S1E - DESCRI'PTI'ON.” -  PROCESS FOR CONTI NJB#%S
PRODUCTI ON OF  PCLYACETAL RESIN. - Field of the Invention %;p pr esent
“invention relates to a process for producing a polyacetal resin Ozfzf—[
specifically to a process for producing a polyacetal resin at a high yield

in an industrial scale stably over a [ng period of tine, even in a

- continuous way. Description of the Rel"at'ed Art - A polyacetal resin

i s-excellent in a balance between such properties as nechani cal
properties, a chenical resistancBEEGGBIBTIONdi ng property, and processing
thereof is easy, so that it is wdely used as a typical engineering
plastic mainly for electric and electronic parts, car parts and other
vari ous nmachine parts. In recent years, as a use range thereof expands,

hi gher perfopracEss FORt GONTERUOUSI PRODBQTIORJORNPOEYACETSL REHTY required
as well to reduce the <cost of the resin as a raw material. Therefore, a

production process for obtaining a polyacetal resin at a high yieldis
required.

Field of the Invention

The present invention relates to a process for
producing a polyacetal resin, specifically to a précess for
producing a polyacetal resin at a high yield in an.
industrial scale stably over a long period of time, even in
a continuous.way.
Deséription of the_Reléted Art

A polyacetal resin is excellent in a balance between
such properties as mechanical properties, a chemical

. fesistance and a sliding propefty, and processing thereof

is easy, so that it is widely used as é typical engineering
plastic mainly'for'eiectric and electronic parts, car parts
and other.variohs machine parts. In recent years, as a use
range thereof expands, higher performances of the resin are
required while it is highly required as well to reduce the
cost of the resin as a r;w material. Tﬂerefore, a
production process for obtaining a polyacetal resin at a
high yield is required.

In order to obtain a polyacetal resin, especially a

copolymerization resin thereof at a high yield, the kinds



—

I n order to obtain a polyacetal resin, especially a copolynerization resin
Ihereof at a high yield, the kinds _

-2-. of ‘catal ysts have been investigated, and nmethods of adding catalysts
have been.inproved. ‘As a typical exanple, is disclosed in JP-A 2-6529,
JP-A 4-65412, JP-A 4-65413, JP-B 7-42344 and JP-B 8-30103, a process for
produci ng a polyacetal copolynerization resin, in which a mxture

obt ai ned b% contacting cyclic ethers in advance with .a polynerization

cat al yst SAJSAERLN§EEnhBAVRsbeent inviestigateddeand onethiadsmmf adding - The
above conventional nethods of mxing cyclic ethers with a polynerization
cat al yst, cahaéyasnhaye bedencimproved. oAsa wydcailoecatnpde, eagh pri or
publication, rarely take into account problens (peculiarities) belonging
" to the nidisglosedodn UReRs2+6529, TIR+AT 0654 T2 NQIBIA ands5418, U8 Xi ng
process being advantageous in producing a polyacetal resin is not

di scl osed7-#2B84#heandt GPeBp8aBOL0OD, dleprddess SEsh WshirRd g & he above
publications the descriptions summarized that, since a nethod of m xing

both is palyacetall gopolyhériigthion rediwd of wHidy i ¢iadrei Xi ng t hem
after adding a polynerization catalyst with
obtained by contacting cyclic ethers in advance with a
polymerization catalyst and mixing them is continuously
added to trioxane.

The above conventional methods of mixing cyclic
ethers with a polymerization catalyst, in common, as
described in or as understood from each prior publication,
rarely take into account problems (peculiarities) belonging
to the mixing methods themselves. Therefore, a novel and
unique mixing process being advantageous in producing a
polyacetal resin is not disclosed. Further, to explain in
detail, is disclosed in the above publications the
descriptions summarized that, since a method of mixing both
is particularly not limited, a method of stirring and
mixing them after adding a polymerization catalyst with
cyclic ethers may be adobted.

There are other descriptions summarized that a method
wherein both of feed flows.of cyclic ethers and a

polymerization catalyst are joined and be mixed in a

pipeline may be adopted. As a concrete embodiment of such a



cyelic ethers may be adopt ed. There are other descriptions:
sumari zed that a nethod wherein both of feed flows of cyclic ethers and a
~polyneri zation catal yst are joined and be mi xed |n a pipeline may be
adopted. .As a concrete embodi ment of such. a

-3- mxing nethod, is illustrated a method in which a feed flow of the
catal yst is coIIisionaIIy'contacted at-a-nearly right angle against the
feed flow of cyclic ethers to join and m x them However, out of
- the above conventl tho of, stir an [ after
addlng a rwig.? h 1%aﬁ§ﬁ§% CFF hodh dps v éﬁ n8t *6 gdpﬁgggrred in
t hat ﬁ xolane s usual | Ilable o be sid roduced to_, cause a | ow
yi el d an a d???? Yl%ﬁ;?#ﬁ gﬁ r 3Fj gnnearly

Especially, as illustrated in JP— 30103 the _method in which the feed

flow of thegRar3ngke 2 SﬁlQiﬂIQQﬁ(ﬁﬁﬁq ;1@Un95bF§61&F &theapl for ighn angl e
against the feed flow of cyclic ethers to join and mx thembrings a
phenonen@nd yekx tHR8Ma solid or viscous polyner, such as pol ydi oxol ane, is
| iable to be produced at a position where

However, out of the above conventional methods, the

method of stirring and mixing after adding a polymerization
catalyst to cyclic ethers can not be preferred in that
polydioxalane is usually liable to be side-produced to
cause a low yield and have difficulties in a long, stable
operation.

Especially, as illustrated in JP-B 8-30103, the
method in which the feed fiow of tne catalyst is
collisionally contacted at a nearly right angle against the
feed flow of cyclic ethers to join and mix them brings a
phenomenon such thaﬁ a solid or viscous polymer, such as
polydioxolane, is liable to be produced at a position where
both feed flows are collisionally contacted. The growth of
these side-products reduces the areas of a cross section of
each feed pipeline, ultimately comes up to a risk of
clogging the feed pipelines.. The reduction of areas of a
cross section of each feed pipeline described above causes
changed amounfs of feed flow and changed velocity, after
all it becomes difficult to continuously produce a

- polyacetal resin at a high yield in an industrial scale



both feed flows are coII|S|onaIIy contacted The growt h . of these,

si de- products reduces the areas of a cross section of each feed" plpellne
ultimately comes up to a risk of cloggi:ng the feed pipelines. The.
reducti on of areas of a cross section of each feed pipeline described
above causes changed anounts of feed flpw and changed veIOC|ty,_after all
it becomes difficult to continuously produce a polyacetal resin at a high

yield in an industrial scale - 4-
st abl e ovatakilé ooneper i ehg ipaxiokt duimi ngRycordlinghyt hollis ahethadn not be
preferred under the existing condition. Al t hough the reason is not

obvi ous vélysa car inbt fod pweferrddaiiddee the lexdsitdngocbadptddnced at a
position of a collisional contact, it is inportant and strongly desired

for obtaining sARhough P aRsssdn IESirblobvibughwhyi @l goll@gsuppress the
formation of a polyner of cyclic ether and avoid clogging cased in the

pi pel i ne.po1 erd 1hes iy ertdiie to be prddubed hghk ?Bsiusanem sting
situation, the present invention is to provide a process Tor continuously
produci ng, pf5 acpPl YSHA dsptdbtTRifl Yig Giortané ind strongly

desired for obtaining stably a polyacetal resin at a high

yield to suppress the formation of a polymer of cyclic

ether and avoid clogging cased in the pipeline.

Summary of the Invention

In the light of such existing situation, the present
invention is to provide a process for continuously
producing of a polyacetal resin mainly comprising 1,3-
dioxolane and trioxane under the presence of trioxane, at a
high yield in.an industrial scale stably over a long period
of time.

Intensive researches continued by the presenth
inventors in order to achieve the object described above
have resulted in finding that the problems described above
can be solved by'bringiné 1,3-dioxolane into contact in
advance.with boron trifluoride ahd/or a coordination
compound of boron trifluoride as a catalyst to ﬁix them
under a specific condition and then mixiﬁg the resulting

mixture to trioxane to carry out cationic polymerization



di oxol ane and tri oxane under t he presence of trioxane, at a high yield in
an industrial scale stably over a |ong* perlod of tine. . Intensive
-researches continued by the present. inventors in order to achieve the

- obj ect described above have resulted”anfinding'that t he probl ens

descri bed above can be solved by bringing 1, 3-di oxol ane into contact in
advance with boron trifluoride and/or aScoordination conpound of boron
trifluoride as a catalyst to mx them under a specific condition and then

M Xi ng thgnd 6siild Iifre Mot (Rniple¥eARbe! BredbhY QH’ireéﬂbR”

polynerlzatlon d thus have

come {0 SONP! etfyd NGRS dMAUIOL process U LKETALBLRLOVI dos 2

process for con Ing a ace resin, [ ng t he

st eps of e Iy xolane and_at ast _one atalyst of
bor on tr|?¥?ﬁﬁ$%ﬁéeﬁu?é§§%)%£§a %F% % 05958553189 Bb? %£ePF| Uoride
separately at t ne, . di rect as .each other themin contact
with each ot her{ﬁ (fa %r{%gm:{/\nd;‘t‘? X0d20f 8PHePt: 91385 aPﬂgacﬁFi ¥eE,

(2) allowing the mixture to contjnue for _a period of 0.1 to 30 seconds at
a linear & q“,Qﬁlgﬁuqq*Qﬁ and a coordlnatlon compound of boron

trifluoride separately at the same direction as each other
to bring them in contact with each other and mix them with
each other to obtain a mixture,

(2) allowing the mixture to continue for a period of
0.1 to 30 seconds at a linear velocity of at least 0.1
m/sec, |

(3) then mixing the obtained mixture with trioxane and_

(4) conducting bulk-polymerization in a polymerization
equipment to obtain a copolymer of 1,3-dioxolane and
trioxane. |

It is preferred that boron trifluoride diluted with an
inert gas is fed or the coordination compound of boron
trifluoride diluted with an inert solvent is fed.

It is preferred that 1,3-dioxolane diluted with an
inert gas is fed. .

It is preferred that 1,3-dioxolane is contacted with
the catalyst at a temperature of 30 to 100 C.

It is preferfed that the mixture of the step (2) is

allowd to continuously flow at a temperature of 20 to 100 T



m sec, ©

(3)

t hen m xi ng the obt ai ned mxture with trioxane and-

(4) conducting bul k- pol ymeri zation in a polynerization equipnent to obtain
“~a: copol-ymer of 1, 3-di oxolane and trioxane. It is preferred that
boron trifluoride dituted with an inert gas is fed or the coordi nation

conpound of boron

trifluoride diluted with an inert solvent is fed.

It is preferred that 1,3-dioxolane diluted with an inert gas is fed.

1t is preferred that 1, 3-dioxolane is contacted with the catalyst at a

t enper at e af 1dfedan ddlbdiry |6 0.3 to |10 iny/ sEeeffenr ed pelrdbdt b€ 0i. 1t ure of
the step (2) is

allowd to continuously flow at a tenperature of 20 to 100

[err]C. to 5 seconds. -6- at a linear velocity of
0.3 to 10 nmisec for a period of 0.1 to 5 seconds. It is preferred
t hat (a)ztniad préséreabtatPi pe conposed of the internal pipe and

t he externa
pi pe has been

i nt er nal

pi pe

pipe aligined in parallel to each other so that the interna

RAYNER%at B LYo lRe 58 "Bdmpt e A HePlidlteshahs fed the

pipe and the external pipe aligined in parallel to each

other so

that the internal pipe has been plunged through

the external pipe, the catalyst is fed the internal pipe

and 1,3-dioxolane is fed through the external pipe;

(b)

only the:

catalyst

(c)
pipe and
other so

pipe and

in a mixture-preparing pipe formed by ektending
external pipe of the first double pipe, the

and 1,3-dioxolane are mixed with each other;

in a second double pipe composed 6f the internal .
the external pipe aligined in parallel to each
that the internal pipe is the'mixture—preparing

has been pluhged through the external pipe, the

mixture is fed through the internal pipe to the

polymerization equipment and trioxane is fed through the

external

(d)

pipe to the polymerization equipment; and

the feeding port of the second double pipe is

located on the inner wall of the polymerization equipment.

It is preferred that ‘in the step (3) the mixture is

added to

trioxane fed to the polymerization equipment.

It is preferred that the polymerization equipement is

a continuous-wise mixing reactor having biaxial twin screws



and- 1, 3-di oxol ane is fed through the external pi pe; (b) ina

m xt ure-preparing pipe formed by extending only the external pipe of the
first double pipe, the catalyst and 1, 3-di oxol ane are m xed with each

ot her; (c) in a second doubl e pipe conposed of the internal pipe and
the external pipe aligined in parallel tg_each other so that the internal
pipe is the m xture-preparing pipe and has been plunged through the
external pipe, the mxture:-is fed through the internal pipe to the

pol ymer i zathiozh emptigirerat atif fernemtadd riectfionst fromghacheothgrernal pipe to
t he pol ynerizati on equi pnent; and (d) the feeding port of the second
doubl e pipe is Irmcatleskr owords, ithecinwanitioh tisetpobhyprocessi Horegoe pnent .
It is preferred that in the step (3) the mxture is added to trioxane fed
to the polagAyimaius prstidiiot .of a polliacetajr eksinedyt hakihyel, 3-

pol ymeri zati on equi penment is a continuous-w se m xing reactor having

bi axi al t\Wib:&I4M6 in advance WAt borehateigludicitier and/ekractions from
each ot her. In other words, the invention is to a process for the

cont i nuoug Yedd i8h Lorfp A X RIron Tird foFideNdnd, RixiflgokREkane in
advance wt oron trifluoride and/or a
obtained mixture with trioxane to conduct bulk
polymerization in a polymerization machine, characterized
by bringing 1,3-dioxolane into contact with boron
trifluoride and/or a'coordination product of boron
trifluoride while feeding both at the same direction,
mixing them togethef for 0.1 to 30 seconds under the
condition of at least 0.1 m/sec of the linear velocity of
the resulting mixture, and then mixing the obtained mixture
with trioxane. |
It is preferred that the mixture and trioxane are
miged by using a pipeline composed of
| (a) the first double pipe, of which the internal aﬁd
the external pipes are formed in parallel by plunging a
pipe for feeding boron trifluqride and/or a coordination
compound of boron triflu;ride into a pipe for feeding 1, 3-
dioxalane,
(b) a pipe for forming and feeding the mixture formed .
by extending only the eternal pipe of-the double pipe,

(c) the second double pipe, of which the internal and



coor di nati on conpound of boron trifluoride and m xing the.-.obtained m xture
with trioxane to .conduct- bul k polynerization in a polynerlzatlon machi ne,
characterized by bringing 1, 3-dioxolane into contact with boron
trifluoride and/or a coordination product of boron trifluoride whil e
feeding both at the sane direction,- mxing themtogether for 0.1 to 30
seconds under the condition of at least$0.1 misec of the linear veloci ty
of the resulting m xture, and then m xing the obtained m xture mﬁth

Lrioxane. the extbinal BiELS! 4fd faﬁhea hen iad4l R RY tdiuRgAnR & € N xed by

using a pipeline conposed (a) the tirst doubl'e pipe,” of mhlch t he
I nt ernal p f dregh i, el I ng a pipe
for feedlggggo%gg ??%ﬁFHQ & Eé éaéoor I na (ﬁ?é n%ﬁﬁﬂ% bor on

trlfluorlgge?eeg @rg?ggnL0£ fg 8+f§hé%§ {Eﬁ”ﬁg 'E%e, (b) a pipe for

form ng an ( € m Xture y exten |ng oﬁ'y the eternal pipe
“nternal and (@ a feed potf) el FpEecarind B end nart ke

pl ungi ng aecond double pipe on the inner wall of a polymerization
machine; and feeding boron trifluoride and/or a
coordination compound of boron trifluoride to the internal |
pipe of the first double pipe and 1,3-dioxolane to the
external pipe, then diécharging theﬁ into the pipe for
forming and feeding a mixture to obtain a mixture, and
finally feeding the mixture from the internal pipe of the

second double pipe and trioxane from the external pipe into

a polymerization machine to mix them.

Detailed Description of tbe Invention

The process for producing a pdlyacetél resin
according to the present invention will be explained below.

The polyacetal resin according to the process of the
present invention comprises mainly a polyécetal resin
'copOlymer obtained by ca£iohically polymerizing trioxane
with 1, 3-dioxolane under the presence of boron trifluoride .
and/or a éoordinatidn compound of boron trifluoride as a
polymeriaation catalyst.

The basic molecular structure thereof, not



pipe for formng and feeding the mxturé into a pipe for feeding trioxane

to a polynerization machine, and =~ - ~(:d) a feed port formed by locating
.the end part of the second double pipe-on the inner wall of a

polynmeri zation nmachine; and feeding boron trifluoride and/or a

coordi nat'i on conmpound of boron trifluoride to the internal pipe of the

first double pipe and 1, 3-di oxol ane to-2he external pipe, then discharging .

theminto the pipe for formng and feeding a m xture to obtain a m xture,

d fi g, the g thed . P th d
an '”aép%a%%%{‘%&a%ﬁ Xt 1ty ﬁgﬁc'lghggnéhg.gh%yoé € secon

doubl e pi omt he ext ér Ipe in a’ pol ymeri zati on

machi ne t ' em s ' Cli Pt f ot entign The
process f%?fgp%%-éél%aglnd Fﬁa@iaééue%a:g%f%x{o%s—;ggg@gi %gr{"§¥9ﬁ8 %Pgsent _

i nvention_w l.| be expl ai ned bel ow. . The polyacetal . resjn agcording to
the procesiridter e i%ﬁﬁﬁ Wéiﬁﬁﬂ%qﬁh§§5ﬁﬁ$P§§slﬂéPnV 1§hpﬁlb§88ﬁal resin
copol yner obtained by catiopically polynerizing trioxane wth

1, 3-di oxcﬁ%’lﬁ%rlglﬁé‘tptr%g’&ﬁfie of boron trifluoride and/or a

coordi nation conpound of boron trifluoride as a polyneriaation catalyst.
The basic nol ech®gleqHiat Hed Ffe 0o medit viscosity” thereof shall |

by no means bé limited as long as the resin can be molten
and molded. If specifically limited, the melt index is 0.1
to 100 g/10 min (in accordance with ASTM D1238).

In the present invention, a mixture of trioxane and
1,3-dioxolanes is used, and the object of using 1,3-
dioxolane together is to reduce chains of unstable
terminals of a polyéctal resin in order to improve |
qualities of the resin, and to lower the melt-processing
temperature in order to improve heat stability of the resin.
A polymer comprising only trioxane has such a problem that
defects ﬁake-place in qualities of a polyacetal resin, for
example, the deterioration of heat stability.

The amount of 1,3-dioxolane used in the present
invention is preferably 0.1 to 20 % by weight based on
trioxane, particularly pfeferably 0.3 to 15 % by weight to
prevent deterioration of a balance between a figidity and a
chemical resistance of the polyacetal resin molded article.

In the production process of the present invention,

other chemical components such as components for



-9+ . specifically being restricted, includes suitably a straight-chain,
. branched or cross-linked structure and further includes a nolecular

=~structure into which a block conponent is introduced. “A nol ecul ar
wei'ght or a melt viscosity thereof shall by no neans be limted as |ong as
the resin can be nolten and nolded. If specifically limted, the nelt
index is 0.1 to 100 g/10 nmin (in accortance with ASTM D1238). - In

the present invention, a mxture of trioxane and 1, 3-di oxol anes i's used,

and the obbRerodiiHgi 80mdl8cul i ovelgie dmdetdifforicnts dpfdilIe Jri ns of
unstable termnals of a polyactal resin in order to inprove qualities of

the resingoaRinbOal BPRAChEE GB! trPSSCEERAT st ATBRIA WP ddHi¥idRl tP

i nprove heat stability of the resin. A polyner conprising only trioxane

has such @hBrEabeﬂéiﬁfﬁ%ngﬁéé’éifaiék@a&'l?éeuééli gtlfgll%cfn;lbte.\;la@cio%.pm yacet al

resin, for “exanple eteritoration of heat The anmount

of 1, 3-di oxol anﬁx%ﬁ?eénokh@hg[)gr c’ﬁ?ﬂéﬁl%f Oéberlr%o ;}e_%l%%?l y 0.1 to 20 %

by wei ght based on FToxane, y pre Iy 0o 15 % by wei ght
{0, 21 SroghaBEhFhL SLARE, Shofudle! ANEREIUFRLA Akl ' FiRpcem cal
Process of o+iCeBLETS) nb"NSILRTs cOHENFLoTER SRS AN 2o
having alkoxy groups such as methylal, methoxymethylal,
dimethoxymethylal, trimethoxymethylal and oxymethylene di-
n-butyl ether.
The use amount of the components for controlling a
molecular weight preferably dose not exceed 0.5 % by weight
based on trioxane, particularly preferably not exceed 0.4 %
by weight, and is generally in the range of 0 to 0.3 % by
weight for suitable use.
The components capable of forming a branched or
cross-linked structure include, for example, ethylene
glycol diglycidyl ether, propylene glycol diglycidyl ether,
1,4-bitanediol diglycidyl ether, hexamethylene glycol
diglycidyl ether, resorcinol digly;idyl ether, bisphenol A
diglycidyl ether, polyethylene glycol diglycidyl ether,
polypropylene glycol diglycile ethé?, polybutylene glycol
diglycidyl ether, glycerin and derivatives thereof, and

pentaerythritol and derivatives thereof.

The use amount of the components capable of forming a



- X0- controlling a nolecul ar wei ght and conponents capable of formng.a
branched or cross-linked structure in addition to the two nmain raw _
-mateirals can be used in conbination. .Exanpl es of the components for
controlling a nolecular weight include chain transfer.agents to prevent
formformng no unstable termnals, that is, conpounds having al koxy
groups such as nethyl al, nethoxynethyl-all- di net hoxynethyl al,

tri met hoxynet hyl al and oxynet hyl ene di- n-butyl ether. The use

Aot o A MO RAN GG O O SECd R dHReULAL UBLE ! of o7 201 Y

dose not excee y wei ght base xane I'Cu arIy preferably

wei ght 1 oreeetd i D d Worol bR B s Tackang KB E T TR i g a
i ol yei AE ALY m&?e" Stﬁiﬁé% 'a%civéd%wfé%n 3P glhefalLnetino O VO
di o1 yoi YADSURHSS B dharfbld i”%%g% Feiapt deforuisable: ifens ol yoo
diglycidyl et he’lrhesep%lt%perro% e?nq‘.%a ! )é:%?nl ocrjxleglt)émsg)élh gghg{le polybutyl ene
gl ycol D _

components for controlling a molecular weight and the

components capable of forming-a branched or cross-linked

structure may be added either to trioxane or 1,3-dioxolane

in advance. In that case, they may be once diluted with

organic solvents and others, then added.

The boron trifluoride and the coordination compound

of boron trifluoriae such as boron trifluoride'diethyl

etherate, boron trifluoride dibutyl etherate, boron

trifluoride dioxanate, boron trifluoride acetic anhydride

and boron trifluoride triethylamine complex compounds,

which are used either alone or in combination in the

present invention, are a cationic polymerization_catalyst

for producing a polyacetal resin mainly comprising 1,3-

dioxolane and trioxane.

The preferred ﬁse émount thereof is 0.003 to 0.006 %

by weight based on:trioxane in_terms of a boron

trifluoride-converted amount, more preferably 0.0005 to

0.003 % by weight. If the use amount exceeds 0.006 % by

weight, polydioxolane is liable to be formed at an inside



di gl ycidyl ether, glycerin and derivatives thereof, .and - pentaerythritol

and derivatives thereof..- The use anpunt of the conponents capable of
- ~formng a o branched or cross-linked structure preferably dose

not exceed 0.3 % by weight based on trioxane, particularly “preferably not

exceed 0.2 % by weight, and is generalgf in the range of 0 to 0.1 % by

wei ght for suitable use. . These other chem cal conponents such as the

conponents for controlling a nol ecular weight and the conponents capabl e

of form ngaxe sBNEHLdf&¥d Gigssirid)k atherd el Wontdey Begaddednethger to
trioxane or 1, 3-dioxolane in advance. In that case, they nmay be once

di | ut ed Yééﬁksé’r&@r&é?nt%&ﬁ/ﬁﬂ;{ SR Gy Dot Faedd¢8dws, of thdhe boron
trifluoride and the coordi nati on conpound of boron trifluoride such as

b tri ' et s t S A ' dj th te,
poron 1 AT 6rS O dForcnia i sl tHe” Rt vl 9k B8 LAVRYSE' "and bor on
Lrif] uor i de.dy b sl du Qe SATNLSSAmUIacihhel figigedeepgner al one
or in conbinatior in the present Tnvention, are a.cationrfc polymerization
catalyst ca]c}:(tjsre pcr,locggugCJ[#gq 34 Q&Q’ aizceeetcla Ip:i.rpee Ii'?lem%tlnial X'la?cgn‘gfmlesh‘.ggdlfféw

amount unstable. On the other hand, if the use amount is

less than 0.0003 ppm, it is difficult to obtain the
polyacetal resin at a high yield. Accordingly, both cases
are not preferred in terms of continuously producing the
polyacetal resin at a high yield stably over a long period
of time.

The present invention adopts a method in which a
poelymerization catalyst and 1,3-dioxolane are at first
mixed, and then the obtained mixture and trioxane are mixed,
not a method in which the above three main components, a
polymerization catalyst, 1,3-dioxolane and trioxane, are
mixed together according to the known methods.

In this case, in order to carry out a rapid and
uniform mixture after 1,3—dioxolane and a polymerization.
catalyst are contacted ahd to prevent from foming unusual
side reactants due to sudden polymerization of 1,3-
dibxolane by a catalyst, the catalyst described above may
be once diluted with various iﬁactive fluids, and used;

To put it concretely, when boron trifluoride is used,



dioxol ane and tri oxane. The preferred.use amount. thereof is 0.003 to’
'0..006 % by weight based on trioxane.in terns of a boron .

- ~trifluoride-converted anmount, noreé preferably 0.0005 to 0.003 % by weight.
| f-the use anmobunt exceeds O. 006 % by melght polydloxolane is liable to be
formed at an inside part of the feed pi pel i ne, where the contact
begins in the course of contacting amd3m xing both feed flows, of the

m xture of 1, 3-di oxol ane and the polynerization catalyst according to the

met hod dege b thd ad Lrutndl- wneﬂ NGt lg@s saeaeasl ﬁ%’raﬁeﬁf Lha {Ref
pi pel i ne and nake the feed flow anount unstable. e other hand, if the

giﬁyggggg% re5|rfa?héaﬁﬁbh y|eI %Eé%%gbﬁ Gk Bh&gégégbﬁgég LE?
P oo e AP e Y %%Eﬁ'fﬁﬁe%fveﬁgsy%ét ShecERke: fvent i on
2t First mxedoH ““%-ﬁ*e‘lna% B esblEnse Ay Reure LakaY: PLoRatReE 3R ked, * ot
a method [N Madtivd SRRt s, 5% r{%' %a%%EBS 52 Theft gas is

preferably used.

Although the process for producing a polyacetal resin
in the present invention is inlprinciple through a known
mixing method in which 1,3-dioxoiane and boron trifluoride
and/or a coordination compound of boron trifluoride are
mixed, and then the obtained mixture and trioxane are mixed,
but it is specifically characterized_by the introduction of
a skillful mixing method in which the first double pipe is
formed by plunging a feed pipe for boron trifluoride and/or
a coordination compound of boron trifluoride into a feed
pipe for 1,3-dioxolane, both of the internal -and external
pipes are kept in parallel to make each feed flow in -
parallel with both internal and external pipes and at the
same direction thereof, and the flows are contacted in
parallel each other in a‘mixing pipe formed by the extended
external pipe'to advance the mixing, finally the mixture is
obtained.

In this case, a static mixer may be used in order to

expedite the mixing.



pol-ynmeri zati.on catal yst, -1, 3-di oxol ane and trioxane, are mixed together
according to the known nethods. . In this case, in order to carry out
a rapid-and .uniformmxture after 1,3-di oxol ane and a pol yneri zation

catal yst are contacted and to prevent from fom ng unusual side reactants
due to sudden polynerization of 1, 3- hﬁxolane by a catal yst, the catalyst
descri bed above nay be once d||uted Wi various inactive fluids, and
used. To put it concretely, when boron trifluoride is used,

-13- it may beNdkkyt eHewnbbhbdeot ?laﬁnﬁn@haaﬁeé&tfm&rbf aneli ovfe  t he
.coordi nation conpound of boron trifluoride is used, it may be diluted with

i nactive ghgagi €e8al ¥eBSo@nNfhéhgbbv&emixture ifdddelond . 1 GiPcH ane may
be diluted with inert gas or inactive solvents and |n particular inert

gas is pfﬁéeééébMdUESlee pipe £LUBEOHANAIHE I rﬁéﬁd’ d'9 a

pol yacetal resin in the present invention |s |n pr|n0| ugh a known

m xing meggadyhg iﬁ’ﬁkg{ig% %ngboéoklé%ﬁ ug{'gﬁi dbf’éfntf{:i{al :Prgi . or a

coordi nation conpoun f boron e are mXxe en the

gg;f;gfgrgggg RRAGET LRXa0E, BT A58 exblind] §HePesid ' fildiea
in the inner wall of a polymerization machine; the feed
flow of the mixture is made in the internal pipe and a feed
flow of trioxane in the external pipe, and then the mixture
and trioxane are simultaneously fed into a polymeriiation
machine to mix them. In other methods, a method in which
trioxane is at first fed and flowed in a pélymerizatioﬁ
machine, then the mixture is fed from a feed port arranged
at the downstream of trioxane to mix them is an effective
means.

As described above, the method of making a mixed flow

by mixing 1,3-dioxolane and borxron trifluoride and/or a
coordination compoﬁhd of boron trifluoride in the present
invention is one in which each feed flow of these
components is made in parallel and the same direction,
contacted with each othe& under that condition, then the
mixing is proceeded to prepare the mixture. The_temperature
of 1,3-dioxolane atlthe point of the contact déséribéd

above is specifically not limited, but is preferably

controlled in the range of 30 to 100 C. If the temperature



a skillful mxing method in which the first double pipe is formed by
pl unging a feed pipe for boron trifluoride and/or -~ a coordination conpound
of boron trifluoride into a feed pipe for 1,3-dioxolane, both of the
~internal and external pipes are kept in parallel to make each feed flow in
parallel with both internal and externali_ipes and at the sane direction
thereof, and the flows are contacted in arallel each other in a mxing,
pi pe formed by the extended external pipe to advance the mxing, finally
the m xturis ilowabttdiared0 C, it is possilsbeethat S icatdlyet wan be used
in order to expedite the m xing.
-14- notNestiow tiltss mitiriuad oof gfoiaitigatibaed dn ovhedfotHd iR, afl a feed
fl ow of the above m xture include one in which the second double pipe is

formed by yHdinGnerathaed diideds Aot iE, N XtiK dddidi1a ikead pipe for
trioxane, and both feed ports of the internal "and external pipes are

located igetiRtat itiflofVtiHe Hat@lR@ly 1B bashheBd™6Hi Mecht he feed flow of
the mxture'is made in the internal pipe and a feed flow of trioxane in

the external pipg jandddaRiiadie that! $he 13Adak’ FQX88EL 3 6r SERY! hAREQUS! Y

fed into a polynerization |
flow (The concept of the mixed flow contains all flows from

the point of beginning the process of mixing after the
contact of the above two components.) is more than.O.l,
m/sec, particularly preferably in the range of 0.3 to 10
m/sec. If the linear velocity is less than 0.1 m/sec,
polydioxolane is liable to be formed in the inside of the
feed pipe, where the contact of 1,3-dioxolane and a
polymerization éatalyst begins, to reduce a section of the
feed pipe and make the feed flow unstable, further to cause
clogging of the pipe. The problems almost disappear when
the linear velocity exceeds 0.3 m/sec. Even if the linear
velocity exceeds 10 m/sec, the effect of the invention will
not be damaged, but the invention will be liable to lack
pfactical use because a high-speed driving device is needed
to set up. :

In the step (2) of the method of the invention, the
ﬁixture of 1,3-dioxolane énd the‘cafalyst may bé allowed to
stand aﬁd_flow as it is for a period between 0.1 to 30

seconds or between 0.5 to 300 seconds after the mixing, or



machine to mix them 1n other nmethods, a nmethod in which ‘tri-oxane is at
first fed and flowed in a polynerization machine, then the nmxture is fed
froma feed port arranged -at the downstreamof trioxane tonx themis an
ef frective neans. As descri bed above, the nmethod of making a m xed
flow by mxing 1, 3-dioxolane and boron_trifluoride and/or a coordination
conmpound of boron trifluoride in the pTE@Ent invention is one in which
each feed flow of these conponents is made in parallel and the sane

di recti ongontQBt 8k ofi ¥h tda @Rt HENeTotiNdfEsd RAlo GRAAIIZAR, hian the

m xing is proceeded to prepare the m xture. The tenperature of

1, 3-di oxogggfgga t)ggf@f) NEp fsﬁg'ge(ﬁ%gr};?l egg&r?]& (3a,b H S specifically

not limte IS pre era Iy e ‘range of 30 to 100

[err]C. l%ﬁi?ﬁ?ﬁgnﬂg . Alter Eivlg 1Eh 38e[§ii%$éd Eo's

possi bl e e ca can not  Show | func Sn° 5t rvatron. On the
ot her hand,__i enper at.ure exc 00 [e I.S possi bl e that
activar, oﬁta?dtmgc’ai%vy%% (TR ot O S hh T8 Trecessary

h he |
that the | pear YeLoELL Yoty 1% f0 XSthnd 'vah (TS 1eRh BLrEPceu Lxed thow

it is preferred that the mixture is allowed to flow for 0.1
to 5 seconds.

If the duration is less than 0.1 Second, it becomes
difficult to obtain a poly#cetal resin at a high yield
possibly because the degree of mixing the above two
components is insﬁfficient and an uneven distribution of
each component is occurred. On the other hand, if the
duration exceeds 30 seconds, the same happens as the above
case that thellinear velocity is tbo low, i.e.,
polydioxolane is liable to be formed in a partipular part
of the feed pipe to reduce a_section of the feed pipe and
make the feed flow unstable, further to cause clogging of
the pipe. When the duration is in the range of 5 to 30
seconds, clogging of the pipe is not caused, but a
formation of polydioxola%e may be shown at the particular
part insidé the pipe in a certain case. Accprdingly, the
duration of mixing is particularly preferably in thé range
of 0.1 to 5 seconds. |

The temperature of the mixed flow containing the



t he poi nt of begi nning the process Qt{mﬁ?rhggafter the  .contact of the
above two conmponents.) is nore than 0.'1. m.sec, particularly preferably in
.the range of 0.3 to 10 nisec. If the linear velocity is |éss tha

m sec,

pol ydi oxol ane is liable to be formed in the inside of the

n 0.1
f eed

pi pe, where the contact of 1,3-dioxolane and a polynerization catal yst

begi ns,

to reduce a section of the fedd-pipe and nake the feed f

unstabl e, further to cause clogging of the pipe. The probl ens al

di sappeapL¥hen twbeof} BHéﬁtyeigg;%#%Eet?i‘%fff%nQi&ﬂr?ee& At ifarigae |inear

vel ocity exceeds 10 sec, the
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hi gh- speé

damaged,

he 1 nventio

S nhee
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may be a

seconds

or betyween 0.5.to0 300 con after the mxing, or
e CoRELATPEGoH: PRILAEN OhaRe Ghetedentio Lintor LPUBeRature,
before the subseque mxing step (3) with trioxane has started.
Al t er nat P¥ER§AS| L0Rn{ hd talHasRdP Lo aPpears that activation of the

catalyst progresses too much as well as the pressure inside

the pipe tends to be high.
The mixture and trioxane described above are mixed

each other in a polymerization machine to conduct bulk

| ow
nost

not” be

e catal yst
.1 to 30
arted,

polymerization. To put it concretely, is preferred a method

in which each feed port of the second double pipe, formed

by plunging a pipe for feeding the mixture into a pipe for

feeding trioxane, is located on the inner wall of a
polymerization machine, and trioxane mixture from the
external pipe of the double pipe and the mixture from the
internal pipe are fed into the polymerization machine to
mix them. Another method in which trioxane is fed to the
upstream of the polymerization machine and the mixture to
the downstream to mix both is also preferred.

The mixture in the.polymerization machine, all the

materials in the course of polymerization and the

intermediate reactants are preferably kept at 65 to 135 C.

Neutralization of the polymerization catalyst to a

~particular degree of polymerization and deactivation



stand and flow as it is just before a point where self- polymerization.of “=

1, 3-di oxol ane has started. In particular, it is preferred that the mixture
is allowed to flow for 0.1 to 5 seconds. . If the duration is |ess
than 0.1 second, it becones difficult to obtain a polyacetal resin at a
high yield possibly because the degree gf m xi ng the above two conponents
I's insufficient and an uneven distribuf? n of each conponent is occurred.
On the other hand, if the duration exceeds 30 seconds, the same happens as
t he abovetheaeoft hat,t b€ heveasarg) ocatyied swp Byvaddirgy basiad ydi oxol ane
is liable to be formed in a particular part of the feed pipe to reduce a

section otompouh@edopi pquadds soketides fesrddPHwoinHadeactiod her to cause
cl ogging of the pipe. Wen the duration is in the range of 5 to 30

seconds, ?k@&GbﬂngEchBQgéapﬁrbﬁ 10 Wlmlﬁu dqu ("jﬁﬁérﬁf‘ & the
I CUl ar

pol ydi oxol ane may be shown at the par part insi the pipe in a

certain casgctfoa0ptbadLy réx‘ﬂ&mf‘h‘éaiﬁ Oghof é‘iyﬁﬁéﬂia&ﬂﬁ{ td il pidnt

preferably in the frange of 0.1 to 5 secon he tehperature of the

m xed flom’Contfhg'ﬂgsagecompounds used for neutralizing and
deactivating the polymerization catalyst generally include
ammonia or amines such as triethylamine, tributylamine,
triethanolamine and.tributanolamine, hydroxide salts of
alkaline metals and alkaline earth metal;, and in a certain
case other known catalyst deactivators may be used.

Further, stabilization treatment such as
decomposition and removal of the unstable terminal parts
and masking of the unstable terminals by stabilizing
materials is carried out, if necessary, by known methods,
and needed various stabilizers are blended. The stabilizers
used in the present invention include at least one selected
from the group consisting of hindered phenol compounds,
nitrogen-containing compounds, hydroxides of alkaline
metals or alkaline earth metals, inorganic salts and
carboxylic acid salts. |
At least one conventional additive for thermoplastic

resins selected from the group consisting of, for example,
colorants such as dyes and pigments, lubricants, nuciear

agents, releasing agents, anti-static agents, surfactants,



above two conponents is preferably nmaintained in the range of 20 to 100
[err]C. If the tenperature is lower than 20 [err]C, the phenonenon that :
the catalyst can not show its function of activation begins. On the other .
harmd, if the tenperature exceeds 100 [err]C, it possibly appears that
activation of the catalyst progresses too much as well as the pressure
i nside the pipe tends to be high. -19-The nixture and tri oxane
descri bed above are m xed each other in a polynerization machine to

Conduct, bk don 0 M 614 o M £ TEIE Ll kbR Bt o 1o
0P Lo FESFAD BBbEy e L0 PR o egd Bt orgne, | | ocaled

on the i ynerlza I ON “achi ne, m xture from
the external e of the doubl xture fromthe _.interna

bi pe are TEPSARETL (5 HTohedT ST SEEAR (R C5° RERSEREINKABERER et hod

I n which trloxane is fed to the upstream of the pol yneri zati on machi ne and

the m xt (R%E® P t¢ﬁ@?ﬂ) streamto mx both is also preferred. The

m xture in the ynmerizatjon machine, all the materials in the course of
pol yneri zati on iﬁ&i PLYMEF} 2R RN AIRNENtaiSedaiB Shef BERBRPtkept at 65 to
135 [err] C. Neutralization of the polynerization catalyst to a

parti cul aknVRREken ofs m?ﬁ#%ﬂ@#%&%ﬁ%ﬂt\?ﬁ Agnlong as it can

continuocusly feed the materlals for polymerization, mix
them, conduct bulk polymerization and discharge a polymer,
but a continuous mixing reactor is necessarily used.
Examples thereof include a polymerization reactor
composed of two parallel driving shafts turning at
different directions from each other, and each driving
shaft is coupled directly with mixing means such as screws,
paddles, discs, pins and blades turning along with the
inner surface of the cylinder barrel. A kneader, a Ko-
kneader type polymerization equipment and a twin screw

extruder may be used.

Brief Description of the Dfawings

Fig. 1 is a layouf showing an equipment for the
production process of the invention.

Fig. 2 is another layout showing an equipment for the
production process of the invention.

Fig. 3 is still another layoﬁt showing_ah equipment



-18- thereof are, if necessary, carried out by adding .basic conpounds or
aqueous solutions thereof to the reaction product discharged fromthe '
pol yneri zati on equi pnent or the reaction product remaining in the

pol'ymeri zati on equi pnent. . The basic conpounds used for neutralizing
and deactivating the polynerization catal yst generally include amonia or
am nes such as triethylamne, tributylaffhe, triethanolam ne and

tri but anol am ne, hydroxide salts of alkaline netals and al kaline earth

metal s, aperithe pesdiditiorn gtocddErok e ivdleaitish.deactivators may be
used. Further, stabilization treatnment such as deconposition and

removal of the pig! ablgs terMNandiHds 1t BHWAAgOhNt BguipRbAL! €
termnals by stabilizing materials is carried out, "if necCessary, by known

met hods, fantHié N@Ei&y?ﬁﬁé’égéi r&@riq“}élrﬁ:?g,ﬁq. The stabilizers wused

in the present 1nvention 1nclude at |east one selected fromthe group

consi sting of hpndered: QQ% | QQQRQFEQ , It -contaLpl,k ounds,

hydr oxi des of 2#%1 i%cejlspma glls or a aIS'Lla edyécars?%%gaﬁé, é{igg&%ﬁ?@ salts

and carb | | is Atc l,east. one.caonvent.i onal additive for

t her nopl a)gﬁ{c{ﬁ? g%%%é‘géelr%%tperao ?ersgmq%é:?%r &&g’eg’(%ﬁ‘ Pat i ng of, for exanple,

colorants such ag; dves; and Pl RN oY 30 Uit pREGECE6r the
conventional production process.

Fig. 7 is another layout showing an equipment for the

conventional production process.

Now, the schematic diagrams of the layouts (Fig. 1 to
Fig. 7) containing a polymerization equipment and the pipes
thereto attached used in the present invention will
illustraﬁe embodiments of the process for producing a
polyacetal resin.

Fig. 1 shows a process for feeding the mixture of
boron trifluoride and/or a coordination product of boron
trifluoride and 1,3-dioxolane into a feed flow of trioxane
fed from an end of the polymerization equipment to conduct
polymerization, and continuously discharging a polyacetal
resin from the other end of the polymerization equipment.

More Specifically, the first double pipe comprising

' the parallel internal and external pipes is formed by

plunging a feed pipe (A) for boron trifluoride and/or a



.. _ - . o
agents, releasing agents, anti-static agents, surfactants,
- 19- organic high nolecul.ar materials, and i-norganic or organic, -
fibrous, powdery or tabular fillers can be added, .if necessary, as long as
the effects of the present invention are not damaged. The
pol ymeri zati on equi pnment used in the pggﬁqnt I nvention is not particularly
restricted as long as it can continuously feed the materials for
pol ymeri zation, mx them conduct bul k polynerization and di scharge a
pol ymér, dmerdinadritam componngi pf bezonotriflnecédearll) ytasteed in
Exanpl es thereof include a polynerization reactor conposed of two parall el
driving shifd lineotion dndidatedr byt adi aerowonntdr anfeedhpipéefB) and each
driving shaft is coupled directly with m xi ng neans such as screws,

paddl es, digcs, Pidixodagebl(@2desot fesdngnathagdikebtibn indbeatedrbpce of
the cylinder barrel. A kneader, a Ko- kneader type pol ynerization

equi prent NG rardw) RhECHBWer¥ll pdpe BEYtREe H88Ble pipe is ot ef

Description of the Draw ngs Fig. 1 is a layout show ng an equi pnent

for the oxtended but left its port end (T), and the external pipe
is extended to form a mixing and feeding pipe (D) for |
contacting, mixing and feeding the feed flow of the above
(1) and (2); the end port (R) of the pipe (D) is located on
the inner wall of a polymerization machine (S) in which the
materials for polymerization flow in the direction
indicated by an arrow, and a feed pipe (E) for trioxane to
feed in thé direction indicated by an arrow is further
located at the upstream of the polymerization machine in
the same manner as described above; a pipe (F) for
continuously discharging a bulk polymer of polyacetal resin
is located in the downstream of the polymerization machine.

It is an essential factor that the above-described

internal and external pipes of the double pipe are in
parallel. It is one of the preferable embodiments that
they have a coaxial shaf;, but not indispensable. The
double pipe of the present invention_does not include the
multiplex pipe having three or ﬁore internal or externél

pipes, but includes ones having some parallel internal

pipes in an external pipe. Accordingly, it is a preferred



production . process ‘of the invention. ' Fig. 2 is another |ayout
showi ng an. equi pnent for the production process of the invention.

Fig. 3 is still another |ayout show ng an equi prment

-20- for the production process of the i nventi on. Fig. 4is stil
anot her | ayout .showi ng an equi pnent or.the production process of the

I nventi on. Fig. 5is still anoth%? | ayout showi ng an equi pnent for
t he production process of the invention. Fig. 6 is a layout show ng

an equi prepboligimehlte tha@nyaet sagakngl og %é'ﬂg R PLESS into somdi Q. 7 IS
anot her Iayout show ng an equi pnent for conventional production

process. E)es in HﬁWethQ%nﬁihﬁEBé' £0dL20E41Be Ofnd h‘ﬁi %Lgf d4d 9- 1 to
e pl

Fig. 7) containing a polynerization equi pnent and ereto
attached gﬁ?gligltggeﬁr?igﬁ% invention will illustrate enbodlnents of the
process f prodicing a ~polyacetal resin. Fig. 1 shows a process

For fecdi ng { ey gLkt UEROhroBB5 8T bLHBLLEE, ety Aos68Y it on pr oduct

of boron
will be outlined. Boron trifluoride and/or a coordination

product of boron trifluoride (1) is flowed in the diréction
of an arrow in the feed pipe (A) to discharge from thé port
end (T), and 1,3-dixolane (2) is flowed in the direction of
an arrow in the féed pipe (B):; as the first double pipe (C)
is formed by the parallel internal and external pipes, both
(1) and (2) flow at the same direction and parallel at
least up to the port (T); Passing through the port (T) into
the mixing and feeding pipe (D), this parallel flows are
not immediately disordered, but is first contacted under
the parallel condition and gradually dispersed to the
orthogonal direction of the flow to mix them; after
continuously mixing for the particular seconds, the
substantially uniform mixture (4) is obtained. The mixture
(4) flows in the direction of the arrow and is fed from the
end port (R) of the feed.pipe (B) into the polymerization
"machine (S). |
On tﬁe other hand, trioxane (3) is fed ffom the feed

pipe (E) into the polymerization machine (S}, and flows in

the direction of the arrow in the machine to mix a catalyst



tri.fl uoride and 1, 3-di oxol ane into a feed flow of trioxane fed froman end
of .the polynerization equi pnent to conduct polynerization, and
continuously discharging a polyacetal resin fromthe other end of the

pol-ymeri zati on equi pnent . More -Specifically, the first doubl e pipe
conprising the parallel internal and external pipes is fornmed by plunging
a feed pipe (A for boron trifluoride a3for a coordi nation

conmpound of boron trifluoride (1) to feed in the direction indicated by .an

arrow i ntond@ HEEK RALEr{B)l mbémdrs; RHOIiN&Yrd ils0 AR plol yiideidielgect i on
i ndicated by an arrow, the internal pipe of the double pipé iIs not

extended pytd of (ol 5aD8EA1 CRESL) it L1 BUSHIecPirBEn kheeigaded Lo

forma m xing an I ng pipe for contacting,” mxing an

feed flom%pf %EetﬁQquch%%g and (2); the end port (R) of the pipe (D) is
-t

| ocated o e rnner wWal'lT of a polynerization machine (S) in which the

and & feed piperth) forst o s fd, Tois. The eBeCR R g B cd by an
arron 1o bprther Logal et LDe MPSAEamoh S I8 ROl NTHLARY ) mchi e I
plunging the mixing and feeding pipe (D) in Fig. 1 into the |
feed pipe (E) for trioxane and both ends of the double pipe
are located on the inner wall of the polymerization machine.
A processlfor produéing a polyacetal resin is the
same as the case Fig. 1, except that the feed flow of
trioxane (3) from the external pipe of the double pipe and
the mixtﬁre (4) from the internal pipe are fed
simultaneously into the polymerization machine to
immediately conduct mixing and polymerizafion.
Fig. 3 is the same layout and has the same marks as
Fig. 1, except that the feed pipe (A) for boron trifluoride
and/or a coordination product of boron trifluoride (1) in
Fig. 1 is annexed with a feed pipe (G) for inert gas or
inactive solvents (5).
A process for prodﬁcing a polyacetal resin is the
same as the case Fig. 1, except that boron trifluoride
and/or the coordination compound of boron trifluoride (1)
diluted with inert gas or inactive solvents (5) is used to

feed.



coAtinuously discharging a bul k pQIyner'of pol yacet al reéin-.Ls.Located I n

t he downstream of the pol ynerization nachine. It is-an_essential
-factor that the above-described internal and external pipes of the double
pipe are in parallel. It is one of the preferable enbodiments that they

have a coaxial shaft, but not indispensable. The double pipe of the
present invention does not include the % | ti plex pipe having three or nore
i nternal or external pipes, but includes ones having sone parall el

internal pipespid. an Bxt@{ddand QYRS BAlsY thie! shieamAtRECAECd
-22- enbodinent that the internal pipe is divided into sone pipes in an

external pjpe {0 @%‘5@& tendthaHe @é&ﬁ giﬁée(a)p%?l h.?b_—-l Fgﬂoﬁ.!aﬁé’s:(Z)

Next, the process for producing a polyacetal resin "w be outlined. Boron

Flowed | TR rects o e e BT LR B85 0P Echar e

an arrow I n-the feed pi 0 discharge from

t he port %é%§%£J2’Séiwg%%§;H%XO|ane (2) is flowed in the direction of an

arrow in eed pipe s the first double pipe (C is formed by the
parallel internal and external plPSSig BOHb1yabetdld E3kn' Q" RE the same
same as the case Fig. 1, except that 1,3-dioxolane (2)
diluted with inert gas or inactive solvents (é) is used to
feed.
Fig. 5 is the same layout and has the same marks as
Fig. 1, except that the feed pipe (A) for boron trifluoride
-and/or the coordinafion compound of boron trifluoride (1)
and the feed pipe (B) for 1,3-doioxolane (2) in.Fig, 1 are
both annexed with the feed pipes (G) and (H) for inert gas
or inactive solvents (5) and (6) shown in Fig. 3 and Fig. 4,
respectively.
A process for produéing a polyacetal resin is the
same as the case Fig. 1, except'that boron trifluoride
and/or the coordination product of boron trifluoride (1)
diluted with inert gas or inactive solvents (5) and 1,3-
dioxolane (2) diluted wikh inert gas or inactive solvents
(6) are used to feed.
Fig. 6 is a schematic diagram of a layout containing
a conventionally used polymerization machine and the pipes

thereto attached, but it is the same layout and has the



| east up to the port (T); Passing through the.port (T)-into the mxing and
feeding pipe (D), this parallel flows are. not inmmediately disordered, but
-is first contacted under the parallel condition and gradually dispersed to
the orthogonal direction of the flowto m x them after continuously

m xing for the particular seconds, the__substantially uniformmxture (4)
Is obtained. The mxture (4) flows i 72%Fe direction of the arrow and is
‘fed fromthe end port (R) of the feed pipe (B) into the polynerization

machi ne (s@me marks a@NFige 2t hekcBpedfotr hoxAGea (Mixisy fft frawaidy feed
pipe (E) into the polynerization nmachine (S), and flows in the diTtection

of the arys i Bchi ' c y : :
éfqﬁﬁrfﬁggggfﬁnghgg Egcﬁ‘feﬁg %§§%u?%rigofﬁl trifluoride

-23- an _ _ nononers; t _ k- polymerized to be a
Fo 21 Enl(Eh b etPriinatih ombPRHa BEBOR, Nt AE1edRidy HIF JREN 1S
(D) i n g 3 EARIRrRe (27 a8 BEbaches” rbobbrakan et ot Bufiends of the
double Plpe ; e th2°3h8d MokSe' PRELUGL! (9] FLS POMYMBLL 2814 Of machi ne.
the polymerizatién machine.
A process for producing a polyacetal resin is the
same as the case Fig. 1, except that 1,3-dioxolane (2) is
fed almost at a right angle against boron trifluoride
and/or the coordination compound of boron trifluéride (1)
to drasticaily contact and mix them.
Fig. 7 is another schematic diagram of a layout
containing a conventionally used polymerization machine and
fhe pipes thereto attached, in which the second double pipe
is formed by plunging a feed pipe (L) for boron trifluoride
and/or the coordination compound of boron trifluoride (1)
into a feed pipe (K) for feeding in the direction of the
arrow, trioxane (3), 1,3-dioxaolane (2) and the mixture of
molecular weight controlling agent of methylal (7), and
attached to the polymeriéation machine (S) in the same
manner as the first double pipe.
A.process for producing a polyacetal resin is one in

which the feed flow of the mixture of the three components

and the feed.flow of boron trifluoride and/or the



A process for. produci ng a pol yacetal resin is the sanme as the case Fig. 1,
except that .the feed flow of trioxane (3) fromthe external pipe of the
doubl e pipe and the mxture (4) fromthe internal pipe are fed

si mul taneously into the polymerization machine to i mrediately conduct

m xi ng and pol yneri zati on. Fig. 3 is the sane |ayout and has the
sane marks as Fig. 1, except that t he=#8ed pi pe (A) for boron trifluoride
and/ or a coordination product of boron trifluoride (1) in Fig. 1is

annexed wcbbraihaedoni peob@tf6f boesh €aEfDiorid@ctiiyeasol vents (5).
A process for producing a polyacetal resinis the sane as the case Fig. 1,

except thQEpEQEQElS(rEEHUQﬁfgethé‘@émeész&QPérgirﬁ?éﬂfsﬁbT caggypound of boron

trifluoride (1) diluted with inert gas or inactive solvents (5) is used to
feed. -24 - Fig. 4 is the sane

| ayout and has the same marks as Fig. 1, except that the feed pipe (B) for
nact i ve. sol verbSepEfhbttothe BHOGEd! dok Lot Prdsuanien o (s
the a polyacetal resin in the present invention, a polyacetal
resin can be obtained at a high yield in an industrial
scale stably over a long period of time. Further, the
pélyacetal resin obtained in the present invention.is
excellent in a balance between such properties as
mechanical properties, a chemiéal resistance, a sliding
property as well as a conventional polyacetal resin is, and
excellent in a molding ?rocessability so that it is useful
in various fields such as infection-molded articles,

extrusion-molded articles, blow-molded articles, foaming-

molded articles and the like.

EXAMPLES
The present invention will specifically be explained
below, but the present invention will by no means be

restricted to these examplés.

Example 1
According to the schematic process diagram shown in

Fig. 1, production of a polyacetal resin was conducted.



saime as- the case Fig. 1, except that 1,3-dioxolane (2) diluted with inert
gas -or inactive solvents (6) is used to feed. Fig. 5 1s the sane

*l ayout and has the sane marks as Fig. 1, except that the feed pipe (A for
boron trifluoride and/or the coordination conpound of boron trifluoride
(1) and the feed pipe (B) for 1,3-doiogplane (2) in Fig. 1 are both
annexed with the feed pipes (G and (H“Tor inert gas or inactive solvents
(5) and (6) shown in Fig. 3 and Fig. 4, respectively. A process for

produci ngFEr$o) WatEh alse asf M i Corithihuciaias dgheeaatorFign 1, except that
boron trifluoride and/or the coordination product of boron trifluoride (1)

di | uted véndbdiidit 6 e !Wéﬁﬁﬁi\éﬁmn@dtéheaq@)1s%owndk.a><9h30e (2)
diluted with inert gas or inactive solvents (6) are used to feed.

PO O ISP SAhaINd QARG ARGle S0 Y ANY A Hehbing 18BYEARLPNAI | Y used

pol yneri zatio chine and pes eto attache but S the sane

| ayout a tf the outside m%&%cﬁ%fiagbaheﬁ)fcgﬂt wB?LE:hugi ng a

m Xi ng an eedi ng
cross section is of such a form that two circles are

partially superposed,,and rotational shafts equipped with
paddles, trioxane (3) mixed with a molecular weight-
contrblling agent was continuously fed from the pipe (E) at
the upstream end of the_polymerization machine (S) while
rotating two rotational shafts equipped with paddles at 50
rpm at different directions from each other. Methylal was
used as a molecular weight-controlling agent and added in
an amount of 0.034 % by weight, based on trioxane.

On the other hand, the émount equivalent to 3.0 % by
weight per trioxane of 1,3;dioxolane {2) heated at 60 °C was
fed from the feed pipe (B) and fhe_amount equivalent to
0.0017 % by weight per trioxane of boron trifluoride (1)
was fed from the feed pipe (A). Both flows were directed at
the same direction in the passageway of the first double
pipe (C), and at the-lin;ar velocity-of 1.1 m/sec through
the port (T) of the internal pipe into the succeeded mixing
and feeding pipe (D) to obtain the mixture (4).by mixing
for 1.2 séconds before contacting trioxane (3) in the

_poymerization machine. The mixture (4) was heated at 64 C,



pi pe forned by that each. feed pipe for boron trifluoride and/or a

coordi nati on conpound of boron trifluoride (1) and 1, 3-dioxolane (2) is .
attached al nost at a right angle against the feed flow of trioxane (3) fed
formthe end of the polynerization nmachine. A process for producing-
a polyacetal resinis the sanme as the.2 se Fig. 1, except that )
1, 3-di oxolane (2) is fed al nost at a.T'ght angl e agai nst boron trifluoride
and/ or the coordination conmpound of boron trifluoride (1) to drastically

contact aggnflinublisly fed from the fded tf‘e(R)Sf%be@xtei ¢ diagramof a
| ayout containing a conventionally used polynerization machine and the

o pes.  hepslonaiisatiedh hackihe N sfie afeab Il eRps e Tored by
i roct i onPot PRRETzatah et Eondiordd ot iRloRsPBRE Y5188 B he i xt ur o
Of o T cuLpE TGl £0D'S0IANG ey o RIS, (Tlpand Saligened o
The 7 ccd 90RF PEoRecntEh Bhe B ian ik cotmmaion on Ahe PREC e8d 1l ow o
boron tri2+y?r&g§ 3gg/8£sé£$;d and the pipeline could be prevented
from being clogged. Further, the amounts in feed flow of
1,3-dioxolane (2) and boron trifluoride (1) always showed-
constant values, and the polyacetal resin could stably be
produced.
The reaction product diScharged from the port (F) for
discharging a polyacetal resin was, quickly passing through
a crusher, added to an aqueous solution of 0.05 % by weight
of triethylamine adjusted at 60 °C, and crushed into
particles while deactivating the catalyst. Further, the
crushed product wa$ separated, washed and dried, and then a
polyacetal resin was obtained. The polymerization yield

showed as high value as 81 % by weight based on the fed raw

materials.

Example 2
According to the schematic process diagram shown in
Fig. 2, production of a pblyacetal resin was conducted.

First, with use of a continuous mixing reactor (an



-26- coordination product: of boron trifluoride (1) are separately fed
into the polynerization nachine (S). According to the process for
cont i nuous production of a polyacetal resin in the present |nv¢nt|on a
polyacetal resin can be obtained at a high yield in an.industrial scale
stably over a long period of time. Further, the polyacetal resin obtained
in the present invention is excellent'?ﬂ'a bal ance between such properties
as nmechanical properties, a chem cal resistance, a sliding property as

wel | as ae@BOYERENENSE ﬂ%yﬁ&wﬁéxiﬁéﬁbﬂ SnacHihe evsfie's,'h%'v)zhn 5% %15@' di ng

processability so that it is usefu In various fields suc

f ect | onaobdagead! 1685 SIS angsg{ﬁqﬁart'h%'a%angougwomﬁd

articles, oanlng-

Eﬁg/\?vLEtS)ute?ﬁe pﬁgg‘én nven‘{lél]\c/)aﬁiﬁwﬁ?c}hqv)\é er%so% ? Cal | )I’/eg‘?lr ?Eﬂ'ggl tggdt hese
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partially superposed, and rotational shafts equipped with

paddles, trioxane (3) mixed with a molecular weight-
controlling agent was contipuously fed from the pipe (E) at
the upstream end of the polymerization machine (S) while
rotating two rotational shafts equipped with paddles at 50
rpm at different directions from each other. Methylal was
used as a molecular weight-controlling agent and added in
'an amount.of 0.034 % by weight, based on trioxane.

On the other hand, the amount equivalent to 3.0 % by
weight per trioxane of 1,3-dioxolane (2) heated at 60 °C was
fed from the feed pipe (B) and the amount equivalent to
0.0017 % by weight per trioxane of boron trifluoride (1)
waé fed from the feed pipe (A).' Both flows were directed at
thé same direction in the passageway of the first double
pipe (C), and at the linear velocity of 1.1 m/sec through
the port (T) of the intefnal pipe, into the succeeded
mixing and feeding pipe (D) to obtain the mixture (4) by
mixing for 1.2 seconds before contacting trioxane (3). The
mixture (4) was heated at 64 C, continuously fed through

the internal pipe of the second double pipe to the feed



-27- First, with use of a contjnuous nixing reactor (an enbodinent of the
polynerlzatlon machi ne (S) shown in Fig. 1) equipped with a jacket for
passing a heating (cooling) nediumon the outside and conposed of a
barrel, in which a cross section is of such a formthat two circles are
partially superposed, and rotational shg ts equi pped with paddles,
trioxane (3) mxed with a nolecular weighf- controlling agent was
continuously fed fromthe pipe (E) at the upstreamend of the _

pol ymer i zgorgn (RicitioneheSpolgmbeizaoiohi ngchive 08P} iawdl shafts equi pped
with paddles at 50 rpmat different directions from each other Met hyl al

was used sdmud tamleouslyr tweogRheC QB r Rhki PEd apesh agl sclde %b ?’; armount
of 0.034 % by wei ght, based on tri oxane. On the other "han t he

amount eqyifv@henkexteraad ?%BE Of’etggtd&%lér %éé( esﬂgané:% armua?ﬁ((Z)

heated at 60 [err] C was d fromthe feed

equi val enboli gme@i98t{ off QXS""@bHQﬁCPﬁ& fﬁ' Ql)fé‘ oﬂ%ll\ 2% gl* frﬁé}%girgegﬁél)

was fed fromthe feed pipe (A

ot o 1 el L CHUILE o 8 G S
into the sypgeeded BbXLB%xolane liable to be produced in the
pipeline, especially in the port end (T), was not observed
and the pipeline éould be prgvented from being clogged.
Further, the amounts in feed flow of 1,3-dioxolane (2) and
boron trifluoride (1) always éhowed onstant values, and the
. polyacetal resin could stably be produced.
The reaction product discharged from the port (F) for
;discharging a polyacetal resin was treated in the same
manner as Example 1, and.the cafalyst was deactivated.
- Further, the crushed product was separated, washed and
dried, and then a polyacetal resin was obtained. The
polymerization yield showed as high value as 81 % by weight

based on the fed raw materials.

Example 3

According to the schematic process diagram shown in
Fig. 3, production of a polyacetal resin was conducted.
First, with use of a continuous mixing reactor (an

embodiment of the polymerization machine (S) shown in Fig.



and feeding pipe (D). to obtain the mixture (4) by mixing for 1.2 seconds
before contacting trioxane (3) in the poynerization machine. The m Xxture
{4) was heated at 64 [err]C, _ : - 28-
continuously fed fromthe feed port (R to the polynerization machine (S),
and then cationic bulk polynerization;ﬁig conducted. Continuous operation
was carried out for 36 hours to find that pol ydi oxolane |iable to be
produced in the pipeline, especially in the port.end (T), was not observed
and the pBpeeqanipped| dite ariackatedor rpasdinq@ demggody (@oalliag) t he
anounts in feed flow of 1, 3-dioxolane (2) and boron trifluoride (1) always
showed cmediamtorathesoubsidde endatommeted ofesd baxmdld simbihichea

pr oduced. The reaction product discharged fromthe port (F) for

di schar gi 8gosspséyeich als repisudnsa i ibatpassd iddliedi@re a crusher,
added to an aqueous solution of 0.05 % by weight of triethylam ne adjusted

at 60 [erﬁ&ianﬂycé SEfosed O afrdicd teondll | shateasrtd(Alggad Wiencat al yst.
e

Furt her, crushed product was separated, washed and dried, and then a

pol yace! abagdsbs, VBFiORAAE NES) mARPUNIP' 2H1NUMCibigHaved as high
val ue as 81 % by wei ght based on the fed raw
controlling agent was continuously fed from the pipe (E) at
the upstream end of the polymerization machine (S) while
rotating two rotafional shafts equipped with paddles at 50
rpm at different directions from each other. Methylal was
used as a molecular weight-controlling agent and added in
an amount of 0.034 % by weight, b;sed on trioxane.

On the other hand, the amount equivalent to 3.0 % by
weight pef trioxane of 1,3-dioxolane (2) heated at 60fT1was
fed from the feed pipe (B) and the amount equivalent to
0.0017 %;by_weight per trioxane of boron trifluoride (1)
diluted with inert nitrogen gas fed ffom the feed pipe (G)
at the dilution ratio of 8.9 vol/vol, was fed from the feed
pipe (A). Both flows were controlled at the same direction
in the passageway of the first double pipe (C), and at the
linear velocity of. 3.1 m}sec through the port (T) of the
internal pipe, into the succeeded mixing and feeding pipe
(D) to obtain the mixture (4) by mixing for 0.5 second

before contacting trioxane (3). The mixture (4) was heated

at 64 °C, continuously fed from the feed port (R) to the



L. %

P

materials. Exanmple 2 According to the schematic process diag}ém

shown i n:

“*with use

of a continuous m xing reactor (an

-29- enbodi ment of the polymerization machine (S) shown in Fig. 2)
with a jacket for passing a\Jﬁglng (cooling) mediumon the

equi pped

out si de and conposed of a barre

Fig. 2, production of -a polyacetal resin was conducted. First,

ch a cross section is of such a

formthat two circles are partlally super posed, and rotational shafts

equi pped

controlling agent was continuously fed fromthe pipe (E) at

end of t
equi pped

po yme itk iem mradhdbnzng S)3) anidxetienw chtdonbtebulr wei ght -

vl iBldtAddn wasTROntifuobts1yhicbadutekati ng two rotational

with paddles at 50 rpmat different directions fromeach other.

t he upstream

shafts

Methylal was —ushftidf c%%;fé&*é't@."on"\’%ghha%'ib&obht”!oﬁgﬂi‘th&ﬁ‘f‘s ed in an
anount of 0 034 % by melght based on trioxane. he ot her hand,
the anmourg g r f 3-di oxol ane (2)
heat ed at 60 [g%§% on1tﬁgbfggdaglng?g§éanéﬂ Eﬁeanount

eqU|vaIe$ gl ine, espec1ally in the port end (T), was not observed

and the pipeline could be prevented from being clogged.
Further, the amounts in feed flow of 1,3-dioxolane (2) and

boron trifluoride (1) always showed constant values, and

the polyacetal resin could stably be produced.

The reaction product discharged from the port (F) for
discharging a polyacetal resin was freated in the same
nanner as Example 1, and the catalyst was deactivated.
Further, the crushed product was separated, washed and
dried, and then a polyacetal resin was obtained. The
polymerization yield showed as high value as 80 % by weighﬁ

based on the fed raw materials.

Example 4

According to the schematic process diagram shown in
Fig. 4, production of a bolYacetal resin was conducted.
First, with use of a continuous mixing reactor (an
embodiment of the polymerization machine (S) shown in Fig.
4) equipped with a jacket for passing a heating (cooling)

medium on the outside and composed of a barrel, in which a



0.0017 % by wei ght per trioxane of boron trifluoride (1) was fed.-fromthe
feed pipe (A). Both flows were directed at the sane direction in the

. passageway of the first double pipe (C, and at the linear velocity of 1.1
m-sec through the port (T) of the internal .pipe, into the succeeded

m xi ng and feeding pipe (D) to obtain the mxture (4) by mixing for 1.2
seconds before contacting trioxane (3}339he mxture (4) was heated at 64
[err]C, continuously fed through the internal pipe of the second doubl e

pi pe to port (R) to
t he polyégrlz %l%%l%%cﬁsne ( ?h acfozm nuaFé%ggugﬂfc%FPo?gge (3) was fed
fromthe e tern |, he doubl e pi t hen
cationlcp%ﬁfkaf£§lﬁﬁgéf@%5? sﬁaﬁ%g 88 R@szgg%gn machi ne.
Cont i nuous eratjon was caryr ed o t f r 36 our d that

pol ydi ox@F% e?raEF%P¥%P%eﬁ%k Pﬁeweég &Cially in the

port end (T), mas not observed and the prpelrne could be prevented from
bei ng cl SeREROLLERG { 3EPNTL { RS HRVFANVIQUS e d@ S ESRMothe BigRoAB) aAE (2) and
boron trifluoride (1) alggés showed onstant val ues, and the .Rolyacetal
resin coin® BPabrgameend ookiceie polymeripadiosameichangr d§lcwhdilechar ged from
the port (F) for

rotating two rotational shafts equipped with paddles at 50

rpm at different directions from each other. Methylal was
used as a molecularlweight-controlling agent and added in
an amount of 0.034 % by weight, based on trioxane.

On the other hand, the amount equivalent to 3.0 % by
weight per trioxane of 1,3-dioxolane (2), heated at 60 C
and diluted with inert nitrogen gas fee form the feed port
(H) at the dilution ratio of 1.3 vol/vol, was fed through

. the pipe (B) and the amount equivalent to 0.0017 % by
weight per trioxane of boron trifluoride (1) was fed from
the feed pipe (A4). Botﬁ-flows were controlled at the same
direction in the passageway of the first double pipe (C),
and at the linear velocity of 1.6 m/see through the port
end (T) of the internal pipe, into the succeeded mixing and
feeding pipe (D) to obtain the mixture (4) by mixing for
0.9 second before contacting trioxane (3) in the
poymerization machine. The mixture (4) was heated at 64 C,
continuouely fed from the feed port (R) to the

polymerization machine (S}, and then cationic bulk



di sthargi ng a polyacetal resin was treated in the sane nmanner as Exanple
1, and the catal yst was deactivated. Further, the crushed product was
-separated, washed and dried, and then a polyacetal resin was obtained. The
polymeri zation yield showed as high value as 81. % by wei.ght = based on the
fed raw materi al s. Exanple 3 According to the schematic process
di agram shown in Fig. 3, production or3§‘polyacetal resin was conduct ed.
First, with use of a continuous mxing reactor (an enbodi ment of the

pol yner i zgyd1§feacRition Wasskontindobsly conducted, _ :
-31- 3) equipped with a jacket for passing a heating (cooling) nediumon

the outside and cepRoRMAsObpRRRIBA! wak"cWREEBd2oue 855 FEChLRPsi o0 such

a formthat two circles are partially superposed, and rotational shafts

cont o1 |1 50 ok SRESBIYAORVIENE, S Epeler £E Ppr ST Feh et

control ling agent \ ( _ _ _ the upstream
cr o BRI SIS SR ) | S THFL AR A, b ALLEREL e
Methyl al g%%,the pipeline could be prevented from being clogged.

Further, the amounts in feed flow of 1,3-dioxolane (2) and

boron trifluoride (1) always showed onstant wvalues, and the

polyacetal resin could stably be produced.

The reaction product discharged from the port (F) for

discharging a polyacetal resin was treated in the same

manner as Example 1, and the catalyst was deactivated.

Furfher, the crushed product was separéted, washed and

dried, and then a polyacetal resin was obtained. The

polymerization yield showed as high value as 80 % by weight

based on the fed raw materials.

Example 5

According to the schematic process diagram shown in
Fig. 5, production of a polyacetal resin was conducted.
First, with use of a qoﬁtinuous mixing reactor (an
embodiment of the polymerization.machine (S) shown in Fig. -
' S) equipped with a jacket for passing a heating (cooling)
medium on the outside and'composed of a barrél, in which a

cross section is . of such a form that two circles are



used as a nol ecul ar weight-controlling agent and added i.n an anount of
0.034 % by wei ght, based on trioxane. - On the ot her hand, the anount’
equivalent to 3.0 % by weight per trioxane of 1,3-dioxolane (2) heated at
60 {err]Cwas fed fromthe feed pipe (B) and the anobunt equivalent to
0.0017 % by wei ght per trioxane of boron trifluoride (1) diluted with
inert nitrogen gas fed fromthe feed prp8-(G at the dilution ratio of 8.9
vol /vol, was fed fromthe feed pipe (A). Both flows mere controlled at the

 di nd at the
inear vepsertstal §ifeasdar e dtotabiond gty ;t Ppe%féfw-ﬁ oipe,
' d feed t he m xture
by 1 xi g %ﬁﬁfégé sE8HERe DL BT TR Ty e dhrah mxture (4
I f d f f t (R tot
N o ePnbrelLthE bhin TR (S b i ety Ea i B LB et | on
was contin ousl conducrﬁgl‘?/G Cbntlnuous operation was carried out for
[

48 hours EBe PP Hrepmte Bhe | RekyTesiFat ion maghiseudsd mhidee

pi peline, especially in the port end (T), was not observed and the
pi pel i ne E8LREIRG BrevEpkaEionain Hhafis @olgmed with paddles at 50

rpm at different directions from each other. Methylal was
used as a molecular weight-controlling agent and added in
an amount of 0.034 % by weight, based on trioxane.

On the other hand, the amount equivalent to 3.0 % by
weight per trioxane of 1,3-~dioxolane (2), heated at 60 °C
and diluted with inert nitrogen gas fed from the feed port
(H) at the dilution ratio of 1.8 vol/vol, was fed throﬁgh
the pipe (B), and then the amount equivaqlent to 0.0017 %
by weight per trioxane of borontrifluoride diluted with
inert nitrogen gas fed from the feed port (G) at the
dilution ratio of 8.9 vol/vol,'was fed from the feed pipe
(A). Both flows were controlled at the same direction in
the passageway of the first double pipe (C), and at the
linear velocity of 4.0 m/sec through the port end (T) of
the internal pipe.into the succeeded mixing and feeding
pipe (D) to obtain the mixture (4) by mixing for 0.3 second
before contacting trioxane (3). The mixture was heated at
64 T:,'continuously fed from the feed port (R) té the

polymérization machine (S}, and then cationic bulk



Further, the anmpunts in feed-fIOM/of 1, 3- di oxol ane (2) and boron _
trifluoride (1) always showed constant values, and the polyacetal resin
coul d stably be produced. The reaction product di.scharged fromthe
port (F) for discharging a polyacetal resin was treated in the sane

manner as Exanple 1, and the catal yst mg deactivated. Further, the
crushed product was separated, washed adf~ dried, and then a pol yacetal
resin was obtained. The polynerization yield showed as high value as 80 %
by wei ght pdidgrdioatibe Wad EawtiRt8hsRY Scondulkédp! e 4 According to
the schematic process diagramshown in ~“Fig. 4, production of a polya?etal
resin was condueiotidinubusSbpetht loliSGa8f c2rf PRl HUOUST 48 Nt AAGPT (an
enbodi nent of the polynerizgtF%n_ﬁacﬁ?nec€§§ g%omm_lreégg} i{ eqﬁ?pped
with a | aghel kiacPBRaAdoRolEAL! 1026 FOOLE MY pPEALM Ofh g OUt ST de and

conposed a barre

super posch PehdtesT sBpeRifILd 10 Bhe orbefad: K ool ot Missirelt o)

m xed mntgn% %RLe%gkgiiﬂg'ggﬁid be prevented from being clogged.
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Further, the amounts in feed flow of 1,3-dioxolane (2) and
boron trifluoride (1) always showed constant values, and
the polyacetal resin could stably be produced.

The reaction product discharged from the port (F) for
discharging a polyacetal resin was treated in the saﬁe
manner as Example 1, and the catalyst was deactivated.
Further, the crushed product was separated, washed and
dried, and then a polyacetal resin was obtained. The
polymerization yield showed as high value és 80 % by weight

based on the fed raw materials.

Comparative Example 1

According to the schematic process diagram shown in
Fig. 6, production of a polyacetal resin was conducted.
First, with use of a coﬂtinuous mixing reactor (an
embodiment of the polymerization machine (S) shown in Fig.
6) equipped with a jacket for passing a heating (cooling)
medium on the outside and'composed of a barrel, in which a

cross section is of such a form that two circles are



controlling agent was continuously fed fromthe pipe (E) at the upstream
end of the polynerization nachine (S) while rotating two rotational shafts
equi pped with paddles at 50 rpmat different directions fromeach other. .
Methyl al was used as a nol ecul ar wei ght-controlling agent and added in an
anount of 0.034 % by wei ght, based on trjoxane. On .t he ot her hand,

t he anount equivalent to 3.0 % by meigﬁ “per trioxane of 1, 3-dioxol ane
(2), heated at 60 [err]C and diluted with inert nitrogen gas fed formthe

feed port paiiadllyt Bapdirpeked) halli eofitilosalOosnypts d@sidseh thiragh the
pi pe (B) and the anobunt equivalent to 0.0017 % by weight "per trioxane of

boron tribadanieds tliowanef Q@)fﬁ&ﬁbdtﬁft}fxeﬁ%&i@@uiﬂ-w%]ﬁe {1 ows were

controlled at the same direction in the passageway of i rst double

pi pe (O, coﬁ'@@oﬁtlitngeag%ﬂ%aﬁa‘éel:ﬁﬁ{:iﬂu%s%%gféﬁ SEforh ml'gé’%ﬁéﬁe%ieggoratt end

(T) of the iInternal “pi into the succee m X1'ng an pipe (D

71 vane U pReFEHSS A B Eh Beh ke S RS TRy
machi ne. (&teSthol Rk chtpBAran phafes Shufitpea (Red padfied BBy ' 24T O

- 34- rpm at different directions from each other. Methylal was

used as a molecular weight-controlling agent and added in
an amount of 0.034 % by weight, based on trioxane.

On the other hand, the amount equivalent toc 3.0 % by
weight per trioxane of 1,3-dioxolane (2) heated at 60 °C was
fed from the feed pipe (B) and the amount equivalent to
0.0017 % by weight per trioxane of boron trifluoride (1)
was fed from the feed pipe (A). Both flows were controlled
at the same direction in the passageway of the first double
pipe (C), and at the linear velocity of 1.1 m/sec through
the port end (T) of the feed pipe (A), into the succeeded
mixing and feeding pipe (D) to obtain the mixture (4) by
mixing for 1.2 seconds before contacting trioxane (3). The
mixture (4) was heated at 64 C, continuously fed from the
feed port (R) to the polymerization machine (S), and then
cationic bulk polymerization was continuously conducted.

Continuous operation was carried out for 2 hours to
find that the amount in feed flow of boron trifluoride

showed zero and the polymerization equipment stopped. The



pol yneri zation was continuously conduct ed. . Continuous operation was
cartied out for 48 hours to find that pol ydi oxolane |iable to be produced
i‘n the pipeline, especially in the port éend (T), was not observed and the
pi pel i ne coul d be prevented from being clogged. Further, the ampunts in
feed flow of 1, 3-di oxolane (2) and bor% trifluoride (1) al ways showed
onstant values, and the polyacetal resSi”ff~could stably be produced.

The reaction product discharged fromthe port (F) for discharging a

pol yacet alinsdsie omHe gﬂ.tp%iiidé Wae SAEBectBANES EindEHPt wHit&nd the
catal yst was deactivated. Further, the crushed product was separated,

washed ango1did b1 RiibAd 1M waQl Y2eahekbdr €81 81 ¥@sL bt ;5{1& he
pol ymeri zati on 3?%P§Héhowed as high val ue as 80 A?Ey ﬁ%%g t n-'ased on the
fed raw materi al s. Exanpl e 5 According to the schematic process

di agram shown in Fig. 5, production of a polyacetal resin was conducted.

First, wid %%agﬁﬁ?hgg?@§ﬁ§ﬁ%5 m xi ng reactor (an enbodi ment of the

pol ymeri zation mac ( own in Fig. 5) equipped with a jacket for
pasSLn9 8 et AU RCRLR LI SIS SO TREl B T
Fig. 1, production of a polyacetal resin was conducted in
the same manner as Example 1, except that the linear
velocity of the mixed flow is 0.05 m/sec. Continuous
cationic bulk polymerization was carried out for 8 hours to
find that the feed flow amount of boron trifluoride was
disordered and that after further 0.5 hdur, the amount in
feed flow of boron trifluoride showed zero and the
polymerization equipment stopped. The inside of the
pipeline was inspected to find that white solid

polydioxolane was produced to clog the pipeline.

Comparative Example 3

According to the schematic process diagram shown in
"Fig. 7, production of a polyacetal resin was conducted.
First, with use of a confinuous mixing reactor (an
embodiment of the polymerization machine (S) shown in Fig.
7) equipped with a jacket for passing a heating (cooling)
medium on the outside and composed of a barrel, in which a

cross section is of such a form that two circles are



-35*» partially superposed, and rotational shafts equipped wth paddles,
tri-oxane (3) mixed with a nol ecul ar wei ght- controlling agent was
eontinuously fed fromthe pipe (E) at the upstream-end of the’
polynerization machine (S) while rotating two rotational shafts equi pped
with paddles at 50 rpmat different directions fromeach other. Methyl al
was used as a nol ecul ar meight-controkﬁﬁng agent and added in an anount
of 0.034 % by wei ght, based on tri oxane. On the other hand, the

amount eqigaydhant yt sudePp¥sb, &B&gfétﬁﬁioﬁéiQéﬁﬁftéﬁeéhiﬁﬁgd”ﬁﬂﬁﬁ“3 (2),
heat ed at 60 [errfC and diluted wth inert nitrogen gas fed fromthe feed

port (19 paladaae, dnl, uLieBxbakhe 0F) I- SryGkiNe! (3%nd Athd hiHAlke the Pl pe

(B), and then the anmount eqU|vanenf o wel ght per trioxane of
(& at tndTai PERhY, Epnkaifind of LaPeliOOrodiifel fthd (PRI 2"
Firet doulPeoBEseonerolabfioteattt FFFRSPhEERATRLY #94 T B M oton the
DO e btk TS8R e, YRS STl 2t A | o001
cont act | ng L1 9XaNg, (Rhapdneotixtpre as heat ed & (0% J o0 Gyt nuousty

with paddles at 50 rpm at different directions from each

other. Methylal was used as a_molecular weight-controlling

agent and the mixing ratio of 1,3-dioxolane (2) and

methylal was 3.0 % by weight and 0.034 % by weight, based

on trioxane, respectively.

On the other hand, the amount equivalent to 0.0017 %

by weight per trioxane of boron trifluoride (1) fed from

the feed pipe (A) was contiﬁuously fed from the internal

pipe (L) inside the feed pipe (K). into the polymerization

machine (S), and then cationic bulk.polymerization was

conducted continuously for 36 houfs.

The reaction product discharged from the port (F) for

discharging a polyacetal resin was treated in the same

manner as Example 1, and'the catalyst was deactivated.

Further, the crushed product was separated, washed and

dried, and then a polyacetal resin was obtained. The

polymerization yield showed as low value as 72 % by weight

based on the fed raw materials.



polymeri zati on .machine (S), and then cationic bul k _

-36- polynerization was continuously conducted.” Conttnuous
operation was carried out for 48 hours to find eyl | ane |iabl e
to be produced in the pipeline, especially in t,mﬂ!‘#ﬂﬂ!@#iggﬂrms not
observed and the pipeline could be prevented from lbei I . Further,
the anounts in feed flow of 1,3-dioxol a#®-(2) and boron trifluoride (1)

al ways showed constant val ues, and the polyacetal resin could stably be

produced. c1aims: The reaction product discharged fromthe port (F) for
di scharging a polyacetal resin was treated in the sane nanner as Exanple

L 20 L1 2t o ilooums depetbyy Aoty Lishuctle & galidegraguct vas

separ at ed, washe n ied, ace Was ‘obt ai ned. The
pol yneri zation yield _showed high value as 80 % by wei ght based on the
fed raM/nﬁF&FPaI§9mpr185ﬁﬁaF§§i§tg anpfe 1 According to the

scherat | procoss SR 19k Aoabhe. ofs BEOMELL oD o A pRLIRCSt 2!
boron trifluoride and a coordination compound of boron
trifluoride separately at the same direction as each other
to bring them in contact with each other and mix them with
each other to obtain_a mixture,

(2) allowing the mixture to continue for a period of
0.1 to 30 seconds at a iinear velocity of at least 0.1
m/sec,
(3) then mixing the obtainéd mixture with trioxane and
(4) conducting bulk-polymerization in a polymerization
equipment to obtain a copolymer of 1,3-dioxolane and
trioxane.
2. The process as claimed in Claim 1, in which boron
trifluoride diluted with an ihert gas is fed or the
coordination compound of boron trifluoride diluted with an
inert solvernt is fed.
3. The proceSs as claimed in ciaim 1, in which 1,3-
dioxolane diluted with an inert gas is fed. |
4, The process as claimed in claim 1, in which 1,3-
~ dioxolane is conﬁacted wifh the catalyst at a temperature

of 30 to 100 C.



enbedi ment of the polymerization machine (S) shomm—rnﬂﬁrg~——67—equ1pped

with a jacket for passing a heating (cooling) | de and
-conposed of a barrel, in which a cross sectlonﬁﬂm“!ﬂ)ﬂmuﬁmamﬂhat t wo
circles are

superposed, and rotational shafts equipped with paddles, trioxane (3)

m xed with a nol ecul ar weight- controt#lng agent was continuously fed from

the pipe (E) at the upstreamend of the polynerization nachlne (S) while

rotating 5O I el ielesshalk! e18amtares &%épgpfddiﬁswﬁ{ rpm at

different directions from each other. used as a nol ecul ar

vel ght - COphEOhli LA ra08%! £ALdsAdge g%innlsﬂé;]h 4o Oéon%zt%‘lodi’ﬁ%fveiﬁq&h‘

based on trioxane. he” anoun to 3.0 %
Y om the PE %r}stﬁrég?%?%%& o e ) eQﬁﬁl?%ra%eﬁeq &b, Sedgnt per
1 ova wer £0co RAPPEQTOR: = REr Lot oh itk (FPeHEimesagonay of tho first
end (T) oF" the%%se"é‘»@%p%%sﬁ A5, cLafBetEn Sledhdka i#i WG and f eedi ng pi po

(D) to obtain the mxture (4) by
(a) in a first® double pipe composed of the internal

pipe and the external pipe aligined in parallel to each
other so that the internal pipe has been plunged through
the external pipe, the catalyst is fed the internal pipe
and.1,3-dioxolane is fed through the external pipe;

(b) in a mixture-preparing-pipe formed by extending
only the external pipe of the first double pipe, the
catalyst and 1,3-dioxolane are mixed with each other;

(c) in a second double pipe composed of the internal
pipe and the external pipe aligined in parallel to each
other so that the internal pipe is the mixture-preparing
pipe and has been plunged through the external pipe, the
mixture is fed through the internal pipe to the
polymerization equipment and trioxane is fed through the
external pipe to the pol}merization equipment; and

(d) the feeding port of the second double pipe is
located on the inner wall of the polymerizatioh equipment.
7. The pfocess aslclaiméd in claim 1, in which in the

step (3) the mixture is added to trioxane fed to the



m x+ng for 1.2 seconds before contacting trioxane (3). The mxture (4)

was. heated at 64 [err]C, continuously fed fromthe—feed—port—(R—t6 the

pol ymeri zati on machine (S), and then cationic bulk ﬁﬁlﬁnerization wa '
NS ;

S
conti nuousl y conduct ed. Cont i nuous oper at i memmmlt for
hours to find that the anmount in feed flow of bo def¥showed
zero and the pol ynerization equi prent s¥dpped. The
-38 - inside of the pipeline was inspected to find that white solid
pol ydi oxo o : t he pi peli ne. Conpar ati ve Exanple 2
Accordingb?g9pﬁgiggﬁg%§t%%u%?ggggg di agram shown in Fig. 1, production of
a pol yacetal resin ct . .he nper le 1, except
that the Pi'neaﬁ%ev@\%éet%%n%% tcﬁ%]'?rnl%geégf Icé\%q?‘sqg. 8§ ‘ﬁﬁg%lgx nti nuous
cationi ¢ bulk poL%n%nization Was %anried out.for 8 hours to, _find that the
feed fl owPRISTNEI6AEBEPoFILAPERGBFi ¢8 RaSCREIRUPMRTLP A XA af ter
further 0.5 hour, the anpuynt ,i feed flow of boron trifluoride showed zero
and the BOREYEF| PAVABA BYENAAnEVLRoFERNSTHRLFASFRRAE The  pipel i ne was
inspected to find that white saolid

different directions from each other.



pol*ydi oxol ane was produced to clog the pipeline. - Conpar ati ve Exanple 3
"~ According to the schematic process diagramshown in Fig. 7, productior of
a polyacetal resin was conducted. First, with‘use of a conti nuous m xi ng
reactor (an enbodi ment of the polynerization machine (S) shown in Fig. 7)

equi pped with a jacket for passin in cooling) - nediumon the
out si de and conposed of a barrel.,&ﬁﬁﬁﬁ&’i‘cross section is of such a

formthat two circles are : ' - 39-
partially superposed, and rotational shafts equi pped with paddles,
1, 3-di oxol ane (2), trioxane (3) and the mxture (7), w thout containing a

catal yst, conprising I 'ﬁi@wﬁ | ; wer e
continuously fed fromi’tlggbﬁ$§e€6;l)‘i S’? apﬁ%gﬂl}%@?mm of the

pol ynmeri zati-on nmachine (S) WMOR POLYAURTALVRESIN ati onal shafts equi pped
with paddles at 50 rpmat different directions fromeach other. Methylal

was used as a nol ecul ar wei ght-controlling agent and the m xing ratio of
1, 3-di oxol ane (2) and nethylal was 3.0 % by wei ght and 0.034 % by wei ght,
based on trioxane, respectively.

To provide a process for stable and continuous
production of a polyacetal resin, mainly comprising a
copolymer of 1,3-dioxolane and trioxane under the presence
of a catglyst, in a high yield on an industrial scale for a
long period of time. In the continuous production of a
polyacetal resin by mixing 1,3fdioxolane.with borén
trifluoride énd/or a céordination compound .of boron
trifluoride.and then, mixing the obtained mixture with
trioxane to conduct bulk polymerization in a polymerizéﬁion
machine, 1,3-dioxolane is brought into contact with boron
trifluoride and/or a coordination compound of boron
trifluoride while feeding both at the same direction and
they are mixed together for 0.1 to 30 seconds under the
condition of at least 0.1 m/sec of thé linear velocity of

the mixture and subsequently mixed with trioxane.

Figure to accompany Abstract : Figure 1



~

On +he other hand, the anount equivalent to 0.0017 % by weight per
tripxane of boron trifluoride (1) fedfrom the feed pipe (A was
eontinuously fed fromthe internal pipe (L) inside the feed pipe (K) into
t he’ pol yneri zation nmnachine (S), and then cationic bul k polynerization was
conducted continuously for 36 hours: _ The reaction product discharged
fromthe port (F) for discharging iﬁgghﬁﬁﬁﬁigl resin was treated in the
same manner as Exanple 1, and the s deactivated. Further, the
crushed product was separated, washed and dried, and then a pol yacet al
resin was Obt@¥Rdl The polynerization¥ield showed as | ow value as 72 %
by weight based on the fed raw materi al s.

-40- dains: 1. A process for continuously producing a pol yacet al

resin, conprising the stepsgof: : {:_‘\__'geedi ng 1, 3-di oxol ane and at

| east one catal yst of boron tri ride and a coordination conpound of
boron trifluoride separ he sane direction as each other to bring
themin contact with each other @ix themwith each other to obtain a

m Xt ure, —>
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Figure 2




(2)sallowing the mixture to continue for a period of 0.1 to 30 seconds at

a.ldnear velocity of at least 0.1 m sec, (3) then mxing the
obtained m xture with trioxane and (4) conducting bul k-pol ynmeri zati on
ina polynerization equipnment to obtain a copolyner of 1, 3-dioxol ane and
trioxane. 2. The process as clainmed in Caim1l, in which boron
trifluoride diluted with an inert gas i fed or the coordination conpound
of boron trifluoride diluted with an inert solvent is fed. 3. The

process as claimed in claim1, in which 1,3- dioxolane diluted with an
inert gas Figuxel.3 4. The process as clainmed in claim1, in wich 1, 3-
di oxol ane is contacted with the catalyst at a tenperature of 30 to 100
[err] C , -41 - 5. The process as
claimed in claim1, in which the nix%ul' f_Ghe step (2) is allowd to
continuously flow at a tenperature o 1tg 100 [err]C at a |inear
velocity of 0.3 to 10 niseg for - 0.1 to 5 seconds. 6. The
process as claimed in clainpl, i

i
e

Figure 4




(a)*in a first double pipe conposed of the internal pipe and the-extérnal'

pi-pe aligined in parallel to each other so that the internal pipe has been .

pl unged through the external pipe, the catalyst is fed the internal pipe -
and 1, 3-dioxol ane is fed through the external pipe; (b) in a

m xture-preparing pipe forned by extending only the external pipe of the
first double pipe, the catalyst and 1,"3-di oxol ane are nmi xed with each

ot her; (c) in a second doubl e pipe conposed of the internal pipe and
t he externabﬁghpg gligined in parallel to each other so that the interna
pipe is the xture-preparing pipe and has been plunged through the
external pipe, the mxture is fed through the internal pipe to the

pol ymeri zati on equi pnent and trioxane ii fed through the external pipe to
the pol ynerization equipnent; and = g Ge feeding port of the second
doubl e pipe is located on the inner wallllof, t he pol yneri zation equi pnent.
7. The process as clained in_¢cllat f ichinthe step (3) the

m xture is added to triox

-42- polynerization eq The process as clained in claiml, in
whi ch the ~C
—
2 B ~T
3 D
( wm— ’V4
) R
E
5 —
S F
Figure 6
2’1*— l1
B~
T A
~D
3 o4
(4§ — '
- | R
o .
j A —



pol4/neri zati on equi pement is a continuous-wise mXxing reactor having
thkial twin screws which rotate at different directions fromeach other

-

4

Figure 7




