrﬂlestesicércat tba twaker Thésngantes im sehteo t he

advant age t halge JMiteh carYbeW 519dat\fferycén@ea£@m]€@filbfv' ablensEthed and a
very high yield, relativel, rg%h nI)oundg ‘gwelsent int col um
bottons ale reWtiERPHPo t‘é”F‘ll ‘?c ]6% r BEER? 3° tAETDY of the
col um, the netrhadsg |conesneou:1DypuImfcneiisxby:OdlpsEthat tloihei sitwintdydr awn and

cool ed by neaps Qévﬁléag@tm@x%ar&%h%ga %%Ee%f thet W e daeat
exchangers. The heat o ns of water-cool ed

theoﬁl%}rs can be re g
heat exchang ST Py mSAits S LSO e P §Fa %hﬁﬂﬁ?r’%u‘b%lﬁ’y nmeans of
a 15 conbi natitdre ofdiskbatrge. ¢ténhasn beenidopie t bebeetifeftdd, n fsone cases

when 1 he%apQilasy flteonhhhsndb:?&éiléflﬂaqrﬁ%a@ i@r %h&&ﬁnv'?zit?éfeﬂs ifd0 two or
nor e heat exchaf%@rs connected in re operate b means of

wat er cool i ng-® GHEGRBenB et ‘Fragﬁ’ 1f‘?""&rﬁc’f"*herr e aqueous pha

gseparated out in the phase separator typically has a
content of organic constituents. It may therefore be
advantageous to feed this water to a form of disposal

20 which utilizes this content of organic substances.

For example, it may be advantageous when water thus
contaminated with organic substances is fed to the
combustion chamber in a sulphuric acid cleavage
25 process. Owing to  the oxidizable constituents, its
calorific value can still be utilized at least partly.
In addition, a possibly expensive disposal of the water
contaminated with organic substances 1is thus often
avoided.
30
Fine purification of the methacrylic ester

For the fine purification of the methacrylic estexr, the
crude prepurified methacrylic ester is subjected to
35 another distillation. This frees the crude methacrylic
ester of its high-boiling constituents with the aid of
a distillation column to obtain a pure methacrylic

ester. To this end, the crude methacrylic ester is



20 wat er-cool ed heat exchangers can, for exanple, be introduced into a

bri ne-cool ed heat exchanger or a battery of two or nore brine-cool ed heat
exchangers, which may be arranged in series or in parallel. The condensates
obt ai nable fromthe heat exchangers are 25 introduced into a collecting
vessel and sent to a buffer vessel by neans of a punp via a further heat
exchanger or a battery of two or nore faurther heat exchangers. The
condensate streamis cool ed, for exanple, by neans of a battery of one or

two water- 30,cpol ed heat exchangers d. one. or twmo .hrine-coqgl ed heat
exchanger s doﬁﬂtf%ﬁéf?iﬁﬁ%?a%gsegPWeﬁaﬁﬁ%géﬁ%ﬁfé%g%fa&aFéoﬁbgaﬁw?bC

pref erably abdutamamexbdupwnsto apldesmrakiglefleinbtyeiarta range of about 2
to 10C. 35 A part-streamis withdrawn fromthe condensate streamand is

recycled into_the._distillation colum via the.to f the_colum. The
condensat e st FRANFEEN DEHER [SRGhE o "o HHE BOF uRRT FRERPT RGPl & i n any
way, for 5 4dany edemmgre whackdi sappdsutsor $0 Homeveuitigblieay tbe tldvaat ageous

when a portiogepfiddejcopdengate sbhesdti sifedakntiRdnhera(aROW, Ihoe above
the top of the.columm, for exanple spraye n. is al.so preferred that

d | .t
this 5 feedi NgAHERITFHFoddBesmSM4bi9d5E FRFo te ®FHSF tRE cofam. A
further part-s¢seammy predeohdenbate timt entlext ifldrtiescyckphgmantdst he

P0|U”“ can, f@ﬁeﬁ%ﬁﬁ?'@it@eogéaﬂﬁpe%o¥gf%JcHﬂHg%t$%&a@PQH&ré£ defore
i ntroducti on and be introduced directly into the 5§¥a§f the colum. Here
i |

too, it i'P prEfRYPERARAY ERi 51T A IR0 FEEHEES izer into the top

of the colum. The introduction into the top of the colum can be done, for

exanple, in 1§; such, a M@y 4HhRL thechatsFhoF 10fhdshe1bRRA0EnEBE e b 'S
sprayed with the condénsate such that, no cal m_zon ssggga{fgénLégé e top of

t he col um at™SHiadrnide ester, a minimum level o
spaces” should form in the columns. The dead spaces

15 lead to a comparatively long residence time of the
methacrylic esters, which promotes their
polymerization. This in turn leads to expensive
production shutdowns and cleaning of the appropriate
parts blocked with polymer. One way of countering the

20 formation of dead spaces is, both by design and by a
sufficient operating mode of the columns, to always
load them with a sufficient amount of liquid, so that
constant flushing of the columns and especially of the
column internals such as packings 1s achieved. For

" 25 instance, the columns may spray devices which are
designed for the spraying of the column internals. In
addition, the column internals may be connected to one
another or to the column via interrupted adhesion
seams. Such adhesion seams have at least about 2,

30 preferably at least about 5 and more preferably at
least about 10 interruptions for 1 m of adhesion seam
length. The length of these interruptions may be
selected such that they make up at least about 10%,
preferably at least about 20% and more preferably at

35 least about 50%, but generally not more than 95% of the
adhesion seam length. Another design measure may be
that, in the internal regions of the columh, especially

those which come into contact with the methacrylic




met hacrylic ester can polynerize. It may additionally be advantageous to
add a stabilizer for preventing 20 polynerization to a condensate
part-streamwhich is recycled into the colum. This can be done, for
exanpl e, by addi ng an appropriate anount of polynerization inhibitor
asstabilizer to the condensate part-streamintended for spraying of the top
25 of the colum. It has been found t.o4be-advantageous in sone cases when
the condensate part-stream after the addition of the stabilizer but before

entry into the top of. the colum,. passgs throu uita &l
appar at us, pr&PeFEM v %S AR c%%grggfh Bre aing%thYSgeaSl%h?ﬂé?/rén%/er r]cguni form
di stri buti on 25%t hedstmdid | peeférphilhe tenderndane Fuut- st9eamt althe

uncondensabl ecgasgaus suhstaRggs1phi ch ar Q:&bin@i nednlterﬁgﬁspur ification
process are, for, exanple, sent to 35 dis out 0, to about

20C, pr ef er ablg* AR yt o Efout*q e‘a‘nd&i‘r‘f)r gtBPEf é”?‘&ﬁi“y BT THe of
about 2 t o 10€he | imosdierr taf rEemwelamn fuayvt Her qqrﬁugure@sc‘ﬁmmﬁlhe 5

product and tg:agsEHeoBl1dhir ABUELOE! NAREWALL REAALS dde Bbedusl can al so
be subjected to an absorptive purification,stage. thas been found to be

useful , for ek%n‘d‘feeepl\ment{‘ﬁe Wty Gfuct 1gel CrELiG: TES a
portion of thpressm pirodust calsimpuibictited Ber Leer awl phsgbldedarthaof a

ol ecul ar si eyg, p&éfa&l&n%'fytﬁsl Qbfump%&I&%on%weghabwvéﬁmg: aci d
formed in the preparation process, can thus be renpved le_ i%té? manner
ul

fromthe M odo¥eriatedasn |°tf hd®i&ddPFPEREl | ¥ be8R FBUNAL t in
sone cases mhem;bétmmr@ucamdlaa&tgeemapaﬂ:aenopassrf@cemr@uglhlq heheadsor pti ve

purification ?&% at@lo30 p%s?r%gt M&UQBVQHEEa&éoJE)f enf idHiQf Schfofder to

remove any so resent product . he streans obtained in the
wor kup conpr i §23%hridifo AMSIRE] §?fp6F9%‘ﬁ|’z%b’i‘kée CHHPBENGSEEPR BT M, as
al ready descriﬂseﬂaérm‘@gehaﬁ aboeti 0.1 hts 1®EXtagndpmreedrtrabhe dlobintli on of

cal m zon gg&t b@f%}l‘éé;mgcaho am?ou%@vaﬁt m%ﬂuérwlé hescase pfdde process

descri be e arts of pl ant” which cone_into contact
with methacr y??%‘“@éte?h%r é“%@h‘é”?ﬁntﬂlippﬂsﬁﬂedl%vémﬁn HPTPSERREr I ester.
In a further sndodirentusel ihheherdacasid Jprésentédndigisegryd ipgartigt r eam of
nmet hacrylic ester is therefore wi thdrawn downstream of the buffer
In the purification of the methacrylic ester, its high-
20 boiling constituents are separated from the product by
distillation. To this end, the column bottom is heated
with steam. The bottom temperature is preferably about
50 to about 80°C, in particular about 60 to about 75°C,
with wall temperature of legs than about 120°C.
25 |
The material obtained din the column bottom 1is
preferably removed continuously and cooled by means of
a heat exchanger or a battery of several heat
exchangers to a temperature in a range of about 40 to
30 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 comprises  predominantly
methacrylic ester, hydroxyiscbutyric ester, methacrylic
35 acid and stabilizer components, is subsequently, via a
storage vessel, 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



30 vessel but upstream of the adsorptive purification stage in order to be
flushed over the top regions of those heat exchangers which take up the
vapours stemming fromthe distillation colum. 35 The product obtained in
the purification stage is subsequently withdrawn fromthe purification
stage with a tenperature in a range of about -5 to about 20C, preferably
about 0 to about 15C and nore preferabl4? i-n -
46 - a range of about 2 to 10C. Stripping of the spent acid 5 In the

process presepiedyheng, ddcmLabe; adyi Eﬁ@' @stle®h FEXAPPLES: rbBcgidir t her
process elenment, to sub ect the s ent sul hur| aC| ined in, the

process to a poFi Fixé‘ét‘PilSn itheortRire Gt ls u %u& Oﬂélg‘?cl G%atk into the
process. |In thesychse, iftor tdeadpler asseremnaﬂt(loamtpmim Agispeivesul phuric
acid, as can pesobta n@rﬁefaa%hbg §Stt‘?1ra'tf' GAldPNa GARLPE GORt agtad with
steamin a flotation vesse % done, at |east sonme of the solids
present can bRCoRPHGAdd oﬂlﬁﬁ%esd?efqt%i ofnfhe?| iREY, P48 t vt deposi t ed
sol i ds can berskepaitatled highebtilThe aammursisar;ﬁ:esuhseQuenhéycchmdensed in a

heat exchangegs, pLef bl yhi baveles Ba0ldpd. sooledand eeynl ed into the

esterification reaction as been found vant ageous I n sonme cases
when 20 corrosion is prevented in the heat exchangers and the cooling
action is i rrpzmverdqef urddper dfy iher odoting, a tﬂie(t ufet hakry@t er esceor gani c

conmpounds, &blt%f rthdbp)r/re tlilggrlaggokn the, f L8e Cg%tlgﬁlef%atl on in

t he purlflcat acrylrc ester prepa , Fht o
exchangers i Mih @f vayhedat ei“h@%ﬁ?’s BF 3 e HeRtY XchEfye?s 8% spr ayed
W th this m xheut. eddhaad@icki. oBhéOhéhe &Oritlosi~epdeduebngbactémsveand t he

Covantage, Mo ddhd bt 18 REALCSIERMAR, AlBUACBEIED Md I8N,
wat er and pr é@b#ﬁ%é}?ﬂl?dnetl?%*}ol ) SFIGEFE el nt BYt h&®88Fer PFi cat i on

process tl(EgetdE‘tﬁﬁbﬂMatthohhefnﬁhba(twl i ctapkbd BBENNELLAAT Ybi Be esdefulst enmi ng

beom exactly Lf BoRLofeass \MbNSR Tl ARSlee | AERONE AeseriPac dd of att on

35 affords mXtureées o acérd an r renpva ese are sent
to any furthetolm gret Grérl§§@§?é?d jnte SO Froge ﬁ@ﬁteﬁéﬁ%@eﬁ%

i ncinerate theomesitled ngh rPastalneli,n whieheauagofd@itledany henes tdf
- 47 - obtain stullphur I laC| d @ggl nu{)g'gr? L{,{%c%d%%%lg gngasg ounds
ip an

obtained in the str g Far e Sent Ut t hér use or I Sposed of. 5 The
pl ant de@éri b&tareceofef rBadYi n@x@’(&ﬁfmﬁfﬁf r $1#% he fopenexa@p e ands or

recycling natﬁ{dxaidutéam 1heo est eblrfihﬁaécb&'[bd)r Beass éi&k&r@é@ct&y thi s

process can be perf rrred for ex C reaspns_of 10
oper at i onal %%a ] |?{ 8 %rn%egn? Oo ec%f 1rrlr%a%te chog O ‘vessel s
can be used offfisut maytbﬂe aISlam\g@ds@In d%elt-‘:ieﬁﬁ sert lia mralrietlhes"&ﬂ/essel s,

it is advant agsiéssheeberdna ilenhefoh heHear hest! axdiaabakkomxessel is
‘nOt bei ng uselqltroduced into a collecting vessel and sent to a
buffer vessel by means of a pump via a further heat
exchanger or a battery of two or more further heat
exchangers. The condensate stream is cooled, for
example, by means of a battery of one or two water-
30 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.

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

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



15 The present invention further relates to the use of the methacrylic acid
obt ai nabl e via the process according to the invention or of the nethacrylic
ester obtainable by the process according to the invention in fibres, 20
films, coatings, noul ding conpositions, nouldings, papermaking auxiliaries,
| eat her auxiliaries, flocculants and drilling additives. In addition, the
present invention relates to fibres, fikns, coatings, noul ding

conposi tions, noul dings, papermaking 25 auxiliaries, |eather auxiliaries,

flocculants and drilling_addifiV i.ch ar on.a me crylic acid
obtainablekbye¥$é?%ﬁoc§gg ac%%é%ﬁ%ﬁﬁ?%%fhe ?%@%i i‘on 3% a %g?hag%ilic ester
obt ai nabl e byadrantndseuss vhegordPagt 10 t9fe Ghey sivrideRsale THeeat orenent i oned

\C/jvi Il now b$hi f%dlsiﬂitﬁi e@héﬁYvéQ@%m@Eﬁi@f%&féMﬂﬂb reder &N cehd OcODEhd i t i ngd
rawi ngs. e. drawi ngs show - 9. .1: .a pkant _s m for, preparing an
processi ng mﬁ%??rﬁﬁ%é} IS¢ 26 d Hor %étﬁ?lgggPhgégi%gf%% {@ggﬁgﬁﬁé )
cyanohydr isn, B#ligg Zlse schawdiresobtabwbiielp Prantthorter afbrde
cyanohydrin, Fdmf: a schematic of a an am dation plant, Fig. 5 a
schematic of an esterification plant, 10 Fig. 6: a schematic of aplant for
prepurifying the ester, Fig. 7: the fine purification plant for the ester.
15 Fig. 1 showsfuhther epertedtetaments tdle acpidansadpstamiendedr freparing -

met hacrylic acdd,QringetiRaer YhiCo8BhRh Sed ddieiialil Ehebe PERSRSSNT
product s., The plant system L nas var)Qu3 BLADt S £9MASSEEd, ! Qg anot her
usual I'y
introduced directly into the top of the column. Here
too, it is preferred that this £feeding introduces
stabilizer into the top of the column. The introduction
into the top of the column can be done, for example, in
15 - such a way that the interior of the top of the column
ig sprayed with the condensate such that no calm zones
can form in the top of the column at which the
methacrylic ester can polymerize. It may additidnally
be advantageous to add a stabilizer for preventing
20 polymerization to a condensate part-stream which is
recycled into the column. This can be done, for
example, by adding an appropriate amount of
polymerization inhibitor as stabilizer to the
condensate part-stream intended for spraying of the top
25 of the column. It has been found to be advantageousg in
some cases when the condensate part-stream, after the
addition of the stabilizer but before entry into the
top of the column, passes through a suitable mixing
apparatus, preferably a static mixer, in order to
30 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, sent to

35 disposal.

The crude product present in the buffer vessel is kept

with the aid of a brine cooler at a temperature of



in a fluid-conducting manner as elenents of this 20 system This plant
system i ncl udes acetone cyanohydrin preparation 20, foll owed by acetone
cyanohydrin workup 30, followed by an am dation 40, foll owed by an
esterification/hydrolysis 50/50a, followed by a workup for ester or

met hacrylic acid 60, followed in turn by a 25 fine purification 70, after
whi ch the ester, usually nethyl nethaciylate, or nethacrylic acid is
present. The pure ester/pure acid thus obtained can be sent to a further

processing plant 8Q. Useful further processin | ants 80 ,i ncl in

particul ar pdt3itr i%z&Pi 8R°46 %%'ré?%ggﬁﬁgiVegegﬁ?séf?ﬁ ﬁqﬂQ%hggggrganic

reactions. | mitcheopel preféerattlionn eactogs, opoibovat Batpyl@t@s can be

prepared, and, in the reactors for organic reactions, the pure nononers

obt ai ned here can he converted to further organic QonpoungggnTthfurther 35
f

processi ng pldht 57T h&<f uFEMRYE pRrB¥esSITYSHI aHtRISE 1685/ owed by a
fi ni shi ng590.pr\kiectt hedf tot keripeoeessilhgapuoduseshanylpol wstes sof

met hacrylic Q§k9 Bfoduct can also be subjected to an absorptive
purification stage. It has been found to be useful, for
example, when the pure product as a whole, or at least

a portion of the pure product, is purified further with

10 the aid of a wmolecular sieve. Particularly acidic
impurities, esgpecially formic acid formed in the
preparation process, can thus be removed in a simple
manner from the product stream. It has additionally
been found to be useful in some cases when the product

15 stream, aftexr passing through the adsorptive
purification stage, also passes through one or more
filters in order to remove any solids present in the

product.

20 The streams obtained in the workup comprise
predominantly polymerizable compounds. In order to, as
already described more than once in this text, prevent

the formation of calm zoneg, it has been found to be .
advantageous in the case of the process described here

25 too when the parts of the plant which come into contact
with methacrylic ester are constantly flowed over with
methacrylic ester. In a further embodiment of the
process presented here, a part-stream of methacrylic
ester is therefore withdrawn downstream of the buffer

30 vessel 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.

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



nmet hacrylic esters, especially nethyl nethacrylate, - 49 - they are
processed further to give fibres, noul ding conpositions, especially
granules, filnms, slabs, autonobile parts and other noul di ngs by suitable
equi pnment such as extruders, blown-filmextruders, 5 injection-noulding
machi nes, spinneret dies and the like. In addition, the plant system1 in
many cases conprises a sul phuric acid plgant 100. For this plant, al

sul phuric acid plants which appear to be suitable for this purpose to the
person skilled in the art are_10 useful in principle. Reference is nmade in
this context,afﬁ?mﬁiéﬁgH%PuFo2tﬁg th %hapter 4, page 89 ff. in "Integrated
Pol l ution Prevention and Control - Draft Reference Docunent on Best

Aval i bl e Techgj;g%:ﬁ@r{?zroft hecMapufiacisie of Large Vol ume Inorganic Chemcals
- 15 Anmonia A i i nabl e via the European Conmm ssi on.
The sul phuric acid plantS 10 is connected to a series of other plants. For
i nst ance, % heracehonerayanolprdisentpdebarat | tn Y ik suypeebde w fdr
concentrat ed splgltll| c1achd eyl-enar SPLPOULL Colbhh | N, ZBusjedbraqyer, a

further sul phuric acid [ine ex] sts_between the sul phuric acid plant 100
and the ani dafPeRt 4GV1PRETEF AT SuPPRarTedacit &P€o PE1%ed Po &s " Spent
Aci d" from t hguestgrdifilceatironobdex hydr ehipseguéfia)y | sedycdrsfigr rlisack o t he

sul phuri ¢ acign%gﬂf&? 10002204 N B0Bn L hecLLOeS ehP! o2RRALe SUL PBUELLEm aci d 4

and 5. In the's acid plant_ 100, e dilute sul phuric acid can be

wor ked upt0 TheomRiridizcor SPRRE diSPiPBUEHF pRFiide &S dC88n B%e 8PFRLITH, for
exanpl e, as desefiidied ddrMDfQ2623688 Adn dre \Word2/c280891iAh. stenrgeireral , t he
30 plants are, ”@T&Q&%&H eg.fromt g’@itser% | Sophi chy af g frami liar,¢ o those
skilled in the art and appear to be suita e,?or't e particular sfresses.
Usual |y, the We®ePPhids sPERIFHI e sheefleRPf EIFtR? Fhe pEr¥i3aR 7T have
exceptional aché Iegiisi,arce. theeer agbonsted ddielB5 cphabtssebachteadt e

operat ed i t h,gul p é'%aﬁ&%{js agge eSPBELhde W LdLeRneRRt Ll ed sl phuri c
acid are addi tTona y I'TThed_and protected wth ceramc nmaterials or
plastics. |n efdhangsy, (Peeketaiier ywieh adrdesnpicaitdds - s9led gade

met hacryl i ¢ agédyqlleantink@athaneseefefti osdtaon rebbatoylic acid line 6 to the
prepurification 60. It has al so been found to be useful to add a stabilizer
indicated with "S" in the acetone cyanohydrin 5 preparation 20, the

ami dati on 40, It Heaediean fiouad SR BO, 2EVRIMRIRVIS di's S50, CRfgs when

prepuri f ixat | @6 & SPréhentead purtiid caéaOneXChaldetchenat etlomne
cyanohydrin preparation, 20 shaown, | i e N ovided in
an acet one vé??gﬁjﬁﬁ 3%%1?%eqﬁ§d¥g%§%%f€ gg%gh%% gghy roéggﬁﬁ%gag%d vesse
22. The acet opExtusssedf Mategs apds @uisBiifg coswernds, as obtained by

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

the resulting mixture in a cleavage plant and hence to



23 which, in its upper region, has one or nore cooling elenents 24. A
series of offgas lines 25 which stem 15 fromvarious plants in the plant
system 1 open into the scrubbing tower 23. The acetone is fed into a | oop
reactor 26 via the acetone feed 27 and the hydrocyanic acid via the
hydrocyani ¢ acid feed 28 downstream of the hydrocyanic acid feed 28 is

di sposed a punp 29, 20 followed in turma7by a catalyst feed 210 which is
followed by a static m xer 211. This is followed by a heat exchanger 212
whi ch has a serijies of f om1resiséances 213 and at | east one cooling line

214. In the | 93P TRaRHEFU24C FREL & on mi xture consisting of 25 acetone,

hydr ocyani ¢ acid and catalyst is conducted in a circuit to a considerable

degree, whichpjs idionabadaBYe bQdebliBeScodpiNdsheoheainaxchangeie 212, the
reaction mxture is. conducted via theﬁfl% resi stances al ong %he cool i ng
lines 214, an®taRRoirtd GiofPhet 3PS @ﬁigkfoﬁsgt?ﬁa. FEFEsSed into a

further heat exchanger 215 to which is connected a collecting vessel

The plant described here for removing solids from the
spent acid and for recycling material from the
esterification process into exactly this process can
also be performed, for example, twice for reasons of

10 operational reliability. For instance, the two or more
flotation vessels can be used offset in time. Since
solids can settle out in these vessels, it is
advantageous to remove them when the particular
flotation vessel is not being used.

15
The present invention further relates to the use of the
methacrylic acid obtainable wvia the process according
to the invention or of the methacrylic ester obtainable
by the process according to the invention in fibres,

20 filme, coatings, moulding compositiong, wmouldings,
papermaking éuxiliaries, leather auxiliaries,
flocculants and drilling additives. In addition, the
present invention rel‘ates,to fibres, £ilmg, coatings,
moulding compositions, mouldings, papermaking

25 auxiliaries, leather auxiliaries, floccﬁlants and
drilling additives which are based on a methacrylic
acid obtainable by the procéss according to the
invention or a methacrylic ester obtainable by the
process according to the invention.

30 .
The aforementioned will now be illustrated by way of
example with reference to nonlimiting drawings. The

drawings show:

35 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



216 in which a nozzle 217 is present as part of a cooling circuit 218 with
a heat exchanger 219, which keeps the reaction product firstly in notion
and 35 secondly cool. Via an outlet 220 which follows the collecting vessel
216, a stabilizer vessel 221 is attached, into which a sul phuric acid feed
222 opens and from which the crude acetone cyanohydrin is - 51 - conducted
through the outlet 223 into the acetonet&yanohydrin workup 30. In Figure 3,
comi ng fromthe cyanohydrin preparation 5 20, the outlet 223 opens into a
heat exchanger 31 in vhighnihe gt ream com ng fromthe cyanohydrin
preparation 20 is heatéed. A vapour feed 32 is connected to the heat
exchanger 31 and opens out in the upper region, preferably the top region,
of a colum 38igThg: 1& cekthuamaBic hag aanmudrikupdepdinpadidmgsc8dondi ch are
usual 'y configured as trays dk?nthe | ower region of the colum 33 is

di sposed the colum bo ton1§5 rom which a bottons outlet 36 leads into the
heat exchahger 31 and heats the streans conducted through the outlet 223
into 15 the heag.exchangehdtatfcpof & prodmitiatice @kt connected to the
heat exchanger 31, which is foll owed downstream by the am dation 40. In the
top region of the colum 33 is disposed a tops outlet 38 which opens into a
heat exchangeFi89 o whis€henathe PUMFLSIOL L 2P FHREEred and opens in
turn into a heat exchanger 311. Both the heat exchanger 39 and the heat

exchanger, 311 e gonnec ia lines cogling v I t9 which a
recycl e Illérgle 5% ieg' c%nn%%?ee%é%néd ?g c%‘%l%%:tt egofoggﬁeg) %rggbfi%giéac or 26 in
t he acetone cyanohydr®8t25.preparati on 20. The ami dation 40 depicted in

Fig. 4 first has an acetone cyanohydrin feed 41 and a sul phuric acid feed

42 whi ch openginto, a L.gap£gactor; A, The AEELOME: the ester.

15 Fig. 1 shows the preferred elements of a plant system 1
for preparing methacrylic acid or methacrylic esters
and their further processing products. The plant system
1 has various plants connected to one another usually
in a fluid-conducting manner as elements of this

20 system. This plant system includes acetone cyanchydrin
preparation 20, followed by acetone cyanochydrin 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

25 fine~purification 70, after which the ester, usually
methyl wmethacrylate, 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

30 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

35 processing plant oxr the further processing plants 80

-ig/are followed by a finishing 90. When the further
processing products are polymers'of methacrylic acid or

methacrylic esters, especially methyl wmethacrylate,



30 cyanohydrin feed 41 connected to the acetone cyanohydrin workup 30 opens
into the circuit of the | oop reactor 43 downstream of a punp 44 and
upstream of a m xer 45. Upstream of this punp 44, the sul phuric acid feed
42 opens out. The mixer 45 is followed 35 downstream by a heat exchanger 46
which in turn opens into a gas separator 47 fromwhich, firstly, a gas
outlet 48 and a feed 49 to a further 4oop +eactor 410 exit. The further

| oop reactor 410 or a third has a - 52 - conparable construction to the
first loop re | eap raact 11 enters
a heat exchangfé(%y f%% g{ﬁé@é% é (E% g%s seg%?g‘t}%r 4(1%?8? %m whi ch

to a gas out| @emadsd RPN aﬁfSBéCthYS 43]!3?@9& £5¢ hel Bt eaé?ﬁ@?ot he
esterificati oghbytlsl ysi SP&&/QVAAarpi andtrla. nEiLgl:ﬂrng shows stiieable

esterification SQme whslucc a%gl?/ ugagg 51 ﬁ?x{‘d‘égctt%ug@{:gr and

organic 10 sofvent . and an ani Zbnnac he “am 1 bn 40 open
into a tarfk 58NIRGEEkPTSavdddan emﬁg‘/hhnet%znk Sﬁ’é@@ére‘54 digf a@dti BRe an

al cohol line HHk&howA addition, the plant system 1 in many cases
comprises a sulphuric acid plant 100. PFor this plant,

all sulphuric acid plants which appear to be suitable

for this purpose to the person skilled in the art are

10 useful in principle. Reference is made in this context,
for .example, to the in Chapter 4, page 89 ff. 1in
“Integrated Pollution Prevention and Control - Draft
Reference Document on Best Avalible Techniques for the
Manufacture of Large Volume Inorganic Chemicals -

15 Amonia Acids and Fertelizers” obtainable wvia the
' European Commission. The sulphuric acid plant. 10 is
connected to a series of other plants. For instance,

the acetone cyanochydrin preparation 20 is supplied with
concentrated sulphuric acid via a sulphuric acid line

20 2. Moreover, a further sulphuric acid line 3 exists
between the sulphuric acid plant 100 and the amidation

40. The dilute sulphuric acid also referred to as
“Spent Acid” from the esterification 50 (hydrolysis

50a) 1is transfefred to the sulphuric acid plant 100

25 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 A1l or WO 02/23089 Al. In general, the

30 plants are manufactured from the materials which are
~familiar to those skilled in the art and appear to be
suitable for . the particular stresses. Usually, the
material is stainless steel which must in particular
have exceptional acid resistance. The regions of the

35 plants which are operated with sulphuric acid and
especially with  concentrated sulphuric acid are
additionally lined and protected with ceramic materials

or plastics. In addition, the methacrylic acid obtained



with a broken line opens into the tank 53. The al cohol

| i ne 55 opens out

both in the upper and in the |ower 15 region of the tank 53. The first tank
53 is connected to a further tank 53", which has a further tank heater 54',
via an ester vapour line 56 indicated by a |ine of dashes and dots. This
further tank 53' too is connected to the alcohol line 55 both fromthe
bottom and from 20 the top. The ester. ¥gpour line 56 is connected to the
upper region of the tank 53" and opens into a botton157 of a colum 58. In

addition, a line for dilute sulphurlc cid 59 is

t he upper

ent
region of thelR afiRe5FethacEyhke ufcids %ﬂ&ﬂ?%ﬂe cﬁﬁ¥eﬁlﬁlﬁipse 25 is
f or ned fron1amémhﬂdﬁ@lectam&dSEJamﬂe54twwthea@re@mﬂlﬂmqa§155 &0d €gter vapour

line 56. It i3 p0splbl g0 cOGs LWOLOT JBIIONS UL LANk i 1i5,di0 fol | Ow

in battery-1li G successi on, eac

these tank units 510 bel connect ed

via the esteriRigaied i nélEs t 0Sthe B0 bd&PEom FFEIO% heCXHRURTSE  From t he
bott om 57 sof ph@areltusn 58), athégladiabkeonl iave 5dle absvetrifidsattiont he

50, the hydrolysis 50a, the prepurification 60 and also

the end purification 70.

In the acetone cyanohydrin preparation 20 shown in

10 Figure 2, the acetone is provided in an acetone vessel

21 and the hydrocyanic acid in a hydrocyanic acid

vessel 22. The acetone wvessel 21 has a scrubbing tower

23 which, in its upper region, has one or more cooling

elements 24. A series of offgas lines 25 which stem

15 from various plants in the plant system 1 open into the

20

25

30

35

scrubbing tower 23. The acetone is fed into a loop

reactor 26 via the acetone feed 27 and the hydrocyanic

acid via the hydrocyanic acid feed 28 downstream of the
hydrocyanic acid feed 28 1is disposed a pump 29,
followed in turn by a catalyst feed 210 which is
followed by a static mixer 211. This is followed by a
heat exchanger 212 which has a series of flow
resistances 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 1lines. From the heat exchanger 212, the
reaction mixture is conducted via the flow resistances
along the cooling lines 214, and a portion of the
circulation stream is passed into a further heat
exchanger 215 to which is connected a collecting vessel
216 in which a nozzle 217 is present as part of a
cooliﬁg circuit 218 with a heat exchanger 219, which
keeps the reaction product firstly in motion and
secondly cool. Via an outlet 220 which follows the
collecting vessel 216, a stabilizer vessel 221 is
attached, into which a sulphuric acid feed 222 opens
and from which the crude acetone cyanohydrin is



tank 53, in order to feed water and organic solvent back to the
esterification. In the upper region, preferably the top, of the columm 58,
a first heat 35 exchanger 512 followed by a further phase separator 513 are
‘connected via a suitable line. Both at the top of the colum 58 and in the
first heat exchanger 512, a.first stabilizer feed 414 (stabilizer indicated
‘wth - 53 - "IS") and a further stabikizer feed 515 may be provided in
order to feed an inhibitor or stabilizer which prevents undesired

pol yneri zati on. Connected to the furthe h separator 513 is:a scrubber
516 in whose %Jqdd\%legr ebPors s%lh\?enf’uﬁ%tg %%?I‘ e%?‘?g aérjlhdE opens 84t in the
sol vent |ine Gkndhgdaiheatriexerdnger 521. From the upper region of the

scrubber 516, a crude ester line exits and opens into the ester workup 60.

The spent acid line 59 exitin fr%n1the upper Q%%é?n of _the tgnk 10 53" or
of the tank of"tR&IPERt3 1 afiR™ERNT t T80 SCYMO S ot B T Vés¥el 519 for
renoval of t o ,sothelsoaticetc ozt | dpemt sinnsobubketi exthangpendladind. From

the flotation,wessel .319, & 5Pt ashkdnQutlet,p20gRt ersyd g siiphuric acid
pl ant 100, aﬁgngﬁﬂomf oi | er 'vapour 15 ??ne 555 whi. ch cdﬁﬁuctg%ﬁL

| ow boi | i ng GHREIAGAAPS20f 4F ReA%Iter AM%PPGHraﬁﬁe?e%@c%?ﬁﬁ?ngﬁiggs t he
esterificati av dhe Bsher ewohkugeshown and Fgurse Guti siconhectggetro the 20

esterif1cati qn QAT 88:eLley eBheT Ll needilon | N f Ll o6 agd ©1

opening into a vacuumdistillation colum 62. This
col urm 620%hasaMem3 3 nhéfnat sMBAEERES Bt (RARKHEFFer’ 64¥BITAnGEE in the
| ower regi on wfudihe eehBmgubtRd &4 amayee llowehe lower region of the

column 33 is disposed the column bottom 35 from which a
bottoms outlet 36 leads into the heat exchanger 31 and
heats the streams conducted through the outlet 223 into
15 the heat exchange 31. A pure product line 37 is
connected to the heat exchanger 31, which is followed
downstream by. the amidation 40. In the top region of
the column 33 is dispésed a tops outlet 38 which opens
into a heat exchanger 39 to which a vacuum pump 310 is
20 = connected and opens in turn into a heat exchanger 311.
Both the heat exchanger 39 and the heat exchanger 311
are connected wvia 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

25 preparation 20,

The amidation 40 depicted in Fig. 4 first has an
acetone cyanohydrin feed 41 and a sulphuric acid feed
42 which open into a loop reactor 43.. The acetone
30 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. Upstreém of this pump 44, the sulphuric
acid feed 42 opens out.. The mixer 45 is followed
35 downstream by a heat exchanger 46 which in turn opens
into a gas separator 47 from which, firstly, a gas
outlet 48 and a feed 49 to a furthexr loop reactor 410
exit. The further loop reactor 410 or a third has a



25 region of the colum 62 which constitutes the bottomof this colum, an

ester outlet 65 exits,
feeds the crude ester freed of

upper region of the colum 62, usually in the top, 30 a first heat
exchanger 66 is connected via an outlet, as are one further heat exchanger

or a plurality of heat exchangers 67 wgphch are foll owed by a phase

opens into the ester fine purification 70 and hence
| ow boilers to the fine purification. In the

separator 69. In the phase separator 69, the nixture stenm ng fromthe heat
exchanger 67 is divided into 35 org ani_c constltuent a recycle
line 611 in tFRERAFEE g réﬁpﬁﬁrﬂgFﬁB c&inddt J%t bhase $&barator 69 and

openi ng out |RrQMK£hqnﬁyrtmeg|dnoofreheteolﬂhﬁ,62 f¢¢dt¢ﬁ#l@ﬂﬂ§¢fréglon of
the separat Orhe 4 WBlfhngero412 w&é@tlél&u%w@ae%@nta %BQ 885 M

esterlflcatlon 50 in order .to feed t ter renove
esterificatidht3/A Fsfuclhdy & egij%n%‘\r{\@[‘%ﬁ

k t th
Hirh 3 h R LS

exchanger $ 6611and 67exdita a 5 tleducedigrisssure leatEmgl2. Iue Fi gurte
ester outl et Qéﬁ%@b@goﬁyﬂﬂf%&g %b(}oﬁkk{d?aﬁ’@ fpens into a distillation
ses

columm 71. Thi's conpri
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urality of colum internals 71 and,

Figure 5 shows the esterification 50, 4in which a
solvent line 51 which conducts water and organic
solvent, and an amide line 52 connected to the
amidation 40 open into a tank 53 which is heatable by a
tank heater 54. In addition, an alcohol line 55 shown
with a broken line opens into the tank 53. The alcohol
line 55 opens out both in the upper and in the lower
region of the tank 53. The first tank 53 is connected
to a further tank 53’, which has a further tank heater
54’ , via an ester vapour line 56 indicated by_a line of
dashes and dots. This further tank 53’ too is connected
to the alcohol line 55 both from the bottom and from
the top. The ester vapour line 56 is connected to the
upper region of the tank 53’ and opens into a bottom 57
of a column 58. In addition, a 1line for dilute

sulphuric acid 59 is present in the upper region of the

tank 53’. A tank unit 510 encircled in a dotted ellipse

is formed from a heatable tank 53 and 54 with alcohol
line 55 and ester vapour line 56. It is possible for
one, two or more of such tank units to follow in
battery-like succession, each of these tank units 510
being connected via the ester vapour line 56 to the
bottom 57 of the column 58. From the bottom 57 of the
column 58, a high boiler line 511 also leads to the
tank 53, in order to feed water and organic solvent
back to the esterification. 1In the upper region,
preferably the top, of the column 58, a first heat
exchanger 512 followed by a further phase separator 513
are connected 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

o the
he heat
7, the



10 in the lower region of the distillation colum 71, a colum bottom
heater 73. Fromthe top region of the distillation colum 71, a pure ester
vapour line 74 enters a first heat exchanger 75 which is foll owed by one
(or nore) further heat exchangers 76 which are 15 connected to a

reduced- pressure generator 717. The outlet of the further heat exchanger 76
has a line fromwhich, firstly, an ester recycle line 77 opens into the
upper region, or into the top, of the distillation colum 71. The ester
recycle line 77 has a stabilizer 2Q neteri oLnt 79 which is, disposed in
the ester recy%fﬂ Mhe? 7 u?ﬁﬂﬁ?eﬁﬁéﬁ léeﬁigg?87§?%8383n ?y?r?YB%? Ee li ne
of the furtheinheatdeexchangered6ana jmirieigstrer oputdistbiliGesxi wisichn

addi tional heﬂe@mn%ﬁez1&&%@@9&&%&1@@@5. exEhangekq’ 2o argrconnect ed

to this in 25 series connection. These_are foll owed by a nplecul ar sieve
vessel 713 whfehthas Rﬁﬁ%&nﬂ%ﬂar§F8€eSﬁacRFnSSS?fﬁgbﬁﬁr?*§eﬂnfﬂ??ﬂ%r by t he
nol ecul ar si evevet heegildir apud vesiterl ing Branskets eand hopagh dute id t rapure

ester outl et Eﬂé'ng%f&éké 9 jlfe Q@Iﬁ%ulaarhe%ke\éeﬁaﬁgﬁgsé §?1.i M Qord hehd ur t her
processi ng pl ant . - bb - Reference nunera 15t 1Plant system
2Sul phuri c acheP$¥ nEeSiFruPt héres ACENBPPE &dPd 13 MEFWSpetitt<ul biRR i c acid

line - ester &fpentasdl ppensc ianicd theieestaci dobkep haoryllhe aspent i ne
oy hoes one SUAREYIAD 8 SETAOTAR B MeetmR BN L e 40
_ purificat%%n 53¢ or of the tank of the last tank unit 510 opens into
a flotation vessel 519 for removal of the solids and
constituents insoluble in the spent acid. From the
flotation vessel 519, a spent acid outlet 520 enters
the sulphuric acid plant 100, and a low boiler wvapour
15 line 522 - which conducts the low-boiling constituents,
for further workup and recycling, enters the

"esterification.

The ester workup shown in Figure 6 is connected to the
20 esterification 50 via a crude ester line 61, the crude
ester feed 61 opening into the middle region of a
vacuum distillation column 62. This c¢olumn 62 has
column internals 63 and a bottom heater 64 arranged in
the lower region of the column 62. From the lower
25 region of the column 62 which constitutes the bottom of
this column, an ester outlet 65 exits, opens into the
ester finé 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,
30 a first heat exchanger 66 is connected via an outlet,
as are one further heat exchanger or a plurality of
heat exchangers 67 which are 'followed by a phase
separator 69. In the phase separator 69, the mixture
stemming from the heat exchanger 67 is divided into
35 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



80 Further processing plant 90 Finishing 100 Sul phuric acid plant 21

Acet one vessel 20 22 Hydrocyanic acid vessel 23 Scrubbing tower 24 Cooling
el enents 250ffgas |ines 26 Loop reactor 25 27 Acetone feed 28

Hydrocyanic acid feed 29 Punp 210 Catalyst feed 211 M xer 30 212 Heat

exchanger 213 Fl ow resi stance 214 Cooling lines 215 Heat exchanger
Col I ecting vessel 35 217 Nozzle 218 Goshi Rg circuit
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outlet 610 is present and opens into the esterification
50 in order to feed the water removed back to the
esterification. A reduced-pressure generator 613 is
connected to the heat exchangers 66 and 67 via a

reduced-pressure line 612.

In PFigure 7, the ester outlet 65 stemming from the
ester workup 60 opens into a distillation column 71.
This comprises a plurality of column internals 71 and,
in the lower region of the distillation column 71, a
column bottom heater 73. From the top region of the
distillation column 71, a pure ester vapour line 74
enters a first heat exchanger 75 which is followed by
one {or more) further heat exchangers 76 which are
connected to a reduced-pressure generator 717. The
outlet of the further heat exchanger 76 has a line from
which, firstly, an ester recycle line 77 opens into the
upper region, or into the top, of the distillation
column 71. The ester recycle line 77 has a stabilizer
metering point 79 which is disposed in the ester
recycle line 77 upstream of a mixer 78. Secondly, from
the line of the further heat exchanger 76, a pure ester
outlet 710 exits. An additional heat exchanger 711 and
another heat exchanger 712 are connected to this in
series connection. These are followed by a molecular
sieve vessel 713 which has molecular sieve packings
714. Purified further by the molecular sieve, the
ultrapure ester is transferred through the ultrapure
ester outlet connected to the molecular sieve wvessel

into the further processing plant 80.

216



219 Heat exchanger 220 Qutlet - 56 - 221 Stabilizing vessel

acid feed 223 CQutl et 31 Heat exchanger 5 32 Vapour feed 33 Col um

222 Sul phuric

34Packi ngs 35f§b|unn bottomw th heat exchanger 36 Bottons outlet 10 37
line 38 Tops outlet 39 Heat exchanger 310 Vacuum punp 311

Pur e product

Heat exchanger

15 312 Cooling vessel

cyanohydrin feed 42 Sul phuric acid feeds -
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Reference numeral list

Ul oD W N

30
40
50
50a
60
70
80
90
100
21
22
23
24
25
26
27
28
29
210
211
212
213
214
215
216
217
218
219
220

Plant system

Sulphuric acid line

Further sulphuric acid line
Spent sulphuric acid line - ester
Spent sulphuric acid line - acid
Methacrylic acid line
Acetone c¢yanohydrin preparation
Acetone cyanohydrin WOrkup
Amidation

Esterification

Hydrolysis

Prepurification

End purification

Further processing. plant
Finishing '

Sulphuric acid plant
Acetone vessel

Hydrocyanic acid vessel
Scrubbing tower

Cooling elements

Offgas lines

Loop reactor

Acetone feed

Hydrocyanic acid feed

Pump

Catalyst feed

Mixer

Heat exchanger

Flow resistance

Cooling lines

Heat exchanger

Collecting vessel

Nozzle

Cooling circuit

Heat exchanger

Qutlet

313 Recycle line 41 Acetone



43 Loop reactor 20 44 Punp 45 M xer 46 Heat exchanger 47 Gas separator

48Gas outlet 25 49Feed 410 Further
413 Gas separator

30 414 Gas outlet 415 Amde |line 51Sol vent

| oop reactor 411 Feed 412 Heat exchanger

| i ne 52 Am de

line 53 First tank 35 54First tank heater 53' Further tank 54' Further tank

heat er

55 Al cohol
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221
222
223
31
32
33
34
35
36
37
38
39
310
311
312
313
41
42
43
44
45
46
47
48
49
410
411
412
413
414
415
51
52
53
54
53
54
55

line - 57 -

- 56 -

Stabilizing vessel
Sulphuric acid feed
Outlet

Heat exchanger
Vapour feed

Column

Packings

Column bottom with heat exchangexr

Bottoms outlet
Pure product line
Tops outlet

Heat exchanger
Vacuum pump

Heat exchanger
Cooling vessel

Recycle line

Acetone cyanohydrin feed

Sulphuric acid feed
Loop reactor

Pump

Mixer

Heat exchanger

Gas separator

Gas outlet

Feed

Further loop reactor
Feed

Heat exchanger

Gas separator

Gas outlet

Amide line

Solvent line

Amide line

First tank

First tank heater
Further tank
Further tank heater
Alcohol line



56 Ester vapour line 57 Columm bottom 58 Col um 59 Spent acid line 5
510 Tank unit 511 High boiler line 512 Heat exchanger 513 Phase separator
514 Stabilizer feed 10 515 Further stabilizer feed 516 Extraction col um

517 Solvent |line 518 Crude ester line 519 Flotation vessel 15 520
Spent acid outlet 521 Heat exchanger 522 Low boiler vapour line 61 Crude
ester |ine 62 Vacuumdi stillati anggobum 20 63 Columm internals 64

Bott om heater 65 Ester outl et

56 Ester vapour line
57 Column bottom
58 . Column
59 Spent acid line
5 510 Tank unit
511 High boiler line
512 Heat exchanger
513 Phase separator
514 Stabilizer feed
10 515 Further stabilizer feed
516 Extraction column
517 Solvent line
518 Crude ester line
519 Flotation vessel
15 520 Spent acid outlet
521 Heat exchanger
522 Low boiler wvapour line
61 Crude ester line
62 Vacuum distillation column
20 63 Column internals
64 Bottom heater
65 Ester outlet
66 Heat exchanger
67 Heat exchanger
25 68 Water feed
69 Phase separator
610 Water outlet
. 611 Recycle line
612 Reduced-pressure line
30 613 Reduced-pressure generator
71 Distillation column
72 Column internals
73 Column bottom heater
74 Pure ester vapour line
35 75 First heat exchanger
76 Further heat exchanger
77 Ester recycle line

78 Mixer



66 Heat exchanger 67 Heat exchanger 25 68Water feed 69 Phase separator
610 Water outlet 611 Recycle line 612 Reduced-pressure |ine 30 613

Reduced- pressure generator 71 Distillation colum 72 Colum internals 73
Col um bottom heater 74 Pure ester vapour line 35 75 First heat exchanger
76 Further heat exchanger 77 Ester recycle line 78 Mxer - 58 - 79
Stabilizer nmetering point 710 Pure estgg outl et

79 Stabilizer metering point
710 Pure ester outlet
711 Additional heat exchanger
712 Other heat exchanger

5 713 Molecular sieve vessel
714 Molecular sieve packings
715 - Ultrapure ester outlet
716 High boiler line
717 Low boiler draw



711 Additional heat exchanger 712 O her heat exchanger 5 713 Mol ecul ar

si eve vessel 714 Mol ecul ar sieve packings 715 U trapure ester outlet 716
High boiler line 717 Low boiler draw - 59 - Cainms 1. Process for

prepari ng acetone cyanohydrin, in which a reaction m xture conpri sing
acetone and hydrocyanic acid is reacted in the presence of a catalyst in a
| oop reactor to form acetone cyanohyd® n as the reaction product, the | oop
react or having at |east one apparatus for cooling the reaction m xture, at
| east owr@apMBP, 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 being fed in downstreamof the feed of acetone or
hydr ocydni c Brocess Hotrh, paadanhed e adegopst afysrohydiad i Anat Wai@bi ft in
the | oop reagtkt Bln W& rkhecrRathsl endidetafne haidr egebepani «takil bef ore
entry into an entr% orifice of the rg,actior% rin'x ure intg at |least q{n])e

appar at us f of AFXEhg T he'F ST BT it Gr €381 ¥P " nb¥t 2309658t "Fhe path | engt h
that the reafbionacekine ecyarmvweldsiaf ter thige reectling BEOAYEF octthi ¥°UCi d and

?Cet one bef org,ent s yfﬂa@tiﬁga!"a@ntlﬁa\és@ i bhee a@fpa&'&@uéeagéﬂ g'&o@ivihw etHd’l'([j_O at
east one apparatus for mxing.the reaction mxtyre. 2. Proce G i ng
to Claiml, gﬁﬁ?‘éjc‘?rér“i‘?gdlrien gﬁatlef‘ﬁg QA% &Y Y& ia;£ ﬁéa&sitn & gg%%l?an%?% n the
| oop react or fuhi atixdismge| bser neacamorntriktowef | ed ofatt hkeadactinén st ure
into at |easl,.0ne.APRA atdsiiff nYxbRgahie Seas! QR udnst uhe thealyer a feed

orifice for feeding 1 n hydroc ic.aci,d or a fee rifice for feedi in
acetone or b&PR ‘F%g%ilbéﬁ'ﬁ fk?ec]é@?/af%g PRod8YRS bRt & 3bteo 558 of ?ﬁ%ggegcedi ng
cl ai ms, char act eyilzedyamid hatid her regideree vihsseotheheatatw$tysis i 84 he

reaction m xtyrgrbgt yeentt egde ROM1 HdXi Pehdddbratat! @asthoraeappanal esgdior

m xing the reaction mxture is at m)qst 10 s. t4. Prgcess a%%grdi ng-f o, one of
the precedi n§fctaPnESaEhaPAcCTEF TVt BT Y Ra®he A8l 98t SP§ Y e Th

cont i nuousl yo6r tihet ereddttient | yixBirePr boessabcderditngteo apeapftushefor
preceding cl ﬁ&g§ng the reaction mixture 1is 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.

2. Process according to Claim 1, characterized in that the
catalyst is fed in at a point in the loop reactor which is
closer to an entry orifice of the reaction mixture into at
least 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 residence time of the catalyst in
the reaction mixture between feed and mixing in at least
one apparatus for mixing the reaction mixture is at most
10 s.

4. Process according to one of the preceding claims,
characterized in that the catalyst is fed in continuously

or intermittently.

5. Process according to one of the preceding claims,



- 60 - characterized in that the tenperature of the reaction mxture in the
| oop reactor is 11 to 70C. 6. Process according to one of the preceding
clainms, characterized in that the catalyst used is an inorganic or an
organi c base. 7. Process according to one of the preceding clains,
characterized in that the catal yst used is an organic am ne. 8. Process
according to one of the preceding clains, characterized in that reaction
product is wthdrawn continuously or Gontérmittently fromthe | oop reactor
the reaction product being cooled to a tenperature of 0 to 10C in one or
nore heat exERAMYETS igRder ifealidly tHhe | 66PPREALYET . & BREce’S2aLtYt di ng
to Caim8, sbatwsd @ zéd Lbophatadte deolledtoeactd on product is adm xed
with an acid. 10. Process according to Claim9, characterized in that the
reaction product is adm xed with sul phuric acid. 11. Process according to
one of @-ai MBroce¥s 102cePrtdtt erFeedOorf t It stFphuPrecadind wi the it er
cont egt of Pcﬂaf&’&%ﬁiﬁ)édvﬁjnghih;its tth@ﬁ@atﬂysE’r ?eeafsiaﬁaﬁr flhaggémmi®ner of the
precedi ng cl aj characterized in that a sanple of the reaction mxture is
wi t hdr awn fr%ﬂggﬂ%ﬂP%b%%FEéctor at at |least one point and the sanple is
anal ysed spectroscopically. 13. Process according to Caim 12,

charact er.i zedrbeddhat atbersnigl | 0g | snef f et edtigont pRYOESL NG Or claims,
[ntermitent i ahd s samphe {9, edndack, {0 Jdte \ogn reactar sLyglsdhe
anal ysis. 14. Process accoralng o one of  th preceding clains, ~- Bl -
characterized™i®ethat the reaction is performed at a pH of about 6.5 to
about 8. 15. Process for preparing acetone cyanohydrin, in which a reaction
m Xt ur e COMPEL Si.0g, acelong, And hydrogyani ¢, acid s peacted.in Lhe;presence
of a catalyst'ina |loop reactor to form acetoné cyanohydrin’ as € reaction
product, andcharahietasde |bop Eeakt orepabien | eacdudhe adpparathdrawr

cool i ng Lhe E63€ih UMyt b eingéa;miecatsgntqqe ﬂwfp,tlwd 1@@§tr@@@taca@patm usffor
m xi ng the reaction mxtur nd in _each case at_|eas ne f.e rifece for
f eedi ng hydr58§%§ﬁ%§ i Pé%e%gﬁggaﬁaog%?a}%s ?#%?(ﬁﬁ%gﬁ SrS%ugttge#édE

Wi t hdrawn cohbi misusPy droient 8eatt teimthiapoerem afey odpareagt dhe aheeR he
reacti on produstso@after leaving the | oop reactor, being cooled to a
tenmperature of 0 to 10C in one or nore heat exchangers and bei ng adm xed

wi th sul phuric acid with a water content of 0.1 to 8% by weight. 16.
Process %accoPdpaest o aClarding, tchafadeirri.zeghpnackenizate éat dihpdt thefed in
downstream f egp éde- L84 of f%@@b@ﬂei9rade<re@C)6§BhCa1@-Ci@ic9.r both. 17.

Process according to Claim1l15 or 16, characterized in that the catalyst is
fed in at a point in the |oop reactor which is closer to an entry orifice
of the ridact Poacesxt wceordiag lteastlaim appaharastéorzan xiing thed rebetion

m xture than tg.g:deed Liidd e fohiteeding isniBrdrosyanig. acid or a feed
orifice for feeding in acetone or both feed orifices.

11. Process according to one of Claims 9 or 10, characterized

in that sulphuric acid with a water content of 0.1 to 8% by

weight is used.

12. Process according to one of the preceding claims,
characterized in that a sample of the reaction mixture is
withdrawn from the loop reactor at at least one point and

the sample is analysed spectroscopically.
13. Process according to Claim 12, characterized in that the
sampling is effected continuously or intermittently and the

sample is fed back to the loop reactor after the analysis.

14. Process according to one of the ©preceding claims,



18. Process according to one of Clainms 15 to 17, characterized in that the
catalyst is fed in at a point in the |oop reactor at which the path |length
of the reaction m xture before entry into an entry orifice of the reaction
m xture into at | east one apparatus for m xing the reaction m xture is at
nost 30% of the path length that the reaction m xture travels after the
feedi ng of hydrocyanic acid and acetone before entry into an entry orifice
of the reaction mixture into at | eastéloné apparatus for mixing the reaction
- 62 - mxture. 19. Process according to one of Clainms 15 to 18,
char act er i ze@ha¥praleati zeHe inedih@énéact FRRCHEOR hes cREEFYEIed R 1fe Rt i on
m xt ure bet weesud erd ardaBb¥tng.in at | east one apparatus for mxing the
reaction mxture is at nost 10 s. 20. Process according to one of Clains 15
to 19, characterized in that the catalyst isfed in continuously, or
i nt er mi ffent Pyocess MogcePseRREDRi MFSLONEneCRN TP /15 ifp phich a
char ?ct eri Ziﬁe%cﬁt{[?d}%tmjlﬂ%rgemﬁbalsﬁ@ ijc_éﬂ'tfhd’ eant immrdcyhtie aaid hes | oop
reactor is o) : : cess._accor.di ne_o ' :
characteri zeﬁe?%t%(ﬁa]tn tzﬁjee c%lfeeasleygte %ge ics%ggtﬁgfgorgaa%i goggsnge%gt%ﬁ %?lgani C
base. 23. Préeessagetordi fyarohpheinf agl dhfs HERAE P2 PRACAet 11%etl i n
tc]ha_t thESC?taﬂ%@A lﬁ&@d 18o@n rfgragae'rc rafs nat 2dead¥ oeass agefadiuezg for one of
ai s o] . characteri inthat a s e e ti ] reis
wi t hdr awn fr%%%’]t%neg I%%Gfo ]r%%c‘?lo?n a l{a‘slﬁeéasaf%gineea%{)i éf?e a%%%’hegga% %Hi S
‘anal ysed speet¢ oseppizats yfopsniping etlse aEear i oy noxtaied mpd, in each
characteri zedaéd tGhat1éher sampl | Aged S oefifeetedonteBdONg| hydi-ocyanic

intermttently.and the sanple is f to e o r af he
anal ysi s. 26§¥#5$"0cesa§e§8§%r'diar?éjst oce%tnatel%%?'(} a%%rasCélj‘f)qfo §§(,%\g§1tar a%tgie? zed in
that the reacitldrdwn peonsipsauatya PH dntgpBittensly o Aswut the 1loop

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.

16. Process according to Claim 15, characterized in that the
catalyst is fed in downstream from the feed of acetone or
hydrocyanic acid or both.

17. Process according to Claim 15 or 16, characterized in that
the catalyst is fed in at a point in the loop reactor which
is closer to an entry orifice of the reaction mixture in at
least 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.

18. Process according to one of Claims 15 to 17, 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 1least one apparatus for mixing the reaction



19.

20.

21.

22.

23.

24.

25.

26.

- 62 -°

mixture.

Process according to one of Claims 15 to 18, characterized
in that 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 at most 10 s.

Process according to one of Claims 15 to 19, characterized
in that the catalyst is fed in continuously or
intermittently.

Process according to one of Claims 15 to 20, characterized
in that the temperature of the reaction mixture in the loop
reactor is 11 to 70°C.

Process according to one of Claims 15 to 21, characterized
in that the catalyst used 1s an inorganic base or an
organic base.

Process according to one of Claims 15 to 22, characterized
in that the catalyst used is an organic amine.

Process according to one of Claims 15 to 23, characterized
in that a sample of the reaction mixture is withdrawn from
the loop reactor at at least one point and the sample 1is
analysed spectroscopically.

Process according to Claim 24, characterized in that the
sampling is effected continuously or intermittently and the

sample is fed back to the loop reactor after the analysis.

Process according to one of Claims 15 to 25, characterized
in that the reaction is performed at a pH of about 6.5 to
about 8.



