As or_figi"“nal ly filed Cl eani ng of

pl ant parts 5 The present invention relates to a nethod for
cl eaning plant parts which are used for t he preparation or
processing of (meth)acrylic esters. 10 (Meth)acrylic esters are

produced on a large industrial scale generally by esterifying

(meth)acrylic asatigindlly fdddcanol s . in the presence of strong acids and, if
required, an " entraining agent for renoving the water of the
esterification. The synthesis is preferably carried out in stirred
reactors w th arrached—drstitiatrion cotrumms, andthe— 15— WoTKH1rg=tp—W t h
the aid of a plurality of distillation colums and extraction

apparatuses’ (cf. Kirk Qhner, Encydilessidsefgantpaas cal Technol ogy, 4th Ed.,
Vol . 1, pages 301-302). Heat is supplied and cooling effected
usual | y by? means of heat exchangers, such as pl ate-type,

t ube- bundl e or —spira—heat—exchangers—or—eit+ecttat-onr—————evaperaters.
The distillation colums are provided with baffles, such as sleve trays, 20
bubbl e caps, dualflow trays or stacked packings or contain packing.

One problemin the preparation of (meth)acrylic esters is the considerable

t endency Thegiresenteinygnsion yelates ta @ msthed doneleaning plant darts whisheare astidfar
pol ymeri zati on,, especi al | . | on of heat or |ight.
Especially in tth%prggﬁrgtgqnfc%/r@é?qeg%{xg ?tle@geﬁ)gwce 5 41’ atures :

10 .

(Meth)acrylic esters are produced on a large industrial scale generally by esterifying
(meth)acrylic acid with alkanols in the presence of strong acids and, if required, an
entraining agent for removing the water of the esterification. The synthesis is
preferably carried out in stirred reactors with attached distillation columns, and the
15 working-up with the aid of a plurality of distillation columns and extraction
apparatuses (cf. Kirk Othmer, Encyclopedia of Chemicai Technology, 4th Ed., Vol.
1, pages 301-302). Heat is supplied and cooling effected usually by means of heat
exchangers, such as plate-type, tube-bundle or spiral heat exchangers or circulation
evaporators. The distillation columns are provided with baffles, such as sleve trays,

20 bubble caps, dualflow trays or stacked packings or contain packing.

One problem in the preparation of (meth)acrylic esters is the considerable tendency

of the (meth)acrylic compounds to undergo free radical polymerization, especially

under the action of heat or light. Especially in the esterification, reaction temperatures

25 from 80 to 140°C' are generally necessary in order to achieve economical
esterification rates. In the purification, the necessary separation of the low-boilers and
high-boilers by distillation and the isolation of the target ester require terhperatures of

from 60 to 150°C. Thus, the esters are exposed te terminal loads which can easily

trigger an undesired polymerization. Soiling of the preparation apparatus and of the

30 distillation columns and blockage of the lines, pumps, eVaporétors (fouling) and

condensers by polymers are generally the result.



« 25 '_ from -80 to 140[err]C are generally necessary in order to achi eve
econoni cal - esterification rates. ‘lﬂ the purification, the necessary
separation of the | ow boilers and i gh-boilers by distillation and
the isolation of the target. ester require tenperatures of from 60
to 150[err] C. Particulatlirewitls tthe sseof candp ameylict acid,ewhichds prefenied \fdsri edbngaﬁc
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preferred for econoni ¢ reasons and al so contains various car bonyI

conpounds,3 suclkX¥8tf or mal dehyde, acet al dehyde, furfurals,

benzal dehyde, protoanenonin and di carboxylic acids, such as mal ei c

acid or itaconic acid, soiling and bl ockage of plant parts occur to an
increasing 5 In ordexteepevent the undesired freearadieal polymerization, intibitorn desddded té r ee

radi cal polynerjzation, jnhibitors are added to the reaction

m xt ure. 10 the repgligBXMI€.onpl et e el i mi nati on of pol ymer formation
therewith is not achievabl e. After an operating term of several
weeks, it is therefore usually necessary to free pl ant parts from
pol ynmer. 10 Howevér) aiohmplete eliminatian iotﬁg:oimﬁrcfbnhaionhhérewﬁhds noehchidvable.
nol ecul ar wei ght . conpounds, as 1 for Pe?.at ed chael addition
reactions of t H“eﬁ?fr?ét%%WI tean of jsevepal (we s ey BRCESMnL to free

i ncrease the vi ? &.PB e'rr.eactlon m Xture and facilitate the
position of polyrre inp 5’ parts.

Another complicating factor is that relatively high molecular weight compounds, as
15 formed by repeated Michael addition reactions of the (meth)acrylic acid with the
(meth)acrylate, increase the viscosity of the reaction mixture and facilitate the

position of polymer in plant parts.

The cleaning of the plants, for example by treatment with solvents or by manual
20 removal of the polymer, is a complicated, expensive process causing environmental
pollution. The plant parts are usually cleaned by treatment. with suitable organic
solvents, for example dimethylformamide, dibutylformamide, dimethylacetamide,
dibutylacetamide, sulfolane or N-methylpyrrolidone. The solutions obtained have to
be disposed of by a complicated procedure. In addition, manual removal of the
25 polymer, for example from distillation trays or from evaporator pipes, may be

necessary.

In addition to the environmental pollution as a result of the cleaning, the polymer
formation and the cleaning of the plant parts always also result in a loss of desired
30 products, since residual amounts of starting materials and desired esters remain in the
plant after emptying. Moreover, the availability of the production plant is reduced as

a result of the necessary shutdown.



‘The éj eaning of the plants, for exanple by treatnment with solvents or by

manual 20, ‘renoval of the polyner, is a complicated, expensive process
causi ng envi ronmnent al pol | uti on."T:Fle"pI ant parts are usually
cl eaned by treatnment with suitable organic sol vents, for exanple

di et hyl f or mam de, di butyl formam de, dinethyl acetam de,
di butyl acet am de, sul fol ane or N-nethyl pyrrolidone. The sol utions obtai ned

have to Fotxsodomjscand ¢cologiosl reasonsyeléaning of therplant ty adiffdrentanethéd 2y

manual renoval qf the 25.. .  polyner,, for, ex le framdjstillation trays
or from evapor SHtHPPE gx,dawﬁpq@%;\ées °fdes“ed|ﬁ9@gsa§?‘9‘.ﬂd%‘emfj°febeSﬁllwdafddi tion
to the environnental pollution as a result of the cleaning, the polyner
formati on and the cleaning of the plant parts always also result in a |oss
of desired 30 Itis aprobjtgtoktheqiresent inemitionab paowidne metifodfoatlearifg gén?bhﬁﬂ S
and desired est r%fremai tinﬁ}éhe . pl ant .aftaer e%tyi ng. reover,
t he avail abi |it”§1 arehléseﬁraa G PEERABHOM toF; Rogessing &ff (gthlacrylic” estgrsy avhich  of
the necessary gRiod@¥Bids the above disadvantages. FOr €cononic and ecol ogi cal
reasons, cleaning of the plant by a different nmethod and
substanti al avoi dance of | osses of desired products should therefore be
strived for. 5 lt. 1S bj ect .of t.he present, i,nvention to provide a
net hod for cl e%hﬂeg?%diﬂﬁgggﬁtlsacmemi%ﬁgﬁ}‘%nl?@'@é or the preparation
or procesgi ng of (neth)acrylic esters, which nmet hod avoi ds the
above di sadvant ages.

(a) emptying the plant parts,

(b)  flushing the plant parts with aqueous 5 to 50% strength by weight alkali metal
hydroxide solution,

(c)  removing the alkali metal hydroxide solution from the plant parts,
15 (d) if required, washing the plant parts with water and
(¢) ifrequired, drying the plant parts.

Before the washing with alkali metal hydroxide solution, the plant parts are emptied
as completely as possible so that only very small amounts of reaction mixture or of

20 substance present in the plant part remain behind.

The concentration of the alkali metal hydroxide solution used is preferably from 10 to
30% by weight, based on the weight of the prepared solution.

25 Preferably, the temperature of the alkali metal hydroxide solution during flushing is
from 20 to 140°C, particularly preferably from 60 to 100°C. It should be ensured that
the alkali metal hydroxide solution is at this temperature during contact with the
polymers deposited in the plant parts. If the entire plant is heated to the
corresponding temperature, the temperature of the alkali metal hydroxide solution

30 used corresponds to this desired temperature. If plant parts are not heated to this
temperature, the temperature of the alkali metal hydroxide solution used should be
adjusted so that the stated temperature prevails in the areas with the polymer coating.



-\ hét,ve~ found that this object is achieved in a novel nethod by 10

{a)-* emtying the plant parts, (b) .-~flushing the plant parts with
aqueous 5 to 50% strength by wei ght al kal+ 4t al hydr oxi de
sol ution, (c) removi ng the al kali netal hydroxide solution from
the plant parts,_ 15 d i f require hing the plant parts with
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ensur ed t hat t he_.al kal tal . hydr oxi ution.is at this

t enper at ur e durf‘ﬂ‘é‘sc‘?ﬁﬂiﬁ%’c‘g\ﬂp%ge fng°S‘ts “bgﬁ}ﬁﬂ‘ itteatmend timee the ant

parts. If the e togella)t |
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used corres pondshettgpé of @neth)acrytid estenymed di theeplartfpartlaad onthe type ané afinteft ed

to this eratyre, the tenp rature f. th aIkaI| rretal hydr oxi de
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vaa' I's in the aroagy Wit Byt 8€ cRBLY "BlomsO 3t NBrepared by direct estenﬁcatxon or
transesterification. Examples of alkanols are methanol, ethanol, n-butanol, 2-
ethylhexanol and dimethylaminoethanol.

15 The (rheth)acrylic esters can also be obtained by reacting olefins, preferably

isobutene, with (meth)acrylic acid.

The plant parts to be cleaned are those plant parts which come into contact with the
starting materials or products during the preparation or processing of (meth)acrylic
20 esters, in particular during the esterification of (meth)acrylic acid with alkanols. The -
plant parts may be, for example, reactors, distillation columns, extraction |
apparatuses, heat exchangers, evaporators, condensers, pipes or pumps, which may
be connected to form a unit. Preferably, the connected plant parts comprise a
distillation unit which has a flushing line between the evaporator and the top of the
25 colﬁmns. In particular, polymers formed in the preparation and processing of
- (meth)acrylic esters are deposited in these plant parts. The treatment with the alkali
metal hydroxide selution causes or at least partly, hydrolysis of the ester groups of
the (meth)acrylate polymers, resulting in liberation of the alkanol component. Inter
alia, the polymer is detached from the plant parts as a result of this and goes
30 completely or partly into solution and can thus be discharged with the alkali metal
hydroxide solution from the plant parts.



:1f necessary, the tenperature of the alkali netal hydroxide solution is

chosen . - correspondi ngly higher during introduction into the plant.
Sodi um hydroxide is preferably used as +h& al kali netal hydroxide. The
al kali metal 5 hydr oxi de sol ution can be circul ated through the

Creatnont (1 nero St Bisk Bl GpataBises can b @l Bt i tne kil 'ntﬁé??g
dependi ng on tlﬁ}%:d:ﬁ&@éolﬁtiorﬂﬁtb?&tet feﬁbtﬁte;uqipaatmmmsew;? hﬁsrﬁﬁ T!}e%"

t he cornicentration of the aI kal i net'al hydroxi de sol ut on an

t enper at ure depeemit the transport of thealikglpanesal hydsoxifle seltion; whickris teetgdj fort he

pl ant part and on a nt ,of 10 th al.yner ually,.
(meth)acrylic "é@f@ﬁ% “b#“%gc@t}gf“ 0%%% 9 the.t98 Pgﬂ‘g l}émpo'['lﬁ)ﬁusq\mg lines
preferably 1 tgaBleqRé hiybt&h@ BBlumafagd ANl RBRMATItriys t6ibe a@tte&evtﬁrthé Fﬁéﬁ r@é?%l
transesterification. Exanples of al kanols are nethanol, ethano anol ,
2- et hiyydnesidsmsalutiond di net hyl ani noet hanol . 15 The
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are those pl anpreRpdBlg, affet feovalWith e alkah Matslthydioxidesbi@tion from the plagt drid
materials or products during the_ preparation or processing of (meth)acrylic

20 est er s, ini stepde), itheiladgohglsy ilmgalthn@lae@il@nplrs; &Iw:d)rdmﬂg (the tdiganingy kiec
acid with alkanol f anpl e, reagtors,
di stillaton c%ﬂpm E@%@F agﬁﬁ ridtal 1S 5%?%? oz o ‘aﬂ‘é}hﬁ‘%fﬁﬁgﬁﬁgﬁi
evapor at ors, @anpdﬁﬁﬁatﬁh ory 1ngV\"ﬂr #hwaRy solubility is I8¢, 88 @ék%ﬁh‘%d to
forma unit. re erably, the connected plant parts conprise a

di stillation ualkenohforots 4 second phass iwhich r:amva hematatﬂd feornthe alkeli metal t he

top of the 25 u part ul a n
prepar ati on anhyqf)?’ﬂg ﬁﬁﬁnc}? 1sawaer-s€h@£%n§1$és fmg}jt’ly gragﬁjpSgrqyed in
these plant paﬂfsﬁllathhQ)rle' ﬁﬁﬁ%wiﬂzh@tﬂ gagdsakich as air or stef! The BudligRde
solution causes or at |east partly, hydrolysis of the ester groups of
t he (nmetHhpacr ysmtlpmla;ldﬁh@ ﬁmpemalqanrhg ¢amn¢d but Sori exnmpte ime heiatebieostirred
conponent. Inter s d tac m t he a arts
as a result of r?ﬁ?%%@“&ﬁ%@egﬁol Egyerpg,y ¥ uB] F I19a?ﬂ‘[’ zﬁ’tﬁ’F g and
can thus be di éfatﬂ?ﬂ&%? d&ﬁi&-\i/ﬁlﬁdq{eﬁéﬁ' coiRidubes or circulatiysl heaterde THE lalilaheln
fromthe plant part

can be stripped in a stnppmg column in a known manner. For example, the

preferably hot alkali metal hydroxide solution can be fed in at the top of the column
20 after the flushing and can be stripped with air or steam by the countercurrent method.
The condensation of the distillate or of the alkanol from the stripping gas can be
effected by means of known cooling apparatuses, such as tube-bundle or plate-type

heat exchangers.

25 The stripping is preferably carried out in the stripping unit, which is present as a rule
in every plant for the production of (meth)acrylic esters and in which customarily
occurring alkanol-containing waste waters are stripped. The alcohol, in particular
atkanol, can be recycled directly to the esterification reaction after being separated
off. .

30
Since, as a rule, only a part of the alkali metal hydroxide solution used is consumed
during the cleaning, the alkali metal hydroxide solution can be collected after the



.Te ensure that distillation apparatuses can be readily cleaned with the

al kali rmetal hydr oxi de sol ution, they.are preferably equi pped with
their .own flushing |ines. These permit the transport of the alkali
met al hydroxi de solution, which is heat ed, 61 or exanple, in the

evaporator of the colum, to the top of the colum. The flushing lines 5
enabl e the t OpcRhnihfend AksSeverd il BaHing. "HoWeveR g&ﬁg dicdii’e
al kali et al E hydr oxi de sol Stk|f§)lﬁél é tﬁfgélgcg Y, nv4ft {1
renmoval with ttmtdlhydtmldtt@ha!ﬂdw'mhlydmt fdl belowr5% by welghs, inl axdér tpawoid a

in step (c), the alcahols fém@f}”'rf“' ar al kanols, formed during the

cl eani ng are 1§eteriord 3?)5\"5?8 IPMAREfe al kal i netal hydroxide sol ution

in which they are present by phase separation, distillation or
stripping. If its water solubility is low, the resultl ng al kanol
forms a s&cond Thhaowel\pndasss earbercarritidlopt basﬂsapdmn«ﬂyl Withothetrbnltethitathe phant al
hydr oxi de sol uti QP wat er - sol ubl e al kanol, it is preferably
separated of f BYA ab"htylsm‘a'F%sfal |l ation or by stripping with a stripping gas,
such as air or steam The distillative 15 separation and the stripping
can be carried out, for exanple, in a heatable stirred reactor with

an attached coMoneoverjdesiceteprgiucis; particulady plkamals,ican be feoamaredranner , f or
exanpl e by doubl e-wal |l ed heaters, coiled tubes or circulation heaters. The

al kanol can be stripped in a stripping colum in a known manner. _
For exanplee, {H%e examp 1ewmﬁfoﬁ5@91ms&£t&smbwehu&?t al hydroxide solution can
be fed in at the top of the colum 20 after the flushing and can be
stripped with air or steam by the countercurrent method. The
condensation of_ the distillate or of the al kanol fromthe stripping gas can
be ef f &X3BPMy neans of known cool i ng appar at uses, such as

t ube-bundl e or plate-type heat exchangers. 25 The stri ppi ng

is preferably carried out in the stripping unit, which is present as a rule
in every plant Gleanihpef pdistillatiowoolofné met h) acrylic esters and in which
customarl 1|5oy The distillation column used was a dualflow column for the distillation of reaction
mixtures obtained in the esterification of (meth)acrylic acid with alkanols. After
indication of soiling of the column trays for the distillation column, detectable by the
increase in the pressure difference between the bottom of the column and the top of
the column, the distillation process was stopped and the distillation unit emptied. The
20 corresponding evaporator was then filled with 20% strength by weight aqueous
NaOH solution. The NaOH solution was heated to 80°C and applied to the top
column tray via a flushing line. After a treatment time of 5 hours with this hot
solution at a circulation rate of about 10 m’/h, said solution was pumped into a
storage container and the distillation unit was flushed with water and, if necessary,

25 dried with air.

After the distillation column had been put into operation again, the pressure

difference was normal again.

30 Recovery of the alkanol:
A flushing solution which was obtained during the cleaning of a plant for the
production of butyl acrylate and contained-about 7% by weight of NaOH and about



occurr.i ng al kanol -contai ning waste waters are stripped. The al cohol, in
particular. ~al kanol, can be recycled directly to the esterification
reaction after being separated off. 30 Since, as a rule,
only a part of the alkali netal hydroxide 3okution used is consuned

during the cleaning, the alkali netal hydroxide solution can be collected

after the - 6-

cl eani ng and uégﬁb%g’\?@rhg?fwt?f&%fedatégrﬁ:Ffbthem\%ﬁﬂewpﬁ%cﬂmévhmhhad)n of
al kal i t hel ow 59

wei ght, in or ng ‘{ﬁglﬂ%?gﬁaﬁm Wb&g&ﬁ or%nyﬁtﬁe Cleanr 69‘°%y(02

per f or mance. 79) Themwlmmndpmmpmmd i) mrp’hased thufaq@e"tﬁlk |pl’1as%n6hng
rapidly, vmth}.eéjg‘ @It iﬁ‘ the % Iabllltyls i ncr eased.
Mor eover, desi 6&% ?ﬂﬂ@? &HBB al, wag fdudiragtly to 10
The exanplse Whitgfeseifkaish, A'bbhtfgop/ﬁéﬁﬁeﬁﬁtﬁﬁﬂwes& . Exanpl e
Cleaning of a distillation colum: stillation colum used was a

dual fl ow colum for the distillation of reaction m Xt ures obt ai ned
in the esterification of (nmeth)acrylic acid with al kanols. After



1 ndi catd on of soiling of the colum trays for the distillation colum,
det-ect abl. e by the I ncrease in the pressure difference between the
bottom of the columm and the top of the colum, the distillation
process was stopped and the distillation #i4 enptied. The 20

correspondi ng evaporator was then filled with 20% strength by wei ght

aqueous NaOH sol ution. The NaOH sol ution was heated to 80[err] C and
applied to the top colum tray via a flushing line. After a
treatnment tinme of 5 hours with this hot solution at a circulation

~rate of about 10 nferr]/h, said solution was punped into a st orage
cont ai ner and Weelalinsti |l ation unit was fl ushed W th vvater and, if
necessary, 25 dri,ed the t| |l ati gn col um
had been put |]r1to oﬁe?‘&%arfoéé%qaﬂmgtﬂﬁmp?aé? f”&?f‘ are used |'IhFel?r8 patiopLr
normal agai n. rocE38Ime \oF (veBjactylie efteskss A flushing solution
whi ch was obt ai ned Ic)iurl nggt h(ta cl La%}lmgg of agsopl ant for the

producti on of (@t yl emptyiHggheplantpadent ai ned- about 7% by wei ght of NaOH and
about ht of

but anol was f e@) at gbfhé'?grtflﬁp agt pasts V{lgbaqglpo% 540,50 6°p§tﬁﬁg% by ]15%/&& ﬂ]%

dual fl ow trays and oxillé §61R@sh, W th steam by the countercurrent met hod
(0.2 t/nferr]). The Tesulting condensate separated into two phases, the
aqueous phase (o®i ngrdnmnngihe hlkali oystad hydroside s¢lutien &omithe platepagsgani ¢ phase,

t he butanol, di rect to esterifjcation, About 90% of the
but anol WRre r ove&é SW%hm tﬂeglantpaﬁs“’l Water and

(e if ;equlred, drying the plant parts.

2. A method as claimed in claim 1, wherein the temperature of the alkali metal
hydroxide solution during ﬂuslﬁng is from 20 to 140°C.
15 . '
3. A method as claimed in claim 1 or 2, wherein the plant parts are reactors,
distillation columns, extraction apparatuses, heat exchangers, evaporators,

condensers, pipes or pumps, which may be connected to form a unit.

20 4. A method as claimed in claim 3, wherein the unit comprising the connected
plant parts is a distillation unit which has a flushing line between the

evaporator and the top of the columns.
5. A method as claimed in claims 1 to 4, wherein the plant parts are used in ﬁe
25 production of (meth)acrylic esters by reaction of (meth)acrylic acid with
alcohols or olefins or by reacting (meth)acrylic esters with alcohols.
6. A method as claimed in any of claims 1 to 5, wherein the plant parts are
cleaned to remove deposited polymers formed in the production or processing

30 of (meth)acrylic esters.

7. A method as claimed in claim 6, wherein alcohols contained in the alkali

A




g L. W claim 1. A method for cl eani ng plant parts

whi ¢h are used for the production or 5 processi ng of
(neth)acrylic esters, by - (a) enptying the plant parts,

(b) flushing the plant parts with aqueots 5 to 50% strength by wei ght

al kali met al hydr oxi de sol uti on, (c) reaning t he

| kal i | hyd
Fequi red.  vashi gt ek Bdkic8 BohiGH o siEp £ ar Sepebuted Rom, siflsplutiom by 1 oo,
drying the plant paphase separation, distiBlation o{\sﬁﬂﬁbiﬁg%ﬂs ifCteguitEd] l‘eé}'cfédafgnih%

wherein the tenperature of the alkali netal I oxi
sol ution during fl uesarifigation for thepreduction afimeth)acyliciesters. 3. A net hod
as claimed in claiml1l or 2, wherein the plant parts are reactors,
distillation colums, ext racti on appar at uses, heat exchangers, evaporators,

condensers, pifes oA metipd, asvﬂmniednin}'axbeoﬁelaﬁ&:ﬂeld 7,0whéreiR theUflkdli metA0
4, A net hod as cI aj ne wherein the unit conprising tnf'u

connect ed hydro x‘gﬁﬁ‘gmmb‘ﬁrc?ﬁeqt%d aftegithe cleaning and usedtseweraktimbsafora
flushing |ine bet We@@a:ﬁﬁbe evaporator and the top of the
col ums. _ Arrethod as claimed in clains 1 to 4, wherein the
pl ant parts are used in the 25 production of (meth)acrylic

esters by reaction of (et h) a?Iryllc acid with
9. The use of dlkali metal hydroxides for cleaning plant parts wmch serve for

10 the production or processing of (meth)acryhc esters.

-_
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al'cohql s or ol efins or by reacting (meth)acrylic esters with al cohol s.

6. *° Anethod as clainmed in any of clains 1 to 5 wherein the plant parts
are - cl eaned to renove deposited polyners fornmed in the
production or processing 30 of (nmeth)acrylic esters.

7. A nmethod as clainmed in claim®6, wherein al cohols contained in the

al kal i -9-

nmet al hydroxi de solution after step (c) are separated from said solution by
phase separation, distillation or stripAbstgactnd, if required, recycled to

t he esterification for the production of (neth)acrylic
esters. 8 A nethod as clained in any of clains 1 to 7, wherein

5 :
t he al kali net : | fle ol ke fter the
cl eani ng and ug%"at %%ghé?hatrf%esdt%@ﬁ%ﬂ&oﬁp&%b&&xﬁg %Q@ér@mﬁc ESters are 9.
The use of al keleaneddyal hydroxides for cleaning plant parts which serve for
10 - . t he production or processing of (meth)acrylic esters.

(a) emptying the plant parfs,

(b) flushing the plant parts with aqueous 5 to 50% strength by weight alkali

metal hydroxide solution, |
(c) removing the alkali metal hydroxide solution from the plant parts,
(d) ifrequired, washing the plant parts with water and

(e if required; drying the plant parts.



