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Disp()sall_of Secondary Components For*1;tcl. During the 
-;:: :-_> l>:reparation of (Meth)acrylic:Atid · 
\· .· .·. 

. . ~ . .. 
. .. . . : .. :· :~· : ~- ''· 

. . . . .··~ .. • .. ·;.···. 
··::. 

The present inveliii.~11 ~-es to a process for the disi)9sat of low, medium, and 

- high-boiling seco~~ -~onents formed during the -,~feparation of (meth)acrylic 

acid. 

Acrylic acid is an iriiPPitant basic chemical. By reason of its-very reactive double bond 

and also its acid--~~~ it is particularly suitable for Qse as a monomer for the 

preparation of pofytri~?~ost of the monomeric acrylic 8.tjd prepared is esterified to, 

say, adhesives, ~pef~~hs,-or varnishes prior to polymeMltjon. Only a small portion of 

20 the monomeric acrY:iib-~4 that is prepared is directly polymerized - to, say, "super 

absorbers". Wher~- k~µpmers of high purity are -ge~y required in the direct 

polymerizatio~ ~f~~ ~~ the purify requiremeiits of'-~lic ·acid are not so high if 

it is esterified pric>ri<)th~, ~olymermtion. 
.. . . ~ ... - . : : . 

25 It is well known :t11at:~lic acid can be prepared m·'.two stages Via acrolein at 

temperatures ran.~\-iJ.o1n · 200°C to 400°C by hetero~eously catalyzed gas phase 

oxidation of pro~ ~ molecular oxygen over -catalY~s existing in the solid state 

(cf, eg, DE-A-19~~2!'-~3'1,DE-A-2 943 707, DE-C-1205.sod, EP-A-0 257 565, BP-A­

o 253 409 DE-A.idd~1,:~64 EP-A-0 117 146 GB-Bj1\~50 986 and EP-A-0 293 ' ----- ---· ·-· '" _:_ " -. ' , -- --- ' 

30 224). In this C8$e:~iidic Illlliticomponent catalysts are u~ eg, those based on oxides 

of the elements ni<li~bd~ chromium, vanadium, or tentifium. 
. .. -~ ·. · .. : . . ~· .. · . 

DE-C-2 136 396 ieVci.,i~'that it is possible. to separate the ~lie acid from the reaction 
: .. -~ 'h: . ·,. : . · .... 

gases obtained in- die;,¢atatytic oxidation of propene .¥·a<70lein by countercurrent 

35 absorption with>~ -~.of 75 wt°/o of diphenyl etlter. and 25 wl°/o of diphenyl. 
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Furthermore DE-A-2 449 780 reveals the method of oooli_ng the hot reaction gas by 

partially evaporating the solvent m a direct condenser ( qrienching apparatus) prior to 

countercurrent absorption. A problem arising here and iii_, other process steps is the 

occurrence of solid· :materials· m the ·apparatus, which raj4ces ·the. availability of the 

5 plant. As stated.mI)E-A-4 308 087 the amount'ofthis,sollg.riiaterial can be reduced.by 

adding a polar solvent such as dimethylphthalate to th~::rclatively nonpolar solvent 

mixture of diphenyl ether and diphenyl ( diphyl) m an atilO~ of from 0.1 to 25 wt°/o. 

Other principles of process exist besides the aforementioned absorption of reaction 

10 product containing the acrylic acid into a high-b<lmn~ solution (mixture). The 

aforementioned process differs from the other processes ~.that here the acrylic acid is 

absorbed into a high-boiling solution (mixture) mas anhydrous a state as possible. The 

water is removed from the process m a separate proceSEfStage. The other processes 

provide for the complete condensation of acrylic acid 811~\the water of reaction also 

15 formed during the. catalytic oxidation. In such a case. there:i,s.:formed an aqueous. accylic ....... . 

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

of forming an azeotrope with acrylic· acid<( cf.DE-C-3. 429:391,· JP-A-I , 124 766;' JP-A- ·. · ·· .· · 

7 118 766, JP.-A-7: .118:966, JP-A-7 .118. 968~. and.JP;.A".' 7:<2;41885), .or via.an. extraction -. .... ,. ..... 

stage (cfDE-A-2 164 767, JP-A-5 8140 039, and JP-A-4 8091 013). In EP-A-0 551 

20 111 the mixture of acrylic acid and by-products that is prq)ared by means of catalytic 

gas phase oxidation is contacted with water m an absorption tower and the aqueous 

solution that is obtained is distilled in the presence of a s9~vent capable of forming an 

azeotrope with polar low-boilers such as water or acetjc acid. DE-C-2 323 328 

describes the separation of acrylic acid from an aqueous efilii,ent liquor produced in the 
····.-:,·· 

25 esterification of acrylic acid or an aqueous acrylic acid; sciiution as is formed in the 

preparation of acrilic acid by oxidation of propene or ~()1em, by extraction with a 

specific mixture of organic solvents. 

A fact common to all processes that are industrially used for the preparation of acrylic 

30 acid or methacrylic acid is that any low, medium, and bigt1boiling fractions produced 

consitute undesirable sec0ndary components and thus streams of material that must be 

··.·.·., 
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THIS: :_~HEET HAS BEEN 
- - ~~PLACED 

disposed 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 
·. :· :_';: . 

5 the by-product problem relating to the·production of (m~)acrylic·acid economically 

and ecologically to optimum effect. 

We h,ave found, surprisingly, that this problem can be solved by burning the gaseous 

low-boilers together with the aqueous liquid stream of material comprising 

10 water-soluble low-boilers and/or medium-boilers, the high-boilers being optionally 

bumtwith them. 

Thus the invention relates to . a process for. the dispo~ . of low, medium, . and 

high-boiling secondary components that are formed during ·the production of (meth) 

15 acrylic acid in which gaseous readily volatile secondary components-(1) are burned,. low. _ 

or m~-boiling secondary components (2) that are dis~lved in water being added 

optionally together with high-boiling secondary· -compc)nents- · (3) tre8:ted· ·with 

low-viscosity solvent. the burning. advantageously. takesplacejn.a .combustion. chamber ....... -........ . 

equipped with one or more support gas burners, nozzle btimers, or multi-fuel burners, 

20 eg, a flame evaporating burner. 

In one embodiment the invention relates to a process itiwhich the acrylic acid or 

methacrylic acid is prepared by 

25 (a) catalytic gas phase oxidation of propene or isobutene &nd/or acrolein or 
.. :· 

methacrolein, __ 

(b) absorption of the reaction product that is formed in;·Stiise (a) into a high-boiling 
.. , . 
... :; . .-

(c) =of acrylic acid or metbaaylic acid ftom 4~ solvent ftom stage 

30 (b); by distillation, _ ·-------------------·----- ______________________ _ 

Th~i1i1i~T 
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where, prior to theal>sorption in stage (b ), a portion of the solvent is evaporated and a 

porti(lll of the -ieniaining liquid solvent is disposed of; optionally following further 

solvent evaporatiori; ,~ high-boiling secondary component (3), and 

· · 5 unabsorbed reactiQll'pr'oduct remaining ·after the absorptiQn -of the reaction product in 

stage (b) is cooled;)~~ the aqueous condensate that is obtained, optionally following 

subsequent extractl()ri, is disposed of as secondary compone,tt (2) and at least a portion 

of the gas streatil 1:hat is obtained is disposed of as secondar}r component (1). 

10 Preferred embodim.¢nts of the invention are defined in the sub-claims. Other and 

preferred features ai-~ shown in Figs 1 and 2 and are described below. 

In the drawings:,. __ -

15 Fig. 1 

is a diagrammatic ill~ation ofa flame.evaporating. burner that.is._ - .. 

preferably used::'\,vh~,carrying-out the process-of the·inventi(:>Il; · · · · 

Fig.2 

20 shows a flow sheetfor·the preparation of acrylic acid. 

In the present des~ription, the terms high-boilers, medium:boilers and low-boilers and 
····.. .···; 

also corresponding:, ~jectjval terms denote compoundsj~ossessing a higher boiling 
. · .. : _:·':- ·., .• 

point than acrylic· _- licid 'or methacrylic acid (high-boilers) or those possessing 

25 approximately the ~~~~oiling point as acrylic acid or~:methacrylic acid (medium 

boilers) or those:po~;es~ a lower boiling point (low-boilJs). 

The gaseous low~~oiling secondary components (1), "1llch comprise (a) gaseous 

secondary compon~ts _ that are formed during the acict ':preparation and (b) liquid 

30 components boilli18 a~ a 19w temperature (room tempera#Jre), substantially contain in 

addition to inert ~~s, ~¢h as nitrogen, water, carbon mQiloxide, and carbon dioxide, 
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the low-boiling ~on 9f the materials that are to be disposed o:t: preferably acrolein, 
···,_:'· 

acetaldehyde, pr<>P'1e,' :propene, formaldehyde, fonnic acid, and/or educts that are not 

converted during .the preparation of the (meth)acrylic acid. This stream (1) is ad-
.··.: . 

vantageously.bum¢irta- combustion chamber. Such a combustion.chamber .can either 

5 be assigned ~to :c:th~> (rneth)acrylic acid production plant alone or be operated in 

association. with> other plants. An example of a flame evaporating burner that is 

preferably used is_slj9wn in Fig. 1 described in greater detail below. 

The low or m~-bpiling secondary components (2) that are dissolved in water and 

10 are to be disposed of preferably contain from 0.1 to 10 wt°/o of acetic acid, from 0. 01 

to 5 wt°/o ofmalei§;acid, from 0.01 to 8 wt% of:fumaric acid, from 0.2 to 4 wt°/o of 

fonnaldehyde, ahd(or from 0.1 to 10 and preferably 5 wt% of other organic material 

such as formic. aci,d,c-:J?ropionic acid, benz.a.ldehyde, . diacrylic· acid, .. hydroxypropionic.. .. 

acid, benzoic acid,··~or diphenyl ether (residues thereof: when used as solvent(s)), 
<· . 

15 based, in each :~·,on.; 100 wt%· of the. secondary. components·-(2),. These-secondary .. -;. 

components predq~y .. contain_ acetic .. acid, ... maleic .. acid, .and .. .fonnaldehyde .. This~--- .... 

stream of second~·'.cpmponents (2) is added ·and· preferably· injected, as· an aqueous"·· 

stream of materiaJ9Uriilg the stage. involving.burning of the. low-boiling~secondary:·· .· 

components (1} jp-.· an advantage ous embodiment of the invention this injecting 

20 process takes pl~ via concentric multi-fuel nozzles, as lmown in the prior art. This 

aqueous stream co~ the secondary components (2) is advantageously preconcen­

trated as far as p()~61e,. eg, by evaporation. To this end, the heat generated in the 

production process ~ be advantageously used to improve energy-utiliz.ation. Suitable 

apparatus compriSes cQmµlercially available evaporators . 

25 

30 

. ·:.·.:· .. ·.· 

·: :. 
. .· 

The high-boiling· seC<>~~ components (3) predominantly contain polymers of acrylic 
... ·· .. · .. ' 

acid or methacryli~ ·add, unconsumed production stabilizers, eg, phenothiazine, or 

p-nitrosopheno~. µilrlb,itors, eg, methylene blue, and/or the thermal degradation 
.· ·,.;, 

products thereof. .• · .. · 

~·: ·: 

This stream of·s0~( high-boilers (3) is advantageously first pretreated, since its 
. :,-....... ! : 

·'> 
·. \.~: 
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physicochemical prop~es make it difficult to handle. Tlnis the solidifying point is 

generally so high that this stream of material is not · puinpable at usual ambient 

temperatures. Blending with solvents which are oflow visq>sity at ambient temperature 

(visc0sity usually from 0:5· l 0"3 to 2· l 0"3I>a·s) and preferaJ:>ly.'.l:taving a high boiling point, 

5 ie fil~m 100° to 250°C~ can cause the solidifying pointto dfop to such an extent that the 

mixture becomes~pumpable. The following have given Partlciwarty good results in this · 

context: acetone, dimethyl formamide (DMF), or alcoh()ls, particularly C3-C10 diols 

and/or trials, such as pelltane dio~ hexane dio~ glycero~ glye(>~ dimethyl glycol, mono­

methyl glycol, monoethyl. glycol, diethyl glyco~ or mixtlJres thereof The stream of 

10 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· components (1) and (2). Preferably, the secondary components 

(2) and (3) are separately:injected. On· the.other-hand iHs.·also possible· to transfer-the·· ·.·.·, 

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

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

comparable, in their~ properties, to heavy heating··o~ or· to feed-them to· some···· ... · · · 

other: processing plant.; · · · 

Fig. 1 shows a cross-secti9n of a burner preferably used on execution of the process of 

20 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: C()nduit 1 for waste water, conduit 2 for atomizing steam for the 

w~e water, conduit 3 for liquid or gaseous ( eg natural ga8 ~d/or CO) supplementary 

fuel, conduit 4 for thC·.sfream of secondary components. (2.) and conduit 5 for support 
.. "'· :. ·:···.· 

25 gas, such as natural gas. :Air for combustion is introduced .yia the conduit 6. The stream 

of secondary components. (1) is added separately to the a,itfor combustion, in order to 
. . .·· . 

avoid an explosion. The. liquid components are sprayed urto the combustion chamber 

via the nozzle 10. J.lefe~ numeral 8 and 9 denote ~1 rings, which serve for air 

guidance. Referen~ ~eral 12 designates flame-resi~_: insulating material. The 

30 nozzle 10 can be· a b.Q~ concentric multi-fuel nozzle, ~hlch exhibits a plurality of 

central annular feed. $aps. ~table for the feed of the streak.. of secondary components 
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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) (ma form which can be handled) is also 

5 to be injected, the nozzle. l 0 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 which is indicated by the tlame-

10 resistant insulating material 12, to the left of nozzle 10. The combustion chamber is 

advm$ge<>us 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, in the form of high-pressure steam. the combustion gases are passed through the 

15 wast~ heat section advantageously in such a manner that·the temperatures decrease 

progressively 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 

20 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 

25 preconcentrate this stream as far as possible. The waste heat 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 

ofpropene or isobutene and/or acrolein or methacrolein, followed by absorption of the 

30 r~~on product that is produced during the oxidation' futo a low-boiling solvent, 

preferably water, or a high-boiling solvent followed by separation of acrylic acid or 
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methacrylic acid by distillation and/or extraction. On the otl\er hand it is also possible to 

condense the gaseous reaction product that is produced during the oxidation, which 

contains water, an aqueous solution of acrylic or methaciylic acid being obtained, of 

which the acrylic acid or methacrylic acidis in turn .sepa.tated by distillation and/or 

5 extraction. 

In a preferred embodiment the invention relates to a process in which the stages (a) bis 

( c) are defined as above. These single stages are describ~. b.elow for acrylic acid. They 

apply analogously to methacrylic acid, unless otherwise _stated. A suitable flow sheet, 

10 which shows the stages (a) to (c) and also the streams ofseeondary components (1) to 

(3) to be disposed ot: 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 Kl to K4 refer to different 

.. columns/apparatus. , 

15 Stagea 

Stage · (a) comprises·· the . single-stage ·or two-stage catalYtlc ·gas-phase ·reaction of · 

propene and/oracrolein .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 

20 and/or methacrolein with molecular oxygen. The gas-pha8e reaction can take place by 

known processes, particular those described in the aforementioned references. 

Advantageously the process is carried out at temperatures ranging from 200oC to 

500°C. The heterogeneous catalysts used are preferably oxidic multicomponent 

catalysts based on the oxides of molybdemun, chromiUIJl, vanadium and/or tellurium. 

25 Fur- thennore, it is also possible to prepare methacrylic. acid in two stages by (1) 

condensation of propionaldehyde mit formaldehyde (m ·the presence of a secondary 

amine acting as catalyst) to form methacrolein foll~~ by (2) oxidation of 

methacrolein to methacrylic acid. 

30 According to the preferred embodiment that is shoVVri in Fig. 2, following the 

compression 11 ofthe circulated gas from conduit 30, which substantial consists of 

.. J 
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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. 

· 5 In stage (a) there,is obtained however not pure acrylic,acid, but ·a gaseous mixture, 

which can contain acrylic acid and; as secondary components; .substantially .unconverted 

acrolein and/or pro~e. steam, carbon monoxide, carb()n dioxide, nitrogen, oxygen, 

acetic acid, propionic acid formaldehyde, further aldehyq¢s, and maleic anhydride. In 

particular, the reaction product mixture typically contains, in w1:°/o based on the total 

10 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% ofaldehydes,.andup .. to 0.5%ofmaleicanhydride... .. .... . .. . 

15 Stageb 

In stage (b) the acrylic.:acid, and a portion ·ofthe-secondary components·are·separated: · - ·· ······· 

from· the , reaction ;gas= by·· absorption·.·with · a·· high-boiling·::solvents;"· Suitable··for,·. this············. 

pwpose are all high-boiling solvents capable of absorbing acrylic acid, 

20 particularlysolvents having a boiling point above 160°C. Particularly suitable is a 

mixture of diphenyl ether and bipheny~ such as is commercially available as a mixture 

of 75w1:°/o of diphenyl ether and 25w1:°/o ofbiphenyl, also referred to as "diphyl". 

Advantageously, as shown in Fig. 2, the hot reaction gas tjbtained from stage (a) after 

25 synthesis 12 is fed by means of conduit 47 to a qu~<iliing apparatus or a direct 

condenser Kl where it is cooled by partial evaporating 13 · of the solvent prior to said 

absorption. Particularly suitable for this purpose are v~turi scrubbers, bubble-cap 

columns, or spray condensers. In such case the high-borunr secondary components of 

the reaction gas from stage (a) condense into the unevaJ)prated solvent (m Fig. 2, the 

30 condensation and Partial evaporation is designated with reference numeral 13). 

Furthermore, the pat'.tjal evaporation of the solvent constitutes 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 1 OOA> of the stream of material that is fed to 

the absorption colwnn, is removed from the condenser Kl and subjected to solvent 

purification (not'shown). The solvent is distilled over. The solvent distillation serves to 

5 avoid an increasedmthe. 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. 

10 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 evaporated solvent are. passed, upwardly0-into the,, column··K2 and· are.-.-·····. 

subsequently cooled.to the temperature of absorption .. In. the. absorption region.of the .. 

15 column K2·both··medium-boiling···and 'high~boiling·,components··presenrin·0the···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, 

20 particularly water, fonnaldehyde 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 

25 overheads by conduit 34. Here, the stream is divided, preferably in a ratio of from 3:1 

to 1 :3 depending 011 ·the design of the plant, in particular a ratio of I: 1, where part 

thereof is recycled by way of conduit 30 to the reactors for synthesis 12 via a gas 

compressor and th~ ~ther partial stream is removed by means of ocnduit 35 in the form 

of the gaseous stream. of secondary components (I) to be disposed of. The afore-

30 mentioned acid ~ter 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) 

'1 ., 

., 
·-.; 
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and also water-soluble low-boiling and medium-boiling· eomponents, such as acetic 

acid, formaldehyde, maleic acid etc .. 

A solvent stream laden with acrylic acid, high-boiling an(i ·,medium-boiling secondary 

5 components ·and also a small amount of low-boiling> secondary components· is 

withdrawn by means of conduit 37 from the. absorption regiQn 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 col~ K3 as shown in Fig. 2, 

10 which can preferably be equipped with sieve, valve, or dual-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 d~bed in (a) is preferably 

used. During desorption 16 and 17 the major portion of the low-boilers is stripped from 

15 theloaded solvent with a portion of the recycled gas withdrawn prior to stage (a) by 

way of conduit 38, and is recycled to colunm K2 by way of conduit 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 IQ by way of conduit 41, 

20 and is fed to colunm K4 for distillation. 

Stagec 

In process stage ( c) the acrylic acid is separated from the solvent together with the 

25 medium-boiling components and also the final residues of lowboiling secondary 

components. This separation takes place by means of ~on, 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 having ya}ve trays is advantageous 

used. In Fig. 2, the distillation is shown with saeveral ~{)cess steps being solvent 

30 mixture distillation 19, medium boiling component distillatioµ 20, low boiling compo­

nent distillation 21 and partial condensation 22. All these steps are carried out in 
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column K4. In the. bµoying section of the distillation co~ K4 the aaylic acid is 

distilled free from the solvent and the medium-boiling secopdary components, such as 
.. . .. .. 

maleic anhydrlde(step 21). In order to reduce the low-b(:>iling fraction in the aaylic 

acid, the acryljc.:~dds.advanta.geous withdrawrdrom:the>column K4 through a side 

5 flue 42. This:·.acry~~'f@id<:is designated crude acrylic acid.Jri.'.the stripping section of the 

column K4 the·:.tjl~um boiling component distillation:.20 and the solvent mixture 

distillation 19 take;place. The solvent that is drawn off fro111 the bottom of the column 

K4 is recycled to the column K2 by way of conduit 43. 

10 At the head of the column K4 a stream that is rich in low-boilers is then withdrawn by 

way of conduit 44 fQllowing condensation 22. Since this ~ however still contains 

acrylic acid, it is advantageously not discarded but recycl~ to the absorption column 

K2 and worked.up::again, as shown in Fig .. 2 ... 

15 The acid. water< from· conduit 36 which can·· still. ·cont$< dissolved: aaylic · acid- is 

preferably treated ~:.extraction. with a small partial.stream ,pf the. solvent.that. is. almost.... .. .. .. . .. ... ,. . ~ : . . . 

free from acrylic··~d; .coming from· the·· bottom of thentiStillation:·column·· K4 from· -

conduit 40,before-.itd~.disposed of in the process of.the··fuvention.·In•this-acid--water· ·· . . 

extraction 18 a pprtion of the aaylic acid is extracted iftto the solvent and is thus 

20 ·recovered from theatjci water. The acid water in tum ~s the polar medium-boiling 
. ' .· . :· ·. 

components from:·the solvent stream and thus avoids an increase in the level of these 

components in the:~lvent circuit. The acid water ~;after extraction is disposed 

of as the streani of:~11dary components (2) by way of b611duit 45. The solvent being . . . . -·· . 
·loaded during aci~ ;W;ater extraction with aaylic acid is re(Umed via conduit 48 to the 

."; · .. 

25 solvent stream 43. 

It is particularly acivantageous to preconcentrate the a£orementioned stream of acid 

water from conduit 45 as far as possible prior to dispos8.1: This can be effected, for 
. . . 

· example, by using th~ waste heat which is removed for 000lipg the reaction gases in the 
';:.· 

30 column K2 for th.~ Pw.Pose of concentrating the acid wat~ and separating steam. This 

steam can, eg, bep~~to the incinerator plant that is desCribed above via the gaseous . . .( .. :: : "" 

~-
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stream of secondary components (1). The remaining acicfwater having a particularly 

high content of combustible materials yields a particularly ~e amount of recoverable 

eneIEY, which can be gained in the form of high-pressure steam This recovery of 

enel!Y is particular -advantageous, when the steam produced can be used in the plant 

5 itself'; eg, for .the:=·distillation of the· acrylic acid in the: column K4 or in the· solvent 

distil1ation and ·=for ·driving the compressors for air and/or, recycled gas by means of 

steam turbines. 

The crude acrylic acid that is obtained in stage ( c) contains; •based, in each case, on the 

10 crude acrylic acid, preferably ~m 98 to 99.8 wt%, particular from 98.5 to 99.7 wt%, 

of acrylic acid and..:fj'om 0.2 to 2 wt°/o, particularly from ()5 to 1.5 wt% of impurities 

such as acetic acid, aldehydes, and maleic anhydride. nµs acrylic acid can, if the 

demands on its purity are not very high, optionally be used.:as it is for an esterification; 

Further separation of the secondary components of the thus isolated crude acid, .. if . 

15 necessary, · can =optionally take place· by crystallization;· distillation-'··or·· other·-··. 

suitableseparating-.methodS;, according., to .. the .. quality .. ofd!crylic .acid .. required.-' .The ...... 

acrylic acid thus· obtained can either be directly ·.processe4'.fhrther or be subjected· to 

further chemical reactions· such as esteri:fication; 

20 The invention is explained in detail with reference to the foµowing example, 

which represents a preferred embodiment. 

The following statements refer to a plant for the productlon of acrylic acid, which is 

operated according to the process described in DE-A-2 136 396, where the product 

25 containing acrylic acid is absorbed following synthesi~ in a high-boiling solvent 

consisting of 80 wt°/o of diphyl (mixture of diphenyl ethet~d diphenyl) and 20 wt°/o of 

dimethylphthalate (O:MP). The reaction scheme substantil!l corresponds to the process 

illustrated in Fig. 2, wherein to simplify matters, col~apparatus Kl to K4 are 

mentioned only. 

30 

Fro~ a synthesis section, which consists of three cascade{of reactors each having two 
. ' 
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tube bundle reactors acting as oxidation reactors, there is <>Ptained. as reaction product, 

a gas,stream composed, on the average, of the following components in percentages by 

weight: 

acrylic acid 9.3% 

COi 3.2% 

nitrogen 77.4% 

oxygen 3.1°/o 

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 con4enser) Kl with IO kg of 

15 diphyl/DMP per m3(STP) of crude product, as solvent, and'i~ afterwards. passed to .. the .. · ··. 

absorption column K2 at a. gas temperature of approximate:-170<?.C. Further processing. 

takes place as' described above. 

A small side stream of the solvent in the bottoms of the absorption column K2 of from 

20 0.5 to 1 wt% of the amount that is pumped through the column Kl 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 ~-·#ie 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 elementary eomposition of this stream 

25 of secondary components (3) is, on average: 

c 68.8% 

H 4.4% 

0 23.1% 

30 N 1.05% 

s 2.2% 
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In this case the amounts of nitrogen and SQ).fur are <Jerived from the process stabilizer 

used, ie phenothiazine, which is added in the distillation: colunm K4 and which also 

passes into the absorption colunm K2 due to the circulation, of the solvent. The stream 

· 5 ofseeondary components (3) is'a blackish, solid to viscous,inaterial having a solidifying 

point 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, C.<h etc.) are recycled to the 

10 reactors as "recycled gas", of which a partial stream is branched off and fed to the 

combustion zone as a stream of secondary ·components (I). This branched off partial 

stream consists of 90 wt°/o of nitrogen, 4 wt°/o of oxygen, 4 wt°/o of CO and C02, I 

wt°/o of water, and 1 wt% of organic components. A further partial stream of the 

recycled gas is used for stripping low-boilers from the solv~ stream containing acrylic 

15 acid in the column K3. This stream of recycled gas now· enriched with low-boiling 

components.is .likewise recycled to. the absorption. column, in order.to .. appear again at 

the· end of this ·absorption colunm K2.in·the partial· stream,of·the· recycled ·gas, or in·the · ··· ·· 

parti8.l stream fed to the combustion zone.- -· · ·· 

20 The stream of material leaving the absorption colunm K2;· is $tripped 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 product and solvent passes to 

the distillation colunm k4, where the product is remo~ through a side flue. The 

high-boiling solvent then returns to the absorption colunlp. K2 at the bottom . The 

25 low-boiling fractions that are funned at the top of the. :~lumn K4 and in the top 

condenser are likewise recycled to the absorption colunm l(2. 

All of the water (acid water) that present in the upper cooling circuit of the absorption 

column K2 is fed to the combustion zone as a stream of ~ndary components 2 fol-

30 lowing extraction with recycled solvent. The same applies to the removed partial 

stream of the recycled gas, which fonns 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 burner of the flame evaporating burner type, as is sho~ in Fig. 1. The individual 

streams of material come into contact with each other in:the, combustion chamber, -the 
:"·"; ·; 

5 feed of these ,streams of material being ,effected through -cc)ncentric annular outlets. In 

. additional to-.:,the streams 'Of secondary components· nam~; above,· which are to be 

disposed ot: there must also be added: support gas (prefei'ably natural gas), air for 

combustion, and atomizing air. 

10 The waste heat section of the combustion chamber is thus oonstructed 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 2 lbar. 

Afterwards the hot exhaust gases are used in the second stage of the two stages 

involved in preheating the stream of secondary components (1) to be disposed ot: for 

15 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 secondaiy components (1). The rest of the energy is:used for the production of 

low-pressure steam according to plant settings. This-meansthat the energy recovered in 

the plant can be measured in terms of the amount of steam tluit is produced. 

20 

25 

30 

In this plant there were carried out two experiments according to the process of the 

invention, the stream of secondary components (3) being. ~ernally disposed of in the 

first experiment, whilst it was burnt with the other secon~~ _components in the second 

experiment. 

Experiment 1 

Residues having the following composition, based in each c;aSe on the crude 

product: 

gaseo\ls stream of secondary components (1) 38.5% v/v 
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liquid aqueous stream of secondary components (2) 3. '1°/o w/w 

liquicl pasty organic stream of secondary components (3) OJ% w/w 

was <;lisposed of by burning. the gaseous and liquid aqueoqs streams (1) and (2) until 

free from residue and disposing of the stream of components ·3 externally. 

~ burning the temperature at the end of the combustion chamber was 

10 apprqximately 904°C. An increase in the production of high-pressure steam by 22.4% 

comp~ with a blank experiment, which was carried out 1.ISing support gas (instead of 

the streams of secondary components to be disposed of) w~ found. 

15 

20 

Experiment 2 

Residites having the following composition, based in each case on the crude 

product: 

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

liquid: aqueous· stream of secondary components (2) 3. '1°/o w/w 

liquid,pasty organic stream of secondary components (3) 0.4% w/w 

25 were disposed of by feeding all three streams of material to tile burner system described 

above. Since in this case the stream of secondary component~ 3 was also burnt with the 

other streams, a nozzle having a further annular feed gap was used in the burner 

system. 

30 There: was found to be an increase in steam generation of 24.6 % compared with the 

blank 'experiment (burning with support gas only). 

.-,~. 
"..j.. 
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The present experiments thus show that the process of tlje invention provides for the 

residue-free disposal of streams of secondmy component~ that are formed during the 

preparation of acrylic· acid. 



-----------·--·---------------

r111111t \11111 1111n1111 n1111.· 
. •: ·. c ,. i. ·.. if· s * 

-19-

5 We claim 

THIS SHEET HAS BEEN 
REPLACED 

I. A process for the disposal of low, medium, or high-boiling secondary components 

10 that are formed during preparation of (meth)acrylic acid, wherein gaseous 

low-boiling secondary components (I) are burned, 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 

15 (1). 

20 

2. A process as defined in claim I, wherein the low-boiling secondary components 

(I) contain carbon monoxide, carbon dioxide, nitrogen and/or educts not 

converted during the preparation of (meth)acrylic acid. 

3. 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. 

25 4. A process as defined in any of claims I to 3, wherein the high-boiling secondary 

components (3) contain acrylic acid polymers or methacrylic acid polymers. 

30 

5. A process as defined in any of the previous claims, wherein burning is carried out 

in a combustion chamber using a support gas burner or multifuel burner. 

6. A process as defined· in any of the previous claims, wherein burning is carried out 

at temperatures of from 800°C to 1000°C. 
-- ---- --- - ----- --- --- ·-·---·-------· ···------···· 
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7. A process as defined in any of the previous claims, wherein natural gas and/or air 

are additionally to the combustion zone. 

5 8. 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 highboiliiig solvent, or condensation 

of the reaction gas obtained during oxidation, and separation of the resulting 

10 acrylic acid or methacrylic acid by distillation and/or extraction. 

9. A process as defined in any of the previous claims, . wherein the acrylic acid or 

methacrylic acid is prepared by 

15 (a) catalytic gas phase oxidation of propene or isobutene and/or acrolein or 

20 

methacrolein, 

(b) absorption of the reaction product thatis formed in stage (a) in a solvent and 

( c) separation of acrylic acid or methacrylic acid :,from 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 

25 unabsorbed reaction product remaining after the absorption of the reaction 

product in stage (b) is cooled, where the aqueouS condensate that is obtained, 

optionally following subsequent extraction, is ·. disposed of as secondary 

component (2) and at least a portion of the gas stmmi that is obtained is disposed 

of as secondary component (I). 

30 

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

THIS SHEET HAS BEEN 
REPLACED 

·-- ------- - ----- · -- ·--- ·-~ - --- .. 


