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40 "pol yacetal conposition. The specific PIP-T HALS useful in the
conpositions of the present |nventbp%‘ﬁ§QB§Ehnomn conpound and nore
preferably, an al kylated derivative of a conmpound simlar to the known
conpound. The known conpound is specifically disclosed in U S. 4,547,538
and European Patent Application 0 299 426 and it has the follomnng

structure (1): 45 50 PSP EP O 448 037 Bl [err] CH3
CH3 [err] '
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oxo-piperazinyl
[err] [err] [err] giﬁ%&?ﬂe rzngp P Y
0Xx0- pi per azi nyl r|n ring (I1)
(1) .
o i
The nitrogen in the piperazinone ring of the oxo-piperazinyl ring to which the hydrogen (-H) is attached is
hereinafter referred to as the hindered N*atom. The hindered N* atom of (I) is of secondary amine
functionality. Structure (I} is hereinafter referred to as the unalkylated secondary amine PIP-T HALS (l).
1 20 The preferred PIP-T HALS is a derivative of a compound similar to the known compound (I) and it has
the following structure (ll):
2 |
PSPy \'——PSPJ_ where PSP} = (fﬂz)p-N-
. N N
30
PSPy '
A
35
triazine _ oxo-piperazinyl
ring ring
(2 (11)
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where A = methyl, ethyl, or propyl, preferably methyl; R!, R2, R3, and R* each independently represent Ci-
Cs alkyl, or, when together cyclized, R' and R?, and R® with R*, represent Cs-C; cycloalkyl; R® represents
C1-Cs alkyl, Cs-C; cycloalkyl, C7-C12 aralkyl, hydrogen and phenyl; R® represents C;-C2 alkyl and Cs-Ci2
cycloalkyl; and p represents an integer in the range from 2 to 12. The nitrogen in the piperazinone ring of
the oxo-piperidinyl ring to which the -A substituent is attached in the hindered N* atom, as in (I), above. The
hindered N* atom is alkylated and it is of tertiary amine functionality. Structure (Il) is hereinafter referred to
as the alkylated tertiary amine PIP-T HALS (lI).

Although it is stated in U.S. 4,547,538 that the unalkylated secondary amine PIP-T HALS (l) can be
incorporated into any of several organic materials, polymers included, polyacetal is not specifically
disclosed as being a material into which this compound can be incorporated. Further, it is not necessarily
true that compounds that are effective (or not effective) in most other polymers will also be effective (or not
effective) in polyacetal. Part of this reason for this phenomenon is that polyacetal, when melt processed,
gives rise to formaldehyde evolution. A compound incorporated into a polyacetal may adversely react with
the formaldehyde that is evolved during the melt processing of the polyacetal and thereby may not be
effective in the polyacetal even though it is effective in other polymers in which formaldehyde is not evelved
during melt processing. Further, the compound may be effective for its particular purpose in polyacetal but,
if it reacts with the evolved formaldehyde, it may have a significant adverse effect on the other properties of
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The compound is disclosed as being useful for stabilizing organic materials against ultra violet light
degradation. Polyacetal is not specifically mentioned as such an organic material.
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light in the absence significant | oss of nelt- ing stability
and retention of phy operties. Background Hst ent 4,547,538
and Eur8pean Patent Appl cation 0 299 426 disclosé s rehil) above. 40
Structure (I) is disclog , s [err] [err] [errpdCH
0XO0- pi perazi nyl ring R3 ) he conmpound is
di-scl osed as being useful for stabilizing organic materj als against ultra
et i ght degradation. Polyacetal is not specificallpy nmentioned as such
an organic material. 4 EP O 448 037 Bl Techni ques for substituting off
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35 | (II)

_ - where A = methyl, ethyl, or propyl, preferably methyl; R', R?, R?, and R* each independently represent C;-
\_‘ Gs alkyl, or, when together cyclized, R! and R2, and R?® with R*, represent Cs-Cy cycloalkyl; R® represents
40 Ci-Cs alkyl, C5-C; cycloakyl, C;7-Cy2 aralkyl, and phenyl; R® represents Ci-Ci2 alkyl and Cs-Ci»
- cycloalkyl; and p represents an integer in the range from 2 to 12, and wherein the above-stated weight
percents are based upon the weight of components (a) and (b) only and provided the pH of an aqueous
suspension of component (b) is in the range of 5-10 for polyacetal copolymer and 5-8 for polyacetal
homopolymer.
45 Although the preceding composition is most preferred, the present invention also relates to polyacstal
compositions containing (a) 95.0 to 99.95 weight percent of a polyacstal polymer and (c) 0.05 to 5.0 weight
percent of an unalkylated secondary amine PIP-T HALS having the structure
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Wl R
\“’40 _ Rl
PSP, R4 ZR2
R3 N
|
A
45
triazine oxo-piperazinyl
ring ring Y

(11)
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where A = methyl, ethyl, or propyl, preferably methyl; R, R?, R3, and R* each independently represent C;-
Ce alkyl, or, when together cyclized, R' and R?, and R® with R*, represent Cs-C7 cycloalkyl; R® represents
C1-Cs alkyl, Cs-C; cycloalkyl, C7-Ci2 aralkyl, hydrogen and phenyl; RS represents Ci1-Ci2 alkyl and Cs-Ci2
55 cycloalkyl; and p represents an integer in the range from 2 to 12.
This invention also relates to polyacetal compositions light stabilized with the unalkylated secondary
amine PIP-T HALS (1) having structure



EP 0 448 037 Bl PSP2 5 [err] [err] CH3 10 triazine

0XO0- pi perazi nyl ring : EP 0 448 037 B1 ring (1) 15 wherein
t he above-stated wei ght percents aref%aseg upon the wei ght of conponents
(a) and (c) only and provided the pH of an aqueous suspension of the
conmponent (c) is between 5-10 for copol yner pol yacetal and 5-8 for
honopol yner pol yacet al pSE9 The conpositions of the preserlsinvention
possess good i ght stfgliity and do not suffer a significant{ | oggsof
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processifng stabilityapd/ ON ret ewhere PSPohws Ne(CHy)gpN i es n exposure
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or the retention of zine properties upon &Mﬁﬁﬁﬂkﬁtﬁﬁ*kﬁi and air. 30

More specifically, t 9referred enbodi nent off¥Ng s invention relates to

pol yacetal conpositions |ight stabiliﬁgd‘mdth the alkylated tertiary am ne

PIP-T HRLS (11) having the structure 35 [err] | 40 [err] 45 triazine

ox0<pi perazi nyl ring . ring 50 where A =

et hyl,  etday wher&ih thB pRRY AN aqiéda SUsAdMsiYn Site Boinporbfid) Is A tl{eeﬁrfg]a d6R6{d below.

I ndependently represent [err]- [err]alkyl, or, when together cyclized,
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phenyl ; [ er r ] Theeprpfewasincomppsition |of dtlekrbsoatnidvep¥onrdonsists essentially of (a) 95.0 to 99.95 weight
percent of a polyacetal polymer and (b) 0.05 to 5.0 weight percent of an alkylated tertiary amine PIP-T
HALS with the structure (i)

25
6
. o i
| PSPy PSPy whete PSP; = (CH2) p-N-
N\ O |
30 N N N o]
rl
PSPy R4 R2
R3
35
- A
) triazine oxo-piperazinyl
s ring ring Y
40

(11)

where A = methyl, ethyl, or propyl, preferably methyl; R?, R2, R3, and R* each independently represéent C;-

45 Gg alkyl, or, when together cyclized, R' and R2, and R? with R*, represent Cs-C; cycloalkyl; R® represents

C1-Cs alkyl, Cs-C7 cycloalkyl, C7-Ci2 aralkyl, hydrogen, and phenyl; R¢ represents Cy-Ci2 alkyl and Cs-Ci2

cycloalkyl; and p represents an integer in the range from 2 to 12. Preferably, this composition consists

essentially of 98.5 to 99.95 weight percent component (a) and 0.05 to 3.5 weight percent component (b).

More preferably, this composition consists essentially of 98.0 to 99.95 weight percent (a) and 0.05 t0 2.0

50 weight percent component (b). All the above weight percents are based upon the amount of component (a)
and (b) only.

Another composition of the present invention consists essentially of (a) 95.0 to 99.95 weight percent of

a polyacetal polymer and (c) 0.05 to 5.0 weight percent of an unalkylated secondary amine PIP-T HALS
with the structure (1)
55



55 cglcloarl kyl; and p represents an integer in the range from2 to 12. This
I nvention also relates to pol yac ttions light stabilized with the
unal kyl ated secondary am ne Pl P- %ﬁfggwéhavi ng structure 6 EP 0 448
037 Bl [err] 5 [err] [err] 10 triazine -

0X0- pi perazi nyl ring ring 15 and wherein
the pH of an aqueous Pﬁ?s%oensi on of the conponent (c) is wi tqﬂm t he range

descri bed bel ow. The nmposi tions 20 The preferred conp t he
present invention essenti al I¥ Bf 6a %gﬁg to f9. | ght percent
of a pel yacetal pol n@ d (b)"eEe P3Pz § Hsi )35 n al kyl at ed
tertiary amn P- L | t he structur 1) 25 -

N [err] Atriiflgﬁe - Vﬁélbz Iyl ring

ring 40 (I1) where A = nmethyl, ethyl, or pr , preferably mﬂhyl lerr]
. and [e{gr] each independently represent C - 45 [J[err] alkyl, or, when
-toget h€r cycli zed, [¢g1y. [err], and [err] o resent [err]
~cycloal kyl; [err] ggj.igzsig{r;‘tjs [err] al kyl, [eg :?}(E:’I@(’)Igz’l}ﬁy,a[)err] ar al kyl ,
. hydrogen, and phenyl; ‘ferr] represents [err] alkyl and [err] cycloal kyl; and
. p represents an integer in the rangerjrom2 to 12. Preferably, this
conposj.tion consists essentially of 96.5 to 99.95 wei ght percent conponent
(a@an 0.05 to 3.5 weight percent conponent (b). More preferably, this
CONPOSi t | Fdfery) FHo ToMp RIS Enbists baboribity % 06)5 100D -wakant Paicot lcoisthérfe () afdPd.0s28d
0. 05 to Zg0wdidht Pt EoniRAehER. MoRTRIERRBY, thé) tompdbidion! dasistDEYMINRIoHBE.0 REgo®ENt S
- ar e bas eGvelgROgdrdeMompanit i(a) @hd 6.0870 @Desdight FbfceitdmpdhpntQd)) Afl.the above weight percents
: \V 20 are based upon the amount of components (a) and (c) only. Further, the pH of an aqueous suspension of

the component (c) should be within the range described below.

Gomponent (a). Polyacetal

25 The term "polyacetal” as used herein includes homopolymers of formaldehyde or of cyclic oligomers of
formaldehyde, the terminal groups of which are end-capped by esterification of etherification, and
copolymers of formaldehyde or of cyclic oligomers of -formaldehyde and other monomers that yield

_ oxyalkylene groups with at least two adjacent carbon atoms in the main chain, the terminal groups of which
\./ copolymers can be hydroxyl terminated or can be end-capped by esterification or etherification.

30 The polyacetals used in the compositions of the present invention can be branched or linear and will
generally have a number average molecular weight in the range of 10,000 to 100,000, preferably 20,000 to
75,000. The molecular weight can conveniently be measured by gel permeation chromatography in m-
cresol at 160°C using a Du Pont PSM bimodal column kit with nominal pore size of 60 and 1630 A.
Although polyacetals having higher or lower molecular weight averages can be used, depending on the

35 physical and processing properties desired, the polyacetal molecular weight averages mentioned above are
preferred to provide optimum balance of good mixing of the various ingredients to be msit blended into the
composition with the most desired combination of physical properties in the molded articles made from

_ such compositions.
\ﬁ_{ As indicated above, the polyacetal can be either a homopolymer, a copolymer or a mixture thereof.

40 Copolymers can contain one or more comonomers, such as those generally used in preparing polyacetal
compositions. Comonomers more commonly used include alkylene oxides of 2-12 carbon atoms and their
cyclic addition products with formaldehyde. The quantity of comonomer will not be more than 20 weight
percent, preferably not more than 15 weight percent, and most preferably about 2 weight percent. The most
preferred comonomer is ethylene oxide. Generally polyacetal homopolymer is preferred over copolymer

45 because of its greater stiffness. Preferred polyacetal homopolymers include those whose terminal hydroxyl
groups have been end-capped by a chemical reaction to-form ester or ether groups, preferably acetate or
methoxy groups, respectively.

Component (b). Alkylated Tertiary Amine PIP-T HALS (i)

50 ,

The preferred polyacetal composition of the présent invention incorporates therein component (b),
which is the alkylated tertiary amine PIP-T HALS (li), above. The most preferred composition is one wherein
the component (b) incorporated into the polyacetal is alkylated with a methyl group.

The component (b) alkylated tertiary amine PIP-T HALS (ll) is an alkylated derivative of a known

55 unalkylated PIP-T HALS which consists of a triazine ring having three polysubstituted piperazin-2-one
("PSP") substituents, each distally spaced apart from each C atom of the triazine ring by a polyal-
kyleneamine bridge. As background information, the general structure of a PIP-T is disclosed in U.S. Patent
No. 4,480,092 to Lai et al (class 544/subclass 113), the disclosure of which is incorporated by reference



Anot her conposition of the present invention consists essentially of (a)
95.0 to 99.95 wei ght percent of a %B'&’ q;aglmpol ynmer and (c) 0.05 to 5.0
wei ght percent of an unal kyl ated secondary am ne PIP-T HALS with the
structure (1) 557 EP O 448 037 Bl [err]

CH3 CH3 [ ethérbto[a@iff fhilyNet forth herein. Background information on PSP compounds is provided in U.S. Patent
CH3 triazi Re. 4,190,571; 4,292,240; and 4,298,737 inter alia. 0XO0- pi per azi nyl ring

ring (1) 15 Phestectablojthe kiden aikpiand PIPOTHALSSGbHNES 6L iutiare 1), & oiRRs:5 t O

99. 95 wei ght percent conponent (a) and 0.05 to 3.5 wei ght percent conponent
(c). More preferably, the conposition consists essentially ofg88.0 to 99.95
wei ght percent conponentN(a) and 0.05 to 2.0 wei ght percent cpnponent (c).
Al the above weP§Rj ce PBP3 ar evhiErseed PSPy % he a(ON$jyeR-Cconmponents
(a) and (c) only. FurtheD 1he pH of an aqueous suspens| on gf t he conponent
(
y

(c) should be within ¥ raNge descri bed bel ow. Conponeit . Pol yacet al
25 The term "pol yacelYal " as used herein inclu 0 nmers of
formal dehyde or of cycli¢ oligomers of formaldehyde, fthe t Rg-nal groups of

whi ch are end-capped byP&F8erification of etheR copol yners of
f or mal dehyde or of cyclic oligonmers of f-ornmal déﬁ’yde and¥ ot her nononers t hat
yi el d oyxyal kyl ene groups with at |east two adjacent carbon atoms in the
mab chain, the termnal groups of which copol ymers cafbe hydroxyl
term nated or can bet g ﬁggped by esterification or ejheri filgaii on. 30
The pol yacetal s usedrgﬂ BA8®conpositions of the RXXEAPERRLERYdn can be
branched or |inear an C general ly have a nunﬂ'e‘rn%ver age nol ecul ar
weight ko the range of 10,000 to 100, 00 ’Ilﬂ‘.r ef erably 20,000 to 75,000. The
nol ecul ar wei ght can conveniently be neasu e’d by gel perneation
chromat ography in m cresol at[err] using a Du Pont PSM bi nodal colum kit
Wi t h nomi nelerepidy B, &7, z2ed BY o480 inderendedfiOrepkese &1 H Latkinl, roWhea dagbthérydiiaed, RbandiRgher
or | ower neddRurithR*weprgsent GarCr englogikyb i rbrresgnte &) -Cel @lindnCGh-Grgcyokealkyh €07 k2 aralkyl,
physi caPs didrogneandrbpnyly Rf reppseents @ <Cielalisy! prstiCs-G1in cydiselky)icand p sdpreseritcantinteger indlieg ht
aver ages n@MefMedodbove are preferred to provi de opti num bal ance of good
m xi ng of t hé/gy polvagetal appesifiorseogtain pnipesepigly PP HRIE dIALR (B aliiated orilh Fsmethidn
with the nBat BOPY GEpuR ik REYA VoSN, ine-piverseiatia ring aithe porpierayl gag, the
artt ¢l es n%amgo%l ﬁsfﬁ?ﬁf;ﬁ;aﬁ @pg sl[yi % iz ore effectively than if said compositions contained either
30 an unmethylate - such as structures (I} or (ll), above) or other known methylated piperidyi-
triazine HALS. By the term "essentially pure”, it is meant that the alkylated tertiary amine is 90% pure and.
preferably 95% pure and that it further meets the purity requirements detailed below for compounds or
additives added to polyacetal compositions. Co
A method for preparing an essentially pure alkylated tertiary amine PIP-T HALS (ll) component (b) of
35 the present invention is described below specifically for the case where the N* atom in the piperazinone
ring is alkylated with a methyl group, which is most preferred. In step (a), where an alkyleneamine is used,
the process is described with the preferred alkyleneamine, which is an ethyleneamine. From this descrip-
. tion, one skilled in the art could readily determine a process for alkylating said N* atom with an ethyl group
1\ or a propyl group.
40 The essentially pure alkylated tertiary amine PIP-T HALS (Il) component (b} of the present invention can
be prepared from readily available compounds by
(a) reacting an ethylenediamine with an aliphatic or cycloaliphatic aldehyde, and a nitroalkane or
nitrocycloalkane at a tempsrature in the range from about ambient temperature (20° to about 60°C), and
pressure in the range from atmospheric to superatmospheric pressure up to about 100 psig to produce a
45 reaction mixture containing a nitroamine (IV);
(b) without separating the reaction mixture, contacting the reaction mixture with molecular hydrogen at a
pressure in the range from about 100 psig to about 1000 psig at a temperature in the range from about
ambient temperature to about 120°C in the presence of a Group VIl metal catalyst to produce a triamine
V)
50 (c) reductively alkylating the triamine at only the terminal primary amine group of the alkyleneamine,
ethyleneamine moiety to provide a N-substituted-N"-substituted-1,2-sthanediamine (VI);
(d) subjecting (V1) to a ketoform reaction to produce a N'-substituted PSP (VIi);
(e) reacting cyanuric chloride with at least 3 moles of (V) to produce the PIP-T (lll);
() reacting a solution of (lll) in an aromatic solvent in the presence of an excess of formic acid and
55 formaldehyde to produce methylated PIP-T; and,
(g) recovering essentially pure crystals of the PIP-T from the reaction mass.
The methylated tertiary amine PIP-T HALS produced by this process is the most preferred PIP-T HALS for
use in the polyacetal compositions of the present invention.
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As i'ndi cated above, the polyacetal can be either a honopol yner, a copol yner
or a mxture thereof. 40 Copol yrgs § 4480308t @i N one or nore conpnoners,
such as those generally used in preparing polyacetal conpositions.
Comononers nore conmonly used include al kyl ene oxi des of 2-12 carbon atons
and their cwehbdve sk drd @Bcripb®il Wksdatdilbliok.or mal dehyde. The quantity of _
conobnoner \Viekdusé Gt isbesseniisletot fravide28 comiectiht pidgec bottvgenpihe fidaziad Iring rrod  theo -t han
15 wei ghipippesimentring.athel sty paterfalsr fab psepaibg Ube PiPvieiaghan plyienediamineT [pesfereliy

pr ef er r edthgleremioesen aldehﬂbH’j?Blalﬂ.eandmcbeprony@nwr%bst@ﬂtegG\Ft%dtee? ar nikesHelpAeNmdE | S
pr ef er § edviliheeavidend gy Bireubstiint ip prosaie opfthe & & they PSF} 1p {op fpsged in F'Peeaf'%'la?%d

pol yacet éﬁﬂ'am?fggﬂ)ﬂyﬁéiﬂ-smmm'é (D bisaliyesubstiusniahthe 6+ S?I%G‘P'Bﬁélm AGuRFSY§av e
been endfesapdabvdeny raraforaaidehyde are yRadi O PloYde dimaihy Subsitu f,t the

pr ef er ablPFPate sitiag Sitroalans, ds ¢y PRIPRF8S: ﬁ"%é?)é’@f’ 'F?/ 8 ‘i}’c'°'€5‘f'rr?6‘?‘l'8 atom,

Al kyl aﬂw&'ﬂ'e&? '%‘Pﬁﬁ’r PIP-T HAL f
Cor% Og'ito'? | %nP ¢ raIF ?}' ﬁygl T? \%34 %{ﬁ %ﬁ[e o yieen?]dra[r)mney E}or%talﬁéh(ygs
whi ch is nl %P?(Ql pr ?éf titute! trtaem)%?theWT

i m Y gte Rt a(f e e e e

pr eferr e g e aratlon
d
theply feL ﬁy i ag‘s ¥ls RROH adohlite, GRTRORENE at Rhows:
% ?lta[lngr?/ am ne P me' ALS Isl% anpglekyl at ed def‘?vatl veW of a

knbwm 55 unal kyl ated PI P-T HALS mhlch consi'sts of a triazine ring having

t hree pol ysubgtituted pi perazin-2-one bsti each distally
spaced apartR ? ch C at o of tkme#?“ggﬁgizﬁﬁﬂg by aaggﬁ? - kyl eneami ne
bridge. As bpékQrougd information, the gene structure of a PIP-T is
disiglosed in U S. Patent No. 4,480,092 tgAai et al (class 544/subcl ass
113), the disclosur@-@& which is incorpdfated by reference 8 EP 0448 037
Bl thereto as if fully set forth herefn. Background information on PSP
conpounds is provided in U S. Patent Nos. 4,190,571; 4,292,240; and
4,298,737 inter alia. The struggure of the known unal kyl ated PIP-T HALS is
repres®nted by structure (I11)YR%as follows: 5

R6 [err] [ergB 15 triazi 0X0- pi per azi nyl
ring n

(r11) where Ferr] amd [err] each Jndepgﬁ&éh??ﬁaﬁépresent [err] al kyl, or,
wHe#A together cyclmoed, [err] and [err], and[err] with [err], ref¥Esent
[err] %&cloalkyl [err] represents [err] al kyl, [err] cycloal kyl, [errt]
aral kyl, 25 hydrogen, and phenyl ;[err] represents [err] alkyl and [err]
cycl 0al KyamefNloRitofdRUEsERIRES, Béthanbdidhh, which i§ RRrdpaiaBe oldr Alied M 0 yibi

35
RS

v R4 - (CH2) 2NH2
V)
NH2

45 When starting with ethylenediamine, 2-nitropropane and paraformaldehyde the compound obtained is
N-(2-methyl-1-2-nitropropyl)-1,2-ethanediamine which when hydrogenated yields N-(2-amino-2-methy!-
propyl)-1,2-propanediamine

H

Methyl | L '
Methyl (CH2) 2NH2

NH

50

This triamine with terminal primary amine groups is then reductively alkylated with a ketone, for example
cyclohexanone to yield N-cyclohexyl-N'-(2-amino-2-methylpropyl)-1 ,2-ethane-diamine

10



When pol yacetal conpositions contain an essentially pure PIP-T HALS (111)
alkylated with a methyl, ethyl, orEpoc@glospBaup at the hindered
[err]position of the piperazinone ring of the oxo-piperazinyl ring, the
conposi tions are, as stated previously, stabilized nore effectively than if
sai d conpositions contained ert er 30 an unnethylated PIP-T HALS (such as
structures (1) or (I11) above) or ot her known rret hyl at ed pi peri dyl -
triazi ne HALS. Biﬁﬂﬂel erm"e tially pure" s meant that the

al kyl ated terti S 90% p 5% pure a hat it
further?rreets tgg&burlty requr rerrentsﬁggt alzﬁggf for corrpoﬂe:ﬁ

addi ti ves added to pol y conpositions. A nmethod for preparing an
essentially pure al kyl ated tertl ary amne PIP-T HALS (I I) conponent (b) of

35 the PHrBSeNosttidENS-biRthedismifeR Subiesd B el I@Wf e a%ro;; Ke@rsto
where the Mrd@&ﬁyﬂeblﬂadtl’h @ndP RPSulbatitdehiQ '3 tHe! F@i’ ih §tr #E bid¥ance of
group, Whigliurh SydfBiide t8pRkiEde! 18l PSh,Nsubltient & Biﬁleﬁ Iﬁlaﬁw s@merse d §om
used, the PpsoRasSssot. srhslma@aﬁvb@dmvvcwrwsheprwea asre y eneam ne, which is
an et_hyl eneam ne. Fromthis descrip- tion, one ski I I ed in the art could

readily determ ne a process for alkyl at r'ng said N\d atomw th an ethyl group
a propyl grouygy.40¢ H The essentially pure alkylated tertiary am ne

PI\P’T HALS (I1) c o(b) of the present invention can be prepared from
readily avail abl e nds by ( actl ng an et hyl enedianmine with an
al i phatic or cyqlmal | ph m(gggl)?and a nitroal kane or nitrocycl oal kane
at ;a tenperature i range fronkabbut anbient tenperature ([eoaxh to
abduy [@rr]), and ssure in the range from atnospheric to

super at nospheri cCRgese€Hge up to about 100 psig to produce a 45 reaction
m xture containing a nitroam' ne (IV); (b) wi t hout separati ng the reaction

m xture, CRRLFSPL, 'opgthér PwiA T Ia% Lhts'dn tﬁ'e n 9 Ehiact cg‘fcvjl ch%anﬂgc?‘ éhloﬁde to
P eroor o Iﬂ"&tngm e ran twgaro gao %ﬁ ﬂe ec' g er::tggs?g ?o gbout [err] in

tenperature 1nt
the presence of a Group Vil rretal cat al yst to produce atriamne (V); 50
(c) reductively alkylating the triamne at only the termnal prigary am ne
ls/up of the al kyl eneam ne, ethyl eneam ne noiety to provide a

ubst st ut ed- N -substrtuted 1, 2- et hanedi anmine (VlI); (d) subje (VI) to
a ketoform reactlon t o _pNQduce a [err] substituted PSP (VII); (e) reacting
cyanuric chl or | RRP m S®4anples of (V1) to prodGHE‘CH&"NI'P—
(rrr); (f) reacting tion of (rrr)y in an aronatlc splvent in the
presence of an excess mc acid ng; PSP4 37 mal d 8 produce

met hyl a¥ed PI P-T; and, KOI’ECOVEI’I ng essentially purd crysfals of the
PIP-T fromthe reacti on ads. The net hyl at ed tertg%v B3T HALS
produced by this process is the nost preferred PI orCHae in the

acetal conpositions of the present invention. 9 0 448 037 Bl -

poly
ewabo%e steps are described in nore detail bel ow

(VIII)

PIP-T () is alkylated with a methyl group, an ethyl group, or a propyl group at each N* atom of each
45 PSP in the PIP-T using a process which unexpectedly provides at least 90% conversion of the alkylated
PIP-Tin a reaction mass from which the alkylated PIP-T is recovered as essentially pure {at least 90%
pure) crystals, as described herebelow. In the preferred embodiment, PIP-T (l) is alkylated with a methyl
group to yield PIP-T (VHI).
The PIP-T Il (or PIP-T (1)) that is alkylated as described above is dissolved in toluene and reacted with
50 from about a 5% to about 10% molar excess of the stoichiometrically required amount of paraformaldehyde
and formic acid. The reaction proceeds under reflux conditions for from about 2 to 5 hour after which the
reaction mass is neutralized with aqueous ammonium hydroxide. The organic layer is washed with water
and toluene is stripped from the water-washed layer to leave a concentrated solution of the alkylated PIP-T
and other organic reaction products in toluene. Upon addition of heptane to the concentrated solution, the
s5 alkylated PIP-T is precipitated from solution, and recovered by filtration.

11



Because iit is essential to provide a connecting bridge between the triazine
ring and the oxo- piperazinone rigig shide37sdarti ng naterials for preparing
the PIP-T are an al kyl enedi am ne, preferably, ethyleneanm ne, an

al dehyde[err], and an appropriately substituted nitroal kane or
nitrocycICgad)dneme:). Uhslkyiated/Belcondizrg Amine dPAT HALSN® R5 substituent is preserved on
the 6- C atomof the PSP to be fornmed in the alkylated tertiary amne PIP-T
HALS conporfemporeh)(c). iy phatiateleq serondatyiaginetFIReR HAR (1) itieod: in @eattohis e spesifioypeled,
because Porhargurejadeydrazipe campouih Beit A yie epegifically sisdosed gn 3% \Ratpet APy the
subst i § udisglesurgof whigh i5.incorparalgdrhespin oy eeiquaee. In the "538 sgfarenge this eenepRbndep dis¢lesed

2- ni t r opPHFAYR (Meepmbingd F'bf/'?‘ﬂ%@&:r%ﬂ%%ﬁ'gc Exgnelei§ disploserpomeghod forprepaging this

ni t rocycF yog, Ehis compoung cap glso be by Qtfr dgchniquas feF‘i’ﬁ'éj aygilahis to Shose sgkilled iy the

al kyl enefft 2l A PesPaingd LR 8 CXPRITU A¥Cani ne, for mal dehyde, nitropropane;

the trja orfred i.s reductively al kylated with cycl ohexanone. Thus, in
t he prmp 2! mtheémpos' , 5,5, 6-pentasubstituted p| perazi none substltuent

for the Pl Rl atofibhe 'itl%?thg‘?ﬁﬂ T RALdsod WPRS LS glﬁon ‘ééeq \;en{?ontb | LB ©
first st 'ﬁpe bfsco Whed aés&agtﬁze cetgl §n‘|sama ilivth %c é
OF OUPS.  PIPDFRAD Indt el Wis1GHb BSnpREACHO Bt ;gs‘seﬁm t. %gu&weu vtahﬁ d gl ar t €P
I S as i Obdua¥is: sudpendiddl o hi-18 Yeight percent said PIP-T HA (2? he Ach-volatile ash content of the PIP-T
RSWR3 NHEAES, JanddNe thd Breavy metal content of the [PELT hauzanel y,
N- (1 2- ni t r 0-Mbre sPasitidally) itesldeccmmonadd o a6l opiuieresoNB)i thd1pH 6F dit)ed AL EBpeRSlorDMRE
Raney N refadrey tocdschqiious sspehsighdpH) @410 veight percent of the PIP-T HALS useful in the compositions of
(V) . [ er r the4fesent invdfitien betiathei ragpeveitse @t hyrhapaigalerapalyaestal ndint the pange ain® 10 foel
pariaf.ce na¢;@bh9mhplyp¢a@§l.dtjp(p@mefgbuamm§g pHf the suspension be in the range of 5-7.5 for both
\2‘“ met hgmhapelymerpgnd rcopaiymey Iphlyapetal. Btish reaeroinendedhthalihe odn-velatile abhy chnteplefashingds
y| eI ds Negnougied 3 @repterham gf equ rt@) fﬁg} 9f the sighikzarabrolssatianb2550 mera proferablis dedsy |
[err] 55 “‘ﬂ‘l Péo"’f"r ang m%@’W’PW %o Hiig 1350 rocormmeadeg r“@hg g hpayy fneialcontent of
% 2aeR@ondgd V%‘f‘ﬂ

reduct i | vie 10 p‘l’{‘é FBh%‘a"' SE'%?PTE? ity (peults
e R A e e e e o LM S 1
In stabilizing e er-capp or partidlly "ester-capped polyacetal homopo ymer, o P HALS should

be substantially free of basic materials which can destabilize the polyacetal. Basic impurities should
preferably be removed to levels of not more than 200 ppm and most preferably to not more than 10 ppm,
. measured on a dry weight PIP-T HALS basis. In stabilizing polyacetal copolymer or homopolymer that is
' a substantially all ether-capped, higher concentrations of basic materials in the PIP-T HALS can be tolerated.
In addition, it should be understood that if the impurity in the PIP-T HALS is only weakly basic relatively
higher amounts can be tolerated. In any event, the pH range of an aqusous suspension of the PIP-T HALS
used herein should be maintained within the pH ranges described above.

In using the PIP-T HALS in both homopolymer and copolymer polyacetal, acidic impurities in the PIP-T

35 HALS should be minimized. Acidic impurities should preferably be removed to levels of not more than 250
ppm and most preferably to not more than 10 ppm. As with the basic impurities, it should be understood
that if the impurity in the PIP-T HALS is only weakly acidic, relatively higher amounts can be tolerated. In
any event, the pH range of an aqueous suspension of the PIP-T HALS used herein should be maintained

x{l within the ranges described above.

40 Accordingly, when such acidic and/or basic impurities are present in the PIP-T HALS in amounts large
enough io cause destabilization of the polyacetal compositions, the PIP-T HALS should be purified before it
is introduced into compositions of the present invention. Volatile impurities in the PIP-T HALS can be
removed by use of a vacuum oven. lonic, non-volatile impurities in the PIP-T HALS can be reduced in
amount by washing or extracting the PIP-T HALS with water. Non-ionic, non-volatile impurities can be

45 reduced in amount by techniques readily available to those skilled in the art.

it should be understood that the compositions of the present invention can include, in addition to the
polyacetal and the PIP-T HALS, other ingredients, modifiers and additives as are generally used in
polyacetal molding resins, including thermal stabilizers, anti-oxidants, pigments, colorants, toughening
agents, reinforcing agents, UV stabilizers, hindered amine stabilizers, nucleating agents, lubricants, glass

s0 fibers, and fillers. It should also be understood that some pigments and colorants can, themsselves,
adversely affect the stability of polyacetal compositions.

Thermal stabilizers of particular interest include polyamide stabilizers, especially nylon terpolymers,
hydroxy-containing polymers such as those described in U.S. Patents 4,766,168 and 4,814,397, and non-
meltable nitrogen-containing or hydroxy-containing polymers, such as those described in European Patent

55 Application Publication No. 0,388,809, and non-meltable naturally occurring polymers.

It has also been found that the inclusion of a mixed antioxidant system into the compositions of the
present invention results in compositions in which melt processing stability and discoloration during meit
processing is synergistically improved. The -mixed antioxidant system is comprised of an N,N-hex-
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EPbO' 448,037 B1 Methyl 5 [err] This N-substituted 1,2-ethanedianine is
subjected to a ketoformreacti on ussk proprlate ket one to 10

provi de the desired [err] and [err%smdbg.llﬁg?gnts on the PSP in structure
(1), and chloroformin the presence of sodi um hydroxi de to produce the

[ err] subs#méiyens .bis@s-dieabutiid-iilidrori-hydlociahtbntide) tabtKitisnt @fd kih@ast-on& oftied Mindered
~acet one i Sphss®@ type Bhtidxitdnt, wadhraa triethglefegiyedibif(B(3rEttbity-4-teprorsimethgipiznyl] mopripnate
(V1) 20 [ erwtakidiiothy!piisiab-di-tart-botykenydR&Phydracihnaniate))detane cQthes tindéred prendl dyperant he
.ring, is ttogidantae kvowm initkearicyanuri c chloride to 25 yield the PIP-T having
‘the general $trthat e liVabgorter in combinatiprewith sl HALS psefybin Lhe@°'(‘lP°F't'°’!§@°'F'G il 'm[@rqr
[err] N 40UY ssisicepy the yompopifign that issupeyiprde g UNj resistasca i pelyacety cenipiningan egyi
group, or aNPLEwitheying WY ahgorker prrthaRIPZR Mhsdiseflé'é’(?ﬁ'"ﬂf@? ?”QP f‘i’ ﬁ"‘t"ﬁ'é““P’l 'P’P"P"elﬁ’slfvn
a process mﬁfeweuh@ipe?;?@a'rt egfsde .*wgc'faff "F% {cogRpsf rﬂ/ sﬂ' eft"ﬂ'éat loast
al kyl at ed P1eP2bsq

111 hbefuf? ia g FF', B,s( -[%-ethyl -1-
recover 4 B’?"@%ﬂéy@ﬁt h ‘gmj‘ 4§§ l ii'ly roxy Ei qx:Fe -
her ebel ow. clpP%nPtx,F ﬁp gg $ ?ucdﬁ -hFe -2'eth Ib)t/ ean its mixture

thyI group -¢ oxy- r orf- ilide; dn ﬂl)TBJrels a ove y ? that i s
al kyl at ed g]%pgggggflt%e&"@g%gg [ s d| ssol ved in toluene and react ed with so
f rom abqut nol ar excess of the stoichionetrically
redydi red anDuRl cGhpdbd! &R bRSIY HRerB chDbiTipfopaed By iRy 16 39-T GIALB R aRslS
under refl pafyadfl @blﬁlﬂn&rh‘f aftéMpefalufiALBROME méitihgdpdmt Eﬂ&lé pafdcstil coiipdnbnt bhBe E@dgokil ON
MBSS | S Netidnk abihgZ @ inkdriillo MRING AbMice JBIBIMIOLIY 036d lirDRrbheng HdMAosMsHEEUIyBCtA YEMipobiS
washed wi t fiongasueh asaiittbet rhills) Bfvtnal Bixa$ such pe tBahiiudyNahd) EBrat@ihder"-riigesd) eitglé arynauitibtade
| ea\le’ a 2¢ omEeat mxbre avits @l aatilydwated ektéreallp|ok Pl dictieh, PKdkndadarst] rudittverel ogesnsuch as
reacti on priadedGostinuoust ke nisjection owldind dhachines. avfl ektarderarbethtsingle serow o win scepve d
sol ution, béfeceBtatingl dog ceuntetroRiin. These dqyice¢ap e tted dlong esiin combinetiop with Halig mixers,
recover ed ng itorpadag anglgr vatiqus devices to increase internal pressure and/or the intensity of mixing, such as
valves, gates or screws designed for this purpose. Extruders are preferred. Of course, such mixing should
25 be conducted at a temperature below which significant degradation of the polyacetal component of the
composition will occur. Generally, polyacetal compositions are melt processed between 170 C to 280°C,
preferably between 185°C to 240°C, and most preferably 195°C to 225°C.
Shaped articles can be made from the compositions of the present invention using any of several
Y common methods, including compression molding, injection molding, extrusion, blow molding, rotational
30 molding, melt spinning and thermoforming. . Injection molding is preferred. Examples of shaped articles
include sheet, profiles, rod stock, film, filaments, fibers, strapping, tape tubing and pipe. Such shaped
articles can be post treated by orientation, stretching, coating, annealing, painting, laminating and plating.
Such shaped articles and scrap thersfrom can be ground and remolded.
Processing conditions used in the preparation of the compositions of the present invention and shaped
35 articles made thersfrom include melt temperatures of about 170-280°C, preferably 185-240°C, most
preferably 200-230° C. when injection molding the compositions of the present invention, it is preferred that
the mold be as cold’ as possible consistent with the intracacy of the shape bsing produced. Generally, the
mold temperature will be 10-120 * C, preferably 10-100 * C, and most preferably about 50-90°C.

s EXAMPLES

The following are the results of tests conducted with polyacetal compositions to determine the
effectiveness of the stabilizers of the present invention. Also provided are test results on polyacetal
compositions containing control stabilizers, which are similar types of stabilizers that are not within the

45 scope of the present invention. Both the stabilizers of the present invention and the control stabilizers are
generically referred to in the data tables that follow as hindered amine light stabilizers, or HALS. All
temperatures are in degrees Celsius unless otherwise specified. Measurements have been rounded where

appropriate.
The polyacetal polymer used in the examples below was as follows:
50 (1) POLYACETAL "A" - an acetate end-capped homopolymer having a number average molecular
weight of about 40,000.
{2) POLYACETAL "B" - acetal copolymer extracted using methanol, from Celcon® M90-01 flake acetal
copolymer.

The HALS of the present invention used in the examples below were as follows:
65 (1) "A" was a methylated tertiary amine PIP-T HALS having the structure (VIl).
The pH of HALS A (measured on a 3.2% aqueous suspension thersof) was about 5.8. It had an ash
content of about 50 ppm, a melting point of 170-180°C, and was 98% pure. In this HALS, the N*
nitrogen in the piperazinone ring was methylated and as such, was a tertiary amine.
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EP 0 448 .037 B1 Conponent (c). Unal kyl ated Secondary Amine PIP-T HALS (1)
Conmponent (c), the unal kyl at ed sqﬁpaq§583 jne PIP-T HALS (I) is known in
the art. It is a specific type of "an oxo-prlperazinyl-triazine conmpound and
it is specifically disclosed in U S.. Patent 4,547,538, the 5 disclosure of
“which i's i pgenRsah BrIKAREE sddoriiry aRing IPIC AALS, Mhd diBeitirs SEHALS "BT @430 folloviat S
conpound is disclosed as Figure (I111), conbined with Figure (2C). Exanple 2
and Exanple 4 disclose a nethod for preparing this conmpound. This conpound
can al so be nade by ot kap.techniques readily available to thesg skilled in
the arg or it may be obtained froma comercial source. 10 PprilogHpf the

Conpositions It is inporkant that the PIP-T HALS used in onposi tions
of the present invenyi substyéial pypsr2eNei CHEN BRSNS {-Gh
destabilize acetal regi Destabi l.i zing inpurjities that \are/Aikely to
occur in the Pl Bsp t pE®, useful in th nmposi t idons tCH3 pr esent

i nventiton can be aSsayegfvia (1) the pH of an aqueous suspeig on of 1-10

wei ght percent said PIP-T HALS, (2) the non-volatile ash content of the
PIP-T HALS, and/or (3) the heavy netal content of the PIP-T HALS. More
specifically, it is recomended that ¥r-opti numresults, the pH of an
aqueous suspension (also referred to as aqueous suspension pH 1-10 wei ght

peteent’ of £ he, B DG S dHlkRukbi 6 Ul 2 bdubtts SRBRERH ihbBPwalanbli§. IR HRSHLS the N
i nvention hg fzanji & iﬁ%n@ ngafagurfaﬁagtg@mmglswﬁ?\pasﬁ R8P hingand i n the
range of 5'%l&liAl%c&ﬁpouﬁ&ﬁ@éd’i%&nﬂ&%&mt@}e-as|f6l|oW§ nmore preferred that the
pH of the $IBENRisA UAMethatbdSocbrig amitlo FIP-T HALS Gaving Qlidsalne sbyintre aHALSITE",
copQLyser pRedvwanetipH of dit(mb&ube 6 B3R axfhedul aUspbisin @reof) Glas bibouied. hdhthisdifL8nt
(ashing i s weouditebedn &b pipemzitons riigwas uoatkylapd ahd 4sau(@as@) secdndarhemive.abi | i zer
be | ess t haz) "02268a coomerdgalle hatablel (Ghimassgrb® 1944) ulalkyBt sensndanpaminepiiAlScooptpiny
| ess than Gnglfpiperidine irisg aidsmiriazineginaEThd shiemitahnamerad "G7awep PRHEI(1 ¢ SAtdametty- t he
Pl P- T HALS bolyIHnems-sriazine-2 Bdip)ii2.2 8 Grtstremathviviparididmivehesialbylenet4(2288n ts, it
i s receameriefamethyipiperigyliming)).idwad the foewingstydye:cont ent and t he heavy net al
content of the PIP-T HALS be mnimzed. In stabilizing ester-capped or
partially ester-capped p#8l yacetal honopol yner, the B P-T HALP shoul d be
substantial fy free of ba$ic materials which can destfabi | i ze }he pol yacetal .
Basi/c inpurtties &Haul efBdl y be renovedH 6HBanpt nore than
200 ppM and| nost 30t nore than GHB Pp a§lsefl on a dry
wei ght PIP-T HALS basis.YIn stabilizing pol yacet al pol ymer t or honopol yner
that is 30 |substantially all et hei -lg?algged, hi gher ¢oncentrafi ons of. basic
materials ip the RLP- THALS Can be T ated. Tn additTon, 1t should be
under st,p0 ;& inmpurity in the PIP-T HALS is only wegkly basic
relatively i gne unts can be tolerated. In any event, theg pH range of
an aqueous susp@najrtfn of cuhge PI P-T HAb#5; used herein should bg naintai ned

8

within the gH randes desdri bed above.{ln using the PIP-T HAL$ in both
homipel ymer fand potyme€ potya@Betat;CactdiH3 i npurities in thHe PIP-T 35
HALS shkeul d {be nininized} Acidic impulities should preferably be renoved to
|l evel s of nd& nore than $H8 ppm and o3 preferably to not r8 than 10
ppm As with the basic inpurities, it should be understood that if the

inmpurity in the PIP-T HALS is only weak] idi|_f, Elative hig FgfIount s
can'be Lol o, STy B IS b e T
;Bgvgl T I-E(E@as gg:a w%‘s@ra seé?:n%‘r'ry arlmale. so, the ?w s nﬂr} Jni'ﬁe J?n@tioﬁﬁi Iéornddingthd bed
) 1,1,3,3-tetramethylibutyl group to the s-triazine ring.

(3) "C3" was a commercially available (Cyasorb UV 3346) unalkylated secondary amine HALS containing

a piperidine ring and an s-triazine ring. The chemical name of "C3" was poly-((6-((4-piperidone)-imino)-s-
50 triazine-2,4-diyl)(2-(2,2,6.6—tetramethylpiperidyl)-imino-hexamethylene-(4~(2,2,6,6-tetramethylpiperidyl)-

imino)). it had the following structure:
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40 ¢ Accordingly, when such acidic and/or basic inpurities are present in
the PIP-T HALS in anmounts |arge eneaqudsag¢@ise destabilization of the

pol yacetal conpositions, the PIP-T HALS should be purified before it is

i ntroduced into conpositions of the present invention. Volatile inpurities
in the-PIP-T HALS can be renpved by use of a vacuumoven. lonic, __

non-vol atile inpuritiRs in the PIP-T HALS can be reduced in anount}] by
“washi ng or ext gti e—PH—TFHiS—wi-t-huater oy Loni gy non-volatile
inpurities can b 5 ced in ayount by techniques readijly avail pble to
those skilled in the . It shoultd be understood that th
the present inve
PI P-T HALS, othe
used in pol yacet

conposi {i ons of
etal apd the
’TEF di en€H3 I H3and additi Vg _ds ar Ojnefal |y
|ng [ €Sl cluding thermal staw |iKers,
anti-oxidants, plg coFd3ant®, td eni ng agent$i3 re|"nf or‘-’éhwg agents,
W stabifizers, |nde ed am ne st b|||zers nucl eati ng aggp | ub |99nts

glass so fibers, fand fillers. It ‘Should al so be under st oo t hat SO
pi gmrents and col orants can, thenselves, adversely affect the stabiltity of
pol yacetal conpositions. Thernal stabilizers of particular interest include

pol yam dg st @Ridn §toPespStiaP8& ladlth Yor BY leBf 286.0FHeYHFP 66 C3 linicls@Ey ok QNS.20% Nigldbus
pokymers” s UChsgbsidn Rsr6ontis GbouR 88, th hid-HALS, I8 tNe Mindgen.in’ the plhbriinanitlg 4addnbikatted
and non- nel {nahlsesubt, twa® Gesbcéiany ainilieN Oniké d2yia Ay waiohad thiddgsepmbatyraming fenee h
as those destphilibtbel Rpdatiiinp €anadiailyanbd sdxbndariapine Gittiogattid3wet riepaat intn  No.

0, 388, 809, a@y"cadRasEtdnEislominakitabiainisthyloed iperidpigriagiod kS having the follewing| strectisesen
fouqd that the inclusion of a m xed antioxidant systeminto the
conpositions of the present ifyention resuhts in cogpositions ﬁ3mh|ch mel t
processing stability and di scolxration dur ng nelt roce55|ng
synergistically inproved. The m 5u&d SNl Dﬂprlsed of an
N, N - hex- 12 EP O 448 037 Bl/ane @@ﬁzﬁy (eH2)5

bi s(3,5-%i-tert-butyl -4-hydrgxy- hydrOC|nnan1de) ant i oxi dant ann at | east
one ot her hindered gipyy@ type antioxidant, such en
triethyl eneglycol bi R3 (3 -tert-butyl -édjBeydroxy
proprionate or N
tétpaklgénethylene(B 5-di-t (:? Ty 4N y- hyl€dsi nnamat e) ) net hane.
O her hindered phenol type Mxi dants are wn in the art. 5
Further, a UV absorber in ggﬁggﬁgtion with a PIP

BIALS useful in the
conpositions herein will i a W resistance t&H8he conposition that is
superior to the WV resistance o

pol yacetal containing an equival ent anount
of eithes the UV absorber or t

PI P-T HALS useful herein. As such, for
even further inproved §§!resi:

/Gﬂgnethylphenyl)

S e,cht may be advant ageous to incorporate
into the conpositions

absorbers are known an s z i azol es, such as

2-(8 5 -Bis(1-methyl-1- to 1yl et hyl ) - 2'-hydroxypheny|) benzotri azol e;
benzophefdiones, such as 2-Hydroxy-4-n-octoxyben- zophenone; oxanilides
(oxalic acid diam des), such asc@yet hoxy-5-tert-butyl-2'-ethyloxanilide and
its mxture with 2-ethoxy- 2'-ethy? 5,[err]-di-tert-butyl oxanilide; and

m xtur es of t|' pl-?gf0(¥4e (rgexgx?e% ocr)rfa é%o aagtlseglgsbs%gp;senslon tﬁggorf)avsas %Qou?iﬂ :l? Shis HALS, the N*

Conposi tisonsm ogen in the piperidine ring was methylated and as such, was a tertiary amine. All other amine
functionalities in C4 were of tertiary functionalities.
Thermal stabilizers used in the examples below were as follows:
(1) THERMAL STABILIZER "A" was a nylon terpolymer.
(2) THERMAL STABILIZER "B" was an ethylene vinyl alcohol polymer.

50 The antioxidants used in the examples below were as follows:

(1) ANTIOXIDANT "A" was triethyleneglycoibis(3-(3'-tert-butyl-4"-hydroxy-5'-methylphenyl proprionate.
(2) ANTIOXIDANT "B" was N,N'-hexamethylene bis(3,5-di-tert-butyl-4-hydroxyhydrocinnamide).

(3) ANTIOXIDANT "C" was tetrakis(methylene(3,5-di-tert-butyl-4-hydroxy-hydrocinnamate))methane.
(4) ANTIOXIDANT "D" was 4,4'-butylidene-bis(6-tert-butyl-m-cresol).

85 The thermal stability of all the compositions tested was determined using a thermally evoived
formaldehyde test procedure. A weighed sample of the polyacetal composition to be tested was placed in a
tube and the tube was fitted with a cap for introduction of nitrogen to the test sample for removal of any
evolved gases from the apparatus while maintaining the sample in an oxygen-iree environment. The tube

c%lgvention at | east one UV absorber. WV
0
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The conpdsitions of the present invention can be prepared by m xing the
PIP-T HALS with the pol yacetal pglpy ﬁ‘%ﬁ—'& tenperature above the melting
poi nt of the polyacetal conmponent o e conposi- tions using any intensive
m Xxi ng devi ce conventionally used in preparing thernoplastic polyacet al
conpos i - thel @ntsinedsthe sarase washiiveiod @i 2303, C bindseF MTaih ansilisée il DB TR TiroGsm ANy and
" Br abendevolvedrigases dransgoried |tiereby werd bubbleddr@oudd 75infilt ot randll g/RbrXdbiem \Wukild id waei t Yy
heat ed esadipmAny gvolyed foxmafdehyde reacts withdbe kauenckaiifis'to litetaket sollian hydroxifb X6 Sodirch  as
"Farrel Bskxidawaueenipususlygreutralized with stendand®i1di HE- Treobsuliesare ainalnedes b disketrosmi bot h
si ngl & sEriaiveurng tastiime- Sherrorgentisueived dasmaldahydel weg caleutbtaddu titedormplat at i ng. These
devi ces can be used alone or in conbination with static mxers, m xing
t orpedos and/or various devices to mcr&aii |nEernaI pressure and/ or t he
intensity of mxing, such as valves, g ws designed for this
purpos€ Extruders are preferrgd) (MJ coursegwsuch mixi ng should 25 be
conducted at a tenperature bel ow which significant degradation of the
pol yacet gl . conponent of the conposition will occur. Generally, polyacetal

conposi t1 gps ar_ethg%h;mdogf%pﬁ (ﬁﬂ etween [err] to [err], preferably between
[err] to [,err],_ggqormwo,m{eql s1y [err] to [err]. Shaped articles can be
rmggmf,g omgéwie GORPSsmdid wiibht iR @€ present invention using any of several
co n mekdhRetsr "0.03¢ ||§Jﬂbnﬁll|€dam§r@%igﬂﬁomln@idaﬂfde ﬂ‘JgﬁrﬁlﬁdqQOald?iplT‘l:lérﬂ\gIly evolved
ext r usi ofrmaileR)dle VEBURE &g corfvétiently RPeHed Aor MBENCHhiRdes 4HB aherstﬂhf‘mnﬂtgs Rdafing. The
t her nof ofesiits gre.repoflgdain thie GibleBBSIGH GHder "Wt 3% SR8y @&d.c"Exanpl es of shaped %articles
I ncl ude sheet, profiles, rod stock, film filanments, fibers, strapping,
t ar}w ey bgmn%cﬁa 111D (FREFEGIOR HAlE@N THERNALCS TABILITA rothme-rAL FaaEFed by
orientation, stretching, coating, annealing, painting, |amnating and
pl ating. SJbﬁC%'FPa@ﬁEG oh Pramplea 3-16 antl Grotrel pxanipiss &1 1Co#rare distedolesiogrim Tiabib 1and] Table
r enol ded" Wl ghieks K pglvacetativsed wasspalisestal "A™ {haroRsiveysa.ead indiablo fi, i eolyrcetpiosed i ons
of the pF&s eqlnacert%vént(?%?iwaﬁﬁh Fem Bcfxw‘e & Pqweprad, HALS way peded i pplydceiel| fivife
melt £ 't‘eg% f"@‘s v F'ly evol é?f@?'aﬁwge g«@#?’gs dpgaibod,pheres Thategults gk r |

ﬁ"?ﬁ@ Beatancs R thesapia afjsr ik minules gidpatings ﬁre r?nortqu

nt with t

when i nJ
preferre
tracacy, Q.- éﬁl fin:o Ig}ge%ﬁ\?@(y?& "gtf f |s %agnf?%tn Ipﬂyﬁc%t P” s 'P’é‘ WI | |
e':.'«{] met ?o? heptFl gl Q |l é }l IIy evove
The Ol | ¥ aitfdhydb Sof t %ol&:ﬁ:ﬁt'd Joﬁp&ftuorﬁseo'? e pfegglﬁi Q-Tlt or B,
COMPOSI t WA SotbrOthEHEIS B stabi Rty &F ih%Cﬁoin&m?E&n m %or?t. d §|e|0 Al Gith
present édastfagy i dne fohdlionalty OMirf6rd pafRothiESdmpbsifoHs kontdhihgPAALSASE Qbckbndary amme
conposi t fusdiisnaitgihaneti BedteC Eoldr Iretbntich @ah |poaetal coMpoSikbns lchhtaingl 4 ARLS ¥6?ﬁb%unﬂl
st abi b zegmiar tt HALEI B baD Yiffering Fin Mits tda@eodd suspeaph pH (LhEALS EILBid thay Poivacer:
Bot h t hecaptpadiiohs @etaibing HALSWithpeaBdny anmind@itibralty asdHAlBcmacepl stabilizers
are gener i @b Impra sriogficathdbit ovith meférbres dalTabld Midselss, tt atiodr atat M rétentibr ACERI0E of

ne | i pfacatal isidioht when the HALS bkl B the\imkthylgtadtertiary amine PI-EHALS Al @ganat bngdetest uS
unl\eeés o¥rpRsy Aitest timgscof thirly aninutegionissn: HAESB & da affestitecas MALD A rindend cavkieg discoloration
appr offt i e potypretah dhe, el Vzb'bP' peiALS oot HAKS ﬁfgab&&wbtemlommﬂwms of
fol | ows: t°§ g- In (‘Eg"aﬁ RACETAP2 and C3. allhof jehinh haye gasendanyaming esiensy whide Mavi ng
a nunber é% traéli'ﬂ'fea‘f' PRRTCIRING A bASR Bt 2 suRset o Sp °P’Eﬁ_°m€m')ﬁﬂ§°‘°'|§“°'
acet al ?2eSTM%ct ed, using methanol, from Cel con[err] MP0-01 fl ake
acet al, copol yrrer The HALS of the present i nventi on used in the exanples
bel ow were as foll ows: 55 (1) "A" was a nethylated tertiary amne PIP-T
HALS having the structure (VI11).

50

55
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The pH of HALS A (neasured on a 3. 2% aqueous suspensi on thereof) was about
5.8. It had an ash content of abouEP‘{b Q,gz melting point of [err], and
was 98% pure. In this HALS, the [err] nit n in the piperazi none ring was
met hyl ated and as such, was a tertiary am ne. 13 EP O 448 037 Bl1 (2) "B"
was an-unal kyl at ed secondary amne PIP-T HALS The structure of HALS "B"

was as follows: [erg [err]

CH3 5 [err] [err] 83 The pH ofg HALS Bérreasured a 3. 2‘V gueous
suspensi on t her eof s about&7. In th'us l'.'lALS t he errE -uoge:n in the
pi per azisnone ring unal kyI ﬂed and as uch vva CO d ry m ne. The

HALS conpounds us roI. was an
unnet hyl at ed secorf gimg ?rAL,?}, hHvi nggt h&:ﬁanﬁ stg‘ et e as HALS
"B", 20 above. ce (rre&Sur'%d 2% aquBous? susgensi on
t hereof) was about 9.1. In this HALS, the [err] nitrogen in the
pi per azi®mone ring was unal kylated and as such, was a secondary am ne. (2)
"C2" was a commercially available (Chinmassorb[err] 944) unal kyl ated
secondary am ne LS cqpt aj.n ng pigperbdi Neyr i ang a_triazjne ring.
The chemical na ﬂ"@"ag/as:‘pol yg(éﬁ)((g 1, 373 t%gtra%et d J
butyl) g no)-s-tbm i Re- 2004- el Y| ) (2- (@, 246, 6- -det manet Ryl @ perk-dyl )-imno-h
Qrthylene(4- ,2,6,6- 25" tetranethylpiperidyl)-imno)). It had the
ow ng stfuctgl e [err] 30 [err] [err] [err] [err] 40 [err]
nds to a Wh of at |least 2,300. The pH of C2 (neasured on
syspensi gn there s ahQout 8.6, Inm this HALS, the
%Epegl d&e r%rng%twaséﬁnalﬁylgted gnd?as seh, was a
sectridary am ne. ) , dhese whs secondarst amde dunctsonadl ityefonnecting
the 1,1, 3, 3- tetr‘ﬁ t hyl butyl group to the s-triazine ring. (3) "C3" V\,gs a
comrerci ally available (Cyasorb UV 3346) unal kyl ated secondary am ne WALS
containing a piperidine ring and an s-triazine ring. The chem cal nang of
"C3" wa® poly-((6-((4-piperidone)-imno)-s- 50 a
triazine-2, 4-diyl)2-(2, 26,6 tetranetrg'l pjgperi dyl )-i i go- laexames hy| end- (4-(

wherern n crres
a 3.2% aquefus 4
[errh’]n/ Nbet r ogen |

2266tetrarrethy& peri I) © @
ol mem oe oe o |
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i mi no)).
[err] 10

't had the follow ng structure:
H 15 wherein n corresapaq

[err] (neasured on a 3.2%

this HALS,
such, was a secondary am ne.

am ne func- tionaljties per

functionalities
met hyl at ed pi perg

[err] 25

CH3 [err] [err] gg
suspensi on there®

the piperidine ring was nethylated and as such, was a
other am ne functionalities in C4 were of tertiary functionalities.

r epeat

I-l

55 14

EP O 448 037 Bl

“[err] 5

81 Wh of at |east 2,200. The pH of
agueous suspen5|on t hereof) was about 9.5. In

the [err] nitrogen in the piperidine ring was unal kyl ated and as

Unlike C2 and C1 (which had three secondary
C3 hadgonly 8\&) seglgndary ami ne

repeat unlt)
4)3" CA" was a\&ionie
VI ng tha fsl oﬁl n§
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HALS = Hindered Amine Light Stabilizer

PAc = Polyacetal

EXAMPLES 11-13. EFFECT OF HALS on THERMAL STABILITY of POLYACETAL (melt processed)

The components of Examples 11-13 and Control Examples C15-C17 are listed below in Table Ill. The
compositions of each example further contained the following components: 0.3% thermal stabilizer A, 0.6%
thermal stabilizer B, and 0.15% antioxidant A. The samples were prepared as follows: the components were
mixed together and melt compounded on .a 28 mm Werner and Pfleiderer twin screw exiruder with barrel
temperature settings of 150 degrees Celsius -to 180 degrees Celsius, die temperature settings of 200
degrees Celsius, and screw speeds of 150 rpms. The temperature of the melt as it exited the die ranged
from 210 degrees Celsius to 220 degrees Celsius.

The compositions were tested for thermally evolved formaldehyde, as described above, and the
appearance of the composition was noted after thirty minutes of testing. Results showed that polyacetal
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(3) 'ANTI OXI DANT "C' was

t etraki s(met hyl ene( 3, 5-di -tert - but \Hp-gta4dygd7®4y - hydr oci nnamat e) ) et hane. (4)
ANTI OXI DANT "D' was 4,4' -butylidene-bis(6-tert-butyl-mcresol). 55 The
thermal stability of all the conpositions tested was determ ned using a
ther mal’l y eomglositipds totainirgotbd ynethylated terfjaryoaainkuPle-T HALGOA bérciobtierathgrinal stdbilityhdwring
pol yacet al melbpmpeessing than didbpdiaceta sorapbsiliers cpitziningcthe yhmpthylated secaatiatyteminelHAdS s
fitted wi tWhigh bagpanf aguequs tspspension i pbingredterrthanr & giep discolaration texnstiencedhby the fpolyacetal
removal  of cemppsitops Wit BIPTRALS 4 pesipestbandihy sisaslorptionhiperienaed ibw thei relyprytal prsposi-
sanpl e i HARs 6XYANING-HALR &1 aftpy ihryy nieutas of FBO+t ube 15 EP 0 448 037 Bl that
contai ned the sanple was heated at [err] or [err] in a silicone oil bath.
The nitrogen and any evol ved gasesztr@nsportad thergby were bubbl ed through
75 m of a 40 g/liter sodiumsyfiBe & watef sol utBon. Any evol ved

formal dehyde reacts with the S ugh s@ fife go |i begat e 'sodi um hydr oxi de.
The sodi'lim hydr oxi de was cont& ious| y>neuttr ab4i z wst h standard 0.1 N HCl .

The results were obtained as ma.-fhagt o&f 5g of«ti fger versus test tine.
The percent evol ved formal deHyé$ wls £hl qul afed By Khe formula [err] 10
(V) (N SWwhere \&Ql 8= The-Nolgme pf Piter innilliliters N

= the nggmality of the titer <«sad ®s & RV E =—QhemBsanple weight in grans.
The=factor "0.03" is the nilliequival ent weight of formaldehyde in
g/mlliequivalent. Thermally evol ved formnmal dehyde results are conveniently
reported after fifteen mnutes and after thirty mnutes heating. The
results are reported in the tables bel ow under "V\icgo[err]. 20 EXAMPLES
1-1Q,. ERFECT OF HALS ON TH STaBI T\&'GZE‘PG&A TAL FLUFF The
conponents of Exanpl es 1-10% EICogtrQ; elang) exgl[ewr] are listed below in
Table | and Table Il. In Tage I, the pol yacetal -used was pol yacetal "A"
(homopol yner) and in Table , the polyacetal used was pol yacetal "B"
(copolyner). For each exanplag, a powdered HALS was added to pol yacet al
fluff, 2% shaken to mix, aﬁ tested for thermally evol ved fornal dehyde
(CH20), as described abdde. Jhe regults of, th s desf along with
observation on the appeaflanc tHe sanpNe aften tHirty mnutes of
testing, are reported imgTa S% aed Bble | & b=l ow. More specifically,
aﬁd/'witb,oreference to Tahlle | results, it is clear that the pol yacetal
conposi t1ons cont ai ni ng ghe met hyl ated tertiary am ne PI P-s HALS A had the
| east anmpunt of discoloration after thirty 30 m nutes of "t.ssting. It is

further clear that the thermal stability, as neasured by tHernmally evol ved
f or mal dehyde, of the pol yacetal conpositi@ns of &he present i nvention,

whi ch camtained PIP-T HALS A grmB, wa& bePtef t Hin ne thefimal stability of
the pol yacetal conpositions cgmfai hin@contr@ othe® HALS With secondary
am ne functionality. Further,zmll yacetal ®@onmgosi®i oas contgi ning HALS B
(secondary am ne o
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functionality) showed better color retention than pol yacetal conpositions
contai ning a HALS conpound 35 si ngp @iysg 03484.S B but differing inits
aqueous suspension pH (i.e. HALS Cl) and than pol yacetal conpositions
containing HALS with secondary am ne functionality (i.e., HALS C2 and C3).
Al so nor eEXAMB'fESHiMﬁJ EnyE%TJQFWtL!ﬁHTé?r"b?@-Hé@ET% CONTABING HAMSsul ts, it is clear
that the retention.in color of polyacetal is best when the HALS used is the

met hyl at ed 'fhé r°P'i“ nt, far r'?éa"lﬂ‘l'eP Wmmscwtrob%wp'a% C?%‘F?deﬁ“’ istagk in (Table, VA, !B&'°V‘t est

times 8;%1:!‘?1}? ) er,‘:igmts " B% qaent ;’r% "@ﬁeﬁ’ &gpther é‘"‘ég'em@°ﬂ‘d|° hét
n

B o 9' s A e e P S R SRR,

cont raSt erm y oV ved Eeh é]ev es§£b%99 % yrhé1 sre also.

functlon% er?n?asw. o o cilld

al | haMe FOUEIoS Ravl dBenoiGH of BEmG! 105 9% 4 birideh 2Y 0
mi nut es 24"@3;3%%3 s 55@.% said Fequg"s‘ ALY PR e e S i
20 30 35 The textured side of the plagu Wwhd exb&¥oli sHrceat alprescribel Amburt ¢6., 108.7208,

[ er r] 10 300 kJ/m?, as spemfled in Table 1VB, below). All samples were subjected to UV exposure in the same
apparatus, operated under the same conditions. Saniples from each example were run simultaneously to
. 15 eliminate test variation errors. Samples were weighed prior to testing. The samples were all subjected to
N accelerated UV exposure in an Atlas Ci65 Xenon Arc Weatherometer, operated as per SAE J1885
(Automotive Interior Conditions), with a quartz inner filter and a borosilicate outer filter. Pertinent details of

the SAE J1885 method appear directly below as follows:

ARS gﬁgwa&eaﬁfﬁuﬂ.% Je beiferbi N,

m
Light Dark
Cycle Cycle
Irradiance (Watts/m2) 0.55 -
25 Black Panel Temp (©C) 89 38
Relative Humidity (%) 50 100
Cycle Time (hours) 3.8 1.0
A 30 The calculation of sample exposure in terms of irradiation is as follows:

0.55 W/m? = 0.55 J/(m?s) -
0.55 x 10~3 kJ/(m2-s) x (3600 s){(1 light hour) = 1.98 kJ/m? per light hour

35 where W = watt, m? = meter squared, J = Joule, s = second, kJ = kilojouls.

Weight loss after after UV exposure at the prescribed amount detailed in Table IVB, below was

determined by weighing the sample after exposure to UV light at the prescribed amount and then

_ calculating percent weight loss by the following formula: ({((unexposed sample weight) - (exposed sample

\‘r weight))//(unexposed sample weight)) x 100%. Weight loss is a standard test for studying polyacetal UV
40 degradation.

The data reported in Table IVA, below, showed that at 1% loading, the polyacetal composition
containing methylated tertiary amine PIP-T HALS A had better thermal stability, measured by thermally
evolved formaldehyde, than did a polyacetal composition containing the unmethylated secondary amine
PIP-T HALS C1 having an aqueous suspension pH greater than 9 or the methylated piperidinyl-triazine

45 HALS C4.

At a 0.5% HALS loading, the polyacetal composition containing the methylated tertiary PIP-T HALS A
had about equivalent thermal stability, measured by the thermally evolved formaldehyde test, as did the
polyacetal composition containing the methylated piperidyl-triazine HALS C4. However, the compositions
differed significantly upon exposure to UV light, as described above. The results for this test are reported in

so Table IVB, bslow. Specifically, the polyacetal composition with the methylated piperidyl-triazine HALS C4
suffered a weight loss twice as great as that experienced by the polyacetal composition containing the
methylated tertiary PIP-T HALS A of the present invention, at an exposure of 300 kJ/m?. Further, the
physical appearance of the polyacetal composition containing the methylated piperidyl-triazine HALS C4
was deteriorated in comparison to the physical appearance of the polyacetal composition containing the

s6 methylated tertiary amine PIP-T HALS A. Also, the physical appearance of the polyacetal compositions
containing HALS A was much better than those containing HALS C1, the unmethylated secondary amine
PIP-T HALS having an aqueous suspension pH greater than 9).
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[err] C [err] 25 [err] [err] 40 45 EXAVPLES 11-13. EFFECT OF HALS on
THERMAL STABI LI TY of POLYACETAL (rrELt %r ocessed) 50 The conponents of
Exanpl es 11-13 and Control Exanple OMB8E37 Bl o |isted belowin Table I11.
The conpositions.-of each exanple further contained the follow ng
conponents: 0.3%thermal stabilizer A 0.6%thermal stabilizer B, and 0.15%
anti oxi dant A The sanpl es were p&epady edyasuf ol ows: ot hg cgyrponents were
m xed together and mg) gymﬁ‘bundé?j off a 28 MM Werner®ar® P eiderer twin
screw extruder with i tenperfat uke IBtt g of X80 Wegrees Celsius to
180 degrees Cel sius, i e tenperature settings of 200 55 degrees Cel sius,
and screw speeds of 0O rpns. The tenperature of the nelt as it exited the
di e ranged from 210 rees Cel sius to 220 degrees Cel sius. The
conpositions were tesEed for thermally evol ved formal dehyde, as descri bed
above, and the appeargnce of the conposition was noted after thirty m nutes
of testinhg. Results sHo that @3l yRetal B I EPD 488 @7 B1
conposi tions contai ni e fethyllat gf tgrt j@arysanm ng PRP- T3 HALS A had
better thermal stability during nelt processing than di pé'fyacet al
conpositions containing the unnethyl atecd secondary am ne HALS C1, gwi ch had
an aqueous suspension pH greater than 9. The di scol orati on experi &med by
th\er/pol Yacet al npositions with PIP-T HALS A was |less than the =
di scol orati on exferi enced by the pol xpce&al O osi- 5 ti ons contg ni ng
HALS C1 after tfgrty m'*nu es of testeng.©[ewr] dO0 15¢
]
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50 55 19, EP 0448037 Bl - EXAMPLES 14-15. EFFECT OF WV LI GHT ON
POLYACETAL CONTAI NI NG HALS The ¢ B%Q/R& %pr Exanpl es 14-15 and Contr.ol
Exanpl es C18-C24 are listed in T el ow. The sanpl es were prepared
as follows: the conponents were mxed toget her and nelt conpounded on a 5
28 mm Werner and Pfleiderer twin screw extruder with barrel tenperature
settings of 15 egrees Celsius to 180 degrees Celsius, die tenperature
settings of 20 & egrﬂ&s Cel sius, and screw speeds of 150 rpns. The
tenperature of |Bhe iRt as it efited fhe di e ¥ aifged from 210 degrees
Cel sius to 220 |e gre&ﬁ Cel si 5. HThe~saan es wereqtested for thermally
evol ved formal d& ydé'f deso4 i b-edv-ab&/ea Tha<sddplies vere al so tested to
det ermi ne wei gt Ios:s after W exposure. Sanples for the weight |oss after
UV exposure t wergwl0 ol de% pl aques havi ng di nensi ons 95 cmx 8.1 cm
X 4 mm_ The d ;ﬁaques vei g ed:’bebween 29 to 22.5 grarﬁsﬁzgnd t he
surfac® finis saw'== pl aques \maSo-a t-extu ed-s;gface resenfa-ﬂ&g atﬁom)tlve
vinyl. The te ed %pde of the pI aque was exposed to a W IJ source at
a prescribed a nt e., 100, 200, or 300 kJ/[err], as spac f§ ed 8n Table
| VB, below). Al Esar]pl es were subjected+®to UV exposure in trge %amg‘m
ed

f

Arrowo

appar agus, oper nder the sane conditions. Sariples from sg:h ueuarrpl e
ously to 15 @ imnate testrvariation errqf . Swles
r t® testing. The sanples were all subject

wete run sinmult
wer e wei ghed prg
accel erated W

_ posure in an Atlas G 65 Xenon Arc Wat hero
as per SAE J1885 (Autonotive Interior Conditions), with a qup

(1)
=
QJ
—
(1%
o

gl
fil{erzoand a b silicate outer filter. Pertinent details ofﬁgme g] J1885
met Nod appgar gy ectty bel®ww old o Lo} Dar k e ov
Cycle Irragian (V@tts/[irr )f E \&S ? Lh h@ O.SSQg:g o 25
Bl ack Papgl (lerr]) 89 gETL 2B
Rel ative umi y (9 50 *gg éy&le Ti me
(hours¥ & 3.8 1.0 30 Tﬁeg cgl gtion of
sanpl e exposur nterms Qf igrafdiaiiQn i Spassfqd!l ows: Q.Eﬁ,glg 5.9.55
J/[err] 0.55 x rr]Qkd/ ([Rrrl-4$) X:(3500 9)/T1ight hfju r'gm_,%g%g\]/[err]
per |ight hour Wrere W attS [Rer® = Pret®r Squaredy I§* INEEDs =
second, KJ = joule. Wight loss after after W expd}'uré%ﬁﬂﬂg"
prescribed anmognt detailed in Table 1VB, bel ow was det efnm SehB8.S &S ghi ng
the sanple aft exposure to W light at the prescribed®a P BYd yhen
calculating p nt Bei ght3 1 &s Dy & h&folgoﬁngﬁforwlﬁ @ SneB@ged
sanpl e wei ght )z|-| (exposed sarpl & o o ©c o o §' sg‘iﬁgﬁg
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s0 EXAMPLES 16-18. EFFECT OF HALS on POLYACETAL AGING

The components of Examples 16-18 and Control Examples C25-C28 are listed below in Table V.
Additionally, the compositions each contained polyacetal A, 0.5% of a polysthylene-glycol lubricant, 0.13%
of antioxidant C, 0.6% of a benzotriazole-type UV absorber, 0.25% of thermal stabilizer A, and 0.75% of

55 thermal stabilizer B. The sample compositions were prepared as follows: all components were mixed
together and melt compounded on a two and one-half inch Sterling single screw extruder with barrsl
temperature settings ranging from 120 degrees Celsius to 180 degrees Celsius, die temperature settings of
200 degres Celsius, and screw speeds of 150 rpms. The temperature of the melt as it exited the die ranged
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wei ght)/ ('unexposed sanple weight)) x 100% Wei ght |l oss is a standard test

for studying polyacetal UV 40 degrE%d[? J&o e data reported in Table |VA,

bel ow, showed that at 1% oadi ng, t é) ‘g’& conposition containing

net hyl ated tertiary amne PIP-T HALS A had better thermal stability,

measur éd biyont brerdegrbdsyCerie ko2l dbfésiellyde, than did a pol yacetal

conposi ti on sanples werengstbdor thisrmetlyRydhat esimagmhpdiay dbssaibddWoldl P- T HALS C1

havi ng an agSeoples sers sa subjectqaHogdicaes fagihd) 3Mdifs. (For 1B Cair&bk ¥iRg Silldies, the melt

pi peri di nytomppunged seenpiéS weld/hdBio@4nto AB irth GhickYerisibLtBErs. Diiomsile birfifr Baeh Yamlsiion

conposi tsi owere praveighet Ay plidved imest dirpllaing air dven &t 130 YoghlePCdisitd/hrSheMtinkea dotaddiaTable V,

equi val ent beldwe Pveyl locationhétiests wererameraged dol disyributing bbrdaef awhrhple thrwoghoaictthe oven. At the

f or mal dehy®¥ of dhet specifipd dimg reried, thel tynsileebars were ngyowed fraym the eména iwipived, sridtested for

met hyl at ed‘e'ﬂﬁ"?)é??"@yl andy qlopgstige arperdingCe. ASTM\Metbed D16RR (U infmis ictosshinasl stiebd)eTieed

si gni fi can"t‘el“i?" BB i 3R)v | i ght, as described above. The results

for thid (ez alae re@orted in 50 Table |'VB, below Specifically, the

pol yacet al (B’FI'B 2t gipe{urefont Refpre ?PE‘P»M 1zS’f’ed p| peridyl-triazine HALS C4

suffered a W%eg tsults % l'lvwlcbelow s ol t eX erl ced by t'tf?e o acyg;al

conposi ti o, é %@b ?frp,(v ce@ o ¢ "Plﬁg 5%% E es@ tf

i nventi o]
he/pol %cgtgﬁc%%%gﬁ}l g‘r'l&ct(a)nt al ni %g torllf H&?ﬁmftwh%ﬂ r@?’l'e PaZl ne

HALS C4 was deteriorated in conparison to the phyS| cal appear ance of the

pol yacetal conposition containing the 55 nethylated tertiary amne PIP-T

HALS A. Al so, the physical appearance of the polyacetal conpositions

cont-ai neeng HALS A was much better than those containing HALS Cl, the

unnet hyl at ed secondary am ne PIP-T HALS havi ng an aqueous suspension pH

greater than 9). 20 EP O 448 037 Bl [err] [err] 5 0 U 10
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45 f{err]- 35 40 45 50 55 21 EP O 448 037 Bl [err] [err] 205 20 [err]
[err] The conponents of Exanpl esgp@-448 o0sn@d1Control Exanples [err], are
listd belowin Table V. 200 degree Cel sius, and screw speeds of 150 rpns.
The tenperature of the nelt as it exited the die ranged 22 EP O 448 037
Bl from 210 degrees Cel sius to 220 degrees Celsius. Sanples were tested for
thermal 'y evol ved formal dehydg, &5 d@sckib&l athov®. Spnples were al so
subjected to air oven agijng sHudires.eFow t ke apr ¥vew agi ng studies, the
melt conpounded sanpl es re nolded into 1/8 inch thick tensile bars. The
tensilse bars for each cpPpositf ol 5 Swefe 1 ei gRed“hnd placed in a
circulating air oven at 0 rées el & uffor tthe 1 nes noted in Table V,
bel ow. Oven | ocation iye ts re av rag_ednby ‘gis rit‘)puti ng bars of a sanple
t hroughout the oven. e el & tﬁe oped fimd mep period, the tensile
bars were renoved fronfdh ﬁ/ 1, i ghedd, ahd fesiiedd or tensile strength
and elbngati on accor di to AST t$od,,D- Q38 iR mn crosshead speed).

. &40 g 1y
The percent weight | os s cal cut at ed P?S 19 (%-( -Wek‘g_ht after
agi ng)/ (wei ght before %g)) x 0@ T™he wesultsein ' Table V, bel ow, show
@
o
N

that weight |oss after” and gd0faysn |1 @ Sinidi cantley | ess, and physi cal
properjies are better i ned} {Pr Lol yaced al qcogposktions containing the
methyl ated tertiary am o ~ Lo ol
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55 EXAMPLES 19-20. EFFECT OF HALS ON POLYACETAL COLOR
k-
The components of Examples 19-20 and Control Examples C29-C31 are disclosed in Table VIA and
Table VIB, below. In addition, the compositions in Table VIA contained polyacetal A, 0.75% thermal
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15 PIP-F HALS A than for polyacetal conpositions containing the nethylated
pi peridyl triazine HALS C4. 20 25 BB odag48749 50 55 23 EP 0 448 037 Bl
[err] 10 [err] 20 [err] [err] 35 40 [err] 55 EXAMPLES 19-20. EFFECT OF HALS
ON POLYACETAL COLOR The components of Exanples 19-20 and Control Exanpl es
C29- C31 ardabiiires & B3¥e thernaisiphilizenAf, R.13% @ntipaidang C\Q- 836 ofsopalyihylpne-aiugelilubrieant. 08%e
conposi ti o< Jepeotriazoiedyng YW ahsprber RET of eyl e seaoified ingTabla d/iA, gadt P&t oba deep hie
448 037 BIPIEReRL MY, they '“?P'ZSQ%PP??@? (Which 158 | ‘i‘"?élﬂa"'R bH" 1‘8‘% El é%dﬂ'%t“

oo et EPde & ?L:%E%) e Eﬁm;zaf%{%w T 760 i V. MU

pl gment m%qﬁ:Sa esw ﬂF dgﬂégr?rﬁmeg

H ﬁ‘ Tk BndlatGre .‘A“o&nQr
stabil i Zoer Hoteg%airﬁlfs éi[‘\éntl?v@ as fﬁe hgn; 8y anho éfeﬂ‘% ﬁ\?ﬁb ﬁ:é‘aczdﬁcgl?;

Table VIB 1us§£fl %agbsnidh. Ghd Bt meAZREO WA B RcbeR 1508/ ICOITE ibaslrbmbnt SYSIEAEN

red 220). i @@HT&BI&'Sdlfﬂﬁé’nﬁe tR&iaB6h MébsEliissTasser ISAB 8845 Satlicht dibloys lDELRBcSiohas

on the col gpacepta desaimmaER, @nd bNoQelhes observer with specular reflectance included. Plaques of the
sample composition were prepared as described-above for the "weight loss after UV exposure" test.

15 Samples were tested in the weatherometer, as above. Sample plaques were placed in holders and hung
from racks around the UV lamp. Samples plaqgues were removed from the weatherometer. Color differences
were measured and compared for an unexposed sample plaque and the exposed sample plaque. After
measurements were made on the exposed sample plaque, the plaque was wiped with a tissue to remove

. surface film and was then remeasured. Samples that were "wiped" are referred to in Table VIA, below, as

\*/. 20 "wiped" samples. Exposed samples that were not "wiped" are referred to in Table VIA, below as "unwiped”
samples. Plaques were wiped. because the film formed on the surface could interfere with color difference
measurements.

The color difference calculation measurements data obtained from this test was as follows:

Delta L - change in lightness; (-) = dark shift and (+) = light shift;
25 Delta a - green or red shift; (-} = green shift and (+) = red shift;
Deltab - blue or yellow shift; (-) = blue shift and (+) = ysellow shift;
Delta E-  total color difference = square root of the sum of delta L squared + delta a squared +
delta b squared.
Ideally, one would want the color difference to be zero. The instrument used in taking such measurements

30 is calibrated before any measurements are performed.

In Table VIA, below, data is presented showing that the overall color change (delta E) experienced by a
polyacetal composition containing the methylated tertiary amine PIP-T HALS A of the present invention
(wiped or unwiped sample) was, at 1240.8 kJ/m?, at least four times less than that experienced by a
polyacetal composition containing the methylated piperdinyl-triazine HALS C4.

35 In Table VIB, below, data is presented showing that the overall color change (delta E) of a pigmented
polyacetal composition was improved with the methylated tertiary amine PIP-T HALS A. Further, it also
show that the unalkylated secondary amine PIP-T HALS C1 was effective in reducing color changes.
However, PIP-T HALS C1 has been show to cause discoloration during melt processing (Table I).
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words, to deternmine the color fastness of the polyacetal conposition). This
effect was neasured by the Col or EP0fsesesxB1Cal cul ati ons nethod. The Col or
Difference Method is an instrunmental means of color 10 grading. It is
noted that it is not as sensitive as the human eye and therefore, the final
judgment criteria is usually visual assessnent. The instrunent used was a
. Macbet h 1500/ Pl us Col or Measugwgnent System which gives col or difference
cal cul ati on neasurenents as p SAE J1545, which enpl oys Cl ELAB col or
"space, a D65 illum nant, and 10degr ge observergw th specul ar reflectance
i ncl udéd Pl aques of the sanp CONPOSPY | onttwererpr epar ed as
descri bed-above for the "weig | @ss akd er exposure” test. 15 Sanples
were tested in the weatheromelQr, as aPbve. Banpl® pl aques were placed in
hol ders and hung fromracks af®und the WV | anp. Sanpl es pl aques were
removeg fromthe weatheronetef. Color differences were neasured and
conpared for an unexposed sanpl e plaque and the exposed sanpl e pl aque.
After measurenents were nmade pn the exposed sanpl e plaque, the plaque was
wiped with a tissue to renovefglurface filmand was then rerreasured. Sanpl es
that were "w ped” are referrefiN\toai n Tabie YIA Below as 20 "w ped”
sanpl es. Exposed sanpl es that r& not S wi pegl" are referred to in Table
VI’ bel ow as "unwi ped" sanp A aqué}; werd w dBd because the filmformed
on the surface could interfer ith color difference nmeasurenments. The
color difference cal cul ation asurenments data obtained fromthis test was
as follows: Delta L - chan in lightness; (-) = dark shift and (+) =
i ght” #hift; 25 Delta & - green or red shift; (-) = green shift and
(+) =red shift; Delta b e or yellow shift; (-) = blue shift and (+)
= yellow shift; Delta E -& towNpl ecol onndifferenae = 5uare root of the sum
of delta L squared + delt@ a $@bafbd + el tdab sdUareds Ideally, one would
want the col or differencefto bgl z& 0. The ingtrum®nt JFed in taking such
measureénents 30 is calibrate ef ore any neasurenentsdare perfornmed. In
Table VIA, below, data is pregented show ng that the oger all col or change
(delta E) experienced by a polyacetal conposition contai ning the nethyl ated
tertiary amne PIP-T HALS A o} the present invention (i ped or unw ped

)l e}y was, at 1240.8 [err], | east four tines | ess&than that
experienced by a polyacetal c osi ti o contai ni ng thednet hyl at ed
pi perdi nyl -triazine HALS C4. ﬁ ®1n Pabl e 3B, eIo','-'datais present ed
showi ng that the overall colo h&hge (HeltagE) qff a ggmant ed pol yacet al
conposition was inproved with e-nmethylated tertiaryfpgm ne PIP-T HALS A
Furthess it also show that the unal kyl ated secondary ine PIP-T HALS C1
was effective in reducing color changes. However, PlIPig HALS Cl has been
show to cause di scol oration during nelt proceSS| ng (T?al e l). 40 45 50 55
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EP 0 448 :037 B1 10 15 20 25 [err] 35 40 50 55 26 EP O
448 037 Bl TABLE VIB Eg. 5 [err] C30 -
27.91 20 A EP0448037B111-01 10 C31 C1

10. 05 15 EXAMPLES 21-23. EFFECT OF M XED ANTI OXI DANT AND HALS ON

POLYACETAL STABILITY The conponents for Exa%I es 21-23 and Control Exanples
C32-C37 are listed belowin Table VII } ally, the conpositions
~contai ned polyacetal B, 0.6%thermal stabilizer A and 0.3%thermal

‘stabilizer B. The resf9s show that discoloration J4'S syner izsti cally

i mproved when there i f2acl udcBAkS t he ZOMM present a

m xed anti oxi dant conbinati on (conpare Exanple %17 \gth 22 and 23). 25 30 35
40 45 50 55 27 €30 - 91

20 A ~11.01
10
C31 Cl 10.05

2

e

15 EXAMPLES 21-23. EFFECT OF MIXED ANTIOXIDANT AND HALS ON POLYACETAL STABILITY

The components for Examples 21-23 and Control Examples C32-C37 are listed below in Table Vil
Additionally, the compositions contained polyacetal B, 0.8% thermal stabilizer A, and 0.3% thermal
stabilizer B. The results show that discoloration is synergistically improved when there is included in the
. 20 composition of the present a mixed antioxidant combination (compare Example 21 with 22 and 23).
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45 Clainms 50 1. A conposition consisting essentially of (a
vvel ght percent of a pol yacetal polsgf’r%f”aa&a BYS 28 EP O 44H|m}mﬂmllﬂmﬁﬂ"|
C L M.S. * (b) 0.05to 5.0 weight percent of a hintered tamMnes
Ilght stabilizer haV|ng the structure R6 5 [err] N N 10 [err] (Il) and
where A represents [err] algylg 20 g .3 [er% a d[err] each
i ndependently representwuf et] =l kel , o1, .-Mhem toget h cs.ycl ized, [err]and
[err], and [err] with .8 r]'"' rgp & % ['é'rr]mcycI:Ibal:E}yl ,.,[err] represents
[err] gl kyl, [err] cy >"[er;f] =2r aPkyl® Jhyd ogfn, Thgd phenyl; [err]
repre- sents [err] allgl'? r% [grr]hcyglog kygoan E nesents an integer
In the range from2 t S 'growlded onent (b)
hi ndered anine |ight &&bil ze'B h@ pHgof $910 t""as.,., Z & ed on an aqueous
suspensi on t her eof, a &Heif® the aBovE‘» st&t ed #hei ght #percents are based
upon thge wei ght of conponents (a) and (b) only. 30 2. The conposition of
Caim1l wherein the conponent a) acetal is a honopol yner and the pH of
t he component (b) hi d & Je r% sBabi i zerQi s@5- & 3 The
conposition of d ai rﬂ;g erpi rbt hes cgrpogent (a) ol §ac%; is a copol yner.
35 _4. The conpositi®n of C ai ns 1 or 3 whereln component (b) is a
nethylrgroup 5. The conposition of Clalns 1, 2, or 3 wherein in conponent
(b), [err] and [err] are each nmethyl and Ais nethyl. 40 6. The

conposition of d ai 1, 2, or 3 wherein conponent (b) has the structure 45
[err] 50 = - N O O O o o i~
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Claims

s0 1. A composition consisting essentially of
(a) 95.0 to 99.95 weight percent of a polyacetal polymer and
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s C LM s *7. A conposi EpYyBYP st | %/I Lls)seﬁtgl al Ilﬂmﬂllmnlﬁﬂmﬂsml

to 99.95 wei ght percent of a polyaceta honnpolyner and (b) 0.05 tb 5"0°
wei ght percent of a hindered amine |ight stabilizer having the structure 5
PSP2 [érr] 10 ({opo.0g to[s@rweightldercent of a hindered amine light stabilizer having the structure
(1) wherein the above-stated wei ght percents are based upon the wei ght of
conponents (a) and (b) only and provided that the conponent (b) hindered
am ne light stabilizer has a pH of 5-8, as neasured on 20 &P aqueous
suspensison thereof. 8. A co osition consisting essentially of ( 95.0 to
99. 95 wei ght percentP%?l 8P1copvherer RSP 1M O. (éﬁﬂ[ﬁ' wei ght
percent of a hindered am e g t stabilizer having the stﬂucture 25 PSP2
CH3 30 [err] : (1)
wherein the above-stated wei §ht percents are based up -
componefits (a) and (b) only_and provided 40 ttuﬂ4the conp (b)
hi ndered am ne |i ght stabi | P gi has a pH of 5-10, oﬁ‘an aqueous
suspensi on thereof. 9. The conposition of dains 1, 2 3 y or 8 further
conprising at | east one of thernal stabidizers, ant i oxi dant , pignents,
colorantg, toughening agents, reinforcing agents, W stabll zers, hlndered
amwe 45 stabilizers, nucleating agents, f bricants, gl ass flbers, and
fillers. 10. The conposition of Claim?9 wherel the thermal stabilizer is
sel ected from pol yam des, neltabl e hydroxy-containing conpounds,
non- nel t abl e hmﬂnmm&;nem&ahsbngsmmmpounds, mel tabl e nitrogen con- taining
conpounds, non- n! tREPR% amli R*reageindependbatly mipregert GivPo eyl o1, whendogethet eyrlized, R' and
t hereof. 50 R?, and R3 with R*, represent Cs-C; cycloalkyl;
R’ represents Ci-Cs alkyl, Cs-C7 cycloalkyl, Cr-Crz aralkkyl, hydrogen, and phenyl; RS repre-
-sents C1-Cy2 alkyl and Cs-C12 cycloalkyl; and,
p represents an integer in the range from 2 to 12; _
25 provided that the component (b) hindered amine light stabilizer has a pH of 5-10, as measured on an
aqueous suspension thereof,
and wherein the above-stated weight percents are based upon the weight of components (a) and (b}
only.

- 30 2. The composition of Claim 1 wherein the component (a) polyacetal is a homopolymer and the pH of the
component (b) hindered amine light stabilizer is 5-8.

3. The composition of Claim 1 wherein the component (a) polyacstal is a copolymer.
35 4. The composition of Claims 1, 2, or 3 wherein A of component (b) is a methyl group.

5. The compositiori of Claims 1, 2, or 3 wherein in component (b), R', R2, R3, and R* are each methyl and
A is methyl.

40 6. The composition of Claims 1, 2, or 3 wherein component (b} has the structure

' N
45 PSPy —1/0 —=PSPy CH2~CH3~N-
: N N

where PSPy = (o)

~ N
PSPy CH3 H3
%0 CHj3 CH3
N
|
CH3

s (VIII)
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11. Thé conposition of Clains 1, 7, or 8 further conprisin
m xture conprised of NN - hexarre ddﬂheﬂv'ﬂ B1 (1ﬂmﬂaulm @ ",
bi s(3,5-di-tert-butyl -4-hydroxy-hydroci nnam de) and at | eastx orne

phenol type antioxidant. 55 12. The conposition of Clains 1, 7, or 8
further eonpédnipbsiin abhsislidgresssnlieds absor ber sel ected fromthe cl ass
consi sti ng offa) 050 HA9196 avaEight Perbént eich pdyacbxtimnopsigner b@nzophenone- based WV
absorbers, 0Xa0i0b ko \eaight pertdut ol binddrer aminedlighk stabilizetihaying thestinebfe 30 EP O
448 037 Bl * C LM s * 13. Shaped
articles made fromthe conpositions of Clains 1, 7, or 8. Patentanspruche 5
1. Zusammenset zung best &8®gl i m wesentlichen aus (a) 95,0 bisC@y 95 Gew. - %
ei nes Pol yacetal pol ynererf und (b) 0,05 bis 5,0 Gew. - % ei ne;_kCHJ

10

L| chtstabilisators aus m gehi nderten Am n der Struktur

R6 [err] [err] [err] [Nar@ [’érr] 2@"91‘9 PSPy = N-(CH2)2-N N-H
A (11)°25 und. wor i [ Al kyl bedeutetg”fNerr] und unabhangi g
vonei nander [err] SAT 5%2I S sie zu eikewh Ring vereiniyt g, [err]

und R2 bzw. R3 m t R4 Cs 7- Q/cloa.l kyl bedeuten, Rs C1- Cs- Al kyl*
Cs- C7- Cycl oal kyl, Cr7-C12- Aral kyl , V\asser"vstoff und Phenyl bedeutet; R6
Ck- C, 2,Al kyl und GCs-Cl12- Cycl oal kyl beda;/& und 30 p eine Zahl im
Bergi an von 2 bis 12 bedeutet; mt der Bgabe daB der Lichtstabilisator
aus dem gehi nderten Am n genbB Konponente (b) einen pH Wert von 5-10
auf wel st, genmesh hetBovdlshil wiighdo@6ls S6 SRRA SHdANheMBYhElsr REMFbnerity \E) a0 I bnigli €
oben angegebeanr®prodigaitenine pémpbrsit @) Riktored Whind aght GiadiizedHas 6 R ofG8I1ae Medined of a)
undhfp bezogeBaquwbustuspdisiod theBos anmenset zung nach Anspruch 1, bei wel chfer
das Pol yacetal gemaB Konponente (a) ein Homopo- |yneres ist und der pH Wert
des Li chi8st abendposiidneomsisingesshetinllgefhi nder.t en Am n gemaB Konponente (b) 5-8
betr agt . (a) 95.0 to 99.95 weight percent of a polyacetal copolymer and
(b) 0.05 to 5.0 weight percent of a hindered amine light stabilizer having the structure
25

PSP ciy

N where PSP = N-(CH3)2- -H

k/" N
30 O /l-p
PSPz SPZ ' CH3
CH3

35 (1)
s wherein the above-stated welght percents are based upon the weight of components (a) and (b) only
AN and provided

40 that the component (b) hindered amine light stabilizer has a pH of 5-10, as measured on an aqueous

suspension thereof.

9. The composition of Claims 1, 2, 3, 7, or 8 further comprising at least one of thermal stabilizers,
antioxidants, pigments, colorants, toughening agents, reinforcing agents, UV stabilizers, hindered amine
45 stabilizers, nucleating agents, lubricants, glass fibers, and fillers.

10. The composition of Claim 9 wherein the thermal stabilizer is selected from polyamides, meltable
hydroxy-containing compounds, non-meitable hydroxy containing compounds, meitable nitrogen con-
taining compounds, non-meltable nitrogen containing compounds, and mixtures thereof.

50

11. The composition of Claims 1, 7, or 8 further comprising an antioxidant mixture comprised of N,N'-
hexamethylene bis(3,5-di-tert-butyl-4-hydroxy-hydrocinnamide) and at least one hindered phenol type
antioxidant.

56 12. The composition of Claims 1, 7, or 8 further comprising an ultraviolet absorber selected from the class
consisting of benzotriazole-based UV absorbers, benzophenone-based UV absorbers, oxanilide-based
UV absorbers, and mixtures thereof.
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40 3. ‘Zusammenset zung nach Anspruch 1, bei wel cher das Pol ya ’!ﬂﬂ”"“ﬂ"ﬂ’"””m
Konponente (a) ein Copoly- neres |%‘, 4 Zusammenset zung nach '
Anspr Uchen 1, 2 oder 3, bei wel che R 489 M onent e (b) ei ne Met yI grupp *
bedeutet. 45 5. Zusammenset zung nach den AnsprUchen 1, 2 oder 3, bei :
wel cher Rl 13, [8Rapefr@nisléinddd fom tEdomBEIBA W Blafns(1D?, of VeI l s Methyl und A NEt hyl
bedeuten. 50 55 31 EP 0448 037 Bl

CL M S piteflansptigRémenset zung nach den AnsprUchen 1, 2 oder 3, bei

wel cher di e Konponente (b) die Struktur hat [err] [err] [err] 10

[err] s 1. Zusammensetzung bestehend im wesentlichen-aus[ err] [err] [err] 15 (VII1I1) 20

7. Zusanmenset @uoaf biHeksiscivent dings Relgesttlpdigivean wdis (a) 95,0 bis 99,95 Gew. -%
ei nes Pol yacet ) B.650ipbD Gaere winesidehistapiliiottaub pisend géBimortefAminrues Struktur

Li chtstabill sators aus ei nem gehi nderten Am n der Struktur 25

[err] 6err] 30
[err] (/9 35 wobei di e oben genannten Gew chtsprozente nur auf d Gewi cht

der Konponenten (a) und (b) Mezogen sind, und mt der l\/aBgabe daB der

Ucht st abi | i sator au® $R1 Ani wogénal PSRanponent (EHB)pH hen

pH—Wert von 5-8 aufwei st, sen an elner 40 wai Bri gen Suspen5| on

di esem 8. Zusamrensék%rp/%est ehend i mwesent i chen 095,0 bis

99 )5 GBW. - % ei nes Pol yacet af'copol yneren und (b) O, 05 &) RlA) ei nes
Lichtstabilisators aus ei nePs ehi nderten Am n der St4ur kt R2

N
|
A

-

20
(I1)

25 und worin A C,-Cs-Alky! bedeutet;
R!, R?, R? und R* unabhéingig voneinander Ci-Cs-Alkyl, oder, falls sie zu einem Ring vereinigt
sind, R* und R? bzw. R® mit R* Cs-C;-Cycloalkyl bedeuten;
. RS Ci-Cs-Alkyl, Cs-C7-Cycloalkyi, C7-Ci2-Aralkyl, Wasserstoff und Phenyl bedeutet; R® C; -C1z-
o/ Alkyl und Cs-Ci2-Cycloalkyl bedeutet; und
30 p eine Zahl im Bereich von 2 bis 12 bedeutet; mit der MaBgabe, da8 der Lichtstabilisator aus dem
gehinderten Amin gem#B Komponente (b) einen pH-Wert von 5-10 aufwelist, gemessen an einer
wiBrigen Suspension von diesem,
und wobei die oben angegebenen Gewichtsprozente nur auf das Gewicht der Komponenten (a) und (b)
bezogen sind.
35
2. Zusammensetzung nach Anspruch 1, bei welcher das Polyacetal gemaB Komponente (a) ein Homopo-
lymeres ist und der pH-Wert des Lichtstabilisators aus dem gehinderten Amin gem#B8 Komponente (b)
5-8 betréagt.

40 3. Zusammenseizung nach Anspruch 1 bei welcher das Polyacetal geméB Komponente (a) ein Copoly-
meres ist.

4. Zusammensetzung nach den Ansprlichen 1, 2 oder 3, bei welcher A der Komponents (b) sine
Methylgruppe bedeutet.

6. Zusammensetzung nach den Anspriichen 1, 2 oder 3, bsi welcher R', R? R3 und R* in der
Komponente {(b) jeweils Methyl und A Methy! bedeuten.

50

55
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45 [err] 50 Lerr] Terr] [err] 55 (1) 32 Hllmllﬂlmﬁllﬂﬂml

. P 0 4
* wobei di e oben genannten Gew chtspr%azoesnte nur auf das Gew cht ‘der

Konponenten (a) und (b) bezogen sind, und nmit der Ma~gabe, daB der

Li cht st abi | Zusaindnseazusg ce2RdgeAnspri@bh €2 od5i 3) b aliRr Hie KpapRaite (bl e SRikReRat

pH Wert von 5-10 aufwei st, genessen an ei ner waBri gen Suspensi on von
diesem 5 9. Zusamensetzung nach den Ansprichen 1, 2, 3, 7 oder~8, welche
wei terhin wengi stens einen der Zusatze therm sche Stabilisator

Anti oxd dantien, PignenteN Farbstoffe, Zahigmacher, Verstarkungss ttel,
UV- St abi | i sat or@BP.;a-j? H:@‘EP@US gehi nderten Am nenCHz-CHz=N=-

Kei mbi | dungsmittel, S h ttel, dasfasern und FUl | st ffe enthalt. 10
10. Zusammenset zung ndich Apdpruch 9, beirivel B8Ry der the m sgPe

Stabi | i sat or ausgewdhi t W&t unter Pol yam den, schnel zb dr oxyhal tigen
Ver bi Hlungen, ni cht - sch®&Babar en hydr oxyhal ti gen CHp i d n

schnel zbaren stickstoffhal tigen Verbi ndungen, nicfH3 F—'EG
stickstoffhalti gen Verbin- dungen und M schungen von di e§en t 5 11.
Zusammenset zung nach den AnsprUchen 1, T oder 8, welche |ter hin ei ne

Ant i ox,g danti enm schung enthalt, unf assend c 3

N,"N/' - Hexarmet hyl en-bi s(3. 5-di “tert. P&ﬁ: 4- hydr oxy- hydrozi nt sauream d) und
we- nigstens ein Antioxidans vom Typ hdertes Phenol. 20 12.
Zusammenset zung nach den AnsprUchen 1, 7 oder 8, welche weiterhin ein
Utraviolett-Absorptionsmt- tels ent haI t, ausgewghlt aus der Kl asse

bes{ ehkend. azisandvenédisng, bbstahasdimt iesdntlickenfausier Basi s von Benzotri azol,

UV- Absor pt i orfe 95.0 bie 9995:Gdw -CkegineBRelyetaibomdpelpmephadon, UV- Absorptionsmttel n
auf der Basi $b)9@h bi©p&eivl-tedinghidchidtabilitatangyan sipem gelindertan Antder $BuktuGef or nt e
CGegenst ande, hergestellt aus den Zusanmenset zungen der Ansprfjche 1, 7 oder
8. Revendications 1. Une corrp05| tion constituee essentiellenent de 30

(a) 9%50 a 99, 95 pour cd@$P2n poids d' un pol ymere pol yacetal &H3

CH3
worin PSP3 = N-(CH2)2-N N~H

~ 30 &v/LPSPZ G HCH3
CHj3

(1)

35

wobei die oben éenannten Gewichtsprozente nur auf das Gewicht
_ der Komponenten (a) und (b) bezogen sind, und mit der. MaBgabe, daB der Lichtstabilisator aus dem
\/ gehinderten Amin gem3B Komponents (b) einen pH-Wert von 5-8 aufweist, gemessen an einer
40 wiBrigen Suspension von diesem.

8. Zusammensetzung bestehend im wesentlichen aus
{(a) 95,0 bis 99,95 Gew.-% sines Polyacetalcopolymeren und
{b) 0,05 bis 5 Gew.-% eines Lichtstabilisators aus einem gehinderten Amin der Sturktur

45
PSP> CH3
)\ . l ;_CH3
50 O worin PSP2 = N=-(CH2)2- -H
PSPZ’H /LPSPz H CH3
CHj3
55

(1)
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R
(b) 0,05 a 5,0 pour cent en poids d un stabilisant la | uni
ami ne a enpachenent stnrique ayant gpgy fda'gegigsr € 35 GHH’"H""“,H”"""W
[err] [err] 40 [err] [err] R3 A 45 ( 11 ) et ob 50 *
A représente un groupe alkyle en CI-C3; Rl, R2, R3 et R4 representent
chacun “i ndepevobk diee nbenugsngmn p@av\adhtsprbanemuChqudhsoanudhbanKdmpbmntm &) und (b)
cycl i s~s ensdntvigen siitl, udaut R, MadgatR3 daBvda Likhistabilisgioe sendesmn gehindertgn oAmie gemés
cycl oal kyl e diamg@me®y ; (b)Rejnanepii-Werk rvore 5110 agiweigly @emdskeyl en einerCvaB@men Bugpdnsion k9l e
en Cs-C7, ar&¥eRgm.e en C7-Cl2, |' hydrogbne et un groupe phenyle ; R6

_represerﬁte un groupe aI kyle en C1 -C1 2 et cycl oal klyle en Cs-ClL 2 ; et 55
p repr6sente APATHRSARERHANG R <len dpTpiicnan Heﬁﬁ 7'°F?‘it8ef”98!?°| %9"8@'"2”9&9'%2"5 oipep ger

dit Fup ‘f‘ [ ’P° %E?R'"s orpry  Anfigyidgian. Jiien ?"E‘h fqfkungs-
(S:,? gr: ngn qu g 3 %{Bl E:satgr %;};sﬂﬁeraéussg nf@'te ESr)/gunea GIWB ﬁ%hgﬁ“ mittel,

suspen5| on a 35 %ﬁkhl : et | es pourcentages en poi ds 6nonc6s
-dessdd gam [

0% ool WeBRr G HGiscR BASRRRS alsddw
Seu' ement . egznﬁ\ég 8ﬁ1 %Ex haltlgeen 3:: N un ;n mrchts :n% arent't?ffro haﬁ b::t
2. La_conposigh@R Ghmbiheieh RAMIoRN bl Vb E?ra% T, s Verbin
conposant (a)dundgﬁgnym,sm,qggpory g,e et du stabl |sant a um bre du

type am;ye a enp6chement strique, corrposant (b), est de 5 a 8. 5 3. La
conposi ti om. GRsdniinenstRRG hath tde® Anshrichbans 71 GIGIUE, I Welthd ReifeMinydieCArfibxidabtiRhee Ry
(a), est un capst, ywildstond 4N,N-Hexa@Bfdhi-tis(3BdideSbuty 4 apdib:q b dradirttsilireaididp uind we-
dans | aquel | evigbteskueirc Antipxidaasitom Typ gelsitdeties Rpplipe net hyl e. 5. La conposition
des: revendications 1, 2 ou 3, dans |aquelle, dans | e conmposant (b), R, R2,
R3 ®t’ Rdo 102. Zusanwesnsstayhaoach demAggpdichee 1nT-bdey Bewelshe Meiterhin Q!mUlngpé\bm'hm
6. La conpositel$ enthile ausoev@hdiue der diasselbesehand s UyaAbsorp t@csmtelire ayf edep Bapie yemt
(b) ala str LBenzptriazal, Y- sPrgqun mft@‘p pl}f c{eé ppﬁns 9an Benzophenon, Absorptionsmitteln auf der

Basis von Oxanilid und MISC ungen von diesen.

25 13. Geformte Gegenstinde, hergestslit aus den Zusammensetzungen der Ansprliche 1, 7 oder 8.

Revendications
Y 1. Une composition constituée essentiellement de
30 (a) 95,0 & 99,95 pour cent en poids d'un polymére polyacétal et

{b) 0,05 & 5,0 pour cent en poids d'un stabilisant 2 la lumidre du type amine & emp8chement
stérique ayant la structure

35 RS

N
PS:P;L‘(C)\I/-PSPJ. . ou PSPy = (CHz)p ll
N

o N
0
PSP

45
(II)

et ol
50 A représente un groupe alkyle en C;-Cs ;
R', R?, R® ot R* représentent chacun indépendamment un groupe alkyle en Ci-Cs ou, lorsqu'ils
sont cyclisés ensemble, R' avec R?, et R® avec R*, représentent un groupe cycloalkyle on Cs-C7 ;
R® représente un groupe alkyle en C1-Cg, cycloalkyle en Cs-C;, aralkyle en C7-Ci2, 'hydrogéne et
un groupe phényle ; R® représents un groupe alkyle en Cy1-Ci2 et cycloalkyle en Cs-Ci2 ; ot
§5 p représente un nombre entier compris dans l'intervalle de 2 4 12 ;
3 la condition que le stabilisant & la lumiére du type amine 3 empé&chement stérique, composant (b), ait
un pH de 5 & 10, tel que mesuré dans une suspension aqueuse de celui-ci, et les pourcentages en
poids énoncés ci-dessus étant exprimés par rapport au poids des composants (a) et (b) seulement.
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E(?Eft i"t;u;e essentiell enent de (a) éﬁ'[&a;%]a_pé;gwpl)m ggn'z erlﬂm“wmr "I'rrllll

honopol ynbre pol yac6tal et (b) 0 cent en poid
stabilisant a la‘lumbre du type am ne a enpfchenent steri que ayant Ia
st ruct ur e, 3ba {ofpbdition de la revendication 1, dans iq@élllie fdBfabdal, 48mposant (a), est un homopol mére

[err] [err] efi&ph bu Havilisant & la lumiére du type amine 3 empéchement stérique, composant (b), ost bo 5B ES
pour cent ages. en poi ds 6nonc6s ci-dessus etant exprim-s par rapport au poids

des conposants (a) et (b) seulenment et a la condition que |e stabilisant &
| a | unsbra thicdmppsitioae aevandieafiact dave ldual le polyacstak contposant @ agh oseopdlyradry., ai t
un pH de 5 a 8, tel que nmesur6 dans une suspensi on aqueuse de celui-ci. &
Une conpdki tad epmposition dés reeendicationsit 2 ey 3.alansaquelle A dy)codBosant £b) 99 ug Sroppeuméthyient en
poids d'un copol ynbre pol yac6tal, et qg 0,05 a 5,0 pour cent en poids d' un
st abi | i sat L&CamposiipR;dep Eovendicatpn ® 1.t ﬁ%éﬁ’érﬁ camposant (b), RY Ry Ry &
ayant 1°a st FAREENaPUS ug groupe ’[‘@Wﬂ et A est un groupe mé

O Tos Boube erbatioh oolsbpton o7 g5 So0s el STEPSPLOSHINRE par r appor
au poi ds des conposants (a) et (b) seulefrent et a la condition que le
stabil| ;sSant a la lum bre du type am ne a enpachenent is st epigue,
cQgposant (b), sit un pH de 5 & 10, tel que nesur6 dans une sugperisi on
aqueuse de cel ul - %g np03|t|on des revendications 1, 2, 7 ou 8,
conprenant, de pP a UR>FAgr edi ent parmi |es st@ﬁu+¢&znﬂs ala
chaleur, les antioxydagt S plgnentsgglesggﬁlorants es agents de

st

t 6riaci fe, | es agents de orcerrent fiSants la gUm bre WV, les
stabilisants du type am p p@x enpeche- 20 nment gt 6r | agents de
nucl eation, les lubrifiants, les fibres de verre g g ch
N
|
25 - CH3
(VIII)
'\/:
_ 30
7. Une composition constituée essentiellement de
(a) 95,0 2 99,95 pour cent en poids d'un homopolymére polyacétal et
(b) 0,05 2 5,0 pour cent en poids d'un stabilisant & la lumiére du type amine & emp&chement
stérique ayant la structure
35
. PSP : CH3 .
A e
o - -
w© N O N ol PSPz = N-(CH2)2-N N-H
Pspz/l\ SP2 O 0>—$CH3
CH4

45 ) . (I)

les pourcentages en poids énoncés ci-dessus étant exprimés par rapport au poids des composants (a)
et (b) seulement et & la condition que le stabilisant 2 la lumiére du type amine & empéchement
50 stérique, composant (b), ait un pH de 5 2 8, tel que mesuré dans une suspension agueuse de celui-ci.

8. Une composition constituée essentiellement de
(@) 95,0 & 99,95 pour cent en poids d'un copolymére polyacétal, et
(b) 0,05 & 5,0 pour cent en poids d'un stabilisant 2 la lumidre du type amine 2 empé&chement
55 stérique ayant la structure
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10. La'cénposition de la revendication 9, dans laquelle |le bk a la
chal eur est choisi parm |es pol yaégﬁ‘iﬁsoéf& conposes hydrmﬁﬂmﬂgﬂm,ﬁm
| es conposes hydroxyl ds infusibles;, 'es cOnpos6és azot~s fustbles,.. s
conpos6s "azotds infusibles, et leurs nelanges. 25 11. La conposition des
revendi cations 1, 7 ou 8, conprenant de plus un n6l ange anti oxydant
constitue de PSP2 : CHj

N, N' - hexanot hyl bne- bi s(3, 5 di -tert-butyl -4-hydroxy-hydroci ]

noi ns un anti oxydant du hénol_.& enpOchenent steri que/
conposi §i on des revendi atbo 1, PY%u 8,PeB2pr HiahtHaikey “bsor bant

d ultraviol et choifépg sYa e fornte par absor "tl.'\ﬁ & base
de benzotriazole, les®ab ants @ W a base d nzophénone, qﬁs 3
absorbents d' UV a base d oxanilide et |leurs ndlanges. 131 Artic s f agonn~s
fabriques A partir des conpositions des revendications 1, 7 ou 8. 35 40 46
50 55 39 (I) :

12. La

les pourcentages en poids indiqués ci-dessus étant exprimés par rapport au poids des composants (a)
. et (b) seulement et & la condition que le stabilisant & l1a lumigre du type amine & empé&chement
i S 16 stérique, composant (b), ait un pH de 5 2 10, tel que mesuré dans une suspension aqueuse de celui-ci.

9. La composition des revendications 1, 2, 3, 7 ou 8, comprenant, de plus, au moins un ingrédient parmi

les stabilisants & la chaleur, les antioxydants, les pigments, les colorants, les agents de ténacité, les

'\_/. agents de renforcement, les stabilisants 2 la lumigre UV, les stabilisants du type amine 2 empéche-
' 20 ment stérique, les agents de nucléation, les lubrifiants, les fibres de verre et les charges.

10. La composition de la revendication 9, dans laquelle le stabilisant & la chaleur est choisi parmi les
polyamides, les composés hydroxylés fusibles, les composés hydroxylés infusibles, les composés
azotés fusibles, les composés azotés infusibles, et lsurs mélanges.

25

11. La composition des revendications 1, 7 ou 8, comprenant de plus un mélange antioxydant constitué de
N,N'-hexaméthyléne-bis(3,5-di- tert-butyl-4-hydroxy-hydrocinnamide) et d'au moins un antioxydant du
type phénol & empéchement stérique.

(Y

30 12. La composition des revendications 1, 7 ou 8, comprenant de plus un absorbant d'ultraviolet choisi dans
la classe formée par les absorbants d'UV & base de benzotriazole, les absorbants d'UV A base de
benzophénone, les absorbants d'UV & base d'oxanilide et leurs mélanges.

13. Articles fagonnés fabriqués & partir des compositions des revendications 1, 7 ou 8.
35 :
A

40

45

50

55
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