, e3e| pe| ~acXtcrd6éeTpees=22 Cctober 2002 *166166* A nethod and apparatus
for purifying acrylic acid, and acrylic acid purified by tﬁe tbla oa‘.‘he
invention relates to a method and apparatus for purifying ‘acrylic aci
fractional distillation. In the plastics industry; acrylic acid is an

i nportant starting substance for textile fibres, surface coati ngﬁé‘“*

adhesi ves etc. The annual output of acrylic aci d and acrylic acid esters is
several hundred thousand tonnes in each case. Anobng the varﬂmm‘mmmmm

met hods of production (acryl nitrile_hydcolysis, catalytic f
acetyl ene with carbon nonoxi de and water etc) single-stage and two-stage

het erogenggtﬁgaa&;{ ¢l d AN cr;ch G, 2%hg via acrolein
have becone 3 S , -n e—d et-e e&cti on conditions

and the u@&rﬂﬁ1ﬁLfFéidﬂtlééE&LQXLEE_ﬂﬁﬁﬁgﬂ ge oxidation has a better vyield
- sonmewhat over 90% - than single stage oxidation. By contrast, the yield
fromsingle-stage oxidation is only about 60% Catal ytic oxidation of
propene to acrylic acid occurs at tenperatures between 200 and 3000C in the
gas phase. The acrylic acid is then sonewhat cooled and dissolved in a

sol vent sumite dawveatépnorekatwsgltobei hetipdesindr apSabseemudivr purification,
e.g. by d'{ﬁiﬂﬂﬂﬁh'qoﬁcr%lfé G idCby! ffadCichal bRs@POVALWo purity. Pure
acrylic nelts at 1'3.50C and boils at 141.60C at normal pressure (760 Torr).
Some inpurities such as acrolein or propionic acid cannot be conpletely
removed byI®ithe [HlgstéRs dnslide acFylic agdidd ieaan| impritandr i ses during
distill atiovartitty cubsedteat for aekes l8etmsts, olsuptiaté yeduriagysyl i ¢ aci d,

SHEHRAS ”Q&t}éfﬂﬁés GRSt bl | ‘1%11'8?1‘1@# Ca‘f‘:'}y bSSi'derP&’%sc‘?:%Jhe

usef ul ness racti onal crysta I sat y| ng acrylic-acid in
aqueous soR@if dtFtery i FRUCrMbREred; fhousand (§6’P65§r“20%’=2° CRSehat
acrylic acid forns a eutectic with vvater at a 63% content of acrylic acid

by vol ume. phn&Peie %?n@%% msu;@fnwt@ma% b§ ﬂ&ﬁf@cﬁi@nt[)gaa 1%6&1@0 the

t 06 364
'Sl osee. BYHERREt b ARMVFIRATOYFStan PEATONIEBE BOFT (TR L ompounds
mel ti ng at mbaowede ST matez0ebC ginalerstase hantd tiwp-6sApeunds are sent in a

turbul ent hewrb§eRe@hs a:artawen@né:kwa‘tllbhedfcw&éa{é itpabboPl ZONEANd | eft
at the crystalli §ai?ﬁ Qﬁep%r %E’H‘a tlt| eZIﬂ?hOl&" P%'g}tgc’ott_hgo to 98%
| S

i s reached. Thfs he hast var?Pag crency- of
separation ddéépéagésra%c@mcazad%heorpﬁ@@dr henueg ofslififerestr eaches about
20 to 30% aterivegll, Hhosstmiehodiqat it iNascat bettéhefirfiar e yomewsaw | arge

quantity Ofo‘,l’QQSlgglée W@fxgxb Jl%}%os@&%é“o%&(&%%‘ioﬁf Oén%déd]ﬁ:rr\gs%e g{lgcessed In

fractional crysfallisa t1on én sfatic and
dynani ¢ cry@te&idl LS ghng]ren ShAEnPELga{Aan, 1S Qawoﬁb%t t99& -fal ling-filmor
fully flowed-through tube type, the crystals grow on a cooled wall al ong

whi ch a solé&ﬂﬂyt% %&h&@@héﬁ )Gfurp‘a::oggn@r&dléQ:try'licCQBi/&Y@éj:ur-Eh%theat of
crystalllsﬁlonl gted the Sféfﬁ 3 ctgfor and which is
cool ed front TR ué:ﬁ 0'9 Y&l % 1§’p i‘& 8 199 satin. In the
previ ousl y- ﬁ%‘?ﬂi%@@@yh&nﬂ@%r%ﬁ&@ﬁsﬁ??kﬁﬂ r?r"é‘cé&fesoﬂ‘@ éfff iaci ency of
separati on $ervaiy |s‘\whngsaawér ®r6 Higrebeisiary wieart heulssrfwinit of product
Is inther nnglcf,a‘:;lQD %&ﬂt&ﬁ&ati@ﬁ rﬁ] ¥ 'a%rgbf’?‘é A4 Y Ji¢raci d

cont ai ni ng bet ween urities cryst I ses I n.un avourable

i .e. dendrigPeus h%ﬁ)?eé’“r&ﬁd th%“’&“r fs"cré(IhFa’i)%}"ss d% 1s—’pénEjya‘éﬁ*lcP%lo\‘fSt at
conpari son Wihé6®hetr noodmadeprédmucy F68l Toayer s have a | arge surface area,
resulting in large wetting surfaces and additional high retention of
l'iquid. Conﬁe%uent Igf reI at i ve % am)unt S ofl rnelscl dlé?docgr% d r| ng
purificatio am o cr?élf:al sa? DrRE PERRES REVE T3NIRT sposed
of in COﬂfOFﬁWPyeﬁF%ﬁ (gRqgved by dlstlllatlon, and also acrylic acid

easily polymerises during distillation,and consequently

other methods of purifying acrylic acid, such as fractiocnal
crystallisation, have recently been proposed. The
usefulness of fractional crystallisation for purifying
acrylic acid in aqueous solution is limited, however, in

OO
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22 Cctober 2002 - 3 nodern environnmental regulations. Usually the residues
are not economc to process, owng to the different corrpouﬁ&cmrzbbgg
therein. In static crystallisation, the conpound for purifrcation is
crystallised out on cooling surfaces projecting into a tank. The

di sadvantage of fractional static crystallisation conpared with
falling-filmcrystallisation is that in order to obtain a given capacity,
the static crystalliser nmust be nade | arger than a correspondi ng dynanm c
crystalliser, because the crystallisatpon process is slower. .Static
crystallisation therefore is not an econom c nethod of purifying acrylic
aci d on ach@l GRedyIdUSLELR! £56f & oUdEEi8! afen ARaddlowt ANda@s already
nmentioned; the crystal [ayers becone worse, 1.e. softer and spongier, the
hi gher t hE°RER%ERE SCT¥IphrITIELY JPIPPE-cr JRtERTY Lf3 &12%has not hitherto
been undethevsfimeridt isnpaspeserkcttiroaddf spltsf o ntheaagudonsaci d. | n

fracti onakeseesNsiPRracystal hisat I thideeffbdiion or nmelt is cool ed bel ow
the saturation tenperature, so that crystals begin to form The driving
force of crystallisation is the extent to which the solution is

super sat uPEt@d. 26 HS r3sdudisafodenta gfethogspdl Krsatiemal s di ssi pated t hrough
the |iqui ¢rpbeselidnadh $eeVait BORIMY CokpRAAAEORCLE1Sd Y ibedidean LS the
time takegy, 'gﬁoc‘)&c[.' %g%ighﬁ&wdrtéhee %%g;‘ BﬁagyaiE@“é Lgned met hods, so
that this method Is T'ess econom c. The aim P‘ e rnventionis to provide
an i nprov&®rbetent | BIRY itbrongh RN iddefoar vt Phirisakifeg acrylic
acid, at |zeaetapdrléft aawitthiengriybtal hidataldry teepeiratede distaidy ant ages and
ner cngl ng LRz aly 286 U0 or TO0ED) B8s e RUCHIES TS IAUNRPIBE Ot of the
i nvent i on%htené‘rléafiga'ﬂﬁ%% &g’@%a%ﬁ‘ﬁt ﬁtgl?’r\ew of é”EP?FgEl%'&i%eq%ea&?rsi fied in
a nunber dfs speagessi bherpsipmirtiiont ¢ 6nimphiti tigesc yelacbebyakhoeorifl rat i on of
dynam ¢ angheshit WeighY St AtisS#t@Bd bPeph£5f B fohORhEAYBAILE yields
crystallisatjon bei nﬁ fgrthiﬁr er)urlfleg. 2& Octo%er 2002 - (gg/ static
crystal | i shti2F9eaTY2ERELY UITSSAGUECFHITR DR S DO GIPRPEPAY (F dynanmi c
crystal | i setheywisehpreegssedd i sed material fromthe highest stage of

dynam c crystallisation leaving the purification process in the form of
pure produgt..Jt n I nfo . Staticycr | 1'i sation,
if the pr ogltésfsﬂaicst q?&l’a# ag?ggg%ﬁgr%ﬁqgg,’ éaﬁﬂ%}é%lcoﬁxy%t%a b?aél{geé(g whi ch can
be kept suPft¥eahtStptiCaphd WRARIG EHECAABLFREPRONIENAYPENLE t 0 about 50$
by wei ght, crystaldirsandeni of whe fadyrimgi-Eitnyst afbl batfilowedeabesuglo be
efficient. «ohlGRddle cHeY SPLEA W Yrodd era_ecwlwew&ppumg_smélgeé of the

static cry | I'ser, contr .t 0 expectation ood separating efficiency
can be obt SPREEACR At @eIEERHEREYERAT MEGHVEEnEBrEonYeYathur Tfpcbeat
Consequent b§ edyistaldnisationyliscdissibatmd by tbheacnesitdY draverewhéshdue,

whi ch woul ¢ophiesyd Sthikay ¢ st BobtedURad tile RkEEEESLH HYsDIthely HRt hods. A
consi derabl e reduction can.therefore be made in the amount of residue from
the purifi cafl oﬁp%? 0cesd a&c?‘f‘/ﬁ C acid containing up to 20% preferably up
to 10% of inpurities by weight is preferably supplied to a dynam c

crystal | i sam ¢he Sspagei el ypmenkieted dgvamicry onyseadl Agesiom mproysani C
crystal lisqe LRe; Ly tdfe%ebﬁr%?oﬁeﬁéﬁ%ﬁrﬁiﬁﬁnﬁé%if‘é etbid the |owest
stage of dypamc crystallisation to apout 0% ,preferg I\Fl/ 10%qt1tp 5% by
vei ght, andSFEEASES YRR S GPREERF @ APYRIUAY itSacPofiPei R H t1Pe residue
is purifieda B0&t bivedgiglthe JhegeeaFhe ispthatt iagyrvildct heidesi due | eavi ng
the purificarit@inRhgCBEBWEAN A unaP80s DREEAE ff i L Erly@ takeibe S0Subyimei ght .
The crystallised majecial obtalned.by shable ohyplald sakben iadhe highest
stage can tHerl BE P8t ned 1o &‘ynam C cryg?a’l I'T'sati on. Thi S™i s 4n
efficient, ¥DHPINFYpRBEesSILt A JPeCPRPRYIFAPIrtEhtthRditnoliWReh Fjyjard to

t he usef ul nesgstafll tiAyerprosessy liaxgehabirfhee corgositdsu tahgt he faege f or the
static crys{aidimesur¥afRti MRl -addi t13naReRDgR NPV RN e gyt ht ative
conposition_ of the f t of inpurities.

c ed |sl| rq,)ortarlt, as well. as %he c.(%pten £
It has been“?OUFfPIAY i FELRbtYERamsIES SEPUPGRL b HA 1 S 0°&HEd carboxylic
aci ds such dérinetdurifdicdtaen Py chingic gevgtallisation. The

residues have to be disposed of in conformity with strict



!

22 Cctober 2002 - s constitute nost of the inpurities, the crystal | ayers
can becone soft and spongy even at a | ow content of inpuri écf @}I
content of inpurities in the |owest stage of dynamc cryslz qtgggr%
concentrated to 20 - 30% by weight, static crystallisation does not yield
satisfactory results, because the crystal |ayers do not adhere sufficiently
to the cooling surface. Dynam c crystallisation nust therefore be stopped
on reaching a certain content of inpurities, depending on the qualitative
conposition thereof, even though nore- &rylic acid could be obtained from
the residue by dynam c crystallisation. By this nmeans, a first stable

firmy- adh\eaeyﬁ @ﬁ\vﬁt&hnémqr rébh o 8ot a98aHS1 ¢ ok 2les38aPESaan form on

the coolin s qf th tatlc cr allls Th| henfomsthe
f oundat i on%ft O'?Jhce% crpystafsrayer %ﬁ nce ?ﬁgf%%eo g ebYPAtes are still

noi stened%ﬂﬁrhﬁgtt‘bﬁrteeﬁ“the crystal layer nelts, they are advant ageously
frozen out before the static crystallises is fill ed with new, |ess pure

acrylic aghdgh él{t%é hs%‘@%nSt X %oyyggxgar 98?3}“&&%%1;?8& gnother

firmy- adheswe cr er, so't tion estatlc
crystall i §€§S('Eé|]\lb§e%¢§+tat‘§ﬂ cophdpfePUntAcaT RFeISFtine iptecastank. t hat
acrylic adh® cdasabdeaptagd il feweniohal hetatnd erysodlligatibhi es by weight is
hi gh, up tQ,2R04h <% ?fﬁr{&fﬁ?@v‘@i‘?#a%‘ﬁ@éﬂ 6n 264 d0dHCEP gfe)wadays by

oxi dati on o ropene an u i ed | on. contains ss than 5%
by wei ght % BBAAR £ SLYCRAARREAGEoUERS THE Yo SFHBEAT T Wi BHPE P

crystalli smdeoriaagdrthlearpaar tdcdrespbndingndynagdct cevstal lsisage are

addi ti onaldacavdel Ehedcfﬁseaiﬁmthvgrbem i 398weft. dmrfile

crystallis sq{; 3 s8¢ ?g,ll?s Yo raequens r‘\l’heeco%%ﬁgc rﬁe fromthe | owest
Isa puri

stage of amc crys Ionis a Tageous 8faga| nin the
sanme st agé’urlirﬁ@-nigsaﬁryl-?? TEkD 198y 3269293 H‘d‘k‘i%?é $FVes$inGRer eby t he
i npuritiesaiso,t ke kavestasd age Areadgnnentiaiel] thet orpdreilt 13Q8by wei ght.

Advant ageoggé&% t %lsg ag_ld dy, eq: %‘hYlsEg&l;éﬁfé' Qﬂeo&c_ eSigRdl taneously side
atc

by side, i wer cont ur|t es are purified in
the dynanmi contand; of ; §‘8Pr%d:l?§1e statd < Fﬁl“;s'é%“o‘a'ita(?ﬁ@g B@s ot high content of

i npuri ti eshitkerhthjpeeneunder acarsjisteaialtiont a9 arethod| 6 £ opmiiyliegi n t he
static crygt iié%rdehtﬁ fﬁaéﬁmaaa\éhegeaeﬁo&@ye%mmlw ggeously the
partial . mel t tr;omthe ;? hest st %e N E#’ \%a&al |isation s divided
into two pRPTSLIoFhE%F PeE Harfoe l?@ BUr £ e3P FUT AEHER nESRRQIARYF e stage and
t he secondspakhat envis¢adankegimgio diora.subbegdrimingeforeeef This i ncreases

the separatrpgr£ITisaitaneay ief thé ittt ot ﬁhibﬁaﬁﬂé)%olﬁi:ﬂ&e ide second part
of the partj, ﬁergﬂt}rat%dconéhge£€$l}§/t1%%r 8katng ﬁ x tr'ﬂﬂ;aPaJt

Advant ageous the ans iSumin the

crystal li sﬁf—ﬁéﬂ’i‘ﬂ%é’-ﬁr@uﬁéf Ph%tl’ccl‘rel%tpé‘raﬁieng ergsusadupratage ®f o - 15C for
about an heuspemslidihenrystalédsabidmel o ithel timapesianyr ehdéhabout -30 to

-1 S0C for aeﬁy&r 5u&£h thQHESprJ@iéuéﬁ(Jn{HPR%ﬁQ&:médti&‘ag the genstant _
tenperature_ o 'tg"éﬁ‘fs‘ﬁ ransfer nmedirumin the startlng phase can result in
a

advant ageoﬁ?lﬁr'% ESShEFPAY L1 ower content of inpurities and al so
sufficiently stable to prevent the crystal |ayers flaking off the cooling

surfaces. ihet Bemhbghasd ish@eioh fynadliproviyet ahlingabven, éey-antageously
only the cr %%Eﬁgﬂéﬁdar{raat% A xbERM $ G VDY 8YSpt AN, SaLELiL- This has

a strongly purl
acid, at east partly avoiding the initially-mentioned

disadvantages and more particularly reducing the amount of
residues to be disposed of and increasing the output of pure

acrylic acid.

According to one aspect of the invention, there is provided a method in which acrylic

acid is purified in a number of stages in crystallisation/melting cycles by a
combination of dynamic and static crystallisation, the
residue from dynamic crystallisation being further purified



effect. Advantageously acrylic acid is purified by static crystallisation
in two stages. This can increase the proportion of |rrpur|t|es in the

resi due to about 50k by weight. 22 Cct ober 2002 Advante?g’-eg P?’?‘I’&z
partial melt fromthe first stage of static crystallisation is purified in
the sane stage, and the corresponding crystallised material is additionally
purified in the second stage of a subseduent sequence. Advantageously the
dynami c crystallisation is of the falling-filmor fully flowed-through tube
type. Both nethods are particularly efficient and fast. To obtain higher

t han 99. 9$pr%34ti'=tcgvsta{1ﬁ@ma@rl§fmeéesalélpaaqrglwala\ﬁé)ﬁmag‘émgqt9dmmw. ed by dynamic
crystalli sa%wrvsah& iue\egys&mg@&ateﬁg ffaﬁttﬁe mgleewg?agbbg&g%mmws%an fidh number of
stages can be increased. Advanta eousfy No new material i’s added to at

| east one lgeidng thepuyificationguocsss igthe oot ppspraduet dtwf on. This can happen e.g.

if a rel atihyalpedtdd yf eednProdhiEitHat Hﬁﬁﬁlct&%ﬁst&%@\lhggtﬁoﬁﬁ% aiéd reduci ng

the cost o l.ant . .Advant a I the_a Ul’lfled by a
conbi nat i oén (g%]esssﬂsl%'er?&lgﬁgg?(ys(?ﬁ?%ﬁsafil' ocam atl g? aﬁ isation, the
resi due frédSusgmdicokeptysubficantilynsbabhy eIf‘{iir“t H&r tbariw‘e@lw static
crystalli sesh®dntand ipe tbeabbht NPORGYVY WetgRE) i kel Rg rafger DedvHixcrsuspensi on

CrySta'!iSé%rysta{Eﬁﬁi&@%khé&%éﬁ@%@' bb! QR DR dNep] stage of

suspensi on ation [eavin | on process in the form of
pure produCFYsShal 9rScF?IW§ 5@9&%6@%%%@ g5 the2®atisi ef erably
up to 10% ofy‘sn:pllrisexas doptwerghto i expedplkioed, t goal Seppeasing

Crystall i st o0; SapeANbaubthinth dt ¢t gkofraa@nato%@ashlaﬂe inpurities in
t he residue agﬁnfonéent r at
o)

Int | owes sta ens
crystall i s&PR SRR T I39en  CCRaRPREAY: FOSLaaly BEAV AT 364 ¢ he
resi due i scenelde sebtaimddddofpothst ms:@ue—r,yybacm wonlidwthehwise dhave
crystalli sabi B8 QUREES o Prokeseedtsw!dtded ramnePheds OUsIdpndeacrabes.

Advant ageoyslitoct 0yt N, UAABoe! KeLaldd 53 AR BLOGRO <L D hagt transter

medi um depen urit I's C rom about 5 to -5C
to about f6°Pot 2529%&ﬁ#qﬁ$1°n22r€5?%%er 2002 g_ the crystallisation phase
and. heated to about 280C during the sweating phase. This allows an
efficient control of the process. Furthernore, it is advantageous, when,
after the crystal layer forned on the cooling surfaces of the static
crystallises has nelted and after the nelt has been discharged into a tank,
the crystallises is cooled and the melt still adhering to the cooling
surfaces is crystallised out to forma stable crystal |ayer before the
crystal | i sedcrylic gcjd qopigingijerup te2¢veprefereleli up Byl 04t imprsitipsbyaveighiiy e cryst al

Layer havi f}ﬁet@ﬁbfs’«q E@%%ﬁmﬁlexa&ﬁillsﬁfoﬁ@ﬁg%a plffieddf i OériRdte Qs he cool i ng
surface. The afore-describ freezing-out of the nelt adhering to the

cool i ng sur‘f‘&é‘é“%ﬁ“ﬁ%‘a‘éfﬁﬁl B*gﬁelalpaql%eé in the feidueRrm seRcantRteg 4 the fqveestt i on

process. Ackfedf MhamR ARONIRGGHon3S RKSt 3096, the invention, there is provided an
apparatus for ‘fﬂf i fyi n acryl ic acid by fractijonal crystal | i sation,

char act er i SHFIRFaRLY| é &t tOneo%t A weddhht AN9 M589AT drkes) o ¢
crystal | i sestatdrnestystalbisatiay, ibhehichttle oresddak| isamubdiireg gnovi ded

for puri fylgng Jtéaestr %%dgeaééomﬂymmbﬁr%yéé aui lts@t reRid@d e g
characterls or |nterrre |atg stobéat n?ggyllc aC|d fractlons

and punps ath pfyuﬁel%nlf&pegn‘\?!é?ﬁ% RE S0P R BEE TR 3RS to the
crystal | i seP@? dnd weightyer The m@lﬁge@dﬂatﬂm op§péred dY tHta@tiifvent i on,

there is.prevysied asaappar ahushé Q‘hdhlél‘sltf ¥t age acdry lthenabé drétyufrieat tioonal
Crystall! oot € IAATLITLSE0 By, almlsRast NS B AllGeor Yebalddses and one

suspension ¢ connect ed | tic crystallises being
provi ded foPr‘b‘Eﬁ‘ﬁﬁfyl Ay StPﬁélﬁééYd’cfﬁpcfﬁtéﬁltsBQb’éT‘ls|"b‘r‘icF9§f’5‘FI Feath%n, the
devi ce al sousefqInedn@ft ahks poocesd,erimedhatetis¢ araapesdtianrgfithacid

fractions, 9@&1pfwmst@%trawescipgtm%%w g SheiRary! ite ngs dbhédwm the
tanks to the crl¥sta ers ari vice ver
show hat t e qualitative comp051t10n of the feed is
important, as well as the content of impurities. It has
been found that if, for example, straight-chain saturated

carboxylic acids such as acetic acid and propionic acid



The nethod and apparatus will now be described with reference to the

drawi ngs, in which: Fig. 1 shows a purification apparatus $0Gpiobet 2602
static crystallises and a dynam c crystallises; Fig. 2 shows a purification
apparatus conprising a static crystallises and a suspension crystallises;

22 Cctober 2002 -8a Fig. 3 is a flow chart of acrylic acid for purification
with a purity of above 99% during the purification process, and Fig. 4 is a
fl ow di agram of acrylic acid to be purified with a purity of about 97.8%
during the purification process. Fig.-1lgshows a purification apparatus
conprising a dynamc crystalliser K-1 and a static crystalliser K-2. Tanks

T-1to T-5 ?ﬁ?t{&{tt rg?grg{yt q;n%ggiggegcr%/ﬁl C agltgl |ch after a

crystalllsalon an ycle Fahst of rad i ALt haYFor M8 t her of
resi due R PPp&aPR¢ a‘?ofrFeIanSSB?n%\f PYeR| PFs%dl%t%t&F‘tCOfol%Pwtt%I -e tank.
The cont entis ohe tanktent- dft Dmpuri i@st d)bethéonﬂuestg stade Sof adyrimilcenpor ary

storage, . aceyStppli 1A, s SLbiableoUnl £hosb | Oho BeualoR At C

crystalli satlon of lynam, ¢ C’ogl isation In a subséquent Sequence. The
tank T-6 i StathafFeystednrsahton sass,eett Hbeb%rsrafqlé&a&EPWl’&e it$s The
acr yl i c acibgchespuripedriygtal r basymast idee nptinpdlie e tamfRibiénobhy ttwe thanks T-1

o T-5to téa%lczwsg@ééac%ersD%fﬂalmﬂ%&s%alDyswgoﬁ h&s%r ¥RLALE4 S@ton phase,
the melt flows oyt of cﬁx t f .Cr $ﬁ£ and is recycled by
punp P2 1 6 EPRBST ot GreAeRERE § ST A ieEonERRt b ARATAFYSEal | | sos K- 1
conpri ses aiemnéhn@fon th@squﬁlatéfa&@etcowdssummmnmtfh avemickling film
or a full -tuﬂwghl At Ofadg@dcpaotaicdoid B BUthinsdts@m thbBerdsiwle of tubes

are exter nal) wAULi SUWAd DY 8, el WARRLSTRBAL U1 WALGD Lemyes the hea

pr oduced du erature of> th ransf er
medi um depfe‘r’r”&i Hgaﬁheﬁﬁée SEYSERELINRT ﬁléﬁeaﬂﬁﬂnﬁﬁte%’ﬁaﬁyé'ﬁa% he
crystal | i sadtiapesprasesstm loneshencaoiard sur faaageobalimyvstatabove the

solidifi catemtaqwgeﬁt herpGkyshah ! ¢ satd Whe Orfo{lﬁaatf&, %@S%%lfeﬁeéhe conpound

to be purified., Ad Il ed descrlptlo a dynamc crystallises can be
found in USY%31 éBl‘le’Eﬁ/' K. Saxes. The static crystallises K-2 conprises a
tank with an inlet and an outlet for the feed product F. Cooling surfaces

f1 owed throsmebm B681 idd anNskskesestdEtdill hBY Stédey tath nEhg- 2 1S a

di agr am of urification apparatus. conprisin uspensi on crystal lises
< 3750 o SPEReH ey Srur TR e, A e A SR R, k. 5
conpri ses afxeas loaki hgfere |tﬂilleetstahl;lc a@rmallétlseffom ofeld egly wa tbevi ce V for

Z'GpaL ati ng hée, Qlegst plise aﬁwml&ya&mﬁsw@e t‘l'{eaﬂ%i(erl&ﬁjeﬁ & tiagyak Tﬂth

i schar ge re _pLo r r i on_{ he
stage, can eo%cgir?ll\L}Ir((ae ggﬁ g#ﬁ“&arant%rm?%ng ﬁ%tf}]ea ngQ crg&pafelhq uri’fi‘s{":atl on
process in Fhat an a@ﬁ‘été‘?‘aﬂ Steegsinl the extakir Gaﬁsbélla’s%ﬁch&‘tHeBew th two
tanks T-1 aspedaxedldependi ng on the content of inpurities in the crylic

Another advantage of the process is that acrylic acid can be
purified even if the content of impurities by weight is
high, up to about 20%. Usually, however, acrylic acid
produced nowadays by oxidation of propene and pre-purified
by distillation contains less than 5% by weight of
impurities.

Advantageously the residue in dynamic crystallisation and
the partial melt from a particular stage are additionally
purified in a respective lower stage of dynamic
crystallisation in a subsequent sequence. The partial melt
from the lowest stage of dynamic crystallisation is
advantageously purified again in the same stage. This is a



22 Cctober 2002 - 10 acid and the desired purity thereof, the device can
differ fromthe previous exanple, e.g. by being equi pped \Qizt t8herRIg or
smal | er nunber of tanks. The process The purification of acrylic acid by
the process according to the invention will now be described with reference
to the flow diagramin Fig. 3. The follow ng percentages are by weight. To
obtain purity of above 99.9% and a content of inpurities of about 40 - 50%
by weight in the residue, the acrylic acid is purified by a static and a
dynami c crystalliser in seven stages._The_ individual stages correspond to
different degrees of purity and are marked 1 to 7. Note that the stage
nunbers 1 to 7 relate not to a particul ar physical part of the

crystal | i SPRLIEUPTPERSSr JetabYotheniPRRr b Rede §baubsitest PERBRI cation by
static crystakbhsebtoated up deglaboabold0tiy steigght .1 and 2, where the

hi ghest concentrations of inpurities occur, whereas puri fi cation by dynam c
crystalli i_on occur i n_the subsequent sta es. . The figures 1, 2 and 3 at
the rear 2@%’ &agﬁgu? ¥ YRR anR ASBARLG) ST R 1 1SRG PR LM st al | i sed

mat eri al @W#\apheuisl%pmerm pudef i daei opatthepesith 2 1&eatc. The feed

product F,cdiﬂmmdbnglﬁﬁutiﬁlwraxteypuﬁfsé‘atntOttﬁe Whhfni@atl on stage

containin re._hayi L §ONRY |t|on t he, f.eed uct. In
the case %ﬁ’ﬁ'{?r :iﬁlgcg |%ﬁ gl?e safsmee('l;lproauc G NH‘%E’ a1 PEshiyFop 3’59 partly
purified, @ drOMyifiesi pratsynectied I*i&saaCEWFT-Q]yU@ﬁtéOéra@%e]{thegl i qui d
acrylic aoc;d:llé |m thd boatidkerystalilicee.a prid iof tihe-siysiqldnigsed

mat eri al % mthe fifth stage, the residue R-7 and the partial nelt S-7
are also co ected The contents of tank T-5 serves as a feed for the sixth
purification stage, together with part of the nolten crystallised materi al
C- 5 from thkivdrtfageossdyethe P&rtGrlolred t2@08m- tHd hiigheatf stiidd ot age i s

operat ed bgfLprie rd}@sfthﬁtlhsaemre iéﬂ@immeahaﬁtsxewmlpeaﬂthe PhageS- 40 not all
occur in sequence

sta exanp operate nore
frequent | Yo es@hiPeP g(’f?ff‘f’% ]aré g‘aé‘ce ?f*ur18¥’8§ SEE al%ﬁ Flé‘hkselc%‘d until a
full bat chPa®k Jtrhéh@yﬁmcstéaq%tcaﬁ 14 §é\bsl¢§§eb§e$\e%fmenedﬂ(lﬂ%1bl e 3). The
punp P-5 pwwseatslus ¢oRt eaparatinqricfi-dieneyt BE segrif crystalliser K-1 and

S 20T frfetanatichor dhcd Sld UG BIRRYE Nd LKL G Aleteives (10

1). A heat ur’n Si mul't aneous r ound e exterior of the
tubes. Al ohﬁ ‘F‘Pfésﬁdr?é-’a@éyo?uf:ﬁé tharethe rféré& PRFE- acid flows in a falling
filmor fills the entire tube. By neans of the punp P-2, the acrylic acid

flow ng Oukdéén*&ilf‘eo‘?&tﬂp%oiat&@?c C%ﬁ’%@l'l'l%%ﬁ:lg? ltllxé He&! R:UEPQIQIS%& the top

and distributed ano tran diium s then rapidly

cool ed to %e¢ %?Fbe’r’htt?ﬂ'ee "\Wls('?ﬁ H%?J‘éjrftﬂ Rpast the %f%gaé: thensbar it 5 to
20C bel ow témesitivdef pEal i on pdi‘at fof oyl bp aein.anfheshasrylic acid then

begins to epyséaltd SheOUtinal BehByLit e tdteabaﬁtdewftc; hesbgbgsey The

resul ting h dIS iLpated t ough the crys ayer,.and th heat
transfer g um?l owéngrparon ?he S out ef Rl 1 tt'Tﬁ Bt Fﬁﬂgg% medi umi s

t hen addit t6RBEFL R |l the 9 BReneERK |1‘Fﬂ§¥3@§‘l ¥n Wférﬁttahélegyst al |ayer
reaches a phabkai dait htedildsIn bHeaptapedus dryystait sheseHHavang ahe resi due

R6 i s di saBacgedohiit tle kiTids N DR BkPPcienine Siaupating phase:.

To this en er at ure eat_ trans dium’i s raised until the
crystal | aPEFVBRFt Fhe ferxstal dayREs pf bRERI (e FhpurFPRiidY SYRERFRR to the

surface and enclosed in the crystal |ayer are partly nelted or dissolved

out. The pattitgk Hﬁﬁﬁe:& GstféHeW%Q ayﬁhﬂgct@@&matﬂsael&hﬁse in the sixth

stage is cQ veyed d Lo, & nal ]']e { argatrgr:la%r th s then nelted
2¥5 't’heys VehtHh pur |ca F'on “{ :

and dlrectlyve n contrast to the
si xt h st ag®@revpepsf dkage nbs fdd it eThas has aﬁjo‘%tdopélt{hﬁu@e’iﬁéﬁﬂh
purificati effelcdge, which is therefore also called a "hal f-stage". An
addi ti onal

Advantageously acrylic acid is purified by static

crystallisation in two stages. This can increase the

proportion of impurities in the residue to about 50% by

weight.



22 Cctober 2002 - 12 crystallisation/nelting cycle follows, the residue
'R-7 and the partial melt S-7 being conveyed to tank T-5. }b@&ég&tﬂohl sed
material C7 in the formof pure product |eaves the purification circuit
and is tenmporarily stored in tank T-6 before renpval. In the fifth
purification stage the contents of tank T-4 is punped into the crystalliser
K-1, which contains any nolten crystallised material CG9 remaining fromthe
fourth stage. The contents of tank T-4 is made up of the residue R 6, the
partial nmelt S-6 and some of the crystajlised material G4 fromthe

previ ous sequence. The residue R 5 and the partial nelt S-5 fromthe fifth
stage re introduced into tank T-3. Sone of the nolten crystallised nateri al
C-5 enters the tank .-5, whereas the rest of the crystallised nmaterial C-5,
t oget her vhdvartagseusiydtee maxtialt peleofmamttheofirabhkstag® iof t he previ ous
sequence, $eivRs crysthelfeseidorist bars'fxédn AU rdnkl saﬁéogtaﬁjeﬁ}g%ndlt has been

found advaptacequa.shBadit echdiaqiush L S5ITECRAAL Lol © 1 om stages

four and frve an g t he next
hi gher st aBarifiigd %FHHCéSCQ% S@@ﬁ@eﬁfr@t#%%ﬁ&tn&gfswm .0s, so that the
si xth st agrdeat efesmpd ybehs uppldrad oirybta hei sesmenqians £ tyhef f_resh f eed
product F, %’[']l tng- 11511% '8‘%' Pul [y S ERL R0 G 6 tbe%C%?ﬁCOIQoagqﬁ the

acrylic aci purification process I's o nst ant qua
Stages 3 aﬁﬁe4pa‘F'i a§ ¥oeEEECiENF Andy Eaﬁber"é& OFtainchighey r&?@ccesm on,
i.e. in thPS.2kapptidw, héhkoactylist agddi &5 adkantsigages¥y wf:kﬁnlefd— dlyage" not

supplied wy haﬁfavaa}&rauqhsaes&@rm k¥, seRbYs I @ eb¥alRldvapd materi al
fromthe péeleouss ?1 &&I? IEtothls hal f - stage. The feed for the
third stagé P8t " t’errf € BPNehIPITS539PR Gift OF dRETPREFdues R4, R 5 and
the partial nmelts S-3, S-4, S-5 are collected together with the

crystal | i sadvERt 8§édls1y Aof hew mated iQ0t 9bead@dW o at31ehbe s@cond st age.

The resi dugdf 8, LERN IS Dl yabiee dyo3upRligadie wROK Lignlig extent of

concentration o ends

qual i tativé: End1&u%m‘f‘?]taaﬁﬁv\?éyclﬁ\’r’b%s‘ﬁqdoRrPﬁE?Eo‘fs l“Ist"i*‘:‘st Shes zsa\pmg acrylic
acid is pum fteetd pnéfmrdddingbyhstadstc ofr ybeaplamsiati on. The feed is supplied
by tank T-2, which contains the nolten crystallised material C1, the
residue R-3 fromdynamc.crystallisation and the second part of the partial
melt S-2 frstvantegsoustyathe acrdioasidds pyrified ba QOmH’H*éI%é’B%SB&nF‘ﬁ@Clé{ftﬁli‘ﬁ“éﬁhcy inthe
static cr Y%B@Lthﬁ%stdﬁlsgtld?ﬂﬂ\e%1&9%6@1@5@@n§%ﬁ sVl 5k iGh Bebi fRafek i @l nmelt S-2
into two parts. first part, which contains a_ hjigher concentration of

i mpurities Puflﬁedd?YéF?’élP spFllisatiop priiye feé“‘f‘%gﬂ@ryf‘wfc‘idr‘?e‘f“&éet‘l‘ré%@éf" first stage,

wher eas th%uﬁ)%ﬁsmctrﬁéliﬁsaﬁo% Wg%bt@lﬂséd%it&ﬁkfra-mame'H"gh%&@@ge S sugpdssigont ent s of
tank T-2 is punped into the static crystalliser K-2, where sone of the

acrylic ac|°&’S@F1V§tt°&kaalvglééhed%‘”ff?é‘ohE@Pesé%bth%lf?@‘@r° B‘I‘rﬁi’@g“% pping into the
melt. After a certain tine the noncrystallised mslt |n the form of residue
R—2|stransferredtotank T-1. The first part parti al %)yt S2is
al so suppl iAdyantegepushyactrlis acidcentainiag yp o @é&@ﬁé"ri}’iﬁ‘ tp 'iosloé‘lﬂfb‘PP‘Elﬁ‘ef tank T-2.
In the firsieight AGEpplitd® SCAEHeRBerpftallisatidn sTagk ah@plmfmaasaed,r mbhatagesi due R-1
| eaves the circuit, whereas the partial rrﬁ S-1 |stjntroduced into tank
T-1 and thd¥e AR LieY indisreriShera ORoGTRIET indPRoYES SaROTSHBRRI™ ¢ he {1 ow

di agr am ( Ficgystaflisatiohi@atfou03990 fprefehiay i @tk td 25% rby@@ighsmdahéineﬁleﬁbtlb oRé as t he
purity of tgﬁ‘e@a(gﬂéllc aci |ncrc—iﬁs fro left to “ﬁ@ (H;['Pﬁ ndl vi dual
process st& SUGETES ésé‘“‘?ﬂ%%???a R to top,
i.e. from lpessouplytdesctibedpur er product . The resi dues, the partial nmelts and
any nolten crystallised material fromthe indivi dual stages are tenporarily
stored in tanks T-1 to T-S and re-used in a subsequent sequence. The

crystalli sedivamiRbist), ilGhddjramie QystaNandt prbks the RAK transhe @bdium, mel ted to 22

Cct ober 2002 . _
depending on the purity of the melt, is cooled from about 5 to -5°C to about -10 to -25°C

during



- 14 bal ance the mass ratios and concentrations, remains in the
crystalliser K-1 and i s subjected to another crystal | i sat I%ﬁﬁl EFQ?%’?VCl e
in a next-higher stage, either alone (stage 4 and ?) or toge

tenporarily stored acrylic acid fromone or nore previous sequences. In the
static crystalliser K-2 the crystal material CG1 and G2 is transferred to
tank T-2 or T-3 after nelting. If the ea8erenentioned nmethod is used to
purify a feed product containing a higher content of inpurities, the fed

duct t k
oo oxi et CEIPREEL5PaEsBn; BRYsRRELAINATREPES LEERCPTRODRONIND ¢
aci d u5|ngt@ESﬂwp@hsngnpba9§taﬂhi§eﬂlﬂ§w§a§nc§¢I}Cﬂﬁ@ts&@@t@@%a ity

descri bed., Foueysr, waﬁﬂemgraurufu gat haeaﬁ%m;@%ulsn Bhgn, 2 a'f‘%éis% a
smal | er nunber of stages, four, can be provided. The feed product F is

|ntroducedcﬁhﬁ%a%héayaﬁkf?rgegnentﬁbﬁ EBH%é?@dsﬂﬁfBGﬁﬁ Pf Fheo st ic
sutsm(ents' orneg y@%ﬁ%iséerhgsfmeM%eahheaaeéyl tﬁeaﬁﬂedtb?ﬁlsn@e%@l crystallise
out (stage er, a certa ss is,stop

orystal o AL caasuecInfBom tHEknoEhe CFYRLOL LLASEnd S CRBngE AghdNze V.
The filtermel crysialsadherthgntoethedcandihbesoelftaces uennmwamdn&xﬁmded in

whi ch i gUPY FPRaTRy™ Ao CPar PocypErdl TRueF, BEARE, fng, cb0Bcpddusls o,

i s repeatetds uﬁilleéuwitbl ennembeitr:al Byr thhe meanshastsagblm cavsitaabl e.
The crysta dy@%%@kngmm BH@aB@HbtaBuét 89§sEah E'E?Bc‘cﬁ?\éechﬁebléurf Ynfedd | ON

process, e resi fromthi tage is Introduced into tank T-3, which
al so receHVéstﬁﬁecgeiychSHEﬁécﬁurFPPeEfﬁyesgﬁﬁpE1@?95€£PPP§§@“@Wt e

fol | owi ng @& wXxaAEPhEEe@inpUEDLS that keBlohgastyfhecachd by thelpreeess. 22
Oct ober 2002 - 15 ﬁxa |le 1: The &egg.grgguct was greV|oust purified
acrylic adtd™ohtaF n5955969$c5¥8 Foddet - ThePalryPfe acid was purified as
per the fl i.Q. . r rities in
Phe food Bragtio B shiebk orthe shafidh ABRE! irplaed b el ol burk BT 125, |
1. The pr opuliciacd by frastippalrcrystallisatéon, Qhaacueméeérbf/ atleashertevsttin cyytallisérc and static

acryl e norolr iR oAt ochReck DS BBl piheheIfE | duct

aci d0. 028ueiGenn ﬂter@idﬂﬂﬁ@ﬂ@mmldeﬁydhwmﬁ zsd)aleo@mptemd b8 rekofby Pheenot hi azi

ne0. 0300. , al product
and resi dﬁggg%&%gsé%aée%gp%ﬁé %dl(ggacgg% Z}@ p@%ﬁg r@&ﬁ% Eﬁcfr cmwg%ﬁ%vhv{s% the initial

t enper at urasrylis acid fomithe fanksdp theerrseHisersand vie vefsat he heat transfer medi um
during the sweating phase and the crystallisation phase. In the stated tine
intervals ~t the heat transfer mediumis uniformy cooled fromthe initial

t enper at urdccmgingdo g fiaakappeat ofithaipeanten, theregproyided apeapparatus for pyifying| | j ser K- 2
the heat txgmeh&dn tibﬁll'c?ys?aﬂié@t%a&ﬁﬁb't&llééd h)ﬁﬁttlea%{ ode¥tib Bythikert €NPeEr at ure
for 1 hour at the Dbeginning of the cooling ase prevent unduly rapid

crystal | i s pamsuspenpien prystalliper conmegipd ip S?rrf&dhq datte cnﬁtaﬂw@\hsmgupﬁweﬂe formation
of di sadvapf AYRANSHE réRfud FroMBRRSsionSorBtall BRI ht U&vide atsd cBMmprisif¥ tanks

for intermediate storage of acrylic acid fractions, and pumps and pipes for conveying the

,_1

acrylic acid from the tanks to the crystallisers and vice versa.

The method and apparatus will now be described with
reference to the drawings, in which:

Fig. 1 shows a purification apparatus comprising a static
crystalliser and a dynamic crystalliser;

Fig. 2 shows a purification apparatus comprising a static
crystalliser and a suspension crystalliser;



22 Cctober 2002 - 16 the end of the cooling phase the heat transfer nedium
is left at the final tenperature Te, preferably for betwe nd urs.
In order to nmelt the crystallised material, the heat tran?beécﬁe’afgﬂar;?s
heated to about 350C. The nelting phase | asts about one hour in the static
crystalliser and about 15 mnutes in the falling-filmcrystalliser. The
solidification point of the acrylic acid8at+ses from50C in stage 3 to 130C
in stage 7. The output of acrylic acid with nore than 99.9% purity is 99.5
relative to the feed product. The residue has a content of onIy 62. 8

acrylic agid, S ep Sugat 384 Yot alddsaitd o Rhasse
TSTeet [ m n TSTeSt[\r%%ntalF%g?}(;lZO 15- 30420 101200 155008 HaH0- 22519 04013( 2
00- 25505718203 22606 Vit 4 pauHGE- of1 gyel $8F T ia: th%rﬁjé?hiwetb@nheat

transfer medi um duri pgolcRgssweald ng and cr yst al li sati on phase 22 Cct ober
2002 - 17 In the dynamc crystalliser, the follow ng sequence of stages
for purification of acrylic acid have been found advant ageous: Dynam c
Static crysiteql 14 ser desysat dlllowseridagmuhactyiic Beil] th e burifiedal 5,

6, 7 run-through 6, Zutthm% ?%lﬁﬁ:y37 2 RRO%7 @M{rﬁqa%hg 91 Pl %g%%%l o

4, 5, 6, 7 ........... .. Sequence of puri tion ‘stages
2. process.

Fig. 1 shows a purification apparatus comprising a dynamic
crystalliser K-1 and a static crystalliser K-2. Tanks T-1 to
T-5 are for temporary storage of acrylic acid which, after a
crystallisation and melting cycle, is traneferred in the
form .either of residue R, partial melt S or crystallised
material C to a suitable tank. The contents of tanks T-1 to



The feed product was previously purified and contained 97.8 acrylic acid.

The acrylic acid was purified as per the flow diagramin Fj 7B602
differences fromthe nethod in Fig. 3 are as follows: ow rl?gzg??)t%tbﬁe ?hower

purity of the feed product, it was supplied to stage 5, which had
approximately the same conposition. The difference in starting
concentration resulted in different mass ratios, so that stage 4 could be
operated as a full stage, i.e. an additional tank T-4 was used for the
fourth stage, in contrast to the first gxanple. The proportions by weight
of inpurities in the feed product, the purified product and the residue are
shown in T Oct ober, 2002 -

bl e 22 is Feed product ($] .Product [9$]
Resi due[ %%TA%T ﬁth@raéfﬂg‘?’.:aﬁ‘bwr?@?wf-“f?\cﬁ‘t‘?%hafg d8. 258 %‘f 14Pr opi oni ¢
aci d0. 0210p@0E0 GBDione 50236 . O iR tdgACE ¥Ry db DS 0280, 0000yBaWiAt er 1. 20. 01726.
14Phenot hi az{ e 103At30801 864 adiliss dhuep®MBeghéheN OfrHeh @ ahReflPg oG,
t hefi nal prgdg%r q_Padehhenr esl guesthet | NI ti gl .t(grr%)er t.ures.&'z and the final
t enper at ur S o Y¥h &Pfe At ?Jra%sfehr Gt iAT AU T théCiteat | ng phase and
the crystallisation phase, and the individual tine intervals G during
whi CE tpe haat adfynsd elcidedi Uphiybed 033,0|aﬁi'eﬁbéﬁti¢1@ phuipt iﬁab tenpey atulre Ts
to the fin e r enle, S ti i { hose i n, Exanple 1.
In the dyng%lo{g tg:ﬂ?%st?%\q{si 'srer? t?h”g#gtﬁ o%enérgggggln%gee%f %s?agréééqf?r(' purifying
acrylic acP4ThR? ethe FFyskatahsabtoRiPhasenathe BeLE i Tlausy ephl ¢f ste
crystal |l i seotBegiofhicuys3aldiséyr Krl 7ard i, récycYed dby pump, P62 florun-t hrough
5, 6, 7 ti e fopof Gbhe’ c2yBRRIPXse8 hours 5, 6, 7 Beginning 3, 4, 5 6, 7
............. 1 I'1'ab| e 5. Sequence of purification stages 22 Cct ober 2002

The dynamic crystalliser K-1 comprises a bunch of tubes in a
jacket and supplied with a trickling film or a full-tube
flow of feed product F for purification. The bunch of tubes
are externally surrounded by a heat transfer medium which
removes the heat produced during crystallisation. The
temperature of the heat transfer medium, depending on “the
purification stage and the phase of the crystallisation
process, lies in a certain range below or above the
solidification point (the crystallisation or melting phase)
of the compound to be purified. A detailed description of a

dynamic crystalliser can be found in US-3 621 664 by K.
Saxer.

The static crystalliser K-2 comprises a tank with an inlet
and an outlet for the feed product F. Cooling surfaces
flowed through by a heat transfer medium dip into the tank.

Fig. 2 is a diagram of a purification apparatus comprising a
suspension crystalliser K-3 and a static crystalliser K-2.
The suspension crystalliser K-3 comprises a tank having an
inlet and an outlet, followed by a device V for separating
the crystals. The crystals are transferred to tank T-4 or
discharged as a pure product, and the mother liquor,
depending on the stage, can be conveyed either to tank T-2
or T-3. As in the purification process in Fig. 1, the static
crystalliser K-2 can be associated with two tanks T-1 and T-

2. Depending on the content of impurities in the crylic



19 CLAI MS1 A nmethod of purifying acrylic acid by fractional
crystallisation, characterised in that acrylic acid is pu 22f(5& bb2gb2nunber
of stages in crystal lisation/nelting cycles by a conbination of dynam c and
static crystallisation, the residue fromdynam c crystallisation being
further purified by static crystallisation and the resulting acrylic acid
being returned to dynamc crystallisation, the crystallised material from
t he hi ghest stage of dynamic crystallisation |eaving the purification
process in the formof pure product. 2 fi nmethod according to claiml,
characterised in that acrylic acid contal ning up to 20% preferably up to

10% by wei ght of ur| ies i,s_su dto_a CCI’ stal.ljsation stage
and the ac f‘?c S5diE |88r rSPffm% gné{ aflcffﬁém c

crystalli séromthlee |9m1|qq5e§x|anp%ﬁe Grebu Hebairgy mueem@mlerdl ian t he | owest
stage of dyaaget &f yslallldrs alunbertof abaiks . 300, preferably 10%to 25s, the
residue serving as a feed for static crystallisation, in which the resi due
is purified in at | east one stage, whereby the inpurities in the residue

| eaving the purification process can be concentrated to about 500 by

wei ght, andhehprecgssal |i sed material obtained fromthe highest stage of
static crystallisation is returned to dynamc crystallisation. 3. A nethod
according to claim1l or 2, characterised in that the residue in dynamc
crystal | i sdtiCoRUEAELIERELIYNRT ACTHRAEE 2FHNRY GG ePredesge agrer & to

addi ti onal |thepinvéntiton rwill gwsr bet dgecoibedl wahh crefierenakl teatheon in a

subsequent ﬁW@QQSraﬁnﬂntﬂ“ﬁ;P@f“ @hen?éildcvfﬁ@ {:Q@cérﬁ:‘&%@% §£é1§1?y of dynamic
crystallisat is.re- 2002 - 20

oY et hodefsr orhcobbhin Sfieh oEaBeVE B 38Chg £ cortell s “hat ¢ ho
static and demteeér &t alreuts AQ on S8&chy wa gty Apethssinesddde, byheside. 5. A
net hod accaidhylgct acaayisfpetafigs byt @ dtatianaat #rdyeshicn that the partial
b O R lta198k: S8 A0S Lo AL, OhNE ! AldLIARAOTL I v D0q O LU0

parts, the g ower ta e and the second
part in thec%%Fr%P?PQgé% f%{ﬁféte(ﬁﬁgﬁﬁe%%éﬁ’éét%an%% H‘GH kadcbrding to
any of claive 7. Note, tbhhar tbé estayd nunbehatl ito Theekdtad inotceygsaal | i sati on,

the heat trﬁ&é&fafumﬂbmwaihﬁaﬁ%%u éﬁ}éml@@éﬁ bt e8f hnat the
starting te ture or about hour and then cooled to the

final tenpe? T’iﬁ O5¥ l%ﬁgﬁopri%?fsr e NGBGE - 5 to 6 hours. 7. A method

according to any of clains 1 to 6, characterised in that in the highest

st age of dy@@mfcl@emi%tnalb 8@kt 98, c t')éltlli'.§a€:[d’r§tl%| bts ﬂr%tb%hitahnfromthe
preV| ous stage is .us

or n i s to 7,
char act eri s8a29%° t%aﬁndt Ke gﬁ? Flg\ eggpﬁ‘?“ né:ﬁagi‘/o%? ta
crystal | i satPRaritiesuecsiiageynenean mﬁeeaamm ﬁ‘gn?@l‘él al m 8,
char act eri sedystalhiadatifte pacural ineide fsubBrifhentf istatest age ifsgpyesfied in

the first Srl?gf Qxfxdas sa@%:%%“?@%rsgm%h@ngegme R, the partial

melt S and the crystallised material C from the respective

purification stages 1, 2, 3 etc. The feed product F,
depending on its purity, is sent to a purification stage
containing a mixture having a similar composition to the
feed product.

In the case of purification of a feed product which has
already been partly purified, e.g. by distillation, and has
a purity of over 99%, the liquid acrylic acid F is fed to
tank T-5, where a part of thé crystallised material C-5 from
the fifth stage, the residue R-7 and the partial melt S-7
are also collected. The contents of tank T-5 serves as a
feed for the sixth purification stage, together with part of
the molten crystallised material C-5 from the fifth stage,



22 Cctober 2002 - 21 corresponding crystallised material is purified in
t he second stage thereof. 10. A nethod according to any 0226(?@&)?& r 30d20 9.
characterised in that the dynamc crystallisation is of the falling-filmor
fully flowed-through tube type. 11. A method according to claim 10,
characterised in that in order to obtain purity above 99.9 k the acrylic
acid is purified by dynamc crystallisation in five stages. 12. A nethod
according to any of clainms 7 to 11, characteri sed in that no new materi al
is added in at |east one additional f\ge of dynam c crystallisation, i.e.
the stage is operated as a hal f-stage. 13" A nethod of purifyi ng acrylic
acid by fractional crystallisation, characterised in that acrylic acid is
purified BV & fonpthattage dF 9935@%%4 deforgsthe| fithli.onNake Shatic

crystal | i siaf itiis examplerhitie @tagésgss ridt @anysbathr Siat isdyuemkki; ng cycl es,

the resi dug JqamssusPeng AN £ty skl 1&%@2@?&9& Tdd Sreltehbh 6 LY

static crystd i sation and t resul ting I C_acl eing returned to
suspensi on€Fy SE° PSEY 1M 2 AR 2EFYRI LR YSSse 8 - Fat 7 i BADK rTorrt NBtALghest

st age of saispersibatchr fst dild sighbnic | @arstag liker phias fhexat iotajhedess in the
formof pupgaprodyct. 14. A nethod according to claim 13, characterised in
that acrylic acid containing up to 20% preferably up to about 10% by wei ght
of inmpurities is supplied to a suspension crystallisation stage and the
acrylic acTueipunpiP-bi pdwps tee contente oft dged, Ttheto nhe ittape®fin t he

resi due arerfmrﬂsre@t £d1i ind haet awﬂl@t&gei ak eHSPeRARiPn crystallisation
22 Cct ober ta ab ut .30% er abl 0 to, 25%, the residue
serving asdaﬁs relet()f“-fe(%lr c}‘ecrlflls Ly i sgtti"‘(;ﬁ)n J, (hﬁhl cﬁ thpé hed&idue i s
purified i ﬁra'tlswageden@ §wgleta\m@rdéby fhews rﬁ?@ﬂpﬁll the j exteriqresifdue

| eavi ng theheutmﬁwawwagptmeﬁﬁsl@anobetle@rlﬁmusr atRd &serybititadi@fo by wei ght

and the or ysbatl Lo st ehafs APl ned 1O (e 0LobesL. Stapalpstatic

crystallisation 1s returne nam c crys i'sat i on.
according P& ER§ BHRRPafmsthet %rﬂélccﬁ‘é%%cfﬁwlé’@dqﬁ 2hathe PAHE™ynani ¢
crystal | i saffi bhepexyasd liker hicalt itsr arshenedreih ume depeaoking on the purity

of the nel Blsh§18\9€%£%ﬁ>h@”}:ﬁ@%ﬁbe’§ t@hé5ﬂ&t§ Q:xaal?i%lﬂer #Eai @y -290C during
the cryst alth' sation

t h at
phase. Ao ROUH E5PAENGL & ATPPBF Ehat i o FBeRtiny o ifSed | n
t hat af t er stthgeer gan die |abput b ornEPOGnbehewcted ised iddfigebionfpeidnt static

crystalliseye B@&ymt&qdandhaf L&Fylihe aerht tn&s %@e_ﬁhsdltsceayg@&lum@ a tank,
aaner | to t

LD SrUSteyseSt, 4515085, 20 L0 J i Ehi Lol 8 LRl EsgRel O,
crystal | i séveaits ifj digsinated fhrevglbdiheh crystal layer and the heat
transfer medium flowing along the outer walls. The heat
transfer medium is then additionally cooled, slowly and
continuously. When the crystal layer reaches a certain
thickness, the pump T-2 is.switched off and the residue R-6
is discharged into the tank T-4.

The next step is the "sweating phase". To this end the
temperature of the heat transfer medium is raised until the
crystal layer partly melts. In the process the impurities
adhering to the surface and enclosed in the crystal layer
are partly melted or dissolved out. The partial melt S-6
formed during the sweating phase in the sixth stage is
conveyed to the tank T-4. The crystal material C-6 is then
melted and directly fed to the seventh purification stage.
In contrast to the sixth stage, therefore, no new material
is added to the seventh purification stage, which is
therefore also called a "half-stage". An additional



17. Apparatus for purifying acrylic acid by fractional crystallisation,
characterised by at |east one static crystalliser and one fy§afrer 2002
crystalliser connected in series, the static crystalliser belng provided
for purifying the residue fromdynamc crystallisation, and al so
characterised by tanks for internedi ate storage of 22 Cctober 2002 - 23
acrylic acid fractions, and punps and pi pes for conveying the acrylic acid
fromthe tanks to the crystallisers and vice versa. 18. Apparatus according
to claim17, characterised in that a stajic crystalliser, a dynamc

crystalliser of the faIIing filmor fully flowed- through tube type and five
or six tanks for nterne storage of .acryligc acid vi ded. 1g.

Appar at us FSVSBﬁJrJrﬁﬁrrfé’ éf?llﬁga%\' % °f1i8 %f o2 T&S Slf*) a‘?’?cg
characteri $bg bgrhial qedit §né behmq(Fqnvfyﬁdltpsbankuﬂi5on§hsuspen3|on
crystal | i seryseanecied nia:te&%'ues 71the t&ieatfbem%fsxb@lé ipredueei NgawsPVi ded
for purifyilnd bhes Feshidis, LhamLeHsRENSION SEYFhALLY A shne,devi ce al so
conprising tan tor T Rt er me orage of acry CEEY HRakRT i'ons, and

punps and ﬂ’ﬁe?ef6F90€ﬂﬁR§ﬂ ng.the acrylic acid fromthe tanks to the
crystallisers and vice versa. 20. Apparatus according to claim 19,
charact erl 6 chd EIREn @GR SLEld SHe BnRUSPETS Uk HShald | ser and
at least four tan I ntermnme |ate S of “a %P acli d are provi ded.
. A AhE. Al . RUEBRIALptarDe LnysAgldd 2pr A %Ff”hAFhAWn ing gnyaBoiten(2 A A
. A2. A, UAB) *lIsrladl i pkd avaNlexd]adaCed] cenaialiog) cxpmatba] t@jmd] s&hgal ca) cal caj ¢
al ca] ca] calual caheaheal salGahcalqa) sahedalup-dld eakl fF&dihe R-6, the
partial melt S-6 and some of the crystallised material C-4
from the previous sequence.

The residue R-5 and the partial melt S-5 from the fifth
stage re introduced into tank T-3. Some of the molten
crystallised material C-5 enters the tank -5, whereas the
rest of the crystallised material C-5, together with fresh
product F and the contents of tank T-5 in the previous

sequence, serves as the feed for the sixth purification
stage.

It has been found advantageous to divide the crystallised
material C-4, C-5 from stages four and five and introduce
part of it into the tank supplying the next higher stage.
This balances the concentrations and mass ratios, so that
the sixth stage can always be supplied with the same
quantity of fresh feed product F, which is a help in
automating the process. In addition, the acrylic acid
leaving the purification process is of constant quality.

Stages 3 and 4, likes stages 6 and 7 are operated directly
in succession, i.e. in this example the fourth stage is,
like stage 7, a "half-stage”" not supplied with new material.
Accordingly, only the crystallised material from the
previous stage is supplied to this half-stage. The feed for
the third stage is the contents of tank T-3, in which the
residues R-4, R-5 and the partial melts S-3, S-4, S-5 are
collected together with the crystallised material C-2 from
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supplied to tank T-1, whereas the second part is supplied to

tank T-2.

In the figst stage, the contents of tank T-1 is processed.
The residue R-1 leaves the circuit, whereas the partial melt
$-1 is introduced into tank T-1 and the crystallised
material into tank T-2.

As shown in the flow diagram (Fig. 3), the flow of material
is in opposite directions, the purity of the acrylic acid
increasing from left to right. The individual process stages
are run through in a sequence always from bottom to top,

i.e. from less pure to purer product. The residues, the
partial melts and any molten crystallised material from the
individual stages are temporarily stored in tanks T-1 to T-5
and re-used in a subsequent sequence. The crystallised
material C-3 to C-6, except for a part which is melted to
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balance the mass ratios and concentrations,
crystalliser K-1 and is subjected to another
crystallisation/melting cycle in a next-higher stage, either

alone (stage 4 and 7) or together with temporarily stored
acrylic acid from one or more previous sequences.

remains in the

In the
static crystalliser K-~2 the crystal material C-1 and C-2 is

transferred to tank T-2 or T-3 after melting.

If the aforementioned method is used to purify a feed

product containing a higher content of impurities, the fed
product is introduced into a tank having a composition
corresponding approximately to that of the feed product.

The method of purifying acrylic acid using a suspension
crystalliser is basically the same as previously described.
However, when the purification device in Fig. 2 is used, a

smaller number of stages, e.g. four, can be provided. The
feed product F is introduced into the tank T-3 and then

conveyed by pump P-3 to the suspension crystalliser K-3,

where the acrylic acid begins to crystallise out (stage 3).

After a certain time, the process is stopped and the

crystals are separated from the mother liquor in the

separating device V. The filtered crystals are then melted

and the melt is temporarily stored in tank T-4. The mother

liquor i's introduced into tank T-2, the contents of which is
purified by the static crystalliser, e.g. in two stages.
Stage 3 is repeated until sufficient material for the fourth

stage is available. The crystal material from the fourth

stage can then leave the purification process, and the

residue from this stage is introduced into tank T-3, which
also receives

the acrylic acid purified by static crystallisation.

The following are examples of purification of acrylic acid
by the process.
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Example 1:

The feed product was previously-purified acrylic acid
containing 99,67% of product. The acrylic acid was purified
as per the flow diagram in Fig. 3. The proportions by
weight of impurities in the feed product, the purified
product and the residue are shown in Table 1. The
proportion of impurities at the interface between dynamic
and static crystallisation was about 12 to 15%.

—— e —— — — o ———— ————— ———— ——— ——— o ——————————— ——— — g ——— —

Feed product [$] Product (%]

Residue[%]

Acrylic acid 99.628 99,938 62.79
Acetic acid 0.223 0.038 22.21
Propionic acid 0.028 0.006 2.64
Dimer 0.009 0.001 0.96
Aldehydes 0.025 0.000 3.00
Water 0.057 0.017 4.81
Phenothiazine 0.030 0.000 3.59

Table 1: Composition of the feed product, the final
product and residue

Table 2 shows the initial temperature Ts and the final
temperature Te of the heat transfer medium during the

sweating phase and the crystallisation phase. In the stated

time intervals At the heat transfer medium is uniformly

cooled from the initial temperature Tg to the final

temperature To. In the static crystalliser K-2 the heat

transfer medium is advantageously left at the initial

temperature for 1 hour at the beginning of the cooling

phase, to prevent unduly rapid crystallisation. This is
particularly important in preventing the formation of

disadvantageous crystal shapes, e.g. dendritic crystals. At
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the end of the cooling phase the heat transfer medium is
left at the final temperature Tg, preferably for between 2

and 3 hours. In order to melt the crystallised material, the

heat transfer medium is heated to about 35°C. The melting
phaée lasts about one hour in the static crystalliser and
about 15 minutes in the falling-film crystalliser. The
solidification point of the acrylic acid rises from 5°C in
stage 3 to 13°C in stage 7. The output of acrylic acid with
more than 99.9% purity is 99.5% relative to the feed

product. The residue has a content of only 62.8% acrylic
acid.

Ts Te At (min-1] Tg Te At(min-
1}
1 0 10 120 -15 -30 420
2 0 10 120 0 -15 360
3 -5 5 20 ~5 -25 70
4 0 13 .20 0 -25 50
5 7 18 20 3 -22 60
6 12 15 20 4 -20 50
7 15 16 15 5 -10 25
Table 2:

Temperature of heat transfer medium during
the sweating and crystallisation phase
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In the dynamic crystalliser, the following sequence of

stages for purification of acrylic acid have been found

advantageous:
Dynamic Static
crystalliser crystalliser
Beginning 3, 4, 5, 6, 1
6, 1 1 Total
5, 6, 7 run-through
6, 7 time: '
5, 6, 7 2 Approx. 21
hours
6, 1
Beginning 3, 4, 5, 6, 1
............. 1
Table 3:

Sequence of purification stages

Example 2:

The feed product was previously purified and contained 97.8%
acrylic ‘acid. The acrylic acid was purified as per the flow
diagram in Fig. 4. The differences from the method in Fig. 3
are as follows: owing to the lower purity of the feed

product, it was supplied to stage 5, which had approximately
the same composition. The difference in starting
concentration resulted in different mass ratios,

stage 4 could be operated as a full stage,

so that

i.e. an
additional tank T-4 was used for the fourth stage, in

contrast to the first example. The proportions by weight of
impurities in the feed product,

residue are shown in Table 1.

the purified product and the
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Feed product [%] Product [%] Residue(%]

Acrylic acid 97.771 >99,933 52.2
Acetic acid 0.250 0.018 5.14
Propionic acid 0.021 0.005 0.36
Dimer 0.7 0.027 14.88
Aldehydes 0.028 0.000 0.62
Water 1.2 0.017 26.14
Phenothiazine 0.03 0.000 0.66

Table 4: Composition of the feed product, the final
product and the residue

The initial temperatures Tg and the final temperatures Tg of
the heat transfer medium during the sweating phase and the
crystallisation phase, and the individual time intervals At
during which the heat transfer medium was cooled from the
initial temperature Tg to the final temperature Tg,

substantially agree with those in Example 1.

In the dynamic
crystalliser,

the following sequence of stages for purifying
acrylic acid were found advantageous:

Dynamic Static
crystalliser crystalliser
Beginning 3, 4, 5, 6, 1
5, 6, 1 1 Total
4, 5, 6, 1 run-through
5, 6, 7 time:
4, 5, 6, 7 2 Approx. 28
hours
5, 6, 1
Beginning 3, 4, 5, 6, 1
............. 1

Table 5: Sequence of purification stages

o
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dynanic crystallisation being further purified by

static crystallisation and the resulting acrylic acid

being returned to dynamic crystallisation, the crystallised material from the highest stage of

dynamic crystallisation leaving the purification process in the form of pure product.

2. A method according to claim 1, characterised in that
acrylic acid containing up to 20%, preferably up to 10%
by weight of impurities is supplied to a dynamic
crystallisation stage and the acrylic acid is purified
in two or more stages in a dynamic crystalliser, the
impurities in the residue are concentrated in the
lowest stage of dynamic crystallisation to about 30%,
preferably 10% to 25%, the residue serving as a feed
for static crystallisation, in which the residue is
purified in at least one stage, whereby the inpurities
in the residue leaving the purification process can be
concentrated to about 50% by weight, and the
crystallised material obtained from the highest stage
of static crystallisation is returned to dynamic

crystallisation.

3. A method according to claim 1 or 2, characterised in
that the residue in dynamic crystallisation and the
partial melt from a given stage are each additionally
purified in a lower stage of dynamic crystallisation in
a subsequent sequence, and the partial melt from the
lowest stage of dynamic crystallisation is re-purified
in the same stage.
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4. A method according to any of claims 1 to 3,
characterised in that the static and dynamic
crystallisation occur simultaneously side by side.

5. A method according to any of claims 1 to 4,
characterised in that the partial melt from the highest
stage of static crystallisation is divided into two
parts, the first part being purified in the next lower

stage and the second part in the same stage of a
subsequent sequence.

6. A method according to any of claims 1 to 5,
characterised in that in the static crystallisation,
the heat transfer medium in the crystallisation phase
is left at the starting temperature of 0 to -15°C
for about 1 hour and then cooled to the final
temperature of -30 to -15°C for about 5 to 6
hours.

7. A method according to any of claims 1 to 6,
characterised in that in the highest stage of dynamic
crystallisation, only the crystallised material from
the previous stage is used.

8. A method according to any of claims 1 to 7,
characterised in that the acrylic acid is purified by
static crystallisation in two stages.

9.

A method according to claim 8, characterised in that
the partial melt from the first stage is purified in

the first stage of a subsequent sequence and the



10.

11.

12.

13.

14.
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corresponding crystallised material is purified in the
second stage thereof.

A method according to any of claims 1 to 9,

characterised in that the dynamic crystallisation is of
the falling-film or fully flowed-through tube type.

A method according to claim 10, characterised in that

in order to obtain purity above 99.9%, the acrylic acid
is purified by dynamic crystallisation in five stages.

A method according to any of claims 7 to 11,
characterised in that no new material is added in at

least one additional stage of dynamic crystallisation,
i.e. the stage is operated as a half-stage.

A method of purifying acrylic acid by fractional
crystallisation, characterised in that acrylic acid is
purified by a combination of suspension crystallisation
and static crystallisation in a number of stages in crystallisation/melting cycles, the
residue from suspension crystallisation being further
purified by static crystallisation and the resulting
acrylic acid being returned to suspension

crystallisation, the crystallised material from the highest stage of suspension crystallisation
leaving the purification process in the form of pure product.

A method according to claim 13, characterised in that

acrylic acid containing up to 20%, preferably up to
about 10% by weight of impurities is supplied to a
suspension crystallisation stage and the acrylic acid
is purified in one or more stages, the impurities in the residue are concentrated in

the lowest stage of suspension crystallisation
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by weight and the crystallised material obtained from
the highest stage of static crystallisation is returned

to dynamic crystallisation.

15. A method according to any of claims 1 to 14,
characterised in that in the dynamic crystallisation
process the heat transfer medium, depending on the
purity of the melt, is cooled from about 5 to -5°C to

about -10 to -25°C during the crystallisation phase and
heated to about 189C during the sweating phase.

l6. A method according to any of claims 1 to 15,
characterised in that after the crystal layer formed on
the cooling surfaces of the static crystalliser has
melted and after the melt has been discharged into a
tank, the crystalliser is cooled and the melt still
adhering to the cooling surfaces is crystallised out to

form a stable crystal layer before the crystalliser is
fikled with a new batch.

17. Apparatus for purifying acrylic acid by fractional

crystallisation, characterised by at least one static
crystalliser and one dynamic crystalliser connected 1in
series, the static crystalliser being provided for
purifying the residue from dynamic crystallisation, and
also characterised by tanks for intermediate storage of
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acrylic acid fractions, and pumps and pipes for
conveying the acrylic acid from the tanks to the
crystallisers and vice versa.

18. Apparatus according to claim 17, characterised in that a static crystalliser, a

dynamic crystalliser of the falling-film or fully flowed-through tube type and five

or six tanks for intermediate storage of acrylic acid are provided.

19. Apparatus for purifying acrylic acid by fractional
crystallisation, characterised by at least one static
crystalliser and one suspension crystalliser connected
in series, the static crystalliser being provided for
purifying the residue from suspension crystallisation,
the device also comprising tanks for intermediate
storage of acrylic acid fractions, and pumps and pipes

for conveying the acrylic acid from the tanks to the
crystallisers and vice versa.

20. Apparatus according to claim 19, characterised in that a static crystalliser, a

suspension crystalliser and at least four tanks for intermediate storage of acrylic
acid are provided.



