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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 SHOXENS, W RKHHY FHR R H énlw @amm@ trioxane

ron b e GorP et B g P RS Bl Besstaty rect
flcat@n up,tg|pycﬁ trlgsanﬁe@mghpgmedmﬁ andiap lazgotrapig @pﬁl@moé trioxane, water
and & Alaldefydel 5@ tHel dtaraMEorRy xabips] aRiaqubbes inBti6 RBAAERG df B0% by

welgﬁ\t ?istﬁ{i)g’eﬂ% %§’ tﬂaj Jéé’]bﬁtod? \Afé?érlém zﬁg}dg w&tgﬁpgf%l‘?na%ﬁﬁlag ssepa-
rated in a first dlstlllatlon 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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azeotropic m xture of trioxane, water and
formal dehyde. This azeotropic m xture is recy- cled
upstream of the pervaporation stage. 40 This procedure
is very costly and inconvenient. The pervaporation
PFOQH?PQSO?%CBarti cular entails high capital costs. PF
0000058055/ Sch -2- It is an2object of the invention to
provi de an alternative process for preparing trioxane
. frao eous f.ormal dehyde | ution to optain pure.
tis ph Dflesfill 155 1ophi B ol @ Bracis s BrdhaRitd fioxane from
aquepusderraldghiydn salutienito ebiain pure pxanec B isd pasiculacehjest to provide a
proceS WhicAravBiRs P ridnnRce biedxiraéiih sbps drdeRiapBraiibh 8teps for ob-
tainihh’ g;(eatnlg. 3 The object is achieved by an integrated
p%’ SRS Gl "preparing trioxane from formal dehyde,
conprising the steps of: a) feeding a feed stream Al
The&BJERt isSchi@vé®@byrah iHtdyrardprstesB iR prabading trickaié fremSbineadehyde,

°°m3’§%iﬁ§fh%gﬂ§5d§ § ng predomnantly water and additionally

and trioxane to a formal dehyde
concentration unit and separating it into a

a) T esaumgie fuedestieamhA s tompiRing\riaide Rydet drewatésand a recycle stream

C%Sdo%d %9\ gﬁ‘&%}'ﬁih%ﬂyywﬁgr XW& E&ditgo%ali i %?ﬂbﬂghgdeoér%ﬁi‘&ane toa
streamrer e nprising’trioxane anc w_a‘f_er, a recycle
sforawidehyde ¢onceptplionsuniyand sepaiatindalh intoz iermalgdalyderrich stream
ap2rapird sttgam AB eoihsistinglededntiddy of witegt ream A2 to a
first lowpressure distillation colum and distilling
at a pressure of fromO0.1 to 1.5 bar, and w thdraw ng

b) afegdinga meodust skermp Gt FRRRRISIN trioxaRs and Negpter, a recycle stréam E1
]E)rceﬁhprré;in@ntdxane tnd estencaral) ¢ apgebiptiale) el fgrm@itiehydanidh stream A2

( ., r t n | -
o8 BSA3DY FessByc GLURE cindt Gef Bhdfin S8 ofgssuldh from 0.1 10
st'rhah ard Mithdiawinghg hexapeangahathasiiaam Bt ©MRfising predominantly
adibxahe and hydifienaipwaedratd formehidehyde atsotiasn drasi steeadr BRvconsist-
St ) i1 f ' t r r R4 i
aéﬁgﬁéﬁg%@, SplhgacyRe it It BB SR B bomprising
r @ERdoBtinaiy wRteLANH faditiens!vofarealdenyds aid idxappas a side draw
ststream) C1 conprising tri- 25 oxane, water and
formal dehyde; d) feeding the streamBl to a
dium pressure distillation colum and distilli at

o) o ToediaBeEotgm dret irear 80001 SRRIORRE 0 Slieam ARjo @ trioxane
beyhtbesis teactonabd atlowipgitsém do nestchto- oaih therstréeyh &1 @maprising tri-
MR, Woldr Bk Somitibnggst  €am D2 conpri si ng

predom nantly triox-"30 ane and additionally
for mal dehyde and water; e) feeding the streamD2 to a
d) hifegdiny thessireandB4tto ld erediom-prebsure distidatdinstalurhn rgdatistiling at a

Plbfessure of from 1.0 to 4.0 bar to obtain a low 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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sure of from2.0 to 10.0 bar to obtain the recycle

stream El conprising trioxane and water, and a

product stream E2 consisting essentially of trioxane;
PF 08®058R%5/Sshr eam A2 being fed either to the | ow pressure

di stillation colum or to ttB trioxane synthesis

reactor or to both. "Consisting essentially of" is

i ntended herei nbefore and hereinafter to mean that the
that e cerPeeNpNt Megtirnad; caRsiyiesitee mayy compqneatin thpsiream. and is pref-
erabheprgisént thereinao ahlextent ofaat Idamh S0% WY AMdight. wei ght , of t he

conponents nentioned. "Predom nantly conprising” is

. intended to an PF 0000058055/ Sch -3- that the

T”OE%J?ﬁpgﬂféTiﬂ'd%HE iBHeMAIED AR KRQRTL L {3 ﬁé?rﬁ‘a%ﬁﬁ%@ﬁ? which, at a
predshee sft t bamconsistsicd 69Peby weighb b/ tripkarse 150 bieveidht of forenaldehyde

b h t 50% by wei ght. Trioxane,
and?ér/ﬁlg\f \g@lﬁ B W&

yde and water are known to forma ternary
azeotrope which, at a 5 pressure of 1 bar, consists
Accorfdir@g%trmnn\mit@ht thefternarya@ntopdidsbyaratEddiyta piessure swing distilla-

tlon hﬂ?d”né’tﬂ% flré{%@ég%@hdvﬁétmﬁﬁoﬂta Btealffer%ﬁﬂg{eg%dig s.UR a low-

I | ONn t er nar Zeot ro
preﬁs‘m@sgﬁ i flgoi & frokane-q %(%ﬁ"oxspe@aref@? dahyde, mixtlgg which
comprisesaonly @olitte traaidehpde snrestoxge fram ditfidxanenand formaldehyde-rich

aquebEESRlktire - THentanérféW'ch]{%iHr%ﬁﬁé{éﬁ’foﬁhﬁ&éﬂg}g@tm|SE‘1!?JréFs%%aréfed in a
trjoxane-rich trioxa ter/ e mxture

dowr¢ain co#ﬂﬂhu RIB¥YSR| y b?t”l 3PP e S?a&enal 'B’é’hyoae yiopanwsyely  tox
anefwaterfarmaldelyde enixtaredor theneredrangddend wdmallyem;m@trmane on the other

hanH‘ Bét%é@n th@l@wtﬂrbé%?@é‘ @I‘sﬁﬂa%ﬁn tsfdg@’@ﬂ%évﬁtgﬁtdréﬁdﬂ@bﬁﬁlmﬁﬁ stage,
a mEpti hresade ARLRBh Sanes disci Movan i (o ol porers. Rocording t
the mvention arfofmoaldehydeiwader mixiure mithan highevaderecdvderd isatso withdrawn

as aw;.aé H?eM iforﬁ%ﬁ@ IdV\F b:%%@u.lnr}ﬁ(gs?llllét% RAGE ranéﬁs ﬂa@rlg a fBRhNBERYde con-

centiolon sralofR BetIFL Piagupdte BFguee s o fosvatgr gomoval

distillation stage is also provided to renove | ow
Useh@'hlgﬁ[pﬁessﬁﬁé Qhétinye- dr@ssu?é@nd I@)V\ﬁfﬁ}béélﬁe dﬁ;tlllatlon columns mclude any

dlstlIléhogl %og sth%.*vc\:ﬁm cglgmgs gylweraalag ﬁa::}cgmgt ?{esetruc?ured packlng The
distillatignmobseng maylcempliseaanyintesnalgestrugieed padkingstas random packings.

HeréiRaffaR! SBS1es€urs et reRi fodhé PrsSlird 3@ tHeae bhiie clunth nltfiestion.
aqueous formnal dehyde feed stream for water renoval.

20 Useful high-pressure, nmedi um pressure and
In al frat pioeessustep di)sa iféechsliream Al compyisingcloraldahyde and water and a

recyéIeSEtlrédn@tBSJBorﬁﬁﬂléiﬁ@%recﬁhﬁﬁhr@@ waRbkUBRG d&dttlbnélﬁirnféﬂﬂhldehyde and

acki n L S r ed istillatiaon
ol dintian bR R0 Bon IREand bitreioPaly8' ormatcnyae-
contginid $1panbA2 apd a@trepr@e‘ba mlstlngrlemgnﬁdmré watey) |

pressure data relate to the pressure at the top of the

In ggr?érgmhei faed léﬁéérjn A con?&ises 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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In a first process step a), a feed stream Al
conprising fornal dehyde and water and a recycle
stream B3 conprising predom nantly water and

PF 0009878056181 | y f or mal dehyde and trioxane are fed to a
formal dehyde concentration-dnit and separated into a
f or mal dehyde- contai ning stream A2 and a stream A3

consi sti.n ntlaII 30 I n
The{eQageraialiB af & v darSe IteTroixite el & 4 pietere of gen-
erally dravalOce ey d@.0dad, prefecahiB8) a preSurddistikatightcobimmat erpressure of
ené—rﬁ fremyco & $6.0 PAM Ak Emé &M %f&ﬁrc@hb%tsfés@ghtﬂa'ﬁy bPwater be-

g it e s e A

at a prasstisr otdl Tdry déopr tevipesature il A2 Ccanha bg@@n tramiaratureg/of 156°C.
from45 to 75% 35 by wei ght of formal dehyde, from 20

In af}?/g‘? 55({)"/0 E%’ %I)B? g?{f%’g t\,\ﬁq%téﬂe V@gqlﬂf C[A%nmq{%ﬁé Itlio[cgcpﬁa *%&¥¥r and formalde-
hyd%geélfﬂ puain?ddﬁ atamane @Unﬁb}ESIg ggaqj@n grracyqe $tream Eg(pqn@pnsmg tri-
oxardd8%4 hﬁtewedrﬂm a&cfrth@ Eheaﬁﬂnﬁﬂéhfdbfmms'tr)éaﬁﬂ ADfr&MBhé concentra-

ton 345 B 6 o TR Erepente dllaror Fallsho Fis sfm 3h e igo be fed
fullyfos padly siirpetly todhensionane syinthesisyeadener and
tri met hoxydi net hyl et her for exanple in anmounts of up

40.10. Q9 | 0000058055/ S¢
Prefifhbiie SHEan i e i 10 fHe Wikt s ishTaRl SORITL 8 2.3k {56 in the
uppersthisd peiheagiumn, éorm)@mﬂ fsorof1 \geAf-theerglica) platespalow theotop of the
coludth, n®atrearrcef 8¢ aldide ﬂe@d@; Heaswe Tlrg loB tHe ¢alirh®Nprerabifrom 1
om
to 28 BB PG Mlae JFOBERh ey M Bted, WhehuPaliihe i€k tty or
partiyrig the lowhpressuracolumn, Bus isogansrallysene dn thenlowst itirdzpf the column,

preféablyfront Ao S trePAitibIgslates @bov4AEBbBoMD at a pressure
of 5.5 bar, a top tenperature of 147C and a bottom

tenperature of 156C. In a process step b), a produc
Thedew-PERasUre Giinem '%@ﬁ?ﬂﬁ'@é@ef&te%ibﬁ@fesﬁlaﬁe@f fegny 0.1 to 1.5 baf pref-

erabip i@l fetucky Pees3lfe bh froki 8i5NRADOMaR WHa® ¥ bBtamsalt 138 itBoxane-
enrifRRCh R &1 EMYfLifa BId-ERMm RN BhAAdlibim RS 4Rormal-
dehy@ pf&iﬁﬁabiy@%mpedfaw&tr@eﬂu amttgmudra\arsérew@d?v& @Owaﬂng §§sentla"y
of fdrmmd@h?@es Hh@ waitsr] bhd &id ptyelel sw@Bm E@@oﬁfphaampéé’ddmuantly water

and% ﬁﬂﬂlk?aquffgrqnalé#nlghé’ aﬁ& trfo@trah%%s(y gl(‘t? L dlaw %Fefatr#err#e Iéﬁ%ﬁ’a@ﬁenerally

e re
w'thti'r@élm 'a\smqsiumlmaé preterably mtha ey hird ohthecalyrare Griignaliy, a side

drav Bfearn B whichi coinmises heyhcbdilercart B ithar@vre fromomie ol Pressure

distii%igwb%m p@laraely% e IB&/%PW JH hlﬁ o:rtgéér t?fdlstcﬁfrlgﬁ%% Qc#llﬁfq;h'om the

tream OWer
Proceg$-umm, preferably from lto 20 theoretical plates
above the bottom of the colum. Wwen stream A2 is fed

Theflb{L e ﬁ‘ép @%lﬂtah%{% E@H@*ﬁﬁgls YERIAT e f‘ﬁewg’ eer.'aibR/ frém 4 to 40
thebt@p lats gy from1l to 15 theoretical plates abové t he
ottom

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.
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20 The | ow pressure colum is generally operated at a
pressure of fromO0.1 to 1.5 bar, pref- erably at a
reduced Eressure of fromO0.5 to 0.9 bar. Wiat is

PF 0BIP2OPRENi s a tri oxane- enriched stream Bl conprising
predom nantly trioxane and -&dditionally water and
formal - dehyde, preferably as a top draw stream a

bottom draw stream B si st ssenti al | of
In aRBodsRR SR Rlc G rG o e HahdE e ap &t Supfa e are fed o a
triox@oeapsyntbesig rmcem‘oandr@llmwesi tovsieant t@ Bbtaimdtha gitfieamo@G hicbyprising triox-

anefé?{drwétéﬁhmest%% h@lfﬂ?ﬁ@"t}?e ﬁ)‘ﬁmﬁldﬁhﬁ)% é‘Hr@\éhﬁétroﬁaéﬁn B 1eed fully or
t hdrawn in the upper

Pa”lf@%’éerté'ﬂf W"i"l‘?@'s’dﬁﬁ%ﬂ? ‘third of the col um.

Optionally, a side draw stream B4 which conprises

In dﬁbgéhqmlrhsﬁtscfcme ﬂs}scéfusté&b td e tnb@ntloﬂwum Wéﬁal#ﬁ&maldehyde
ower

mixg<is copgenalionte YA B GrT orbop Bl PR gk 8t atis fbmoge-
neolher heterqgenseus eatalysisisutiaas ion exsihange resinsg eaelites, [sylfuric acid or

p- tofdeﬂ@%l.ﬁfohi@ a'_%ﬂi apé%fﬁb@i’@hh‘e bf Q@i‘le‘}altyqrd’rﬂ 70ttB qabesd. Tl trioxane syn-

e ST 9760 BUA B 1RG0 PR 9Pt SHEIGH CPP SRiorAyer g peterogene-
ous fcatalyst, ferex@Biehan inpieybhangk résin onkediteyde and from 10 to
40% by wei ght of water. The bottom draw stream B2

BB S5EeREEE St AR B ROl S r o o
companeitidiant @dditivpallyehe tanpeilesand highdodersgepieally famed inrthe triox-
ane%‘?ﬁ!ﬁ@&@ lﬂfgeﬁéﬂilnlpcdn"?prib@g/‘fraﬁl eitgB5% Welghtsé? tﬁé’@nb Low boilers

nts 0 rmec a propri at 4
and B3GR eareih PeseRf 1o sxamb cEndRin bfrory R T p ogppy weiont
draw stream B2 and if appropriate streamAZ are fed to
Theé}arocﬂddt SiSHIR CﬁMQbh#é’aﬁlyraQ%bﬂétr@ﬁd wﬂich R4 th éhd I@W-‘ﬁre&é@xre distil-

in the onmprisin ane and
atidf oot §8%e BB RO LS FRPbR Dot A aReier I Bapion mix-
turefpsesendlinfthe tnoxene synhedisreagtor pan be de@rﬁwnégﬂm esitetime.
reactor 5 In one enbodi nent of the process according

in oh chBBARIPYER! bR egwﬁ?’?%gééﬁ’ FanEEnl e HokhhE Bylfesis stage
c) apdl dhrelowepressue idistitationratrpe- birise warrigd Mﬁ@ﬂﬂ@&frﬁé@@aﬂwe distilla-
tion GAlloAk Y8a&iod Llurds. IhQRe %mbbﬁ‘t@g@chmltﬂﬁ ma¢ebmbAsSe a fixed catalyst

ood ool Sy R DSl s g o

out mythe PIEsenes plca bemogrnests Falelysbin which gasd xeacigiegatalyst is present
in tHeSsMIrfr béttorh hdgethe? ith sl waRatdrealderfde MiXAREETIRISIAE draw stream

B3 i8 fHer” r‘ﬁ]r%ﬁﬁ Tro {he‘?xg‘&% %ls?r]atfo%%oﬁl)r(r?nha ut{a%?e Eou?l in the enrich-
S5 ¥

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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The product stream Cl conprises generally trioxane,
for mal dehyde and water as nmain conponents and
additionally the | ow boilers and high boilers
PF 0p3P9%8828/3c) fornmed in the triox- 15 ane synthesis. In
general, it conprises from-G&- to 35% by wei ght of
trioxane. Low boilers and high boilers my be present,
for exanple, in amounts of fromO.1 to 10.0%b
TheyBedjit presrite HRURIE CoPFRAASEPTELIN 2 dpR0. Bleferaly from 4 to
40 tbeoretival platesh is fed to the | ow pressure distil- lation
columm close to the bottom To discharge high boilers,

i RGeS ol 88 B R SR o an
distifled af arpresbureqaidroom® Odo et basf preferalpy droas3.0de 64 birntp ekdain the

recycRestrdhhe it &ﬂnpﬂsﬂ? friok e BRd WA 8RE % BroRtS stfdanf BB consisting
trﬂe I o%/\{-.gressure Istillation stage b) are carried out
esseriigly AiO%ANe, reactive distilla- tion in one reaction

colum. In the stripping section, this may conprise a

TSRt Al koo Sl R TP RS VRITLY Bl om 10
t0 504 By Sanb Welp e B elfc by i dnEiRiechyas. The tioxane
stregmtEd gansistd of tibxarke geaselinto ae ot ofat &ast 09.0% by wsight, prefera-
Tl ery e g Theed e oy coppiis velgrand or
mic A3 o FRATOR 4T SURCTP Shr EHD 7R BewPEt ameFiehieivan

colum at a suitable point in the enrich- ing section.

The3igh-Pre@siire Afistmaticht &urdh has lgeRémIBiroms2 te 8ot Srefkrably from 4 to 40
theneEd' Errr%ressure distillation colum and dis- tilled at
afetiatala

Pe of from1.0 to 3.0 bar, preferably from1.5
to 2.5 bar, to obtain a low boiler stream D1 which

Preffé@JBN, isfr88m Qljd?"]ig e %é/a %Efeggé@!o'thgﬁbhydréésuwgisﬂ@iibtta( Ibolumn, stream
or e an I ea C 'l Sl .pre m nan

E1 i, VRAn 2Hcr SoRiPievo RERY S0, e Ro s "HA S 8F = Baftom draw
stregmy StieaDEZcaneaiss be Withdrawntasen gasaous sideckiawibstween feed and col-
umrShdéteain 131, but essentially no |l onger conprises any

| ow boilers. In general, the | ow boiler stream
consists of low boilers to an extent of at |east 25%

In atpartioariyhrefeged empodinant ohihedrocassiaccangingytpdhe Evention, the low-
pred¥RidistifaboARY) @ camiddf din tFner pledird &t RIS 01 to 80 bar, the medium-
e QHPL BRATAE o) A0S ot B 6 B, B R Pl e
tion gl at ¢ pressurgrah freex 4.8 fe 6.0PaD000058055/ Sch - 6- The

medi um pressure distillation colum has generally from

to .5 ef 4.t0 0 ti,cal plates. .

i f BB S5 Bk obd RELT8 o e HREAR, bl a2
purifigchavqst biber: d odhistand, #qaprbectsrdens puTting distiliation| cotunn and dis-
tiled@tPOIRaMUL Puref tribx® strddnt ©1 HAdQ edam PreJopipriging tficxeiMe and high
boilégrspsgr&n@ FQ i%@énerél& vﬂmdgalwrh %tqﬁe thechﬁé golargh%ﬁmn%y consiEEof pure
_ conprising trioxane and water, and a gr_o uct "stream
trlox@aﬁsnagpgrﬁgpunty 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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essentially of trioxane. The recycle stream El

conprises generally from25 to 75% by wei ght of

trioxane, from10 10 to 50% by wei ght of water and
PF 0PQOgPACES/$ad 25% by wei ght of fornal dehyde. The trioxane

stream E2 consists of trioxanhe generally to an extent

of at least 99.0% by weight, prefera- bly to an extent

of at |east 99.99% by weight. In addition,
are,Cfgﬁﬁf(@lggleWg\o@cu@ﬁélqvg? |omee(cté%qg§rs fzgph'(g%aqqﬁl[d@nﬁt%y and silica gel,
andatsounttsercddsorb@n@khoWnhy thuse gkilled mrtbe Bitgh boi l ers. 15

The hi gh-pressure distillation columm has generally

from?2 to 50, eferably from4 to 40 theoretical
Theole3uliB e vy Wrope SHiMDE BETaral 299075 e weibly piglerably
> 99.8@% MygWweight $s pireéerably tused &b ipoapaco polpoxymetinydema (FEM) er polyoxy-
metmiéﬁ@'a@%tﬁése rPQs g)()ﬁtg’)r(ﬁﬁétﬁ Eh@@gné‘tmleéﬂ%r'g(%dl\ﬁDME ) and diami-

rawn a aw O strea Stream E2 can
”Odﬁﬂh%\”ﬁ‘@'ﬁf‘ﬁz'&‘f’ as a gaseous side draw between feed
and col - um bottom In a particularly preferred
The%ﬁ’ﬁb‘hﬂbmﬁus‘&faté&ﬁ dgfaﬂ@ﬁ%ﬁe %m&htfaume | nventi on,
'ow pressure distillatio ) Is carried out at a
pressure of fromO0.5 to 0.9 bar, the nmedium 25
pressure distillation c) at a pressure of from1l.5 to
2.5 bar, and the high-pressure distilla- tion d) at a
pressure of from4.0 to 6.0 bar. In one enbodi nent of
®process according to the invention, the product
streamE2 is purified even further. To this end, it

Thecfgtf‘ur@%hf)\ﬁg oh& {)Fntﬁﬁdfrhéﬁ’t' &th'p?édésls %tcb@rﬂln@ol'outﬁﬁ |ﬁ\Fé‘Fllt|9r'1 SOnly the

Ex

I oxane stream

maig we}m%xd%owﬁr §'i“i‘15 'QXBP%QQWBO AP DY) | freémSS‘t"?%SErﬁm‘e"t
of ttieisei aigeemmmhbnts wh tdialriaessaban h@0%apmprise iee cudtemaryasedondary

con{gﬂaﬁeﬁ@?&hﬁeﬁ iPtheRHbfaneldyh@gaige having a purity of >
9% by weight. Stream F2 is generally w thdrawn at

the bottom of the columm and conprises high boilers.
Feelltstraduii t (-oA B ctoynpma@ of 48% byrweighd oé forgaldehpdentind/5 H by weight of

watérea:'iffot red{tié é BiYe iR '1@ BBP&%&SS’&W o8y, 6%2?%%%?%Idehﬁde 70% by
weightiof piter 3 FP R bk el B g Rarnart 160 1oL e Peesiird Poflghor cotumn 2.
Thedirgsgure distitatiooglolumn Bas operatest atld presswmaf 6 kar4@ bottom tempera-
tureld1 968 @ RhY gftéﬂ(@n?peﬁ'é‘tu%%fﬁhrgg‘} elth'eocagb dFHV\aét?é&m gr@d AR obtalned is a
i & oty o 4 SomitiodhuBe PRt BY irt 8 Mafkr anhe8 by aypiont o
trioaneoThén bottom dfay stepatin 9t Flﬂaéapbtamedoss awastewateragtreBm canposed of
9890 By PASI§Rdoft WaRH GhicH stil BoRP8sPérhaN ap\%Qnﬂsnofolro%fc 4&d (1.4% by

Wﬂ%tﬁﬂ“?ﬂﬁ&tﬁ%‘é‘%ﬁﬁv%o@%%%w@vﬁ Th3'tSn B stegah BRI to the trioxane

synihgsis ceqcier §wimobsis designed @b @ngfisted, veserl Proguct strpadefi(s&5l) com-
priséd 855 Byl Wegl@tlt trioxané! @lo@s bv@rghh@ﬁwaeﬁqs%e&u Wwei§RCMorrfaldehyde
and v\#%slgy g}géhi )p?l fé éﬁ% ;grlgqgg ) %"F'&’\‘/{g éﬁlﬂrs%cgrqda%%g%’ponents
formaddn dhasynihesis. ThlS product sfream 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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5> 99.99% by weight, is preferably used to prepare
pol yoxynet hyl ene (POM or pol yoxy- nethyl ene
derivatives such as pol yoxynet hyl ene di met hyl ether
PF 0POENNEScand di ami - nodi phenyl nethane (MDA). The
invention is illustrated in&etail by the exanple
which follows. 10 Exanple 15 The figure shows one
v et T et etom e B ot B (< 5 e S PR srea.
Thedopprae rstreasr & is Feainto. tht medine-whssiee distilation cobfmin Hé saving 23
thedFﬁid&l 6|9{B%°dﬁﬁ1é fovbiof (Jﬁé B ih%o}e%é‘ai d’leﬂé”ﬂi‘é) &rﬁﬁ”iﬁﬁ‘s %Serated at a

e CUSég secon onent

pres[sp[eoc;(fan %OE‘ tepyy [i’é%f& APRIGY, 195((5,% }Opctgm%?élge approx.
62° @fo@l%pldya\wslr@m 1ﬁf(—1DjIr) whiaireldyisle naintdrecdfobA%y bywaiegiht obdethanol,

54%\6\} ﬁélgﬁf‘& r’ﬁ%dr%yrlgi ﬁ\gﬁé&f%’ %V%@;rﬁ of ﬁ%ﬁhypﬁﬁﬁ%eﬁh@got?&r/ YR stream
13 (GPALAPIOS AHRA NE % Weiacs Forasnite ghes by Welgnt of water

and di184 by Iveighd rof didxame. Phe btiem piraws streemdi Sisi fieti do itloen high-pressure

dlstlﬁé:tldf'ae"ﬂr%g@nrt m g%ﬁ@b@ %é&?et%a%!&t% 't ﬁe%ve@omé 22ﬁd RISk &iFal plate.

B s apelafodat SHATaine Dotom BRPaIalg 5 SPBrosel 76 fedop tem:
peradfireSapprdyy 1487C) Hihe aécyicter stedadre hy (e 1 )is Wbanateasythe tof draw stream

and\’@b@r@ ﬁ@@bc’f’%@r@é(mv’t%' @ht2) Yomposb@¥PDB9.9%) By BRSGH B Hoxkdhe as the
am 4 éj’f‘ tai ned IS a wastewat er” stream

°“%'Br?ﬁ%‘§éﬁe 98% by wei ght of water which still
conprises small anmounts of formc acid (1.4% by
wei ght) and fornmal dehyde (0.6% by wei ght). The top
draw stream 3 is fed to the trioxane synthesis
reactor 5 which is designed as a stirred vessel.
Product stream6 (= () com 30 prises 25% by wei ght of
trioxane, 22% by wei ght of water, 45% by wei ght of
f ormal dehyde and 5% by wei ght of form c acid, and
al so small anounts of secondary conponents forned in
the synthesis. This product stream6 is fed in
vaporous formto the lowpressure distillation colum
7 having 20 theoretical plates at the |evel of the
first theoretical plate. Also fed to distillation
colum 7 is a recycle stream 15 (= El) conposed of 65%
by wei ght 35 of trioxane, 31% by wei ght of water and
4% by wei ght of fornmal dehyde at the level of the 19th
theoretical plate as a side feed. The colum 7 is
operated at a pressure of 0.6 bar; the bottom
tenperature is approx. 93C, the top tenperature
approx. 62C. A top draw stream 8 (= Bl) conposed of
3% by wei ght of formal dehyde, 26% by wei ght of water
and 70% by wei ght of trioxane, and a bottom draw
stream 9 (= B2) conposed of 65% by 40 wei ght of
f or mal dehyde, 22% by wei ght of water and 7% by wei ght
of trioxane are ob- tained. The latter is recycled
into the trioxane synthesis reactor 5. Al so w thdrawn
at the PF 0000058055/ Sch



10

15

20

25

30

35

-8- level of the 14th theoretical plate is the recycle
stream 10 (= B3) as a side draw stream The top draw
stream8 is fed to the nediumpressure distillation

PFO0QE@R8PRPPCN 1 havi ng 23 theoretical plates at the |evel

of the 5th theoretical plate? The colum 11 is

operated at a pressure of 1.6 bar; the bottom
tenperature i s approx. 105C, the 'top tenperature

approx. 5 62C. The top draw stream 12 (= D1) obt ai ned

is a mxture of 19% by wei ght of nethanol, 54% by

wei ght of nethylal and 25% by wei ght of nethyl

f Annintegrat&th erdosiss don gdregrarisg rieewane 1foni foidPldeiiytiaj nemiprisng the
aslrg'Bﬁlbpre of 3% by wei ght of fornmal dehyde, 26% by

we t of water and 71% by wei ght of trioxane. The
bottom draw stream 13 is fed to the high-pressure

dhﬁt | #eaaan rh @eh%ﬁaarg%ﬂee{ma&. otrJngaaﬁ&deC@Ad w!a@ 8fd &lrecycle

| evel the 22n eoretlca
col urmstresanb E@r@mls'ae vateyAs th@méala@pm@ﬁn@rér?@éra&ﬂﬁlpea'%formal-

appr OXderin@CéndttﬂSxatrféﬁot£fBTmﬁ%ﬁ§d€ @arﬂ:@ﬁfréﬁibn drﬂt35ﬁd délfarating it
recycl e streaml?gs 5’5%}'8 obt ai_.ned as eto t:/)Y o
st r eani"OR iPRAKIEPIIG TicTRiaams fif @Rfharsream ?O@Bﬁﬁ'&%é east 80%
of > 9By Rbighyotweitght of trioxane as the bottom draw
stream PF 0000058055/Sch 9 1. An integrated process

for preparing trioxane from formal dehyde, conpri sing
tbp steegimgecs profua stréaadi heormpdshegptriskareamatdr and formaldehyde, a

i si f | . .
o r oaniside sHBARLE S ERENS RBRE I And RloRpvag, qnat. i ap-
addi ti pm)atiaty thersimiam A2ty ddirstiow-préssuendistillatien column and distill-
f | d t ' P -
ot LB A SEREEB! kO TR MRS fipano-enrcheo
conpr i streegn &1 qmslredm@xam 3p/a Raig lkempeenend taad ; additionally water
feedi ngndifcﬁﬁ%ﬂ%%dété' %eﬁarﬁldrswmfelaﬁi B? E&%Wat YWasEB0% by

and f or nal recycl e stream E ris g o
t ri oxaweightwatk @rm@ﬁ@mderW| Wiy @od the decyrle sijgam B3 comprising at

propri fHeemaih@nifohesivAdr hRd @d&lh&%llﬂf@ﬁfﬁdl’d&ﬁéé’ lafid trioxane as a
distill, t|on col um and distill 15 ing at a pressure

of froRf®diaw 8™ har  and withdraw ng a
trioxane-enriched stream 131 conprising trioxane as a
t d additional ter and

(B o (R0 ONe L3BamE T B Y Al Biaeolibfigle tiengream A2 o

| east Bi@%rhg/symesgl‘reactbr hod aﬂﬁvdmguhém rdactdd ebtairathd stream C1

t he regy B the main

corrpongn '%"f&e[:i Sgérﬁf g’&&?gﬁg e?&??ml dehyde and

trioxane as a 20 side draw st ream

d) feeding the stream B1 to a medium-pressure distillation column and distilling

at a pressure of from 1.0 to 3.0 bar to obtain a low boiler stream D1 compris-
ing methanol, methylal and methyl formate, and a stream D2 comprising pre-
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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c) feeding the bottomdraw stream B2 and, if
appropriate, the stream A2.to a trioxane synthesis
reactor and allowing themto react to obtain the

PF 00089381  conprising trioxane, water and

10.

11.

formal dehyde; 25 d) feedingghe streamBl to a

medi um pressure distillation colum and distilling at

a pressure of from1.0 to 3.0 bar to obtain a | ow

bdhé @rocess aecordibg doofain 4; whergimieHampressoet tiglilatiombylis carried

mSEthXJ fq%&?ﬂ"e of ﬂ'891 61Sttor1e§@fa gﬁﬁpcflwﬁ rﬂ}'gﬁs?ﬁ«% di é‘,tﬂlanoa ) at a

ane and ad
vvate@surefm fr@)n 1 @éol |4rfgbarhen¢thedagn p)@sstareadiwllgﬁmcﬂ et supressure of

d;réhidzbg;il@ﬁi%pl um and distilling at a pressure of

O bar to obtain the recycle stream El
cdhpprospagacaording rrlaimiape?, whetein raam Fdlng aéthdrgka feom the low-

P%Q% Rt ARI Jefur%PEPE kS ddwlreateast 80% by wei ght
trioxane; 35 the stream A2 being fed either to the

| ow-pressure distillation colum or to the triox- ane

SSrﬁé RsteSs BERREIRG tcS)én @f &k 1I {33, W&ﬁ%ﬂ'ﬁ%%ﬁs fed @ the low-
Qcess accor o, cl ai
e pe st AT &% Paapes §1 e UPPEUINTGF rbomn, from 1 to
peeml laucalfplétreemelbv\ilthbcma, éiwdoareafni ?e amgssdmf@éﬁmgug dower third
i tio r 0 rgm to ar,

Ft%? l‘f8 gﬁo'ﬁ'r A ﬁﬂﬁgeﬁe@feﬁ ageﬁ ?ﬁ?"a;&' ?Otgmbr essure of

from2 O to 10.0 bar. 5 3. The process according to
ej t r.

5 bR ool RE A 31 GARE T o Slil U1 T G rom
stheeme\dlum préhwrprdbsiﬁsmrac@umm aegattop aingw citreamaang strearp D2 is
WlthPl 'a@asﬁc{tt% il stleSf €d to the low pressure

a

di's tron co nn as a'side feed in the upper third
of the colum, from1 to 10 20 theoretical plates

b?h@Wrch@s Eé&fdlﬁg?fb §|W 3&’1"9% 1% Saw‘ﬁb% Eesn EA i Wﬁhdrawn from

lower third from1l to 20 theoretical
pi@t '@Sh'ﬁwwet ‘I’iét'"BB‘P'i Gﬁ'P”'S'. asr ﬁéOFbldb%’é%e% c%&doﬁtW@"t B2 is with-

afawel asca Botisn drdwostteamherein stream DI i s wi t hdrawn
from the nmedium pressure distillation columm as a top

draw stream and stream D2 is 15 withdrawn as a bottom

dﬂ'hévpﬁdcée@lm:coﬁdmd' ttﬁargrafcwﬂms aqe @, dhaird, in sep afthe famakiehyde
.n _strea

| . i t.hd
oot aliiing S dd iR danialon tHiAmh EN ShEETALR withpayp as an
aaguesius dattori2irave stredrh-

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.



drawn as a bottomdraw stream 20 7. The process
according to any of clains 1 to 6, wherein, in step
t he formal dehyde concentration unit is a pressure

PFOOO&%@?%?"%\U on colum and stream A3 is withdrawn as an

12.

13.

aqueous bottom draw stream1R5 8. The process

according to any of clains 1 to 6, wherein the

formal dehyde concentra- tion unit is a falling-film

ev a@orcmees ac@rdifigpdo plabu 83 swhereor streagn £8 isirecycied aitaities trioxane

1s%ﬂh{§s 8fi n a side draw stream B4 which conprises
ers’is wthdrawn fromthe | ow pressure

distillation colum in the 30 lower third, from1l to

SThé %Rfc@gé 5@&0rcﬂh§‘¥oec°|a|ﬁp9‘}’ &r ié‘%#é?&ﬁ m};fgarﬁctz Egm%ré)ft@é:ﬁasmto the

accord gﬁ&tto any cl ai nms rein a stream B4

wREKng I"@tiqns@eiurnngﬁ RﬁﬁSP‘érﬂéfoPQh Antasigesiian degnwhigh removes
t tfrhQasPdt atetinaesinsic LEAGOAT stredm &3, The process
according to any of clainms 1 to 10, wherein product
streamE2 is fed to a purifying distillation columm
and distilled to obtain a pure trioxane stream F1 and
a stream F2 conprising trioxane and high boilers. PF
0000058055/ Sch - 11 12. The process according to
claim1l, wherein streamF2 is recycled into the

tri oxane synthesis reactor. 13. The process according
to claim1l 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. g 6 13 16 4 3
5





