; e3egHgE" P6T49Er r PROCESS FOR PREPARI NG SULPHURI C METHACRYLAM DE AND
‘DEVI CE FOR | MPLEMENTING I T The present invention relates to a process for
preparing sul phuric nethacryl am de f_'er_acet one cyanohydrin and also to a
device for carrying out this process. Sul phuric nethacryl am de or

met hacryl am de _sul phate %thcm - CONH~, HZS04] is an internediate
product whi ch BROEESEpFRR PHREPRRING SULPHYRLILCH METHACKYIAMEDE,AND and

4

water. It is known practi certacer gbar gmm.:lu-_,mmxmgnmmacryl am de from
acet one cyanohydrin and coincentrated sulphuric aclid. This preparation

generally conprises the reaction of acetone cyanohydrin with concentrated
sul phuric ache t @Esentc; cihydnexphsodlytars detand act -pwyslfoxyi s@but yr am de
sul phate. These two compounds. are then%ktleat todé:]i ve_.sul phuri g

net hacr yl anPd&EP3X *88ch a?‘}pﬂrp St i oG @ e sibj et of FRPencRCFEPERt No. 1
529 440 i n whiacbkhysirdesaridetl so ptocesslewiick stagi caprofindieount tbdeacti on of
acet one cyaggg}ég%isr], conprising a step in which acetone cyanohydrin is

m xed with Sul'phuric acid using a sul phuric acid/acetone cyanohydrin nol ar
ratio at least equal to 1.5, a step in which the m xture obtained above is

subj ect ed tguapdehydr atdamddr-heatidyd, ecetaaengsyppolydasn ks1pheneadded to
the reaction nediumso as to aggl have a, sul phuric aci d/gﬁano %gébn nol ar

n
rati o (of gﬂ&&@é‘F(?Mn—%@NP&n&z that§ 20 ¢ HRC e EERET Bhe nPXPErerti ¥ in

subj ect ed t gigecdehpdialli o dhadigdidoy. byEurepeatopar et apphanali andNo. 226
724 relates to a process for preparing nethacryl am de from acet one
cyanohydri nwﬁﬁﬁrc:oncentrat ed sul phuric acid, in which a I~ 1~91~-A r - 2

t wo- phase liquid m xture consisting of an inert, linear, saturated

hydr ocar boncont ai ni ng 51t on ons ]Eﬁ-‘% ton aydrin are
i ntroduced F%to ?u phuﬁiﬁ‘%@glci d. ucrtg%'reé;n pg%ent ap a%gegti o%u%aﬂggé 200

rel ates to apphearydagidea prdeess f oradHeons gh- yreraPhydptdduct PBA of

met hyl net haghykatea@kOkum®ihagiyldcgaci d, in which a piston-type cracking
reactor is used for the thermal conversion. In the translation of the
article published in the Russian journal Zhurnal Prikladnoi Khimi, Vol.

47, No. 6, phisl3dreds3bdtiduneydriBidllsnt cbhedit¥arioius eaeitians o€curri ng

in the synthesis_of nethyl t hacryl at e cetone anohydr i nd ol eunt
by A A M ERarRS VORI S Y R S Y 403 BB v,

i tels denongtvat ed-hdroxhesolacyianidd acet onehrganshydebntwienidal phuric
acE=to0 gi ve,apRYdroxyihiahut yhamdesulphate Proytdesheler:d eg%&s when

i t==] carri eg 8ut with a 1/2 cyanohydride/oleumnolar ratio in the presence
of =& e@m coftaAPRHEE C5Mes Neo%Yd@BRGr- tri oxi de. However, to limt the

a rdnce of side reactions during the subsequent stoning step, it is

r eememended to, work with an ol eum cogéai ni nk? 0- 3% S€J| hur tri ox%det The aim
of==me i nvenitFBn #s RICRACHOSY a 't obBEs T9P T epdts n§r§&1‘%’hu¥°ﬁ en
nettracryl anide whielh hae aihi ghhyckel di ®velestherbaal smal brexeess wfitkul phuric
acid is use [ n oV, | phur | iLd/acet aydrin

nol ar rati ogltgbﬁg\%. V\Q‘ﬁe Epllrﬂegcelsrgtrrgcé:c%:uor |Cﬁg tolgct %geigr?\g%nt ?gﬁng%{gggltﬁs{és t he
fol |l owi ng sEepsriging mi ¥tep sitteprhiqh viterre et veokydnbhydei miksdni xed

W th sul phugiehackdiphiehci sabhee abisyl pAurshippykde ; ablapasteshag step,
in which the m xture obtained above -3 is subjected to a dehgdratlon by
heat i ng; cyanohydrin molar ratio at least equal to 1.5, a step

in which the mixture obtained above is subjected to a

dehydration by heating, acetone cyanohydrin is then
added to the reaction medium so as to again have a
sulphuric acid/cyanohydrin molar ratio (of greater than
1) and, finally, the reaction mixture is again

subjected to a dehydration by heating.

European patent application No. 226 724 relates to a
process for preparing methacrylamide from acetone

cyanohydrin and concentrated sulphuric acid, in which a

R
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c) a step of. adding further acetone cyanohydrin, in which nore acetone
cyanohydrin is added to the reaction medium without adding nore sul phuric
acid, and with m xing; d) another stowing step, in which the mxture is
subjected to a further dehydration by-héating; e) optionally, one or nore
addi ti onal St\g%s) of further addition of acetone cyanohydrin followed by an
addi tional StEWERASE epl LEY18pt MEFANEE, £t I0Dw A§ sBBp; WFFSt s
char ac]Eeri Z@ﬁi_riéhﬁ,hatsaﬁuhrraglkbﬁ tmy’\;\ﬁmmm@nalc&@tia&wi@@uceﬂomn sstep C) aﬂd/ or
just after this step.c) an r, re appropriate, in one.or nofe of the

L idl tonal SEBRObT Ao A SHaREPORTE)  AOI TEAE Aier OB Chese
steps) e). Sudtv a gulggessic husidas t he advant age of reduci ng the nunber and
extent of the side reactions. In addition, it allows the use of starting
reagents that are not necessarily anhydrous. A subject of the invention is
al so a devi daineredar ria rRPoutaRMel Prioedss Nccorfdfihd G tied dfRgentticon.

Q her char acigidsidies anghadvant agggcggst heshnvention wildh -Reeans Rppar ent
on reading the descriptiaon which follows and which is given_with reference
to the drawBHREVSHEQthi OF DPeERydr em?ntbgcéyéﬁﬁ%mso’?e&ésgﬁti}%‘?éfrtﬂjrécasserrbl y
used to carrgciut {hewpreeess PLeobflfgpeo dlaekinentdtor EkowiRd is a
gr aph reprezfenti t.he ch%gge in yield as a function of the sul phuric

aci d/ acet on ocri/aﬁ}gh T ol B Y&t T For the process according to the
invention and a process of the prior art. - 4 DETAI LED DESCRI PTI ON OF
THE | NVENTI QY The | ”t‘{ﬁ%ﬁgt&é baﬁfd QL ¢t Q%tfdu §eov &%1%9&&@“’@& nt.gQduci ng
sul phur trioxide 1 nto polnts of the process hat are alrea y richin

met hacr yl amFdeEsiian | § qyaesilpl éhvgneRenPeaklgdand afvosiii nstant adousl y
convert  a- hygy Oxy, SRt yrani e jut,0 anhydr axyissobutynanicde sylphake, and
that the latter is rapidly converted into nethacryl am de during a
subsequent SEEHHTNETEThuSCCHEE 1Rt r otfuct iT8F caPYTPEREBUE | Pt efSStRY, at

whi ch poi nt n(%]ta-fc?ﬂtyﬂrdl\tl/%a _mﬂxiiijm rat}e@ojnleus&y@ﬁol_ﬁpﬁ;gﬁem@d) aldum” afb.y theh
acet one cyano rin, is | ow. u ur_trigxide ,be i.e. after the
pr e- st oni ng%'hé's&ﬁp%ﬁjél'aci%v/ azget%n\ég Ys h ghg'og‘iil g%irﬁ‘ﬁfli véit at the
end of intrddudt. drreaf’ yalervanheit t he damdnaolraredathatPriekerabloy,ionhe

sul phur trioxde s intr l.y i pn.step ordi 4 t

nventi on, T | So85t ecalea LY oy Gt TR Ere TP i B

possi bl e t o sy W ity saniie swlabat e rererideosbetberogesuiltisout
targeting awsReci {ic itd tegrriaqaddit i @izhan aces oneagyanahydel/B1ef,mmedi ocre
quality may be satisfactaory. It is possible, for exanple, to use an acetone
cyanohydri n”l?ﬁr?trai Rrh§Of rdm 580 P5eSERERalCk h8§§5‘ﬂd P ANG e? . EPhe

sul phur tri adidesuieyhidne taibkédéor Mmoakvelreumo whimtt f abel bbgkasainke

i ntroduction,: The,ol ral cont aji ns re than 10% and preferably

mor e than 1% By a1 SHECOR O BHF0 | Barde HE M e Gl hyRoGery
correspond ti¢ ars irehmmdrded| tunyofihrwekanpheohftih gonitieiof 004% 5 0
(HzS04 equi valept - Gonbaidu ng about 200 by weight of free sul phur
trioxide), obtained on a standard acid -5

The aim of the invention is to propose a process for
preparing sulphuric methacrylamide which has a high
yield even when a small excess o©of sulphuric acid is
used, 1.e. when the overall sulphuric acid/acetone

cyanohydrin molar ratio is low.

The process according to the invention comprises the

following steps:

a) a mixing step, in which acetone cyanohydrin is
mixed with sulphuric acid which is free of sulphur
trioxide ;

b) a stoving step, in which the mixture obtained above



regeneration unit manufacturing process. prior art, especially publication,
the use c side reactions. of a nethy|l methacrylate This is surprising
since, in the in the abovenentioned Russian f an oleumleads to interfering
The amount of ol eum added is | ess than 320% by weight relative to the total
charge of acetone cyanohydrjn and of sul phuric¢ acid. It is preferably

bet ween 30 and 3¢ rgéﬂ%&ﬁc\%@ci Fa i/ SetettHe ey ¢ NS%uch injected ol eum
contents rermi na00§}9ie.pi kife mﬁﬂhng?)vxfuﬁﬂ}&rr r‘até?SHER @y@ncﬁl@ycﬂl@izlmpoiel_ any
viscosity or crystallization_pr ens reci se ecause.the oleumis
injected after ?ﬁrc@-sf“&ﬁengagfegﬁpei .%Yg%?ﬁ%§5%¥ntl%t Ebﬂiq%{ tthoeréhies

al ready a porti aragft imrhydredipinsobutirlzoide sddphat emblrat ad pheer c
converted into nethacrylanide Eurthernore, no particular exothermcity is
produced at the poirt of injection of the oleum contrary to the case in
the prior ard) i anglihelr t Ivd plidem isserddedrdi WBéchy thet halxEerEne 18
cyanohydrin. No sgiyelaldd 28 1:0FJ s Hahs redirRitiker byWheh wepl d be due to
the rise in the content of a-hydroxyisobutyra de,sulﬁhate, \Q/mch

conventi onal®ly GBEFCEMMAEH ol%{/ﬁn i%lyi nfect eda‘g%f"o?*%n? e PrEPLEOW RY.

Accordi ng to the&umhet iagidien sef phet dnid oxiydeohgdgenerallllywed] égted in
slight deficit rel atdi Ve to the a- %dr o§yi sobutyram de to be converted into
a- hydr oxyi sobut ?tnaf?i 8% sllﬂrlﬁr%atset.ov 9% “defiici t may correspond to a sul phur
tri oxi de/ a- )dr opyiisoultlyr,am demadl atavdiico safed;ess than 1 and of the order
of 0.8-0.9. a.result, re ver any f.re ur i oxk de .i.n the
reacti on medi um (%ut#%'at cg%r}gtcegﬁc)z. %Ll'hlir% hr%lsatt hguzgi\}g%t a%%{%)? ?n‘iltsi ng the
si de reacti eisscastoerededed in- sgepwict h aney/ oul pHik 2ftexi dBisesperial |y
the formatiqn ofndypet hyhiacry! apbdeprsdtbone andnpol ywegsreAcSPr dindg to the
invention, the nolar ratio MR in séép C) iIs %gneral ly | ess }han 1.7 and
preferably BeeP Pl1555R851. 5. trlé)tfar @89 he ORs sehbl3Rd/Phe J4SEd to
carry out the&gqa0aess ancaditidry dted (e iglvention, it generally conprises,
in succession: - a first mxing reactor Ra, - a first stow ng reactor Rb,

- a second m xing reactor Rc conprising nmeans for introducing acetone
cyanohydri n,Sucha asepondestowimy rleast bhe Rddvanspgieond | yedoenengr timer e

additional mixing. reag! aktkitoldoveds byian addiddonal. stowkagteagtor, and
- optionally, a final stow ng reactor Re, and Is distin Ui Shed from a
convent i onalitas3ehdyy itha hueei tofal §62EbAPHI SeRIRstis £6RLI M¥DAUeNng

sul phur tri edcdesdaitio J eaatRirdis and/or at the outlet of this reactor
and/ or, where appropriate, into one or nore of the additional m xing

reactors and/or at the outlet of this or these additional reactor(s). Wen
t he assenbl B cemirjieses addi tthenali mviexitigr edet ond soeaeah dkviilkese foeact ors

the assembl X . oes sceash abve
1 ustrati ng SRR (1 ed RSBy R n e e o bR T The

process according to the invention. The process according to the invention

i s general | yypenf OFARHabPe £ 8L i RHOUSATDLEy a b §bs MRY bendegeribedoas

Fol lows. will become apparent on reading the description which
follows and which 1is given with reference to the
drawings, in which:

- Figure 1 is a scheme represgsenting the assembly used
to carry out the ©process according to the
invention;

- Figure 2 1s a graph representing the change in
vield as a function of the sulphuric acid/acetone
cyanohydrin molar ratio for the process according

to the invention and a process of the prior art.



Sul phuric acid is introduced via line |, and acetone r cyanohydrin via
lines 2 and 6. Step a) takes place in reactor Ra. The m xture obtained in
reactor Ra is introduced via line 4‘into reactor Rb, where the pre-stoning
step b) takes place. The internedi ate-ptoduct obtained in step b) is then
introduced via line 5 into reactor Rc, where it is mxed wth fresh acetone
cyanohydr i n DETAINERY DESER THYE G A7 THEhMNEATFBbri ate, with ol eum arri vi ng
via line 7. The m xture obtained in reactor Rc is then introduced via line
9 into reactor Rb. Where appropriate, oleumis added via line 8 into the
mxture | eadify rEYEGrioR. TFhe RAHA nPBf SHep }SEAKREY pl ARBEI nbYeact or
Rfl- Wher e ari@m@rgh@ti% r&ﬂ(‘ﬂ@h}ﬁfr ?}i@yid%fhiﬁta'ﬁﬁdirﬁ)@?%ﬂgeﬂet rﬁcfeis@fﬂ
stoning reactor Re. er e st.onjng, e ac anm de su ate is
wi t hdr awn f%ﬁtr EEt GrHHPBE | FiHer B %%?%9%%Tlcﬁ¥brﬁn%eéﬁt BPgﬁé,yisnd i's
used to manubactciienheshy) metdrarr yhahesor neid@mormdrieowaclivd. Thevairki ng
reactors usuyakl y._oper.at t .a t. erature of he : .and
preferably éth égnxgdséjnél%élgééj‘ﬁ% stélrf}itgjg regc]%%ﬁggﬁggg E;ﬂ/tégggéﬁg at a
t enper at ur e sufl phettwee RO harid tES G arite pr s erabi §lhecoarearted ando140C.
Accor di ng tgegﬂgcgé,gfag{i@%d Kol et e RYeRLiRN, at |east one of
reactors Rb, Rd and optionally Reis a ~_ g _ piston reactor. Exanples The
exanples that followillustrate the invention w thout, however, limting
its scope. Ahlsthethest sneetauednbnedogut sulpanrasseibkydas mhiusbeated in
Figure 1. The reactor Ra was a stirred '#ackete reag or é}with a vol unme of
about 270 nfPrrRESct SPERY DS R efect ricat | yafﬂteezﬁe 5151 sPbR-PEREEBY (with a
vol une of abaepb,60 ad ). wReatt orpdRmtwasthest isulgthyraicket edidgactoonéwith a
vol ume of a 00_m). tor. R e ricall .pLs$ton
react or (W?%%%O\%lggﬁr%) o?gg%%u%afé%mv\jqﬁ et ﬂ?éjﬁ, © Xl@g%gglge%

just after step c¢), i.e. at the end of introduction of

the acetone cyanohydrin, i.e. when the said molar ratio
MR is low,.

Preferably, the sulphur trioxide is introduced only in

step <¢).

According to the invention, it is not necessary to work
with anhydrous reagents. It 1s possible to use a
sulphuric acid with a titre of close to 100% without
targeting a specific titre. In addition, an acetone
cyanohydrin of mediocre quality may be satisfactory. It
is possible, for example, to use an acetone cyanchydrin

containing from 500 to several thousand ppm of water.

The sulphur trioxide may be in the form of oleum, which

facilitates its introduction.

The oleum generally contains more than 10% and

preferably more than 15% by weight of sulphur trioxide.

It may advantageously correspond to an industrial
oleum, for example with a titre of 104.5% (H;SO,4
equivalent - containing about 20% by weight of free

sulphur trioxide), obtained on a standard acid



A jacketed piston reactor Re (not shown) (with a volune of about 240 m)
ed to the outlet of reactor Rd. The main characteristics of the

~ was connect

tests were as follows: - the reactionh took place continuously over two

stages, plu

the two stages (staged feeding

s final stoving; the acetonebcyanohydrin was distributed over

Wi th acetone cyanohydrin); - the nolar

rati o

MR was adj utesensyrardsfl ng thetamounf of acet 618 hilanohyethaciriitaéduced
into react omdRtifactiie d Qs & Of rH0D% subPhYFri 65361 diMas  kept teenst ant

at the inle
cyanohydrin

measur ed by
formed prod

t of Ra (about 570 .g/h) and it was
e aee . pepogid1gh

the flow rate of acetone
ustd H o PRONEMES e nESRR3Mar get ed
at the outl euhdfi quitsiican renst aseResf -ah helsumphwads ach dihtkbi€e rvage

entioqptgy (assay with sodi um hydroxide); - the contents of
5@%@ SAdU

S S 1S

the ratio MR in reactor Rc was 1.60; the acetone cyanohydrin was

di stri but ed
Rc. The oth

Nt | o  20%.i
grh%co%kg?%ﬁéngwa:%leélo |§?§%di ég’t hlle %FFOWI n

red by HPLC. Test 1 (conparative) In this test,

fLAT gl%f%agrpg 3Q94hR reactor

React or RaRbRERGRENVR . 27 1t 181 . BT et ide ¢hH TOBN20B90¢B8ResVdshBeatdne in

M n385302. 524 TastprutiAVEREEON)It! Nid hbBetepiblihectatied M3 i gnfeagtor Rc
he _acet one cyanohydr.i s distributed in the follow ng manner:

& 2kd Van d 3094 RE®-Aeumwith a titre of 104.50 was

was | .50; t
70% in reac
i nt roduced
condi tions
2.13 1.5 1.

at arate of 45 g/h via line 7 into reactor Rc. The ot her

g%%_collatﬁd in t e(;o%homnng tqple. Reactaor Ra_Rb cbﬁg Re MR

s, suc injecte eum “conternts remaln compatil

with low molar ratios MR and do not pose any viscosity
or crystallization problems, precisely because the
oleum is injected after a pre-stoving step, i.e. at a
point at which <there 1is already a portion of
a-hydroxyisobutyramide sulphate that has been converted

into methacrylamide.

Furthermore, no particular exothermicity is produced at
the point of injection of the oleum, contrary to the
case in the prior art in which the oleum is added

directly to the acetone cyanohydrin.

No crystallization is observed either, which would be
due to the rise in the content of
a-hydroxyisobutyramide sulphate, which conventionally

occurs when oleum is injected before the pre-stoving.

According to the invention, the sulphur trioxide 1is
generally injected in glight deficit relative to the
a-hydroxyisobutyramide to be converted into
a-hydroxyisobutyramide  sulphate. This deficit may
correspond to a sulphur trioxide/a-hydroxyisobutyramide

molar ratio of less than 1 and of the order of 0.8-0.9.

As a result, there is never any free sulphur trioxide
in the reaction medium (outlet of step c¢). This has the

advantage of limiting the side reactions associated



- 10 Tenperature9012090135i n CResi dence385302. 524tine in mn Tests 3
(conparative), 3a (invention) and 3b (invention) In these tests, the ratio
MR in reactor Rc was 1.30; the acetone cyanohydrin was distributed in the
foll owing manner: 70%in reactor Ra and®30%in reactor Rc. In test 3a,
oleumw th a titre of 104.50 was al so introduced at a rate of 45 g/h via
line 8 at tMdtdutia orlpkatt srirgiden eePecipllyl ddm wiermariPlr fof

104. 5% was igntieetaed gl ahildt e fl th2e0/dh PR iedd.i ne 7 into reactor Rc.
The other conditions are collated in the follow ng table.

React or RaRbRcRdReMR1. 841. 301. 30Tenperature ~ in C90l 2090135- 140Resi dence
time in mn3d23031524 tkestlse 4ifconpadal i vRy andada fddiveNr oip kRebhese

tests, the ratio MR in_react Rc s 1.2Q the acetone.cyanphydrin was

di stributedS'n 1HheSForT \?L\nﬁﬁ’gofrr%% e\rggago%'%n ?lélgctpoﬁe%arai%t}' 48573{i”ﬁe9eact or
Rc. In test 1445 eleum.wist.h a titre of 104.5% was al so - 11 introduced at
arate of 45 g/h vialine 7 into reactor Rc. The other conditions are

collated in the followi ng table. Reactor RaRbRcRdReMR1. 991. 20l . 20Tenper at ur e
i n C90l 2095P&80 ReaF ehe e thiemea $ $E P HB8530 05 2UsFdstte 5CpEspaAHt | ¥8F and 5a

(i nvention) phdchese d@sdsaidde £ati enbR iihveeaGly, Reimasgdnkaitbe
acet one cyanohydrin was distributed in the foll ow ng manner: 60~ in reactor

Ra and 40% CRA™PEIEESr RE FHUTASESHSH, oleurr: with a titre of 104.5s was

al so i ntroducedaafiastamexehgd@egbbovi Raline 7 into reactor Rc.

- a first stoving reactor Rb, —_

- a second mixing reactor Rc comprising means for

introducing acetone cyanohydrin,

- a second stoving reactor Rd,

- optionally, one or more additional mixing
reactor (s) followed by an additional stoving
reactor, and

- optionally, a final stoving reactor Re,

and 1is distinguished from a conventional assembly in

that it also comprises means for introducing sulphur

trioxide into reactor Rc and/or at the outlet of this
reactor and/or, where appropriate, into one or more of
the additional mixing reactors and/or at the outlet of

this or these additional reactor(s).

When the assembly comprises additional mixing reactors,
each of these reactors is followed by an additional

stoving reactor.

Figure 1 is a diagram illustrating a simplified
assembly that may be used to carry out the process

according to the invention.

The process according to the invention is generally
performed in continuous mode, which may be described as

follows.

Sulphuric acid is introduced via line 1, and acetone



The other conditions are collated in the follow ng table.

~ React or RaRbRcRdReVR1. 831.1 01. | OTenperature in C9012095140Resi dence tine in
m n385302. 524 - 12 Results The nethacryl anmide yields obtained in all the
tests carried out were calculated. The rmesults are given in the foll ow ng
table. TestsMRA eunto

yi el d11. 60no8¢an0Ryds0yeya2. 2431k 80ho81d043alSt3Pyexl t458b1 p3Gyes9in 5941. 20
no90. 054al . 20yes90, 3¢451. 10n087. 315al. 10yes87. 34 The curve in Figure 2 shows
the change in yield as a function of the nolar ratio MR in reactor Rc. r
- 13 CLAIM5S 1. Process for preparing sul phuric nethacrylam de, conprising:

a) a mXxing Bh&PmikituMd Chbageheae iey aradwest NrRES 18 Xedtwblilicedl phw i c acid
which is free, of sulphur trioxide_; b%’, a stow ng steg, i n_which tEEe) m xt ure
obt ai ned aboVk'? s%sdtitEtt Bt PR BRhy dT&RE ot 1Y) PeRiFnQViRy §t&Pepof

addi ng furt heske@sepDaeecyanohydrin, in which nore acetone cyanohydrin is
added to the reaction nmedium w thout adding nore sul phuric acid, and with
m xi ng; d) another stowing step, in which the mxture is subjected to a
further dehythat ionehpedeattiengprejuopt cbnallhgd dive eteporke addi tttomal

steps) of f“{ﬁ%eéd@ﬁga“vq]% Oﬁiﬁgfi‘t@”%n%af‘a@é‘éfgéw fé%{q,' owad. by an additional
st owi ng step; optionally, a final stow ng step;, characterized in that
sul phur tri gxi¥rdi §iahsdé renty cated s @RI r HhdABFLVLUBe afiterl il s step
c) and/or, whesgdappheptl affrdgtione oryit eoDéuh heraddi hijorala stigps of
further addition e) and/or just after this or these steps) e). 2. Process
accordi ng to’Caim1l, in which the sul phur trioxide is introduced in the
form of ol eum

The mixture obtained in reactor Rc is then introduced

via line 9 into reactor Rb.

Where appropriate, oleum is added via line 8 into the

mixture leaving reactor Rc.
The stoving of step d) takes place in reactor Rd.

Where appropriate, reactor Rd may optionally be linked

to a final stoving reactor Re.

After the stoving, the methacrylamide sulphate 1is
withdrawn from reactor Rd or, where appropriate, from
reactor Re, and is used to manufacture

methylmethacrylate or methacrylic acid.

The mixing reactors usually operate at a temperature of
between 85 and 105°C and preferably between 90 and
95°C.

The stoving reactors usually operate at a temperature
of between 120 and 145°C and preferably between 120 and
140°C.

According to one preferred embodiment of the invention,

at least one of reactors Rb, Rd and optionally Re is a



3. Process according to aim2, in which the ol eumcontains nore than 10%
and preferably nore than 15% by wei ght of sul phur trioxide. 4. Process
according to Caim2 or Caim3, in which the anount of ol eum added is |ess
than 10% by weight relative to the totaB charge of acetone cyanohydrin and
of sul phuric acid. 5 . Process according to Claim4 ( in which the anmpunt
of ol eum addedsF QN pEEAREAT3% and 5% rel ative to - 14 the total charge of
acet one cyanohydrin and of sul phuric acid. 6. Process according to one of
Clainms 1 to 5, in which the sulphur trioxide is introduced only in step c)
7. Processerg@eresng to aimé6, in which the sul phuric acid/acetone
cyanohydrin nolar ratio in step ¢c) is less than 1.7. 8. Process according
to Caim?7, in which the sul phuric acid/acetone cyanohydrin nolar ratio in
step c¢) is beheeeaxdmpbeandtha8b. £8l1Bwocedduacecartei nghteo dnereaftiCrai ns 1

to 8, in V\:hi& }%SP, bl)lo\gggé]gr ﬂrﬁPtgﬂ?i%Qr&S ried out in a piston

reactor. 10. vice' for carrying out the process according to one of dains
1to 9, conprising, in succession: - a first mxing reactor Ra, - a first

stowi ng reacipf Rbhe - @& S8CORLAIT XicRgrheact ghe Rej gonpy i s{naqpwans for
i ntroduci ng acetone cyanohydrin, - a second stow ng reactor Rd, -
optional |y, bhEu®Fr#eee BT +¥eRalI 1 ni xi ng reactors) fol l owed by an

additional stowing reactor, and - optionally, a final stow ng reactor Re,

characteriz in that it _also conprises ans .for jntroducing sul phur

Cr okt do 1 nP% CERBFORe ndith &1 SERET6M AT othi S TeHer oR VAl & wher o
appropri at e,vohtroe cng aponore7ofmihe additional m xing reactors and/or at
the outlet of this or these additional reactor(s). 11. Device according to
Claim 10, in which at |east one of reactors Ro, Rd and optionally Re is a
Y piston redeagtor Rp w2s e ofesurphuliy Mmeehach ywanide olsegitmed by t he
process accoygh g 50\,%@09@%5@: 154 quP) . to manufacture nethyl

nmet hacryl ate or nethacrylic acid.
.AY. A . A ASR A Ae. A@R ASL. Ap. A AyQ A. A@ A@ . AAR

Reactor Rc was a stirred Jjacketed reactor (with a

volume of about 300 ml).

Reactor Rd was an electrically heated piston reactor

(with a volume of about 36 ml).

A jacketed piston reactor Re (not shown) (with a volume
of about 240 ml) was connected to the outlet of reactor
Rd.

The main characteristics of the tests were as follows:

~ the reaction took place continuously over two
stages, plus final stoving;

- the acetone cyanohydrin was distributed over the
two stages (staged feeding with acetone
cyanohydrin) ;

- the molar ratio MR was adjusted by varying the
amount of acetone c¢yanohydrin introduced into
reactor Rc;

- the flow rate of 100% sulphuric acid was kept
constant at the inlet of Ra (about 570 g/h) and it

was the flow rate of acetone cyanohydrin which was
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acetone cyanohydrin was distributed in the following

—_ manner: 70% in reactor Ra and 30% in reactor Rc.

The other conditions are collated in the following

table.
Reactor
Ra Rb Rc Rd Re
MR 2.27 1.6 1.6
Temperature 90 120 90 135
in °C
Residence 38 5 30 2.5 24
time in min

Test 2 {(invention)

In this test, the ratio MR in reactor Rc was 1.50; the
acetone cyanochydrin was distributed in the following

manner: 70% in reactor Ra and 30% in reactor Rc.

Oleum with a titre of 104.5% was intrcduced at a rate

of 45 g/h via line 7 into reactor Rc.

The other conditions are collated in the following
table.

Reactor
Ra Rb Rc Rd Re
MR 2.13 1.5 1.5
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3 3a (invention) and 3b

(invention)

Tests (comparative),

In these tests, the ratio MR in reactor Rc was 1.30;

the acetone cyanohydrin was distributed in the
following manner: 70% in reactor Ra and 30% in reactor
Rec.

In test 3a, oleum with a titre of 104.5% was also

introduced at a rate of 45 g/h via line 8 at the outlet
of reactor Rc.
was Ilntroduced

In test 3b, oleum with a titre of 104.5%

at a rate of 45 g/h only via line 7 into reactor Rc.

The other conditions are collated in the following
table.
Reactor
Ra Rb Rc Rd Re
MR 1.84 1.30 1.30
Temperature 80 120 S0 135-140
in °C

Residence 38 5 30 2.5 24

time in min
Tests 4 (comparative) and 4a (invention)

In thesge tests, the ratio MR in reactor Rc was 1.20;

the acetone <cyanohydrin was distributed in the
following manner: 60% in reactor Ra and 40% in reactor
Rc.

oleum with a titre of 104.5% also

In test 4a, was
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Reactor
Ra | Rb Rc Rd | Re
MR 1.99 1.20 1.20
Temperature 50 120 95 140
in °C
Residence 38 5 30 2.5 24
time in min
Tests 5 (comparative) and 5a (invention)

the ratio MR in reactor Rc was 1.10;
distributed in the

in reactor

In these tests,

the acetone cyanohydrin was

following manner: 60% 1in reactor Ra and 40%

Re.

In test 5a, oleum with a titre of 104.5% was also

introduced at a rate of 49 g/h via line 7 into reactor

Rec.
The other conditions are collated in the following
table.
Reactor
Ra | Rb RC Rd Re
MR 1.83 1.10 1.10
Temperature 90 120 95 140
in °C
Residence 38 5 30 2.5 24
time in min
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The curve in Figure 2 shows the change in yield as a

function of the molar ratio MR in reactor Rc.
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Process for preparing sulphuric methacrylamide,

comprising:

a) a mixing step, 1in which acetone cyanohydrin is
mixed with sulphuric acid which is free of
sulphur trioxide ;

b) a stoving step, in which the mixture obtained
above is subjected to a dehydration by heating;

c) a step of adding further acetone cyanchydrin,
in which more acetone cyanohydrin isg added to
the _reaction medium, without adding more
sulphuric acid, and with mixing;

d) another stoving step, in which the mixture is
subjected to a further dehydration by heating;

e) optionally, one or more additional step(s) of
further addition of acetone cyanohydrin
followed by an additional stoving step;

f) optionally, a final stoving step;

characterized in that sulphur trioxide is also

introduced in step c¢) and/or just after this step

c¢) and/or, where appropriate, in one or more of
the additional steps of further addition e) and/or

just after this or these step(s) e).

Process according to Claim 1, in which the sulphur

trioxide is intrcduced in the form of oleum.

Process according to Claim 2, in which the oleum
contains more than 10% and preferably more than

15% by weight of sulphur trioxide.

Process according to Claim 2 or Claim 3, in which
the amount of oleum added is less than 10% by
weight relative to the total charge of acetone

cyanohydrin and of sulphuric acid.

Process according to Claim 4, in which the amount

of oleum added is between 3% and 5% relative to

E 10%
E 10%
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9. Process according to one of Claims 1 to 8, in
which step b) and/or step d) is/are carried out in

a piston reactor.

10. Device for carrying out the process according to
one of Claims 1 to 9, comprising, in succession:

- a first mixing reactor Ra,

- a first stoving reactor Rb,

- a second mixing reactor Rc comprising means for
introducing acetone cyanohydrin,

- a second stoving reactor Rd,

- optionally, one or more additicnal mixing
reactor (s) followed by an additional stoving
reactor, and

- optionally, a final stoving reactor Re,

characterized in that it also comprises means for

introducing sulphur trioxide into reactor Rc
and/or at the outlet of this reactor and/or, where
appropriate, into one or more of the additional
mixing reactors and/or at the outlet of this or

these additional reactor(s).

11. Device according to Claim 10, in which at least

one of reactors Rb, Rd and optionally Re is a
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