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{GROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON Tmfm\@\/entq (yn,p,qk,a) es
“to a polyacetal resin conposition excellent in |long-termthernal “agi ng
~resist- 5 ance, nore particularly to a_pplyoxynethyl ene conposition__which
has chapacteristics of pol yoxynethyl ene such as nechani cal properti es,

el nging. oo SoHERHbn bk Ah o innl AL, et UNMLAMIARA <
DESCRI PTFON OF THE RELATED ARINPEII)acRRSAETANEEI ns are known as+ engi neeri ng

resins excellent in nechanical properties, rigidity, Tcreep
characteristics, solvent resistance and the like, and uséd inh a wWdefield

i ncludi ng, for exanple, 15 nechanical noving parts and t '
aut onobi | e, BAQKQRQQNﬂﬂOEﬂﬁﬂEzﬁﬂﬁﬁﬂﬁﬂﬂﬂttmeIlke As the‘mﬁmnmmmmm%mﬁlns are
wi dened and diversified, the demand for quality has becone _severe. In
particul ar, inFlfEDuOF T RAYENHEE hi gh- terrperat ureﬁffu%%og&nees,——

| ong-term 20 t her mal gt%l .Ng .resi st.ance i.s requi

conventional pol yacet ltse§1"ﬁ’§ é\?@ FGRF erse§| taarPc? Y(?ﬁ:eé:alséﬁ%lf”actory
or Chr oo FOREUR cabf! €adid dr it d oo dlsd el B LI ol 10

for preventlng the aceta resin e|n d Under hi gh
5 ance, more particularly to a polyoxymethylene composition

which has characteristics of polyoxymethylene such as
mechanical properties, moldability, thermal stability and
the like and is excellent in long-term thermal aging
resistance under high-temperature circumstances.

10 DESCRIPTION OF THE RELA'i‘ED ART

Polyacetal resins are known as engineering
resins excellent in mechanical properties, rigidity,
creep characteristics, solvent resistance and the like,
.and used in a wide field including, for example,

15 mechanical moving parts and the like used in automobile,
electrical appliances and the like. As the uses of
resins are widened and diversified, the demand for
quality has become severe. In particular, in the use
thereof under high-temperature circumstances, long-term

20 thermal aging resistance is required. However, no
conventiénal polyacetal resins have aging resistance on a
satisfactory level, and the use thereof is limited at
present.

As a conventional method for preventing the

25 polyacetal resin from being deteriorated under high-
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t,@V(’perature ci##unst ances, there has been known a method in which an
addi ¥i ve such as a thernmal stabilizer, an antioxidant or the like is
cofipounded. For exanple, JP-B-62-58,387 and US-A-4, 342,680 propose
ipproving the 5 thermal stability with_ap additive conposed of a ternary
onbi nation of an am ne-substituted triazine, a sterically hindered phenol

and a net al - coRs &M e @pmgganéEsA-EnéP&%é Bé&ﬂ(—"ﬁﬁgwhggf%icﬂgdt he

|l ong- termthernmal resistance by the co-use of three kinds

ant i oxi dant siwiwHii éh Cah Chddl 6avé ShicR AatsYtREFHa1 ALE8pi1dPeB; 558n22, 508 and
US- A- 3, 743,614 disclose inproving the stability agai nst oxidation and

t her mal decoapoisdtidanbyor uskee of ike hi sdesepophesel i cFepnpeamglEpget her with
an alkaline earth nmetal salt of a carboxylic acid having 10 15 to 20
car bon at onsTRmriH ©2-28, 38 katndeUSakth, 32 ab 80 hydopasdeimpuot hegnohe,
JP-B-60-56, 748 and UK-A- 1,425,771 propose inproving the stability against
heat and® ox§RFNDY tisebblity hwhtlerad ptdholve compesed afidaaherabkal i ne
earth netal salt. of an aljphatic, carboxylic acid 20 having 22 to 36 carbon:
atons. ThoudfP P GHYR t*F AR PR - SEPhitt Peked t BRE@Z1R®, 22 pol yacetal resin
can be inproved b oundi n therejn an additive, the. ipprovenent is
still insuf fslt-e,%ll%ah Y len%as%g%fpl%%%%i pot a%erf‘%'?ailég?’hga 9a | ong 25
period of t-i%ﬂ%.hi.ﬁ'—i— t ' ance results in the
reduction of mechani cal” proper |_%%y%ﬁo§£%§$%@natlerfl@/r?‘éla% Y}bedj;%?%dati on of
the pol yacet@r 68idkmal resistance by the co-use of three kinds of
10 antioxidants with a calcium salt of a fatty acid. Also,
JP-B-55-22,508 and US-A-3,743,614 disclose improving the
stability against oxidation and thermal decomposition by
use of a hindered phenolic compound together with an
alkaline earth metal salt of a carboxylic acid having 10
15 to 20 carbon atoms and/or an alkaline earth metal
hydroxide. Furthermore, JP-B-60-56,748 and UK-A-
1,425,771 propose improving the stability against heat
and oxygen by use of a hindered phenolic compound and an
alkaline earth metal salt of an aliphatic carboxylic acid
20 having 22 to 36 carbon atoms.
Though the long-term thermal aging resistance
of a polyacetal resin can be improved by compounding
therein an additive, the improvement is still insuffi-
cient. The use of such polyacetal resins over a long
25 period of time under high temperature circumstance

results in the reduction of mechanical properties and

ultimately leads to degradation of the polyacetal resin.
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3 SUWARY OF THE IINVENTION It is therefore an object of the present
invention to overcone the disadvantages of conventional polyacetal resins,
to provide a pol yacetal resin conposi 5 tion excellent in |ong-termthernal
aging resistance, and to provide nethods for meking the sane. The present
i nventors have exami ned the |long- termthermal aging resistance of

pol yacetal regsinigrengr tA¥eIFPBREAYRNtI Y found that a polyacetal resin
conposi 10 tion conprising a particular polyacetal, an antioxidant and a

basi ¢ substance in specifig ﬁH@ﬂ@féréCQhEMB§e&heofa@HéepﬂBgéhﬁned obj ect,
based on which this invention has been conpleted. According to this

invention, tiwventsoprowicdedrcdibeatipel yhsetiohntesesd 6ONPOsIrEheNonkilch
conprises 100 parts by weight of a polyacetal such that the residual
fluorine copelymeetabnresimdi horpronade abopolidcepal andsihatompesi-t he
resin is heated at about 230C for about 30 mnutes in nitrogen the
concentrali orit ¢%¢%%l%@ﬁyﬁ@ enrgrbeEd btlhersahokgipygerepintaneat 800 ppm

fromabout 0.01 to about £arts by wei ght of an antioxidant and from

about 0.001 T PERGLAS SUHER? b§°ﬁe? %n%ft%?béém% substance. DESCRI PTI ON

OF PREFERRED EMBODI MENIS OF THE | NVENTI ON acetal used in the resin
conposition of 25 thi S RERETH +%V%?B%ﬁ%2%ag ?%Tlﬁﬁﬁnﬁbﬁ i?ﬂ%‘

following netfpck, Eikst 26ial! red NECIRLD SPNGTEL,NSES | PebDEs and

have consequently found that a polyacetal resin composi-
10 tion comprising a particular polyacetal, an antioxidant
and a basic substanée in specific amounts achieves the
above-mentioned object, based on which this invention has
been completed.
According to this invention, there is provided
15 a polYacetal resin composition which comprises‘lOO parts
by weight of a polyacetal such that the residual fluorine
concentration is not more than about 13 ppm and that when
the resin is heated at about 230°C for about 30 minutes
in nitrogen the concentration of formaldehyde generated
20 is not more than about 500 ppm, from about 0.01 to about
3 parts by weight of an antioxidant and from about 0.001

to about 5 parts by weight of a basic substance.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
The polyacetal used in the resin composition df
25 this invention is produced by, for example, the following
method:

First of all, the main monomer used in the
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4 production of the polyacetal is trioxane which is a cyclic oligoner of
f ormal dehyde and the conononer used therewith is a cyclic ether
?eprésented by the following general fornula (1): RIL RR 511 (l) R3-C
-(R5)P R4 wherein each of Rl to R4 indegendently represents a hydrogen
atom a Cl1-C5 al kyl group which is unsubstituted or substituted with 1 to

3 hal ogen atgpsduebtofash FRe bHUGREBEEN LY {EP5RSRBt shacHELBYLene or
oxynet hyl ene 10 group, which i's unsubstituted or substituted with 1 or 2

Cl- C5 al kyl gyolups olidomer 2ohafogeal athyBe (ARdt bhé 6886nomPr! gBEESENtS an
integer of 0 to 3), or each R5 independently represents a dival ent group
represent ed tyerewith ol $ oavi ogcide netief | t¢poeséhtéd: bibthe( €62 oging0 - CH2
- P 1) - (0CHRCH2) g- 0- CH2 - (Il ) inwhich pinthe formula (I)
is 1 and q igenemrakofeamala((T):zor (I11) represents an integer of 1 to 4.
Typi cal exanples of other conononers include, 20 for exanple, ethylene

oxi de, propyl ene oxide, 1,3- dioxorane, 1,3,5-trioxepane,

1, 4- but anedi ol f ormal , epichlorohjﬁrin di gl ycolformal and the |like. The 5

R, - C -0

C

| | (I)
R; - F -(Rs)p

Ry

wherein each of R; to R, independently represents a
hydrogen atom, a C;-Cs alkyl group which is unsubstituted
or substituted with 1 to 3 halogen atoms, and each Rs
independently represents a methylene or oxymethylene

10 group, which is unsubstituted or substituted with 1 or 2
C,-Cs alkyl groups or 1 or 2 halogenvatoms (in this case,
p represents an integer of 0 to 3), or each Rs

independently represents a divalent group represented by

the following formula (II) or (III):

15 - (CHy)q - O - CH, - (I1)

- (OCH,CH;), - O - CH, - (III)

in which p in the formula (I) is 1 and q in the formula
(IT) or (III) represents an integer of 1 to 4.
Typical examples of other comonomers include,
20 for example, ethylené oxide, propylene oxide, 1,3-
dioxorane, 1,3,5-trioxepane, 1,4—butanediolformal,

epichlorohydrin diglycolformal and the like. The



concentration of the conononmer is not critical; however, it is usually not
less: than 0.0005 nole but not nore than 0.15 nole per nole of the
trioxane. As the polyacetal in this invention, there can 5 be used either
a honopol yner obt ai ned by honnpolyner|2|@g t he above trioxane or a

copol yner obtained by polymeriz- ing a mixture of the above trioxane and

‘the above COE@H@@EEraé&éH'Bﬁbtﬁepebﬁgﬁéhéﬁtignngﬂt§£¥§&c§@'CHo%@OeQe 10
used in the production of the polyacetal of the present ihvention

i ncludes, buitissnesubilytgEtt Desdt theasd.onss Ab1BoKAR hbtf hEeEl dRanbor on
trlfluorlde hydrate, a coordination conpl ex conpound of boron trifluoride

with an organis mobpopad mobéabfi teadbrosygas.atomor a sul fur 15 atom
(e.g. an ether such as diethyl ether, di-n-butyl ether, a thioether such as
ethyl thioether). The pdsytke-pokpacenatainl ysisi snperteoabl yhareoeadi nation
compl ex conpound of boron trifluoride with the above organic conpound,

and the cdorkR nagednetohrex konppohvnencphtiesne@obpuhongpadymeriizing to,

bor on trlfluorlde diethyl ether, boron tiifluoride dibutyl ether or
mi xtures therorab °T%r?ﬁb°¥%%ep%Fy%c%?EPlﬁ?%Hu%PFﬁhnﬁé|h@ PRLYEBEE-
polynerlzatlon catal uorjne is_ accuynu] ated. An inportant

poi nt of this" ?n%é%f Eﬁf?s f %Saﬂgge athbPyaRet ahhk ?n@bav?e5|dual

fluorine co on of not nore than about 13 ppm It is preferable to
N& § : .
use a polyaceta aV|ng a residual fluorine concentration of not nore

than about 8 ppm VmenAtQ@lﬁ@ﬁiguﬁ$l§$QP{£Q€ion catalyst which can be

10 used in the production of the polyacetal of the present
invention includes, but is not limited to, at least one
of boron trifluoride, boron trifluoride hydrate, a
coordination complex compound of boron trifluoride with
an organic compound containing an oxygen atom or a sulfur
15 atom (e.g. an ether such as diethyl ether, di-n-butyl
ether, a thioether such as ethylthioether). The polymer-
ization catalyst is preferably a coordination complex
compound of boron trifluoride with the above organic
compound, and the coordination complex compound includes,
20 but is not limited to, boron trifluoride diethyl ether,
boron trifluoride dibutyl ether or mixtures thereof.
During the polyacetal production using the
above polymerization catalyst, residual fluorine is
accumulated. An important point of this invention is to
25 wuse a polyacetal having a residual fluorine concentration
of not more than about 13 ppm. It is preferable to use a
polyacetal having a residual fluorine concentration of

not more than about 8 ppm. When the residual fluorine



6 concentration of the polyacetal exceeds about 13 ppm the wuse of a

pol yacetal resin conposition under high- tenperature circunstances for a

|l ong period of time results in reduction of the long-termthermal aging 5
resi stance of the resin conposition. As a method for producing a pol yacetal
having a |ow residual fluorine concentration, it is effective to control

t he p0|ynEri5§ﬁEQﬂtf§£§$MséfCQHQGBBE9SE89aEOegeéedgnégoﬁggpgapéﬁrt%b@ val ue

during the polynerization. 10 Specifically, 1t Is prefera Control the

pol yneri za- &8nofas apysya6e08EN+ELHhO0BohBOSPLI AR 8nliBaNhakAUt 3.0 x  10-5
nol e per nole of trioxane or, if a conononer is used, per nole of a total

of trioxane safpéhetepEDODARENSant8s Part AcUbAg, pbRioader tomebtain a

pol yacetal having a 15 residual fluorine concentration of not nore than
about 8 ppnrestlts jmefedadtioncofobnbeolonyetpohynkrermali agingat al yst
concentration to not nore than 1.5 x 10-5 nole per nole of trioxane or, if
a cononon®r ¥esigseancepfnphe resim comppsbtioni oxane and the cononomer (s).
When the 20 pol ynerization catal yst concentration is_high during the

pol yneri zati on and t heP§ ediBeERod | foF i PEORwAtRdt 2 aPPbriaeetai hbapsngaget al

produced by fhe polymerjization.is nore than about 13 p it.is possible
Po wash t he o7 yheataie L FHICEA8) GRACeRbrF biove { hel poryhert sEe br
R ERRIR L S L RS
include but @£ Nlan a certain value during the polymerization.
10 Specifically, it is preferable to control the polymeriza-
tion catalyst concentration to not more than about 3.0 x
10 mole per mole of trioxane or, if a comonomer is used,
per mole of a total of trioxane and the comonomer(s). 1In
particular, in order to obtain a polyacetal having a
15 residual fluorine concentration of not more than about 8
ppm, it is preferable to control the polymerization
catalyst concentration to not more than 1.5 x 10~ mole
per mole of trioxane or, if a comonomer is used, per mole
of a total of trioxane and the comonomer(s). When the
20 polymerization catalyst concentration is high during the
polymerization and the residual fluorine concentration of
the polyacetal produced by the polymerization is more
than about 13 ppm, it is possible to wash the polyacetal
with a solvent to remove the polymerization catalyst
25_ therefrom to reduce the residual fluorine concentration.
of the polyacetal to not more than about 13 ppm.-
Specifically, washing methods, include but are not

limited to, washing, with hot water, steam or a mixture



limted to, washing, with hot water, steamor a mxture 7 of water and an
organic solvent at a high tenperature, a polyacetal obtained by
deactivating the polynerization catalyst just after the polynerization or
a pol yacetal obtained by deactivating_t t}e _pol yneri zation catalyst and 5
converting the unstable term nal portions present in the polyacetal by

decomposi t 09e |44 0ot 4k Cah o MbRAL S BIELY o8 BOhYEelahoSHbLgELed ! 0 @

so-called termnal stabiliza- tion procedure or tre €'l 'ke. For

exanpl e, - bypéIpatétgl t et A8 NBY | JestabihiZRE PREYBSEL AL YR LRi8R 10
aqueous sol ution containing 15% of nethanol at a tenpera- ture from about

80C to aboutcdtdlysorjaspesfodrfthe pabpuéridatidnt oralopb1ewetal hours
(for exanple, from1l to 3 hours), the residual fluorine concentration in
the pol yacedltatmed by ad¢ast bdat ingbtie gGlypparbzatess. cdhelstcandi tions
for this washing treatnment are appropriately determ ned dependi ng upon the
resi dual 3| UePRYRItRmcere ransonbbe teemporyapertiohef presene washhag
treatment. Anot her igfortant feature of this inventionis 20 to provide a

pol yacetal RRHVAFREAL HEY cHPREMR &t FHAN 0Fnte of htlb Hehiyerem enbs at BAmakEN t he
Tor 6 Chan_ dbdiTEUCR b SR ATSHSBI 5P ot SHo e LRAnt GHBIR= BOBLaBbRE 2 amen  he
heat i ng. condr L bt e S L O GB0 o | HeS ubb B "LRE pOTSBRETal resin
conpost - by treating the terminally stabilized polyacetal with an
10 aqueous solution containing 15% of methanol at a tempera-
ture from about 80°C to about 150°C for a period from
about 10 min to about several hours (for example, from 1
to 3 hours), the residual fluorine concentration in the
polyacetal can be adjusted to about 13 ppm or less. The
15 donditions for this washing treatment are appropriately
determined depending upon the residual fluorine
concentration of the polyacetal before the washing
treatment.
Another important feature of this invention is
20 to provide a polyacetal'such that the concentration of
formaldehyde generated when the polyacetal is heated at
about 230°C for about 30 minutes in nitrogen is not more
than about 500 ppm, preferably not more than about 300
ppm. When the concentration of formaldehyde generated
25 under the above-mentioned heating conditions exceeds
about 500 ppm, the use of the polyacetal resin composi-

tion under high-temperature circumstances results in

reduction of the long-term thermal aging resistance



tion under high-tenperature circunstances results in reduction of the
~Jlong-termthermal aging resistance 8 - thereof. In the production of the
pol yacetal such that the concentration of formal dehyde generated i s not
nmore than about 500 ppm the term nal stgabilization treatnent 5 is
acconplished using an extruder by the following three steps: (1) the step
of converti nghéheopol yacetal to its nolten state, (2) the step of adding a
liquid mxture of water with an al kali ne substance such as triethyl am ne
or the like to the nofhebhpopyadatalioandfkaradpsgyhbeti® sesHl thag nm xture
to stabilize the termnals and (3) the step of renoving free fornmal dehyde
and the |iguthentenoentrationt ef fibrmaldehgikaeneratbdt ancaocadaedei n st ep
(2) by degassification under reduced pressure. Al so, for further |owering
t he concentréke®Bnabeutin§0p oPR#/ dEh§dterningénetabédizahéopotyastmehtmay be
subj ected_several tines to the above term nal_ stabilization procedure. A
resin conpostfidRCOBPAEAREA byS EBAPRLNBXREUEAT HKt FhRi GahiowhBgatbasec
acetal has excellent |ong-term

bst ith the th taiped pol | ,
hormal  agi G20 T sl Ll ahbe VR ahi FORTGER nGothel RotKRE=ERYORPI SRS s a

b et ed DrohoLeSTOARY, 2081 oFu® QLORSHECATLER ¢ COIRTYALy, JUS L nier 0
3‘(3’5'di’t’$%%§}’ﬂith an alkaline substance such as triethylamine or
the like to the molten polyacetal and kneading the
10 resulting mixture to stabilize the terminals and (3) the
step of removing free formaldehyde and the liquid mixture
of water with the alkaline substance added in step (2) by
degassification under reduced pressure. Also, for
further lowering the concentration of any formaldehyde
15 generated, the polyacetal may be subjected several times
to the above terminal stabilization procedure.

A resin composition obtained by compounding an
antioxidant and a basic substance with the thus obtained
polyacetal has excellent long-term thermal aging

20 resistance.

The antioxidant used in this invention is a
hindered phenol compound and/or a hindered amine
compound.

The hindered phenol compound includes, but is

25 not limited to, n-octadecyl 3-(3,5-di-t-butyl-4-
hydroxyphenyl )propionate, n-octadecyl 3-(3-methyl-5-t-
‘butyl-4-hydroxyphenyl)propionate, n-tetradecyl 3-(3,5-di-

t-butyl-4-hydroxyphenyl )propionate, 1,6-hexanediol bis[3-




hydr oxyphenyl ) propi onate, n-octadecyl 3-(3-nmethyl-5-t-

. butyl -4-hydr oxyphenyl ) propi onate, n-tetradecyl 3-(3,5-di-

t - butyl - 4- hydr oxyphenyl ) pr opi onate, 1, 6-hexanediol bis[3 9 -

(3,5-di -t-butyl -4-hydroxyphenyl ) propi onate], 1, 4- butanedio

bi s[ 3- (3, 5-di -t-butyl -4-hydroxyphenyl )- propionate], triethylene glycol
bi5[3-(3-t-bgB¥b=ai—%Eth 144hﬁgﬁQbk @h?hg@&@@Q@@thq,pqnmaerythrltyl 5
tetrakis[3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate], ' ,

3, 9- bi s{ 2- [ 3bBaheluby! b4 shpdraxP-airet-bytphenyhydroxyphenyl ) -

propi onyl oxy] -1, 1-di net hyl et hyl } -2, 4, 8, 10-t et raoxaspi ro- (5, 5)undecane,

N, N' - bi s[ 3- ( Brbpdnatkgt ytrdethydeary gigoyll) pispildenp-lthexayat-sH enedi ami ne,
N, N 10 tetranethyl enebi s[ 3-(3-nethyl-5-t-butyl -4-hydroxy-

phenyl ) pr opi naghydi-dmhydrokyRhepyd|) propisonditet] bpepttagrythrityl

hydr oxyphenyl ) propi onyl ] hydrazi ne_or m xtures thereof. The hindered am ne
conmpound ﬁncFe&éé,15&§-K§:5néﬂ-Fr#vﬁ&é-ﬁobydroxyphenyl)proplonate],

4- t -2,2,6,6-tetranet hyl pi peri.dine, . 15

4 ot om0yl oxg s 3-515 T8 B ArE kR HL AT PaFE Ry -5 -methylphenyl)~
4-acryl oyl oxy-2.2 - r t hyl pi.peri dine, .
4-(phgnyYac§¥5§§}9§?gP%§g??g§F§§€§ﬁ§§%F§Q ﬁ&r%éF'B'1°‘tetraoxasplr°-

4-b I -2, 2, - t byl pis i di-ne_ 44- me -4
e ot or ) AP nSebahEr T, W BLRTS Sl O al-ER gy
tEtra”Ethy|ph?@kbﬁg@ﬁen§i§b%b@ﬂ%ﬁthhéxam%tﬁyQEnbﬁﬁbﬁﬁﬁbbyNﬁ&p&ridine,

4- benzyl oxy- 2] 2, 6, 6-tetranet hyl - pi peri di ne,
4- phenoxyo2, 2e6rembehyasnbbykp3pgBi-tietyl -5-t-butyl-4-hydroxy-
4- (et hyl car banoyl oxy) - 2, 2, 6, 6-t et ranet hyl pi peri di ne, '
4- (cycl ohexypbenpanpybpiphy2 )3 iéméneet Natetbyspi3pedi,-dé -t-butyl-4-
hydroxyphenyl )propionyl Jhydrazine or mixtures thereof.
The hindered amine compound includes, but is
not limited to, 4-acetoxy-2,2,6,6-tetramethylpiperidine,

15 4-stearoyloxy-2,2,6,6-tetramethylpiperidine,
4-acryloyloxy-2,2,6,6-tetramethylpiperidine,
4-(phenylacetoxy)-2,2,6,6—tetramethylpiperidiné,
4-benzoyloxy-2,2,6,6-tetramethylpiperidine, 4-methoxy-
2,2,6,6-tetramethylpiperidine, 4-stearyloxy-2,2,6,6-

20 tetramethylpiperidine, 4-cyclohexyloxy-2,2,6,6-
tetramethylpiperidine, 4-benzyloxy-2,2,6,6-tetramethyl-
piperidine, 4-phenoxy-2,2,6,6-tetramethylpiperidine,
4-(ethylcarbamoyloxy)-2,2,6,6-tetramethylpiperidine,
4-(cyclohexylcarbamoyloxy)-2,2,6,6-tetramethylpiperidine,

25 4-(phenylcarbamoyloxy)-2,2,6,6-tetramethylpiperidine,
bis(2,2,6,6-tetramethyl-4-piperidyl) carbonate,
bis(2,2,6,6-tetramethyl-4-piperidyl) oxalate, bis(2,2,-

6,6-tetramethyl-4-piperidyl) malonate, bis(2,2,6,6-tetra-



25 4- (phenyl car banoyl oxy) - 2, 2, 6, 6-t et r anet hyl pi peri di ne,
bis(2,2,6,6-tetranet hyl -4-piperidyl) carbonate,

bis(2, 2,6, 6-tetranethyl -4-pi peridyl) oxalate, bis(2,2,-

6, 6-tetranet hyl - 4- pi peridyl) nal onat e, % §(2,2,6,6-tetra 10

net hyl - 4- pi peridyl ) sebacate, bis(2,2,6,56-tetramethyl-4- piperidyl)

9,020 o0 ARy PR sEbRLE ol oG ey

a, a' -bis(2, 2pbpbriaytanethyhtd, pb@@«QQYIQXEltéteamﬁkﬁ9@P4_plperldyl)
bis(2,2,6, 6-tetranet hyl -4- plperldyl)tolylene 2, 4-di car banat e,

bis(2, 2, 6, 6-tetephehlyhtéd; piperbigl 2, 2hexGHEEhthaeh§164dp@@égaa§ue,
tris(2,2,6,6-tetranethy|- 4-piperidy|)benzene 1, 3,5-tricarboxyl ate,

tris(2, 2,6, 6oxyeetharehyh;d’ pbpe(Rd2l phérzeneaheBhfitAi-papbaivlyabey )10
1-{2-[3-(3,5-di-t-butyl - 4- hydr oxyphenyl ) pr opi onyl oxy] -

et hyl } - 4-p3-psxglenes -busyR, 2, hylrbogypheaphyl-4-piperidyl)tolylene

propi onyl oxy] - 2, 2, 6, 6-tetranet hyl eridine, a condensation product of
1,2, 3, 4- but a e?é@%ﬁéé?ﬁ@???rcbbﬁKg v bnértotyagethpént ardPRyEdaIpiperi di nol

d 15 J3, J3, J3 t O-tet -
?g 5) undecan ?%?%?ﬁ336?n8rln$x§g$g§g¥ﬂ8F§0ftrgﬁ ?h?sgvﬁvgﬁgF%ﬁgxgﬁglro

ant i oxi dant OH¥%%§2§ 3 benz ﬁé one Qeggre pégﬁgegefrgrlsgsé%rgue

consisting o |oned hi'n coénpoun d°Kki'ndered 20

32 ne corrpouagtrém@tﬁgpumlpf_){)e} &ﬁ%éﬂééﬂ_@n% §dgeéraéar809§15993 parts by
ght, preferably 0.01 to 1 a by ~wei ght; ' per 100 parts by wei ght of
the pol yaget gl {2The- b9§BCd§ue55a39@ WSRYakBxyBheniNYBRLH2BnY30Ry ] -
ethyl}-4-[3-(3,5-di-t-butyl-4-hydroxyphenyl)-
propionyloxy]-2,2,6,6-tetramethylpiperidine, a
condensation product of 1,2,3,4—butanetetracarboxylic
acid with 1,2,2,6,6-pentamethyl-4-piperidinol and
15 B,B,B’,B’—tetramethyl—3,94(2,4,8,10—tetraoxaspiro—
(5,5)undecane)diethanol or mixtures thereof.
In this invention, the antioxidant comprises at
least one member selected from the group consisting of
the above-mentioned hindered phenol compound and hindered
20 amine compound. The amount of the antioxidant added is
0.01 to 3 parts by weight, preferably 0.01 to 1.0 part by
weight, per 100 parts by weight of the pquacetal.
The basic substance used in this invention is a
nitrogen-containing compound and/or a metal-containing
25 compound such as a hydroxide, inorganic acid salt or
carboxylic acid salt of an alkali metal or alkaline earth

metal or mixtures thereof.

The nitrogen-containing compound includes, but



ni t rogen- cont ai ni ng conpound and/ or a netal -containing 25 conpound such as
a hydroxide, inorganic acid salt or carboxylic acid salt of an al kal

nmetal or alkaline earth nmetal or mxtures thereof. The nitrogen-containing
conpound includes, but - 11 is not limjed_to, dicyandiam de, guanam ne
(2,4-diamno- symtriazine), nelamne (2,4,6-triam no-symtriazine),

N'bUty|”E|an1§9m9E+PbﬁB¥éHE£§niBﬁcyéh&hgﬁﬁaé?yﬁﬂghgﬁiﬂgh§ﬁbﬁ-dﬁamino—

N, N-di al | yl nel am ne, N,N',N'-frlphenylnelanlne, > N-ne mel ani ne,
N, N - di met hysphoetaakoge) N Ae1dhink! (o9t hylekiehanbogymbeprzagyaBg i ne

(2, 4-di am no-6- phenyl-symtriazine), 2,4-diam no-6-nethyl-symtriazine,

2, 4-di am no-B-butylmsyamineazNApherdyImdl 8RiNG; 6N, Neazphexyimyuhihazi ne,

2, 4- di am no- 6- but oxy-sym 10 tri azi ne, :

2, 4- di am no-1%,Bydiahbtxyhelgminej alii N, N2-4ridhanyhoebanhher o- symtri azi ne,
2, 4-di am no- 6- nercapt o- symtriazine, 2,4-dihydroxy-6-amno-symtriazine,

2- hydr oxy> 4, B=He By helBgheminazi Nel ' ndimethyhplmnelamine, N, N’ N"-

G cyandi A d6% COSERAHY Hoe {an 6] aNPRESYRRER LBz (8) ¢ GhaMHBP ARt ne

(25 S g Sy el iglade bhe sLAST,bo8l g phbpLancey Lot are used
CELIe, Lo H AP e bl tphel 2, dpshar BOn il e garLy meLale, e
or mixturespdgy FOfy-SPA-thea 2l k8! | 81 eR1 LR ABL LSS, YSGn-

10 triazine, 2,4-diamino-6-cyclohexyl-sym-triazine, 2,4-
diamino-6-chloro-sym-triazine, 2,4-diamino-6-mercapto-
sym-triazine, 2,4-dihydroxy-6-amino-sym-triazine,
2—hydrbxy—4,6—diamino—sym—triazine, N,N’",N’,N’'-tetra-
cyanoethylbenzoguanamine or mixtures thereof. Preferable

15 are dicyandiamide, guanamine (2,4-diamino-sym-triazine)
and melamine (2,4,6-triamino-sym-triazine).

As the other basic substance, there are used
metal-containing compounds such as hydroxides, inorganic
acid salts, carboxylic acid salts of alkali metals and/or

20 alkaline earth metals. The alkali metals include, but
are not limited to, lithium, sodium, potassium or
mixtures thereof; and the alkaline earth metals include,
but are not limited to, magnesium, calcium, barium or
mixtures thereof. The inorganic acid salts of these

25 metals include, but are not limited to, carbonates,
silicates, phosphates or mixtures thereof. The

carboxylic acid salts of these metals include, but are

not limited to, salts of saturated aliphatic carboxylic



but are not limted to, magnesium calcium bariumor mxtures thereof.
.The inorganic acid salts of these 25 netals include, but are not limted
to, carbonates, silicates, phosphates or m xtures thereof. The carboxylic
acid salts of these netals i ncl ude, but e not limted to, salts of
saturated aliphatic carboxylic 12 acids such as caprlc aci-d, lauric acid,

nyristic acigiqPaldbhiLs aChfriStEALHC P&ﬁﬂlcaééf r§§£9 bebgni ¢ aci d,

Ilgnocerlc acid, cerotic acid, nontanic acid |ss C aC| cerbplastic

acid or ni xtpa:aﬁlﬁﬂer@@idw é'&béri@&&@ld‘?t@f§cl@£@1éaéé§d0fbé‘l’i‘éfﬁé‘r ated
aliphatic carboxylic acids such as undecylenic acid, oleic acid, elaidic

acid, cetol ecidci i gesdaket oo agdid, beeasst th caatd d, moSEERI € asid, linol eic
acid, |l i nol enic acid, arachidonic acid, propiolic acid, stearolic acid or
m Xt ures t harebisslic viaeid i heseopbi st 5¢ dmbhgot hesetwaeboklyéreoiciviltsal t s,
the lauric acid salts, stearic acid salts behenic acid salts or m xtures
t hereof at e IS A1y Préfeates]. ofhenpasixatedsa bipathct his i nvention
is at | east e conpound sel ected fromthe group consisting of 15 the
above- ment i d??e{]l)%X oy b s S c‘b‘?ﬁﬁ)‘t}m]e%“l‘t’ hec ihovel feht 2 oHéd

hydr oxi des, |nor ani ¢ acid_ sal cas lic. acid salts of. IkaI| met al s,

carboxylic acitT<al & b a‘?tko#?lh Tar ‘n Y R i REATRL Jt‘ﬁe?‘éb‘fl The
oot or * WRIES, St NS, TOMARK Qo081 EBylmghnt © parts
100 parts by, 9rffiolic acid, stearolic acid or mixtures thereof
10 with these metals. Among these carboxylic acid salts,
the lauric acid salts, stearic acid salts behenic acid
salts or mixtures thereof are particularly preferred.
| The basic substance in this invention is at
least one compound selected from the éroup consisting of
15 the above-mentioned nitrogen-containing compounds, the
above-mentioned hydroxides, inorganic acid salts,
carboxylic acid salts of alkali metals, carboxylic écid
salts of alkaline earth metals and mixtures thereof. The
amount of the basic substance added is from about 0.001
20 to about 5 parts by weight, preferably from about 0.005
to about 1.0 part by weight, per 100 parts by weight of
the polyacetal.
The time at which the antioxidant and the basic
substance are added to the polyacetal may be either
25 Dbefore or after the terminal stabilization of the
polyacetal; however, this is not critical.
Moreover, the composition of "this invention may

include other additives which have heretofore been known,



t he polyacetal. The tine at which the antioxidant and the basic substance
are added to the polyacetal may be either 25 before or after the term nal
stabilization of the polyacetal; however, this is not critical. Mreover,
the conposition of-this invention may _inglude other additives which have
her et of ore been known, 13 for exanple, a thermal stabilizer, a rel ease

agent, an aﬁbkséﬁéhﬁlégeatthéth@rbEQB&iléeBUCEeébhggséggﬁbnta afur fact ant
or the like for inparting the desired characteristics to the conposition

dependi ng upentibeabipuagese, andubriadditi annthbeeatengt RgeatGaa be added
an organi c macronol ecul ar or polyner material, an inorganic or organic

fi brous, powdaryaotaptabe- kthkelfikkl €br ampamgmﬁgtthé tbeilkrede or m xtures
t her eof . Exanpl es and Conparative Exanples are shown 10 below to explain
this inventi characteréstétai ktp hbeevempostihépnadepehtiusgr apowne tard not
intended to limt the scope of the present invention on claim EXAMPLES
The val ueB shB®ACFA.t ARAEXBNPHAStaAd therets, CohparachebExadplds aner e
determned as follows: Residual fluorine concentration A polyacetal was
thermal Iy de@BﬁﬁBé%dm@FFﬁleﬁquEE QﬁdP9ﬁ¥W§5f?éFthélcoﬁEeHPP§BPBﬁcof

fluorine in the ol yac g was neaaured US'TQ E|ﬂ0rln§ |on electrode 20
(manuf act ur e@*b§* gaf1Prous, powdery or pldte- le -

pigment or the like or mixtures thereof.
Examples and Comparative Examples are shown
10 below to explain this invention in more detail; however,
they are illustrative and not intended to limit the scope

of the present invention on claim.

EXAMPLES
The values shown in the Examples and the
15 Comparative Examples were determined as follows:
* Residual fluorine concentration
‘A polyacetal was thermally decomposed with 1 N
HC1 and thereafter the concentration of fluorine in the
polyacetal was measured using a fluorine ion electrode
20 (manufactured by HORIBA).
e Concentration of formaldehyde generated
A polyacetal was heated in a nitrogen stream at
230°C and the gas obtained was absorbed by water for 30
minutes, after which the concentration of formaldehyde
25 was determined by titration using sodium sulfite.
» Long-term thermal aging resistance

A polyacetal resin molded article (molding



Concentration of fornmal dehyde generated A pol yacetal was heated in a
nitrogen streamat 230C and the gas obtained was absorbed by water for 30
m nutes, after which the concentration of fornmal dehyde 25 was determ ned by
titration using sodiumsulfite. Long-tegm.t hermal agi ng resistance A

pol yacetal resin nolded article (nolding 14 nmachine: Toshi ba 100E, nol ded

article: durphehlnBi:e@e8khipas 1Bbacedollea &2eL 248N aRMbLEAT idddie
deterioration state of the nolded article was eval uated based on 't he
period (daysyagupilagedhiiahat beeobted att nchecr ahdi ree det@Piofrattiont ensil e
strength just after the nolding. Exanple 1 The tenperature of a twin screw
sel f - cl eani ngtatgpefpohgmaepildiedg amtdbilee waks/ Bvaldptprdobaded wint lthe | acket
t hrough whi ch a heating nmedi um coul d be passed was 10 adjusted to 80C.
Thereto trioranéodasdeyat)i Aduoasbywhagh sheampddedofr3ikgdehrebeiimgdni xed
with 1, 3-di oxorane as a conononer in a proportion of 4.5 nole % based on
tri oxane. SMef A§| 8f RS tsegias atxsrgthl dushepdher tbgumeléindn an anount
of 1.5 x 10-3 per nole based on 3kg 15 of trioxane bei ng added per hour. To
the m xture was added boron trifluoride dibutyl ether as a polynerization
catal yst in g gro ar ion of 1.2 x 10-5 nole per nole of a total of all the
nononers. Thef 39, the resulting m xture was subjected to pol ynerization

The polymer 20 obtai nefof tampbhscaub! 8t af clA6 BRLYIELLAiENG MaGhe was
type polymerizing machine (L/D = 8) provided with a
jacket through which a heating medium could be passed was

10 adjusted to 80°C. Thereto trioxane was continuously fed
at a rate of 3 kg/hr being mixed with 1,3-dioxorane as a
comonomer in a proportion of 4.5 mole % based on
trioxane. Methylal was used as a molecular weight
regulator in an amount of 1.5 x 1073 per mole based on 3kg

15 of trioxane being added per hour. To the mixture was
added boron trifluoride dibutyl ether as a polymerization
catalyst in a proportion of 1.2 x 10~ mole per mole of a
total of all the monomers. Thereby, the resulting
mixture was subjected to polymerization. The polymer

20 obtained from the outlet of the polymerizing machine was
immediately placed in 1% triethylamine to deactivate the
polymerization catalyst, and then dried.

The resulting dried polymer was fed to a twin
screw vented extruder provided with a terminal stabiliza-

25 tion zone and a devolatilization ione, and subjected to
terminal stabilization treatment at 200°C. Water as a

terminal stabilizing agent and triethylamine as a basic



imedi ately placed in 1%triethylamne to deactivate the polynerization
catalyst, and then dried. The resulting dried polyner was fed to a twin
screw vented extruder provided with a term nal stabiliza- 25 tion zone and
a devol atilization zone, and subjected_testerm nal stabilization treatnent
at 200C. Water as a termnal stabilizing agent and triethylamne as a

basic - 15 substanee were added in respeetive amounts ek 2.3 pakks by
wei ght and 0.5 part by weight, per 100 parts by weight of the polyner. The

degree of vabyuweighthandeot 5ppatritoby abighe ,deeel abil paatisoByz Qe ghas
adjusted to 30 torr, 5 under which conditions devolatilization was
conduct ed. dhethel padymeas eTheudedrir btlievhoummofinataer apdtf pomttiba di es
of the extruder and then pelletized, to yield a pelletized polyacetal. The
residual fluefi hhecdaveharalisatopnt Reneowpsl pddesskdt has 36btarmed was 6. 8
ppm The concentration of fornal dehyde_generated when the pol yacetal was
heated in nPReBHernathogeRdibioRs APHAaLasikdgatronppyas KEPEYGERD -t he

P 2 o IS B S HE " e 220BR I ! E0ch 36PE" Se2Und® e 20 Phe

prs[s-(3-1-byial- 8¢ "EROYLs#-N¥dLosnahenyl) propienatel 2s an agtLoxidant and

0.1 part by wergh crumstearate "as-a basic sdbs afid the
conpound obt ging tT@édtBSTyaQQ%Qfd’ after which the nolded article thus

obt ai ned was  subjected to” evaluation of |ong-termthermal aging 20
resistance, to obtain the resubhs1shoubrifNeTaBhBehtration of the
10 polyacetal thus obtained was 6.8 ppm. The concentration
of formaldehyde generated when the polyacetal was heated
in nitrogen at 230°C for 30 minutes was 120 ppm.
Moreover, the polyacetal thus obtained were
compounded with 0.3 part by weight of triethylene glycol
15 bis[3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate] as
an antioxidant and 0.1 part by weight of calcium stearate
as a basic substance, and the compound obtained was then
molded, after which the molded article thus obtained was

subjected to evaluation of long-term thermal aging

20 resistance, to obtain the results shown in Table 1.

Example 2
Procedure from the polymerization to the
pelletization of polyacetal was followed in the same
manner as in Example 1, except that boron trifluoride
25 diethyl ether was added as a polymerization catalyst in a
proportion of 1.4 x 107 mole per mole of a tbtal of all

the monomers in place of the boron trifluroide dibutyl




Exanpl e 2 Procedure fromthe polynerization to the pelletization of

pol yacetal was followed in the sane nanner as in Exanple 1, except that
boron trifluoride 25 diethyl ether was added as a pol yneri zati on catal yst
ina proportion of 1.4 x 10-5 nole per qple of a total of all the
-nmononers in place of the boron trifluroide dibutyl 16 ether. The residual

fluorine coneentiati Pneotekh@uapoltyacetiae ebhabnedatasn/of pp@ The
concentration of fornal dehyde generated when the pol yacetal was heated at

230C for 30 pphubestah obtabdged was 180 ppm. T@hthcenbeptlrpadehabrwer e
added 0.3 part by weight of triethylene glycol

bi s[3-(3-t- bﬁ@yma5dﬁbYﬂ?lgﬂnhydtedyphenythe prdépaoraté] was heaaetli exi dant
and 0.1 par ght of calciumstearate as a basic substance, and the
resul ting n?%guﬁefaﬁs39h@hnﬁﬁeaean aitePahi ¥ASt A8OnBPRed &Pt thiis 10

obt ai ned was s ected to evaluation_of long-termthernal a resi st ance
yi el di ng ?hep?gX%F?Ea he&Rei Addasl 8- 2. Pagka |8639bFoeédﬁFée Pﬁgﬁﬂﬁe

ranner 15 o8 YOS 8713 kxbah T RARHRY £r Ta R o RV RO RAY Jarabi 1| 2ing
o opor 1 ons. B8 BTRERT AR angﬁﬁﬁ?%ﬁ%ﬁ%”%ﬁda?fﬁﬁ 205 B, B ERRIEE par s

by wei ght OfcaigfuﬁoéﬂggfatghgsrSSBQH%E ELHQ£EHEeCOQﬁ8n%ﬁ@tEQQuQElBBe 20

pol yacetal obtained was 6.7 ppm and e concentrafion
mixture was then molded, after which the molded article

10 obtained was subjected to evaluation of long-term thermal

aging resistance yielding the results shown in Table 1.

Example 3
Procedure from the polymerization to the
pelletization polyacetal was followed in the same manner
15 as in Example 1, except that water as a terminal
stabilizing agent and triethylamine as a basic substance
were added in respective proportions of 2.5 parts by
weight.and 0.1 part by weight, per 100 parts by weight of
the polymer. The residual fluorine concentration of the
20 polyacetal obtained was 6.7 ppm and the concentration of
formaldehyde generated when the polymer was heated at
230°C for 30 minutes in nitrogen was 250 ppm.
This polyacetal was compounded with 0.3 part by
weight of triethylene glycol bis[3-(3-t-butyl-5-methyl-4-
25 hydroxyphenyl )propionate] as an antioxidant andIO.l part
by weight of calcium stearate as a basic substance and

the resulting compound was molded, after which the molded




f or mal dehyde generated when the pol yner was heated at 230C for 30 m nutes
din nitrogen was 250 ppm This pol yacetal was conpounded with 0.3 part by
wei ght of triethylene glycol bis[3-(3-t-butyl-5-nethyl-4- 25

hydr oxyphenyl ) propi onate] as an antiodeggt_and 0.1 part by weight of
calcium stearate as a basic substance an the resulting conpound was

nol ded, aftesrwhee8 thesBbE8dndd wakt 5ab§eklEs QgtébgﬁgawqgnSngeCted to

evaluation of ,long-termthermal aging résistance yielding the results

shown in Tablénd-t&xanpherfad dengarespEeafder 9iasdi AgEXARPLRsh1WaS
repeated, except that the antioxidant added to the po?yacetal obt ai ned was

repl aced w t&h6w3 par Tabyewkight of pentaerythrityl
tetrakis[3-(3,5-di-t-butyl -4-hydroxy- phenyl)propi onate. The | ong-term
thermal aging resist. 10 ance was evaluated, the results of which are shown
in Table 1. Exanple 5 The sane procedure as in Exanple-1l was repeated,
except that E¥R@™BAEi dxi dant added to the 15 pol yacetal obtained was

replaced with 0.3 part ﬁé wei ght  of i
4-acet oxy22, 2, 6, 6-tetra tﬁ?@%iBE?FE?HE? FhelloByampeéemit Nafmal agi ng

resi stance was_eval uat ed tge esulls og.mhl h_are . shgwn in Table 1.

Exanple 6 20 %aggﬁé ProgR uFéagsLﬁﬁ B ﬁﬁféginaagdaeg to the -
polyacetal obtained was replaced with 0.3 part by weight
of pentaerythrityl tetrakis[3-(3,5-di-t-butyl-4-hydroxy-
phenyl)propionate. The long-term thermal aging resist-

10 ance was evaluated, the results of which are shown in

Table 1.

Example 5
The same procedure as in Example 1 was
repeated, except that the antioxidant added to the
15 polyacetal obtained was replaced with 0.3 part by weight
of 4-acetoxy-2,2,6,6-tetramethylpiperidine. The long-
term thermal aging resistance was evaluated, the results

of which are shown in Table 1.

Example 6

20 The same procedure as in Example 1 was
repeated, except that the basic substance added to the
polyacetal obtained was replaced with 0.2 part by weight
of melamine. The long-term thermal aging resistance was

evaluated, the results of which are shown in Table 1.



repeat ed, except that the basic substance added to the polyacetal obtained
was replaced with 0.2 part by weight of nelam ne. The |ong-termthernal
agi ng resistance was evaluated, the results of which are shown in Table 1.
- 18 - Exanple 7 Procedure fromthe polypgrization to the pelletization of
pol yacetal was followed in the same manner as in Exanple 1, except that
bor on triflugﬁggﬁlg di ethyl ether was added as a pol ynerization catalyst in
a proportion of 5.0 x 10-5 nole per nole of a total of all the nononers
in place of the boron protéaeréderénbuhgl potiherizdbeonesbdunk fluorine

concentration of the polyacetal obtained was 14.5 ppm The concentration
of 10 for nal pebyeeigeniont efl phepatbeapowysefohdswhdatiadthe s2m8C for 30
mnutes in nitrogen was 180 ppm This polyacetal was heat-treated at 140C
for 2 hours mannaer agutnuExavplei bn exneptnthgt 16%wof heihdnokridad washed
two tines and then dried. The residual fluorine 15 concentration of the
pol yacet ab obi@arhel 9kkes. vappaddafdast pePedReriFation 6RtRO¥AEI dBhyde
generated when the polyacetal was_.heated at 230C for 30 minutes in
nitrogen waRTBBPPphYR T s°pBl yallt aMOon&s PEReMOdEnPéuRdE@ Rt RT023 L part by
wei ght of pentaerythrityl.tet akis%g-gﬁ 5:di -t éo. . .
but y1 - 4- hytr NS PRERTITHT obf RAFET 85 HHEaRTFOR: fahfLuRE126. LBUFY by wei ght
of calciums te a i S tipg, pixture was
Checho! am b ERE L Wi SreBRLSal S TR PUFhRE-RERU RO
polyacetal obtained was 14.5 ppm. The concentration of
10 formaldehyde generated when the polymer was heated at
230°C for 30 minutes in nitrogen was 180 ppm. This
polyacetal was heat-treated at 140°C for 2 hours in an
aqueous solution containing 15% of methanol and washed
. two times and then dried. The residual fluorine
15 concentration of the polyacetal obtained was 5.2 ppm, and
the concentration of formaldehyde generated when the
polyacetal was heated at 230°C for 30 minutes in nitrogen
was 60 ppm. This polyacetal was then compounded with 0.3
part by weight of pentaerythrityl tetrakis[3-(3,5-di-t-
20 butyl-4-hydroxyphenyl)propionate] as an antioxidant and
0.1 part by weight of calcium stearate as a basic
substance and the resulting mixture was then molded,
after which the molded article thus obtained was

subjected to evaluation of long-term thermal aging

25 resistance yielding the results shown in Table 1.

Example 8

Procedure from the polymerization to the



subj.ected to evaluation of long-termthermal aging 25 resistance yielding
.the results shown in Table 1. Exanple 8 Procedure fromthe polynerization
to the - 19 pelletization of polyacetal was followed in the sane nanner
as in Exanple 1, except that water as a {grmnal stabilizing agent and
triethylam ne as a basic substance were added in respective proportions of

0.1 part by penebghtadndn0c@0popghtcl¥ 1WRhENEo108%ed0@nPRKES shihenei ght  of
t he pol yner. The residual fluorine concentration of the polyacetal

obt ai ned wasménBeppasasni BExExplpl @, lexbepevehatt hateenaentr akirgii nafil

f or mal dehyde generated when the polyacetal was heated at 230C for 30
mnutes in 18tabilogéngwage8SOapgntrikitbypehyaeectsl awhkasagaisnbsthneet ed to
termnal stabilization treatnment under the sanme termnal stabiliz- ing
condi tions (Wareradded Ler KPARPCSLHBI Prepagtagast o4nd - 1t PRethplani ne as a
basi ¢ substance were added in respec 15 tive proportions of 2.5 parts by
wei ght and OWBlBBFtaB9 Om@péhParEePYlﬂélEHFtSPSF WEPgRETEF PhewWgdbhiver) .
The residual tgorln concen atlon g E e g acetal obtained was 6.7
ppm and the 2bn ﬁtP8 ﬁrof Srﬁﬁﬁd KodetdBRE Q?eﬁoﬂﬁﬁﬁtFﬁélBBI§§cetal

bol yacet ol wbiecBaRBuRasA u Pheontpur ;o BBRGAF n” BaRBRarydiv i 1y

;ﬁérgkasé3 (ﬁoéegért @H&yboéceh¥959§¥Hh8?ykbE&QEhQH?&Slg@ﬁeégtéﬂthﬁéhda“t

the polyacetal was heated at 230°C for 30 minutes in
10 nitrogen was 850 ppm.

This polyacetal.was again subjected to terminal
stabilization treatment under the same terminal stabiliz-
ing conditions (water as a terminal stabilizing agent and
triethylamine as a basic substance were added in respec-

15 tive proportions of 2.5 parts by weight and 0.5 part‘by
weight, per 100 parts by weight of the polymer). The
residual fluorine concentration of the polyacetal
obtained was 6.7 ppm and the concentration of
formaldehyde generated when the polyacetal was heated at

20 230°C for 30 minutes in nitrogen was 95 ppm.

This polyacetal was compounded with 0.3'part by
weight of pentaerythrityl tetrakis[3-(3,5-di-t-butyl-4-
hydroxyphenyl )propionate] as an antioxidant and 0.1 part
by weight of calcium stearate as a basic substance and

25 the resulting compound was molded, after which the molded
article obtained was subjected to evaluation of long-term
thermal aging resistance yielding the results shown in

Table 1.




by wei ght of calcium stearate as a basic substance and 25 the resulting
.conmpound was nol ded, after which the nolded article obtained was subjected
to evaluation of long-term thermal aging resistance yielding the results
shown in Table 1. 20 - Conparative Exanglye_1 The pol yacetal obtained in
Example 7 (the residual fluorine concentration was 14.5 ppm and the
~concentrati opophafakigedelydeigener ated when the 5 polyacetal was heated at
230C for 30 mnutes in nitrogen was 180 ppm was conpounded with 0.3 part

by wei ght of triethyl ene goigalekiadl Ivtdihabutivl ExamRliy!7 4the

hydr oxyphenyl ) propi onate] as an anti oxydant and 0.1 part by wei ght of

cal ci um st earetédaalafhasird neubshaene raandnl Fatsha 4cemppundnabttdiened was
nol ded, after which the result- ing nolded article was subjected to

eval uati on oftohgrgtraedimnt bér mermaddedydesigenerated eheinnghtehe results
shown in Table 1. Conparative Exanple 2 15 The pol yacetal obtained in
Exanpl e 85(tRelyrestadarars| hepitrd a@dnesft’ Catiosn IRadicugespinamnd tirdegen
concentration of formal dehyde generated when the pol yacetal was heated at
230C for 30 WRAut88 PRMIi FREgERMPRASAESoVEHR Owds Pasirp&Yn#ed Ihitt I9T0. 3 part

nyar oxypheny FFOPGBYRAFeD LAE AN 3t FoAPaBTb e 5 -FkRt ~ by wei ght of
CalCiun‘Steaﬁ%&%o%@pgeg%ﬁs%r%%?%%%%% ’a%ngn antioxydant and 0.1 part
by weight of calcium stearate as a basic substance, and

10 the compound obtained was molded, after which the result-
ing molded article was subﬁected to evaluation of long-

term thermal aging resistance yielding the results shown

in Table 1.

Comparative Example 2

15 The polyacetal obtained in Example 8 (the
residual fluorine concentration was 6.8 ppm and thé
concentration of formaldehyde generated when the
polyacetal was heated at 230°C for 30 minutes in nitrogen
was 850 ppm) was compounded with 0.3 part by weight of

20 triethylene glycol bis[3-(3-t-butyl-5-methyl-4-
hydroxyphenyl )propionate] as an antioxidant and 0.1 part
by weight of calcium stearate as a basic substance, and
the resulting compound was molded, after which the molded
article thus obtained was subjected to evaluation of

25 long-term thermal aging resistance yielding the results

shown in Table 1.



the.resul ting compound was nol ded, after which the nolded article thus
.0obt ai ned was subjected to evaluation of 25 |l ong-termthermal aging

resi stance yielding the results shown in Table 1. - 21 - Conparative
Exanpl e 3 The pol yacetal obtained in Exagpple 1 (the residual fluorine
concentration was 6.8 ppmand the concentration of fornmal dehyde generated

when the 5 pebipsesed vaagxhgpigdsat 230C for 30 mnutes in nitrogen was
120 ppm was conpounded with 0.3 part by weight of triethylene glycol

bi s[3- (3-t-butyl -5- nethyé - dol pydeoxypbeoylhes ophopraeplal enecas an

antioxi dant and the conpound thus obtained was nol ded, after which the 10
resul ti ng noteleidaeal i £leonise scbpeehedat boevahsati 8npph ah@nghéer m t her ma
aging resistance yielding the results shown in Table 1. Conparative

Exanpl e 4 Theoperytratbdn obf af orowla l delErdepyendrdtode wiénresedual fluorine
concentration was 6.8 ppmand the concentration of fornmal dehyde generated
when t he 5 pdPghatelahakahceetedtat30dPtGriceo 39 nuirstén hit ndgeagemas 120
ppm was co oungﬁg with 0.1 part by weight of _calciumstearate alone as a

basi ¢ subst & RPR) 220 WG afheld Ged PRFHEBY weiehtwhfch the
esult !9, (LE ML S 88, SHBLERLPY (el baliop,of |ono-term therma
| hydroxyphenyl )propionate] alone as an antioxidant and the
compound thus obtained was molded, after which the
10 resulting molded article was subjected to evaluation of
long-term thermal aging resistance yielding the results

shown in Table 1.

Comparative Example 4
The polyacetal obtained in Example 1 (the

15 residual fluorine concentration was 6.8 ppm and the
concentration of formaldehyde generated when the
polyacetal was heated at 230°C for 30 minutes in nitrogen
was 120 ppm) was compounded with 0.1 part by weight of
calcium stearate alone as a basic substance and the

20 compound obtained was molded, after which the resulting
molded article was subjected to evaluation of long-term
thermal aging resistance yielding the results shown in

Table 1.



22 -, Table 1 Residual Conc. of Anti- Basic Thermal fluorine fornal dehyde
.oxi dant sub- aging stance resistance conc. generated 70Z strength (ppm
(ppm (part by (part by retention wt.) w.) (day) Ex. 1 6.8 120 A 0.3 a,

4

0.1 65 Ex. 2 7.7 180 A 0.3 a, 0.1 59 ._3 6.7 250 A, 0.3 a, 0.1 57 Ex.
4 6.8120 B, 0.3 a, 0.1 63 Ex. 56.8 120°C, 0.3 a, 0.1 62" Ex. 6 6.8 120
A, 0.3 b, 0.2 58 Ex. 7 5.260 B, 0.3,87c091 70 Ex. 8 6.7 95 B, 0.3 a,
0.1 65 Conp. 14.5 180 A, 0.3 a, 0145Ex1Corrp 6.8 850 A, 0.3 a, 0.1
41 Ex. 2 Comp: 126—A—08 Ex—3 uunp 68— 120—Ta—6—1+22 Ex.
Note: Anti oxidant Ageslilgh, 1 htjl %gcgl&fcol 5{3 (B- Bapin y| - Bhermal
fluorine | formaldehyde OXl ant sub- aging
conc. generated stance resistance
702
strength
(part by | (part by| retention
(ppm) (ppm) wt.) wt.) (day)
Ex. 1 6.8 120 A, 0.3 a, 0.1 65
Ex. 2 7.7 180 A, 0.3 a, 0.1 59
Ex. 3 6.7 250 A, 0.3 a, 0.1 57
Ex. 4 6.8 120 B, 0.3 a, 0.1 63
Ex. 5 6.8 120 C, 0.3 a, 0.1 62
Ex. 6 6.8 120 A, 0.3 b, 0.2 58
Ex. 7 5.2 60 B, 0.3 a, 0.1 70
Ex. 8 6.7 95 B, 0.3 a, 0.1 65
g?pi 14.5 180 A, 0.3 a, 0.1 45
;zmpé 6.8 850 A, 0.3 a, 0.1 41
Comp.
Ex. 3 6.8 120 A, 0.3 - 30
gzmp; 6.8 120 - a, 0.1 22
Note:
Antioxidant

A: Triethylene glycol bis[ (3-(3-t-butyl-5-
methyl-4-hydroxyphenyl )propionate]

B: Pentaerythrityl tetrakis[3-(3,5-di-t-butyl-
4-hydroxyphenyl )propionate]

C: 4-Acetoxy-2,2,6,6-tetramethylpiperidine

Basic substance
a: Calcium stearate
b: Melamine

This application is based on Japanese Patent
Application No. 8-030,214 filed February 19, 1996 in
Japan, the content of which is incorporated hereinto by

reference in its entirety for all purposes.



nethyl 4- hydr oxyphenyl ) propi onate] B: Pentaerythrityl
Jtetrakis[3-(3,5-di-t-butyl- 4-hydroxyphenyl) propionate] C

4- Acet oxy- 2, 2, 6, 6-tetranet hyl pi peridine Basic substance a: Cal cium
stearate b: Melanine This application_i s,based on Japanese Patent
Application No. 8-030,214 filed February 19, 1996 in Japan, the content of
whi ch is inceiRer akedrRemgpnte.by reference in its entirety for al
purposes. 23 - WHAT IS CLAIMED I'S: 1. A polyacetal resin composition which

conprises abqut 100 pﬁrP%l%c‘é’%bghtre%flnacléﬁlbb%ci%tl@n RAMidhI Rdmprasdual
fluorine concentration of not nore than about 13 ppmand a concentration

of formal dehgbeugenevapadteshey welighpolfaaepall yvasdtaat @dvangakout 230C for
about 30 mnutes in nitrogen of not nore than about 500 ppm from about
0.01 to aboutre8ipgarils fhpomdnghtcooiceant rattiooxicdamot maore fuheam abowtt A.3001 to
about 5 parts by weight of a basic substance. 2. The pol yacetal resin
conposi ti on REFoA#HNg p@ncemérﬁﬁzonwﬁérépﬁmpﬁdebaﬁﬁda@memamgd mden

concentration is not nore than about % he pol yacet al re5|n
conposi tion 5580P8#H@C?6a1CP§|Hﬁﬁteﬂhéﬁe@ OPﬁeZ@Qn@eﬁPFaPP@Ntof

fornaldehydem g%@ggaggdn&%rgggnn%%en%%a%o%go%%a%ogb %t 500 ppm; from

about 0.01 to about 3 parts by weight of an antioxidant;
and from about 0.001 to about 5 parts by weight of a
basic substance.

2. The polyacetal resin composition according to
Claim 1, wherein the residual fluorine concentration is
not more than about 8 ppm.

3. The polyacetal resin composition according to
Claim 1, wherein the concentration of formaldehyde
generated is not more than about 300 ppm.

4, The polyacetal resin composition according to
Claim 1, wherein the basic substance is at least one
compound selected from the group consisting of nitrogen-
containing compounds, hydroxides, inorganic acid salts of
alkali metal, inorganic acid salts of alkaline earth
Fmetals, carboxylic acid salts of alkali metals and
carboxylic acid salts of alkaline earth metals.

5. The polyacetal resin composition according to
Claim 1, wherein the polyacetal is a polymer obtained by
polymerizing trioxane or a mixture of trioxane with a
comonomer in the presence of at least one polymerization

catalyst selected from the group consisting of boron

'THIS SHEET HAS BEEN
REPLACELD




4. The polyacetal resin conposition according to Caim1, wherein the
,basic substance is at |east one conpound selected fromthe group

consi sting of nitrogen- containing conpounds, hydroxides, inorganic acid
salts of alkali netal, inorganic acid_sglts of alkaline earth netals,
carboxylic acid salts of alkali netals an carboxylic acid salts of

al kal ine ear ¢h; pehgksqe?- byi‘%npg!dé(iﬁtﬁ"id%eﬁ&ﬂrﬁ%@pgéhh'f}o%o GanditAYnt O

Claim 1, wherein the polyacetal 1s a polymer obtaine pol ymeri zi ng ‘
trioxane or gofipXbHr BofibolihHO¥@N@NWo-Had i cCeBRPOTRE cBnithenihgsamnce of at

| east one polynerization catalyst selected fromthe group consisting of
boron TH S StkidehlAStBREANdREPEACERr24 totr whlkhoboden hendnubtiibleuori de
hydrate and a coordi nation conplex conpound of an organi c conpound

contai ning ah. oxygen @henpahgaaesalf gompbeitwonhabopeding ftbudliade. 6. The
pol yacetal conposition according to Caim 1, wherein the antioxidant is at
| east one colpowheirein| tbeedntiomidhatgisuptcdmeisst ong obmpomadr ed phenol

conpounds and hi ndered am ne conpounds. TH S SHEET HAS BEEN REPLACED
selected from the group consisting of hindered phenol

compounds and hindered amine compounds.

THIS SHEET HAS BEEN
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