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Dlsposal of . Secondary Components Folfl_ned Dunng the
5Preparatlon of (Meth)acryllc-iA i d'

The present mventlon relates to a process for the dlsposal of low, medium, and
components formed during the preparatlon of (meth)acrylic

acid.

Acrylic acid is an_lm ortant basic chemical. By reason of 1ts ‘very reactive double bond

and also its acid: for
preparation of polymers Most of the monomeric acrylic’ acld prepared is esterified to,

y, adhesives, dispersio: a
the monomeric acryh acld that is prepared is du'ectly polymenzed to, say, "super

'on it is particularly suitable for. use as a monomer for the

or varnishes prior to polymeriZaiibn Only a small portion of

of the elements molybdemﬁy chromium, vanadium, or tellunum

DE-C-2 136 396 reveals that it is possible to separate the »
gases obtained in 'th talytlc oxidation of propene of ‘4crolein by countercurrent
o of 75 Wit of diphenyl cther and 25 wi% of diphers.

absorption with.
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Furthermore DE-A-2 449 780 reveals the method of coollng the hot reaction gas by
partially evaporating the solvent in a direct condenser (quenchmg apparatus) prior to
countercurrent absorption. A problem arising here and in”other process steps is the
occurrence of solid materials in the apparatus, which. fédﬁces'the'avaﬂabiﬁty of the
plant. As stated in DE-A-4 308 087 the amount of this: sohd matenal can be reduced by
adding a polar solvent such as dimethylphthalate to - the relatlvely nonpolar. solvent -
mixture of diphenyl ether and diphenyl (diphyl) in an amount of from 0.1 to 25 wt%.

Other principles of process exist besides the aforementloned absorption of reaction
product containing the acrylic acid into a hlgh-boﬂmg solution (mixture). The
aforementioned process differs from the other processes 1_n\__ that here the acrylic acid is
absorbed into a high-boiling solution (mixture) in as anhydrous a state as possible. The
water is removed from the process in a separate processfi.;;'_'__s'tage. The other processes
provide for the complete condensation of acrylic acid andthe water of reaction also

formed during the. catalytic oxidation. In such a case. therexsfomled an aqueous acrylic... .. .

acid solution which can be further purified via a distillation step using an agent capable

of forming an azeotrope with acrylic acid-(cEDE-C-3.429.391, JP-A-1.124 766,JP-A-- . . -
7 118 766, JP-A-7:118.966, JP-A-7.118 968, and JP-A-7:241:885), or via.an. extraction ... .. -

stage (cf DE-A-2 164 767, JP-A-5 8140 039, and JP-A-4 8091 013). In EP-A-0 551
111 the mixture of acrylic acid and by-products that is pré__;}_ared by means of catalytic
gas phase oxidation is contacted with water in an absorpﬁon tower and the aqueous
solution that is obtained is distilled in the presence of a solvent capable of forming an
azeotrope with polar low-boilers such as water or acetlc acid. DE-C-2 323 328

describes the separation of acrylic acid from an aqueous eiﬂent liquor produced in the
esterification of acrylic acid or an aqueous acrylic aci ‘s
preparation of amjilic acid by oxidation of propene or acroleln, by extraction with a
specific mixture of organic solvents.

ution as is formed in the

A fact common to all processes that are industrially used for the preparation of acrylic
acid or methacryhc acid is that any low, medium, and hlghboﬂmg fractions produced
consitute undesmable secondary components and thus streams of material that must be
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dispésed of. These, at least three, streams of material represent a considerable cost-load
for the process.

Thus:it is an object of the present invention to.provide a'disposal process which solves
the by-product problem relating to the production of (meth)acxyhc acid economically
and ecologically to optimum effect.

We have found, surprisingly, that this problem can be solved by burning the gaseous
low-boilers together with the aqueous liquid stream of material comprising
water-soluble low-boilers and/or medium-boilers, the high-boilers being optionally
burnt with them.

Thus the invention relates to.a process for. the dispral. of low, medium,. and
high-boiling secondary components that are formed dunng the production of (meth)
acrylic acid in which gaseous readily volatile secondary corfx_;};_bnents (1) are burned,.low ...
or medium-boiling secondary components (2) that are dlssolved in water being added
optionally together with high—bbiling secondary - -comp@nents '(3) treated - with

low-viscosity solvent. the burning advantageously.takes place.in.a.combustion. chamber..... .. ... - ..

equipped with one or more support gas burners, nozzle burners, or multi-fuel burners,
eg, a flame evaporating burner. |

In one embodiment the invention relates to a process mwhlch the acrylic acid or
methacrylic acid is prepared by

(a) catalytic gas phase oxidation of propene or 1sobutene and/or acrolein or
methacrolein, !

(b) absorption of the reaction product that is formed in: stage (a) into a high-boiling
solvent and '

(c) separation of acrylic acid or methacrylic acid from th | loaded solvent from stage
(b); by distillation, e

“This Sheet Has Been T
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where prior to th'e-ibsorption in stage (b), a portion of the solvent is evaporated and a
portion of the remalmng liquid solvent is disposed of, optionally following further
solvent evaporatlon, as hlgh -boiling secondary component (3) and

unabsorbed reactlonproduct remaining after the absorptiof_rof. the reaction product in
stage (b) is cooled,; where .the aqueous condensate that is oi)'tained> optionally following
subsequent extractlon, is disposed of as secondary component (2) and at least a portion
of the gas stream that is obtained is disposed of as secondary component (1).

Preferred embodlments of the invention are defined in the sub-claims. Other and
preferred features are . shown in Figs 1 and 2 and are described below.

- Inthe drawings:.. ... ...

Fig. 1
isa diagrammati_c;..ill_ustration..ofa flame evaporating burner thatis... .. . ... ..
preferably used wher carrying out the process of the invention; - -

Fig. 2
shows a flow sheet for the preparatlon of acrylic acid.

In the present descnptlon, the terms high-boilers, medlum boﬂers and low-boilers and
also correspondmg" ed]ectlval terms denote compounds possessmg a higher boiling
point than acxyhc:. acld ‘or methacrylic acid (hxgh-boﬂers) or those possessing
approximately the’ setne bollmg point as acrylic acid or: methacryhc acid (medium
boilers) or those: possessmg a lower boiling point (low-boﬂers)

The gaseous low'—boiling “-secondary components (1), véhich comprise (a) gaseous
secondary components that are formed during the ac1d preparanon and (b) liquid
components boﬂmg a

low temperature (room temperature) substantially contain in
addition to mert_ gas s, such as nitrogen, water, carbon monox1de and carbon dioxide,
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the low-boiling ﬁ'actlon of the materials that are to be disposed of, preferably acrolein,
acetaldehyde, pro e, propene, formaldehyde, formic acid, and/or educts that are not
converted during the preparatlon of the (meth)acrylic acid. This stream (1) is ad-
vantageously. bumed‘- in-a.combustion chamber. Such a combustion chamber can either

be assigned _gto..éi'-th (meth)acrylic acid production plant alone or be operated in

association : wuhother plants. An example of a flame evaporating burner that is
preferably used 1sshown in Fig, 1 described in greater detail below.

The low or medrum-boﬂmg secondary components (2) that are dissolved in water and
are to be dlsposed of preferably contain from 0.1 to 10 wt% of acetic acid, from 0.01
to 5 wt% of malelcacld, from 0.01 to 8 wt% of fumaric acid, from 0.2 to 4 wt% of
formaldehyde, and/or from 0.1 to 10 and preferably 5 wi% of other organic material

acid, benzolcacld, and/or diphenyl ether (residues thereof, when used as solvent(s)),

based, in each zca_sgj'.apn-=;100 wi% of the secondary. components:(2).- These-secondary. - -+ -
components predommantlycontaln acetic. acid,. maleic.acid, .and . formaldehyde.. This... .. .

stream of secondar

stream of matenal unng the stage. involving. burning. of the-low-boiling- secondary-- - .-

components (1) In an advantage ous embodiment of the invention this injecting
process takes place_ wa concentric multi-fiel nozzles, as known in the prior art. This
aqueous stream oontalmng the secondary components (2) is advantageously preconcen-
trated as far as,lp{: '_lgle, eg, by evaporation. To this end, the heat generated in the
production proceéi canbe advantageously used to improve energy-utilization. Suitable
apparatus comp'ri_éf connnerclally available evaporators.

i nda.ry components (3) predominantly contain polymers of acrylic
acid or meﬂlacfyliéi' id, unconsumed production stabilizers, eg, phenothiazine, or
p-mtrosophenol, mhlbltors, eg, methylene blue, and/or the thermal degradation
products thereof

This stream ofso lﬁgh-boﬂers (3) is advantageously first pretreated, since its

"?'cb‘mponents (2) is added -and- preferably- injected - as: an-aqueous -~ -
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physicochemical properties make it difficult to handle. Thus the solidifying point is
generally so high that this stream of material is not pumpable at usual ambient
temperatures. Blending with solvents which are of low v1sco81ty at ambient temperature
(viscosity usually from 0.5-10° to 2:10°Pa-s) and preferablyhavmg a high boiling point,
ie from 100° t0 250°C; can cause the solidifying point to drop to such an extent that the
mixu.tre- becomes:pnmpable. The following have given partlcularly good results in this -
context: acetone, dimethyl formamide (DMF), or alcohols, particularly Cs-Cro diols
and/or triols, such as pentane diol, hexane diol, glycerol, glyco], dimethyl glycol, mono-
methyl glycol, monoethyl glycol, diethyl glycol, or mixtures thereof. The stream of
secondary components (3) treated with such low-viscosity diluents can be fed to the
burning process of the invention, which feed takes place separately. from the other
streams of secondary-coﬂiponems (1) and (2). Preferably, the secondary components

(3] and ?3) are-sepa:a_tely-rinjected.-Onxthe.otherhand-itvisi_'_'also-possible-to-transfer the = - -

high-boiling secondary components -(3), following appropriate purification, - to- an.

industrial incinerator; - such-as a decentral on-site--incinerator; - where  they - are

comparable, in their burning properties, to heavy heating-oil, or-to feed-them to-some- -~ - - -

other processing plant: .~ ~

Fig. 1 shows a cross-section of a burner preferably used on execution of the process of
the invention, this being a flame evaporating burner. The essential parts of this burner
are provided with reference marks. In this case the reference numerals 1 to 5 denote
conduits as follows; condult 1 for waste water, conduit 2 for atomizing steam for the
waste water, conduit 3 for liquid or gaseous (eg natural gas and/or CO) supplementary
fuel, conduit 4 for the stream of secondary components (2) and conduit 5 for support
gas, such as natural gas Alr for combustion is introduced’ v1a the conduit 6. The stream
of secondary components (1) is added separately to the alr for combustion, in order to
avoid an explosion.’ The llquld components are sprayed mto the combustion chamber
via the nozzle 10. Reference numeral 8 and 9 denote sw1r1 nngs, which serve for air
guidance. Reference numeral 12 designates ﬂame-reststant_ insulating material. The
nozzle 10 can be a known concentric multi-fuel nozzle, whlch exhibits a plurality of
central annular feed gaps smtable for the feed of the stream of secondary components

- This Sheet Has Been RTlac
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(2), nebulizing steam for this stream of secondary components, and also for the other
components mentioned above. Thus all components are passed in through the nozzle
with the exception of the air for combustion and the stream of secondary components

-(1). If the stream of secondary components (3) (in a form which can be handled) is also

to beinjected, the nozzle 10 must have a further central annular feed gap.

The actual combustion takes place in a combustion chamber (not shown) at adiabatic
temperatures of cumbustion of from 800°C to 1200°C, preferably from 800 to 1000
°C.In Fig. 1 the combustion chamber, the beginning of wlﬁch is indicated by the flame-
resistant insulating material 12, to the left of nozzle 10. The combustion chamber is
advantageous associated either with the (meth)acrylic acid production plant alone, or it
is operated in association with other plants. The energy liberated here can be recovered

in a waste heat section which is separate from the combustion chamber advantageously,. ... .. .. .

eg, m the form of high-pressure steam. the combustion gases are passed through the
waste heat section advantageously in such a manner that the temperatures decrease

progr_fessively upwards. The gases thus usually arrive at the waste. heat section.at.a.. . ...

temperature of cumbustion of from.850°C to 1000°C; preferably approximately-860°C,-

and then give.off some of their-energy, by cooling, to heat exchangers, which-serve to -

recover the energy. The temperature at the outlet of the waste heat section is then
approximately 200°C. The aqueous stream of material that is injected and which
contains the secondary components (2) makes, according to the content of combustible
materials therein, a positive or negative contribution to the energy yield in the
combustion chamber, since the evaporation enthalpy of the water must first of all be put
into the system in the form of energy. For this reason it is also advantageous to
preconcentrate this stream as far as possible. The waste hé.at that is produced during
combustion is advantageous used for generation of vapor , eg. steam.

The acrylic acid or methacrylic acid is usually prepared by catalytic gas phase oxidation
of propene or isobutene and/or acrolein or methacrolein, followed by absorption of the
reaction product that is produced during the oxidation” mto a low-boiling solvent,
preferably water, or a high-boiling solvent followed by s_ei)aration of acrylic acid or

This Sheet Has Been Re[ilaced'
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methacrylic acid by distillation and/or extraction. On the other hand it is also possible to
condense the gaseoué reaction product that is produoec-l: during the oxidation, which
contains water, an aqueous solution of acrylic or methabrylic acid being obtained, of
which the acrylic acid or methacrylic. acid is in :turn..se_paj'ated by distillation and/or
extraction.

In a preferred embodiment the invention relates to a prodésé in which the stages (a) bis
(c) are defined as above. These single stages are descnbed below for acrylic acid. They
apply analogously to methacrylic acid, unless otherwise stated A suitable flow sheet,
which shows the stages (a) to (¢) and also the streams of secondary components (1) to
(3) to be disposed of] is contained in Fig. 2. In Fig. 2, reference numerals 11 to 22 refer
to process steps, numerals 30 to 48 refer to conduits, and K1 to K4 refer to different

.columns/apparatus.. .

Stage a

Stage (a) comprise’s-~-‘the -single-stage -or two-stage catalytic ‘gas-phase ‘reaction of-
propene and/or-acrolein :with molecular- oxygen to-produce:acrylic-acid: In the.case-of
methacrylic acid there takes place in a similar manner a gas-phase reaction of isobutene
and/or methacrolein with molecular oxygen. The gas-phase reaction can take place by
known processes, particular those described in the aforementioned references.
Advantageously the process is carried out at temperatures ranging from 200°C to
500°C. The heterogeneous catalysts used are preferébly oxidic multicomponent
catalysts based on the oxides of molybdenum, chromium; vanadlum and/or tellurium.
Fur- thermore, it is also possible to prepare meﬂlacxyhc acid in two stages by (1)
condensation of preplonaldehyde mit formaldehyde (in. the presence of a secondary
amine acting as catalyst) to form methacrolein follgwed by (2) oxidation of
methacrolein to methacrylic acid.

According to the preferred embodiment that is shown in Fig. 2, following the
compression 11 of the circulated gas from conduit 30, whlch substantial consists of
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nitrogen, carbon oxides and unconverted educts, this is fed by means of conduit 46,
together with propene from conduit 31 and air from conduit 32, to a reactor in which
the heterogeneously.catalyzed oxidation (synthesis) 12 takes place to form acrylic acid.

In stage (a) there is obtained however not pure acrylic-acid, but-a gaseous mixture,
which can contain- acryhc acid and, as secondary compdnérjnt@s;-substanﬁaﬂy unconverted
acrolein and/or propene, steam, carbon monoxide, carbdri 'dioxide nitrogen, oxygen,
acetic acid, propionic acid formaldehyde, further aldehydes and maleic anhydride. In
partlcular the reaction product mixture typically contains, in wt% based on the total
reaction mixture, up to 1% of propene and up to 1% of acrolein, up to 2% of propane,
up to 20% of steam, up to 15% of carbon oxides, up to 90% of nitrogen, up to 5% of
oxygen, up to 2% of acetic acid, up to 2% of propionic acid, up to 1% of

. formaldehyde, up to. 2% of aldehydes, and up.to 0.5% of maleic anhydride... .. .. .

Stage b

In stage (b) the acrylic :acid, and a portion -of-the-secondary'components-are"-separatedr e
from- the - reaction :gas : by - absorption-with - a- high-boiling :solvents.- Suitable - for- this--

purpose are all high-boiling solvents capable of absorbing acrylic acid,
particularlysolvents having a boiling point above 160°C. Particularly suitable is a
mixture of diphenyl ether and biphenyl, such as is commercially available as a mixture
of 75wt% of diphenyl ether and 25wt% of biphenyl, also referred to as "diphyl".

Advantageously, as shown in Fig. 2, the hot reaction gas_:c')':btained from stage (a) after
synthesis 12 is fed by means of conduit 47 to a quenq};ing apparatus or a direct
condenser K1 where it is cooled by partial evaporating 13 of the solvent prior to said
absorption. Particularly suitable for this purpose are ventun scrubbers, bubble-cap
columns, or spray condensers. In such case the hlgh-boﬂmg secondary components of
the reaction gas from stage (a) condense into the unevaporated solvent (in Fig. 2, the
condensation and partial evaporation is designated wﬁh reference numeral 13).

Furthermore, the pa11:1a1 evaporation of the solvent consumtes a purification step for
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the solvent. In a preferred embodiment of the invention, a partial stream of the
unevaporated solvent, preferably from 1 to 10% of the stream of material that is fed to
the absorption column, is removed from the condenser K1 and subjected to solvent
purification (not’shown). The solvent is distilled over. The solvent distillation serves to
avoid an increase:in;the amount of unwanted substances present in the solvent(s). The
high-boiling :secondary: components, which contain mainly undefined acrylic acid
polymers and degradation products of the stabilizers used, remain as residues and are
disposed of as secondary components (3) by conduit 33.

The absorption 14 takes place in a counter-current absorption column K2, which is
preferably fitted with sieve, valve, or dual-flow trays, which are subjected to the
downward action of (unevaporated) solvent. The gaseous reaction product and

optionally evapora_téd solvent - are. passed: upwardly--into the: column--K2-and are- - - -
subsequently cooled to the temperature of absorption.. In the absorption region.of the. .
column K2-both--1ﬁédium—boi]ing"-and *high-boiling components- present-in-the -acrylic=:

acid are removed almost completely from the stream of residual gas...-

The remaining;-unabsorbed: reaction gas: of* stage: (a)is-cooled-further-in- order<to - -

separate the condensable portion of the low-boiling secondary components thereof,
particularly water, formaldehyde and acetic acid, by condensation, shown in Fig. 2 as
the acid water quench 15. This condensate is therefore referred to below as acid water.
The remaining gaS_ stream, referred to below as recycled gas, mainly consists of
nitrogen, carbon oxides and unconverted educts. This is preferably partially recycled to
the reaction stages as '_diluent gas. The recycled gas leaves the absorption column K2 as
overheads by conduit 34. Here, the stream is divided, preferably in a ratio of from 3:1
to 1:3 depending 'op-'the design of the plant, in particular a ratio of 1:1, where part
thereof is recycled:' by way of conduit 30 to the reactors for synthesis 12 via a gas
compressor and the other partial stream is removed by means of ocnduit 35 in the form
of the gaseous stre_a'_r_n_of secondary components (1) to be disposed of. The afore-
mentioned acid water constitutes the secondary components (2) that are dissolved in
water and are to be "disposed of. This consists of the water that is formed in stage (a)
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and also water-soluble low-boiling and medmm—boﬂmg components, such as acetic
acid, formaldehyde, maleic acid etc..

A solvent stream laden with acrylic acid, high-boiling and_’;medium-boﬂing secondary
components ‘and also a small amount of low-boiling::secondary  components. is
withdrawn by means of conduit 37 from the absorption regijon of the column K2 that is
used in stage (b) and, in a preferred embodiment of the invention, subjected to
desorption with low boiling component stripping 16 and low boiling component wash
17. This is advantageous carried out in a desorption column K3 as shown in Fig. 2,
which can preferably be equipped with sieve, valve, or dl_jal-ﬂow trays or alternatively
with packing material or well-ordered packings, in the presence of a so-called stripping
gas. The stripping gas used can be any inert gas or gas mixture; a gas mixture of air and
nitrogen or a partial stream of the recycled gas that is described in (a) is preferably
used. During desorption 16 and 17 the major portion of the 1ow-boﬂers is stripped from
the loaded solvent with a portion of the recycled gas withdrawn prior to stage (a) by
way of conduit 38, and is recycled to column K2 by way ofcondlﬁt 39.

A solvent stream that is almost free from low boilers and is loaded with acrylic acid will
be withdrawn from the bottoms of the desorption column K3 by way of conduit 41,
and is fed to column K4 for distillation.

Stage ¢

In process stage (c) the acrylic acid is separated from the solvent together with the
medium-boiling components and also the final residu&sj_ of lowboiling secondary
components. This separation takes place by means of dlsnllatlon, for which purpose any
distillation column can, basically, be used. To this end a column having sieve trays,
dual-flow trays or crossflow sieve trays of metal or havmg valve trays is advantageous
used. In Fig. 2, the distillation is shown with saeveral process steps being solvent
mixture distillation 19, medium boiling component dlstlllat_lon 20, low boiling compo-
nent distillation 21 and partial condensation 22. All these steps are carried out in



10

15
. preferably treated- by extractlon with a small partial stream of the solvent.that.is.almost .. ... .. .

-12-

column K4. In the. lauoying section of the distillation column K4 the acrylic acid is
distilled free from the solvent and the medium-boiling secondary components, such as
maleic anhydnde (step 21). In order to reduce the low-bonlmg fraction in the acrylic
cidiis. advantageous-withdrawn froms the column K4 through a side
flue 42. This'acrylic’acid-is designated crude acrylic acid. In the stripping section of the

acid, the acrylic.ai

column K4 the: medlum boiling component distillation: 20 and the solvent mixture
distillation 19 take place The solvent that is drawn off ﬁ'om the bottom of the column
K4 is recycled to th:e,column K2 by way of conduit 43.

At the head of the column K4 a stream that is rich in low-boﬂers is then withdrawn by
way of conduit 44 followmg condensation 22. Since this stream however still contains
acrylic acid, it is advantageously not discarded but recycled to the absorption column
K2 and worked.up. agam, as shown.in Fig..2..

The acid- water:from: conduit 36: which can-stil.contain: dissolved: acrylic- acid is

. free from acrylic: ac1d ‘coming from the- bottom - of  the: dlsttllatlon column-K4 from-

20

30

conduit 40, befol_.'_e\
extraction 18 a portion of the acrylic acid is extracted into the solvent and is thus

‘recovered from th'e' acid water. The acid water in turn extracts the polar medium-boiling

components ﬁom the solvent stream and thus avoids an mcrease in the level of these
components in the’ solvent circuit. The acid water remammg__aﬁer extraction is disposed
of as the stream of secondary components (2) by way of ¢ co nduit 45. The solvent being

loaded during acld ‘water extraction with acrylic acid is retnrned via conduit 48 to the

solvent stream 43. |

It is particularly advantageous to preconcentrate the aforementloned stream of acid
water from condmt 45 as far as possible prior to d1sposa1 This can be effected, for

-example, by using’ the waste heat which is removed for coo]mg the reaction gases in the

oolumn K2 for the purpose of concentrating the acid water and separating steam. This
steam can, eg, be passed to the incinerator plant that is descxibed above via the gaseous

1s_-:.dxsposed of in the process of the_-:.;nyentlon.--In-ltlusnaeld«water: SR
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stream of secondary components (1). The remaining acid water having a particularly
high content of combustible materials yields a parucnﬂarlylarge amount of recoverable
energy, which can be gained in the form of lﬁgh-preSsﬁ_i; steam. This recovery of
energy is particular -advantageous, when the steam pmdﬁbed can be used in the plant
itself, eg, for the:distillation of the acrylic acid in the:column K4 or in the solvent
distillation and for driving the comp‘réssors for air and/c‘l_'):r:-_-f.recycled gas by means of
steam turbines. :

The crude acrylic acid that is obtained in stage (c) contains, based, in each case, on the
crude acrylic acid, preferably from 98 to 9.8 wi%, particular from 98.5 to 99.7 Wi%,
of acrylic acid and from 0.2 to 2 wt%, particularly from 0.5 to 1.5 wt% of impurities
such as acefic acid, aldehydes, and maleic anhydride. This acrylic acid can, if the
demands on its purity are not very high, optionally be usedas it is for an esterification. -
Further separation: of the secondary components of the.: thus isolated crude acid,. if .

necessary, - can -optionally take .place' by crystalhzatlon, distillation--or-- other--- - -
suitableseparating. methods, - according. to - the .quality..of . acrylic .acid-required.. The....... ..

acrylic acid thus-obtained can either be directly proc&ssedﬁxrther or be subjected to
further chemical reactions such as esterification: -

The invention is explained in detail with reference to the foﬂowhg example,
which represents a preferred embodiment.

The following statements refer to a plant for the produgﬁbn of acrylic acid, which is
operated accordmg to the process described in DE-A-_2'-221'._3'6 396, where the product
containing acrylic acid is absorbed following symheéiﬁi in a high-boiling solvent
consisting of 80 wt% of diphyl (mixture of diphenyl etherand diphenyl) and 20 wi% of
dimethyiphthalate (DMEP). The reaction scheme substantial corresponds to the process
illustrated in Fig. 2, wherein to simplify matters, colmapparatus K1 to K4 are
mentioned only.

From a synthesis section, which consists of three cascades of reactors each having two
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tube bundle reactors acting as oxidation reactors, there is obtamed, as reaction product,
a gas-stream composed, on the average, of the following oomponents in percentages by
weight:

acrylic acid .- 9.3%
CO; 32%
nitrogen 77.4%
oxygen 3. 7%
water 3.8%

The following statements refer in each case to this stream of reaction gas, which is
referred to below as the "crude product”.

This crude product is mixed in a prequench (direct condenser) K1 with 10 kg of

diphy/DMP per m*(STP) of crude product, as solvent, and-is afterwards passed to.the .~ . -

absorption column K2 at a gas temperature of appro:dmate:f-_:lﬂmc. . Further processing. -
takes place as described above.

A small side.stream of the solvent in the bottoms of the absorption column K2 of from
0.5 to 1 wt% of the amount that is pumped through the column K1 is withdrawn and
subjected to flash evaporation in the solvent purification where T is equal to 150°C to
200°C and p is equal to from 500 to 200 mbar. In this case the distillate produced is a
pure solvent, whereas the bottoms comprise a product side stream which is disposed of
as the stream of secondary components (3). The elementaijﬁ'_fcomposition of this stream

of secondary components (3) is, on average:
Cc 68.8%

H 4.4%

(0] 23.1%

N 1.05%

S 22%
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In this case the amounts of nitrogen and sulfur are derived from the process stabilizer
used, ie phenothiazine, which is added in the disti]lation';'colunm K4 and which also
passes into the absorption column K2 due to the clrwlatlon of the solvent. The stream
of secondary components (3) is'a blackish, solid to viscous: matenal having a solidifying
pomt of approximately 100°C.

The components of the crude product that are not condensed in the absorption column
K2 (inert gases, low-boiling organic contents, water CO, CO:; etc.) are recycled to the
reactors as "recycled gas", of which a partial stream is branched off and fed to the
combustion zone as a stream of secondary components (1). This branched off partial
stream consists of 90 wt% of nitrogen, 4 wt% of oxyger, 4 wt% of CO and CO, 1
wt% of water, and 1 wt% of organic components. A further partial stream of the
recycled gas is used for stripping low-boilers from the solvé,_’nt stream contammg acrylic
acid in the column K3. This stream of recycled gas now enriched with low-boiling
components. is likewise recycled to. the absoxpﬁon._colunm-;in. order to. appear. again at

the end of this-absorption column K2 in the partial stream-of the recycled-gas, or inthe- - --- - -

partial stream fed to the combustion zone. - -

The stream of material leaving the absorption column K2, is stripped in the next step
with the partial stream of the recycled gas described above in a desorption column K3.
Now substantially freed from low boilers, the stream of pf_éduct and solvent passes to
the distillation column k4, where the product is removed through a side flue. The
high-boiling solvent then returns to the absorption column K2 at the bottom . The
low-boiling fractions that are formed at the top of the. colunm K4 and in the top
condenser are likewise recycled to the absorption column K2

All of the water (acid water) that present in the upper coo_l_ing circuit of the absorption
column K2 is fed to the combustion zone as a stream of seoondaxy components 2 fol-
lowing extraction with recycled solvent. The same apphes to the removed partial
stream of the recycled gas, which forms the stream of secondary components 1.
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Burning of the streams of secondary components that are to be disposed of takes place
in a bumer of the flame evaporating burner type, as is shoWn in Fig. 1. The individual
streams of material come into contact with each other in: the combustion chamber, the
feed of these streams of material being effected through- concentnc annular outlets. In

.-additional tothe streams of secondary components named above, which are to be

disposed of, there must also be added: support gas (preferably natural gas), air for
combustion, and atomizing air.

The waste heat section of the combustion chamber is thus constructed in such a manner
that the hot exhaust gases are first of all utilized for the production of high-pressure
steam and are then used for superheating this steam under a pressure of 21bar.
Afterwards the hot exhaust gases are used in the second stage of the two stages
involved in preheating the stream of secondary componeﬂts (1) to be disposed of, for
combustion, afterwards they heat the air for combustion, and then, as a penultimate
step, they supply energy to the first of the two stages involving preheating of the stream
of secondary components (1). The rest of the energy is.-:os_ed for the production of
low-pressure steam according to plant settings. This-.meansr-tﬁét the energy.recovered in
the plant can be measured in terms of the amount of steam that is produced.

In this plant there were carried out two experiments accofding to the process of the
invention, the stream of secondary components (3) being extemally disposed of in the
first experiment, whilst it was burnt with the other secondary components in the second
experiment.

Experiment 1

Residues having the following composition, based in each case on the crude
product; B

gaseous stream of secondary components (1) 38.5% v/v
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liquid aqueous stream of secondary components (2) 3.7% w/w
liquid pasty organic stream of secondary components (3) 0:3% w/w

was giisposed of by burning the gaseous and liquid aqueoi_;_‘_s streams (1) and (2) until
free from residue and disposing of the stream of components 3 externally.

Durmg buming the temperature at the end of the combustion chamber was
approximately 904°C. An increase in the production of high-pressure steam by 22.4%
comﬁared with a blank experiment, which was carried out using support gas (instead of
the sl:reams of secondary components to be disposed of) was found.

Experiment 2

Residues having the following composition, based in each case on the crude
produict:

gaseous stream of secondary components (1) 38.50% v/v

liquid: aqueous stream of secondary components (2) 3.7% w/iw

liquid pasty organic stream of secondary components (3) 0.4% wiw

were disposed of by feeding all three streams of material to the burner system described
above. Since in this case the stream of secondary components 3 was also burnt with the
other streams, a nozzle having a further annular feed gap was used in the bumer

system.

There was found to be an increase in steam generation of 246 % compared with the
blank experiment (burning with support gas only).
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The present experiments thus show that the process of the invention provides for the
residue-free disposal of streams of secondary conlponentg that are formed during the
preparation of acrylic:acid. '
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We claim

A process for the disposal of low, medium, or high-boiling secondary components
that are formed during preparation of (meth)acxylic acid, wherein gaseous
low-boiling secondary components (1) are bumed, low or medium-boiling
secondary components (2) that are dissolved in water and optionally high-boiling
secondary components (3) which have been treated with with low-viscosity
solvent are fed to the stage involving combustion of said secondary components

.

A process as defined in claim 1, wherein the low-boiling secondary components
(1) contain carbon monoxide, carbon dioxide, nitrogen and/or educts not
converted during the preparation of (meth)acrylic acid.

A process as defined in claim 1 or claim 2, wherein the secondary components (2)
contain acetic acid, maleic acid, fumaric acid, formaldehyde, and/or organic
material.

A process as defined in any of claims 1 to 3, wherein the high-boiling secondary
components (3) contain acrylic acid polymers or methacrylic acid polymers.

A process as defined in any of the previous claims, wherein burning is carried out
in a combustion chamber using a support gas bumner or muttifuel burner.

A process as defined in any of the previous claims, wherein bumning is carried out
at temperatures of ﬁ'om 800°C to 1000°C

ThlS Sheet Has Been RT
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A process as defined in any of the previous claims, wherein natural gas and/or air
are additionally to the combustion zone.

A process as defined in any of the previous claims, wherein. the acrylic acid or
methacrylic acid.is prepared by catalytic gas phase oxidation of propene or
isobutene and/or acrolein or methacrolein, absorption of the reaction product
obtained during the oxidation into water or a hlghboﬂmg solvent, or condensation
of the reaction gas obtained during oxidation, and separation of the resulting
acrylic acid or methacrylic acid by distillation and/or extraction.

A process as defined in any of the previous claims, wherein the acrylic acid or
methacrylic acid is prepared by

(@) catalytic gas phase oxidation of propene or isobutene and/or acrolein or
methacrolein,

(b) absorption of the reaction product that is formed in stage (a) in a solvent and .

(c) separation of acrylic acid or methacrylic acid fiom the loaded solvent of
stage (b) by extraction and/or distillation,

where, prior to the absorption in stage (b), a portion of the solvent is evaporated
and a portion of the remaining liquid solvent is disposed of, optionally following
further solvent evaporation, as high-boiling secondary component (3), and

unabsorbed reaction product remaining after the :absorption of the reaction
product in stage (b) is cooled, where the aqueoug condensate that is obtained,
optionally following subsequent extraction, is ",. ;iisposed of as secondary
component (2) and at least a portion of the gas stream that is obtained is disposed

of as secondary component (1).

10. A method of using a combustion chamber having one or more support gas burners

" This Sheet Has Been Rerlaced ’
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or multifuel burners for burning low medium or highboiling secondary
components that are formed during the preparation of (meth)acrylic acid.
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