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CCNTAkNING ~ NON- MELTABLE POLYMER STABI LI ZERS

OR CELLULOSE STABI LI ZERS 5 . BACKGROUND

Techiti cal . Field . .This invention relatés to certain polyaceta
conp05|t|ons whi-ch are characterized by inproved stability during
processing, sai d i mproved stability 10 being due to the incorporation
“therein of at |east one non-mel tabl e p@ELEMEr stabilizer or at |east

one m crocyrstalline or fily uk t ARisdn

‘Pol yacetal conpositions are gengpg#ﬁgﬁ%hh h§§§g$s€§%gk§ﬁiyﬁclude _
conpositions based on 15 honOS-MBETABLE POLKMERcBPABILIABRS er ni nal groups

. of. whi ch are end-capped by egrepeLLofbERNsPABILIZERSheri fication, - as

wel | .as copol yners of formal dehyde or of cyclic oligoners of |

fornaldehyde aRd other - ° nononers tha@ﬁ§5§39ﬁggyalkylene groups with at

" least 20 - two adj agerhndsaloFiaddns in the main chain, the t erm nal
roups of which copolyners c es ' )1 r -

group poly. il 1“%@5@%35 rela E ﬂbTﬁéfgaEﬁdﬁﬁﬂggﬁe tal

-end- capped by esterification or rop
conmpnoners can °°U@°§Btﬂ9350W%épghﬁrﬁeﬁbéﬁ9°t€5h§%§|PY olmprexed on 25

pol yacetal s of re'%&hﬁﬁhﬁt ﬂhrﬁh@bgtoéﬁgéiﬁg, said TDhBELV éfaﬁﬁilt _
10, 000 to 100, OOO ar,e u h §€1 anISE n|shed :
At rores by a8, ki Bhe "o, e, dBCBLBRRBHRGD, ERRERI R 1OF T IRt PR

materials, e.g., cmmpﬁmeamableobdlygprlspabﬁl&leEOOrnatdlegsteumeu5|on
bl ow nol di ng, rOtaH%§§§cy@%th&Qne or fﬁgkb?éphaﬂiﬁ osét§€§$fﬂ 208,

thermoforming. Finis onposi T10NS possess
desirable .  physical prop@P@V@§etFﬁcFBBPﬁﬁlﬁigﬁss???f%%%%rally

strength, |ow coef undezsitood to dhcdudeacompositBons base@ndnr esi stance.
' 15" homopolymers of formaldehyde, the terminal groups of
which are end-capped by esterification or
etherification, as well as copélymers of formaldehyde
:or of cyclic oligomers of formaldehyde and other
~ . monomers that yield oxyalkylene groups with at 1east
20 two adjacent carbon_atoms in the main chain, the
terminal groups of which copolymers can be hydroxyl
terminéted or can be end-capped by esterification or
etherification. The proportion of the comonomers can
be up to 20 weight percent. Compositions based on
25 polyacetals of relatively high number averagé
_ molecular”weight, e.g., 10,000 to 100,000, are useful
in preparing semi~finished and finished articles by
any of the techniques commonly used with.thermoplastic
materials, e.g., compression molding, injection
'30 . molding, extrus1on, blow molding, rotational molding,
melt: splnning, stamping and thermoforming. Finished
articles made from such compositions possess desirable
. physical properties, including high stiffness, | '
_ , strength, low coefficient of friction, and good
-AD-5729-A 35 solvent resistance.
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2 % : " However,  in certai.n applications, it mould' be

deS|rabIe to have greater stability during - processi ng than has

- heretofore been possible wth’ conventional pol yacetal conp05|t|ons or
ever:with 5 pol yacet al conpositions-containing convent’i onal :
stabilizers. The non-nel tabl'e polyner stabilizers and . the -
m crocrystalline or fibrous cellul ose stabili2ers of the present - .
i nvention inpart such i nproved = stability to the polyacetal resin. The
non-mel table 10 pol yner staBPMPXer-uéefGPrtﬁlﬂhEPEbhﬁé§¥?P%nslﬁfw?¢kﬂ

present invention ip AckAruBle tBahave QQEaﬁﬁrtééaslﬁity duriﬁ@ tenmperature
at which the polyacetal ig aver age

unb
particle size, IEGFFSBQPbeaEnHaﬁfFEFeﬁﬁstﬁrgﬁﬁgsPﬂﬁSABﬂﬁ %ﬁﬁ?alns 15
f or mal dehyde react iconventiopal polypsetalf compbditydns or evencwitk

hydroxyl groupg or %»&chzgﬁhcomgogiﬁﬁgﬁéygoﬁ#aﬁﬂfng c£h©§RH§ oh&l | Ul ose

stabilizers ositilon I nvention :
are derived fron1n@ﬁ@b&ﬂﬁ?eﬁﬁeuﬂhﬁnQOéEFP&FBBéeanﬁlﬁﬁer2§tahb%1%£F¥e&ﬂ% at

the tenperature at gyl &hctr%rysta1nqh1éaeet gibrbusebé1PaD6£6 S€tabibzers
m crocrystalline gﬁllulose S ave gmpgartécle si ze of

a
© 100 microns or |es®f the pE@§@PFp§P3&"bF°ﬂeFﬂ?@ﬁgAch 5
Pol yners cont ai ni ngtabiildg¢yntor thes padgacetal rehyn:ox&hegmonnnehhahl@een

k ‘th t t | t | e
(0115 3 egymer AL gen S i b
f or mal dehyde reactPmssﬁwﬁréﬁVPHGﬁQGpésaﬁdPQlYEGr théFnﬁFdEﬂ?ﬂ%e¥%%E¥¢v%t

nitrogen groups (Saheé tem?e&gkﬁgbdgbydgieﬁaﬁhévgonyaeegsn $& Op@Et bei ng-
- predom nantly present on

es of E BE#% Q ﬁ; and which
al-.so have a sral| REMGESS er§5§ B - PEBPET pverads BAECHGFE BffSni e at
the tenperature 35botht beiforie and pftpxcmedt processipgpcandedontaims not’

15 formaldehyde reactive nitrogen groups or formaldehyde
reactive hydroxyl groups or both. The
microcrystalline or fibrous cellulose stabilizers
useful in the compositions of the present inventlon

~ are derived from naturally occurring cellulose and are

20 non-meltable at the temperature at which the
polyacetal is melt processed. ‘The microcrystalline
cellulose stabilizer has an average particle size of
100 microns or less.

.25 o Polymers containing nitrogen groups and/or
hydroxyl groups have been known in the art to '
stabilize acetal resins. However, the particular
thermal stabilizers of the present invention, which
contain formaldehyde reactive hydroxyl groups and/or

30 Vformaldehyde3reactive'nitrogen groups (said
formaldehyde reactive nitrogen groups being
predonminantly present on the 51des of the polymer
backbone), and which also have a small number average
particle size and are non-meltable at the temperature

35 at which the polyacetal is melt processed, have not
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3 ‘been taught-in the art and, i'n some cases, have been t aught

away tfomby the art. In spite of t he teachings - in_the art, which are

hi ghl i ght ed bel ow, the partlcular stabilizers of the present i nvention

5 stynifi-cantly inprove the stability of polyacetal. - ‘resins.

Japanese Patent Application Publication B2-7107, published Septenber
-11, 1967 by appllcant' Teijjn K K, discloses a CO@POSIIIOH of 10

polyoxynethylene orPeep o 3Hﬂ9ttiﬂnﬁﬂﬁt§¥ﬁ1ﬁﬂﬂn) AT iBepe cases,| hYSnEeRP ene

pol ylrrer or i tst ﬁoloo&aumit awhy from mmiqm.oﬁmememdtehwhelﬁgspa-
-vin .na a e e r ' acryl.am ae
’ ; S e SHLGE ard gl o, ¢ bel ow

and styrene or V|ny ave a 0|nt équa to or bel ow

the nelting point opart culap ww&mﬁwfert@epawtorin&ep&nwer The

reference teaches nifOERAAEEy fﬁvé‘ﬁﬂ&‘dﬁﬂﬁﬂﬂﬂﬁ? of polYaveral -
stabi.lizer. It also faches that acrylantde - honopol yner i's only.
slightly conpatlblerﬁﬁ P20 pol yoxynethyl ene . polyner or_ copol yner, is not

thermal |y stabl e, causes consJahan&éeaRhtHnﬂ<prmﬁmat1on ‘pubddcazionnly a .
slight effect for ijpr g i es of
pol yacet al . a3 -ﬁ/é-p Jélpanese qbaﬁ «?tté%a%l i ca(t |]%;?7&%%ea3§&?%§§g

publ i shed June 17, TetbimKdbpi idisnloges miosmpagdddion of Kogyo K K.,
di scl oses a nefdiod p&m&;ﬁhﬁémﬂ&e or ct Ye&pies ﬁwc%gm%tihgg of

an additi.on of a CcCOopo r. of acr e qQr. an ac l.am de rivative.
‘There is no teachi P t¥ﬁé§@§g§i %ﬁ%;t s?&glPlzer for
pol yacétal, nor is ¢¢pnrymequﬁnaaxyiam1de andlatynembenen&dnqﬂ t he

i nportance of the %%%ié%e It jat ts |n tztﬁll% Ho?%g?ﬁx%ro%f' ts

~particle size in I evi ng 1 nprove Ity .of the
-nagnltude achi eved ae¥¥iapide and styrene or v1ny1 napthalene have a

15 melting po;nt equal to or below the meltlng point of
“the polyoxymethylene polymer or copolymer. The
reference teaches_away from the use of a non-meltable
polymer stabilizer. It also teaches that acrylamide
.. homopolymer is only slightly compatible with
- 20 polyoxymethylene polymer or eopolymer, is not
thermally stable, causes considerable discolofatioﬁ}
and has only a slight effect for improving the heat
stabillty or other properties of polyacetal. -
_ _ Japanese Patent Publication Koho 43-14329,
25 published June 17, 1968 by applicant Mitsubishi Kasei
.Kogyo K.K., discloses a method of stabilizing '
formaldehyde polymers consisting of an addition of a
copolyher of acrylamide or an acrylamide derivative.
There is no teaching that acrylamide homopolymer is a
30 stabilizer for polyacetal, nor is there recognition in
| this reference of the importance of the non-meltable
_ nature of the stabilizer or of its particle size in
. oL ~ achieving improVements;ih thermal_stahility of the
| magnitude achieved herein. |
35
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35 ¢ - | : 4 Japanese

'Patent Appllcatlon Publlcatlon : Kohai 59-213752, published My 19, 1983
by applicant Asahi Kosei~Kogyo K. K., discloses a pdlyacetal

conpesi tion containing a.fine-poly-beta- alanlne powder = 5 as a heat
stabilizer, wherein the poly-beta-alanine is obt ai ned by ‘hydrogen
transfer polynerlzatlon of .acrylan1de Fﬂdrogen transfer
pol yneri zation yields . y Bl dehyde

- reactive ni trogen groups e |nm?ﬁ%%%%cbg§%gag?&?h pﬁE}iB&Q?&ﬁo The

reference teaches &ahaif 59m3d3Fsenarubd ished May 1po| $A83 bYaﬁPPl%@ﬁnﬁaV|ng
a high degree of Asaﬂlorﬁﬂﬂéieh%d mckt.I,vai&bnbeegnagpempscaaalhe si des of

- the pol ymer backbone by di CI05|n
catal yst/mol e of  adf ééﬁ%ﬁ? i%? ﬁg Rﬁiyp89§ﬁeP1?P18e B3udd: "
pol yacryl ani-de,s V\/naselm heat stab:ﬂmzm:l dulhpd’eme&hel polyirbetgealaninesiare

on the sides: l_ﬁalrlﬁ]er i 331%6&%0%%::%%@5Pbixﬂsrgﬁﬁégahedfat an

undesirabl e degree. re I's no _reco Eartlcular'
paraneters requir eAGFlamideo| Jxdrogen trans PFZBP%YB‘P#HE*-[BPESX

I( nvent i % Even flﬂ)ﬁlhﬂ’f—;g ,blwherfé(;hﬁltlﬁpl Nalj%ﬁtgnotl?)g?fxga%heﬂyh; f@abtnée
“(i.e., st ubl i she i;catiaon se
below), it is stat é&?ﬁ”ﬁeq 1< é&%?o/;p E%‘P Pﬁ gcbone O% ;B;eﬁgg (rg'g still
i nadequat e wi tlio r ed@hel nefdnerice? teaches McérandprhpaabsenneOGf a

di scol orati on unde&,l eﬁ“ﬁ%abilizer havin a Y8 h gggggg !blished
Appl i cation No. 3715117, @& Decenber 1984 b Kasei

Kogyo K. K., discl odiarmaldehyde rsﬁaﬁéﬁll"ez tF899909r°HBPyQBeF§¥ ﬁb&ﬁﬁr?gd to -
be i npr oved.over t haie Polyaer backbumdse digclddingr thatei€elesknthlhs :

B A el o PRI HE %, L GAabte o SE A ailal' Lhbes,
15 the vinyl polymer (i.e., polyacrylamide, wherein the
B formaldehyde reactive nitrogen groups are on the sides
_ of the polymer backbone) tends to be generated at an
undesirable degree. Further, thete is no recognition.
. éf the particular;péraméters_reqﬁired for the polymer
20  stabilizers of the'present inﬁentiona. Even furthér,.
~in an application later filed by Asahi (i. e., West
German Published Application No. P3715117. 7, dlscussed
below), it is stated that the stabilizers of this
reference are still inadequate with regard to heat
. 25 resistance and the absence of discoloration under .
heat.

' West German Published Application No.
P3715117.7, published December 3, 1984 by Asahi Kasei
Kogyo K.K., disdloées'a thermal stabilizer for

30 polyacetal purported to be improved over that of the
Japanese 59-21375 reference. In this particular
reference, there is disclosed as a thermal stabilizer
for polyacetal a poly-beta-alanzne compound

contalning.
35 o (X) monomer units having the formula
d 4
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cont4ai ni ng: 35 ' (X) nmononer units . having the formula . -
5 . % (CH[err]CH[err]CCNH) and (Y) nonomer
upi ts having the fornula (CH[err]C}D 5.

CCNHEerr] - characterized in that the content  of monomer units (Y)

‘lies in the range from1.4 to 10 mM per gram of the . conpound,
preferably from5 to 9. mM per gram of .the 5conpound. Thi s reference
“cléarly teaches away froma 10 *éﬁkéﬁa qge (Y) nmonomer units, as-
evi denced by . the preferred ra r units and by the
statement that excellent char ¥} ononones thabeing thepficamda i f

pol y-B-al anine (corresponding to p@éﬂ o Is nmerely mxed with a

pol yacryl am de (correspondlng 15 to %y Y).  This indicates that poly-Y,
by itself, is not effective wi thout interaction fron1po|y X. The - -
reference al'so sloes not recognize trme¢mnu§tance of : the particul ar

paraneters of the p | .
Application Publlca§$%§gkﬁépggga gHéEEFE>EPe 5”&3@%%@% }ﬁﬂhfbéy)
appl i cant E |1lies $nnthecranse from . wo chhc!nM @er GHas of theg - R
Novak) discloses a &Bﬂﬁ&ﬁhﬂ?tﬁi@éﬁg@mfcﬁm 5 wlyaﬂ@t @mﬁn ot Rgheof

pol yners and ol i goners ai ni ng both ro&y and at Ieast . |
one ot her 25 funcFPBHQYnﬁrou %ﬁafe %F%P?ﬁr%#kﬂﬁ Xigk EWFY, From o
hydr oxyl groupso Exhighi petqehtg@esoﬁb(!) onomer unitomsiasy e(\ifitdemqaﬂ éuu!'ar
UL Chh Soe, She REGEREFSR, Blked ot ey idRbinhatier dg o g 11
4,766, 168, |ssued Aﬁgggement that excellent characterzstlcs cannot be -
obtained if poly-B-alanlne (correspondlng to. poly-X)
is merely mlxed with a polyacrylamide (correspondlng :
15 _to poly-Y). This indicates'thet'poly—Y, by itself, is
' not effective without interaction from poly-X. The
_ reference also does not recognize the importance of
the particular parameters of the present invention.
. European - Patent Application Publication ‘No.
20 o 245 962, publlshed November 19, 1987 by appllcant
' E. I. du Pont de Nemours and Co., Inc. (inventor -
~ E. R. Novak) discloses a thermal stabilizer for
 polyacetal consisting of polymets and oligomers
containing both hydroxyl groups and at least one other
25 . functional group that is a stronger Lewis base than .
the hydroxyl groups. Excessively high stabilizer
viscosity (from molecular weight or chemical
composition) is undesirable because it can make it
difficult to disperse the stabilizer in the
- 30 polyacetal. U.S. Patent 4,766,168, issued August
23, 1988 to N. E. West and assigned to '
E. I. du Pont de Nemours aﬁd_CO., Inc. discloses a
thermal stabilizer for polyacetal. consisting of |
thdroxy containing polymers and hydroxy containing
35 bligomers.e Neither reference recognizes the

\
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23, -1988 to N. E. West and.asSigned to E. I'. du Pont de Nenmours and

Co., 4nc. discloses a thermal stabilizer for polyagetal consisting of
hydr oxy contalnlng pol yners and hydroxy contalnlng 35 * oligoners. Neither

ref€rence recogni zes the 6

I mportance . of the stabilizer partlcle size an the non-el t abl e nature

of the stablllzer Wi th respect to obtaining thermal stability of the
nmagni tude f“lﬁﬁdf%é%&é“ﬁfﬂﬁhe é%ab;lizer parth§e EQEG“En& @Qé 014,

grant ed August 31 965 to G.een, S her mal
pol yacet al RATETRS ThpR ks 3 ek, OF e, 3EBbI1 1268 Hith, FaFpect to

‘stabilizer system<meHin§ng(ﬁhdﬁﬂakaanhﬂnﬂum'otfthe mayn&tnﬂbpyrrolldone.
and a nonool efinic /merizable therew th, "(b) a phenolic
ant i oxi dant, ang % § é%%esger of 3,3 -thlodlproplonlc acid. There :

i s no recognitifon of the i npdt+SnRatemb o 28%a034e grantggd, Apgnetsdie or

the non-nel tabl e naigges 15 dden, disdiVids %B%he&ﬁally stable leﬁacEﬁ&Ent'

3,219,727, granted venber 23,. 1965 to SESe
Dol yoxy et hyl one . commentiay Sonpkinshe o brlvRbetr1 fnd; o trrpai e 1o

the |ncorporeﬂstnbllﬁzenrsxﬂtam\nqqﬂrﬁ@QGVMCr(havangoppawmer ofchai ns
containing the stryglyyg, rrolldone and a monooleflhgbrhonomer and

particularly conta|n|n rou é} - consi stiLn g grou
and Iactan1gr éﬁiﬁﬁF 1?!%9%?% ths dPds @g Phgnof PEFéP§ﬁ9€
stabilizers for anmodcy)acetcﬁem IMiNG ‘Hithicgdpropiopic abdde | Theve

recogni tion of the §morLanceyffe P!de WP I RERaRER of tnRPhbbEhGes 20

this-reference,-nor
: . n particle size or the non—meltable nature of the

' stabilizer. :
15 U.S. Patent 3,219,727, granted |
November 23, 1965 to Kray, discloses polyoxymethylene

incorporation therein of a vinyl polymer hav1ng side
chains contalnzng the ‘structure -
20 , . _ 0
' H
wCe=N~
and particularly containing grpups of the class

PS

in

compositions having enhanced heat stability due to the

consisting of amide groups and lactam groups. Although .

25 ~ there is disclosed in this reference stabilizers for
polyacetal containing nit#ogen groups, there is no
recognitioh of the importance of small number average
particle sizehin this reference, nor is there '
recognition that the stabilizer should be

30 non-meltable, nor is there exemplified any of the
particular stabilizers of the present invention, said
stabilizers having a.small number average particle
size and being non-meltable. _

o U.S. Patent 3,235 ,531, granted
35 February 15, 1966 to Walker,. dlscloses a method for
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N

recogn|t|0n that the stabilizer. should be 30 non-nel tabl e, nor -is there
exemptified any of the particul ar. stabilizers of the present

i pvention, said “stabilizers having a small number average particle.

si z&-and bei ng non-neltable. U.S. Patent 3,235, 531 gr ant ed
35 February 15, 1966 to \Wal ker, discloses amethod for

7 stabi i zi ng oxynet hyl ene copol ymer. U.S. Patent 3, 210 322,
granted October 5, Stg8%ilizing loxyhetdiyjene copolymeat.ho¥.Sf Pﬂ&&m‘-ng a

trioxane polymerizag 'ﬁbP.’I?‘dUCéranted Wﬁe}f% Ofy o3 %%V%hb.&' ﬁ@ﬂc@leléEer

a trioxane 5 pol ynmerj zat i on cat al unreact ed trioxan

Patent 3,236, 929, df MEPESr Jhepting ﬂéﬂ-’%ﬂj\sp&mll’men&r%&f’asB§°§“°'F
met hod of .i nj ecti oncomprised o e rmbmethylenecgqmlymr sa HrioxRaeent

3,418, 280, granged f .S NOyae
~pol ymer whi ch :}’ts 1(’5&’8;%@ ?tjb‘ma %c}% @gfg& %qﬁf:gr‘]i {ig‘%%:flbcr UTs.
cont ai ns = m)norkatgn n?nt%365¢93%ptqltﬂ ehyuagat 23n. 166t ke upa, above
four references, ”&éﬁ%@éé‘%%&mwar@@cum %ﬂ@'ﬂ‘ﬁebxﬂh&tﬁQméﬁén

thermal stabilizers such as stituteéed poI cryl ounds -
havi g 156 15 am GREGHAIRES - Heffo BRette 3R SR0uL SEAESER 20 PRECH:
particul ar par arret adisacifosése q:)rummd iof arttalbdlizimg dopolymeanyhécbhnpbi fy
the parti cul ar

u's. "Rt ent 4 2%%*%‘#”% %Wﬁﬁ%geﬁﬁ%&%& Bacguse it containe |
mel ani ne- f or mal dehﬂ&"% Rt susceptible to degradatien;i I8, the =
" pol yoxymet hyl ene. |abd>\3e3£biﬁﬂtm::es,' fmewmglmbapbnymbw orl dehyde -

SR | ottt TRV Satasl el SISk gheh 2
suggestion that copﬂﬂymtitutﬁdean%ﬂ&nnxkamiﬂes or cqmpabmﬂSZanihgrl-
polyacetal 15 .amide groups. None of the references recognize the
'_ particular parameters of the present invention, nor do
any exemplify the particular stabilizer of the present
invention. . -
o U S. Patent 4,230, 606, granted
20 October 28, 1980 to Amann, discloses a
) melamine-formaldehyde polycondensate as a thermal
stabilizer for polyoxymethylene. It is advantageous
to form the melamine-formaldehyde precondensate-in the'
presence of one or more .protective colioids, which may
25 - include copolymers of aé:ylamide.' There is no
' suggestion that copolymers of acrylamides are
stabilizers for polyacetal. _ | _
None of the references discussed or listed
above disclose the particulars of the present
30 invention nor do arny exemplify the specific
non-meltable polymer stabilizers claimed herein.
References relating to the use of'certain
types of cellulose in polyacetal are as follows:
U.S. patent 4, 722 662 discloses a process
35 for.manufacturlng oxymethylene copolymers stabilized

This g, _
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None:. of t he r ef erences. discussed or'Ilsted above dlscloée t he

partietlars of the present 30 invention nor do any. exggpllfy t he speC|f|c '
non- mel t abl e pol ymer stabilizeérs. cl ai med herein. . References
rel’ating to the use of certain types of cellulose in polyacetal are as
fol |l ows: ~ U'S. patent 4,722,662 discloses a process 35 _,for

manuf acturing oxynethylene copol yners StabI|IZ§d

8 agai nst thernal, dat i i ng the hea
ol ymor oS e AR o BB ERY SRR hert i e
cel l ul ose ether to lther coppdymer 1nnanaHQGeou§nnedyumneonhdtnamm watar
~separating said 5 t a

containing a d|subs??FH?ESX%SPF&?ggghénﬁéliﬁQghé %fhéﬁ ?%¥ed éy?%ulose
ethers are Known stablepprydetbylene ends and theElﬁﬁpiﬁﬁt%ﬁg4sﬁﬂﬁ.887
diescl oses 10  gol ywmthyheae &abdnyﬁeeoz?eﬁl aaQaSaquéabstmémum |

~inmproved physical properties cQ a '

pel yoxynet hyl ene poF?ﬁSFlnénplﬁnga uﬁggﬁ? FE& ifufosewﬁFQ% ban i ncl ude
céllulosic fiber, abdsubstitutedycelbuliosei dthets are known U S. patent
3,406, 129 di scl oses of nol dabl e cel | ul ose pol yner havi ng
_f;ee hydroxyl Eggﬁgggaﬁgﬁicﬁ to 50% of acet al golyner and U.S. o
37406, 130 di scl oses col | odal Yi-SpeP3FBRE 6513 ¢B87 AisGlese8 with certain

solvents for tfe cepbllyoxgmathylpneywoldingi composposbns oeshitsttingeged t0

have | mpr oved €

e e L Srimami e,
pol yacetal is detri ®én ¢ &u

~dirscl osed in these aﬁlchreggrqa@ggdbscgglhmgglalQiggfysiaalane nor fibrous

cel l ul ose as |t i s ggag%aggodlgmideerefore nel t abl e
15 U.S. patent 3, 406 129 discloses melt blends
of moldable cellulose polymer having free hydroxyl
groups with up to 50% of acetal polymer and U.S.
3,406,130 discloses collodal dispersions of such
_blends'with-cértain solvents for the cellﬁlose
;_ 20 polymer, which compositions are alleéed to have
' ' improved melt strength and elongation. U.s. 3,406,129
specifically teaches that the use of greater than 50 '
weight percéht polyacetal is detrimental to the melt
‘blend. Further, the cellulose disclosed in these
25 references is neither microcrystalline nor fibrous
' cellulose as it is moldable, and therefore, meltable
at the melt processing temperature of polyacetal. _
| thle some of the references discussed above o
dlsclose incorporating certain particular cellulosics
30 into polyacetal.compos;tions, none disclose the
: specific types of cellulose used in the compositions
LA L - of the present invention, nor do any disclose the
' unexpectedly improved stability in polyacetal
. compositions that results from the incorporation
35 therein of said types of cellulose.
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at -t-he nelt processing tenperature of polyacetal. Wil e sone

of the’references discussed above . . disclose |ncorporat|ng certain
particular celfulosics 30 into polyacetal conp05|t|ons none di scl ose the
specific types of cellul ose used in the conpositions: of the present '
i nvention, nor do any disclose the unexpectedly inproved stability in
polyacetal ' conp03|t|ons'that results frcnﬁthe I ncorporation 35

thereln of said types of cellul ose.

9 : . SUMVARY OF EN Thi s

bnggntlog re|aL$5 to ce:taln PRy oD et ion réIHEEENﬁd<H§%ﬁ3£%bﬂcP§%@éwehh
: o 3 wei ercen 0 er ntainin

f or mal dehyde g5 R pr%ﬁ’&??§éq1%§o§*ﬁ%%fbfﬁcg "é#;}?oq 4%%%%&?;‘@%‘ ETECEN
ni‘trogen groups, saofl petyakn poI&mérzstabi&nmegpecontainnngxﬁonmamd&@gde .
particle size, 4n t?@a@?iV?%ﬂo%fé grot(%l e jrola e drith 1A SHYAE z@%%tli%'e_r_‘g '

nbn-neltable in th S have a major I't1ng

ppint 10 -~ higher tﬂaﬁr?ﬁéntﬁﬁﬁEP%tU$ QHPQ%NWﬁFtﬁﬁ?Hiﬂﬁﬁﬁﬁﬁaﬂav¥?g a pelt
processed or, in thgulbéser avétage wi&.@ui@w size, N4 tpilyaddtalhe omj or

ol img point 1o LONELeS Dol pep ALG-SFETE f G palbpmalratd LI R 1S
significant nelt flthedpelymerhestakilizexsdaven siajor meltdngpriodt al .
The above wei gfy PehEgREY 'Ehgﬁs'@ﬂe eratuf@eaﬁ"ﬁ#}ﬁfgh ¥hd HR1RRIAGA! dls
~and the polyner Stabilizer. e reactive nitrogen groups,
when present, are pF%%EnPrQE%ﬁs?‘Ha‘Prt hﬁ"aﬂiﬁlrﬂf/ aivq'o(r?mﬂ e
reactive nitrogen ghéhpmeDtable Hf dttte Ghajor méitiﬁqﬂpuﬂﬁtl£§ﬂmuwurithaﬁ -
resent T rhe . “Ead Eibparar R AL it e
i nvention al so relapggcesse@;thmh polymer stablllzers do not undergo
15 sign;flcant melt flow during the melt proce551ng of
the polyacetal._The above weight percent is based upon
the weight of the polyacetal and the polymer
stabilizer. The formaldehyde reactive nitrogen groups,
~ 'when present, are present such that the amount of |
20 formaldehyde reaotlve nitrogen groups on the sides of
' the polYmer backbone is at least three times as great
as the amount of said groups, if any, present in the
backbone of the polymer stabilizer. |
'  This invention also relates to certain
25 polyacetal compositions stabilized with 0.05 to 5
' weight percent of at least cne mlcrocrystalline or
. fibrous cellulose stabilizer, both of which are
;non-meltable'at the tempereture at which the
polyacetal is melt processed and both of which are
30 derived from naturally occurring cellulose. The abovef'
. weight percent is based upon the weight of the
1 . cellulose stabilizer and the polyacetal polymer.
A : The compositions of the present invention
) are characterized as having improved thermal
35 stability. ' - '
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25- polyacetal conpositions stabilized with 0.05 to 5 wei ght percent . .
of at‘Feast one mcrocrystalline or * fibrous cellulQse stabilizer, both
ot which are non-mel tabl e at the tenperature at which the

pol Vacetal is rnelt processed and both of which are 30 derived from .
natural ly occurring cellulose. The above wei ght percent is based -upon
the.weight of the . cellulose stabilizer ang t he polyacetal pol yner..

The conpositions of the pregEailrried DiscRTpTION dFCTRRATROERTTERD as having
i nproved thernmal 35  stabill )
10 | DETAI LED DERSAYERRSRLOPOHIBEFRVERS| kRovn to be

Pol yacet al pol yner&twmalanqmutstame in thbeﬁmbh;aeuost sbapilbzihg absence
of stabilizing te m

comercially avalléﬁﬁ%'poly§? gﬂesﬁﬁgﬁéfﬁg g?é?@kﬁ tgé?&%I|lzed W th

pol yani de (such asqpmnﬁnniaihnwamaﬁygble podyagetal. sopposibdens r2are
However, it has be%%afﬂl‘i’lfied witthhiJolPﬂh)i.a@ (iﬁﬁcﬁaﬂsraﬁﬁél%éa §RAPLEshyde

rel eased durin “pr. ocessin resu roductsg 1

e reactio
and/ or deconposi ti &F Flod i Corr293n 2P g tﬁ@wﬁﬁ?aed& Raga???ﬁl§°“?§
such, there exists tazamlﬁa]meiQIetseeﬁnt Teact wdehefopmalaenydeerendased
~efficient stabiliz ac 0
has been found tha?’ u%gln&' E&°, cles%gg\#,bg%%bl%ggg %h reaggigla 58? ?%?ls _
havi ng i.nprovéd  andjiox desiomposidion produste gpatmioatiyg themolded -
pol yacetal s are neladrt3icA@sSsad Wuch, Cth%b”exists“ﬂ”c&ﬁilﬁ@iﬁ PRE¥§CEO

T e e oo ekt on, aaally ahic g §ictpre ptabi redl ﬁésaaﬂﬂéﬁér
average particl e sipelyaicetads compositions. m crons, both before and after
-mel t- processing wth the P4 5ekR £30HaPEREE POIyAELEADL AN bE°
' 15  formulated into compositions having improved | '
~ processing stability. More specifically, when
polyacetals are melt processed with certain
non-meltable polymer stabilizers containing
. - formaldehyde reactive hydroxyl grbupsland/or
20  formaldehyde reactive nitrogen groups, said polymers
" having a number average particle size of less than 10
microns, both before and after melt processing with

"~ the polyacetal and being non-meltable at the

temperature at which the polyacetal is melt processed,
25  the resulting compositions are characterized by -

- improved processing stability as measured by, for
example, lower evolutlon of formaldehyde, improved.
mold deposit, improved color retention, improved melt
stability, and reduced contamination. | _

30 i It has also been found that polyacetals can
be formulated into compositionthaving'improved
stability by the inclusion therein of either
microcrystalline or fibrous cellulose stabilizers.
‘Such compositions are chafacterized as having improved

35 thermal stability, as'measured by lower evolution of
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tenperature at which the pol yacetal is nelt processed, 25 the resulting

conposi tions are characterized by " inproved processing stability as
neaslr ed by, for exanpl e, | ower evolution of formaldehyde, inproved
yld deposit, inproved color retention, inproved nelt stability, and
reduced cont am nati on. ' It s al so been found that

I t al t h d
Stability Eyc%%ﬂaﬂae?y%% T g R SRRyt il bR BRRRECS,
fibrous cell ulceddwlar® |stabhklizers, Sitichcapesderdwedafrowhar acteri zed as
havi ng inprov%%fﬁ%tﬁﬁgugégurfgﬁq)+%iyh1§§ u&ﬁgcﬂya}gmer evol ution of

f or mal dehyde m cr ocrys he and rous el lul gse
stabili zers, WMQﬂFQ%@?Q&H@RM%P?rQﬁﬁPerat%E?u?EJV?lsécBPFVﬁﬁeEéﬂl&ﬁose and

which ares  mdldNpiddddied) ddea t PAPERE! SbBpasivhbak pel yxheetal is 5
melt processed, useqbln t he conpositions o sent . nvention have

been found t o TGSy AEenEion Y%a’@ﬁ?? %\guPﬁeteoﬂVgn E9r2AH 85y ani de (or

‘nyl on) 'summndlkxnas the conventionalopathamidet l{ori mylondnent s
nentioned aboyg #gpg a non-neltable polyner is incorporated into
pol yacetal as a stéh I'zer, the conpositions of the present invention

consi st essentially of (B9 achieve the imprevgmentsr wentisded aboys e

pol yner gpabi hines{ @%n—meléé})w?pép,(ﬂ&r95sw&habi-ps%%eat ipelyacet al
pol ynmer. 15 Pref erab#/ a% he co S

to 1.5 wei ght A YR %%5?285§g3§é§£°g§ gg%égPFyfgﬁ'and 93 éS
to 99.85 wei glrgmnneninwéntivn conspotyasseatiadliymer. (kyre.pseter @bl y,
e comost | Siohs pERUBHE NG LEh1 Bhnduss! %5%*03&‘%%%9“%%3;?%{ o
percent of the(lpjolgacke 99 (@B yweightiperncent polyawnetght ppdyvent.s are based
upon thelge'gmié¥efiﬁiy, the compositions consist essentially of
0.15 to 1.5 weight percent of the non-meltable polymer
stabilizer and 98.5 to 99.85 weight percent of the
polyacetal polymer. More preferably, the compositions.
consist essentially of 0.2 to 1.0 weight percent of
20 the non-meltable polymer stabilizer and 99.0 to'39.8 k3
weight percent of the polyacetal polymer. The above
weight percents are based upon the weight of the
polyacetal polymer and the non-meltable polymer
stabilizer only. Higher amounts of the non-meltable
25 polymer stabilizer can be used and the thermal '
stability of the polyacetal may be improved; however,
with increased loading of the non-meltable polymer
stabilizer, the physical properties of the polyacetal
may decrease. ' _
30 - To achieve the improvements mentioned above
when microcrystalline or flbrous cellulose is -
incorporated into polyacetal as a stablllzer, the
compositions of the present 1nvent10n consist
. essentially of (a) 0.05 to 5 weight percent
35 microcrystalline cellulose or fibrous cellulose and
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pol yacet al pol yner and the non- neltable pol ymer stabilizer only.
Hi ghes* anounts of the non-neltable 25 polyner stabilizer can be used and

the thernmal stability o the polyacetal may be |nﬁF6ved however,

wi t-increased | oadi ng of the non-meltable polymer - - stabilizer, the
physi cal properties of the pol yacetal may decrease. 30 To
achi eve t-he | nprovenent s nenti oned above - qghen mnicrocrystalline or
fibrous cellulose is i ncorporated into pol yacetal as a stabilizer, the-

corrp03| tions of the(ly exerdo i99.9% iwaighingiexicent podyaeetaldl pplyheta) 0 05
10 3 welght percentprigrerdBiy " ¥ne 'dUnddil tions (in 8t Ligeaggaﬁ& gose

wei ght percent pol ycQR &0 polWaight percemtemicaocyystad 1ddepati fibreus
‘consi st essential | YCéJ.‘ilulose (hﬁbitnz%m@teapwem 95 wedghyspakbene or

10 ot o S PSSR AN, o BBy 88 Bifbpgteions

essentially of (a) ébmsist)éssen@ﬂalﬂuemdme) 0.05ntor dcwedoht| peycent .
(fibrous celtulose %éx\zlfétﬁﬂne or Firrbudd cél 130al! sR8EITEeRObNACC! al

pol yrmer . nent 1 oned wel ght percents are ased upon the 10
wei ght of the i cro?:?y%‘?a??'l?r'e waight, narcend polyacetal pelYBeri;efldng the
pol yacet al pol ymer ¢iné yabove-mentioned weiighth@erdehtsuader based upsh the

conposi ti ons gfot Lg t?:{fﬁf e 'W@rﬁﬁ}[]:&%%ﬂa'ﬁ}%%ebf tip ousag:g'ﬁbgBFEO the

pol yacet al | zer ngre nts lers,
“and addi ti ves as ar%tablllﬂﬁheﬁféﬂ IV%MMW%HMWI'W@P&NHQ resins,

including = co-stabi | i zer st Bduiad Bé’l(iﬁﬁéﬁﬁ@cﬂs%altntﬂes ‘Patent .

Nos. 3,960, 984; 4,098.843: and 4 1 ant| .0xi d ments,

col orants, WV stabi FPBRPEItIRNS %38"% #f%?&e k4 oRy 8% ﬁ'ﬁ'cgb‘gﬁt's

hi nder ed ami ne - addition to the polyacetal and the stabilizer polymer,

15 other 1ngred1ents, modlflers, and additives as are
. generally used in polyacetal moldlng resins, 1nc1ud1ng
co-stabilizers (such as those disclosed in U.S. Patent
. .Nos. 3,9_60,984: 4,098,843; and 4,766,168), .
_ o anti-oxidants, pigments,'colorants, [1)%4 stabilizers,
. L 20 _toughenihg_agents, reinforcing agents, hindered amine
| stabilizers, lubricants, glass fibers, nﬁcleating
agents, and fillers. It should also be understood
that some pigments and colorants can, themselves,
adversely affect the stability of polyacetal
25 'compositions. : :
The Polvacetal Polymer
' | The term 'polyacetal' as used herein
" includes homopolymers of formaldehyde or of cyclic
ol1gomers of formaldehyde, the terminal groups of
30 which are end-capped by esterification or
etherification, and copblYmers 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
35 - groups of which copolymers can be hydroxyl terminated
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‘stabilizers, lubricants, glass flbers nucl-eating agents, and fillers.

I't sheul d aIso be understood that some pignents and,col orants can,

t hensel ves, adversely affect the stability of ponacetaI 25
conp05|t|ons The Pol yacetal Polyner - The term

"pol yacet al " as used herein - includes ho Iyners of formal dehyde or
of cyclic - oligomers of formal dehyde, the term nal groups of 30 whi ch

are end-capped by eg}e&a£|ﬁ€téﬁgLé%F?m9 bf“ g gkﬁg_ n @id copol ymers of

formal dehyde or of rs “of orna e- and ot her nononers
that yield oxyalkyl%ﬁ@eﬁtgﬁﬁé tiPRn at |east two adjacent carbon at ons
in the main chain, the terntnnheaﬁolygﬁénﬁms(ﬁsaﬂﬂiﬂtuhundquasitd@msbef

hydroxyl term nate or
can be end-capped byEsPEFFFTE1TYenElon can he branched or Linkdr ana

The pol yacet al 5 useWilh GWWSIMYQ)@ mmber average @sﬁtﬁc\lmemlshtcan
be branched or |inegn enéd r§n |éfgﬁ@eﬁdﬂ|ﬁbf§ﬁﬁadhdﬂj Qon@h@cular

ight ~ in th 100, 000 f bI 20,
75,00, The ol eoul & 151 8O- c fp AOAPIAY o er%%em%wl e °
perneation chromat ogeaghyedrbyngebsmémeatitm dBftimatdg aphiynd.na pberiesel PSM
bi modal ol urm ki t ! %ééoc uf‘ﬂ\s\%r@'mf’ P Pl Yinfhad Colhith Rt Asiehouoh

pol yacet al s havi ng ar wei aver ages can
‘used, dependi i on Pﬂﬁlﬁﬂ§sP%§$ %&EP of 64, apd Ay opPtio¥gNyesired, the
pol yacet al - ol pelyacet &l ghavirng dubgher rdr qrwénalmmmarlsrelght

Pharedi ents 1o be nSYPERpEH AR B0 Gsdd, BeelBild Bl ene pryldial” Bl

-desi red conblnat|onpnﬁcessln@hys¢ne¢t##iuﬂﬁsizgdurthﬂuPQiMaﬂatadrtlcles made

from such conpgsiéé@lsr weight averages mentioned above are

' 15 preferred to provide optimum balance of good mixing of

the various ingredients to be melt blended into the
éombbsition with the most desired combination of
physical propert:es in the molded articles made from
such comp051tions. . - ' '

20 ' As indicated above, the polyacetal can be
either a homopolymer, a copolymer, or a mixture
thereof. cOpolymers can contain one or more
comonomers, such as those generally used in preparing

_ polYacetaI compositions. Comonomers more commonly

- 25 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, preferablyhnot more than 15 weight peréent,
and most preferably about 2 weight percent. The most

. 30 préferred'comonomer is ethylene oxide. Generally
pblyacetal hdﬁopolymer is preferred over copolymer
because of its greater stiffness and strength.
Preferred polyacetal homopolymers include those whose
terminal hydquyl groups have been end-capped by a

35 '
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20 As indicated above, -the pol either @
yacetal can be '
gﬁgngflﬁgfg a copol yner, or a m Xt ure t her eof . Cbpolynerzlggﬁrcgntaln
S yacets - compnoner s, such as those general | y used in preparing
bo) yace ~conposi ti ons. Cbnnnoners nmore commonly 25 ~ used include
roéu te oxi des of 2-12 carbon atons and gheir cyclic addition
p cts with fornaldehyde The quantity of conononer will not be nore

t han 20 wei ght
and nost prgferablﬁhggégg %ﬁﬁa@oyfafﬁ E@EértdﬁﬂeﬁﬁequrﬁupgxyCent

ercent. Th
conmononer is ethyl pm-efera&éy a@ehetgl 1227 met °§§I?ng€%?§? ’Fno%poﬁ/ QS'

r ef d 0
preferred over cOPg\Rbn_pe1tABsaUPE1Phek! SLADPRLZELSLi ffness and
i n e oy The SyhOf! #68piser Wisse

air”‘haf hKdroxyl groups hav Se@ﬂ“eﬂ&ggggbénsé Yﬁ é bl lbsér in

Acetat e Of ﬁg} SL &ﬁ?gbdﬂpd@atEOhSIofteheoprgsggt gnggggion is ﬁreferably S

Stabilizer y %; %Pi o> ﬁ?ggfr conIQian@ ﬂariahdehfdeyner i
R e e TR N
“for nal dehyde react i M‘iﬁ:@(ﬁ% or Hothcmmandehygenrgagﬁbge o

ni trogen and for mal qeﬁﬁé {%?ﬂﬁ%#) e YPealtlilef ﬁyH%bﬁ9NYQ2°upectBye

reactive it isp rreaﬂtoﬁwmdémehmgﬂve'y grOUpsae&nFé & t& QB
s ﬁ
a hydrogen atom bondech% c?néé)jhyd ﬁp(b%m@ﬂﬂgm}gﬂrogeuog@gpgboggg W' t h

n|trogen wth
will react wi'th thetoGt oand Hehe N;ft&eélgfg;[ omslﬁ) rb%gﬂ-_a g’tata nitridylesicidn -

These reactive sitegp@lér'€héipdrogen atonm hondes toital & Izer %‘%’&gu vé

sites. It is preferred th
contai n for nal dehyd‘él} af??ﬁé ‘ﬁﬁéogegno'([)brﬁ%/%?e?@ -t )Bﬁ’fd§t0ﬁ)lﬂhezer

15  stabilizer polymer.  Thesé reaéflve sites are referred
' ' to herein as formaldehyde reactive sites. It 1s
- preferred that the non-meltable polymer stabillzer
1 ' . . contain formaldehyde reactive nitrogen oxr hydroxyl
_ groups ‘having the maxlmum number of . formaldehyde
- 20 reactive sites. For example, a non-meltable polymer
N stabilizer containing formaldehyde reactive nltrogen
groups whereln there are two hydrogen atoms attached
‘directly to the nitrogen atom (i.e., two formaldehyde
_ reactive sites in the group) is preferred over. one
25 containing formaldehyde reactive nitrogen groups
' wherein there is only one. hydrogen atom attached
directly to the nitrogen atom (i.e., one formaldehyde
reactive site in the group).
The non-meltable polymer stabillzer has at
_ 30 least ten repeat units. It preferably has a ‘weight
: ' average molecular weight of greater than 5,000, most
preferably greater than 10, 000. Higher weight average.
molecular weights are most preferred and further, such
higher weight average molecular weights may be
35 advantageous for reducing mold deposit formatlon.'

[T I T
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groups havi ng t he maxi mum nunber of fornaldehydelzo reactive sites. For

exanpl e, a non-neltable polyner ~ stabilizer containing formal dehyde
- reactive nitrogen ~ groups wherein there are two hydrogen atons attached
dlrectly to the nitrogen atom (i.e., two formal dehyde reactive sites
in the group) is preferred over one 25  containing formal dehyde reactive
nitrogen groups . - wherein there s only on gydrogen atom att ached
directly to the nltrogen atom (i.e., one formaldehyde . reactive site-in
the group). | The TR gﬁh& &Pt&pPe! cS‘fjméi- adpZprzdiasiat 30
| east ten repeat unlts era as a aver e nol ecul ar
wei ght of greater tnan-eeéseblﬁnet the tﬁ?@*%ﬂ%ﬁ%? h 10, 000.

Hi gher wei ght avera alﬁacetaml ¢8Uhelt Vpiobessed £ npsthqamémred and

- further, such

|
advantageous for redﬂanﬂemgfggéegggﬁ?9$d$%%§€L%ﬁgtwﬁﬁéﬂﬁéhrﬁaﬁégifgs _
15 5  pohymevnstabilbzerpbagnits sTmajor melting point” above

non- el tabl e at theehgRhBbYaRuRE ¥E! fhithothe poppéaae@: s igeTe! !

processed, By the term

I's that '
nen-meltable 5 pBF?ﬁEFSEFaBPF|EBPshEEm?%Es ?ﬁﬁ%ﬁt ﬁﬁ#ﬁﬂ Auz iR
the tenperature ?t welehpkbeepsliyigcof athé spakyacetal. tnltzznat&wﬂh?thus :
remai ns essentia y S I S - n’;l al .
Alternatively, a ndn2 ﬂgi@a bﬁglﬁmfr ge“’{'i){ﬁ&zfeér n‘lgré&& ré)étl&rfﬁjt abcﬁ | f
10  the pol ymd® st &bel pedympysstabi #ﬁ?ﬁrhﬂél its¢"pajox melting, pointthe

tenperature at whicpeliBg aabyeeﬁiaakatﬁraeat which DElQ@epts detal tislags1 ot -
undergo significant -nelt

fl
~of the . non- nelPSBF@sﬁSFyHB% S%a%???z@?éﬁﬁ88ﬁ85° %}%ﬁ *??Qéuﬁeiﬁg rate
because the non- nel fablveapothatr tempbrature. hEke amélghflow ratecekithe

attributed to, for gxanRkg+ailh@NpBYYREY! Btabilizer may not be significant
o 15 because the non-meltable polymer stabilizer has a high
_ viscosity, attributed to, for example, high molecular

T weight or crosslinking. In the case where the '

'  non-meltable polymer stabilizer has its “major melting
oint” below the temperature at'which the polyacetal.
is melt prdcessed,'the melt flow rate of the
| non-meltable polymer stabilizer, as measured in
accordance with ASTM—D 1238, is preferahly less than
one-tenth that of the polyacetal ~The *major melting
point” of the non-meltable pplymér stabilizer can be
25  determined on a differential scanning calorimeter.

5Major.meltin§ point” ié_the.témpe:ature-at which the
amount of heat absorbed, by the non-meltable polymer
stabiliier, is greatest, i.e., it is the temperature
. at which the polymer stabilizer shows the greatest
30 endotherm. :
> ' : Polyacetals are usually melt'processed at
melt témperétures_bf_about 170-260°C, preferably
185-240°C, most preferably 200-230°C. The
 non-meltable polymer stabilizer should be non-meltable
35 T ' '
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wei ght or crosslinking. In the case where the non- el t abl e pol yner
stabi ktzer has its "major nelting. ~ point” -below the tenperature at -

‘whi ch-the pol yacetal 20 is nelt processed, the nelt fiow rate of the
non-yrel tabl e polymer stabilizer, -as nmeasured in - . accordance with ASTM D
1238, is preferably less than - one-tenth that of the polyacetal. The
"maj or melting - point" of the non-neltabl agol ynmer stabilizer can be 25
determ ned on a differential scanning calorineter. “Major nelting
point" is the tenpeatitthe partitular Heemperatumeuat othilghathebpolyasdetb] t he
non-nel tabl e polyneis melt ShPbkddgEd, 1S greatest; i.e., it is the |
tenperature mhlc% the pol yner .stabhilizer. shows the_greatest 30
endot her m ' Pol%%e‘?%%m%ﬁf?%aﬂqm ts%bé@g@d%t

nmelt tenperatures oélebouévdw mether rdverayeipartiicle sizel ¥ Aéesethhs,
gﬁzhl gr g;e:}ggl ?’%200:5 219 ST rI]:s agter melt r]por.poce et tiaxl':bgl %.iﬁ'.?ll e p%tl?rla'cle't:%\"lzl6

at the particul ar téupéuathee should diavenaa puinbeyeaverage pastisile size

processed. - of less '€%an Ol Thidrdhs Mdﬁ?r}né‘l@lﬁﬂdc@si%sbith .
al so have a nunber aveh@gﬁﬁgartlcle s ze of |l ess than % n1c§8n after

nelt processing wthe getatn It shoulq qq“qﬂﬂﬁrqﬁﬂﬂﬁ
-average particle sidegree opfloese aggﬁoﬂéraﬂibnnufIgdhhielmslﬁnptheeSS|ng

with the Iyaﬁ a%elt f@gﬂé@,& X eﬁﬁ%@% o%cﬂrglaurinlge(tﬁ ree "

of | oose agglo ration non- el tab
stabilizer may occqummglmeand isqi:aatp%matqﬁ)rtmmqmedmameopqlmer

non-mel t abl e pol ymegeapiliséabi éﬁa?ras S UEdY aSeantpll  tie @¥gingeor
dryi ng of the non-neltab yner Stab”qﬁgi In Qrt er for One
to obtain a true anthe ReR H%gé% izer. In order for one

to obtain a true and accurate neasurement of the
15 number average particle size, prior to melt
processing, for a non-meltable polymer stabilizer
oontaining_a high degree of loose agglomerates, the
loose agglomerates should be broken up prior to
measuring the'nunber'average particle size of the
20 non-meltable polyner stabilizer or, alternatively,
they should be discounted in making said measurement.
Whether or not a'polymer stabilizer contains a high |
degree of loose agglomerates can be determined by
standard-techniqﬁes of transmission electron
25 microscopy. The details of determining the number
average particle size, both before and after melt
processing, are disclosed below.
" The formaldehyde reactive hydroxyl groups
.can be incorporated into the non-nmeltable polymer
30 stabilizer by using an appropriate hydroxyl containing
monomer, such as, for example, hydroxyl alkyl
_acrylates or methacrylates. Alternatively, the
formaldehyde reactive hydroxyl groups can be generated
. on the non-meltable polymer stabilizer by transforming
35 another group into a hydroxyl group, such as, for
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15  number average particle size, prior to nelt processing, for a
noh-el t abl e pol ymer stabilizer contai ning a high_degree of | oose
.aggl onerates, the - | oos€” agglonerates shoul d be broken up prior to
measuri ng the nunber average partlcle si ze of the 20 non- el t abl e pol yner
stabilizer or, alternatively, - ‘they shoul d be di scounted in naking said
‘measurenment. . Whet her or not a pol yner st%.lllzer contalns a high

degree of | oose ag at r . d te hnlques
of transm ssion el g%&ﬁ% 2?y°§fd?§1£§i§ &ﬁ&%}yﬁ Eﬂt ar i P(g t he -
nunmber aver agEeguFtiencof carbony 'I)Téﬁ‘éﬂ%- aﬁﬁgasn‘dlass f tthe

processing, are dimethead bglwhich the formaldehyd¥® red |¢E%J ctive
orated.into the no mer 30

hydr oxyl _gr .t abl |
: s%lalro?i(?lze?rg;pﬁsl ngt 3§p§p ?%p?ﬁ%% ?\’f/ﬁ%q(y&’b%rﬂ%'rﬂ m% r, such -
‘as, for exanpl®, hgtabiyizetkprepared dhetefrom mushetﬂmcrqﬂ-ateatable, or
e ely thec% ablé%%aﬁ% cﬁ@ﬂ \ﬁeait? ! tg rans ?&Q&ur&

generated . on the non-nelt 7dr g
anot her group. int c@% ¥WiFRthe pelya c%‘iﬁ:'h s meldy processed.

exanpl e, by hydrol yslscﬁ&cﬁﬁéﬁﬁlﬂie AN oy dhé)zllulosreeducé' gnde
?feaﬁ?.r v hyatonyl st EELERES H8tn | heain EARIRSR AN a3t BT C
st abi | i zer "pridar egirovps cand mare hotie nonrwal ttakidlec atorthe melctapabl e of N
bei ng nade non- W'ﬁ?@é&sﬂgtfﬁmﬁ&%ﬁlﬂ pol a&&a\rﬁ]brous 2 | yacetal is

nmelt processed. crocrystal Il n I"dl ose N
stabi | izer's both CRPWEYSE ¢ ek ¥R /Ron & atirallyr eerpursy nggﬁ@bﬁé;ams are
~both non-nel tabl e etelhslosd) and arme Qesiled AP Tidgtinetostapivageral -

currln subst anc
I(?)gfalhl 3|r gse) and a\rléé/lg}?ascr|ébe\c/]'?g':slI f%ﬁ%?catuﬁlﬁmﬁ %C Ct pa ame ers, ?.n
15 deta11 below.
The formaldehyde reactlve nltrogen groups
\can be 1ncorporated into the non—meltable polymer
stabilizer by us;ng an approprlate nitrogen containing
'monomer, such as, for example, acrylamlde and
20 - methacrylamide. Preferred nitrogen containing monomers
' - are those that result in the non-meltable ‘polymer
stablllzer_contalning formaldehyde reactive nitrogen
groups,_wherein ﬁhere are two hydrogen atoms attached
to the'nitrogen. The particularly preferred monomer is
25 acrylamide which, when polymerized, results in a
' _ndn-meltable’polymer'stabilizer having substantially
all of the fbrmaldehyde reactive nitrogen groups
attached directly as a side chain of the polymer
backbone or indirectly as a side chain of the polymer'
30 backbone. Alternatively, the fermaldehyde reactive
nitrogen groups can be generated on the hon—meltable
 polymer stabilizer by modification of the polYmer or
copolymer. The formaldehyde reactive nitrogen groups
mey be ihcorporated by either method as long as the
35 resultant polymer prepared therefrom is non-meltable,
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conmpounds, w th separate and distinct paraneters, in 15 det ai | - bel ow.
The #ormal dehyde reactive nitr ogen groups .can be Lr,tcorporat ed into the
hon-nel t abl e pol yner - stabilizer by using an appropriate nitrogen

cofit ai ni ng . nononer, such as, for exarrpl e, acrylam de and 20

nmet hacryl am de. Preferred nitrogen cont ai ni-ngigononers - are those that
result in the non-neltable polymer -~ = stabilizer containing fornmal dehyde
reactive nitrogen or ngcappblevmﬁrbehnqm@eam@rmme).gat dthens

attalchedd - tﬁ t&ﬁmﬂbkélﬁﬁﬂé thghi?éﬁtt!l?dtﬂﬁéi}Yaé@@éPr{@ﬁnéH‘t ablceé oel%;slrrer
acryl am de whic en polyngrize u n -

st abi | i zer- having substanti gﬁ quant €¥ BE %‘Pu% f%%

ni t rogen groups hydzbkythort mteogé;z gxoupsi i ﬁtalmm#méhﬂam ymer

backbone of i ndif epblymgs detagﬂhsaiﬂ'ﬂugé B8P Vit Yhe VU Y the

. Alternatlvely, t he

react|ve gen groups can
geherated on the nHﬁCHBPP&bFB "’hlchpﬁh?nﬁ?r%@%@ﬁlw%rrwm fqmps)ranﬁ

t he pol ynmer or ateaaahuveeitﬁbg aﬂféa{:ﬂfwﬂeiﬁ&fﬁé:tm,méf@@éb

may be incor porate X\ eltﬁg get h?gl as | on easttgetBS t"ixe a)ntbyp g/rrer
prepared t heref ront F§ n§A° Ehgre(i-e., Cornected t5 each r

18 or i s capambre bhabetwgntmdeham atdmsb| cPreferdisly, the enperature

at -whi ch thehﬁgl yagghamel taBEk! ngﬁéﬁsé'@abilizer will contd¥n ﬁ?rﬁ‘ééé‘c of

t he f or mal dehyde reactive nitrogen groups In

non-neltable 5  PBeyfeFmaidghy EeFe%E%"%eh%‘Em%aﬂr HEZGAR 9EPURhe
backbone to which pee éathatdehygecarbohi atoms olwstlve backborid (G Atk

connect ed & o exch BPRERPED, Mfre bFeERRER) Fikne £ad{S Be Knitlitnydd - ©
Preferably, the loreagthvechydpexybobymeitxegen | groupsiite carhon ratams east
one formal der}ﬁysde r §ACth¥CoA¥RbONY wPil r!)érfgf-[‘lgié’uﬂnost pré?érﬁﬁsb tvventy
carbon atons th g gackbone of the
The formaldehyde reactive nitrogen groups
should be present in the non-meltable polymer
_ stabilizer such that the amount”of the formaldehyde . -
'20 '1_react1ve n1trogen groups as, or part of, the 51de -
chains of the polymer stabilizer backbone is at least .
3_t1mes, preferably at least ten times, the amount of
the formaldehyde reactive nitrogen grbups, if ahy,
present in the backbone of the non-meltable polymer
25 . sStabilizer. In other words, the formaldehyde reactive
nitrogen groups, attached directly or indlrectly to '
the atoms in the backbone of the non-meltable
stabilizer, should be at least three_tlmes as great,'
preferably at least ten fimes as great, as those in.
' the backbone of the non-meltable polymer stabilizer,

> if such are present. The form_aldéhyde reactive
nitrogen groups attached directly or indirectly. to the
side of the polymer backbone are preferably present in
a substantially greater quantity than the formaldehyde

35 reactive nj.trogen groups, if any, present in the the
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polyner. Mre preferably, the ratio of formaldehyde. reactive hydroxyl
or nid-rogen groups to carbon atoms 15 ion the backbone_will be 1:2-1:10,
nmost preferably 1:2-1:57 “The fornmal dehyde reactive
nltTogen gr oups - shoul d be present in.the non-neltable polymer
stabilizer such that the anount of the formal dehyde 20 reactive nitrogen
groups as, or part of, the side chains @@ the pol ymer stabilizer

backbone is.at | east 3 tines, prieferabl | east t tines, the
amount of ¢ RePTYYIRE RARKRET. HGRFe RFATETA Yy, DEFELY; Py punared
present in the bachhnnmenﬂ éfmthznfanﬁalddhyqpokymeti&i[nisrabehlgeoupsln
other words, the fqf §E@y ' p hed
‘directly or indi rect difed Wteéh\aétegr%sdﬁsn Jﬁ}k%%?@é%h@% Pacﬁbbﬁ&
non-neltable . ‘st ab| | i zerTheman-meidahle podymex; stapiddzezscgpche a
preferably at lsasthémspélymsr asr & FBp omdﬁ‘;oqﬁdvﬁdaa itt e backbone of

for ol denyde react 1gh-meltdid; O e prorerred thed’ tnd ??ﬁ?‘nof.*‘ﬁd.re'euy
to the si de ostalbl ey ke nmhmw-aﬂ Enomeacrydlapidecoant in :

substantial |y gr eatieiuiaitiduidd Hordied Yyarddh Hiadal poigReki¥ation

ni trogen groups, |f any, present |n he
19 pol yner oﬂég tﬂﬁﬁb%ﬂry PGﬁé’aﬁ'ﬁﬁdFE&refrm‘per cent

of the fornal dlEdeecdimtV@f ratt repest JOuRde percent aift achedtt oft khesi des
- of the pol yner bac : : The non-nel tabl e pol ymer stabilizer
- can be a 5 honopol yrer or a copol yner, provided it is . non- nel t abl e.
It is preferred that the polynmer stablllzék be polynerlzed from .
acryl am de or -. met hacryl am de nonomer by fqee radlcal pol ymeri zation
and that the polyner stabilizer prepared: tpe{efron110 consi st of at | east
75 nmol e percent of a unit of " the S :
15 _ - |
' ' - CNH2.
1
_ .0 _
_ where~R=hydrdgen-or methyl. More preferably, it
20 consists of at least 90 mole percent of the above
~units, even more preferably, it consists of at least
95 mole percent of the above units, and most
preferably, it consists of at 1east’99 mole_percent of
~ the above unit. '
25 - The non-meltable polymer stabllizer may be a
' copolymer in that it is polymerized from more than one
monomer. The comonomer may or may not contaln_
formaldehyde reactive nitrogen and/or formaldehyde
reactive hydroxyl groups. Examples of other monomers
300 that may be thus incorporated include styrene,

_ ethylene, alkyl acrylates, alkyl methacrylates,
N-vinylpyrrolidone, and acrylonltrile. The
non-meltable polymer stabilizer that is a copolymer
must still be non-meltable. It further must possess

35 the required quantity of formaldehyde reactive
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form | L [err] 15 wher e R=hydrogen or
-nethyL More preferably, it _20 consists of at |east 90 nole percent of

t he above ~units, even nbre preferably, it consists of-at |east . 95
hol:e percent of the above units, and nost. preferably, it consists. of
at [east 99 nole percent of t he above unit. 25 . - The
non- nel t-abl.e pol yner stabillzer may be a opolymer in that it is

polymeri zed from coren may not
contain f or mal e q/‘?fe ’}ﬁ%%ih %}E&?’gﬂ {ig‘r %E?déﬁ?g‘éged
reactive ‘hydroxyl 122@ andiritt smstf haviec thep yregnizred) numbext aNgyage t hus
i ncorporated inclugsa st idrdsize. THY Rexidomed fprle f@&hbh?tgﬁouihkﬁe

nmet hacryl at es, _ n rrolidaone, and acrylonitril |
‘non- nel tabl e pol yrré?d%?%kg‘*‘?p‘{etrha&g’t t jdoes ‘%ﬂ‘?&ly min‘imge the pugker
non-neltabl e. & ftuffﬁﬂléemﬁfrlnruamﬂéﬁyddﬂreamtqwerg&oqpsnperygoam of -

~fornal dehyde reacti
hydr oxyl and/or nit o eiﬂ%ﬁ?bflizerTNEﬁﬁgﬁﬁr? &t should noF 8 ? must

have the required riminizs éi’bﬁgé‘ er Mtﬁmlsiﬁi’é'dqﬁéwﬁﬁﬁoﬁéﬁes per
preferably shoul d hgram ofeyhxyhéguatauﬁmizér,does not unduly mnimze the

nunber 5 of noles of fornal react 2Py pol ymer
stabilizer. Further, it srunﬁgighﬁ %ﬁPﬁﬁ}é%FﬁgEﬁaﬁbaFe
fornaldehyde ﬂéact|qqpqixn§rinyinclude copolymers of hydroxypropyl '

C methacrylate with acrylamide, methacrylamide, or

dimethylaminoethyl methacrylate.
~ When the non-meltable polymer stabilizer has
" a high number of formaldehyde reactive hydroxyl groups'
15  in comparison to the number of formaldehyde reactive
nitrogen groups or, alternatively, when it has ohly
formaldehyde reactive hydroxyl groups, it may be
advantageoue to include other groups in the stabilizer
~ that are basic. This is because for optimum | -
20 _'performance as a stabilizer for polyacetal, the
stabilizer should be reactive with both formaldehyde
and acid. Preferably; these other groups are nitrogen
containing groups, such as amines, amides, ureas, and
urethanes. . '
25 : The non-meltable polymer stabilizer must
' have a number average particle size of less than 10
microns, preferably less than 5 microns, and most
preferably less than 2 microns, as measured before
processing in polyacetal. Along with the polymer
30 . stabilizer beihg_non-meltable;’the number average
particle size of the non-meltable polymer stabilizer
is important in achieving the improved stability for
polyacetal demonstrated hereina If the non-meltable
polymer stabilizer particle size is, on average, too
35 ‘large, then the interaction between the polyacetal and
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gram of pol yner stabilizer. . Specrfrc preferred stabrlrzers
thdt ;are 10 copol ynmeric include copolyners of hydroxypropyl |

nmet hacrylate with acrylanrde ‘et hacryl am de, or drnethylanrnoethyl
hrethacryl at e. : VWhen the. non-neltabl e polyner stabilizer has-
~a high nunber of fornaldehyde reactive hydroxyl groups 15 I n conparrson
to the nunber of fornal dehyde reactive- ' ogen groups or,

I ly, wh h | de h

" ey be ' advahba BBnzRrbehte peFUER %ﬁp@e‘r""rﬁ%ﬁ B fdaggs
that are basic. Thi-sndsthecnonemébtablbei pn&wm§r stabilizemmayahave
stabilizer for pol y&f&&éi,dr i-aau ed ﬁfé@t#&ﬁéséh%&ﬁﬁ FAE iR atidd tot h

f or mal dehyde acl

Prefera ese other groups are nitrqgen
contai ni ng groups, theninterackien Eﬂ¥ﬁe%°°¥ﬁﬁe ?ﬂé% AL RAdMacehed and

The non-mel t abl potueeﬁoﬁt-ﬁbltasbé PoBymer stéﬁ/ﬁ@mwﬁwraawme it is
partrcle size of |egs

and nost prefe 551"§g$e§st?h%ﬂvg1 é:ﬁr’%?om@é g"rf@g'éfﬁet?%é# %Em" > merons,
processing in pol yapelyacerabnyndi th‘etmlmmﬂamiz@-abrnamlmgqg:he

non-nel table, the ”HH??écéVSféﬂ,??ram oPMén el tdrre ‘ﬁoiﬁ%xn%dﬁﬂl?éﬂ_:e

pol ynmer stabilizer 1S I ant chi evi ng .t he inpr stabilit
Por’ ™" S polyacet al \BGFBASEFaLBRerRPELfh HetyeRn e A mniabie Tmeh
stabilizer parxocl estahrblizeroandvbhamolymﬁ IBlrey esurtfreare tehea/gram.

i nteracti on between_kh ?g%nf

21 -t he non- me?fk' ﬁ?ﬂ%g?f ?Eesrt%%jhl eezrrei oxéel%ﬁes as 1;and t he
non- nel t abl e ponnePagPaﬁlﬁr {;eng§ the cnon-melkahle pg @tabilizer
-effectiveness. Stabakcigaséslel thed, t& non-méiﬁhm ﬁymm stai 1de S

betveen the pol yacelghyapda)? bhg e FLIGTLE RAIP asdAlYd | zor and as
- 15 If the non-meltable polymer stabilizer
particle size is, on average, on the order of 10-100
microns, then'the'noh-melﬁable polymer stabilizer may
o o impart stability to the polyacetal but the physical
' | | properties of the articles manufactured from the
20 polyacetal may be reduced. Relatively large partlcles
may also cause uneven_surface in the articles. :
manufactured from polyacetal containing non-meltable
polymer stabilizer with large particles. In some
cases, it may however be desirable to produce articles
25 'with surfaces having reduced surface gloss. In that
' case, a non-meltable polymer stabillzer of large
particle size, more hear the upper 11m1t of the number
average particle size, may actually be preferred.
' The small number average partiole size of
30 the non-meltable polymer stabilizer may be obtained
~ directly during the polymerization of the monomer or
comonomers. It is noted that microcrystalline and
- - fibrous cellulose are derived from mutually”occurring
cellulose and as such, do not go through a synthetic
35 polymerlzatlon process.
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desirabl e to ‘have good interaction between the ~ pol yacetal - and the

potymer stabilizer. Maximzing the: surface areal/ geam of non-nel tabl e
polyner stabilizer i ncreases interacti-on between the non-neltable
*pel ymer 10 ~ stabilizer and the pol yacetal . The surface areal/ gram of
non- nel t abl e pol ynmer stabilizer increases as the particle size.of the
non- nel t abl e pol ynmer st abi lizer decr easef® .Thus, a non-neltable

pol ymer stabili zer rd.d cl ir -
| f the.non-neltable polyrrer h&?%h% éﬂ fma?afeqdesrea@eg?%tq%i %g’\fgr age,
‘on the order of 10duting thepelymerization ief e monoxere o3l yner ,
stabilizer My  cohSRGhérs| dhé iioniReitibR®pAGAY dtabiiigernysical -

properties of the arficles pufagtured fr n1th .acetal may be
reduced. - Rel ati veI?"i&‘PﬁE‘ﬁ%n?}?‘élé carr:.efgf 3@’ &ﬂﬁ’p'ﬁ:ﬁ'&’@h‘ surface in ~
t_hle;_ar_tlcles 5 mpémim@oimtmwmﬁtnétm dimiang organie media S
pol ymer stabilizer mever
be desirable to .prgﬁuég éﬁ?%?ggé% ﬁu%%ﬂ’s‘ﬁﬁacyme%az\%ﬁ%%g ce%?ésu(rﬁf ace
gloss. In that  watere, thentechmiques ohHwach ofsmitioh axe Memakgr@wn . '

‘particle size, norgnngRe we ume‘étﬁéfnﬁh&fpaméﬂmmn techrdl
particle size, may_actual f@afe Jred e s nunber

average particle sRI8pers etEEA I A% %lﬁ?ﬁn ﬁ“gmqrz’"é"‘ra tHeR be
obtained = adir ethéyndxﬁmel.'gtalbme b lymesr Ztalyinl iofext lpreparede therefrom

conmononers. It is ﬁ&ﬁﬁtﬂétiﬂﬁmgﬁﬁléﬁ{ep@%e rénzgg;ls sﬁ (‘ael | ul ose -

. are derived. from nutua occurrlgg} do not go
through a synt het |@h'351 %I%@ﬁ- 3% pedin &elected for polymerization

22I o @bpehdent cusdil the s Bigiculal intronfeir? or comdiomiers t he -
poyrer aton of Lo RTECET Rl e BN 0% AGoR b LI
polynerlzatldhEnethndmpla,amherganmtyl&mﬁdg or methacrylamide is a
‘monomer for polymerization, the preferred media is a
lower alkyl alcohol. The polymerization ‘may be by
addition or condensation polymerization or free
_ radical polymer1zat10n. The most preferred method is
20 one that will result in the number of formaldehyde
reactive sites in the formaldehyde reactive group
being maximized. Geherally, free radical
polymerlzation is the preferred method of -
polymerization. Non-meltable polymer stablllzer
25. prepared from acrylamide is most preferably prepared
- by free radical'polymerizetion. In any event, the
polymerization method must be such that it results in
a polymer stabilizer having forﬁaidehyde reactive
hitrogen'groupe or formaldehyde reactive hydroxyl
30 | groups in the quantltles and amounts previously
| defined.
In some cases, the polymer stablllzer
produced by the polymerization to small particle size
will have a sufficient major melting point or have a
35 sufficdently low melt flow rate such that it is

22
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or by conventi onal enulsron pol ynmeri zation nethods in water, the
t &chni ques of each. of which are wel |l known = in‘the_art. Wiether the
pol yireri zation technique i s~ . dispersion polyneri.zation or emul sion

~pal yneri zati on,
shoul d be i nsol

10 the non-neltable polyner stabilizer prepared therefrom
uble in the polynerlzatlon medi a. Thus, the particular

medi a sel ected for polynerization 1S depE%dent upon the particular

mononer or conmobnongrs _ sen a y il e '
therefrom For 15 “°8x3ﬁb?‘%§£§m%?ep§£¥'§} g%r? orfr{r%{}ﬂearcr Aaen%'dzt 1% a
nmononer for pol yneppiymennstabil pzef anay chote dien n@-aneltablra)w@r al kyl
al cohol . The pol yn?&l}ﬂ&f?ﬁe&‘iﬂu@e ﬁYior to W'ddﬁhﬁrtﬂ@%&ﬂsat on.

polynerlzatlon
met hod is 20
reactive sitess

ohePFagesRins’ FRSBPLYRIE (Rt b e o

in foe érampldghypplieatioveof)riegt, to d)esuﬁf.irmntlyed

Cenerally, free raﬂiﬁgl %Fcufg*yagiéﬁ? %@%réﬂg?tprﬂseq% ;Fet OG-

pol ymerization.

prepare

acryl ami de i s nost rptef andbis p@@pﬂ?fbﬁlﬁble afpthe é@ﬁmﬁﬁrﬁa(ﬂﬁ/ﬁé’rﬂ%t i on:

In any event, t

he the p8PyaEBtATals OpeltEt éﬂgﬁdiﬂﬂﬁétﬂéﬁ|ﬁﬁeldbmymaﬂ ts

I n a polyner. s zer -ha forna reacti . itro
- groups or fornaldeﬁ%gg #iéﬁf.Véytgﬂr éﬁ%nﬁﬁ;HQ%XWﬁ¥ 9% éii and
“amounts previbis| ybecomednénrmeltable after polymerizatdarasieperdse ypsing ner

stabilizer
w ||l have a suf
nelt flowrate

15

20

25

30

35

fprEHHCﬁQtﬂi‘eth {?Bé gﬁi‘ftf@ﬁi&“ ddhorEy fno%&n* dhers e -
I clent ‘maj or olnt or have a 3 |C|ently | ow
suchernatppiymerized-. - . 064
' In some cases, the polymer stabilizer
produced by the polymerization of the monomer or
comonomers will not be non-meltable as polymerized and
it w111 not become non—meltable subsequent to ' '
polymerlzat1on. This can be easzly determined by
_'measuring the melting point or melt flow rate of the
_stabillzer after it has been compounded with
.polyacetal. In such cases, it is desirable to 1nc1ude
‘at least one monomer that crosslinks the polymer
stabilizer either during polymerization or at a later
time. Monomers that will cause crosslinking'dﬁring
~ polymerization include polyfunctional, unsaturated
monomers, such as, for example, acrylates, _
..methacrylates,.acrylamldes, and methacrylamides, and
dérivatives-thereof. Specifically preferred monomers
are ethylene glycol diﬁethacrylate and
N,N’-methylenebisacrylamide. Monomers that may cause
_ crosslinking after polymerization of the stabilizer
polymer is complete include, for example, glycidyl.
methacrylate, acrylic acid, methacrylic acid, and
derivatives thereof. The crosslinking monomer should
'be added in an amount that is sufficient to yield a
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23 non-nel tabl e as pol ynerized. In other cases, the - pol yner
stabilizer may not be non- me| tabl e as pol ynerized but, prior to or
during the nelt = - processing in polyacetal, it . will crosslink, due to,

5 - for exanple, application of heat, to a suffiCientIy _ high nmol ecul ar-
wei ght such that it has a | ow nelt f1 ow rate and is non-neltable at
the tenperature at which t he polyacetal 24 el t processed Whet her "t he

pol yrer st abi || I e

become non- nel t abl 3§§%§¥ Jﬁ%é#%kﬁn¥ﬂ$ gng%eé%SLhé Q éhggture of
the particul ar mnmpﬂammﬂ‘rﬂl‘éCh thebmig'qwbpﬁceriswslt processed.
In some cases, the polymer Stlﬁﬂ*iﬂgz%e polyﬁfe&‘i%&d.o‘hYtU"QmBQhYﬁEtléiéon

"Of_the nononer  or noner s n nelt as pol yneri zed
and it will cﬁlﬁﬁxiﬁn?quﬁFQﬂﬁ é&%bﬁF F@ Bol yneri zati on.
This can be eas | y mgsmmeﬂnd))monomerredsmrum\g mhadlvahtaggopm tb havereht

flowrate of the - éx@iﬂ ?:te%er{) . | 05@3%@??.2 ZQO

pol yacetal . In such c eslira one
nonomer t hat cross|smﬁ<lsltw w@r ze n@t”alﬁ"l“ilfépnel tiﬁepaaubieng

pol yrrFrl iatlog or aédﬁﬂﬁ@éous to trta% ahbrémml drsiftib&t p\f!ebbnta:JEQsperEslngt g
crosslinking durin nme ion include nctiona nsaturated .
25  nononers, suc%%&s ?’g‘f% Ztg‘ d%bﬁﬁq tr?ﬁ"h {l; khown” °*
acryl am des, ard rreima:hqla'hdesa dasi:nptm;ienfv&hethhhéseo{f makmg
Speci ficall'y prefery éﬁépggmi i get and
N, N - met hyl enebi sacrﬁtfam e rs tjﬁ"gqusea% Q.Il%g.gheﬁ in ?;gk%k%_%@_n
after polynerlzatu:-‘uu rization |in Qro “éﬂ-&-wasxboﬁplﬁteBPHEPG e .
for exanple, glycidydw YorkiRtdMsmAlRIe & esw:rmé | 4996 .. paethaﬁulrny acid,

- and “derivatives_ t ere éhﬁgﬁ%%vgglegéég%cq%ae polye%ﬂygene glycoedded.u

in an. annunt that BF¥
15 and 1ts derivatives, methyl methacrylate copolymers,

and poly(oxypropylene)-poly(oxyethylene) glycol block
copolymers. Emulsifiers and the method of preparlng
' them are well known in the art. Emulsion
polymerlzatxons are dlscussed in Emglg;gg
20 Po izati a ac (by D. C. Blackley,
New York: John Wiley &'SOns, 1975).

The,disperéant or dispersant solution or the
emulsifier is added to the polymerization reaction
vessel simultaneously with the monomer and

25 polymerization medium, and, where applicable,e
comonomer and crosslinking monomer. When a dispersant
or dispersant solution or emulsifier is added to the
stabilizer, it is advantageous remove the dispersant
or dispersant solution or emulsifier from the

30 stabilizer polymer by'washihg the stabilizer polymer,
after it is prepared, with a solvent in which the
dispersant solution or dispersant or emulsifier is
soluble but in which the polymer stabilizer is

“insoluble. This is particularly true if the
35 dispersant'of dispersant solution or emulsifier is

—_—
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. 24s pol yner stabilizer that is non-neltable at the t enperature at
whi chst he pol yacetal is nelt._processed. During the
polynerlzatlon to small particle size in an organi ¢ nedi a, with or
wi thout a 5 crosslinking nononmer, it can be advantageous to have a
dlsper5|ng aid present. During the polynerizatjon to smal | particle
. size in an emulsion, it can be advantagedﬂ% to have an enulsifier

| “present.. Dispersi ngk{\own égdéegg 1{':‘?2%?13% &If#)refpréﬂp &1%Bﬂa%tm%(§]

known 10 in the ar escrirptiron ods of  nak
choosi ng di sper si ngdaspersantngplubion o epelaibier is oy wROWy &9 on in

: %gg“ CPZ??: 2ul( g?/I KdeEtaﬂuBQérﬁélyacetall\'e%t\iﬁH sbel] ﬁiﬁéﬂﬁ oI&estSQﬁISene
gl ycol ‘15  and |tg18€VFvg£ gﬁséhﬁefﬁﬁgfié ﬁgd?ﬁf §ﬁ§p © and

pel y(oxypropyl éne) - peliu¢exany hagghenenayion étcptrtlclesx#hﬂgnmax;occur
Enul sifiers and thedgFaﬁgdtﬂg 3£ﬁgﬂg|gg the Al iiggyww1|n t he
0 0

art:. Emul sion rizati re di sc ss I n Emul si on '
" Pol yneri zation Theory and PrathecEmabl mumber verags, Partl"]r%\ﬁl‘ﬁﬁ ©£. 30hn
Wley & Sons, 1975)the polymer stabilbgefli spprsbtérmutilVenensadbtaningd on

or the . enulsif' LS o, I, essel
st mul t aneously wit héﬁﬁgéﬁggg ? aﬁla&%"f%%?ﬁééﬁit% &%Eéioﬁ%mearn vavher e
. applicable, 10 corononemexnsd whitel thei nglymmtame is ﬁ#‘e’r]s]aritn _
or dispersant sol utigg 95193&&%&9611 ﬁe&ﬂﬁﬁdo{v 04 heh solutsiciVl | iBe'sudd s

‘advant ageous renpve the dligersant di sper sant

splution or
emul sifier from thec3§es,sths; ppaLL Bmﬁﬁra'ﬁ W f??ee s‘ig’rﬁ 9%, &he
“pol yner, afterstabnm1perpnaydbemobtaﬁne®IbywﬁddingWBcﬂrdénﬂinklng

di sper sant solutlonPgéo 5§pg£5@ﬂg Bélfﬂgksé%éﬁilﬁi?r 1n e@ l ubl e but in

whi ch the polyner s rzer particularly true
if the 35 d.JsSpersaﬁimerazgpéﬁsanedswut¢6tqer>rwmn s¢h¢ gtahilizer

. polymer becomes insoluble in the medium.
Alternatlvely, the small number average particle size

? ' ~of the stablllzer may be obtained by adding a solvent

' _ in which the stabilizer polymer is insoluble to the

20 polymer stabilizer in the polymerization medium.
‘Similarly, the polymer stabilizer in the
polymerization medium_may'be'added'to a solvent in
which the polymer stabilizer is inscluble. Small .

_ number avérage particle size can be obtained by other

25 known means of separatinq'the polymer from the
polymerization medium. It can be advéntageous to use
dispersing aids or emulsifiers such as those
previously described to separate the stabilizer
polymer from the polymerization medium.

30 Any method may be used to prepare the
polymer stabilizer provided that such method will
yield a polymer stabilizer having small particies,
with a number average size less than 10 microns, prior
to melt processing with polyacetal. Further, the small

35 particles should be non-meltable at the temperature at
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25 a4 known to destabiliie polyacetal . If the dispersant or

-di sper.sant sol ution or emul sifier is not known to . degstabilize
pol yacetal , it may be: advantdgeous to. . - leave it in the stabilizer "

~ pokymer as it can act to 5 reduce any aggl oneration of particles that.
may occur during the drying of the polyner stabilizer.
The smal | nunber average particle size of the pol ymer stablllzer

Tonorer or 10 conBeRB: she ReTUBERERE s 8oL pRR R Pl o

" the pol ymerizati on sedlesrcer orsagglomenatento|suchcan extentikhat ttheysnal |

nunber average parthEEenSEZfeaﬁliyedls?er§iﬁﬁé|iﬁeihémﬁbf¥héﬂiéi Qﬁﬁjpy
‘addi ng-a crosslinking mer to

|17z int
pol yneri zation medi um after Pcﬂ“?ﬂ%rsﬁggF?gﬁépartlc @ﬁ%
i nsol ubl e in tBe nedbnFmeltablél pelyméervetabilizes méfomnheriam]age

particle size z A ‘ﬁggﬁ qgagg |
in which the stabil Zg%@ﬁs??ﬁgékh ﬁ?%gﬁ%egﬁl ? tﬁ§q¥%¥ po Gﬁgrléfa 1T zer
in the pol ynerizati 6APARARURE determiping,pymberAYRYage Paxtisle Alzen -
the- pol yner i zgheOpreterrédmEans ﬁédeﬂetmmomyern ISMALL PARYIOQLE he .

| bi |
i obtarned by AFRLIEERCARALTAERL , menpPUOOEEed L Whedl 4 bR,
“the pol yA®r i zaByokhisdmethofl; the belymerrstapiblizen iseadded to a
di spersing aids or &lmhiaf'ehénsueh i‘értéﬂﬁﬁple, 245 f‘d;b%iy &ies ridedh t o

separate .the stabil|zer r fromt ol dium 30
Any met hod may be u?thPdeFQpQFépFﬁée the BB4§H§¥ %Riii rz%cﬁn%ed that
sych met hod wil | ligquidl.d Frpaml ghts disbei-stam htetvé ngumivet | ayerdde | es, :
e narhnter AV sgrsiEte Bijel A0 Hiebeiper MARtrer 42 JBLirninco
-non- el t.abl e aﬁ t heb¥ekper ANALEZER, as is described 1n the Examples
herein. In some cases, a high concentration of loose.
agglomerates may. have occurred during the preparatlon
of the polymer stabil;zer. In such cases, more
. intensive mlxlng may be desired in order to break up _
- 20 - the loose agglomerates. An example of a device capable
of providing such intensive mixing is a 'POLNTRON”
(sold by Brinckman Instruments). '
The number average particle size of the
non-méltablé'polymer stabilizer after it has been melt
25 processed with polyacetal should be less than 10
-picrons, preferably less than 5 microns, and most
preferably less than 2 microns. It can be measured by
any technique capable of measuring number avefage
particle size for particles in a polymer. The
30 preferred method of measuring the number average
' particle size of the non-meltable polymer stabil1zer
in the polyacetal is by transmission electron _
microscopy, described in detail in the Examples
_ herein. R o
35 he Microcrysta or_ Fibrous ose | ilizer

Both microcrystalline cellulose and fibrous

26
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26+ - “which the pol yacetal is nelt processed and shoul d not

- coal esce or aggl onerate to sych an extent that they . _-are not readily

di spersible in the polyacetal nelt. The nunber average
-particle size of the 5 - non-neltable polyrrer stabilizer before it is nelt
processed ‘with pol yacetal can be neasured by @y neans . - capabl e of
determ ni ng nunber average particle size. The preferred nmeans is the
M CROTRAC || SMALL ¢¥RiXdse stabidiaetiRre \Weirizied) frmnnb&utanesb by Leeds

& Northrup. 10 R llos ptdthddl, PO Ll iy, U4E808 2

l'iquid, such as, for eXanp ro arfol™,
di sperse .t he poI yné’rytt}tm |gmps.n qﬂﬂa are nonmtebleﬂa@mthm s di spersion,

the nunber average temperdtiird @t wiith p¥1yatataal Yeeneltaprocessels -
determ ned 15 bytq&ANALY ER, m glbe in,the Exa bg .
herein. In song casiREh haye besn, tt1°b e el ve as sg'g o P@FEFes may
‘have occurred duri ntpa rpz:xyaqﬂcﬂ.l omicrocrydtaﬂlldnpobptm:alssgb&bl zer. In - -
-spch cases, nore ﬁ{é\dmve m. xing nmay be desired in order to break up
20 t he Ioose agglf onerates. An exanple of a device capable :
pfovi di ng such intensive ni xiMiFrerrystadineogel lulose 4s) BT’BYT‘Bﬁ-Pn'éRﬁan
|ﬂStrU|n”fnL|S) ~ art and is &iﬂndﬁﬁmfl Wag.(l%bllért | geisl aesehbbg :l.nt ]
non- nel t abl e r as ,been _ne ocessed wi

ol yacet a shat o petal 4,3 50 3,923, 10157 SretieiEat el norPiBC By o
m. crons, and nost referqnqﬁ.eraam ;iﬂdeasnerfarrgdnm therelin asn”gelinvidoseed

by any .t eChn'éﬂ-&E‘s "0 My g} ‘E%fﬁgne cel188bkeC! €
size for partlcl‘es- Stpéi/ 30' referre peasur.i'ng the
- nunber aver age Q "sﬁjzt@%fi”( hé‘ A& h’ﬁiﬁaﬂl"’g EGV?FEF §F€EFPPzer
in the pol yacet al iaf tceII\ﬂr&gé‘Sﬁl , and Engifiee he i, bed
in detail in | g e 5 The Mcrocrystalllne or
Fi brous Cel | uﬁoseEé?é?; &zersoz gb&i 61%50% Both m crocrystalline
eI | ul ose and fi brous Consistent with that which is taught in U.S.

3,023,104, the microcrystalline cellulose useful in
the compositions of the present invention can be
. obtained from a_commerciai source or can be prepared
20 by standard techniques of acid hydrolysis of naturally
- occurring celluldsé. In either case, the
microérystaiiine_cellulose shduld_meet'the purity
"requiremehts described below. 'In_the acid hydrolysis
of cellulose, the acid dissolves any amorphous portion
25 of the original cellulose chains. The undissolved
portlon remaining from such hydrolys1s is in a
particulate, non-fibrous or crystalline form, said
- form being the result of th disruption of the
continuity of the fine structures between the
30 crystalline and amorphous regions of the orginal
' cellulose. The undissolved portion, which is in
crystalline form, i& known to be non-melting at the
melt processing tempeature of polyacetal. - The melt
proceSSing tempeature of polyacetal generally does not

1

. b
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27 + ' ceIIuI ose stabilizers -are derived fromnaturally occurring

cel 'ukose, contain f ormal dehyde reactive hydroxy groups, and are
npn-nel tabl e at the ' tenperature at whi ch polyacetal is-melt processed.
5 *Both have been found to be effective as stabilizers - for

pol yacetal . Mcrocrystalline cellulose is preferred.

M crocrystalline cellul-ose is known in the art and is connerC|aIIy
available. It is.described in 10 detail in @&. 3,023,104, incorporated

herei n by reference, and it is referred to therei ‘cel | ul ose

crystallite aggregafﬁgeeah?ﬁ?dETyéTQﬁIW?EP IQﬁ(ﬁﬁ?pag}“Q:s al so descri bed
in "Hydrolysis and sigsberystallime cellufosée|bylthee’ acilthysirolylsisnof

Engi neeri ng Cheni st
OO%SI st ent gvvl th th {;X% iS se g%au%w;%%kéelw?r{%? d are, for
nicrocrystalline: ce?X%FB%%:u@%#QW eﬂ in U¢5K3Qlﬂﬁﬁx%Qﬁumﬂ9Lﬂmn:Reaﬁﬁe§bﬁt_

I nvention can bg - exaﬁpiggned from a connerC|aI source or can be prepared .
20 - by standard techni ques o aC|d hydr ol ysi.s, ur.al | : ,occurring
cellulose. In either case, %Wﬁ%’r '%ﬁ Iqeﬁé“a@ﬁ%luﬁ?g o neet’
the purity _ reqoompoeirti;onbsﬁ i thesl fordsemt limvdntion dhalsy dr clextiain '
of -cellul ose, the a f Ve n Q] Qi na
Shiet Grt SROndor BURI Aio Tavelones Bedke

cel | ul ose chai ns. e undi'sso

hydrolysis is in a ©f Pobgrerization if Aesqriked dp Fst Hs02%e 104 m said
form bei ng theIDeSLuérefsﬁécﬂfﬁattupmofm Rescribe therein wsobeting fthee -

structures between f e
or gi nal - cell ulégfné The un%@gsjb} lgiolgjl I on &%n%]ijhg %3%%t% tt% acid
crystalline form iRy@rolysi®s mmﬁmiﬁm atcentain peniadt ofr §doesi Ay

tenpeature of pol ya%&anﬂ-{‘ﬁi?léonstan@rml% hWARATRARLUI arplotheyacet al
generally does not =% words, it is the point at which the number of o
15 "repeatlng units or monomers, sometimes designated
_ ‘anhydroglucose units, which make up the cellulosic
I ' material, becomes relatively constant. It is then
' apparent that the degree of polymerization of the
_ 'rmeterial has leveled off, hence the name level-off
Co 20 degree of polymerization. |
Consistent with what is disclosed in U.S.
3,023,104, the microcrystalline cellulose useful in
‘the present compos;tlons has a preferred ‘average
. level~off degree of polymerization of 125 to 375
25 = anhydroglucose units. Ideally, within this range all
of the material should have the same degree of
polymerization but as this is difficult, if not .
impossible, to achxeve, it is preferred that at least
_ " 85% of the material have an actual degree of
30 'polymerlzation not less than 50 and not more than 550.
More preferably, within the average level-off degree-
“of polymerization of 125 to 375, at least 90% of the
material should have an actual degree of
_ polymerization within the range of 75 to 500, and it
_35 is still more preferred that at least 95% of the
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28 {. exceed 280[err]C] The nethods of preparing m crocrystal l'ine

cel.lubose by the acid hydrolysis of - cel lul ose are known to those in
the art and are, for exanpl e, descrlbed in U S. 3, 553 104, columm 2
and*.the 5 exanpl es. " The microcrystalline cellulose used in -
t he conpositions of the present invention has a certain | evel - of f

. degree of polynerization. Level-off degree ~ 29 of polynerlzatlon S

described in U S. 3,023,104.. 10 More speclflcaI§¥ & gescclbe t-herein
as being the pdiatenial has, amactual degreenof polymsrization in the
hydr ol ysi s reaches,raa{gerafa 7 ionigsoner The @brel pReferred aubsgantl ally

manber of 15 repediusd nht BeHUE or pot¥hltishkioh £BE BeT 0 W N (N
anhydr ogl ucose. Lnntmicnqnnysuaﬂ&inapceﬂdudosaunssfel herenatesuan thecones
relatively congf antradée ist [J0 to 300PRF WRlichhihtebeatcatesentt 90% |

pol ynmeri zation of th material has | eveled off, henc tge na :
| evel -of f 20 degré@%f"b(ﬁw fegres of polymer:.zat ORoHBi PEnFaW?WG\/nat
is disclosed in U 35 to 55 02?mJaOﬁostmprmfemdyatrerhgeelevélubﬁse useful -

in t he presentq 0 iﬂn f ¢ % of f-.
degree of polyneri zzﬁ on (?'é f%g q.-}fgtggﬁ anh@g2 fig gggggﬁﬁa§f¥ﬁel deal ly, .
within this range #€4lluloseusefulmheneis rénseﬁdfﬁ&#el?ﬁet9a3%5degree of
pol ymeri zationgout as this i ;gjlﬁ‘aﬁjgﬁltl §n snog,ogg 1oqpog§ébl e, to

achieve, it is pref rred th Ieas rial _have an
actual degree OP 3@ i hﬁ“ﬂ??? ?ﬁig 55u3ﬁga ﬁ? V&oPB t han 550.
N?rizgrffegggly,tvmdderagdupartiamgedﬂaeehoobtedtgreeh:n 300 pmbyuns;zatlon'
o] 0 a n
degree of = - polyggﬁf}atlon mn?ﬁ?thiﬁ QEbﬁhkibp SHE gggﬁgé §§££E§£
still nore preferr &dashd® &he pejntoss, whi F?Pe5°* of the particles are

15 greater than average and 50% of the partlcles are less’

than average. Average particle size can be determined
by standard techniques, such as microscopic
,'inspectlon, gravitational sedimentation, sieve
‘analysis, and electroh microscopy. The preferred
20 - method of determining particle size is grav1tatlona1
sedimentation. _

It has been found that, for the compoéitions
of the present invention, stability increases as the
average particle size of the microcrystalline '

25 cellulose decreases. As such, although
mlcrocrystalline cellulose can have an average
particle size up to about 300 microns, it is preferred
that the average'particle size of the microcrystalline |

_ cellulose used herein be 100 microns or ;ess, more

30 preferably 50 microns or lees, and even more
preferahly 25 microns or less, and most preferably 10
mlcrons or less. _

Fibrous cellulose is known in the art and is
commercially available. It can be prepared from

35 naturally occurring cellulose by techniques readiiy

f
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29 - material has an actual degree of polynerization in the . range
of 75<to 450. The nore preferred aveage. - | evel -of f degree of

pol ymeri.zation for the m crocrystalline cellul ose useful hereinis in
t he~ 5. range of 200 to 300, of which material at least 90% - has an
actual degree of polynerization in-the range ofo 75 to 550. The nost
preferred average level -off = degree of polynerization for the

m crocrystal line. avaiihb!boié tASEY ! eRE1ERd iﬁnﬂ?é dFom Fgy té%ca%&ﬁe,l@
As taught in US. .3, 02 t he |ne celJul ose w

3 4 Croc st al
usual Iy have an fl&F@P&gﬁeMP}PE?e"%Fz%erﬂg Y RUIYRIL BN M%r?é’lp
For purposes of thi andnthehi subsefaenttyagerpeying| £t to mestzetlies purd tyoi nt

at which 50% of the ar ha V& d f e
particles are less r@&[ﬁ#&éﬁﬁg e&%égrlgég?%g%"%ar ?‘F%I eé gg‘gsegc%a rﬁgc{?ﬁllg‘
deternined - Shy orendxiugtsuhstance, ancexample HIduigh is cotton '

i nspection, gravi tauaeair Se#iEPBLA! £E1uPoRY genera iy difists Al ot ron

mcroscopy. TFhe preferred etern1n par e.size is
gravitational feymneft gilggnrgbb‘ms' i&&f ‘Héé f&biéﬂ"ﬁﬁﬁc?q hat ,
‘for the conpositionthese fdatthibborsecof fthrwnscnelrukﬁsé|ig/namreases as

t e aver age pa e r Iulose
dggreases. As suchabhﬂ"ﬁeééé cgitig&%%ﬁryﬁyﬁﬂ%%%ose can have an
aver age p&Pt i cﬁseap%éf gdt hepedn: 300 gerewdl, haweven &he Migfith of

~that the aver age pathéﬁéefihﬁerﬂﬁbbﬁé ﬁiﬁ %y%ﬁ'dvéﬁge, aﬁﬂd:ﬁﬂé&%l@secj
herein ‘be 100 mcro

ess efer 50 n1 ns Qr. |less, and-lj
‘even nore prefggaﬂFﬁrﬁgsangoﬁge ofh{ rﬂ# ég (§P )
m-crons or |ess. will be, on a¥ebages eelhietome |§1‘l'ke1d/engtrh tdfe the and

is ~ comercially §¥aﬁﬂ bis bF €88 f&%&%@ﬁ&f&g@% alid WA |y

occurring ceIIuiose tec ques _

2 15 con51dered crxtical in achxeving the results
exemplified herein. Fibrous cellulose is commercially
available over a'range of average fiber length,
including from 300 microns down through less than 22
microns. Although average fiber length is not
20  considered critical, it is expected that stability

results will_improve as average fiber length decreases-
due to the increase that such a decrease in average
fiber length causes in the surface area of the fibrous
cellulose stabilizer. |
25 the bj e
It is important that the non-meltable
‘polymer stabilizer, the microcryétalline cellulose
stabil;zer, and fibrous cellulose stabilizer used in
the compositions of the present invention be
30 substantially free of compounds which destabilize
acetal resins.
In stabiliz1ng ester-capped or partially
R . _ ester-capped polyacetal homopolymer, the non-meltable
| polymer stabilizer, the microcrystalline cellulose
35 stabilizer, and the fibrous cellulose stabilizer

30
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30. ~ available to those skilled in the art. For exanple, a fibrous
cell ul-ose can be nade by pul.yerizing wood pul p and Lhen subsequently
purifying it to nmeet the purity requirenents described below. It is
also a naturally 5 occurring substance, an exanple of which is cotton
linter. Fibrous cellulose generally exists insghe formof flat ribbons.
The width and thickness of | = these flat ribbons of fibrous cellulose is
not - consi der clshéuidxﬁeiSuhzﬂinbﬂan;ylﬁremesﬁibasi& materphilsi which
herein. In eneral ' f he a I

9 *"qgﬂtghl n1cro%di %E E EmEtheﬁésfh #h?

on average, appr ness 0

ribbons — ~ will b@om%mge pod ymex @f@bllmn shouidopreferablys bgt

ri bbons of the fi brﬂb&ﬁoxﬁ‘éﬂ't& Eevd1s VS hdtOmoke thanSisdeppd ahtt meat in
achi eving the res lts lified: h63$1 Ei brous c% glose S

cemmercial ly f%ﬁﬁ&Q%) noL Beye fhan, 40, HP0% £8 fgth
i acl uding from 30 mucranﬁystatiiﬂe(nnﬁ1ﬁmhmpuﬁhamlzglose smabnéngers&thbugh

average fiber |enpt &?} £ound Vit Hikfhet' Nevedls olftbh&lexaﬁsheétaaat

stability repu

rove as avera fiher 1 decre :
due to the incre ecﬁ’ha‘i'es rgj)? %\P&ha&@vel 1 Pﬁéfel"éggi’hn“ |
causes in the surf aprestteatidn t:mzo fp[h!r,outbre precfelrhbllqsen&tabrbater than

Purity of the a h

noén-nel t abl e 136 Jo‘?iﬁé ab| |bzlelrlnt"r#e$a1§ (‘)‘chr&%sta &mthlgg &l Pul ose
stabilizer, and f|thqmmpqiymer<ﬁhatnxﬁnauh§&annaailwnall ether-cappediti ons
of the present N dpd t@oﬁ&ntﬁﬁﬁﬂ”dﬁ'ﬂa)éi@ ﬁ%t%fri‘e‘igp%lﬂdﬁe"m' ch

destabilize cetal - esins. n stab |2|n estgr-cagped'

or partially ~ [sekerateed %Im%n'h%ﬁ% bet NpdgEREREA: Lhp
pol ymer st abilizefl if ttl:me ndmpwaci tys tiad Iorﬂey walakllyopasic relatlvely higher

15 amounts can be tolerated.
' In stabilizing both homopolymer and
copolymer polyacetal, acidic impuritxes in the
A ' non-meltable polymer stabilizer, the microcrystalline
: ~ cellulose stabilizer, and the fibrous cellulose
20 ~ stabilizer should be minimized. Acidic impurities in
.the non-meltable polymer stabilizer should preferably
be removed to levels of not more than 50 ppm and most
preferably to not more than 10 ppm. For the
microcrystalline and fibrous cellulose stab1llzers, it
25 has been found that hlgher levels of acidic impurltles-'
can be tolerated but that such level is preferably not.
greater than 250 ppm, more preferably not greater than
10 ppm. As with basic impurities, it should be
understood that if the impurity is only weakly acidic,
30 relatively higher amounts can be tolerated.

' When acidic and/or basic impurities are
present in the non-meltable polymer stabllizer, the
mlcrocrystalline.cellulose stabilizer, or the fibrous
cellulose stabilizer in amounts large enough to cause

35 destabilization of thelpblyacetel compositions, the

31 _ ;
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35«

polryner stabilizer should preferably be

stablllzer and the fibrous cellul ose stabilizer
31" <+ should be substantially free of basic naterlals,mhlch
destabilize the polyacetal. Basic inpuritiesin the non- nel t

than 50 ppmand nost 5 preferably to not-nogg than 10 ppm For
mcrocrystalline and fibrous cellul ose stabilizers, it . has been found
t hat hi gher | evel s stabiddizersnphbuldebe purd:ﬂhebebeﬁbm atleely bante t hat such

"l evel

i's preferabl
greater than 10 1

can
abl e

renoved to | evels of not nore

't he

%n&%%dufedgéﬂigrtﬁgagoﬁggsggﬂ%ngn €$§L€¥é§&ﬁh hot

honopol yner t hat |§HM§MRMWN|aﬁF?béPﬁZSFﬁepseﬁpﬁédthe °°¢P3ﬁéﬁ ons of .

concentrations of kae

régleit ih%eﬁ%ﬂoﬁecan beOpet of £6d lbﬁ vt ing nwith

shoul d be underst ood that Lpurity s on S
rel atively higter £8 a§WEEPF§a3§n ngefgfédas RtHaNSE arda/d éﬁxer
stabi | i zi ng both hwhmpmh&MBblanpolymercspeb#hézepsIpagpaa¢¢ wi¢M|c

mpurities in the ajsped3ndl baeindRhyBEaStARE | ha0E, adbeabiy

- mcrocrystal line

e sta I zer f1brous, cel

zlng

I'ul ose, 20

stabi i zer shoul d SEfechsbesause.i §pX eXpHPLie; cthey are  highlyacidicp) e
pol ymer stabilizer cghtuilgthly baeiayl van be paritiedecbytwaskingstieé not nore

than SO ppm and, Mgl apiy s ELAERORY gbovDRL TR ol 8RO 8PBeFint %

n1crocrysta|| e an

fous. cél 0S€" s er.s

een found

that hi gher | evel s esulgdifdiers mp'erspiluble angainpehich cthe cpolymex hat such

| evel

i's preferab'Et%%ﬁlizerg&%ﬁﬁﬂ%o&ﬂ%ﬂe25ovéﬂﬂtiﬂ8rfmﬁﬁﬁi@ié@'

in N&tte

greater th t
Dnder ot ood Chat i RIGFASIBEAL) Ine- 371 § 1REaREy caLiniess setapifirer an

hi gher anounts can bee rietloved dY. use of a vacuum &ben.aci dic and/ or basic

i npurities arq_ pr esent |% Eg
nlcrocrystall ne ceIIquse stap

39BeHE! 430k RePRLUPELrSLERI 148 or he

fibrous cellulose stabilizers, and in addition to the
above, destablllzlng impurzties that are likely to
- occur in commercially available microcrystalline and

fibrous cellulose stabilizers that are useful

in the

20 "compositions of the present invention cén be assayed
via (1) the pH of an aqueous'suspeﬁsion of 1-10 ysight

percent microcrystalline céllulose or fibrous

céllulbse} (2) the non-volatile ash content, and/or

(3) the heavy metal content..

25 More spec1f1ca11y, it is recommended that
for optimum results, the: pH of an agueous suspens1on
" of 1-10 weight percent of the microcrystalline

céllﬁlqse or fibrous cellulose useful in the

compositions of the present invention be in the range
- 30 o£'5-7 for homopolymer polyacetal and in the range of
5-8 for copolymer polyacetal. It is more preferred

‘that the pH of the suspension be in the range
- for both homopolymer and copolymer polyacetal.
recommended that the non-volatile ash content

of 5~7
It is

‘(ashing

35 1is conducted at gréater than or equal to 800°C) of the

x‘\ 32
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cel{ul ose stabilizer in anmounts iarge enough to cause 35 destabilization

of the pol yacetal conpositions, the _ _

32 _ stabilizers should be purified before they are” i nt roduced
-into the conpositions of the present i nvention. Stabilizers used in
t he conpositions of " the present invention can be purified by washing

with 5 an appropriate l'iquid, such as- met hand® and/ or wat er -

Noi | tabl I t abi | with di spers

o o are ot TRieShRRaAT IR SRS e R e cunthBE ST e, 1 hey
are highly acidic: lessothhngbL?Slasmoxecpneberphlyfledsbﬁhmns@st@ﬁ;rEn&I)
stabilizer with a iﬁk%egEe¥@rWB19hlEQ§ @h%ﬂebsaﬁis Oft i |sifiers are

sol ubl e and i n whi rr1s rnsoluble. Volatile
impurities in the re°°mHF§F69r§§P§IFbﬁehQPVY|BFB%% ceptentsRf SEhdi | i zer can

be removed by e @fickocaqetanoiae. cédlulose and théthibrowecteluldee -

m crocrystalline o f u ul o e on
the - above, deéfaélFlz#ﬁéglﬁguﬁkklesﬁgﬁaﬁggiéu% é€$§££g éi%ﬁf%i%t
commercially ava|I&HLéu&pﬁﬁovﬁydtbPreﬁa shguld befnaintained |within the
stabilizers that a&gnggegglsL@ tag dggcriggaogbg+gns of the present

i nvention can be agsayed ) H, an aqueous suspension of
1-10 wei ght perceesfartery = e FESe or fibrous '
cel lul ose, (2)32ahe non- volatmhe ashposmtéchs afidthe presémt) iﬁmeﬁtﬁuw met al
content. 25 ehf t for
optimumresults, an ﬁubp%eﬁa e bgghgﬁgngngygnéégeff?gégdﬁ% wel %t .

ueo
percent of the m cPGéV??F&PI]w egymer 1Y) PuFGEEeEt‘H?%rQJ‘BBV%eW%I%%t%B%fuI

-in the - . COWDOSpblmItSdff thiee anyaeatannpemymeﬁ VEing ixli@ ineassBfe Of
5-7 for honDponner or copol ymer

pol yacetal . It . H&%gnéa &3?5 @gnvepﬁéPn?ﬂggbgF%Q %ﬂépgfgﬁ%ﬁggon be in

t he range of 5;7 thermoplastic polyacetal compositions, such as rubber
' mills, internal mixers such as “Banbury” and
»Brabender” mixers, single or multiblade internal
mixers with a cavity heated extefnally or by friction,
#Ko-kneaders”, multibarrel mixers such as ”Farrel
20 ° Continuous Mixers”, injection molding machines, and
' ‘extruders, both single screw and twin screw, both’
‘co-rotating and.éounter rotating, both intermeshing
and non-intermeshing. These devices can be used alone
" or in combination with static mixers, mixing torpedoes
25 and/or various devices to increase internal pressure
. and/or the intensity of mixing, such as valves, géte
"~ or screws designed for this purpose. Extruders are
" preferred. Of course, such mixing should be conducted
at a temperature below which significant degfadation
30 of the polyacetal will occur.
Shaped articles can be made from the
_comp051t10ns of the present inventlon using any of _
'several common methods, including compression molding,
injection molding;'extrusion molding, blow molding,
35 rotational molding, melt spinning, and thermoforming.
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f or- bot h honopol yner and copol yner poI yacetal . It s reconmended t hat

the nen-vol atile-ash content._(ashi ng 35 is conducted a_t, greater than or -
equal to 800[err]C) of the -. 33 -
m crocrystalline cellulose or fibr ous cel I uI ose be 1ess than 0.25% ° -
nore preferably less than 0.10% and nost preferably | ess than O. 02%
It is also. recommended t hat the heavy netg4 content of the 5.

m crocrystalline cellulose and the fibrous cellul ose be |l ess than 10

ppm  For naxrnunruhge&nhoatnbuanhy is pfeféuteoe Laxahﬁmﬁsﬂdtzghaﬁet_be L
e it 0 Bl 5c1es” 3RETuBE. ghlar MopfEPELL hdP Whck, effufParation

of the Conpositions ¥sent nvent i on
~can be prepared byfnﬂﬂmsgtShefsbansr.rg'eranpmgz heape t‘-p}bil}ga:ceﬂtﬂ Rid?eymar at

a tenperature abOVQuEhesHSbbhnﬂrticleg'E&n%etﬂ?@s@%ﬁ’é’&@i&'h ol ymer usi ng
“any intensive ﬁ gevr ce onvegtr onalé% #Jsed I n g fﬁm ya%l

ther nopl astic |§0I y&EéF& atdfBosf FBFIE 1RGcH® Dy Annealipg, NG
m . xers such as "Baahinutiag] and ﬁ:BaabngderSuchMQed; anfpicles rand i bl ade

i nternal =~ nixer §.°\§'5Pht eSB¥kbN Qggtgg &éﬁﬁaﬂﬁiﬁ% addl ction,

"Ko-'kneaders", mult m xXers such t 1 nuous M xers"
"~ injection nol di ng machi nes, EﬁaceSSinng?D‘aHi%Pn%dﬁﬁ%r Ith&crew and twin

SC& ew, bot[l hc reph&htaegaad €RENEGKP 691'&1%!@ , o Ctile lg&ﬁémshl ng _
an non I nter SnNi ese devl C e n
conbi nati on w Eﬁtveg ﬁP?ngg ﬁﬁ%’ﬁg ?‘Bﬁ) %Sﬁlaz%e eg?‘ﬁﬁ o?o%r#}bcdsu%ew ces

to increase internnelpr tepperaturesndfosbont 170w2601G, @refeatakly such as .

val ves, gate O&ascaawscdeﬁbaeeflﬁ&férsﬂif PH6PIS6 ¢ E'X'tmrﬁuﬁr&mn
pr ef erred Of course, .such.m xin

g conduct ed enperat ure
bel ow whi ch si gni f RRAAEngehgdSPRBRS Ei°B¥ ?hethR BEesRsny ’oﬁ‘f?“"t?cﬂﬁﬁr the
-Shaped articles camohe tenperatnréhwill generally be 10-120°C, : _

15 preferably 10-100°C, and most preferably about
50-90°C. -
EXAMPLES
In the following examples, there are: shown
specific embodiments of the present invention and
20 certain comparisons with embodiments of control
experiments outside the limits of the present
invention. It will be seen that the compositions of
the present invention are characterized by improved
stability. All temperatures are in degrees Celsius
25 unless otherwise speoified. Measurements not -
__originaliy in SI units have been so converted and
rounded where appropriate.'

I. SYRTHESIS OF NON-H.ELTABIE POLYIIER STABILIZERS

In the preparation of stabilizers 1-12,
described below, Initiator A was
2,2'-ezobis—(isobutyrohitrile) and Initiator B was
2,2’-azobis (2, 4—dimethy1-valeronitrile) o

In the preparation of stabilizers 1-12,
described below, total polymerization time was
measured from the time at which the initiator was

e
N —

30

35
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_conp05|t|ons of the present invention using any of several common

met hods, i ncl udi ng conpreSS|on nol di ng, i njection nolding, extrusion
nDIdlng, bl ow nol di ng, 35 rotatlonal nDIdlng, nel t splnnlng,_and
thernnfornlng 34 . .

I njection molding is preferred. Exanples of shaped articles include
sheet, profiles, rod stock, film - filame 2% fi bers, strapping, tape
~tubing, and. pipe. - Such shaped articles ¢ be post treated by 5

orientation, stretggigg?ligaahggaeangﬁ@$lgge Pﬁ%reééﬁLvesse |{Hﬂﬁﬁﬂ(¥y$ and

pl ati ng. Such shap rom can round and
‘rendl ded. ~ when thPrB@éxgﬁﬁgz%5ﬁ€$tV%%chEE%Ptﬁﬁt%ﬂ? heat yagaration

of the conpositiongiehdrhenPEesaNthdOvesseEnti on and shaped articles made
“therefrom i ncl ude - mel t tenperatures of -about 170-260[err]C, preferably

- 185-240[err] C, nost. preaerabepa28616606£rniépetﬂamt|sqxnnians and nol di ng
‘the conpositiofs of the prpispersantstion. the mol d tenperature will -
generally be 10-120[err]C, 15 preferably 10-100[err]C, and nost preferably
about 50-90[err]C. In the preparatiomcof Bons,iof) tﬁ;@hﬂ@ﬁrq her e

are shOmn speglhb¢ SQEQQLBEBtSePowthf &Kﬁ?ﬁiﬁani“6¥“d

certain conparisons odi nent r nts 0 tS|de
the limts of the ﬁf’g‘s‘gg?n was PRG2nt fb’n qsliswreaxb%s sﬂgﬁ 4’{% L{"
conposi tions of soluhéopsewene preparednasrfoklowsct eri zed by |nproved

stability. AlROte EESLA ggees Cel sius 25 unless otherw se
specifi'ed. Measur naljly, in Sl units have been so-
converted and - r ounded mﬁéﬁﬁeﬁﬁﬁﬁ pPolyklon A was prepared by .

polymerizing 198.6 grams ‘of methyl methacrylate and

2.0 grams of glycidyl methacylate in 1000 ml. of

toluene using 0.8 grams of Initiator B. The

polymerization temperature was maintained between
about 78.1°C and 83.6°C. The total polymerization
time was 120 minutes. The resultant dispersant
solution contained 13.2% polymer. The resultant
polymer in the dispersant solution had an inherent
viscosity of 0.066 as measured at a concentration of

0.5 grams of polymer in toluene.

Dispersant Solution B was prepared by
polymerizing 495 grams of methyl methacrylate and 5.0
. grams of glycidyl methacrylate in 2000 ml. of toluene

using initially 1.2 grams of Initiator A. The
polymerization temperature was maintained between
about 88°C and 95°C. - Additional initiator, in -

- increments of 0.6 grams, was charged into'the
polymerization veesel_approximately every 10-15
minutes until the total amount of Initiator A added
was 5.4 grams. The total polymerization time was 172
minutes. The resultant dispersant solution contained
19.04% polymer. The resultant polymer in the
dispersant solution had an inherent viscosity of 0. 088

15.

20
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| .« SYNTHESI S OF NCN;NELTABLE PCLYNER‘SfABILIZERS 30 - : I'n fhé_'

préparation of stabilizers 1-12, descri bed below, lpitiator A was:
2,2' -azobis-(isobutyronitrile) and Inltlator B was
' 2 ' -azobi s(2, 4-di nethyl -val eronitrile). In the preparation

of stabil'izers 1-12, 35 descr.i bed bel ow, tcnegspolynerlzatlon tlne was
measured fromthe tlne at which the initiator” was

oS o oot o BB RACRL " CORCANGFRURST e (6, Wil ottt (e
a. Preparation of BnsheiueRe-Sol utions and 5 | Di spersants '
In the preparatlonpggggg__ggigstablI|zers ' 1-12, described bel ow, a

di spersant or dispersant ers nts and -
_di'sper sant - solutions vvePés %g%éﬁgd&@iaéj d%%gpeeth(yls 593 Ot
~Solution A~ 5 . having aDnebecular @eight oof B0R®. prepared by .
. polynerizing 198. GPﬂéﬁgiﬁgéﬁﬂﬁthyl met hacryl ate and 2.0 grans of
glycidyl nethacylate Tn . _toluene using 0.8 grans of
Initiator B. The 15 pol ynen?hFP%ﬁs%%?rp%r‘ﬁ%r% was mai ntai ned between
about 78.1[err]C apdlﬁS(Gk?prbﬁyléhe)%pﬁry(oxyetnylehﬁy ycolibnuchmms 120

i 0
Mot tane ool HBb1fERohaRthg an SAMLL O GetiaRiiOL Yo The
. viscosity of 8006613s0@@asured at a concentration of : 0.5 grans of
pol yner in to'“en?ﬁi.pﬁ:E&hﬁEﬁﬁfﬁﬂiﬂﬁfﬁ“tiOn B : :
N _ . Dispersant Solution E was prepared by first
charging a reaction vessel with 200 grams of
polyethylene glycol having a molecular weight of 8000
15 and 1200 ml. of toluene. The reaction medium was
heated until 200 ml. of toluene was distilled. The
‘reaction medium was then cooled to about 70°C, at
~ which point-10 ml. of methacrylic anhydride and 1 ml..
of dodecyl dimethylamine were-added. The reaction
20 medium was refluxed for about 2 hours and then cooled‘
before use as a dxspersant solution.

b. Preparation of Non-meltable Polymer
Stabilizers

Stabilizers 1-12, described below, were all

25 polyﬁerized in a glass reaction vessel equipped with a
stirrer;, nitrogen inlet above the surface of the
liquid, thermometer, and condenser. _

. For stabilizers 1-12, described below,
20 melting points were.determlned on a DUPONT Model 9900

DIFFERENTIAL SCANNING CALORIMETER (DSC) in a nitrogen
atmosphere. To eliminate the possible effect of small
amounts of moisture or solvents, each thermal
stabilizer was first heated to 140°C and held there
for 10 minutes. The samples were cooled to about 25°C
35 and then heated at a rate of 20°C/minute up to 350°C.
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Di spersant Sol ution B was prepared by pol yneri zing 495 grans of nethyl
nethacrylate and 5.0 25 grans of glycidyl nethacrylate in 2000 m . of

t ol uene using initially 1.2 grans of Initiator A The

pol*’ymeri zation tenperature was maintai ned between - about 88[err]C and
95[err] C. Additional ‘initiator, in I ncre gts of 0.6 grans, was charged
~into the 30  pol ynerization vessel approxi mat €Iy every 10-15 . mnutes

until the total amuyny égﬁééyiééyé”htAﬁﬂ¥@?hendofW??mg égaﬁﬁgﬁd wig total

pol yneri zation time wa e resu I spersant sol ution

- cont ai ned 119. 04BRRA AR, Alﬁﬂaqﬁﬂﬂﬂﬁﬁﬂnﬁ”ﬁbﬁ?ﬁePmPH“Fth heaHlspersant
sol ution had an i nhesssitbed somueulfa‘s/@z&&ﬁ at each respective

36 - as neasured at a conc tratlon of ra 0 0 -
-t ol-uene. - D spe ébﬁ %ﬁ’ jor mﬁ& éﬂ@g gﬁPt Lﬁg kﬁ polyethylene
gkycol 5 having a tmimamm‘lgmm &he0 greatesd apoup&nefoheat, in - -

. Dfspersant D was A youled %n( o>gg§1r A el .Pol y(oxyet hyI ene) gl ycol bl ock |
copol ymer havi ng an aver age nDIecu ar melght of- 10

Di spersant Sol ution E . - For stab %ﬁ&&?s&ﬁQZSoF&FFEﬁbEdmﬁglﬁVepﬁhéd by
first . - ‘chargi ngnelt eflgw wate e nsalsuredl agr 200 *¢f under aolpadhgkene

Tt on med um vad 16 Wi lle Ylediifold po’ ABThZR aTys BchBLICRRE, TiE,
reacti on nedi ul® wastahilliary ases Fesyied ad @lor'FCfOéYt 12 hougai PRipsi ke 10

m . of nethacrylic qyuisFif 4 neld. flow raQE dQﬁécﬁkaﬁiﬂ!§E¥|ﬁ81 eyere

dded. Th t 20 fl df
200Fed e reac Imlwas négilfggd Si&%o %h% me. t in exer ang %hgngn xer

was kept plugged for 6 minutes while the stabilizer
polymer was heated to test temperature. After 6
15 minutes, the plug was released and the melt flow rate
° 'was deétermined over three minutes intervals. The time
intervals reported below were measured from the time
! the stabilizer was loaded into the melt index.
' Regarding the measurement of the melt flow
20 rate, it is known that water and other liquids or low
molecular weight solids have substantial effects on
melt flow. Depending upon the technique used to
isolate the polymer stabilizers in the examples below,
_ dlspersant ‘'when used, may be retained with the )
. 25 stabilizer polymer. Prlor to measuring the melt flow
rate,; the dispersant should be removed by washing the
stabilizer with a liquid that is a solvent for the
- dispersant and is a non-solvent for the stabilizer.
- After washing, the non-meltable polymer stabilizer
30 should be redried prior to testing. _ :
' ' Unless otherwise specified, for stabilizers
: , 1-12, described below, particle size was measured
. . _ prior to processing with polyacetal by adding about
' . 0.1 grams of the non-meltable poclymer stabilizer to
35 ~ about 15 ml. of 2-propanol in a test tube. ‘The tube

37 -This Sheet Has Been Re
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"baf ore use ‘as a di spersant sol ution. : b. Preparatron of

- Noh- pel t abl e Pol ymer .  Stabilizers = < Stablllzers
1-12, descri bed bel ow, were all 25 pol ynerized.in a gl ass reaction vessel
eqrur pped with a stirrer, nitrogen inlet above the surface of the
liquid, thernoneter, and condenser. For stabilizers 1-12,
descri- bed bel ow, mel ting points were de?@rm ned on a DUPONT Mbdel 9900

'30 DI FFERENTI AL SCANNIN SALORL VE D rq at nosphere.
To elinminate the pifs }’bgcb’ WE% ehe. pargﬁrﬁblﬁt 592? R8i EBre or
sol vents, each theataa:ul:.zer silraltrhe resuldant| dispeysiod wasimeasured omd

hel d there ﬁh mm&cmrﬁnmheﬁ grmﬁwtn?S[err] C
35 and t hen heate t rate of 20 err up 50[err _
37 The tenpeMfdfle ]aﬁt AR/ AP8 P& F@dav\ég 2 "MPEported. Also

reported was tme aetedtey syattiem thaa:bwvleeéd anpéﬂuheaegsane eangachf

[oSPeCti Ve ot OO S Bicle. e QB IR B2 hBa EnbopRELERYT S o

whi ch the gr eat est  a eat
For stabilizers 1-af partsiglieawlysiethathhad a #éhﬂetﬁempfailésﬁra§h%asur ed

at 200[err] C underere |<§Rﬁbrpfdetect%r1@:ﬂédn‘iﬂr anyramC ¢hdi 8§lai\été§T%@ 1238
nmet hod. The 10 stabllrareavxq rer|ed at err C for % gurs r|or to
PRy i85

measuring the el tPATRAF fEp par e &ife ¥afed
into the mel t10 ndecaeXculratedie mmld:hars calcnﬂ.atla.ept. phegpetticies ni nutes

‘while the stabilizgfay eter AR r?éﬁriﬁp%%Hﬁ%@t%:?‘ohﬁihntﬁ”Qﬁs%gbfoxﬁrx&ééd6 15

m nut es, the plug vvasr wrate erm ned

over three m nutedY rkhg ghannej,diameter. [Thecpymber; efoPRERiGALEWLRer e

neasured frOﬂWtfﬁféadﬁfchannel was calculated by the following formula:
= (10000V%)/(0.5236d43/6)
15 where N = number of particles in a given channel
V$ = volume of particles in that channel
" d = channel diameter o
By summing the_numberﬁof_particles in all 17 channels;
_ the total number of perticles was eelculated; By
20 - multiplying the number of particles in a channel by
100, and dividing the result by the total number of
partlcles, the percent of particles in each channel
 was calculated. To calculate the total number percent
having a diameter of less than that channel, starting
25 with the smallest diameter channel, a cumulative .
number percent was calculated by adding the_humber
percent in all channels that had a diameter less than’
or equal to that particular channel. From this
cumulative sum of number percents, the median number
30 average particle size was calculated. It is this
nunmber that is reported as the particle size of
,stabllizers 1-12, described below.
'The major components of stabilizers 1-12,
described below are summarized in Table I, which
35 ' :
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the stabilizer was Ioaded into the melt index. Regar di ng t he -
-nmeasurenent of the nelt.- flow 20 rate, it is known that- ter and ot her

i quids or |ow nol ecul ar’ wei ght sol i ds have substantial effects on

melt flow Dependi ng upon the technique used to i solate the pol ynmer
stabilizers in the exanpl es bel ow, di spersant, when used, may be
retained with the 25 stabilizer polymer. Rygor to neasuring the nmelt fl ow
~rate, the dispersant should be renoved by washing the stabilizer with a

liquid that is a selyews tRe déscriptid’ef e ovittrcl awylen sol vent for
the stabilizer. g%#gg mashlng, t he. non- mel t abl e pol yner stabilizer 30
"shoul d be redried B? B testlng Unl ess ot herw se

speci fied, for st&b@bi%é#grs 1-3. EO1!&%%?1Qﬂ*ﬂﬂx9QiNm§ﬁuﬁﬁﬂhkiiﬁ%fé was

measur ed Pri Ot-o—pr-0685S Rg— ERQ dbictinla gl SReRS .::;L. on- o, 1
“grans of the pon- neltable p stab Ilzer to 35 q?out 15 of -
2-propanol in’a test tube. s prepared by polymerzzlng

38 was shakenobyghams aﬁdaetlplqm:dle carad sl gﬁanmeof Dlspeatadntzer in
the resul tant dis S - SMALL PARTI CLE
ANALYZER (ANALYZE%?iﬁ{:Qan\Icgdiﬁe§§§7€% 0@%7%)8916%&\% ei))ed W t h a_l7v channel 5
det ect or systen1tHaiYESFéFéﬁiﬂnpﬁF??E}%n§W§§a# fat about 7%°C ¢

m crons. The ANALYgERgpahninfitid® eﬁaﬁ@@tof 0.04 druns O Jstﬁlumdma. had a

DatTere oo afe” HA%kAemel "SpRb{EoR VES (Madd F iSRRG fF YT A0
this cal cul ati on, grawspaever| the ne&taﬁnmtﬂxim#tei2ul&§1lﬁﬂﬂ&ﬁ&mﬂﬁﬁdnnel .

© was approxi mted tpe é&tameaﬁaaﬁeebfdiﬁ@i@eorTméwrmr efi@agrdnd.es in
each channel was cal cul a oW n for N =

(10000V%/ (. 523668?6?*&83 %ér@ﬁ\?‘lm‘ t’r"tjrfe’sali Fharge, 8f
~channel _ iN@t&atotuwasoidoed;|Gls61utﬁ6ﬁnbf(innnq#ams of

15 acrylamide in 500 ml. of 2-propanol and 25 ml. of
‘water was fed into the reaction vessel over a period
of about 72 minutes. Also during that time, an

" additional 35 ml. of Dispersant Solution A were fed
into the reaction vessel. The polymerizatlon

20 temperature was maintained between about 71.7 and
77.0°C. ‘The total polymerization time was about 202
minutes. The resulting polyacrylamide stabilizer
dispersion was dried in a 60°C vacuum oven.

| Stabilizer 2 was prepared by polymerizing .
- 25 300 grams of acrylamide and 150 ml. of Dispersant
Solution E in 3000 ml. of 2-propanol. The
polymerizatibn reaction was started at about 72°C
using an initial charge of 0.15 grams of Initiator A.
‘Additional initiator was added, in increments of 0.03

30 grams, over the next approximately 200 minutes until
the total amount of initiator added was 0.45 grams.
Approximately 20 minutes after the initial charge of
initiator was added, 78 ml. of a solution of 50 ml. of
Dispersant Solution E in 100 ml. of méthanol solution
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d ; channel di anet er : By'sunn1ng the nunber of particles in all 17

channel s, " the total nunber of -particles was cal cul ated. By 20

nultlply|ng t he -nunber of particles in a channel by 100, and dividing
the result by the total nunber of particles, the percent'of particles
i n ‘each channel was cal.cul ated. To calculate the total number percent

havi ng a di aneter of |ess than that channel, %?artlng 25 wth the snall est

di aneter channel, a cu u r ddi '
Cha e ooy """ e, Bk TERaL FEe, the WERSEL 85 GGt 00 £ Lt e 200 G
equal to that partaboh&r16bammaute$soﬂThhlBolymetinn#inn\kﬁmnﬁﬁﬁﬁunﬂﬂﬁﬂﬂ .
percents, the medi ﬁa%m&ﬁ&a?:ﬂetamaasoeerwcsﬁasvgeews opie Wantaad. It

is this nunber orted as the particle sjze of stablllzers_
1-12, descri bed beP&%Ymerlzat on time wig phout &Sof MN%bilizers -
1-12, 1:descr5| bedebaltingr po&yaunylmﬂde nsfrabimzer vdisper3Hion was -

-39 : ol l ows t | h \ t i zer.
Stabilizere 109 PQﬁlgg?‘éfia% 881?% et EngBbi phe PV tdbi1 izer! Hid

prepared with -a di iY!‘&ﬁ‘t s!"rébénlﬁ-éﬁr was washed "ith FBFIRaNl anRg then
prepared by pol ynegrieddin a 6008 gaedtmobves!y! am de and 120 grans of

D spersant . Solution Ain 0 m . of 2-prgpanol

‘pol yneri zation reaction mas_spggtgﬂaﬁysgﬁoﬁg ggfé??}¥?er Stﬁﬁﬁ*&f%§llnltlal'
char ge of 0.040grashoubdlalsmaﬂmreﬁdotberﬂddfthomaJoulnslqmqm amSud@r, in
increments of 0.04mpyj5 3@ QGE tBVEﬁetHSIEQgg é‘P Oﬁ@iefé%;lﬁézénﬂyc?él |

unti | t he tota SEmdUnt of NIt ator g _
] ApprOX|nater 77 nFﬁﬁP@§s&PFer“PﬁE v nPYi Fsﬁﬁ§rg%h?ﬁed an endotherm of
168.4 Joules/gram at 64.9°C. DSC anaylsis on the

polymer stabilizer showed a second endotherm of
15 8.8 Joules/gram at 178.8°C. The major melting point
| was 264'0'c, with an endotherm of 217.2 Joules/gram.
The melt flow rate, in grams/10 minutes, was as -
'follows. 0.223 at 6-9 minutes. 0.143 at 9-12 mlnutes.
' and no flow at 12-15 minutes. The number average '
20 particle size was 0.5 microns.

Stabllizers 3-7. Homopolymer stabilizer
prepared with a cross-linking monomer
_d s t s n

Stabilizer 3 was prepared by polymerlzlng
298.5 grams-of acrylamide with 2.13 grams of glycidyl
methacrylate and 250 ml. of Dispersant Solution A in
1600 ml. of 2-propanol. The poiymerization reaction
'_ was started at about 71'cuusing an initial charge of
0.05 grahs of Initiator A. Additional initiator .was
added in ihcrements of 0.05 and 0.02 grams, over the
next approximately 240 minutes until the total amount
of initiator added was 0.21 grams. Approkimately 55
minutes after the initial charge of initiator was
" added, a solution of 298.6 grams of acrylamide and
2.13 grams of glycidyl methacrylate in 360 ml. of

25

30

35

This Sheef Has Been Re laced 40

HII'I Ml lll




i nisti ator was added, a solution of 200 granms of 15 - acrylamide in 500 ni.
of 2-propanol and 25 m . of water was fed into the reaction. vessel
~over a period- - of about 72 nminutes. Al so during that tine, an

addi tional 35 nml. of Dispersant Solution A were fed into the reaction
vessel . The pol ynerization 20 tenperature was nmintai ned between about '
71.7 and . 77.0[err]C. The total polynerization tine was about 202
m nutes. The resulting pol yacryl amide stabilizer = - dispersion was -dried
" in a 60[err] C vacumethannl was fed into thsét meaction fesmselpoeenrad by

polymerizing 25 3 'Bﬁﬁﬁ I 15 SRR
Solution Ein 3000%1@'L fo rop atyng%nh?'ﬁu%gg RIFL ?f:z%?gﬁﬁreacﬁ%
started at. about 7Xidutes a teru indtiad FHPrﬁﬁaPﬁell#téaEBrgV%ﬁrB of

Initiator A o A{imda O aamtuwggg 229 ?ddedft Dﬂspéfé?ﬁfnfélﬂfl@noﬁ 30'
‘grans, over ext .a mi, put es _un ' e moun
of initiator gﬁed“ﬁﬂgpgﬁ%g e reaﬂﬁngxvﬁﬁfE#yogﬁrn?nﬂ?5§°§f? r the

initial charge of abouthi4§ atmumss aFbedpolgmerizatianstempevatute Sgasi .
of D spersant SliHtddhea Hatheenra Qiad”ﬁbhéno' TﬁQ' HB{:QD 35

40 were fed int the rea tion,vessel over bout. 160

m nutes. The poly: &ime, was;a out”3 gﬁ?ﬁﬁﬁ bﬁfgﬁﬁntgﬁout .
72 and 75. 8[err]C thyﬁsﬁxﬂation pebym&bnzahsonompmetaasahbutt10@0 ml nut es.
The 5 resulti (q?q |1sZ p y ered to
col l ect the poly ner tabi 11 zer. r%hQGH el %B @hﬁ ?E§b€go zg?sﬁ%s ggéhed wth

2- propanol and theWGSU1tﬂmﬁ<£9Lﬁ4Q§YQGFéPP E¥§Hé&ﬁﬁ¢§v€ﬁsPer§1°n was
DSC anal ysi s on thef:mieﬁaa td A1t the pohowes staBilizepdorher m of 8.3

Joul es/ gram at 59. Lr This i s _due.t tkng_of _th
.pol yet hyI ene gl ycol‘Lﬁ erd| sﬁ%’l}&dﬁter wWhtc riﬁ§ FF 85% iﬂo ﬁaﬁ'ﬁgﬁnﬁ}'ﬁ'ﬂerm
of _ The drled product was a very fine powder.

15 ; ' psc analysis on the polymer stabilizer

'_shqﬁed a small endotherm of 3.0 Joules/gram at
176.3°C. The major melting point was 282. 2°c, with an
endotherm of 252.8 Joules/gram. The melt flow rate, in

_ o 'grams/lo minutes, was as follows: no flow at 6-9 -

. o 20 minutes. The number average particle size was 0.8

microns. | B
. §;gp;l;zg;_i was. prepared by polymerzzlng
299 grams of methacrylamide, 200 ml. of Dispersant :
‘Solution B, and 1.0 gram of .
25 N N'-methylenebisacrylam;de in 1600 ml. of 1/1 (v /v )
| _ -propanol/tpluene. The polymerlzation reaction was
started at about 72°C using an initial charge of 0.1
grams of Initiator A. Additional initiator was added,
in increments of 0.05 grams, over the next _ |
30 approximately 200 minutes until the total amount of
initiator added was 0.41 grams. Approximately 18
minutes after the initial charge of initiator was
added, an additional 45 ml. of Dispersant Solution B
' R were fed into the reaction vessel over a period of
35 about 90 minutes. The polymerization temperature was
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- 168: 4 Joul es/gram at 64. 9[err] C. DSC anayl sis on the pol yner

st abi Ii-zer showed a second endot her m of 15 8.8 Joul es/ gram at
178.8[err]C. The major melting point was 264.0[err]C, with an

endot herm of 217.2 Joules/gram- . The nelt flowrate, in grans/10

m nutes, was as follows: 0.223 at 6-9 mnutes; 0.143 at 9-12 m nutes;
and no flow at 12-15 nminutes. The nunber aver #@e 20 partlcl e SI ze was O. 5
m crons. - Stabi | |,zers 3- 7.. Honmopol yner st abi |

prepared with a cr Qaintained, haknsen about 72 and 76-c. The, hgtal

di spersant sol uti orpolymerization tiliealas adout 899 mispteed bfhe

| |
P her vl ot and 2 S R el Bedpld 1068 R BheBlYGh WA
2-propanol . The polS¥kbened iim oxden iten isolatgathe: stabdlieenppalymererr] C
~using an initiad Chﬂ{é%ﬁblhzerp dﬁyﬂi’e&'ﬁwa%f thhEHaWEhAacééghé' anal -

initiator.was - - {Thn I ncr.ement's of 05 and 0.02 grans, over the 30
next approxi mately %qn B St vacuya PSF&I amount of initiator

added was 0.21 grans. Appr omsmtatia)ly&ﬁs shotieduthatather pohemepi ti al - :
char ge of |n|t|ator agRqOLE QT Y. de
and - 2.13 grams ® r;v;.ze&al metah ﬁ%yﬁg"'g§6ég§fé 9? ggg ];3 & &%

41 met hanol ﬁhﬁr@ ﬂfe}?éa@t Jonlesdgrrmey eftaghad noperjod of

about 33 ni nutes. /&aacﬁbwmm Flck %n@d it hadTannbeber! aobrage initial
[ 170 m . of Di spersant -

gg?lrj??ogf AI' n|_5t :/vg g‘?%%’i%eo s[‘fﬁ? r‘%a a%oﬁq\%é'tglggpagva a perl od .of about
48 nminutes. The.pol yneri zat i @tabdiizest 5 wasapreparedabyt ppmmebezmgn 71
2P?e?0£ ﬁ;r] C. The tgy 3js gram&@ﬁ“ﬁﬁ‘yﬁ%ﬂiﬁ% tb”ﬁs"‘@%ﬁﬁoﬁk 315 mnutes.
'N_N'-methyleneblsacrylamide, and 10 grams of
15 Dispersant C in 500 ml. of 2-propanol. The
polymerization reaction was started at about 71°C
using 0.04 grams of Initiator A. Additional initiator
'f ' was added; in increments of 0.02 grams, over the next
| approximately 158 minutes until the total amount of
20 initiator added was o.12'gramsQ 'Approximately 4
minutes after the initial charge of initiator was
added, 25 ml. of'a so1ution of 5 grams of Dispersant C
in 50 ml. of methanol solution were added over a
period of about 78 minutes. The polymerization
25 temperature was maintained between about 71 and 75°C.
The total polymerization time was 203 minutes. After
cooling to room temperature; 250 ml. of 2~propanol
were added to the reaction vessel. Thé,resulting
- polyacrylamide stabilizer dispersion was filtered to
30 - collect the stabilizer polymer. The stabilizer polymer
was dried in a 60°C vacuum oven.
DSC analysis showed a small endotherm of
12.26 Joules/gram at 59.1°C. This is due to the
polyethylene glycol, which, by itself, showed a large
- 35 endotherm of 168.4 Joules/gram at 64.9°C. DSC
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pol ymeri zation reaction was conplete, about 1000 M. 10 of .hépt ane were

added «to the reaction vessel._The resultant pol yacryl am de .stabilizer
di,spersi on was filtered to collect the polynmer stabilizer. The _

polymer stabilizer was dried at 60[err]C in a vacuum oven. - The dried

product was a very fine powder. 15 - . DSC anal ysis on the pol yner
stabilizer showed a snmal | endot herm of 3.48 Joul es/ gram at

176.3[err]C. The mm é 1t|n\g¥ 0|nt was 282. Mr]c wi.t h
endot her m of 252. 8 3BRI¥EIFr ERTtheR shoved &, ]eeqq?them é‘rfaﬁ"sFlO

nmnutes, was as fol youbes/grih cat 21852 QO ThHe major mEltingripeintyeasge
particle si ze vvasO S
prepared by pol yrrerl 2| n4 ¢ %f%?nr%nn%o% eTht acryqsﬁrggdl%%gg%r#‘a gpe

Di sper sant Solnelbnfkwamtqa Cﬂ-lgrmmﬁ/nlb' nimutesyemas aselfoddomsk: ani de
i 1600 m. of &/1 §Vi6¥ at 6-9 @:ﬂifwnc&/dﬁ LRS- 1N G iRRILEER addl he!
reacti on was . started at about, 72 err] using an initial char?:e of 0.1
grans of Initiator BlIORAGRFtIZTEP Piputes o Thed average parfd dfent s of ._

0.05 grans, over theisexwasS0l.3 appexrongiatel y 200 m nutes until the total’

anount of “initiator add r I _
m.nutes after the initial ch%%r@ ‘?AES R r%)& %% oéylt%rr{lg&ggt I onal
45 ml . of Dispersant9%ol 3itgrang of acmb\r@llfdﬁi |1nt2(§'> granse®ft i on vessel over
a peri od of 3510 aboy} N POty @feb i dderPId %Hd O0 'R ¥eure was

- 42 - maintaine et ween abou 7 76[ C The ot a
" pol yneri zation tlngbﬁég (%Pré%éﬁ] Itrh&e
pol ynet hacryl ani de soMérimttbmpmmmwms starﬂ:reld ateabouto7dec t o
25t ong o " Rl A0 GRS ML (1
Additional 1nit1ator was added, in increments of 0.03
15 grams, over the next approximately 130 minutes until.
the total amount of initiator added was 0.36 grams.
_ Approximately 40 minutes after the init1a1 charge of
' : o initiator was added, an additional 50 ml. of
' 2-propanol were added into the reaction vessel. The
20 same was done at about 63 and 72 minutes. The .
polymerization temperatu:é_was maintained at about
71-79°C. The total polymerization. time was about 200
minutes. Next, 1000 ml. of heptane were added to the
polymerlzation vessel. The resulting polyacrylamide
- 25 stabilizer dispersion was filtered in order to isolate.
'the stabilizer polymer. The stablllzer polymer was
dried in a 60°C vacuum oven. _
DSC analysis showed that the polymer
. stabilizer had a small endotherm of 9.7 Joules/gram at
30 179.6°C. The major melting point was 232.3°C, with an
endotherm of 290.1 Joules/gram. The melt flow rate, in
_ grams/10 min. was as follows: no flow after 6-9
- - ‘minutes. The number average particle size was 1. o
"~ microns.
35
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DSE analyéis.shomed thét-the pol ymer stabilizer had a maj or el ting '

‘point «of  289.73[err]C, with_ ‘an endot herm of 321.6_Joules/gram It had
np 10 det ectabl e nelt flom/and it ‘had a nunber. average ~particle size
of %0, 8 nicrons. .. Stabilizer 5 was prepared by polynerizing.
99. 75 grans of acrylan1de 0.25 granms of  agN N-- nethyleneblsacrylan1de
and 10 grans of 15 Di sper sant C in 500 mM. of 2-propanol. The

pol ymeri zat'i on reaction was ab@gthéthéthy polyﬁéfgh£h94 grans
of Initiator A Addltlonal I ni dded, in_increments of 0.02°

‘grams, over the néd8-> gr@ﬂﬁpFﬁkPﬁE?&PVi§58 HTﬁu?Egmﬁn?Fl the total amount
of 20 initiator Njdttetheihyl@nkbigacrylanddpe, oanduB6l grdms of ninutes after

‘the initial- charg%lgeé'lrgat‘.jtatcorg&m%%oo Pl aggeghpgggﬁh?lof fheo0l ution of 5

grans of Di sper sant ano 1on were_added over a
period of abodt 7Palymerization yeagkicn,wapoRtasted:akpabautrz2vwascC

mai nt ai ned bet Wee'hsib@”an”uﬁ&‘ia?ﬁbﬁh&'h@ of 0. 1§hgr£ﬂéabfprhﬂﬁfétéﬁt1kpn

1 203 Af t t t
2 propanol | wACRLERRIRY dnifiaREn, ws, ag88de) 1R RGCFERERts (gf 0.03°"

pol yacryl ani de st @ndmsz,erov&:sp:ﬂasmxtvmppfroktnatell?ozeo minotéscuntik -
stabilizer polymerye *l:%t%tla%&é%r o0l KiR or a&@édd{:{a?do'ﬂsa%@ﬁ”] c

vacuum oven. anal YSI'S S endot her m of
12. 26 Joul es/ A ammpwma&erl]yc2°ml§“t95da€t96 the initia) charge E
glycol, which, by irhafﬂaftozsm\wdaaeaar 92 #3. ofndokbrutioh 46826 grams

Sguestoram st Ccal SlidbradliCe in 309, mlde BPHREROD solution yexe, o
at 181.2 C. The nfesr imdict ithe mamlnasvesselzesen[erpgqom ofi alowhdot herm
gg | 180. 7 Joul es/ gn¥p nlifutes. The! pbiQilekbatibA Sedptdburd Wags: vas as
' 15 maintained between about 72 and 76°C. The total
polymerization time was 240 minutes. The reaction
mixture was cooled to 25°C, at which point 250 ml. of
2-propanol were added. The resulting pbiyasrylamide
, stabilizer dispersion was filtered in order to isolate
20 the polymer stabilizer. The polymer stabilizer was
rinsed with 1000 ml. of 2-propanol and dried in'a_60'c
vacuum oven. : "
DsC analysis showed that the polymer
stabillzer had a small endotherm of 4.98 Joules/gram
25 at 57.4°C, attributed to polyethylene glycol DscC
.ana1y51s further showed a second endotherm of 2.6
Joules/gram at 189.6°C. The major melting point was
291.3°C, with an endotherm of '114.5 Joules/gram. The
‘melt flow rate, in grams/10 min., was as follows: 5.16
30 at 6-7 minutes, 4.12 at 7-8 minutes, and 4.03 at 8-9
' minutes. The stabilizer had a number average particle
size of 1.4 microns. This is the stabilizer that was
" melt processed with polyacetal in Table IV. .
The polymer stabilizer was washed with hot
35 methanol to remove the polyethylene glycol dispersant
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5 =0.101 at 6-9 m nutes; 0.043 at ‘9-12 ninutes; and no flow at 12-15

m nut es. The nunber average_partlcle .. - Size was 1.3 nicrons.

St.abi | i zer 6 was prepared by pol yneri zi. ng 498.75 grans of -acryl am de,
1..25 grans of 10 N, N -nethyl enebi sacryl ani de, and 50 . grans of .

Di spersant - D in 2500 m . of 2- propanol The pol ynmeri zation reaction
was started at about /1lerr]C using and4sniti al charge of 0.15 grams of
Initiator A Addltlonal initiator was added, in increments of 0,03 15
grams, over the Hprasi then Sedriedy DR anadysis on theevashed anount

~of ‘initiator add%mﬁ Séalgi Bider showeld R @fiaTa! @Irmotﬂefmnbtfea.after t he

initial charge of nitiator de an addl t R 5
2- propanol were A ) T BY A c'fqa(ﬁ ggase t%'ga%?% 388ne at
about 63 and 72 rﬁ%t@‘sC. With an ensothermy ofi Q0% érrgaudtegp'sram ®hent ai ned

at about = g571- Ja%l?éd]{ol (el i MU N TRIHARIE Pid 'F18% WesS eagout 200
m nutes. Next,. 1000 . % e were added to.the - pol yneri.zati on

" vessel . The resul‘H% et ya@f Instrates;that %%ﬁé‘f"? 8% was
filtered i n orderdispéersant anay adversellynhififect medity fdow Fatest ab| I i zer

I
ggaly;rglrswgﬁwed t'ﬁé%&?ﬂ ssr?\[eiﬁ{é ]n%dsaetczglbglqetpzégé Fggticle Fllz Ends herm of

9.7 Joul es/ gram am@oonsa?g 6[err] C. The maj or mel ting point was

232.3[err]Cagvith an - f g,?a Polleritlihgf | ow
.rate, in gra 10 mn. ovvs noflow mnutes
‘The nunber avera a?’f?'?ﬁep gy 4.0 grams,Q ggc:l.dyl

44 - methadarylate, hnﬂhgqn aplar et lm!.spelrpmrtl Solgtion 8298

~grans of acryl-am figge InP, YL Hopano1r N NMrdHolnedaBatdohy radct§onand 36

grans of
_ was started at about 72°C using an initial charge of
15 0.1 grams of Initiator A. Additional initiator was
" added in 0.05 gram increments over the next 191
~ minutes until the total amount of initiator added was
. 0.35 grams. Approximately 15 minutes after the
‘initial charge of initiator was added, an additional
20 40 ml. of Dispersant Solution B was fed into the .
'~ reaction vessel over a period of about 87 minutes. At
approximately 60, 75, 95, and 125 minutes after the
initial amount of initiator was charged in the
reaction vessel, 50 ml. increments (200 ml. tdtal) of
25 2-propanol were added to the reaction vessel. The
- polymerization temperature was maintained between
~approximately 72 and 77°C. The total polymerization
time was 260 ninutes. The resultant dxspersion was
. drled in a 70°C vacuum oven. '
30 pscC analysis showed that the polymer
 stabilizer had a small endotherm of 12 Joules/gram at :
, 178.3°C. The major melting point was 301.2°C, with an
endotherm of 166.3 Joules/gram. The melt flow rate,
in grams/10 minutes, was as follows: 0.12 at 6-9
35 minutes; 0.08 at 9-12 minutes; and 0.10 at 12-15
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Di epersant 'Cin 3000 m . of 2-propanol. The 5 polynerization reaction was
started at about 72. Slerr]C__ using an initial charge of 0.15 grams of -
Ipitiator A Addi tional initiator was added, in increnents of 0.03
grdms, over - the next. apprOX|nater 200 m nutes unt|I the total anount
of initiator added was 0.45 grans. 10 Approximately 20 nmi.nutes after the
initial charge of - |n|t|ator 'was added, 46 nm-. “of a solution of 20

ST e eont s e S e, Vel BS990 YRR 0,

pol yneri zati on termmnﬁe was 15 mai nt a| ned bet ween about 72 and

76[err]C.  The total . PB&?&erIEQngeaCt ion -
m xt ure was cool ed %&%{err | C dDOI % 2- pr opanol
were added. The rettft EEFF"FZQ di spersi.on was .

tiltered in ordler Nmﬁﬂneﬂiﬂéi(ebimmme,smﬂl Bioz gramshe£pol yner . .
stabilizer was Dl£§$£&w§@ Q‘bedﬁml ofof’zm%rt i?ﬁ' ﬂg dr| ed in a 60 C
K at he

vacuum oven. si S 'sho .
stabilizer had a MW%M%W 95 3P8F°§?méf-8?-¥] C,

attri gut eg tg pol yﬂwlﬁlﬂnﬂlwdniﬁ:ﬁﬁ charg&naifynl asf graher oghowed aIt
second endot herm 0 ing
poi nt was 29?’%%%%’?@ Mﬁ%ﬁa (r)q ﬁ‘ter’ #%%FQ k%’ SEF&’?& # %Fg‘% :
nelt flowrat®Q i m@dmmrquatqaas 205 rfigiutess 1a$er6 BG‘urthrG 7 mnutes, .
4.12 at 7-8 m nut epni e kkdr %ﬂtfﬁr& were Hadel 3% OTBQ grall kheeembagsa

‘nunber average partic si ze of mcrons. This i's,the stabhili zer
‘that was mel t {R%s% Rext /A M’%ﬁs |(|gr ?abl 20p\minutes after '
The pol yner- st abi Itlzeerimﬂslamsd}mrgﬂ tof Hﬂi:.t(i!itommuh&tml at totalvoE Dheo

pol yet hyl ene gl yCO%rggg W{é%rudded. A?prox[iﬁnatelgh 29 minutes after 45

and it was then redried SF&BIHZGI’
showed a smal 15 endinikiad orn:gt:@tor addition, 77 ml. of 20 grams of

Dispersant C in 100 ml. methanol solution were added
over a period of 180 minutes. The polymerization
temperature was maintained between 61 and 64?C. The
o .total_polymerizatibn'time,was 240 minutes. The
20 reSultent_diepersion_was cooled to about 25°C. The -
stabilizer therein was collected by filtration, rinsed
once with methanol, and dried in a 60°C vacuum oven. -
DSC analysis showed that the polymer
~ stabilizer had a small endotherm of 9.2 Joules/gram at
25 194.6°C. The major melting point was 306.6°C, with an
' endotherm of 213.5 Joules/gram. The melt flow rate,
in grams/10 minutes, ;was as follows: no melt flow
.after 6-9 minutes. The number average particle size
o ‘ ' was 1.9 microns. '

30 stabllizer 10. Copolymer stabilizer prepared
with a dispersant solution and a

: o , _ croee_l.inking_egent

. - Stabilizer 310 was prepared by polymerizing
' ' 260 grams of ecry_lamide, 40 grams of hydroxyethyl

35
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Joul es/gram at 187.0[err]C. The major rreltl ng -poi nt was - 295, O[err]C
with an endot herm of 209.5 Joul es/gram The 5 washed poI yrrer stabilizer

showed no flowat 6-9 nmnutes. This illustrates that the presence of
di Spersant may adversely affect mslt flowrate neasurenents. The
nunber average particle size was 1.4 ~ mcrons. 10

Stabilizer 8 was prepared by pol ynerizing 47 306 grans of acryl am de, 4. 0.
grans .of glycidyl .. _nethacryl atg, and: 20 . of Dispersant Solution B
AT oh g0 Y omesnafERIAkeY 15 afRGn-Pf Stovfing gy e
‘started at about 7@fimeth@cuylateanandi 200|nthaofjeDisparsant) Solyrtinn &
Initiator A Addi §,0930bo! Bhl! 8E05-YRSpano1 &MdSH0s i Gor HGHRnEEr €

over the next 191 m nutgi unt i e total anobunt of |n|t|ator a ded
was - 0.-35 gr anPO1XPErIZRLAPB §eiﬁtﬁ?ﬂu‘t’%§ skarteqd jat about 189G char ge
-af initiator vwgs adedslg an aﬂdtiamnahaiae of0p.1 . gﬁmaspmﬁwﬁaw ust | on B

was fed into the ctio 0, : erio

approxi mately 60, ?gdlgggnéhdgfégiﬁgﬁﬁté as?‘g?é‘t h‘gh n&bﬁé’ffélﬂ nt of
initiator was char gzémsa pwer. the nexttapproximately(l2i mimetsrmntsil( 200
nm. total) of 25 tﬂépieﬂéﬂohm%hé 8f0s8Hi £ Pat bR 4&80&d Wik PSP Yramslhe

pol yneri zation te ratu I, nt aj ned bet ween . roxi mat el 2 and
DOLST] C The 't of AEREOPYIEPFS J2RBAOR temperRtyEs vam ma fHHathed hetuhg « an
di spersi on waso 70dandd78nCa 7Ther tdEaY spolymerizat 3ih time was 205DSC :
anal ysi s showed th ol Em her m of
12 Jgul es/ gram at ﬁEn{xQ%?p ?HE %suﬁ;]ﬁﬁﬁg*&ifﬁé I N f%%lr?;]‘%

'301.2[err]C, with &‘n‘abllizéﬁdéﬁﬁaﬁﬁﬁ&m1’6%53‘5!]&#e%‘)g?a?ﬁ GivaGHun qyesty

rate, ~in granms/10 minut pSc BRA1PSi&OLhewed €hdf tHe pdlydfer M nutes;
0.08 at 9-12 mnute

a6 " mnutes. TRERARDEPaDRA-ACEBAFL SpdcthOmm 8 43 Joules/gram at

15 160 $°C. The major melting point was 287.7°C, with an
endotherm 6f 261.8 Joules/gram. The melt flow rate,
_ in grams/10 min., was as follows: no flow after 6-9
v - minutes. The number average partlcle size was 1.4
microns. -

_ 20 stabllizers 11 12. Control examples = Acrylamide
) ' _ polymer:.zed by conventional
- : utio io ethods

M.uizs;ailaunulh were prepared by
‘polymerizing acrylamide in water according to known
methods, such as those described in Preparative o
Methods of Polymer Chemistry, by W. E. Sorenson and T.

' W. Campbell, Interscience Publishers, Inc.:New York
(1961), p. 179.

 Stabilizer 1la was prepared by charging
207.2 grams of acrylamide, 1658.8 grams of
demineralized water, 30.8 grams of 2-propanol, and
0.384 grams of potassium persulfate into a 4 liter
flask continually being flushed with about 50 ml./min
of carbon dioxide. The reaction solution was stirred
and heated} during which time the temperature in the .
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m ¢rons. . ' St abr lizer 9 was prepared by polynerizing
289. 5.granms of acryl amde, 1.5 grams off 5 NN - met hyl enebi sacryl ami de

apd 30 grams of Di spersant C in 3000 m. of net handl. The

poFyneri zation reaction was started at approximately - 63[err] C usi ng an
initial charge of 0.15 grans of Initiator A. Another 0 15 grans of
Initiator A were 10 added approxi mately 20 #Bnutes later. Further _
initiator additions were made_in 0.03 ram i ncrenment s ring the next
180 minuteo (1 o TepSoR reacked 7802 0.  The FAPBFEALERS VRS GRS (1 at or)

until a total of &a%tainedgmemr e?addedandppoomoafei-ytﬁe nours eAwfter
the 15 initial | 2 o) rsant C
in 100 M. net hano qn%t’ |°§%vk\‘rteer QQO éZEQJs Qﬁe Qegééf@n é‘él“?i‘i@o ér)ngnit es.
The pol yneri zati oiyiscous MF-’U%l%éOﬁal hba}lheﬂnﬁell%ﬁnoﬁlt%d 64[err] C.

-The t ot al 5 pohMERIcuE? cﬂ&mb&”&o!’ﬁ%iaﬁowﬂknﬂbﬁﬁed'rﬂﬂtgoa teay | dwdt - _
di spersi on was cooq ed tQ abo %SL’err C. The - . _Stabi her e was -
“col l ected by f||t|‘ifl"1 g@d acu cevﬁPrhT%?hﬁﬂﬁréﬁéﬂMﬁ%ﬁLﬁ%fa

60[ err] C vacuum oven. ' m_uimm&awahyprepahedehlytpmﬂm ;hm;dmsr

stabilizer had a s hleag? %@%ﬁgﬁkcg % pB&!?ﬁéf'géé‘fﬁE‘ioﬁg% %éé‘ré& ei)% Ve

The maj or nelting poi
~Joul es/ gram The A&ftC AbSRY £00 m | Fapidiy¥/ sbirred: 2zpropanel.  JMheus:

no mel g flowjo pailty&fer6t94em preeipitacedaunbet wgr?mmrthﬁée times
was 1.9 mcrons. 11 YREr .S r
wi th a di spersant so ut | g)lzjoggg Qnd 8998& T a8 4,;8%%,5 ‘Fpéﬁir ngT%‘b%nt

“Stabilizer 10 was Wpﬁeﬁ&ewmm%rpscngnalyszsosg@uﬂ% it hadya smafkl 40 .
grans Of hydr oXyelehflothd?m of 76.13 Joules/gram at 191.8°C. The major

melting point was 236.2°C, with an endotherm of 303.2
15 Joules/gram. The melt flow rate, in grams/10 min.,
was as follows: no flow at 6-9 minutes.
Both stabilizers were ground in a polymer
mill so that the ground products passed through a 20
.~ MESH screen. A 20 MESH screen has openings of 1.44 mm.-
20 ] Stabilizer 12 was prepared by polymerizing
' 200.7 grams of acrylamide in 800 ml. of methanol. The
polymerization reaction was started at about 54°C
using an initial charge of 0.1 gram of Initiator B.
_ Another 0.1 gram of initiator was added about 57
25 minutes later. As the polymerizatien'reaction
proceeded, polymer started to precipztate. To keep
the polymer in solution, 800 ml. of water was added to
the reaction vessel. The polymerization temperature
_ was maintained between 54.5 and 65°C. The total =
30 polymerization time was 150 minutes. The-fesulting
'polyacrylemide*solution was dried in a 60°C vacuum
oven. The product appeared lumpy, was transparent and
brlttle, and was ground to about 0. 5 mm size, as

.35 .
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47 « = met hacryl ate, 1.5 grans of ethylene glycol - di et hacryl ate_,'

and 200 m . of Di spersant SoI ution B- ~in 1200 m . of 2-propanol and 400
m, of toluene. The pol'Vreri zati on reaction was started at about
70{err]C 5 using an initial charge of 0.1 grans of Initiator A _
Additional initiator was-added, in increnentggof 0.05 - grans, over the
next approximately 121 mnutes until - the total amount of initiator
added was 0.3 grara?etemineﬁﬁquwmm aaismtti%mep&au&ewaéxmaiahned
between 10 70 -and 9 | et pQl yRer atlontlrre was 205

~mnutes. The r esulS53RALS S st abi l i zer dispersion
was dried in a 70[err] C vacmyincm/ém a known thermal BS8&badikesi forhowed

t hat the pol yner |.I ze.r saald e 2 am
“at. 15 160. 5[ err] C égl N It ng p(liiﬁﬁét a\/vraég??g?ﬁ? 991?& té%hfgﬁgf
endot herm of 2B1. SDQGIH@ %rmn $20.,f PR nyden 6' regpegEANeLYo nin.

was as fol | ows: naydlews c”dm:-v&s‘é specified,cit wae grohaa prebag%partl cle.
size was 1.4 M _Crons ablllzers 11- rol .exa es.-. .

Acryl ami'de compoundmg "n por}ar ﬂ?ﬁ&ﬁ]ie&' 6y968H9§nP¥683| P ssed

sol ution pol yneri Zhanghre [RUUMESH screen. A 20 BESH brrees Bas and 11b
were prepared by o/ T8¢ 12140 o/ r Yl am de in water according to known.
25 met hods, such as t Hose déscribed in Preparative -Met hods of

Pol ymer Chem %?ry, by W E. Sorenson and T. ' W Campbel |, Interscience
~Publishers, Inc.:New York . (1961), p. 179. Stabilizer.
11a was prepared by charging 30. 207.2 grans of acryl am de, 1658.8 grans
of dem neralized water, 30.8 grans of 2-propanol, and ©0.384 grans
of "potassium persulfate into a 4 liter flask continually being flushed
wi th about 50 m./mn - of -carbon dioxide. The reaction sol ution was '
stirred 35 %Qd heated, "during which tine the tenperature in the
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. 48 - reactor reached 78. 2[err]C ‘The tenperature was then - maintained
"between 77.3[err]C and 80.0[err]C for two hours. ‘At <the end of the two
hours, the reaction solution was a Vi scous pol yner solutlon About
one-half of the 5 viscous polymer sol $0 on was poured into a tray and
dried in a 70[err]C vacuum oven. This was Stabilizer 1la. , -
~Stabilizer 11b was prepared by pouring about 200 nl. of the viscous

~ pol yner sol ution prepared above into about 600 ml. of rapidly stirred
2-propanol. The 10 polyner then precipitated. It was washed three tines
W th 2-pro%9n | and dried in a 70[err]C vacuum.oven. This was
St abi lizer $l1p. DSC anal ysi s |t had a smal | endot herm of 76. 13
Joules/graﬂia of % f{ T% mel ting point was 236. 2[err]C

with an endbt erm of 303 2 15 Joules/gran1 The nelt flom1rate in grans/ 10
m n. : s|as follows:. no flow at 6-9 m nutes. - Both .
stablllzers re ground in a polymer-  nmill so that the ground products
passed thr a 20 MESH screen. A 20.MESH screen has openings of 1.44
mm 20 ~ Stabilizer 12 was prepared by pol yner.i zing 200. 7

granms of am de Eg %g§H§1 f met hanol. The pol yneri zati on
reaction tar gnlC using an initial charge of 0.1
gram of Iﬁﬁf _ qrngg gf%qs 0.1 gramof initiator was added about 57
25 minutef Fhter. & th rization reaction proceeded, pol yner
~started to%rkcipitate. To keep t he polymer in solution, 800 m . of
~water was éﬁd dto < the reaction vessel. The'polynerization t enper at ure
: gﬁ*qy 5[erg]C. The total 30 "polymerization tine
?%_I@ Iyacrylanlde solution was dried in a
&
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Dispersant Poly

Solvent in
Solution
toluene'
toluene
toluene
toluene
tqlueﬁe
toluene

<ER<n LaomoLMI

,N'-methylenebisacrylamide
thylene glycol_dimethacrylate _

Comonomer Solution
methacrylamide :
hydroxyethyl methacrylate

lycidyl methacrylate

AAM
AAM
acrylamide

g
N
e
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' Stabilizer Monomer/ Dispersant
No. |
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49 - deternined by vi-suat |nspect|on priOk to extrusion. Stabilizer

Nyl on.--Control exanple - Nylon is a known thernal stabilizer for
'pQIyacetaI "Nyl on A" was a‘33/23/43 nyl on terpol yner 5~of nyl on 66, nylon_
6/ 10, and nylon 6, respectively. Unl ess ot herwi se specified, it was
ground prior to - conpoundi.ng wi th pol yacetal. The ground nyl on passed
~through a-20 MESH screen.- A 20 MESH screen h&3} openings of 1.44 mm 10
15 - .20 25 -

IX. 'synwﬁﬁglznn NON-MELTABLE POLYMER STABILIZERS
. MELT COMPOUNDED IN POLYACETAL B
_ _ stablllzers 1-12, synthesized as descrlbed
,above, were melt compounded with polyacetal
homopolymer or copolymer and, unless otherwise stated,
- 0.1% hindered phenol antioxidant. Nylon a was also
_melt compounded with polyacetal polymer as a control
example. Unless stated otherw;se, the ingredients were
o : compounded on a 5.08 cm. single screw extruder.- The
| 10 temperature of the melt as it exited the extruder was
approximately 200°C. '
The antioxidant used during the extrusion
- was one of the following°
o (1) Antioxidant A= tetrakls(methylene(3 5-
15 ,d1-tert-buty1-4-hydroxyhydrocinnamate))methane.
(2) Antioxidant B = triethyleneglycol
bis(3- (3'-tert—buty1-4'hydroxy—s'-methylphenyl)pro-
pionate).

- o

_ The polyacetal used 1n the melt compoundlng
20 and ‘the extrusion was one of the following
(1) Polyacetal A = acetate capped
_polyoxymethylene homopolymer of about 65,000 nunber
average mclecular weight, having a melt flow rate, in
~ grams/10 minutes,'as.follows: 2.58 at 6-9 minutes;
25 2.60 at 9-12 minutes; and 2.67 at 12-15 minutes;

L (2) Polyacetal B = acetate capped
polyoxymethylene homopolymer of about 45,000 number
average molecular weight, having a melt flow rate, in
grams/10 minutes, as follows: 16.60 at 6-8 minutes and

30 '_16 47 at 8-10 minutes; |
(3) Polyacetal C = acetate capped
polyoxymethylene homopolymer of about 30,000 number
'average molecular welght havxng a melt flow rate, in
_ grams/10 minutes, as follows: 20.40 at 6-7 minutes;
35 - 20.33 at 7-8 minutes; and 22.58 at 8-9 minutes;

51
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35« .50 [err] : 1. SYNTHESI ZED NON-NELTABLE
POLYMER STABI LI ZERS ' ~ VELT COVPOUNDED | N PCLYACETAL

Stabilizers 1-12, synthe5|zéﬁ’as described = above, WEfe nelt conpounded
mnth pol yacetal 5 honopol yner. or copol'ymer and, unless otherw se stat ed,
0. 1% hi ndered phenol antioxidant. Nylon- A massglso ‘nmelt conpounded

wi th pol yacetal polymer as a contiol exanple. Unless stated ot herw se,
the ingredients were coqnquwdaqaeat315noa a&btslnqbposyﬁem/extruder.

The 10 ‘tenperature S Lt he e

approxi mately 200[§ﬁ%§5c edveu81%g met H@E %F8§ éﬁﬁ?g %Qéu?*nﬁ}?%%
extrusion - was @eetedl tdwoaulmlemm heving a melt flow rgteAninogrmyflm =
tetrakls(nethylene&&ﬁ%tes, as follows: 9.1 at 6-9 minutes; 11.2 at 9-12

¥ . 5 minutes. and '10.1 at 12—15 minutes.
| _ Melt flow rates were determined by the same
; procedure previously described. '
P R ' ' The thermal stability of the polyacetal
- compositions containing the non-meltable polymeric:
10 stabilizer, as well'as the thermal stahility of the
- control composxtions, was determined using a thermally
>evolved formaldehyde (TEF) test procedure. A_weighed
sample of the polyacetal composition was placed in a |
tube and the tube was fitted with a cap for
15 '1ntroduction of nitrogen to the test sample for
. removal of any evolved gases from the apparatus while
maintaining the sample in an oxygen-free environment.
S R The tube that contained the sample was heated at 250°C
| 'in a silicone oil bath. The nitrogen and any evolved
20 gases transported:thereby were bubbled through 75 ml
of a 40 g/liter sodium sulfite in water solution.
Any evolved formaldehyde reacts with the sodium
 sulfite to liberate sodium hydroxide. The sodium
: hydroxide was continuously neutralized with standard
25_ O.l'N'HCl;' The results were obtaihed_as a chart of ml
 of titer versus test time. The percent evolved
formaldehyde was calculated by the formula

wym o sW

: 30 where V = the volume of titer in milliliters

N N = the normality of the titer, and

; ~ SW = the sample weight in grams.

) '~ The factor %0.03” is the milliequivalent weight of
35
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15+ di-tert-butyl -

4- hydroxyhydrocnnnanate))nethane | (2)

Anti oxi-dant B = trlethyleneglycol
" bis(3-(3" -tert-butyl-4' hydr 0Xy- 5'.- met hyl phenyl) pro- - plonate)
Thé. pol'yacetal used inthe melt conpounding 20 and the extrusion was one

of the follow ng
pol yoxynet hyl ene
wei ght, having a
at 6-9 mnutes;"
(2) Polyacetal B
45, 000 nunber.
grans/lo m nut es,
m nutes; .
polyoxynethyléﬁe
wei ght, havi ng a
at 6-7 mnutes;

52

met hanol , from Ce
flowrate, in gra

(1) Polyacetaly A = acetate capped :
honnpolyner of ‘about 65, 000 nunber aver age nol ecul ar
mﬂﬁmélldémfdﬁ dn lg)’mini@wm/al@nm.numermas éobloes: 2.58

{ 1
ace eg’tycdzep ecfr{J 1t %%’e %)I%g’é EZ % #grqaanégé%’f- about
%;\fénr%&je m@aﬂ dmn mgmannsles heewmqr eInjn :
gsind %&ﬁgﬂeslfi 180 i@ :@p%rmeauws hé&h%oméﬁeﬂzneé dp 10
F‘%yacet?‘l = acetate capped . .
rﬁﬂnﬂﬂﬂyﬁﬁﬁl SuBo¥ =000 number . .average nDIecuIar
nEIt flow rAdten neportedgruhnkéOanadﬁabie,aisfbhéoasloﬁo 40

B Vonlodriidl WG o¥'132e30 3h €3 AEPULESE.

= acet cop ol { acte usi ng
|%[¢91rqr m #eterpined bYaé’éFHP céﬁspyﬁsflonhaw ng a nelt
ms/ 10 Partiikie @izeoadVdetlrhinedbtPofil paltetslar2 at

wero determ o oibhd bduedtan Bl drbhagmeg with, the pbikhet' °¥ ' °°

The thermal stabi|stabifizern fpecifdcally, thenpediletowssceachinneg the

non- nel t abl e poly
the  control

f or mal dehyde (TEF
conposition was p

15

W irng &) Réiélﬁf'ﬁ-mf %&t‘ﬁbhta% hﬁﬁeﬁ.hﬁ'&ﬁ@ aghmaBhai ty . of
I tions, was de%a@rl%sﬁ % a thermally evol ved
ﬁgﬁgéﬁ % Fandaxr saﬁﬂlg of the pol yacet al

chyn%ultnamicrotomy techniques, 90-120 nanometer

- sections of each sample were microtomed. The

‘microtomed: sectlons, still on the diamond blade, were

20

picked off the diamond blade and mounted directly onto
a copper transmission electron microscopy (TEM) grid.

' The sections, as mounted, were placed in a Denton
'~ vacuum evaporator model D V-502 and, under high

" vacuum, coated with a thin layer of spectroscopically

25

30

35

pure carbon less than 20 nanometers thick. The carbon
coating gives acetal sections more stability when
exposed to the electron beam inside the transmission
electron microscope. The carbon coated sections on the
TEM grids were then examined using a Zeiss EM10CR
transmission electron microscope. Images were
recorded at nominal magnifications of 1000x, 2520x,
and 5000x on 70 mm (Kodak 5302), developed in Dektol,
and printed. Magnification calibrations performed on
an annual basis using a commercially available grating
replica were combined with the photographic
enlargement factor to give the final image
magnification, which included 4640x, 11800x, and
23000x. The number average particle size was

53
This Sheet Has Been Rerlaced

i




"~ tube and the tube was fitted mnth a cap for 15 introduction of nitrogen to
the'test sanple for’ reanaI of any evolved gases fromthe apparatus

whi l e mai nt ai ni ng the sanpl e in an oxygen-free enviTonment . The
tue that contained the sanpl e was heated at 250[err]C in a silicone
oi.l bath. The.-nitrogen and any evolved 20 g&%es transported thereby were
bubbl ed t hrough 75 m of a 40.g/liter sodiumsulfite in water solution.
Any evol ved for mld&ﬁgﬂﬁn@(ﬁmmﬁtﬁe resordeiduimagess byf messugingbevith .

sodi um hydr oxi de. Tﬂﬁ,ﬁ au@t@r‘”ﬂfd‘it"‘@%a%@”%'ongﬂﬁi}ﬁlagm ralized

with standard 25 - e resul ts were obtal ne hart of mi

of titer versus te§Q°¥q¢ﬁ?9'ﬂﬂ¥QﬁﬂRﬁﬁﬁ s p0d any particdesytbagauay
cal cul ated by the Horenddgglomerated. Agglomerated particleg. @dre 100

. = the | |
0 o sl o god gL Sk s B e,
‘grans. -~ The. facsxze'wasxralqukahﬁdnhﬂ|aM$na@4hen¢hnewgﬂuegfobggined

53 f or mal dehygeod Rert THe |t s Partibiggtal evol ved fornaldehyde

~results are convergpNpied epd cNON-MELTABLE FOLOMBRTEIABELIARA af ter
thirty mnutes heating. In SO POIYACETAL it IS reported on hourly

i ncrenments up 5 to and including 6 hours. Al'so reported,
wher e avallagbe i s the col AEF test nesmltmnfoxi Podyacetal BOakbnet andin

}DQEt TEret g?tze was %%f%%% ned\?rom 3[0525;1:@/%&@%&'5:%%@22%;3 ylof\ A
processed with tfm?ﬁﬁﬂ%ﬁﬁ?rte fables TIA-IIC, below, nder Control
Examples 1-6. The- particular ‘nylon control reported in
each Table was the control that was. run simultaneously
15 with most if not all, of the examples reported in the
particular Table._- . :
TEF test results for Polyacetal B plus the
non-meltable polymer stabilizers of the present
_ invention are reported in Iﬂbl§§_IIA_II_. below, under
20 ‘Examples 1-29. The non-meltable polymer stabilizers.
~ of the present invention significantly improved the
thermal stability of polyacetal. Further, better
thermal stability was achieved, on average, with the
non-meltable polymer stabilizers of the present
invention than with the conventional nylon stabilizer,
particularly at longer test times. The color of the
'compositions at 60 minutes was light tan with the
stabilizers of the present invention and it was dark
brown with the conventional nylon stabilizer.
Finally, significantly better thermal stability was
achieved with polyacrylamide stabilizers of the
present invention; which had a small average particle
size prior to compounding, than with polyacrylamide
stabilizers that had a large average particle size
(i.e., Control Examples 3a, 3b, and 4) prior to -
compounding.
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st.abilizer. Specifically, the pellet was sectioned using a o

Rei chert-Jung U'tracut E nodel FCAE di anond kni fe _pgi crotonme. Using
standard -90[err]C . cryo-ul tram crotony techni ques, 90-120 nanoneter 15
sections of each sanple were mcrotomed. The - m cr ot oned sections,
still on the dianond bl ade, were pickedtyf t he di anond bl ade and
nmounted directly-onto - a copper. transm s&%n el ectron micr oscopy (TEM

grid. The sections, as;qqg%y*% ASeHh e n agyum
evaporator nodel D V-502 and, un erﬁ%“ﬁraﬂg vgkaﬁﬁ?05§§%8d8§gyﬁ&aeﬁﬁin

| ayer of spect r oscOpiRex |jverage mﬁrélé%r%ﬁﬂeeﬁ-mmm&mnet ers-t hick.
The ca(rjb?n o f@&tam%é@és_&@%ﬁx%p?@étu@%ﬂwrz@ %‘a?\el I1t.%u 'u/?ano.s,
exposed to the electron beaminsjde the transmssion el ectron

mi croscope. The car HRPTo&Y s i4ﬁ£$€m4ﬁ§ﬂ§ fie-"?ﬁ%ﬁgrPaerﬁgFe then
exam ned -usi ngd.a Jmastidd 3re for tthenswtakdildzeriscpirocessedr dacthe. | mages

wer e " recorde - i nal jof o i f 2 . .
5000x on 70" mm (KEERARAT AAULE il trdifba 23 Ohe, partiold.
Magni fication calibrations performed on =~  an annual basis using a.
commercially avail able grating replica were conbi-ned with the
phot ogr aphi c - enl argenment factor to give the final inmage
magni fication, which included 4640x, 11800x, and 35 23000x. The nunber
-average partit®e size was : 54
determ ned fromthe recorded i neges by neasuring, with a ruler, the
dianeter of at |east 50 -particles, including | arge particles and any"
particles-that may .- -have aggl onerated. Agglonerated particles were 5
‘treated as one particle. The nunber average particle: 'size was
cal cul ated by averaging the val ues obtai ned fromthe at |east 50
particles. EXAMPLES 1-29. NON- MELTABLE POLYMER STABI LI ZER
| N POLYACETALYS - - - |
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.25
30

35

55
This Sheet Has Been Re

IR



10 =

‘B wtha varying concentratign of nylon A

TEF test results for Polyacetal ‘B al one and

“Pol yacet al

~are reported in Tables

I ILA- 11 C, bel ow, under Control Exanpl es 1-6. The particular nylon
control reported in ~ each Tabl e was.}he control that was run _

simul taneously 15 . with nost, if not aF of the exanples reported in the
particul ar Tabl e. ~ TEF test results for Pol yacetal B plus the

non- nel t abl e pol ymer stabilizers of the present

in Tables |
pol ynmer st
.the- t
stability
stabilizerg

conp05|t|o
present inv
stabilizer:

achi eved wi't]

. B
wi th pol yaétsl

whi ch had
35 (i.e.,

Thermal
Stabilizer

Thermal

Stabilize:

Polyacetal

Example

_No,
Control 1

i nvention are reported

-11C, bel ow, under 20 Exanples 1-29. The non-neltafle

ntag :stla& rtolueombeutlen ')

t

El i zels ity Dbhg(i&eggaﬁ%\égqp OR §ignificantly inpr oved

hersral

asihieved, on aweaagaowbrb & o o ~ ion- nel tabl e pol merls &

i~ ONE NG © 10 wes alark © © © oho D Mid & @ keo@AVE® | on
0 - Finally, S|gn|f|cantly better thermal stability

P YA bYth AR cSbAD ] AP ESe ¥ BB ~ v 00 RIEFEAl | NVENLI
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The stabilizer particle size in the extruded pelle
determined by Transmission Electron Microscopy

The extrusion was carried out on a 2.54 cm. diametét =2
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0.2 wt% added - _

(1)
(i4)

(iii)
(iv)
(v)



15 20 25 30 - 35

10 - .

57

010
0T°0
<T°0
ST°0

8T°0

LT°0
£2°0
¥1°2

) ﬂ.rh :...

100

- ¢0°0

20°0
v0°0
S0°'0
£0°0
20°0
PG T

TS

SPAYSPTOWIGT 3 - J41

R

. §V°0

GE°*0
- 6Z°0
Sv°0
GE°0
GT'0

8°0

JuepPTXOTIUY

s AM
a92T1Tqe]3S
Tewxayy

R

9z

34

ve

€T

e

. 12
S Toajuod
T ToIjuod

V¥ UOTAN .

momoammmm

EY AR A G TR i *ON
Tewaayy Te3aoedtod . arduexy

’placed

i

ll

57



o
[e0]
Ke}
o]
[Ty ]
T
- ‘peppe 334 20 (1)
° pusboT
. ) .. . ' ’ mN
1)8 0S°0 (4 q |
Mwwm ov'o (4 - 82
(1)€ 0€£°0 z 1 Lz
r)€ 6L°0 ¥ uoTAN { 9 Toajuod
¥ v - - g T Toa3uod
— ¥ 3W  ToZTITqeas . — 5N
JUePTXOTIUV  JIIZT[Tqe3s Tewxayy . Tejaoedtod o1duexy.

TewIayy

[err]

56«

¢ -

58

This Sheet Has Been Re

i

I

[

[



EXAVPLES 30-38. NO\- MELTABLE POLYMER STABI LI ZER I N

POLYAGETAL = . : TEE test results for Pol yacetgd A and

Pgl yacetal Cwith. nylon A are reported in Table I1l, 5 below under :

Confit rol Exanples 7-8. : - TEF test results for Pol yacetal A and

Pol yacetal C containing the non-neltable pol yser stabilizers of the

present invention are reported in ~  Table Il1l, below under.Exanples

1 30-38. At the 30 1BXAMPhESc30e38.tNOK-MELEABLE - PRLYMER STABILIIERt abi | i zer's

of the present inveation inparted E¥POLYACETAI stability at a |esser

concentration, to the - poIEacetaI resin than did the conventlonal nyl on
. TEBgtest regn}ts for gg;yacetal A a _

stabilizer. 15 20
C Polyacetal C with nylon A are reported in Table III,
5 'below, under cOntrol Examples 7-8.
~ TEF test results for Polyacetal A and
Polyacetal C containing the non-meltable polymer
) ‘stabilizers of the present invention are reported in
. ' Table III, below, under Examples 30-38. At the 30
- 10 minute test time, the non-meltable polymef_stabilizers_
‘of the present invention imparted better thermal
' stability, at.a_lésser-concentratiop,.to the
polyacetal reéin'than.did'the conventional nylon

et )

stabilizer.
s
4
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: 30
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60~ [err] | - 61 EXAVPLE 39.

'NON- VELTABLE POLYMER STABILL;ER | N PO_YACETAL COPOLYMER
TEF test results for Polyacetal D - (pol yacetal copolyner) w thout '
théemal stabilizer-are 5 reported in Tagbe IV, below, under Control
Exampl e 9. - TEF test results for Polyacetal Dwth the-
non-nel t abl e pol ynmer stabilizer of the present - invention are reported
‘in Table 1V, bel ow, under - Exanple 39. The thermal stability of the
pol yacet al g was ‘significantly inproved with the non-neltable
pol yner st apH m:eorofe Mtelnpbeseoni- i nvention. 15
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20+ 25 30 62 [err]
63 . EXAMPLES 40-42. NQN_—,I\/ELTABLE PO_YI\/ER STABI LI ZEB

61
EXAMPLE 39. NON-MELTABLE POLYMER STABILIZER
____________Iﬂ_EQL&AQEIAL_QQEQLX!EB________
'TEF test results for Polyacetal D
(polyacetal copolymer) without thermal stabilizer are
5 ' reported in Table IV, below, under Control’ Example 9.
. TEF test results for Polyacetal D with the '
nonrmeltable polymer stabilizer of the present
invention are reported in Table IV, below, under
. Example 39. The thermal stability of the polyacetal
10 was significantly improved with the non-meltable
'polymer,stabilizer of the preéent invention. |
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| NsPOLYACETAL ~In exanpl es 40-42, described in Table V,
‘bel ow, . the TEF test was run_for 6. hours and TEF values _5 were obtained

at, every hour during that tine period. 62 In exanple 40, nylon A was the
theérmal stabilizer for pol yacetal . Exanpl e 41, wherein pol yacetal ..
honopol ynmer was stabilized, and exanple 42, wherein pol yacetal
-copol ynmer was stabilized, show that the 10 -long termthermal stability of
pol yacet al was . significantly inproved, in conparison to the thernal
stability achieved wi.th a conventional nylon - stabilizer, when there
was used a #pep- nel tabl e pol ynmer - - stabilizer of the present invention.
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64> [err] : 65 [11.

M CROGRYSTALLINE OR FIBRCUS\QELLULCSE . STABI LI ZERS | N POLYACETAL
In the foll ow ng exanpl es, either ~mcrocrystalline or fibrous

cel'lul ose, both of which 5 are derived fron1natura||y occurring cellul ose,
was used as a stabilizer for polyacetal. g4 ' The pol yacet al

pol ynmer used in the exanples bel ow was oné of the fol | ow ng:

(1) POLYACETAL " E"Exaﬁpmseaowzmdoﬁmwz ﬁmﬁwﬁmm a_nunber
average nol ecul ar weight fapouporYaGSfhrnd (2) .
POLYACETAL  "F" - an acetate end capped honnpolyner‘ﬁaV|ng a nunber
aver age nol ecul ar wei ght Infexﬂnple334ukln,]dbscrlbed in Tede V,

e o Y het ol [ o BELbUOEnd! PEF! t46E was A5F 'rdd ¢ Mol T el VAltulR®

one of the follow comMmer ci a :
“avail abl e %1crUéF?s?hFF%hﬁdcetlﬁY%EE houx duxing thag ﬁﬁNQ<RQQA9d- - an

average particle Slﬁeeﬂimﬁbéuioﬂ-lnﬁl&ﬁ Wswag Cthe thermal sﬂaa:)ili"ﬂao fotas a
connerC|aIIy avallaoiyacetal. Example 41, wherein polyacetal
homopolymer was stabllxzed, and example 42, where1n
polyacetal copolymer was stabllized show that the
10 long term thermal stability of polyacetal was
s1gn1f1cant1y improved, in comparison to the thermal
| stability achieved with a convent10na1 nylon
- stabilizer, when there was used a non-meltable polymer
1 stabilizer of the present invention.
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nlcrocrystalllne ceIIquse haV|ng an average particle si ze of about 20 -

m crons, - ' - (3) UMC50" was a commercially available
nlcrocrystalllne cel | ul ose havi ng an aver age particle 25 si ze of about 50
m ¢rons, and- (4) "MC100" was a commercially available

.niCrocrystaIIine cel lul ose having an avera&ge particle” si ze of about 100
m crons. : - The average |l evel -off degree of 30 polynerization
for each microcrystalline cellulose used.in the exanpl es bel ow ranged
from190 to 200.4 o~ Each mcrocrystalline cellul ose used in the exanples :
bel ow had | than®10 ppm heavy netal s and | ess than . ~ 0.05% ash. The pH
of a 10@6aq e UShsuepenS|on of each 35 '
66 m crjo rystalllne ceIIquse used in the exanpl es bel ow ranged

~from about . - o : - The fibrous cellul ose used in the exanples -
bel ow was @& of th follomnng 5 _ (1) "FC1" was a commercially
avail abl e -ﬂ'n F?brous cel l'ul ose havi ng.an average fiber |ength of -

: Iess t han ons .and an ash content of about 0.20% . to 0.25% ash.
(2) "FC2" a conﬁerC|aIIy avai |l abl e 10 fibrous cellul ose having an
average fi | ess than 90 m crons, an ash content of about
0.15% g‘@ duahnH neasured on both 5% and 10@6aqueous suspensi ons
of cellul ogg¥ o 8.2, and : (3) "FC3" was a commercially '
avai | abl e - fepﬂaas cel | ul ose haV|ng an average fiber |length of _
about 300 mfcrons, as ash content of about 0.16% -and a pH,~ nmeasured
on-a-5% aq &lis ﬁ enS|on of ceIIquse of 5.95. ° :
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Stabilizers other than the above cellulose 20 stabilizers that were used
in the- exanpl es that follow_. were: - (1 "Nylon B" ‘was a
-33/ 23/ 43 ter pol ynmer of nyl on 66, nyl-on 6/ 10 .and nylon 6, .respectively
and.. _ (2) "EVOH' was et hyI ene/ vinyl al cohol 25 copolynmer
containing 29 wei ght percent ethylene and 71 _ wei ght percent vinyl

al cohol , ‘and 'havi ng an apparent = . rrelt Vi sé&sity at 210[err]C of- 9500 P,

whi ch had been r|f & 10 ppm ash.
The anti oxi dant use fﬁgﬂéﬁ w was one of the
fol | ow ng: ant | oxl was triethyl enegl ycol

bis(3-(3'-tert-butyl- 4' - hydrex Yeree faq:tllau W@y eithey onate) and

b1 (3.5 di-tert o RiFEseR AR TR A éﬁa&%%)cenulose. both of which
67 . - -5 aretderived ooy xmtamalla:y dovtimengs calllulbge, wasf the

conposi tions was d@ég& rgge&i é@OA &Ded pre\#&iLYal y \iol ved formal dehyde

(TEF) . test procedure, éxcept that in sone
i nstances, 5 testing was Mmb@%t%qm usededpathe exsppigs

for mal dehyde r esul 81 6w wd £ RoXid ok ithd fﬁ]ﬂ_&{yﬁﬁg&bl es bel ow under

colums headed with "W % rr. eriod.for
whi ch the ‘sanpl e was heatoed 1(;’ llo(}‘%%%ﬁlhd{écat "8 H‘%&F&%&P&%’&BPSQ The -
results 10 obOai rieanepolyme: mageinmeamulg:en aerage ooﬂeoué.hlrywelght

reveal i ng of the '6‘Pr£&Y&Sjt|@6‘ @r tability of the conposi tions of
‘the present invention. S 43-55. EFFECT OF M CROCRYSTALLI.NE OR
FIBROUS 15 @.LRSLQX@@%&HE'THERMAECSFABPL PR}-eppped

PCLYACETAL FLUFF homopolymer having a number average molecular weight
_ of about. 33,000.
15 ‘The miorocrystalline cellulose stablllzer
' used in the examples helow was one of the following:
(1) #MCl1i” was a commerc1ally available
microcrystalline cellulose that was air jet milled to
an ‘average partlcle size of about 11 microns,

- 20 o (2) *MC20” was a commercially available
microcrystalline cellulose having an average particle
size of about 20 microns,

(3) *MCS50” was a commercially available -
microcrystalline cellulose having an average partlcle

25 51ze of about 50 mlcrons, and
_ (4) ”"MCl00” was.a oommercially available

mzorocrystalllne cellulose having an average particle
size of about 100 microns.

The average level-off degree of

30 polymerization for each microcrystalline cellulose

used in the'examples below ranged from 190 to 200. -

) _ | ‘Each microcrystalline cellulose used inrthe'examples
below had less than 10 ppm heavy metals and less than
0.05% ash. The pH of a 10% agueous suspension of each

35
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The-.conponents of Exanples 43-55 and Control Exanpl es Cl10-C I are
listed-in Table VI, below [Eaqr each exanpl e, powdeged microcrystalline
cekjul ose or .20 powdered fibrous cellul ose stabilizer was added to

pol yacetal fluff, shaken to mix, and tested for thermal |y evol ved _
f or mal dehyde (CH[err]C» as descrlbed above. The results are reported in
Tabl e VI, bel ow. It is evident fromthe g sults that both the 25
nlcrocrystalllne ceIIquse and the fibrous cellul ose acted to inprove

the stability of iR hi&ne cellilose uséq in the examples below

- 68 . TABLE VI. EE bNI%RQC@Y?TALLINE OR FI BROUS

CELLULOSE | N -POLYAGEERC BPF W. % W. % W %
CH err]O @250[err]C Eg Thio fibrous PétluloSeabsedzin theéSexamples0 nin

60 min 5 CI0 belc&pggg.one qg §3e fol}ogiﬁé 1 08 2.16 - 43

99. 8E 0.2 MC20 44 99.5E 0.5
MC20 10.15% . 0.42 (3)77FC1* was a commgrgiallyjavajksble o 1i

0.36 0.69 fibrous cellulose having an average fiber length of
o less than 22 microns and an ash content of about 0.2¢% |
to 0.25% ash. ' ' o N '
(2) *FC2” was a commeroially available
10  fibrous cellulose having an average fiber length of
~ less than 90 microns, an ash content of about 0.15%,
and a pH, measured on both 5% and 10% aqueous
suspensions of cellulose, of 5.2, and
- - (3) ®FC3” was a commercially available
15 fibrous cellulose having an average fiber length of
| about 300 microns, as ash content of about 0. 16%' and
‘a PH, measured on a 5% aqueous suspension of cellulose
of 5. 95. . S
_ Stahzlizers other than the above cellulose
20 stabllizers that were used in the examples that follow
were:
(1) 'Nylon'B" was a 33/23/43 terpolymer of
nylon 66, nylon 6/10 and nylon 6, respectively and
- o (2) #EVOH” was ethylene/vinyl alcohol |
25 copolymer containing 29 weight percent ethylene and 71
weight percent vinyl alcohol, and having an apparent
melt viscosity at 210°C of 9500 P, which had been
purified such that it contained less than 10 ppm ash.
The antioxidant used in the examples that
30 follow was one of the following: ,
(1) ~antioxidant B” was triethyleneglycol
bis(3-(3'-tert-buty144'-hYdroxy-s'-methylpenthyl)pro—
| prionate) and.
_ (2) 'antioxidant C” was N N'—hexamethylene
35 bis(3,5-di-tert-butyl-4-hydroxyhydrocinnamide).

—
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46 - 98.0E 2.0 MC20 0. 09 0. 38 0. 85 47 95. OE

5.0 MC20 0. 09 - 0.64. 1.17 10 d1 10Q_F -
0./2 1.02. 2.08 -~ 48 99. 75F 0. 25MC20 0.38 0. 28

. 0.68 49 - 99.5F 0.5 MC20 -0.24  0.32 . 0.52 50

--99. OF 1.0 MC20 - 0.24 0. 26 0.5 51 98. OF 2.0
MC20 0 0.20 - 0.43 0.54 52 . 1 99.75F 0.25 FC1 0.38 .
g-4_64 . 8993 - 53 26 tné fol1bVihglexamples) thermdl féi:abili@;'8601l5:

>'0 FoL o 30°F Unel Shyposi€idsy vas géggﬂ"c"%&b‘gé%%eﬁ'a‘f.’?GSma'ily
EXAMPLES 56-61. EEvBIVeQFfnmrosRUIBNEde (TEE) CEestipm3pcedure, as
ON THE THERMAL STABEE&IXeﬁF rev1ously, exce?t thafxlﬁqgsﬂguiﬂégﬂﬂces

processed) ngonents npl es 56-61 and CbntrOI'
Exanpl es C12- 815 LPEtipg: ¥as ﬁ°"|“33 ted) 2% 299" %5 WMX BVdesy. For
each exanple t he formpddehyde resu!tseantxtﬁbértpﬂf&n tirel dettd tavsiEsEinded
on a 28 mm r il T ardLl

t enperature setty\ﬁggsgf a%é&? Egggﬁf‘g ?L% E'd;f i’d&-f%d"'ﬂe‘r:g“ﬁe
setting of 200-C ¥he §dmewpspied Eerivwbich @rﬁamm ‘!ﬂsﬁrﬂ@%ﬁ%ﬂ dsf the

r2n;I4E as] Ic t $XI tedaiBe §ha@icatedf Qﬁ ébsdedﬂﬂi”ﬁ&bléél.ggdlt‘)ﬁé ;ﬁhaé.{%:@:r]tfl to
err e eS
Goakr T bod abade ™ chyaineal BEPEHE  FandRF Tty FiAEE dXa gind StV
Tabl e VI B, shomecremaaﬁingeOSSthm txproved along ctenh | stalsil ity of mhear
|nparted better ‘compositions of the present. invention..

EXAMPLES 43-55. EFFECT OF MICROCR¥STA_LLINE OR FIBROUS
- CELLULOSE ON THE THERMAL STABILITY OF

15 c UFF

The components of Examples 43-55 and COntrol
Examples C10-Cll are listed in Table VI, below. For
_ "each example, powdered microcrystalline cellulose or
20 powdered fibrous cellulose stabilizer was added to
polyacetal fluff, shaken to mix, and tested for
' thermally evolved formaldehyde (CH20) as described
above. The results are reported in Table VI, beélow.
It is evident from the results that both the |
25 microcrystalline cellulose and the fibrous cellulose
acted to improve the stability of the polyacetal.

30

35
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69~ thermal stability, on average, to polyacetal than did ° = the

conventional stabilizers at |pnger test tines. JABLE VII A EFFECT
OF M CROCRYSTALLI NE CELLULCSE IN : MELT PROCESSED
POLYACETAL 5 W %CHerr]O @
250[err] C Eg. W % W % W % 15 30 60 -120' 180
No. PAc St ab AO mn mn mn m n mn - 99. 4E

0.5MC20 0.1B 0.15 OpRf 2gpPECT @ﬁuxcnocﬁsmﬁ?xﬁoﬁ)ﬁ% 0.1C
0.18 0.55 1.09 1.95 TRBLE 1. éﬁE&; Shie 20078 1.96

4.60 6.84 C13 “Ony- | ) 08
lon B - PAc = Pol yaceﬂﬁl $5 Stwb %: St ab Ilzmr § CH20 €. 250'F,&3L
VI1 B. EFFECT OF M EROORYSTALPAGE CEgtabibizer 15 min 30 min lﬁp_.nﬁ_T
'PROCESSED POLYACETAL 20 - - , %
CH[err]C)@pzsgperrpmn | Egoo E W% = W % 0:26 \W.0% 152 16
_ ~ No. PAC 43 - Sta%rﬂ'-zer 0. 3\@&20 m MP.29 . Q469 1532
98. 9E 1.0 MC1144 0. 1BE99-8E 0.5 MC2(0 0. 15 59 - 0.4 65E° 770, 25.
MC11™  0.1B  0.21%5 gs-ﬂiﬂ 25 1. C2° 99 % °~(g. 1B
0.27 - 0.87 “g 61 § 4E 2- o °9o lB 2'13 |
0.66 Cl4 od77E 8- % v : 99 2l 15
98. 9E 1. Qo EVeth 0.1 £ 07 - 0. 52 3%.72 . 1.02 - . 2.08
: : ~ 99.75F  0.25MC20 ' 0.38  0.28 0.68
49 99,5F 0.5 MC20 0.24 0.32 0.52
80 ~ 99.0F 1.0 MC20 '0.24 . 0.26 _ 0.54
51 . 98.0F 2.0 MC20 1 0.20 0.43  0.54
52 - 99,75F .. 0.25 FC1 '0.38  0.64 0,92
- 53 99.5 F 0.50 FC1  0.34 ~  0.63 0.96
15 54 - 99.0 F . 1.0 FcC1 0.35 2.22 1.34
2.0 FCl 0.30" 1.24 1.70

55 98.0 F

| PAc = polyacetal

EXAMPLES 56-'-61. EFFECT OF MICROCRYSTALLINE CELLULOSE
- ON THE THERMAL STABILITY OF

—_ POLYACETAL (melt processed)
The components of Examples 56-61 and Control
Examples C12-C15 are listed in Table VIIA and
25 Table VIIB, below. For each example, the components
' were mixed together and melt compounded on a 28 mm
‘Werner and Pfleiderer twin screw extruder with barrel -
temperature settings of 150°C to 180°C, die §
: temperature setting of 200°C and screw speed of 150
30  rpm. The temperature of the melt as it exited the die
for the examples ranged from 221°C to 224°C. The melt
' compounded sample was tested by the TEF test,
described above. The results; as reported below in
Table VIIA and Table VIIB, showed that the
35 microcrystalline cellulose stabilizer imparted better

—_—
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PAe . pol yacet al 35 ' : 70
EXAMPLE 62 & Cl7. EFFECT OF_FJ BROUS CELLULOSE ON THE ; '

THERVAL STABI LI TY: OF POLYACETAL Trel t. processed) _
Thé. conponents of Exanple 62 and Control 5- Exarrpl es Cl16-Cl7 are listed in
TABLE VII1, below For each exanple, the nponents were m xed _
t oget her, rrelt : conpounded, and extruded under the sane conditions as .

for exanpl es 56-6lkndasdl Séliﬂﬂﬂi/ﬁﬁ O arErRG etotbh%ol actehl! €Rhn did

descri bed above.

It LE VI 1 '
bel ow. Contr ol Exafr]ﬁﬁ ecﬁvfﬁmﬂte r%ﬂé‘s 2 e@éﬁ §‘9er Itﬁﬁg AB8Sahen an

I'mpure fibrous cellulose (pH Iess than 5.5) was added to the .-

pol yacét al . : TABLENBIIIAA IBFFMMTWW&SIGEMUG@EUWSE IN

MELT PROCESSED POLYA! - EIAL - W
_%CI—l[err]O@Z%g[err]C Eg W% W% W % . 15

300 . No.  PAc er  AO -—qmqﬂ—-i—gﬁgQnﬂ—liﬂ—gg—- o
94.90F 5.0 FC3 E9- (gg)s_ "yt .03 Wtd‘ 25 2030 ¢ g&;‘ F180 o 8 |
EVOH = 0.1 C sﬂﬂbo%*—— #*G—F |
0.68 349 56 99.4E o. suczo 0.18 0.15 0.60 1.21 2.19 3.08

10 57 99.4E 0.5MC20 0.1C 0.18 0.55 1.09 1.95° =

Cl2 98.9E 1.0EVOH' 0.1C 0.20 0.78 1.96 4.60 6.84

€13 98.9E 1.0my- 0.1B 0.11 0.60 3.40 14.00 21.08
L lon B ' -

PAc = -Elya'cetal
15 Sstab. = stabilizer

R TABLE VIIB. EFFECT OF MICROCRYSTALLINE CELLULOSE
. - ' _~ IN MELT PROCESSED POLYACETAL
' 20 n . !E__S__Qﬂgo .259°C
. Eg. Wt % Wt § Wt § 15 30
o No.  PAac . Stabilizer A0 = min pin
58 98.9E 1.0 MC11  0.1B  0.15 0.63
59 99.65E  0.25 MC11  0.1B  0.21 0.74
25 60 99.4E 0.5 MC11 - 0.1B 0.27 - 0.87
61 99.4E = 0.5 MC20  0.1B  0.20 0.66
Cl4 99.7E - 0.2 EVOH 0.1B 0.18  0.99
C15  98.9E 1.0 EVOH  0.1B 0.07  0.52
30 o |

PAC = polyacetal
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PAG = pol yacet al ~EXAMPLES 63 68. POLYACETAL W TH M CROCRYSTALLI NE 25
CELLULOSE OF VARYI NG PARTI CLE. SI ZE The cpnponents of
Exanpl es 63-68 and Control Exanple C18 are listed in Tables | XA and

| XB,. bel ow. The conponents were m xed together and mel t conpounded

as described for Exanpl es 56 61. Each sanpl e ‘was subj ected to the TEF
test, described above. The red@ ts for Exanples 63-65- are

Gt ;Pe@%% 4 i o AR Bt

. h?‘ , .
thermal stability of the _polyac%aéhﬁﬁpnp .
71 9] 3 —TTxKWT1RT"“‘FW‘TabIe

I XB, below. For these exafTD"ﬂﬁa c-EEmEdé@dt%Sof Emmeobbaaaadcahﬂ-eit tinmes
| onger than 30 m nutes. The result shomegge ain_that thﬁ inaller t he
Jsked e

average 5 partscl EXanRieR GIrGHT A%& ow. EPFer
~ the thernal stablleaqh(éxaﬂpieyﬂqneuﬂudponents were mlxed together, melt

compounded, and extruded under the same conditions as
. for examples 56-61. Each sample was subjected to the
TEF test, described above. .
The results are reported in IABLE VIII,
below. Control Example C17 shows the type of results
 obtained when an impure fibrous cellulose (pH less
'than 5.5) was added to the polyacetal.

TABLE VIII. EFFECT OF FIBROUS CELLULOSE IN .
. MELT PRQQE§_EQ_EQL!AQEEAL_____ .
- - Wt % CHy0 @ 250°C
Eg. Wt% Wt % wes 15 .~ 30
No. PAc Stabiljize A0 _  min nin
62 ° 94.90F - 5.0 FC3 = 0.095C  0.03 0.27

10

.15

20 €16 99.1 F 0.8 EVOH. 0.1 C  0.06 0.47
C17 94.90F 5.0 FC2  0.095C 0.68  3.49

PAc = polyacetal

EXAMPLES 63-68. POLYACETAL WITH HICROCRYSTALLINE
25 _ | SE OF VARYIN . E .

The components of Examples 63-68 and cOntrol
Example C18 are listed in Tables IXA and IXB, below.
The components were mixed together and melt compounded -
as described for Examples 56-61. Each sample was
~subjected to the TEF test, described above. . '

The results for Examples 63-65 are reported
in Table IXA, below. The results showed that as the
average particle size of the microcrystalline
cellulose decreased, the thermal stability of the
polyacetal composition'increased.

30
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71,
The results for Examples 66-68 are reported

in ILDLQ_IKE below. For these examples, TEF values
were obtained at test times longer than 30 minutes.

"The results showed again that the smaller the average
-particle size of the mlcrocrystalline cellulose, the-

better the thermal stability of the polyacetal,

71
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m» Lerr] o : _ 74 d ai s

1{ A t her nopl astic ponacetaI conposrtlon consrstkgg essentially of 5
(aL~Q’05 3 wei ght percent -of at Ieast one . ' . non-neltable
pol'ymer selected fromthe group consi sting of polyners.
cont ai ni ng fornaldehydgzreactrve hydr oxyl groups,
. polyners conta|n|ng fornaldehyde 10 ' reactive nitrogen
" groups, and poly _ - cont ai ni ng both fornaldehyde
reactive i N_ PN .hydroxyl groups and fornal dehyde
reactive nrtrog oups ,prerded t hat : the atons in the
backbone of the ol yner . to which 'the fornal dehyde
reactive - : '~ groups are attached directly or _ ' :
~_indrrectly,_are epar gjed_ from each o ot her, on average,
by not noreée thanj g N oo Ctwenty chain atoms, and further
provi ded 20 .%;'f.g o. o that the anpunt of. the fornal dehyde
reactive nitrog groups attached
o
By =4 Pi . . .
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35 |
S BH
g8 o
&Y 3
HH no
=2 t2.%% 8 2 %
Tl Ui VO~ -
B> 03 m-d :
= M P
Thi U0 K
O = 0> .- .
> 20
<
Ho
gz
S:ﬂ N
O B =5
TR S o
' - O
-~ 0
s @O o
< P~ ©. 0 o
S wol a4 1 N
e P>A O O O
= H = = K
) Lo
2 i T S I
g 2 o 0 ©
=

r

B K M ny
*él"!‘t‘t 8

& a o '

2 - - |
§'_

. il

. ]
m6].nv|n <
Rz o © R

72
_ This Sheet Has Been Re

T



" | ess.

di¥ectly or indirectly, to the at ons ' ' whi ch arelnthe

béckbqne of the polyner is at |east three times as great
the 25 . anmbunt of fornaggehyde reactFVe ni.t rogen -

groups present in the backbone of the . .~ polymer, and .

(b) 97-99.9 wei ght percent of at |east one - pol yacet al

‘pol'ynmer, 30 provided that the above-stated percentages are based on.

t he total amount of conponents (a) and (b) only and further provided

that the pol yner of conponent qg h S a nunber average particle size

6:: B I&sdhaa 10 microns.

in the conposition
128 Ast het nopl a$t| c pol yacetal conposition

75

-.consi sti ng essentiallly of (a) 0.05 to 5 weight percent of
a stabilizer : selected fromthe group consisting of
- microcrystalline celflul ose aed f brius - , : cellul ose, and
(b) 95 to %¥p. 95 weigbtGpeficelt I8 p8iyacetal | 3 pol yner,
provi ded tfght. the BVB- sPat & p2rc®nt ages are based - "“on the total
anount of gbnponent} (a) and (b) only and . Wherein the average

oy crocrystalline cellulose is 100 microns or

, g13. aThed covposi tion of Clains 1 or 2 wherein
the polyagBtal is &ﬁol Wrew and t&e pol ymer of conponent (a) is
subst ant @E_y freeppf acidic mat erials and basic materials.
4. The c sition gf C ains 1 or 3-wherein t he pol yner of conponent
(a) C'orrprnt 2s 0. 15-:.5= g qgefgrably 0.2:1.0 wei ght percent of the '

ncorrposﬂluDﬁ 10 o ?l -5 -The conposition of dains: 1 or 3 wher ein
t he nun‘og‘ ver age S i cPe §i’ze of "'t he polyrrer of '
2
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'conponent (a) in the conp05|t|on is less than 5 . m-crons, preferably
-Tess than 2. microns. - Y, 6. The conposi tign of Clains 1 or
_mheueln 15. the pol ymer of conponent (a) is. charaete#+%ed—aS——_————

- h&ying its major nelting point higher than the at whi ch
fthe pol yacetal is melt processed. ” I@ﬁaﬁ u l&u"
Clains 1 or 3 wherein - t he pol yner of éonponent |zed

-as 10 having a melt flow rate substantially |ess than that
- the polyacetal .preferably | ess than one-tenth that . of the
pol yacet al , sai d. @latime ow r at e bei ng det erm ned - at the tenperature
at which the ‘polyacetal is fElt a thermopla8¢deSpdiyacetal composition :
- 76 8. The co osi tion f Carns 1 or 3 wherein _
the ratio of the. FonFdstdnme d¥gPSups to “carbon atoms in the
backbone of tige polymer of (a) 0.05e3pwedght( pprcentnofhatr hegstoéne
1:1-1: 20, preferably 5° 1 | e 5
9. The conposition of d ai ns 1 J%mﬁgﬁﬂiggﬁg §5ﬁ¥mBE %Siééée& frém the
f or mal dehyde reactive nitrogen gnmumsconsistiagtaéhpelymeréchytatnlng

indirectly, to the atons which gormalgeh§den reiethoeki aeo 1t §eoupsyner of
conponent (a) is 10 at least ten tineS greater, re substantlally

greater than the anount of sai d RpIIISTS,HCE: nipg 8rma B&ckbone of
the polyner afo conponent (a). reactlve nitrogen grouphke andpplemanSOf
Qaims 1 or 3 - wherein t g, %fotﬁo%B%‘iiheﬁ%e' §e§c€%¥m9r 5
cont ai ning formal dehyde reactive ni H 11.
The conposition of Claims 1 oribydrOXY 9H9§B§|Hnﬂh€°58P}ﬁEPY9F conponent -

(a) is.a polyner i  | 30Rt gl rﬁém:ﬁlwﬂﬁ&&:@teﬂebﬁﬁpﬁeaﬁfbVQdédt thgen
gr oups an or mal dehyde eactive # 0
12.  The chp05|t|on of d ai'm 1FRMhATERF Pﬁbt%eyga%ig Re O% the polymer

15 to which the formaldehyde reactive
' groups are attached, directly or
;indirectly, are separateq from each
other, on-average; by not more than
. . twenty chain atoms, and further provided.
20 ' . that the amount ‘of the formaldehyde
“ ' reactive nitrogen groups attached,
dlrectly or indirectly, to the atoms
which are in the backbone of the polymer
_ is at least three timés as great as the
25 . .amount of formaldehyde reactive nitrogen
| groupsipresent in the backbone of the
polymer, and |
(b) 97-99.9 weight percent of at least one
" polyacetal polymer,
30 provided that the abdve-statéd percentages are'based
_ : on the total amount'of components (a) and (b) only and
. o further provided that the polymer of éomponent (a) has
: ' a number average particle size in the. compositlon of

| . less than 10 microns.
_ AD75729-A35

-
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pblynér cont ai ni ng formal dehyde reactive nitrogen

-

pol yagryl ami de or pol ynmet hacryl ani de. ) oy :
c e'gi tion of Claim110 wherein the pol yrrer”ll‘"“@# EMML
Yy i n at

f 8 el dehyde reactive nitrogen 15 7% oups i s pol yacre

"l east 90 nol e percent of the repeat units are of the form
[err]h 20 2. A tHérmdPLaseiBOpbl yaRc¥a10RiPodi®®iod
wher el n the pol ynmer, of ‘conponent_(a) is characterized as havi ng

its maj or nElMRFPIIRresFYgNetat Bt he

pol yacet al

is melt progess®sdos to 5 weight percent of a stabilizer

and wherein the pol yner Of(ﬁgg£g§n£rg%)F§§egfoﬁﬁ1ﬁ§ﬁ%§%giﬁ%gnh?e gaving

at |east 90 nole percent d¥¢

Terr]s
wher ei n

hydr oxypr opyl nethacryl ate”an

- 10

15

10

35

10

~ microdfystdbkinenpeiiluloseofard af itsrdusr- 3
t he polngélﬁﬁlgggpoggat (a) is a copolymner of

a cohononer sel ected
(b) 95 to 99.95 weight percent of polyacetal

. polymer,
provided that the above-stated percentages are based

-on the total amount of components (a) and (b) only and

wherein the average particle size of the
microcrystalline cellulose is 100 microns or less.

'3. .The composition of Claims 1 or 2 wherein
the polyacetal is homopolymer_and the polymer of
compohent (a) is substantially free of acidic
materials and basic materials.

4. The composition of Claims 1 or 3 wherein

.the polymer of component (a) comprises 0.15-1.5,

preferably 0.2-1.0 weight percent of the composition.
5. The composition of Claims 1 or 3 wherein

the number averaée particle size of the polymer of

component {(a) in the composition is less than 5

- microns, preferably less than 2 microns.

6. The composition of Claims 1 or 3 wherein
the polymer of component (a) is characterized as

" having its major melting point higher than the

temperature at which the polyacetal is melt processed.

7. The composition of Claims 1 or 3 wherein
the polymer of component (a) is characterized as
having a melt flow rate substantially less than that
of the polyacetal, preferably less than one-tenth that
of the polyacetal,'said melt flow rate being determined
at the temperature at which the polyacetal is melt

processed.

tenperature at which the
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 from the group consisting of acryl anide, ) " mét hacryl am de or

g:; g?fr'—fgylla?r nget i et halﬁre?/leﬂlet he pol yner of c&rm““ﬁm“m;‘“mupy tion of

Woxypr opyl nethacryl ate/ acryl am de_‘zcéopol ynmer. * . The
conposition of Caim2 wherein 20 conmponent (a) conprises O. 05 to 1

wei ght percent of t he conpqsi,tion. . The
conpbsi tion of d ai m 28shhe; gompesition of QIainRt 9%)3 YART Fl‘nger is

N crocrystagheNPatio of theclfowimaidehzde reactive groupd9to The
conposition of Caim18 wherein th gcle size of the
m crocryst aFRFREN atoms 1“c§'$’|euf°8§2‘b°§‘656°fmté‘r o%gs %E (IQIZSS preferably 25
m crons componehtl €ay dmd ieshel abngepref oyl WOt PIOLRFaPANS

or lgss. 301.2-1:10, especially preferred 1:2-1:5. 8 1
20. §The corrp05| fion of pCI aim ¥8pv\,here| n the m crocrystal line

cel lul ose has a | evel - &.f MMmSltlon Oi)oqﬂﬁﬁe?‘?z&t PEn 3oWhexs iy 375

preferably * l¥%§%tiW%t§1tr5 en group
The conposi g:lﬂon 8’?0% % 2f er el n the a g

conponent §n ;Jﬁgllllzer S
fibrous cel hiteshed, dlreCtly or indireglel¥onbdstreoftoRSCH or 3
wher ei n t he ap@) B¢ ¢l HX&We'@f a:tc@&s& r of component (a) 4% The

comont | on2el Mk il hgpbeg oty BLRRREL 1o o murter
conpositiongmbaebm whab, the @amolint of safigd tdmrupHrPpresemy am tbas; one of
Sgents, 5 Batisope, g e BIA o SHESRRE AT S0 & (FLeT
fibers, lubricants nuckHatlm@ea@EMpnsﬂtmqﬁMﬂﬂrqnalms 1 ageBdts, and
fillers. wherein the po%@me%%%%o%ﬁér%n% (Q)deiérg nbyfﬁmer
5 containing formaldehyde reactive nitrogen groups.
11. The composition of Claims 1 or 3
wherein the polymer of component (a) is a polymer
containing both formaldehyde reactive nitrogen groups
_ .and formaldehyde reactive hydroxyl groups. ' : %
{0 " 12. The composition of Claim 10 wherein the
polymer containing formaldehyde reactive nitrogen
groups is polyacrylamide or polymethacrylamide.
' 13. The composition of Claim 10 wherein the
polymer containing formaldehyde reactive nitrogen
5 groups is polyacrylamide wherein at least 90 mole
percent of the repeat units are of the form
o -
I
C=NH>
10 !
' _ ~(CH2-CH) -
14. The composition of Claims 1 or 3
wherein the polymer of component (a). is characterized
as having its major melting point higher than the
35 temperature at which the polyacetal is melt processed.
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”é&ﬂposition of daims 1, 2 or 3. _ —26-—Aethod of’

-.pqépaﬁing the conposition of Clains 1, 2, .0k, I ng the
c ent (a) with the conmponent (b) polyac I“ HW"“E ug ﬂ"x
t enperature above the melting point of Lpf conp oﬁen s pclyacetal

pol ymer and beIOM/the tenperature at : mhlch degradatlon of the

conpogents W LhaP%E e ein the pgﬁymer o§ component (a) is
polyacrylamlde having at least 90 mole percent of its
repeat units of the form

5 , o S
Il

C-NH2
o

- (CH3-CH)~

10 _

15. The composition of Claims 1 or 3 wherein
the polymer of component (a) is a copolymer of
hydroxypropyl methacrylate and a comdénomer selected
from the group consisting of acrylamide[

5 - methacrylamide, or dimethylaminoethyl methacrylate.

16:. The composition of Claims 1 or 3
wherein the polymer of component (a) is a | '
hydroxyprbpyl methacrylate/acrylamide copolymer.

17. The composition of Claim 2 wherein

10 component (a) comprises 0.05 to 1 weight percent of
the comp051tlon . '

18. The compbsition of Claim 2 wherein the
component (a) stabilizer is microcrystalline

- cellulose.

26 - 19. 'The composition of Claim 18 wherein the
average particle size of the microcrystalline
cellulose is 50 microns or less, preferably 25 microns
or less and espeéially preferred about 10 microns
or less. |

30
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The composition of Claim 18 wherein the

..{v;r
2
1

1 | 20.
microcrystalline cellulose has a level-off degree of
polymerization of 125 to 375, preferably 175 to 225

anhydroglucose units.
' 21. The composition of Claim 2 wherein the
component (a) stabilizer is fibrous cellulose
] ' 4

The composition of Claims 1, 2, or 3

22,
wherein the polyacetal polymer is a copolymer.
The composition of Claims 1, 2, or 3

23.
whereln the polyacetal has a number average molecular

0
welght of 10,000-100,000.
24. The composition of Clalms 1, 2, or 3

further comprlslng at least one of co-stabilizers,
antioxidants, plgments, colorants, reinforcing agents,

UV stabilizers, hindered amine stabilizers, glass
lubricants nucleating agents, toughening

5 _
fibers,

‘agents, and fillers.
25. Shaped articles made from the

composition of Claims 1, 2 or 3.
26. A method of preparing the composition
of Claims 1, 2, or 3 comprising mixing the component

’
(a) with the component (b) polyacetal polymer at a
temgerature above the melting point of the component
(b) polyacetal polymer and below the temperature at

which degradation of the components will occur.
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