PF 0000056979/ SCH As originally filed Integrated process for preparing
&rioxane fronlfornaldehyde 5 The invention relates to an integrated process
for Pr eRay % §§ane from fornal dehyde. Trioxane is generally prepared by
reactive drs ation of aqueous fornqldehyde solution in the presence of
acidic catalysts. This affords a m xture conprising trioxane, formal dehyde
and water as distillate. The trioxane is subsequently extracted fromthis
m xt ur eAlsyoriginmlly fided on wi t h hal ogenat ed hydrocarbons such as met hyl ene
chloride or 1,2-dichloroethane, or other water-inmmscible solvents. DE-A 1
668 867 describes a process for renoving trioxane from m xtures conpri sing
wat er , Irtegratddipiogess fan greparimgtrtoxbye Eoony fomiabdehydeh an organic solvent. In
this process, an 15 extraction zone consisting of two subzones is charged
at one end wth an organic, virtually water-inmm scible extractant for

tri ckan€he ventinn relagesde he integratedipraseitafioe prepBEnasionanchom formaligiydees, t he
distillate fromthe trioxane synthesis to be separated is fed. On the side
of the solvent feed, an aqueous fornmal dehyde solution is then obtained,
and, onTrpgans;iy gensrallyhparepyiad by reassiye distiiatidn of pqpeppy faamaldehyde. solwiongig| ut i on

of tri op@NRedefcd bﬁa&ﬂ@&:@ta@yg&oh%ﬁ;nziffora@a/fmsiuﬁ@dmahﬂgg u@bxahb) Brinfldeieder e i s
ence of extractant which has. to uri Some of, t he

t he occu
extract Q‘H{ MalTeps gyl IlLFﬁza o HLOXf1 if aﬂ’@é@luﬁ{lgrﬂxﬁ‘a@tg‘gtﬁ?“&n@& MK EY e ont ext

of 10 heeXteictiom vdr@&ﬁldg@ﬂaetﬁhj&ﬁbea’tb@t‘s st ecinethg)ene whivside bahdtdicigorrtant,s

speci al P! &caunlons % 1 97 32 291 describes a process for renoving
tri oxan8' PRSHVARTIARISS ée%‘fﬁntﬁ‘e whi ch consists substantially of trioxane,
wat er and fornal dehyde, by renovi ng trioxane fromthe m xture by

Per vapogRt otk S RRANALI 9L Nerd ELAKARS 1 RBLLE RSt RBGIRELERBYiE PRI Cat i on

into pure tri1 oxane on e "one oprc mx I‘ oxane,
vat er afermaldghydd dadhytdexae bhetxwttmn with amergamesblyeniannathite praess, xanur e

COoNg St ;ﬁBP 3018 P%peﬁgaé%!f A6 s@bzohkd e ”a?%@b!nd"%hﬂ 20%

by melg or ma separat e Irst disti %IOH co under
st andar &agraguscble w@aﬁawﬁ@eﬁxwwa@hmthﬁ sadywigh afﬁ@ru Betyeam ﬂlﬁ’z‘é’@t ropi c
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preggure into trioxane and, in turn, into an azeotropic m xture of

tri 6xane, water and fornmal dehyde. This azeotropic m xture is recycled
upst r eama disadvaatage ro¥ alpie paddeduresis aleoccurrence of extractant which has to be purified.

Some of the extractants used are hazardous substances (T or T+ substances in the context of

the German Hazardous Substances Directive), whose handling entails special precautions.

25 DE-A 197 32 291 describes a process for removing trioxane from an aqueous mixture which
consists substantially of trioxane, water and formaldehyde, by removing trioxane from the
mixture by pervaporation and separating the trioxane-enriched permeate by rectification into
pure trioxane on the one hand and an azeotropic mixture of trioxane, water and
formaldehyde on the other. In one example, an aqueous mixture consisting of 40% by

30  weight of trioxane, 40% by weight of water and 20% by weight of formaldehyde is
separated in a first distillation column under standard pressure into a water/formaldehyde
mixture and into an azeotropic trioxane/water/formaldehyde mixture. The azeotropic
mixture is passed into a pervaporation unit which comprises a membrane composed of
polydimethylsiloxane with a hydrophobic zeolite. The trioxane-enriched mixture is

35 separated in a second distillation column under standard pressure into trioxane and, in turn,
into an azeotropic mixture of trioxane, water and formaldehyde. This azeotropic mixture is

recycled upstream of the pervaporation stage.



PF 00000569791SCH -2- This procedure is very costly and inconvenient. The
pervaporation unit in particular entails high capital costs. It is an

obj ect gfoohdiBed7¥ERt i On to provide an alternative process for preparing
trioxane ?rom o aqueous formal dehyde solution to obtain pure trioxane. It
is a particular object to provide a process which avoids the performance of
extraction steps or pervaporation steps for obtaining pure trioxane. The
obj ect This pedvicdwreds byryasosily ued imsveenxme.cBespdrospopstepamitig partiadaretails om

formal d onprising the steps of: a) a stream Al conprising water
and forfr?rlgr{ggl?%/aéé&ésﬁd a recycle stream B2 consisting substantially of water

and formal dehyde are fed to a trioxane synthesis reactor and allowed to
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f or mal dg W (R3PS ¢) stream B 1 and a recycle stream D 1 conpri sing
trioxane, water and formnal dehyde are fed to a second | ow pressure
distillatiop colu distilled,at essure. of .from bar to
obtai n e PPiskrs aiedGEns ndinieadite Sl ET P nk T e dothudensarial ||

f or bl de@y;insmgndle\&wpeof and a stream C2 consi sting substantially of

formal dehyde and water; d) streamd is fed to a high-pressure distillation
colum and distilled at a pressure of from0.2 to 17.5 bar to obtain the
recycl eakt r eastreim drccampsisopivatesandefomnaigieh By andrasteeyalngreanbBe snnsistingy of
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Acces di ng tofdhifldeRy&ntion, the ternary azeotrope is separated by a pressure
swing distillation, by carryi ng out a first and a second distillation stage
at different pressures. In a PF 0000056979/ SCH

b) stream A2 is fed to a first low-pressure distillation column and distilled at a pressure
of from 0.1 to 2.5 bar to obtain a stream Bl enriched in trioxane and additionally
comprising water and formaldehyde, and the recycle stream B2 consisting

20 substantially of formaldehyde and water;

c) stream Bl and a recycle stream D1 comprising trioxane, water and formaldehyde are

fed to a second low-pressure distillation column and distilled at a pressure of from

0.1 to 2.5 bar to obtain a stream Cl comprising predominantly trioxane and

25 additionally formaldehyde and water, and a stream C2 consisting substantially of
formaldehyde and water;

d) stream C1 is fed to a high-pressure distillation column and distilled at a pressure of
from 0.2 to 17.5 bar to obtain the recycle stream DI and a product stream D2
30 consisting substantially of trioxane.

It is known that trioxane, formaldehyde and water form a ternary azeotrope which, at a
pressure of | bar, consists of 69% by weight of trioxane, 5% by weight of formaldehyde and
26% by weight of water.

35
According to the invention, the ternary azeotrope is separated by a pressure swing
distillation, by carrying out a first and a second distillation stage at different pressures. In a



-3- first distillation stage which is operated at |ow pressure, the starting

mi xtute is separated into a trioxane-rich trioxane/ water/formal dehyde

m xture kpwsdQr mal dehyde content on the one hand and a substantially
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t ri oxanenrickenest. and forrral dehyde. In general stream Al corrprl ses from 50
to 85% by wei ght of fornmal dehyde and from15 to 25 50% by wei ght of water.
Product stream A2 conprises generally from35 to 84% by wei ght of
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In general, stream A1l comprises from 50 to 85% by weight of formaldehyde and from 15 to
25  50% by weight of water.

Product stream A2 comprises generally from 35 to 84% by weight of formaldehyde, from
15 to 45% by weight of water and from 1 to 30% by weight of trioxane.

30 In one embodiment of the process according to the invention, the water/formaldehyde
mixture is reacted in the trioxane synthesis stage a) in the presence of acidic homogeneous
or heterogeneous catalysts such as ion exchange resins, zeolites, sulfuric acid or p-
toluenesulfonic acid at a temperature of generally from 70 to 130°C. It is possible to work in
a reactive distillation column or a reactive evaporator. The product mixture composed of
35  trioxane, formaldehyde and water is then obtained as a vaporous vapor draw stream of the
reactive evaporator or as a top draw stream of the reaction column. The trioxane synthesis

may also be carried out in a fixed bed reactor or fluidized bed reactor over a heterogeneous



PF 0000056979/ SCH -4- catalyst, for exanple an ion exchange resin or
zeolite. In a step b) which follows step a), streamA2 is fed to a first

| ow- pr epspliofseiakedl ation colum and distilled at a pressure of fromO0.1 to
2.5 bar to obtain a streamB 1 enriched in 5 trioxane and additionally
conprising water and fornal dehyde, and the recycle stream B2 consisting
substantially of fornmal dehyde and water. The first |ow pressure distillation
col um caatpst] e sxpnplt an adl sxchange @sin or @literore  preferably from4 to 40
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Preferably, stream Bl is withdrawn as a top draw stream and stream B2 as a bottom draw
stream from the first low-pressure distillation column. Stream B1 may also be withdrawn as
a side draw stream below the top of the column.

25

Stream B2 is recycled into the trioxane synthesis stage a).

In one embodiment of the process according to the invention, the frioxane synthesis stage a)
and the first low-pressure distillation stage b) are carried out together as a reactive

30  distillation in a reaction column. In the stripping section, this may comprise a fixed catalyst
bed of a heterogeneous catalyst. Alternatively, the reactive distillation may also be carried
out in the presence of a homogeneous catalyst, in which case an acidic catalyst is present
together with the water/formaldehyde mixture in the column bottom.

35 In a process step c) which follows step b), stream B1 and a recycle stream D1 comprising
trioxane, water and formaldehyde are fed to a second low-pressure distillation column and
distilled at a pressure of from 0.1 to 2.5 bar to obtain a stream C1 comprising predominantly



PF 0000056979/ SCH -5- trioxane and additionally fornmal dehyde and water, and
a stream C2 consisting substantially of formal dehyde and water. The second

| ow pregfbtfoﬁ'o:s@éﬁfsti{' ation colum conprises generally from2 to 50,
prefera 5 from 10 to 50 theoretica]_ plates. In general, the stripping

section of this colum conprises at |east 25% preferably from50 to 90%
of the theoretical plates of this colum. Stream C conprises generally nore
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colum conprising generally from25 to 90% preferably from50 to 75% of
theyhheqp ‘f)}iingiﬁle, Br&SB Phand DI may be fed to the second low-pressure distiliation column
at any point. Preferably, stream B1 is fed as a first side feed and stream D1 as a second side
feed to the second low-pressure distillation column, and stream Cl is withdrawn as a top
draw stream and stream C2 as a bottom draw stream. Streams Bl and D! may also be
combined and be added as one side feed.
25
The ratio of streams BI and D1 is preferably selected such that, overall, a mixture of from
50 to 70% by weight of trioxane, from 5 to 20% by weight of formaldehyde and from 20 to

45% by weight of water is fed to the second low-pressure distillation column,

30 In a step d) which follows step c), stream C1 is fed to a high-pressure distillation column
and distilled at a pressure of from 0.2 to 17.5 bar to obtain the recycle stream D1 and a
product stream D2 consisting substantially of trioxane.

In general, the high-pressure distillation column has from 2 to 50 theoretical plates,

35  preferably from 10 to 50 theoretical plates, the stripping section of this distillation column
comprising generally from 25 to 90%, preferably from 50 to 75% of the theoretical plates of
this column.



this colum. PF 0000056979/ SCH -6- In general, product stream D2 conpri ses
from95 to 100%by wei ght, preferably from99 to 100% by wei ght of
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t he second | ow pressure d| stillation 25 stage, or between the second
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) T e
and CI Typisak bxwv heilems rvehioh Bhayahel faimed in the trioxane synthesis and the qubsequcnt
distillative separation are methyl formate, methylal, dimethoxydimethyl ether, methanol,
formic acid and also further low-boiling hemiacetals and full acetals. To remove these low
boilers, it is optionally possible between the first and the second low-pressure distillation
25 stage, or between the second low-pressure distillation stage and the high-pressure
distillation stage, to carry out a low boiler removal stage. In this case, the low boilers are
removed preferably via the top of a fow boiler removal column which is preferably operated
at a pressure of from 1 to 3 bar. In general, the low boiler removal column has at least 5
theoretical plates, preferably from 15 to 50 theoretical plates. The stripping section of this
30 column comprises preferably from 25 to 90% of the theoretical plates of this column.
Streams B1 and C1 are fed to this low boiler removal column as a side feed, and the stream
BI” or C1’ freed of the low boilers is generally obtained as a bottom draw stream. When the
low boiler removal is carried out, stream Bl’ and Cl’ are fed as stream Bl and Cl
respectively to the downstream second low-pressure distillation column and high-pressure

35 distillation column respectively.

In a preferred embodiment, the process according to the invention additionally comprises



respectively to the downstream second | ow pressure distillation colum and

Ri gh-pressure 35 distillation colum respectively. In a preferred

enbodi L&ByRrpcess according to the invention additionally conprises PF
0000056979/ SCH - 7- steps f) and g). Skep f) precedes step a) and step g)
follows step e). In step f), feed stream F1 conprising fornal dehyde and

wat er and a recycle stream @ conprising formal dehyde and water are fed to
a f or mestesHy ded goStepr) precedns stepi ) andisidp g fawsAltep . Ini stépdd afised steeam Fl

f or ml d&t}.?r@fsgrg | £pREA Y NS LRI IS BANEERHSAL! Bl And

| ow f or stream F2 1s wthdrawn as the top or “vapor aw stream or
bot t om Wrigvass feshin a) fprmaldehydgeoncentegsion) unit, rands grogdn ddnipawithdrawnr ascgcl e

stream fgkmhRic atdrleﬂottdn@ratté»h%utm(ﬁﬁrmé dedusHRatichl GRENR 16%-fBfthlfchy dt:n this
step streams l3gj§@ﬂv%aare fed to a further distillation col

di std | | HeFamy Fhisgy dhertpp R Yaros didy plEgan g bojtog fat*h%feraghylt:iié“ eFeam €]
and a e ighWak Fornidldedyie-Géh Gi leS;*,tl"diﬁl Subis topdihdl [tymOthe Mek gormdlfehlide

cvapor atBmsgy | 2. B pisriBh SEEHtRE S0g CPSorp et s BiTeE QA TEP ORI an
evapor ahmt dlsﬁﬂeﬁ at mepreesvep of difoan 4 toarl@ haont) iobtedn She veqyokeadtamam Silcindas

circul atvr ROLAal 85 s Slsqnlrn ‘L‘l apgLrators or thin- filmevaporators.
Apartrcu ypre AR FAL o unr is a falling-filmevaporator. 15

ThelG al | i ng- f| | m evapor ator i s operated generally at a pressure of from 50

to 200 rh@torgg&rﬁlonagtrﬁre%y@agat db/Pli ikt Eafbe H0icl NPT Alboilpt oP 1)

can be carri descr exampl e, 1In
concent Pa# idistillatonogoluma; i ds ﬁmf%relriwerrwdt@rt inriag cyproraay Pipfemed evaparatprad out

in a pPhRHUfifudis %taﬁdr@tbts%cﬁ Qb UiFfuladdh Mpatauﬁ@&ﬁuﬁg fARUSAPSrald SAMinhi ch
consrstaﬁ;ubstantra of water is drawn off at thé colunh bottom Such a

col um ed’éPQ?B‘@FSat‘%d’a“fCBFaﬂé(x%‘ﬁ{?Fé concenirapn A is dot’aﬂsﬂ%ﬁlsareva%r)ftteb
t enper amue Ealhg-fithd @vajtﬁlatar ReiptaBd @Rpalftat i @redburd 96 Gom2$0 (HIEMOfibdrhad a

distillation col ) is operated at a pressure in the range from1l
to 10 ?ﬁgﬁlperqurg g?&mmﬁ}ﬁﬁ{g to 5 bar. This distillation colum has
generally from2 to 50 theoretical plates, preferably from 10 to 50

t heor et ihcal. Dl . C f | ris I 1% by
wei ont - areeeRsiion SHENEAEF LB SRRl <SRRG Thptad, 't om 20

to 60% by wei ght of water. Stream & conprises generally at Ieast 95% by

el 8t . THE SEEARko ok RARYMANEIA: AR PAES Bhablkeu kPgot 99%

pressure distillation column, in which case an aqueous stream which consists substantially
of water is drawn off at the column bottom. Such a column may be operated, for example, at
a pressure of 5.5 bar, a top temperature of 147°C and a bottom temperature of 156°C.

25  The further distillation column of step g) is operated at a pressure in the range from 1 to 10
bar, preferably from 2 to 5 bar. This distillation column has generally from 2 to 50
theoretical plates, preferably from 10 to 50 theoretical plates.

Recycle stream G1 comprises generally from 0 to 1% by weight of trioxane, from 40 to 80%

30 by weight of formaldehyde and from 20 to 60% by weight of water. Stream G2 comprises
generally at least 95% by weight, preferably at least 98% by weight and more preferably at
least 99% by weight of water.

In general, feed stream Fl is fed to the concentration unit of step f) as a side feed and

35 recycle stream G1 as a top feed.

In general, stream C1 1s fed to the further distillation column of step g} as a side feed and



In general, feed streamFl is fed to the concentration unit of step f) as a
side feed and 35 recycle stream Gl as a top feed. In general, streamd is

fed to phgohdiEdH8eudi stillation colum of step g) as a side feed and PF
0000056979})%%—! -8- stream F2 as a sidg feed, and recycle streamG1 is

w thdrawn as a top draw stream and wastewater stream & as a bottom draw
streamor side draw streamin the stripping section of the colum. 5 1n a
f urt her stpaef E2 ned @dd detidpand recytlepstiepmwiiil ah withdcadeas attep dajw isseamranded out .

In thi s},vé%&gater ﬁreffaﬁPéZ?%Eﬂgﬁglﬂldtﬁngcbﬁi d?%iJeodrH@'sE’rEMCiﬁ t@cﬁn%ﬂ@k%%ﬁgq stream

C2 are to a form concentration unit, stream tained as a
f or mal deh{igeolmeh top or vapor draw streamor else as a side draw streamin
the rectifying section of the colum, and a wastewater stream H2 consi sting
substantially of water is obtained as a bottomdraw stream 10 The

concent bt fsthepprefeseedrembadimenty ten hayBich precedesestepn ibsarrgd priadn B sl an
evapor af Ofce®'stredmdHIt cohpliding oRhalIRydet add waiiaf eidRinkaiaC?i &6 RUtd A an
eyapora[,or.lcgbe%erred ev_aFora_tors a}gf.p nt.i nuous_ ev oilgiﬁ(_)r_cﬁ] such as

ci r cul afrBRIdED¥IsFORCTRERtIOR Injt; sramial 15 ¢oigincdig Irgplde ) WP VAROT

evapor aties stréanpar tlse Wk ar digle graef efr¢and iic divc@ptifyadg sottionidf thes caluningiahd ag-f il m
evaporator. The failjRg-fi.l mevaporator .helical,-tube ev rators i s operated
Rl AT o AT S e L et S R e A DR o e
to MBC. In general, feed streamHl is fed to the concentration unit as a

first sifle Letealsh d?t{at\[}v@gtﬁngiéi%hg?elggtﬁgnﬁﬁﬁ%”&n%;ip%%rr&%ﬁtﬂ*[ ?r?hr?g%atpt'agat%cgﬁ side

feed. Top or vapor rises prefera rom o by

wei ght efdistiflatier¢adehndie isgnefefablye@0cd outdow byapwedtgiht of wat er. Bottom draw
stream H2 conprises generally at |east 90% by weight, preferably at | east
95% by wei ght and nore preferably at 25 |east 98% by wei ght of water. The
i nvent i Birfersed pyaperatoms ade CANHBION EVARPTAAES %‘ﬁhrﬁﬁl%@ulﬂglp% lsvaRaratatg. falinginpl es

30 Ith QUFiBmevapSa®r) R (RINDNE] BRporfdrs ! ASpapli@AHS pREGRIANINerdttitioh &inithyent i on.
Feed st réﬁm |_. conposed o& 37‘Vf,by i ght of fgé@?@fgyde and 63% by wei ght of
wat er, [RAgE-flRpERORIGre Ahe 18 l’é‘ST‘Fﬁg’s YPRoFatet, s linal JWhe g ePeratary 150 e and
43% by wehghilly fifa préSsuiedfdrona 56 td 200 inbait i@ o @peagré bf froevor7ator 2.
Overall, a m xture of 42% by wei ght of

In general, feed stream H1 is fed to the concentration unit as a first side feed and stream C1

20  as a second side feed below the first side feed.

Top or vapor draw stream Al comprises preferably from 50 to 70% by weight of

formaldehyde and from 30 to 50% by weight of water. Bottom draw stream H2 comprises

generally at least 90% by weight, preferably at least 95% by weight and more preferably at
25  least 98% by weight of water.

The invention is illustrated in detail by the examples which follow.

Examples
30

Figure 1 shows one embodiment of the process according to the invention.

Feed stream | composed of 37% by weight of formaldehyde and 63% by weight of water,
and recycle stream 18 composed of 57% by weight of formaldehyde and 43% by weight of
35 water are fed to the falling-film evaporator 2. Overall, a mixture of 42% by weight of
formaldehyde and 58% by weight of water is thus fed to the falling-film evaporator 2. The
falling-film evaporator 2 is operated at a pressure of 0.1 bar and a temperature of 58°C. The



f or mal dehyde and 58% by wei ght of water is thus fed to the falling-film
evapotator 2. The falling-filmevaporator 2 is operated at a pressure of
0.1 barp@gifods rature of 58C. The PF 0000056979/ SCH -9- vapor draw
streami obt algﬁllg/g@?s a mxture of 20%goy wei ght of formal dehyde and 80% by
wei ght of water. The bottom draw stream 3 obtained is a m xture of 72% by
wei ght of formal dehyde and 28% by wei ght of water. The bottom draw stream 3
i s combvaped dvaw streaive4 obginedris drmaixtige 0€ 20%Dbyoweigheof formaldelydepand KOG by

distillatj HPoPWa&HF“T@\% b@ﬁgmté}ﬁwcgfégfnnfgyb&ﬁédr E%gtg?e BP‘?Z% W% pg‘Eh'i éﬁ’xa”e

synt hesi s reac or I'sS con ur e a stirr t ank.
st r eam Brewlishydseand 8% by wrishyrt W@tef fidterhatit@ahdaw, stedny ois CﬂmbgWﬂ with that er and

6% by V\S(btﬁl:l?ﬁ d?ziw ttrk S AN BF hd ﬁks'i 1B@q)rés‘?,uﬁeh&stﬁl'la&ﬁ)h éo‘PlY}‘hﬁ’rﬁ%ﬁH ltRe db@binehat i on
colum 7 wth theoretical plates at the height_ of the second theoretical
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obt al neq. e raw .S eam | e to ressu
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distill | 7% i fQr b
Corght Sptnd BBy bk ST ad ¥y ol G Hoan O'CBRpOERYGIOr07 845 0
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terrperaturea rox. 95C. The t draw stream 16 obtained iIs m xture of 6%
by wei gMtithoh8 ¢ @f?rﬁ%ﬂ?’é@fff*}i‘?ﬁeﬁt th%lgk}t afdhgyihth theoroiacahalats: l&ﬁédme%tbfytqnedrgm of

t][l ]g)xaneﬁr%aﬁh%qu{eta [eyguﬁé rcﬁﬂfg![aﬁé? O&Il@hﬂemldi)nﬁ)o@%détdﬂ ¢%0fby v byothel ght
of for e 0 : raw is fe

2o t he FrgRKsE @% G Selaty S Fater aist i Dpaveitbe o350t aia ded e prlards o
tﬂe Bei ghtat ¢He Tidight 4Btthe llthaﬁé(ﬁémcﬁablalﬂ.m.cr?]ﬁhmﬁ12@11 operated apperatad ofitl 5 bar;
t he bot rature 1S approx. the top t eratur p. 140C. A
bot t om SRS POE bR R 02 G G bR 0RO 3 TR ipehne s
obt ai nedrawl ktecalnol & ohiadreelus atmigame d66%f byt WweighecOfvdmhldehyplee34%rtey wleight off at i on

col A 'w%t r%ﬂd 17@{7%&? "t‘o? ﬁ{qx%ﬂ{; “ffﬂ% l}oZtoﬁ{ &{A&&m‘aﬁ%’i §|St'aﬁ§b i ?rh)‘&j eac%f the

hei g etlc raw strea
falli nglfz% bm wmbmfaﬂounalgelatdemné TR%i bynweight @frwatmﬂlhc toredrewtstieam 180s mdat e

tTQ' S e?g{tﬂlﬁﬂe% Hlléh bk §RIMARMARANRT4 Fith BIALLEHAH pltRf the HafpnPSF th@ABth
P theoretical plate. This column is operated at 5 bar; the bottom temperature is approx. 175°C,

the top temperature approx. 140°C. A bottom draw stream 1¢ comprising more than 99% by
25  weight of trioxane is obtained.

The bottom draw stream 15 of the second low-pressure distillation column is fed to the
further column 17 with 32 theoretical plates at the height of the 16th theoretical plate, and
the vapor draw stream 4 of the falling-film evaporator 2 at the height of the 16th theoretical

30 plate. This column is likewise operated at a pressure of 5 bar. The bottom temperature is
approx. 152°C, the top temperature approx. 138°C. The bottom draw stream 11 comprises
99% by weight of water. The top draw stream 18 comprises 57% by weight of
formaldehyde and 43% by weight of water, and is recycled in to the falling-film evaporator
2.

35

Figure 2 shows a further embodiment of the process according to the invention.



approx. 152C, the top tenperature approx. 138C. The bottomdraw stream| 1
conprl ses 99% by wei ght of water. The top draw stream 18 conpri ses 57% by
wei ght 00({0@'?@ gghyde and 43% by wei ght of water, and is recycled in to
the fallin m evaporator 2. 35 Figure 2 shows a further enbodi nent of
the process according to the invention.” PF 0000056979/ SCH - 10- The feed
stream 1 conposed of 37% by wei ght of formal dehyde and 63% by wei ght of

wat er i Shtdded strdane 1 cmimposed® o3 % B wehght roétfonedldgilyde end £3% bg waghghaf of t he
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the top draw stream 22 of the hlgh—pressure distillation column 23 composed of 10% by
weight of formaldehyde, 33% by weight of water and 57% by weight of trioxane. The
second low-pressure distillation column 21 is operated at a pressure of 0.8 bar; the bottom
temperature is approx. 102°C and the top temperature approx. 85°C. A bottom draw stream
25 15 composed of 23% by weight of formaldehyde and 77% by weight of water, and a top
stream 16 composed of 6% by weight of formaldehyde, 24% by weight of water and 70%
by weight of trioxane are obtained. This stream 16 is fed to the high-pressure distillation
column 14 with 28 theoretical plates at the height of the 18th theoretical plate. The column
14 is operated at a pressure of 4 bar; the bottom temperature is approx. 160°C, the top
30 temperature approx. 133°C. The top draw stream 13 which is recycled into the second low-
pressure distillation column and a bottom draw stream 10 comprising 99.5% by weight of
trioxane are obtained.



stream 16 conposed of 6% by wei ght of fornmal dehyde, 24% by wei ght of water
and 70% by weight of trioxane are obtained. This stream 16 is fed to the
hi gh-prlg(?;hg ofpdi stillation colum 14 with 28 theoretical plates at the

hei ght of the 18th theoretical plate, The colum 14 is operated at a
pressure of 4 bar; the bottomterrpera%ure is approx. 160C, the top 30
tenperature approx. 133C. The top draw stream 13 which is recycled into the
second What ispdsiewdris: di stillation colum and a bottom draw stream 10
conprising 99.5% by weight of trioxane are obtained. B05/0359My -11- What
is claimed is: |I. An integrated process for Prepari ng trioxane from

f or mal dbhydeAn dotepratest prpeessefor qregssingftriokang) frams formaldehydec samprisingghoat er
and formal defjygerand a recycle stream B2 consisting substantially of water
and formal dehyde are fed to a trioxane synthesis reactor and allowed to
react to obtain a product stream A2 conprising trioxane, water and

f ormal dehydey) 1§ shparfit AeaiOudMtising haekr tMdafornhREhydVaRl @Sedyde GuShml Bat i on
colum and distilled at s &ﬁssu e of fr@n%o.]]tl?%éj bgqr to obtain a
stream B 1 enri ¢Isitng upstastally oh dvatefqand i opapdghyds e &dn P iatiexadfg
for mal dehyde, asattichB retoreing alibived o Bact O@bSS hipaglustifisdaanA @binprisihg

for mal dehyde and. water: 15 st m Bl and a recycle stream DI conpri sing
tri oxane, water r‘é’ﬁ&“e’f""&}%ﬁfl‘ﬁm&ﬁy‘é&f ed to a second | ow pressure

distOllation colum and distilled at a pressure of fromO0.1 to 2.5 bar to

obtain a str riS] i A y
f or mal dehydeggnngc}g\iavgf grli,plsaf%!cji Qg asﬁ{sggﬁmp%% dé%)t{r%isaﬁéﬁp% _suglz_t?glr%lpg@l%hof
f or mal dehyde anpressuepf frgin G4 rie 28 Bar tosobfian at sireamhB §jlenpichedsnridoxyinetand| at i on

col um and di st h&dlﬁ&laﬂg %rngg[%ﬁ%u(rﬁter Ofnd oATHeIRydeC add e RR clteost&gfnahﬂf the

recycle stream D1 and uct” stream D2 consi sting substantially o

trioxane, 25 i nconsistRg sulistapbiply obformpldehyly 498iWae1s present in streams B | or
C mpay be

c¢) stream Bl and a recycle stream D! comprising trioxane, water and
formaldehyde are fed to a second low-pressure distillation column and distilled
at a pressure of from 0.1 to 2.5 bar to obtain a stream Cl comprising
predominantly trioxane and additionally formaldehyde and water, and a stream

20 C2 consisting substantially of formaldehyde and water;

d) stream Cl is fed to a high-pressure distillation column and distilled at a pressure
of from 0.2 to 17.5 bar to obtain the recycle stream D1 and a product stream D2
consisting substantially of trioxane,

25
in which a removal of the low boilers present in streams Bl or C1 may be
undertaken between steps b) and ¢) or c) and d).

2. The process according to claim 1, wherein the low-pressure distillations b) and ¢) are
30 carried out at a pressure of from 0.4 to 1.5 bar and the high-pressure distillation d) at
a pressure of from 2.5 to 7 bar.

3. The process according to claim | or 2, wherein stream Bl is withdrawn as a top
draw stream and stream B2 as a bottom draw stream from the first low-pressure

35 distillation column.

4. The process according to any of claims 1 to 4, wherein stream Bl is fed as a first



undert aken between steps b) and c) or c¢) and d). 2. The process according to
claim 1, wherein the |lowpressure distillations b) and c) are 30 carried
out at pgr@phessHsscef from0.4 to 1.5 bar and the high-pressure distillation
d) at a pressure of from2.5 to 7 bafy_3. The process according to claim1l
or 2, wherein streamB 1 is withdrawmn as a top draw stream and stream B2 as
a bottomdraw streamfromthe first |lowpressure 35 distillation colum. 4.
The process sidefeediand streanaB)) asfa seberidwidd feed talthewshemd lawsiressure distillationf ed as
afirst PF O Ut 1 il idd pde feed
to the secon%gﬁlggﬁa%?essur eC ld%élﬁdﬁg‘t"{ %ﬁpm?gfl{j Etiﬁr%{r an I%%t%égfnc%%?g&&m&t]hdr awn
as a top dr alawtseash and stream C2 as a bottom draw stream 5 5. The
process according to any of claims | to 4, wherein streamd is fed as a
side. feed tQ the high-pressure distillation colum, stream i s w thdrawn
as astog' dr a&'c BROCESSrACE g 1030 fhorlaigsyl iy B’ﬁ?‘&’r“awe?{“rgiﬁ %S‘.as'l"?’léldﬁr ocess
accordi ng t ofeedyo tHe WgRprBsure dstidativhisibmadstidanoDalis wihonrpm seswptaps f) 10
and g): f) a feed stream co i si.ng fornal dehyde and water and a recycle
stream G cOFRAP A e, ?Sd%@&éngﬁgv WEPBY are fed to a formal dehyde

concentration wunit, stream At is withdrawn as a formal dehyde-rich stream

oo ot B T PIBLSEAIR R SRTEF Lo SE U R BB RO R prePer,
col UWm and dasdgkled at a pressure of froml to 10 bar to obtain the

recycle stream G| and a wastewater stream & consisting substantially of
water. 20 7. The process according to claim®6, wherein streamAl is

wi t hdrawn asfa afesdnregenleompasing sermpdehydeand waemantha reeyclasioam §d g

| ow f or mal dehydemh@@sigg forYikthydé awd Skdi&asref @ i th RorinaldeRy deidentration
concentration unit. 25 8. The ‘plrtg ess accogdl n%gho claim®, whereip the

f or mal dehyde coRRENEHEAM ohl Ui awR ¢ a4, a1 formaldghydesdey, suegp 44 2419Mn

col usm, and str &amakdehide izhm Pel vathdaawRal€botsom aop bovapdr diswsétreaam 9. The
process according to claim®6, wherein the formal dehyde concentration unit is
a

g) stream F1 and stream C2 are fed to a further distillation column and distilled at

a pressure of from 1 to 10 bar to obtain the recycle stream G1 and a wastewater

stream G2 consisting substantially of water.

20
7. The process according to claim 6, wherein stream Al is withdrawn as a
formaldehyde-rich bottom draw stream and stream F1 as a low-formaldehyde top or
vapor draw stream from the formaldehyde concentration unit.

25 8. The process according to claim 6, wherein the formaldehyde concentration unit in
step f) is a pressure distillation column, and stream F1 is obtained as an aqueous
bottom draw stream.

9. The process according to claim 6, wherein the formaldehyde concentration unit is a

30 falling-film evaporator.

10.  The process according to claim 6 or 7, wherein feed stream F1 is fed as a side feed
and recycle stream Gl as a side feed to the concentration unit.

35 11.  The process according to claim 6 to 8, wherein stream C1 is fed as a side feed and

stream F2 as a side feed to the further distillation column, and recycle stream G1 is
withdrawn as a top draw stream and the wastewater stream G2 as a bottom draw



30 falling-filmevaporator. 10. The process according to claim6 or 7,
wherein feed streamFl is fed as a side feed and recycle streamd as a
si de f egelyh@dstdieségncentration unit. 35 11. The process according to claimé6
to 8, wherein streamd is fed as a sigle feed and streamF2 as a side feed
to the further distillation colum, and recycle streamGlL is wthdrawn as a
top draw stream and the wastewater stream G as a bottom draw PF
0000056979/ STr¢am. 13- stream 12. The process according to any of clains 6 to
9, wherein distillation is effected in step g) at a pressure of from2.5 to
8 bar. 5 13. The process according to any of clains 1 to 5, which
addi t i oh&l | yTeopioeessascasdiag topny ogylavanff @ &9 oy heseimdistillaiemisrafiecigg in step
formal dehydeypfid ppedsere AMbns2 598 are fed to a formal dehyde
concentration unit, streamAl is obtained as a formal dehyde-rich 10 top or
vapoﬁ* draw stream and a wastewater stream H2 consisting substantially of
vat er i $3.0bt TheGrbcéss a0cdiAink AR SM¢ISiTsS1ow 5, bhichlddditRinal P 6SmBERAKEPMY: 1 0
claim 13, wherein the fornal dehyde concentration unit is a falling-film
evaporator. 15 15. The process according to claim 13 or 14, wherein feed
stream Hl i shf edfded stlham Hloteeprisigd foemnaldehyideand avadriaat sseahe CRewdfednd ast r eam
G as a second ?drt%%lcfeﬁ)?gff concentration unit, stream Al is obtained as a formaldehyde-rich

10 top or vapor draw stream, and a wastewater stream H2 consisting substantially

of water is obtained as a bottom draw stream.

14.  The process according to claim 13, wherein the formaldehyde concentration unit is a
falling-film evaporator.
15
15.  The process according to claim 13 or 14, wherein feed stream HI1 is fed to the
concentration unit as a first side feed and stream C1 as a second side feed.



