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(a) 100 parts by weight of trioxane;
(b) 0.01 to 20 parts by weight of at least one cyclic ether or formal chosen from ethylene oxide, 1,3
dioxolane, 1,3-dioxepane, 1,3,5-trioxepane and 1,3,6-trioxocane; and
s0  (c) 0.01 to 5 parts by weight of at least one compound chosen from the group comprised of glycidyl
pheny! ether, styrene oxide and glycidyl naphthyl ether,
which polyoxymethylene multi-copolymer has a number average molecular weight of 10,000 to 100,000,
a melting temperature (Tm) and crystallization temperature (Tc) which are governed by the relationship

55 Tm-Tc<15(°C)

and spherulites which are of a size of 101.m or less. _
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The polyoxymethylene multi-copolymer of the present invention has a number average molecular
weight of 10,000 to 100,000 when it is independently used for molding. This number average molecular
weight is obtainable by the MI value determined at 190 °C and under a load of 2190 g according to ASTM
D1238 with a pellet dried in a 80°C hot oven using the formula

“
Mn = 75000 - 16000 x 1n (MI)
Mn: Number average molecular weight
MI: Ml value
50 When the polyoxymethylene multi-copolymer is mdependently used for moldmg. if the number average

molecular weight is greater than 100,000, the impact strength decreases, and so such is not suitable.

In order for the polyoxymethylene multi-copolymer of the present invention when present by itself to
enable a sufficiently faster cycle moldability and improved mechanical properties fo be achieved, it is
required that the melting point (Tm) and the crystallization temperature (Tc) of the polyoxymethylene muiti-

s§6 copolymer be governed by the relationship

Tm-Tec<15(°C)
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The polyoxymethylene multi-copolymer (B), when it is used for a polyoxymethylene resin composition
of the present invention containing the above polymer (A), need not have its number average molecular

45 weight, Tm, Tc or spherulite size of the copolymer limited in any way, as it has when it is independently
used for molding.

In such a case, the polyoxymethylene multi-copolymer (B) is added as a moldability improving agent or
nucleating agent of the polyoxymethylene resin (A) so that it is not always required to have a number
average molecular weight, Tm, Tc and spherulite size enough to form an excellent molded product in its

s0 own right.

However, it is preferable that the polyoxymethylene multi-copolymer (B) has, if possible, a number
average molecular weight, Tm, Tc and spherulite size as described above, that is, an average molecular
weight of 10,000 to 100,000 a Tm and Tc governed by the relationship Tm-Tc < 15 (*C) and a spherulite
size of 10um or less even when it is used as a moldability improving agent or nucleating agent.

55 A polyoxymethylene resin composition of the present invention may be provided by mixing the
polyoxymethylene Resin (A) and polyoxymethylene multi-copolymer with each other in the form of pellets,
powder or grains, then directly subjecting the mixture to melting, but a method of melt mixing by means of
Banbury mixer, rolls or extruder can also be used. The mixing temperature is preferably 150 to 250°C,
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type m xeT—TW bul k 30 polynerization, then deactivating the catalyst with
a hindered aHgi il@ntAGill B5FObE Bgkcribbe irLimtb adata witie refdranes & y fadlewiogrpegires.dm theThe
anount s»f ExarBRg0thy MAr kadtpats aefall bised onpeaghl.Mibe molding nysisrrod mechaaibal aropesiesyeene
oxi de, 1,ddtedmineda deseribed b8lp®-tri oxepane or 1,3, 6-tri oxocane of the
oxymet hy| eneMadipmEyclsebising ant iniectipy malding maghine hevingran ijeghercapagith of/5 oungas {14290
parts by weigguare pletsseof B9 &f8rabimm werg maleg wri'amescvweweﬁ" %‘“’eﬁB‘rwl% ol py
wei ght of t riemrepiere 8D " inigetiop ting tq eegondp and the epp 'E °° offfig time
pol ymefs yi el & whish ¢he defgrmption dug dosfourielecioppingyyas Sychipat wh F N fre {'ee .
nore than 20P! f't°§a “%é'?eg‘?jﬁ'fm“lq "hPée"Eﬂ’"f"PPE?JP’T"e’f °'B aH g° m's’"rm Whieh is

di sti ngw she d| n me | hln The arm o Q b%e&’J Eﬂﬁ ASTM
pol yrrer i zafi ﬁ'ﬁ' Bt 'I% f Wel g
zo | de o dylitld
pr ef er abl y 0tempera xﬂﬁ of&ﬁb tc?cl@% 505k s Qltd in the
tri O?(a??e test the LNro‘“:‘\l ufibb "l'iokspQ&InXWab GislalPinspestedd’ €f €r abl y
wi thin the rgoHSn plfggerﬁegz thé 1 ﬁdl NOD§ Qumbtali @dsPEle¥imens obtained by the foregoing
injection molding, the tensile strength was detemined according to ASTM D638, and using the 1zod
impact test specimens, the impact strength was determined according to ASTM D256.
65 o Ml value: Using pellets dried in an oven at 80°C for 3 hours, the Ml value was determined according
to ASTM D1238 at a temperature of 190 ° C and under a load of 2160 g.
o Spherulite size: The size was measured by placing 10 mg of the polyoxymethylene resin composition
between cover glasses, heating on a hot stage to melt the same at 230 C for 1 minute, then lowering
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60 to 90 [err]C. After polynerization, it is preferable to deactivate the
- catalyst with a hindered am ne, ﬁﬂeﬂﬁaﬁ e the unstable termnals for
- deconposition. The ponoxynethyFe e I-copolynmer (B), when it is used
for a pol yoxymet hyl ene resin conposition of the present invention

" cont ai Ni NGiph RnpRiARKLI P8O YOTBY a kafd) of 10 land18046rving the HrUABGRE chiéRISAIFEuUgh a
mol ecul ar  ddhrizi@in@fboopd Bd phetofEro§@iMMfMa sae.Si ze Of the copolymer |imited in
any way, oameti H%u’kﬂ WAL Bnd Erydtallizktidn agmpdeking (Te): Usig o differsnibiCicamning | calodmiater a
case, the mbyewm.ﬁytmmmitbh frompan-gmer220 B} at @ raid cbd d0 aGminutaTih chitdogdni t v
| Mpr evi Nng a&mesphers, mainiidirgaihe dopergtantat 2080 ° C e Spuhuesxtherelowering ihe torereraturd &)a so
that it i sraodf 16t Ginipste, tbe)crystalittatioo tdmpemtuse wasThessured, Evrthge conlingioul@YC ensp.ght |
Tm Tc andthepiaising the tempsiaiues at aoatgef 10 tC/Miputen teermelling@pinterss messtutddd product in .
its so own right. However, it is preferable that the pol yoxynethyl ene
mul ti - cxpoplgaete 10 @)d 'Fﬁéejenc?ﬁxaﬂtﬁ§§ﬂl!ﬂ% a nunber average mol ecul ar wei ght,

Tm ™c and spherulite size as descri bed above t hat n a b

mol ecul ar CMEPYgHE pB'Y'“TG““BOO”aFo"aTBg ‘Iﬂb it q? 1&2”@5‘96{ p‘;‘;;@ (), a
rel ati (ﬁ‘?ﬁtfli?n d thgmﬁp et (¢)chopan tflugr °af" eﬁl‘T f" el ?) ’f(gf T 1 ol e ess
even te

tslq n screw continud ent .
oI r|zat 9 Eon%lle &I é(p%

o5 ter to &m f errg rrhermy be .
pr ovi°de m heht ( eg cﬁ Iveﬁ thﬁhy %&X

mul ti - ﬁ @rco}nﬂou'h %f rd@nﬁéneﬂﬁbﬂ Sthe Qﬂ!ﬂ?& lsol@®tion g\)’eﬁa‘ ns,
\tzhen éi ady adl rhéllﬁte‘ did thby Whre (f6Y 1B kridSlier. Hb p@lyhi& twae @otathed i lifle

( xi ng ¥n STBMARe b pi@apury mxer, rolls or extruder can also be used. The
m xi pg t efipad af of ﬁ‘lelp‘éw&herfflﬁ roﬁﬁ‘nb‘d BS&iutieh A7 Cof Bis(1,2,2,6,8péhtatethyifBdpdadinytpr e
pr ef er adabasatd Sfissbldd 20 @0 @l lof bénzereNwashaide toy dbabtivats lihel @aratyst; &eh 10 goofp@iciuti on  of
t he presdrite hritvSNyi ddN,6-Helkehedial rtist3B,5aii-t-Hulyb4-pyakoxgphenyipeipiondta) (Birganox” 259 of
mul t i - cCHibatGeFRY were added) rndthe ehixturewasGlirrquicn & $lenshelImber foe1yinytes. Ysing 4 3 M@0
parts hyD=sg0 gt sopdw éxtresignodgabing with I wbreintbe obtgingdl, mikiurej wasimeltbdb gnd stihilizeddatGO 1
par t zsbycylvelergrnperative ofrfi30 t G andayehtyaeuumfobd Tarr, then i wes/dxtteded intp wales; dnd by eytioy
ef f ect aapoly@xymediviena canglymereras obtainedl in theform af pelietscPrnfirnstion-ph F@&P’“B‘Fr"@hﬂtﬂl‘? as
wel | asobiaingd palvexymethylens °§Efé\@e? iwgs made By thej Wawr'e‘ﬂ ﬂMRstk rh?r 'e?f’ef%‘g! n
conposi Ve Fe oaseple. waere plkcidyl phepy] etherwas eed,35 \Wf B v
di st i ng¥Are Aelertaded Myltiplat-signal pagicyr o Pheny| orgup %trfc %1 d t' é"ches'g" ©

gatiomﬁonents we © (fogolgnenz d

\resi @ ARERYIOSGEP 3ht &5 GRp) Capplgm
pois;/oxy%f’ﬁ?ﬂwt(g %\J%‘Heﬁgﬁt@ *P'°\/JEP"E% %ﬂrwﬁ g agen evelop a

f % &y t || :
g gmégbm il bbb rFe% o oedd ?r%taﬁn% bl |1
pol y%xyrzei ¥ e dregrmhmmv@astmgﬁ R-rri earanﬁg Bty 4 ookl e

p eru tes o

nyl ether

303-.-

;Structure of coarse a sl ze of to 200 mcrons, but the

)| yoxynet hyl ene resin conposition of the present i nvention presents a fine
and honogeneous spherulite structure of 60 mcrons or |ess. Furthernore,
both Izod inpact strength 15 and tensile strength are inproved by 10%
Al sog the crstallization tenperature is elevated by 2 to 8 C, and so the
difference between the nelting point and the crystallization tenmperature is -
reduced to 25[err] C or | ess when the oxynet hyl ene honopol yner is used as
t he polyoxynethylene resin, or 18[err]C or |ess when the
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oxymet hyl ene copol yner is used as the pol yoxynethylene resin, so that it
“enabl es a reduction in the noldin P%%ﬁég'$§ injection nolding to be

achi eved. 20 Thus, according t B lent invention, there is
.provided a pol yoxynet hyl ene resin conposition having a fine and honpbgeneous
spherulite structure and a high strength in uniformaquality, and further it
is one of the adv tapes that the classification orfpurification, mWhich is
requi red when an.éﬁgr ani ¢ conpound is used as_a nu,leatlng agent, isS no

| onger required Nl n.:t tae ppl yoxymetfhylse % mﬁt ucapoEymar %-r '
polyoxynethylere'siﬁn conp05|t|on of the present 2b"i nventi on, ere my
be included, td siih ps extent that the object of the invention |s not

hi ndered, a knqwn_,gdd) tive or additives such as an pnti oxi dant sugh as a

hi nder ed phenolj, §§gs ﬁltg,Jruoeﬂhef'or amrugt%? b-aﬁme t hgri §g-|pr oof
agent such as 4 ba#Zophiendné€, benzotrlazole or” hi'ndeied aitin€ typd, a
fornalaehyde sg¢avengey such as nel am ne, dicyandi anj de, a polyam de or a
pol yvi nyl alcorolg opol yner; a rel ease agent such a fluorine cdntaining
pol ymer, a sililcopg8oj i ofi & p@ y&t hyi effe Jax;3 a ko] firdnt Isugh gs la dye 30
or a pignent; an ﬂ Trjavi ol et ray screening agent such as titaniumloxide or
car bongbl ack; & r# nflorci ng agent such as fiber glalss, carbon fibgr or
potassiun1titalat§ fijper; a filler such as silica, [clay, calcium darbonate,
(calciumsul fat¢ oidglaes Bead; ~a Rucleaim Ng agent~ sjughgas~t ahc; «a |f | ame
\Fetardant a pIa§§|0|zer; an auxiliary adhesive aggnf; and/or a tgckifier.
Wbr eoever, in ¢rdér tlo further inprove the mechanidal strength of |the
polyoxynethyle & pclynez gf LheZpr@seftt iZnvgntilon, 2afy Bthgr 2
t her nopl asti c pol Or Fhérnﬁplastrc 35 €&l ast offer| my be |ﬁcoﬁorated.
Exampl es The i1venticn will now be described in norle detail with reference
to the foll ow pg .é( frfptes; En ghef40%Exanplesy: the (" 3and "partis’] are all
based on wei gh{. Ml d¥n§ cYcl 8 afid fechanical” ropertfes?ueke
det er At ned as fles rTbed bel ow. o Mdl ding cycle: Usijng an injection nolding
machi ne haV|ag an ﬁjectlon ca aC|ty of 5 ounces (14. 29) square pl at es of

80 x 80 x 3 m werl&§iof del Wi tB tBe Byl Bnd@r ﬁemaeratuge Zetdtod190[err] C,
nol d tenper e §‘“60 C, injection time to 5 secorjds and the cooljing tine
(Changeggd, and t1e oolfing time 45 at which the {deformation dug¢ to four
ej ector pins whs $uch $ha; wheh tBreg vert 8xe® oft tlhe Emlil wWer egpllaced on a
pl ane, the dev| ti o oi tHhe Eeﬁralg)l n§ ofie ier&exﬁf fom e3pl-§ne3 uld be 1
nm or | ess, vvas%méagdr;d o 0% ""Usg.ng,.ana.l nE.e t on chi ne
having an injeggi apcs t OZBS“QUQEEE gog ST E nﬁg ¢l | test
speci gens and | €@ iBF th 1SS ma*ens V\Eﬁeu é d, ih li nder 50
nmperature sef8E92190 C, nold tenperature to 65 C and nol ng cy¢le to 50
econds, and |n“5§. 1§‘5 ast g the exterior of theg ASJMIND. d-_u el fest
speci mens was V§ J‘§.E| y* i mspected.” o fechant cat priopet t s" L%l ng {he ASTM

No. 1 dunbbel |

it

gsﬁ »pe0|nens obt ai ngd @y the fore oing i jectlon nmol di ng,
the te#nsile str?‘pg@h vas qerﬁ negpe@coidl 0 'I'I\g 063 agld gjs ng the
| zod inpact telsggp :igrer%~th%| £ tr-gen iasxder dg cording to
ASTM D256. 55 | 43b a/alné Giny pl 1BtsSdrd ed &g o t 30jerr] C
for 3 hours, thes %ueh_ v‘@tsﬁetéerrﬁned ai:colsdl t?p JAST?M I23,1238 it  a
t enperat ure of 'Q_Eb'ge | Carfd dhdet & | gad of '216'0 )." ¢ Spherul ite|size: The
si ze Was neasJﬁéﬂ ®y|placing 10 ng of the pol yoxynmethyl ene resin '
conpositi on bdtweph fé&ved @ga&eg eatd né)orga of &g t & ndt|the sane
at 230 [err] ( fol¥1 m nute, then [owering 5 el @ o« m
T 33 33 o3:::s|BEP OGS
50 - [~ a - a la ~ [ -] -t =3 g = & & &
d A1 110118 0|iiiii

55 Examples 11 to 28 and Reference Examples 6 to 10

o Preparation of polyoxymethylene resin POM-1
To a twin screw extruder type polymerization machine (26 mmg, L/D=10.2) were introduced
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EP 0 412 783 Bl the tenperature to 130'C at a rate of 10[err] C/mnute and
- observing the produced crystals thr? pol arizing m croscope and

phot om crogr aphi ng the sane. o RRPA ﬁgE%& nt (Tm and crystallization

tenperature (Tc): Using a di fferentlal scanni ng cal orineter (DSC) and

* heating thg oad 'HsY° ' ‘Pf'dlg){oﬁm 89LAS, 'i&(ﬁ:p‘noof 260k Blidorifle @btnyR othéthtS (28% benzene
10[err]C n;od;w&e farnn &0 Bpm of ethylall BASIRRSLs poymBHzalioRl wi chkied betmier at ur e
at 220 [ er §dynferifafién témﬁarﬂ&l'ﬁ @8s cdnBi@iBd toUBBI 7B b RedigyHREWabILS theddckdl, dnati® Of

10[err] C n@p@w 85 reldhtion WS lsatl 1002pini BiylhI DL irdletul? whiht rEga@ston wal. difsovidchimr
cool 5ng t Owidxhh¥- ARB.GR ordbtBA 1(3icxblEg and thetcaiapst Isallitioh &voeldl ba prabirhigarityf midddl ithr 1 |

G mnute, éa38othelihinsdiatghpbeldre Wiy were fallio thel kneada poprelinirbryt mixidgzoam wasHedvislodnc e
Exanpl es 1THeolymerlvwhs Gbtaihed il the Sorp of 3 wiiiteifimeapawder imarsanmoantrof 45 ghut wi t h

tri oxane, a Gorpgwhthecfnetdveder dhgsorbiamed,(® polutian ©b 30w atibie 228E-pedemathvefrt (c),
boron tri fpipasidinglesetiacatohdissoleadnia re§trad of fherizgip Wasnadder. tapd B’ﬁdﬁgu"e a8 HITRENB @ne

sol utoi on) Henghalrmixey for 10 p¥nuie & dqactivate thecratalystathemd grf o °'9¥_? I'_'jfgf('f’xt \Kﬁ1°"scr ew
cont i nuoustripthyiene ghvee bistled-kbravkgmethy kg mamheryhPrapianatprl Q)° ? ium stop

pol ymer i za9 |°bﬁ‘°‘9'@ﬁﬁé’f°‘§t 9ded. AR MPGIR e heated vith agitation #07'8r ]"E%)}““l‘?sf %’E’dl ng

hot watero? ‘t‘l’fEs %‘Ikeét ﬁnd the c&g d of revol ution was set at 60 rpm The
5\2?21053?258] v prﬁlyzp 1z, ie cru?ﬁlmll é'y (o] il\’ﬁ tf?e 3:5 I)2(mer dlscgé%&lr fromhegﬂ%ac{?f)gﬁljgéogo :
t
MERTHER: g% Lo &ﬁ“ﬁ‘*’“iﬁ” Il S e ot
fi 0*C
kﬂl yner Wat%nr:\ ﬁljentﬁé?pdl feaglbﬁ wﬁh |tB e:: H&\ vﬁlﬂ\%@&: afddried, and ﬁoﬁa kg of

g alne a so ution of
b| s( 1 2 % %ggrgigm@gg&,@y,gmﬂedalrmpau-@yl ) sebacat e dissolved in 200 m of
benzene Was HbRshe tvids FRAESd 6ol S0 Erh Rliameden |3y tdepth [pORmaratipn Gbsselahading mirsigear at e
and 50 g Ofands &dhacrsrmameliydé supply nozzle provided on the bottom. Dissolving 0.5 part by weight of di-
bi s(3-( 3, Sn-Bityltin ivialobte din Hiyislr fomaplaitydy | gas wae ptodabe )thréugh riharsapply Addle.oThe
Chi bs- Gei gipymaldehyie agisl @ds pravidbdt Hycheri decommsitimsof Hiaiaforngsiiehyde zt HNOHEP * Grander f or
10 mi nut esupodpurifigatian,3Hd ifvis intrbddcgDattaniate of 8.6 dg/hclhetemreraturerindie pRlymatizationg
vent, the vissehiwaeadiystedtte5@° Guaith enld erchot water fed ipcthe Jagkst] Imthe golgrgerization Mepsel.
t enper at ur thergfwegeaga e'hlr OdGPeérfﬂe golyrearic partigasubHt @ PB'V"F@'rﬁ‘“"’Vt“ﬁéH's‘?hﬁrgﬁ\ﬁiéf’h"e

ext r uded |W?Gaiﬂla"t°eﬁ°"t' PAned (126 fadgso hatdha  S9lig| camponers Kﬁ@'
\ebt atned |FF;°Ph%°°/f BY wpight P w"é@fgw" e&%wg?er f"ﬁﬁf" °E?F| °H§‘ W e" H}g i ‘?‘F‘%f‘ ?“ne
optained, PULTET Wg"‘;?% T g%? e e R erher
s Used af3 d@ho, wq@ 3 L el f::: o ol
rrultlsplet 5 Elei %ﬁ u er .376(ppn)|n
@jd' 'on to |on asg Ti (éNt“? e?c.rept[fgrr tﬁJ aa‘&mgh o-afothd? BSPolym@itd SO

F e copol ynﬁtr n Ca° n{pwﬂa of & S'neﬁt Yaﬁh daYlaol JI hiiti-copohheY IBY was

urt her, bgbt;, |nt egration ratio, was con t hat the conponent s

wer e copQ,I wgggrét,g@gf cASsSked pomt O the amount s of add| tion. The copolyneric
Con‘pQ,SI tions et HaY $4batndaiol pighdidye Sthef whd @ddriohajp ncndd) ee puymerization was
mul t i - copokaisarcat dithilafy ©IFOM-2) @6t atresssiledROMwas alithisedl. From Table 1, it is
appar ent RAineftthe Retergnod Faanploe témdined EOKIL but Refereadey Aends7 Bibtamed wsrictivgly no atche
presenttoo iiie miuitiexapdhanee (B)i sfidremges &k dontairedicin | piae 19D MdiisPriolyimpr (Hda eerohyaal cal
pr oper t goetginingl @niy Scomponents (a) and (b) (reference 8), a multi-copolymer in which component (c) was
45 replaced by 1,4-butanediol diglycidyl ether, ie cross-linked POM (reference 9) and talc (reference 10).
Melting and kneading were carried out at 220 to 240 °C with a 45mmg, L/D=31.5 twin screw extruding
machine with a vent used. The nature and proportions of amounts of component (c) of the multi-copolymer
(B) blended into the resin compositions of Examples 1-28, and the characteristics of the samples obtained,
are shown in Table 2. Likewise, the nature and proportional amounts of the nucleating agent (where present)
50 blended into Reference Examples 6-10, be it a polyoxymethylene copolymer, or cross-linked POM, or talc
(added in place of the multi-copolymer) and the characteristics of the samples obtained, are shown in Table
3. Upon comparison of these Examples and Reference Examples with each other, it will be seen that the
polyoxymethylene resin compositions having the polyoxymethylene multi-copolymer incorporated have a
spherulite size greatly reduced and the crystallization temperature elevated by about 2 to 8°C and are
55 distinguished in their mechanical strength and surface appearance.



50 55 6 EP 0 412 783 Bl EP 0 412 783 Bl trioxane (450 g/h),
"1, 3-di oxol ane (14 g/h), 100 ppm ‘EW |f| uoride diethyl etherate (2.5%
benzene sol ution) for trioxane and ppm of et hylal, and continuous
. polynerization was carried out. The polynerization tenperature was
.controlled to about 75 [err] C by feeding hot water to the jacket, and the
speed of revol ution ngl set |100 rpm Ethylal as a nol ecul af wei ght
regul at or was di ssgvl et é n : 4 ne SO« & Qrgef that
1, 3-di oxol ane and tlhe &5 al sg &3@13 %%Xgmgdflgegérg{g gidalily mxed with
each @ther imedi atlel y .Refote,thgy. were fed to the kneader{ a prelimnary
m Xi ng zone was prqvi dgﬂ. Theg pbkydrErs wog Hdtfisnge Big &he formof a white
fine powder in an gnouft of {445 g/h. To 1kg of the fine pojder thus
obt ai ned, a solutidgn ngaz 71 O &f o[ S(L e 2 8. PuPRERtARELIY] | 4- piperidinyl)
sebacat e dissol ved |i n§2@8n | of zbemzeré*vu&si ddiieds gagid £ M xture was
stirred in a 10 Eieﬁshe i xer: for
catal yst, then 5 gjof _C ba-{igy's "Irganox 245 or triethyl ene glycol
biis(3- (3-t-butyl -5 meSHyp- 41 GG DY RPOE I PLdpgy 3 1 bf cal cium
stearate and 1 g of| ngRHM ng v & ndde8. 2 Fhe 9EX] 8re "wass heated with
agitatsd on at 210[enqr] L for L0 m nutes, and POM1 was obtaijned. o
Preparation of pol 3ox§'g§§hy €@ & &Sk RQVk2 1w 1w « m g « Wt pol ynerization
carried out simlafl y&¥8=PQw1, the pol ymer di scharged frogm the kneader was
\“I/ntroduced into a 3% agueoup sol ution of amonia and stirrjed. The pol ymer
\was filtered of f afd ¥&®shedl with water, then with acetone.| Thereafter, it

was i#troduced intg aas.ﬁ)sf egud sbl Bi ﬁ})fgarﬁ’rﬁrﬂaﬁgd then heated with
agitation in an aut oczzw% 150" %J g)f’o'? ©3" folirs?® Aftdr cooling to room
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-y - e et

10 "M nuf'es "tO "déact vate t he

C

g
- o1

D

tenperature, the p)Iy'ﬁ:er wajs flltered out, washed with watjer then with
acetone and dri ed ang .POM[2 20 =~ was gbt ai ned. o Prepgration of

pol yoxymet hyl ene, resi GEEOV 3 hiHeXKand @st&ar:g%ﬁgt:.b:an" 20 [cm di ameter, 3 m
dept H? polyrrerl za& bn ¥&Ssel| having stirring vanes and a fdr rmg) dehyde supply
nozzl e provided ®n|the,Bottjom D ssolving 0.5 part by wei dht of di-

n-butyltin di mal eale ggSt hils,e hoy et dedyde gas~ was 9 8t qu ced; t hrough t he
supply nozzle. The|25 %3 f S el BShPd® %A e p?d\/deB Hy Heat

{_deconposi tion of parafor rral dehyde at 140 to 180[err]C and [updn

purification, and |t s“.Lrtroduced at_a rate of 1.5 kg/h| The tenperature
in the pol yneri zat @E 85l asl dd dsd edf th3sh3E & 815 Bolld & hot water
fed to the jacket. rr% t$$* dol yneri Zati off vessel t here wene gradually
produced fine poly "§ @Particles, but the polyrrer slurry % di schar ged,
whi | esthe catal ytir5afl %i qn (n- hexane) was fed, so that §h poI yneric
(_§0lid component wapsEpi fRailnedzatzanaatssaananag | 8
wa| == g
pt-J S T I 4
“ $8|550%| Gs323333.33z0333333 | ¢
§'§. . 8l ?.
Bt 338 | 8 g B85 5
Ulg ‘0‘
[ : : o
LERS & B E g
4
L 3
% § SRR E R EEEEE RN §
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30 about 50% by weight. The wi t hdrawn polynmer was filtered out, washed
thoroughly with water, then introdkpredizresapput 10 tinmes its vol une of
aceti c .anhydri de. Then, adding sodium acetate in an anmount of 0.1% by

wei ght . of acetic anhydride, the m“ture was heated at 139[err]C for 5
hours, with agitation. V\hen the reactjon mXture cooled to room
tenperature, the polyner iltefed ot , aashed tdoroughly w th acetone
and water, then dried, and P 8 S ob r‘ﬁed‘35 0 Preparation of

pol yoxyrret hyl ene mul ti-copbl y##f (B) Bok ms:rz Z#% i ®n Mas carried out
simlafly to PO\ 1 except ffor glhe @ddiat kon «0f @no4her copol yneric unit,
nanely a conpound of conp neng:-( c), afd %a ;?ol yoxydetihyl ene nul ti-copol ymer
(B) was obtained. o Preparfation of {cross-1inked POMi40 Except that
1, 4- but anedi ol di gl yci dyl tﬁgn‘i wasy addistienalgy %ncl uded, the

poI ymerj zation was carried og& & mil afl ¢ t& P& 22 and a cross-1inked POM
was obfained. Al of the f &'@nce |Exanpl es contai n POM 1, but References
6 and 7 contained respecti nd tgo Ijttle gulfti-copolymer (B),

references 8-10 contai ned, |§§QEac Ofn qul tg abpogy (B), a copol yner
cont ai ni ng only conponents| (&> and (b)" ('gr efer e’hce 8), a multi-copolynmer in

whi ch eponponent (c) was 4 nepl aced by 1, 4-butanedijl diglycidyl ether, ie
cross-|linked POM (referenc v s@nd taEcs(r@‘er'enc'e ). Melting and
k\ ding were carried out fat %237 t¢ 240 [err]C with A45mierr]L/D = 31.5
twhh screw extruding machijpe with @ vent used. The nfature and proportions
of -anmounts of conponent (c (‘gﬁzl he fmul ti -cqpolyner (B) blended into the
resin eéonpositions of Exanpl 8glE 23, gn& t Be gharfcteristics of the sanples
obt ai ned, are shown in Tabj e335™li kewi se, the naturef and proporti onal
anounts of the nucleating jag€t (where present) 50 |pl ended into Reference
Exanpl es 6-10, be it a polyoxygethyl eqe coppl yorer, of cross-linked POM or
talc (added in place of 4fhf nedfi - ¢opal grerd ahd Bhel characteristics of the
sanpl €& obt ai ned, are smo i’h"TabI e 3. Upon conparifon of these Exanples
and Reference Exarrpl es |t eagg other, Jt Il bg seen that the
pol yoxynet hyl ene resin conposi#ggong havieng st het pofyoxynet hyl ene
mul_ti-copol yner incorporatled hd®e g spherulite size greatly reduced and the
crf/}tal,glzatlon tenperature e}evat¢ed by about 2 to 8 err] C and are 55
di stinguished in their mechan|cais $trength_and surfajce appearance. 8 EP
0 412 783 Bl EP0412783E1185 | 35% O 4124788 Bl, . 4
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55§ Claims

1. A polyoxymethylene multi-copolymer having spherulites characterised in that
(i) the polyoxymethylene multi-copolymer is obtainable by copolymerizing
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BDE: 1,4-Butanediol diglycidyl ether (cross-linked POM)

GPE: Glycidyl phenyl ether;

s5 Claims

1.

A polyoxymethylene multi-copolymer having spherulites characterised in that

(i) the polyoxymethylene multi-copolymer is obtainable by copolymerizing
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10. A nol ded product according to claim'9, which is an extrusion nol ding.
-11. A nol ded product according to Pl a‘h% | ch is an injection nolding.
so Pat ent ansprUche 1. Pol yoxynet hF & P Copol ynmer mt Sphdrolithen,
dadurch gekennzei chnet, daB: (i) das Pol yoxymet hyl en- Mul ti - Copol yner

‘erh~l'tlich ist g %Eba g)g%,gmﬂng,@;,d on von (a) 100 Gewi chtsteilen Trioxan,
55 (b) @ pets Wy Ghbight & dt GdastZan 1 e Sethe b MBFmal. Y¥drhdobriahéhasdnl bRy -
oder Fornal - Ve rdmyladm@se A3IGioRIandVAB dloxebdse, 8,6 ¥Hogapansl d#id 1.3,6Frolbcaned brtin,

1, 3- Di oxepan, Xec)d.01-td 6 pans®p Mdightidflat least ohe dompodICBGsen fidhl gif:€igyl Phebll etherSstyrene
Gewi chtsst ei | en cxideamighridykrapietyl afeerbi ndung, ausgewahit aus

G yci dyl phenyiiethé sumbeSivgragd malbalianweightoithe pbjvoxansiiyland retifrenpplyrhdr is from 10,000 tol
1/ 1]|1 1111| %D,000111111111 EP 0 412 783 Bl (1) das mttlere

Mol ekul ar gew (i tthed esltingo pajs x(f i e, Erystalization  teraramiirg Q) ©f HenpoyOxOBHYBhes muiti-
100. 000 betra@Pler(\Wiare)QOMQSFGdSt!H??EP'EtiS’m'MPt (Tm und die
Kristaldisationstenperatur (Tc) des Pol yox rret hyl en-Mul ti- Copol yners

f ol gender maRen zusamrenhangen: 5 THPF E‘é% und (iv) die G oBe der
Sphlrolithen 10 um oder vveni ger bet ragt vvobei die G 6Be der Sphdi rolithen

o vocyrel ot MR S S ) g;'.h%' R %; "@%M

Pol yox rret hyl
auf hofer St u%ac'" O"E
Lo e B TS m&ﬁﬁ&eﬂé Sl e B Ml

l'ang zu schne
ein Pol ari sati onsm kroskop bsobacht et und fotografiert werden. 15 2.
Pol yoxyes. hwl soiyolitethyohed RaitomRIymBAEdRordiNG s Bigky 1. whéfini the SépBlyWBRRISNURY of the
zykl i schen Ediebtheiosieiormial component (b) id=0.1 N&Ll7-gaAsTBY WeightSrornd) 00 parEDP Aleighiest ths 1 -
7 Gewi cht st @iok#ne Rorfpodéd @§eWi cht st ei | e der Tri oxan- Konponente (a) betragt.
20 3. Pol yoxynet hyl en- Har zzusanmenset zung, unfassend: (A) 100
Gew cht st®i [ApolyoxyesthRerie\resin/cuapisitioe coniRosipgrer s, das ein
Oxymet bey| en- Horo@Popastsrby weight of epatyomethgletsypolymeCupioh iser oxymethy8es @awpolybender
mehr Oxymet hyaneexy@pthylenetcopplymer cansisting\of 85% ouiwere e weigktrof oxymethyiene uniteandei§%
Oxyal kyl en- Ei erriess bw weighttof ynsubsijutschenyalkpiene fiits heying romito 8 gafon(amspando1l - 100
Gewi cht st ei | e(B0HBY PO \Rasts, bt WRIGHt o 2 MRV YMElRIRoR yHEircoPolvRen a3GREing i Klaim bk
éd 25 4. Pol y8%®fet hyl en- Harzzusam*rensetzung nach Anspruch 3, worin das

I

yoxi’Pneﬁ_ h>l{\| p%[}ox@%e%%esm( é)npgsm%n c:%rdmg tcy clalm 3 whe J) in tlhg g(ﬁyoxymethylene polymer (A) i is
an oxymethylene homopolymer.

5. A polyoxymethylene compaosition according to claim 3 or claim 4, wherein the polyoxymethylene

85 polymer (A) is a copolymer comprising 85% by weight or more of an oxymethylene unit or uniis and
K/ 15% by weight or less of any oxyalkylene unit or units having 2 to 8 adjacent carbon atoms.

6. A molded product of a polyoxymethylene multi-copoiymer according to claim 1 or 2.
40 7. A moulded product according to claim 6, which is an extrusion molding.

8. A molded product according to claim 6, which is an injection molding.

9. A molded product of a polyoxymethylene resin composition according to any one of claims 3 to 5.

10. A molded product according to claim 9, which is an extrusion molding.

11. A molded product according to claim 9, which is an injection molding.
so0 ' Patentanspriiche

1. Polyoxymethylen-Multi-Copolymer mit Sphéirolithen, dadurch gekennzeichnet, daB:

(i) das Polyoxymethylen-Multi-Copolymer erhditlich ist durch Copolymerisation von
(a) 100 Gewichisteilen Trioxan,

55 (b) 0,01 - 20 Gewichtsteilen zumindest einer zyklischen Ether- oder Formal-Verbindung, ausge-

wihlt aus Ethylenoxid, 1,3-Dioxolan, 1,3-Dioxepan, 1,3,5-Trioxepan und 1,3,6-Trioxocan, und
(c) 0,0t - 5 Gewichisteilen zumindest einer Verbindung, ausgewéhlt aus Glycidylphenyisther,

Styroloxid und Glycidylnaphthylether,
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S. Pol yoxynet hyl en- Har zzusanmenset zung nach Anspruch 3 oder 4, worin das
-Pol yoxynet hyl en- Pol yner. 30 (é} ﬁl#] éﬁgﬁl ymer aus 85 Gew. - % oder nehr

ei ner oder nehrerer Oxynet hyl en- Rade7 nd 15 Gsw. - % oder weni ger ei ner
oder mehrerer, beliebiger, unsubstituierter Oxyal kyl en-Ei nheiten mt 2 - 8
benachbar t erm*ﬁa@ 'rrﬁ}ﬁe% %feﬁ’dlé?&ﬁbhﬂ &ds- PofjoxyHisthPbAGR-Chy o%UJstvoﬁlblﬁ o6t HI€HB0.000

Pol yoxynet hyjegsge,Mul t i - Copol ymer nach "Anspruch 1 oder 2. 35 7. Geforntes
Proodukt nachiiy\a&Psdnmblzfunkid@rm) @hd dieX kilstehisaibsstempbraiue i(Tc) Id8§ Pol§oxianbthylsht Musti-
Produkt naclcopsigsrsielyertiorntitsh Zsamnismidngehgul 3- Fornteil ist. 40 9. Geforntes
Produkt aus ei ner Pol yoxynet hyl en- Har zzusanmenset zung nach i rgendei nem der
Ansprd- che 3 - 5. 10. Gefornt estaPrTodukg(-@mch Anspruch 9, das ein .
Extrusions-Formeii ist. 45 11. Geformes Produkt nach Anspruch 9, das ein
Spritzguf-Fondteil ist. Revendlcattons 1. Milticopol ynere de

pol yoxynt hyivbeie Glaerder &e@r@wﬁ'umm edor wenigep betesigl avebek diec@rogn, éﬁfﬁphﬁm‘“he" (i)
| e miPti cop@PPREPRWiTL nsen 8 rﬁ9!¥ex Wv'efd"i"@'c@ﬂﬁ’fy@ﬁ'iﬁz"é??“ gieemiasgmt (a)

100 parties °‘p‘6‘?’?f§ ﬂ’éh?'}"\' S&%te a 2 Aif&f/’mmgsbeé 8|1d'§'“d“"ﬁlf“rm| ns
t h l V I |
o oo e gy 68?@?358&%@"6 il it et

tri oxgcane (é’fd 01 a 5 partles en poids d au noi ns un conpose choi si parm

le gl yCI dy Ily ﬁ't)ﬂ ch ATS 1uctp)§y91§n fie %&I% & 156r Ilécﬁengétx&r gg
Jnaphtyl |- c5n ?(IBO | 7 J{@oﬁéﬂiéeeﬂro” Géwi %te'ﬂé"d H [ynbre
\d¢ pol yoxy,qg;,; Yen r@bg 00 00 1 1 ]
Q2111] HE i 111711 EP 0 412 783 Bi (iii) |le point de fu3|on (Tm ot

| a t egPal apdiofynitthyh-Harkakinmterbdu@hg, ihfasefdd Mul ticopol ymere de

pol yoxymet hyhb1oe Geaithts@mUisifss by oR@ethlion-Pdinitid, @ss dimOkgmothishbimofolyiier by | @
gr andeur desinspkyaiethylsh-Cpolymbr 88 S50GeWID dddiheR OxyntotiyleAERBdIten dak 15 BBF%Il | t es
et ant nmesur ederovenipéragaubititulddtentOxyeitylenttilheitsn Pl 2/1Eikableoktofipiomyroistyid- t hyl ene
entre des veBYG916e00rGeeivhisweiisnatnet Polpaxyrodtiauenuiti:Copolymarsiaach Aasprveh thdande pour
fairesfondre 10 l edit multicopolynmere & 230 C pendant 1 m nutes, puis
en abai 9sakalyokenethyleprbipraausammenselyog @eb Ansprusiod, wedn dag-Folvenymethon-Ralimer g ein
observant Pegedylprstiomepolynerdst produits & travers un nicroscope pol arisant et
en photom crogra h| ant les cri staux 2 l\/UItlcopoI yrrbre de poI oxynet hyl bne
{(;I on | &r éR/Vé'?%‘P oy T‘Fzzfsa"ﬁ'@"?%z” ruchy ) 8947 ey V'i olymer

cl Ia&ue 9 a'g Q? P’EB aﬁqfemsg' oder me| rerertnggleblger u%%b%%tulerter %(yrgleﬁt?ler?-ﬁenen it Ed g pour

100 parti ebenachbﬁten ohienstoffatomen ist.

6. Geformtes Produkt aus einem Polyoxymethylen-Multi-Copolymer nach Anspruch 1 oder 2.
35
b 7. Geformtes Produkt nach Anspruch 6, das ein Extrusions-Formteil ist.

8. Geformtes Produkt nach Anspruch 6, das ein SpritzguB-Formteil ist.

40 9. Geformtes Produkt aus einer Polyoxymethylen-Harzzusammensetzung nach irgendeinem der Ansprii-
che 3 - 5.

10. Geformtes Produkt nach Anspruch 9, das ein Extrusions-Formteil ist.
45 11. Geformtes Produki nach Anspruch 9, das ein SpritzguB-Formteil ist.
Revendications

1. Multicopolymére de polyoxyméthyléne ayant des sphérulites, caractérisé en ce que
50 (i) le multicopolymére de polyoxyméthéne peut étre obtenu en copolymérisant
(a) 100 parties en poids de trioxane,
(b) 0,01 & 20 parties en ‘poids d'au moins un ether cyclique ou composé de formal cho:s: parmi
l'oxyde d'éthyléne, le 1,3-dioxolans, le 1,3-dioxépane, le 1,3,5-rioxépane, et le 1, 3, 6 - trioxocane
(c) 0,01 & 5 parties en poids d'au moins un composé choisi parmi le glycidyl phényl éther,
55 I'oxyde de styréne et le glycidyl naphtyl éther,
(i) le poids moléculaire moyen en nombre du multicopolymére de polyoxyméthyléne est de 10 000
& 100 000,

’ R, 0 O
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conposant de trioxane (a). 3. Conposition de r6sine de pol yoxynet hyl ene,
«conpronant: (A) 100 parties en pogg% ﬂ'z%sﬁipol ynmere de pol yoxynbt hyl ene,
qui est un honopol ynbre d' oxynb- yl bne Qu un copol ynbre

_d" oxymet hyl ene consistant en 85% en poids ou plus d'unites d' oxynmethy- |ene
et 15% en poi g 10 PhoiBud SusdtbnUftinh &% Iglté?ﬁﬁ\éﬁ{uquhbréﬁsﬁlﬁﬂtioﬁL@?t bt WhiicshbRRbre Zed 8
at ones de car QmétlylzhdBontly éspak elBht | €s en poids d' un nul ticopol ynbre
de pol yoxynet hyl ne selon | a revendication 1 ou | a revendication 2. 25 4.

Conposi tion de resine de pol yoxymehhyteng(<gl on | a revendication 3, 00 le
pol ynbse de pol yoxynme- thyl bne (A) est un honopol ynbre d' oxynet hyl bne. 5.
Conposi tion de pol yoxynet hyl bne solon Ia revendication 3 ou'la

revendi cat i onivia gretdebrdep ephgrvlitescestide B0um ou mgind, yoxyndt hyl bne (A) est un
copol ynmer e conptagrendeur @5s/snbéruljiesi dthot roesuép ar placantid mgrdurrepitisopalymére) degglyoxymé-

d' oxym-t hyl bnylne enedes\vares da resouvipeients o) chariiant sy ues plaaud’ chatide @aur faire fondre

d' oxyal%yl enelegil/muticopolymige 3230 pendant i pipyies: AUF 48 abgissant dp topporatyed P &

d un nmulti cop@!s%?@? doymisuip %ﬁ%? fvap dos; Gty |aigs! RIQAUR 2 ke yn fnigjgscope 35
7. Produit noRARISAELELER p'f'°é°"?'%% lartdgsicEFa%: qui est un moul age par

r evendi est

extrusio Produjt mould s I Vi i.cation uj. . ul age, par
nj oot | ore: RysseSis dERhineivihe (et BB ¢ °83?dﬁ%gi"aggp&agf" hadisgy
pol yoxilsmjt hyl P uge :%’Ql’cf;:: gsagﬁeeqoﬁ'gTé r?’(‘ejuee des evendi B ons? 'egeg.po'iso.u
Produit nou sol on tﬁa revendi cation 9, qui est un noul age par extrusion.

M8 11, Prodighhodtib &b Sl dofody MR bR, QUi est un moul age par
) ection. 50(A% foolparties erlpoids d'ulYlcopalymére de polyoxyméthylene, qui est un homopolymare d'oxymé-
20 thyléne ou un copolymére d'oxyméthyldne consistant en 85% en poids ou plus d'unités d'oxyméthy-
lene et 15% en poids ou moins d'unités d'oxyalkyléne non substitué, ayant 2 & 8 atomes de
carbone; et
(B) 0,001 & 100 parties en poids d'un multicopolymére de polyoxyméthyléne selon la revendication
1 ou la revendication 2.

25
4. Composition de résine de polyoxyméthyléne selon la revendication 3, oll le polymére de polyoxymé-
thylgne (A) est un homopolymére d'oxyméthyléne,
. 5. Composition de polyoxyméthyléne selon la revendication 3 ou la revendication 4, oli le polymére de
A 30 polyoxyméthyléne (A) est un copolymére comprenant 85% en poids ou plus d'une unité ou d'unités
d'oxyméthyléne et 15% en poids ou moins d'une unité ou d'unités d'oxyalkyléne ayant 2 2 8 atomes
de carbone adjacents.
6. Produit moulé d'un multicopolymére de polyoxyméthyléne selon la revendication 1 ou 2.
35
K/ 7. Produit moulé selon la revendication 6, qui est un moulage par extrusion.
8. Produit mo_ulé selon la revendication 6, qui est moulage par injection.

40 9. Produit moulé d'une composition de résine de polyoxyméthyléne selon I'une quelconque des revendi-
cations 3 4 5.

10. Produit moulé selon la revendication 9, qui est un moulage par extrusion.

45 11. Produit moulé selon la revendication 9, qui est un moulage par injection.

50

55
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