E3534 o DESCRI PTI ON

TRI OXAN PURI FI CATI ON PROCESS TECHNI CAL FI ELD The E3534
present invention relates to a process for purifying trioxan obtain%(il)/2
by heating an aqueous f or mal dehyde sol ujion. Mre particularly, it
relates to a 5 process which conprises extracting wth benzene a trioxan-
containing distillate yielded by heati ggs@arafueQUS f or mal dehyde

sol ution and separating and purifying trioxan fromthe
trioxan-contai ning benzene sol pkiombyPIGOIRIONIQON PROCESStI |l ation. 10
Trioxan which the present invention envisages to provide is used as an

i nternmedi ate of polyners in pol yacetal resins, and in this technical
field there has been an industrial call for the establishment of a
process capzEior8ICALPFOEUDI ng highly purified trioxan. 15 PRI OR ART
General ly -trioxan can be obtained by heating an aqueous formal dehyde
sol ution. For industrial Theognesenh invemwfidn imedatesa toehgdokassbéon
proposed in which a 30 to 70 wt % aqueous fornal dehyde solution is
distilled by hgarifyingotrhoxhn pbeaibmed hyf hertdgidliad eaugopst, and the
resul ting distillate having a conposition of 20 to 55 wt % of trioxan,
10 to 35 w % oforsaddPBEARJE012D1en- SOMGR S oRAT MR Y tife relateprdo; &

used as a crude for obtainjn urified trioxan. . Wat er and
form c aci d3coRESFRES Vﬁlggcgogpg;%g% extracting with benzene a trioxan-

containing distillate yielded by heating an agueous
formaldehyde solution and separating and purifying trioxan
from the trioxan-containing benzene solution by continuous
distillation.

10 Trioxan which the present invention envisages to
provide is used as an intermediate of polymers.in
polyacetal resins, and in this technical field there has
been an industrial call for the establishment of a process

capable of producing highly purified trioxan.

13 ©PRIOR ART
Generally trioxan can be obtained by heating an

agueous formaldehyde solution. For industrial production
of trioxan, a method has been proposed in which a 30 to 70
wt% aqueous formaldehyde solution is distilled by heating

20 in the presence of an acidic catalyst, and the resulting
distillate having a composition of 20 to 55 wt% of trioxan,
10 to 35 wt% of formaldehyde, 20 to 50 wt% of water and the
like is used as a crude for obtaining purified trioxan.

Water and formic acid contained in such a crude



2 product, the form c acid being produced as a by-product due to
use of a strongly acidic catalyst for the reaction, act as a chain
transfer agent to reduce the degree of polyner- i zati on when produci ng
pol yoxynet hyl ene by pol yneri zi ng 5 trioxan, so that it has been comonly
practiced to renove such substances fromthe produced trioxan.

Various net hodscoitad) aneEdirineedchal BwindayLoduced Raen Hyopeickodue
renoving water fromtrioxan: adding an additive such as an isocyanate

or sodi um di spsy Qs oF aastl&n@&g'abchlﬁﬁiéi decd s B-FiX iy Y82¥0on, act

DE- A- 1906846 and DE- A- 1280884); addi ng an adsorbent such as al um na
or zeolite as (a) RIEi44A e feFoAbentcasr yetge® Ut hali dddtdeatd O paliynisre
presence of a solvent which is capable of form ng an azeotropic

m xture w th visdasriognl R roddrihgspol EBxmet ApleddH RO Iymerizing
JP-B-49(' 74) - 28197 and JP-B-28(' 53)-518). These net hods,
however, ar®e riotiowsgassarithyt it hsat beéactomyodly pratisiaddltoamsimiorat i ons
for the reasons that after-treatnments are required since side
reactions swte pubstipacesofaen thecprptinesd curieumnt he effect is 20
unsati sfactory, etc. . The foll ow ng nmet hods_have been proposed
f or removi ng formi c VAGIQUEr BREDPPHBX afUCh o2% | MERBRGRAL (REICH hEYe out

0,2 T e R S SRRSO ARET e tmran M B
JP-B-40(" 65) - 12204 ; BEQE1522 %gdiégégénate or sodium dispersion or a
16 metal hydride (JP-B-40('65)-12900, DE-A-1906846 and DE-~A-
1280884); adding an adsorbent such as alumina or zeolite
(JP-B-44('69)~17915); carrying out distillation in the
presence of a solvent which is capable of forming an
azeotropic mixture with water (JP-B-49(’'74)-~5351, GB-A-
15 1080950, JP-B-49('74)-28197 and JP-B~28(’53)-518).

These methods, however, are not necessarily
satisfactory for industrial applications for the reasons
that after-treatments are required since side reactions
occur; the process is complicated; and the effect is

20 unsatisfactory, etc.

The following methods have been proposed for
removing formic acid from trioxan: rectification is carried
out by adding a reagent capable of capturing formic acid,
such as alkali metals, isocyanates, metal oxides and amines

25 (JP-B-40(’65)-8545, Jp-B-40(‘65)~12900, BE~647355 and JP-B-
45(*70)-33407); formic acid is adsorbed away by using
alumina, zeolite, an ion exchange resin or the like as

adsorbent (JP-B-44('69)~17915, Jp~B-47('72)~7384, GB~A~



45(' 70)-33407); formc acid is adsorbed away by using al um na, zeolite,

an ion exchange resin or the |like as adsor bent (JP-B-44('69)-17915,
JP-B-47('72)-7384, GB-A- 3
1254344, JP-B-45('70)-11503 and GB-A-11370%4). A nethod has al so been
proposed which conprises heating a concen- trated aqueous sol ution of

formal dehyde imid4mnpresenca i 70)-11803t BAAGEE-ACL f3 F054] Al yBtmdihdy oduce
trioxan, extracting 5 the aqueous distillate with benzene, separating the

benzene_ SR dItd 0b Yedd | sled Qh&éhncéﬁgﬁﬁséélﬁéﬁﬂln@r@ ddtddnd ng
It by distillation (JP-B-49(" 74)-5351 and GB- A-1080950) These

net hods, howevierate adiodsa\selallionf fF lfﬂﬂmalﬂeﬁtde in €@l pLoidrans of
because of the necessity of using specific em cal s and/ or specific

equi pnent . a strongly aASddco eathiyet ext ppsdueestuioesnf osxthamotiop ng
an industrial process capable of producing trioxan with m nimzed
contents of3wathes anbduoy mictddilatef Withebhehyebg, sepamatsimglEhe mretanen,
the present inventors previously found 15 that high-quality trioxan could
be obt ai ned bys®kitim iofg trioxant fobebzein arsdeuttbbxannpaddwfifyingkan,
wat er and formal dehyde produced fromdistillation of formalin by
heating, and distRY |dig iiHatiou(TPng-BaN23AL-BXD} aoRd GB- %ﬂﬂQﬁQQﬁthnder

the specified conditions. A patent 20 application was fileg

(cor respondi ngrA%PS M TE’@(‘-”@Q’F“’?@'@B are EHB ERYAr abo 6By W‘%ﬂferllﬁsl s of
this finding rogess described in_JP-B-64('89)-10513 and
U8, e 4392649 1 PRLIRATHADT SECRNE PEotBedREPFRLEY hf 5 tRG ARSRIEHE o

trioxan whjch es actln 25 b ene a trioxan-containing
di stlllatei((?)bt%?%pc#agls ‘%"ﬁgsp 359N eqfifpRenés

As a result of extensive studies for developing
an industrial process capable of producing trioxan with
minimized contents of water and formic acid efficiently by
a simple operation, the present inventors previcusly found

15 that high-quality trioxan could be obtained by extracting
with benzene a solution composed of trioxan, water and
formaldehyde produced from distillation of formalin by
heating, and distilling the resulting benzene extract
solution under the specified conditicns. A patent

20 application was filed (corresponding to JP-B-64(’'89)~10513
and US-A-4332644) on the basis of this finding.

The process described in JP-B-64(’'89)-10513 and
US-A-~4332644 is a method for continuous distillation
separation of trioxan which comprises extracting with

25 benzene a trioxan-containing distillate obtained by heating
an agueous formaldehyde solution, supplying the resultant
trioxan-containing benzene solution as crude to a distilla~

tion column, distilling away benzene from the top of the



an aqueous formal dehyde sol ution, supplying the resultant

tri oxan-contai ni ng benzene solution as crude to a distill a- tion
colum, distilling away benzene fromthe top of the

4 colum and taking out trioxan fromthe bottom of the col um,
characterized in that the trioxan concentration X (% of the liquid
CONposi { i on aled NP Taide toRPLate el 0Lt I B RpLLARM 5 Kept
wi thin the range that . sa?Ps ies t éa?e%g§?on of ti? ﬁ) ?omnng formul a
(1): cd 8fnld, charactéﬂ%@%ﬁ'@nRthﬁtatHSftfiﬁkéﬁ“ééhcéﬁﬁkiﬁﬁdﬂ ds a
par anet er defined by the follow ng formula (2):

[err] 10 where)n of ithed 1MRudldl coAbb8ifiohhgt | K Ehrids tf&dt igLdthe of

crude, and Cis a trioxan concentration (w% of the crude.

According to tire MiGaiga-1Ruiehe colemhy i8nkept wOUhiMUERES racdd fdmadion of a

t wo- conponent system the nmol ar fraction y[err] of the vapor |eaving

the (j+1)thsplsdteisflifes fuhemriefiattion bf gheefiobyoviwg f fdtmviiang I jor mul a (3)

fromthe operating line in the recovery section (see, for exanple,

H rata and Yorim: [)Stl|§éﬂl0n Engi neeri ng Hand%%ok, page 111):

[err] 100~ -2y -D* s X <100~
y - 05 y - 05

~2(y ~ D% + 2R* (1)

wherein R is a reflux ratio, and ¥ is a parameter defined

by the following formula (2):

R(1-C/100)+g
T R(1-C/100)-C/100+q

(2)

10 wherein g is a weight ratio of the ligquid portion in the

crude, and C is a trioxan concentration (wt%) of the crude.
According to the McCabe-Thiele theory on

continuous rectification of a two-component system, the
molar fraction yy,, of the vapor leaving the (j+1)th plate

15 from the top is given by the following formula (3) from the
operating line in the recovery section (see, for example,
Hirata and Yorimi: Distillation Engineering Handbook, page

111y

L+gF w

PRl LA S LA— 3
Vi LigF-W /) Lagf-wW " )

20 wherein L is a molar flow rate of the falling liquid, F is

an amount of the crude supplied, W is an amount of bottom



20 wherein L is a nolar flowrate of the falling liquid, Fis an anount
of the crude supplied, Wis an anount of bottom

5 product, g is aratio of the liquid portion in the crude, Xj is a
nolar fraction of the liquid leaving the jth plate fromthe top, and Xw
is a nolar fraction of the bottom product. 5 G adi ent y of
the operating prouds, tdeid ecovpide of thRCUIIGRIENpbREIBROYR £R6 NE&dé S

gi ven by the follomnng formula (4): [err] and
when assum ng kheis deahoTondftdeicod @f Rkl edhusapacavindOtheoftwfpldiee

| ow boi | i ng- poi nt conponent and the high- boi l i ng poi nt conponent of

t he two- conponéntmsyisé etwp f heend Xw figd laowioigrr €ratidos bbl the bottom

[err] 15 Substitution of these equals in the above fornmula (4) gives
the foll ow ng poeduth. (5): [err]

Thus, [err] can be used as a paraneter indicating the
Gradient ¥ of the operating line in the recovery

section in the above formula is given by the following

formula (4):

L
__L+oF _ _F'4 2
L+gF-W L._EK +g (
F F

and when assuming the ideal conditions for perfect separa-
10 tion of the low-boiling-point component and the high-
boiling point component of the two-component system, the

following relations hold:

L

= 1_____
F R 100)
w.¢

F 100

15 Substitution of these equals in the above formula (4) gives

the following formula (5):

R(1- )+q
= s )
K100 1007

Thus, ¥ can be used as a parameter indicating the

ideal distillation condition. In the invention of JP-B-



I deal distillation condition. In the invention of JP-B-

6 64(' 89)-10513 and US- A-4332644 nentioned above, this [err] is

used as a basic paraneter to specify the experinentally opti mum r ange.
It will be understood that the formula (1) gsets 5 the liquid conposition
at the crude feed plate on the extension of the ideal operating line
and al so experd4(Ees9)-1051Bakhy sBons4bbpepermessidias |dnddes, afhilshey | fguid
conposi - tion at the feed plate of the distillation colum in which

it is possibl exsed efsf ecbagds/ pequmdteephoagperi B drenzeneerikerarad 1iyr i oxan
and to mnimze the content of the chain transfer agent in trioxan at
t he bottom of apiengimstrianiget.i on col um. The | eft-hand
menber of the formula (1): [err] 15 is the mnimum

val ue of trioxan concentitaWiidd bf undersfodd that wuempieimilen (dt) tsledsf eed
plate of the distillation colum, and the right-hand nmenber of the
formul a (1)5 the liquid composition gbrEpe crudegeadeiabé mmbhal ue of the

same. As is apparent, fromthe 20 above, the greater the reflux ratio is,
the nore wi def@Fensiogy @t fbepddppisppeEating tking antk alspuickReSHPSESHt i on

at the cryde .fee | at e. In the conventi onal nethods for
distillation %éily s%o%s %ﬁe permissible 1im£¥s-of the liquid composi-~

tion at the feed plate of the distillation column in which
it is possible to effect gas/liquid separation of benzene
10 and trioxan and to minimize the content of the chain
transfer agent in trioxan at the bottom of the distillation
column.
The left-hand member of the formula (1):
100 - l - 2(y - 1)0‘2
y -05
15 is the minimum value of trioxan concentration of the liguid
composition at the feed plate of the distillation column,

and the right-hand member of the formula (1):

100-—20__ 2(y - 1)** + 2R"
y - 05
is the maximum value of the same. As is apparent from the
20 above, the greater the reflux ratio is, the more widened
are the permissible limits of the liquid composition at the
crude feed plate.
In the conventional methods for distillation

separation of a benzene solution of trioxan, usually the



separation of a benzene solution of trioxan, usually the

7 | i quid conposition at the crude feed plate is made to accord with
the crossing point of the operating line in the concentrated section
and the crude line (q line) in the operation of the distillation colum

(see, for exanmple, 5 Shigefum Fujita and Heiichiro Tohata: Chem ca
Engi neeri ng ligquild lcordositionMatethal cHiassfesd Qreied | BN Snadwp tod0- 47, Tokyo
Kagaku Dojin). That is, it has been the basic operation that in case
the crude i sadovml kiigh dhet atresbehgwpbhist of bive | operpoing 1 idee it itdean
concentration of the liquid 10 conposition at the crude feed plate is nade
subst anti al Igencenteiald tsecthiencraodetbencende at ime. (Jhl snepeimattihen,
however, makes renoval of the chain transfer agent unsatisfactory.
JP- B- 64(' 89)cp@mgiam@ iusha 43s2ddaadionl osbuma (see pofentexatisd f or
provi di ng highjy urified trioxan. It 15 was found, however, that use of
t he net hod ifwijka and Beddchggp- Tobaka anchaysioe 4 IBrpinegrsngt i | |
unsati sfactor for purification of trioxan under certain specific
condi ti ons. Ig;%e dthvishtsi $iRteriap- Argpsiey- epenavionnt iRhedi0-47 affelyo
provi des an jnprovenent on this point. .20 It has been difficult
to obtain trﬁ%géﬁF(ﬂﬂﬁ¥¥)n- That {igq AFnBeF RESHatR?  PaRIHhHRALAY G ¢ aci d
and the like,by, . for .exanpl.e, .extractin .t h_ benze tri.oxan obtai ned
by heat TR AR ORS: CCHE,B0dl Fol MAMIH SERYR BT Hhdhe
separating gﬁgg f th bt.al. b | O 25. 1 rd pxan. Thus,
the nethod di scflg-gge(# Q|C3'nrﬂtj P%R%%gégggﬁzggégggtfﬁﬁﬁ cc?)fn'%%estﬂt%d”taﬁe nmet hod
di scl osegly i ook B4bPYe 1921 3rude feed plate is made substantially
equal to the crude concentration. This operation, however,
makes removal of the chain transfer agent unsatisfactory.
JP-B~-64('89)-10513 and US-A-4332644 discloses a
potent method for providing highly purified trioxan. It
15 was found, however, that use of the method disclosed in JP-
B-64('89)~10513 and US-A-4332644 is still unsatisfactory
for purification of trioxan under certain specific
conditions. The invention of JP-A-3(’91)-123777 mentioned
above provides an improvement on this point.
20 It has been difficult to obtain trioxan contain-
ing almost no watexr, methanol, formic acid and the like by,
for example, extracting with benzene trioxan cobtained by
heating a methanol-rich agueous formalin solution and
separating benzene from the obtained benzene solution of
25 trioxan. Thus, the method disclosed in JP-A-3(’91)~-123777,
in contrast to the method disclosed in JP~-B-64('89)-10513
and US~-A-4332644, is a trioxan purification process which

can adapt itself to any possible situation by incorporating



and US- A-4332644, is a trioxan purification process which can adapt
itself to any possible situation by incorporating

8 an operation in which water is extracted with a benzene

sol ution containing benzene-extracted trigpxan. By enpl oying this
purification process, it has beconme possible to purify trioxan to an
inpurity (waderopetatorcai aiicdf waterddenekerabosd wippPnz benzene

There are, however, the occasions where trioxan with an especially high
degree of puséelvtiin arontaireiqy hethzene-ekhraettdi briasas, fBy exanpl e,
trioxan with an inpurity (water, etc.) content of less than 0.5 ppmis
required. 1@mpﬂwﬁﬂmﬂeﬁﬁﬂﬂ punidhitdadiopr prodessa fti baanbecond i peds drle
process which is capable of producing trioxan with such a hi gh degree
of purificat@npurify trignsm dSURE ORPRREtYNVERFEON etc.) content ofn order
to find a met hod for purifying trioxan 15 to a higher degree than

avai | abl e>at p¥RsEntakpiterl Hmm. possi bl e conditions, the present
i nventors have eagerly pursued researches on the art of distillation
and, as a result T@ﬁﬁ?ﬂ%?ﬁﬂﬂ??WeﬁﬁﬁndtpﬁaPCFPSFQnﬁogg?%$étE%P%ﬂﬁ|fy

t hj .gh tillati 20 h 30
L Lo R AR LR ot
fil ft whi ch. | t 10
P ot s anay TF ﬁ514 A TRE IS R S Al
bot t om of thgglterC“é%dllEﬂdﬂ%&ﬂ%”dfﬂﬂesszﬁhan 0.5 ppm lgug%qéigégresent

I nvention pr des’ proces
10 The present invention provides a trioxan purification

process which is capable of producing trioxan with such a

high degree cof purification.

DISCLOSURE OF THE INVENTION
In order to find a method for purifying trioxan
15 to a higher degree than available at present under all
possible conditions, the present inventors have eagerly
pursued researches on the art of distillation and, as a
result, surprisingly found that it is possible to purify
trioxan to a higher degree by using a distillation column
20 having 30 or more plates and by setting an inflection point
of the temperature profile of the distillation column at a
position which is at least 10 plates away from the feed
plate and at least 5 plates away from the bottom of the
distillation column.
25 Thus, the present invention provides a process
for purifying trioxane which comprises the steps of

extracting with benzene a trioxan-containing distillate



for purifying trioxane which conprises the steps of extracting with
benzene a trioxan-containing distillate

9 obt ai ned by heating an aqueous fornal dehyde sol ution, suppl yi ng
the resulting trioxan-containing benzene %ol ution as crude to a
distillation colum, distilling away benzene fromthe top of the colum
and conti nuotstgivedtby | heat imgl an Rowepes foirmg 1dehygdansblotiohe bott om of
t he col um, said distillation colum having 30 or nore plates,

charact er i ze8upplyingt the: resul¥ing trioxare-comnteianngoheneanagsbbukzioe
solution is extracted wth water; 10 (i) then the trioxan
concentratioﬁSXEFuﬂeet@fatﬁéﬁtillaﬁiﬂn(fQinmmosﬁﬁﬁ@dléﬁnghéwéYubenZee@ pl at e
of said distillation colum is kept within the range that satisfies

the relati ont8PRt hBe PP of e ciPmHmR @nd continuously distgpling and

[err] 15 wherein Ris a reflux ratio, and vy %raneter defi ned

by the foPIoﬁFH@r?g+ﬂﬁI5F%%§an rom the bottom of tﬁgrpF umn, sayferein qis

i ght t h t
concentrat oftEbEs AR A B g g 8% morgl pilhes Rasrafner et s of
t he distilla&hoghgeLunn |s

(1) the trioxan-containing benzene solution is
extracted with water;

10 (i1) then the trioxan concentration X (wt%) of the
liquid composition at the crude feed plate of said
distillation column is kept within the range that satisfies

the relation of the following formula (1):

100-—2_ 2y -1)°? s X 100~ —0_
y - 05 y -~ 05
"'2(?’ _ 1)0.2 + ZRO.S (1)

15 wherein R is a reflux ratio, and ¥ is a parameter defined

by the following formula (2):

R(1-C/100)+q
" R(1-C/100)-C/100+q

2

wherein g is a weight ratio of the liquid portion in the

crude, and C is a trioxan concentration {(wt%) in the crude;
20 and

(iii) the temperature of the distillation column is

adjusted so that in a temperature profile of the

distillation column where temperature is plotted as



adjusted so that in a tenperature profile of the distillation colum

where tenperature is plotted as 10
absci ssa and the nunber of columm plates as ordinate, the i nflection
point of the tenperature profile will appgar at a position which is
bel ow the crude feed plate and at | east 10 plates away therefrom and
al so at | easibdr st emawne nu%rbfeﬁ:omft Be1bRht praeés LA SQlilte, the BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON In the present

i nvention, ainfiexaier guilrdl RifNghe tempeRZeife SProtiDy Wl BXdpreiedtv th
water to transfer I mpurities such as nmethanol, formc acid and

f or mal dehydea s rismenthiioh tise bedbut khe cnﬁaetheea&mpm s THiss:
greatly facilitates purification of trioxan by succeedi ng

di stillation0 Thierteforasayt ihexafront andedltooatt beast 5 plistad latayon
operation subsequently conducted after extraction is remarkably
reduced % corfterthetbathenr ioff 4se ¢dlswoh as water, methanol and formc
acid. The nechani sm that derives this effect is not definitely known,
but it is supposed that transfer of formal dehyde present in the

tri oxan-contalnjn enzene solution into the agueous phase by
extraction v@a’%% \R&% FOR SRR NGUPPE) THE BHVEETWIFoxan 20 in the ensuing
distillation operatio on with water is .caonducted

either by a batch\%% Fhe, PrEEEREn 18y §F£f‘ﬁ”ﬁ5|?r FLIQERRE (ﬁmkﬁf“él%ti nuous

extraction sy, e .Qf referred to enploy a
so-cal | ed coJéiercurren Jgghﬁgcfﬁé§§9§§§ Wl£h water Lo transfer

impurities such as methanol, formic acid and formaldehyde
10 present in the solution into the aqueous phase. This
greatly facilitates purification of trioxan by succeeding
distillation. Therefore, trioxan obtained from the
distillation operation subsequently conducted after
extraction is remarkably reduced in content of impurities
15 such as water, methanol and formic acid. The mechanism
that derives this effect is not definitely known, but it is
supposed that transfer of formaldehyde present in the
trioxan~containing benzene solution into the agqueous phase
by extraction with water expedites purification of trioxan
20 in the ensuing distillation operation.
Extraction with water is conducted either by a
batchwise extraction system using a tank or by a continuous
" extraction system making use of a column. It is preferred
to employ a so-~called countercurrent contact system in
25 which water is passed through the column from its top while
a trioxan~containing benzene solution is made to flow

through the column from its bottom, and the plates or an



25 which water is passed through the colum fromits top while a

tri oxan-contai ni ng benzene solution is nade to fl ow t hrough the col um
fromits bottom and the plates or an auxi liary substance such
as filler for inproving inter- faci aliicont act between water and the

t ri oxan- cont ai ni ng benzene solution are provided in the colum. The
rati o of aumikiaty ddiestanoxavatorisaifilnerbgvzennpsovihgointsed in 5
the present inventionis in arange of 0.01 : 1to 1 : 1, preferably
fromO0.03 : fatbaD.Sontdet nostewemrefwataly wnkdr aipe tribx@f-codtéinmng : 1. A
smal | er amount of water makes the extraction effect unsatisfactory,
whi | e use of banzereesslutiommuatpmfvidederin chdscbdupnor fhenvayibecfiuse of
much loss 10 of trioxan. The formal dehyde concentrati on of

t he tri oxan-watercontthei tghdanralmnizgdninicobeakese eginhéononsedt hnwat er

t hough it _depends on the desired degree of purification, is usual |y 1%
or |ess, gﬁ?a5¥93®“?96¥ﬁeﬂﬁﬁﬂﬁ ifori@ a1zangeepér §bPY 0. B5900t teks.

After extractlo ter e trloxa cont ai ni ng be sol ution
N suppli ca PREEeERn R0 ofF ¢ T Hhluhn ‘witer BOBEnBERLSPEPLE gmed Ay
and trioxan ﬁn ent, .of n%urltl%s ch as mate@

obt ai ned 20 @gohlth%ob%5?0h1 T né“@&%ﬁﬁ1 unt S 2 Bak

noceasary t oo tor Sbhe T o i sassartl Wi T BE8 BhaERr aet it e of

the distill a%ﬁeaml?fc\géw@ f@a@g U Rt obollis 88RYLLECR: SHREFSESEs DY the
ncentr at f e [rqui

25 formul a e trioxan co ation
10 of trioxan.

e

The formaldehyde concentration of the trioxan-~
containing benzene solution after extraction with water,
though it depends on the desired degree of purification, is
usually 1% or less, preferably 0.2% or less, more

15 preferably 0.05% or less.

After extraction with water, the trioxan-
containing benzene solution is supplied into a distillation
column where benzene is separated away and trioxan with a
reduced content of impurities such as water is obtained

20 from the bottom of the column.

During the operation in the distillation column
for the above process, it is necessary to adijust the liguid
composition at the crude feed plate of the distillation
column so as to satisfy the condition expressed by the

25 formula (l1). 1If the trioxan concentration of the liquid
composition in the crude is left below the lower limit of
the range defined by the formula (1), it becomes difficult

to effect a separation between trioxane and benzene, while



conposition in the crude is left belowthe lower limt of t he range
defined by the fornula (1), it becones difficult to effect a separation
bet ween tri oxane and benzene, while

12 if the trioxan concentration is kep€ above the upper limt of
the defined range, it becones hard to | ower the content of the chain
transfer agenif the trioxan corffemtinaitdoan isokepht ahoiventhe vbpef ekilidt at e
can 5 be controlled by adjusting the amount of vapor rising from t he
bott om of t heofotkenrdetingd)iranpdgehe itteinseonesr bapdotp| dower thet¢enantum,

or other nethods. In the present invention, the tenperature profile in
the distillat®Pbnted| emmin stransigy tig@@tar |y i nportant. 10 I n
the tenperature profile of the distillation | colum where tenperature is
plotted as absci ssa andtRferioxay Renceptradigmagl besfasd oPHRBatean an

i nfl ecti on_poj nt of the tenperature profile belqow the crude feed plate
s set  '5atPS CORFEPLIEMIEIAY MSHiNdADE FHOPPEL 88 URB9T{ FORI BRI

L e e
The, oSt 1on 6 Lhe LOILaE! o0 S i poas 2 thERRL d0QBLAE R BhElst okl
posi o of B SOpbETLECIS SLAOL NERALRBLih SBB1o0cA gy ey (0

that the relabhpp; beiaeep impoifmerature profile in the distillation
colum and thé distillation separation behavior of trace inpurities is

the key fagtor. 25 In the tdnpbeH#RIrd Rabrtihe bif LRet Hostpoiatiof the

column where temperature is plotted as abscissa and the
number of column plates as ordinate, an inflection point of
the temperature profile below the crude feed plate is set
at a position which is at least 10 plates away from the

15 crude feed plate and at least 5 plates away from the bottom
of the column, thereby making it possible to obtain highly
purified trioxan. The position of the inflection point is
at least 10 plates, preferably at least 15 plates away from
the crude feed plate. The reason why the position of the

20 inflection point need be at least 10 plates away from the
crude feed plate is yet to be clarified, but it is supposed
that the relation between the temperature profile in the
distillation column and the distillation separation
behavior of trace impurities is the key factor.

25 In order that the inflection point of the
temperature profile may appear at a position which is below
the crude feed plate and at least 10 plates away from the

crude feed plate and also at least 5 plates away from the



tenperature profile nmay appear at a position which is bel ow t he crude
feed plate and at |east 10 plates away fromthe crude feed plate and

al so at least 5 plates away fromthe

13 bottom of the columm, positional 18djustnment is made by

properly changing the supplied amount of crude to the colum, refl ux
rati o, and fbettoh of ctine useluns, heatitigpnal adjoastment i5 made by In the
distillation separation of trioxan and benzene, the reflux ratio,

t hough it depeagerby ¢hengingxare suppldentempuati off crmutibetortde sol ution,
Is usually in a range of 1.1 to 8 Although it is possible to use a
hi gher geinan, reefbox heat 83, amdifiesceofasitepmhiogledr a6l heatingo 10
only results in causing | oss of energy. The preferred reflux ratio is
1.2 to 6, nof@UpFeferably 1.5 to 4. For continuous
distillation, usually a nultip]e-, plate distillation colum is used. In
the present invent¥%h§h?ré;ﬁﬁﬂﬁ%ﬁt%ﬂﬂ Sepagriies pfotrdedannante 15
distillation,colum is 30 or, nore, but the nunber. of the | at es
actual Iy useRSHFFR8t sthepk qﬁJEﬁF%QKaéﬂﬂﬁgPe&t deP&@@?e@“thguF¥%?%%¥ion,
crude used, } o and her factars. . . The present

I nvention mﬁ%§£%§§%%§%#$%e%Piéﬁ%ﬂﬁﬁyd%ﬂ§%;ﬁﬁﬁop’b§srgﬁg?éﬁgel?oatﬂ%ngﬁanples
and conpar at j¥e x@npl t:he . nvent | h ot be
restricted b9¥t %é]éetgxghplzg‘gtl?%hnyl%% %%%glbl%xgrgrpi‘lgglg B%HQP

65% aqueous {agTRki Pab WA €OURIIHNGR%Mi1y high reflux ratio

10 only results in causing loss of energy. The preferred

A

reflux ratio is 1.2 to 6, more preferably 1.5 to 4.

For continuous distillation, usually a multiple-
plate distillation column is used. In the present
invention, the number of the plates provided in the

15 distillation column is 30 or more, but the number of the
plates actually used differs depending on the desired
degree of purification, crude used, reflux ratio and other
factors.

The present invention will be described in more

20 detail by reference to the examples and comparative
examples, but the present invention should not be

restricted by these examples in any way.

Example 1
A 65% aqueous formalin solution containing 6% of
25 methanol was heated and distilled in the presence of
sulfuric acid to obtain a water-soluble distillate (agueous

solution) containing 45% of trioxan, the rest consisting of



25 net hanol was heated and distilled in the presence of sul furic acid

to obtain a water-soluble distillate (aqueous sol ution) containing 45%
of trioxan, the rest consisting of

14 f or mal dehyde, met hanol and water. j¥hi s agueous sol ution was
subjected to countercurrent extraction with benzene to obtain a benzene

sol ution contétmaIde ,Ofméﬁhmnan-ﬂhw&ter‘ t Tho¥ afqeepi€i o Ng: henzene
solution was supplied into a 5 Raschig ring-packed colum fromthe bottom

t her eof whi lwas sumpémtred/\am iteadurrentt beteatulionfwoth i beniepe thhe
ratio of water to the trioxan-containing solution was adjusted to

be 0.2 : 1 (dytaks ghthenzine fsninelideshyodatedndegt 42%i ofi tnioxant herthis

tri oxan-containi ng benzene solution after extraction 10 and washing with
wat er was 0. 05 xameconia imingkdrenzenecsndantioat wos smppBBed into a

Thi s trioxan-containi ng benzene sol ution was contlnuouslé Rgm;ed to a
65- pl at e 8i sRapFhig ohinpirafked columy frgw §het battenpeheres t he
boiling point, with the 15 20th plate fromthe top selected as the crude
feed plate, Water @ rampkiad mmeh@ééﬁau from éFSat%ﬂ u'$'<h€? didloiof 3.
The dlstlllatgon 0 eratlggamas carried oyt .so that an | ect i on poi nt

of the tenpe? t¥ReehIA Bl ' QamnE Rt adaing S°F‘BEH°BI‘&?% "f“ﬁWWeﬂ:o“r%nn
1St e L UG B U R T v o
222df??on in@?%ls pr&%éggnﬁg%gﬂg¥%5%%%E%%h§§%¥tlAﬁ 39t§96%§£r£@k¥eed pl ate
was kept 18t 2364 As 00 QhIEN YodtQot B sl @ 84ka EAN the trioxan
concentration was 38%.
This trioxan-containing benzene solution was
continuously supplied to a 65-plate distillation column as
a liguid at a temperature below the boiling point, with the
13 20th plate from the top selected as the crude feed plate,
and rectified under the condition of a reflux ratio of 3.
The distillation operation was carried out so that an
inflection point of the temperature profile below the crude
feed plate in the column will appear at the 15th plate from
20 the crude feed plate, thereby continuously separating
benzene and trioxan, from the top of the column and the
bottom of the column, respectively. A&As an operating
condition in this process, the trioxan concentration at the
feed plate was kept at 25% in conformity to the formula (1)
25 shown above.
The chain transfer agent in the obtained trioxan

contained 0.1 ppm of water and 0.1 ppm of formic acid.



25 shown above. The chain transfer agent in the obtained
tri oxan contained 0.1 ppmof water and 0.1 ppmof formc acid.

15 Conpar ative Exanple 1 The sane procedure as in
Exanpl e 1 was repeated except that tBe trioxan-containing benzene
sol uti on was not subj ected to extraction and washing with water. The
5 obtai ned tTompxaraiciord @xmpi®0 ippm or water and 60 ppm of formc
aci d. Conpar ati ve Exanple 2 The sane procedure as in
Exanpl e 1 was repeat edfhe samexgepcetinae as dn Bpemplend wasdrépeated t he
distillation 10 colum, the inflection point of the tenperature profile
bel ow t he cregeepecthal dthe itr ichendiconitbliat ngnbenkena swhution sets atott he
7th plate fromthe feed plate. The obtai ned trioxan contained 1 ppm
each of wat efubiRriedt fiq egfinpction gudnprehinglgith water. Theesane
procedure_as in Exanple 1 was repeated except that the ratio of water
to the tr?oxahtdbmrdhitingan codaiasd 96| pbRoAri Water aodint@reem ratht
extraction was ., changed to 0.15 : 1 (by weight). The formal dehyde
concent r at i ofP¥H- RF 34 oxan- cont ai ni ng benzene solution 20 after

extraction apd washing w th ter was 0.11% and the tri oxan
concentratio °W@E¥%§ﬁ%%'ﬁﬂ§qﬁﬁ% nt of water and the content of formc
acid in the trioxan af er distilla- tion_p rififation wer e baot

B cg Gs

h, 0.2
ppm Exanple 3 2 same propedule,8s, i3 REeVR | FREGRTES was

repeat ed except that as an operating condition of the distillation

10 column, the inflection point of the temperature profile
below the crude feed plate in the distillation column was
set at the 7th plate from the feed plate. The obtained
trioxan contained 1 ppm each of water and formic acid.
Example 2

15 The same procedure as in Example 1 was repeated
except that the ratio of water to the trioxan-containing
benzene solution in the countercurrent extraction was
changed to 0.15 : 1 (by weight). The formaldehyde
cencentration in the trioxan-containing benzene solution

20 after extraction and washing with water was 0.11%, and the
trioxan concentration was 39%. The content of water and
the content of formic acid in the trioxan after distilla-
tion purification were both 0.2 ppm.
Example 3

25 The same procedure as in Example 2 was repeated
except that the position-of the inflection point of the
temperature profile at a lower portion of the distillation

column was set at the 10th plate from the crude feed plate.



except that the position of the inflection point of the tenperature

profile at a | ower portion of the distillation colum was set at the
10th plate fromthe crude feed plate.

16 The contents of water and form c aggd in the obtained trioxan were
both 0.3 ppm | NDUSTRI AL APPLI CABI LI TY The present
invention carh@revitents @ Water Rad ffoetichb8hdqual thy ébtox@ey of

pol ymeri zati on grade for pol yacetal resins, and is beneficial to the

pol yacetal tripsxeiuciérsn bottt.y ppm. 17 1.

A process for purifying trioxane conprising the steps of extracting with
benzene a trioxan-containing distillate obtained by heating an aqueous
formal dehyde sol ution, supplying the resulting trioxan-containing benzene
sol ution as TXRERTRAIa ARBICABNLIAY colum, distilling away benzene from
the top of the colum and continuously dlstllllng and separating trioxan
fromthe bottom of t r@l%mwntsmme@rtgpm cani provbddienhidlly ng 30 or nore
pl ates, characterjzed in that: t he trioxan-containing benzene

sol ution Ps P*é&%?la%‘iedﬂwlmwﬁeéw tr(lpﬁ)an oft RRAYRRELER T HRAGRIAR Y at i on

X (W% in the | i qui.d conposition .at.the ¢rud feed |ate of the distilla-
(w99 acék reéghs, and is benefgcga g polyacetal

production industry.



tion colum is kept within the range that satisfies the relation of the
following formula (1): [err] wher el dRedt HasBebieRdplasedr at i o,

and [err] is a paraneter defined by the follow ng f :
[err] wherein g is a weight ratio of the liquid p%m%mﬂamt
and Cis a trioxan concentration (w% in the crude;

18 (iii) the tenperature of the di stihlgEi on colum is adjusted so that
in a tenperature profile of the distilla- tion colum where tenperature is
plotted as absci ssa arl prdueauurfiver pofridglingntpliekeseasompdisniate, tide
inflection point of the tenperature profile will appear at a position

whi ch i s bel dbepheok rerferdeicihpiviittd etzanel eatridofapt-avrbaimivay fromthe
crude feed plate and also at least 5 plates away fromthe bottom of the
colum. 2. distillate cdessingst dvdihegtiogCaai ageeonhefernatdehydenperature
of the distillation colum is adjusted so that in said tenperature profile
of the distiFPhEFH cURRLY ik thenfesslitdRIpErAe*aR-€ABL & ERPRY at ur e
profile will_a gear at. a position which is belowthe crude feed plate and
i s at Ieastb3§ e iy AR (Pude ILEELLHRELRN PRI W0 at | east 5

m.of th | umm
plates away 3£§%&£{§héxgéé§ Séngéﬂ% $Yom the top of the column and

crude,

continuously distilling and separating trioxan from the
bottom of the column, said distillation column having 30 or
more plates, characterized in that:

(i) the trioxan~containing benzene solution is
extracted with water;

(ii) then the trioxan concentration X (wt%) in the
liguid composition at the crude feed plate of the distilla~
tion column is kept within the range that satisfies the

relation of the following formula (1):

100 - —22_ 20y 1% £ X 100~ —0
y -05 y ~05
-2(y ~ 1> +2R" 6))

wherein R is a reflux ratio, and ¥ is a parameter defined

by the following formula (2):

, o R(1-C/100)+q
R(1~C/100)~C/100+q

2

wherein g is a weight ratio of the liquid portion in the
crude, and C is a trioxan concentration (wt%) in the crude;

and

TR [ s vas ocen

% [ L




3. A process according to claim1, characterized in that the ratio
of water to the trioxan-containing benzene solution is in the range of

0.01:1to 1:1. 4. A process according to claim1, characterized in
that the ratio of water to the trioxan-cqgtaining benzene solution is in
the range of 0.05:1 to 0.2:1. . A process according to claim1

characterizegiipy t hattlﬁ@%éxﬁ}%é@dtﬂ&@’dﬁ epRcankkatnanieh EBeukhi xan-
cont ai ni ng benzene solution after extraction with water is 1%or |ess. 6.

A process acg@fidstgdtso ctigatn in «hamgedrituzed prafittbabft BRef @isBiTURAYde
concentration of the trioxan- containing benzene solution after extraction
with water ision column where temperature is plottd8aa8. 3bsoisbasand 7.
A process according to claim1, characterized in that the reflux ratio R
is in the rahhe pambes ¢ &lumh plates Agpraddsataccohdi ngfiectianm 1,
characterized in that the reflux ratio Ris in the range of 1.5 to 4.
point of the temperature profile will appear at a position
which is below the crude feed plate and at least 10 plates
away from the crude feed plate and also at least 5 plates
away from the bottom of the column.
2. A process according to Claim 1, wherein the
temperature of the distillation column is adjusted so that
in said temperature profile of the distillation column, the
inflection point of the temperature profile will appear at
a position which is below the crude feed plate and is at

least 15 plates away from the crude feed plate and also at

least 5 plates away from the bottom of the column.
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