5 D sposal of Secondary Conponents Fornmed During the
Prepafatlon of (Meth)acrylic Acid 10 The present invention relates to
cacprocess for the disposal: @f 1 ow, medium and ‘hi gh-boi li ng secondary
o orrponents formed during the preparation of (neth) acryl i C acid. 15

A¢tylic acid is an inportant basic chem cdl. By reason of its very reactive
doubl e bond and al so |ts ‘acid function it is particularly suitable for
use as a nononer for the “preparation of pol ymars Most of the nononeric

acrylic acid prepared is esterlfled to,

Dispc "'of Secondary Components Formed Dunng the

Preparation of (Meth)acryllc Acld

10

The present invention

: ;_lates to a process for the dlsposal of low, medium, and
g ary components formed during the preparatlon of (meth)acrylic

15
Acrylic acid is anlmortant basic chemical. By reason of 1ts very reactive double bond
and also its aci‘de- "‘on.i- it is particularly suitable foruse as a monomer for the
preparation of pol Most of the monomeric acryhcacld prepared is esterified to,
y, adhesives, dlsper or varnishes prior to polymeﬁiéﬁon Only a small portion of
20 the monomeric acry id that is prepared is du'ectly polymenzed to, say, "super

absorbers". Wher
polymerization of
it is esterified prior tc

id; the punty reqmrements of 'acryhc acid are not so high if
_ __polymenzatlon

25 Tt is well lmown:_“'? i acryhc acid can be prepared in two stages Via acrolein at




say, adhesives, dispersions, or varnishes prior to polynerization. Only a
smal | *portion of 20 the nononeric acrylic acid that is prepared is directly

pol.'.yn&iized - to, say, "super absor bers". \Wereas nmononers of high

purity are generally required in the direct pol'ymeri zation of acrylic
acid, the purity requirements of acrylic "#¢id are not so high if it is
esterified prior to the polynerization. 25 It is well known that acrylic

acid can be prepared in two stages via acrol ein at_:x tenperatures rangi ng
from 200[ err] CF&%&BQ&%EM&Q@%{)%&&E%%% ¥d GRLRNg B 18R ea%ﬁ@?ﬁg by
oxi dation of propene using nolecul ar oxygen over catafysts éexls ™ the

solid state  pariaily, mmmﬁl@ﬂekolﬁﬁﬁﬂﬁﬂue@ﬁoﬂdeﬂs&{&xeﬁ&ﬁn afpafatis) pHbr 2,
EP- A-0 257 565, EP-A- 253 409, DE-A-2 251 364, EP-A-0 117 146 GB- B-1

450 986 and Epwwgebsgm? Aproblem apsing, here;and dnother iprasssscstenstis th
catal ysts are u@&ﬁmn&gofMa%d@éﬁﬁ%gﬂT g@aﬁﬁs whlchorfed\E%%ﬂgé %@%@% fthe

nol ybdenum chrom um vanadi um or
that it is pdsplabt AsstatedmpBEaA-é 30&98‘aﬂ1e3atnounmﬁthis $olid material cande réduoed by

Cont or urr ot 340, AR Dbt e 4 s asls SE S oS eter ana

25 W % of di phﬁﬁb&hre of diphenyl ether and diphenyl (diphyl) in an amoqr;jg_of from 0.1 to 25 wt%.

Other principles of process exist besides the aforementloned absorption of reaction

10 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 proceSS_:ﬁgl;;'_'__s'tage. The other processes
provide for the complete condensation of acrylic acid andthe water of reaction also

15 formed during the catalytic oxidation. In such a case there s formed an aqueous acrylic.....
acid solution which.can be further purified via a distillal:iqrf step using an agent capable
of forming an azeotrope with acrylic-acid:(cE DE-C-3429.391, 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

20 111 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

25 esterification of acrylic acid or an aqueous acrylic aci
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 f‘br the preparation of acrylic
30 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



-2 - Furthernore DE-A-2 449 780 reveals the nmethod of cooling the hot

reaction gas by partially evaporating the Ln a direct condenser
(quenth ng apparatus) prior to countercurr THISa.mg[ITpﬂ E pr obl em
ari’sing here and in other process steps is th QEM ng solid
materials in the apparatus, which reduces3the avar of the 5 plant.

As stated in DE-A-4 308 087 the anount of this solid mate?ial can be
reduced by addi ng a pol ar. sol vent such as di nethyl phthal ate to the

relatively nong ol ar vent m xture o enyl . et her I phenyl
(di phyl ) in arCiseset .l onst 1o g S iRl Spresef 3@%@ B‘Pség"‘%f
process exist fape@pscessne af orenenti oned absorptlon of reactlon 10 product

containing the acrylic acid into a high-boiling solution (m xture). The
af orenenti oned process differs fromthe ot her processes in that here the

acrylic acid i .. ._abs nt o -boi ling saolution ure) in as
anhydrous a stilf"@:ltzilg @Sﬁgtﬂqgm tgrprp Mﬂrﬁ’% hghf#] ess in
a separate m%ewpsé@gtepmﬁmre topthe fsdhtfon of (nieft)ackylie abidl ecbMsmieAyp! et e
condensation of acrylic acid and the water of reaction also 15 forned

duri ng t he catandyecolpgiesllydeoptbmumefieckuch a case there is formed an aqueous
acrylic acid solution which can be further purified via a distillation
step using an agent capable of form ng an azeotropewith acrylic acid
(cf DEC 3 429 Wehavel fouAd, Isufptidingl Sthat s problem can bé Solvéibby tiifnifg theldLeafs,

JP-A-7 118 968, and.JP-A-7 241 885), or via an extractjion
low-boilers together with the aqueous liquid stream of material comprising

10 water-soluble low-boilers and/or medium-boilers, the lng_h—boﬁers 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)
15 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,
20 eg, a flame evaporating burner. |

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

25 (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 thq-!oaded solvent from stage
30 (b); by distillation, S
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stage (cf DE-A-2 164 767, JP-A-5 8140 039, and JP-A-4 8091 013). In EP-A-O
551 20 111 the mixture of acrylic acid and by-products that is prepared by
means of catal ytic gas -‘phase oxidation is contacted with water in an

absorption tower and the aqueous solution that is obtained is distilled
it the presence of a solvent capable of fdrmng an azeotrope wi th polar
| ow boil ers such as water or acetic acid. DE-C 2 323 328 descri bes the
separation of acrylic acid froman aqueous effluent |iquor produced in the

25 esterificatl n.of.a lige acld.or an | i.C cid solu ion as is
Formed in t he "erceprifih edhadtiacn fpe o et S LR o
acrol ein, by epbriofitdfofie \Herhiinidg hmdssé%irtfis%si?oséd%ﬂfo o:ﬁnaﬁ%no%fgomfﬁefs

A fact common to all processes that are industrially used for

prepar ati on of sel¥enjevapomtion@s bighboiling sesomdary ecomponent {3), andat any | ow, nedi um
and hi ghboiling fractions produced consitute undesirabl e secondary
components and thus streans-of material that nust be

°5  unabsorbed reactioh';product remaining after the absorptiof_rof. the reaction product in
stage (b) is cooled,; where .the aqueous condensate that is oh’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).

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

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

15 Fig 1
isa diagrammati_c;..ill_ustration..ofa flame evaporating burner thatis..... . . ... ..
preferably usedwhen carrymg out the process of the invention; -~ -

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

In the present descnptlon, the terms high-boilers, medlum borlers and low-boilers and
also correspondmg ad]ectlval terms denote compounds possessmg a higher boiling
point than acxyhc acld or methacrylic acid (hxgh-boﬂers) or those possessing

25 approximately the same 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 preparatlon and (b) liquid
30 components boﬂmg':“
addition to inert &

X low temperature (room temperature) substantially contain in

such as nitrogen, water, carbon monoxrde and carbon dioxide,



acrylic acid or nmethacrylic acid is that any |ow, medium and highboiling
fractions produced constitute undesirabl e secondary conponents and

t hus streans of mat eri:al that nust be di sposed of. These, at |east
three, streans of material 5 represent a considerable cost-load for the
process.. Thus it is—an object of tRe present invention to provide a
di sposal process which - sol ves the by-product problemrelating to the
production of (neth)acrylic acid econonm cally and ecologically to

opti mum ef f ect hailine BE Y, . L, $l : Fe?e!'rfb FP m can

be sol ved by bﬁﬁeﬁgﬁé’@ﬁémﬁéﬁsﬁ%@?ﬂ’%@éﬁ#?ﬁ%& %°g’£e‘{]ﬁ‘§éP W l %cg@kig’queous

| i gyi d Et rfaam aéetaiwxyh dé,gi'ob_""'el,‘pm;mmlfdarm'aldghyda,tbnnierabid,bdxﬂ/lJ or @dudioibhl Eﬁl‘erllland/ or

medi um boi | ers, the high-bailers | in tignal ]y, burnt w .them 15

In Kirk-Cthner ponveﬂe@épa%éasaprsrmn?fgﬁp (3%85%@59% ﬁm stregeg, 19_9% & page

182-206, 1he COmehldtherble drmblbtiicHarsl 52h b Lol chitbes bl @henast e
an se

S di scl osed, conbustion furnaces u or this purpose are
descri bed. Bft belassigned :to:thes (methYacnglic atid grodution rpldut eatonsf ob e poperhbat

relating to the production.of 20 (meth)acryljc acid can be sol ved by
bur ni ng-t he. gaStEBUSITG B ey Baits Bt HIBRIRFYf & faie; YEPERRE BUBEOREE 11 qui d
stream of At epfdirably used is shown in Fig. 1 described in greater detail below.

The low or medrum-boﬂmg secondary components (2) that are dissolved in water and
10 are to be dispose‘d-'_;c'.)'.f-pr'eferably contain from 0.1 to 10 wt% of acetic acid, from 0.01
o 5 W% of maleic acid, from 0.01 to 8 wi% of fumaric acid, from 0.2 to 4 wi% of
formaldehyde, and/or from 0.1 to 10 and preferably 5 wi% of other organic material

~ such as fomxic;ac_liu ;propionic acid, benzaldehyde, .diacrylic: acid, hydroxypropionic.. .

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

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

stream of secondar

"?'cbjmponents (2) is added -and- preferably- injected - as: an-aqueous -~ -
stream of material unng the. stage. involving. burning. of the-low-boiling - secondary - - -
components (1) In an advantage ous embodiment of the invention this injecting

20 process takes place wa concentric multi-fuel nozzles, as known in the prior art. This
aqueous stream oontalmng the secondary components (2) is advantageously preconcen-
trated as far aspo ible, 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.

nda.ry components (3) predominantly contain polymers of acrylic

acid or methacryllc f‘d
p-nitrosophenol, mhlbltors, eg, methylene blue, and/or the thermal degradation
products thereof R

30 R

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

The high-boling seco

, unconsumed production stabilizers, eg, phenothiazine, or




Thus the invention relates to a process for the disposal of |ow, nedium

and hi gh- gry conponents that are formed during the
“production o FyTilc acid in which gaseous readily volatile
secondary coppo eé burned, |ow or medi um boiling secondary
cdnponents ( - are=tT ssol ved in -6wat er bei ng added optionally
together wt I gh-boi ling secondary conponents (3) treated w t h

| ow vi scosity solvent. The burning advageousl y takes pl ace in

gg;rt;gftsl on cha%ﬁ M&J% W|th ‘rélﬂirg}lﬁ ﬁ gﬂ ﬁ@gg@eﬁ rs, nozzl e 30

CR)EELAggg/g}\Z7 gggéﬁrally so high that this stream of material is not pl_xm%a_ble at usual amblent
temperatures. Blending with solvents which are of low v1soosrty at ambient temperature
(viscosity usually from 0.5-10° to 2-10%Pa: -s) and preferably havmg a high boiling point,

5 iefrom 100°.t6 250°C; can cause the solidifying point to drop to such an extent that the
mtxture becomes: pumpable The following have given partlcularly good results in this -
context: acetone, drmetnyl formamide (DMF), or alcohols, particularly Cs-Cio 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

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-coﬂtponerrts (1) and (2). Preferably, the secondary components

(2) and (3) are separately-injected. On the.other hand it-is 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 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
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; condurt 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
25 gas, such as natural gas A1r 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 swrrl nngs, which serve for air

30 nozzle 10 can be a known concentric multi-fuel nozzle, whlch exhibits a plurality of
central annular feed gaps suttable for the feed of the stream of secondary components
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I n one enbodi ment the invention relates to a process in which the acrylic

acid or met hacrylic acid is prepared by 5 (a) catal yti c gas phase
oxi datj on of ne and/ or acrolein or

met hacr ol ei n, | THIS SHEET HASSBEEN | on of the reaction product that is formed
it stage (a) iilnto aREMQ@GED boi’r ng sol vent and (c)

separation of acryrtc acraor methacrylic acid fromthe | oaded sol vent from
-4 - where, prior to the absorption in stage (b), a portlon of the

sol vent is eva olyent is
di sposed of, o ti oWﬁeﬁl g%ﬂrlllg%%a!rnp eér&m{dg& &W%%vapogé]# ﬂ?\e or!lngr
hi gh-boi | i ng s eompatents mntipmedeabove, Thus alhdomponents 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

5 tobeinjected, 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-

10 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

15 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

20 épproydmately 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 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
30 reaction product that is produced during the oxidation’ mto a low-boiling solvent,
preferably water, or a hlgh boxhng solvent followed by separation of acrylic acid or

This Sheet Has Been Re[ilaced
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5 unabsorbed reaction product remaining after the absorption of the
reaction product in stage (b) is cooled, where the aqueous condensate
that is obtained, optionally follow ng subsequent extraction, is

di sposed of as secondary conponent (2) and at |east a portion of the
gas streamthat is obtained is di sposed o-as secondary conponent (1). 10
Preferred enbodi nents of the invention are defined in the sub-clains. Oher
and preferred features are shown in Figs 1 and -2 and are descri bed

bel ow. I EHBFP,H i BFistillatioank) tacti ' : '! ZTol Hmﬁ .
Il lustration o?ha aéreéeme ap%hrngttll ngﬁlﬁ.,tjrner ?%gtnsdll%’tﬂ pd?e ergg °§s“ﬁ%te°d when’
carrying out t loendensecthe gasbud reactionvprodiicothat is produded dlurid fHe cxidayien, avhitlow

sheet for the preparation of acryltlﬁoac

id. ., n the present
description, t WHateR; ap-AMeRYs Spl %ﬁmﬁ%m&&%a@&m&%@ ghd

oi 11 ng " por ik B aRgh Uit o S0 I8 i STUPY BARnRer O TaHioR s

t hose possesS$i egtraction.

In a preferred embodiment the invention relates to a prod§s$ in which the stages (a) bis

() are defined as above. These single stages are described below for acrylic acid. They

apply analogously to methacrylic acid, unless otherwise js-tated. A suitable flow sheet,

10 which shows the stages (a) to (c) 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.. .

15 Stagea

Stage ‘(a) comprises-the single-stage -or two-stage catalytic ‘gas-phase ‘reaction of
propene and/or=-aérolein ‘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-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.

25 Fur- thermore, it is also possible to prepare meﬂlacxyhc acid in two stages by (1)
condensation of prbpionaldehyde mit formaldehyde (inthe presence of a secondary
amine acting as catalyst) to form methacrolein followed by (2) oxidation of
methacrolein to methacrylic acid.

30 According to the preferred embodiment that is shown in Fig. 2, following the
compression 11 of the circulated gas from conduit 30, which substantial consists of



25 approximately the sane boiling point as acrylic acid or nethacrylic acid
(medi Um boil ers) or those possessing a | ower boiling point

(I owboilers). The gaseous | ow boiling secondary conponents (1),
whith conprise (a) gaseous secondary conponents that are formed during
the acid preparation and (b) liquid 30 caﬁponents boiling at a | ow
tenperature (roomtenperature), substantially contain in addition to

i nert gases, such as nitrogen, water, carbon nonoxide, and carbon dioxide,

- 5- t he | dadbd | {!F,%tgg L4 . Gi.sposed
of preferably gﬂ(\ére‘L in, gogddg%éltk&;@]cfg yde, %%%%Fé%éggg%%ﬁg?%&n’@ﬁ‘&ghyde,
form c acid, atagether withprapehdrfromaorduitdl and mmﬂ:dmedittd(aﬂ SQ}Jtoimgaétbleinwhich
reparation of the (nmeth)acryljc acid.. This, stream (1) is - L.
5anfageously b ?g?n%guglﬁﬁéﬂféfﬁdrﬂ?‘gﬁ : %%%‘?ﬁﬁ%%ﬂ@ﬁ%r can
either 5 be assigned to the(nmeth)acylic acid production plant al one or be
operated in association with other plants. An exanple of a flane
evapor at i ng- Bulmstage (@) tthére 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, carbon :dioxide, nitrogen, oxygen,
acetic acid, propionic acid formaldehyde, further aldehydes, and maleic anhydride. In
particular, the reaction product mixture typically contairis,. in wt% 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% of aldehydes, and up.to 0.5% of maleic anhydride... .. .. .

15 Stageb

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,

20 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
25 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
30 condensation and partial evaporation is designated wﬁh reference numeral 13).
Furthermore, the pa11:1a1 evaporation of the solvent consl:‘iﬁxtes a purification step for



preferably used is shown in Fig. 1 described in greater detail bel ow.

The | ow or nedi um boiling secondary conponents (2) that are dissolved in
water and 10 are to be disposed of preferably contain from0.1 to 10 wt % of
acetic acid, from0.01 to 5 % of maleic acid, fromO0.01 to 8 wm % of
fumaric acid, from0.2 to 4 w % of f offral dehyde, and/or from 0.1 to 10
and preferably 5 wt % of other organic materi al such as formc acid,
propi oni ¢ acid, benzaldehyde di acrylic acid, hydroxypropionic aci d,

lsagln\z/gintc(g)ci)d, aseeé'g| ﬁhgg%@cf %ﬁgémé&ﬁ%oge%edgg#ﬁ% gg@%comonents

(2). These- seapivdpsnited solven, yrefolbly fropt Eebo10% afithe \strezmin bfinstesil ahiat is fod tal,

mal ei ¢ acid, and formal dehyde., This stream_ of secondary conmponents (2)
i s added and pﬁl@rmp9npwp@a@meve§rﬁ%m enser Ki ragérw satvent

. during the sta d&i{&i o%g“rﬂé%oﬁ&nw sthl%%@é?' es to
component s (1) n an e ous enbodl nent of t e |nvent|on t

i njecting 205p|amméan Mmpheammum efmwvmtﬂdtsubstaxmd preseﬁunlthmmmés) The.s

known in the p Thi aqueous st ream,containi t he secondar
conponent s (2) &m@w Efg’éﬂté h' & r‘%"ﬂ‘g}ﬂ“&g&“ﬁﬁ’ ?‘ﬁ bI e

eg, by evapora tuggh 'ré?nduf‘ i on
process can be a vant agg%%si y g?? (ﬁ%?tgtb?g%r ove energy-util |zat|on ﬁgﬁt abl e

appar at us conpuisposed of asseeondarylcompeneats|(3)HyzopduefR3: at or s. 25 The
hi gh-boi | i ng secondary conponents (3) predom nantly contain polyners of

acrylic acid or nethacrylic acid, unconsuned production stabilizers,
eg, phenot hijgziThg abéUrpuon 14 taltes ﬁmqﬂﬁew&ner-b&h’éx@ 'aBﬁi@on%lmﬁFKb}’bvﬁi&ﬁ ip! ue,
and/or the thermal degradation roducts thereof

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. .

15 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- orderto -~ -
separate the condensable portion of the low-boiling secondary components thereof,
20 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
25 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-
30 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)



This stream of solid high-boilers (3) is advantageously first preteated,
since its - 6-

physi cochem cal properties nmake it difficult to handle. Thus the
sol'idifying point is generally so high that this streamof material is not
punpabl e at usual anbient tenperatures. Bllending with solvents which are of
| ow vi scosity at anbient tenperature (viscosity usually fromO.5-10[err] to
2-10[err]Pa s) and preferably having a high boiling point, ie from100[err]

to 250[err]C, can.,cause t sQlidityin oi.nt ta.drop to such.an extent
Lhat the m xi 8 BELSAE e oy-Boiilg, 8% Bienti teling. Plnnsholh Siof fr 8608, |
good results igkid bdrfald haleigg®d @ge, di methyl formam de (DWF), or

al cohol s, particularly err]-Cerr] diols and/or triols, such as pentane
di ol , hexane diol, glycerol, glycol, dinethyl glycol, nononethyl glycol,

Secondar y conptaivels Sein ek Sl acRli Rl W Bl RS mescholin B0ndley 1
fed to the BIrsini@dneitdeadsSalst at Bifiall A¥BGAEt of Jowtboilig:f REShdhiK 8SmpoRaS. is
separately fromthe other streans of secondary conponents (1) and (2).

Preferably, thwitkdsewmbampansofipenduit8? fiom the ahsofptipn sagionf thercelusm K2 thabist ed.
On the ot her Ngg i uigh @) PR bbbk of 8 ol oudeba 1
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,
10 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
15 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 oféondlﬁt 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,
20 and is fed to column K4 for distillation.

Stage ¢

In process stage (c) the acrylic acid is separated from the solvent together with the
25 medium-boiling components and also the final residu&sj_ of lowboiling secondary
components. This separation takes place by means of dlsullatlon, 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 yglve trays is advantageous
used. In Fig. 2, the distillation is shown with saeveral process steps being solvent
30 mixture distillation 19, medium boiling component dlstlllatlon 20, low boiling compo-
nent distillation 21 and partial condensation 22. All these steps are carried out in



conponents (3), follow ng appropriate purification, to an industri al

I nci nerator, such as a decentral on-site incinerator, where they are

conparable, in their burning properties, to heavy heating oil, or to feed
themto sone other processing plant. Fi%é 1 shows a cross-section of a
bur ner preferably used on execution of théprocess of the invention, this
being a flanme evaporating burner. The essential parts of this burner are
provided with reference.marks. In this case the reference nunerals 1 to 5

d t dui t fied | 3. it . i f .
atoni 2i ng st éam : 'elﬁﬁ%%’ﬁe%m %rbf“i‘;?éfﬁ &L‘EW‘E@’E’Pﬁ?ﬁé. i R4 ﬂé‘ﬁ‘i“eaﬁ‘i Reg
| isti ) anit iurmn-boilibg becéi cd: 5, Sacth
rs]:tcgrlgargacs:oﬁgon nt(sﬁbmﬂﬁs n fjaln? 5611?or sua%t g%i@sﬁ%s nat ur al
gas. Via condu eﬁ’,a”g’&qe'_f.é&rb&%ﬁ@ﬁ@@?ﬁﬁ'&dﬁ\?ﬂ?@ﬂmﬁﬁ@c@fk@m aerylic
secondary conpP@Rghe ablisk Q_Iaﬁ ¥ Withidlavd o Ltﬂé;tz&ﬁmﬁﬁ@%\%ﬁdgﬁ{%ﬁdﬂe

order to avoid an expl 0si on:: e [1quid conponents are spray

conbusti on cﬁaMZ}mmmcamhsI@s@natdde:&ude?mﬁcmﬂngie strippirg; W SWirl
[ , which e | I gui ce or waste,das.gujdance, respectively.

Ir?la?g?encel ﬁurrzgéthde%é% FarRs™ n@@ﬂ?gﬂt‘gﬁﬁwﬁs@ &F‘?ﬁ}be ﬁﬁm Bturerhe -
nozzle 7 can baismlahaﬂww@@taeé!tme%ol%ﬂtftﬁatislt&%\yxgegﬁloﬁxrﬁﬁ%@ékg%gpieﬁ-'ﬁlenﬁnsfr eam

plurality of central annular feed gaps suitabl or t
of secondary cErpsreeysled t¢ the column K2 by way of conduit 43.

10 At the head of the column K4 a stream that is rich in low-_bdilers 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.;:a'gair_l,-.as shown in Fig. 2... |

15 - The acid- waterfrom: conduit 36. which- canstrllcontam dissolved: acrylic - acid- is -
 preferably treated by extraction with a small partial stream'of the solvent that is almost. .. .

. free from acryhcacldeommg from the-bottom -of:ﬂle?édiSﬁﬂaﬁon':*-mlumn=~K4' from-
conduit 40,--bef01'}'.e5 isj-;.disposed- of in the process of: the_-::-':i;ri.fvention.---In-:this-~aeid«wa1er: e
extraction 18 a portlon of the acrylic acid is extracted mto the solvent and is thus

20 recovered from the.acid water. The acid water in tun extracts the polar medium-boiling

components ﬁom_f=the solvent stream and thus avoids an mcrease in the level of these

components in thesolvent circuit. The acid water remammgaﬁer extraction is disposed

of as the strear of secondary components (2) by way of co duit 45. The solvent being

loaded during acrd water extraction with acrylic acid is returned via conduit 48 to the
25 solvent stream 43: | -

It is particularly advantageous to preconcentrate the aforementioned stream of acid
water from conduit 45 as far as possible prior to d1sposa1 This can be effected, for
-example, by usmgthe waste heat which is removed for coo]mg the reaction gases in the

30 coluran K2 for the purpose of concentrating the acid water and separating steam. This
steam can, eg, _be-_ passed to the incinerator plant that is described above via the gaseous



-7- nebulizing steamfor this steam of secondary conponents, and al so for
t he ot her conponents nentioned above. Thus all conponents are passed in

t hrough the nozzle with the exception of the air for conbustion and the
stream of secondary conmponents (l). If the stream of secondary conponents
(3) (in a formwhich can be handled) is all%o to be injected, the nozzle 7
must have a further central annul ar feed gap. The actual conbustion takes
pl ace in a combustion chanber (not shomm) at adi abatic tenperatures of

combusti on of f Cto r refera om 800 t.0

1000[ err] C. %%ﬁ?{cﬁ% k@ ih%&‘?"?”‘l“iﬁe“%‘gﬁﬁﬁﬁ‘ﬂ@“%

i ndi cat ed by t febﬁmammﬁsﬁbte rhaléridlsAyfiddih ﬁﬁﬁ&ﬂdr@haré@mn&ﬁnbhmb@ériblé)f
nozzle 7. The conbustlon chanmber i s advant ageous asSsocCi ated either with the

. (nmeth)acrylic gaeey, prlichiean bs sginethin e domn o hightpressure steanx diisi recevsryo of at i on

wi th other pla can covered.in.a

heat section \/vlrﬁl‘;l &Fy E@%’i‘ﬁ?%@?&ﬁ%‘ﬁ@“@@%ﬁ‘ﬁ%‘??&?f&?@%ﬁ’? lﬁ%ﬁ‘n@ﬁ@% sly,
eg, in the f&risef ebj fn-the distilation of @acrylicacRiONbHUE CORMnIMS ©F iR tR Sulvere d

t hrough the waste. heat section advant ageously in such a manner that the

t enperat ures ddistillation apd dof didng, the \compiassogs for mircand/os decycled as by andags of r i ve
at the waste h ?&B&E{m at a tenperature of conbustion of from850[err]C
to 1000[err]C, prefe y approximately 860[err]C, and then give off sone

of their energy, by coollng, to heat exchangers, which serve to recover the

energy. The te erature a oqutlet of the waste heat section is then
appr oxi mat el y %9 'ﬁm%eb}@ngémém& ) captaias, ibased; Mpach case, ondhe o

and whi ch cqgt ghjas a&i}ﬁc L PRty BOARRNE Yo% Wwidh, JERttERr 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 .

15 necessary, - can -optionally = take . place’ by crystallii&ﬁon; - distillation---er-- 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: -

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

The following statements refer to a plant for the productlon of acrylic acid, which is
operated accordmg to the process described in DE-A-2 136 396, where the product
25 containing acrylic acid is absorbed following sym:hes1§ in a high-boiling solvent
consisting of 80 wt% of diphyl (mixture of diphenyl etherand diphenyl) and 20 wi% of
dimethylphthalate (DMP). The reaction scheme substantial corresponds to the process
illustrated in Fig. 2, wherein to simplify matters, colunﬁié/apparatus K1 to K4 are
mentioned only.
30 _
From a synthesis section, which consists of three cascades of reactors each having two




according to the content of conbustible materials therein, a positive or
negati ve contribution to the energy yield in the conbustion chanber, since
t he evaporation enthal py of the water nust first of all be put into the
systemin the formof energy. For this reason it is' also advant ageous to
preconcentrate this streamas far as posﬁﬂble. The waste heat that is
produced during conmbustion is advantageous used for generation of vapor,
eg, steam The acrylic acid or nethacrylic acid i's usually prepared by

catal ytic gas Wﬁﬂéé%@&é : f'ea%ﬂ: i S6iin ﬂ%cﬁ% I d?)!'c{' or
met hacr ol ei n, y abso %%%ﬁgﬁ rsf'glg%?% on p&ggéu &5’?6
produced duri m;gdsls&eanxmin;msahonthemvaag@ufﬁnﬂﬂow@mmpem mlperfcent@ebyywat er,
or a high-boili nggsol vent followed by separation of acrylic acid or

met hacrylic acVd8By distillation and/or extraction. On the other hand it is

al so possible to condense the gaseous reaction product that is produced
during the oxidation, which contains water, an aqueous sol ution of
acrylic or rfetaesdicadidc . aci d9B% ng obt ai ned, of '

CO; 3.2%

nitrogen 77.4%

oxygen 3. 7%

water 38%

10

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

15 diphyl/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-_:li70‘.’.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 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
25 of secondary components (3) is, on average: "

c 68.8%
H 4.4%
o) 23.1%
30 N 1.05%
S 2.2%



which the acrylic acid or nmethacrylic acid is in turn separated by
~distillation and/or 5 extraction. In a preferred enbodi nent the
“invention relates to a process in which the stages (a) bis (c) are
defined as above. These single stages are described'bel ow for acrylic acid.
They apply anal ogously to nethacrylic®mcid, unless otherwi se stated. A
suitable flow sheet, 10 which shows the stages (a) to (c) and also the
streans of secondary conmponents (1) to (3) to be disposed of, is
contained in Fig. 2. In Fig. 2, reference nunerals 11 to 22 refer to
process steps, nunerals 30 to 48 refer to conduits, and KL to K4 refer to

di fferent Twothiscasd the aiok#tY Hf nitrogén SidafiHurcare denved@oﬂgﬁie(p?acﬁsodmﬂz&es the
si ngl e-stage or two-stage, catal ytlc@%as phase reaction of propene

and/ or acr ol ei Hs&f !Wh%?@@ﬁp%r‘”]@ sty iyeaddedhingthe @istilation joplumn K¢ iaad whicht #lso case

?Iaact i OnITEE)P a?éﬁ%u%e’ﬁ@‘ﬁ% " Q&&‘?‘ﬂggfdé'?éé ﬁle%lrﬁﬂﬂ%l%gﬁsg&%g&%gwase

gas- phase reicbfmo@qdoﬁpen@iw(ehsmbhchshlsﬁmmﬁa&lhﬁﬁ{g $olilii#fing hose
described in the, af orenmenti oned references. Advant ageously the process

is carried out Paint ¢fapprox w00Gngi ng from 200[err]C to 500[err] C. The
het er ogeneous catal ysts used are preferably oxidic nulticonponent
catal ysts based on the oxides of nolybdenum chrom um vanadi um and/or

.tellurium 25 Fhe eompmnmnﬁthelctudeproﬂ;mhﬂmsesmdaIcendeﬁseﬁﬁleﬂﬁrabsdi‘p&dﬂ&fblwﬁd c
acid in two st %g ygaées,)low-boﬂmg organic contents, water CO, CO 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 (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
15 acid in the column K3. This stream of recycled gas now: enriched with low-boiling

components. is likewise recycled to. the absorpﬁon..colunm-;in_ order to. appear again at
the-end of this-absorption column K2 in the partial stream of the recycled gas, or in-the- -~ - -
partial stream fed to the combustion zone. - -

20 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

25 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-

30 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.



condensati on of propional dehyde mt formal dehyde (in the presence of a
secorndary am ne acting as catalyst) to form nethacrolein foll owed by
(2) oxidation of nmet hacrol ein to nethacrylic acid. 30 According to
the preferred enbodi nent that is shown in Fig. 2, followng the
conpression 11 of the circul ated gas fr omBcondui t 30, which substanti al
consi sts of _ : -9 -

ni trogen, carbon oxi des and unconverted educts, this-is fed by neans of
conduit 46, together with propene fromconduit 31 and air from conduit
32, to a reactor in which t he heterogeneously catal yzed oxi dation

(synthesis) 1Z2Buraingof featreaniscoffsesondary cgrhpanests that are to.be tispasedigbtakes)placker e i s
oot ai et howe g Rl BV 1350 oot o SRR Bl B °"
unconverted  greams of material come into contact with each other in.the combustion chamber, the
5 feed of these streams of material being effected throughconcentnc 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.

10 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

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 secondary components (1). The rest of the energy is::ﬁs_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.

20
In this plant there were carried out two experiments accofding to the process of the
invention, the stream of secondary components (3) bemgextemally disposed of in the
first experiment, whilst it was burnt with the other secondary components in the second
experiment. -

25
Experiment 1

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

30 |
gaseous stream of secondary components (1) 38.5% v/v



acrol ein and/or propene, steam carbon nonoxi de, carbon di oxide, nitrogen,
oxygen, acetic acid, propionic acid fornmal dehyde, further al dehydes,
and mal ei ¢ anhydride. In particul ar, the reaction product m xture
typically contains, in wbbased on the total 10 reaction mxture, up to 1%
of propene and up to 1% of acrolein, up 18- 2% of pr opane, 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

f ormal dehyde, up to 2% of al dehydes, and up to 0.5% of mal ei ¢ anhydri de 15

Stage b In stage (b) the acrylic acid, and a portion of the secondary
conponent s ar diguislrguedusdtream off secondatyeomporents{?) 3% ww absorption with a
hi gh-boiling solvents. Suitable for this purpose are all high-boiling

sol vent s capabl e of absorbing acrylic acid, 20 particul arlysol vents having
a boil'ing poi rllquﬁ%ﬁ!@o@ic%%ofﬁ@éﬁdh é,tgo benBUBS G8YSvAs @ - mxture of
di phenyl ether ‘and brphenyl, such as I cgﬁneernﬁ{a?ly-oavai | abl e as a m xture
of 75w % of Xi phenyl ether and 25wt % of bi phenyl, also referred to as

"di phyl ". Advant ously., as shown in.Fi.g. 2, the hot..reaction.gas
obt it med f r om Wbt SEIR Birting By ot sud §id sadetns BpamSARLTRCABRIC T 47
to a quenchi nof&IRsM Adside MMd dispabin@ 6t the streamUTE6MpGents s ety I t 1S cool ed by

partial evaporating 13 of the solvent prior to said absor pti on.
Particularly suitable for this purpose are venturi scrubbers, bubbl e-cap

gglﬁ;ormnz,ntgrofspﬁa%ic%nd ns%es.I I n ﬁuchathﬁee e%crl]eo 'ﬂ%h'ggr% Igﬁg cec Qrd%
10 approximately 904°C. An increase in the production of high-pressure steam by 22.4%
compared with a blank experiment, which was carried out using support gas (instead of

the streams of secondary components to be disposed of) was found.

Experiment 2

15 |
Residues having the following composition, based in each case on the crude
produict:

gaseous stream of secondary components (1) 38.50% v/v
20
liquid: aqueous stream of secondary components (2) 3.7% w/iw

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

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

30 There was found to be an increase in steam generation of 246 % compared with the
blank experiment (burning with support gas only).



the reaction gas fromstage (a) condense into the unevaporated solvent (in
Fig. 2, the 30 condensation and partial evaporation is designhated with

reference nuneral 13). Furthernore, the partial evaporation of the
solvent constitutes a purification step for

- 10- the solvent. In a preferred enffrdi nent of the invention, a
partial stream of the unevapor at ed solvent, preferably from1 to 10% of
the streamof material that is fed to t he absorption colum, is renoved
fromthe condenser K1 and subjected to sol vent purification (not

shown). The solvent is distilled over. The solvent distillation serves to
5 avoi d an i nclbepeesent expesimeatsdhustshow thathepredess b thednveation prosides for thd he

solvent(s). The_. hi gh-boj | 1l ng secpndary conponents, which contain mainly
undefi ned acr y?efsgug-gea %Jsposamql °§m°'a’é§? §§?bﬁ&f9§ne9f during the
stabilizers usegpatafitiPéffacAfich@s! dues and are di sposed of as secondary

conponents (3) by condui t ~33. 10 The absorption 14 takes place in a
counter-current absorption colum 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 pr oduct—.and- epﬁ—eﬁal | y evaporated solvent are passed upwardly
i nt-0 e colum- K2 and are* subsequently cooled to the tenperature of
absorpt|on Jylﬂlﬁ“mllw lﬂ!“ﬂll}regl on of t#e 15 col umm K2 bot h

medi um boi | i g conponents present in the acrylic aci d
are renoved al nost corrpl etely fromthe stream of resi dual gas. The
remai ni n unabsorbed reaction gas of stage (a) T tH-t-Rer— i N order
to separat e the condensabl e portion of the Bﬁﬁ'dﬁﬁ'ﬁ HQSﬁENrdary
conponents thereof, 20 particularly water, forfal detREREAGED] acet]i c acid, by
condensation, shown in Fig. 2 as the acid '\/vae—f'r_qu"e‘m‘h"rr‘ihi S
condensate is therefore referred to below as acid water. The remai ni ng

gas stream feferred to below as recyc/Wdchpim, mainly consists of
ni trogen, carbon oxi des and unconverted educts. This is preferably

partially recycled to - the reaction stages as diluent gas. The recycled
gas | eaves the absorption colum K2 as 25 overheads by conduit 34. Here,
the streamis divided, preferably in aratio of from3:1 to 1:3
dependi ng on the design of the plant in particular a ratio of 1.1, where
part t her edf iApfoeessﬁrEtHeﬂlsposﬂipfhiwmdﬂni,brﬂ@h—bmlmglmmlaxytmoﬁam
synthesis 12 via a ressor and t artial ,streamis
removed by ffans d*‘aoérﬁdfﬂf@“gg) tAReParalPh, © (m Q&Qewgregt BASERY S f

secondary conponen _ngaﬂ,l ﬁldﬁﬂﬁg d
wat er constitutes %ﬁe ih)ﬂgon ary “conponent (}h%t at are dIS ved |lﬁ£g

water and are to isecaiidsrycompondntsTR) that ame slissaleeddh wates andioptionaliyehigh-boiling med
'n stage (a) secondary components (3) which have been treated with with low-viscosity
solvent are fed to the stage involving combustion of said secondary components
15 .

2. 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.
20 '_
3.  Aprocess 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. Aprocess as defined in any of claims 1 to 3, wherein the high-boiling secondary
components (3) contain acrylic acid polymers or methacrylic acid polymers.

5.  Aprocess 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.
30 _
6. Aprocess as defined in any of the previous claims, wherein bumning is carried out
at temperatures of ﬁ'om 800°C to 1000°C
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and al so water-soluble | owboiling and nmedi um boiling conponents, such as

acetit acid, fornal dehyde, maleic acid étc. A sol vent stream

| aden with-acrylic acid, high- boi | i ng and nedi u' &HEE econdary 5
conponent s a mount of | ow boi | ijntHISs MoidAS Bepyonent s i s
wi-t hdr awn by”mmﬁmﬂﬂmm 37 fromtheZ%bsorptloanEpgq X of tfhe col um
K2 that is* * uSéd i sfagé (b) and, in a preferred—enbedrrent—of the

i nvention, subjected to desorption with | ow boiling conponent stripping
16 and | ow boiling conponent wash 17. This is advantageous carried out

in a desorption colum K3 as shown in Fig. 2, 10 which can preferably be
equi pped wi th gi evprodess s defined di@iynfﬂﬁ\/prévi@ﬁ%laﬁﬁs WheRinhiraiglay and/or ai¢ t h
packing material or well|-ordered packings, in the presence of a so-called
stri ppi ng gas .arerpitionall Yﬁpﬁhﬂfogbgmg@@nﬂzanbe any inert gas or gas

m xture; a gas mxture of air and nitrogen or a partial stream of the
recycled gas that is described in (a) is preferably used. During
desorption 18 8nd A prdche d3Rjeffiednia dny % reviSud EliimBowheéif thesadylic! aeeer f rom
15 the | oaded solvent with a portlon of the recycled gas withdrawn prior to

stage (a) by wagthasrylie eidd, st praparedh By Gatalytie (a8 | Rhaser exidasion refkoropgneves; of
conduit 39. 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
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 (@) 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,
20
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 secondarj' component (3), and

25 unabsorbed reaction product remaining afer the absorption of the reaction
product in stage (b) is cooled, where the aqueous condensate that is obtained,
optionally following subsequent extraction, is’ dlsposed of as secondary
component (2) and at least a portion of the gas stream that is obtained is disposed
of as secondary component (1).

30

10. A method of using a combustion chamber having one or more support gas burners
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A solvent streamthat is alnost free from | ow boil ers—ane-i-s—toaded wth

acrylic acid wll be withdrawn fromthe botto - ion
colum K3 by way of conduit 41, 20 and is fed to Hw ' 'l I@Iﬂ““‘
distillation. Stage ¢ In process stagbRtey 'Themcisyl kC acid is

separated fromthe sol vent together wth-gte 25 medium boiling conponents
and also the final residues of |owboiling secondary conponents. This
separation takes place by nmeans of distillation, for which purpose any

distillation colu agl I ed. Ta &his u i ng

si eve trays, %a@ﬁﬁé@v ﬁ#ré@rg %’F Cros fg)ng rgle‘ié‘\% fgﬁi 8@%9%%)&%%9

havi ng val ve traysonpoaditsthitageforified during $Rcrepatation of (mth)adglicdicidt i | [ ation is
shown with saeveral process steps being solvent 30 mxture distillation 19,
medi um boi I i ng conponent distillation 20, |ow boiling conpo- nent

distillation 21 and partial condensation 22. Al these steps are carried
out in

:This Sheet Has Been
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-12- colum K4. In the buoying section of the distillation colum K4

the acrylic acid is distilled free fromthe solvent and the
medi umx boi | i ng secondary conponents, such as mal ei ¢ anhydride (step
21). In order to reduce the lowboiling fraction in the acrylic aci d,

the acrylic acid is advant ageous wit hdraw®-fromthe colum K4 through a
side 5 flue 42. This acrylic acid is.designated crude acrylic acid. In the
stripping section of the colum K4 the nmedi um boiling conponent
distillation 20 and the solvent m xture distillation 19 take place. The
solvent that is drawn off fromthe bottom of the colum K4 is recycled
to the colum K2 by way of conduit 43. 10 At the head of the colum K4 a
streamthat is rich in lowboilers is then w thdrawn by way of conduit
44 fol |l ow ng_condensation 22. Since this stream however still contains
acrylic acid? it is advantageously not discarded but recycled to the
absorption col um K2 and worked up Abstraet as shown in Fig. 2. 15 The
acid water fromconduit 36 which can still contain dissolved acrylic acid
is preferably treated by extraction with a small partial stream of the
solvent that is al npbst free fromacrylic acid comng fromthe bottom of

i the process iop PRceTorde dlsbll of o ity aid highoitl Sebdnd] Snpfias’

portion of f@efamey|duringcthe prepasationact actylintacidt be nietavslié avidd thes gideoss
knvbomngsamh@ﬁchnmxwmsmmlmnmﬂ,wmmﬁknmbomngaminw&um&xmmg
secondary compoﬂéﬁts-that are dissolved in water optionally together with high-boiling
mxmn&uycomm@@ﬁﬁﬁeﬂbdwﬁhyﬂwmtmem&kd



20 recovered fromthe acid water. The acid water in turn extracts g op&éak

nediuh}boiling conponents fromthe solvent- stream and thus avoi ds an
increase in the |evel of these conponents in the solvent circuit. The
aci'd water remaining after extraction is disposed of as the stream of
secondary conponents (2) by way of conduit 45. The sol vent being | oaded
during acid water extraction with acrylic acid is returned via conduit 48
to the 25 solvent stream 43. is particularly advantageous to
preconcentrate the aforenunfl"“" acid wat er from conduit 45
as far as possible prior §d @“AW@ can be effected, for

exanpl e, by using the wastle heaREB\\H\C&E S noved f-or cooling the reaction

gases in the 30 col um K2 Y¥or—the pur pose of concentrgt,ng thg acid water
and separating steam This steam can, eg, be pass lg,thi I nci ner at or
pl ant that is described above via the gaseous
- 13- stream of secondary conponents (1). The remaining acid water
having a particularly
A
N
<
-
e oo -1
-
N — (=] N e
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hi gh gontent of conbustible materials yig},ds a particularly |arge anmount of
recoverabl e energy, which can be gained in the formof high-pressure
steam? Thi s recovery of energy is particul ar advant ageous, when the
stgam produced can be used in the plant 5 itself, eg, for the distillation
of the acrylic acid in the col utm K4 or in the solvent distillation and

for dr|V|ng t he conprjih SSSﬁ ék or recycled gas by means of
E%ﬁ he 1

st eam t ur bi nes. acid that is obtained in stage (c)
contains, based, in e crude acrylic acid, preferably
from98 to 99.8 W% partlcular from98.5 to 99.7 wt % of acrylic acid
and from0.2 to 2 w% particularly from0.5 to 1.5 w%of inpurities

such as acetic acid, aldehydes, and nal eic anhydride. This acrylic acid

can, if the . demands on its purity«ar very high, optionally be used
as it is fpr eSlerification Further |gepdr ati on of the secondary
conponent $- hus isolated crude acidgfp f 15 necessary, can optionally

or other .
quality of acrylic acid

take place by crystallization, distillatid
sui t abl eseparati ng nmet hods, according to tH
requi red. The acrylic acid thus obtaine can either be directly

processed further or be subjected to ytit her chem cal reactions such as
esterification 20 The invention is explal ed in detail with reference to

the foll ow ng exanpl e, whi ch represe @ preferred enbodi nent .
The followi ng statenents refer to a plant { st he production of acrylic

acid, which is

.k §.

k-
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operated according to the process described in DE-A-2 136 396, where the
product 25 containing acrylic acid is absorbed follow ng synthesis in a

hi gh-boi l'i ng sol vent consi.sting of 80 wt% of -di-phyl (m xture of
di phenyl ether and di phenyl) and 20 wt % of. di et hyl pht hal atog odsdabddd) . The
reaction schene substantial corresponds to the process illustrated in

Fig. 2, wherein to sinplify matters, colunmms/apparatus K1 to K4 are

menti oned only. 30

cascades of resanolosedtcIPERVI ng two p
-14- tube bundle reactors actin tors, there is
obt ai ned; as reaction product, a gas stream Co'rrposed—--—-ﬂn the_average,

9. 3%
° 5

10

15

20

25

30
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5.

A process for the disposal of secondary components that are formed during
preparation of (meth)acrylic acid, wherein gaseous low-boiling secondary
components (1) are burned, and low or medium-boiling secondary components
(2) that are dissolved in water are fed to the stage involving combustion of said
secondary components (1), whereby the low-boiling secondary components
possess a lower boiling point than (meth)acrylic acid and the medium-boiling
secondary components possess approximately the same boiling point as

(meth)acrylic acid.

A process as defined in claim 1, wherein the low or medium-boiling secondary

components that are dissolved in water are fed to the stage involving

combustion of said secondary components (1) together with high-boiling
secondary components (3) which have been treated with low viscosity solvent,
whereby the high-boiling secondary components possess a higher boiling point
than (meth)acrylic acid. o '

A process as defined in claim 1 or 2, 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 any of claims 1 to 3, wherein the secondary
components (2) contain acetic acid, maleic acid, fumaric acid, formaldehyde,

and/or organic material.

A process as defined in any of the previous claims, wherein the high-boiling
secondary components (3) contain acrylic acid polymers or methacrylic acid
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coerr] e SIwAY nitrogen - 77. 4%

3.7% | REPIACEMENT. 3-" 3. 8% 10 The fol | owi ng g’%!’ﬁﬂmuw’v
each cas t| S Strea reaction gas, which is - er as
the "crude gég l?% Th| s crude product is m xed |n a prequench
(direct &Y wi tht10 kg of 15 di®phyl / DVMP per nf err] ( ST&Ysoerbos cr ude
pr oduct , cr‘! wert—ana i 4 afterwards passed to the absorption col um
K2 at a gas tenperature of lapproina t her processing. _
t akes pl aee— qu Tbed above. TH|5 SHEHTI HAS BEENtir eam of the solvent in
the bottons of th¥&

HBESr pti on col un 0.[5 to 1 wt% of the
anount that is punped through the c awn and subj ect ed
to flash evaporation in the solvent purification where T is equal to
150[err]C to 6. A(Dﬁ[cessra]smeﬁneﬂmwcﬂ'qhmpremuf claﬂmd;')@ﬂmlﬁtem Bﬁlﬁmgtih ﬁgarnbdl this
case the distillat ureée sol vent ereas_the bottons
conprise a product” %%“'Fﬁ‘émgﬁ Sg‘aﬁf’bﬂ‘i’i‘l@ﬁ“f'l 2 ASuIpeRgas byrmer or mpltifugkbumeream of
secondary cgnponents (3). The el ementary conposition of this stream 25 of
secondary conponents (3) is, on average: C 68. 8%

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

out at temperatures of from 800°C to 1000°C.

8. Aprocess as defined in any of the previous claims, wherein natural gas and/or

10 air are additionally fed to the combustion zone.

9. Aprocess as defined in any of the previous claims, wherein the acrylic acid or
methacrylic acid is prepared by catalytic gas phase oxidation (12) of propene or
isobutene and/or acrolein or methacrolein, absorption (14) of the reaction

15 product obtained during the oxidation into water or a high-boiling solvent, or
condensation of the reaction gas obtained during oxidation, and separation of
the resulting acrylic acid or methacrylic acid by distillation (19, 20, 21, 22)

and/or extraction.

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

methacrylic acid is prepared by

(a) catalytic gas phase oxidation (12) of propene or isobutene and/or acrolein
or methacrolein,
25 (b) absorption (14) of the reaction product that is 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 (19, 20, 21, 22),

30 where, prior to the absorption (14) in stage (b), a portion of the solvent is

evaporated (13) and a portlon of the remalmng 11qu1d solvent is disposed of,
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-15- In this. case thd_ rmuﬁfBLAﬂEDnitro en and sul fur are derived

feom t ',mwmamnmﬂﬂml zer used, 1€ 1 hi azi ne, which is added in
t he di K4 and which al so, passes into the g M i on
col um K2 Gue' td the &irculation of the solvent. The stream 5 0 secondary
conponents (3) isa blackish, solid to viscous material having a
solidifying poi nt of approximately 100[err]C. ' The conponents of

the crude productogtioaillys fsllowihg Eariste niobni Bvipdfatiohs ey BighobbikeY Yebdndary

component (3), and

H W . 4.4% O 23 odHIS SHEET HaS BfEmi% S 2. 2%

unabsorbed reaction product remaining after the absoiption (14) of the reaction
5 product in stage (b) is cooled (15), where the aqued_us condensate that is obtai-
ned, optionally following subsequent extraction, 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).

10 11. A method of using a combustion chamber having one or more support gas
burners or multifuel burners for buming low medium or high-boiling secondary
components that are formed during the preparation of (meth)acrylic acid,
wherein gaseous low-boiling secondary components (1) are burned and low or
medium-boiling secondary components (2) that are dissolved in water are fed

15 to the stagé involving combustion of said secondary components (1), whereby
the low-boiling secondary components possess a lower boiling point than
(meth)acrylic acid and the medium-boiling secondary components possess

approximately the same boiling point as (meth)acrylic acid.

20 12. A method as defined in claim 11, wherein the low or medium-boiling
secondary components that are dissolved in water aré_fed to the stage involving
combustion of said secondary components (1) together with high-boiling
secondary components (3) which have been treated with low viscosity solvent,
whereby the high-boiling secondary components possess a higher boiling point

25 than (meth)acrylic acid. a
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K2 ‘(i nert gases, |lowboiling ganic contents, water CO CJerr] etc.) are
recycled to the 10 reactors §sHig & g of which a partial streamis
branched off and fed to the { - C?ﬁﬁ?—?gﬂﬁ%a as a stream of secondary
conponents (1). This branched- 5t ream consi sts of 90 wt % of
ni trogen, 06k t0 n, 4 w%of COand COerr], 1 Wt % of water, and
1 W% of organic conponents. A further partial streamof the recycl ed
gas is used for stripping | owboilers f§omthe sol vent stream containing
acrylic 15 acid in the colum K3. This stream of recycled gas now enriched
with | ow boiling conmponents is |likew se recycled to the absorption
colum in order to appear again at the end ofthis absorption colum K2
in the pariirdiuced "BR%eim bh Secofidars tafpsiRfts iPddded sépafutely to Rlakr fot comh eam f ed
to the conbustion-zone. 20 The stream of material | eaving the absorption
col unf K2, busgomtiniquierdoiavoidnan explesien. dihe liquidicarnpanientspae sprayedintethe of t he

| ed described above i i | ugm K3 .
Cubat ant | STYPERITL RIS e 7S s RefehaeS gl Binf Ssdenote ST gy e e
passes t 0 whichbé9e firairiguld@hbest wadte s gifancehREfectivily. ROREBEe nfmérainmy ed

o

t hrough a side flue. The . high-boiling solvent then returns to the
absor pt i ondﬁmﬁﬁﬂmeﬁm@qﬂi’élfﬁblaﬂ’éﬁﬁnﬂemhle%h@lqzélﬁ%oi ling fractions that are
formed at the top of the colum K4 and in the top condenser are

| i kewi se reanylid ®Kndwn téreenthis anyitiifosl noatleymmhis® exhibits a pAirality fof cédrahaber (aci d

wat er.). that present in the.uppe opling circuit .of  the absorption.
col ut K2 T“élg'f égcfgqps ﬂ’l‘éa%lg“of% g@té’ﬁ&%ﬁ&%&? gfsgtfqnga%cgfnpgggrgﬁ gﬁ’r %F%g]é'rrp onent s
2 fol - 30 Jiwiagm 4 hAGhbRA ofsddindf§ ¥ohBoheaR! Mitiso B theSH& cBRPbAGSEs L0 the
renoved partgvgltl’8 stream 8 thg ?gcyc?ed gas, V\SIF% ch forns t_ﬁ‘g st ream of
secondary mentimweémbevel Thus all components are passed in through the nozzle with the ex-

ception 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 be in-

15 jected, the nozzle 7 must have a further central annular feed gap

The actual combustion takes place ina 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 flame-
20 resistant insulating material 10, to the left of nozzle 7. The combustion chamber is
advantageous associated either with the (meth)acrylic acid production plant alone, or it
is operated in association with other‘;.n.l_ants. The energy liberated here can be recovered
in a waste heat section which is separate from the combustidn‘_j‘{:ﬁhamber advantageously,
eg, in the form of high-pressure steam. the combustion gases are passed through the
25 waste heat section advantageously in such a manner that the tei__nperamres decrease pro-
gressively upwards. The gases thus usually arrive at the waste heat section at a tempe-
rature of cumbustion of from 850°C to 1000°C, preferably. egproxim'ately 860°C, and
then give off some of their energy, by cooling, to heat exchangers, which serve to reco-
ver the energy. The temperature at the outlet of the waste heat section is then approxi-
30 mately 200°C. The aqueous stream of material that is mjected and which contains the

secondary components (2)
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-16 - Burni ng of the streans qf secondary conponents that are to be
di sposed of takes pl ace in a burner of the flame evaporating burner
type, as is shown in Fig. 1. The individual streans of material cone

i nto contact with each other in the conbustion chanber, the 5 feed of

t hese streans of material being effected through concentric annul ar
outlets. In additional to the streans of secondary conponents naned
above, which are to be di sposed of, there nust :al.so be added: support
gas (preferably natural gas), air for conbustion, and atom zing air.

10 The waste heat section of the conbustion chanber is thus constructed in
such a manner that the hot exhaust gases are first of all utilized for
t he production of high-pressure st eam an re then used for :

super heat i ni{ﬂ saﬁ eam under a pressuré o€l

A e——

27142
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Af-terwards the hot exhaust gases are used in the second stage of the two

st ages I nvol ved in preheating the stream of secondary conponents (1).to
be di sposed of, for 15 conbustion, afterwards they heat the air for
conbustion, and then, as a penultinmate step, they supply energy to the
first of the two stages involving preheating of the stream of secondary
conponents (1). The rest of the energy is used for the production of

| ow-pressure steamaccording to plant settings. This nmeans that the energy

recovered in the plant can be neasured in terns ofthe anmount of steam
that is produced. 20 In this plant there were carried out two
experinments according to the process of the i nventio the stream of
secondary conponents (3) being externally di sposed of ini? first °
experinment, whilst it was burnt with the other secondary ents in the
second experinment. 25 Experinment 1 Resi dues having the
foll ow ng conposition, based in each case on the crude product: 30
gaseous stream of secondary conponents (1) 3§.5%v/v
. ()
-
(- )
> P~ -
8 S g o (B

11
12

| REPLACEMENT S 1|
2 8 MAY B9 |




_17- 'quui d aqueous stream of seéondary conponents (2)3. 7% W w
| i quid pasty organi c stream of secondary conponents (3) 03% EPLP@EMENT\/%EET
.. disposed of by burning the gaseous and |iquid aqueous streams (1) and (2)

Cunti | free fromresidue and di sposyrg of the stream of conponents 3

externally During burning the tenperature at ‘the endgef dﬂﬁﬂﬂ&
conbusti on chanber was 10 approximately 904[err]C. _An |ncrease I'n the
production of high-pressure steam by 22.4% corrpared wi th a bl ank
experinment, which was carried out using support gas (instead of t he
streans of secondary conponents to be di sposed of) was found.

Experiment 2 15 acrylic acid or methacrylic acid is that any low, mev:hum, and highboiling fractions

produced constitute undesirable secondary components and thus streams of
material that must be disposed of. These, at least. t_l_frce, streams of material

5 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 prodﬂcfibn of (meth)acrylic acid
economically and ecologically to optimum effect. |

10
We have found, surprisingly, that this problem can be solved by burning the
gaseous low-boilers together with the aqueous liqijid stteam of material
comprising water-soluble low-boilers and/or medinm-boilers, the high-boilers
being optionally burnt with them. n

15

In Kirk-Othmer, "Encyclopedia of Chemical Technology”, Vol. 13, 1989, page
182-206, the combustion of solid, liquid. and sohd/hqmd industrial waste is
disclosed, and combustion furnaces used for this purpose are described. But there

is mo hint, that the problem of by-products relatmg to the production of

20  (meth)acrylic acid can be solved by burning the gaseous low-boxlers together with
the said aqueous liquid stréam of material. '

Thus the invention relates to a process for the disposal _qf '-_ll_low, medium, and high-
boiling secondary components that are. formed dunng the production of

25  (meth)acrylic acid in which gascous readily volatile secondary components (1) are
| bumed, low or medium-boiling secondary components (2) that are dissolved in
water being added optionally together with high- bo:lmg secondary components

(3) treated with low-viscosity solvent. The burning advantageously takes place in

a combustion chamber equipped with one or more support gas bumers, nozzle

30 burpers, or multi-fuel Bumers, e.g. ‘4 flame’ evaporating bumer.
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Resi dues having the foll owi ng conpositien, based in each caBEPLAGEMENT GHEEE
pr oduct : gaseous stream of secondary conponents (1) 38.50%v/v 20

| i qui d aqueous stream of secondary conponents (2) 3.7%w w l'iquid
pasty organi c stream of secondary conponents (3) 0.4%ww 25 were

di sposed of by feeding all three streans of material to tlgez stmRes System
descri bed above. Since in this cgge the stream of secondary conponents
3 was also burnt with the ot her streams, a nozzle having a further
annul ar feed gap was used in the burner system = 30 There was found to
be an increase in steam generation of 24.6 % conpared with the bl ank
experi nent ( bur Hi 91§ smbediment e invension relates/ip 2 process in which the acrylic acid or

methacrylic acid is prepared by

5 (a) catalytic gas phase oxidation of propenc or isobutene and/or acrolein or
methacrolein,
(b)  absorption of the reaction product that is formed-iﬁ stage (a) into a high-
boiling solvent and |
(c)  separation of acrylic acid or methacrylic acid from the loaded solvent from




- 18- The present experinents thus shew t hat the process

I nvention provides for the residue-free disposal of streans %‘EPLE&MMWEET
.-corrponents t-hat .are forned durmg the preparation of acrylic acid.

' closed;to IP . _

HIIIIII IIIIII 1[I Il lIII

optionally following further solvent evaporation, as -hf'igh-boiling secondary

component (3), and

unabsorbed reaction product remaining after the absorptid_ii (14) of the reaction
product in stage (b) is cooled (15), where the aqueous c'ql_:_x_d__e'nsate that is obtained,
optionally following subsequent extraction, is disposed of as secondary component (2)
and at least a portion of the gas stream that is obtained i is dlsposed of as secondary

component (1).

11. A method of using a combustlon chamber having one or more support gas burners or

mutifuel burners for carrymg out a process as defined in any of claims 1 to 10.

12.  (deleted)
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W claimb5 - - 1.t REPDACEMENT SKEETt he di sposal of secondary Wnents t hat

\@re formed during preparati ¢n of (meth)acrylic acid, EMENT SHEET
gaseous | ow boi ling |s 2 W conponents (1) are burned and | ow or
medi um boi | i ng sedond 9 entls {10 (2) that are dissol ved in water
are fed to the stdgelinval ving codbysti eh- of said secondary

conponents (1), ereby the Iomfb0|llng secondafy conponents
possess a | ower boi- = 'met h)acrylic acid and the.

medi um boi biAfcochemical p ?gjacryl BN 30 %%ﬁﬁ@s%@%@’éé%ﬂééﬁﬁggmﬁ : ned

boi ling point as “(ret
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educts not c@:ﬁamesdeaﬂledmmmd Féihaltii@d (OMF), B akohbBPpaicilarly CL-CifdiBls and/or
triols, such as pentane- dlol hexane diol, glycerol, glycol, dimethyl glycol, monomethyl

glycol, monoethyl glycol d1ethy1 glycol, or mixtures thereof. The stream of secondary
components (3) treated w1th such low-viscosity dlluents can be fed to the burning process
of the invention, whlch feed takes place separately from the other streams of secondary
components (1) and (2):._- .IE.’referably, the secondary components (2) and (3) are separately
injected. On the other hand it is also possible to transfer the high-boiling secondary
components (3), folloWiﬁg appropriate purification, to an industrial incinerator, such as a
-decentral on-site mcmerator, 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-sectlon 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: conduit 1 fo':""

aste water, conduit 2 for atomizing steam for the waste water,

conduit 3 for liquid or gas : '_us (eg natural gas and/or CO) supplementary fuel, conduit 4
for the stream of second components (2) and conduit 5 for support gas, such as natural
gas. Via conduit 6, air for combustlon is introduced. The stream of secondary components
1s added separately to the a1r for combustion, in order to avoxd an explosion. The liquid
components are sprayeq_::__l__nto the combustion chamber via the nozzle 7. Reference numeral
8 and 9 denote swirl'""'.l"i'ng's which serve for air guidance or waste gas guidance,
respectively. Reference numeral 10 designates flame-resistant insulating material. The
nozzle 7 can be a known concentnc multi-fuel nozzle, which exhibits a plurality of central

annular feed gaps sultable for the feed of the stream of secondary components (2),
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components mentioned above. Thus all components are passed in through the nozzle with

the exception of the air fpx_" combustion and the stream of secondary components (1). If the
stream of secondary _c_o:xj__r-l__bonents (3) (in a form which can be handled) is also to be

injected, the nozzle 7 musthave a further central annular feed gap.

The actual combustion -ﬁkes place in a combustion chamber (not shown) at adiabatic
temperatures of combustion of from 800°C to 1200°C, pref_e;ably from 800 to 1000°C. In
Fig. 1 the combustion chamber, the beginning of which is indicated by the flame-resistant
insulating material 10,;19 fihe left of nozzle 7. The combustion chamber is advantageous
associated either with _t}fe_: (meth)acrylic acid produc_tioh: 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 separa_’té' ﬁ'om the combustion chamber a_'dﬁanfageously, eg, in the form of
high-pressure steam. Th'_e_?_"combustion gases are passed through the waste heat section
advantageously in such 'a- ‘manner that the temperatures decrease progressively upwards.
The gases thus usually. arnVe at the waste heat section at a‘-temperathre of combustion of
from 850°C to 1000°C, j_jfeferably approximately 860°C, and then give off some of their
energy, by cooling, to he;iﬁbxchangers, which serve to rec;over the energy. The temperature
at the outlet of the waste heat section is then approximately 200°C. The aqueous stream of
material that is injectc§ ~and which contains the secondary components (2) makes,
according to the coritéﬁ_i of combustible materials therein, a positive or negative
contribution to the energf Yield in the combustion chamber, since the evaporation enthalpy
of the water must first of all be put into the system in the fonn of energy. For this reason it
is also advantageous to;_éfé_concenn'ate this stream as far as jgéssible. The waste heat that is

produced during combﬁsﬁ_bn is advantageous used for geﬁef#ﬁon of vapor, eg, steam.

The acrylic acid or methacryhc acid is usuall.y prepared by catalytic gas phase oxidation of
propene or isobutene and/or acrolein or methacrolein:,' fol__lowed by absorption of the
reaction product that is .produced during the oxidation into a low-boiling solvent,

preferably water, or a !_i_i__gh-boiling solvent followed jlSy";:s";eparation of acrylic acid or
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formed in stage ( Prepafatidn of (methacrylic acidOWM&Bin 8&€ous low-boiling secondary
; components (1) are burned, and low or medium-boiling secondary components
10 (2) that are dissolved in water are fed to the stage involving combustion of said

secondary components (1), whereby the low-boiling secondary components

possess é lower boiling point than (meth)acrylic acid and the medium-boiling

secondary components possess approximately the same boiling point as

(meth)acrylic acid.
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A process as defined in claim 1, wherein the low or medium-boiling secondary
components that are dissolved in water are fed to the stage involving
combustion of said secondary components (1) tbgether with high-boiling
secondary components (3) which have been treated with low viscosity solvent,
20 whereby the high-boiling secondary components poésess a higher boiling point

than (meth)acrylic acid.

3. A process as defined in claim 1 or 2, wherein the low-boiling secondary
components (1) contain carbon monoxide, carbon dioxide, nitrogen and/or

25 educts not converted during the preparation of (meth)acrylic acid.

4. A process as defined in any-of claims 1 to 3, wherein the secondary

components (2) contain acetic acid, maleic acid, fumaric acid, formaldehyde,

and/or organic material.

!Jl

A process as defined in any of the previous claims, wherein the high-boiling

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



_(c) separatmn of acrylic acid or nethacrylic acid fromthe l‘ﬂ?@E%‘W%EE’T

stage (b) by extraction and/or distillation
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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.

-~

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

out at temperatures of from 800°C to 1000°C.

8. A process as defined in any of the previous claims, wherein natural gas and/or

10 air are additionally fed to the combustion zone.

0

A process as defined in any of the previous claims, wherein the acrylic acid or
methacrylic acid is prepared by catalytic gas phase oxidation (12) of propene or
isobutene and/or acrolein or methacrolein, absorption (14) of the reaction
15 product obtained during the oxidation into water or a high-boiling solvent, or
condensation of the reaction gas obtained during oxidation, and separation of
the resulting acrylic acid or methacrylic acid by distillation (19, 20, 21, 22)

and/or extraction.

20 10. A process as d_eﬁ_néd in any of the previous claims, wherein the acrylic acid or

methacrylic acid is prepared by

(a) catalytic 'gas:p'hase oxidation (12) of propene or isobutene and/or acrolein

or rnethacrolem
25 (b) absorpnon (14) of the reaction product that is formed in stage (a) in a
solvent.and. -
()] separa't.ion.of acrylic acid or methacrylic acid from the loaded solvent of
stage (b) by extraction and/or distillation (19, 20, 21, 22),
30 where, prior 10 the absorption (14) in stage (b), a portion of the solvent is

evaporated (13)and a portion of the remaining liquid solvent is disposed of,
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REPLACEMENT SHEEtomponent (2) and at least a portion of the gas stream that is obtained is

disposed of as secondary component (1).

" 10 11. A method of using a combustion chamber having one or more support gas
burners or multiﬁel burners for burning low medium or high-boiling secondary
components that are formed during the preparation of (meth)acrylic acid,
wherein gaseous. IQw_—_boiling secondary components (1) are burned and low or
medium-boiling Seﬁondary components (2) that are dissolved in water are fed

15 to the stage involving combustion of said secondary components (1), whereby
the low-boiling secondary components possess a lower boiling point than
(meth)acrylic acid and the medium-boiling secondary components possess

approximately the same boiling point as (meth)acrylic acid.

20 12. A _met_hod as defined in claim 11, wherein the low or medium-boiling
secondary components that are dissolved in water are fed to the stage involving
combustion - of- éaid | secondary components (1) together with high-boiling
secondary compéhcnﬁs (3) which have been treated with low viscosity solvent,

whereby the high-boi'-lilng secondary components possess a higher boiling point

(L8]
n

than (meth)acrylic acid.

-

REPLACEMENT SHEET

29 NOV 2000




