0050;47095 -1 - 5 Preparation of acrylic acid

and met hacrylic acid The present invention relates to a process
for preparing 5950 /a909ki c'ibiéi d and nethacyylic acid. Acrylic acid
i's, a maj or basic chem cal product. OmMng to "its very reactive double
bohd and the acid function, it I's particularly useful as a nononer
for preparing poly- 15 mers. The bul k of acrylic acid nononmer production
is - esterified prior to polynerlzatlon for exanple to nake

adhesi ves, di sperstons—or—coatrgs—Iust—a—H-aet--er—of acrylic-acid
nononer productlon I's polynerized directly, for exanple to nmake

super absor bents. Wereas, in 20 general, the direct polynerization of
acrylic cid requires high n acr lic acid purity

r equi rerre%t s are n8Fe ﬁ'ltd'l‘?’ﬁ Pgt ﬁg ﬁ"él :"‘gc?"éfil%et acryldg @cid ed before
it is polynerized. 25 It is common know edge t hat acryllc acid can be
pr oduced Dy het er ogeneously catal yZed gas prmase —oxrdattom—of
propene with nol ecul ar oxygen over solid catal ysts at from200 to
400[err]Cin two stages via acrolein (cf. eqg. DE-A-1 962 431, DE-A-2

943 707, DE- C- %10 A P- A0
253 409 . DE- A -@hg éré@@nt%%néﬂ%%_%gﬁa«%%ﬁ% p%cﬁs% g%% %’?ﬂé&rm

EP-A- 10 o 288T¥dif. aq“hé %%‘tldll e &% Dxi di ¢ nul ti conponent
catal ysts based, for exanple, on OX|des of the el enents nol ybdenum

biShUth and irﬂgr§i9c5£§9§ %g grmajo¥bgeggg1§hem1cgflﬁ?glégé”n ifhénfige 2)-

its very reactive double bond and the acid function, it

is particularly useful as a monomer for preparing poly-

15 mers. The bulk of acrylic acid monomer production is
esterified prior to polymerization, for example to make
adhesives, dispersions or coatings. Just a fraction of
acrylic acid monomer production is polymerized directly,
for example to make superabsorbents. Whereas, in

20 general, the direct polymerization of acrylic acid
requires high purity monomer, acrylic acid purity
requirements are not so high if the acrylic acid is
esterified before it is polymerized.

25 It is common knowledge that acrylic acid can be produced
by heterogeneously catalyzed gas phase oxidation of
propene with molecular oxygen over solid catalysts at
from 200 to 400°C in two stages via acrolein (cf. eg.

_ DE-A-1 962 431, DE-A-2 943 707, DE-C-1 205 502, DE-A-

30 195 08 558, EP-A-0 257 565, EP-A-0 253 409, DE-A-
2 251 364, EP-A-0 117 146, GB-B-1 450 986 and EP-A-
0 293 224). The catalysts used are oxidic multicomponent
catalysts based, for example, on oxides of the elements
molybdenum, bismuth and iron (in stage 1) or molybdenum

35 and vanadium (in stage 2).



0050/ 47095 - 2 - DE-C-2 136 396 discl oses renoving the
acrylic acid from the reaction gases obtained by catalytic gas
phase oxio@g’roi/qnogcgf propene or acgolein by countercurrent
absorption with a mxture of 75% by weight of diphenyl 5 ether and 25%
by wei ght  of bDBh@W 136D596\ al%aoéag removﬂ@SQ:'Heb%?c ld ng-{derhoh
reaction gas b eva |on 0 h}é(e oIv nt in a direct

P
condenser ( que%@ﬁ reaCtéBBar%?%‘% t'(ﬁlq FE&Fr eHESapRBRBR | on.
The pr oblosrhdaeien spfas pmpbnéur bler aprotesa sbgpscouhBerdlrrent

' d I L I
prductt o, o 38bs el U3 HPHR' AL C0ed CHCVRE Bilpscny G HLARLLIL Y
reduced by addetyezx pahdr Zi%vbryt welgh‘suodnf adigihmetytly| DEt-AaBa4e9|718mn
amount of fro Qséxﬁges coéﬁ?& Yy Yf@éghﬁoEo £Q§cff&qt '%géyd@fm :ft?f%%ent

m xture 15 of di pheny
above- descr i be&V§B96P511PBn°§f tl’lﬁeS°1"entré§c§| ghrpebdoendenaeri sawenakryl i c

acid into a hi gbparatusl)o riltg: SedVeRk HotnHehodilaht HENM-JHiREES ShiSe
envi sage 20 ensatlon of tt‘i'h yl_i c ECI d and of the water of
e

reaction form?ﬁ |EL %r cdfrse@S ofWitihe FUXLPgKFy(RYOCess  §kpREyi JHhe Thi s
gives rid® to purodqaecmn afi ybotidei dn the Sapphiraguehi dediiinke ﬁl&ﬁther

f 3 429
Sh Ay 104" 76 uaatabIuIRD, prgolidine S E A B 0s T ALk Fiediene.
and JP- A- Eigm1 oggmplgdsy |@@mrbeeme<iame<brb}pracdxbﬂsg (xfpoliEr Asolvent 2 164
767, JP-A-5 81g40n03% &%&1&18%% atle e i EE §m t of b

m xture of acrylic_acid and %ﬂ by means?%lca alytic
gas phase oxi dé??‘o Y Wegkght ¢ t&@?eé‘%attﬁ-v\ﬁd-ﬁ’eranﬂaéfn SPSRIPE | BEXTWYRr and

t he 15esul bifNaipHeaQUSeSREHt 498 HBpkksyil | ed in the presence of a
sol vent that forns an azeotrope with polar low = boilers such as water
or acetic acid. DE-C 2 323 328 describes renoving acrylic acid

from an aci dilhi esddBS5ion agweotise bebavel-describedacalsb@sbteiod | ot i tife wast e

| quor by rXEEA6H Pt Ac8RBE: bhfigM A% Pf a8E 43N S04 nigh

boiling solvent mixture, other known processes envisage

20 a total condensation of acrylic é¢id and of the water of

reaction formed in the coufée of the catalytic

oxidation. This gives rise to an aqueous acrylic acid

solution which can be further worked up via distillation

with an azeotrope (cf. DE-C-3 429 391, JP-A-1 124 766,

25 JP-A-7 118 766, JP-A-7 118 966-R, '. JP-A-7 118 968-R and

JP-A-7 241 885) or via an extractlon process (cf. DE-A-

2 164 767, JP- A—S 81 40-039, JP- A-4.80 91 013). In EP-A-

0 551 111, the mixture of acryllc acid and by-products

produced by means of catalytic gas phase oxidation is

30 contacted with. water in an absorptlon tower and the

resulting aquedus solution is dJ,__st;_J.lled in the presence

of a solvent that forms an az?f?;-t_rope with polar low

boilers such as water or aceti'g} acid. DE-C-2 323 328

describes removing acrylic aci-d_-_ from an acidified,

35 agqueous butanol_/acrylic acid estéi‘iﬁication waste liquor

by extraction with a specific mlxture of organic sol-
vents.



0050/ 47095 - 3 - The processes descri bed above have

t he di sadvant age of enpl oying for the extraction or absorption an

or gani c i ch has to be renoyed again in a further 5

operati on, sui@%dse a7dr/gegct i fication, under\"’hi gh t hernmal stress. This
may cause the acrylic acid to pol yrneri ze. JP-A-7 082 210 describes
a process for purifying a acrylic acid conprising acetic acid,

propi oni ¢ aci drheiOPrO‘é%i;%‘P%l ﬁeﬁﬁﬁlbﬁéf abgveahiaps [the déppAvanhagd. ofhis

process conpri cﬁ}ﬂﬁiglgf&@t %hear@xtf@éti?éﬂsbi\' |alb?éd“ﬂ>tlon amdergaadeced
pressure to ob

f 99.6% eacr ¢ acid _crystals
after renpval %hl dc}{l OhasJé"]?an €e ‘?%H‘%‘f’ﬁ 4§9§§§’171’a| 5 éé’é%
process viher eigperatifon, asmuetouas aam‘e'dtfflcazflon,netfm}@fyhigh therthal

SO e A A BB O R R G881 o PR BRI IRLE RO
extract by distillation. In the next step,” the renaining extract is
cool ed down tQrp 204 @gp Mo BAERTibES' 03D pBGcEROU e Ot thgn of
acrylic acid or met acryal C aé'll) % eﬁcrystal S are rer%o\#é-zga and the

not her i quor 4%r§f3e’ffi/claé’&di NEQPHES LY r AGGHT pREéess. propioniq opgify t
this patemt, |éc:ﬂ‘c$1é1§§;e§ﬁar Yfli:@flkh?@l al&s welDr giﬁ“ 6.cr§Q|J.h&erEcz.dDI This

extractant, since sol ution aﬁsﬂ éWI se {A cool i ng
without for rﬁ?‘?ﬁfzess °8P‘9§%§F§ 1§‘9pr8% &% |asndd § 8%1 é&tﬁ’ﬁ’r“ﬂtat
as wel |  asmdexqureducged hpradsute ohoobbiaiar garpur sor vceflt 99a6% for

distillation %?et%cg%l&%r ré"?fid %E_P,tsggrl%mg& t?'removal &?&‘aw ?‘or Iaat ent

790 625 relates ur I catlon process crude
acrylic acid Jaganese Pagent o4ﬁ+324:1?/s@a$¢lqee$oau proaessi wherpincews,

i f P8 0PI kbt d 1| Sct-P@i BRI N ddTPUNhd ihd df e CF U1 @CT YiddAution aci d,
t he terrperature IS not Teduced, below ,the 7, peritectic, tenperature

of the acryl3dieiendlbpi eorRrE8ing oargtisy §cda a%ePéQEu’Pi"c AS1idnot
reduced bel owistBtracte@utveith Chépf’(ﬁﬁéatd:l:l’ etoluéhe aIfrieC watéladetic

acid SyStIeerpnc\JI@eé' gggrtnl eacel}g:racst f) stllllartgg.%rnltyIn tr € next
step, the rema:-ln'lng extract is cooled down to -20 to -

20 80°C to bring about a crystallization of acrylic acid or
methacrylic acid. The crystals. are removed, and the
mother liquor is recycled into .the extraction process.
According to t’hi-s patent, it ie “necessary to use an
organic solve'rit_ or extractant,’ since the solution

25 otherwise solidifies on cooling without forming
crystals. This process is disad\fentageous in that, as

well as requiri-'ng the addition of. an organic solvent, a
distillation has to be carried out to remove water.
Canadian Paté_njt 790 625 relf-}a_'it___es to a  further

30 purification :_pi-'ocess for crt_;_d_;__e e.crylic acid Dby
fractional crystallization. In this process, if
propionic acid is. the main 'impuri:t;;y_ in the crude acrylic

acid, the temperature is not " reduced below the
peritectic temperature of the acryllc acid/propionic

35 acid system, whereas it is not reduced below the
eutectic temperature of the acryllc acid/acetic acid
system when acetic acid is the main dimpurity. The



0050/ 47095 - 4 - acrylic acid used for crystallization
I this process is prepared by conventional processes, for exanple by
gas ~ phasgos@yugabison of  propene _of _acrolein, and then
subjected to a prepurification by conventional known 5 processes, for
exanpl e extrachiedl iENgc¢ay akak! kaat b?gstalliz?Eigﬁrﬂ:'Eh :Agrééegg':gsto be
preferably carried out in t he substanti al ‘absence o ter.

EP-A-0 616 998PYEPRrFRedYa FRRtRRIIINAL RFPFGFFRE ackPri exaoPleadivd %3S a
conbi nation of piypsan oxdddtibat | @fCr Yiioddre or ad@didihOf a#hdrepssnfied
acrylic acid, fog.ex%n'al e_an _ acr.¥l.i c_aci-d which has heen_prepurified
by distillatiofiPISCted Q8 PEEPERALAFBEASRe Y e SOPVEDE LPRALN KPR e
docunent s 515 precelssest hefor eguample extepptriochi.c AfHoncofstabl feaylon

acid prior to gy Is Q. S enur.if i j.on . enerally
utilizes organi%(li:E ?o é%?gta\f%?cﬁgh%\%g# B:%Dgcfe %éééﬁ%éie’gu%ﬁlﬁle%g’p% at’td of f
agai n under hi §het Bubpipntial aksenree of maters al ways the risk of the
acrylic acid 20 under goi ng premature pol yneri.zation. EP- A-0 002
612, which relates to _a process for purifying acrylic acid in
aqueous sol ut B8if-By6L1f, 328 BREFribes a pyofessi fari Burifyiey ;desyiie

addi t |h on 10f sakabid’; Wyt he 25mbig§tjld>hcofadiy€hanﬁ@| Vlﬁfid)rbtﬁ@ic asrys©al b eak

up the Jacrylic acid eutectic_system whi, exi sts at an

acrylic acid \é\%sﬁg é‘ﬁ? o‘%/é 6%%’%33?% e.d aC¥yi?%P-aE- 167 ’io@xaﬁlé@@ri%s a
process for prepaicngcd@ whi¢krhis [lzen mregainifiet by distillation.
Cerr]-Cerr]-carboxylic acids, eg. nethacrylic acid, by oxidative

dehydr ogenati on of the correspondi ng sat ur at ed
Clerr]-( err] - EempeRy LPcthgcpgoceseer| daparibgd hel the above ydochéntasi on

wi th subsgquent sf k@l ehdly deduildeitd Olpre) puRisi@d QWb O Hd astiP1ad

distillation w th _subsequent , . e ,
acid prior to crystallization. Since the prepurification
generally utilizes organic sol_-_veri_ts which have to be
subsequently .separated off again ‘under high thermal
stress, there is always the risk of the acrylic acid

20 undergoing prémature polymerization.

EP-A-0 002 612, which relates to:a process for purifying
acrylic acid in aqueous spl,ﬁ.-tion by fractional
crystallization, discloses the addition of salts to the

25 acrylic acid solution so as to break up the
water/acrylic acid eutectic system which exists at an
acrylic acid content of 63% by volume.

EP-A-0 675 100 . describes a j@ro_cess for preparing

30 o,B-unsaturated C;-Cg-carboxylic alc;f-'ids, eg. methacrylic
acid, by oxid_ative dehydrogenat’f;i:ép_z of the corresponding
saturated C,<Ce-carboxylic acid, followed by melt
crystallization with subsequ-ent:._i-?fr-actional distillation
or followed by fractional dist-fi.liation with subsequent

35 melt crystallization. -




35 'nelt crystallization. 0050/ 47095 - 5 -

It*is an object of the present invention to provide a process for
obt ai ni ng acrybbgoggbgggr nmethacrylic acid _ ~ "in high purity w thout
conpl ex operations. W - have found  that this obj ect S

achi eved, TtSYIPrd;si 895¥ct byfa Cﬁféséﬁ@rf%eﬁ'ﬁigﬁ' anﬁir%que a
nethacryllc acid froma gaSeous, product™ m xture
subj ect ed to aP¥BRBERAs&CFoPRELHOT r3e¥Rl }¢ zogid or mgthaguwlifa @nidhe

sol ution fornednlnlgheﬂ BIER NGEE hA: déhplégndbéyggﬂdﬂg arly, the process
found requires no furt : purifying step:and no addition of

assi stants. The presént I nvention accordlngly provides a process
for " 5prepdei nghaeey! i fownd d o:rhaﬁ:et hatiigl i Cobgedr Whigh cadhiekked,

in gas roduct xture_ h V|ng es en-
Itolriatlsle;sl t he corrpog%) BEE@?{’ go CthﬁD MXtar e g‘Frg}?X adryfy ic
gas phase oxi dm@tbncmflm B@ddalf@amesa Zfaseous: praditenem,lxtua'lekawmlcﬂ:
and/ or -al kanahgsapdLAr sfh§acted t% a coﬁ&éﬁ%%éléﬂkééﬁﬁbé()%g%ﬁgfigégdc

acid or nethacrylic ensin aseous

pr oduct n1xtur@1re°tly FEPmbﬁﬁﬁe#¢19#¥@Pa§@§m$é a§|¢hﬁ'¢ﬁn¢ﬁnﬁ§ﬁ4%na0|d

fL om 25 |10. Mbke §Laku]gcﬁma.tejﬁyalﬂﬁ pro&é € fMnd am;ulres r(csi)fdxeéﬂéil ng
the resulting crystals fromthe.no
preferred errgoﬁ\‘lﬁéh’ ing; sten qnd, "'Hbrat‘{do‘ﬂ”d?n %aﬁls%mﬁer li quor | s

recycled into step (c) (step (e)) Further preferred enbodi nents of

the i nvention I % escrl tion mhich foll ows, the
sub- c|a|?%é Ssg?gm%ﬁ98§£§8% §§}&1?%§Y provides' a'provess £or
preparing acryllc ac1d or methacryllc acid, which com-

15 prises

(a) preparing a gaseous product mixture having essen-
tially the composition of a reaction mixture of the
catalytic '‘gas phase oxidation of C,;-/C,-alkanes,

20 -alkenes, -alkanols and/or -alkanals and/or pre-
cursors thereof to form acrylic acid or methacrylic
acid, :

(b) condensihg:said gaseous product mixture,

(c) crystallizing acrylic acid or methacrylic acid from

25 the solution obtained in step (b), and

(d) removing the resulting crystals from the mother

liquor. :

In a preferred embodiment, at léést a portion of the

30 mother liquor is recycled into - step (c) (step (e)).
Further preferred embodiments of the invention will be
apparent from. the description whlch follows, the sub-
claims, the drawing and the Example.

35 In the process of the present invéntion, acrylic acid or
methacrylic acid is crystalllzed directly and
unmediatedly without further 1ntermed1ary or purifying



35 In the process of the present invention, acrylic acid or

nmet hacrylic acid S crystallized dlrectly and unnmedi at edl y
wi t hout furthepokpygrpegi ary or purifying g _ 0050/ 47095
- 6 - steps and wi t hout addition of assistants fromthe sol u-

tion which is E@éﬁBdaha Wi%h@ﬂ'ﬂr CCRELE bﬁeo%o%es&%%'n% from aﬁ é{ﬁ;

onposi t on of EROReHBLHN 15t HEed Ghrptine s COuFRea of iy tFerdRRspHt:
oxi dati on process the f@lrmduct ma&dtylrieC aaikd 0r mxﬁﬂymﬁctﬁ&@ has
The o bcent or REHLTRLE) C6nd, BHEbSRLELet 0P L iloflop proaldl ‘bt
produces & gas&pusa praxhadtytiicct gae whabe esseidation prkbekky hes tfem
conposi tion of‘.z,l:g)_.{,g?gt%z1 lnif(td‘g&légr};ﬂe jﬁ jgcatalytic gas phase

oxi dation of enes - al kanol s and/ or
-al kanal s and/ or precursors thereof to forn1acryllc acid or

met hacrylic actrHe ldolies flgure panteuhakby A e&féﬂf@alsemmal %R@ dEseous
pr oduct mxture to repared by cataly 1 Cc gas phase oxidation 20

of  propene, carﬁX?B?e?YF t et qc?ﬁﬁzﬂﬁﬂt e PF?@SHFeHﬁventlon i sobut ane,
| sobut yr abdehyde, nethacroleln, I sobutyric - acid or nethyl

tert-butyl et?ﬁéi Fgritable starting conpounds i ncl ude al

precursors of ment i oned conmpounds from whi ch the actua
Clerr]/(err] starting conmpound 25 is formed- as an internediate

during the ¢ p tioned
here are §§ep I@éfe{)rodu X&fd%é%ﬁ Sré |so<%)utyr| C ac{%}llf e{%&e
producti on of ﬁ%@%hzryasctae:sompogetlon ofapt reacCion maa&awea@éomee
source 06 theatgBPeOYS gas phase oxidation of C,- or C,-alkanes,

-alkenes, -alkanols and/or -alkanals and/or precursors
thereof to form acrylic acid or methacrylic acid. It is
particularly advantageous for Lthe gaseous product
mixture to be prepared by catalytlc gas phase oxidation

20 of propene, acrolein, tert-butanol, isobutene,
isobutane, isobutyraldehyde, methacrolein, isobutyric
acid or methyl tert-butyl etﬁer. Suitable starting
compounds include all precursors?df the aforementioned
compounds from which the actualf_gf;;/c4 starting compound

25 "is formed as an intermediate eduring the gas phase
okidation Examples which may bel mentioned here are
methyl tert-butyl ether and 1sobutyr1c acid for the
production of methacryllc acid. ..

30 A particularly advantageous -sgﬁrce of the gaseous
product mixture to be used in theibrocess of the present
invention is the catalytic gaei'phase conversion of
propene and/or acrolein into.:acrylic acid using
molecular oxygen according ;'ﬁb known processes,

35 especially as described in the'gbeve cited references.
This gas phase reaction is preferably carried out at
from 200 to 450°C with or w1thout superatmospheric



product m xture to be used in the process of the present invention is
the catalytic gas phase conversion of propene and/or acrolein
intoracrylic @es6/4%6b89 mol ecul ar_ -5 oxygen according to  known
processes, 35 especially as described in the above-cited references

This gas phaseﬁfééﬁhk@” i sTRE ef en@pdyo é‘ﬁ%&)@g OWat1ysts fr‘%&

450[err]C wt W t hout _ superat eric .
7[ ! E?gﬁFéblyTﬁeldlﬁeF‘BFSQGﬁ@BG@em—C§F§F9¢¥§§S based 01’1art?éle

pr ef erably oxi dkgdesl tdaﬁorﬁitﬂrﬁmerﬁﬁi al yalegkdsednan {P6n in dgles 1 of
nol ybdenum  bi srru%h and i oxi dati on Qf propene to

i i n
acrol ein) and tR&E*3RF4Q8 &fr BrOPHt y %&erﬂﬁﬁoﬁ?&}‘) %ﬁgdﬁhﬁ pxidegagf 2
(oxi dati ohb ofmolybdeaumol and tvaaadyhmc ani d)sta@ben 2pr oatidldtigisedas a

starting mate t te |_nt ne/ pr opane
ni xture by: ca%g yiT cho>%>9d(ae%cﬁ?fegena XSZ ] r%%%%?r b&d, u%%f gRarfp
in Catal ysis Téﬁa‘;thg(lg%)erlﬁdf 307- 31@n orbeS- AIVELE &S558 ibyo a

h as Al
R
exanple, in gg\egcgglgeqegfor EFAPREE o atalysis Aoday 24 10998 558 or

EP-A-0 11@ 1|4630'7\hsn3a @Iﬁormei% mamqssgsla bﬁ\ o%ede%uei%c%e BFaRne
acts as diluent Furt er suj t e 0 propane. mxtures are
refinery propeR@ 3tion: 88od5s crﬁ)t?r?éin ngF'prlé’pa%‘) Ank W&
propene ©985%yof capedytie a!redxyd&%genbtlpnopa@e) dedd‘r:r.h@d ncrﬂaxea_ .
ropene/ propan res ch 0 i one xi di ze
Propene/ pr opang, i Ur €5 £HCh g5 ALl %%3”2'65 fpaR0Y ”Oge?hz : aﬁ@%

with oxygen or air a mxtu gen an
composi tion tol%r%$e$5|8 arRr  EP-2g@ yli7c l&ér d. When a TPwEOoRwRAPIIEEAN®S

propene ipto aqﬁixtufeacwl | $s&d | Ok fprre ae‘a@éhea[én CdlluTé}?c regiii{s,0as,

whi ch as well as starting ‘materials . and he ~products
advant ageousl| ysultabfﬁcipﬁﬂ’ eng/ DY RBRARE] Mirdregasare oF—”e§5\L§ﬁﬁlYe RXOPRI® gas

(see below), avowsphiepropene’ @gN,3 0¥ ecHr pﬂ‘@ﬁ&néﬁt Biraic@@cker pro ene

Cerr]-Cerr]-hydgoca bons especr 5 ane and/ or pane, and/ or
wat er vapor, %gfhe? f FHERBS B‘ngﬁl %5 ? _opaneP PP Prln01ple'

propene/pro_pane mixtures such as those mentioned above

20 can be oxidized with oxygen or: air or a mixture of
oxygen and nitrogen of any composition to acrolein and
acrylic acid. |

The conversion of propene into ac:rjrlic acid is strongly

25 exothermic. The reaction gas, -Wh,ich as well as the
starting materials and the pfoducts advantageously
includes an inert diluent gas, - for example recycle gas
(see below), atmospherlc nltrogen, ‘one or more saturated
C,-C¢-hydrocarbons, especially methane and/or propane,

30 and/or water wvapor, can therefére'"' absorb only a small
fraction of the heat of reactlon ‘Although the type of
reactor used is not subject to __a_ny restriction per se,
it is common to use tube bundlé--_fh”eat exchangers packed
with the oxidation catalyst, s1nce with this type of

35 apparatus the predominant fra¢e 1on of the heat of
reaction can be removed to the:..cdoled tube walls by
convection and radiation. -



fraciion of the heat of reaction. Although the type of reactor used is
not subject to any restriction per se, it is coomon to use tube bundle
heat " exchanger sopagkedos with the oxidg ion catalyst, since with this
type of 35 apparatus the predomnant fraction of the heat of
reaction can be renoved to the cool ed tube walls by convechlon an?
radi ation. 0050/ 4709 ) ., - 8 - The catal ytic
gas phase oxi d'yP?oﬁaEF&é’gég &aﬁdté&s%o?"ldat_lo’ﬁu?’égﬁeis?l progiicgs mat a
gaseous nmi xt urpundi abryascwatid, but aSga@eyﬂulscjgaedt@rlermm_ i%%zle'&ts' 3L
I ncl ude as secgpdar c onent s unconver.t.ed acr I n_and/ or opene,
wat er va%%r %%Xrlbgn arr%%i 48y & TR d’er,lcﬁi“?? o@@n,sepﬁ"?fﬁ{arg’
pane, oxygen, eewpPrentsdunwomyientied aacuoléin malmﬂaﬂmdearopeng, f watthear
al dehydes and l-C i : rqﬁﬁg' i Al RIO ture
customarily coﬁ%é?gésa?gggh gg?%?§¥§3¢ 1 l&ggagéaxéﬁgﬁhqungkére gf?on
m xture) fromBIR®. YR, Acet Aeidi prepioriacelidf riawe Ehysle,% by
wei ght of fRropene AMeHYIYB 0288 tia 1A DY WRlvaht aef. apr®! eidyedifpm
0.05 to 10% by me'ght Otx%é% en, fromO.05 to 2%b wel ght of acetic
acid, fromO. O'Iir?‘g oo By ght Wtomarily SPWRFLSeR | dearhomaraentagely by
wei ght o10f or npdsed on déteydeotdY orefcOboh omKeye)eifgbm af @d;dgb?/d%y from
0.01 to 0.5% | ght -of_ ml-ei dri and from 2 to, ()
wei ght, pref e%ﬁ@l‘?r%rﬁl foé%l%(’/?%%am%"gﬁf“ ¥. Jg g‘]f’ S‘ﬁ_erkfy dYFLEAE §ses.
The inert dil URHEPERES eanGrExent 0205 tbn&%ub&,wdughtp@ﬁtm@ﬂqﬂgﬁﬁqs&?mmatﬁd
err]-Clerr]- 0¢ar bas, : t 20 BY l.ght t hane
d BYEs 063 by wel%q'ﬁzll 'téfsg%}&?fgl\ﬂe%zﬁ%/op ag=- L% bs;g

and/ or propane, and al sO, from, of wat et por,
fromo0.05 to 1%GABRE wetgfceticappdf, ofiness A8l to 2¥ om0 weisiys of

vei ght oisni t rpgepiosbehapeacetge @505 kel NOy bagedreiyrk003E by Jagizght of
di l uent gas.

aci d by catal yiTRY9Rs FhaSe (O%i Fon 2 k3 SBIBPINPE o ldeBHObENdSTA h
nmol ecul ar oxygendl té pabki byl adighadvah-m&Deict agkpdsidayahq Gbbai 20
et hacryl ic ac,&gi bé% Lg,r w%)i%ml,e’preferably from 50 to 98% by weight,
of inert diluent gases. The inert diluent gases present
20 include, in particular, saturated C,;-Ci-hydrocarbons,
such as from 0 to 90% by weight of methane and/or
propane, and. also from 1 to 30% by weight of water
vapor, from 0.05 to 15% by weight_{-rof carbon oxides and
from 0 to 90% by weight of nitfégen, each percentage
25 being based on 100% by weight of diluent gas.

Methacrylic acid can be prepared similarly to acrylic
acid by catalytic gas phase reéction of C, starting
compounds with molecular oxygen. A particularly advan-
30 tageous way to obtain methacryliéfii;e'_\cid is, for example,
by catalytic gas phase oxidéition of isobutene,
isobutane, tert-butanol, isobutyfa&:ldehyde, methacrolein
or methyl tert-butyl ether. The céfélysts used are again
transition metal mixed oxide cat"aiysts (eg. Mo, V, W
35 and/or Fe) . Particularly sui’ééble processes for
producing methacrylic acid are th:cjé_e which are based on
methacrolein, especially when :'t.'.he methacrolein is



by éat alytic gas phase oxidation of | sobut

I e
tert-butanol, isobutyraldehyde, nethacrolein 1o pl/KCET ‘S ﬁ]“#h@uﬁ"
et her. The cat@hggy37@@gd are again . .tgapsitid T+ BRVZ=Y~ MWV T-Y

catal ysts (eg. My, V, W35 and/ or Fe). Particularly sui tabl e
processes  foproduceld osymgssrmémgéyleactﬁy&@r %;Jlla%%‘io\fpl 8? agErpased
n

on nethacipleln especrally whe met hacrol el n
-9 - utanod, e 1SPPtRREN PKe H§PP&EFBFe|ﬂr|sbﬁroﬁﬁééﬁlg9 gk
phase cat al ytltfommadatelhqﬂeofwﬂtenr tproplonald dnitdncls degimiee m EBOBUt ene

b ti Id h t hyde crlbed in
o 2o 535 bo o00sE0RR Y Y-, BEEPLRPY 50VLS, S popsire 57
met hacryl i acmemrﬂ/vo rseta]yecsr)bylc( 1) acaddenisat | awoof srapesnabgehydr) with
f | dehyd nc m S or m
ot hacryl fo |\ conaeReBtiSe o i M R SR SR
to nethacryllctQ&(PresgﬂFe of A% frepndasypruduet pen astadatsi)i cacformt he
product is not n@tmcmﬁ@craﬂﬂdc Beish Bub 32) subsequiAReYie: | P4ld Eophi ch,

as well as nethac gaam essentlall i nc] ude as secondary _
conponents unc e%FE freP S&Fo Qi RebharsYLigiasidapor, carbon monoxi de,
carbon 10 di oxi de, nitrogen, oxygen, acetic acid, propionic acid,

further aldehyg s“angquA ér%%%ct%%% ?£a§dr|ﬂ155£%§dprgﬁ§fs of .t he present

invention is used espect af PHprites
from0.02 to zupl!;ymmegmeuﬁaqmlhan@dmdo duitd,a bgssebws tivetwos akhich,

t t t
Coneti fuent s acs, A1 UNHNRRAPRIUA) dalp SHEELCOILEPEANEINE as
Step (b): 20 secondarg; eSOPBP%BBFeC’%CPﬁEeF‘éQ@t|@ﬁtbii©1§91:¢l@f andfoxa) to

a condengat i onyapakt I\ijjo&rl Yedrbch monoxide Pa¢d#isdn OdidRidd, CRIERHSSL | ON,
to obtain a sol ution he condensati on can bhe effected in one or

more stages acCE¥IPRg BEXREG ot pPEERICBIC AFddrndusthenraldpa¥d’ati on
i's notnsulmadet ¢t anydrdgeci dhe gafodedd @E e soesensaihedni s

advantageous'ytﬁ%ﬁ“fgjéggdigspecially when thejreaction mixture com-
prises from 0.02 to 2% by weight of methacrylic acid
20 [sicl, based on the total reaction mixture, and
otherwise essentially the  same corresponding

constituents as with the production of acrylic acid.

Step (b):
25
Step (b) subjects the reaction pfoduct of step (a) to a
condensation, particularly to a partlal or total conden-
sation, to obtain a solution. The condensation can be
effected in one or more stagesﬁgccordlng to customary
30 processes, and the type of condépsation is not subject
to any special restriction. Thezééndensation is advanta-
geously carried out in a di?ect condenser where
ﬂycontacted with the hot
gaseous reaction product. Sultab;e apparatuses for the

previously produced condensate i

35 condensation are in partlcula# spray scrubbers, Venturi
scrubbers, bubble columns dﬁ; apparatuses having
betrickled surfaces. o

This Sheet

//II/I///III/////I/I//I’iT“



25 - a direct condenser where previously produced condensate is contacted
with the hot gaseous reaction product. Suitable apparatuses for
the condensati gosayg7bssparticul ar - 10 - 0050/ 47095 _ -
10 - The m xture obtained by partial or total condensation of

the reaction product of step (a) preferably conpri ses fron168 Lo

99. 5% by wei ght, of acrylic, or crylic .5 acid, from0.1 to 40% by
wei ght of wat eﬁ‘heaﬂﬂxﬁ?'{g% ‘P?B?r’rnegab Partial 5o Kot FANdENTaHiAR Qfes,
especi al |y, eathe reactﬁmmepsnf@cg&:tbeoﬁg gmff d(anI &Q%%Bwhgiﬁmﬁﬁflsesf
condensat e, fr 01t @.5% rolein, or net ol ei rom
0.05 to 5% by %omhts%g‘g%cét% g%a g ﬁg FoEBY% %yofom% f

pr opi oni cSaci daciﬂonfOOIDlOt b 5% BQsmbyghﬁlglht of wan‘t@tmaladreh)ai@l;) ffrmng 01f
to 5% by wei gh f dr r . e e . 0 % by t o
mal ei ¢ aci d. b.¢ th i??ﬁ bl}'il fghgyr&g?e?megun%#{? t%ée%gﬁzf éate\ll')’ller%.Ig
afford a m xt uP%rﬁﬁ%?le ging oh?gsdt en9d9Py hMeW@itgl'b‘ff of5 congdandate,or

met hacrylic acidomf 0001 1t& 059 %OYghei Ghta®folein dRIRInhANL AL S0 feyp 0.5
to 5% by wei gh peci al Iy, ..each percent a%e bel ng based

b 20000 by” 0. 5, LAPYK! bySheiqbs; oF Bretis SEife $uPBy udione & by
acrol ei n10r mewdaghol efnprbpdnsnaclamds%fl&som/\m gntftstﬁ 29 bya%tl taQifd ot
f 0.01to 3 Ci rom wei g
T or et deny e ke °) BEAPLOTE, e S by, LBTBRC o

of formal dehyde, Trom
fromO0.01 al@e];g%lgg amigﬁromf()rraleto 5&i &by wedght Slfema(lce):.c acid. Step

(c)-crystallizeg tihe ﬁ&fﬂiéﬁh;‘@ aﬁ)_ﬁégekgbfée&o&b)tlre cgﬁﬁ’%bgatﬁB S es

acrylic acid or _npethacrylic ac he sol uti I ne |n t he
condensati on s*&pord iFeEll%EuredF‘P'@Eﬂ‘y‘lilﬁ fﬁ@mc99stﬁl PBzabyowedalyy. ofNo

sol vent is acafled, or Q@Eﬁﬁbé&'l!c achf, fromdaNi€s s5%SBYVGRLight B
crystallization ‘tg_)rocess not rest riction.

subj e
The crystalli%at¢Hn 284 ﬁisocgf?ﬁ“eﬂ BUFO S %é’oﬂﬁlﬁy’&uﬁfy IwPusitdfEse, in
one or nore stegpscidhky, each percentage be:L_ng based on 100% by

weight of condensate, from 0.01 to 3% by weight of

acrolein or methacrolein, from 0.1 to 3% by weight of

20 acetic acid, from 0.01 to 3% by weight of propionic
acid, from 0.01 to 3% by weight- of formaldehyde, from
0.01 to 3% by weight. of further _aiidehydes and from 0.01
to 3% by weight of maleic acid. ‘

25 Step (¢} :

Step (c) crystallizes the solution obtained in step (b),
which comprises acrylic acid or tﬁéthacrylic acid. Thus,
the solution obtained in the condensatlon step is fed
30 directly to the crystalllzatlon step. No solvent is
added, especially no organlc solvent. The
crystallization process used is not subject to any
restriction. The crystalllzatlon can be carried out
continuously or batchwise, in one or more stages. The
35 crystallization is preferably carrled out in a single
stage. In another preferred embodlment of the invention,
the crystallization is carried out as a fractional



35 -crystallization Is preferably carried out in a single stage. In

amot her preferred enbodi nent of the invention, the crystallization
is. tarried oubo5@y47@95fracpional - 11 - 0050/47095 _ -
11 - crystallization.. In t he art  of fractional

crystalli zatuomnYeUaamwtqrmry tozhermahé st ageg Whi éb fra@ﬁ@gﬂaf a
crystallizate which 1?; purer than, acr?/lsl__c or lic acid

sol ution feed TEFEHFITG 28408 LhndSaFpstemary; F@rtQFﬁgEﬁng?gﬁﬁ nghiehges.
Ml ti-stage frgrodocel a crystcayls:tﬂﬁe zelhicly psopesees thume ac&@fﬁt’i 8@§0U8| y

o ot o PRI OB SAMRC IS B AR SIS N

crystallizate i s separat ed r'om 15 guor
fed to thé par Otégrarstagee bWiRpinge sbpagesextMbitghertageyr fractipoalty,

while the cr ysalylsltéitl'l‘é'atlon pFE8LELEs | %.rfeed a%a&ﬁ%g%%tsllgu éé ?é@g&
y.

havi ng t he next | ower degree of purit ure of

the sol uti on d@CRFHRY c‘??/sFQFI j counfergurrent |§raavaa¥-age&@me}®m then the

range from - 25[0&1y|s}:€lﬂ.(izate 1s+1éhpe&~]aeedesmmalth\é Vﬁlém&th@.qﬁwelﬁrom
12[err]C to -SL%y s_.content in the crystallizer is

advant ageousl y i Staﬁ?\?P?hgeaaﬁﬁe PO nPart 6°§6a§ §F3&ﬂ| Vifsh the
prefer- 10 alelxy \bigher tdegresngef fpwnitp, twhBbe gthé solbdalldPagior0

In an advant ageQus 5eebqdi NEY + of tﬁ?l ga&c@‘i@ﬁ%?“ st g%a Vé,tngn;t){Stea%%i;:ZI ng

is effected by_cooling apparatus wa ution-
under reduced pP¥exuAegres of purikg.case of the crystaII|2|ng by cool i ng,
the heat is 25 renoved via scrape cool ers connected to a stl rred tank

or to a vessel _without stirrer. The _ circul atjon of the rystal

suspension is SheurtRMesTratIKe cafe the kst 1 gduringp e %FY%Fﬁhiively,
it is podsi bl ezaeibandee ddadterieously WidHike tial |1§a1€§e af Bbrh I L g6d ank

o oot ng " C4Es HPe i v ol i Laide Fra e BRSO sG Hhdc
crystal lizers s&olidsancéricent ednf othexaryystdllixeais adfakthgedaaiy).
In a further g igul ga\%hg r&ﬂééafiomf 8'to 80 §¥ELBLILZAVIEN 5’}’ ﬁPé’féP-g

the heat is renoved via . '
ably within the range from 15 to _35 g of solids/100 g.

20 .
In an advantageous embodiment of the invention, the
crystallizing:is: effected by coollng apparatus walls or
by evaporatlng the solution under reduced pressure. In
the case of the crystallizing by cooling, the heat is

25 removed via scrape coolers connected to a stirred tank
or to a vessel without stirrer. The circulation of the
crystal suspension is ensured'in'thls case by means of a
pump. Alternatlvely, it is p0551b1e to remove the heat
via the walls- of - a stirred tanklh”v1ng a close-clearance

30 stirrer. A further preferred' mbodiment of cooling

crystallizati'o'ﬂ': ‘involves the se of cooling disc

crystallizers as manufactured_;_ for example by Gouda
(Netherlands).f’- In a further | sultable variant for
crystallizatidﬁ by cooling, the heat is removed via
35 conventional heat transferors (preferably tube bundle or
plate heat transferors) These--: apparatuses, unlike

scraped-surface coolers, stirred tanks having close-




35 conventional heat transferors (preferably tube bundle or pl ate

heat transferors). These apparatuses, unlike scraped-surface
cool ers, stiroedot/ampss having close- - 13 - 0050/ 47095
- 12 - cl earance stirrers or cooling disc crystallizers, have

no” means for avliediragcer \afiatrd ay 5 @Bolﬂﬁgh%tsc crystd TR AL | | gve
surfaces. If, in oeratlo d\/\/nerethe heat

transfer resi sPEncEEAYE bggﬁ V%lguﬂ%o Cfﬁ'yg% etPysPRl Fagerheat-
formation, thetopasdereing surfascesd t dfed dmerop@ra:m,ondl aaﬁatét Ubs

Dur i t e C a thefrsta u5|s
Pogenar afed (propched fHedd CriE G APRRLAS: LRSiELaRLe Y Fafons
f1 ushi ng the afspar dtllg:h tCh#Q)ugth eiryistads diayeat dbriGticnl Ltthe)nr;»petétimt :
transfer resi SE%”%@Jl‘E%ﬁ@HEQVEQOtB' thecogdt hgpéggtﬁgcoﬁgrfﬁgaé #Ctlcﬁgn .

operation is sw.tched I rStappar a _
variant can al 8 the b%eCQ}?f%ra’E‘EEarﬁFFﬁ: nmohe tfﬁ—é?ﬁttvﬁppaa?@:a*ﬂat us®es in

al ternati onl. I ﬁregdele%raead }(bfﬁﬁéﬁ%a%’l biaﬁmél?ﬂlﬁ@fbbﬁ : eﬁ}ét%ie%e A
conventional evapqrati.on sol uti on redug SS
further advant& g‘t% £24 géﬂgo&%ni‘p%?r?‘ﬁ‘ésl ﬁt;EHPEBn W%l’br‘}%?%‘l“il?%‘é?‘il on
t akes 10 pl aselunlapp)ar Afudhesti renshrisfen h&szra&s&aies kgardbMdm toob'rllmljeq
surfaces wthi z ara ar e iJized in
t he appar at us (BL Eﬁlayesr%%rustg%bggaﬁagl’ é#ér%@ ?%celgs Y’lgﬁgﬁg ech.
(Swi t zer | and) égaln tosthei élcsysaaparaausc)nepcoc’élsss ovaBERT: RF&?KEMlso

F 2 at ry or
(France)). be %}?epra(t‘.jéd alth moEP  ¢#hn et?ﬁt?c f?%r%a gursn%%heriri:

nmet hacrylic acid rystals obtalned in step L .
l'i quor . Fé#tsrpéyépncry%rt alfddisdosn okhe wmMstaldimatdian zeanorbe

the sepansti oneffethedcrist aio%vferr&mdrﬁq NBVA8brat URN o0 theansdhkei i ace
in the crystalli ﬁatlonggg\t:aratus I tself since the cr stal S are

i mobi | i zed i n“PAEFapp §8 aRFessurerhe It tor YHHURRT caROBRAYGRRES from
the apparatus bkpbodimehet tofg tile f inwentionThe cryyiszhd ldzetiendvedtkds om

the cryst ghLzat {;on ANRALATNS. DY s BE! {4 0gn t heT WA 313 % row on

cooled surfaces within the crystallization apparatus,

20 ie. are immobilized in the apparatus (eg. layer crystal-
lization process of Sulzer Chemtech (Switzerland) or
static crystallization process of BEFS PROKEM (France)).

Ste d):

25
Step (d) separates the acrylic or methacrylic acid
crystals obtained in step (c) from the mother liquor.
For a layer crystallization or a static crystallization,
the separation of the crystals from the mother liquor

30 can take place in the crystallization apparatus itself,
since the crystals are immobilized in the apparatus and
the mother liquor can be removed from the apparatus by
letting it flow out. The crystals are removed from the
crystallization apparatus 'by melting the crystals and

35 then letting the melt flow out. For a suspension
crystallization, any known solid-liquid separation is
suitable. In a preferred embodiment of the invention,



35 then letting the nelt flow out. For a suspension

crystallization, any known solid-liquid separation is suitable. In a
preferred enbogpgpph7ebst he invention, _ 13 - 0050/ 47095
- 13 - the crystals are separated fromthe nother |iquor by

filtration and{ge Qﬁ%}éﬂél@aékén seﬁiﬁ%@eﬁ&ﬁ Y thkNGnother f !le&ﬁéif' Qﬁr or
cuspensi on, {oFLLXERBAGROyATRARR. Sentar toe g ror UG QageRBHEs. ©
suspension, fo r 5.
Centrifugati onfédrieion. @Arr I&iltxﬁlﬂugdﬁlOIﬁ“Ylsknopﬁecé@@drl fht_,ge awni ch
wor ks bat(i Zghor conti nugugg S _very dvant a eﬁ’&s use
push air centrlPﬁa &ﬁkﬁﬂl&gnO e %e?&?@&nﬁﬁOBne gF x4 é*%t . Al so
suitabl e &re sofevose e\ne: ceotei flgédsodyclomes scCentdiifuigatdencerdn i fheges
(decanters). A Lﬁ,&éat e inlS dﬁgvaﬂ Bgﬁou%le%t?ciﬁfﬁﬁhed c'iﬁea{lﬁbx‘?is pr ess

filters can beoerate atchw se or conti fuous
wi t hout sti rreba§¢hwysﬁea¥s @@nmwoﬂﬁill’er gt |is gTéﬁéYaladvantagﬁplutSr &9 on

.can be effect eﬂsé%ﬁéhsﬂﬂﬁrééﬁ’&?ﬂbﬁééﬁ wivich PESP VK oprabtiierid M et
pressure. e solid ps]t%ébd se ation may be acconpani ed and/ or

foll owed by fufPkEr S5P888ss sS‘F’o :I‘l%l‘éagl Q’rtef'(e sieve gRRiyiijgese
crystal sior of oi‘hecﬁéwsﬂabchak‘ge téndrifugepaldecanterty) am/amﬂgxmuson

enbodi nent of the | ti aration of t st a romthe
b T auer 18° adVEadtuy oEPECRERANY | ARARE, I BRLRLS ST
and/ or swwhﬁ.chgcah bheopeyatadsb@tcbﬁusbeox:rtycsmiainwksﬂ,y,l mlth or

washi ng, the qHQE%bf_ﬁf Qhﬁ%g éfwrmééné%faﬂéi/?"‘ﬂi‘&&szﬂe?tﬁ§ Afge from

0 to 500 g of was uor zate Wit hin
the range fronﬁsétretzee gcan lge w§§|§elcltaéor [arstery o$ue¢x]%¥ra@$n>12%¥bc The

wash |iquer pred8fdel 8rN@hdSHtEBlicdD g@gsdriction. It is advan-
t ageous, however, to wash with pure product, ie. wwth an 30 acrylic or

nmet hacrylic aci d i qui d whose purity is .greater than that of the
crystal cake tghbe seliwdiiduid sepaﬁhty\bﬁhm@t ére | acaiompapdesi kmd/dhe

T ok g3 PR TSI Al ko S BB ek
purity of the crystals or of the crystal cake. In a

20 particularly advantageous embodiment of the invention,
the separation of the crystals from the mother liquor is
followed by a single- or multiple-stage washing and/or
sweating of the crystals or of the crystal cake. In
washing, the quantity of wash liquor is suitably within

25 the range from 0 to 500 g of wash liquor/100 g of crys-
tallizate, preferably within the range from 30 to 200 g

of wash liquor/100 g of crystallizate. The wash liquor

used is not subject to any restriction. It is advan-
tageous, however, to wash with pure product, ie. with an

30  acrylic or methacrylic acid liquid whose purity is
greater than that of the crystal cake to be washed. A

wash with water is also possible. The wash can take
place in customary apparatus for the purpose. It is
advantageous to use wash columns in which the removal of

35 the mother liquor and the washing take place in one and
the same apparatus, centrifuges, which can be operated

in one or more stages, or press filters or belt filters.



35 the nother liquor and the washing take place in one and t he sane

appar atus, centrifuges, which can be operated I n one or nore stages,

or .press filtenpso/adyds filters. - 14 - 0050/47095 - 14
The washing can be carried out on centrifuges or belt

filters in one Thie MRishiiqJesn Fhae d’ﬂ&kiéd Gy 68N é&tnfu %ie‘jb%
countercurrentfftrilthe cr stal cake. Sweat i ng. descrl ocC

nel ti ng- of f ﬁﬁl?ré" “ohie PEGMGEE. sﬂ?@%ﬁ/\eaTh%]uHﬂth 9-1|%1°a”d\ﬁéﬂﬂ a]@%ousl y

within the passadgdnf combetrouideng ©b the t@rysddl agad.al | izate/ 100 g

of crystallizate prior to sweating, preferably wthin the range from

5to 35 g of nolten-off crystallizate/ 100 10 g of crystallizate. It |s

particul ady pSweatdbge tdescribescaray mutalhemmatmgn@f@ ;zﬂfnt r i fyhgies I b
fil ers C | t e_apparat us _.can so be

bel t t éeglons ogRl Qﬁgaﬂaaﬂaﬂg £ m?g gﬁgg?gﬁ é%+ﬁh%?y &ls

sui t abl e. The acrylic acid=c s and
after the soI i éfaPB'&wfdf%anr‘%ﬂ|b¢10£|d0§nyloiuenheff crystaﬂii;hzagezimdbog

sweat i ng const bEUt@rjré'@.Pltiiitt@dpi‘EbE' to stQE§11§edﬂf xfa%g_ypfﬁfﬁﬁq The

t f th ai ned i s _general range Ttom 97
fgrbgygg%)zoe %§§ r&&?&hﬁr°8fg 58r9P|8 °£cW81tSP °ﬁ§tﬁ§¥$9ﬁ1é12§€¢6100
especi al 1Y wi t Bi nof henyatgd lfirzamed8. Bt t d.s99% 8%t byuYer preferag,fleaq[(yl iCc

acid or nethac d h ar ed ocess of the
resent | nvent Cah7naRtashe BwEaEThS' Ga, cenrrPhEbes Ty ¥ idbs,
such as aceti ccegbingd; dvashal and seedtoriml dabycbq:gnaratus ca:hf adesi s, the
purified acid ganchgigasterified by known met hods or further purified
by known nethods. In an advant ageous enbodi nent of the invention,
step (d) is 30 foll owed by step (e) explained bel ow.

15 The acrylic acid crystals and methacrylic acid crystals

after the solid-liquid separation and any further
washing and/or sweating constitute the purified acid
obtained from the process. The purity of the crystals
obtained is generally within the range from 97 to 99.99%
20 by weight of acrylic acid or methacrylic acid,
especially within the range from 98.5 to 99.9% by weight
of acrylic acid or methacrylic acid. The crystals
prepared by the process of the present invention include
only very minimal amounts of impurities, such as acetic
25 acid, maleic acid or aldehydes.

If desired, the pﬁrified acid can be esterified by known

methods or further purified by known methods. In an

advantageous embodiment of the invention, step (d) is
30 followed by step (e) explained below.

Step (e):

Step (e) recycles the mother liquor which remains after
35 the crystals have been separated off, at least partly
directly into the crystallization step (c). The propor-
tion of recycled mother liquor is within the range from



Steb (e): Step (e) recycles the nother |iquor which remains after 35

the crystals have been separated off, at |east partly directly into
the crystallizggsopapoep (c). The propor-is . tion of recycled nother
liquor is within the range from 0050/ 47095 - 15 -
0'to 100% by wei@bti00%s bl ght th¥dEd M 1ARERE HirP PO range iE@of0%0bY

wei ght . The jéggre Illustrates a preferred enbodi ment” of the 5
process of tHe 8QFdeMeighkention. The line 2 and conpressor 3
supply air to the synthesis reactors 4 and 5. In addition, reactor 4
is supplied vi i i th recycl_ed whi ch _has heen. conpressed by
conpressor 6 fhé gﬁ \ﬁ%(}F%%%%¥%€%¥e§%é%€$§?¥§e%fe |FP&8€HF é&?ﬁ&ﬁglo

oxi des an@ uncerveesed &l artheg prasantal sinvesgsitder Viheh line pRopemd or

| sobutene fro | Sk S..r £38C ks e,f gt
stage of the tr% m%@%f%%seoggg %%gégf arr ggi Egté i gwtﬁérsr%%ywtgﬁgeg%gdgt :a%?ll of
propene or i sobut &Re additiont reatiAteshohli BYPRAAGOeiia thivs Bl #é&h The
acrolein 15  {&cydEsd 0¥hsi #Bdcho Halke KéEﬂ%&@;?ﬁéé@e&%f‘ cBmpY¥BEReE $

reactor 5. This gives,rise to a gaseous product mxtur.e whi ch, as wel |
as the acid, c%?r‘g'ri‘ﬁl%%c?rrp%??’r% . e88 Fhhed Abo et rRIS (ga SESROD
product DOXturexides eshdiwnconverted® stdrt ide nemadentley, Gogsttdied Miiths

cool ed down a cond a ution. .Th ng sed, portion. of

t he prod8€¥g§$§ u$€ ?% §§E%@%df§$é ﬁ#ﬁ% &f @?%%I%yﬁﬁﬁ-%l  Leact Iéing
recycled as retydbewhgas the dBtrstbetagbows, the otwo-stagacgss phasei | e
the other porioefaapisheralhe1POthel oxidatibh bel BropbheaR:Ofiddritehe | S
renoved fromthe plant as 25 ~ a waste gas via _liine 10. The sol ution forned
in the coFdchlerceryespeyding agrrlains akpe dhaden ITheecrplein

where thescrysigl théat baidisef8atb eheOWorrEpoidife’ acid in @ieitHsilshe
crystallization is fed toggther,mnth t he crystallizate via. (line 13 to
a suitabl e appBfaftR¥ 12- f oP+8091VER| FaSPi §&i & ?@%&Oé’ﬁ FFOWRE IPyHAES i zat e

bei ng renoved which, as well as the acid, comprises impurities
mentioned above. This gaseous product mixture is fed via
line 7 to the condenser 8, where it is cooled down and
20 condensed to a solution. The uncondensed portion of the
product mixture is removed via line 9, with a portion
being recycled .as recycled.gas, as described above, into
reactor 4, while the other portion, preferably 50% of
the total stream of line 9, is removed from the plant as
25 a waste Qas via line 10. The solution formed in the
condenser 8 is fed via line 11 to the crystallizer 12,
where the crystallization is carried out. The mother
ligquor of the crystallization is fed together with the
crystallizate via line 13 to a suitable apparatus 14 for
30 solid-liquid separation, the crystallizate being removed
via line 15 and the mother liquor via line 16. In a
preferred embodiment, at least some of the mother liquor
is reintroduced via line 17 into the crystallization
step (in line 11 and ‘crystallizer 12). Thus, the

35 purified crude acid is removed via line 15.



via line 15 and the nother liquor via line 16. In a preferred
enbodi nent, at | east sone of the nother |iquor IS reintroduced via
li-ne 17 i nt o t bgseyy9bekl i zation stepg(Ln line 11 and crystallizer
12). Thus, the 35 purified crude acid is renoved via |ine 15.

0650/ 47095 The process BE -the pred&ftPifa¢eatich hAS RMRSeHvdrt i on
has t he advant a? over. existi n processes that, after Qondegsath on of
t he pr oduB¥eHi ?F&FEIBEOBEE’ESS? Fr abas gt c@;’(’ié@é’(sla('iﬁont ¢

sol-ution for rreplrodutbemmﬂdﬁewwmcgd eimlstlae Ve ;bhagdfe 5>x1dwaildzi,y tdeude

having | more SSHRENSh ErER8H W ond' Bopaened Lot viv1e€ §ovdny "
produce aSpurequalityciarufle eet:llyl du.rdn@tulyalmepwsta&&tw@m@aw AWhero be

carried out gg depart fgstgaggkat%gﬁndmﬁ% t eghAD E&S‘%’er ClYrfes 't

Canadi an Patent 7 625, J P-A-0 616
is a further |E15§Ffaﬁ@ta@0aﬁﬂié§@rofl‘i hdspreeestblg to DpRofugH ede@ure

invention thatatha HieeREIY,S wlded autpxaépulzaflc'atrl@zﬁtha&sai | o8 be

tenperature, ie. thaé t he naln stream lic_acid nethacr lic
acid is removed®HFigdt| Put é@ﬁt‘\? g énsaﬂ‘%n aéﬂ%ove crted
crystal | ipati opef&renees, Canadlannpagémt I79Ck i6Q15,t TR-Pe- o8 2al0t ,anwd
assistant is pp_ Aagdggcon thus no high thermal stress (especially in the

20 case of htgh~aci ehts) is needed to renove this assi st ant,
pol ymeri zation problens and the use of process stabilizers as in the

bri-or art are BNE Zedeprenor! fupldicebnadild |or auRkdgdoRboredced as

well as a resul risin Slb to 25
crystallize acFhei Eraéeatsbnu@méh@notﬁh%t rB¥PeesR P carrﬂseeﬂ lﬂ“}tor?st

obtai nedisby aga3elatiRRei§ 1owitktipsratrdl, ie. €pagdennat mindideddny and
Lhat the products DAoL ta eal MR ERL TSN 1LY - ot PRELIGU 1Y
Exanpl e whi ch &9| mmlucuxhwala ceapidrzet imnpragfderexygstal 11 zathiosh neSinax, t he
invention, YRR Y18 i BER1E0 o the prior art, no assistant is
added and thus no high thermal stress (especially in the
20 case of high acid contents) is needed to remove this
assistant, polymerization problems and the use of
process stabilizers as in the prior art are minimized.
In addition, fouling is avoided or reduced as well as a
result. It is surprising that it is possible to
25 crystallize acrylic acid solutions or methacrylic acid
solutions obtained by gas phase oxidation and
condensation directly and that the products obtained
have very high purity. It is p.articularly surprising
that this is possible with aqueous condensates.
30 .
The Example which follows, whicﬁJdescribes a preferred
embodiment of the invention, illuétrates the invention.



0050/ 47095 - 17 - Exanpl e A 3 1 stirred vessel .

made of glass (jacket, helical stirrer). was charged with 2.3 kg
of- "the folloyosg/4P095m xture: 77.8%byyweight of acrylic acid, 4.01%
by wei ght of acetic acid, 1.07% by weight of maleic acid, 3. 66%
by wei ght of fexamptehyde and 13.46% by wei ght of water. This m xture
corresponds in the drawi ng of the figure to the stream in |line

11 which cones from 10 condenser 8. This solution was cooled from
room t enprr & ur esdawpetio veﬂsﬁler fnhGebyo£0Qliasg ViPatket| atiaticefl

the crystallizgr, flrst a lc.acid.crystals for this
terrpergt ure. % Pﬁ? erw%%olcf %r%%% "f]b h4y$1’[3alkﬂ c® {ﬂaqﬂ'{e an}%th‘vfn&l m n.
A solids5 comixturef 735.8 gbyofwabghtsoif decr@lig a¢idsushalisk oby was
obt ai ned —at é‘féht ot‘. fa%%g%ata‘é&% 21874 %ffwégg%éué?eﬁ%i% M4,

separated at tri fug min t course of a
whirling tine »f64% nlpm WﬁttghV7°f6fgr@ﬁlée§1ytia| angnd3. 263 Ipxomg@topfnm her

liquor. The CW&’E@J:S PRES ISt uiRs hesr Rlsporh s inmtaeomEM:ffnéffl frpge \chth
0 nor e an

109,00 PUre SIS oo i) A0Sy ST S0l Som L 1 o
conposi tion: 2condenséeryBic abiié soldftibido byasei gbdled fRomti Goami d
0. 1199% by wel GRETRGFACYGr JEwE oS -0.908 BEIELIXREPLER" ene 5alRERIIROYCC,
of the inventibhettugspadblizges. Fhactigst acrYllcacaCEidMﬂmuaslSm@rIriad
purity conparege Whist bembeedture. Tﬂ@%h%h@%ﬁf@boling down to -4.4°C
took 3 h 54 min. A solids ébntent of 35.5 g of
15 s0lids/100 g of suspension was obtained at that
temperature. 218.7 g of the susp@hsion were separated at
-4.4°C on a centrifuge at 2000 rpm in the course of a
whirling time of 1 min into 77.76 g of crystals and
140.94 g of mother ligquor. The crystals were then washed
20 for 1 min on the centrifuge w1th 40 g of pure acrylic
acid having an .acrylic acid content ‘of more than 99.6%.

Analysis of  the crystals rqyealed the following

composition:

25 _
Acrylic acid = 98.97% by weight
Acetic acid 0.321% by weight
Maleic acid . 0.0204% by weight
Formaldehyde = 0.119% by welght

30 Water . 0.

43% by welght

The process of the invention thﬁé-provides an acrylic
acid which is high in purity compared with the feed
acrylic acid. :



- 18 - W claim 5 1. A process for preparing
aerylic acid or nmethacrylic acid, which conprises (a)
preparing a gaggmyggluct mxture havi ngg thes action
M “xt-ur-e_of the cat'?ﬁ yt|c gas phase oxidation f F‘]“SF@E&HA]S -REENdnes,

-al kenes - I al kanol s andk FRanals to form acryl I C

aC| ﬂﬂﬂ Cld " characterized by
(b) ﬂ E’ aseous product mi S@i@s 15 (c)

crystal Fizt ng acry acid or nethacrylic acid fromthe sol ution obtained

I n b) renoyi,ng the
resul ting cryé&als‘quﬁﬁ??ﬁfiﬁéqugrqHQﬁﬁﬂg %ﬁfyllc acid gr i aﬁf@ﬁégs as
claimed i® clai m1laciohpmlsialy confpritslesr step (e) of recycling at

| east a portion of said mother |iquor fromstep (d) into step (c).

3. A process as clainmed in claiml1l or 2, wherein said gaseous product
m xture of 2 5 (a) prepawing a)a i sgﬁﬁé%‘afﬁedmé?d’éét'-al pikEugas ppadag

oxi dation of propene, é§ééﬁ€i£ﬁl%er€he _compos1t10n ofPUt @nok-eal-2qBHE €Ne,

I sobut ane, isobutyralde })(/ acrolein, 1rsobutyric acid or
methyl tert-butyl ethePd ture of the catalytlc -gas phase oxidation of

10 C,-/C,-alkanes, -alkenes,_ -alkanols and/or

-alkanals and/or precursors thereof to form
acrylic acid or methacryliﬁ acid,
(b) condensing said gaseous pf@duct mixture,
(c)crystallizing acrylic acid or methacrylic acid
15 from the solution obtained in step (b), and
(d) removing the resulting crystals from the mother
liquor. '

2. A process as claimed in claim 1, comprising a fur-
20 ther step (e) of recycling at least a portion of
said mother liquor. from step-(d) into step (c).

3. A process as claimed in claiﬁ:l or 2, wherein said
gaseous product mixture of Sﬁép (a) is prepared by

25 catalytic gas phase oxidation of propene, acrolein,
tert-butanol, isobutene,  isobutane, iso-
butyraldehyde, methacroleln,. isobutyric acid or

methyl tert-butyl ether.

30 4. A process as claimed in any' of claims 1 to 3,
~ wherein said condensing of step (b) is effected in
one or more stages as a part1a1 or total condensa-

tion.

35 5. A process as claimed in _‘@y of the preceding

claims, wherein said drysta; izing of step (c¢) is

effected in one or more stages.

“ﬁﬁ‘iim’iiiff i



oososross UMDY, .o, piocess o ctaimo, 1o o

of the precedihg® , ereln said crystallizing of step (c)

IS ¢ 5g%ﬁ4ﬁb§§ a tenperature of;gaid solution within 5 t he
range from-25[err]Cto +14[err]C 7. A process as clainmed in
afy of the preceding clainms, wherein said crystallizing of
step (c) is effected by rempving the heat by cooling apparatus 10

wal |'s or by ev@por i RFQEFF s@=ut FoAingder iRede¥d of the prgcedinge.

8. A process as cTdbmdplwhérednysadll dﬂ?%tl&leCiQd.h@jgof step (cflaims,
wherein said crystal salg nmot her

f d
li quor by f||tra1?€%0 e84 %Be ( )éﬁﬁﬁﬁ?ﬁﬁﬂﬁ%|?%g§?+%n501u£l°n W

process @s cl ai neche irangs\frad -29%€ poeerditg cl ai s, vvherel n
said crystals renpved in step (d) 20 are subjected to at |east
one washing and/or sweating step. 10. A process as

claimed in dhy Ok piecesseesdi fdaimed in  anwi mef e eibressidding

recycling of step (&aims25wherein saiact&@s@élrﬁ%w E TP 2Qc§ 0380% by
wei ght of : sai d ot her [i I quor into step
effected by removing: the heat. by cooling apparatus

10 walls or by evaporating saldgsolutlon under reduced
pressure.
8. A process as claimed in any of the preceding

claims, wherein said crystals of step (d) are
15 removed from said mother liquor by filtration
and/or centrifugation. :

9. A process as claimed in ‘any of the preceding
claims, wherein said crystais removed in step (d)
20 are subjected to at least one washing and/or

sweating step.

10. A process . as claimed in any of the preceding

claims, wherein said recycling of step (e) 1is

25 effected by recycling from ZO'to 80% by weight of
 said mother liquor into step (c).



