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the present invention relates to a method for continuously produci

cyclic form

|l ess in the contents of inpurities such as unreactive

f ormal dehyde and water, by letting an al kyl ene gl ycol and fornal deh
continuously react with each other in tjhe presence of a catalyst.
known that cyclic formals such as ethylene glycol formal, diethylen

formal and 1, 4-butanediol formal canyeopbihad Padedtiogyclic reaction
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.Background of the Invention The present invention relates to a nethod for
‘continuously producing a cyclic formal used as an internedi ate [gpo§liacropyf
sol vents and drugs, a raw material of acetal resin, etc. In nore detail*
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each other in the presence of an acid catalyst.

Mor eover, Japaneae Pat ent chi%:d{)‘{?hﬁi] ‘éé(akﬂ )an\Pnt rmed #06H pdoduwdtooés a net hod
et
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solvents and drugs, a raw material of acetal resin, etc. In

more detail, the present invention relates to a method for
continuously producing a cyclic formal less in the contents of
impuritiés such as unreactive formaldehyde and water, by
Iettihg an alkylene glycol and formaldehyde cdntinuously_reagt
with each oiher_in the présence_of a catalyst. |
| it is known that chliq fo;mals such as ethylene glycol

formal, diethylene glycﬁ} formal ‘and 1, 4-butanediol formal can
be obtained by cyclic reaction between a corresponding
alkylene glycol or alkylene oxide and aldehyde. For example,
German Patent No. 191420 discloses 2 method for producing
ethylene glycol formal, a typical cyclic formal, by letting
éthylene glycol formal and formaldehyde react with each other
in the presence 6f an acid catalyst.

Furthermore, Japanese Patent Laid-Open (Kokai) No. 49-
62469 discloses a method for producing ethylene glycol formal
by letting ethylene élycol and paraformaldehyde react with
each other in the presence of an acid catalyst.

Méreover, Japanese Patent Laid-Open (Kokai) No. 7-224055

discloses a method for obtaining a cyclic formal by letting an
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2 ial kyl ene gl ycol .and formal dehyde react with each other at a specific
nolar ratio. Any of the cyclic formals obtained in the above nethods is
usual |y obtained as a m xture consisting of- a cyclic formal containing a
| arge anount of water, and water. Methods for decreasing water fromthe
m xture containing water, for obtaining a purified cyclic formal are al so

known. For exanple, Japanese Patent Laizl-Open (,Kokaj ) . 2469
di scl oses a netkydéneog! yraddast nfe Hrgjdeiy feqr ¢ & %%o?‘{n\% ogaagdﬂ{isng

cycl ohexane to the reaction QLstiIIate'obtained by letting parafornal dehyde
and et hyl ene spegddiicr B&ERT figth%each other in the presence of an acid

catal yst, and rectifyinpg, ,th i p cdati gnthd aibdvepeatfadskdis) No.
apy pf St eyl K U drnai3PaRER

3-24071 discl oses "¥p atron nmethod in which a crude cyclic acetal is

treated by an | ERUE 230k Uik i 0fu randb o i stoilnigd 0l xat¥c lHgdfekngle
conmpound. Jaﬁ%&ggg ﬁg?gnt Lgﬁd-Cpen (Kokai) No: 5- 241217 giﬁclPses a
purification gpihaGing Whislzet Bronenatfi eatdrstand sedebbt Heftdq®by Tt ting
f or mal dehyde and et hyl ene glycol react with each.otherw'{gghqopresence of
an acid catal yséréas imgowgher ifron tontmiotufet FOLEA\RIAR % Yeol i n counter

current in a distillation tower. apanese P, ty <L ai fadRen Folkokai ) No.
7-206716 di schbteiniagparpeficHiedonY l'ﬁgd’rf“ﬁl %%%Ighmkgg ure containing a

Wh & boi 11 nacptnia deeaers $43abt S iTpRh kR NG, Bo e er © SOV

Furthermore, discloses a method for producing a purified cyclic formal by
adding cyclohexane to the reaction distillate obtained by
letting paraformaldehyde and ethy]ene glycol react with each
other in the presence of an acid catalyst, and rectifying the
mixture. -Japanese Patent Laid—Open_(Kokai) No. 3-24071
discloses a-purification method in which a prude chtic acetal
is treated by an alkali aqueous sqlution and/or solid alkali
heroxide cdmnound. J:Banese Patént Laid-Open (Kokai) No. 5-
241217 discloses a purification method in which the reaction
distillate obtained by letting formaldehyde and ethylene
glycol react with each other in the presence of an acid
catalyst is brought into contact with ethylene glycol in
counter current in a distillitioh tower. Japanese Patent
Laid-Open (Kokai) No. 7-206716 discloses a purification method
in which a mixture containing 2 cyclic formal and water is
brought into contact with a hydrophilic solvent with a boiling

point of 180 to 250°C in a distillation tower. Furthermore,



3h?2ﬁa?ﬁse Patent Lai d-Open (Kokai) No. 7-206717 discloses a method in
( Kokai ) ﬁbpuglgbgglgypllg f?LnaI obtained in said Japanese Patent Laid-Qpen-
e is further treated by a dehydrati ng agent .
igfngrng?:Fnh;bmever,tthelconventional'nethods ?or proguc?ng a g;gr?gy °
_ ve practical problens toy,be solved.. F i '
; _ _ 3 .. For exanple, if a cyclic
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The fornaldehyd% contalneJ in the cyclic formal affects theysyg?hgg{gal'

Pgogess and theeaqglasggy@mehpurafi:[gatajgcant.pr ocess. For exanple, fornmal dehyde
_ onverted into formc acid by Cannizzaro's reaction, to pose such
probl ens that the equi pnent is§aﬂmﬁﬁﬂeﬂLéﬁé—iﬁﬁﬁﬁl4%¥ ehtire equi pnent is

conpl i cated. Because of these problens, in t h c“yg' [
formal, it is desHowdveb dearmneendjonad ?%VH@S Eéf co#?gﬁggaaqaﬁygggfivé

formal dehyde as far as pqgssible. The .c i :

cycl i o f or ml fess) A re o AT TR AL S e b e A R

' OF o Stip 1189 tYC Y130 erémaA G¥ChyFtiedrimel Byrdetting an ’
alkylene glycol and formaldehyde react with each other, and

the product containing the cyclic formal is taken out of the

reaction mixture, then the product contains unreactive

formaldehjde disadvantageously. For this reason, these

methods do not yet reach a practically satisfactory level as

methods for producing a cyclic formaf. The formaldehyde

contained: in the cyclic formal affects the synthesis process

2. h . )
and the sgbsequent.purificatiqn process. For example, .
formaldehyde is converted into formic acid by Cannizzaro’'s

reaction, to pose such problems that the equipment i; corroded

and that the entire equipment is complicated.
Because of these problenms, in the production of a cyclic

formal, it is desired to obtain a cyclic formal not containing

unreactive formaldehyde as far as possible.
The conventional methods for purifying a cyclic formal

also have practical problems to be solved. For example, in

the method of adding cyclohexane to a cyclic formal and
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Zga;rgagpgfycgr g?eanﬁtgod ﬁflbring:ng a cyclic formal into cont;czlaifﬂt.
_ ydrophilic solvent with a boilin [
250[err]C for distillation, . thou D e i torn
_ . gh the water content of the cyclic
decreases, water mgrates into ethylene,glycol or hydrophilicysolveL?rn?L

require further purification of the et'%lene | yiC da
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and probl ens are not sol ved .at acit.| I '
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cyclic formal, e laes '’ ved. fhe invengors stﬂ%ied intensivellbgshg?hgg ;2?

continuously pgpestei WG tR £Y8diilG nkoparit wift h8@ 1 2§e ket dd it '
_ 't ofy dd ti
a small unreacélve f or mal dehyde content by Ietting an a L |gﬂébg7 Bgt Q%Eh
hepaar Wt

. . - H |
for mal dehyde kg@géh Viltehwebeh camttent ahdhiehenc hi stfiorpp &28831 i CKSr mal

with a large water content for continuousl i fyi ' '
wen at er ) _ sly rifyin asgpesult, the
und that a mygtites dmbalethnligna §hegal Gﬁr-ggg{q‘wﬁIi’gr#r%ﬁvcf(e%ﬁydéscontent cax

be easily continuousl rod [ '
ol yool 1o a dreatiTetusang bk MAAECHE Sloth et 13 ear e EEd 80 2 Cheic

formal are di %E)Ilwlulanetd O%brgpoq'e?n'twemﬁ?mr o'?aﬁﬂepsbyneeéliimctlpsl y
complicate the process disadvantageously, and problems are not
solved at a practically satisfactory tevel.

Because of the abové situation, a process for producing a
cyclic formal less in the content of impurities, consistent

from the synthesis to purification of the cyclic formal, is

desired.

The invgntors studied intensively a method for
éontinﬁously pruduéing 2 cyclic formal with a large water
content but with a small unreactive formaldehyde conteat by
letting an alkylene glycol and formaldehyde react with each
other, and then distilling the cyclic formal with a large
water content for continuously purifying it. As a result,
they found that a cyclic formal with a small unreactive
formaldehyde content can be easily continuously produced by
continuously supplying a raw alkylene glycol to a distillation
tower when unreactive formaidehyde and a cyclic formal are

distilled out, and on the other hand, by continuously -



5 supplying raw formal dehyde to a reactor. Furthernore, the inventors found
that a cyclic formal small in the content of water, etc. can be easily

s continuously obtained by distilling the water-containing cyclic formal for
continuously obtaining an azeotropic m xture consisting of the cyclic
formal and water, and adding a specific hydrocarbon.conpound capabl e of
form ng another azeotropic mxture with3water, to the azeotropic mxture
consi sting of sagpd yayel Fax fiormal dektdendoed F$41t%ont i nuous distillation.

Thus, the present invention has bgen conpl . opj &&ltief féhealpr esent
invention is to pFevitBeresifet I’\EEI T'b"re"gtgggi ﬁ%@@sltﬁgérodﬁ?i ng a cyclic formal

wth a small inpuriti cont.en rocess CAShet ey ifyr oomt heuausiyhesi s
and purifi cat $%hl ol it EEe c%tiegttfgrn‘gﬂ&rh\ngtﬁer obj ect of the present :

invention is t Qv . @t f 2adwet vt ad ndyigl €xx lisr farmad tfe rsmal |

al dehyde and ﬁgfg"eé’oﬁﬁeﬁiﬁ Izqﬂﬁrﬁ\%prt her object of the presenj '
invention is ES’nPerl iydy 28 QAN n@ndn sizeplteopbe WO tH6E ‘.'(,‘U'fftlisfﬁlhﬁﬁs?{, the
producing a puritied cyclic formal small in the contgnt omrﬁgaﬁﬁonetc. and
hi ghl'y i nprovegeire rfeenil i omt iwanees fand addyne  iSPecf (¢ HR T8EALT bbj ect s of

the present invention will be seen fromt fol ] ow.ng: .Pbi @R The
present inventbmpourd icnnehbnad)ft6%%‘!%\%‘"3%%%@?’99'ge"ﬁq‘rt"% il

water, to the azeotropic mixture consisting of the cyclic
formal and water, for continuous distiltation. Thus, the
present invention has been completed.

An object of the present invention is to provide a method
for continuously producing a cyclic formal with a small
impurities content by a précess consistent from the synthesis
and purification of the cyelic formal.

Another object of the present iniention is to provide a
methﬂé'fo; producing a Zyclic formal yjth small aldehyde and
water contents.

A further other object of the present invention is to
provide an easy and siﬁple method for continuously producing a
pdrified cyclic formal small in the content of water, etc. and
highly improved in rectification efficiency.

Still further other objekts of the_present invention will

be seen from the following description.

The present invention is intended to achieve the above

-

objects and has the following constitution.



obj ects and has the follow ng constitution. 6 The present inyention is a
met hod for continuously producing a cyclic formal, in which a reaction
“distillation tower equipped with a reactor and a distillation tower is used
for letting an al kyl ene glycol and formal dehyde react with each other in
the presence of a catalyst, to produce‘g.cyclic formal, conprising the step

of continuously supplying the al kyl ene Y, " e0F tdvntdingbius (yati on tower
to the reactor ofTRheP?%%ﬁﬁﬁ SRVE &N fﬁt%oﬁ %%ge?, whi | e continuously

suppl yi ng formal dehyde_ tg t.he- r ;af whhén ree@ett biomdiddsith I hatiomn t over,
for letting ORAMUEH giﬁg‘i’yeco,iqgnt?gpﬁegct‘gwwth each other. The present

i nvention is i) §0Pdddrequahy praddudi hyt kercyeNpE Forudgd in
whi ch said re@b@ﬁb%qg?éﬁﬁfﬁgtion tower is used to |let an al kyleng gl yco

and for mal dehrgi'e ,reqqthvur‘a|Q@¢bnotmrcoilnanﬁefqd’rm(éééﬁ&!éd“of'eé" atbtyst, to

_produce a cyclic formal, conprising (1) the step ,of contti ugl | yi ng
an al kyl ene” ghyétplo theor 4 Henedipses enea iofn 2t ewr“fsd-tﬁ% 9’e°é’@#§r§o%/’°tsﬁ§p

reaction distillation tower while continuous|, yifuh fyqapRtflehyde to
the reactor ofotded,r savefbning dhei 48R & P8Q/L¥q"%%§?blﬁe% ﬁgn oth the

I ngredients.react with eac ther, t ' Slowe®Pbt@i thea re@atér aaf
distillate cohlly ‘fﬂ“r?gg\k&f‘ép fgfr?& éhﬁy@sl gq?g?pnglr r'om t he top of the

g: :E: : : ZE ieon LPYer s, (3bnt s S11GR tPhn CEUMEINURNE] &/ compphydun) a8PP bBithE on
formaldehyde to the reactor of the reaction distitlation
tower, for letting both the ingredients react with each other.
The present inveation is also a method for continuously

producing a cyclic formal, in which said reaction distillation

tower is used to let an alkylene glycol and formaldehyde react
with €ach othier in the presence of a catalyst, to produce a
cyclic formal, comprising o |

(1). the step. of coniin&%usly'supplyingﬂan alkylene glycol from
the disfillation tower to the reactor of the reaction
distiliation tower while continuously supplying formaidehyde
to the reactor of the reaction distillation tower, for letting
both the ingredients react with each other, to continuously
obtain a reaction distillate containing water and a cyclic
formal from the top of the distilfation tower,

(2) the step of continuously supplying the reaction distillate
containing water and a cyclic formal obtained in said step 4D

to a second distillation tower, to continuously obtain-an



containing water and a cyclic fornmal obtained i id ¢
ont : ( _ n said ste i
:ggﬁgzgiﬁhéogft?ner, tF'COPtInUOUS|y obtain an 7 azeotrgp§g)n$§t3rzecond

_ e cycli.c formal and water, and (3) the ste of [
}Eesgfgog{gglgzg1?ture consisting of the cyclic férnal andpmatefuggigzggd

) to an azeotropic distillation tower, whil [

Eydrocarbon conpound§ the azeotropic pbi nt . of mh%érfpggJa " ;upp!ylggta
d!gher t han t dwedtaiobii ngn pdiune oongitpd i8gco T ctheo ¥l ¢ o Céﬁ?lﬁLﬁﬂﬁ?r'
hlzﬁlllaglon,mgyd obtai ning the azeotropic nxture consisting of the
ydrocar bon antd water with the cyclic formal fromthe top of the azeotropic

distillationg’wer while contin bt aj, &y ' '
_ , @ iktheicvidd Cohot i ified
after renovi n§3heher StEY o?ftsﬁgprgt@r )itg‘gttsg%]ﬂﬂ'lbﬂ)e' pflesgﬂ i r(:ve:lt i onng|£):nﬁ|(:}c ngs'

the foll ow ng ref%r I ' s dal i i
e follo 130! Bo AHOGhEBM Cer dotIlRedliykend d2)
sai d dlstlllafﬁ%ﬁwtomer 5 rought into contact &Ath tﬁtyﬁnrezg?gvzed He

Ig;g?dsmh%/ﬂet ﬁg{r%tg%?:‘glrigrer}j];ﬂﬁmaﬁgz?mrtt')oheirn ebihe supoly i ehtd WYArapddiad or
_ _ yde, ile being introduced. jnt: or
reaction wit hepdieodnd; meheedneddropic \ailng 9-ﬁewmhaw(?#@?'!§t%??fﬂ§9 ]“Iz;/l é’nef o

gl ycol to fornmal dehyde in the reactor, k
al kyl ene gl ychigierd thgn A!ﬁéiﬁﬂdénéoﬂf{iiqﬁgisf@e iﬁ!%[!l‘ ?gf:lﬁmoatlbefapnum s of the

continuous distilfation, and obtaining the azeotropic mixture
consisting of the hydrocarbon and water with the cyclic formal
from the top of the azeotropic distillation tower while
continuously obtaining the cyclic formal purified after
removing water, from the tower.bottom.
The present invention includes the following preferable

embodiments. - '

a. The alkylene glycol supplied to said distillation towér is
-brought into contact wi%h the unreactive formadehyde coming
from the reactor 1 in counter current, to absorb or react with
the formaldehyde, while being introduced into the reactor 1,
for reaction with the formaldehyde.

b. While the molar ratio of the alkylene glycol to
formaldehyde in the reactor kKept at 1 or more, the amounts of
the alkylene glycol and foi1 sldehyde continuously supplied to
the distillation tower and the reactor are kept practically

equimolar.

c. The alkylene glycol is at least one selected from a ‘group



%22 g:itighgtifn_tomer and the reactor are kept practically equinolar. c

‘ethyleng glycglycg:e{ﬁy?t Ieaft ore sel ected from agroup 8 consisting.of
t hyl ( , ene glycol and 1,4- butanediol. d [

distillation tower used has two or nore distillation stagésTPﬁ {ﬁgct|on

distillation tower. e. The disti '
! . e. istillation tower i i i i '
tower is a plate tower and/or a packed QOmer of the reaction distilation

I er.. f. | '
Qgglr gggafggemgﬂjglwﬁng &faethgh@te slgceb ét&eéayfFB?nngA%g?gu%&fgﬁg?)si i Lgeo'f

_ , cyclohexene and benzene. g. In said ste 3 [
m xt ure consitattiangdbdl.a cyclic formal and water is sugpfiéa tgetﬁée?;;ﬁg;c

portion or upper stage of the at.ropi | Sty |
. . i i % .
step (3), thed-diTéeireagld °1“rgh? Fﬁ:‘ ae{zlggt ?%ﬁlimé:egﬁ:}fgtw?)oze[%ﬁ : 2 Z?I ?east

partially ref]uxed,t .&$ azeot i b oot i :
- : . Rine distillaatioantdwere
di schargi ng a4'|sx‘t‘ﬂéa8han?.*t égofﬁ?hg e out o, de & he %gngftem The

present | IVerL] g B« Bg b or heiawsist 4wt IR
TS Gt owrcase of b Bty aocarbon rpouna, (1o
of the P f. In saidlscthepw(t?a?. V\ﬁ}eerhyldsrogg}bﬁhni %Q:r)o&rnﬁq st B¢ P@idt RAepOi Nt
selected from a group consisting of cyclopentane, cyclohexene
and benzené.
g. In said step (3), the azeotropic mixture consisting of a
cyclic formal and water is supplied to the reflux portion or
upper stage of the azeotropic distillation tower.
h. In said step (3), the distiltate fromlthe azeotropic
distitlation tower is at least partially refluxed to the
azeotropic distiiiation%tower. without discharging all the
quantity of the distill;ié outside the system. - ‘ .
The present invention is also a method for continuously
purifying a cyclic formal, in which water is removed from a
water-containing cyclic formal by distillation, comprising the
step of adding a hydrocarbon compound, the azeotroﬁic point of
which with water is not higher than the boiling point of the
cyclic formal, to the water—-containing cyclic formal, for
continuous distiltlation. This continuous purification method
includes the following preferable embodiments.

i. Said cyclic.formal 1is at least one selected from a group



cyclic formal, to the water-containin [ ' [
ycli _ , b _ _ g cyclic formal, for contin
x SnggL;ngogﬁblg:ﬁec?ntlpuogs Surlfication nmet hod i ncl udes the fgfrgmﬁng
nts. i. Said cyclic formal is at | east I
a group 9 consisting of ethylene gl [ e o veet o mal”
_ : ene ycol formal, diethylene glycol f
and 1, 4-butanediol formal. j. Said hydrgcarbon conpound,?s at ?egst Ongrna

sel ected froma group consisting of ¢ B :
| \ ang,
Ebp-er?es}[/\gt gr LfGOM at H}En(‘?_fcﬁ;ﬂfc""%oFﬁrﬁfospagS'ggl i (g{je l?bgq%ﬁgegr(ef I Jimgﬁf%ﬁng}
upper tg (;qg;£e4sgﬁi?hkkgsi(¥%r%gwpr. 1. The distillate of the '
ation Yo ast partially refluxed to the distillation

tower, w thout gla§ thlg’l ; .
oGy Bod doi@otin@nis tat dkasheori sei petad f
system The dreseng I'nvention is described below in detail. ThgazfiSFehge

gl ycol s whi chyGap béndisadninof hey ciopseband,nant pivex

| . gféc P B e

glethylene g!ycoP, 1, 2- propanediol, 1, 3-propanedi ol Clw-e %%4ﬁfgnglglycol,
. 5- pent anedikl Tha, 6a tercanetis ol ing( loyal beret@ry) &3 h%!WES’l’,"‘gt E‘y 'Z\%ong t hem

et hyl ene gl'ycol, diethylene glycol and 1, 4- ' [
They are hi oirefiuxnaeERianapr CYRRSTz 4RABA V0 . TEF hhf ({308, Diky ol e sinee

can be T of mal Gertpact bkt 11RGRrd duty dis s eiCtply frmper el ol reaction
partiatiy refluxed to the distitlation tower, without
discharging all the quantity of ‘the distillate outside the
system. | '
' The present invention is described below in detail.
The alkylene glycols which can be used in the present
invention include ethylene glycol,'diethylene glycpl. 1, 2--
propanediol, 1, 3-propanediol, 1, 4-butanediol, 1, 5-pentanediol,
1, 6-hexanediol, (hydromethoxy)ethanol, etc. Among them,

- ethylene glycol,nﬂiethy?éne glycol and 1, 4-butanediol are
preferable since they are high in industrial utilization
value. Ethylene glycol is especially preferable.

Formaldehyde as the other raw material of reaction can be
formaidehyde gas, formaldehyde aqueous solution or
paraformaldehyde, etc. In view of easy handling, the use of
formaldehyde aqueous solution is preferable.

As the catalyst used in the present invention, an acid

catalyst is suitable. The catalysts which can be used include

mineral acids such as sulfuric acid and phosphoric acidy



par af or mal dehyde, etc. In view of easy handling, the use of fornal dehyde
aqueous solution is preferable. As the catalyst used in the present
sinvention, an acid catalyst is suitable. The catal ysts which can be used
i nclude mneral acids such as sulfuric acid and phosphoric acid, 10
strong organic acids such as sulfonic 3ﬁ4d’ phosphonic acid and
trifluoroacetic acid, solid.acid catal s, such as , st Is j on
exchange resi s$romealrgaejc quidéaﬁéﬂ]asaISHHﬁ%l'%ﬁ&'gbtéeﬁggqé?aﬁétdand

het er opol y- aci d$ such as phosphor us npl yhdi ¢: aci gt Pharmhasust fsrggsti c
acid. As theacét%n'yfsh“?’&?‘Featdicdaﬁbﬁ'voﬁ"alt':al 5%%?@3@% reaction condition

can be preferably used. As (t r 1 on Ldi,§5 ke, atillgoaboleminasaddi n the step
(1) of the prégéxt"’iH\?énff%q#%aengggﬁJ('jflj'nazslysgrj%)l i Cl| y ﬁnovvn reaction

distillation toyer can USEd nE®k repcIvRlaci de shceisophapirBat i on t over
wth a distjIF&P?%%ﬁﬁbﬁg?inrectly installed in a reactor can ?e used.
I

sed
Fur t her mor e, ﬁ §§5Eid QR idi sid |ohatsbhor e oviemes hi aieicdid. ¢ hds diig o al¥troma
reactor insta Ped separately froma distillation tower.is supplied to the
bott om of thegadi géid Iranivohatbheemndgratips geackien aff TLIoh R oﬁaensat e at
the bottomof the distillation tower is returned to the reactor by a pipe,
etc. can al sopwefecahly U¥Re reaction distillation tower used in the present

nvention ts not. lismttheedr%gé Poons%ig?ﬂ;”ﬂ%q PRYEC used in the step (1) of

the preseat invention, any ordinary publicly known reaction
distillation tower can be used. For example, a reaction
distillation tower with a distillatioh‘tower directly

installed in a reactor can be used. Furthermore, a reaction
distitlation tower in which the distillate from a reactor °
installed separately from a distillation tower is sqpplied“to
'the bottom of the distiflation tower by 2 pipe, etc.i while the
-condensite at the bott:ﬁ of the distillation tower ys returned:
to the reactor by a pibe, etc. can also be used. The reaction
&istillation tower used in the present invention is not

limited to those described above.

The temperature control means for heating and cooling the
reactor and the distillation tower of the reaction
distillation tower can be any ordinary means such as steam,

but is not limited to them

heating medium or electric heating,

in the present invention.

{n the present invention, the distillation tower 6f the



g?gtffrgf{g;uggmg?ng;olhneans fpr heating and.cooling the reactor and the

e reaction distillation tower can be any ordi

_ . . i na
?ga?ﬁ suph as steam heatlng nedlun1or el ectric heating, but isynot Iin{¥ed
A t'Fr]IP the present invention. In the present invention, the

tgaﬁ: O?tbggKggm?gmgﬁ th? él reactiogidistillation tome} can be a plate
. . , etc., but is notfipited tq.t | 1yt

i nvention. Thec bioat disypkl &ffi onnbows itca N Héve? pclﬁ(rgebg&g@n‘;/rbtryggcgfjdgﬁegg

bubbl e cap, sieve tray, Uniflux tray, .Flexi
’ , . . t .
balT ast 12y, tovsbacd et bt v in iy ke (B (ol e ESE g gy

chimey tray, .Z tray, tu ri itRp! i
;o . : toweratard [bew
baffl e tray, éf‘&‘?"%ﬁé‘ paig?rfgl aot? :t&gé/pcafgégg {:.E{)%/\t/rer >t(4(:):'21lnwbea of ar&:y?gyp? such

as ring type, §afdle su¥Bfe DlpORikiBOtrayRgtmhbhupacayngf!epr dy2 -
pack, Goodroy packi ng, 4Fe gt packi ng or crossigpiralgbéfg{ﬁé i r?n?s

preferabl e thyyyifes atbesb®fe dirayi | bakliast srapesasqabpet thiti ief'g{‘ﬁ)n t ower

of the reaction distillation tower is 2 o ' i st.
: : r nore, S Lo
O e Tt e kot ey e e G i R Pfhg = ™

formal dehyde. [f the nunber of distillation 1aSA 1 i
tower is suffiggiiénttay.| gigele odé@¥at Fﬁﬁﬁctja!r‘?wbz@*g@c?égwftﬁoausjtfI Iftlg,?lt L)C:inng

t he condensate conin
ThéJﬁQQa?L§r§¥tfﬁQ BLcQJUetower can be of any type such as

ring type, saddle type, Dixon ring, Magmahon packing, spray

pack, Pana pack, Goodroy packing, Stedman packing or cross
spiral packing, etc. .

It is preferable that the number of distiltation stages im
the distillation tower of the reaction distillation tower is 2
or more. Simple distillation is not preferable since the
distilled cyclic formal contains much unreactive formaldehyde.
If the anber of distil%étinn.stages of the distillation tower
is sufficiently targe, operation can be effected without
refluxing the condensate coming from the top of the
distiflation tower. |

At the top of the distiltation tower, 2 condenser can also
be instalied. {f the condenser is used to partially reflux
the distillate, the distillation tower can be optimized. Of
course, in the present invention, as described above, the

cyclic formal can also be produced without refluxing the

rd

distillate.



distillation tower. At the to I sti [
_ : p of the distillation tower, a condenser
also be installed. If the condenser is used to partially reflux thee oo

distillate the distillation tower can be optim [
te, _ ( timzed. f
present invention, as descri bed above, the cScIic fornalocaﬁog{:g’bgn the
produced without refluxing the dlstlllate 12. In the éxécution of the
present invention, in said step (1) 03|t|ons q t|
fggg”ﬂoggdt hte ia: k%thehlee g:xyeéutl%!hd’ f(SFFra‘P N 'f‘ frat Feinrl al's topt he
| st ation tower are ort ant
to the dlstlliﬁhldhetﬁﬁﬁﬁ'aﬂst éP?g'“H]SSP?Pgyé%gﬁfgagfpgﬁgﬁb?gggL{ed

I nto cont act th unr I
' dbR ek glemdtrbrqqql@t 6 e reattidor absorbi
or reacting vgiﬁfqz é“ E %y%ﬂ? e added to the reactor. On the gtLE?

hand, it is |&“rpsqr't|qgt“6|pattwfe9rm q%)jdeahﬁ diThecaly angplgilgcot of & he react or.

for counter-current contact of unreactive f
or mal dehyde with the al kyl
glycol. 1In th&lfppqa%e tb Lthies dps ef Evatiloa tomer tofe thesieadd 08t whi ch t%eene

al kyl ene glycol is added to the distillation to
wer
stage of the gistiilllaatoontaweneand thyodghinbrte Wé’“éfftc‘fﬂd‘fm"gg%ﬁ? e’ EL??th

contact with unreactive formal dehyd
to a mddl e ofotmajidehyde aife cousts rceuégea ;@1 @%ngﬁa .r?ﬁe?gﬂngl limted

unreactive
with the formaldehyde, to be added to the reactor.. On the
other hand, it is important that formaldehyde is directly
supplied to the reactor for counter current contact of
unreactive formaldehyde with the alkylene glycol. [In this
case, it is preferable that the position at which the alkylene
glycol is added to the distillation tower ‘is a middle or
higher stage of the distillation tower, to enhance the effect
of counter current contact with unreactive formaldehyde.
However, the position i:‘not {imited to a middle or higher
stage, a§ far as a cyclic formal with a small unreactive
formaldehyde content of, say, 1 ﬁt% or less, preferably 0.5
wt% or less can be obtained as intended in the step (1.

In the step (1), it is preferable that the molar ratio of
the alkylene glycol to formaldehyde in the reactor is 1 or
more, and more preferable is 2 or more. A molar ratio of less
than t is unpreferable, since the unreactive formaldehyde
content in the distilled cyclic formal is too large. On the

other hand, if the molar ratio of the alkylene glycol to



f or mal dehyde content of, say, 1 w%or |ess r ef er abl :

. . T ! ! 0 9

;bﬁ obtained as intended in the step-(1). In tﬁe step ({), ?tm$;68;eL:?begn
that the molar ratio of the alkylene glycol to formal dehyde in the reactor

is 1 or nore, and nore preferable is 2 or nore. A nolar ratio of less than

1 is unpreferable, since the unreactiv or mal dehyde content in the

distilled cyclic formal is too |arge. t he ot her, ¢ rhdctde ol ar ratio

of the al kyl doamgl gelpide; ¢n this"’f"&&ﬁﬁl sen\af&en T EEACIT TS Ilglr)ger a

| arger reactor is necessar Ther ef o tE ifle
. : sk a i
the mol ar ratfesesfathe jﬁﬁ%é‘h’égl'&@&?‘f‘oﬂﬁ r'rré:td‘eéhilbofg f-ibgh?il()%”g{aqlr ggge tAgat

for the am)unta of .tElxcaP %Ifk)‘hgnae”g)l)é;aglg if alomab pednddaydeppd ildd oo t he

distillation®% \'ﬁ/érr t'he 'reactor e [
_ st eady conti nuous operati
statF, since they are consuned by equi-nol ar anounts, it is prgferaLFQ to
SFEp y substantially equinmolar amounts of them For reactiop bet n.the
2oné: 1(_'aingngl é/col bangldf(qr rtgledehtytdets mrfdittnary“ﬁddlﬁﬂ?cﬂlyq{’doﬁ/ﬁdrg%\rd‘l"ilﬁﬁyde
ns can be adopted. For exanple, in the case of et '
formal, it issyppdfiedabd dhiehdisthld atdgat foNek éﬂﬂeﬁ? Jreeﬂcﬁgp%l)'??ﬁ(;‘e%%gm and a

nore preferable range is 80 to 140 I b o
that the reactieadypferkifiioussongy ﬁ[‘fé%&tﬁjregts"grg;pﬂ)yegrslrEeggﬁurn{eyd:tiﬁ\rmaibl:ﬁ

an equi nol ar anpun ' .
a equimo&a?fagﬁﬂﬁ E,pfpdﬂg%ﬁeferable to supply substantially

equimolar amounts of them.

For reaction between the alkylene glycol and formaldehyde,
ordinary publicly kﬁown reaction conditions can be adopted.
For example, in the case of ethylene glycol formal, it is
preférable that the reaction temperature *is 50 to 170°C, and a
more preferable range is 80 to 140°C. Furthermore, it is
preferable that the reaction pressure is atmospheric pressure.
to a pressure at which :h equimolar am&unt of witar p;oduced
in the ethyiene glycol formal reaction and the water contained
in the raw formalin can be evaporated.

The vapor obtained in this reaction contains a cyclic
formal, water and unreactive fdrmaldehyde.' Especiaiiy as
water: the reaction water equal in moles to the cyclic formﬁl
and the water in the formalin are distilled together. Thus,
in the step (1), the cyclic formal is obtained as a mixture
with the substantially equimolar amount of water produced in

the reaction and the water in the raw formalin (reaction



in-the ethylene glycol formal reaction and the water contained in the raw
formalin can be evaporated. The vapor obtained in this reaction contains a
cyclic formal, water and unreactive formal dehyde. Especially as water, the
reaction water equal in noles to the cyclic formal and the water in the
formalin are distilled together. Thus, in the step (1), the cyclic fornal
is obtained as a mxture with the substggptially equinolar anpunt of water
produced in tdistriddatebn and the water in the raw formalin (reaction

distillate). .. .14 Then, .t he, .Qht i i gkpn;gﬁgﬂﬂltlafe_is
distilled, but sifhbent h@‘%f@ltﬁb“?%r'ﬁﬁlc’tém 'ﬁ?g?'?ggrﬁsg?qazeotropi:

mxture, it is diffjicult t.0 ) cient LYt SEPE rat @nadfedtawpie max arreby
ordi nary dist?ﬁq%%jtbﬁ BRTV € ig?ﬁé eﬁi@bkgfned m xture of the cyclic formal

and water is fransf h ) y Wos aiart et hed aesoweopd te hib¥ ur e
consi sting of'{ﬁg g?&??@"#%fﬁaﬁugiﬁﬂwateg is obtained. The secopd
distillation §oyfarySadst il tateost eply.2) Soantire odiabdred AHREUSEL? T ciRE known
distillation tower. "As in the case of the disti]l at&on t.oner 9fwﬁ%¥%i§tep_
(1), if a plaggstiewdoras! Lsad watbe i dirans §Heredadop e Aren, (2F yigreld

bubbl e cap, sieve tray, Uniflux tray, Flexi t , fd byppl e tray,
bal | ast tray, thascaedrop a‘y,ml\)(éﬁtr&r?‘}/‘tsr'é)},' i ‘E{ :’y‘et 'régéfﬂ:r ef(??/@?ll' ng tray,

chimey tray, Z tray, turbo grid tray, ripple tray, dual flowtray or
baffle tray, @%E@"Ff“étbgUﬁgd t ower :

The second distillation tower used in the step (2) can be
an ordinary publicly known distillation tower. As in the case
of the distillition tower of the step (1), if a plate tower is
used, the plate type can be any type such as bubble cap, sieve
tray, Uniflux tray, Flexi tray, Natta float bubble F[ay,
ballast tray, cascade tray, venturi tray, Kitter tray,
recycling tray, chimney tray, 1 tray, -turbo grid tray, ripple
tr;y,;dual flow tray or&baffle tray, etc. If a packed tower
is used, the packing can ﬁe of any type such as ring type,
saddle type, Dixon ring, Magmahon packing, spray pack, Pana

pack, Goodroy packing, Stedman packing or cross spiral

packing, etc. .
A distillation tower with a condenser installed at the top

for partially refluxing the distille can also be used without

any problen.

The pressure of the second distillation tower of the step

(2) can be any of atmospheric pressure, higher pressure than



i s-used, the packing can be of any type such as ring type, saddle type,

D xon ring, Magnmahon packing, spray pack, Pana pack, Goodroy packing,

- St edman packing or cross spiral packing, etc. Adistillation tower with a
condenser installed at the top for partially refluxing the distille can
al so be used w thout any problem The gressure of the second distillation

tower of the step (2) can be any of atnbspheric pressur.e, bi ressure
t han 15 ataiomsipder tc mressyre of freéaee%cP’;ﬁ‘éé‘égr e._FﬁJt'%i S%?gf’[ebr@m e that

the operation tenperature at the tower. bo i pd 1 mo Pk | hé¥r r@ient of
water at the W@séﬂﬁe%ﬁﬁc‘éﬂﬂe&?m%{\éﬁf‘ﬁﬁt;{ﬁtg?eogg?g?i%nnt grrperature at the

tower top is simlarly, near, th t.k QPj irat cehcé Nedcyahid ctiial rttle and
water at the 5Vé§§§r8gb%§égrhéggﬁﬁﬁpgﬁg gfgﬁﬂ?é)ctocfurther renove wat er

from the azeotroni i Psi St i¢h@ @bwéhetopydsi cididrardly asar wdteer
obtained in t ee'gttgponlgﬂeﬁﬁggazeot ropic m xture consisting of the cyclic

formal and V\a;ﬁrotir%pwpp“.ﬁdotfotlme:yrodfibui(omlt iagd W& taspdr t§Fage of the
azeotropic distillation tower, and separately, a hydrocarbon conpound to
f orm anot her gzesiurepconcéomedie with water is supplied to a nmiddle or

hi gher stage of the azeotropic distillation tower re disstiblation. Thus,
fromthe bottom oflat ke agtem ()i b0 fiutifef af §HY & g&éép fa:q:mStthle

azeotropic mixture consisting of the cyclic formal and water

obtained in the step (2), the azeotropic mixture consisting of

the cyclic formal and water is supplied to the reflux portion

or upper stage of the azeotropic distillation tower, and

-

separately, a hydrocarbon compound to form another azeotropic

mixture with water is supplied to a middie or higher stage of
the azeotropic distillation tower, for distiflation. Thus,”
from the bottom of the'azeotropﬁb distillation tower, a
purified cyclic formal can be o%@ainem

it is important that the hydrocarbon compound used here
has an azeotropic temperature with water of not higher than
the boiling point of the cyclic formal, and can be concretely,
cyclopentane, cyclohexene or benzene, etc. An especially
preferable hydrocarbon compound is benzene in view of the
separation efficiency between the cyclic formal and water.

As the hydrocarbon compound used to form an azeotropic -
mixture with water, the hydrocarbon compound obtained by

condensing by a condenser, the'hydrocarbon compound vapor



purified cyclic formal can be obtained. It is i '
: s inportant that the
.Eg?rﬁfgagfntﬁggp?ﬁndbusfq here has an azeotropic tenperature with water of
e boiling point of the cyclic formal, and can be
gggg;s;g:g,hcgclopegtane, cycl ohexene or benzene, etc.’An especially
fer ydrocarbon conpound i s benzene in view i
efficiency between the cyclic f.ornal ﬁg e e hon e

a .
g;tegi 'ﬁlgdf gr mm;azie@ﬂz d{bﬁt@l’m Rtﬂredi\kittiﬁ'ﬁ\gfér?",rm ttﬁg %Jy}’grogzgpggﬁr Egﬂpgaggound
ned by condensing by a copdenser, th
00115, SUSIAD G TRLET e D0 e b

distillation tower, .,a separat | t hee
C o e i dAqliQui Qftoth dred
by a |iquid-I '?'tﬂ.ﬁed °§eglger a&%geg%pgebfy; gml L{i(]'g‘ddll?(;qﬂlg azeort ];tg:;i ?Igl st ?Inlsgz ieon

tower. Since rectifigati i o AT
&Gt td 1 GRt 2200 t Fogilte disepl (Xioins towerended to se
wat er, the coh%@nseg and separated water phase is of course discﬁg;323

outside the azeot sQRt& ElieStriekk af i cut itoawin. then sitieps (Pads, |

. : . . , Intepsied

di scharged outside the azeotropic distillation tower is at |ea tW&tE[igrﬁse
returned to téepaatet wobic dhst condanssd epheteraraded ML 85?? n' sgfaoffi Ci en>c/y

can be remarkably inproved. As for th j ISt
refluxed, it ceuroel ¢ipekangeddoupstds eﬂ%?g“'{'oéti?];dE)?Fitlﬂiaﬁ?g%';ﬁ;ﬁeu%gt ib'?y of

the hydrocarbon compound useqpe wstdF Wbk Ofi dchalrBed SaPiiu@Pit ke
azeotropic distillation tower is at least partially returned
to the azeotropic distillation tower, the rectification
efficiency can be remarkably improved.

As for the quantity of the'distillaté to be refluxed, it
is only required that the molar ratio of the total quantity of
the hydrocarbon compound used in circulation in the dzeotropic
distillation tower and newly supplied to it, to the total
quant{ty of wafen uséd ?h.circulation_in the azeotropic
distillation tower and newly supplied to it is kept preferably
at 0.8 to 1.2. As a result, while the water content of the
residue from the azeotropic distillation tower is sufficiently
kept low, the accompanying nydrocarbon compound can be stably
‘controlled. |

It is preferable that the distillate is refluxed to a
stage higher than the stage to which the hydrocarbon compound

to form an azeotropic mixture with water is supplied, or that

both are supplied to the reflux portion. As a result, “the



ngél:haggggufgr?gnapg Pﬁmﬂy squIied éo iIt, to the total quantity of water

: dil e azeotropic distillation tower and w

to it is kept preferably at 0.8 to 1.2. As [ vl o PP e
_ ) 2. a result, while the wa

content of the residue fromthe azeotropic distillation tower is ver

sufficiently kept |ow, the acconpanyi '

_ A yi ng _hydrocarbon co

ﬁpntrolled. It is preferable that the ngtiJIate LS rq??ﬁggg fan bgtztgbly
i gher than tdzeodragic tasmmaisdhi 9heEaty df 084t Ydn f85?"rp%und‘dt 0 f%r%&a%n :

azeotropic mxture with water is. suppli e a i [
refl ux port|dHﬁYA§t&drHEUIFﬁet%%“”'Q%7s§g%%ﬁ%%%?ck%ggggg???gﬁvggL]gg ;gsfrg

formed, and it can bg J%ygﬂgeg ' ]
or , dddlopliled VL B alt@ofU dredsasontedned
distillate seﬂﬁ?ﬁf&ﬁ ffdh1the azeotrgﬁic distilbatioﬁﬂiomer is contained in

t he residue. ! he ' I it
. tfae ¢ PY it invention, it is preferable that th
anngna of the'ﬂygrocar on conpound to forman azeotropic m xt rg ad?edmater
Icinsi L ;[ ﬁglgf afha|hat1|9-dq?esmtghuvdm iohe atroinerefe fakl eaztéﬁltrg’b‘? c,av‘%e ture
_ e cyclic formal and water.. A nore preferabl [
to 5. Since tiwoumtdoéctirbdrydcdapohaft cABRBHPAN%d Of ea'Hiasztelt%It?3§gpggrr; ﬁgo% ?om

the top of the azeotropic distillatjon tower a '
- H d H i e i
t he hydrocar bmix fdtfr?p!iug'u %ad efe ! ¢ {/ ts"ué |t P'(r;(%?ngoﬁi gfédgmgogér Q?peg%gnt 00f

t he anmpbunt to nmke u E r . . c ot s
amount o ﬁ@ azeotropic mixture consisting of the cyqllc

formal and water. A more preferable range is 0.5 to 5. Since
the tiydrocarbon compound accompanies the distillate coming :
from the top of the azeotropic distillation tower and the
residue, the amount of the hydrocarbon compound to be newly
supplied froﬁ outside corresponds to the amount to make up for
the shortage in the distillatioh tower. The amount of the
hydrocarbon compound to be newly supplied from.outside is
usually 0.001 to 1 as a&fitio by weight to the amount of the
azeotropic mixture consisting of the cyclic formal and water.

The pressure of the azeotropic distiltlation tower for
purifying the cyclic formal is any of atmospheric pressure,
higher pressure than atmospheric pressure of reduced pressure.
It is preferable that the opération'temperature at the tower
bottom is about thé boiling point of the cyclic formal at the
pressure concerned, and that the operation temperature at the
tower top is similarly about the azeotropic point of the

hydrocarbon compound, cyclic formal and water at the pressure



the shortage in the distillation to
_ wer. The anount of the hydrocar
’gsnagrgﬂttﬁob?hgegh% sgppilfﬂ fromoutside is usually 0.001yto 1 agog ratio
unt o e azeotropic m xture consisting of the [

La;r?liﬁndtﬁater. The pressure of the azeotropic distillatign t owner ?gfllc
purt gt g he cyclic formal is any of atnmospheric pressure, higher pressure
t erat.nnsp erlﬁggae §ure or reduced pftessure. It is preferable that the

p i on t enfpdt F& at. the tower bottomis about the boiling poi nt . of the"

g%/clt |hg Ig\rNemrall tg|to Itrggsipim T Irpﬁcgggslc}tqq{]ﬁ@io@nghvtehauswefoa‘peluaﬁ f bea tio®pdPat ure
( e azeotropic point of the h
;ggg?lrjggi, ccé?kslwls}ctg?ing%) ?ir(}d angt ef?ja?artyheuptbtsmmowg dig tédrﬂééiﬁ'éd%%ﬁgar bon
( : wer use or purificati ' '
?gs\épar?/f p;bl lmte/ tltﬁraowcdicstdiilslthi | obi Otno@ewef-i kd ft EQPLQ%%%‘"E%EF? f‘i”?aet"i'-ina”y
. plate tower is used, t~he plate ¢ : e
Eglblblagt “tre Sty |ta(rjtay,tynmicramuket ?%,Wgﬁeiv"‘f ?’g\/e biRE) %:"?’szﬁﬁxgﬁbm et ?Zy
_ ray, cascade tray, venturi t i1 r’ [ ’
. K . ! ] r H
chi mey tray, Ui ﬂrvéyfraliurﬁ)!(fxdr ::taa¥'l‘ El{r(,’:p‘?l ggéiptbrug§?¥dbgfp¥?g\avnﬁ f’:lyagl‘

l;an(‘:LI e ;%g ?E/%b Icéégﬁﬁgc{f,‘gét Qgﬁ%ﬂnisrﬁ?%?ﬂ.%fﬂrﬁaekknge_ccamllbegof.raarmy type
Pana pack.  CopfigieyPaFkncs (Feased B8t ces.crGos | Bk vt 8aki HPY ot o
tray or baffle tray, etc. If a packed tower is used, the
packing can be of any type such as ring type, saddle type,
Dixon ring, Magmahon packing, spray pack, Pana pack, Goodroy
packing, Stedman packing or cross spiral pack}ng. etc.

In the method of the present invention for continuously
producing a purified cyclic formal, raw formaldehyde is
supplied;to the reactor of a reaction distillation tower, and
an alkylgpe'glycol'js s%ppligd to the distflfagionjtoﬁgf_of
the reaclion distillation tower, to produce a cyclic formal
with a small unreactive formaldehyde content. Furthermore,
the cyclic formal with a small unreactive-formaldehyde‘cdntent
is distilled, and rectified with a ﬁydrocarbon solvent to form
an azeotropic mixture with water. Thus, a cyclic formal with
a small water content can be easily produced at a high yield.

The method for continuously producing a cyclic formal of the

present invention is economical and can be simplified in

operation industrially very significantly. -



In-the nethod of the present invention for continuously producing a
purified cyclic formal, raw formal dehyde is supplied to the reactor of a
-reaction distillation tower, and an al kyl ene glycol is slipplied to the
distillation tower -of the reaction distillation tower, to produce a cyclic
formal with a small unreactive fornal dehyde content. Furthernore, the

cyclic formal with a small unreactive f &P ma| d m&snt Is distilled,
and rectified with a hydro L 9 °F%m¥ |§!”ﬁﬁzeo ropic mxture with

water. Thus, a cyclic formal with a.s i awERO VT i¢aas bea tdagi by
produced at a higﬁ'ﬁié{dﬁ fhégﬁéﬂﬂﬁgﬁ Pgékﬁﬁﬁtiﬁﬁously produci ng a cyclic

formal of the_ presenf. inv Sn 9G9eess cod tardp cesende isveptidi.ed in
operation indﬂ@“ﬂfal%&ﬁggﬁg%g?gﬁffiSgntly. 19 Brief Description of ‘the

Drawings Fig. 1 igjg SEMERisehaiociassrdeesd rgakongifdruddiastriftdeyclic
formal production process of the present invention. Fig. 2 ts schematic
process draw g fer cht Lisd rfatrmad mrn]tdtériﬂltyﬂzlquésﬁof’fraihgeptpéaﬂﬁ?Fon process
of the present invention. Fig. 3 is a schematic process draw ng for

il lustrating bnv¥emttiker ot her purification process of -the present invention.

Fig. 4 is a schematic process drawng for ||| Eat | Cbba f Ui Ror
ot her purificatior'f‘ﬁrogeh“saofsc fge ?e§gﬁfe%%J§ﬁ?fg%.ng.Q|qhkt afirg

further other purification process of the present invention.
Fig. 4 is a schematic process drawing for illustrating 2

still further other purification process of the present

invention.
Description of the Preferred Embodiments

In Fig. 1, a reaction distillation tower (not numbered)
consists of a reactor 1 and a distillation tower 2. As
indicated by arrows, the reactor 1 is connected with the
distillation tower 2, ;;d an alkylene glycol is supplied from
the bottom of the distillation tower 2 to the reactor 1.
Furthermore, from the reactor 1, a product and an unreactive
mixture are supplied to the distiilation tower 2.

In the present invention, at first, predetermined amounts
bf an alkylene glycol, formalin and catalyst are initially
supplied into the reactor I; and the temperature in the
reactor 1 is heated to a predetermined level.

Then, formalin is continuously supplied from a formalin

supply portion 7 into the reactor 1, and the alkylene glycol



Description of the Preferred Enbodi nen [ ' [

_ ts In Fig. 1, a reaction disti [
.}ﬁgfgagggtbgug?fged)\fﬁn3|sts of a reactor 1 and a distillation ti&éllgtlgg

ws, e reactor 1 is connected with the disti [ :
2, and an al kyl ene glycol is su [ F he i siil ot oper
pplied fromthe bottomof the distillati

Lgrggcfibg Lrithgc;?r 1. Frrtgernnre, gbon1the reactor 1, a producta;hgnan
. : Xt re supplied to the @0sti]l tion r
i nvention, atificattinpoesks supphbed Ff9Hnee ‘b'lfkygﬁnﬁl ﬁglfene séwlcl:gl ) h?oﬂrglsfﬂt
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continuously suppljed froma f i : [ Vs i et
| _ ( Yi A fthen tia th
and the al kyl ene I'Vcéllﬁym%gﬁgg%{)n%pﬁﬂgﬁil g/ﬂ?uggﬁ degs}l?olmtagealt kyl eﬁre .
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_ t- contacts the unreactive fornal dehyd
coming fromth k8 of i e 1
com ng from néﬁtf]&ﬂgteqr chriéniGount esanbr pentgacto wikboi b I ilEaRtGERE ¢t

_ : e reactor 1. On the other hand, faorpald ' '
2”25: Ieﬁcei |g|nt otlhb_ergﬁatmtrou. 1,01t cthieeo therr &a8di v&"ﬁ“ﬁrlﬁﬁﬁ%she%&lﬁ?g& rteﬁte| y
! ycol in counter current. In t hi ase, faor pe r
current cont asuppfidbtimtoj the yedcdpbrhpta ?ﬁgt"'{rﬁécgl' K§| fe‘%’g{agllqggg?@i s added

to a mddle or higher stage A
contact the a?kylene glycol in counter current. In this case,

for better counter current contact of both, it is preferable
that the alkylene glycol is added to a middie or higher stage
of the distilfation tower 2. Thus, a distiltate mainly
consisting of the alkylene glycol formal and water and smatl
in formaldehyde content (reaction distillate) can be obtained.
Furthermore, at the top of the distitlation tower 2, a
condenser (not illustrated) can also be installed to partially

"

reflux the distillate.

Subsequently, the distillate is supplied to a second
distillation tower 3 for continuous distillation. From the
bottom of the second distillation tower 3, water is taken out,
and from the tower top, an azeotropic mixture consisting of
the alkylene glycol formal and water can be obtainé¢

The azeotropic mixture is continuously supplied to an
azeotropic distiltation tower 4 for purification shoWn in Fis.
1, and separately, a hydrocarbon compodnd is continuously

supplied to the top of the azeotropic distitlation tower 4,



of -the distillation tower 2. Thus, a distillate mainly consisting of the

al kyl ene glycol formal and water '

. . . . and snall in formal dehyde con

é{ggff:o?_dlstlllate) can be obtained. Furthernore, at ¥he toptgptthe
ation tower 2, a condenser (not illustrated) can also be installed

to partially reflux the distillate. Supgequently, the distillate is

supplied to a second, djst.illati t r [ LS tdwet |
4 . ia i | . i
t he bottom offoc"hé‘éé&g 1§t f’lge[ iag\r%%tigﬁ%{@g,‘%%z leir] is ttgvli:;“‘olu?t | gzd ﬁ gm

th . L : Sl

foremtalomgldt 3& a“égz?@ﬂ isG, M X{dHof GONGaKdd nytofrdmethal Kgp ehfe tdleycol

Lo ed o er n-be obtalned. The azeotropic mxture is continuously

TP and @p%ftg?ie):ispdpstﬁﬂghtHlﬁ'{)ﬂowart énerThe ftekep gyt V&8RP of® shown in
.1, , a hydrocarbon co ound is ' '

the top of thgmZagkedoby ca ciontehsen @att b 3U,atEdfggg‘#‘g%%g&ﬁ?S*gta!rtgﬁdi ';10

the azeotropic distillation tower 4. In ' '
. this c . .
fromthe top kfdtotaraaeotonpeudddpasy 2ad Bﬁfﬁﬁ)ﬁﬁ’sﬁé' *ﬁ“gq{'zﬁﬁ#@u qggggr i S

condensed by a condenser (not il | ust e .
Conpound. phaseeasia twar & phids v RS ERep ity JECBEI ALY T ocarbon

st i racyon TURH (R BOD OB BE e g e oot tom of he
liquid- 1iquidy sEnAr 3t Pkt Pux Pipel td.at immzdmé 'rmrtﬁﬂ" EEE&%"BE&T}&W
liqﬁid separator 5, distitlation drain 9 is taken out. From
the residue portion 8 at the bottom of the azeotropic
distillation tower 4, the purified alkylene glycol formal is
taken out.
Fig. 2 shows another embodiment slightly different from
Fig. 1. The azeotropic mixture obtained in the secénd
distillation tower of Fig. 1 IS continuously supplied to the
) refluk Jine-of .the azeo%ropic distillation tower 4 for
purification shown in Fig. 9. Separately, the hydrocarbon
compound is also continuousiy supplied through the reflux line
to the azeotropic distillation tower 4. The vapor taken out
of the top of the azeotropic distillation tower 4 is condensed
by a condenser (not illustrated) and separated into
hydrocarbon compound phase and water phase in the liquid-

liquid separator 5. The obtained hydrocarbon compound is

continuously supplied through the reflux pipe 10 to the top of

e

the azeotropic distitlation tower 4.



EE: Lﬁ?:??gdpg{igfgng Sfyigf ?ottor1pf the azeotropic distillation tower 4

. . . . ormal is taken out. Fig. 2 shows 1

?gb?g;nggzoﬁglgrgiylﬁgzrgge?t fron}FLg. 1. The azeo?rdpic nixtﬁpgtgg[ained
_ tower o ig. 1 is continuously s i

reflux line of the azeotropic distillati,on tower 4 for pu?if?gglzgg gﬁoage

in Fig. 2. Separately, the hydrocarkan alp el [
suppl i ed through FRe® Lt 3§t¥?%eocf?élatghlepaz'eot ?ggfﬁ ﬁ@?fﬁ?gﬁ’gﬁoriﬂr 4
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system but as illustrated, th - . .
LT 0% Sty Sesthuko Sl OB AR EE syt
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urifi
P fied bottom of the azeotropic distiltation tower 4, the purified

alkylene glycol formal is taken out.

Fig. 3 shows a further other embodiment of the azeotropic
distillation tower 4.

The azeotropic mixture consisting of the alkylene glycol
formal.and water is continuously supplied to the reflux line
of the azeotropic distillation tower 4 shown in Fig. 3, and
separately the hydrocarbon compound is also continuously
supplied through the r;?lux line to the azeoﬁropicn |
distillation tower 4. Subsequently, the vapor taken out of
the top of the azeotropic distillation tower 4 is condensed by
a condenser ll; and separated into hydrocarbon compound phase
and water phase in the liquid-liquid separator 5. The
obtained hydrocarboﬁ compound is continuously supplied to the
top of the azeotropic disfillation tower 4 through the reflux
pipe 10.

{n this case, to make up for the hydrocarbon compound

decreased in the azeotropic distiflation tower 4, the -



al kyl ene glycol formal is taken out. Fig. 3 shows a further other

enbodi ment of the azeotropic distillation tower 4. The azeotropic m.xture

- consisting of the al kyl ene glycol formal and water is continuously supplied
to the reflux line of the azeotropic distillation tower 4 shown in Fig. 3,

and separately the hydrocarbon: conpoungsi s al so continuously supplied

through the reflux line to the azeotropke: tiohialliladdgylitedthraugh the
Subsequent | y, h¥d{foca5pes ctwgﬂngu%ﬁgfbet Eg&:![ op of '%he azeotropic distillation

tower 4 is condensed. ndepe€rochboaneh mpopad as enb iynpor byb#.oc &£rBBN
conpound phas'éef:lr\% \3\/51 %rﬁpﬁgsg F’E tohe liquid-liquid separator 5. The

obt ai ned hydr gearhQn4genpRuidni 8 cortiienbotisiny ofubpei &P AtEOPHE top of the

azeotropic distillation tower 4 through the reflux pipe 1Q. . case,
to make up fogi4ha 1aydsomceowean dcotipownd i et éd&‘d"l‘g qp‘d@ﬁzé%’)ﬂ?%{gi'g

distillation tower 4, the 23 hydrocarbon conmpound can be additionally
supplied throtgher hatrefl ux pipe 10 to a hydrocarbon conpound supply port

12. Fromthe residue portion 8 af. b f, .t anintopkctiged still ation
tower 4, the puriffiigd 4l xBA%nd éiﬂ/wﬁ“{g?‘%rgm&s”t gﬁ%ﬁ@out‘l. Fig. 4 shows a

thial)![ r](‘)t;irihﬁir ig%#\éropngggg BNt t96n (a2 @0t o Gzdostodiamiiatutover 4. The

consisting of the alkylene glycol formal and water i; |
continuously supplied to the azeotropic distillation tower 4
through the reflux line of the azeotropic distillation tower 4
shown in Fig. 4. _Furthermore, the hydrocarbon compound is
also continuously supplied to the azeotropic distillation
tower 4 through the reflux line. Subsequently, the vapor
taken out of the top of the azeotropic'distillatioq tower 4 is
. condensed by ihe condenser 11, and separated_into hydrocarbon
. compound phase and wat;? pﬂase.in tﬁe;liquidhliquid separator
| 5. The hydrocarbon compound obtained like thi; is
continuously supplied to the top of the azeotropic
distiliation tower through the reflux pipe 10. 1In this case,
to make up for-the hydrocarbon compound decreased in the
azeotropic distillation tower 4, the hydrocarbon compound can
be additionally supplied through the refiux pipe 10 to the
hydrocarbon compound supply port 12. Furthermore, the water
phase condensed and sepafated in the liquid-liquid separator 5

is discharged outside the system, but as illustrated, the



consi sting of the alkylene glycol formal and water is continuously supplied

to the azeotropic distillation tower 4 through the reflux li.ne of the

-azeotropic distillation tower 4 shown in Fig. 4. Furthernore, the

- hydrocarbon conpound is al so continuously supplied to the azeotropic

distillation tower 4 through the reflu5ﬁline. Subsequently, the vapor taken
la

out of the top of tspiﬂgsélz QP 6 t 6l fdd laltatl éost tpawei a Uy stocdhdensed by the
condenser 11, Ahd eparated i nto hydrocarbon conpound phase and water phase

in the |iquids}iditicdiceppdAtiqatbon fdwerhydr brarsi@niEbsditldd IBREA hed ® i ke
this is continuously supplied to the top of the aéeotrqphc dg55i|!f§ion
tower througheéde friehltisn piffd ciency.n Fiios theresidUpRATLIO0 8 4 Hi

hydr ocar bon conpound decreased in_ the azeotropi: LSty gti 4, the
hydr ocar bon cbheptamae fche b@%ddﬂf‘brf’a‘lﬁ%ﬁﬁkb‘? gtch'fir%'ugﬁ'tet ﬁg'ﬁgﬁx pi pe

10 to the hydrocarbon conpound supply, rt . Furthernore, the water phase
condensed andabeplams Gélyggl t Wémf-wqﬁi dt-ﬁ%:%aufég'separ ator 5 is discharged

outside the syste but as illustrated, the 24 wat er phase can be
returned at Iéégwggﬁ%tially to the azeotropic distillation tower 4, for

significantly i mprgu,ihe §€el beasdmn iaktntiemaye dFsoribedebeba¥.due

portion 8 at the bottomof the azeotropic distillation tOWFr 4 th%

purified al kylgaepofskaal i ioemeloni $stmkier imited EihaRsitasopthereby, ~an
can be properly modified within the scope of the gist of the
‘present invention.

Example 1
In this example, a reaction distillation tower consistiqg

_of a reactor 1 (with a capacity of 800 ml) and a distillation
tcwer'z (0Older Shaw plate tower with a diameter of 30 mm and
20 sieve trays installed) was used.

At first, 270 g (44 moles) of ethylene glycol, 130 g of
.éd% formalin.(z.ﬁ moles of formalthyde) and 4 g of sulfuric
acid were initially supplied into the reactor 1, and the
reactor 1 was heated till the inside temperature reached 120°C.
When the inside temperature.reached 120°C, 60% formalin was
continuously supblied to the Teactor 1 from the formafin
suppl§ port 7 at a rate of 85 g/hr (1.7 moles of formaldehyde
per hour). Separately, ethylene glycol was continuously
supplied from the hydrocarbon compound supply port 6 at the

.10th stage from the bottom of the distillation tower 2 at a



Exanpl es of the present invention ar . i
_ _ _ es _ e described bel ow. The pres
»prﬁ?hl?ﬂelicggé L;nlhed phere;o or thereby, and can be proBerlsnLDdified
e gist of the present invention. Ex I i
exanple, a reaction distillation tower consisti : oy 1 (mith
_ ati ¢ \ sisting of a reactor 1 i
capacity of 800 ml) and a distillation zpwer 2 (gider-Shaw pl ate gg&é? aﬁth

a dianeter of .30 nm and 20, Si ¥ S | _ d : _
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, eact S heated till the inside [
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gl ycol was continuously supplied fromthe
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flowrate of 106 g/ hr (1.7 nples/hr)q,T.
| ow _ : t e gl il
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into contact with.the unr L ve f@r ; A !
count er currer?tb,tafgrar&égéﬁﬁg%\t%ﬁtlﬁqf gﬁ%ﬁ%ﬁgmmmdmmmact or in
distillate). The distillate was analyzed by gas

chromatography and found to contain 65.4 wt¥ of ethylene

glycol formal, 33.7 wt% of water and 0.1 wtX of formaldehyde.

Example 2

Ethylene glycol formal was produced as described in
Example 1, except that the amounts of ethylene glycol and 60X
formalin initially supplied into the reactor 1 were 140 g (2.3
moles) of ethylene glycol and 200,é.of 60% formalin (4 moles
of formaldehyde). Theabbtained-diggillate (reaction
distillate) was analyzed by gas ch;omatography and found to

contain 62.8 wt¥ of ethylene glycol formal, 33.1 wt¥ of water

and 1.0 wt¥ of formaldehyde.

{t can be seen that if the molar ratio of ethylene glycol
to formaidehyde in the reactor 1 is larger than 1, the amount
of formaldehyde as impurity in ethylene glycol formal is
obviously small.

Example 3

A reaction distilflation tower of the same type as-that of



In-the reaction distillation tower, it took 120 mn [
n-tl | wer, i. utes to obtain a
.agztghgﬁte gnhh a stable conposition (reaction distillate). The distillate
vas yzF y gas chronatography and found to contain 65.4 w % of
et y Fne glycol formal, 33.7 wt% of water and 0.1 wt % of fornal dehyde
anpl e 2 Ethylene glycol formal was prgduced as described in Exanple-l

except that the ts -of C
supplied int oE)safvgﬂgggc?b&pfe\txgﬁe{f‘ﬁ“oq’lg%wﬁpnﬁ"ggt)g{wgfrg?’ﬁwéh?%ﬁ?cgf and

200. f 9 i

(reagt i00n68_/o {«?vhrrralwgrt'h(f' dlegefl of JoTamdebusladis tThea bidmisedesiand | | ate -

comtain 62 gs ' a} ) "was anal yzed by gas chromatography and found to

of fornaldéhygiﬁ@:ﬁ?pggﬁyﬁﬁﬂgggLyfﬁltfp;n?L’ 33i1 W% of water and 1.0 wt%
i et at | e nplar rati :

to formal dehyde lWwbhﬁuﬂeﬁntdelséseﬂmﬂgélmih&h41F°fﬁ§9éﬁgﬁﬁb9 4ﬁpe glyeo

formal dehyde as inpurity in ethyl ' '
_ yl ene gl ycaol f
32%:2 i A rgafﬁulﬁnldnszidﬂ aﬁtﬂi%oﬁt’twgrﬂyéﬁ-Ph'g"r'sr%lrrglfts{/?g@yagguﬁkg?)s?dl' 26
) except that the distillation.taower 2 i34 PREKE '
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EXE”ERQ qg%c 0 lbi% ﬂ?L?éA Afi1ethy! eade temperature reached

110°C. When the inside temperature of the reactor 1 reached
120°C, 60% formalin was continuously supplied into the reactor
1 at a flow rate of 85 g/hr (1.7 moles of formaldehyde per
hour), and ethylene glycol was continuousiy supplied to the
1st stage from the bottom of the distillation tower 2 at a
flow rate of 106 g/hr (1.7 moles/hr).

in the reaction distribution tower, it took 120 minutes to
obtain a distiilate with a stable composition (reaction
gistitlate). The distillate was analyzed by gas
ch(omatography and found to contain 64.3 wt¥ of ethylene
glycol formal, 33.4 wt% of water and 0.5 wt¥ of formaldehyde.
Example 4

A reaction distillation tower consisting of a reactor |
(with a capacity of 800 ml) and a distillation tower (Older
Shaw plate tower with a diameter of 30 mm and 20 sieve trays
installed) shown in Fig. 1 was used.

Two hundred and seventy grams (4.4 moles) of ethylene

glycol, 130 g of 60% formalin (2.6 moles of formaldehyde) and



glycol, 130 g of 60%formalin (2.6 noles of fornal dehyde |

; _ % fol : and 4

.ﬁulfurlc.aC|d were initially supplied into the reacto?, ;nd t he ?egitor was
eated till the inside tenperature reached 110[err] C. Wen the inside '

tenperature of the reactor.1 reached 120[err]C, 60%formalin was

continuously supplied into the reactor at a flowrate of 85 g/hr (1.7

mol es .of fornpl dehyde "hQUE), w .at: : i
: i , ¢héd viatocohe | raast
fslug\rl)vl | e;j tof Fﬁeg Pt SE!Q‘S'Ie' % ?g#t%ﬁéﬁﬁon#ggsetsﬁgydi still ao'fi onI tovve?lrg at a
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_ m in adistillate with a stable I ti o
(reaction distiddnaidel207he Whetilleatiasivhe Wleyﬂéﬂfhffgégggﬂ%ms' tggpaphy

and found to contain 64.3 w% of et hyl ene gl |
and 0.5 wt%ofeiu:lrerdall&?ﬁ/d@ﬂ%mlé%ﬂﬁérg ﬁﬁaﬂag{’glfs!"i’?if?gny@oo@mgﬁeWater

consisting of a reactor 1 (wth i Lot :
tower (O der Bheng Ipil"aﬁtrépﬂb((/\g‘”\ﬁ ?hﬁgtpogﬁh%{gct%?oéglmgﬂgazgﬁg‘% ladvfla%}tslrg;s

instal | ed) sho nieagl ;gglels ; 8f§§@£,%gg%féhblglﬂrmf?ﬂdaﬁ@\k&mwwé gy co4. 4.

mol es) of et h§ ormalin (2.6 nol
_ _ _ : es of
f or mal dehyde) andchnti%Zofllsgj thmﬁwéwﬂr‘bma@hﬁi oehyd enai ¢ i vedolly sgoply ired ti nt o
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2 at a flow rate of 106 g/hr (1.7 motes/hr).
It took 120 minutes to obtain a distillate with a stable
composition (reaction distiltate). The distillate was
analyzed by gas chromatograbhy and found to contain 65.4 wt¥
of ethylene glycol formal, 33.7 wt¥ of water and 0.1 wt¥ of
formaldehyde. |
In succession, the distillate was supplied into the
distillation tower 3 (piate tower with a diameter of 30 mm and
20 sieve trays) at the 10th stage from the bottom of the |
distillation tower at a flow rate of 191 g/hr, for continuous
distillation at a tower bottom temperature of 103°C. [t took
120 minutes to obtain a distillate with a stable composition.
From the top of the second dixtillation tower 3, an azeotropic
mixture containing 91.8 wf% of ethylene glycol formal and 7.6
wt% of water was obtained.

The azeotropic mixture was continuously supplied to the

10th stage from the bottom of the azeotropic distillation



reached 120[err]C, 60% formalin was continuously supplied fromthe formalin
supply port 7 into the reactor 1 at a flowrate of 85 g/hr (1.7 noles of

- formal dehyde per hour), and ethyl ene glycol was continuously supplied from
t he ethyl ene glycol supply port 6 at the 10th stage fromthe bottomof the -
distillation tower 2 at a flowrate of JLO6 g/hr (1,7 noles/hr). It took 120

mnutes to obtain a distillate wi,th a sfabl.e c I o (§®agleiven
distillate). towerd#stniats dowpk Yih §lz€tﬁweéagggﬁfo&r?a?ggraphy and found to :

contain 65.4 wt% of ethyl ene ycol Figd 1. 1M % Gflowatere afd1861 W %
of formal dehyld@¥s nf%ﬁd§§§2?6%%%Vhéhé?£Pﬁifgge was supplied into the

distillation fower : Wi hllo s i 3Wpbeledfta3@hend ehd t2@esi eve
trays) at théhfbtﬁﬂgtégg %?oﬁ??ﬁgnbétton1of the distillation tower at a

flow rate -of f]r%i\ gf.@rtod‘ Qf CREtiTusauspiic stistidlrbhomttoyes ofedt Botfd 8
tenperature of 103[err]C It took. 120 nminutes to obtain a distilk§ge W th
a stabl e conpostet b®n16 FgAm t hehe ol sdfi [{ abi e pga2 Hi &t '™ S0P 8PS an

azeotropic mxture containing 91.8 w % of et hyl ene | agq 7.6
W % of wat er diastidtbebioed.owthed e&"éotcl"!}ﬁ!‘ﬁt"rf{ ﬁtuféme\gls%ggﬁt f"r)l%{)gj}srlgy suppl i ed

to the 10th stage fromthe bottom of the, ot | ntiy) | &d Qapor 28
tower 4 (plat®e towkéEr bof o éeﬂpgﬁﬁt@'ﬁ 8? gg%emn gggé@o sni%ttla%/e trays)'m]sor

puri fication ?rho%lmhientt'):vilegr' to% ﬂs aqofnldQWsE@tﬁld)fseiﬁﬁated into benzene
phase and water phasé in the liquid-liquid separator §, and
the benzene phase was continuously supplied to the 1st stage
from the top of the azeotropic distillation tower 4 at a flow
" rate of 367 g/hr.

From the residue portion 8 at the tower bottom, purified
ethylene glycol formal containing 11 wt% of benzene was
obtained at 135.é/hr. The yield of ethylene glycol formak.to.
the initially éupplied thylene glycol and formaldehyde_wgg
97.5% The wate} content was measured according to the Karl

Fischer method and found to be 44 ppm.

Example §
The azeotropic mixture obtained in Example 4 (containing

91.8 wt¥% of ethylene glycol formal and 7.6 wt¥ of water) was

continuously supplied into the reflux line of the azeotropic

distillation tower 4 (plate tower with a diameter of 30 mm and

40 sieve trays) for purification shown in Fig. 2 at a flow

rate of 136 g/hr, and benzené was also continuously supplied



/ he, and benzene was continuously su [

the azeotropic distillation tome¥ 4 2P|563I23/£2$e323 i%ag?hiron}hhe top of

~distillation operation in the azeotropic distillation tower 4 was gondu ted
.at atnospheric pressure at a tower bottomtenperature of 77[err]C ©e
Subsequently, the vapor fromthe tower sép was condensed and sepa}ated fnto

benzene phase and water- phase in the |idi I qui
- H -l
benzene phasei nkes toent ¢ Hugudiige b ifdR t'badtt%lg?ﬂe ét agrea Eé)mS'E h:n?o:)hgf
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containing 11 wt % of ben i 506/ 1 T:
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at a flow rate of 367 ' pply

gradually started, and finally water was continuously §upplied

to the top of the azeotropic distillation tower 4 at a flow

rate of 9 g/hr. From the residue portion 8 at the tower

bottom, purified ethylene glycol formal containiﬁg 0.7 wt¥ of

benzene was obtaine& at 135 g/hr. The yield of ethylene

glycol formal to the initially supplied ethylene glycol and

formaldehyde was 97.5%.° The water content.was measured-

according the Karl Fisc?ér method an& found to be 22 ppm,

Comparative Example 1

Ethytene giycol formal was produced as described in

Example 4, except that ethylene glycol was supplied together

with formaldehyde into the reactor, instead of supplying

ethylene glycol to the 10th stage from the bottom of the

distitlation tower 2. [t was analyzed as described in Example

4 and found to contain 63.4 wt% of ethylene glycol formal,

33.8 wt% of water and 1.8 wt¥ of formaldehyde. 1t can be seen

that the product of tﬁe present iavention is obviously smaller
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Ethylene glycol formal was obtained as described in
‘Example 1, except thét methanol was added to the azeotropic
distillation tower 4 instead of benzene. In this case, the
yield of ethylene glycol formal was 97.0%. The water content

was measured by gas chromatography and found to be 6.5 wt4.

Example 6

| ‘A reaction distillation tower consié;ﬁng of a reactor with
a capacity of 800 ml and a distillation tower 2 (plate tower
with a diameter of 30 mm and 20 sieve tray%j shown ih Fig. 1
was used. -

"Two huadred and seventy grams (4.4 moles) of ethylene
glycol, 130 g of 60% formalin (2.6 moles of formaldehyde) and
4 g of sulfuric acid were initially supplied into the reactor,
and the reactor 1 was heated till the inside temperature
reached 120°C. When the inside temperature of the reactor |1
reached 120°C, 60% formalin was continuously supplied into the

reactor 1 at a flow rate of 85 g/hr (1.7 moles of formaldehyde



I n-the content of aldehyde as inpurity i )
n-tl al del y in ethylene glycol for
,S:EE:::aEg was purified by the azeotropic distillat?o% t ower Za;ftlre
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distiliate was supplied into the second distillation tower 3
(platé tower with a diameter of 30 mm and 20 sieve trays),
heated to 74°C at atmospheric pressure, and distilled at a
reflux ratio of 0.6, to obtain an azeotropic mixture
containing 91.8 wt¥% of ethylene glycol formal and 776 wt¥ of
water from the top of the second distillation tower. | )

The azeotropic mixture containing ethylene glycol formal

and water was continuousiy supplied to the 10th stage from the
hottom of the aieofgppi% distillation tower (plate. tower with
diameter of 30 mm and 40 sieve trays) shown in Fig; 1 at a
flow rate of 211 g/hr, and benzene was continuously supplied
to the 3rd stage from the tower top at a flow rate of 24 g/hr,
for operation at atmospheric pressure at a tower bottom
temperature of 77°C. Then, the vapor from the tower tap was

condensed and separated into benzene phase and water phase in

the liquid-liquid separator, and the benzene phase was

continuously supplied to the tower top at a flow rate of 570

g/hr. Purified ethylene glycol formal was obtained from the



31-per hour), and ethylene glycol was continuously supplied into the
distillation tower 2 at a flowrate of 106 g/hr (1.7 noles/hr), for
roperation at a reflux ratio of 0.5. It took 120 mnutes .to obtain a _
distillate with a stable conposition (reaction distillate). The distillate
was anal yzed by gas chromat ography andsbound to contain 65.4 wt % of

et hyl ene gl ycolwﬁgngvw % ?EeWﬂsﬁQQ"'QCéﬂmi%oh f renla e hyidcheFhe

distillate wa® i n e second distillation tower 3 (plate tower

with a di ams&&r h%fd 3OhdMAARY €0n 6drRVRakl fyEd, thehe et) pon7a0C the at nospheri c
pressure,  an cﬁstflled at a reflux ratio of- 0.6, to obtain an azeotropic

m xture cont ajdyiZaeddo Bt etwat tsund doebgl Ve MtXformal and 7.6 wt % of water
fromthe top of the second distillation tower. The ‘azeotropic m xture
cont ai ni ng etiwdmpie §l ycol formal and water was continuously supplied to

the 10th stage fromthe bottom of the azeptrapic,distilel ki r (plate
tower with di amet dheofz &k ngi &n®i Xt r&; &%P‘l‘r'ﬂ;?§)9g'h83\txlﬁ"i ﬁr‘p."g‘?‘“%““?t a flow

rate of 211 g/ hr, aggr.gae fﬁ&ezggzwﬁqugg?ﬁfl%tgwp&iiq‘dgtxgmﬁhe Brudsst age

fromthe tome$‘¥%H for operation at atnospheric

pressure at a tot\;\ﬁlé‘(gﬁgg%o tpgﬁ@'rﬁ;w qnef rdflwr Nlife ofiherhe aheo tgpdre from

the tower topCW% se separated into benzene phase and water
phase in the gy dltiigHi foweaPar & ate aodet hei theazéimngdiedse fvdG am and

conti nuously supplieé to the tower top at a flow rate of SZ? g/}H. Purified
ethyl ene gl yceh §csvemltrups) choannen Figondtak a flow rate of 2T17g/hr,

and benzene was also continuously supplied to the reflux ltine
at a flow rate of 24 g/hr, for operation at atmospheric
pressure at a tower bottom temperature of 77°C.. "Subsequent]y,
the vapor from the top of the azebtropic distillation tower 4
was condensed and séparated into benzene phase and water phase
in the liquid-liquid separator 5, and the benze@e phase was
continuously supplied to the top of the azeo?rog!c
distillation tower 4 at a flow rate of 570 g/hr. From the
bottom of the azeotropic distillation tower 4, purified
ethylene glycol formal was obtained. When measured according
to the Karl Fischer method, the water content was found to be

20 ppm and the benzene content was found to be 12 wt% as

before.

Example 8

The azeotropic mixture containing 91.8 wt¥ of ethylene

glycol formal and 7.6 wt¥% of water obtained in Example .6 was



32-tower bottom Wen neasured according to the Karl Fischer nethod, the
wat er content was found to be 40 ppm and the benzene content was found to
'be 12 wt% Exanple 7 The azeotropic m xture containing 91.8 w% of ethyl ene

glycol formal and 7.6 wt % of water obtained in Exanple 6 was continuously '
supplied into the reflux line of the azgatropic distillation tower 4 (plate

tower with a dj %rlg}‘ﬁsuﬂ& gqggmgdﬁdi,ﬂq $hevee filay $) nshdwthena ;g atropisgt a
r,. an

flow rate of vy enzene was al so continuously suppljed to the
reflux |ine atya il Put (@ GoRbr24 flarte toweopdtht & ohi ate taf nE b and
pressure at a tower bottomtenperature of 77[err$C. S bseguggtgé,ghe vapor
fromthe top ofg tshevazentysdpisbowi sin IFligt i ek dndl oY &dn cl1 and .

separated i nto benzene phase and water phase in the |. qui I py¢ disepar at or
5, and the benmandephese Wassadsdht§HIJILPYS p‘é’IDPi&eq o (e qP(l!)pﬂéél':‘ t’ie

azeotropic distillation tower 4 a fl r /altr a tiré SPRddi® bottom
of the azeotrobife dftstiflokirahe:$ ffﬂﬁ/'urﬁr?ggfeé?ﬁ%'gr?e SI ycol fornmal was

obt ai ned. Wen neasured, acgordin 4 turlese her7 «get hdah s dque nikdy er
content was fdﬂﬁﬁsﬁ6eb$tibﬁgggiaﬂ%fﬁﬂ%qggﬁggne content was found to be 12

Wt % as bef ore. ATBLE BrolNQnZEOkE ORiop Waxtdvndeasnd dinithg oanenier df

et hyl ene glycopﬁ¥og§af and 7.6 wt % of water obtained in Exanpke 6 was
and separated into benzene phase and water phase tn he_
fiquid-liquid separator §, and the benzene phase was
continuously supplied to the top of the azeotropic
distillatiﬁn tower 4 at a flow rate of 570 g/hr. Furthermore,
supply of water phase was gradually started, and finally water
was continuously supplied to the tower top at a flow rate of
14 g/hr. When the distillate and the residue of the
azeotrbpic distiflation tower 4 became stable in composition,
purified ethy{ene glycﬁl:formal was qbtainedﬁf(om the botfom

: of the azeotropic distiliation tbwer 4. When measured

according to the Karl Fischer method, the wate( content was

found to be 20 ppm and the benzene content was found to be 0.8

wt¥.



33-continuously supplied into the reflux line of the azeotropic
distillation tower 4 (plate tower with a dianeter of 30 mm and 40 sieve
*trays)shownin kig 4at a Tiom1rate of 211 g/ hr, and benzene was also
conti nuously reflux line at a ftowrate of 24 g/hr, for
oper at| on at m “lﬂi""qm ure at a tower bottom tenperature of

77] e e vapor fromthe tower top was condensed by the
condenser 11 and separated i nto benzene phase and water phase in the
liquid-liquid separator 5, and the benzgpe phase was continuously supplied
to the top of the azeotropic distillation tower 4 at a flowrate of 570

g/ hr. Furthernore, supply of water phase was gradually started, and finally
wat er was continuously supplied to the tower top at a flow rate of 14 g/ hr.
When t he drstrhha;e”andanhedrasrdue of the azeotroprc distillation tower 4
becanme stable in conposition, purified ethylene % coII cvaqj 48s gbt ai ned
fromthe bottom ok ﬁdﬁhodzémtrmqn&indbgii¥IﬂaPﬂBﬁ'Q eyg!t Freasir ed

according to the Karl Fischer nmethod, the water t 4 q4Rdtbp be 20
ppm and the bemhéeie xarashi o hek stddhat t g O¥ET g8 '%’%H w‘é\ﬁﬁvw‘rat is clained

'S and a distillation tower is used for letting an atkylene

glycol aand formaldehyde react with each other in the presence

of a catalyst, to produce 2 cyclic formal, comprising the step

of continuously supplying the alkylene glycol from the

distillation tower to the reactor of the reaction distiltation

tower, while continuously supplying formaldehyde to the

reactor of the reaction distillation tower, forlletting both

the ingredients react with each other.



1. -A nmet hod—for—Tontimuousty producing a cyclic formal, in which a reaction

distillation ith a reactor and a distillation tower is used
-for letting ‘sﬂﬂm“uiﬂ!ﬁmwuw and formal dehyde react with each other in

t he presence yst, «to produce a cyclic formal, conprising the step
of continuously supplying the al kyl ene glycol fromthe distillation tower
to the reactor of the reaction distillagson tower, while continuously
- suppl yi ng fornmal dehyde to the reactor of the reaction distillation tower,

for letting bo?h A NB thBg" f6l ohei AR Yt bdesiate at beelic foggap, A nethod
for continuously proéu0|ng a cyclic formal, according to clain1ﬁ ‘rﬂfrein
the al kyl ene g} yesidisiePpbi €thimo 11 hehatiedmi theta ey leanet | Y0 IhSYRY fed 9%
contact with the unreactive fornmal dehyde com n froakthg‘ﬁq@ckﬂg in counter
current, to abghe biiartidéattomitonet hiss fbdrOHﬁ-f'EieHg'c?e,“ fte "ei'ng I ntroduced

into the reactor 1, four reaction with the f d . LolRE&0d for
cont i nuousl y pﬂmﬁmﬂgeaf%W'idG%Nﬁ n%ﬂ“','“&céf)é)ngj{ﬁ‘lge ?gng"aﬁ ;r:l1n1 or 2. wherein

the nolar ratio of the alkylene gl o] (e d@ehydd, hehi acieimeg s
kept at 1 or nbHEfeHHhi (ta f%se‘”rahrrﬂgn{'gﬂotf rw?ﬁfe‘ gllmliyﬁene g?ycol and the

f or mal dehyde contj I lei €@aé 60 1t heodli sdddtliani whth dker and t he
reactor are suggigﬁﬁﬁéﬁlynggﬂﬁﬁola?. 4. A nethod for continuously producing

a cyclic formakormatdehyde.

~

3. A method for continuously producing 2 cyclic formal,
according to claim 1 or 2, wherein the molar ratio of the
alkyfene glycol _to formaldehyde in the reactor is kept at 1 or
more, while the ambunts of the alkylene glycol and the

| formaldehyde continuously supplied into the distillation tower
and the reactor are substantially equimolar.
4. A method for continuously p(ogucing a cyclic formal,
according to any one of claims I_throqgh 3. wherein the
alkylene glycol is at Ieast{one gélécted from a group
consisting of ethylene glycol, diethylene glycol and 1,4~

butanediol.

5. A method for continuously producing a cyclic formal,



aceordlng'to any one of clainms 1 through 3, wherein the al kyl ene glycol is
at | east nﬁl m a group consisting of ethylene glycol
> di et hyl e‘r‘“l““tlmltam “ - butanediol. 5. A nethod for continuously

produci ngr accyel i & fdrmal, 36- according to any one of clainms 1 through
-4, wherein the reaction distillation toygr used has two or nore
N

distillation stages in the distillatj.o h A'nﬁﬁanﬁnfmﬁgcontinuously
produci ng a cges9id img ﬁﬂl?“yad’é'&raknbi%'om an\;/\@gfloe&of clains 1 through 5,

wherein the disti])ation,t s oIS @ d heactionrdusté |distidbhatiater is a
pl ate tower aﬁ&?b*“’a{' ﬂéékéﬁ%ﬁgr?ggépﬁsggt hod for continuously producing a
cyclic fornal s gg Michpa §eaatiianielh stdwelrat i on tower equi pped-with a
reactor and a 5| $5 11"t 1 0n tower is used to let an al k Iegf l,Lycol and

for mal dehyde geagtpeinold ea€hcatiauousiy meooguesence c¥f!hec fa'iq;}st, to

produce a cyclic formal, conprising (1) the step of. c | hously suppl ying
an al kyl ene. glageotd fweortot by dinet joff| agwhs t‘m@“&ﬂ' tshes‘)f’]é%@;hoﬁgf t he

reaction distillation tower while contjnuously; l % s NPa { nRlbWeRYHe tO
the reactor ofdishél tatden bewes Wsied) 4F; t)lhe " 3&@3“?"5?‘&%{% i ang both the

i ngredi ents react with each ojher, ifagously obtain a reaction
distillate cort Al ﬁF?\g“W&l'e?“&o?nocf 2 Eélgrg&)r#dgrannl fromthe top of the

distillation %9mﬁrmethod for continuousiy producing a cyclic formal, in

which a reaction distillation tower equipped with a reactor
and a distilfation tower is used to fet an alkylene glycol and
formaidehyde react with each other in the presenbe.of 2
catalyst, to produce a cyclic formal, comprising
(1) the step of continuously supplying an alkylene giycol_from
the distillation tower to the reactor of the reaction
distillation tower while continuously. supplying formaldehyde

~ to the reactor 6f_the.§éégtion distillg;ion tower;, for letting
.both the ingredients react with each other, to continuously
obtain a reaction distillate containing water and a cyclic-
formal from the top of the distillation tower,
(2) the step of continuously supplying the reaction distitlate
containing water and a cyclit formal obtained in said step (1)
to a segond distillatidh tower, to continuously obtain an
azeotropic mixture consisting of the cyclic formal and water,

.and

(3) the step of supplying the azeotropic mixture consisting of



(2} the-step—of-Tontinuously supplying the reaction distillate containing

\Qlfitsfﬁ ?QEUWW m“ﬂ;‘a 1(:)bt ai nefl |nbsa| d step (1) to a second
: i nuously obtain an azeotropic m-xture consi st
of the cy ter, and (3) the step of supplying the '

azeotropi c mxture consisting of e cyclic formal and water obtained

in said step (2) to agn zeot Qpi i t
"
hydr ocar bon ¢ Hﬁo‘iﬁﬁ)“ct EB”?;& & o'ﬁlggé‘t)mbrf?t'(h) V\’h'p\&ﬁle\n étﬂil\ﬂdV\gtzzlrjIt’?)ls%/“n(r;tgtg :

hi gher than the b}
0 |di99lf¥l Qi ohheowarG! Wi ersumip | yiog xdwdiraganon
distillation, %ﬁ dbtar ni ng ahe azeotropic m xture con5|st|hg oggthe

hydr ocarbon angdayedfd, &ﬁ@naigvirm
@R cOopo tite odzebtctowidhavaten |14
whi |l e contlnuousyﬁﬂobtalnlng the cyeclic formal u?;flgd aftertfgﬁnbfﬁgr

water, from tijgghemerhanothenboid.ing netmiod ff (SFecﬁ‘rFt“ﬁu 83! 5 f88uci ng a

cycllc formal, according to claim7, wh
al kyl ene gl ycmlont Dnliu]rsrrglldéh%PetIHTﬁ- t md (ra"r@il?t'ange eg%eéf{dpqcoinr'r%%re whi'l e

t he amounts of the al kyl ene col f
supplied i nt o congi gt itg I°Ifa“‘g ytdd'\%?rg%lr}t%ﬁe%g?cﬁg:amg?'égg%ds?ggﬁsgh y

. equi nol ar. t hod for C
according to (?IZQP”Fr\'oip'oﬁ' dé“? erell%lrli' ?E‘éé(ramﬁqgngmgtl?gglugllgcoat{nlng:gtg :)r:;a

sel ected fr(”n€§c9§9ufbfﬂiqsb§Fifﬁldoﬁftéhydémhe|gkyuxﬂer, from the tower
bottom.

. 8. A method for conttnuously producing a cyclic formal,
according to clalm 7, wherein the molar ratio of the alkylene
glycol to formaldehyde in the reactor is kept at 1 or more,
while the amounts of the-alkylene glycol and the formaldehyde
continuously supplied into the distillation tower and the
reactor are substantlally equimolar,

9. A method for contlnuously produclng a cyclic formal
according to claim 7 or 8, wherein the alkylene glycol is at
feast one selected from a group consisting of ethylene glycol,’
diethylene glycol and 1, 4-butanediol.

10. A method for confinuously producing‘a cyclic formal,
according to any one of claims 7 through 9, wherein in said
step (3). the hydrocarbon compound is at least one sefected
from a group consisting of cyclopentane, cyclohexene and

benzene.

11. A method for continuously producing a cyclic formal,



di et hyl ene ﬂmﬁcol andnl 4-but'anediol . 10. A nethod for continuously

produci : _
. Wher ei nH“lﬂ Lﬂluﬁum ﬁl according to any one of clains 7 through 9,

Lol t he hydrocarbon conmpound is at |east
e on :
L;?HLS ?roup consi sting of cyclopentane, cyclohexene and benzene.elielifted
or continuously producing a cyclig formal, 38 according tb.any

one of clains 7 through 10, wherein,jn . sakd¢ i i
mi xture consi 3¢FHEd ‘d‘fggé"c?'a i o0 6 g? n%‘ y‘a'%dvméﬁgﬁpﬁtgaghp%ﬁeﬁm?gh[ ﬁgldr:ef | ux

orti . e :
Por ngt ?;ugpgﬁaps{@get% &mﬁ%ﬁ?“@m@fdl gbhé i sttiingnof omeayclig. farmgk hod
Por cont 11u y- producing a cyclic formal, according to any one of clains
7 Lhro gt 1 ta\glgv\g‘?ﬂés} Irigf Fﬁﬁeﬁtﬁft?ahe tried 1dkspa i {igmeof reRR&MSLAER G Y opi ¢
istillati o d at least partially to th [
distillation tgeeszeotropoutdiktidiatgomgtomelr. ¢ he éUant i t)e/ gfze;):]reogz (s:ti || at e

outsi de the system 13. A method for continyousl ifyi i C
formal, in whileh kvaleﬁ”noﬂsfoemﬁd“FPBM%"JQBFF&"%/O‘{)%Hg%ﬂ%a‘?ur?ﬂgl :Ngter by

distillation, conprising the ste ' '
_ . Isir p .of . add ar u the
azeot r opi c. poﬁimcobﬁﬂ/ﬂ’utehaWt‘H“’v\étfeFl?%mgrgtg tﬁ.‘gi@{ qfit' hgﬁ@mﬂgi :ﬁidﬁlg pgi nt

of the cyclic for t.o t | i L
. . ) C . !
di stillation. St&P g\bhettﬁ(?dgf%fy@oarﬁi ff]ﬁ%ﬁl}?lh; gﬁﬁﬁﬁﬂg :mf:t;r:ll lim::tu:‘og(r:onnnltl nHous

tower is refluxed at least partially to the azeotropic
distitlation tower, without discharging all the quantity of

the distillate outside the system.

13. A method for continuously purifying a cyclic formal, in
which water is removed from a cyclic formal containing water
by distiliation, comprising the step of adding a hydrocarbon
compound, the azeotropic point of whfch with water is not
higher than the boiling point of the cyclic formal, to the
cyclic jdrmal containiﬁg water, foflcontinu6u§ diétijygtion. )
14. A iethod for continuously purifying a cyclic formal,
according to claim 13, wherein the cyclic formal is at least
one selected from a group consisting of ethylene glycol

formal, diethylene glycol formal and ],4—butanedio| formal.

15. A method for continuously purifying a cyclic formal,

according to claim 13 or 14, wherein the hydrocarbon compound

is at least one selected from cyclopentane, cyclohexene and

benzene.

16. A method for continuously purifying a cyclic formal,



aceording to claim 13, wherein the cyclic formal is at |east one selected

froma gr 11711 et hyl ene glycol formal, diethylene glycol fornal
and 1, 4- bammﬂmm""(ul”ﬁm 15. A method for continuously purifying a cyclic
formal, according t® ctfai'm 13 or 14, wherein the hydrocarbon conpound is at .
| east one sel ected from cycl opentane, cygl ohexene and benzene. 16. A nethod

for continuously purifying a cyclic far ; 2TE O, lo?d i hOtwWeOy one of
clai ns 13 t hr 8eghr dine §met r?“tehgk kA iR %r%ﬁoci'%gﬁ?g'i' nv{#r?g water is

supplied to the reflux rtiqn, ISt @Q {ie@etdlitdiel Iredluon tower.
17. A net hod FSF[Ubﬁﬁfﬂggdgrﬁﬂﬁﬁﬁ?gﬁﬁﬁﬁrangy%ﬁ?i‘fornal, according to any

one of clains ap wheeesf tnreddssilldtdbe biwesai d di stillation
tower is refI5§ghhg{gﬁeag%é%grt?alIy to the disti'llation tower, w thout -

di schar gi ng ahl. tened#adt {é coin ti heows it pkir af wi reuasFEe! khd 0§92l em
' according to any one of claims 13 through 16, wherein the
distillate of said distillation tower is refluxed at least

partially to the distillation tower, without discharging all

the quantity of the distillate outside the systemi



