PF 0000060227/ Sch "as originally field" Process for separating

tri oxane froma trioxane/formal dehyde/ water mixture by means 5 of
pressure swing rectification Description The invention relates to a
process for separating trioxane froma trioxanel- 10 PE 0000080227/Sch
for mal dehyde/wal edindins il and al so a process for preparing trioxane
whi ch gives an i nproved process yield and inproved product purity.
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30  column and water is fed in at the lower end of the column. Here, an about 25% strength
by weight solution of trioxane in methylene chloride is obtained at the lower end of the
column and an about 30% strength by weight aqueous formaldehyde solution is

obtained at the upper end of the column.

35 A disadvantage of this mode of operation is that an extractant which has to be purified
is obtained. Some of the extractants 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 agueous mixture
consisting essentially of irioxane, water and formaldehyde, in which frioxane is



separated off fromthe m xture by pervaporation and the

tri oxane-énriched perneate is separated by rectification into

tri oxane and an azeotropic m xture of trioxane, water and
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c) the stream Il is, if appropriate after removal of low boilers from the stream Hl in
a low boiler removal stage, distilled in a second distillation stage at a pressure
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trioxane as main component and water and formaldehyde as secondary

components,

d) the stream X and, if appropriate, a stream X comprising water as main
40 component are fad 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 fo 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 {o give a stream VI consisting essentially of water and a
recycle stream VI comprising formaldehyde as main component and water
and trioxane as secondary componenis.

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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third distillation column, essentially pure water VI is separated off and a frioxana/-
formaldehyde/water mixture VIl having a lower water content is obtained. This mixture

35 Vi is recirculated to the first distillation column. A water-comprising stream X obtained
in the concentration of aqueous formaldehyde solution is preferably likewise fed {o 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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The stream Il is preferably recirculated to the trioxane synthesis.
35
The streams |, [H, 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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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 offtake stream obfained is preferably pure trioxane having a purity of
> 99.9% by weight, particularly preferably > 99.99% by weight.

40  This stage c¢1) can be followed by a second trioxane distillation of the stream Xll as
stage c2). This stage is likewise carried out at a pressure at the top in the range from
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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 irioxane from an agueous
formaldehyde solution, in which the feed stream | 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 siream | as described

40  above.
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The upstheanuGReaslédfhRfdsiyRR oateriRatica e dpstitiam toiceataiznl gep. dhe
described i Roncentration step can, for example, be carried out in a vaporizer, preferably a falling

film evaporator.

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

In an embodiment of the process of the invention, a stream VIl of an aqueous
formaldehyde solution is concentrated in a vaporizer, preferably a falling film
evaporator, to give the stream Xl of aqueous 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 1X into the third
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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 i 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 distiliation 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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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.

A

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 rioxane 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
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5-fold, k.eprdigramss bived tdaddingibto Thefekandrkideast bde affithaeolamhs iri the second

pref erably REPRE kiRl s{aQQétﬁﬂ#oidg&ioﬂ iRb RTHRLER d;ét#;aﬁcin:érﬂa%f iibﬂéfe@red-

(250 . In the distillation, e tertiary amne 1s pref
introduced into the feed, stripping section, enrichment section
and/ or bot t &he dbrmaie doisearnine reeltdis seissharrsdomitic dhe shstiliatign FrasiPEsec i 1hen
given to addichgably stigedtiietd rehéadigliatonas vhzhet iotisthegabirarmits battotnhe
second qu IR didndiontdol 3t 1 on stages. Introduction into the second
distillation stage Is preferred. The fornmic acid-anine salt is
di scharged with the distillation bottons. It is then preferably
subj ect ed t dhafcrmictasiskarding splf fiaghasgedi sankkideromMroses by heziifgreged 19 FRsRYe
t he bottom efe tek@nt Beird which loah iteen belrecmulafBdeiof toe mpireceas| id- thisi way, staibt
di schar gedﬂﬁﬁ&i%;gﬁ%gtg%‘%ﬁ by BeRk VRGOSR clBlel @AM RStion (0B8uring. This
|

tertiary_a then be recirculated to the.pr S ATRS
way, it Ps MH6%%! quCSSScP?_@ﬁLfl%{ﬁee‘f%«gme@Lﬁ r%?r.‘;j/ecgmpﬁgh% t(8 ﬁgﬁet forlt 0l
appr eci abl eavinessaliipy bertioe dudpsoiged Thi exarmierdk AegeweCRB %1970, No. 2,
particul ar| yagsorsagi7gal . The deconposition of the form c acid- amne
salt by heating is described, for exanple, in Angew. Chem 82, 1970,
No. 2, pag 73 to 77 he j.nvention.is illust ed below with

ref erence tgﬁ‘f e PRR Nb;ra?%bqu VHLe R (;E“riﬁal:tl1 J%‘]&'ﬁ@' 1 shows, by way
of exanmpgPe, an enbodi nent of the process of the invention. 25 An
aqueous f or mathdehantieg:sol ution | (streamVIIIl) is fed to the vapori zer
2, for exanple a thin filmevaporator, falling filmevaporator or

vt denyaEobtsDos feae o000, SRRt oo,
t he vaporizer, and a formal dehyde-rich agueous sol ution is obtained
as bott@m ohfiak@issomediagdd stlutear Kirdarh MEnist fae ttipyaperiaer 2,Thi exaingie
f e? t Ogef P;a%fﬂr%wrpa&%?g@gr,%imﬁé ?l%f‘)é@iﬁmfé@ﬁ"?lh@libél rutf Eaploriet raasubous
(o a1 )l Bl B0 ity o St s,
from the vaporizer, and a formaldehyde-rich aqueous solution is obtained as botiom
offtake stream 4 (stream XI) from the vaporizer. This is fed together with the
30 formaldehyde-rich bottom offtake stream 6 (stream li) from the first distillation column 7
to the trioxane synthesis reactor 5 which is configured as a vaporizer. The gaseous
trioxane/formaldehyde/water mixture 8 (stream ) leaving the trioxane synthesis reactor
is fed ta the bottom of the first distillation column 7. The trioxane-rich overhead stream
15 (stream VII) from the third distillation column 13 is fed into the distiliation column 7 in
35 the vicinity of the top of the column. From the distillation column 7, a
formaldehyde/water stream 6 (stream i) is taken off as bottom offtake stream, a
formaldehyde/water/trioxane stream having a low water content 9 (stream [} is taken
off as overhead stream and a waterrich formaldehydefwater/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/waterftrioxane stream having a low water content 8 is fed

to the distillation column 10 and is there separsted into a botiom offtake stream 11



tri oxane/ f or mal dehyde/ water m xture 8 Eﬁstreaml) | eaving the trioxane
synthesis reactor is fed to the botto ©f the first distillation
colum 7. The trioxane-rich overhead stream 15 (streamVIIl) fromthe

third di stildi@binay) 6sHsiety dskehfall @ pindlifoxbhe afd 8h bléraéddérea 1MMBtrdar N

38 the vici ‘ Asdd ;
corum 7. “a!) FpRar bl e gt SRR it e 2

bot t om of f t ke EFI a 9 or g dehﬂ?ge/\ﬂ}ﬁ 'E‘ 9% ¢ i GRHFE- st Feam HAEHE  a
| ow wat er cimmeldeh@ie(wstgrédanane blyedns 16 gheie agifougyapyeriitrkgdiream davivaad

a wat er-si chw eirmaldeepdehwat e (diehoxXnerost rrampbfizérs? drakentotte ted

side ot akgieBhEAThgh FAMDalsted BEH fil Blflah CIEIm ] hinth BATA
to the 40 reactor, 5. e for ehy e/(¥vatgr tr|oxcgne stre?g\ av nq/[ﬁt
| ow wat er cBFREBHIYQOh WaEERNG & HIFETAIPSY i3 F al'P ol LT difReTo Tang i V!
t her e separ agreprising rredenjozntiy ferotaidehikde andalsmwater ard ripxanee g stgam IV is
consi sting esigeBhé at iy fathepdistliction Sxase aastbwain Gyerdhead stream 12
(stream3V) conprising predonnantly trioxane and also water and

f or mal de%yd - The stream 12 is recirculated to the first

distillati of™®PEm. The water-rich formal dehyde/ water/trioxane
stream 16 and t he aqueous vapor offtake streamhaving a 5 | ow

f or mal dehyde @erbeplteSsi(alatiean hX)prddeesstidwne: v apofigeerst2aas &, $,ed, i, 3,
the third djsi4 'ah@t*l'soiﬁb\ﬁr@' M%oﬂb@sfﬁ@r&afn@fc%dtirh%eetdb@so\hlé’r_es&ﬁé?ﬁ’éﬂ The
(st ream@/l ) i}/m ch consLEst S ESS[E%;[I %I Ieytoff. vﬁe{rIE C)nd S di scrh%r&?%t 5
and t he P ec{ePE"d RREIRISE Yok PRISRPVIMPE T?;eofrfg ¥ ﬁ_@ ot 8o FER Y 2
f or mal dehydereaside &f §omiat bar inmccayMDX AAEng Théesrgtisamiates.iTde refey redp is
one or two b thaeempiraturd digthe aimp is BaWesnd as taheniurenat Figboteniis 920, The

Exanpl e | ngdheq CRARKDE Etagt BlaftddUht 8f a %Hé@sd?é QCLE BarSh QWBIukTh olaving 40
figure, st r&ams

A4 1 1 3,. 14 nd 16 hayi th o
conposi ti on8"P 8?%:]&?%%5 ilrﬁetr?znrg’fctrgtﬂﬁobsso'gé _%?emeﬁ%%edét ‘%é""ﬂg EERERRY
par anet 8P s {eEmReradiecaittby) bpEerais {RECH Thetinlgh 315 lorpated G tha hgjentjf the 35t
carried out trebreticalpias Sieahiof distlativOst@gd &rcaredoout at apresguteadf iSrigbar0n a
theoreti cal .pl@ha3- haliRg 10&hédrtidaRbiafsl $he Rfix rdtiBGs t STRRS RigER1AS af hhe

top is 80C and e rature t | S : .
distillatio O?s'f ggg‘:clt %nrgf:)tﬁ‘re??%%e%@ﬁe gat{} ﬁ%lgpg)tﬁoeng{sp u{rsgl %?ﬁf Igl(l’ggrféﬁgﬁgg at the
col utm 10 hB%iphgT 4w Bth heprededleMte pl ates. The reflux ratio is 0.5, the
tenperatére at the top is 146C and the 20 tenperature at the bottom

is 181C. The intet 9 {sziocaged qy They Nei gnti ofz Thes3st Rig
t heoretical plSiteem The ir i|stdA I at jon age, j.s ri Qut at a
pressure of_6.0 bar iq(%'gl cgilﬂr a\p.’% h‘IS}\)/i né&?() ﬁghn ﬁﬁ[}r I “pliat es. The
reflux ratidapsflaws the t rlat ur ¢ t 1 i By 446G, and t he
e S e St
25

t enper at ur e[kgthjt he boftom B"1's | ocatled at| the
hei ght of thHe Biirrtheoreticatr—ptate] A9 11 123 14 |15 1A
POy 0 |85 <1 | 113|155 | <1 |52.2 | 427

[% by weighi]

Wafer 35.0 [ 215 | <1 287 |847 |>99 |226 |352
fweight]

H Q

Tr:oxgne[é 0 70.0 | =99 [80.0 |0 0 25.2 | 221
by weight]

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. In the figure:

30 Cat Catalyst
FA Formaldehyde



Stream (XI) (111) (1V) (V) (IX) (M) (MI) (X Mass flow 4.1 11.9 3

)
9.0 2.0 3.1 8.3 9.5 [kg/h] Forrraldehyd?—:*365.0 8.5<111.3 15.3 <1
52.2 42.7 [%by weight] Water 35.0 21.5 < 1 28.7 84.7 > 99 22.6 35.2
[wei ght] Trigoxane 1raadhy70.0 > 99 60.0 0 0 25.2 22.1 by weight]

Figure 2 sh , by { _exanpl e, an enbodi nment of the process of

the i nventi g'\r%lsi n Vﬁ@%l‘t\)g[ﬁ%g further distillation stages K450 and K600

are shown. I'n the fiPgedustions’ aiPe cat al yst FA Formal dehyde 13 R

React or HS Hrigh boiTrexanéA | ntroduction of amne Tri Trioxane 5 LS

Low boi | gr s ¥ Wat er-&oBREisSi Ng stream The concentrati on and reaction

are carriedyput in M&_&g@%ggm wemfActor R and colum K200. The |ow
ut in

boiler renoval is carrie “Fhe col um K300. This is fol | oned by

the 10 trioxane separation in the colums K400, K450 and K600. Water

i s separ at edhefpndentratioe ancloleastion kb® 0arries otthinghee ragahi efeectont hand column

rAgact i oln aneem e Bbilep Ferdh\al B abire@@ubkithd EoISRPABEY. ThisaP RALAEAIBEHe
an alter ' t | : I8

15 col iy KOBe EspreRAth KRR PR RAET (b 08 (BOf (PERBLIER0 R il e

i nt r oduced Q?EU‘I”HZ(SBB'Hom of the reactive distillation colum while

hi gh boilers are discharged fromthe bottomof the colums. The

dibtst i1l St | O ¢iQs Lumﬁatdeﬁéht,bmecm?@i efld Sebnkbatatibhexrs eReidar QUi Wbparate
obtalned I n rl ; | ; ;
distillagi o abiptue r’?fo?\%ﬁ&“%%bf%% el eekg?tgoggc%tqi ti‘fst"’??b’{"?‘? bnxgﬁe
Synt hesi 1S afETR KoRBrRe (BB ADTRSFLE Ty PHECFD (IO R e o o
appar at uses thegeactive gistikation colgantwhile hightbofleyg arredissiaided Siog e dgtiom of the
Ot herwi se, iHluthe trioxane synthesis takes place in the bottom
region of the columm, the bottomofftake streamis
The distillation columns can be connected so that the reacior output obtained in the
20 trioxane synthesis is fed to the first distillation column K200 whose botiom offtake
siream is, if trioxane synthesis and trioxane concentration are carried out in separate
apparatuses, see figure 2, fed to the trioxane synthesis stage. Otherwise, if the frioxane
synthesis takes place in the bottom region of the column, the hotiom offtake siream is
usually fed to the bottom vaporizer of the column. The trioxane-rich distillate from the
25  first column is fed to a second distillation column K300 in which all components which
interfere in the subsequent work-up steps and have boiling peints lower than that of
trioxane are separated off at the top, and the boftom 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 directly at the botiom offtake. The side offtake stream
30 or the bottom ouiput 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 K600 in
which polymerization-grade high-purity trioxane is obfained 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,
subsequently to the sixth column K500 to give a water-comprising stream in which
pure water is isolated via a side offtake stream in the stripping section or directly at the
40  bottom offtake of the column. The overhead product is recirculated to the first column
K200.



usually fed to the bottom vaporizer of the colum. The trioxane-rich
distillate fromthe 25 first colum is feed to a second distillation
colum K300 in which all conponents which interfere in the
subsequent work-up steps and have boiling points |ower than that of

trioxane ar ?héB&@n?B@Qthrfofn tﬂ%.féd?ﬁﬁ [gpﬁa% R LRBe hALLOTAYL Bstsilit dphhe
second colu S to,a third |st|ql on cqlu K400 1 .n 1 ch.
crude t 11 oxRRE PSRRI SEornS P JRPD BR e IBHe PETT AR e B
section or eRlveeiry0.at the bottom of ftake. The side of ftake stream 30
or the bsttomoutput fromK400 is fed into a fourth columm K450 in

the strippifigy o9&RbdP Bred?l FHRI AR Yurt cbithan B QBh R20lRMeuIABY § BR Bid €

tri oxane obtail ne t he.si.de fftake ipt nri chment. secti.on

L he ool arm TOUD FeBp ot PEfT G B shEbES ashnees iR, B e the

pol yner i zat $iA-CGUENI0gh- purity trioxane is obtained at a side

offtake in the enrichment section. The overhead product from K400 is

ST er By TR Docel ool 560 a0, Aac gl s s e

K200, possi BT F Pl ol Rter b oo PF K0 SRR RBiE prerrabP & st

whi ch  resuf?@mn £6P0.exanpl e, from concentration of a

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

_K5OP Eo i Vend oWeHhe4d ]gmft kw&m%essﬁﬁ%lhmnwsgmanw RcHBHISE itS the third

i sol at ed.. vi Si reamin pi_n [

i rect 137 a et K580 3 w1 B8 Thodhel el KR TRE Rk RRu e

i s recircul #E8FEHRI0fi rst col uim K200. 14 The bottom output from

the fourth colum K450 can be recirculated to the sixth colum K500

or P ﬁf er abirb{pT £Qdé E%xm@lagrn SOUiH L 530M GHvidPREibeé GtiaRd InvihBseh 'hélbatc)ﬁoﬁ 0
e I r m . e .

i50' cary be'q ot Preiadn 3pe ST iR B R kARt MOl

the secéhd SdighiedgbbYersnss fETRES preppréfeingyyre tgoxang ass syt o the
col utm K500addit@pnTéfethb cintioen apeitsppairatied oafi béferef ihktdireeol depletik6 00 highrbollieg

recircul at egorhgbreh® i¢ fold! ifl (@eddilTdr chidRBs& fok aiite trabdnipdiny Sdt8ors eediadbly
col um K300dipgcﬂfﬁggghg%h@%;éel?ﬁ)({rﬁggckﬁ%%h}gggw%q@%bxt h colum K500. The

over head strea romt ol umm can be recirculated to
the third 15 columm K400 or preferably to the second col um K300 or
parti cub@r | yhepoeperimbl e simgtekagestnaiitistagenanoika o withie hag bekn enriclsddne
t ak? n of f VhighhbblindedrhsuNefts cahdeept foea efbl plfge kifedrh vhidhlis R 1B Ghe sixth
section ca r e S [

00, “see wid s 7 el FECqtSu Ty fe§*%@%ﬁ°@%§%ﬁ@h&@a“?3#2? ohl 1Pt e
formates, prERRIRG S§oHOR [pESTRRARlY antp %eoti{“gﬁ@ o eacoluggm t of the addition
of the am ne are separated off before the streamdepleted in

hi gh- bogd i NYne enrichment section of the distillation column K200 can, in order to concentrate the

trioxane formed in the synthesis, have from 10 fo 100%, preferably from 50 to 100%, of
the theoretical plates of the column.

The enrichment section of the distiliation 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 obtain crude
40  trioxane, have from 25 to 100%, preferably from 75 to 100% and particularly preferably
from 90 to 100%, of the theoretical plates of the column.



conponents is fed, in gaseous or condenggd form into the stripping
sectiron, preferably directly into the bottomregion, of the fourth
col um K450. 25 The output fromthe single-stage or nultistage
vapori zation which has been enriched in high-boiling conponents can,

except for anhsnaribhrivsHt GRcHdr RN WtBAtioh Scolu@eh K@s5d Ben, Shdrder t6 Qotsi pure
K500 or di Scﬁcrxgﬁg hapgfrgr%CQSrtSl“bg%eﬂ'e B?btl orﬁ IC)!Srtcﬁ 5(%0 'AH@%MQQ rﬁgﬁieéz%gw

h
Icgf 3n$1 e30 'frﬁgpgontﬁ Qﬂz’Eﬁﬁtth'%B'@Pfegﬁa (F?%t%s'ﬁg rlﬁc‘soﬁmrl at ?E)Locol um K200

can, in érder to concentrate the trioxane forned in the synthesis,
have from 1Q'hb0eriﬁﬁ%nipé@fﬂehaﬁ| shef tioabiéh toiudkP0KE00fcant he drieotebbiail

plates of the calinm, %as;%rrm%ekar@eﬁ e nﬁ)&séchﬁ)od/!, Shrblagh i 75

ot o ot Ak A RS, BT Y DB o U, Bh A PRAEOGY WA YaRE

have from 2%oLemn95% preferably from50 to 75% of the theoretical
plates afb the colum. The stripping section of the distillation

col um K400 A rag%e%n Lo i AticR M ddfnn f&ébd EdP%RBRier lfw&a.f r@%%&

to 100% era ar
L o0 &AL ey b ko %33?4@5”&3? eyt A
enri chment $eaienebly from 20de 18P%t pithaiheoistien pleias KEBOOREM- in order to
obtain pure trioxane, have from25 to 100% preferably from75 to

100% andlsparwthbcaa% f5hich REIGHAS akhYbe pmr@ea%%rpoa@%@e@ théku%E rdldBR! BhaER

| at ft t t tillat
go?uﬁi &600 ieg?'f"ntsl %1??8‘?/%8?51?%%85?%&%” %cf;;:relrloga?l on- gradz Ih| gﬁ Iplcj)pl ty

trioxane, have from25 to 100% preferably from75 to 100% and

parti cul ar | yrhprieéreradbleyufled msalhibo s ah édve e equigiddcalth pl dedimtent
t he coI umM. 2 dQi-IhenSlohligiiepg section of the distillation col um K500
can, @rder to obtain a water- conprising stream have from25 to
100% pr2 ferably from75 to 100% and particul arl referably from 90
to 100% of ThRdWe Hesinalhi eulrigs| elusensotant Preoraspiamst df Sre\"h@"eé?‘g?? 1AN4taNEh
col ums can lihed paobe dedeyed ih thor chenedinp atéamgsstweamithe tivp adienng

el enments or trays and be thermally coupled. The thermally coupl ed

distillationgolunms, Gan GAENLE, ﬁ?%umgﬁzec{p i %qutﬁaa%écg% IGURP LS

at di ff@l5entf°r[ﬂ gy gigradly, '“arYap‘b"nnym I”?tﬁutf‘ﬁ %ﬁﬁ’?”tﬂe SE‘HWe?‘é oftgjp region,
connecti ng stefeahy dbediywiren tHehmttbmoegioh.ums.

~ The basic amina/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 illustrated 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 frioxane, 501 ppm by weight of formic
acid together 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 reactor output fed to the first col (K200) can be introduced
in liquid or vapor 25 form preferably 1n vapor form into the
stripping section or the bottomregion, preferably directly into the
bottom regi 88%.The basic am ne/im ne can be introduced into the
second colum K300, preferably into the third colum K400, but also
addi tional | ¢ &g% sthe sixth colum K500. 30 The invention is
illustrated F er by the follow ng exanples of am ne addition.
Conparative exanple 35 1.0 g/h of a conposition conprising 69.8% by
wei ght of t li0dsgénef, a 29 Rpqsifionpprmpesioh £5.8% byf weightof divxdnea @0 ppm by weight
f or mal dehydef RAficwRideindasmilcAp@eababets balattediStfel kabidasmiigioh ¢ommn

oper at ed at S0 b%@?ur@fat%%o FERE 1 APdnR PERSSHE fe 2k aB %8993%
LR o il T R e

f or mal dehydeoram;sitwatogmpasnm)é& avicy Weightohtrvikened 583 ppréy tvaight \@hiorrenc 4¢id
0. 09 kghb obndf@ERESId DA Ve ISildige (s 38U wehpfvh, @hild 0.1OXGN&T a

and 4200 ppm, éfoss%ﬁ'o@ 9k 5@@@/ %1 f %teaa'nﬂqg % mt toPBmic
Tomposi 11 ons gec‘"%%e%gﬂg@% 90%%%:%%"5&18@0“3& aéj g“@ﬁi@t

conposi ti on®THH
of form c aeuldutzaedidfhsr sepprdédsyide feter wenoszerdrio ipixarrcet thatorfasrd f@rmlfaacid—
di still ati oam@elsamat thepetah egittathe 8alpbEing Hisle, fer ddv@nipoptiod ofFhfdpasteand

a tenperat uB@mﬁ:‘rc@Q@Htas%m In addition, 0.3 m/h of

di azabi cycl oundecene were m xed into the feed. 0.84 kg/h of a
conposi tion_conprising 58.1 % ght of trioxane, 603 ppm by

wei ght of f ohgrEgararieelsiov Hﬁathﬁd?%%ma@%wéféwam'@@#d as rrMeaied effpefiyely
taken of f atnd the viedpandhirieof@hel iokapetweoé significotpdsirdveain conpri si ng
99.9996by meight of trioxane and 100 ppn1by meight of fornic acid

was obt at e battom The trio on. _was

ot tom 2But i HEUPD Be BBR P gt S e ERET o Epdle, DureTip diiid
trioxane at SeReneDPCARITINT tothf BVeldiPe- anine salt at the bottom with
the salt being able, after deconposition of the formate, to 15 be
recircul ated as am ne. The exanpl es show that the deconposition of
trioxane could be prevented effectively and the yield and purity of
the trioxane were significantly inproved. 20 The addition of amne is
particul arly advantageous in the three-stage distillation sequence
according to the invention. 17 PF OW060227/ Schi 50710630PO



As enclosed to IkPRP 5 Clains 1. A process for separating trioxane
froma feed stream | conprising fornal dehyde, trioxane and water,
wherein 10 a) a feed stream | conprising fornal dehyde as main
conponent and trioxane and water as sgcondary conponents is

provi ded, b) the feed stream|, a recycle streamV and_a_rec clg
stream VIl conprising formal dehyde as main conponent 5%9?09@3@’0 d
tri oxane S %rad[gw 915 conponents are fed into a first

distil I-atﬂ—oﬂ‘sq%-ag'e—an%—'di stilled at a pressure of fromO0.1 to 2.5 bar

to give a .stream 11 conprising forml dehyde as main conponent and
wat er Jas cg@ﬁ‘@ndary conponent and a stream |1l conprising trioxane as
mai n conponent and water and formal dehyde as secondary conponents
and a st rleam®erecsspfersiengraling tioxanerfraw g feechsigardreeripgeing tRemaldelydg)

t he stream | kdoxase and watppwograimt e after renoval of | ow boilers from
the stream |1l in a |low boiler renoval stage, distilled in a second

distiJJation_sta ) ' e
prossir o in fhe Siirtartl FFbRg el ide & hansbupogs spfipladd
hi gher than the BREYEF S pepopH@Y cppRenepts i3 pravidedat i on stage, to give
a stream 1V consisting essentially of trioxane and the recycle
stream V compyi sihaGeéd sRXANE Dfeciitld SrePIVEMAN redfit ¥adapi VIl @Bfkprising

formal dehyde as %?lﬁgﬁ\fdé &&mﬂn.@gﬁs nefittand Rte? GhE AdsaNe a8 _dUdbAdahPd

in at, | east one turther’ trigxan IL.sti1J) ] ation sta a 30 pressure
At HE top of frGFPENisAre TN st JSUPY Piedt 2HY ARUIeRcEt AsPrETaEe
of ft ake st ream X¢fifram Othie 25 bpcteraista steaam B gomprigingeforpsldenyde @5 mame
stream X and, i fcappirept amt ®atepasséacendary doraponpnt Sidrgstsatrdil casprising
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ci) the stream IV is purified in at ieast one further trioxane distillation stage at a
30 pressure at the top of from 0.5 to 2 bar to give purified trioxane as side
offtake stream Xil in the enrichment section of the column,

d) the stream X and, if appropriate, a stream [X comprising water as main
component obtained in the concentration of agueous farmaldehydg solution
35 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 companents.

40 2. The process according to claim 1, wherein stage ¢1) is followed by a second
trioxane distillation of the stream Xl as stage ¢2) at a pressure at the top in the
range from 0.5 to 2.0 bar to glve further purified trioxarie as side offtake stream in
the enrichment section of the column.
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can be recirculated to the process.

8. The process according to any of claims 1 to 7, wherein a low boiler removal
stage in which low boilers selected from ihe group consisting of methyl formate,
30 methylal, bis(methoxymethyl) ether and methanol are separated off from the
stream Il is carried out between the first distillation stage and the second
distillation stage.

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

Stream | from 40 to 80% by weight of formaldehyde, from 20 to 59% by
weight of water, from 1 to 30% by weight of trioxane;

40 Stream Il from 55 to 85% by weight of formaldehyde, from 15 to 45% by
weight of water, from 0 to 5% by weight of trioxane;



wat er and secondary conponents; StreamV: from5 to 20% by wei ght of
f ormal dehyde, from 15 to 35% by weight of water, from50 to 75% by
wei ght of trioxane; 10 StreamVl: fromO to 1% by wei ght of

fornal dehyde, from99 to 100% by weight of water; StreamVil: from
10 to 55% by wei ght of formal dehyde, from5 to 50% by 15 wei ght of
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vapori zer. weight of water;
Stream Vil:  from 10 to 55% by weight of formaldehyde, from 5 to 50% by
15 weight of water, from 5 to 55% by weight of trioxane;
Stream X: from 10 to 50% by weight of formaldehyde, from 10 to 50% by
weight of water, from 3 to 40% by weight of trioxane;
20 with the streams |, I, V and Vil being able to further comprise up to 15% by

weight of low boilers selected from the group consisting of methyl formate,
methylal, bis(methoxymethyl) ether and methanol.

10. A process for preparing trioxane from an aqueous formaldehyde solution,
25 wherein a stream Xl of an aqueous formaldehyde solution from a trioxane
synthesis stage is fed in and reacted under acid conditions to give the stream |
and trioxane is separated from the stream | by the process according to any of
claims 1 to 9, where the stream Xl can be obtained from a stream Vil of an
aqueous formaldehyde solution having a lower formaldehyde concentration by
30 concentration in a vaporizer. L



