;-e3e| 6TRPFpp3gPyga Preparation of acrylic acid The present invention relates
to a process for fractional 5 condensation of a hot gas m xture conpri sing
acrylic acid. DE-A 197 40 253 and German patent application nu 35
847.8 of August 05, 2002 disclose that a reaction m xture mmmwmm&
catal ytic gas phase oxidation to give acrylic acid can be ly
condensed by passing it upward into a colum havi ng separati ng*isngér nal s

and condenrrewpredtiohhef congdrisabtid conponents by cooling. In the latter
process (Fig. 1), preference is given to 15 stabilizing the colum in the

bhenal | Qgc%@é’q:op&ngg’."ﬂfgﬁera ciRelE O] 8 BEakad BBY B eiﬁ&;‘?‘%t:;ﬁ?: Ty i s
added assaccgrg ST Fnogﬁg}% ggf;cf“%u&et R A AR \éffc@i\?ﬁ dt¢iMto 20 the

guench circuit. The remaining columm region is stabilized by a 0.1 - 1% by
wei ght sol PR+l 93f 4Bh2hdtanidasensan rpateny| ppphidat ismi chmber aiftPedsi A4T he

col um r egodrRugueie 06 he2GiY diselase ckipAanacpés@tican mikthre 500 and 25 the
wat e{ hconféﬂéa{@tﬂi@[‘gb§ Sthse %&gaagr@n Gub?%&v&ya&q;il ded la_éééfeé&{ gened in such a
way tha a .aci [ |0 :

(o umiBortadt %%é?%o%%ﬂ%n%%ﬁmﬁgfﬁ%ﬂf@ Trotriand B%ers, CofRavingy oo
30 A di sadveRA%AFEr LPRe S 8kd S3d ?W’ertg‘q SOPASPSEREE wat er - sol ubl e

phenol i c coPpRARe®ss P¥ ¢RRL4inGul ar hydr oqui none nononet hyl ether, only have
limted solubility in the dilute acid which occurs as the | ow boiler

fraction apd e UsededspidtRssol(¥egt . 1) hipseresehds iigh gigegecguantities of

stabi | i 381 580} Util,ARG3Phd L NAmne IH! {ﬁé:l.fd&lgw#&evgaﬁi sadvantage is that the
effective but sparingly water-soluble stabilizer "‘phenot hi azi ne cannot be

nmetered into the upgfe)ﬁ col um re?js'on owi.ng to the high water. concentration
0

Chere. 40 Ef PRBRE OPLYPS SREHANORS RYARHLIZE] BY o S35ear AP LIRS BISBRLLCT or
phenot hi azfempountdhe Prefexaintys hydreguinaneaRepome thitle cithes . | ftabiligesyss em
and are theddddraes andedutiahl én BlhEwmod hhcdzi meto sthe mefalukystisa vl énto

di lute 2ol ghe Ifuerehykbitcwdd were to be used as solvent, the acrylic acid
used would be [ost in the dilute acid. 45 It is an object of the present

i nvention provi.de _a process for preparing.acrylic acid i ich.
phenot hi az{mﬁ% e Ared ‘goe Predegsen 1§3r§%§§igﬁzﬁé apys,taagij:li Zet® iH V@%PBBS of
hi gh wat er SeHHAOR P4t Phenotdagine o arFYlast 26 shoishede PHdRY iignihe
condensat i eplwin gegion whend itheagtry bionhtagidscancertasttion &s col-urkd%i andhe
pr esenc@5o0fthe orgiters esno@iteratrigni hs a0 |-eaSk .sThdi quararitgsaddedklis i s

achi eved bjegemigeassnf Qict Reway €8St Nine phen¥bhLdkide WBhtedss ane chur t her
condensabl §<§ MRORERE Afad&BH (REGigh-HYihe?CEraddi &l %tEQEﬁl'Pfli%f 1phe at

| east one e _process cordi ng the inventionis generally carried
out as fol o(\)/\(/)s:pajr'gelpﬁﬁ%%%ab d’as5 mFX?(?J(?é:?ml'nd ude such gas m xtures as the

reaction gas mixture resulting fromthe catal ytic gas phase oxi dation of
30 A disadvantage of the process described there is that the

water-soluble phenolic compounds, in particular hydroquinone

monomethyl ether, only have limited solubility in the dilute acid

which occurs as the low-boiler fraction and is used as the

solvent. This results in large quantities of stabilizer solution
35 being required.

A further disadvantage is that the effective but sparingly
water~soluble stabilizer phenothiazine cannot be metered into the
upper column region owing to the high water concentration there.
40 Only the dilute acid or acrylic acid are useful as solvents for
phenothiazine. Other solvents carry extraneous materials into the
system and are therefore undesirable. Phenothiazine is virtually
insoluble in dilute acid. If acrylic acid were to be used as
solvent, the acrylic acid used would be lost in the dilute acid.
45
It is an object of the present invention to provide a process for
preparing acrylic acid in which phenothiazine can also be used as
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15 C3-al k -a) kenes, -al kanols and/or -al kanals and/or precursors
thereof to gi've acrylic acid by known processes. Propene, propane and
acrolein are particularly advantageously used for preparing acrylic acid.
However, useful starting conpounds for acrylic acid also include those from
whi ch the actual C3 starting corrpounc?is 20 first forned during the gas
phase oxi datitehiaszem imreghens atfe higbryater sondenwayatieonsrepared directly
from propane. When propane is used as the starting material, it may be

convert ed oy hkhawWeo e aéwétu EnPXi SSfavdr ogefalicRBa BPNDYRRRYS for the

dehyd t h t t
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(about 95-impropehemmnih Fheppopsgnoe ofhah teartopages prlobditerm Yhiek is used
for prepardampraeey| meteacing, ipraparemsactspast dndiofuehe afasieast/ oner eact ant .

The preparg@izpaniebrass V me1a¢id is 30 generally carried out by diluting the
starting gases with gases which are inert under the chosen reaction
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of acetic Hitped Pﬁrﬁ:]’(’)e Fard1d9 ‘B CSiiagnt 1510 Sﬁflgeﬁ?ﬁ% 8916 05 to
1~ by wei gratadiytisr auicrNpTegerrbiNG Gloeegeee%% w%hgﬁ%oqma&eﬁ& or
al ﬂegygjgs cmﬁﬂgcoaehpd:?gﬂabyowmesebsza; e:me acgdoaemle/r_ﬁsleéoehne :
annydri g€ g Ue88h N GRopeBBPpISifind MEktu Utlilo gasesde ineey
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such a 10 c% onpaonent
acrylic ac‘f‘%f‘t%‘ﬁ &ﬁ BB% gﬁ’s"egrﬁi’%ﬁb’?ﬁ (AT C a8C 19 epr’Fé’BIEl fr B0t &° fracti on,
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of the corpRiEtayeiheébt hintRr @he lbhedaDIpACE 6N (raar i Ons asth laisng poi nt

in the tenpﬂlaéudére (ND§ erdtg' 9£tu££edeém4_%ydfcbe£&é&& teRa}8L G dhut hcase

of acrylic_acl I a ool a around t hat of the
product of PEET U tﬂeg E#’ i %B'ti ?L 1{h Q’%gfga 2)acr yf\l c, acid. 2%
reaction g‘é%y‘-?ﬁrk‘tct?r“éaﬁﬁ %@a@oBI el ?Yﬂﬁ%é‘? er?‘b‘}reesxéﬁ‘BF‘é TR Hy §8f"
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appar at us own In Figures 1 to 5. In fhis case, the hot gas m xture
to be condBREeLHRT ng a tenperature of from200 to 400C fromline 1 is
custorraflply cooled in a quench IV to a tenperature of from 100 to 30 180C
and fed vi Zh¢|resultiogt headigiomogre egivnne a i6f ad@btiqn fentharessigsdant
(unvapori ze€gidj glonkaiiher séd@ntargncbmnpondnta) sushr ag wicetvented t &rerajiegmch |V

via line 3ah8/8F G ﬁecoé?ieénhe chBebos aforBxilde! ecadbor Miadxpaé} | €idr@gen,
erbod! MmNt exddén, h'agﬁt%' E ? $26by8A% 40 | farggﬁdéhﬁewupehélecycl ed
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separatelyl e rticul ar
prefereﬁ‘ée ?“gelb’f‘{?@ aﬂg F %Jr%ga%[lﬂebﬁlr&?‘}%’t? Iaé‘ﬁy F%é%l or!ilsgr%l?ﬁ- f cﬁ%r ectly,
Wi t hout hedeaeSdTn9ger Bixture [rOmREhaeat RASed ARj §actky caser Bntha)totsd A
portion of reaetixovlgast mixowre hdromr tute 30Y byVwetakt srfaecrylie a5 to 5~
by wei ght based on 100 by wei ght of condensate in the sidestream nay be
di scharged fromthe process (stream4). In the case of acrylic acid
preparation, this streamgenerally has 45 the follow ng conposition: 10 -
40% by wei ght of acrylic acid PF 53l 82



4 10 - 40% zs ght of diacrylic acid 5 - 15% by weight of nmalefic acid /
mal efi c anhy ri e 1 - 3%by weight of benzoic acid 2 - 6% by wei ght of
phthalic acid / phthalic anhydride 5 remainder: stabilizers, polyneric
dcrylic acid, higher nol ecular wei ght_ M chael addition products of acrylic
acid (tri, tetraacrylic acid, etc.) 13 Di scharge may refer to disposal, for
exanpl e byfriomcORetatd ok bor wehghtdiaf papgene sandefmemag - O twulijtebyed, for
exanpl e, tweighthefnatrcirdhor feah al yi5 &ot L eBtbEeRieighor o x@iiyet, FH6mt he
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i ncl ude aifracdrionan fpprhey pampoamds Gl@ortére high-dwdllengand gigwddoiilar 30

parti cul arrasgjec andf alsoinvacondehs dsl ed Eriac e Sondle mbednegdiai-Hdidezepar at i on
task, it nevactlisq besmsall:&ecéﬂsmwotfheaé é&@ﬁ%ﬁ%s%ﬁm{'%&zel I At( Fi g 3
and Fi gy5 4emad ngF gr Ofuﬁélﬁ%% i‘%’c”ﬁq Whle C'E gufﬁé&%t ihpE

IS{I tlo (Iq %gwﬁg? erna3|s
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separ at ed %@ FP&CF?‘%’F%]F'C 8@n cﬁﬁ-rﬁféllf’e?‘” in
nedi um boiRaFtigHd2Ri Hh-1B6 Fepgeraktt/ond0” melavnalr &haB R dehey PEOGRER A eam
t akeof f s oreluee nespefidnv@bootubdl serctliSaA€. fok) atmglopeaaid.ng pressure in
the colum is generally fromO0.5 to 5 bar (absolute), frequently fromO0.5

to 3 baﬁo(@tésqle%e).o@%d muszeﬂyecxea%ﬁ%ef ©8B104 Siddl reckdy (P&SQ—:J;&AE:\ le 45

paﬂ I”Lufg'r&’i% REGEN g,%wd whi‘ob Cg%‘?n ﬁgejr %%”ﬁgnéhé’{ 1{1’1 é”ﬂs in
pr ef er encet % |tv8ﬁ t%r%%b’ﬁljgcﬁabo trf%f§5t§?€?/’e°n' OE g;‘SF%‘g J‘Eii"t rfgﬁs vaI ve
trays, Thot et RaRYI I @enchuadnd IRFRferahly by @izartycoehing-ot al nunber

of trays in atray colum is from20 to 80, preferably from50 to 80. 5 The
possi bi ks tyhia wayexse Sésfetfteaddi tges Ui hbe BOOLIMFegibaUbE Stid ddl@maobtim.
tTga; hi tshle;@isel Ilqguggég %ﬁ&dﬂ%)a/weoi%nq{nl]{nhs gﬁﬁmablebxﬁgsegég(efxf ag,glsgﬁgﬁl ng
cool ed l'i qui gq'l%ls (%d bts')o 5e ? tgeg éas’l dnﬁhgb%éte ?%&uﬁ? oq;i%nt (hot

shown in t%%“dﬁn@&fiegi“’l% al FeWﬂ’aft}ereaﬁﬁr é’é?‘&t@cﬁ’ ttﬁafl 3 %lﬁrtO Féﬂ%n } it
may al so baugieEariifyteeelashines cagendy MVobPi AgtaiReratusgsefnfnom APY. tesef ul
di | uent 80i m°¢dengofexd wia@l Lénés2 wo dheabettomrteqgiondel . & hef rtec ciodnmn .

condi ti onsri\doedadt bpidvai@raecat h il vaa b ngradiivn ¥2oket Weenis180C and

320C at alppaRhell Enpb OSRhenth SIPI LG 1he 91 MERAR-CLOYLOOKANY forei d
di phenyl 1xt8 | phenol™ and di butyl f ormam de. The diluent can

recovered stl atl ve wor kup of the discharged high-boiler fract| on
(stream 4) and recycled. If necessary, conmercial dispersing assistants may

be 20 ad®etr td PERELAR HE lﬁ?lbloéla-m?'f“act‘il'tﬁ‘l hightbeilrmifrags hangefya@dl-~ng
guench sysdrgnl.bl hay. béd)gafayic lddspepaiateg lys $hieo arttes queypche(Bibg Or#,c, cationic
or noni onigtream 3 and stream 3a). Particular preference is given to
feeding the high-boiler fraction from I.b directly, without heat
exchangers, to the apparatus IV (Fig. 2, stream 3a).
40
A portion of the coolant from the circuit IIX/IV, customarily
from 0.5 to 5% by weight based on 100% by weight of condensate in
the sidestream, may be discharged from the process (stream 4). In
the case of acrylic acid preparation, this stream generally has
45 the following composition:

10 - 40% by weight of acrylic acid



I-n the Iomﬁ.] golum region (la, the region below the 25 high-boiler

t akeof f) ere |s virtually no condensation of the high-boilers (except on
any cool ed bridges). The discharged quenching liquid (stream4) can be
ddvant ageously subjected to thernal and/ or catalytic dissociation to

di ssoci ate 30 those products of val uefthat are dissociable back to their
starting material®,- fddr byawglghtacriyldiecaylit @digoner to acrylic acid
mononer, in a knewa IRNBer welldie dicsaailaie oit iy gdual sia@rséhmydyaas ageously

i ntroduced back i nt ogef @9 ggg Qe Orod @gngg unL i35 Prefer en(r:]e is given to
subj ecting the dis chin str.ea t her eat nent .
The thermal tre % t% usu nﬁ ogfrlphgg gfé . Toﬁ*“i%’tc afga?:”acil

pr essur e>of froﬁ%b%lf}d@rgoo rrbar stpdid é%?’él%nd@lﬁ’i“ﬁél‘i’sa‘%%l(?aﬁ‘?ydfrom 1to
10 hours. The dissociati on productlsighgit seleanimraweiaghie Midhaei agéditsion 40

i ntroduced back into the quench orpriddaces! tfmacritiécr asidleqwd,tine is
preferably determ ned by the viscosddraebyihe diizsoetatjon residue so that

- the di ssoci atlon resi due remains punpable at the output tenperature.

Parti cuI r g erence IS %ltven to dis hargl ng Hfgl di ssoci ati on ,residue at
regul ar tPnP&f ﬁ'aydf‘l’ g PESRRSRMit (O r OFMRIS §Y368CHIERR QMY aBF e

di | uent, f é@eﬁ?&i\lﬁé t $Er R mﬂiebfbcﬁ]#bJséFﬂ@ ofor lexample P @ sbernati on
resi due i sandiimmaitialytic omea@meot H0fdr exPRpb8182r Ghéhpurpaste oficrylic aci d
Wi t hdrawn @sssbdiediing bee |1elghi-Bol Dérs) daskeeshdvdd @aBLEigensy al |y

conpri ses, P&dd@s ndy BE"#dd Badkl Ento éhreogkgcésgoac%%rhxn LOhLel0 from 0.5

to 5% b fro I ght "fromO to 1% by weight from1l
to 500 %an\? y V\Fellog }?o&emesrlrggr oi\@:l ic acids, for exanpl e acetic acid of

wat er of | ow nol ecul ar wei ght al dehydes of nal eflc acid and/or nmalefic
anhydri de BseBtlaisuengbing 1evigsedly nincdeecasd davices fer gkisofourpeser ude
acryl i c ackuowrlHgogr tile miciox iactaciak wxtaigilaywnsmsaya coedensy baadtarif racti on

(stream 5) seRybliirishebubble Hoafunhi e6r HuRet bpp@Fatdsdhabiigg PssRgeas of
further zaugﬁéfe&aetsuonan&eﬁré&r%neayﬁ agleeaaftbolﬁl?ﬂage%w@hk% st rshbs case,

the resultin r._Liquor iIs advantageously Into the colum as
refl ux (bef%]ga% h ocﬁaféeoff of the mediumboiler fraction, stream6).

Indirect cooling or heating of the quenching liquid may be
effected using any conventional heat transferor or heat

25 exchanger. Preference is given to tube bundle heat exchangers,
plate heat exchangers or air coolers. The temperature of the
quenching liquid after leaving the heat exchanger III is normally
from 70 to 200°C, frequently from 100 to 150°C. Useful coolants
include air for an appropriate air cooler and cooling liquids, in

30 particular water, for other cooling devices.

Depending on the separation task, it may also be possible to do
without the heat exchanger III (Fig. 3 and Fig. 4).

35 The cooled product gas mixture which is passed into the lowermost
region Ia of a distillation column equipped with internals is
separated by fractional condensation into one or more low-boiler,
medium-boiler and high-boiler fractions, which are removed via
sidestream takeoffs on the respective column sections.

40
The operating pressure in the column is generally from 0.5 to 5
bar (absolute), frequently from 0.5 to 3 bar (absolute) and in
many cases from 0.5 to 2 bar (absolute).

45 Useful column internals include in principle all conventional
internals, in particular trays, packings and/or bubbled packings.
Among the trays, preference is given to bubble cap trays, sieve



Such a crypyakBnggtion step is generally carried out without 25 addition of
a solvent, in particular without addition of an organic solvent. The
crystallization process to be enployed is subject to no restriction. The
crystallization nmay be carried out coptinuously or batchw se, in one or
nore steps to alnost any desired degré&e of purity. If required, water may
be added pEFRYSaFalgecEyaysy IThPZMRBR $iRrWshenef erleluddy FILPY BE3¥Ft o0 be
purified bfyeigallsll ithat tora) uwmber 10f Ynpyseight twrayrerdumprif dirapl 20up to
5% by wei ghb, sbhageedferabhe fransD €6 &@rylic acid present). Such addition
facilitates the renmoval of |ow carboxylic acids, e.g. acetic acid, which

are cont ai I . d cryl:i.c_acj 5 -product, since,these are
i ncor por gt gggi %‘?Sostl{ﬂﬁelgégr?l&c e\gé“ls gsc(f‘\i/gaf%slggt guﬁg}s/ r|IO il ']"ég(l? et §H tts hgo
presence of“Gafrimia £8, PitRe s enBRlGSWILERIT UHUSES™ FBS t S PVt o
encrust at i B2 eh@ epyieating drav4otiDepdiidiag b adndedepirmeann afask, the
possi bi | i t puatavleshieatsendhargjearg aadpoodlieahn lafuldeis riede backyinto atied

wi t hdrawn aslife dBfreUEhdOtdiioffer peihON it 8RowAldid itoRalrigefda, in col um
sectiongjlg. b (stream6). 45 The | owboiler fraction of the colum may be

cool ed indirectdy,. . far. ex | e i.ng_heat changer whi ch _are kno per
se to thosléht'sﬁ}ﬁle& I Rpgﬁgf%retd %ﬁg?a?es%ll}ba]%égt 8‘%0 ‘?{‘gd Fedt # E?i]%eh,us PF
53182 7 di FBCHI DS SERRARISE \FOPAYNA RN SYERRM pridr/ dVabP§eHiL di r ect

cool i ng. THéleemtd rigchuge tpiklamp(saduentd|witicdh Aremndrt sodemther a separate
appar at us feeetiforguwoadi}tioms élasdnignat bei Tiow peghorarmf medktisy poiht 5 as
shown i nsFbgtwéenl -18lhct fhd RS, at Nerpiepse ot Rl | Brefdiafide0Rsf rom

colum reg ) ] J er it ed. int cooler Il at
a tenperat g%gell(l)f Eeo%%ggg‘%a?fgégg% @r#cflyern ct ngg%'}c,l glongfl 8{1 %Qslco%céensed

| ow boi | er SHPRY YA ™REY ‘B B1G éi&[lganﬁs??%bgﬁeegﬁ_ P g shtbtativenst er or
or heat ex¥WRBhgRrof phef digsharged JighnPebarubsastinn o stegamekt iher s,

pl at e heat resghtetyedd pecessamsbolcomperdirl ddspersaing essfisthnts amaieireed

| ow boi 128r afided tt@rthef heghtmaiierg frhet heatinexabanget dxchhnges/dwsIimg y from
20 to 60C, ghersnaiiden tofy AP, Re3RE diiidlingofs s aritiChgenai r for an

appropri at g aik; £0Q g4 ﬁgg SOUINMGLibquids, in particular water, for other
cool i ng devices. 1t Wi T e appreciated that for the purposes of an

integrated 20 heat system the heat of condensation of the |owboiler
fracti on may ERRNIVEIHeEH edHrerepyonr (Iar tthal rg9ien hedlewi kBeacrylic acid
cryst al 25 highebaislteal takaof b Sthepeotis foirtnagdyi ao nepridegsiadipn opehe

upst r eam ohighebd G0 extOpPradaag tbelddbriagey)ic aci d-contai ning gas
m xture. 25 The lowboiler fraction (stream7, dilute acid) my be
partially hevel &hLochng.L ot aly 4hG,£8! UMLGR! hFaM Plue RAVLEELLJoUAET a5
reflux for the co tIo J1.c§?re ) n arrfl,éellx I,scharge
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40 Depending on the separation task, the possibility also exists of
using a portion of the crude acrylic acid withdrawn as the
medium-boiler fraction as an additional reflux in column section
I.b (stream 6).

45 The low-boiler fraction of the column may be cooled indirectly,
for example using heat exchangers, which are known per se to
those skilled in the art and are subject to no restriction, or
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45 marked temperature or concentration jump. A value obtained from
the three temperature measuring points, for example (T1-2xT2+T3),
may be used as the quantity for the column reflux. Also,
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45 exchangers, plate heat exchangers and air coolers. Useful
coolants for air coolers are correspondingly air and for further
cooling devices are cooling liquids, in particular water. When
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directly n circuit.

m xture c‘i‘f aarf)’i"lﬁf%ﬁﬁtt ¥ oT- %t%‘fﬂ%“ﬁe gViee WedeVifigke DEE™ERL ¢

i ndependensijestrentt takeaf fomfar Waghdeaming thei 6Asiked FF-@F\%d td‘{ﬁ)ve or
t he sane neheicegppaiodnmn e When aadntcatiume difametet urdie tpmbérsambi | i zers i s
used, thesgpaBinglsyothe gepadvied hndepeidonilaysi in didd @oeainset wHd s. The

concentrat iofe Oéf tt!?Fe sbpht ixtfr% Jdouhfl elr%liﬂﬂm sf, Oha P 36" ¥ e REh Y QYR

substan mlto 10 re erablyfromlOto 50

o1 of i Aty Chrah s R ho s R, B End iR, ! eppdiiuie cegngilin ™ ©
Pref er ence the Hisdh ang g?ﬁ%‘i"ﬁ’r% Qg the %%Hatfr’f‘ﬁlPH Rkt ol ovm ng 40 manner:

The upper columm region is stabilized by at | east one phenolic conpound,
pref er abl y Thyds dptitieas takesif [fpr ehéelighStbaliilkrzeradtsionddedmaneordliaty t o

the inventigl BSwen®Rkt cbMi&dy YPRP! WPMde Yesign is not restricted, of
45 the column. If desired, a plurality of collecting trays may also
be used for a plurality of high-boiler takeoffs which, with the
exception of the lowermost collecting tray, may have suitable



45 colum ppcigpgal . c (Fig. 1, stream 12), preferably at the uppernost
tray, and/or into the quench circuit 1.d/Il (not shown) at a concentration
of from50 - 2500 ppm preferably from 200 PF 53182 14 1500 ppm based
on the streamin which the stabilizer ds nmetered in. Preference is given to
a stabilizer mxture in which the nel%% of at Ieast one stabilizer havi ng a
| ow nel ti ngveili eViges- 5 exanpl e, bel ow 120C, preferably bel ow 100C,
nore preferably bel ow 80C and in particul ar bel ow 60C serves as sol vent for
at | east omge sgxaiabbsszeécwn@gta thghirhtisg Doidivadtagéslis 18X daRkeedq above

120C, pref graby t%@oié = e?‘;éﬁaﬂﬁfz@e&%bbi‘ ?&?ﬁg 199%%%&{‘ grticul ar

above 18 10 Partl cu ar rence 1s given I ssol vi ng at east one
further 2tabrTH F&F, Shore pref erably phenothiazine, in the nmelt in a
concentration of from1 - 20% by wei ght, preferably from5 - 10~ by wei ght,
based on tFer rigiet purgoses \gf ithpe éwrr@ﬂtat etabhkizexst eresialblcomppubdsi zer s
may addi tienidi Wdlayneh@red isepbi it €hey pdlmetheawmpebfpeefjvm @lcigol umm
section |.c or into the quench circuit |I.d/Il as aqueous solutions. 20 The

remai ni 18 #Q&wme f %9' 8 £IRY sl%gggi??éfé 3 %ﬂMeg’p lg éor?lpét/&y wei ght

solution o I azine 1n \g{ er ence’ | gi'ven to

adding it Gf‘F’e’ @d‘l GRS TRY S\NnB q??é'uéc? | ¥ i §OEBRAYRRiration is from
5 - 20% phﬁ’é‘?%ay‘lﬂ?%mfl?XY% EB%C%Frf@lﬂhéHV\méeTlCcéﬁé‘éﬁt rafd @ises from 40
- 95% prepessidly mistvmdds ttheg@df sim cdm P3pseiite quabsehye asltiewbliesular

det er m nedokyg&tiCh a way that the phenothiazine content in the acrylic acid
fractiogg(medi umboiler fracti on stream5) is from10 1000 ppm

pr ef er ably LRI 1800 A 20,10 R Eubh LSO AL IO hoG LS Lne

region abov where t r "are present
in the cone’én?}Peoﬁq ﬁscﬂlﬁﬁ’ﬂ ed 35 The stabilizer solutions or stabilizer
nelts nmay be netered in using punps. For stabilizer nelts, preference is

gi ven to pNesxsyks Zedtrexgel vexdscaferor Nétaxyderadidyidy, 0 gompomsdsrovidiedt hy|

et her/ phennavé azi neast! sneein-loe foraigy dneecady foroexbRgleEl ting and
receiving \iﬂﬁf&é :é&'-é a, 6W&tﬂaﬂgtﬂﬁiﬁffpéﬂtd‘inebﬁ—&@lurm To 40 this end, a

sui tabl e 938« 0{ )éagrpjcgtlaan{étrh Qg%%%r o&tne gﬁe ¥/essel such as nitrogen, air

or ai r/nltro§ and pressurized to

the desire8 '@ 2P§e§ e"reéﬁé eFEYbﬁ”v&ﬁ‘F"td&nﬁ Bs¥¥les of from2 to 10 bar.
Parti cul ar 2p? ef edetzarethy Aniperddime - axyduPfer vessel which takes over

t he supisy 3ebxd-+a, 245, Sttt dmeehybhenré hielimel-Ni-ogyhnd recei vi ng vessel is
filled. The vessels, valves, punps or pipes may each be trace heated, in
order to pﬁﬁéﬁﬁﬁeé@f‘ Elhéh&ffd % Bui&e fﬁ’él"ud aBE 1593%%%1 12 F0E Qu&Ep Cig IVin

whi ch the ro uct agt 1 g [oYeYe)
from 100 - g&n &r s V\%Oirne(énﬁ%?l S n%no dl t| ona a?'gl'l Igll_me?h%rf'lph%mf‘ﬁe
-Fﬁ’ét R (u

surfaces i THPerhy IeRare byl v Wetted are generally sprayed
Wi th st 36 Ri Qr%ﬂqrﬁubatYh%ﬂf@téﬁéEhiﬂ%OJgn Verrer b-Riprhphegoln a portion of
i quid w t hdterm-Hutgiiphbéeo0l2,detiingett-dygtylbbenekanpl e, stream 5) above
the coll eCtZLﬂ&ﬁim&tbﬁtlﬂltﬁﬂ%\h’eﬂeladlﬂlﬁéxﬁ:ﬂ&htwliJMlhﬁQh?Df)heM tdrcul ar
| o Tog | B SR v oy s ol UL SN Aoy
to be congﬁdérl}é hﬁ%neag‘o%&tﬂ%le 31 esega&lc) 3WE é rpeq-f%l §?§?§U| arly
hydr oqui3Fo REIROHOMA Ry | PR PRatechp élg%)cﬁi“’é'&Wéﬂ]?e‘i‘?ﬁn henot hiazine. Up to
a melting tzeni)éﬂmtawécmlqlmcl ‘o 1) 04 eboliimexpylphenondt-hirazi ne may be
di ssol ved. 4Bes p+teenylethelv sdl)phiehbly 2ftgtebothi ag+meechydiptehot e aci d, the
stabi i zat Lo, ecGardicagt LivudI®heRVE Nt 2 PEL 08 e rB0but ERshen@150! i d deposi ts or
2,4-di-tert-butylphenol, 4-tert-butylphenol, nonylphenol
40 [11066-49-2], octylphenol [140-66-9], 2,6-dimethylphenol,
bisphenol A, bisphenol F, bisphenol B, bisphenol C, bisphenol S,
3,3’,5,5'-tetrabromobisphenol A, 2,6-di-tert-butyl-p-cresol,
Koresin® from BASF AG, methyl 3,5-di-tert-butyl-
4-hydroxybenzoate, 4-tert-butylpyrocatechol, 2-hydroxybenzyl
45 alcohol, 2-methoxy-4-methylphenol, 2,3,6~-trimethylphenol,
2,4,5-trimethylphenol, 2,4,6-trimethylphenol, 2-isopropylphenol,
4~-isopropylphenol, 6-isopropyl-m-cresol,




20 bl ocka gﬁﬁg?enothiazine i n the upper columm region. The invention
al so provides s conprising a) at |east one phenolic conpound, 25 b)
phenot hi azine and c) optionally at |east one further conpound which is
effective as a stabilizer. Typical nelts according to the invention have
the followi ng 30 conposition: a): 601199~ by weight, preferably 80 - 95~
and nore predetaalelcyl9p-¢3 Hbo-di-bertibutyd04-hydweiygphenypyefapiadrages - 15~ and
nmore prefefab) 3G sh2=m Q‘nglaﬂd-h‘}hroﬂy 5-%@rtbyum;giétn 1ppetsiably 0 - 15~
nmore prefeq apl_.;/tq_,&ge@hy ﬂ%_ttrgggi &y i -¥e9t+bM%ﬂrQ the sumt hereof is

almays equg ye reference is diven to such melts where
Is sele ¥%§f 8 2y é 2? ‘consi sting of the above-recited N oxyl

conpound§ bty 3G G4RY e~ Shttert-RBFBL proNEF apY e R Tl INAERGY2RYTATGUNdS. 45
Parti cul ar 1 p? éf-ermdisd 8 » b sd i heart -but g liehr hydirosyphbenyl oiropphenbdinetéydpounds
a) are sel esdéeghduramet he group consisting of the above-recited phenolic
CO”YKNJndﬁ 1S d%i%ﬁ@réb&ihéﬂﬂyiLbhﬁ AFAYR 4 -+ BFc 484 b%ﬁz99?3'ft:'1ﬁ Ofl

p- am nophen rosQp r u eno

Q%CLHaq‘J}Iatt §9 gee&oateﬁ gﬁf%l *%‘éttéé Epgﬂg 3, her Loty p

2, 4-di -tert o ol’,

4 tert- Bl ?t¥91§ YHEPH¥P IR °H§H??ﬁﬁj'none and hydr oqui none rononet hyl
ether. In baﬁt¢knﬂ%§¢ bgtyg thylaminopetbylprRiel mononet hyl et her. The
mel ti ng pobrsedibutlyd -geltdimicooptengl t dridaeok®VEAG| ohldls danaesal23z BAC or
| ower, andipzef@i@neebhssgéyeil it@atbhesaniledvobgadedil ting point of 80C or
Lower and yery f@r.tdlle%@e m@menﬁﬁdmyﬂp%ehmﬁr&@enmea BBYdddagapoi nt - of
60C or guer I,nv £q9 aIs g fccordlng to

1 fPf dﬁ u F ro§¥qhen& g ?P qpa&e oct
or n r'a ¢onp

the invéntio eth nds in
processes Pof3 prepair SrFTEHﬁ %ﬂdr‘BX@ﬁﬂﬁX?hegy}?@E&quﬁﬁtﬁcryIonltrlI e, vinyl
acet at e, vﬂnyhlﬁﬂﬂrérpdétaﬁﬁﬂkﬂﬁ ene, isoprene or chloroprene, preferably

a, ~- et hyl ebhisp{ 3, sursdtternt aoh tyd-Boryydmxypbeands) mtodioastag¢y yl i ¢ aci d,

met hacryl i g, @cdibxa2qr,ahehidediidaasn ol ei n, crotonic acid mal efic acid,

mal ef i ¢ @ngyg( §k35 ng&hggﬁgqﬂpggyxlaﬁ§q d%§bggh¥e pr B%Btﬁﬁhyl acrylate

butyl 2 g % Ie on 1 e%él ? y acrylic acid,
nmet hacry ac(oﬁelﬁ I ¢ anhydride, nost preferably acrylic
acid or nePh%E?§¢1§?r§CPHtY%ﬂﬂf1h¥d58¥¥T§nnW%th¥cP§??¥9kR?QBlOWﬁEebWocess
accordi ng tedttrnaneddindi bhsk Gl 5’ t-dieterthyt¥l24 economi cal |y vi abl e wor kup
of acryl i chapdrakyphengdyprogidrieegf,f ort associated with the preparation of
the st abisl nzﬂhé;a{aﬁiéa&aamﬂeaisq@-l(wr QV-ﬂﬁl-Q:Te&lQl—bh'ZﬁIJ@ﬂhlyarbﬁ?phﬁiﬂﬂr) —col um
regi on, FEE‘? hi-cmﬂha%'eg%gmﬂﬂ% £Q39¢5 - [$NHG oLk MFuf1.L he col um
and accord r p

u rese invention further provides

e
a process Qﬁﬁp 83?| elgf%ﬁﬁgg?gflnb’substance mi xtures conprising at
| east one BDK rnﬁltﬁﬂdFérEoﬁ$ﬁXﬁﬂf FRYFRXYRheIFA I BT R iopis 467if; byfrazide,
conposi ti oA- c©hxﬁ|1ﬁlwgtayl+%xnhYd596thﬂnuﬂMR;OQ@ab1¢|qgﬂd hyHeazide,

30 bis(3-tert-butyl-5-ethyl-2-hydroxyphen-1-yl)methane,
bis(3,5-di-tert-butyl-4-hydroxyphen-1-yl)methane,
bis[3-(1’'-methylcyclohex~1'-yl)-5-methyl-2-hydroxyphen-1-yl]-
methane, bis(3-tert-butyl-2-hydroxy-5-methylphen-1l-yl)methane,
1l,1-bis(5-tert-butyl-4-hydroxy-2-methylphen-1-yl)ethane,

35 bis(5-tert-butyl-4-hydroxy-2-methylphen-1-yl)sulfide,
bis(3-tert-butyl-2-hydroxy-5-methylphen-1-yl)sulfide,
1,1-bis(3,4-dimethyl-2-hydroxyphen-1-yl)-2-methylpropane,
1,1-bis(5-tert-butyl-3-methyl-2-hydroxyphen-1-yl)butane,
1,3,5-tris[1'-(3*’',5"'-di-tert-butyl-4’’'-hydroxyphen-

40 1'’-yl)meth-1'-yl1l]-2,4,6-trimethylbenzene,
1,1,4-tris(5’'-tert-butyl-4’'-hydroxy-2'-methylphen-1’'-yl)butane,
aminophenols, e.g. para-aminophenol,
nitrosophenols, e.g. para-nitrosophenol or p-nitroso-o-cresol,
alkoxyphenols, for example 2-methoxyphenol (guajacol,

45 pyrocatechol monomethyl ether), 2-ethoxyphenol,
2-isopropoxyphenol, 4-methoxyphenol (hydroquinone monomethyl
ether), mono- or di-tert-butyl-4-methoxyphenol,



35 the staﬁ%l Fégé conposition is netered into the rectification unit as a
nmelt. Poly Pe conpounds are ethylenically unsaturated conpounds,
preferably those ethylenically unsaturated conpounds which can 40
polynmerize by a free radical polynerization nmechanism Exanples include
esters of (meth)acrylic acid with al cbhols which have from1 to 20 carbon
atons, for3exadiplemtebliyyl{amividragyyh bdcle, eBhy)dfsmt-a)-astbaganzyibut vl
(et h) acr yLatshaind 22 sel hd hieol- ¢ CRBEF3:AN- €a 1 MdHBA %99%4[;& a@m%mnds
for exanpl g_ % %g&lel -ﬁét@& Izlgﬁgﬁgﬂg% &a%llyngﬁtur ated nitriles,

exanpl e acry = et hyI enically unsat ur at ed

al dehydes, *7B¥d ’é??%’ I‘Et ¥R Qﬁ Y%tﬁ%@ﬁ'&r’ai’lh Wyl esters, PF 53182
17 for e%aﬁph@mw4-&eéb%@%1#hwe drléﬁr'éﬁa%bln)hal ogenat ed

et hyl eni calll-y4timgitoxyat etle comyphedy ] ) ¢ draronanpheetovanildbhe) | deagemdl,
vinyli dened@hy@fda@enemnbﬂgﬁcﬁﬂlgaﬂsat W icpthe@OIPP AR, of-Qr pexaimp!l 8- and

but adi ene, i ago@ndt&éuloraaese@phmg a%&%%&d angommpounds,  for
exanpl e et d?:rOBy ege t]hg zeﬁl drox ut ene._an |so utene, cyclic
rmnounsatu ouh '? of Y& c 't’%ér"nré cycl ohexene and

cycl odoc}é’céﬁe2 %’QﬂWﬂr&r‘Fﬁéﬁﬁ‘H@c%F‘Pfl‘P%)et |q<‘:‘l§€¥l%is and, deegvinonasy,
nonoet hyl esiichl 4y hydeatuieensl Gadbdiytert-duityd hpdrogyinoomy 3 to 8 carbon
atons and almetlhyiig-hydraah tioregl bBed ahdedlyil hpetaduimineyl i ne earth netal or
ammoni um S%Hﬁetﬁﬂhy@%é&@i@en@cr4¥h\b€hﬁP§ﬁ:oc%%EBﬁ81 lic acid, dimethacrylic
aci d, et hagLyl G AfidarBBL A 251 ﬂetﬁ§%{§8&§%@t 1%&%9 Lgshent ¢ acid.
cr ot oni g\?a% ric a sarc%oE g %\y aconl C nal efic
acid, N POLRY RS AL OIS, ract
N-vi nyl capltéF‘é%‘ffb)fﬁhyﬂ-rﬁ’ﬂﬁwmr@'aI3WFFE&¥%P§rﬁt8§§°br N Vi nyI car boxani des,
for exanpl é-mevhydpvrosasathel , Neritnhht K drieghfineneuri dethodyphenol,
N-vi nyl - N- eeblaybaaetemsil ( ehydirdyuinehbensnobezyexatpee, meiphghoxyplydndat,her,
ethyl vi an-ﬁébﬁilhyarBE;QW&né” Y, l5 @t Dext Iu@Ra apNtod lr}wneZO ether, n-butyl
vinyl et §§.a @gi KeRYs Lf},la%h beQRIvL YL an&ﬂ edi§hkz butyl vinyl
et her an 0X VI n vi iyl phosphoni ¢ aci d and al so
m xtures t FEﬂC he?% FHECRS acryllc esters,
vi nyl ar omatzlré QB“%QHH%“ZM ﬁ&?@’dl%qf’@yl eni cal |y unsaturated
conpounds, 2rbacetdpyledi-nathyl tmdenzogt buorear(bbymbgeimmieds and vinyl et hers,
particul ar 2peef£f e ply0-pABétYcRBIiybhe, est ers, vinyl aromatic conpounds and
nmonoet hyjseni, gablxyeﬂﬂ}ﬁahuﬁ% ﬁ-‘%@&i%q&u&ﬁiedsz %€ ot glar preference
to (meth)aglt Xk&? fr§c}r1 r@&gggg& cal enggéﬂi ed carboxylic
acids and in pg? ﬁ'to m)noe aé‘}cf’ ar boxylic aci ds.
Subst ance A RTOHEEE "|1|’ ‘E"g’gﬁ% PPzabT oﬂ%m%l"é’r' CPRBIR W Sthi ch
at | east 5@+5b‘91%@}%135‘f-n? RERERORGi ch are 35 liquid at room
t enper at ur &,8280)yducxypdl yreapirdiviqe ivonporkrand L ipeel ef-aisippthbghdasie 60~ by
wei ght , 3meathredeirdiey 8} NIeRsdthiAinbyanelight,, NpRsdigheaiya—pbl y at | east
ggoalragt:ﬂ/gln 8Bhzaa8 1dcfhe@%&hhﬁ(le” af , Alpeh8§ ﬁlﬁ%ed%xmﬁégmoeﬁqllaﬁshéfl ca; B\Jg

P S FEA sl gngl d‘i%t@%ﬁpfé{ Bl RortD L 30LLAL LYo gap

feed or a he “réc |cat|ve

separ at i on (fEFBY 14 eéitleB Fh-, 'ér Jé’%nﬁ DRI P S or exanpl e, from
1 to 150 t RedréiteautFMyLBydroREimong)| v from 2 to 120, nore preferably from
5 to 10®85 45 nost preferably from 10 to 80 and in particular from 20 to 50,
t heor et i calanpkréamsle ofPEn5336Ratlit Bw@neecs i iNcdlibhenyldnitheabfdodndesi gns
known per ggaapfle e Phengusici®mMinkntsrnal s. Useful colum internals
| ncl ude in il Dl p gwag [LAJHEHORLS il ¢ %gﬁm 1 (AT ca Sk g U e
packi ngs and or he rence [ ntob
model cap EPgYsirds e?' %’\?effgay]s OFﬁorcﬁﬁH tRRs 2Rd/ ? dual flow
trays, éﬂjséﬁéh@h'@@ad@rrﬁédbm%s anpﬁé@@iﬂe\h@é ?shbqiw]{a@lpﬁ%% havi ng
rings, spi NaNsdisaddihgysiroRatahing,r iexgapléntals phosgbomus Radnpoundgs, barr el
or | ntal ox iped@hessriphenpakhoSiine ,0krh Héﬂﬂ phdspheté esit iddieahiyon units
generally fgﬁé Pﬂité el Q8Ro f&%’@%s%ﬁ i Qeéim,-h gfloﬁuffﬂ('i@l e a
at exchan

direct or in eci_condense ger or

quench coolP®f SEHPIESOF Fﬁ?f%%(ﬁfm Sdﬁ?? e glp(l')er ﬁg% Y967 | east one

evapor atdx d@fthlocarbamate, sulfate, sallcylate and acetate salts of copper,
manganese, cerium, nickel and chromium,



15 customagp gn, for exanple a tube bundle, plate, thin-filmor
falling-fi m evaporator The bottom and top tenperatures and pressures
depend on the pol ynerizable conpound to be separated. In general, operation
is 20 effected at reduced pressure in order to reduce the disti IIatlon
tenperature, but rectification may alkbd be carried out at el evated pressure
in the casBrefenagicgt ikegtrpaongben®yaimzias, op-dmimdpaepel at ures and

pressur es p&mtgjds@lphéﬁbltmt%&tf.ahtﬁwﬁwmmw YOBS FZ G 15 RaRounds: 30 35 40

45 Topterrpgrmd&r_e;e[rg]_ggeg lélj_e bC eSg%r gﬁtlﬁg‘%%@&} %g\/ nyl acetate

ohir 230 A EEdlsats ARkl RhoRontd. 08 SRGinogn. pykoRpBaRI vl

et her 80 2189%dtethy{3fER ?l’éc?rrﬁ B 59 cPYERNes601DD - 2ckFEINRt ROTiymiTHAdr y| at €50
-100100- 1easynate; endcéecinm(IZ0%50acet(it@Vethg| pacridudte3pre fehcel D4 3EL hyl
acryl at e40gidéX0 3@ pheAdEhiadinacr pLahintphehb®s0p-itk32obhbydhexy!
?ﬁryl aE €802~ 12&9:5@111:37@ BenolPF 423482~ H&;{Q%QHQ!L”% andtlh%egyﬁf %fhe h b
eoreticap er r rally be
from 10 éoh rC h| her ﬁ] jﬁ LSHP @tefgthgeyef gcgfimﬂ\% "%&ng tions
are thosé T I3t ?‘E r@@‘nB %\é‘? h&mosition is active as a
stabilizer against polynerization, pref erabl y free radi cal pol ynerizati on,

of the polmlppat;heutmmnﬁf@rBOCQelstgibehl zedhydqrcefud haht ymadone@hgl 65~ by

vei ght, noeehqy efhar abhixtird e@shydboqiihonti @bhomd@st. L0neF efRy ably at | east
90~ by wei gidnstdazAn@arti cular 100 by weight. The nmelting point of such a

stabilizgr conmposition is preferably above O-C and nore preferably above
25C. The I ti n poi nt . ‘Et)}'é %\% such a stabilizer conposition is, for exanple,
bel ow 100 W erAprit goebLhitrerorie ﬁ?@%rl@owtbéeewmed TBach

stabilizerd <§§ﬁpitbh§ercwr PSeaddest imgampfeallyt dreast aomixtoiret,hén
above- ci t etigishdbirn eonpodidsplpedfforabliy p- sudtadleesolver®), and the

p- ni trosopsenadnt 2tkelf -mit Yephesodbidzkert - but yl phenol ,
2,4-di-pert- butyI phenol , 2-nethyl - 4 tert-butyl phenol,

G e BRI TRl L e e

2, 4- di -terf Ibﬂ%n ’1" anys dgsired, \point; éPtt%t%ﬂlﬂH@moFo an external
4-tert-2, @Qﬁh@@hﬂﬁ%‘eﬁblor Fpdaoguitedie oefhyxdrogeancnerefsmemeehys et her,

and the stga:b:dn Zer addirppsiitt ddnectihs tinpoe e add VuneD R HE€o MAte eXfrelrhg1
above- ceb ecbd®ngscage@igli ng to the invention, and in particular, the
stabilizer conposition is one of the above-cited nelts according 30 to the

i nvention. Tes er. conposiiio teredlna a nelt at an
desired porh ?EJULIL%C SoRi gg?r% tL}'nl Eagfﬂléi' tietfPhesness BRY ce)s/
connect ed % it rofi'd?e‘i. EnABREA A S1f é?ﬁ%‘i’ §igg points, which

were mentloned above, or the same metering point.

30
When a mixture of a plurality of stabilizers is used, these may
also be dissolved independently in different solvents.

The concentration of the stabilizer in the column for each

35 individual substance may be from 1 to 10000 ppm, preferably from
10 to 5000 ppm, more preferably from 30 to 2500 ppm and in
particular from 50 to 1500 ppm.

Preference is given to stabilizing the column in the following
40 manner:

The upper column region is stabilized by at least one phenolic
compound, preferably hydroquinone monomethyl ether. Stabilizer is
added according to the invention as a melt into the upper part of
45 column section I.c (Fig. 1, stream 12), preferably at the
uppermost tray, and/or into the quench circuit I.d/II (not shown)
at a concentration of from 50 - 2500 ppm, preferably from 200 -



35 vacuum ppi §338and preference is given to netering it in to the upper

hal f (based on the nunber of separating internals) of the col um,

particul ar preference to netering it into the upper third, very particul ar
preference to netering it into the upper quarter and in particular into the
upper tenth, especially onto 40 the uﬁ‘ber nost tray. In a further preferred
enmbodi ment 158hePnib| bafedt abitihiez streanposiwhiigh the adddd livet hiss meftlerrdst r eam
and fed witth.it into the upper section of the colum. The ppm and

per cent ageryéfaisndecpEr efen ntd A StAOCUITRH nh @t &Fe 40 wHRLESEhO AL WEE

o1 ateny LoatPIbdRt WReOBLBIGL NS REOLAYS, BoubBling pofthe o5 Paa The

process accordi o.the vention 1s illustr ol |'owi ng exanpl e:
| nvent i vg 832%%#}%0 Ltgv ;5%61}05 ?ﬁ%gﬁ’é"‘?%]?yoggkﬁulsqglCca?‘%??z%‘if%?%ﬁase

oxi dati on Ba¥e¥ £PHFoadet itibarficulay reediew1 03¢ sEryEshasisrivens okl awi ng
conposi ti oheadtl &% Isyabhel gier TRvAng 846 Highweedbin@ paipm by, e kixathpQ83% by
wei ght 0. 14bbye ViEdoght Prdfedapiyeabbie 1% 03¢, PRRDHre@EIN1 Y2 HRRE Byowei ght

0.29% by wgh@hin 38%ibY1 el MYved18fe Ly wei ght 20 2.8% by ‘wei ght of of of of
of of of,sof of of of of acrylic acid acetic acid propionic acid malefic

anhydri de acro] ein formal dehyde furfural benzal dehyde propene oxygen water
car bon oxi HBEL1GHAL: Réef%ﬁ%ﬁ%déls SpVeth et rdgaet vk @i deasboene/fartias

cool ed in &taptkireroomere (pnpierebdyt phgymtitigeénef P tBe Wbkt sior ayer |iquid
used was tbendergirabdoheof f £zt il10R £6% reamedphy) t hilfsmabl yorrdée separati ng

25 col um ¥iayeidid,| 8akedtort e méhe. sprayer liquid was circul ated through
the tubgsgbundl e heat exchanger (I11) operated with heat-transfer oil. 43

g/ h of lowpoilers were continuous|ly wthdr fromthe circuit (stream4).
30 The pr oagc‘fl% %euf’lgpf%%ﬁ)teé’/ %l‘a%va‘%ﬂc%rdls_gwﬁeas ZEHBIY (1 V) to a

t enper at ur 8¢t 1OnAd1lyThe meherrsr SEPRTALL LYs dataashe HPPSrgROBBiREOH 1 act i on
(st ream 3) columu @Rt ibnrom e nr dapar bité mpepchughraiit I .ddIL eas iaypeonay. The

sprayer | i goldtimss.circul ated through the tube bundl e heat exchanger (I11)
operatedowi th 35 heat-transfer oil. 43 g/h of |owboilers were continuously

wi thdr an FROM A nihl CUb furde® eB3Bh Hay HAC s@ldgtﬁgzo'({q%rsa( FLLE N4 were
col | ect ed. ol1gQ Irc_acryli'c_acl d% qQntal ne i elyel_n WEl e cili ssoci at ed
bat chwi se I'h°a %0 w%l"ﬁ %e?ﬁbts’s"é‘l Of PRFRAFPAGADR L TP FCTYARGe2EHht aown) . The
di ssoci at | BRETRIRENCEr AFeBL YRR & 249b0Y o i@ pheseefkwroregdon mgre the
di ssoci at i aprykisi dgddwasneinitragdoni 16 25% By -wed Hhtpreffemrebhpnitorand -
di sposedsoliss Thendlitheovatér wondieatiat tdre \wasrenl 4 @Ct @dsangrendddpiyousl y
i ntroducedsiéh ad e qU@“F§hf€éﬁPEb§.4fhé!dddhky% _éﬁhéﬂllsoaegéﬁﬁ%fédaﬁhon
distil]al esih & ;&w%s@-th@%h%awfa.?ﬂeogomﬁé'inatt%ecggP§ 28GdigPM 0.5 -
- 7o by mekgaétf%n (medium-boiler fraction, stream 5) is from 10 -
1000 ppm, preferably from 50 - 500 ppm.
30

The “upper column region” mentioned is the region above the

column region where the acrylic acid and water are present in the

concentrations mentioned.

35 The stabilizer solutions or stabilizer melts may be metered in
using pumps. For stabilizer melts, preference is given to
pressurized receivers. For instance, a hydroquinone monomethyl
ether/phenothiazine melt may be forced directly from the melting
and receiving vessel via a regulating valve into the column. To

40 this end, a suitable gas, for example a nitrogen-containing gas,
such as nitrogen, air or air/nitrogen mixtures, is injected into
the vessel and pressurized to the desired pressure. Preference is
given to pressures of from 2 to 10 bar. Particular preference is
given to using a buffer vessel which takes over the supply of the

45 stabilizer when the melting and receiving vessel is filled. The
vessels, valves, pumps or pipes may each be trace heated, in
order to prevent solidification of the melt.



PE 53182 Iyglfﬁgui none nononet hyl ether and did not have to be
additionally stabilized. The product gas m xture cooled to a tenperature of
121C was 5 introduced into the separating columm below the collecting tray
(colum region la). The colum was a tray columm having 45 dual flow and 40
bubbl e cap trays. The tray above tra)7~515 was configured as a further 10
collecting tray. 1680 g/h of crude acrylic acid at a tenperature of 101C
vere di schetigegienth IViin wWhayhatie it phedbot |gus ndxeorpasi tthen (stream 5):
benzal dehy g 8 o e L A b 100 heogsd S i ght 0. 4%
»/0. . . 0. . 0
by wei ght f)?%uzf%eﬁy%\sve?(g% t@éawﬁ%ﬁ%‘ 1}/11\%%%%%{ 1.5% by wei ght The crude
acrylic Acid was introduced to a suspension crystallizer. 25 In addition,
620 g/ h of The sdefaeey|in thei dokemre whichodye esbasingdyadettedrigle refl ux to
tray 15. Aferndmalflgpspfayecie wdohustabil igdngolsquidit Prefessnee tilsd gdwen atwl
subj ect ed %ﬁka@%@yiﬁoallﬁ{rt(ﬂe{h b9 Pafdi@lieRBEARS 3roANthd 8o 10/detehg30 the
resul ting Ghlyll qBe! chalifhieh COPShR!S) GB36A!LAL |d619kcP:iAG0 Lipmelgt of
acrylic gcl 5 %g tmer{atqﬂt g .aceélc a%ld and. %i(,:é)bé el ght of water were
recycl ed0i B idge 28 % B ECEEF I I oL Fr PR RUIPE BF &t F8am 9) . 114
g/ h of thedH8Ltte SBFINF & POREiPRIASIHrewreRHaRe 1Oyt Fharfalgectanga
sol uti on ofr#s lagawesghthedfr phdavsidesifior wathint eduthensammnonet hyl et her
was introduced as a nelt (at a tenperature of 60C) into the quench circuit

at a rate pf 15 8/ Be (SSHBUD2d) suAP 4199 VhiOTpindd15% ShpdiRidght of the

phenot hiazj ne. . I ' d rate_o ] t he
A7th tray é?f‘i BIgELY el o C{m%gﬁﬁ?l?sge et el SarebEs s

sti 1 ea veSSRIPEESTRLaEHI IF Et K0S SPTRSTA e e41 100iGr 8P 29he heat
of cryst al #Poutt i29% RAsPh gz¥hea 13k Heagresobieqd-hefrike| theTdew

equi | i bri uselwrnipdrtyt of eplemothéagbheitironlidase92did, Fhe stspehisiagdionesul ting
fromthe adforaihd2tad2ticy Visivehtidntdass ot Ldsd canisontdalepds id3~oby wei ght)

was sepapat fskiRlesN Bl Senddythiab Y st al s @Hed uBBER&loluniUebg98n @ centrifuge at
2000 rpm (centrifuge diameter 300 mm and a spinning time of 1 mn. The
crystals were then washed with nelted 5 (previpusly washed) crystals (134

g/h) for 1Th® FO¥E"548D 7R PFREIASE G149 GGBPTT her with the washing
liquid was recycled to the 15th tray of the separating colum (stream6).
The anal ysay oét tlemaswashedplnddtial sofpddndy/ h) gave the foll ow ng 10
conposi 60P) phenothiazine and
c) optionally at least one further compound which is effective
as a stabilizer.

Typical melts according to the invention have the following
30 composition:

a): 60 — 99% by weight, preferably 80 — 95% and more preferably

90 — 95%,
b): 1 — 20% by weight, preferably 5 — 15% and more preferably
35 5 — 10% and

c): 0 — 20% by weight, preferably 0 — 15%, more preferably
0 — 5% and most preferably 0%,

where the sum thereof is always equal to 100% by weight.

40
Preference is given to such melts where c) is selected from the
group consisting of the above-recited N-oxyl compounds and
inorganic salts, more preferably the N-oxyl compounds.

45 Particular preference is given to such melts where the phenolic
compounds a) are selected from the group consisting of the
above-recited phenolic compounds, most preferably from the group



15 acryli cpdlgcgﬁi gset Ic acid propionic acid nalefic anhydride furfural

benzal dehyde %er 99.7 by weight 0.14 by weight 230 ppm by wei ght 72 ppm
by weight 210 ppm by wei ght 28 ppm by weight 0.11 by weight 20 Even after a
running time of 1200 hours, the separating device described showed

negligi bl e polymer formation. Conpardifi ve exanpl e 25 Exanple 2 of the

Cer man patemisiggphigcaf i prani@®pb8ndB6.9-natrésorikiR0002wasr tr-dpegilptendt t er a
runni ng tigaeeft-b3@91pnerisl, he-pioeess-bwaglshatioljown and di stinct deposits

owi ng to pplndwEk lf-QL@@H-QSht%’pﬁeHQi' %Q%lélr@f-bg@yl&@ %Qdﬁﬁethﬁ h%%b§2 23 we
claim 1. A rocga%ne ané S,fractlonal cond n o) m Xt ure
a

whi ch as To%S! q§ogul?°ne 3, anFeé% one fur?kﬁfrtf% Zgﬁéable
conponen? ?QWR?WHSIGﬁnl?rPXqﬁQqHFEQEﬁKRPQ9Pe§PY}eﬁﬁﬂ?rone stabilizer, which

conprises netering in at |east a portion of the at |east one stabllizer as
a nelt. 10rke melpiagepsimis ofl aheedelits Glcgbmiing Wherdenihbentivint ief at | east

one stabil @&errahqyl nGoec By tl'oQgrPOa\rm pl%%kgi‘\éﬁc@q'.s' §1U§§dtc§sth%s§0h¥€m for
at | east OQ es.l.ttq.lﬁl géﬁt '%gca?mowegga}?&'w gﬁa&ﬁg f}gfgre%@
ne 0

conpr hen C ne an
opt”Po'nZ'r‘*F s é&?é’tmgn% PR 986%0‘?2% whi ¥h °§fé§0 effective as a

stabilizer. 4. Melts as clainmed in claim3, wherein a) is selected fromthe
group consTis iimyeoftipnaalswphrordlies pthw tusesophieroimel?- aecoxdingy tphehel |
4-tert-but yhwdirsion, £8b tdbidiiziagt ebnifWnABeNDY , unsaturated compounds in

2- et hyl - 4‘f&géséggt¥59h§¥gﬁarrﬁgt@ﬁémt“fdy e%afipfh Meiybphenol . hydroqui none

and hyd&gqg%gb onl”Q”QQE vfhyl ace Eate, vinyl chloride, butadiene, isoprene

or chloroprene, preferably a,fJ-ethylenically unsaturated carbonyl
compounds such as acrylic acid, methacrylic acid, acrolein,
methacrolein, crotonic acid, maleic acid, maleic anhydride,
methyl methacrylate, methyl acrylate, ethyl acrylate, butyl

20 acrylate or 2-ethylhexyl acrylate, more preferably acrylic acid,
methacrylic acid, acrolein or maleic anhydride, most preferably
acrylic acid or methacrylic acid, and in particular acrylic acid.

The process according to the invention facilitates a more

25 economically viable workup of acrylic acid by reducing the effort
associated with the preparation of the stabilizer batches and
also improves stabilization in the upper column region, which
leads to a higher yield and longer running time of the column and
accordingly reduced downtime.

30
The present invention further provides a process for
rectificatively separating substance mixtures comprising at least
one polymerizable compound in the presence of a stabilizer
composition comprising at least one phenolic stabilizer, wherein

35 the stabilizer composition is metered into the rectification unit
as a melt.

Polymerizable compounds are ethylenically unsaturated compounds,
preferably those ethylenically unsaturated compounds which can

40 polymerize by a free radical polymerization mechanism. Examples
include esters of (meth)acrylic acid with alcohols which have
from 1 to 20 carbon atoms, for example methyl (meth)acrylate,
ethyl (meth)acrylate, n-butyl (meth)acrylate and 2-ethylhexyl
(meth)acrylate, vinylaromatic compounds, for example styrene,

45 divinylbenzene, o,fJ—unsaturated nitriles, for example
acrylonitrile and methacrylonitrile, a,f-ethylenically unsaturated
aldehydes, for example acrolein and methacrolein, vinyl esters,



5. Melts agp clsgr_lggd |n claim 3 which have the follow ng 30 conposition: a):
60 - 99% by wei ght 1 - 20%by weight and c¢): 0 - 20% by wei ght, 35
where the sun1thereof is al ways equal to 100 by weight. 6. A process as
ciaimed in any of claims 1 - 2, wherein a nelt as claimed in any of clains
3to5is introduced into the 40 uppe]‘ colum regi on and phenot hi azine into
t he remi nifny exdnphe végybracesgte PRA 58I PAoFionaysr,obedegersatsidai ned in
any of cl aefBylenicalafy 6GunsdigiraitBdt bempwindgas fot Xéxampliesvingl ethliorias
apparat us baQl @ied ffdead ¢l MonPudated RhEEESS R %bﬁp&%ﬁhé n g3py of
claims 1 - ﬁaﬁ% 1 but?ml 5”%&2) %'enlaeé‘ﬁ é’rg%rg 8#9&“%%%&? ¢Subj ected

toatherma cat a rocess as ¢ %ln any of
SRR SR SR R 0 P e M MR B
oxygen. 10anghiseRitese, neyekicaFoppunaelyatesn gompowds mEo3 e¥amp kepr

stabi | i zi ngyelbpdrereneal | y eyrslathexehe damdnpyeindsdecens, oessegl famamidpar i ng
them 15 1&113%1&&&%8%&@; vafitlateeat i y@id), %ﬂ@é@ﬁ?l@l&ﬁ@i&&ﬂ%ﬁﬂr@téﬂes
conpri si “9 Q&b& c %?Ed? ME%’ %?Bhei%%o%ﬁ bb ‘ﬁﬁegffozer

{abil ch
Sounti 538 ?%? g &R13 meddise O EREhn, %toalf 6% FRROTTE Lo
unit as a feLEs:

xg@xggp kg pgrylic acid, methacrylic acid, dimethacrylic

. AN% AAe. AacydA ethrdryAicRid Afelaic MgidAeifragdiRiifcife. AR AA. AY. AUY. A{|
. AA, Al A{ mABhgitaDbnic acid, crotonic acid, fumaric acid, mesaconic acid

#P1gh! #&{vakey | thdsake abl e plwaleialhead caths gyeAdcaldnes] cal ca] ca] ca] ca ca
U ca] calgall ¢ah gl fadheal 84 %Mm%ﬁlecﬁl&ﬁlﬁ%% 62a e dB

N-vinyl-N-alkyl-carboxamides or N-vinylcarboxamides, for example
N-vinylacetamide, N-vinyl-N-methylformamide and
N-vinyl-N-methylacetamide, vinyl ethers, for example methyl vinyl
ether, ethyl vinyl ether, n-propyl vinyl ether, isopropyl vinyl

20 ether, n-butyl vinyl ether, sec-butyl vinyl ether, isobutyl vinyl
ether, tert-butyl vinyl ether and 4-hydroxybutyl vinyl ether, and
vinylphosphonic acid and also mixtures thereof.

Preference is given to (meth)acrylic esters, vinylaromatic

25 compounds, halogenated ethylenically unsaturated compounds,
monoethylenically unsaturated carboxylic acids and vinyl ethers,
particular preference to (meth)acrylic esters, vinylaromatic
compounds and monoethylenically unsaturated carboxylic acids,
very particular preference to (meth)acrylic esters and

30 monoethylenically unsaturated carboxylic acids and in particular
to monoethylenically unsaturated carboxylic acids.

Substance mixtures comprising polymerizable components are those
in which at least 50% by weight of the components which are

35 liquid at room temperature (25°C) are polymerizable components,
preferably at least 60% by weight, more preferably at least 75%
by weight, most preferably at least 85% by weight and in
particular at least 90% by weight.

40 Rectificative separation may mean a fractional condensation of a
substantially gaseous feed or a distillation of a substantially
liquid feed. The rectificative separation may be effected in a
separating column having, for example, from 1 to 150 theoretical
plates, preferably from 2 to 120, more preferably from 5 to 100,

45 most preferably from 10 to 80 and in particular from 20 to 50,
theoretical plates.
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5 Stabilizer compositions are those in which at least 50% by weight
of the composition is active as a stabilizer against
polymerization, preferably free radical polymerization, of the
polymerizable compound to be stabilized, preferably at least 65%
by weight, more preferably at least 75% by weight, most
10 preferably at least 90% by weight and in particular 100% by
weight.

The melting point of such a stabilizer composition is preferably
above 0°C and more preferably above 25°C. The melting point of

15 such a stabilizer composition is, for example, below 100°C,
preferably below 80°C and more preferably below 60°C.

The stabilizer compositions comprise, for example, at least one
of the above-~cited phenolic compounds, preferably p-aminophenol,

20 p-nitrosophenol, 2-tert-butylphenol, 4-tert-butylphenol,
2,4-di-tert-butylphenol, 2-methyl-4-tert-butylphenol,
4-tert-butyl-2,6-dimethylphenol, hydroquinone or hydroquinone
monomethyl ether, more preferably 2-tert-butylphenol,
4-tert-butylphenol, 2,4-di-tert-butylphenol,

25 2-methyl-4-tert-butylphenol, 4-tert-2,6-dimethylphenol,
hydroquinone or hydroquinone monomethyl ether, and the stabilizer
compositions most preferably comprise one of the above-cited
melts according to the invention, and in particular, the
stabilizer composition is one of the above-cited melts according

30 to the invention.

The stabilizer composition may be metered in as a melt at any
desired point in the rectification unit, including the lines and
devices connected to it, for example condensers, evaporators or

35 vacuum units, and preference is given to metering it in to the
upper half (based on the number of separating internals) of the
column, particular preference to metering it into the upper
third, very particular preference to metering it into the upper
quarter and in particular into the upper tenth, especially onto

40 the uppermost tray. In a further preferred embodiment, the molten
stabilizer composition is added to the reflux stream and fed with
it into the upper section of the column.

The ppm and percentage values reported in this document refer,
45 unless otherwise stated, to ppm by weight and percentage by
weight.
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27 ppm by weight of propionic acid
0.093% by weight of maleic anhydride
0.1% by weight of acrolein
0.1% by weight of formaldehyde
15 31 ppm by weight of furfural
25 ppm by weight of benzaldehyde
0.29% by weight of propene
3.8% by weight of oxygen
5.2% by weight of water
20 2.8% by weight of carbon oxides, and the remainder N,

The product mixture (3600 g/h) was cooled in a spray cooler (IV)
to a temperature of 121°C. The sprayer liquid used was the
high~boiler fraction (stream 3) withdrawn from the separating

25 column via a collecting tray. The sprayer liquid was circulated
through the tube bundle heat exchanger (III) operated with
heat-transfer oil. 43 g/h of low-boilers were continuously
withdrawn from the circuit (stream 4).

30 The product mixture (3600 g/h) was cooled in a spray cooler (IV)
to a temperature of 121°C. The sprayer liquid used was the
high-boiler fraction (stream 3) withdrawn from the separating
column via a collecting tray. The sprayer liquid was circulated
through the tube bundle heat exchanger (III) operated with

35 heat-transfer oil. 43 g/h of low-boilers were continuously
withdrawn from the circuit (stream 4).

The high-boilers (stream 4) were collected. The oligomeric
acrylic acids contained therein were dissociated batchwise in a

40 stirred vessel to give products of value (not shown). The
dissociation was carried out at 190°C and a pressure of 500 mbar.
The dissociation residue was diluted with 25% by weight of
methanol and disposed of. The dissociation distillate was
collected and continuously introduced into the quench circuit

45 (III/IV). 34 g/h of dissociation distillate were recycled. The
dissociation distillate comprised from 0.5 - 1.0% by weight of
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15 acetic acid 0.6% by weight
propionic acid 640 ppm by weight
furfural 0.4% by weight
maleic anhydride 0.14% by weight
benzaldehyde 550 ppm by weight

20 water 1.5% by weight

The crude acrylic acid was introduced to a suspension
crystallizer.

25 In addition, 620 g/h of crude acrylic acid were introduced as an
additional reflux to tray 15.

At the top of the column, a gaseous mixture was withdrawn and
subjected in spray cooler (V) to partial condensation. 482 g/h of
30 the resulting dilute acid which consists essentially of 5.5% by
weight of acrylic acid, 5.2% by weight of acetic acid and 85% by
weight of water were recycled into the top of the column at a
temperature of 30°C (stream 9). 114 g/h of the dilute acid were
continuously withdrawn (stream 10).
35
A solution of 5% by weight of phenothiazine in hydroquinone
monomethyl ether was introduced as a melt (at a temperature of
60°C) into the quench circuit at a rate of 0.5 g/h (stream 12).

40 A solution of 0.5% by weight of the phenothiazine in acrylic acid
was introduced at a rate of 18 g/h to the 47th tray of the
separating column (stream 13).

The crystallizer was a stirred vessel (3 1 capacity) equipped

45 with a helical stirrer. The heat of crystallization was removed
via the jacket of the vessel. The equilibrium temperature of the
solution was 9.7°C. The suspension resulting from the
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Comparative example
25 Example 2 of the German patent application 100 53 086.9 of
26.10.2000 was repeated. After a running time of 1200 hours, the
process was shut down and distinct deposits owing to polymer

formation were noticeable.
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a) at least one phenolic compound,

b) phenothiazine and

c) optionally at least one further compound which is
20 effective as a stabilizer.

4. Melts as claimed in claim 3, wherein a) is selected from the
group consisting of p-aminophenol, p-nitrosophenol,
2-tert-butylphenol, 4-tert-butylphenol,

25 2,4-di~tert-butylphenol, 2-methyl-4-tert-butylphenol,
4-tert-butyl-~-2,6-dimethylphenol, hydroquinone and
hydroquinone monomethyl ether.

5. Melts as claimed in claim 3 which have the following
30 composition:

a): 60 — 99% by weight,
b): 1 — 20% by weight and
c): 0 — 20% by weight,
35
where the sum thereof is always equal to 100% by weight.

6. A process as claimed in any of claims 1 - 2, wherein a melt
as claimed in any of claims 3 to 5 is introduced into the
40 upper column region and phenothiazine into the remaining
column region.

45
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presence of a stabilizer composition comprising at least one
phenolic stabilizer, which comprises metering the stabilizer
20 composition into the rectification unit as a melt.
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