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\ of an alcohol having 2 to 30 carbon atoms and oontammg no nitrogen (US — A —3484399); and a stabilizer

\""’* 20 comprising at least one compound selected from the group consisting of hydroxides, inorganic acid salts
and alkoxides of alkali metals or alkaline earth metals, nitrogen — containing polymeric compounds, and a
hindered phenol (Japanese Patent Publication No. 56 —109839).

It is already known that an ester of boric acid of a glycerol monoester of a fatty acid is useful as an
antistatic agent for oxymethylene copolymer (Japanese Patent Publication No. 57-15616), but this

25 publication does not suggest that the boric acid ester is effective as a stabilizer.

As a method for suppressing the formation of a deposit on the surface of a mold (hereinafter referred to
as MD) at the time of fabrication, there have been proposed, for example, a method using a polyamide
(US—A-2993025 and Japanese Patent Applin. Kokai (Laid —Open) No. 50— 145458) and a method using a
nitrogen compound such as an amide compound or a hydrazine compound (Japanese Patent Appin. Kokai

s0 (Laid—Open) Nos. 57-111346, 57102943 and 59-33353, and Japanese Patent Publication No. 54~
32658).

However, an oxymethylene copolymer containing as additives the metal salt of a faity acid and the
metal salt of an aliphatic alcohol possesses improved physical properties by virtue of the additives when
evaluated in terms of long—term heat ageing characteristics and long ~term hot water resistance, but is

35 disadvantageous in that a test piece thereof undergoes marked browning. An oxymethylene copolymer
containing as additives the hydroxide, inorganic acid salt or alkoxide of a metal, the nitrogen - containing
polymeric compound and the hindered phenol possesses improved long —term heat ageing characteristics

W to some degree by virtue of the additives, but is disadvantageous not only in that spots were formed on a
- test piece thereof in evaluation of the long —term hot water resistance but also in that the copolymer has a

40 lowered mechanical strength. A polyacetal containing as additive the ester of boric acid of a glycerol
monoester of a fatty acid which is an antistatic agent is excellent in antistatic properties but has neither
‘improved long - term heat ageing characteristics nor improved long —term hot water resistance.

The polyamide reported to be effective against MD is undoubtedly effective as an agent for capturing
formaldehyde and suppresses the formation of a deposit caused by formaldehyde. But since the polyamide

45 itself tonds to adhere to a mold, MD is formed owing to the adherence. The nitrogen compound such as an
amide compound or a hydrazine compound adheres to a mold less firmly than the polyamids, but cannot
suppress the formation of MD because it is poor in ability to capture formaldshyde.

Accordingly, the object of this invention is to provide an oxymethylene copolymer which is free from the
defects of conventional oxymethylene copolymers, is excellent in long—term heat ageing characteristics

so and long—term hot water resistance as an engineering resin, and causes formation of only a very small
amount of MD.

In order to develop a stabilizer which improves the Iong —term heat ageing characteristics and long -
term hot water resistance of an oxymethylene copolymer and prevents the formation of MD without
impairing desirable physical properties of the copolymer, the present inventors have devoted themselves to

55 research and have consequently found that the object can be achieved by use of an alkaline earth metal
salt of an ester, this ester being derivable from the reaction of a tribasic inorganic acid with an organic
carboxylic acid monosster of an alcohol having two or more hydroxyl groups. On the basis of this finding,
the present invention has been accomplished.
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cowFai gi ng as additives the hydroxide, inorganic acid salt or al koxi de of a

met al , t RheintR QAE R, MABK May) béthe same or different, are hydrogen atoms, alkyl groups or aryl groups,
and m is an integer of 2 to 6. Although the proportion of the oxyalkylene units is not critical so long as it is
more than zero, it ranges preferably from 0.05 to 50 moles, more preferably from 0.1 to 20 moles per 100
moles of the oxymethylene units. The oxyalkylene unit includes, for example, oxyethylene unit, ox-

25 ypropylene unit, oxytetramethylene unit and oxyphenylethylene unit. Of these oxyalkylene units, ox-—
yothylene unit £(CH2)20} and oxytetramethylene unit {(CH2)+O} are particularly preferred from the
viewpoint of improvement of physical properties of the oxymethylene copolymer.

The oxymethylene copolymer can be obtained by copolymerizing or reacting a formaldehyde, trioxane
or oxymethylene homopolymer with a cyclic formal. The oxymethylene copolymer thus obtained is

so preferably subjected to a treatment for stabilizing the molecular terminals. As a method for the stabilizing
treatment, there is usually employed, for example, a method of esterifying —OH at the terminal of the
copolymer, or a method of hydrolyzing the copolymer until a relatively stable carbon - carbon bond is
located at each terminal.

In the composition of this invention, an alkaline earth metal salt of an ester is used as a stabilizer; this

a5 ester is derivable from the reaction of a tribasic inorganic acid with an organic carboxylic acid monoester of
an alcohol having two or more hydroxyl groups (hereinafter referred to as "stabilizer G").

The alcohol having two or more hydroxyl groups in stabilizer G includes, for example, dihydric alcohols
such as ethylene glycol, propylene glycol, 1, 3-propanediol, 1,2-butanediol, 1,3 -butanediol, 1,4-
butanediol, 1,6 -hexanediol, 1,5-pentanediol, and the like; trihydric alcohols such as glycerol,

40 trimethylolethane, trimethylolpropane, and the like; polyhydric alcohols such as penta erythritol, sorbitan,
sorbitol, mannitol, sucrose, and the like; phenyl— or phenoxy -substituted derivatives such as styrene
glycol, phenylglycerol ether, and the like; and bisphenols such as bisphenol A and the like. Among them,
polyhydric alcohols having three or more hydroxyl groups such as glycerol, trimethylolethane, trimethylol —
propane, pentaerythritol, sorbitan, sorbitol, mannitol, sucrose, and the like are preferred, and glycerol and

45 sorbitan are particularly preferred.

The organic carboxylic acid used in stabilizer G includes acetic acid, propionic acid, butyric acid,
valeric acid, caproic acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic acid, oleic acid,
linoleic acid, behenic acid, etc. Among them, fatty acids having 8 to 22 carbon atoms such as capric acid,
lauric acid, myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid, behenic acid, and the like are

50 preferable, and lauric acid and stearic acid are more preferable.

Preferable examples of the tribasic inorganic acid in stabilizer G include phosphoric acid and boric acid.
The alkaline earth metal in stabilized G includes, for example, magnesium, calcium, barium, strontium, etc.
Among them, magnesium, calcium and barium are preferred.

That is o say, stabilizer G includes magnesium salt of monosster of boric acid and ethylene glycol

s5 monolaurate, calcium salt of monoester of boric acid and 1,6 —hexanediol monostearate, calcium salt of
monoester of boric acid and glycerol monopropionate, calcium salt of monoester of boric acid and glycerol
monostearate, magnesium salt of monoester of boric acid and glycerol monostearate, barium salt of
monoester of boric acid and glycerol monostearate, calcium salt of monoester of boric acid and glycerol
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Although not critical, a methed for producing stabilizer G includes, for example, a method comprising
mixing an organic carboxylic acid monoester of an alcohol having two or more hydroxyl groups with a
tribasic inorganic acid, heating the resulting mixture to remove condensation water, dissolving the com -

45 pound thus obtained in a suitable solvent, and neutralizing the resulting solution with hydroxide of an
alkaline earth metal to obtain the desired compound, and a method comprising mixing an organic carboxylic
acid monoester of an alcohol having two or more hydroxyl groups with an alkaline earth metal salt of a
tribasic inorganic acid, and heating the resulting mixture to carry out condensation (Japanese Patent
Publication Nos. 43 — 14322 and 48 -43371).

50 Either a single stabilizer G or a combination of two or more stabilizers G may be used.

The blending amount of stabilizer G in the composition of this invention is selected usually in the range
of 0.01 to 5% by weight, preferably 0.03 to 1% by weight, more preferably 0.05 to 0.5% by weight. When
the blending amount is less than 0.01% by weight, there is brought about neither sufficient improving effect
on the long-term heat ageing characteristics and the long—term hot water resistance nor sufficient

55 suppressing effect on the formation of MD. When the blending amount exceeds 5% by weight, the
formation of silver streaks or coloring as result of residing in a cylinder of a molding machine tends to occur
at the time of injection molding. Therefore, it is not desirable.
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Furthermore, the composition of this invention can be incorporated with at least one nitrogen—
containing compound selected from the group consisting of polyamides, triazine derivatives and dicyan —
15 diamide.
As the polyamides, there can be used high molecular weight compounds having in the molecular chain
a linkage represented by the formula:

At 2 | O R

(I
—C-N——

25 wherein R is a hydrogen atom or an alkyl group. Specifically, there can be used, for example, polymers
formed from lactams such as caprolactam, laurolactam and the like; polymers obtained by the reaction of
dicarboxylic acids such as adipic acid, sebacic acid, dodecanoic diacid, linolic acid dimer and the like with
diamines such as ethylenediamine, tetramethylenediamine, hexamethylenediamine, metaxylylenediamine
and the like; poly — 8 —alanine (Japanese Patent Appin. Kokai (Laid-Open) Nos. 59-213722 and 58 -

30 213752); and copolymers of these polymers. More specifically, there can be used nylons 6, 12, 46, 66, 610

- and 612, poly(xylyleneadipamide), etc. These polyamides may be used alone or in combination of two or
more thereof.

As the triazine derivatives, there can be used melamine, acetoguanamine, acryloguanamine, etc. These
triazine derivatives may be used alone or in combination of two or more thereof.

35 Of these nitrogen — containing compounds, the polyamides are preferred. .

The blending amount of the nitrogen — containing compounds is selected usually in the range of 0.01 to
§% by weight, preferably 0.01 to 1% by weight, more preferably 0.05 to 0.5% by weight.

W In producing the composition of this invention, the order in which stabilizer G, the antioxidant and the
' nitrogen — containing compound are added, is not critical. The forms of these components are also not

40 critical and may be any of powder, liquid or solution forms.

f desired, the composition of this invention can be incorporated with other additives which are
conventionally included in oxymethylene compositions, for example, antistatic agents, lubricants, inorganic
fillers and reinforcing materials such as glass fiber, glass beads, carbon fiber, etc., and pigments.

By virtue of the addition of stabilizer G to an oxymethylene copolymer, the oxymethylene copolymer

45 composition of this invention not only shows markedly improved tensile strength retention; tensile elongation
retention, and weight retention both in a 140° C long —term heat ageing characteristics test and a 120°C
long - term hot water resistance test, but also undergoes a much slighter change of the appearance of test
molded products in said two tests, as compared with conventional oxymethylene copolymer compositions.
Furthermore, when subjected to confinuous molding, it forms much less MD and is excellent in the

s50 appearance of the molded product, as compared with conventional oxymethylene copolymer compositions.

it is conjectured that the reason for the improvement in the retention of physical properties in such
long —term characteristics tests is that the alkaline earth metal salt contained in stabilizer G acts effectively
as an acceptor for formic acid generated by thermal decomposition of the oxymethylene copolymer.
Furthermore, it is conjectured that the improvement in retention of physical properties and coloring as a

55 result of residing in the molding apparatus is attributable also to the fact that stabilizer G hardly catalyzes
formose formation, unlike hydroxides and oxides of alkali metals and alkaline earth metals which are
catalysts for formose formation. It is conjectured that the reason why only a small amount of MD is formed
in continuous molding as described above is that stabilizer G inhibits adherence of formaldehyde gas to the
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The induwdual retentlon ratios of tensile strength (according to ASTM D-638), tensile elongation
\./ (according to ASTM D —-638) and weight of molded products (measured in 10 mg unit) are calculated based
20 on the following equations:

TS

Tensile strength retention ratio = —Tg— X 100
o

25

Tensile elongation retention ratio = —-g—g—— X 100
30 0

W

%o

Weight retention ratio = x 100

TS: Tensile strength after testing
C TS.: Tensile strength before testing
St TE: Tensile strength after testing
40 TE,: Tensile strength before testing
w: Weight of molded product after testing
W, Weight of molded product before testing
The appearance change of molded products was evaluated as shown in the following (2).

45 (2) Appearance change of molded product

The change of the appearance of an early molded product and a molded product after testing was
observed with the naked eye and rated as follows:
o:  Aslight color change was observed with the naked eye.
50 A: Yellowing was clearly observed with the naked eye, or spots were observed at places on the
surface of a molded product.
x: Browning was observed, or spots were observed all over the surface of a molded product.

(3) Long —term hot ageing characteristic test
A 140° G long—term hot ageing characteristic fest was carried out in a Gear oven (Model GPS - 222,

mfd. by TABAlI ESPEC, Co., Lid.; exhaust duct: 20° opened). The evaluation items and method were the
same as in the long —term hot water resistance test.
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phosphor | Gondiftedl A8 Ghed@Ughed o Betiormbih cslkal EtraeisEuN! thé) suMBeAbr thd\mBiaDprodEENasC

I ncl udes, obkéivedR@ARU Qs follggnesi um cal cium barium strontium etc.

o: Neither silver sireaks nor yellowing was observed on the surface of the moided product.

A :  Silver streaks are observed at places on the surface of the molded product, or yellowing of the
25 molded article was observed.

X: Silver streaks were observed all over the surface of the molded product, or obvious and strong

yellowing of the molded product was observed.

Production of an oxymethylene copolymer
30
Using boron triflucride - butyl ether complex as a catalyst, 98% by weight of trioxane and 2% by weight
of ethylene oxide were polymerized to obtain a crude oxymethylene copolymer. The reaction was stopped
by addition of triethylamine, and the polymer was separated. Then, a mixture of triethylamine and water was
added to the polymer, and the terminal unstable portions of the polymer were removed in a vented extruder
as of 65 ¢. MI of the polymer after the stabilization of the terminals was 8.5 (g/10 min.) This polymer is named
B-1.
In the same manner as described above, 97% by weight of trioxane and 3% by weight of 1,3-
\\‘ dioxepane were polymerized and a terminally stabilized oxymethylene copolymer [MI 8.0 (g/10 min.)] was
o prepared.
40 This polymer is named B—2.

Examples 1 to 36 and Comparative Examples 1 to 11

According to each recipe shown in Tables 1 to 4, the ingredients listed therein were homogeneously
45 mixed in a Henschel mixer. The resulting mixture was passed through an extruder of 50 ¢ to be melted and
stabilized, and a resin was taken out through. a die heat in the form of a strand. The strand was immediately
pelietized, dried, and then subjected to various evaluation checks. The results obtained are shown in Tables
1t0 4.
The symbols in the tables show the following compounds:
50

Stabilizers G:
G-1 calcium salt of monoester of boric acid and glycerol monostearate
G-2 magnesium salt of monoester of boric acid and glycerol monostearate
§5 G-3 calcium salt of monoester of boric acid and glycerol monolaurate
G-4 calcium salt of monoester of phosphoric acid and glycerol monostearate
G-5 magnesium salt of monoester of phosphoric acid and glycerol monolaurate
G-6 barium salt of monoester of boric acid and glycerol monostearate

7



Anphg t hem magnesi um cal cium and bariumare preferred. That is to say,
stabilizer G includes magnesi unba%l#agf‘ 4 gynoester of boric acid and
et hyl ene glycol 55 nonol aurate ciumsalt of nonoester of boric acid
and 1, 6- hexanedi ol nonostearate, calciumsalt of nonoester of boric acid
and gl ycesOh MORRRIrPRi BN AdResid of ckisliBicak lsorBifan FiRRGREERT O boric acid and
gl ycer ol gugaost eivad Sait of gHAEster BNPhEsphéricQitid adsefsithremondétedrdd | ¢ aci d and
gl ycer ol grmost Bt isalt of idhdeslt & dbric a0il andsveritat monoabratbor i ¢ aci d and gl ycer ol
ngg%stear(a-tm; C &dichinusalt strhbnoester BDvAE adidcand @fycddal mooopaapiodatand gl ycerol 3

387 1481110 nmbgnesiab eglt ofrmgmvesterofibaia latid erfd ethyleoegyawl mablatvatei ¢ aci d and
gl ycer ol G20l acalciumesalt obiherioestar obljoric adid and 1 Gcbexanedisf mpriestedséieri ¢ aci d and
gl ycer ol Grotost esigium salt ohmeneestdr ghboyepcid anfl glyesiel ewpebehesgte phosphori ¢ aci d and
gl ycerol nonostearate, calciumsalt of nonoester of phosphoric acid and
o] yceroﬁ""ﬁ’t’ﬂ?ﬁtﬁaurate magnesi um salt of nonoester of phosphoric acid and
gl yc#& ol nonol aurate, cal CI um salt of m)noe ter

gl ycer oI Arohobisttyaree 13 b'th' éis §"ér' ﬂbq"?xﬁggi?y@iprgﬁi?%l g_nggrg‘??r bi t an
monos 33?‘*3?23 %fan e ga%%%%é, 3o oM 8 -

monogt earftse —%e‘t”qeﬁéa] i -%r.tyugﬁenap r(ﬂ'aﬁe Aol FlinSO RISt . by

monol aur a Yoshltoml Pharmaceutical Industries)

Nitrogen - containing compounds:

“A 2  C-1: nylon 66
- C=2: nylon 6/66/610 (40%/30%/30%)
C-3: poly-g-alanine
C-4: melamine
C-5 dicyandiamide
25
Other additives:
D-1: monoester of boric acid and glycerol monostearate
D-2: calcium stearate
30 D-3: calcium ricinolate
D-4: calcium hydroxide
D-5: sodium salt of monoester of boric acid and glycerol monostearate
35
40
45

50

55



magnesi um salt of nonoester of boric acid and sorbitan nonol aurate, barium
salt of nonoester of boric acid a g §,£ nonol aurate, cal ciumsalt of
monoest er of phosphoric acid and E PE#F’ h ﬁgnol aurate, barium 10 salt of
nonoest er of phosphoric acid and sorbitan nonol aurate, etc. The chem cal
structure of the stabilizer G has not been identified yet, however, a

possi bl e structure thereof could be shown as follows if calciumsalt of
nonoest er of borjpe—pe+H—ef—gyreerol—rgrostegratie— as—ah !
ilJustrative exahpl p: 5 Bexr] 25 [drr]| (1]V1)] 30} [ efr]] 40| APt hough
not—cristi cal , a pret hod| fon . $roddci fg qtaljil ijzer| Gli ncf udes, | fof eka®¥ple, a
met hod conpri si ngen} xi @ &L FoaB 4 LJrDPGI|i & B tEB pB fngal cohol
havi ng two or m)rﬁ hyd (g<gl_3 grodips jwetihr g rli Bstc] 1 i c—albt heati ng
the resulting m kfu}e, 1 % ve jconderjsatji orl wat er pl vl nglthé com - 45
pound thus obt ai hd| im|a sultahlle dolent n el izl nglthe resulting
soluti &h with hyHoki<de of @n alikalling egqrtt} mgtal] tol obfaip the flesired
conmpound, and a [t hed isinq: 1 Xi ng jan for aniic carbOéy i C
Hg::gacgcgggggogg
g voe @ | AflAalalalalals]le=a]~A]~
C i)
g 0L
15 & o
]
= )
a3 ™
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aci d nonoester of an al cohol having two or nore hydroxyl groups with an

al kaline earth netal salt of a i iL¢. b@Organi c acid, and heating the
resulting mxture'to carry out Egﬂg’%ﬁggfbgn (Japanese Patent Publication
Nos. 43-14322 and 48-43371). 50 Either a single stabilizer Gor a

conmbi nation of two or nore stabilizers G may be used. The bl endi ng anount
of stabilizer Gin the conposition of this invention is selected usually in

the range -of 0.01 to 5% by wei gl{—p+eterfbl 103 to 1% by wei ght, nore
preferably 0.05 to 0.5% by weighf. Weph the bl egding anount is |less than
0./91% by wei ght, there is brought aboul n¢ither {sufficient inproving effect
on the long -term heat ageing Cﬁg agelg':;lg'(gelnd the long -term hot
wat er resistance nor sufficient b $uappressr g gffect on the formation of
MD. When the bl endi ng anount exceed$ 5% by wgi ght, the formation of silver
streaks or coloring as result ofdresidinglinla_dylinder of a nol ding
machitme tends to occur at the tife ¢f iinj¢ctilon|nolding. Therefore, it is
not desirable. 4 EP0328714B1 fnt il oxildant s {whijch are conventionally used
in oxynet hyl ene copol ymer conposi{ ¢/8{&n) Bd Syrther included in the
conposition of this invention. As "t;;e'* aritifokildant s, hi ndered phenol s,
hi ndeg ed am nes, etc.
1
—t ~ —{ ~ -
- alaldlala
Sk 20
°
:__‘ i 1 } i 1
25 S
Q
- 1 | ! ! |
(]
30 =
14}
B wlonlwinlw
clelelo|o
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can be used. Specifically,

there can be used phenols such as 2,2

met hyl ene - bis(4 - nethyl -6- t - l.phenol ), triethylene glycol -
bis[3 - (3 -1t - butyl - 5 - net hfr%%zéﬁ4wdroxyphenyl)prop| onate], 5
pentaerythrityl - tetrakis[3 - (3,5 - di -t - butyl - 4
hydr oxyphenyl ) pr opi onat e], 1,6 - hexanedi ol bis[3 - (3,5 - di -t -
butyl -4- hydroxyphenyl)propionate],distearyl - 3,5 - dibutyl -4-
hydr oxybenzyl phjsp'mna'rp and nwhe jle: and anmines asyp3. b -diy- t -
butyl -4- hydroxyphgeny 3,5 - diﬁtear [ yl am ne, N - |pkenyl -
N ~"isopropyl -fp{ p e&nﬂl enedifagifng, ° Poiq o
phenyl enedi am ne| 4}4 ,ﬂaﬁs(4 - la [ljerri] zyl ) di phenﬂ m§he,
N,Ndi - [err] -]napht phdryHen . Il ke these an
- 10 tioxidants} 2{2 @ghyl ene-bis(4- | phenBI) trijetthyl ene
gl ycol - bi s[3-(3-1- byt yl-Hs grethyla 14> Ihy rgp htee] © and
pentaergthrityl itefrga i$§1 - (‘,GE\) i ' h,/gppkl:'e <
yphenyl ) pr opi onat €] al namﬂr.ularlipff ernpref the
conposition of this}in g;nbm)n cgn Qe ijncarpoyated With af | gast o?e
nitrogen - contajnih @ngouud~selected flronp t he gyoup cpns|stingjof
pol yami des, triafi ng&i rd @28 evied arldwdi S L2162 pRapRdex ASS { e
pol yam ﬁes t her ¢ C%An & 928 hijgh |nollecul ar] wej ght cpnmppungls havijng in the
mol ecul ar chai n R | | nk #ge—+epregentiet-by—therormra126ret+25tnwherein R
I's a hydrogen at org or ¥m§ kyl drodp. [Specifjcally} tperg can lbe dsed, for
exanpl e, polynerg g oL
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forfred fromlactans such as caprolactam |aurolactamand the |ike; polyners

obt ai ned by the reaction of di Cgp I.}aga‘ci ds such as adipic acid, sebacic
aci d, dodecanoic diacid, linolicC aci (]l mer and the |ike with diam nes such
as et hyl enedi am ne, tetranethyl enedi am ne, hexanet hyl enedi am ne,

met axyl yl enedi am ne and the like; poly -, - alanine (Japanese Patent Appln.

Kokai (Laid - Open) Nos. 59-213722 and 59- 30 213752); and copol yners of
these pol yners. Mre specificaldytthpreicapn he ysed nylons 6, 12, 46, 66,
610 .and 612, pol y(xylyl eneadi pajm dg),let¢. These pol yam des nmay be used

al ohe or in conbination of two pio phar g 4 her ¢af | S the triazine
derivatives, there can be used [rel pm phe, | ac¢t oguadnam ne, acryl oguanam ne,
etc. These triazine derivativestrmay e upedtat n& or in conbination of two
or nore thereof. 35 O thesp n{trpgeh - |contai ni ng compounds, the

pol yanmi des are preferred. The bjEnfith¢ch th ¢f the nitrogen - contaihing
conmpdUnds is selected usually ih the fange ¢f @.01 to 5% by wei ght,
preferably 0.01 to 1% by wei ghtd—b~etp+ y 0.05 to 0.5%by weight. In
produci ng the conposition of th{s {nvéntijon} the order in which stabilizer
G the antioxidant and the nitrpgeh.cont qiniing iconpound are added, is not
critigal. The fornms of these cofrpohent are|afqo not 40 critical and may
be any of powder, liquid or solution forms. {If ldesired, the conposition of
this invention can be incorporated Win Pt ngr 4ddditives which are

|

conventional ly included in oxyngthyl ehe ¢ongosijti ons, for exanple,
antistatic agents, lubricants, tnotgamicifilll els and reinforcing materials
sueH s gl ass fiber, glass bead$s ¢ héh|{f@ QR ,| etc., and pignents.
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By virtue of the addition of stabilizer Gto an oxynethyl ene copol yner, the
oxynet hyl ene copol yner 45 conpos@pda %ﬁ4%ﬂi5 I nvention not only shows

mar kedly i nmproved tensile strength retention; tensile elongation retention,
and wei ght retention both in a 140 * C long - term heat ageing
characteristics test and a 120" Clong -term hot water resistance test, but
al so undergoes a nuch slighter change of the appearance of test nol ded
products in said two tests, as conmpared with conventional oxymethylene
copolymer conpositions. Furthernore, when subjected to continuous nol ding,
It forms nuch less MD and is excellent in the 50 appearance of the nol ded

product, as conpared with conngtlonaI oxynethyleqe qopolyner conposi tions.
It Is conjectur t frat-ttre—reasprr—forTth P gretferty T t~1 et thon of
physi cal propertfes|infguch | ong-tg¢rmichgraqterii stji cs| tests} isjthhtothe
al kaline earth netal salggcontained in stiabill i Zer |G acts| effecti vply as an
accept & for forpic| ac| &Beneral & |y {tPgrPgl ©dednBasPtii 8n] 8f | the §
oxymet hyl ene coppl yher| <@rt her fror ¢, ijt ijs qonjlectjuregd tjat| t hp i ppPovenent
in retention of phy5|c;[,proper Ieg anjd doldrinqg ds a resuj t of!
residing in the pol fin gﬁgg@g@t S\is,atdrikytadl & ﬁ#gbmtomthg gp} t hat
stabiligzer G harfly}ca (Dgzas”f?mntse farimatji on, o | ke hedy ex| ey and
oxi des of al kali ne %ﬁszandjdrkallre dartlh netal s which jarej cajal ysts for
fornose formati ohw |bs S COT eCyurga—fiTaty—t Teas|oT vy ony & sial |
amount of MD is f& péd |n2&9nt||u0Ls fol di nd as descrj bed apove i $ that
stabilizer Ginh|kit& ddhBrEnce |of |f orjmal dehyds¢ gas tb the p
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EP 0 328°714 Bl surface of a nold. Mreover, the formation of MDis

suppressed synergistically by t
conpound. Because 'of these adva

B4 g

conposition of this invention can w thstand enpl oynent

n of the nitrogen -
oxynet hyl ene copol yner

cont ai ni ng

in a severe

at high tenperatures or in hot water

| armount of MD even in

ind can contribute greatly to
'This invention is further

eX ol | ow ng exanpl es.
@nparative Exanples were

resi stance test 15 A

carried out by means of an
bei oni zed water was used as
owret er were set, and the

t hod. The i ndi vi dual

to ASTM D-638), tensile
ht of nol ded products
0 on the follow ng

50

55
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environment, for exanple, enploynent
for a 5 long period of tine, prab—oftyta—$ralt
continuous molding for a long peripd of {imd, 4
iqg&ovenent of the productivity} Ekanples 10
ilTastrated in nore detail withj©efeérerce 2o 24
Characteristics of conpositionsjinj Exanpkes}and
eval uated as follows: (1) Long frefmmiiotiwayer
[err] long-term hot water resis%g1gg test, yas
aut ocl ave having a pressure regp Fngoviloveg .o [}
test Mvater. A tenperature contrpl pni a%d fl
test was carried out by a [err]4++H-prhg—etgr—
.retention ratios of tensile strength {acg¢or di ng
el ongation (according to ASTM Df - $38] amd \Wei g
(meagyred in 10 ng unit) are ca AUl & e hEsed 2
equat 1 ons:
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Tensile *strength retention ratio = [err] x 100 25 Tensile

el ongation retention ratio = 00 30 Wight retention ratio
= [err] x 100 35 TS: Tensi | eél:‘saérrsiesn&‘i?éfter testing [err] Tensil e
strength before testing TE Tensile strength after testing 40 [err]

Tensile strength before testing W Wei ght of nol ded product after
testing [err] Wei ght of nol ded product before testing The appearance

change of nol de¢—produtts was gvaluatgd pgs pnopn | n {heffofTomng (2). 45
(2) Appearance ¢hange of nol dea prioduct [Thej change of the dppéargnce of an
earty sol ded pr¢duct and a nol ded jprogducf ajtef testinglwag oljserjved with
the naked eye and®wabed as fol ljowsf 0 A Bli bht color |chgngg wgs observed
with the naked ¢y@3 5@ [efr]| [el]low ngiwap cleall ylobseryed with the
naked eye, or spoy 3 W& e observied ht bl afes|on|the
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surface of a nol ded product. x: Browni ng was observed, or spots were
observed all over the surface OE g Hq§g1product. (3) Long - term hot
agei ng characteristic test 55 A r r#? I'ong-t erm hot agei ng characteristic
test was carried out in a CGear oven (Mdel GPS-222, nfd. by TABAI ESPEC,
Co., Ltd.; exhaust duct: [err] opened). The evaluation itens and net hod
were the sane as in the long - termhot water resistance test. 6 EP O

328 714 Bl (4) Evaluation by a cpntfnupusTnolfdifg test |njection nolding
chi ne: JSWN7OA (nfd. by THE JPPAN STEE K$, Ltd.) Cylinder
t enper at ur e: [err] C5 I njegti on pregsune: 40 [err] Injection tine:
5 sec. cooling 5 sec. Mol d tenpegat{re: 90" ¢ and 30 C
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Conti'nuous nolding into JIS No. 3 tensile speci nens was conducted 5, 000

shots under the above nol ding condlt ] er which the state of a
deposit on a nold was observed w %ﬁ#ﬁgé‘ﬁgﬁé{j eye and rated 10 as

foll ows: O: No nol d deposit was observed. 1: Substantially no nold
deposit was observed. 2: - Athin nold deposit was observed. 3: An
obvi ous nol d deposit was observed. 15 4. A thick nold deposit adhered
to the whol e surflacq offa_omld B)1 Anpbeatante ehapgejof 1a nol ded jproduct
af tier, resi stance finjan |i njeecti onf no{ di hg fachi n¢ Aflt en ré~siqenCe ifn an
i nj €ction nol di ng ngchi ne§ ype Al | [oupdef 221 5%-2%0, |nfd. Hy ARBYRG
for 20 1 hour at § matjefi@l tenper hul & b 230 |’ Co fubdiad &rte |t &st
pi eces having abdué 3 X BES 20| B 8 k8 3| DN Ri¢tT4 .S 4T 1B Begr§e of
the formation of |skllver §t38aks pn [he|lsuffage ¢f fhe|mljded prioduct®was
observed and rat dd3ds,flofI%¥s: 0 Nel t hér $il Ver [stieaks dor lyelll ow ng
was obs®@rved on t|h§ [sHrffacecof the hol fed|pr ddudt. |A: $i | Jer |strleaks are
observed at pl acqs“crbt hg $8rfack of the pol ﬁjed pr(duSt, or lyelil owi ng of
the 25 TodeR PLiTEl o vaS PBSPEIPE |8 | S 1@ [R11@ksaver e
observed all over] §He supfiage*of} the—nprde br—ogiucﬁ ~ @r— Qbyijowq -and strong
yel | owi pg of the néljded grbguct as| obper yed '
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Producti on of an oxynethyl ene copol ynmer 30 Using boron trifluoride - butyl
et her conplex as a catal yst, 98%P3M§%%iﬂﬁﬁ of trioxane and 2% by wei ght of
et hyl ene oxi de were pal yneri zed taln a crude oxynet hyl ene copol yner.
The reaction was stopped by addition of triethylamne, and the pol yner was
separated. Then, a m xture of triethylamne and water was added to the
polynmer, and the term nal unstable portions of the polyner were renoved in
a vented extruder 35 of 65 [erri= peyner after the stabilization
of tthe termnals was 9.5 (g/10 | yfervis named B-1. In the sane
manAey as descri bed above, 97% trijoxane and 3% by wei ght of

1,3 - dioxepane were polynerize | ywstabi | i zed oxynet hyl ene

ral
copolymer [M 9.0 (g/10 min.)] 124 T&is polyner is named B -
2. Exanples 1 to 36 and Conparafi 1 |to°11 According to each
reci pe shown in Tables 1 to 4, tsllibted therein were
honogeneously 45 mxed in a Fb?schel m ¥er.{ The resulting m xture was
passed t hrough an extruder of 50 [¢rr]{ td beg |ted and stabilized, and a
resin was taken out through a dig;fqgl @ ghegfform of a strand. The strand
was i medi ately pelletized, drigd |and then |stdbj ected to various eval uation
checﬁg. The results obtained arg showt in T#bles 1to 4.
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The ‘'synbols in the tables show the foll ow ng conpounds: so Stabilizers G G
- 1 calciumsalt of nonoester 58?9%5F4§fi d and gl ycerol nonostearate G
0

-2: magnesi um sal t of nonoest et ric acid and glycerol nonostearate
55 G -3: calciumsalt of nonoester of boric acid and gl ycerol
nonol aurate G - 4: calciumsalt of nonoester of phosphoric acid and
gl ycerol nonostearate G -5: mag'nesium salt of nonoester of phosphoric
acid and gl ycer ¢t—Tjongtgurate =0} b yatT—ot—mprrogstgr—qf boric
agi d: and gl ycerg¢l rfonds§earate {7 BEP O{ 32B 744 B1 G -T: g¢al i uym sal t
of neester of {boric |agi% and {s8rpPth® np$t e 4t |G 1R | © |cdlicigim sal t
of nonoester of {phdspHofit acid and sprb]tap m)nos;teeﬁrate G -9: “harium
salt of monoester gf Horic aci anE sprbftah mpnolfaufat ¢ Gf-1 cgl ci um
: : s . S
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5 'G-11: magnesi um salt of nonoester of boric acid and ethyl ene gl ycol
monol aurate G -12: cal ci um sald d)ézargm%qst er of boric acid and 1,6 -
hexanedi ol nonostearate G -13: alciumsalt of nonoester of boric acid
and gl ycerol nonobehenate Antioxidants: 10 A-1: triethylene glycol -
bis[3 - (3 -1t - butyl - 5 - nethyl - 4 - hydroxyphenyl)propionate] (trade

name: |nganox 245, nfd. by Cba - Geigy Co.) A2 pentaerythrityl -
tetrakis[3 -(3,5- di -t - butyff= hydrpxyptrenyl ) propi onate] (trade nane:
In -, ganox 1010, nfd. by Cba Qigy O.)|is A,-3: 2,2 - methylene -
bi5(4 - methyl -6- t - butyl pheh8l) | Paf® p&he: oYoshi nox 2246, nfd. by
Yoshitom Pharnmaceutical Industfies) N tfogen {containing conpounds: 20
C 1: nyl on 66 C-2: nyl on 6/66/p10} (4p% B0 3@H C- 3: poly -,[err]
-al anine C -4: nel amine C -5:f _ dLC/gnaliwaﬁhde 25
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EP 0" 328°714 Bl [err] EP 0 328 714 Bl [err] EP 0 328 714 Bl of a
tribasic inorganic acid with an o | oxylic acid nonoester of an

al cohol having two or nore hydrox%?ag?gaggép2. A conposition according to
Claim 1, wherein the al cohol is a polyhydric al cohol having three or nore 5
hydr oxyl groups. 3 A conposition according to Claim2, wherein the al cohol

is glycerol or sorbitan. 4. A conposition according to gny of the clains 1
to 3 wherein theg orjganfc garboxyrT¢ agrafor jrhg-orgarfrc {10 cal bexylic
ang,nDnoester ifs fattyg%Fld having 8 tlo 42 dar Qon jat gns. o
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5. A conposition according to claim4, wherein the organic carboxylic acid
of the organic carboxylic acid EPBQ?ﬁEﬁIBHS lauric acid or stearic acid. 15
6. A conposition according to any of the clainms 1 to 5, wherein the

i norganic acid of the ester of tribasic inorganic acid is boric acid or
phosphoric acid. 7. A conposition according to any of the clains 1 to 6,
wherein the alkaline earth metal salt is a nagnesium calciumor barium

salt. 20 & Alcofpos o-toany-otte—ttatmst o4, wherein
t he .content of the { is| 0.01 to p% py Wweight] 9} Ajfcorposition
acecosdi ng to gny |of |tB& cl ai tol 8,1 whi éh| addi*t { dhal™ ¥ *t4¢npr}i s& at
| east one 25 ni tir9gen -cdnt ai nijng conpouphd sel gct ¢d firoh t e ¢t oup
consi sting of polfyarfi ggs, Trrfazrjne deryvaft ves and[dr ¢yaram de |beidhg
bl ended to the spabngéﬁg oxyImgt hy! ge copal yret . 1Q. cqqxoglt!qn
according to clalnls;achsrevn hle~n§ &r pgeh - ¢on{ & hiend cdnpquid is a
pol y#mi de. 30| 11.wA gonposition acgording te chaign 9jor |10, ﬂﬂgrein t he
content of thé nilt#dgen +conifai nf ng| cofrpopnd|is{0.1 t¢ 5 (% Qy°vei ght .
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Urset zung einer tribasischen anorgani schen Slure mt einem Mnoester einer
organi schen Carbon - saure eines #5%9.8? Byt zwei oder nehr

Hydr oxyl gruppen erhaltlich ist. usamrenset zung genr nB Anspruch 1,
wobei der Al kohol ein Pol yhydroxyal kohol mt drei oder nehr Hydroxyl gruppen
I st. 3. Zusammensetzung gem aB Anspruch 2, wobei der Al kohol d ycerin oder
Sorbit ist. 45 4. Zusamensetzung genraB ei nem der AnsprUche 1 bis 3,
wobei di e organi sche Carbonsaure in dem Monoester der organi schen

Cay bonsaure eine Fettsaure mt- 8 bis 22 Kohl enstoffatonmen ist. 5.
Zusgmenset zung gemAB Anspruch 4, worin die organi sche Carbonsaure in dem

Monoest er der orjgani schen Car bopsayr e, Layr i p - ,0dgr $tegrinsiyre ,st. 50 8.
Zusammenset zung [genii aB gi nem def Ahspf Uche bils %, Woriln di e [andr gani sche
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and, as a stabilizer, an alkaline earth metal salt of an ester, this ester being derivable from the reaction
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1. A stabilized oxymethylene copolymer composition, comprising a blend of an oxymethylene copolymer
and, as a stabilizer, an alkaline earth metal salt of an ester, this ester being derivable from the reaction
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of a tribasic inorganic acid with an organic carboxylic acid monoester of an alcohol having two or more
hydroxyl groups .

2. A composition according to Claim 1, wherein the alcohol is a polyhydric alcohol having three or more
hydroxyl groups.

3. A composition according to Claim 2, wherein the alcohol is glycerol or sorbitan.

4. A composition according to any of the claims 1 to 3 wherein the organic carboxylic acid of the organic
carboxylic acid monoester is a faity acid having 8 to 22 carbon atoms.

6. A composition according to claim 4, wherein the organic carboxylic acid of the organic carboxylic acid
monoester is lauric acid or stearic acid.

6. A composition according to any of the claims 1 to 5, wherein the inorganic acid of the ester of tribasic
inorganic acid is boric acid or phosphoric acid.

7. A composition according to any of the claims 1 to 6, wherein the alkaline earth metal salt is a
magnesium, calcium or barium salt.

8. A composition according to any of the claims 1 to 7, wherein the content of the stabilizer is 0.01 to 5%
by weight.

9. A composition according to any of the claims 1 to 8, which additionally comprises at least one
nitrogen ~ containing compound selected from the group consisting of polyamides, triazine derivatives
and dicyanamide being blended to the stabilized oxymethylene copolymer.

10. A composition according to claim 9, wherein the nitrogen — containing compound is a polyamide.

11. A composition according to claim 9 or 10, whersin the content of the nitrogen - containing compound is
0.1 to 5 % by weight.

Patentanspriiche

1. Stabilisierte Oxymethylen — Copolymerzusammensetzung, die eine Mischung aus einem Oxymethylen —
Copolymer und, als Stabilisator, einem Erdalkalimetallsalz eines Esters umfaBt, wobei der Ester durch
Umsetzung einer fribasischen anorganischen Sdure mit einem Monoester einer organischen Carbon -
s8ure eines Alkohols mit zwei oder mehr Hydroxylgruppen erhéltlich ist.

2. Zusammensetzung gemiB Anspruch 1, wobei der Alkohol ein Polyhydroxyalkohol mit drei oder mehr
Hydroxylgruppen ist.

3. Zusammensetzung gemiaB Anspruch 2, wobei der Alkoho! Glycerin oder Sorbit ist.

4. Zusammensetzung gem#B einem der Anspriiche 1 bis 3, wobsi die organische Carbonsiure in dem
Monoester der organischen Carbonsiure eine Fettsfiure mit 8 bis 22 Kohlenstoffatomen ist.

5. Zusammensetzung gem&dB Anspruch 4, worin die organische Carbonsiure in dem Monoester der
organischen Carbonsdure Laurin— oder Stearinsiure ist.

6. Zusammensetzung gem#B einem der Ansprliche 1 bis 5, worin die anorganische Siure in dem Ester
der tribasischen anorganischen Sdure Borséure oder Phosphorsure ist.

7. Zusammensetzung gemiB einem ‘der Ansprliche 1 bis 8, worin das Erdalkalimetallsalz ein
Magnesium —, Calcium -, oder Bariumsalz ist.

8. Zusammensetzung gem&B einem der Anspriliche 1 bis 7, worin der Gehalt an dem Stabilisator 0,01 bis

5 Gew.— % betréigt.
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9. Zusammensetzung gem&B einem der Anspriiche 1 bis 8, die zus#tzlich mindestens eine Stickstoffver -
bindung, ausgewi#hit aus der Gruppe der Polyamide, Triazinderivate und Dicyanamid, enthilt, die dem
stabilisierten Oxymethylen— Copolymer zugemischt ist.

10. Zusammensstzung gem&B Anspruch 9, worin die Stickstoffverbindung ein Polyamid ist.

11. Zusammensetzung gem#B Anspruch 9 oder 10, worin der Gehalt an der Stickstoffverbindung 0,1 bis 5
Gew. - % betrégt.

Revendications

1. Composition de copolymére d'oxyméthyiéne stabilisé, ladite composition comprenant un mélange d'un
copolymére d'oxyméthyléne et, en tant que stabilisant, d'un sel de métal alcalino -terreux d'un ester,
ledit ester étant capable de provenir de la réaction d'un triacide minéral sur un monoester d'un acide
carboxylique aromatique avec un alcool ayant deux groupes hydroxyle ou plus.

2. Composition suivant la revendication 1, dans laquelle ledit alcool est un alcool polyhydrique ayant trois
groupes hydroxyle ou plus.

3. Composition suivant la revendication 2, dans laquelle ledit alcool est le glycérol ou le sorbitan.

4. Composition suivant I'une quelconque des revendications 1 3 3, dans laquelle I'acide carboxylique
aromatique du monoester d'acide carboxylique aromatique est un acide gras ayant de 8 & 22 atomes
de carbone.

‘8. Composition suivant la revendication 4, dans laquelle I'acide carboxylique aromatique du monoester
d'acide carboxylique aromatique est I'acide laurique ou I'acide stéarique.

6. Composition suivant ['une quelconque des revendications 1 & 5, dans laquelle I'acide minéral du
monoester du triacide minéral est I'acide borique ou I'acide phosphorique.

7. Composition suivant I'une quelconque des revendications 1 4 8, dans laquelle ledit sel de métal
alcalinoterreux est un sel de magnésium, calcium ou baryum.

8. Composition suivant I'une quelconque des revendications 1 3 7, dans laquelle la teneur en stabilisant
est de 0,01 4 5 % en poids. ’

9. Composition suivant 'une quelconque des revendications 1 3 8, comprenant en plus au moins un
composé d'azote choisi dans le groupe comprenant les polyamides, les dérivatives de triazine ot le
dicyanamide qui est melangé au copolymére d’oxyméthyléne stabilisé.

10. Composition suivant la revendication 9, dans laquelle le composé d' azote est un polyamide.

11. Composition suivant la revendication 8 ou 10, dans laquells la teneur du composé d'azote est 0,1 4 5

% en poids.
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