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30 A disadvantage of the process described there is that the
water-soluble phenclic 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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mixture is used for preparing acrylic acid, propane acts as a
diluent gas and/or reactant. The preparation of acrylic acid is

30 generally carried out by diluting the starting gases with gases
which are inert under the chosen reaction conditions such as
nitrogen (Nz), COz, saturated C;-Cg~hydrocarbons and/or steam and
passing them in the mixture with oxygen (0;) or an
oxygen-containing gas at elevated temperatures (customarily from

35 200 to 450°C) and also optionally elevated pressure over
transition metal (e.g. Mo-, V-, W- and/or Fe-containing) mixed
oxide catalysts and converting them oxidatively into acrylic
acid. These reactions are carried out, for example, in one or
more steps.

40
The resulting reaction gas mixture, in addition to the desired
acid, contains secondary components such as unconverted acrolein
and/or propene, steam, carbon monoxide, carbon dioxide, nitrogen,
oxygen, acetic acid, propionic acid, formaldehyde, further

45 aldehydes and maleic acid or maleic anhydride. Customarily, the
reaction gas mixture comprises, based in each case on the total
reaction gas mixture, from 1 to 30% by weight of acrylic acid,
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1se 1solated from the col&&n in a separate apparatus IV as shown
in Figures 1 to 5. In this case, the hot gas mixture to be
condensed having a temperature of from 200 to 400°C from line 1 is
customarily cooled in a quench IV to a temperature of from 100 to
30 180°C and fed via line 2 to the bottom region I.a of the column.
The coolant (unvaporized high-boiler fraction from I.a) is
recycled into the guench IV via line 3 in order to cool the hot

gas mixture.

35 In a particular embodiment, the high-boiler fractions from I.a
and I.b may be recycled separately into the quench (Fig. 2,
stream 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 III/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



45 the follow ng conposition: 10 - 40% by weight of acrylic acid 2 9 JUN
2006 4 10 - 40% by weight of diacrylic acid 5 - 15% by wei ght of nmaleic
acid / maleic anhydride 1 - 3%by weight of benzoic acid 2 - 6% by Meighe006
-of phthalic acid / phthalic anhydridg 5 remainder: stabilizers, polyneric
acrylic acid, j gher.. npl ecul ar. ight Mchael .addition products of acrylic
acid (tri, tetltyag'c(rig}lﬁib a“t’:ﬁl ?’te}tg?. %%ffﬂlsc(:ﬁg?‘ge may refer to disposal, for
exanpl e by incither atrolY Widhthe ofi Bahatgarrist /e B ®Ey B V8EBfect ed, for
exanpl e, to a ther 3&l by awelidrt catcfl peneoia eatigent, for exanple, for the
purpose of di ssoci &ti By wdigyHi gh-dFobhers1iovesa vepryiedh i 9586881 doN

products may b ' kK intoth ceRrding; .15 iavention at
any des?sred po%rﬁuﬁqﬁgg?hl quench%ﬁgbggﬁ%% E’%lﬁgg %gaél{}lzlg \Q/Fi@fs for this
purpose known fromthe prior art l%PSF 13?1:% 8T ¥hte t@ﬁtﬁ 8?2,3‘%&3%

scrubbers, bubble col ums or ot hé¥ogpphf RUSLENILAGa_HE ayt&d 20 surfaces),
and preference is given to using téembaerykior welid, sebe.) spray cool ers.

I ndirect cooling or heating of the quenching liquid may be effected using
any Cofy ARk Rl AdRRSLE! 1 fsISako2 00 LARNANAS inPLALARIRGE LS i ven
to tube t)#{gle ﬁat exc angers atg}. eat ex an%s or air Cﬁ(5| ers. The

t enper at S-s¢ %rg?fa HRFRG™RY i FURPEEFeT AT G AR I Redt® éxERSFBRT 111 is
nor mal | y and/em patRbvHigocrepEBgtientioy erefploo fiax thecputragsaulofcool ant s

i ncl ude alisspeiathngppreopriightbolerscovhese anshaeal idigsbetptiids, in 30

parti cul giroMmices, mdprodtie@ beor! ing davi pescedpPRRGragneNtd Keseparati on

task, id imR¥nRkeq Re ARSYLLEGelOpdGie W thout the heat exchanger 11l (Fig. 3
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Indirect cooling or heating of the guenching liguid 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 coeclers. The temperature of the
qguenching liguid 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 ceooling 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), freguently 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
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The discharged quenching liquid (stream 4) can be advantageously
subjected to thermal and/or catalytic dissociation to dissociate
30 those products of value that are dissociable back to their
starting materials, for example acrylic acid oligomer to acrylic
acid monomer, in a known manner. The dissociation products are
advantageously introduced back into the quench or the column.

35 Preference is given to subjecting the discharged quenching liguid
{stream 4) to thermal treatment. The thermal treatment is usually
carried out at from 170 to 190°C and a pressure of from 300 to 200
mbar. The residence time is typically from 1 to 10 hours. The
dissociation products, after removal, are advantageously

40 introduced back into the quench or the column. The residence time
is preferably determined by the viscosity of the dissociation
residue so0 that the dissociation residue remains pumpable at the
output temperature. Particular preference is given to discharging
the dissociation residue at reqular intervals and diluting it

45 with from 10 to 30% of a suitable diluent, for example methanol.
The pour point of the diluted dissociation residue is customarlly
from 20 to 50°C.
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Such a crystallization step is generally carried out without

25 addition of a solvent, in particular without addition of an
organic solvent. The crystallization process to be employed is
subject to no restriction. The crystallization may be carried out
continuously or batchwise, in one or more steps to almost any
desired degree of purity. If required, water may be added prior

30 to crystallization to the crude acrylic acid to be purified by
crystallization (up to 10% by weight or more, preferably up to 5%
by weight, based on the amount of acrylic acid present). Such
addition facilitates the removal of low carboxylic acids, e.g.
acetic acid, which are contained in the crude acrylic acid as a

35 by-product, since these are incorporated into the acrylic acid
crystals to a slight extent in the presence of water. Also, the
presence of water reduces the tendency to encrustation in the
crystallizer.

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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25
The low-boiler fraction (stream 7, dilute acid) may be partially
recycled to the top of the column (stream 8), partially used as
reflux for the column section I.c (stream %) and partially
discharged (stream 10). In the case of acrylic acid preparation,
30 it generally comprises:

from 80 - 95% by weight of water

from 2 ~ 15% by weight of acetic acid
from 1 - 5% by weight of acrylic acid
35 from 0.05 - 1% by weight of lower aldehydes (e.g.

acrolein, formaldehyde}

The portion of low-boiler fraction which is recycled to the top
of the column is customarily controlled in such a way that

40 uniform gas and liquid loading of the separating internals of the
column and optimal material separation are ensured. Preference 1is
given to using “modal” temperature control: for this purpose,
three temperature measuring points (giving the corresponding
temperatures T1, T2 and T3) are installed in the region of a

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 guantity for the column reflux. Also,
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25 mother liquor from such a crystallization is prewarmed to from 85
to 95°C and fed back into the column (stream 6). It will be
appreciated that the heat from stream 5 may be used to prewarm
stream 6 (integrated energy system). Particular preference is
given to using the already cooled stream 5 to melt the acrylic

30 acid crystals obtained in the crystallizer. The heat exchangers
used for this purpose are subject to no restrictions.

The recycling temperature of the dilute acid (stream 8) into the
column is generally from 20 to 35°C.

35
The ceclumns usable for fractional condensation are subject to no
particular restrictions. In principle, all columns having
separating internals are suitable.

40 The column comprises at least one cooling device. For this
purpose, all heat transferors or heat exchangers which indirectly
(externally) remove the heat liberated during condensation are
suitable. For this purpose, all conventiocnal apparatus may be
used, and preference is given to using tube bundle heat

45 exchangers, plate heat exchangers and air coolers. Useful
coclants for air coolers are correspondingly air and for further
cooling devices are cooling liquids, in particular water. When
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30 The pressure present in the column depends on the quantity of
noncondensable components and is generally from 0.5 - 5 bar
absolute, frequently from 0.5 - 3 bar absolute and in many cases
from 0.5 - 2Z bar absolute. The exact operating conditions for the
column, such as temperature and pressure, connection and

35 arrangement of the cocling device or devices, arrangement of the
sidestream takeoffs for withdrawing the desired fractions, the
choice of column height and column diameter, the number and
spacing of the separating internals/trays in the column or the
type of the separating column internals, may be determined by

40 those skilled in the art on the basis of experiments customary in
the field and depending on the separation task.

The sidestream takeoff for the high-boiler fraction is mounted at
the lowermost collecting tray, whose design 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
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internals, may be determ ned by 40 tjlgose skilled in the art on the basis of
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25 3-oxo-2,2,5,5~tetramethylpyrrolidine-N-oxyl.

Examples of phenolic compounds include alkylphenols, for example
0o-, m- or p-cresol (methylphencl), 2-tert-butyl-4-methylphenol,
6-tert-butyl-2,4-dimethylphenol,

30 2,6-di-tert-butyl-4-methylphenol, 2Z-tert-butylphenol,
4-tert-butylphenol, 2,4-di-tert-butylphencl,
2-methyl-4-tert-butylphenol, 4-tert-butyl-2,6-dimethylphenol or
2,2’'-methylenebis(6-tert-butyl-4-methylphencl), 4,4’-oxydiphenyl,
3,4-methylenedioxydiphenol (sesamol), 3,4-dimethy1phenol,

35 hydroguinone, pyrocatechol (1,2-dihydroxybenzene),
2-(1"-methylcyclohex-1"-yl)-4,6-dimethylphenocl, 2- or
4-(1‘-phenyleth-1’'-yl)phenol, Z-tert-butyl-6-methylphenol,
2,4,6-tris-tert-butylphenol, 2,6-di-tert-butylphenol,
2,4-di-tert-butylphenocl, 4-tert-butylphencl, nonylphencl

40 [11066-49-2], octylphenol [140-66-9], 2,6-dimethylphenol,
bisphenol A, bisphencl F, bisphenol B, bisphenol C, bisphenol §,
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-butylpyrocatechel, 2-hydroxybenzyl

45 alcohol, 2-methoxy-4-methylphenol, 2,3,6-trimethylphenol,
2,4,5-trimethylphenol, 2,4,6-trimethylphencl, 2-isopropylphenol,
4-isopropyiphenol, 6-isopropyl-m-cresol, :



1' - met hyl cycl ohex-1"'-yl)-4, 6-di met hyl phenol, 2- or
1' - phenyl eth-1'-yl)phenol, 2-tert-butyl-6-nethyl phenol, 23 JUN 2008
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30 bis(3-tert-butyl-5-ethyl-2-hydroxyphen-1l-yl)methane,
bis(3,5-di-tert-butyl-4-hydroxyphen-1l-yl)methane,
bis[3-(1'~methylcyclohex~1’-yl)-5-methyl-2-hydroxyphen-1-yl]-
methane, bis(3-tert-butyl-2-hydroxy-5-methylphen-l-yl)methane,
1,1-bis(5-tert-butyl-4-hydroxy-2-methylphen-1l-yl)ethane,

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

40 1’'-yl)meth-1'-yl]-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-isopropoxyphenocl, 4-methoxyphenol (hydroguinone monomethyl
ether), mono- or di-tert-butyl-4-methoxyphenocl,

b
4
bi s
4, 8-
bi s
bi s
1,7-
pro
4' -
3-
3-

(
(



30 bis(3-tert-butyl-5-ethyl-2-hydroxyphen-1-yl)nethane, 29 JUN 2006
‘bis(3,5-di-tert-butyl -4-hydroxyphen- %%yl)nethane
bi s[3- (1 nethylcyclohex- | - 2- hydr o hen- 1-yl]- nethane,
bi s( 3- terfe hiAytest ﬁ?HF%&-H’YYr‘%PﬁWB 9r¥ﬁ%¥ g ~methoxybenzyl
1, 1- bi s(5alte¢h01but2yl5 dlln%rrqsw42hﬁérmqﬁﬁ@wlla§r¢9mha(ﬁ@r139a alcohol}),
bIS(5 t er & -hpdnd=yd-3byat booyyirenrall Ay hpde n-vhodll )l $nb f i de,
?I i(g ter b=ty 3?&%3@%‘3@5&&&@}1&@& (et lv)aﬁyiim
i's ng{h o§¥§
1,1-bis% 4%#% N gt g%%? ﬁ@ ﬁd % tane, 1,3,5-tris[1-(3 "
5" _di- qﬁﬂﬁ?&yﬂ wme Qpne (a e ovanlllone), eugenol,
-yl ) met h- 41hmqoeznq¢nelt oF mqaﬂgl@@nien‘eowpherols, e.g. o~, p-, y-, 6~ and
1,1, 4-tri s{tcopberobyt ydcol - bydooxyheX olmptibphphesnd, ayk) but ane,
am nophen@'@dﬁnmmp@r @-@m«mmeaoh afbLyRIeBREAQLS, €. g. para-nitrosophenol

or p-ni r 05 0; Cl for exanp Ie 2 thox henol
(guajaéél Eigc“ﬂm%%gﬁ h@Yé§8%?%%%P% ?ne¥%é¥§n° oxy ﬁ%ﬁ ﬁ?nones,

2-i sopr opBYS HEh Y AT RIRERPRS ﬁhénSF' ?ﬁRﬂQﬂﬁy @Fﬂ%ﬁ%ﬁ%%%yl ether), nono-
or d|-terE-mﬁm%Mln@rﬁﬁﬁn@%wphﬁﬁbl2 2~ QIMQﬂthMWGIQQUlHODe,

3, 5-di -t et it hddirpda Dixyrani LemethBipyticaxyclobpt hoxybenzyl al cohol ,

2, 5-di net h@i@l-lﬁr drexyhente alscabeh i@&rdc@gaca&gowazoqumon

4- hydr gx 3- ethoxybenzaldehyde
(ethylvanll 3h'§ 9& Qﬁn*l nef? y e%@qpﬁeﬁ é %lsdvanlllln)
1- (4- hydr ?&m% éﬁbﬁ?*?ethQﬁBH% g  one), eugeno
d|hydroeu@eﬁ%ﬁhX%PY¥§§éﬁa%$Rﬂ ﬁﬁ§@obﬁé¥%ﬂ¥ﬁrqugnoa¢ feethpxypBenghd

c- t ocophe# ebytdxgpdlenod, t bydpherickhydnogriarcyd, edhelr, p-phenoxyphenol,

2, 3-di hydﬁ%at%my@&bﬁyinﬂn@,y@’ (Bxylbeﬂéﬂf-lﬂua;@rlhﬂraroqulnone,

(2, 2- d'z'ﬁewt’}aﬂeMr w@fﬁﬂﬁ)e Jautognes @ne! %EHH&&%%&- such as

hydr oqui n ogui nane, p- hydr oqui none,
2, 3- dlnetgygﬁd%ﬁ%§boxﬁone erl%% ﬁ Pﬁn%P%Pﬁﬁohgﬁe 4- nethylpyrocatechol
tert- but yEh ag qﬁﬂ' %n?%&Tﬂﬂ ¥8@ %%Rﬂﬁﬂ benzoqui none, 15

2- et hyl - g= h?@@ﬁﬂnylnénEEtQ¥¥?thﬁ@Fﬁgph@@#&xﬁth@ﬁGUannﬂ)wethyIhydrqu|none
3- et hyl pgy 6edt exiroiopyl4p At imdgquinoeat echol , tert-butyl hydroqui none,

4- et hoxpphenohimetdryUB oKy -bb)ﬁdb@@mcn@ezr@n@ Baxyepher,
P- Phenoxy BogAGw inoricTPLANE 1 r%@rﬁﬂ?&ro%ﬂ F-Genb8Lh O hydroqui none, 20
i

opane

tetraneth ne-

5- dICarb0§Y? q%ﬁ gqg%dletd¥ no —methy ~p- benzoqulnone,

2, 5- di met RyP-B 1%Rﬂﬁﬂﬂlaﬁlﬁ%ﬁ% %%&ﬁ@uln?nﬁsopropyl 5- net hyl - p- benzoqui none
(thynnqu|ﬁ@&e§1hydroxy— 4-naphthoquinone, 2-anilino-1l,4-naphthoquinone,

30 anthraquinone, N,N-dimethylindcaniline, NW,N-diphenyl-p-
benzoguinonediimine, 1,4-benzogquinonedioxime, coerulignone,
3,3'-di-tert-butyl-5,5’~-dimethyldiphenogquinone, p-rosolic acid
{aurin), 2,6-di-tert-butyl-4-benzylidenebenzoguinone,
2,5=-di-tert-amylhydroguinone.

35
An example of an aromatic amine is N,N-diphenylamine and an
example of a phenylenediamine is
N,N’-dialkylparaphenylenediamine, where the alkyl radicals may
each independently contain from 1 to 4 carbon atoms and be

40 straight-chain or branched, an example of a hydroxylamine is
N,N-diethylhydroxylamine, examples of phosphorus compounds
include triphenylphosphine, triphenyl phosphite or triethyl
phosphite, an example of a sulfur compound is diphenyl sulfide
and examples of inorganic salts include perchloride,

45 dithiocarbamate, sulfate, salicylate and acetate salts of copper,
manganese, cerium, nickel and chromium.



di i sopropyl - p- benzoqui none, 25 2, 5-di net hyl - 3- hydr oxy- p- benzoqui none,

di hydr oxy- p- benzoqui none, enbelin, tetrahydroxy-p-benzoqui none,

di met hoxy- 1, 4- benzoqui none, 2-ami no-5- net hyl - p- benzoqui none, 2% JUN 2006
bi sphenyl am no- 1, 4- benzoqui none,; ; 5, 8- di hydr oxy- 1, 4- napht hoqui none,

ani lino-1, 4-nap htho ui none, 30 anﬁhraQU|none N, N—dlnethyllndoanlllne
N,N—dlphéﬁﬁfeﬁenﬁﬁn%%gﬁ?ﬁﬁnéalPﬁ?ﬂ@ﬂ”fz&nﬁenQUHﬁ?HEW@BPBX|ne coer ul i gnone,
3, 3' - di - tremitlyoegbhen®! - di-rerhybet pireoqli nbneertp-bugydbhenaki d (aurin),

2, 6-di -t &1 ety brd-benzihieded e benzagiyilnenee rt 2nfeydiphleasl ; anyl hydr oqui none.

35 An exajmle :0budpy 2f %mil&netﬁ ﬂosl NpDadb ﬁmﬂ@r@rnﬁ gRgAhonexanpl e of a
phenylegedlanln X%s

M g tl gﬁang%gxkfﬂ] i mtne V\herej_ttljgtﬁgal Kyl
radi cal 3 &l epen HECR Fom A°F6 % ' c §Pht and be 40
st rai ght ?ﬁfg%a&? W%rﬁﬁ@d‘m(éﬁl xthad-Sof aﬁdh%llf’%&}’lléﬂﬁ peeference is
N, N-di et hgdveyditoxphemtHuiazdrerppesngiophkros bhop st toemepbadsl, i ncl ude
tri phenyl phesphboeylpiiendignyl-tphospiiyiehenol | | Bi4ndi-tebespitimheadlexanpl e
of a sul filrmeeﬂwowngefe-wt@heﬂxhoﬁul4flt@et ﬁﬁ‘gyfxﬁr@lcﬁﬁxe@fn ipngani ¢ salts

2, 6-
2, 5-
2, 5-
2, 5-
2-

i ncl ud hIorlde 45 .di hlocarba sa Icy ate and acetate
salts g?q%‘%ﬁg}l RananasE! qce??rﬁ%]moﬁmg‘?gﬁ 551 Hromium 2 9 JUN 2006 13
Preference is given to phenothi azi ne, p-am nophenol , p-nitrosophenol,

2-tert - bulepiyppenticulay emefleueyteh'emcﬁi,venzm- ki dtertinont yhehewedihy L

2- met hyl -dicHear tnbus yhpphanel of Ay&esduibidhyl manébmetityat Rythphesgd , hydr oqui none
or hydroq%kggﬁﬁigzgggpnethyI et her and al so manganese(l1) acetate,

cerlun§ car bonat e and ceriun(lll) acetate, and particul ar preference i's
gi ven henoth|a2|ne, p- anlnog hepol , p-nitroso %@fn0| 2-tert-butyl phenol
4-tert- butBA PREINGE VBIGR RS SFRPBI3ATpHENGAdd oL qifylreﬁtfe‘?*fe%utE?F%henol
4-tert-bud EdZSGﬁHP-hHGFWIH}?WeﬁQI added hyndrigadnabhe @r asydr Bt wone imononet hyI
et her. verdguidr focwl ex jor efieseobved i Bomyi \i@nat suhyabyleqwiolenet poneimatley| et her

and a m x¢snven@f 18¥61 oo RRE aNBOHELIPEr et her and phenot hi azi ne. 15 The
way inyghich the stabilizer is added is not restricted. Each added

stablllze ma g aqgg i.ndivi dual |y, or .as ﬁ xfure, i.n iqu|d formor in
di ssol ved r%h lzswr?aaﬁﬂ &5 oFY e e akg £ ggasjor} Veri 1t{;1§ ff may be a
Stab|||ze$ormulatlon at any desired p01nt in the column, to an external

cooling circuit or to a suitable reflux stream. Preference is

given to adding it directly into the column or into an external
25 cooling circuit.

When a mixture of a plurality of stabilizers is used, these may
be introduced independently at different metering points, which
were mentioned 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 hydroguinone 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 -



20 The stabilizer may, for exanple, be added in a suitable fornulation at
any desired point in the colum, to an external cooling circuit or 4 JEN 2806
.suitable reflux stream Preference i;g given to adding it directly into the
colum or_ into an external 25 cooling circuit. Wien a, mxture of a

pl urality290 BPBbiPFSAA O st hdleVinG! P ShePbdieedd ishdehereent 1y at

di fferentimetering points, which were nentioned above, or the sane netering
poi nt. 3@réfereacai k¢ wrivenf ta pl siaaliiltipeof mstahid iinewBitls wsetelthese may
he St abils o e e B oV be from 1
to 100 eﬁ‘pa‘rrwﬂ]pler’oe?%{r@%ﬁg?of rggnég%foeliao% gogﬁio‘fmnlndorrgfem%reefpé:regﬁrr?g?%om 30 to
2500 ppmBsi@¥i EO Patd dt RATF M0 bPé"‘i‘ES@‘g DFFFVEF et 2 rEHIENESIHF VRN to

st abi | i zilegpstthene oftariliizerhbavbhd ewihigh #6lwerneeinthef upfyer exelnpia, r egi on

i s stabildme@ byoat, |meFerapty PR i1¢0°Ccpmaendrepecderakinp vy d6 oqui none

mononet hyl, ethep,Stabidd zebybsig@@ded according to the invention as a nelt
into t upper part of 45 colum section |.c (Fig. 1, stream 12), preferably

at the " uppernost tray, and/or into the quench circuit I.d/1l (not shown)
at a conc%ﬁtﬂ&tlieﬁ RFCFRIGRCS01S LR Wnﬁlﬁ?%@%lﬂ& feest 208 fRrghgoN 2006
14 1500 pppilbased wre peeferabhy ipheabitbhat hee stiabithezvelt simet ered i n.

Pr ef er encgrcengicseot @ f3lombil | L z2ys MByxtaignt N pi¥fehabhe mdd 0f- 184 | east

one stabifdd zerhqhaYi Pk loaWeHBl hé g, point of, for 5 exanple, below 120C,

preferaply bel ow 100C, nore preferably below 80C and in particular bel ow

60C serves as 1iogvent for, at | east one stabilizer having a high nelting
X

poi nt of ,T% & FRETECIBSEE 1BRE WAREETEPARPIE SFPE 11A0ES FAF e preferably
above 160@dizagnphlydee inarezrdapenar atBAE. 1000 Felre ivppear pprefar éxfce is gi ven
to di ssolanlwmateteast Tore okruibherthestqlenkhzeixcuinr a.dvef esaldgueous

phenot hi azdi®iohB.the nelt in a concentration of from1l - 20% by wei ght,
prefergply from5 - 10% by weight, based on the nelt. 15 It will be

appr eci at§g t hat . wat

separ at el 9 rﬁeglaf'ﬁénﬁ[j) (8] %mﬁg%ggic&]&?}#éf eer‘gtggyln}z%%dlbgrl gn L':ﬁ( (Pel rIEt ered
5% by weight solution of phenothiazine in acrylic acid, and

preference is given to adding it in the column region where the
acrylic acid concentration is from 5 - 20%, preferably from 12 -

25 18%, and the water concentration is from 40 - 95%, preferably
from 40 to 60% {(stream 13). The quantity added is determined in
such a way that the phenothiazine content in the acrylic acid
fraction (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 hydroguinone 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.



columm section I.c or into the quench circuit I.d/lIl as aqueous solutions.
20 The remai ning colum region may be stabilized by a fromO0.1 - 1.5% by

wei ght sol ution of phenothiazine in acrylic acid, and preference is?§iBids
to adding it in the colum region wigre the acrylic acid concentration is
from5 - 20% preferably from12 25 18% and the water concentration is
from40 - 95% preferably fromd40 to 60% (stream 13). The quantity added is
det er m néde AVeBER A iRy L flAt theh dh @RBERT aHate "éSREERLOF Flthe acrylic acid
fracti on cgdiciior bogdcarionr ast ¢omledsttioednmp®) 106 f 16ATA0geddBGA 1gpm preferably
from50 -re2R@rppmio axfiithenauppedbiadlzafnesegi on” mentioned is the region
above tde colum region where the acrylic acid and water are present in the

concentrat.i ons iIgenti o.ne(;éh 35 The i%ab'thl izer sol.ut ilons 0{ (?tabi lizer melts
may be r 84FFRCC LS GPBuRPE S ST ABE T | T Y s Ve href éténce is given to
pressur i Z&derad ey vaRyeo 1 st etitid 124 nHy 4 4 -n SHe L abResRtify19iven to

et her/ phespatelyiiagi e arglortiey &€ Fignded wdthdcdvry firoonthbecoElddatigg and

recei Vi ngregss gkoy i ékalplegubatédig spalaveventie tdia 1eek uny. tdayAQot hi s end, a
Sui t abl@ 035 LORARKAMRIS AeBLid IR0 20LNG. G35, prSHOILAS Nt rogen, air
or air/nitro eg mxtures, s Lnjectel ;nnto Jg e vgss an pJ{essurlzed to

t he desi r%"&'e%r 8stREY PP ePRNE] & é?eﬁef FhRESr 88 0P 16 89t 0 10 bar .
Parti cul drayfepeprditle theirgpyeerisiassitng webkdteofvEbsepamthi ch takes over
the supply of the 45 stabilizer when the nelting and receiving vessel is
filled. Thehaskessebs,condlivesed sl i®ingl PRS: IEHErRAGH Bempdats heated, - in
order i® prevetas)ilidribeathofe Hoddie: Etetl'?el,g, SN 200804 3 0hRenguench 1V

i.n whic he hot oduct g xture of e oxidatio lon s cooled to
from 100 -Orlggenﬁglﬁljéarzéﬁey a?e%i?é%eﬁr%ngdf? OrH St ggi#@gﬁ JK. l:% The

surf aces 3PUhEOEoPmhSARTER2 21 Re J5at iPRgAY= SRttt RrEPifRnEtalliof sprayed

Wi th staldlubiagtyiefuirhenprbieziirdn siguvenacisd, speagtapilieatigorti on of

i qui d widdudradngftomitehéngeht bot idiges hbaysedd ato exanpl eepsdi@amrb) above

the copé agtdcr@ghtayy grenbOnpsovhde Rddit Wppat dtiinngeleneof . Particul ar
preference is given to spraying a portion of the ref [ux bel ow the

col l ecti n]gq t.raégga ainst their under§: des for metting of the sane. It has

to be consiePEFELTHrA SCnE P RATSHAEHST SRR,

a) at least one phenolic compound,
25 b) 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%,

by: 1 — 20% by weight, preferably 5 — 15% and more preferably
5 — 10% and

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

35

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 tie group



15 particul arly hydroqui none nononet hyl ether, are a good solvent for
phenot hi azine. Up to a nelting tenperature of 100C, up to about 20% ®fjijN 2006
-phenot hi azi ne nmay be di ssol ved. Desgi te the low solubility of phenothiazine
in dilute acid, the stabilization écgr ding to the invention does not |ead
to sol i dc@epssting Rt PETBREEReRRs By nphepRRMIedflne? e theuiypekerdt um

regi on. Bheernvemtylphalcdo Prdviddsmebtsybgrpralsi ng a) at | east one

]phe?ﬁl ic 2%%@&'3:4—1;%’?}}-@th%€1&'@&@,a&i-@@rafﬂzﬂ%ﬂp%L@ﬂﬂé&h&l@llehea$t one

urt her iJohzer. Ty ts

accordi g??gggﬁg el‘%/eng@%%]%haggﬂtl%ge Fgﬁf)%?%% eléz(slégérrIp% tllct%r?uq% 60 - 99%
by wei g’ﬁqt OMBPUPGr b 3 YOI OgRON U ITBPEShPEE STy 90 - 95% b): 1 - 20% by
wei ght, preferably 5 - 15% and nore preferably 35 5 - 10%and c): 0 - 20%
by wei ghtThepmeleimplgoiht- oI5%e melespreterdiiy tod theSthwndimnstispr ef er abl y
0% YmerQ_;tethQaiwimce@fr &§w&)}’\@){ﬁ %uaéréﬁ%elg@)/@byeﬂ\e&cgftthoséoh_é’m{geren]g:e
is given o ° e 0 i o
e aboyd HSarFod Koo, iced %u%fdilf’%i% gﬁﬁ&eﬂ{ggéiﬁﬁﬁﬁlﬁ%%%ﬁégﬁéfé?%ﬁéﬁl y the

|

ed. N-oxyl cq
I\I—oxyll%&t%’&ﬁnh@‘.’”ﬁ% EIDé‘}et%t&B aPeHttef réﬂ%:ce 9 ¥En to such nelts where the

phenolic conpounds a) are selected fromthe group consisting of the
above- r editeednpaehtbtns G lconpounildes nist upeedridid yefltoartdedigrgodgp 2h8 JUN
2006 16 iGR@SESHhNPoOfsRbaANiBOph eyl epiBhlIPSaRReNRhted d@IdoubdEYiRNENO]
a-tert- bubylBlene! rol drdbaxi Gl el BBCBRbnp1 & TRYDKL: - tert - butyl phenol
4-tert1-_;1) tyl - -dlfgtgyilp endl, . hy r.o% |n16 e . ﬁBr‘g%none nonomnet hyl
ot hor . 19 OSAAPREET BIS" o ERnBOREPES" 1V TRpd OH 51e PHORGHERSy LSGPRERS The
nel ting P& FRLEFOPFRNGme RS T5ERBH NI et tiRe IFAT Ent YR tug atgd 9y 1100C or
| ower, arcbrppehdsesed) ias gicvahit cadithsaehbatriglica agellt | agreieiimt, of 80C or

| ower anchet@ayrpdein Cudmitopiel &6 bicanalleidOad s enal@ytngnidydieildel,ng poi nt of
60C or | iyl ThEChaWENId:QN RLERY PIRMIGSe! NEiBe Ryl BEe Mlraccording to
the |5y entian.Lor, 53 ARil2lng slhheically, Ylsaturgl sd. cammaundgin
processes r Qrﬁfp_)arlcgigj hem Zior =Xa e, s ene, ac;q\ﬂ%ofmtrl €, vinyl
acetate, "ANGFEM DU, BIEIIPLRSLT MEGHHEnR W K1 oFBPT S ESFPELEr abl y

a, 3- et hy|&HY &FI9CH%S%Rlﬂ%i@éﬂrzé}?xﬂﬁﬂd' 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 phenclic 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,p—unsaturated nitriles, for example
acrylonitrile and methacrylonitrile, a,f-ethylenically unsaturated
aldehydes, for example acrolein and methacrolein, vinyl esters,



conpounds such as acrylic acid, nethacrylic acid, acrolein, nethacrolein,
crotonic acid, maleic acid, nmaleic anhydride, nethyl nethacrylate, hetihyi0s
.acrylate, ethyl acrylate, butyl 20 yl ate or 2-ethyl hexyl acrylate, nore
preferably acrylic acid, nethacrylic acid, acrolein or_maleic anhydride,
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econom cakhy wirglllidewer duiprdideqceyhitgaaid uhyatetidd@otmbeusfis orior

associ at edy i Tk tbﬂ%aew@@r es.tgoe,s}eﬁé Lhe c%tl%%b&:éﬁ’é tiﬁ}n%lﬁ?éa@ﬁ‘gatéﬁde §0y: Mpr oves
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i ncl ude estiéds etfhacmplhy axridd i cedeid avidh alicohobsisscdld,have from 1 to 20

carbon at gshyInlopianpt &d meiretbn{SeAMBCIHmAkec a®idly mecBRbR)ACEdHBL €,
n-butyl (gREMNaiat &c and n?al%tlhyhéfayln-v(l G BYRES Y@, Vinylaromatic
corrpourlgs f0£%ﬁ>g%n‘%mg sby)]r %%%PP%??NQ‘%'IW enzene, a, p- ‘unsat ur at ed

nitril és, acry‘fonltrlle

a, (3-et hypeﬁ’r%%t]t'l a&ﬁgéf?ﬁl%ﬁoéﬁmlgfeae% Vlnﬂ'&Faé}R%l’FﬁﬂJéie&créPél?P‘%IWe

met hacr ol @rﬁlnlvl%ﬂta@éﬂ‘ér F-vAnyl3unnooinel formamdde exathpl e vi nyl acetate and
vi nyl propiomate-N-nakbgbaattechidet, hylienl calHey synsat Usedngd eCc aapbhyh dsinyflor
exanpl e Viajbr £hluii1deinpndotery! hdﬁf@pﬂmv@.’h'ydeetﬁ@fu Ugiedpynsat Mpiat ed
goggggguﬁgtﬁ%oneé%a hexéﬂg{ ‘Et%'%‘f: lséQ-%ﬁgfi a{é}prgggute eo‘w}ﬁﬁturat ed
i sobut ene® i€ Eogg AL af urryy ghsg 'g% 4d'g‘ydff8f‘yl§'§<%r}]pl ey, y‘EFlB?)Ié‘nt

cycl ohexeﬁén&%ﬁf‘W@PBaﬁd%%’éﬂné‘ndNa Fﬂy’f‘%‘ﬁ‘ﬁ?&rﬁ gberegf |yl acetic acid,

“vinylacetic acid, nonoethylenically unsaturated carboxylic acids havi ng
from3 topBeﬁ@febfm dsogbvancal(zethhecry 1id waters soritlarshkais netal,

al kal i »& esfbburdtRf,aha®bqSHaRY Why$ehisal fPuneXaiPheeqd dmpbhfiadci d,
nEthacrylhgngg%ﬁylé#lggi%ﬁcﬁ&gaﬂﬁragghdcaﬁggyyi %'581§§'éhd'@%h§ice€%%£%,

citraconi C
pa rtlcﬂlar 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 liguid 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
liguid 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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esters, @Pﬁ?ﬁa?-b‘?ﬁt ¥ Pédhpbinfty Hf%rféi’etlmtla Ak caddqlafns foardekd
car boxyl ietcaci os,braigisy parti cuI ar preference to (neth)acrylic esters and 30
nonoetijgyl eni cal |y unsaturated carboxylic acids and in particular to
nonoet hy [ r S
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pr ef er abldjisaillaasin 78 sbhyddvet ightal lgokeveraf deabtyore dveastra86% bf wei ght
~and i n5 pastbsatArdaiigngasbr Warmenai glthe ARdReGt piies) ivtEnsepaknaddt on may
nean a frfgqggg‘?_ahﬁp@q,%gggg{:@ln of a substantially gaseous feed or a
distillation of a substantially |Iliquid feed. The rectlflcatlve separation
may be effected in a arating colum havin for exa fromlto 150

t heor et i G&F BF%?‘%?“%FQ eFEBPSF TG HF 221D PERTSUREF e IPReH tHefrom5 to
100, 45 RedvmpFEIalleh|oprppBnd 100 the Seranwtec par opoefak, fqmazeoeol%o
t heor 20 calffptatdsat 2e@udell ROOG IR ifherdecttiof redtitenthmidistdleabiomdesi gns

known perempeafthiay dutheeceUsidi@iy: By e Do Uaebudd calwm i nternal s

i ncl ude 'erie%k@&'ﬁ&su%ylﬁoei{@rbag@ sﬂ:n%ﬁatﬁ%r cEXBORLgs Lrays, structured
packings and/or ‘dunped packings. Anpbng t trays, pre rence is given to 5
nodel sieve trays, valve trays, Thormann trays and/or dual-fl ow

cap tra
trays, ar?d‘ag}ﬁiﬁ@ ‘?ihetod’uﬁﬁ@ﬂeﬁ%’%‘ﬁeﬁgéndpﬁ’@%‘w@ﬁéeat‘% IY¥&Rer o Hifiose havi ng
ri ngs,Z%quépwinemye@rlmabtw@mpomges Intos rings or Pall rings, barrel

or Intal ox saddl es, Top-Pak, etc., or braids. 10
Top temperature [°C] |Top pressure [©°C]
Styrene 50 - 150 50 - 1013
30 |Vinyl acetate 30 - 80 200 - 1013
Acrylonitrile
Vinyl propionate 50 - 100 200 - 1013
Methyl vinyl ether -30 - +10 500 - 2000
Ethyl vinyl ether 0 - 40 500 - 2000
35 4-Hydroxybutyl vinyl [80 - 190 50 - 1013
ether
Methacrylic acid 80 - 160 100 - 1013
Methyl methacrylate 50 - 100 100 - 1013
40 Acrylic acid 60 - 140 50 - 1013
Methyl acrylate 30 - 80 50 - 1013
Ethyl acrylate 40 - 100 50 - 1013
Butyl acrylate 70 - 150 50 - 1013
2-Ethylhexyl 80 -~ 200 50 - 1013
45 facrylate




The rectification units generally have at |east one condenser of customary
design, for exanple a direct or indirect condenser, preferably a tupg JoN 2006
-pl at e heat exchanger or quench cool gm, and distillation units additionally
have at ltfe}% f ] ian, r | e a tube
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t enper at rB¥SIRAFUPF e8 FE agi%n"ﬂl]gln %H&ragﬁr 2Apl e M5 Enal e he

separ at edthdm t§enepnl tempserhiren is 20 effected at reduced pressure in order
to reduce the distillation tenperature, but rectification may also be

carri eds Gtalall i zek eyahesh IRE6AS Wike ithdskeiaagRic atohabhtesEpmoyddght

E%_tt he 25 follow ng

Exanpl es Hf 4 chAIBE Al 8 200 SSUr 88aB1 £ A Qs
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et her 0 - 465661 gRO00mdrdirdedrydiol ylatyilepst805% 1905@1igh8]l3metther Met hacrylic
aci d8010 16011918 Myl svetbpcrelgakealda 10304048 Aerylhyc aci d60-
14050- 1 t hyl acryl at e30- 12%50- g?1013 Et hyl acryl ate40- 10050- 1013
Butyl acry e/0- 15050- 1013 2-Et hyl hexyl 80- 20050- 1013 acrylate 2 9 JUN
2006 19 - Depending on the nunber of theoretical plates, the bottom

t enper at (Fhe MelEAEH BRYY WIfl Fuglerfereiaby LpESF r (RAPEE itd 0808 MYff&r abihan t he
t op tenpeataiver €°CHa8l alvirki peefemiposiabpoas23ite Thesweliinghipolinatof east 50%
by wei ghtsuch 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-nitrosophencl, 2-tert-butylphenol, 4-tert-butylphencl,
2,4-di-tert-butylphenol, 2-methyl-4-tert-butylphenol,
4-tert-butyl-2,6~dimethylphenol, hydroguinone or hydroguinone
monomethyl ether, more preferably 2-tert-butylphencl,
4-tert-butylphenocl, 2,4-di-tert-butylphencl,

25 2-methyl-4-tert-butylphenol, 4-tert-2,6-dimethylphenol,
hydrogquinone 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
guarter 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. '



of the conposition is active as a stabilizer against polynerization
preferably free radical polynerization, of the polynerizable corrpou?:(a Jy 10
-stabilized, preferably at |east 65%pgbhy wei ght nore preferably at | east 75%

by el oty asbod0s PLESLAbLY . 8L ea5he 006 0Y, iahall 0E & fh,PRLLT oul ar 1003

by wei gh of "su 195 Zer oSiti'on 1s preferably
above OC%"WEJPE ‘f:)’f&g‘f]?g'reabl y above 25C. The rrel ting p0| nt of 15 such a
stabilizer conposition is, for exanple, below 100C, preferably bel ow 80C
and nore mﬁéh&liﬂblgxél@ll@W(ﬁﬁ)@. Jhe stabilizer conpositions conprise, for
exanpl eg at | east one of the above-cited phenolic conpounds, preferably

p- am nophgno rLOS r ut nol, 4- tert- b phenol ,
P SMIOBENS oA BRREILey Sib ettt aensh ofd o il
A tert- bdﬁﬂtuf%fﬁﬁﬂnh)}l)pﬁ@na Ony?el"éﬁﬂilWlﬁlefodflowaﬁo%fiﬁ‘l?ﬂ?déloﬁnnorret hyl
ether, nore preferably 2-tert-butyl phenol, 4-tert-butyl phenol,

2, 4- di-tert- butyl.plkebol we 2fht2- et Bykydid &rctldaut yl phenol ,

4-tertig, 6-di maf gl pB;n@élghgwq,rfoggng@ed&rd hydr oqui none nononet hyl et her,

and the stabili c on refera l'y conprise one of the
above-cited #e Pacg rdél ht osf ﬁggﬁ n?_i and in particular, the

stabilizer congbd’crohYiees (?ff f“ﬁéeé%cﬂ}'é‘—\’(ﬁrtlélﬁ melts according 30 to the
i nvention. The Os-tléibbbfl verdonpesfi ecoaledy be nmetered in as a nmelt at any
desired point it itheyreeigtt catdfofoninaldetivied uding the |ines and devices

connecigd to itz fpg,fn gyamgqlthgagdga_s_gﬁjsal evaporators or 35 vacuumunits, and
preference is gz V& fd’qtnqbfﬁo %‘Eai&ty& upper half (based on the
ter um,

hunber of separoat particul ar preference to
nmetering it into tiES‘?'s-’rg h| d P*PRPY® parti cul ar preference to nmetering it
into the upper 3-&JaPﬁ’eWeh‘ﬂH'- i n 9faPEYEBRar into the upper tenth, especially
onto 40 the uppes2todby vedght | n «&f Wakeher preferred enbodi nent, the nolten

st abi | g@er conmsit bgnwesgmddedt @arben retildes ,Shhaashantfadawi-th, it into
t he upper section of the colum. The ppm and percent age vaI ues reported in

this docupgg eb;ms f8L it gn' ;ﬁfgog&%réﬂaz 33§é§dmt° g@gﬂ oovxe'rg*zgt g”d

per cent age process acc

i nventiontg & |tPPH§’??%‘{1?d Oy L o Eﬁfﬁgjereﬂaﬁﬁﬁ’l - VFRO ¥R S \Fg‘ €exanpl e (Fig.

5): 5 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 continucusly
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 cdntinuously introduced into the guench circuit

45 (II1/I1IV). 34 g/h of dissociation distillate were recycled. The
dissociation distillate comprised from 0.5 -~ 1.0% by weight of



"The het erogeneously catal yzed gas phase oxidati on gave a product 2*55)5
(stream 1) at 270C having the follow ng conposition: 11.5% by wei ght UN 2005
~acrylic acid 10 0.28% by wei ght of "ﬂaeti c acid 27 ppm by wei ght of
propionic acid 0.093% by wei ght of | ei ¢ anhydride 0.1% by weight of
acrol ei n drumBynaps gmn%ﬁthﬁgmtmmé dig mit Havebyovks gitdistionativral 25
ppm by weitghtildkebenzal dehyde 0.29% by wei ght of propene 3.8% by wei ght of
oxygen 5.2% by wei ght of water 20 2.8% by wei ght of carbon oxi des, and the

remai ndorsy 2 pFI8.DE O Ly H L 80300006 s, SeLedel TSRy %yhfgﬁ' boi | er

(1v) t

fractio ggﬁ? )J'W‘f Wa\ﬁﬁp??%ﬁﬁ%gogﬁ’ﬁ%r%ﬁ]%’i’g tﬁ‘S EB]r]cﬁﬁi"'J\figatéa}fol | ecti ng
tray. The(%%iﬂlﬁl?eregi-%ﬁ@)was circulated through the tube bundl e heat
exchanger (111) operated with heat-transfer oil. 43 g/h of |low boilers were

cont i nuoUg|eY coMufhOf a3 fr@Rp EHBumd rrfa%hg( 5% rcﬁ?em $how3nd ey R@gdet m xture
(3600 g/ hce) :lygﬁg‘s‘o%ﬁé’ﬂ aﬁﬁ{rc‘gy égpll%r gé\’é? %?@Q@eégf;% f 121C. The
6

sprayer sed rac drawn from
t he seb%r%ﬁ 188IE’fﬁVV MGt PEEY L ih&@cdfr afe? 1YMFEATRAS

circul at ef 1t0Hr BudRre e scbEgpdridiae théat téaocrﬁawgéuad(thqe)f@piwamd with 35
heat - t r ansdngiosaditkon 48stg/damof ) ow boi | ers were continuously w thdrawn from
the circuit (stream4). The high-boil ers (stream 4) were collected. The

ol i goneric acr‘%{fﬁl@chg%cont ai n;e.p U&E}];@ere di ssoci ated batchwise in a

40 stirred vess gl v§ pr oduct not shown). The dissociation
was cat?ied out®&-if nd_a pressu’r nmbar. The di ssoci ation

resi due was di IRH%WFha?B‘% by vidi% ﬁPmo]PY ¥RkHdnol and di sposed of. The

di ssoci ati on di%tfurate was col Iﬁbcﬁt-sebyawellmu nuously introduced into the
quench circuit ol bhhiridd g/th 1af Birssetdiati on distillate were recycl ed.

The dissoci atigghGigkhbhat e conpggos%gmfggm&g‘@lt- 1.0% by weight of 2 9 JUN
2006 234 hydroqyinene nononet hyl et her bg dﬂ%rgc not have to be additionally
stabil1zed. The product gas m xture co 180 10 a tenperature of 121C was 5

introduced into the separating colum below the collecting tray
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 cof 5.5% by
welght of acrylic acid, 5.2% by weight of acetic acid and 85% by
weight of water were recycled into the top of the cclumn 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 phencthiazine in hydroquinone
monomethyl ether was introduced as a melt (at a temperature of
60°C) into the gquench 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



(colum region la). The colum was a tray colum havi ng 45 dual fl oV} Saidhi 05
_ bubble cap trays. The tray above tray 15 was configured as a further 10
collecting tray. 1680 g/ h of crude égryl ic acid at a tenperature of 101C
ver e di schasgellidadiohi ssekials andthad ey Glolkohl ngetonposiasi on (stream 5):
acrylic aep&bféy baeichisd Saoet iceyaehld. HIDYowBieghligidiPicenkc aci d640ppm by

\Sﬁlm gBty fugﬁefﬂ@gé;@iwgeg@sm TReice : 200y i ARAeL 43 PGt pbenzal dehydes50
P Y enEpSahi i A, e Lo, M 55&?‘??% Wetsg thin Gl meeRpEl e ey °
wer e .ﬁtﬁaa%ww ¥ shadli F5IsHaLsr ¢4 38 &/ K)o TOFa) BER "‘)dEt 2@198 EBP- ofhe he

col umm, awghseolisturic togetheas wiithhdhawasinchg ddkhpédtess inecypilag twol er (V)

to parti ghecondengayi on. L8 2eghha0indkdib@nr esttddn@)di | ute aci d which
consists essentially of 5.5%by weight of acrylic acid, 5. 2% by wei ght of

acetic acid an 85% ht wat er., we re led i ofthe,
col umm a&h selrsatouriéh%f"gafﬁ@%( §FP’5§%‘§)) {S%flgséf ho %€ B‘%‘ I?i%l d were
cont i r’h‘?oG?P"‘?OW-’HfH‘r awn (stream 10). 35 A solution of 5% by vvel ght of

phenot hi azi ne i n hydroqui none nononethyl ether was introduced as a nelt (at

a tenperature @kbrybd€)adid o the quemerbpivfeq@ihﬁ—, at a rate of 0.5 g/h (stream

12). 40 A sol uta'bggl@fa&cﬁ% by vveioglingg flmtgenot hi azine in acrylic acid

was i ntroduced_at gorac'g eachd 18 gl got}_o’ Vel h1L‘ray of the separating

col um (streamp 353 stall | zer Vva |grred vessel (3 1 capacity)
45 WiPHe ke rdid

equi pped dgt rF@rPP“Th%V H‘@éig bgf crystallization was renoved
via the jacket fotfuhel vessel . Thél8gpbm i iwedkgbhenperature of the solution
was 9. 7C. The despehdelymler esul ti g pporbi veeidh® JUN 2006 22 crystallization
(solids contentyaabeut 30% by wei ghti)swes wesiear ated batchwi se into crystals
and not her |iquor on a centri fuge at 2000 rpm (centrifuge dianmeter 300 nm

-and a nn|n tine of mn at then sheddvmth nelted 5
(pr evidu B AEREh " opRtar L ime R iapor Brid e PoBR s P et thEe ot er
l'i quor t&§E FﬁéPe‘J\nstIWWFﬂe ﬁ&%ﬁﬂ’rﬂjq |P&&Vfﬂe§va ?‘@Gﬁeiﬂed to

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.

30

35

40

45



the 15th tray of the separating colum (stream6). The anal ysis of the
washed crystals (537 g/h) gave the following 10 conposition: acryl 2@ A 108
-99. 7% by weight acetic acid 0.14% vvei ght propionic acid 230 ppm by

wei ght 15 mal ei ¢ anhydride 72 ppmb wel ght furfural 210 ppm by wei ght
benzal dehyde 28 ppm by wei ght water 0.11% by wei ght 20 Even after a running
time of ¥R0@lhowrs, the separating device described showed negligible

pol ymer formation. Conparative exanple 25 Exanple 2 of the German patent

appl [ cat ion 100,53080¢ &k Ghne %ﬁaag @rpagoc\a@ae epealeds ATfEL g unning tine

of 120 hours e ess, vva Istinct deposits ow Lng to

pol yme(r)5 f or A }C(L)ln welﬁlec I%s afdf 485 %5 PTEAIOR 380%83% w8%claim 1.
A process for utrﬁé‘eFr‘é%WWbléoﬁ%P@ﬁqtoﬁnoP ePHBIN gas the npsa@saneewkitch as
wel | as acrylatc leestl cwontsiahd latel eastichneomprisdrwe mecendensablar deapbnent in
a colum in theoptesense e adt 1bgastorenetsbabiidzels, awhbeh, conpri ses
netering in at | east a portion of the at |east one stabilizer as a nelt. 10
2. Ap ess as _clainme m. 1, wher | east

ot abi O R A PrGeasTort Thpbentn el Tooebrefaennett ofM1e%E, o

| east one st &bl Fiépl%ﬁﬁ% 3y ipg| @uwtﬁ@anpona%dwﬁelmééo 4 5is3 usgg| gs
conprising 2G a&plaentefst améephénute Gtabiposed, havtingphenel himyipeenand c)
optional ly atadomastzone, further conpound which is effective as a
stabilizer. 4. Melts as clainmed in claim3, wherein a) is selected fromthe

gr oup IS am nophenol p- ni trosophenol, 2-tert-butyl phenol,
tertf%l?yl peg%ofomgglﬁlf di -tert-butyl phenol, 2-nethyl-4-tert-butyl phenol,

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-aminophencl, p-nitrosophenecl,
2-tert-butylphenol, 4-tert-butylphenol,

25 2,4-di-tert-butylphenol, 2-methyl-4-tert-butylphencl,
4—tert-butyl-2,6-dimethylphenol, hydroguinone 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



4-tert-butyl -2, 6-di net hyl phenol, hydroqui none and hydroqui none nononet hyl

ether. 5. Melts as clained in claim3 which have the following 30 uN

conposition: a): 60 - 99% by weight, b): 1 - 20% by wei ght and C)JZ%J-N%E@b

~by weight, 35 where the sum thereof2igs always equal to 100% by weight. 6. A

process gs ChappEleld ANL184nh HilBund or21d0RIAIN 3 BPIE, A:Llial RY 10 any
r

Shenot hi azi nEOEnERS T Peiiathi T Cblidnilr YV HhFEES LSOGAbEN 0BG 8 7. A

phenot hi azi n&°Fn#d® t e P& frai-hi A Lo FinR?
process as cF&lHB®-in any of clains 1 - 2 or 6, wherein the hot gas m xture
is cooled in an apparatus isolated fromthe colum. 5 8. A process as

cl ai med ign apy p@bcésAidm clgim@doi’n Gny 6 wheimin -ap bs%t-mevﬁbiémrged
streamis suhje t : cat regt rent : process
as clainmed i %Jtaﬁggg? @Tegidrrlrsgi%%d %{r}' 8% ggmﬁil‘%%éﬁctgh ?g car rﬁre"%lout in the
presence of RBLLRTI ST HETdENTTAH ™ Ate use of nelts as clained in any of

clains 3 to 5 for stabilizing ethylenically unsaturated conpounds in
processe®. for ppreess iay cllhémed 1in Ehy Afpcbesiss If 6+ 2r eet 6 f+ cAtihnviehyis

separ &g Ng SeRFHABG ol XUk 8E pELIEHAS bRImdiedERSt oRPGeRO! yEri Zabl e
conpound in the presence of a stabilizer conposition conprising at |east
one phenalic stabil

er,. . which conprjses neteri the_stabiljizer 20
Composi L 1idn ITHEOSEREOT BELFI 8317 AR 0haghE, WelTinis8 30°35° AFL5
stabilizing ethylenically unsaturated compounds in processes
for preparing them.
15
11. 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, which comprises metering the stabilizer
20 composition into the rectification unit as a melt.
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