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present invention relates to a process for purifying crude 5 acrylic acid
by crystallization. Acrylic acid, whether as acid or in the formof its
salts or esters, is particularly inportant for preparing polyners for a
very wi de range of application areas, for exanple adhesives, 10
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acrylic acid from the product gas stream (cf. for example
EP-A 297 445 and DE-C-21 36 396).
25
Removal of the absorbent (following, if necessary, prior
desorption of impurities having a low absorbent solubility, by
stripping, for example with air) by extractive and/or
distillative methods of separation (e.g. removal of the aqueous
30 absorbent by distillation, azeotropic distillation or extractive
separation of the acid from the aqueous solution and subsequent
distillative removal of the extractant) and/or following
application of other separating steps frequently yields an
acrylic acid which is herein referred to as a crude acrylic acid.
35
This crude acrylic acid is not a pure product. On the contrary,
it comprises a spectrum of different impurities typical of
production by oxidative gas phase catalysis. These impurities are
in particular acetic acid, propionic acid, water and low
40 molecular weight aldehydes such as acrolein, methacrolein,
propionaldehyde, n-butyraldehyde, benzaldehyde, furfurals and
crotonaldehyde.

Crude acrylic acid further typically comprises polymerization
45 inhibitors. These are added in the course of the separation

processes employed for producing crude acrylic acid for the

purposes of suppressing any free-radical polymerization of the
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crot onal dehyde. Crude acrylic acid further typically conprises

pol yneri zation 45 inhibitors. These are added in the course of the
separation processes enployed for produ&ing crude acrylic acid for the

pur poses of suppressing any free-radical® polynerization of the
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1, 4-Di benzot hiazine is a colorless substance with a nelting point of

180[err]C gat 1 bar), which is obtainable by heating di phenylamne with
sul fur. 1,4-Di benzothiazine is typically used as sole 15 acrylic acid
process stabilizer or in combination w th other possible acrylic acid
process stabilizers, for exanple hydroqdinone, whi ch is why

1, 4-di benzot hiazine is a characterigti opstituent of the crude acrylic
acid relevant herein. 20 Further i ra onconm tants of
condensedypghase acrylic acid are the~acgylT™~acid oligoners formed by

M chael addition of acrylic acid to itself and to the resulting acrylic
acid dinmer. Wiereas these M chael adducts are normally hardly present in 25
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20
Further undesirable concomitants of condensed-phase acrylic acid
are the acrylic acid oligomers formed by Michael addition of
acrylic acid to itself and to the resulting acrylic acid dimer.
Whereas these Michael adducts are normally hardly present in
25 freshly produced crude acrylic acid (their weight proportion
being typically < 0.01% by weight), they form therein on prolonged
standing. Statistically, merely the formation of diacrylic acid

30 9] CH3 O
I |

CH; =CH— C—0—C—C— OH

35 is important, whereas the formation of higher acrylic acid
oligomers (trimers, tetramers, etc.) is essentially negligible.

In fact, even the formation of diacrylic acid is a slow process.
A 2> 99.5% by weight pure acrylic acid left to stand at 25°C and
40 1 bar will generate about 150 weight ppm of diacrylic acid per
day, based on acrylic acid. The total amount of any other
cocomponents present in the crude acrylic acid is generally not
more than 10% by weight, based on the weight of the crude acrylic

acid.
45
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coconponents present I1n the crude acrylic acid is generally not nore than

10% by wei ght, based on the weight of the crude acrylic acid. 45

0050/ 47053 3 Crude acrylic acid for the_purposes of this invention is
there- fore an acrylic acid conprising,3if its acrylic acid oligonerf[err])
(M chael addt¥4ds agarlentagid fgRokkel Pposes of thigy ipvemtion dgpyhekaght of
acrylic aci dfoferan] agfylic %diy wempiisiofy,adcétits acrgli¢aagid o3igomésidy

wei ght of propiehiel aadtctd eidohtebt is Y%ghyrwegj ght of water, [err] 5 %
by wei ght of | ow nol ecul ar wei ght 10 al dehydes, and
[err] 0.8Q % by wei of 1,4-dih othiazine, that is, the weight %ages
are based gn t he meigﬁb of %H@'%Fﬁgg%l 5%%?@?8 %%V% mnus its acrylic acid
ol i gomer content. €%art F XY Ferght cptifeetdfypFtdmci d shal | herein be
under st ood as neani n§ &n ack Wy ¥edght ebmnorirags @#didsis acrylic acid

ol i gonmer content is £grored} B0 Wedght 80 wate¥,by wei ght of acrylic acid,
[err] 15 % by weights of @ce} iveigttdos [R5 Inolécula?odaignei ght of
propionicigcid, [err] 5 %1 h%'g’hta f water, 25 [err] 5 %
by wei ght of |ow nolgc 3h ¥el ‘}eiatl‘gehiges&_%rig Lgortrdi Zq.ngg % by wei ght of
1, 4- di benzot hi azi ne.=Accordin erm™crude acrylic acid" as used
herein will 30 al so enconpass an acrylic acid conprising, if its acrylic
acid oligoner content is ignored, [err] 90 % by wei ght of acrylic acid,
[err] 5 thay wei ghe wéidinetiagesCark bdsed on the wettlhit of the &rdde Wei ght
of propi onsCa@fytic acid minus its acrylic acid oligomer content.

More particularly, crude acrylic acid shall herein be understood
as meaning an acrylic acid comprising, if its acrylic acid
oligomer content is ignored,

20
> 80 % by weight of acrylic acid,
< 15 % by weight of acetic acid,
< 5 % by weight of propionic acid,
< 5 % by weight of water,
25 < 5 % by weight of low molecular weight
aldehydes and
> 0.80 % by weight of 1,4-dibenzothiazine.

Accordingly, the term ”“crude acrylic acid” as used herein will
30 also encompass an acrylic acid comprising, if its acrylic acid
oligomer content is ignored,

O
o

by weight of acrylic acid,

by weight of acetic acid,

by weight of propionic acid,

by weight of water,

by weight of low molecular weight
aldehydes and

0.80 % by weight of 1,4-dibenzothiazine.

35
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1) Acrylic acid oligomers are herein always to be understood as meaning
the corresponding Michael adducts and not acrylic acid oligomers
formed by free-radical polymerization, since the formation of the lat-

ter is essentially suppressed by the presence of polymerization inhib-
itors. '

45
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[err] 2 % by wei ght of water, [err] 2 % by wei ght of | ow nol ecul ar
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The aforementioned disadvantages normally even apply when the

20 crude acrylic acid is used directly as a source of acrylic acid
in polymerizations.

It is therefore incumbent upon acrylic acid producers to remove

the impurities present in crude acrylic acid as far as possible.
25

Two grades of purity are typically commercially available:

- pure acrylic acid, having a purity of at least 99% by weight,
based on the sum of all constituents, frequently even > 99.5%
30 by weight;

- esterification-grade acrylic acid, having a purity of at
least 98% by weight, based on the sum of all constituents,
frequently even > 99% by weight.

35

Pure acrylic acid is used in particular for making super-

absorbents (= materials for absorbing water which are based on

polyacrylic acid and salts ihereof) and in this respect is
subject in particular to the requirement of ideally not

40 comprising any diacrylic acid or any 1,4-dibenzothiazine, since
these two compounds are undesirable either in superabsorbent-
making (1,4-dibenzothiazine in particular interferes greatly with
the making of superabsorbents owing to its extremely inhibiting
effect on free-radical polymerizations) or in superabsorbent use

45 (superabsorbents are used in particular in the hygiene sector

(e.g. baby’s diapers); the presence of uncopolymerized diacrylic

acid (which polymerizes to a less marked extent than acrylic
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- pure acrylic acid, having a purity of at |east 99% by wei ght, based on

the sumof all constituents, frequently even [err] 99.5% 30 by wei ght;

- esterification-grade acrylic acid, having a purity of at |east 98% by
wei ght, based on the sumof all constitOents, frequently even > 99% by
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20 Table 11.1., the melting point of pure acrylic acid is 13°C at

1 bar; the presence of foreign components further lowers the
crystallization temperature) and low temperatures additionally
inhibit both the Michael addition and the free-radical
polymerization of acrylic acid.

25
However, the disadvantage of purifying crude acrylic acid by
crystallization is the low solubility of 1,4-dibenzothiazine in
acrylic acid, which is about 1.5% by weight at 25°C and only about
0.9% by weight at 15°C, based on the solution of acrylic acid and

30 1,4-dibenzothiazine. The presence of acetic acid and/or propionic
acid in acrylic acid has hardly any effect on these solubility
values, whereas the presence of water further reduces the
solubility of 1,4-dibenzothiazine. This has essentially the
following consequences:

35
On cooling a crude acrylic acid whose 1,4-dibenzothiazine content
is above the level of the eutectic mixture with acrylic acid, the
1,4-dibenzothiazine will precipitate first, not the acrylic acid.
In other words, pure acrylic acid cannot be separated off.

40 Cooling a crude acrylic acid whose 1,4-dibenzothiazine content is
below the level of the eutectic mixture with acrylic acid will,
it is true, first bring down pure acrylic acid, which can be
separated off as such. However, such removal of pure acrylic acid
is accompanied by an increase in the concentration of the

45 1,4-dibenzothiazine remaining in the melt until the eutectic
composition is reached, and it is no longer pure acrylic acid but
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EP-A 616 998, since said fractional crystallization is carried out at |ow

tenperatures (according to Louis F. Fieser and Mary Fieser, O ganische
Chem e, Verlag Chemie (1975), p. 422, 29 Table 11.1., the nelting point of
pure acrylic aC| dis 13[er r%C at 1 bar t he presence of foreign conponents
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20 acid, thereby to raise the proportion of 1,4-dibenzothiazine in
the corresponding eutectic mixture and so provide an improved
process for purifying crude acrylic acid by crystallization.

We have found that this object is achieved by a process for

25 purifying crude acrylic acid by crystallization which comprises
adjusting the diacrylic acid content of the crude acrylic acid to
a value of at least 1% by weight, based on the total weight of
the crude acrylic acid, prior to the crystallization step, since,
surprisingly, the solubility of 1,4-dibenzothiazine in acrylic

30 acid can be increased by more than 100%, especially at the
crystallization-relevant temperatures, with an increasing level
in the acrylic acid of diacrylic acid (Michael adduct of acrylic
acid with itself).

35 Processes according to this invention are accordingly those
processes for purifying crude acrylic acid whose diacrylic acid
content is adjusted to a value of from 1 to 2% by weight, or from
1 to 3% by weight, or from 1 to 5% by weight, or from 1 to 10% by
weight, or from 1 to 20% by weight, or from 1 to 40% by weight,

40 on the above basis, prior to the crystallization step. According
to this invention, it is generally not advantageous for the crude
acrylic acid to be purified by crystallization to have a
diacrylic acid content of above 50% by weight.

45 The process of this invention is thus naturally suitable for
crude acrylic acid whose 1,4-dibenzothiazine content, based on
the weight of crude acrylic acid minus the amount of acrylic acid
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5 certain tenperature, normally the lower its weight proportion in the

eutectic mxture. If, then, the eutectic conposition is reached at a very
| ow | evel of 1, 4-dibenzot hi azine, fractyonal crystallization will not
achieve any further renoval of pure acrylic acid. On the contrary, the
eutectic m xPLFEOTRAT 1E0CPRER Eants o LifSePY aBt WhtasPE. 2 Hér Yt HeldgHiy oT
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by addition ghiselRCibheeRt &t RnhaNbSsid Hi18XBEPAS WRkEr thaf Ry bgpplication
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sui t abl e meab¥Wreex®t-ai se the solubility of 1,4-dibenzothiazine in acrylic
20 acid, thereby to raise the proportion of 1,4-dibenzothiazine in the
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purifying 1@r Hdeq agds/ lainC iACH&h B cbYSbAlidyZahi Q8ryWe RRve ot thatighis
Obj ect 1S achi,evedl. iy BnPLOCGRS chaL Epadlil;lyLOfy (incacialicy 36Ed BY
crystallization I C ,cogg I Ses, ad], us %g e®@racryl i ¢ acid content of the
crude acryl i BSER¥HF 52 | PRPIGCEELOP Rt lf%?ﬁﬁdvﬁﬁ@%ﬁ??t55§ed on the total
wei ght of the crude acrylic acid, prior to the crystallization step, since,
sur pri si ngl yThe had peitmenki tequifred, dodi enporprags nef ithiaciytenti®® aoithean
be increagsddbycrprie akda dékéntespethaldnudet abhgl iy wetial to 2ad ipdiRiEeé@vant
tenper at ur espyWe i3 1i36E 865 4% bBVEéalibdd€naGiyids @ayE. Bnei acrylic
acid (M chael,ogddct; Of 18CLYldd 36! dnd! Lhdel SELDY c S P62 SR3¢800dl N0
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to 2% by wei &L, corEsPPemvhich Satdyans ghe MighaelopdditipmRibpcweldht , or
from1l to200%hg. vittieglpiresencd rafimiio t bi K¥isky £ aedrphttheofofmagmoh bé 40% by
wei ght, 40 oaibBeyPlORiBASASterPcuBEittedthAiaby§l 2t ldcaal Eormadivm, Aagen di ng
to this Inveggi Plce darlyS cARNSE AldaY +78ha PO ANLALRELS HyOhehhS &F WRoAEEYLd C
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above 50% by Mél%%ﬁ. ne process_of I sl .nvention |i.t%us nat ur y
suitabl e for 2ELACRATAR PLINNALPA,AGEER (5 WBEH, b ISR L0 AR §
25 course, the diacrylic acid content can also be increased by
removing some of the other constituents present, for example by

distillation and/or crystallization, in first separating steps.

sed on

Alternatively, diacrylic acid can be grown in pure acrylic acid,
30 separated off, for example by distillation, and added to the
crude acrylic acid to be purified by crystallization.

It will be appreciated that the process of this invention is
normally carried out at atmospheric pressure, i.e. at a pressure
35 of 1 bar.

The process of this invention will be typically realized as a

fractional crystallization. The individual crystallization stages

can be realized both as static and/or as dynamic crystallization.
40 Both layer crystallization such as falling-film crystallization

and suspension crystallization can be used. An extensive

description of these crystallization techniques is given in

EP-A 616 998 and the references cited therein.

45 The advantages of the process of this invention can be utilized
in the course of a cleverly coupled production of
esterification-grade acrylic acid and pure acrylic acid not only
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the wei ght of crude acrylic acid m nus the amount of acrylic acid

0050/ 47053 7 oligoners it contains, is [err] 0.9% by weight, or [err] 1% by
weight, or > 1. 1% by weight, or > 1. 2% y weight, or > 1.3% by weight, or >
1.4% by weight, or [err] 1.5% by wei t Norrrall , the 1,4-dibenzo-

thi azi ne conVWéhk dFTURgt agEEliE @FLd ‘%él !“eﬁ*‘é?etll%é’ﬁf’é%b’yo% ofeithft . The
process of tpresémyvdmveohican itselde wisdd anhewde reryld ddeacict ywompr dging
conpri ses hydhogmoutn@fi 0, & dibeinzoehiatideo whichyd¥begbt fréum gdwant age for

the process ghibipithd @Vﬁﬂtﬁﬁﬂvélﬁhkhﬂmﬁ 32" vhis AfyAtidnhas an increased
solubilitygdn acrylic aciditself. It is further advantageous that

diacrylic acid can be cl.eaved back o acryl.ic acid by application
el oval ed t omBOFaE v OB LS LA FEARS SRAEGAT 1 EoB IR Prpced

i nvention i niphéins: (ﬁraét§llhzaé:c,1|°§ ewcémtdlétluétmaéea%r yiingeathel to be
purified by esyetifidatibnegradn abeylialdcedhrs varkeopsoveys-st@bdlized
possibility isrt ehaddteeitheatiidhjeitsry/4-aidehdot i npucoiteddt AdoE8Bhdt
amount of 53 %Ia{r@n&x RiRerge B ARIR! (86} oot rEXAPTE JraBE! RIANId ack] OF
Herr] PQ er f &%@Lygoe%et Qﬁs&%ﬁé@%ﬁ%ﬁéti O&{ﬁgegggyl}lacz Q acid. The

presence of acid. After

&ry
Suffici ent dF LRt frcls LOBH Soighk PO, Ui FPTRERRHRY - o bEoTad: 11 onal | y
augnent ed by diperRglist agifdoderkiiéii GOF cRire iaRTyhic tasisler hereppearhdivdt digtic
ef fect of theéenvbsemiedadod than hd-dibenzmthddzagai cornenaddls Ny ppmnend ridiea zi ng

base. O 2% eevréspordigdiasdiie asid riniitedk 6o dysGebght N @acadtdy
r énovi ng Soméug({ﬁ % YolfheF LA IChYCRES :#erﬁ?ﬂtlf ff¥ed®¥ 8P4k iRY

distillation_an cr S Ization, in first separating steps.
Al ternati vel y, pal%croyﬁ %EI d can be grown in pure acrylic acid, 30
separated off, for exarrpl e by distillation, and added to the crude acrylic
acid to be plThPf Fesulpingr 98’@%Hllﬁlz=&ttieﬁ-glfatd% Ly 4pdihgnsosbiaz et hat t he
process of2a kiosipt hwiny iacmyl ic rearikialibyten rAtedeest pertdiynmbsidmawadiapedgsure,
i.e. at a pregsYee £ of fdwhddys, Thewpenreas modthl tlfrdeweRthoON sAix lokehs
typically re%&'i@ﬁbé?ﬁ $his intermediate store of acrylic acid can then be

used as required for producing acrylic esters or for preparing

pure acrylic acid by crystallization. Formation of diacrylic acid

25 in the course of intermediate storage, something which is
customarily sought to be prevented if pure acrylic acid is to be
produced, is barely noticeable in the esterification, since a
back-cleavage employed in the course of the workup of the
esterification mixture will ultimately prevent yield losses,

30 based on alkanol used. As outlined herein, however, the diacrylic
acid formed in the course of storage has an advantageous effect
on the crystallizational further purification of
esterification-grade acrylic acid for preparing pure acrylic acid
which is substantially free of 1,4-dibenzothiazine.

35
Table 1 below shows the increase in the solubility of
1,4~-dibenzothiazine in acrylic acid with increasing diacrylic
acid content for two temperatures as a result of solubility
trials.

40

45
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customarlly sought to be prevented if pure acrylic acid is to be produced,

is barely noticeable in the esterification, since a back-cl eavage enpl oyed
in the course of the workup of the est ification mixture will ultimately
prevent yield | osses, 30 based on al ka used. As outlined herein,
however , ~ t heTabke rd bledodcskpws thedse biHd tyonf sk oidibenzatfel ardacain
advantageousaeétxnﬂaa;d the crystallizational further purification of
esterification-grade acrylic acid for preparing pure acrylic acid which is
substanti al | y.f{ee of 1, 4-di benzot hi azine. 35 Table 1 bel ow shows the
increase iR the solubility of 1,4-dibenzothiazine in acrylic acid with

i ncreasing diacrylic acid content for two tenperatures as a result of

solubility t By ocy UUDU/ DrTTly
of 1, 4-diben To%?%r??ﬁléé(tl r(l:)% by ?&%ﬁly asege # X%ulgtit'cgﬁf)%%u?? (?(r?fgf ac{d
15[err]C 5 L\JI_CII |9‘|| f 8996 Yy
wei ght 9 i i i 9 135 of

1. 45% by weji pht 1®2. 10% by ight acrylic aci 0.8 3% by wei ght of d{a-
crylic acid P5% Dy WEIgit of T /LWbby WETZHT Z. 15% Dy
wei ght acryl e agﬁUAE%?b§:ms:g“t F—e-a—tb—ety+e “Cid*SC@Lby weght—ot
1.83% by wei ght. 25% by weight acrylic acid TLFDQOA) by weight of 20

diacrylic acid
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80@6by melgh°°59/47053 2. 01% by wei ght 2.51% by wei ght acrylic
aci d 20% by weight of 25 diacrylic acid 73% by wei

2.60% by weight acrylic acid 27% by V\BIP{I'[ of 30 Jig liH%ﬂll'j”EH% by
wei ght of 2. 90 acrylic acid
45% by wei ght of diacrylic acid 35 10% by wei ght of

3.20% by wei et chaimsd i c acid 90% by wei ght of diacrylic acid 40 45

0050/ 47053 10 Table 2 bel ow shows the solubility of 1,4-dibenzothiazine in
acetic aci d. 1TabhCp2odhskPFBE Bhi R ils®by] Gystalliza SR Lirbile (2 s0eT ONt

based on sq u-
0.89 20 (y 81 comprlslng, if its air%%f%NTCld ollgé%er cogtent is

1.53 15 20 25 30ignored,

~J
o

by weight of acrylic acid,

by weight of acetic acid,

by weight of propionic acid,

by weight of water,

by weight of low molecular weight
aldehydes, and

0.80 % by weight of 1,4-dibenzothiazine,

[N
o

10

INIA N IA IV
(S RN E IS
9P e 0P dp dP

v

15

which comprises adjusting the diacrylic acid content of the
crude acrylic acid to a value of at least 1% by weight, based
on the total weight (i.e. including the acrylic acid
oligomers) of the crude acrylic acid, prior to the

20 crystallization step.

2. A process as claimed in claim 1, wherein the diacrylic acid
content of the crude acrylic acid is adjusted to a wvalue of
at least 5% by weight, based on the total weight of the crude

25 acrylic acid, prior to the crystallization step.

3. A process as claimed in claim 1 or 2, wherein the crude
acrylic acid to be purified by crystallization comprises
> 0.90% by weight of 1,4-dibenzothiazine, if its acrylic acid
30 oligomer content is ignored.

4. A process as claimed in claim 1 or 2, wherein the crude
acrylic acid to be purified by crystallization comprises
> 1.0% by weight of 1,4-dibenzothiazine, if its acrylic acid
35 oligomer content is ignored.

5. A process for preparing esterification-grade acrylic acid and
pure acrylic acid by crystallizational purification of a
crude acrylic acid comprising 1,4-dibenzothiazine, which

40 comprises initially subjecting the crude acrylic acid to a
fractional crystallization and/or distillation to generate
esterification-grade acrylic acid, intermediately storing at
least some of the esterification-grade acrylic acid, and
withdrawing an acrylic acid having an increased diacrylic

45 acid content from this intermediate store as required and



35 40 45 88g8/3;8g§ W claim 1. A process for
crystallization a crude acrylic 5 acid conpri nu,u,‘ WHH lic aC| d
ol i goner content is ignored, [err] 70 % by melg of acrwylisc [err]

20 % by weight of acetic acid, 10 2 [err] 5 % by melght of
propi oni ¢ acid, Fepsgquently ﬁetﬁhamepgh@fzﬁngMaﬁeby ¢@ysqallgzat1@alyp wei ght
of Iom/nDIecuIargenegﬁﬁe puhdehyaesl icaadifierr] 0.80 % by wei ght of

1, 4-di benzot hi azi ne, 15 which conprises adjusting the diacrylic acid
content of the crude acrylic acid to a value of at |east 1% by wei ght,
based on the total weight (i.e. including the acrylic acid oligoners) of
the crude acrylic acid, prior to the 20 crystallization step. 2. A
process as claimed in claim1, wherein the diacrylic acid content of the
crude acrylic acid is adjusted to a value of at |east 5% by weight, based
on the total weight of the crude 25 acrylic acid, prior to the
crystallization step. 3. A process as clained in claiml1l or 2, wherein the
crude acrylgic acid to be purified by crystallization conprises > 0.90% by
wei ght of 1, 4-dibenzothiazine, if its acrylic acid 30 ol i gomer cont ent
is ignored. 4. A process as clainmed in claiml or 2, wherein the crude
acrylic acid to be purified by crystallization conprises > 1.0% by wei ght
of 1,4-dibenzothiazine, if its acrylic acid 35 ol i goner content is
ignored. 5. A process for preparing esterification-grade acrylic acid and
pure acrylisc acid by crystallizational purification of a
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crude acryli Coggl/ conprising 1, 4-di benzot hi azi ne, which 40 conpri ses

initially subjecting the crude acrylic acid to a fractional crystallization
and/or distillation to generate esterification-grade acrylic acid,
internediately storing at | east some of the esterification-grade acrylic
acid, and withdrawing an acrylic acid having an increased diacrylic 45

aci d cont ent phrpvfiddtiion of ecxell ateydiorarisgdsbyecuystad larngdtion 0050/ 47053 12
subsequently further purifying it by crystallization to generate pure
acrylic acidapeedf-15 20 25 30 35 40 45

5
1,4-Dibenzothiazine-comprising crude acrylic acid is purified by
crystallization by raising its diacrylic acid content prior to
the crystallization step.
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