as originally filed 5 Preparation of acrylic acid
and net hacrylic acid The present invention relates to a
process for preparing acrylic acid or nethacrylic 10 aci d. :
Acrylic acid is a major basic chem cal prpduct. Onng to its very reactive
doubl e bond and the acid function, it is particularly useful as a
nononmer for preparing pol ynmers. The bul k of acrylic acid.nmonomner
production is esterified prior to 15 pol ymeri zation, for exanple to nake
adhesi ves, di aserigimally filed coati ngs. Just a fraction of acrylic acid
nononer production is polynerized directly, for exanple to make

super absor bents. \Wereas, in general, the direct polynerization of acrylic
acid requires high purity nononer, acrylic acid purity requirenents are not
so high —1f the acTyliTT acid 75 esterified before 1t 1S pot ymeri zed.
20 It is conmmon know edge that acrylic acid can be produced by

het er ogeneousl y catal yzed S ase, .oxidation of propene with

nol ecul ar® oxygen over so?rﬁp*aﬂon gta%qggFﬁg‘fié‘ngth aexyis@cidy 400[errjcin
one or two stages via acrolein (cf. eg. DE-A- 1 962 431, DE-A-2 943
707, DE-C-1 205 502, DE-A-195 08 558, EP-A-0 257 25 565, EP-A-0 253 409,
DE- A- 2 251 364, EP-AO0117146;—B-B-1+450986—and—EP-A-0293—224) ..
The catal ysts used are oxidic nulticonponent catalysts based,

The present invention relates to a process for preparing acrylic acid or methacrylic

10 acid.

Acrylic acid is a major basic chemical product. Owing to its very reactive double
bond and the acid function, it is particularly useful as a monomer for preparing
polymers. The bulk of acrylic acid monomer production is esterified prior to
15 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 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.
20

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 one or two stages via acrolein (cf. eg. DE-A-
1 962 431, DE-A-2943 707, DE-C-1205502, DE-A-19508 558, EP-A-0257
25 565, EP-A-0253 409, DE-A-2 251 364, EP-A-0 117 146, GB-B-1 450986 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 and vanadium (in stage 2).



for exanpl e, on oxides of the elenents nol ybdenum bisnuth and iron (in

st age 1) or nol ybdenum and vanadi um (i n stage 2).

- 2- DE-C-2 136 396 discloses renoving the acrylic acid fromthe
reacti on gases obtai ned by catal ytic gas phase oxi dation of propene
or acrolein by countercurrent absorption with a m xture of about
75% by wei ght of di phenyl ether and about 5 25% by wei ght of bi phenyl.
DE- A-2 449 780 describes cooling the hot reaction gas by--parti al
evaporation of the solvent in a direct condenser (quench apparatus) prior
to the countercurrent absorption. The problemhere is, as with further

process StepSDFi-ct:-z 13 39%h§ilsﬁ8&§gfe§ﬂoqr§hgofthe;%ljxﬁ§ %&?@&QH&%E&M& sggluci ng

pl ant avai |l abi y. Accor t hi's producti on of
sol i ds can beobteided byl chiglysid an ghase paidation 0f propsid sreatrolsindly @sintéirereteny |

pht hal ate in gn anount, of fromO0..1 to 25% by wejght t he
relatively ap SQEPLoR) With & W’Sﬁ‘frﬁroé abpuiy %ﬁ&fywegbggff d’a‘i%ﬂnlﬂi eﬁ#ﬁ%rﬁﬂ% about

| n addi tison tpsd;lhg @é@gﬁ%fﬂgﬁegyl?sé-&@ P70 Ascafbed BOIFEAG hitfteAhiof el
conpri sing acrylic acid into a high borling solvent m xture,” ot her

known pr ocesskspatiel evaperationd 6f the sblventl in aalicenselemser (fuendr agpamtes) ipdoand of
the water of reaction formed in the_cour . of .the catalytic

oxi dat 1 on. _ ThiPaG PoerP LG absoi i 10 RS e &5 BT SO PEteewT e

can be furt he!hef?ddﬁ%goﬂl Bf ¥d1R1sGh e Aﬂfﬁlta't&nréﬁhéiﬁg ?‘Ihn@%@ﬁfa‘bﬁgﬁ A&bordilfErd 3 429
391, JP-A-1 124 766, JP-A-7 118 786, JPTA-7 118 966-R, JP-A°7 118
968- R, JP- A- DE-A-4 308 (087 tiggproductioh sofasplidstaanchd oeduoeddysadding .a pelan- 2 164

767, JP-A-5 81,40-03 0. and, JP-A-4 80 91 013).. | P-£;,0, 551. t he
rixture 7 achUf S0 4 it Prenalate i g asithed 88 o i 36 28 R RRighE e
catal ytic gasthphélagvedxapsbldr Ol ehSmbiedE eyl lether and biph#@der in an
absorption tower and the resulting aqueous solution is distilled in the

presence of a solvent that fornms an azeotrope with polar |ow boilers such
as wat er or acetic acid. DE-C 2 323 328 descri bes renoving acrylic

2ci 0,170 o AUENS G Pl A0SR FLET bR RRiRtG |
acrylic acid into a high boiling solvent mixture, other known processes envisage a
15 total condensation of acrylic acid and of the water of reaction formed in the course
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-1124 766, JP-A-7118 766, JP-A-7 118 966-R, JP-A-7 118 968-R, JP-A-
7 241 885) or via an extraction process (cf. DE-A-2 164 767, JP-A-5 81 40-039
20 and JP-A-4 8091 013). In EP-A-0 551 111, the mixture of acrylic acid and by-
products produced by means of catalytic gas phase oxidation is contacted with
water in an absorption tower and the resulting aqueous solution is distilled in the
presence of a solvent that forms an azeotrope with polar low boilers such as water
or acetic acid. DE-C-2 323 328 describes removing acrylic acid from an aqueous
25 butanol/acrylic acid esterification waste liquor by extraction with a specific

mixture of organic solvents.

The processes described above have the disadvantage of employing for the

extraction or absorption an organic solvent which has to be removed again in a



The processes descri bed above have the di sadvantage of enploying for the
extraction or absorption an organic solvent which has to be renbved again

ina - 3-

further operation, such as a rectificatiop, under high thermal stress. This
may cause the acrylic acid to poTyheri ze. JP- A-07 082 210
descri bes a process for purifying an acrylic acid conprising 5 - acetic

acid, propionic acid, acrolein and furfural as well as acrylic aeid. This
process compr 'fﬁﬁﬁer%%@iaﬂ_gn,vﬁEl?és ARALHOADNCHNRE Alghi thérRB] SREkSI THIS ehag@duse
pressure to btain a purity of 99.6% for the acrylic acid crystals
after renoval theatrylisanidtp polymerize. Japanese Patent 45-32417 discl oses a
process wherein an aqueous acrylic or met hacrylic acid solution
additionally conprising acetic acid and propionic acid is 10 extracted
wi th heptane or toluene before water is renoved fromthe extract by
distillation. rpoalohesnenb &seibestPro@ERisH Pﬁki@higr ak tactylicCRAl edbniiRisthgt O - 20
to -80[err]C to bring about "a crystallization of acrylic acid or

net hacryl § ¢ acicetic Fid, propsera¢ sicisl @crolein andr wivvad cas weld ashacrylin Beid. Thiguor is

recycled into the extractio I ocess. cordi ng:.. t S ng, it
IS necessary tpcgoq;g%Cgﬁpg}%fﬁﬁ@g%ﬁ%?ﬂfﬁ\ﬁn &xs}ag% lg%tu,nd%ri 1%8‘(53&9 hperg%g% to

sol ution ot hergifig asthitflof 9959 forah®ktlic Wtidn@yistalk afiei rgneway ahdwashifBl s
process is di sadvant ageous in that, as well as requiring the
addition of adapangstiPatenbl4selRd]7 adiscloses a @ropesy Maeredh aHaddUeOUHACYHEr9%ed out
to renove wat el di . 4 .2 L .
purification [{‘rl eoﬂéaggg %c?gégﬁégm%%dr@%a@ 338@@@%}2% F%}:Ct%ctl)dn%‘ltl&)%@%%lﬂg{ ?&z ati on.
I'n this psocessiraéttd iPhehae actoludng Belieremater isnfentavey from tthe ertrad ey
acrylic acid, the 20 tenperature is not reduced bel o t he eriégg:ti C

t enper at ur e ofdigtiiatigre Iy the next step, th&d?@ﬂ@?%?’@ﬁ%lsé@Pﬁds‘i}A’/é’f“eW]‘z @r it is
not reduced b t - _ ; | drGstal

aci d/ acetic ag%) %WlsléE?%%%vﬁggﬁélg?etﬁncofgglfyglg}%g{dta%gﬁ %g%%yﬁ@&&eﬁ?érrp Sr‘ciltS )a/tr_e
acrylic acid usmdvédmng thesinathet Hqiords récyclediisto phoedsstions ppresaedodding
conventi onal prog,esses, far exanﬁ_l e by gas lphase rxi dation of pr.oEe e or
acrol ein, 25 to thigRRignGel} 1§ NSFSEAEJO11Ee FNpPTERRYF I SPIERL PHAXBIF I EINHBHT HBhal
known pr ggessegutbRlotherwise soRdRRIoR B¥lifEHith6ik folmgCerysthi! ThgdhbR8s &
acrylic agi dis uslalﬁc? tecgwbsg S|¢c))r e?gggbl y ihe! carori e c%t in th?rsubst anti al
absence of watdisadvantageous in that, as well as requiring the addition of an organic solvent, a

The

distillation has to be carried out to remove water. Canadian Patent 790 625 relates
to a further purification process for crude acrylic acid by fractional crystallization.
In this process, if propionic acid is the main impurity in the crude acrylic acid, the
20 temperature is not reduced below the peritectic temperature of the acrylic
acid/propionic acid system, whereas it is not reduced below the eutectic
temperature of the acrylic acid/acetic acid system when acetic acid is the main
impurity. The acrylic acid used for crystallization in this process is prepared by
conventional processes, for example by gas phase oxidation of propene or acrolein,
25 and then subjected to a prepurification by conventional known processes, for
example extraction. The crystallization of acrylic acid is said to be preferably

carried out in the substantial absence of water.



-4- - EP-A-0 616 998 describes a process for purifying acrylic acid

by a corbi nati on of -~ dynamic and static crystallization of a
prepurified acrylic acid, for exanple an acrylic acid which has
been prepurified by distillation. 5 Common to the processes

described in the above documents is that 4hey require a
(pre)purification of the acrylic acid prior to crystallization.. Since the
prepurification generally utilizes organic solvents which have te be

subsequently EP-A-0 G%We%r% .%f froc%géa.fo@ pﬂggﬁég g{:{gg? écg:da :?g%;)crom{?%fdg otfh ere

is always the tisk of the acryri

pol ymeri zat i orlynanid and static crysiailafio®@2 a6pépunified hcrgﬁé atids fdroexanpplocass for
purifying acryli f aci d i,n agueous . sol ution by fractional

crystal | i zat i GRYIgRed Wuglshastheen arepusified by distillation o the acrylic

acid solution so as to break up the water/acrylic acid eutectic system

whi ch exists at an acrylic acid content of 63% by volune. 15

EP- A-0 675 100 describes a process for preparing [err]-unsaturated

( err]-Cl%err] Common to the prduexsek idescaidedlin tiegbonetibardants 1§ thatithey Ryjui¥iadat i ve
dehydr ogenat i g‘g\ of F@he. correspondi ng, sat ur at ed C3- C6- car boxylic
acid, followe@BPuRgrsation: \of dhei petylignacid prior \(p ¢ KrystallizatioentSineacthieonal

distillation ISt t i guent
Tert oryst al | bt ae AR acltrall A &0 Bleaflc Spleh BN ¥t sybseBHIRFIN
provi de a prosemsatédoffapsiaiunterchigic thelhal stress, theraisiativays thetislaef theiacrydiei d i n
hi gh purity w t.goué co.rrgl ex gperations. . 25 This object is achieved
on the basis B8f“URESIEPHRPEINFIYE RO 1A8%%crylic acid or net hacrylic
acid froma gaseous m xture which, as well as acrylic acid or neth-

acrylic ¥cid, additionally includes at |east one further conponent.

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

15

EP-A-0 675100 describes a process for preparing o,B-unsaturated Cs-Cg-
carboxylic acids, eg. methacrylic acid, by oxidative dehydrogenation of the
corresponding saturated C;-Cg-carboxylic acid, followed by melt crystallization

with subsequent fractional distillation or followed by fractional distillation with

20 subsequent melt crystallization.

It is an object of the present invention to provide a process for obtaining acrylic

acid or methacrylic acid in high purity without complex operations.

25 This object is achieved on the basis of the process for removing acrylic acid or
methacrylic acid from a gaseous mixture which, as well as acrylic acid or meth-

acrylic acid, additionally includes at least one further component.



- 5- - The novel process for renoving acrylic acid or nethacrylic

aci d 6orfpri ses a) condensi ng sai d gaseous m xture, ~b)
crystallizing acrylic acid or methacrylic acid fromthe sol ution obtained
in 5 step a), c) germvi ng the resulting crystals

fromthe nmother |iquor of step b), and d) after renoval
recycling at |least a portion of said nother |liquor fromstep c).

into step a). 10 The invention also provides a process for. preparing
acrylic acid or nethacrylic acid. This process is based on the
catal ytic gas phase oxidation of CJerr]-/Cerr]-al kanes, - al kenes,

- al kanol s and/ = Iﬁ&% : . f a.crude

product whi ch,rlq’l(gsn 03% I a?%@?‘%‘%ngél&g}{%?&g{ hmgg{agﬁlilgtaglgicgﬁﬁgg%ﬁ tionally
cor%%onent selected fromthe group consisting
r

i ncl udes at | east. one
of unconverteé)staf?g‘%ﬁglfgsaldgﬁ% 87 P %nd by- products. The preparative

process of the_ invention.co |.ses wor ki ng up the gaseous crude
product by thg)abm‘i@’s 7ERE B ‘é§%‘df°6ﬁn¢]éﬁ‘ﬁﬁdl°n@1dgfr0m the se Pp@bé?élil%l 18r

methacrylg c acid. giepg) W have found that this object is achieved by a
process wher eby acryPi ¢ acid or 20 met hacrylic acid froma gaseous

duct m xture whi bjected to,a 1:...CO nsation can be
(I? ; 33? ;I lized (‘fr ec# %o‘?l?%tr%%t& gsgﬂtin'é Wﬁ%lﬁ?ﬁ‘og} ngxqtl}'ertlwgor &ds?eps[%? Snsati on.
O particular significance here is the fact .thaf the process foun
r qui res no f&?t ﬁePI‘EJF{nPerfg%Cél@g ah @strfoPAHeR P#W pothss digyersisen step c)

into step a).

10 The invention also provides a process for preparing acrylic acid or methacrylic
acid. This process is based on the catalytic gas phase oxidation of C3-/Cs-alkanes,
-alkenes, -alkanols and/or -alkanals and/or precursors thereof to form a crude
product which, as well as acrylic acid or methacrylic acid, ‘additionally includes at
least one component selected from the group consisting of unconverted starting

15 materials and by-products. The preparative process of the invention comprises
working up the gaseous crude product by the above novel process for removing

acrylic acid or methacrylic acid.

We have found that this object is achieved by a process whereby acrylic acid or
20 methacrylic acid from a gaseous product mixture which has been subjected to a
condensation can be crystallized directly from the solution formed in the
condensation. Of particular significance here is the fact that the process found

requires no further purifying step and no addition of assistants.

25 In a preferred embodiment, the condensation of step (2) is carried out in a column.
Further preferred embodiments of the invention will be apparent from the

description which follows, and the Example.



25 In a preferred enbodi ment, the condensation of step (a) is carried

out in d colum. Further preferred enbodi nents of the invention wll
be apparent fromthe description which follows, and the Exanple.

-6 In the process of the present invention, acrylic acid or

met hacrylic acid is crystallized drectly and unnmedi atedly wi t hout
further intermediary or purifying steps and w thout addition of
assistants fromthe solution which is forned in the 5 course-of the

condensati on of the product m xture. This product m xture has
essentially the conposition of a reaction product fornmed in a catalytic gas

phase i.dat | r S o yl LG :ack @40 lﬂﬁﬁ" | jgqaei d.
The sol e fi gu(ri)ﬁe( 4 %Iﬂlﬂss)%rsgtogg&% %éeg grlglgédﬁ(e&%bg I rlrlgn%cq%f&cgﬁyl glglxout t he
process of 10crystallied pliestitand ninediatedly without furthePistpaueiarp rorgfurdlyipgseous

product m xture including acrylic_ acjd or Qacrlﬁl,i C First

t d. .
of all, a gasé&®Dsapt yathewt aAdiiqny of ?%lsﬁf‘ﬁo@‘?,‘!n?d EP ﬁo%g"gg]i‘tlﬁgf)wq'fﬁ’sthf’he 15
;8 . S f ek . nas’ f
(ég[mgf' tc'ds?n O oksd g)‘r"t*cthé %ng%ﬁaé%lﬁcgﬁ gSthe? g‘ﬁ(&@f Ai¥fhE BBS ﬂ?{?ﬁx;cﬁ Axindatilgn o

kanes, anol's and/ or al s and/ or
precur sors t hessenfiallyothé @omposition of aaeydtion modwtt dormedtinacceatdliytic ges ghaset i s

particul arly advant ageous fqr the gasepus . pr.oduct m xture to be
prepared by caﬁslm%m@%%%?%wwcc?&t ‘Efrfngha‘ﬁy]bﬁ)gcﬁg, propane,
acrolein, tert-butanol, isobutene, isobutane, isobutyraldehyde, 20

met hacrol ein, isobutyric acid or nethyl tert-butyl ether. Suitable starting
conpounds include all precursors of the abovenentioned C3/C4 conpounds from

whi ch the act Tht s6Ig/ fiurs tilhustriatey acprafeced @nibedinmmtref] carsyiag ouh ther prodésatod

during the as. phase oxi dation. Exanples which rmay be nentioned here
are met hiA teﬁlie-ﬂfﬁgeﬂ invention.

Preparation of a gaseous product mixture including acrylic acid or methacrylic acid

First of all, a gaseous product mixture is produced which essentially has the
15 composition of a reaction mixture of the catalytic gas phase oxidation of C3- or Cy4-
alkanes, -alkenes, -alkanols and/or -alkanals and/or precursors thereof to form
acrylic acid or methacrylic acid. It is particularly advantageous for the gaseous
product mixture to be prepared by catalytic gas phase oxidation of propene,
propane, acrolein, tert-butanol, isobutene, isobutane, isobutyraldehyde,
20 methacrolein, isobutyric acid or methyl tert-butyl ether. Suitable starting
compounds include all precursors of the abovementioned Cs/C4 compounds from
which the actual C3/C, starting compound is formed as an intermediate during the
gas phase oxidation. Examples which may be mentioned here are methyl tert-butyl
ether and isobutyric acid for the production of methacrylic acid. Both acrylic acid
25 and methacrylic acid can be produced directly from propane and isobutane,

respectively.



ether and isobutyric acid for the production of nethacrylic acid. Both
acryfic acid 25 and nethacrylic acid can be produced directly from
propane and i sobut ane, respectively.

-7- The crude product is preferaply a gaseous m xture of the

catal ytic gas phase oxi dation of” C3-7 C4-al kanes, -al kenes, -al kanol s
and/ or -al kanal s and/ or precursors thereof to formacrylic acid or
met hacrylic acid. 5 A particularly advant ageous source of--the

gaseous produfte Mriddibiodubt Repiddsblya gaseous nhiRBiIrdPGRS TafiytichBasdpRaeNt
invention is the catalytic gas phase conversion of propene and/ or

acrol ei n i nt ooaidation of Ge{Cu-alkanes, -alkenesu allkanolsyapdfor zetkenals Apd/pbprecursors known
processes, es eciay as described i above-cited references. This gas

| t
phase reacti o 6?%@3%%?53( o2} 91118'%?)%?1?% “¥rom 200 to 450[err]Cwith or

wi t hout 10 super at nospheric pressure. The heterogeneous catal ysts used
are preferably oxidic mul ti conponent catal ysts based on the oxides
of nol ybdenum bisnmuth and iron in the first stage (oxidation of

propene to acrobatiayladyadvintagsrusisairess ofrihk \assrons product mixtyredtovkgbgedum i n

the second stage (oxidation of acrolein to acrvlig. acid). T .
reactions are aPhCS%i; 8 tﬂ,le Pfﬁsel?aetx ]i%éo,n éssthsei ﬁ%flzﬁ%tg%e}}hg?e ? \SAg‘%é%l%%eOf
processes. 15 prope¥b@RdPE QBRI iifitousedlidgcid &idl hok@ul®ioxypéd acddrdiggriobe
converted into a propene/ propane m xture by: catalytic .
oxydehydr ogen&nPwn paecegwescesppeially ppdescribed in thesaheivercited refereasspsilbisTesgay 24
(1995), 307-3 0 - A- 5 , n . .
oxydehydr ogen ﬁi ] n{ea%@ nﬁYeSs‘%rrgfegaebg>5 ?3 (%l?rgéx%{lrtrpalt ef ,ronF' %A@J%gng 53 ; without or

by catal ygic depersttmegsteaicippessae. Ths bétedogeheohio tatalystnke] ark préferablylo:ddia 409,
DE- 20 A-195 08 558, EP-A-0Q 293 224 _or EP-A-0 117 146. Further
suitabl e multicosmranentfatistebased oy theoxides of grolyhdequip, ki aodamngn
propene and 30% @ : a&e]a CloRe KBk, Q2N and
5% of pr opane?t.{é) ﬁ%\ststr %é?%?%t% roﬁénﬁr%pene%lgygggﬁg?%lggsu%ggn&%ﬁgg t hose
ment i oned abowaed vamadhemdxithe zedbndistdge (oxidatiorwpy gemlein t@iacrytic agid)i Xhesee of

oxygen and nitrogen of any conpogsition fo acrolein 25 and acrylic acid.
When a propené?ﬁﬁg%faﬁ@ Fﬂ‘é?‘gr"g‘g' rﬁ%ﬂl?{%@sp%?%e-a@&% OF st fiRfen processes.

oo 9T Wt s ke TS Adup| Shonr L ) S 09 10,
propene/propane mixture by: catalytic oxydehydrogenation as described, for
example, in Catalysis Today 24 (1995), 307-313, or US-A-5510558; by
homogeneous oxydehydrogenation, as described for example, in CN-A-1 105 352;
or by catalytic dehydrogenation as described, for example, in EP-A-0 253 409, DE-

20 A-19508 558, EP-A-0293224 or [EP-A-0117146. Further suitable
propene/propane mixtures are refinery propene (70% of propene and 30% of
propane) or cracker propene (95% of propene and 5% of propane). In principle,
propene/propane mixtures such as those mentioned above can be oxidized with
oxygen or air or a mixture of oxygen and nitrogen of any composition to acrolein

25 and acrylic acid. When a propene/propane mixture is used, propane acts as diluent

and/or reactant. A suitable process is also described in EP-B-0 608 838, wherein

propane as reactant is directly converted into acrylic acid.

The conversion of propene into acrylic acid is strongly exothermic. The reaction

30 gas, which as well as the starting materials and the products advantageously



The conversion of propene into acrylic acid is strongly exothermc. The

reaction 30 gas, which as well as the starting materials and the
products advant ageously

-8- i ncludes an inert diluent ggas, for exanple recycle gas (see
bel ow), atnospheric nitrogen, one®or nore saturated
Cerr]-Cerr]-hydrocarbons, especially nmethane and/or pr opane,

and/ or water vapor, can therefore absorb only a small fraction of.the heat

of reaction. AJRYUN BR didRE §fs, TSRGIMpI&I 8T cleSgAR Qe HOLRS,! athfdspRbtic

restriction per 5 se, it is common to use’tube bundl e heat exchangers
packed with tméragehdend on more saturaterhCatGeshydredaromswesphcially snethane arfd/or
e}n be

apparatus the _predom nant fraction of the heat, of reaction.c
ehoved To t hPRREPALE e aepe? B ettt APt Phl ¢ sl fregct of 6 he
The catal yti c ofacaciibsgltioticHakhd Bipe R RS REQEIEASUBRE BUNG re@fivfidiEpaci d,

but a 10 gaseous m xture which, as well as acrylic acid, may essentially

include a&  se it isgemmearty useripbmbundle haatorrebangsts pasked svith theawddatipnopene,

wat er vapor, . . NOX| b dioxide, nitroge L opane,
oxygen, aceti %Q%B,IQQ ,Smﬁ F c‘)”plfhoﬁ?sc&g% ?’g :ap Sa‘}atug rﬂlef %r%ﬁ%mﬁlgﬂ%%ﬁtlogu&thg rhegtl ?I}g hydes
and nal ei ¢ anhgadtionl€an Béremoradid e cosledtite walls by cofvestion ndadiation! | | Y
conpri ses (each percentage based on the total reaction 15 m xture) from

1 to 30% by weight of acrylic acid, fromO0.05 to 1% by wei ght of
propene and fromO0.05 to 1% by wei ght of acrolein, fromO0.05 to 10% by

wei ght of n, . f . % .ght of acetig acid,, from
0.01 to 2% by T&éf%%?ﬁ%f gas pHAe %’6%%{"8 I?%c"egc %fah%?o“rﬂ?é’.“g"sg%%ﬁi%"b‘@ ‘%XLiaght of
f or mal detyde, ghseons Gnikturt owRikbbYs well as a@vihtaciel| rahyekyeddslly fihclidd. L1 to

0. 5% by wei ght of maleic anhydride and from 20 20 to 98% by wei ght,
preferably fr8FROBEATY SOTMONERSS WRsQyertedyacrplesny andipn prepeney uates vapor, carborhe

inert diluent p s Lacl ' i , . at L
e en! moRRePLER SO Al e Gae sl B!
met hane and/ oforprabjehpde, funttier aldehydesl smi fiadeic larthgdS@% Dhe wedcgbh produet er

vapor, from0.05 to 15% by. wei ght, of carbon oxides and from0 to 90%
by wei ght of ml’ftPEfgéH?to’é’&%]ﬁ’ ﬁ%f%&@%ﬂsa&édbé?eﬁ&n%e Qasﬁ%s@d thsn tQigh#RfioRei ght

of diluent gasixture) from 1 to ¥B0A1BE WeidHE oRGEG1E ARidD FroRf 68816995 bifvhAihtYof! ©
acrylic acid by catal ytic gas phase
propene and from 0.05 to 1% by weight of acrolein, from 0.05 to 10% by weight of
oxygen, from 0.05 to 2% by weight of acetic acid, from 0.01 to 2% by weight of
propionic acid, from 0.05 to 1% by weight of formaldehyde, from 0.05 to 2% by
weight of aldehydes, from 0.01 to 0.5% by weight of maleic anhydride and from
20 20 to 98% by weight, preferably from 50 to 98% by weight, of inert diluent gases.
The inert diluent gases present include, in particular, saturated C;-Cg-
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 of
carbon oxides and from 0 to 90% by weight of nitrogen, each percentage being

25 based on 100% by weight of diluent gas.

Methacrylic acid can be prepared similarly to acrylic acid by catalytic gas phase
reaction of C4 starting compounds with molecular oxygen. A particularly advan-
tageous way to obtain methacrylic acid is, for example, by catalytic gas phase

30 oxidation of isobutene, isobutane, tert-butanol, isobutyraldehyde, methacrolein or



reaction of C4 starting conpounds with nol ecul ar oxygen. A particularly

advan- ’ tageous way to obtain nethacrylic acid is, for exanple, by
catal yti c gas phase 30 oxi dation of isobutene, isobutane, tert-butanol,

i sobut yral dehyde, methacrolein or

-9- met hyl tert-butyl ether. The’ cat al ysts used are again
transition netal m xed oxide catalysts (eg. My, V, Wand/or Fe), and
the reaction is carried out, for exanple, as si ngl e- st age-processes

or as nulti - StAqRyIRERBEES ther.PRHel dabdly AL LidedSdtt ahh 8raRSiA6R 378 mixed oxideOr
produci ng nethacrylic acid are those” which are based on nethacrolein, 5

especi al | y wheatatysts (aptMacVoMeamd/orsFe)r andube teabijoryissapiedsmt,dar example, as

oxi dation of . t tert - but anol iﬁobut ane or i&pa%ut?nﬁ ok @% reaction of
f or mal dehyde WAEF™S age PTOCESEH Plofta iy H?f_a%e BOCHSES: Rl ATy BRARS PT8E2Go7 or
EP-B-0 058 927for Iptodudinghtthacrylic adi@S#ré bth8sd vHMIE R DaseRlt BACHEIhabrofGhd i n

two stages by (1) condensation i onal dehyde wi th formal dehyde

(0] ro
(in the bt eseeerecially vhascbn deathaczaieings asodoed by @as ahase cptaysic eidation of

nmet hacr ol ei n ), subsequent oxjdation of the..net ol eih,n t,0 .

met hacrylic ag%.b&g&n%lmgﬁ%uﬁ%éeuiof af:?f)égﬁ?eoccgs g)yi %eaggg%r‘?}ﬁgaf‘ﬁ‘aﬁd%ﬁ@& 6”%‘08
838, Whespibihldehoiel ha iRsiibed A ERBLO 6FN0TRE of BPVRIDL 638 9B 7 e tis Yhisnt O
met hacrylic acid. As with the production of acrylic acid, the

product i s notPopiible toePrwarey mathaceylis, apidt imgwo staggsadBolls qondensationpfch, as
0 " g . ; PEt
we as met a?g(ryﬁ\}brfalcf’eg\&%% tvﬁg%' ?c%ﬁ%ﬁ%h%ﬁé dkﬁér fh\?\;érgs%ﬁc@%f a secon%agﬁca%'ﬂgréé

conponents un erte er vapor, car

monoxi delo car leatalydt)ax faten meihacrotdmandl)gabseqaaretoxiiation df the mxghavioleinatei d,
further | dehydes .and nal ei ¢ .aphydri de.  The process_of the present
i nvention is crylic acide & fuythgr| vllxng@npf%%r @aé@%cahe%l&t‘%ﬁ@@6%53%@5

fromO0.02 to Z%eRyn ﬁbg&?ﬁe N red@ant caffBE ?@rﬁf HE%? hgectmﬁﬁ%gﬂa&ﬂﬁ 34 2l

. . € .
reaction mxture, a erwi se essentrally ame” correspondi ng
constituents as with the production of acrylic acid. Step (a):
25 Step (a) subjects the gaseous product m xture including acrylic acid
or nehtacrylic . . .. . .

As with the production of acrylic acid, the product is not pure methacrylic acid, but

15 a gaseous mixture which, as well as methacrylic acid, may essentially include as
secondary components unconverted methacrolein and/or water vapor, carbon
monoxide, carbon dioxide, nitrogen, oxygen, acetic acid, propionic acid, further
aldehydes and maleic anhydride. The process of the present invention is used
especially when the reaction mixture comprises from 0.02 to 2% by weight of

20 methacrolein, based on the total reaction mixture, and otherwise essentially the

same corresponding constituents as with the production of acrylic acid.

Step (a):

25 Step (a) subjects the gaseous product mixture including acrylic acid or mehtacrylic
acid to a condensation, particularly to a partial or total condensation, to obtain a

solution.



acid to a condensation, particularly to a partial or total condensation, to
obtain a sol ution.

- 10 - The condensation is preferably carried out in a colum.
The col umm used has separatory i bernals especially ordered
packi ngs, random packi ngs and/ or trays, preferably bubbl ecap trays,

sieve trays, valve trays and/or dual-flow trays. In the .col um, the
condensi bl e conponents of the gaseous product m xture produced are 5

condensed out Tfhrea&inua&%héﬂ 1??&6}%1 yNGhrricdl B6€i Becoliatn. NThe Yslands usedr ksul t - of
contam nation and dil uent es conprises a high baoilers fraction, a medium

boi | ers fract iseparatary mtetroai/s,bmpb@a&y prdeced packingsweanfomspagkings FBALT Brags,
corrponent S,

b d
t akeof fs at aé)ﬁ?fstﬁplya{'@bfecap %ys%%ﬂevgﬁa%rﬁ,g\ya{lﬁﬁ& )‘@é@h@%ﬁl&%ﬁp%{;}% Sifgat ream

condensati on, cGRAGE MEAE¢drABndiBle 2oMPbkiits 64488 gaskGus producihixesre fppsduaed are
separation into t he i ndi vi dual components. Suitable colums

conprise at | eandenser agbdtactignatiyahy . cosling.aBinse (58| 828 gnirguissas dcresal of |
heat fi h d
e o GRUPLELRS o, N SORLSORER Y ST, et

Tube bundl e hanile®fEhibaand a low boilers frhétich featil @x ahengiensblenngionentsol er s
are preferred. Suitable cooling nedia are air a |nth case of an air
cool er and codh Afumngiancks, Prexisled ivith gnsrer BTC $1 esingam tglkeo @fat appropriateq her

cool ing neans. 104%1]98%'%'{11 eaCC%Bl’%,% cﬂet&ﬂg {1%\%8% #rﬂ@ﬁisa ibh ihS LBRhA baa at

the top unm 1 n ers ractlon I's condensed
out. Singe therewdes ifer ar separation intetthadngividnahcoohpgeetsii Svitatde atunns

plurality of fractions, it is adyantage At . i nst al r lity
of cooling me&REPFise \#h/] F%ﬁ@ngé@ﬂl%én%f‘ ﬁ\é‘tag’&ﬂ Gagling H’Fa‘é&g}f{lﬂ% gl %
cooling means tfa'ﬁfgfeﬂﬁs o? Heht Sﬁgfaié%é?f Ilfl Wiléh @) HER feRasANRCHREcRte bNEhe! ON

boi l ers racti on an ng nmeans at the top of the colum to
condense out tdoadérrsawlon is removedi indirectlyr Gextaraaily). Thebe burdle dreahviekthangess,
acrylic or acryllc cidis w.thd ddl e

i t.of th
col um via oné’ %}F higrexchangstsand 4 "Eoé’ﬁfg%?’felsprefﬁﬁgd s%ﬁ“@‘k’r ‘i?mlmg medfiare ol © '

crystallijzed i tpd @E’se(cmad §1rtchbn%r Whd b%lwh@ﬁdmdp&mu@owb@f Sinfthe@hdéeos¥ i n
the course 25 of the condensation. The pressure in the colum_ depends

on the anount a:olﬁertsmclmgmeans If onlyenesiopling meatson eravidedn is nstghed éfrtth%P 0.5-5
ot STl 1 whicR ihé 18R bojlgrs fi actiofl Aot Red 306 Sidhe . A0k N9

condi ti ons for ure an

profile, int efrﬁé%ﬂéh@ lid acidagyd ©ixhiaeHaki0pluedlity o€ feacibng)dt risaadima,ntacyesqmom tion
of the S|destreamtakeoff(s) to take offt the acryllc or rreth?cryllc aci d,

choice of 30 1nstal&g|phmi1tm off gonlingraeass i EATiaNs seftigheeldhe colympe ForgxamBlsAci ng
of separ 25 ory coB érei\% gr{aelgxfs  in the l%vgler asgct fdACRL HoMmA o L¥RENSE oSEREhAHOE lefO! UM

i nt ernal can
fraction and a cooling means at the top of the column to condense out the low

boilers fraction. The fraction with the acrylic or methacrylic acid is withdrawn in
the middle part of the column via one or more sidestream takeoffs. The solution
crystallized in step (b) is thus withdrawn as medium boilers fraction in the course
25 of the condensation. The pressure in the column depends on the amount of uncon-
densible components and is preferably 0.5-5 bar absolute, especially 0.8-3 bar
absolute. The exact operating conditions for the column, such as temperature and
pressure profile, interconnection and disposition of the cooling means, disposition
of the sidestream takeoff(s) to take off the acrylic or methacrylic acid, choice of
30 column height and of column diameter, number and spacing of separatory internals

in the column or type of separatory column internals, can be determined by a



person of ordinary skill in the art in the course of the customary

experinments conducted in the course of the design of a separation
process. In a preferred enbodi ment, the hot gas m xture is cool ed
down. directly or indirectly prior to the condensi ng out. Wen the

gas mxture is cooled directly, it is préller-abl y cooled 5 down usi ng
the high boilers fraction condensed out of the gas m xture. .
Al ternatively, an assistant is introduced into the process, but it has to

be worked up person of adimary. skill inpfharaet is tHeecatbse bhile PisteAfYy HefinRnisake
pl ace integrated.in the bottom .region of the colum_(with or
wi t hout col um§oRdeEdnty the equrseaf, the desigmh &f @osensration processi In 4 misfuredt e

appar at us, foen@%aimne tﬁenggt?ﬁag %Ixﬁfr? istali?g}ég &iréactlyloﬁz&ici%%ﬁ% Hglg{ & thk0

particularly preferr ed e ment o e Invention, 't lon of the
gaseous react icondeming oue Wake shepgacmiztureds coblednlimstlf,dt iopeferable cooledmm
bei ng ILvisi.bl e,i n&l{)ghv%ri ous_.sections.in I fferent technical

d ich
obj ect i ves ar gogBhPﬂ{}Edthe otlers - fraction CBB@qném%i Bfﬁﬂhe 1gps mixture.
Cool i ng the holltesivalyXdrdsSistant is introduced Mo RIpré@ss, 'Ehf‘ft%&é?to'&\k' ggggced

and cool ed down in thé bottomregion. This ca acconpl i d by
i ndi rect cool aggn. Imcﬂppexalsptbnnsmlas pescoblimgyearsiake plade iwtegrated in the botehi ng
A 9 DOt L SR IS B ik o 15 L™
Condensing then Bisgg\a:@t@idpgéﬁnfs! st dxample a 28s coolbf) o Hi&entk B AL foperd hr St
cooling circuit, the heat of condensation is renoved
10 particularly preferred embodiment of the invention, the condensation of the
gaseous reaction mixture takes place in a column as follows, the column being

divisible into various sections in which different technical objectives are achieved:

- Bottom region:

15 Cooling the hot gas mixture

The hot gas mixture is introduced and cooled down in the bottom region. This can
be accomplished by indirect cooling, for example heat exchangers, or direct
cooling with high boilers fraction condensed in the next section of the column as

20 cooling medium.

- First cooling circuit:

Condensing the high boilers fraction

25 In the region of the first cooling circuit, the heat of condensation is removed
externally via the first cooling circuit by means of a heat exchanger utilizing, for
example, water as cooling medium by discharging condensed high boilers fraction

from the column, cooling it with the aid of the heat exchanger and returning a



externally via the first cooling circuit by neans of a heat exchanger
utilizing, for exanpl e, water as cooling nedi um by di scharging
condensed high boilers fraction fromthe colum, cooling it with the
aid of the heat exchanger and returning g

- 12 - portion of the cooled, ¢ fAdensed hi gh boilers fraction into
the columm, while the ot her portion, customarily |less than 1% by

wei ght, based on 100% by wei ght of condensate in the sidestream

takeoff, is regRIR0 theRbbIRE, SHIERRY hifEbsikirs! faekbn into the coh@nflewbidsltiei gh
boilers fraction is passed countercurrently to the ascendin

_ ) gas.. . 5
Fi rst cool i ng ogher dgrtion; gugpmarlyrlesmibaa &by weight, based on IOO%QHVQ’I‘Plél@ﬁ ofer s

enri chnent col,um_sect | . ' ' LkCuit
and the- i desiPRisRYs R SETpRTEkRE S RnlVeR, St SRfafifPhd Pkl
distillativel yordynsedisigh d61lers Gracktiisie passud codntérberrently to thecasoeridinggast ent |y
upwardly nmoving gas streamin the direction of the first cooling

circuit. s Sidestream takeoff: 15 Taking off the
acid The sidestreamtakeoff is where the acrylic or

met hacrylic aci d i %ilJ’sFéB%Yiﬁgcircuit to sidestream talkeoff:Si destream takeoff to second
cooling circuit:

High boilers enrichment

The column section between the first cooling circuit and the sidestream takeoff is
10 where the high boilers fraction is distillatively enriched and condensed out of the
countercurrently upwardly moving gas stream in the direction of the first cooling

circuit.

- Sidestream takeoff:

15 Taking off the acid
The sidestream takeoff is where the acrylic or methacrylic acid is removed.

- Sidestream takeoff to second cooling circuit:

20 Enriching the medium boilers fraction

The column region between the sidestream takeoff and the second cooling circuit
is where the medium boilers fraction is enriched from the countercurrently
upwardly moving gas stream, the medium boilers fraction being enriched in the

25 direction of the sidestream takeoff.



20 . Enriching the nediumboilers fraction The col um
regi on between the sidestreamtakeoff and the second cooling circuit

is where the nediumboilers fraction is enriched fromthe countercurrently
upwardly noving gas stream the nmedium bg%(l_ers fraction being enriched in

the 25 direction of the sidestreamtakeoff.
- 13 - Second cooling circuit: Condensi ng
the |l ow boilers fraction The regi on of the second cooli-ng circuit

is where the Low bsédoga&oémrfgcgi}cqn; is 5 condensed out of the
countercurrently upwardly noving gas stream The heat of

condensation is re@ﬁ&ﬁsﬁ?%ﬁél@%ﬂ%eﬁi@?&i@ﬁ second cooling circuit by neans

of a heat exchanger utilizing, for exanple, water as cooling nmedium
by di schar gi ng condensed | ow boilers fraction, cooling it and
returning a portion of the cool ed, condensed | ow boilers fraction

into the colugn, while the other pqortiaon i,s.renpove 0 fromthe system
The uncondens eéﬁ%iﬁ’&;@n%g,seﬁﬂ’ﬂdcﬁo‘g% PRt renq‘FﬁGﬁ’eh‘?ﬁerS rpm"tl(’Ea‘Fbon
monoxi de,s car el Sf tRX ¥ reiRiIg NG wREIFAAGENS 3 BRQREMEhe BER of

wi t hdrawn fromthe colum over head. The condensation can also be
ef fected i n onendensationes s¢ragped extarnrllyi vig theo sacdnd coelingt dramitybypmeersefs, in

whi ch the t f i on | t _subj ect. t . i al
Festriction. T EMRERS TR NGRS, 1T RUYHNEAJEIR Sy o0LPs Mg Y FischeiPe oy
condenser whegghdehMdi [8WShoileRd Bl c6ANMPER SRl Getubnif® BtReidH o MHeNcddM&, hot

gaseous reaction product. Suitabl’e apparatuses for the condensation
are in parti codnsensgdriay boilers fraction inth thescoluremtwhile the pibbbpoertion nsayedol urms

or appar gt use?rorr}laﬁ{englsperer}. r"fh%kllmecg)ngglsed cgr%)for?ecn%ss,'which are preferably nitrogen,
carbon monoxide, carbon dioxide, oxygen, methane, propane and propene, are

withdrawn from the column overhead.

The condensation can also be effected in one or ‘more stages according to
15 customary processes, in which case the type of condensation is not subject to any
special restriction. The condensation is advantageously carried out in a direct
condenser where previously produced condensate is contacted with the hot gaseous
reaction product. Suitable apparatuses for the condensation are in particular spray
scrubbers, Venturi scrubbers, bubble columns or apparatuses having betrickled

20 surfaces.

The mixture obtained by partial or total condensation of the reaction product of the
gaseous product mixture produced, especially the column condensate of the
medium boilers fraction, preferably comprises from 60 to 99.5% by weight of
25 acrylic or methacrylic acid, from 0.1 to 40% by weight of water, and also from 0.1
to 15% by weight of impurities, especially, each percentage being based on 100%
by weight of condensate, from 0.01 to 5% weight of (meth)acrolein, from 0.05 to
5% by weight of acetic acid, from 0.01 to 5% by weight of propionic acid, from
0.01 to 5% by weight of formaldehyde, from 0.01 to 5% by weight of further



The m xture obtained by partial or total condensation of the reaction
product of the gaseous product m xture produced, especially the
col utm condensate of the medi um boi l ers fraction, preferably
conprises from60 to 99.5% by wei ght of jg acrylic or nmethacrylic acid,
from0.1 to 40% by wei ght of water, and al'so fromo0.1 to 15% by

wei ght of inpurities, especially, each percentage being based on 100%

by wei ght of condensate, from0.01 to 5% wei ght of (meth)acrolein; from
0.05 to alRMyd WA G ®f0126815% b’ﬂ}'CWélghf rafnmaleRkl atid. 59/q§)pamugmy of

propionic acid, from 0.01 to 5%Db ht of for deh3y Jromo.01
to 5% by wei grp[refglfabl‘eprt thercondensation to afford a mxx ure comprising from 93 to 98 o by

- 14 - vglelé%t o?%Xryg'S eq?gx?eélﬁz}r 20 a}c%‘ i 1% t@’%‘&? WhEh 9t \g? g afgod: 1t

is particularl ’he con ensation-to amxture

conpri sing fr grn?8.5tte 59869 W¥ight of 1mp1mi©1bg Iekpenfallypdfajch Ipercentagebdsmg bgdedonaci d,
froml to 5% by vvelght of water, and al so to S%E%%welght
of inpuriiies,0B¥pbyi wright Oéaf@ﬁd?fé?’@erff%é) Q)]elt?lgc”fﬂa%d”% t5of acrolgipoft py

wei ght of Ponq]?ér}%r&#@?x?, frgmg(?/l 0380053 ﬁ%ai%}{} Y1 288 Cﬁ%ﬁ@l @ @ 3% welght

met hacr ol ei n, by~ wei acetic a from™0 to 3% by
wei ght oFprapicrit adid cfr@aio) th%TbQ weiight of R¥vmbldehyaiegfromdy. 01‘ tmr3?/élbcfe hyde,

fromO0.01 to 3%hy fur r .al dehydes and.from0.01 to 3%
by wei ght of wgight of figther alvc\iehﬁs an gpglp(g.gﬁso:ﬁ%%y v¥e1geixt o?g}aéeb 51

crystallizes the solution obtained in step (a), which conprlses acrylic
acid or nethacrylic acid. Thus, the solution obtained in the
condensation step is fed directly to the crystallization step. No
sol vent i1® addeh (dspecially no organic 15 solvent. The crystallization
process used is not subject to any restriction. The crystallization
can be carried out continuously or batchw se, in one or nore stages.

The crystallization is preferably carried out in a single stage. |In another

010 o (RIS o e 1 L i
fractional crystmtthacrglid acidi Thuss theisoloien pbtaimed én thakbndensation step is fed
directly to the crystallization step. No solvent is added, especially no organic

15 solvent. The crystallization process used is not subject to any restriction. The
crystallization can be carried out continuously or batchwise, in one or more stages.

The crystallization is preferably carried out in a single stage. In another preferred

embodiment of the invention, the crystallization is carried out as a fractional

crystallization. In the art of fractional crystallization it is customary to term all

20 stages which produce a crystallizate which is purer than aqueous acrylic or
methacrylic acid solution feed purifying stages and all other stages stripping

stages. Multi-stage fractional crystallization processes are advantageously operated

according to the countercurrent principle whereby the crystallizate is separated

from the mother liquor in each stage and fed to the particular stage having the next

25 higher degree of purity, while the crystallization residue is fed to the particular

stage having the next lower degree of purity.

The temperature of the solution during the crystallization is advantageously within

the range from +5°C to +14°C, especially within the range from 8°C to 12°C. The



20 stages. whi ch produce a crystallizate which is purer than aqueous
acrylic or nmet hacrylic acid solution feed purifying stages and al

ot her stages stripping stages. Multi-stage fractional
crystallization processes are advantageoqg y operated according to
the countercurrent principle whereby the Crystallizate is separated
fromthe nother liquor in each stage and fed to the particul ar stage having
t he next 25 hi gher degree of purity, while the crystallization residue

is fed to the spRad tdndndlin the crystaliiergeadiaviaggoushewithint the camge frbagOde 80fg

purity. The tenperature of the solutl

crystal | i zat i o splidsadPeg: perfesebly| withip thei rAnge from 1 ttﬂggrgé)ggglt‘in‘?m &5[err]Cto
+14[err]C, especially within the range from8[err]Cto 12[err]C The

- 15 - solids content in the crystallizer is advantageously wthin
the range fromO to 80 ¢ of solids/100 g, preferably within the

range from 15 [hQn3Rivantagecudlentbodibiéht @f the invention, thmc@ataﬂmlr@isaajfmtﬂd by
enbodi ment of the invention, the crystallizing js eff cte

I
appar at usS wal |e9obng 9@93@%%@@3% PhBY eWaposaiing: the SolyHeR puges 83 PresSYEr ﬁ’oo "
the case of thg, aLys 1?{11 %g&glhg%ﬁgﬁgg%d i) h{éehéﬁ?% réxﬁoJeﬁmx%gralﬁb &odlefape

cool ers connec or to a vessel w thout stirrer.
The circul ati ajonpéctédhed a stirred tankysxt al aszasspbmﬂhomt stgreenThe ettculatiompg thease by
means of a punp. Alternatively ssiple to renove the heat

via the wal | s G7stal sYspensign 1s s&aﬁkqus’a% tﬁkj Césec%g@a%ﬁ 2 RHOR. Agernativelyyifis, - A
further prefer %Qbferfpg%’fﬁ%nlthe %Eat%@iﬁe%lfsrdf%tﬁilnleﬁ4ﬁﬂd K%ﬂ'lﬂg“'é’ @lbyt,eéle&ﬂaﬁcélse

of cooling d| cryst Izers as nmanufactured for exanple
(Net her | ands) .stirrer. A fuﬂt}rerqaréfanremanbedlmamﬁcomngamstaﬂlmatlony&\wé‘i’qsnhgum)n by

cooling, the he r.enmoved vi a ntlona e
(preferably t Lﬂfgoﬁtﬂﬁﬂhéc gy sigllizers aﬁe‘&fm"ff?‘g %43 ;xgﬁnp c b u&a.r@\gzléerfands%

appar at uses, ugld f&?théﬁmﬁsfé FiribfiPfRR cARAIBAEon BY icobih, ikt hotentgeg vase- 15
cl earance stirrers or cooling disc crystallizers, have no means for

avoi di ng crystanventional h¢aaycsmsfemts t(prsterebly tubca.bgn@e rdr rijats Urerk dragsferors). i n

t t h h
becone 100 i GGt APREeE T (IR e apfaRe S IEnaunid HIE Rl GRre hes
Swi tched jgver dgrahceERBEA GHUBLAE Bise cagfanmm;mevam @rfeans fdrrwomgm@stal

apparatus, the first ap Baratus i'S regenerated ( referablé r%{:é r}l of f
the crystal 20ayers opghe heajrtrapgferringsirfages: Ab 1nSpaations stRledS grRAGREY rvicre

unsat urat ed sohg 51%58 rEx)ahstle; re@%ﬁﬁlce has become too high due to crystal layer formation, the

operation is switched over to a second apparatus. During operation of the second

apparatus, the first apparatus is regenerated (preferably by melting off the crystal

20 layer or by flushing the apparatus through with unsaturated solution). If heat

transfer resistance becomes too high in the second apparatus, operation is switched

back again to the first apparatus, etc. This variant can also be operated with more

than two apparatuses in alternation. In addition, the crystallization can be effected

by conventional evaporation of the solution under reduced pressure. In a further

25 advantageous embodiment of the invention, a crystallization takes place in

apparatuses in which the crystals grow on cooled surfaces within the crystallization

apparatus, ie. are immobilized in the apparatus (eg. layer crystallization process of

Sulzer Chemtech (Switzerland) or static crystallization process of BEFS PROKEM
(France)).

30



transfer resistance becones too high in the second apparatus, operation is

swi t ched back again to the first apparatus, etc. This variant can
al so be operated with nore than two apparatuses in alternation. In
addition, the crystallization can be eff %t ed by conventi onal

evaporation of the solution under reduced pressure. In a further 25
advant ageous enbodi nent of the invention, a crystallization takes place in
apparatuses in which the crystals grow on cool ed surfaces wthin-the

crystallizati iep (c): apparatus, ie. are imobilized in the apparatus
(eg. layer crystallization process of Sul zer Chentech (Switzerl and)
or static crystallization process of BEFS PROKEM (France)). 30

- 16 - Step (c): Step (c) separates the acrylic or

met hacrylic aci,d crystals @Qbtained in.,.step. ( o1

M ator . For a1 B SEhPuf e BT n b bicRBiclitla il obpeineg s8] G,
separation of th@eméthysiusr. fFaM ke crgtallehtibh @ios aaic caksallpation, ik t he
crystallization apparatus itself, since the crystals are inmobilized in the

appar at usS separgtien tafe theotorestals i femr theamnasher; digHok $an r Bkf t HecapBatht us by

L0, 1% ! S spomg BT H R e BB AR i oo,

the nmelt fl ow mdtthe Mthe 1&uepeas be Rerfoyeslt fbhithatpparatusiby lktiapwit flow out.
solid-liquid separation is suitable., In a preferred enpodi pent_of th
i nvention, thelhe crystals gryremared Hem the srysiallzation apRaraius BpmeEng the ﬁfyrstagsy

filtration an r i j i f6n. Fanlt Rt or
centrifugati Oﬁin?gth%fgééfé%%ﬁyegr}zo& eo)u%. hl?og%cej%l?sﬁé o? H@E%lhzta{l‘ﬁxe, délé’s peﬁlﬁsrfon,
for exambe bysotiddigmiddeparadonis sudmblehinda prefertednasbodiment of tigeimventiang#iid on

can be carried out in any kn centrifu whi ch rks batchw se 1 or
conti nuously. 9r¥Ystal %F?P%%?fgﬁgﬁ’g Jgo{hﬁlg ﬁgléorptEYsﬁYt\%“Pnc?é‘a{OFicFﬁ?fz%g Pch can
be oper j : GRS M SPis Hird i$d §pe
centrifuges orgg‘ga?ted\%&)&mtmg@g arége ce#fgﬁ%ﬁﬁlgszjgéc(%g?cgyn?g@g Qﬁﬁli tration

i s advant ageouht yswshemstargd firy ewemple by meanef opremses dri Image s hydrocyrlenes. be
oper at ed bat chqé\gr se.or .continuousl

means of belt $fifgeation ?fmgl%ﬁn‘@t“é‘?‘%,/b‘ft% Ia?yégﬁ%\&mn E‘fgﬁHﬁ'@eéﬁd}i‘é}bWﬁﬁS[ﬁ? gwg%oby
super at nmggpher d:CoRtifRRMIye 10k WRIRIvahRgeiRdo RIs€ pEsH &ir centrifuges which can be
operated in one or more stages. Also suitable are screw sieve centrifuges or screw
discharge centrifuges (decanters). A filtration is advantageously effected by means
of press filters which can be operated batchwise or continuously, with or without
stirrer or by means of belt filters. In general, filtration can be effected under

20 superatmospheric pressure or under reduced pressure.

The solid-liquid separation may be accompanied and/or followed by further
process steps for increasing the purity of the crystals or of the crystal cake. In a
particularly advantageous embodiment of the invention, the separation of the
25 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 the range from 0 to 500 g of wash liquor/100'g of
crystallizate, 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-

30 tageous, however, to wash with pure product, ie. with an acrylic or methacrylic



The solid-liquid separation may be acconpani ed and/or followed by further
process steps for increasing the purity of the crystals or of the crystal

cake. In a particul arly advant ageous enbodi nent of the invention,
t he separation of the 25 crystals f_rolr,? the nother liquor is followed by
a single- or nmultiple-stage washing and/ or sweating of the crystals

or of the crystal cake. In washing, the quantity of wash I'iquor is
suitably within the range fromO0O to 500 g of wash |iquor/100" g of

crystallizate achrlec[wd altoye putityl i gréder’ thig) €hat 00 Me36tyial &4d@ 18 1f whaRh, A
i quor/ 100 g o crystallizate. The wash |iquor used is not subj ect

to any restri (y‘{qsla,,wt}q ‘FatF"slsa?dﬁPal?PSSlb@ The waslyeantake plage ire cystomanyesappareitush pur e

duct,
Progusty 1o Wl e HeRRE Y 1 adfanBBEIRTLXS Srash columa i pieh the rempvelef
crystal cake the hmthvasihpldr aAd the washingetake Mdch iMedrer ardsthl Sendapsdritug. The

wash can t ake g&ag& in c_ugto ry apparatus for the purpose. It is
advant ageous CHHIRECHA¥HC OPERISRhINCINC: MemprefiRass, @ press filters arthsltot her

l'iquor and t heeasThOg5RKe i @@gaéhgd 8&@0@&%&1{1 esscﬁ‘rg%ltafﬁ&?sr A & or m?

centrifuges, which can be Operat I'n one or e stages, of press ®lters
or belt stagés. Themash litpeorwars bé papsediin dmantermrneeﬁo@h& crgstabedker i f uges or

belt filters in one or nore stages. The wash liquor can be passed

in countercurrent to the crystal cake. Sweat i ng describes a

| ocal nmelting-off of inpure regions. The sweat quantity is 10

advant ageous! gwehtidy &esEﬁBeer'ﬂ&%l PR ﬁo?ﬁ Qf 31919111% 1%%10 l’h?@sx%zft quantrné/f IS, ap| y

crystallizate/100 g cryst I zate sweat
Wi t hi n tWe r apdxantagoonshy WuhBSthg rmfge from 0 to lrﬁOI g @ﬁmolftén-cffﬂ;meillmaw!ﬂe@ 200 g

of crystall artlcularl rable.tq carry out the
sweat |yng onI i@f}f‘}yﬁah&éﬁe 1T %anflpg e;?rg?eraﬁg ith Ehe W&S‘h fromy SstRedt 2108 one
appar at us canmaligoffecrsstalliaftb 00 oIt crystalhzate Iirrtgpa?ﬁ&ﬂﬂ}ppﬁ%rgblg Y3hal s and

met hacrylic acid crystals after the solid eparation and any
further washi 8¢ tbﬁeweatmgmmeintrgfugmbedml@m h°ec:pmbmf:d MS}aanaH sweat in one

obt ai ned fron&ﬁdagmpg&geﬁs%b q@@url ty of the crystals obtained is generally

Wi t hin e rangefro “to 99. 99% by wej ght of acrylic acid or
met hacr yllsi c acid,

The acrylic acid crystals and methacrylic acid crystals affer 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% by weight of acrylic acid or methacrylic acid,
20 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 acid, maleic acid

or aldehydes.

25 If desired, the purified acid can be esterified by known methods or further purified
by known methods.



20 ~especially within the range from 98.5 to 99.9% by weight of

acrylic acid or met hacrylic acid. The crystals prepared by the
process of the present invention i nclude only very m ni mal anmounts
of inpurities, such as acetic acid, naLpig acid or al dehydes. 25
|f desired, the purified acid can be esté i fied by known nmet hods or further
purified by known net hods. . .

- 18 - Step (d): Step (d) recycles the nother |iquor
of step (c), which remains after the crystals 5 have been separat ed
off, at least partly directly into the condensation step (a). The
proportion of§&ﬁﬁggled not her liquor is within the range fromO to 100% by
wei ght , especially within the range from80 to 100% by wei ght, and
is preferably 100% by wei ght . 10 The figure illustrates a
preferred enbodinent of the process of the preﬁent |nventhog. The
line 2 and co or 3,sU ir.tot synt hesis reactors an .

I'n addition, (@ regrcies tggﬁ%‘l‘ﬁ Gido of Fire @ v FeRgias é&ebﬁse Gwistals has

been 5 weoseeegssegarbeéd %@f‘raf Eﬁ @,amtlymgs 'lheCQd}ﬁlleﬁstaﬁoE%t%?Q%j ey Of

ni trogen, carbon oxi dés an onver starting nater
t oget her wit hpmmﬁmmeofoccylcwbn@thqehcfuoomvmﬂnn thei mngelfror]if@etosl}/)ﬁ?/hlgsm@heact or

harsl y the oxEarsbibk vBRE s Sends Horh 838 1085 908 Bl St ructprhi % by "

acrol ein, takegightace. The acrolein is then oxidized to the correspondi ng

acid in synthesis reactor 5. This gives rise to a gaseous product
m xture which, as well as the acid, conprises inpurities mentioned
above. This gaseous product mxture is 20 fed vialine 7 to the

condensey, 8, g rf?gdré itstfRg gdpr%Perredagrgb&P ndgn of Chxe process of the present

invention. The line 2 and compressor 3 supply air to the synthesis reactors 4 and 5.
In addition, reactor 4 is supplied via line 9 with recycled gas which has been
compressed by compressor 6 and which consists essentially of nitrogen, carbon
oxides and unconverted starting materials, together with propene or isobutene from
15 line 1. The synthesis reactor 4 is where the first stage of the two-stage gas phase
oxidation, namely the oxidation of propene or isobutene to the corresponding
acrolein, takes place. The acrolein is then oxidized to the corresponding acid in
synthesis reactor 5. This gives rise to a gaseous product mixture which, as well as
the acid, comprises impurities mentioned above. This gaseous product mixture is
20 fed via line 7 to the condenser 8, where it is cooled down and condensed.
Condenser 8 is constructed as a column in the figure. The uncondensed portion of
the product mixture is removed via line 9, which recycles a portion 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 a waste gas via line 10. The
25 condensed high boilers fraction is removed via line 18, while the condensed low
boilers fraction is removed via line 19. The condensed medium boilers fraction,
which comprises the largest proportion of the acrylic acid or methacrylic acid, is
fed via line 11 (sidestream takeoff) to the crystallizer 12, where the crystallization

is carried out. The mother liquor of the crystallization is fed together with the



Condenser 8 is constructed as a colum in the figure. The uncondensed

portion ‘of the product m xture is renoved via |line 9, which
recycles a portion as recycl ed gas, as descri bed above, into
reactor 4, while the other portion, preferably 50% of the t ot al
streamof line 9, is renoved fromthe plant 'as a waste gas via line 10. The
25 condensed high boilers fraction is renoved via line 18, while the
condensed | ow boilers fraction is renoved via line 19. The-.condensed
nedi um boi | er scristaltizatovia line 13 to WiRAb1E Qpparhe I 41BE sOIRI-BQEH sepLRsd, iRy of
the acrylic acid or. nethacrylic acid, is fed via [ine 11 (sidestream

takeoff) to tHEYHalisstgbeingaemayed vipdine 16addhs sosher liguen wia line 16. Atileast
fﬁrer ied out. TREMEHNEMoed lI'ia{lorqfs £ d'GiaGn¥ 73t tﬁg%fcﬁnéesrﬁt ﬁgeférg%tig%ﬁe with
crystal |l i zat e regian| bfhehd Jidestreans UiakedTt gliappbNatdnd fithsf Aintssduicelt |inuinge
separation, the ) cryrz;lal | i zate being repoved via line 15 and the
mot her | i quor SPPdensption sigp. Thus, thepyrified crude acidisaempvedda fine hér | i quor i s
fed via line 17 into the condenser 8, preferably in the regi on of
the sidestreamtakeoff (line 11), and thus reintroduced into the 5
condensation step. Thus, the purified crude acid is renoved via |line 15.
By returning tBeretaningr theinather liquoe irith ehe ondiensatibh Gtags ) e Greseheinvemsant

i nvention enﬁ.ltol es,? hi.gh yield of up to 99.5%to be obtained. The
process of t h&nﬁ}f’l@%é igh yield of up 49 3%3%ioibe %?‘IPF%J}WFPr@c%@fLﬂ]e fpsesent
separating acr; ks e Qn gas
Kt Ures g | e oRE berlbul AR feplflife s jld or kiR RI hQR,
process &f theuphreetinn gasveintiresashaduddsigfificad emoanty afitvage vaxer exi sting
processes that, after condensation of the product m xture produced in the
gas phase oxi dation, the solution fornmed in the condensation yields
a very high quality crude 15 acid directly by crystallization. Wen

usi ng a cryst atyei gRtk4 [ ry ; e iLfi.catl.on . ge, it
is possible to pr%lguisgn%wgl\ér g&;{:@dﬁé@ggt@g th\?\/i ﬁuﬁ‘%ﬁrt a%gnkgée Bher &15%1%
prepuri fi cati dodesses thpttadteh eonclansatienl obtite produte prxturer producadiit the g laseci t ed

rggg-er Ences,- C%Q?cglcigrrﬂ tﬁéa gcﬁﬂttion7t§())(r)me6c% 15ri th‘cJe Izbr'?\&e%saotzonoy% d52 5} (\)zéré\l I?igl(aj qgiité-cgudgle

15 acid directly by crystallization. When using a crystallization having more than one
purification stage, it is possible to produce a pure acid directly, without a
prepurification having to be carried out in departure from the above-cited

references, Canadian Patent 790 625, JP-A-0 07 082 210-A and EP-A-0 616 998.

20 It is a further important advantage of the process of the present invention that the
process is carried out at a relatively low temperature, ie. that the .main stream of
acrylic acid is removed directly as product via condensation and crystallization.
Since, in contradistinction to the prior art, no assistant is added and thus no high
thermal stress (especially in the case of high acrylic acid contents) is needed to

25 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 crystallize acrylic acid solutions or

methacrylic acid solutions obtained by gas phase oxidation and condensation



20 It is a further inportant advantage of the process of the present

i nventioen that the process is carried out at a relatively | ow
tenperature, ie. that the nmain stream of acrylic acid is renoved
directly as product via condensation and gr ystal li zati on. Since, in
contradi stinction to the prior art, no"asSistant is added and thus no high

thermal stress (especially in the case of high acrylic acid contents) is
needed to 25 renove this assistant, polynerization problens ahd the use
of process st ahibldyZ 8 B the products bbidifed hi® véryt high Qurity)i[0iig partichiarly
addition, fouling’ s avoided or reduced as well as aresult. It is
sur pri si ng t haurprisingshapdhss ispossible vithyaguapys comderselgbi ¢ aci d sol utions or

met hacrylic acid solutions obtained by gas phase oxi dati on and condensati on

- 20 - directly and that the products obtai ned have very high
purity. It is particularly surprising that this is possible with
aqueous condensgtBgample which folldWe WERAPAEcHBYsCA préfeiredvembotiingdnt dsfSthel bes a
preferred enbodinent of the 5  invention, illustrates the invention.
Exanple 5 inventi@atibiiginates thgigveriwse oxi dati on of propene generated the
foll ow ng gaseous product 10 m xture at 270[err]C
- 21 -

Example

Catalytic gas phase oxidation of propene generated the following gaseous product

10 mixture at 270°C:



Table 1 Conponent Concentration % by weight Wter
4.358 Fornal dehyde 0.20 Acetic acid
0.43 Acrylic acid 10.1 Mal ei ¢ anhydri de
0.07. Benzoic acid _ 9 02 Acrolein
0.1 Phthalic anhydride 02b1 Propi onic acid
0.002 Maleic acid 0 Alyl acrylate
0. 001 Benzal dehyde 0.001 Furfural
0. 002 Phenot hi azi Tgble 1 0O Nitrogen
76.4 Oxygen 3.6 Carbon nonoxi de
8 ;g g‘?gggﬂ d §|=‘Eofmf 5 pI o:lnent g:%centragon % by weight

Water 4.358

Formaldehyde 0.20

Acetic acid 0.43

Acrylic acid 10.1

Maleic anhydride 0.07

Benzoic acid 0.02

Acrolein 0.1

Phthalic anhydride 0.01

Propionic acid 0.002

Maleic acid 0

Allyl acrylate 0.001

Benzaldehyde 0.001

Furfural 0.002

Phenothiazine 0

Nitrogen 76.4

Oxygen 3.6

‘. Carbon monoxide 0.75

Carbon dioxide 2.62

Propene 0.52

Propane 0.73




- 22 - The m xture (10,931 g/h) was fed into condensati on stage
(a). The condensation appar atus used was a col um equi pped with 27
bubbl e cap trays. The tenperature at the base of the col unm was

100[ err]C. The heat of condensation was nmoved vi a heat transferors
at trays 1 and 27. Phenothi azi ne was add as stabilizer at the top 5 of
the colum. At tray 27, a 425 g/h stream of the follow ng corrposition was

t aken of f: Table 2 Component

Concent r at i onThe hyixteé gH,931 g/h) was \Wéd ﬂ{to condensation stage (a). The condensat1on 89. 47

For mal dehyde 0.125 Acetic acid
6. 345 apRar3Ips used Wa$ a column equxpped with 27 bubblescap trays. The temperstare

3“8&’865?3 at the base ?f the colunin #af96d°C. The heat &e%%&saﬁérg%fs removed via

Phthal i c an hyheatdransferors at trays 1 and 27. hendfi@dine was addedPisoqatilizes a@tieCtop

; C(r)yPg'([) :EL} 5 of the Ié:/a}umn At trag 27 1 ¢y @'h stream of the followmgf:oglpgglggn was taken ATyl
off:
Table 2
Component Concentration % by weight
Water 89.47
Formaldehyde 0.125
Acetic acid 6.345
l Acrylic acid | 4.0
Maleic anhydride <0.0001
Benzoic acid <0.0001
{l Acrolein 0.0541
Phthalic anhydride <0.0001
Propionic acid <0.0001
Maleic acid <0.0001
Allyl acrylate 0.0012
Benzaldehyde <0.0001
Furfural <0.0001
Phenothiazine <0.0001
Nitrogen 0




Concentffr ati on

Benzal dehyde < 0.0001 Fur f ural
< 0.0001 Phenot hi azi ne < 0.0001
Ni-t r ogen 0
- 23 - Conponent Concentrati on % by
wei ght Oxygen - 23 - 0 Car bon nonoxi de
0 Car bon di oxi de 0 Pr opene .
0 Pr opane 0 At the base of the
colum, a 2 Of (e 1o owing J 0 m onf :
¢ ﬁ?lﬁb@i{” Commonent CHREh 40t By et
% by wei ght Vate 2t
For mal dehyde | OXygen 0.0036 9
Carbon monoxide 0
‘Carbon dioxide 0
Propene 0
Propane 0

At the base of the column, a 2 g/h stream of the following composition was taken

off:
Table 3

Component Concentration % by weight
Water 1.21
Formaldehyde 0.0036
Acetic acid 0.879
Acrylic acid 39.45
Maleic anhydride 34.55
Benzoic acid 10.931
Acrolein 0.0103
Phthalic anhydride 5.465
Propionic acid 0.0477
Maleic acid <0.0001
Allyl acrylate 0.0113




Acetic acid. 0.879 Acrylic acid

39.45 " - Mal ei ¢ anhydri de 34.55 Benzoic acid
10. 931 Acrol ein 0. 0103 Pht hal i c
anhydri de 5. 465 Prgpi onic acid
0. 0477 Mal ei ¢ aci d - 24 - < 0.0001 Allyl
acryl ate 0.0113 )
- 24- Component Concentration % by weight
Benzal dehyde =G 20[7 FITE 0T il :
< 0. 3639 Ph agg{nlﬁ)f)geinltne é°“°°%&§‘b‘§ Z byl\‘ﬁlglbtgen
0 xygen 0 Ca-bon—RBRexi-de
0 Car bon di pQpﬂzé'lldehyde 0 | <0.2673

Furfural <0.3639

Phenothiazine 6.8039

|| Nitrogen 0

Oxygen 0

Carbon monoxide 0

Carbon dioxide 0

Propene 0

Propane 0

The waste gas had the following composition:

5 Table 4
Component | Concentration % by weight
Water 0.982
Formaldehyde 0.239
Acetic acid 0.0305
Acrylic acid 0.0103
Maleic anhydride <0.0001
Benzoic acid <0.0001




Pr opene 0 Pr opane

The wast-e gaé had the foll ow ng conposition: Tabl e 4 Conponent
Concentration % by weight Water 0. 982
For mal dehyde 0.239 _Acetic acid
0.0305 Acrylic acid = 25 0.0103 Maleic anhydri de
< 0.0001 Benzoic acid < 0.0001 ]
- 25 - Component Concentration. % by
wei ght WOURSIML s Up, b2 Do s Pitihal i c
anhydri de Corponent < 0.0001 Copgentration % ty-Wejeht
< 0. 0001 -
Acrolein 0.1253
Phthalic anhydride <0.0001
Propionic acid <0.0001
Maleic acid <0.0001
Allyl acrylate <0.0001
Benzaldehyde <0.0001
Furfural <0.0001
Phenothiazine <0.0001
Nitrogen 89.054
Oxygen . 4.1797 '
Carbon monoxide 0.873
Carbon dioxide 3.050
Propene 0.6054
Propane 0.850

The condensation column waste gas was recycled into the reaction (60% by

weight) or removed from the process (40% by weight).

5 At tray 11, a 4657 g/h liquid stream at 84.5°C was taken off the column and then

crystallized. This stream had the following composition:



Mal ei ¢ aci d . ) < 0.0001 Al'lyl acrylate

< 0.0001 Benzal dehyde < 0.0001

Fur f ural < 0.0001 Phenot hi azi ne

< 0.0001 Ni t rogen _ 2% - 89. 054 Oxygen
4.1797 Car bon nonoxi de 0.873 Car bon

di oxi de 3. 050 Pr opene )

0. 6054 Pr opane 0. 850 ... The
condensati on colum waste gas was recycled into the reaction (60% by

wei ght) or renoved fromthe process (40% by wei ght). 5 At tray 11, a

4657 g/ h liquid strggewsat 84.5[err] C was taken off the colum and then
crystallized. This stream had the foll ow ng conposition:

- 26 -
Component Concentration % by weight
Water 2.52
Formaldehyde 0.0062
Acetic acid | 5.899
Acrylic acid 90.972
Maleic anhydride 0.399
Benzoic acid <0.0001
Acrolein 0.0128
Phthalic anhydride <0.0001

|| Propionic acid 0.0564
Maleic acid <0.0001
Allyl acrylate 0.0548
Benzaldehyde 0.0006
Furfural 0.0492
Phenothiazine 0.0300
Nitrogen 0
Oxygen 0
Carbon monoxide 0
Carbon dioxide 0
Propene 0




Table 5 Conponent

Wat er

0.0062 Acetic acid
90.972 Mal ei ¢ anhydride

2.52

Concentration % by wei ght
For mal dehyde
5.899 Acrylic acid
0.399 Benzoic acid
= 27 -0.0128 Phthalic anhydride
0.0564 WMal eic acid.
0. 0548 Benzal dehyde-.

Q

(&n‘é@&t@gﬁ % Ey welgﬁlfi e

Carbon-di-oxide

< 0.0001 Acrolein

< 0.0001 Propionic acid
< 0.0001 Allyl acrylate
0. 0006 Furf

0. 0300 Nit r dggpmPonent

0 Carbon norfexde
Propene | Fropane

0

The mixture from tray 11 was crystallized in a 10 | stirred vessel equipped with a

helical stirrer. The heat of crystallization was removed via the jacket of the vessel.

The equilibrium temperature of the solution was 4.8°C. The suspension (30 g of

5 solids/100 g of suspension) produced in the crystallization stage was separated into

crystals and mother liquor on a centrifuge at 2000 rpm (centrifuge diameter 250

mm) for one min. The crystals (1281 g/h) were then washed with molten crystal-
lizate (296 g/h) at 2000 rpm for 1 min.

10 The mother liquor (3376 g/h) was recycled onto tray 10 of the condensation

column together with the wash liquor. Analysis of the crystals revealed the

following composition:

Table 6

Component Concentration % by weight
Water 0.1066

Formaldehyde 0.0003

Acetic acid 0.9619

Acrylic acid 98.8816

Maleic anhydride 0.0225

Benzoic acid <0.0001

Acrolein 0.0009

Phthalic anhydride <0.0001




- 27 - . Conponent Concentration % by

wei ght Pr opane 0 The
m xture fromtray 11 was crystallized in a 101 stirred vessel equipped with
a helical stirrer. The heat of cggs_t_ allization was renoved via the
j acket of the vessel. The equiliBYiumtenperature of the solution
was 4.8[err]C. The suspension (30 g of 5 sol i ds/ 100 g of suspension)
produced in the crystallization stage was separated into crystals
and not her Iinlr]g Ofkn@ centriiuge at 200( CWO
mm) for one n. ‘?’he crystals (1281 g/ h) |were then washe th nol tern
crystal - tTzat e {296 o h)y—at—2000pm-tftor—t—n- 16 Fhe{not her
| i quor (3376 g?nr?f)io\%:sactl%cycl ed onto tray 1(80 t he condensati on
col um t oget It i i ed the
foll owi ng co eig aid Tt 80801 Conponent
Concentration_%by wei ght Wat er
0. 1066 Allflacndatdehyde 0.0031 0. 0003 Aceti c
acid 0.9619 Acrylic acid
98. 8816 BenzbRleRyde anhydride <0.0001 00225
I Furfural 0.0028
Phenothiazine 0.0041
Nitrogen 0
| Oxygen 0

Carbon monoxide 0

Carbon dioxide 0

Propene 0

Propane 0

As can be seen in Table 6, the process of the present invention makes it possible to

prepare high purity acrylic acid.



Benzoic acid < 0.0001 Acrol ein

0. 0009 Pht hal i ¢ anhydri de < 0.0001
- 28 - Component Concent rat i on % by wei ght
Propi onic acid 0. Q163 -
< 0.0001 Allyl acrylate o 0031| |“|Hﬁmqﬂllj MHUI
< 0.0001 Fur f ur al 0. 0028
0. 0041 Ni t rogen ' Oxygen
0 Car bon nonoxi de 0 Car bon di oxi de
0 Pr opene 0 Pr opane
0 We claim:
1. A process for removing acrylic acid or methacrylic acid from a gaseous
5 mixture which, as well as acrylic acid or methacrylic acid, includes at least

one further component, which comprises
a) condensing said gaseous mixture,

b) crystallizing acrylic acid or methacrylic acid from the solution

obtained in step a),

10 c) removing the resulting crystals from the mother liquor of step b),
and
d) recycling at least a portion of said mother liquor from step c) into
step a).
15 2. A process as claimed in claim 1, wherein said gaseous mixture is the crude

product of the catalytic gas phase oxidation of C3-/Cs-alkanes, -alkenes,
-alkanols and/or —alkanals and/or precursors thereof to form acrylic acid or

methacrylic acid.

20 3. A process for preparing acrylic acid or methacrylic acid by catalytic gas
phase oxidation of Cs3-/Cs-alkanes, -alkenes, -alkanols and/or -alkanals
and/or precursors thereof to form a crude product which, as well as acrylic
acid or methacrylic acid, additionally includes at least one component
selected from the group consisting of unconverted starting materials and

25 by-products, which comprises working up said gaseous crude product by

the process of claim 1.



As can be seen in Table 6, the process of the present invention nmakes it
possi ble to prepare high purity acrylic acid.

-1. * -A pr ocess for renobving acrylic acigpor methacryli muﬂlmllmllwm,lllll

gaseous m xture which, as well as acrylic acitd dr rethacrylic
acid, i ncI udes at | east one further conponent, which
conpri ses condensi ng sai d gaseous m xture,

b) crystal i zi n§ Bregsss |a§ Cb?émﬁd &t ameehelaims 1 ¢o dcwherrinosaid cordensingofon
obtained in step agtu%féo casrp%%o%t)lr,lacgl)umn ha'%lg‘{r%s\ébﬂgtoﬁ'}hﬁlté’rﬁayl ting crystals

fromthe nother liq d)
recycling at |east a portion of said nother liquor fromstep c) into

step a). 15 2. A process as clained in claiml, wherein said
gaseous m xture is the crude product of the catal ytic gas
phase oxi dati én of ACF@F‘PSP-aFG[l%mFﬂl ipcleimeb  whesgip saidscondensing is effected by

- al kanol  and/ or - r c acid
o 3 Eacr t’(’:}fg;yé)m iod \ﬁﬁlgfé%) Er?ys%hf‘zreg(}{& sfe 0@ ¢ %dir% aring
acrylic acid or neb@hamsﬁthotronam d by catalytic gas phase

oxi dation of C3-/C4-al kanes, -al kenes, -al kanols and/or -al kanal s

6. A process as claimed in any of claims 1 to 5, wherein said crystallizing of

step (b) is effected in one or more stages.

10
7. A process as claimed in any of claims 1 to 6, wherein said crystallizing of
step (b) is effected at a temperature of said solution within the range from
+5°C to +14°C.

15 8. A process as claimed in any of claims 1 to 7, wherein said crystallizing of
step (b) is effected by removing the heat by cooling apparatus walls or by
evaporating said solution under reduced pressure.

9. A process as claimed in any of claims 1 to 8, wherein said crystals of step

20 (c) are removed from said mother liquor by filtration and/or centrifugation.

10. A process as claimed in any of claims 1 to 9, wherein said crystals removed
in step (c) are subjected to at least one washing and/or sweating step.

25 11. A process as claimed in any of claims 1 to 10, wherein said recycling of

step (d) is effected by recycling from 0 to 100% by weight, preferably
100% by weight, of said mother liquor from step (c) into step (a).



and/ or precursors thereof to forma crude product which, as well as acrylic
acid or nethacrylic acid, additionally includes at |east one conponent
selected fromthe group consisting of unconverted starting materials and 25
by- products, which conprises working up sHid gaseous crude product by

t he process of claim1. 4. A process as clained in any
of clains 1 to 3, wherein said condensing of step (a) is
carried out in a colum having separatory internals. 5

process as clainmed in claim4, wherein said condensing is effect ea by 5
wi t hdrawi ng the sol ution which is crystgldiggd in step (b) as the nmedium

boilers fraction. 6. A process as clained in any of clains 1
to 5, wherein said crystallizing of step (b) is effected in
one or nore stages. 10 7. A process as clained in any of

1S

clains 1 to 6, L said crystallizing of C . Step (b
effected at a %\éxir}rgéeg?a??ﬁ' RICRr GGy %Pﬂf’i%rfnsﬁh?whc ffid qommyises P’c'ﬁ%\algmg a
+5[err] C t ¢ +1gseduslgroduct miRiure havéhg esserfially A SSmpbRitinad B abtfbrAR t?xfe.
clains 1 to 7, wherein said crystal% I zing Of step %Si) is
effected by r eﬂ?fdb?— ﬁ%falb’ﬁé gh%algaSbyxidgmn g@Caﬂhaalbanﬂs, -alikhes, ealkdmgls and/or -
evaporating s ti,on under r.edu ressure. . 9.
pr ocl?ess asgcl :E}l?%%?sl %Jncfécg{yprscfur%qr%i eo%%f’ 58@1 aﬁﬁi‘Fé‘F’rﬁi Wangthactylic geid. (ﬁ’est ep
product is removed from the gaseous product mixture by a process comprising the

following steps:
10
(@)  condensing said gaseous product mixture,

(b) crystallizing acrylic acid or methacrylic acid from the solution obtained in

step (a),
(¢)  removing the resulting crystals from the mother liquor, and

15 (d) recycling at least a portion of said mother liquor from step (c) into step (a).



20 T (c) are renoved fromsaid nother liquor by filtration and/or

centrifugation. 10. A process as clained in any of clains 1 to
9, wher ei Q058/483d3st al s r enoved - in step (c) are subjected
to at | east one washing and/or sweating step. 25 11. A process as

claimed in any of clains 1 to 10, wherein said recycling of
step (d) is effected by recycling fromfy4to 100% by wei ght, preferably
100% by wei ght, of said nother |iquor fromstep (c) into step (a)-
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