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35 A disadvantage of this mode of operation is that an extractant which has to be purified
is obtained. Some of the exiractants used are hazardous materials (classified as T or
T* according to the German hazardous materials regulations) whose handling requires
particular precautions.

40 DE-A 197 32 291 describes a process for separating trioxane from an aqueous mixture
consisting essentially of trioxane, water and formaldehyde, in which trioxane is
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c) the stream Il is, if appropriate after removal of low boilers from the stream Il in
a low bailer removal stage, disfilled in a second distiflation stage at a pressure
of from 0.2 to 17.5 bar, with the pressure in the second distillation stage being
from 0.1 to 15 bar higher than the pressure in the first distillation stage, o give a
35 stream 1V consisting essentially of trioxane and the recycle stream V comprising
trioxane as main component and water and formaldehyde as secondary
componenis,

d) the stream X and, if appropriate, a stream IX comprising water as main
40 component are fed into a third distillation stage and distilled at a pressure of
from 1 to 10 bar to give a stream VI consisting essentially of water and a recycle
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30 c1) the stream IV is purified in at least one further trioxane distillation stage at a
pressure at the top of from 0.5 to 2 bar to give purified trioxane as side
offtake stream Xl in the enrichment section of the column,

d) the stream X and, if appropriate, a stream X comprising water as main
35 component are fed into a third distillation stage and distilled at a pressure of
from 1 to 10 bar to give a stream VI consisting essentially of water and a
recycle stream VIl comprising formaldehyde as main component and water
and trioxane as secondary components.

40 It has been found according to the invention that it is particularly advantageous to purify
the stream IV again in at least one further trioxane distillation stage at a pressure at the
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formaldehyde/water mixture VIl having a lower water content is obtained. This mixture
35 Vil is recirculated to the first distillation column. A water-comprising stream IX obtained
in the concentration of agueous formaldehyde solution is preferably likewise fed to the
third distillation column.

Suitable distillation columns are any distillation columns such as packed columns and
40 tray columns. These can comprise any internals, packings or beds of random packing
elements.
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30 formaldehyde generally being the main component. For example, the stream X has the
following composition: from 10 to 50% by weight of formaldehyde, from 10 to 50% by

weight of water and from 3 to 40% by weight of trioxane.

The stream Il is preferably recirculated to the trioxane synthesis.
35
The sireams I, ll, V and VIl can further comprise up to 15% by weight of low boilers.
Typical low boilers which can be formed in the trioxane synthesis and the subsequent
separation by distillation are methyl formate, methylal, bis(methoxymethyl} ether,
methanol, formic acid and further hemiacetals and full acetals. To separate off these
40  low boilers, a low boiler removal stage can optionally be carried out between the first
and second distillation stages. Here, the low boilers are preferably separated off at the
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the streamV f%ﬂ%?ggta#tﬁ‘ed as over head stream 1n 'general, the
strippi ng GEREL of WHRi%UEsti I 1 ati on col um has from 25 to 90%
preferably from50 to 75% of the theoretical plates of this col um.
I n general, dherattheateh IVUBRIDHSES frbm@® 851000 bYOKIdN, pefegdtly from 99 to

preferably%omQQ.t 100% b i ght, . of. tr] fro %
by wei ght ,1 dr}éfbér‘%%?@ ?frtg%%jey%'ﬁh%)“b%/to éé’ %%ﬁﬁ F pg%}g%){ye@rgn%{% 15% by
seconddlry weighlonbweisT 2a5porIERY WORSORBIGt Seeansian sprpRanentsArgsin perieular,
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hi gher thap. hloahe ! TheX@Aknt TRGAGNLAR seBbndiR) RonfBAedeGANAB Wioxane
conponents I'h the trroxane stream IQ%\ articularly gri e(r:flb ly < y
0.1% It cHfFasy&h iheadicalaty yeferblYst Qebifn  cafomifsini koS, DPo- sn%re@f”
from5 to affprizgswer gkampe, fromrbelod®iYy de weighbof kbmbioleBEYs, fipm B39 tandd Gty
of watey apdight GMard 4 /P EEYo 18k Htweint lof tr@%aRe. According to the
i nvention, the stream IV 1s purified in at |east one further trioxane
According to the invention, the stream IV is purified in at least one further trioxane
distillation stage at a pressure at the top of from 0.5 to 2 bar, with purified trioxane
being obtained as side offtake stream Xll in the enrichment section of the column. This
35 distillation column preferably has from 5 to 50, particularly preferably from 10 to 20,
theoretical plates. The pressure at the top of the column is preferably from 1.0 to
1.5 bar. The side offiake stream obtained is preferably pure trioxane having a purity of
> 08.9% by weight, particularly preferably > 99.99% by weight.

40  This stage ¢1) can be followed by a second trioxane distillation of the stream XlI as
stage c¢2). This stage is likewise carried out at a pressure at the top in the range from



distillation stage at a pressure at theztop of fromO0.5 to 2 bar,
with purified trioxane being obtained as side offtake stream XI| in
the enrichnent section of the colum. This 35 distillation colum
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The water stream'Vl preferab conprises nore than 95% by wei ght,
particularly preferably nore than 97% by weight, of water. For
exanpl e, tTee steaariVtoropigssi feexad®id, fiom 98 o G530 byotejohief divimaddehyde,

water, from@Q 58 sbodbP¥eidhi &Hatdf addardmbde By yasighitrc@oxBné 0 1 % by
wei ght%é)f secondary conponents. The stream VI conprises, for

exanpl from 10 to 55% by wei ght of formal dehyde, from5 to 50% b
wei ght of Ve gireaany!lfcepheFeaicuBE pafthivei g edfirety toddmme, upstream of the first

distillation stage; it is preferably recirculated essentially in its entirety to the first
distillation stage. It can be introduced into the first distillation column either as a mixture
with the recycle stream V or separately therefrom.
35
The present invention also provides a process for preparing trioxane from an aqueous
formaldehyde solution, in which the feed sitream | comprising formaldehyde, trioxane
and water is prepared from an aqueous formaldehyde solution in an upstream trioxane
synthesis stage and trioxane is subsequently separated from the stream | as described
40  above.



30,The stream VIl can be recirculated partly or inits entirety to a
poi nt upstreamof the first distillation stage; it is preferably
recirculated essentially inits entirety to the first distillation
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described 40 above. 8 The present invention also provides a process
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vapor i zer)reSLFhé 8?[ Guct mixture of trioxane/formal dehyde and water is
then obtained as a gaseous vapor offtake stream fromthe vapori zer
or as overheadrser emmodineat of e propesf oftthe ivehtion. thd hrtoxant eyathesis stage
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fluidized- %ed reactor ove ﬁée t er ogeneous Wé’ %
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alternti veolumhe reactive distillation can also be carried out in
the presence of a hom)geneous catalyst, in which case the acid

icﬁt ?lh)ési) ot Oqé?'@?a‘cf r[latg to%gg o&nﬁt\#utenyéehgol%%e&l‘{ﬁh fig q‘erga{odﬁgﬁggxa%gl %%h%@,is
stage comprises from 30 to 85% by weight of formaldehyde and from 15 to 70% by

weight of water. This solution can be obtained from an aqueous formaldehyde solution

30 having a lower formaldehyde concentration in an upstream concentration step. The
concentration step can, for example, be carried out in a vaporizer, preferably a falling

film evaporator.

The upstream concentration step can be carried out, for example, as described in
35 DE-A 199 25 870.

In an embodiment of the process of the inveniion, a stream VIl of an aqueous
formaldehyde solution is concentrated in a vaporizer, preferably a falling film
evaporator, to give the stream Xl of agueous formaldehyde solution having a higher
40  formaldehyde concentration. The vapor offtake stream from the vaporizer, which is
greatly depleted in formaldehyde, is fed as water-comprising stream IX into the third



I n,general, the aqueous formal dehyde soBution which is fed to the
trioxane synthesis stage conprises from30 to 85% by wei ght of
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a stream Virhh 78fi0 80vASIUSAYS: ofWatdral dehyde sol ution is concentrated in
a vaporizer, preferably a falling film evaporator, to give the

stream Xl of aqueous formal dehyde sol ution having a higher 40
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whi ch goes over toge ane, on di

acid is foP‘i’l‘BBO”eF“BSr tré’%ﬁ‘ﬁ%l é’rm?'F’%'Pﬁcéo?%lw&‘éeﬁytaeseﬁ ra‘[?%dem fogﬁté'r?&?r%zc g
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acid can cafabyze tﬁ@%uﬁ‘ﬁ@%@%bitbrﬁ%n@fanté’ﬂe@tf@{ﬂ?m thdeu@lbf &ahé ¥&. Owing to

removal of _for.m. u t £
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distil ggt ! BQEygﬂJn%%Iene (POM) and also leads to a deterioration in the POM quality, so that

the maximum formic acid content should be greatly reduced.

According to the invention, this is preferably achieved by adding at least one tertiary
amine and/or an imine or a mixture thereof which can deprotonate the formic acid and

35 convert it into a salt in a catalytic amount or in an amount sufficient for salt formation
with the entire amount of formic acid before or during the distillation and discharging
the formic acid-amine salt formed in a liquid phase in the distillation bottoms.

It is possible to use individual amines or imines, mixtures of amines or imines or
40  mixtures of amines and imines.
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form bicyclic st¥uc tures. C\g tiary am nes used according to the

i nvent i on pr eNEREIFHR rﬁﬁ% t or three, in particular two, tertiary
nitrog&n atons. 15 Particular preference is givento a
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can be redissociated intoc TEDA and HCOOH or CO and H,O or CO, and H; at

elevated temperatures in the gas phase. This makes catalytic use of the amine by
recirculation in the process possible, i.e. the amine (or iming) is not consumed.

35
Since the tertiary amine has a stabilizing effect on trioxane, it is possible to make
additional use of this stabilizing action. In this case, the amine is added in a molar
excess over the formic acid, so that the trioxane is base-stabilized. The molar excess is
preferably from 2-fold to 5-fold, i.e. from 2:1 to 5:1.

40

The formic acid-amine salt is preferably present as an ionic liquid at ambient



preferably in the range from1l:1 to 3: k1 particularly preferably in
the range from1:1 to 2:1, in particular about 1:1. 25 The basicity
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salt is prtﬁfqug%gy ﬁqrr%sﬁ/ﬂkgaéat aﬁeho&l ?edu‘cﬁ!‘aﬁeq{ Rt th@nﬁbg&ts H—th:s way, it is

tenperature ( ation
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sect i ot anslakes bet panesd patticliedsteconemitabtTHel dedoomposiionnef. theSformic acid-

Pref er ence, ﬂﬁﬁggéa\ﬁ gé)atf?ﬁgqb Nstibddo férh@xafrrﬁ:%j ih Arfewl ©ke. @2e 1870,the. 2,

colums int el?i} hird distillation stages | nt roduct i on
into the s%%?(?ﬁ illation stage is preferred. The formc
acid-amne salt is discharged with the distillation bottons. It is

then prefegablynipubs Meseded BeldwiintrBRiertbesbitld @liviig. in which it is
di sch ed fromthe bottomof 10 the distillation colum. The formc

aci d-ami ne salt discharged can be deconposed by heating so as to
recover tlnéhe drawiad'y ami ne which can then be recirculated to the
process. In this way, it is possible to circulate the tertiary am ne

wi t hout appreci abl & canguppt L0 BGGUIIT dnodlibat of Bd BrESs sl d1enPMOERRS.
deco

particul ar econom caf . osition of the formc acid- am ne
salt by heating is described, for exanple, in Angew. Chem 82, 1970,
No. 2,25 pageaqidéusdoritalddiyedeisnhigon il gstraasn Vi) issfedde 8w tepbdverd, fa1 example

reference fonhhemdhaphfhr, falling film evaporator or helical tube evaporator. An agueous
solution depleted in formaldehyde is obtained as vapor offtake stream 3 (stream 1X)

from the vaporizer, and a formaldehyde-rich aqueous solution is obtained as bottom
offtake stream 4 (stream Xl) from the vaporizer. This is fed together with the

30 formaldehyde-rich bottom offtake stream 6 (stream ) from the first distillation column 7
to the trioxane synthesis reactor 5 which is configured as a vaporizer. The gaseous
trioxanefformaldehyde/water mixture 8 (stream Iy leaving the trioxane synthesis reactor

is fed to the bottom of the first distillation column 7. The trioxane-rich overhead stream

15 (stream V1) from the third distillation column 13 is fed into the distillation column 7 in

35 the vicinity of the top of the column. From the distillation column 7, a
formaldehydefwater stream 6 (stream 1) is taken off as bottom offtake stream, a
formaldehyde/water/trioxane stream having a fow water content 9 (stream Hl) is taken

off as overhead stream and a water-rich formaldehyde/water/trioxane stream 16 is
taken off as side offtake stream. Stream 6 is recirculated together with stream 4 to the

40 reactor 5. The formaldehyde/water/trioxane stream having a low water content 9 is fed
to the distillation column 10 and is there separated into a bottom offtake stream 11



20 In the drawing: Figure 1 shows, by way of exanple, an enbodi nent
of the process of the invention. 25 An aqueous formnal dehyde sol ution
| (streamVIIl) is fed to the vaporizer 2, for exanple a thin film
evapor at or{strean|Vheprsisting essaibrit orrwe tigxene and e neceapstragri2 (BHeam
aqueous S ¢tini@Rirdepedinaidanily tfioramel ahellybewaier afd Brmeldelagiev Apostream 12
of f t ake St ea%&#@%égamt& X) th%irgn'ﬂréthe BRRELACT co water-rich

8 The
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35 the vicinity of the top of the colum. Fromthe distillation
colum 7, Bxamplenal dehyde/ water stream 6 (stream|l) is taken off as
bottom of ftake stream a fornmal dehyde/water/tri oxane stream having a
| ow wat er ; I J of.f e t
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and the recg\(‘:\%]e stream conprising predom nant
f or mal dehyRfdoHERf the &b theetedicalBi@fet ri oxane. The stream IV is fed to

one or28wo further distillation stages, as shown in Figure 2. 10
]ICE_xarrpI e in I:Sg ;;Omg“[ gr i@uigt1'10240172 Ehe3pr L(é@,g;s _sip@vvl"lhil@ he

i gure, streé&frsad, : , : avyi

conposi tijons indicat ad;q]jn t](ﬁ% L S els (Vtr e?@(gt ai(HBd (%e 1@)f pl | owi ng
par anet er sMagy #foveel ected h ‘1 1he first| distillat stage |s
DT oo el eehd hergri dhe fpet A4St bl g3 g

Idehyd
Formaldehyde | oo 0 1 g5 |<q 113|153 |<1 |522 | 427
{% by weight]
Water

_ 35.0 1215 | <1 |287 |847 |>09 |22 | 352
[weight]

Trioxane [%
by weight]

0 70.0 | =99 |60.0 |0 0- 252 | 221

Figure 2 shows, by way of example, an embodiment of the process of the invention in
which the further distillation stages K450 and K600 are shown. [n the figure:

30 Cat Catalyst
FA Formaldehyde



pressure of fromO.7 bar in a colum 7 t&aving 10 theoretical plates.
The reflux ratiois 0.8, the tenperature at the top is 80C and the
tenperature at the bottomis 94C. The second distillation stage is
carried ouR at a pRedd®ire of 4.0 bar in a colum 10 havi ng 40

t heoreti caHSpl at esHighheileref | ux ratio is 0.5, the tenperature at the
top is 146 and thmtrggugt,g%%@mére at the bottomis 181 C. The inlet
9 is located at t t of the 35th theoretical plate. The third
distillatioh stage'rl’%xaegrrled out at a pressure of 6.0 bar in a

col um 43 hAvi ng 1oow heleretical plates. The reflux ratio is 1.5, the

tenperaturgy at t hewstdRohpridit§sirastd the tenperature at the bottomis
160C. The inlet 3 is |located at the height of the 8th theoretical

plate. 25 4 9 11 12 3 14 15 16 Stream XI (rrnr) (I\% \%)(RX) (V1)

(V1) (X Thmsendensaiqkgicheaslian e Garge 09 0. the 3egiom oregcEr R and column

\'j\zr mal dehyd2o®THe 18w Dorerkehdva 15'L5agraec$o&t indhcdidmit K3p% Dils welotibdd Ey the
ter
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exanpl e, afPlérBSI Hent of the process of the invention in WhICh the
further disti IIatlon stages K450 and K600 are shown. In the figure:

30 Cat Catpgl yg O% e%fﬁéﬁfﬂltﬁi@még&]o%?’an@ é%%@@ﬂat%@oh'saﬂé" e5iBQI b&T & Beparate

I nt roducti on am ne hoxan

Wat er - conpRRRA#YSSY H“éa?r? ﬂ‘i‘%m@ \LF’cefﬁ??té?ﬂ B QH'EP@PQQ%‘{W 67" QPG the
out i n1% hecalegyh ¢i200f sa batcaielyR, tondadehyrenand water are introduced at the bottom of

the reactive distillation column while high boilers are discharged from the bottom of the
columns.

The distillation columns can be connected so that the reactor output obtained in the
20  ftrioxane synthesis is fed to the first distillation column K200 whose bottom offtake
stream is, if trioxane synthesis and trioxane concentration are carried out in separate
apparatuses, see figure 2, fed {o the trioxane synthesis stage. Otherwise, if the trioxane
synthesis takes place in the bottem region of the column, the botiom offtake stream is
usually fed fo the bottom vaporizer of the column. The trioxane-rich distillate from the
25  first column is fed fo a second distiilation column K300 in which all components which
interfere in the subsequent work-up steps and have boiling points lower than that of
trioxane are separated off at the top, and the bottom output from the second column is
fed to a third distillation column K400 in which crude trioxane is obtained via a side
offtake in the stripping section or diractly at the boitom offtake. The side offtake stream
30 or the bottom output from K400 is fed into a fourth column K450 in the stripping
section, preferably in the bottom region, and the pure trioxane obtained at the side
offtake in the enrichment section of the column K450 is fed to the fifth column K&00 in
which polymerization-grade high-purity trioxane is obtained at a side offtake in the
enrichment section. The overhead product from K400 is preferably fed to the sixth
35  column K500 and particularly preferably to the first column K200 and also the side
offtake of K200, possibly after mixing with a further water-comprising stream which
results, for example, from concentration of a formaldehyde-comprising stream,
subseguently to the sixth column K500 to give a waier-comprising stream in which
pure water is isolated via a side offiake stream in the stripping section or direcily at the
40  bottom offtake of the column. The overhead product is recirculated to the first column
Kz200.



K200. The low boiler renoval is carried4out in the colum K300. This
is followed by the 10 trioxane separation in the colums K400, K450
and K600. Water is separated off in the colum K500. In this

enbodi ment, the reaction and concentration are carried out in

separ ate Eppartmrusdsut fagn e falitle colaminieiS0raadie repiraiaied tnibestxtracelonn
can be condsgiedr preidrBsy td h<Lebsdn sAMn K0t draiarilatlyYiSsibferably to the third
f or mal dehyd an% ter are introduced at the bottom of the reactive
distill ati%oﬁu%% 6 I while high boilers are discharged fromthe bottom
of the?® colums. The distillation colums can be connected so that

t he react orheoutgrtbadbireamdtbnh rhd hirth2€bltimh asEnecsy hé hesicalatsd foethat Bird
the first djghh Hﬁ@é !oPBre‘F%Eth!?o K200 M09 381up0t ks &f Sérﬁéiﬁarfy.sﬁré%%ﬂh’ & the
if trioxane syntheSis and trioxane concentration are carried out” In
separate HWPPAPHIISEY0 see figure 2, fed to the trioxane synthesis
stage. O herwise, if the trioxane synthesis takes place in the

24 T P2l Bl Ui 1 OOLLPRAY gl BUIBI 6 o
St 1 o &<T R0 DIt 38Y 6 Fi St rmo ren PEO L Parieu R P aieGa foateciih
col utm K30®limn WAP@&h al | conponents which interfere in the
subsequent work-up steps and have boiling points | ower than that of

tri oxane e separated off. at .the top t

second col OYésjr e?‘%ag?%ngr%iﬂﬁed%&d& ??@ﬁﬁi%ﬁ"ﬁcg%u%%%&%%d %?@hﬁmg
crude i gseduien K40Q et aisrablyita the sqcgad columralk@0q or pariculary ppierRply to the
section orsighrcetny<sn. t he bottom of ft ake. The side of ftake stream 30
or the bottomoutput fromK400 is fed into a fourth colunmm K450 in
the stripping section, preferably in the bottomregiaon, and the pure

L n ) J
tri oxane obteafHER ripxargieken gE Vi dQkemi H Y2 SERM At BERRIRH Seftion
t he col umcaddEOvapsriteatintonetchendre tzhes ol thenthikie@QummK4Whisel W490 in figure 2,
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pr ef er abl ycamparkatsfi$ fest incgsisaars K@M dantkdabro. intdhes Bldiepingfsettidoe prferably

K200, possdiloly atd ®& battsinegivh tdi tike fouFth ReIumtat490: conpri si ng stream
which results, for exanple, fromconcentration of a

f or mal dehyde-conprising stream subsequently to the sixth colum

K500 t35 gi e edtpeitiom Wermidishiage of medivtads whpdartiop whichfkasdreengnriched in

id_sol at Ied \Aii@h@oiﬁhgieorﬁﬁéﬁeakﬁcéfﬁ, eRESPt ifdr 4 Bealb puigppiregmseltith Gnfedro the sixth
irectly . C s r
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t he four t FtdRARMEEKRBPreRRbeINIER POPRIE I PUHR sixth col um K500

or preferably to the second colum K300 or particularly preferably to

the thigd 1ol RKADL ction of the distillation column K200 can, in order to concentrate the
trioxane formed in the synthesis, have from 10 to 100%, preferably from 50 {o 100%, of
the theoretical plates of the column.

The enrichment section of the djstiltation column K300 can, in order to separate off the

35 components in the reactor output which have boiling points lower than that of trioxane,
have from 25 to 95%, preferably from 50 to 75%, of the theoretical plates of the
column.

The stripping section of the distillation column K400 can, in order to obiain crude
40  frioxane, have from 25 to 100%, preferably from 75 to 100% and particularly preferably
from 90 to 100%, of the theoretical plates of the column.



5 The oyerhead streamfromthe fourth ¢& umm K450 can be recircul ated
to the third colum K400 or preferably to the second col um K300 or
particularly preferably to the sixth colum K500. 10 The bottom
output fromthe fifth colum K600 can be recirculated to the third
col utmm  K4D® eprighmesrésapian phthendsilaiiomgoksnuifck3an erorpar ta eiiRir pye
pr ef er abl yiribgartsheasd %6 25a61100%, KEHQabTH@nove i eeids shd @artichizayptdieably

fourth COl%%964§Q unoft%ﬁe'f ﬁrt%w%géﬁﬁetcla%n;rpl rd 15 col umm K400

or prefera e Secon or partlcularly preferably to
the siXxth col um K500. The crude trioxane taken off via the bottom
or via a sThte eofititrake Bectibheofsthrd pltifgtiocpecoiiom Kéah ¢z, viapodezdd obiain
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before theccmrnraam depleted in high-boiling conmponents is fed, in
gaseousm or condensed form into the stri ppi ng section, pref erabl y
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pur ge str esafandbiefiompofted 00, bhie shedréticaC pihizgmf KO ionn.di scar ded, be
recirculated to the third colum K400 and fed into the stripping
section, preferably into the bottomof the columm, 30 The enrichnent
secti off of TineiHIEon| PFBh 561 BRTPTRAYE S4R, OISt FaFKHdS. CRLER P E9
the tri oxaslaeehieromadys and betteymalhesiuplednave from 10 to 100%
preferably from50 to 100% of the theoretical plates of the colum.
The enric section f th istillation col K3 in orde
(6 separ ar ot Squeeh satiihpscquRinEa dRelar Sipre Minch Bduaee
boi | i ng povaw92¢r@rogrconﬁ@wet hat of trioxane, have from25 to 95%
prefergbly from50 to 75% of the theoretical plates of the colum.

The strip tion,of t edlstl I Qn o]
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75 to 1009%cittcaidhea R Ed i ﬂ’pﬁ‘ eIeating sirqamsmaoced thW%CO@fm“ﬁhe
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preferably directly into the bottom region.

- The basic amine/imine can be introduced into the second column K300, preferably into
the third column K400, but also additionally into the sixth column K500.
30
The invention is iliustrated further by the following examples of amine addition.

Comparative example

35 1.0 g/h of a composition comprising 69.8% by weight of trioxane, 292 ppm by weight of
formic acid and formaldehyde and water as balance was fed to a distillation column
operated at a temperature of about 182°C and a pressure at the top of 5.5 bar. 0.91 g/h
of a composition comprising 59.7% by weight of trioxane, 501 ppm by weight of formic
acid fogether with formaldehyde and water as balance was obtained at the top, while

40  0.09 kg/h of a composition comprising 99.58% by weight of trioxane and 4200 ppm by
weight of formic acid was obtained at the bottom. The trioxane decomposition was



The enrjchnment section of the distillati®on col um K600 can, in order
to obtain polynerization-grade high-purity trioxane, have from25 to
100% prefeé?bly from75 to 100% and particularly preferably from 90
to 100% ’he theoretical plates of the colum. 10 The stri pping
section of the distillation colum K500 can, in order to obtain a

wat er - coqg@hﬁﬂ@g stream have from25 to 100% preferably from75 to
100% and particularly preferably from90 to 100% of the theoretical
plates of the colum. 15 The distillation colums can be provided .
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The tr|oxé%@uﬁ%ﬁﬁﬁﬁﬂgﬂﬁi%ﬁhﬂggaf§n 9.3% Example 1 5 1,0 kg/h of a
conposi tion conprising 65.8% by weight of trioxane, 350 ppm by wei ght
of formc acid and fornmal dehyde and wat er as bal ance was fed to a
distillation colum



operated at a pressure at the top of 5. & bar and a tenperature of
about 182C. In addition, 0.3 nml/h of diazabicycl oundecene were ni xed
into the feed. 0.84 kg/h of a conposition conprising 58.1 % by

wei ght of tFE™%ane, 603 ppm by weight of formic acid 10 and
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consisting essentially of trioxane and” the recycle streamV
conprising trioxane as mai n conponent and water and fornmal dehyde as
secondfry conp@herihs stregmdy)s purdied iy atdpadt \wne Surgher itrfdxade Histitation stege at a
one further trioxanesdlirstat kheatdposk HEradLRs &b 2abar to give purified trioxane as side

offtake stream Xl in the enrichment section of the column,

d) the stream X and, if appropriate, a stream IX comprising water as main
30 component are fed into a third distillation stage and distilled at a pressure of
from 1 to 10 bar io give a stream VI consisting essentially of water and a
recycle stream VH comprising formaldehyde as main component and water
and trioxane as secondary components.

35 2 The process according to claim 1, wherein stage c¢1) is followed by a second
frioxane distillation of the stream Xl as stage c2) at a pressure af the top in the
range from 0.5 to 2.0 bar o give further purified trioxane as side offtake stream in
the enrichment section of the column.

40 3. The process according to claim 1 or 2, wherein, in the distiilation stages c1) and



pressure at the top of from0.5 to 2 ba8 to give purified trioxane as
side offtake stream Xl | in the enri chrrent section of the colum, d)
the stream X an i f ap opr| eam | X c ri.s ter. as
i 30 companante i BaRY A HEGE MrEHT U b rvER: Mook Fog HRfoR region
distilled at aofﬁh@si@tmaéloofstagﬁsom 1 to 10 bar to give a stream Vi
consisting essentially of water and a recycle stream VII conprising

for ml dehygle 3t SOTRONARL 40TV SLim@ el 41 GHARR 30ECONI N e

conponents rocess accordln O cl ern s
is fol Iowed bya’%ﬂ‘f@e@fm ar jnipk &AE Wixél{rﬁl’fh%(ﬁ%wh'éh BRIePrGteRae iq)"rm%@md
stage c2) at aapf essusrieitahtot besditop addddher theangeaufer oomprising Gorthalichade,

to give furthef,pud %‘xﬁ énﬁ'fﬁ%ﬂ@%c@%@éﬁ% 104 fc& ﬁu‘é%e%&r‘ic?éﬁ‘&/br“thw& tP.i%tmatson

enrichnent section o roces

claimi1 or 2, WASF & :catphlic ABOWILAriN P%?W&H”%%Q@é%‘ eolf)orraﬁoﬁafgﬂfhébﬁf entire
the stream| V amduitthe fetmeacd Xefqre e sipecd theediytjliaBoreandthel fotroictdue-amine

bott omg egi on 9 rolrh&y didiichhigakbiPh Elé&l@@)ﬁ%&: th-thd BRtilRKiBR B88orAgcor di ng
to any of clainms 1 to 3, wherein at |east one tertiary 5 am ne

and/or an imne or a mxture thereof which can deprotonate formic
acid and Tonvébe piocesneasordingiotclaig Addedein dhe Aming ix eddest Dohprelas exepss

formal dehyde, oldritiQxmRfic 26Rf Ry thantle bixBhe iasdsd-sHicadi s fed to the
second and/or third distillation stage in a catalytic anount or in

an anount sufficient to forma salt with the entire amount of formec
aci d bEf or® or TeRIPIIF§SE RECAHTISEtP|daimoth o&rfd Vehigeein dhgritertiafy| amigsiinseletigd
Eal t fornmed i ﬁfrdhserhah@&d -340- aﬂa<ylainﬁihé£l phuiseor Bicktie diisHatib| @itizon amines,

ottoms. 5. T e
mifdAeta Bﬁﬁ% H’}é@er%&ﬁ R Bnd \ﬁ@%&tﬁb{héuﬁ@e@éﬂ%@a rL]@ and

added in a nol ar excess M acrd so t
base- st abi | i zeﬁ'eth}.@”Bd'a"f‘H?? (&596\9 Bitdording to claim4 or 5, wherei n
the tertiary amne is selected fromanong tri-Cl.3-alkylam nes,

cyclicmr picyghd ro@éé%&cﬁh&t@réﬂy%ﬁ%laﬁﬁé 0¢S6, whdrbiagOtEmashid-amine salt

pyri di ne, pref I Lazg I oundece

triethyl enedi aﬁf%@ %%Bﬁ\mtﬁﬁég%jla és B&B%‘g ?%&Dgpu%‘eﬁ&ﬁtgat?ﬂym
of clainms 4 towBichviherdsichanghe ffoor thecdlafdhaﬂorahbmﬂsandlor thesfermaic grsdl-aining
the distillatien deda ib §ut§@&b@ea Rshtihg s8 thatthd Rkl Sknirel idtddRNeied and

which it is dischar tlllatlon bottons and/or the
form c acid- amé%ege%% ?u aifgén(t: t}9%9% g subj ected to heating so that

the tettiary anmine is recovered and can be recirculated to the
process. 25 8. THhe@rquess essording ad dinygoft gaiary1 ab 7¢ vabersin b foov Boilenremeva

a low boiler r?t%’é/ﬁ-! which low boilers selected from the group consisting of methyl formate,
methylal, bis{methoxymethyl) ether and methanol are separated off from the
stream Il is carried out between the first distillation stage and the second

30 distillation stage.

9. The process according to any of claims 1 to 8, wherein the streams | — VIl and X
have the following compositions:

35 Siream I from 40 to 80% by weight of formaldehyde, from 20 to 59% by
weight of water, from 1 to 30% by weight of trioxane;

Stream I from 55 to 85% by weight of formaldehyde, from 15 to 45% by
weight of water, from 0 to 5% by weight of trioxane;
40
Stream Il irom 3 io 20% by weight of formaldehyde, from 10 io 30% by



stage in which | ow boilers sel ected frofmfthe group consisting of

met hyl formate, nmethylal, bis(nethoxynethyl) ether and nethanol are
separated off fromthe s ' i 5 first
distillation stage and th%?@%ﬂnﬁét%geﬁqfloﬁﬁap!ﬂ%ﬁgggt%ﬁgﬁﬂoéﬁgﬁe
process according to any of clains 1 to 8, wherein the streans | -

VI1 and X have Steemflgl | olsbmgEScioniiess by eaight 8GriGtaneafmomt:0 forfmbg Oveiaht of
80% by wei ght of formal defyde anf cem@nt &k wei ght of water,
from1l to 30% by wei ght of trioxane; Stream|l: from55 to 85% by

wei ght ©of fornmal dehyde, from 15 to 45% by weight of water, fromO to
5% by wei ght of Strepxéine; frap Site @k by Iweight grh fgrmaldeqee bifomel Yir 3d% by
formal dehyde, from 10 to ReYhbyf Wller, Woh Q¥ toOf59MBY Gkight HABEHet 0 75%
by wei ght of trioxane; Stream|lV: from95 to 100% by wei ght of
trioxane, fromQ to 5% by weight of water and secondary conponents;
5 Stream V: fromi'$amo/120%8y P Jf bﬁfwe\“ﬁﬁtnﬁlfél%ﬁlﬁ@?ydﬁr\éﬁﬁnl f® 188% by
by weilght of water, fronwbi@htof w8 by wei ght of trioxane; Stream VI:
fromO to 1% by wei ght of formal dehyde, from99 to 100% by 10 wei ght
of water; StreamVll: F_ro 10, to 55% by wei ght of formal dehyde, from
5 to 50% by wePgREMOfwalel 14 forr® bh vl 15y foafahyes. 1o oxhab%1ey
Stream X: from 10 to 50% Wwgigheofgiaten frofmor iwed5de by deight pomoddhet o 50% by
wei ght of water, from3 to 40% by wei ght of trioxane; with the

strea I, 111, V. and, VIl bei a to furth conprise.u 15%.b
wei gh{n% 3f | ow b3IFEP< sel g%meﬂg?or gﬁt%ewa'gh{]ffe{?ﬂ‘ﬂg'ggwcﬁgfr8$" i‘gf%gf{g" By
formate, 20 nethylal, biwewst toxaieeiray JioctReby anwhietthaxasie: 10. A
process for preparing trioxane from an aqueous formal dehyde sol ution,
wherein a stre q . e s i from 0
rioxane. synt Rt e asaRsaE Qs UPBMAE S RN CnpheTdin ¢ps
to give the strM&ight ofdawabpilers isglesivd iramsibpagratie Fonpisting 196 ragthalsimate,
by the2pr ocess nastiogaldbin@ndtioogmetiof) eticdraingendthaml9, where the stream
XI can be obtained froma streamVIII of an aqueous fornal dehyde

sol ution h%i ng a | ower_ f or nmal deh%/de concentration by  concentration
in a vaporiZer 2 Process for preparing irioxane from an aqueous formaldehyde solution,

wherein a stream XI of an agueous formaldehyde solution from a trioxane

synthesis stage is fed in and reacted under acid conditions to give the stream |

25 and trioxane is separated from the stream | by the process according to any of
claims 1 io 9, where the stream X! can be obtained from a stream VI of an
aqueous formaldehyde solution having a lower formaldehyde concentration by
concentration in a vaporizer.



