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PF 0000058055/ Sch As originally filed Integrated

Met hod For The Preparation O Trioxane From

For mal dehyde 5 The invention relates to an integrated
ocess for preparing trioxane from fornmal dehyde.

his general ly prepared by reactive

di stl I I ation of aqueous fornel dehyde solution in the

presence of acidic catalysts. This affords a m xture
conpri,sigg trioxane, formal dehyde and water as

As ‘af'gfﬂﬁ'ﬁ'aﬁ@# The trioxane is subsequently extracted
fromthis mxture by extrac 10 tion w th hal ogenat ed

Integyatest:Metiod FordTTheaPrepirationn®f THoxahéFrom Formaldehyde
1, 2-di chl oroet hane, or other water-inmmscible

sol vents. DE-A 1 668 867 descri bes a process for
Theirveptiomigplates toxamioterasen piogess fospreparng kioxanedsom fermaldehyde.
forrral dehyde and tri oxane by extraction vvith an
ani c_sol vent xtr

Triogfhde sEnaAll PRgersH i B SRR of Bnusis o ety Se ppputon in
the preséncerof acigisrdatglysis. r%mffoydmmﬂunemmnmsmgénwad@trmidehyde

and Waterlasi iR, TROFioRdnd |B%u9§é21€| Wtr\abiela f%‘i fis mBEIrYBY Rxtrac-
tion W rlGeadtb FCEuntT e S demeBUEntFBTRE & fia B RRgathane, or

othes platesrimmiissiide seiverdsjueous f or mal dehyde solution is then
obt ai ned, and, on the side of the water feed, a

o 4 PO SO 2 SR e ot IS B v

ter, forroeldelyde and tribwanedyaxtraction with ancengaoic satvenihircthisiaeceass, an

extrm.oﬁ libhé b%lstm W&éudzbﬁe@é%hé@bétﬂﬂ 8nd!8RIwith @n organic, virtually
or anc

watgt SRR Rt i Fabe cindot i SP AR RAE ik Balel o iEsn the two

subwmesshh distilate @'omhautm@as@ eynthesis forteceaparaed is feg @Etha side of

the éWenS?eea%n desedus b&ﬁwa%dhﬂl@é? 88I6tidrE the@WthiRgd, tefridoéSt@fHé side of
S SUu

the 187163 & E oAl e i RuseluR AL Bl B g solvent

trioxane fromthe m xture by pervaporation and
A duwamabe @gthlimoééd@é ANfe aaéurfefme@ opésftfa%ﬁinqa vdmbh ﬂﬁ@ttdb be purified.

Somg ogit% %fagparﬁ?g(ﬁ%ﬁrde ar%rI ?q?(r 8‘5‘(%?1 ?:gfle% Ldb%tanc%s in the con-
text pbihadiareiay dtazerdoun Substaages Reguiatienelx whpse haraihnaqu@d@ §pecial
precdlfidrisl € consi sting of 40% by weight of trioxane, 40%

by wei ght of water and 20% by wei ght of formal dehyde

is sepa- rated in a first distillation colum under
DE-3118A 33129 1 sleserthes @ pracessdomgmerving drionand &erian adueous mrixure

wh.ohruénsuefsczsuwtaaﬁaﬂ@tdf eixEnd, TWdQé‘radiﬂ/fWaﬂdiéH énlw et trioxane
rom e ) P POl oAl e P RS chEd Bessta ty ot
flcat@n up,tg|pycﬁ trloxane 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
weight of trioxane, 40% by weight of water and 20% by weight of formaldehyde is sepa-
rated in a first distillation column under standard pressure into a water/formaldehyde mix-
ture and into an azeotropic trioxane/water/formaldehyde mixture. The azeotropic mixture
is passed into a pervaporation unit which comprises a membrane composed of polydi-
methylsiloxane with a hydrophobic zeolite. The trioxane-enriched mixture is 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 recy-
cled upstream of the pervaporation stage.

PF O

This procedure is very costly and inconvenient. The pervaporation unit in particular entails
high capital costs.
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35 net hyl sil oxane with a hydrophobic zeolite. The
trioxane-enriched m xture is separated in a second
di stillation colum under standard pressure into
trioxane and, in turn, into an azeotropic nmixture of
PF 0pQops0ssish wat er and for mal dehyde. This azeotropic
m xture is recy- cled upstréam of the pervaporation
stage. 40 This procedure is very costly and
. inconveni ent erva orat on.unit in parti
tis g ERRFCEY 67 nvert iy oAl oPlrtippioisy BE plngiing rigegre from
aqueusdamagifehyde splutipreto ohtain pueentriexansr Big @l pagigular object to provide a
procek$ ehidfiaviitls iSstiimbRte S exBradtionttéps g paRRpbfadith steps for ob-
tarnrﬁg%ﬁp ik Oformal dehyde solution to obtain pure trioxane.
5 fticul ar object to provide a process which
avoi ds the per formance of extraction steps or
The %[ééﬂ@%ﬁiehém by b Piedrated PRoceba idiipRipalpiby Gidxah@kameormialdehyde,

achi eved by an integrated process for
°°'“y]§"§r. ngé‘?ér‘?foxane from formal dehyde, conprising the

steps of: a) feeding a feed stream Al conpri sing
a) f esatirefuedast@ash ARtEhpading formeligRyde &id waer addaBecycle stream

ng)rr"; %&g@)rrg&j(%r% :(\Aéén?gy\%ﬁoeédd?tib ﬁgf& rlhhfagﬁydeyand trioxane to a

¢ armaislehyda éﬁnqwrratlcahanlbémﬁe@arﬁ@g { Intpypofopmaldehyde-rich stream

f aeramddedtyeden AB ebnsistingasserfdipoidvatest r eam A3
consi sting essentially of water; b) feeding a product
stream Cl co risin trroxane and wat er, a recycle

b) steeding EIPFOd.P& SHAYP | ﬁ@“Pfr'ﬁ"éE(HWéa%ﬁrénwaé?f aa‘ﬁSYCk?— ptream E1
appmppsingtrioxatdrend aaten a:l&h]t@prdpﬂbtestrredamdﬂeh)he righ stream A2

fi 't<5 ﬁtfrrétqwfbrrgscsﬁkg ?nsfﬂa%éh b%Hno%qg&%Mfmg QP% p%s%hfaal b ﬁkﬂn 0.1 to

ressure o
a t5r 'P"g'xaﬂ‘é “@HP!W%E“P’@@R@M&“%%% Bl geomprising Pr9d0mlnantly
pmﬁml(arre and tbigitiorially eatsrend iormaaidbihy de e dtyonvdtaew stasach B2 consist-

(TR RO Ak 0 6 G083 i 8 s
s PRRRMITRIU MRS and RasONAINGHMAGRRCS 96d dioaRg as 4 side draw

adaeampnal | y fornal dehyde and tri oxane as a side draw
stream c) feeding the bottom draw stream 82 and, if
appropriate, the stream oxan nt hes

) T EBRTHthE o a Gl sy SR AU LR ORS00 SN2 (0 a troxane
s symthesiCleactm@ani sillogingrthem 26 reachtoeobtaintties steadn C1 comprising tri-
fgg(gg,aé ek dRd 1hndi@pgigeg the stream Bl to a

medi um pressure distillation colum and distilling at
a
d) feeding the stream B1 to a medium-pressure distillation column and distilling at a

pressure of from 1.0 to 4.0 bar to obtain a iow boiler stream D1 comprising metha-
nol, methylal and methyl formate, and a stream D2 comprising predominantly triox-
ane and additionally formaldehyde and water;

e) feeding the stream D2 to a high-pressure distillation column and distilling at a pres-
sure of from 2.0 to 10.0 bar to obtain the recycle stream E1 comprising trioxane and
water, and a product stream E2 consisting essentially of trioxane;

the stream A2 being fed either to the low-pressure distillation column or to the trioxane
synthesis reactor or to both.

“Consisting essentially of" is intended hereinbefore and hereinafter to mean that the
stream in question consists of at least 80% by weight, preferably of at least 90% by
weight, of the components mentioned. "Predominantly comprising” is intended to mean
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pressure of from1.0 to 4.0 bar to obtain a | ow boiler

stream D1 conprising netha- nol, nethylal and nethyl

formate, and a stream D2 conprising predoni nantly
PF 00q0DEBRS5/®}D ane and additionally formal dehyde and wat er;

e) feeding the stream D2 to 3 hi gh-pressure

distillation colum and distilling at a pres- sure of

from2.0 to 10.0 bar to obtain the recycle streamE
that thgEemRINegt FPPB@M&%HW“%’E%F"a"‘aQRﬂ"PoP"ﬁFb'BdE% SE?%"%a‘?ﬂd is pref-
erati? presearstitbéreingo an satent af atyeast 50%ibywesight. 35 t he stream

A2 being fed either to the | ow pressure distill ati on

rInor to the trioxane nth si s reactor or
T”%%ﬂ% ormaldedlyde iang walekAfs 51“?‘%’//’ 1ormsa; tﬁ‘f‘éﬁfdé%?mmpe which, at a
pregsarecoinbblncensistd dfi €& by iveight bbtrioeame, taby meight 40 formaldehyde
n consists of at |east 80% by wei ght,

and%r%e eragpgp%*?ﬁ{at\%rol east 90% by weight, of the

conponents nentioned. "Predom nantly conprising” is
Accomlingridélte ineentisanthBRe®a60(e808(h iScslaparatedthaa pielsgure swing distilla-
tion Ctﬂ} 'Pé?ﬂﬁrfbt olt® 'ﬁrbpé}?oda %Qélﬁ'ﬁj dlé’tﬂ)lﬁl%nt &8 Gt Hpﬁr%géﬂreé r]n a low-

era

presggfeemstlﬁqtlogt stpg%tsg @g@rﬂﬁ,n%tgﬁ@ﬁéﬁvpfqﬂf ?c[e yde m|xture which
composembily faylitde forchaldzhyde s l@mqvemrlrotmaftmxana ared faxmaldehyde-rich

aqué&%fxﬁf?@ M fFlear%tnéﬁ trléxé?{eﬁﬁaigﬁf%rrﬁéldéhﬂ@rmlxﬁj?é‘ﬁs' stharated in a
of 69% g of h >%ane % b E_ ¢
ARSI TR S 26 AStUARR: isiader” oy B AcHIRARGIch o tiox
anetwaterifoweaidehyde miktere: em ther gnealzarst arshertualy epa trivxace by tize other

hanHrﬁétﬁﬁéﬁtr%"lbﬂ rgésfifré gitsfiigarﬁibg ;égagetb)hd‘“tﬁé h%ﬁhflﬂeﬁﬂre Bistildtidh stage,

a mBAlTSRrPELS AsUAoD, A0S HELRBNESI e Ry folerggAccording to
the inveoticam e-foinoaidehyideveater/ mixtuse Mitbrarhigh evaterecaritentus also withdrawn

as b6 BrehP B RE Huplotsdredidtiibin 24 a8 Ry 48 tb% RARAYERde con-

cenfihihsSade G RARBETIR, A ORar Brrd Iy e SAGPIE Matersemoval

m xture is separated in a downstream hi gh-pressure
Useflii %IghLﬂréédL@é] rﬁécﬂ&ﬁ ﬂréﬁs@nr@aﬁd Ioﬂ%&@@sdré @Etll’ldtbﬁ’(f:blumns include any

distftEn, GiA, CRER 48 Sy ReS i feBodh AatRirg "5 Bl Ragiing. The
distitlation| eplunprsesy cemgtiisa any intaroals, strugurechpackings or random packings.

Herélh%f)élﬁ;%éé&ﬁe dhfalrblateio R pdls3@e at thd 1B OF thetdelpsSiRiestion.
distillation stage is also provided to rem)ve | ow

boilers. According to the invention,
In af igshirlodessy step wat @ffeed streane Adi commlsiﬂggwrmaldehydsomdswater and a

recycfé tréen B B&hﬁﬂ!ﬂn% I tcﬁ)rrﬁrhdiﬁly%aﬂw Eh@@dﬂﬁl@nally formaldehyde and
ation

wioxaB'aPd R eofthabbyiR o PerifeR8F unf 865 SehdrEPalifed formetdehyde-
conaqumoil@anbﬁaan@ arsjreamAibepnsistieg asdentialy:af svaterenoval .

In general, the feed stream A1 comprises from 20 to 65% by weight of formaldehyde and
from 35 to 80% by weight of water. The recycle stream B3 comprises generally from 15 to
70% by weight of water, from 10 to 50% by weight of formaldehyde and from 1 to 30% by
weight of trioxane. The formaldehyde-rich stream A2 comprises generally from 45 to 75%
by weight of formaldehyde, from 20 to 55% by weight of water and from 0.1 to 15% by
weight of trioxane. The stream A3 consisting essentially of water comprises generally from
90 to 100% by weight of water and additionally also small amounts of formaldehyde and
formic acid and other components typically formed in the trioxane synthesis, for example
dimethoxydimethyl ether and trimethoxydimethyl ether, for example in amounts of up to
10.0% by weight in total.
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20 Useful high-pressure, nedi um pressure and

| ow- pressure distillation colums include any

distillation colums, such as colums w th random
PF OPORIEOTHPBr structured packing. The distillation

col ums may conprise any intdernals, structured

packi ngs or random packings. Hereinafter, all

pressure data, rel.ate th ressure. at_the top of the
TheZgrigsifiain® a e dRimalgehyif aar RN sesaclitL O piEslig o gen-
eralliy fean $t v temitd).Albag,coprpteratiin gy & mressuce Higtikatian tolwmreat andessure of

genérg(ﬁ]y/{?btﬂ 16 (SR BAr, RN uedls Strén® AAhEdNEik ¥8bMifallf b water be-
xane

. I l,dehyd d, t fed t

ng F5MTRTDR EoRSREL IS SHvEn. Sy 2 B Een e atpritofch oxampe

at afpegssuieds haibar, 8t temperajurstaf d ATiCrandha botdors tereparatuge of 156°C.
consisting essentially of water. 30 In general, the

feed stre A ¢ r.i ses.fragm20 to. 65% by weight o
In aiegee? SloR e RIGRCT SRR G ! eGSR Mgang wtat ad formalde-
hyderped iselytained sn adumapg syolnpsis seactere ageeydey streasmEl scamprising tri-
oxarf?é)%dJlb(/até?,i agMif Qﬁcf)r?ﬁr‘iaﬁé tlhef fbﬂgélg/&bfd@-r@ﬂ%!rﬁtﬁm@ fibi tRé concentra-
. ornma . rom .0. 0 0 | oxane.
tion Lk TR (AR GG preblct, ud Ealumty TR Streim, R AFAT s be fed
fullyfor pertlyslireetlyis dbesiokgnamyingiesisgbadtor nal dehyde, from 20

to 55% by weight of water and fromO0.1 to 15% by

erof B 1, 0 o i 6B ARAGRER P Py =i fped n e
upperatbivd bt theedotymn, ber example e 1al@d0 theeralica) platesobelpwithe top of the
coluffD ERd $trédm fOr a8k Griyided #nthe 16REMND € tHE @At dreferably from 1
to 2? 3?5@03:;2 Ec%?ﬂg‘é’sgétﬁ)&% hﬁa&ﬁ{t%ﬁ;%‘e tg@ﬁ@br %ns?re%%ni\g e tetr fully or
partlyrtp ia lpwikpressrse Ieplumey s is generally Zlgpe dn the lawsuiird abithe golumn,

prefé@ably4kbml 9 1896 Meovdticaiplated ab&lethe bBiroA000058055/ Sch - 4-
The concentration a) of the formal dehyde/ water m xture

is effected at a pressure of gen- erally fromO0.1 to
The jow-prasgure glwnR jsa@anerally C@eﬁﬁt@g%@ eressyte; of| feam 8 teol-BRar, pref-
erabdf a@ aprediased Pre¥suregenabal DB for 0 b]ar.owrfAt 16 Bt isa@ trioxane-
: c S ) : - _
ern BR8] BN BRI 3350 AT Bl Sl B oma
dehydsl, graferably asea Wpedravsireamop betempsiraw seam Be gensisting @ssentially
of f@maldehydbnd avalt€rp ah@ e Fetlytle &strehm1B3 Gompésiag ppédomithantly water
o SBERENA Rlophat o e B82S E onoray
withgligmen dee upRRldaknprelesakiy intha agpethisd of thexcahkme, Prtipaalys a side
draw €f64rarB4 &hichCoomiRises mbdilers 04 be Sdithdirdwn fromxiaeomipiessure
disti@kﬂcgﬁﬁ}ﬂ g'réfeﬁ@&ﬁr??rga' BhEr thikg, ihYrdE! 18 SREAS B IHidh BlilkRABm the

con
process.

The low-pressure distillation column has generally from 2 to 50, preferably from 4 to 40
theoretical plates.

The trioxane-enriched stream B1 comprises generally from 50 to 75% by weight of triox-
ane, from 1 to 25% by weight of formaldehyde and from 10 to 40% by weight of water.
The bottom draw stream B2 comprises generally from 50 to 95% by weight of formalde-
hyde and from 5 to 40% by weight of water. In addition, it may comprise trioxane, gener-
ally in amounts of from 0 to 10% by weight, and also small amounts of formic acid if ap-
propriate.



10

15

20

25

30

35

40

10 tion unit are fed to a first |ow pressure
distillation colum. The stream A2 may al so be fed
full partly directly to the trioxane synthesis
PFOPQ@Q@%WSC“Pr eferably, streamEll is fed to the
| ow-pressure distillation cddum as a side feed in the
upper third of the colum, for exanple from1 to 20

th t | bel th f the .15 |
In 2 fiaceos Slei ) e BoTemalied Srean Bk apRRrate sfpam gt argded to
trioxaok symthegis eéamterang dlioved To reac2 (o bhiair theistrahmpT hicemprising triox-
aneaétPﬂV\ﬁatEhel'H%o\%tFéém ab tkdne tlﬁ‘é’*dﬂrﬂﬁideWh%nco‘Hcéﬁﬁéﬂoﬁ%drﬁbé fQ fully or

I h
parlydn e oy B e T A& Fovor (hi 1d of the ool um. -

preferably from1l to 15 theoretical plates above the
In o‘ﬂ@térﬁﬁ%dnrﬁ@ntT&ethb%@és%S&ébﬁilr@wﬂ% In%er@tfbﬂertt‘% \Nﬁter/formaldehyde

mi S iEpRderten Rt SRS alunrel Sdh byl 5% sTetsige oF BEHC homoge-
neolhat hetsragenapurecathlysta sueh as doreexcbange hesinss zeelies, Bulfuric acid or

p- toﬁféﬁ@édlf‘éhiﬁ@bcﬂf %@Q%rﬂﬁé‘ﬁaWe bf g @ﬁ@ﬂﬁlbfi%iﬂ 78ddi1Boar a’l‘ Heytrloxane syn-
ra

oo Sl PUB PR oot redliches Tiebe BTt 8 Sk nptgyooene:
ous chtafyst, herl axampleamion exahange resid ot keoliteecycl e stream 63
corrpri sing predom nantly water 25 and additionally

The, %r{)ga gt ﬁ?rgxréleﬁz%gﬁp;sgﬁgrﬁqj?@mﬁio%pde? ﬁ%r%%@%%y&%%ﬁp Wil as main
comppaé¢is apt yaddiionally the oy beilers andhighhwilers| typieally formed in the triox-

ane@?hih@é@' Ih)genéra‘ﬁ'lﬁ&)mﬂfségvfr%hf@@% Bé%vw \Qéigﬁl%mﬁd»&ﬂé Low boilers
rawn. 1Trom

andiihqtBin ol of Bksat. W8 mpEb s @ R EAPIEE oy peiont
order to discharge high boilers fromthe process. 30

Theﬂ?@ddc@%wmm Us Breflérably lal viipb PStreedh WhTAN f l'@feﬁqsmeétr I@l:vl-pfessure distil-
e eti.cal

atiay st S8 14 B EBLRE® B Hischide Sichdalis, & EBAGRId B reaction mix
tureqrseandin tyeﬁrmmﬁeyrttlw%mabg@r RN bawitbdrawnifiom tims tatime.
froml to 25% by wei ght of forrml dehyde and from 10 to

In on% JA ?n?%gl\égeng hml tg? glrﬁf@t% ?S?Hr Bg {02865‘,6}’9836’?\%’% r{ox ?rl% g)%nthe&s stage
c) ang rﬂ?rﬁaIOWePreh"gkué dighiationtags klaraeriey avbitegethasfasateactive distilla-
tion il oAd dehdtidn, caldmmEy tﬁ@@sm;ipﬁr@ ddctiors 2R, maE B6Mprigd hmxba catalyst

bed%ﬁ%%éc‘rogé e{ogg %‘a%l;’gg %l%rﬁa?g Wstbg I?%e}cng? glsﬁlhfg%ﬂr_cgﬁ also be carried

out mobe 0B8E8%Y Fchhogogangous patawel & whiel cage an aeidigsatatust is present
in tHE ONIre betesh Bhetitd with tRPRaRPdrbRIehydEARINS. Bhesile drdwdstream

B3 i€ then withdrawn from the reactive distillation column at a suitable point in the enrich-
ing section.

In a process step d), stream B1 is fed to a medium-pressure distillation column and dis-
tilled at a pressure of from 1.0 to 3.0 bar, preferably from 1.5 to 2.5 bar, to obtain a low
boiler stream D1 which comprises generally methanol, methylal and methyl formate, and a
stream D2 comprising predominantly trioxane and additionally formaldehyde and water.
Stream D2 essentially has the same composition as stream B1, but essentially no longer
comprises any low boilers.

In general, the low boiler stream consists of low boilers to an extent of at least 25% by
weight, generally from methanol, methylal and methyl formate, and further low boilers if
appropriate. The low boiler stream D1 is generally obtained as a top draw stream; stream
D2 is withdrawn at the column bottom.
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tri oxane synthesis reactor and allowed to react to
obtain the stream CL conprising triox- ane and water.
The stream A2 fromthe formal dehyde concentrati on can
PF OpROO$E88F/3ch| |y or partly to the trioxane synthesis
reactor. 5 In one enbodi nenté-of the process according
to the invention, the water/forml dehyde m xture is

conyerted in the trioxane synthesis sta in_th
The Rad A PSS e, HEHIRIOR G, TAAIATETay 7t S GBnbB{ReSl from 4 t
40 thedralicas platesuch as i on exchange resins, zeolites,

sulfuric acid or p-toluenesulfonic acid, at a

t enper at ure of neral ly fr 70 tp0,130C. The.fri oxape
in aGhaTofes; Sen B Sieam, b2 6 P e hiahapressue duleton talbin and
distiflechat @ pressuriel ofifdimz 29 tbel@.C learc preferalvte from Bitte Bdlleareto obtain the

recyR kS strHnfIENS EompriincE i RN aRd watdt, 848 APRRILEESTdANPEL consisting
proddct stream Cl conprises generally

zeolite. The
ess?rﬁah&gﬁtg’oxafngr mal dehyde and water as main conponents
and additionally the | ow boilers and high boilers

Thetr¥§?cﬁrfeg+t|'ééin{ Egg@ﬁllﬂigeest éb‘%hrega{lliy‘??&m %@otoagfs?(f %gﬁ@megiﬁﬁ iof tri(c))%(Qne, from 10
to 8% By Shelaht o6 {ARB G 2ot o5 BT oo RIS B T tioxane
strefmrE2sensisteof tioxamegenemlipto an exteot df at teabb9995dbly weight, prefera-
by PArEbont of 3 19US0 09 9576 RBNG in BB 03 oUmpriTRRter and for
mic 3o X8 1t Smprias 6y LUR1 AL BRGER AT BohER o1 | or o

a portion of the reaction mx- 20 ture present in the

ThelHigIBRBEurS YHMtINSTIScAl@RAR has geAcrale frdint e 88 prEfePABl o 4 to 40
to.t I n one enbodi nent of the process according to

thegrgtical i
eqReal WéEKt i on, the trioxane synthesis stage c) and
the | owpressure distillation stage b) are carried out

Prefeﬂ?lﬁ}, Bﬁé?rﬂfi)tzﬁis ﬂ&f&é h$pedesd !o't théhightf?Bsdufe QiRRIatIEREHILAR, stream
co . In StLri ng secti,on i.S conpris
1 & ylBhau By fors raE Bl 375 @iy ER S yiRfid] B °Botfom craw
streamt StreamiEPctan alshbe withdrawneas gasdouaisiderdrawetwesy feed and col-
umrclBdtidned out in the presence of a honbgeneous

catalyst, in which case an acidic catalyst is present

in the colum bottomtogether with the _ .

In apariquiarly miefeded gaworimant obtheTiiecess decading tetthe liventg®, the low-
predstird Bistllatibh fu)ifi$1‘6ﬁrri|‘eHanthﬁ? pr%@tﬁlr:é\(ﬂ? fein$ 018 tc2bioar, the medium-
col ugm,.Aat. 0 | rich- . -
presggl'e] ﬁlgtgilﬁaé?lg 8@%@5 g?eé;gu g)(J)frllrSom Eg ngo%lg Igglj ]agta tlﬁ%ﬁlgﬁﬁj?éésg% distilla-
tion ¢ at a praspwe il fremad.te f0dEr.on col utm and dis- tilled at

a pressure of from1l.0 to 3.0 bar, preferably from1.5

i o, el o 0 1 8k Bl Sl b POl 2
purifiest eeanefurtherd To thistendaih gap heotegrte & puyifying distilatigntaolumn and dis-
tilled {0 OBtanca PR WdsHre Stfsalm F1 fantnRsteeiny #e fthrisgafioxade and high
bf)il(?%.: glgén%n?g 1 ?ssgéj{&éé@ls%mdfﬁgﬁ %/tqﬁ% ?q%g%'fl; é@ér) 96'18%%8 rt]naQ/.Sconsist of pure
trioxane having a purity of > 99.9% by weight. Stream F2 is generally withdrawn at the
bottom of the column and comprises high boilers. It additionally comprises trioxane, gen-
erally at least 10% by weight, preferably at least 50% by weight. Stream F2 is preferably
recycled into the trioxane synthesis reactor. The trioxane purifying distillation column has
generally from 1 to 40, preferably from 2 to 20 theoretical ptates, and is generally operated
at a pressure of from 0.1 to 2.5 bar, preferably from 0.75 to 1.5 bar.

Before it is fed into the purifying distiliation column, stream E2 can be passed through an
adsorption bed in order to remove traces of water and formic acid. Suitable adsorbents
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40

conprises any |low boilers. In general, the | ow boiler

stream consists of low boilers to an extent of at

| east 25% by weight, generally from nethanol,
PF OAOOPRPEAPchand net hyl formate, and further | ow boilers

if 40 appropriate. The lowdoiler streamDl is

generally obtained as a top draw stream stream D2 is

w t hdrawn at the colum bottom PF 0000058055/ Sch (;5
are,TiRE exuAPIEnMolecyley Sievas <N | 9xahanssTs Featips HASrdgalkRs and yilica gel,
andfalsonfuhércadsOrbeptsednewalid yhdse akilldd indhe 4A. t heor et i cal

plates. In a further process step e), streamD2 is fed

to a high-pressure distillation colum an 5 ,
Theg(estiing qra avapPcadigme. RINTOF (oS HETE o SBEHT tameight, preferably
> 99 8etdryaweight, icopneBer@bly aiséd Go peapard polpdstyaiathyidres (RGM)y ot polyoxy-

. r' . ._

metﬁgéﬁ@%ﬂatﬁgg@ﬁérﬁhé‘%o?yéé@?é%ﬁ?gﬁ‘?m‘é\%ﬁ? ethé”rnﬁe. @ﬁgﬁ%& diami

stream Zcz’gl tin rioxa
nodippgpyingthane | conprises generally from25 to 75%
by wei ght of trioxane, from10 10 to 50% by wei ght of

The\’iﬁ}e‘?ﬁio%qllésftr‘amd]inEgtaﬁ%?@ﬁé/e%@@bvh% ibRyweal dehyde. The
t cons

rioxane stream ists of trioxane generally to
an extent of at |east 99.0% by weight, prefera- bly to
an extent of at |east 99.99% by weight. In addition,
it may conprise water and for- mc acid, for exanple
in amounts of > 0.001 % by wei ght, and hi gh boilers.
Examplene i gh-pressure distillation col um has general |y
from2 to 50, preferably from4 to 40 theoretical

ThePfidthr& ShoWs Shebotiment §aRk PRodeds faeEoafgatoSthE 8nicd®n.tGnly the

the high-pressure distillation colum, Stream El s
mai{, TSR OBRaIot S HIEXANe EPBRTRSItSE Shaly. S3IoRms whdSe content
of thésehdaiawompenantban talah igl less th@D 189% eampriSe it oudEdmayrsecondary

comfpoRent8 forMehidl frRoaheasyBikesRUS si de draw between feed
and col- um bottom In a particularly preferred

enbodi ment of the process according to the invention,
Feetdrstrehmvi (ph Bsemmeseil of #9%dtyi veaight Yof fasmeidehydadardi51%tbyaveight of

watf SREeEFcl@5trddr? 70 ¢ B3§ Eorfpésebiast 228, WEightHordtaldehyde, 70% by
weidhS? BT a1 Hoh b Meldi¥ of figinsarB ST f 1he pressiediiaBort olumn 2.
i ialer ae §% Ry Weidlih ot rigdang e 4FE 4 hF pressis diggialion &
Theppressiue distiflation olunro 2tis operatdsihat.a pressure of ifoeat abottorpftempera-
tureld19 6B/ OERE 8 t&F GGl A 14BEC I THEGHH Ll sthddn BIOAYEbbtained is a
il SESHE Ve o e O S Y vt 2 P e by i of
triox@@et The bottan devt streana 4[{aAS) oblainedrie a wastawatéristeeath eomposed of
9895 b SRSTgMZoCRATRF IwHidHd sfill tompitesadtialnb®dunts of formic acid (1.4% by
weight) and formaldehyde (0.6% by weight). The top draw stream 3 is fed to the trioxane
synthesis reactor 5 which is designed as a stirred vessel. Product stream 6 (= C1) com-
prises 25% by weight of trioxane, 22% by weight of water, 45% by weight of formaldehyde
and 5% by weight of formic acid, and also small amounts of secondary components
formed in the synthesis. This product stream 6 is fed in vaporous form to the low-pressure
distillation column 7 having 20 theoretical plates at the level of the first theoretical plate.
Also fed to distillation column 7 is a recycle stream 15 (= E1) composed of 65% by weight
ot trioxane, 31% by weight of water and 4% by weight of formaldehyde at the level of the
19th theoretical plate as a side feed. The column 7 is operated at a pressure of 0.6 bar;
the bottom temperature is approx. 93°C, the top temperature approx. 62°C. A top draw
stream 8 (= B1) composed of 3% by weight of formaldehyde, 26% by weight of water and
70% by weight of trioxane, and a bottom draw stream 9 (= B2) composed of 65% by
weight of formaldehyde, 22% by weight of water and 7% by weight of trioxane are ob-
tained. The latter is recycled into the trioxane synthesis reactor 5. Also withdrawn at the
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boilers. StreamF1l is generally withdrawn at the top
of the columm and may consist of pure trioxane having
purity of > 99.9% by weight. Stream F2 is generally

PFOO&?OP%? at the bottomof the colum and conprises
high boilers. It additionald8- conprises trioxane, gen-
erally at |east 10% by weight, pr efer ably at |east 50%

[ Stream F2 .is preferabl cled jn
level 1B, T405 et iate e Thebiacye svom 1 (eSS aibidpaw stieam.
Thedbptdraw atrieam 8dd tethtohths megdinmr@abssuré distillationacolkimn 11 having 23
theo%tﬁ:fa?b@ SYatth® T@vgl 5th@%tﬁ fl‘i%gfe%élcpﬁét ph?é Sﬁumﬁnlq |§ %perated at a

presiiit 1) & bt i SPromaitie ulieds FomOK405 Gae o0 tefnde iyt goprox.
62°C.nlhe Iloheirapu siréam g (dilsl) iobtairteidas a cwikturenof 8% by mwiekght obimethanol,
5406y RERRESK rﬁé‘tﬁﬂHEﬁhoai‘S% $0 bRk Qﬁ‘ﬂatbnTﬁé B&ttork Braw stream

13 (GBI iB Destiio 8h50%srionta Tormalderye: 2egnpy weigh of water
and ridl%e by | vegight i af teaxane o hhe bottem glsaw  streeml 13 issfed rto tioke highemessure
dlstlﬁél%n%oidn‘i}?hgﬁhvmg Qﬁ‘%é&'ré‘tf&a T[Héfe?% triadeR B?ﬂ%%2h8%?)rétféal plate.

se skil e resultin ure
Th| uan ﬂﬁjpp?@tepft gr’et?‘?é’r %pﬂpttgnb@n@%aavev(g iagﬂrpx % 8, fhe top tem-
pergiurefampad. 43%C. The JeQ@i streameil Gkt £1) is obtafest ahihg tofs dtaw stream
andtaoptli)réep%&ﬁ:t BRENAXEELED)| BffhosEPY >90.999 bx QeYght of trioxane as the
erivatives such as pol yoxymethyl ene

ottam %/‘Hﬁpe%'f‘her (POVDVE) and di ami - nodi phenyl et hane

(MDA). The invention is illustrated in detail by the

exanpl e which follows. 10 Exanple 15 The figure

shows one enbodi nent of the process according to the

invention. Only the main fornal dehyde, water and

tri oxane conponents are shown. Streans whose content

of these main conponents in total is |ess than 100%

conprise the customary secondary conponents formed in

the trioxane synthesis. 20 Feed stream1 (= Al

conposed of 49% by wei ght of formal dehyde and 51% by

wei ght of water and recycle stream 10 (= 63) conposed

of 22% by wei ght of fornmal dehyde, 70% by wei ght of

wat er and 8% by wei ght of trioxane are fed to the

pressure distillation colum 2. The pressure

distillation colum 2 is operated at a pressure of 6

bar, a bottomtenpera- ture of 160C and a top

tenperature of 148C. The top draw stream 3 (= A2)

obtained is a 25 m xture of 54% by wei ght of

for mal dehyde, 41% by wei ght of water and 5% by wei ght

of trioxane. The bottom draw stream 4 (= A3) obtai ned

is a wastewater stream conposed of
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98% by wei ght of water which still conprises small
anounts of formic acid (1.4%by weight) and
f or mal dehyde (0.6% by weight). The top draw stream 3

PF 00009589k 0 t he trioxane synthesis reactor 5 which is

designed as a stirred vessel 2 Product stream 6 (= a)
com 30 prises 25% by wei ght of trioxane, 22% by wei ght
of water, 45% by wei ght of formal dehyde and 5% by
wei ght of formc acid, and al so small anounts of
secondary conponents forned in the synthesis. This
product stream6 is fed in vaporous formto the
| dn-iptegsdent eroaiss tfol petpadng dodxana frorh doinmajdét§de, comprising the
tE@g {lcal plates at the |level of the first
retical plate. Also fed to distillation colum 7
is a recycle stream 15 (= El) conposed of 65% by
ght f
‘8’5 volt fe%éang afeglri%g@ ﬁéo/lg Nstuﬁﬁzfog@élg%yq@érﬁf wﬁl%ij ﬁ&f% recycle
t heor e?"FQ?&'I‘ B@cgﬂ@ng@ggvag,erd%s thegmain Fﬁ@P@B?rUrﬁﬁ‘dﬁqdﬁ'ona"y formal-

oper at gshydlk ghdPFiSserier 8 LforMafiehfds corlcdftr@fint @it and separating it
93C, the top rature

tenperature is a o
appr ox'"t%ég"mﬂ'qeggd%f'%t’% Barng a(S"eB%pE% GPpBURIRg Bk least 80%
3% by wewgight sffwdter mal dehyde, 26% by wei ght of water

and 70% by weight of trioxane, and a bottom draw

stream 9 (= B2) conposed of 65% by 40 wei ght of

f by mal féelinde praddot ksyeamicghtomﬁnsiva; eioxaregd watérandveringiidehyde, a

"hto ¢ (oo ReEmEEL ohPRERa g N ol GBI, pne. i 2
at t hepfeprigiepes3@a6Y A2 o adirst/lew-pressiiret distillatierhcolumn and distill-
t heor ehgcaql ;Prleeéu‘?e bﬁ_#.ntﬂ% { ?&Y%lb%r Selr{de\ﬁlﬂkj]rgnﬁ? gﬁ%xrﬂiﬁ -éhriched

si de draw stream draw strea
medi unstiras & repmiirising trlaxan@naa:@lnnm cempprant ragdzaxidltlona"y water

t heor ehhf frmpldihde 4 Ibgn&nlcﬁml siféart Be, éérhpﬁ&?&%?;éa%?bm by

pl at e. ressure
bar ; tWé'ngPft f@Fﬂ“@'éﬁ'ﬁ@ﬁaﬁ'\Qr\éatPé a@ﬂﬁh@kecymbss@eaﬁha?’ efpPprising at

t enper ﬁfe%ﬁm%ﬁ’fpféﬁentﬁw&@pana— B@dﬁl@fﬁhll?rfé%&&é?@é@aﬂaa tlioxane as a
D1) obtéaelaed i S m xture of 19% by wei ght

met han rayy i ‘Eﬂlm’v\m ght of nethylal and 25% by wei ght
of methyl formate. The bottom draw stream 13 (= D2)

OBh 2ol o B G b 5 bl BT i e oo
The botriceanedsyathesis reactod 3nd alldvenb thent toaehctdh optaéstherstream C1
di stil t | plat t
st b R, B At e o 5o Pl oves @

colum is operated at 5 bar; the bottomtenperature is

agpr OXteedi gqhe quar%%qép%eﬂﬁgﬁgrlég& Qi%rtl ron]c%?tﬁ:fy Zﬁl:?dlstllllng

recycl e StPeam {2 ned
st r eandt apepsaurg @f &opy b ie B.Ohar dapbtai ¢ lﬂmez;rlecahnméﬁ compris-

of > 9BRethin dwmglhgapénd PefRREMaR, hREa sheAh DB E8@pYising pre-
stream PF 0000058
dominantly trioxane and additionally formaldehyde and water;

e) feeding the stream D2 to a high-pressure distillation coclumn and distilling at a
pressure of from 2.5 to 10.0 bar to obtain the recycle stream E1 comprising
trioxane, water and formaldehyde, and a product stream E2 comprising at
least 80% by weight of trioxane;

the stream A2 being fed either to the low-pressure distillation column or to the triox-
ane synthesis reactor or to both.
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9 1. An integrated process for preparing trioxane
from fornmal dehyde, conprising the steps of: 5 a)
feeding a feed stream Al conprising fornmal dehyde and

PF 000RRR8R5/S8hd a recycl e stream B3 conprising water as the

10.

11.

mai n conponent and additiong) Ly formal - dehyde and
trioxane to a fornal dehyde concentration unit and
separating it into a fornmal dehyde-rich stream A2 and

aTké peaesPAcanding its clagn df wheest the(8w-piéssre disiilgkion bj is carried

er. di r,odu r i S o
IShERE Ao e B3er ol O RS BIRIA Bt ot
cpressireiafdrom 1.0xard) baraare therhigh-presalrd alistiiatioradhdat aj pressure of
ap: ' the stream A2 to a first |ow pressure
d?gpﬁ'ﬁgﬂ%gg%l um and distill 15 ing at a pressure

offhe pegess acqoring ® daim 1 and wiereid sHaRM P 1ds withdrawn from the low-

t pleRsGReniNaoh@tlimPhs 80P drdh K@ARY | Sing trioxane as a
mai n conponent and additionally water and

formal dehyde, a bottom draw stream B2, conprising at

lt Eﬂébr&@@@;& B?{cotrt\ﬁﬁb %‘QB%PH SIgiFEed MW?%r?E%tr\éﬁﬁweEl is¥8d to the low-

e rec e stream conprj sing. a _ n

c Brasoiestliaton colitan siaisaedRaR 1o the SReY i Ghitbegelymn, from 1 to

L RO theaingticalsplates 2RIow the tdpaadSétreaaC1gs 4 eidld ifdré]ai inhtRe lower third
oftom draw, strea an i f .appropr, at t he stream

Aﬁg %8 Cgﬁlml"r f%%a%@%ﬁ??{gg?aé p[aégfgs{%ény gér??dabcﬁ}qnbvm ng them

to react to obtain the stream Cl conprising trioxane,

) e _
AR I RN Ao S5 A A DT ET Blyghfn o
atheamediegspneeswé distiation Column3asDaliap draw citieaimnaed Istleam D2 is
b%th&rﬁwﬁ%&%ﬂtt@% m%rtljegr-n_i ng net hanol, nethylal and
met hy

ormate, and a stream D2 conpri sing pre-
domnantly trioxane and additionally fornal dehyde and

Wehe bl'rolc%QS §r}cofr(§i{=?g$1| kdghyt %Yeclﬁhﬁ ﬁﬁpsﬁ%hg%i@s%ém E7'i€ Withdrdwn from

distillation colum and distilling at a pressure of = .
f henhigh-presgurepdigtiligtion celupptas A temaravesliedB andrdigqMeR?2 is with-
Caraw & Bottdnt bRMAGtReanvat er and f or mal dehyde, and a
product stream E2 conprising at |east 80% by wei ght

of trioxane;
The process according to any of claims 1 to 6, wherein, in step a), the formaldehyde

concentration unit is a pressure distillation column and stream A3 is withdrawn as an
aqueous bottom draw stream.

The process according to any of claims 1 to 6, wherein the formaldehyde concentra-
tion unit is a falling-film evaporator.

The process according to any of claims 1 to 8, wherein a side draw stream B4 which
comprises high boilers is withdrawn from the low-pressure distillation column in the
lower third, from 1 to 5 theoretical plates above the bottom.

The process according to any of claims 1 to 8, wherein a stream B4 which com-
prises high boilers is withdrawn from the trioxane synthesis reactor.

The process according to any of claims 1 to 10, wherein product stream E2 is fed to
a purifying distillation column and distilled to obtain a pure trioxane stream F1 and a
stream F2 comprising trioxane and high boilers.



35 the stream A2 being fed either to the | ow pressure
distillation colum or to the triox- ane synthesis
reactor or to both. PF 0000058055/Sch - 10 2. The

PFO“BW@@@@% according to claim1, wherein the | ow pressure

12.

13.

distillation b) is carried ibut at a pressure of from
0.1 to 1.5 bar, the nediumpressure distillation c) at
a pressure of from1l.0 to 4.0 bar, and the
hiTyé ppocess acerding td Clamt i1 dnwigresnt steeapr E8 suresyded irftp dime trioxane
2 par. 5 3. The process according to claim1l
Qgﬁév%%?an stream Bl is withdrawmm fromthe | ow
pressure distillation colum as a top draw stream 4.
ThRe BF&%@sSécc%‘&ﬂﬁ%ﬁi a8inf #1 6P¥2 %he?éﬁ'sﬂ@ari‘i £ béforé"ﬁ?sf flnto the
streamEll 1s f to the [ow pressure distillation
c BYIifiRg Aistiflatigngeolyraadisi prsspe thgualt ap Adsarpgen ttﬁé which removes
C @hsd¥of WatéHEnd thiehic 48d4@nt irRmeERcal pl ates bel ow the
top, and stream Cl as a side feed in the |lower third
of the colum, from1l to 20 theoretical plates above
the bottom 5. The process according to any of clains
1 to 4, wherein streamD is withdrawmm from the
medi um pressure distillation colum as a top draw
stream and stream D2 is 15 wthdrawm as a bottom draw
stream 6. The process according to any of clains 1 to
5, wherein streamEl is wthdrawmn from the
hi gh-pressure distillation colum as a top draw stream
and streamE2 is wth- drawmm as a bottom draw stream
20 7. The process according to any of clains 1 to 6,
wherein, in step a), the fornmal dehyde concentration
unit is a pressure distillation colum and stream A3
is withdrawmn as an aqueous bottom draw stream 25 8.
The process according to any of clains 1 to 6, wherein
t he formal dehyde concentra- tion unit is a
falling-filmevaporator. 9. The process according to
any of clainms 1 to 8, wherein a side draw stream B4
which conprises high boilers is withdrawn fromthe
| ow- pressure distillation colum in the 30 | ower
third, from1l1l to 5 theoretical plates above the
bottom 10. The process according to any of clainms 1
to 8, wherein a stream B4 which com



prises high boilers is withdrawn fromthe trioxane
synthesis reactor. 35 11. The process according to any
of clains 1 to 10, wherein product streamE2 is fed to
a purifying distillation columm and distilled to
obtain a pure trioxane streamFl and a stream F2
conprising trioxane and high boilers. PF
0000058055/ Sch - 11 12. The process according to
claim 11, wherein strean1Ff is recycled into the
FIth e synthesis reacto A 13. The process according
t lalm 11 or 12, wherein stream E2, before it is fed
into the 5 purifying distillation colum, is passed
t hrough an adsorption bed, which renoves traces of
water and formc acid fromstreamE2. FIG1 1/1 3 15
12 15 14 1010 7 11 2 ....... 3. g6 13 16 4 3
5




