- ‘
"1 RElI NFORCED POLYPROPYLENE COVPOUNDS W TH | MPROVED PROPERTI ES
Field of the Invention This invention relates to glass reinforced
t heryepl astic resins. - Background of the Invention 32923US
l.p-recent years various solid polymers of polypropyl ene have gai ned
increasing popularity as thernoplastic nolding materials for making a great
vari ety of nol ded objects. Because of their unique conbination of |ow
density, high abrasion resistance, good chem cal resistance, relatively
hi gh softening point and | ow cost, propylene polyners, particularly the
crystal line:propyl ene polyners, are good candi dates for use as fiber
rei nforced thernoplastic conpositions. dass fiber reinforced polyolefin
resins have better stiffness, inpact resistance and heat resistance thah
unrei nforced polyolefin resins. These glass fiber reinforced polyolefin
resins have been broadly used for various industry parts such as autonobile
parts and el ect rREINFORGEDt BOLYPROPYLENE HONBQUNDS WERH GHPROVERPROBERTIFSced
pol ypropyl ene has been to sone extent |limted by difficulty of securely
bonding the polyner matrix to the inorganic fiber. Even when polyolefins
such as crystalline pol ypropyl ehieldref ghednvention rejnforced, particularly
when they are nelt-kneaded together, the resulting material properties are
not optinum becalkis #avesséen zakakesotr &lash&edatgrcrd rté’§Fﬂ°f§]t95tgﬁ‘é 5 ARy
fibers. In the case of polypropylene, this isparticularly a problem because
of the non-polarity of polypropyl ene. Wien | arger amounts of glass fibers

the. pol yrer i 5.1 bver ed,  maki nies R Be thd TpVBIEBY| ENF: | NS G Or e
.r.esi' nS. for mol di ﬂg r%eQAE grg;}sogﬁrious solid k&lm% b&eBoiMQyi&%t h%@aﬁﬁé& y
nodi fying the
increasing popularity as thermoplastic molding materials for making a great
variety of ﬁoldéd objects. Because of their unique combination of low
deunsity, high abrasion resistaﬁce, good chemical resistance, relatively high
softening point and low cost, propylene polymer§, particularly the crystalline
:x propylene polymers, are good candidates for. use as fiber reinforced
| thermoplastic compositions. Glass fiber reinforced polyolefin resins have
better stiffmess, impact resiétance and heat resistance than unreinforced
'poiyolefin resins. The;e glass fiber reinforced polyolefin resins have been
oo broadly used for various industry parts such as automobile parts and
electrical parts.

Howe&er, use of fiber reinforced polypropyleme has been to some
e#tent limited by difficulty of securely bonding the polymer matrig to the
inorganic fiber. Even wheﬁ polyolefins sﬁéh as crystalline polypropylene are
giass fiber reinforced, particulariy when fhey are melt-kneaded together; ;he

resulting material properties are not optimum because of poor adhesion of the

matrix resin to the glass. fibers. 1In the case of polypropylene, this is
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cr“ys‘i al l'ine pol ypropylene with an ethylenically unsaturated organic acid or
organi ¢ acid anhydride will result in nodified polypropyl ene from3ap2yrs
arti-€l es having inproved properties can be nol ded.

2 Si | anes having both a substiuent reactive with the surface of
an inorganic fiber and an acid reactive with _an_ organic matri x have been
used wipehtiivdartnld praban beerussl 9brieisy renolsaity of BPIXPrePyangy | i Ken

pol ypr opyl ene, to enhance bondi ng of t matri x terial to the_inprganic
P bor MatarrdssHBia EBites: SRS daei PEiEndes PPHATEF BhgtR 0 APPPEfiSS e
from such nol ding coppositiaqns. However ere S Skl :

conti nwﬁgpﬁfeéﬁe‘?%r %gga@glér |yn?%rtél§dp?1gsnﬁeﬁsl- ﬁsﬁﬁ?vﬁﬁi’c éﬂclzlﬁ. e Jr%?h%udl tl €O
articles havl ngpa 9900 DALANGE A LYBTIAUSPRYSL LA sBEOPerti es, mechani cal
properties, eléctrical properties and thermal properties. :

Summary of the {pveld i 9kn found tHdt icheRfcdlye@bd OfyihBi Shé NYLP¥taDidd
provi de gl ass reinforced pol yners of nodified pol yolefins with enhanced

proper tjoR§p e 1684 RA€E drokthflenigalljetrsuPosi oirgatic acid or ofganis aemt her
object of this invention to provide glass reinforced pol ypropyl ene
conposidnhgdsidal whlEentantedint @andified epalypadbpydrenanframphdth sAnténlgsh having
properties and nethods for maeking those conpositions. It is yet

anot herimplpesit podpdrities icavdret moldede provi de articles of manufacture nmade
fromthe inventive conpositions and nmethods for naki ngt these articles of
manuf acture.  Silanes|kavisg chatangeswistitennd epdfdvaehithofhe Miwcipeg &t @8n, a
conposi tion conpri ses: a) a polyner of propyl eng;

.rrp 'inorganicrrr%iber and an acid r.gea)ctivep with an orggnicp%/natrix have been used
with chemically modified polypropylene, particularly crystalline
polypropylene, to ‘enhance bonding of the matrix material to the 'inorganic
fiber reinforcement, with resultin’g increases in strength of articles made

from such molding compositions.

However, there is still a continuing need for glass reinforced
resiné from-which can be molded articles having a good balance of various
physical properties, mechanical properties, electrical properties and thermal

properties.

Summary of the Invention

It is an object of this invention to provide glass reinforced
poiymers of rﬁodif,ied polyolefins with enhanced properties and methods for
making these compositio;'_ls. |

It is another object of this invention .to -provide'glass reinforced
polypropylene compositions with enhanced tensile elongation and impact

strength properties and methods for making those compositions.
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(b) gl ass; and (c) at | east one am no-functional silane.

Optionally, one or nore polyurethane binders or filmfornmers nay 3@923Us

i nel<uded in the conposition. . I n accordance w th anot her enbodi nent
of this invention, a conposition conprises: . (a) a polyol efin which
has been grafted with a grafting conpound sel ected fromthe group

consi sting of vihyis petysmethenbibd ety drfolthimbingentionnee Prexidroaftielesciods,
carboxylic acid derivatives, carboxylic acid anhydrides, c rboxxLic cid
anhydr | mhaufestozat fadses frem ghai Javepeiye; perRogitions and methods for making these

3 in the presence of a free radical generator,; (b) gl ass. and

(c) at 8dslepRé BaARvEBC Y Pane. Optionaily, one or nore pol yurethane binders
or filmformers_may be.included in the.conpositi.qQn. . ; rGe Jor
maki ng these corlrﬁo%‘i??%?f%“a}’ 1'?“pr(’(r)l\?i"d"eﬁfh ¥ ig{feﬂshqgfmr‘r’e?ﬁﬁ?cg’c’t Erg mai Egﬁ%éégm
t hese cquositLons are provided. Methods for making articles of manufacture
from t Ne¥@TEH0si ti ons are provi ded. « Detailed Description of

t he I nvention b gnd thermal properties and property
retention charaé?%f?ggﬁﬁgggﬁpgglgﬁ%?s’of pol yol efi'ns are i nproved by

conpoundi ng wi t hygl ggsfgggrs. These pol yners are further inproved by
chem cal coupling of the polyner matrix to the glass reinforcing fibers.

The resul tant ceepandsadiavfe @neRd RALL Snaengilaneand good t hermal and
chem cal~ resistance, which are beneficial in a variety of applications.

For exaggyi®naiyQdusd SorMaske Wwoljurehbary ddsdarsi of ofidedfpueysieray bé irwilyded
i nvention have exhibited
g in the composition.

In accordance with another embodiment of this invention, a
composition comprises:

(a) a polyolefin which has beep grafted with a grafting compound
selected from .th'e group consisting of vinyl—polymer:‘.zable hydrolyzable
silanes, carboxylic -acids, carboxylic acid derivatives, carboxylic acid

P anhydrides, carboxylic acid anhydride derivatives, and mixtures theredbf in the -
presence of a free radical geﬁerator;

(b) glass and'

(c) at least one_aminofsilane.

Optionally, one or more polyurethane binders or film formers may Be included
in the composition.

Processes for making these compositions are provided; Articles of

manufacture made from these compositions are provided. Methods for making

articles of manufacture from these compositions are provided.
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significantly higher heat deflection tenperatures and percentages of

el ongation than products nmade with other glass-reinforced pol ypropydene
polyrers. Conpounds from.whi ch can be nmade articles having
surprisingly excellent tensile and i npaket properties can be obta ned by (a)
nmodi fyi ng pol yolefin polynmers with unsaturated silanes, carboxylic acids,
and/ or carboxylic aci d abetpdlediPes¢ription wfcthendnvernftignfree radi cal
generator in the polyner nelt, and then (b) reinforcing these nodified

pol yners with ditgsdefhinicahadndethprap) cBraferhiies ctithROPRPEYY WIRICRtEDht ai ns
at | east one .am no-functional silane and at |east on gg} urethﬂf bi nder

or fil A4Tfcharistics of polymars Of i RAIYRLEFIRS 245 HAPETSE PHi TIPPREREINE, et

containin t, | east_.,one ani no-functiopnal silane d pol yur.et hane biqg S
and/ or ST IRTTRer sTHERS BRIVHSEY 2FF SyPChen, PPETSd Ry shepicdl comling; T Ehe,

ol t her pBfflel Cfladidx! F Bk  rd HeBAARY FibekD® GRUDPEI:RR: Dofibllirfis L0

conpouﬁdlng as a

been disCAMEhE0s{ ALY $o08 Adns SXREChEridd1Ce856% kD, AN Gre

el ongation and I npact strength properties can be obtained for articles made
from gbassriced Nfiar geshRety B spPficRi QY| enerVbihput, Hviaed aagdaitaatley
nodi fy the polyners of propylene. This can be done by use of gl ass

rei nf optayepbidRvced Sd14mBes CONSst EORnt Wb ChaveORKkRiIKItRl kegsifieartly

am no-functional silane. The am no-functional silane can be in the sizing
on t hehigless heatidddfXeatidie tmpyratiores N@idrpeaicentagehe ofi rRoligatigh agkarf | bers
are introduced, or added |ater with other additives. The conpounds
of thi srédweéntnade etith beherndtagsreinforced polypropylene polymers.

Compounds from which can be made articles having surprisingly
excellent tensile and impact properties can be obtained by (a) modifying
.poiyolefhn polymers with unsaturated silanes, carboxylic acids, and/or
carboxylic acid anﬁydrides in the presence of a free radical generator in thé
polymer melt, and then (b) reinforcing these modified polymers with glass
which ‘has been sized, with a composition which contains at least one .
amino-functional silane and at least one polyurethane binder or film former.

Glass which h?s not been sized with materials containing at léast
one amino-functional silane and polyurethane binders and/or film formers can
be used if at least one amino-functional silane is either applied to the glass
or is added to the.coﬁposition mixture during compounding.

It has also been discovered that surprising and unexpected increases
in tensile elongation and impact strength properties can be obtained for
articiés made from glass reinforced polymers of propylene without having to
chemically modify the polymers §f propylene. This can be done by use of glass
reinforcement having sizing compqsitiéns which contain at least one

amino-functional silane. The amino-functional silane can be in the sizing on
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articl es which have superior tensile elongation properties, good thernal
and chem cal resistance, and inproved inpact strength. They can be2gasigs
uskng less glass reinforcenent naterial than conpounds not using the

i nventive choice of silanes and thus areé nore processable. The invention
conmpounds can be used for injection nolding, thernoformng, or other

sui t abl thepgdesss eddedPaot thaulPatynergoorrteshst |as §be drigenthe gpags fdPeehdt® and
flexibility can be achieved by use of the inventive conposition in

i nj ect i vtradierdd en wddeddatem wdgh prher jadddtias-be especially useful for

applications where good el ongation is desired.such as_for _snap-| ack
fittings. Pol ymdpg compounds %gfa’é)? R En s EET Pesiidey B ?ﬁélrcglegf&plrcgpg} ehe

(pol ypropyl ene). cap, be.enployed in this inv ' T . ene”
= ot e T T e e M e St e
subst ant i al, crystalll | SOt acy G, |0 | Ge { c2m -

propyl e‘?‘féda ﬁﬂéfoﬁ' g Xalm 5 rcr% %ﬁglr@%d n'::'féﬂﬁa ‘(:)%H g %g@%ﬁy rr%%igzéeg %s? %3???12 Q hﬁéﬁﬁﬁe%ﬁ

other 1-qletly t&gl-x p&%‘ﬁg{uﬁfsi Rt URidL t8ROvert IR cR&IeeBE silanes and RH@EEHAEd ¥

preferred are the nor l'y solid substantially crystalline pol ypropyl enes

havi ng g, nogidalssaBld. T TR ihfedti6n ' @goumls abPWe séd £36, injeCSRH hyldunzg
preferably about 8 to about 14, as determ ned by ASTM

5 D 128@rh3r&andili 6P bther suitableopsocissesl. paPaiichaatly woed ukersilehe

present invention are polypropyl enes prepared according to the nethods

di scl osegkengthl SmpRat estredgBy Gn85E]exibitityi sahebebscliinved por atsedofetld n by

ref erence. _

o ‘inventive composition in injection molded articles. These materials can be
especially useful for applications where good elongation is desired such as

for snap-lock fittings.

Polymers
Any of the normally solid polymers of propylene (polypropylene) can

be employed :in this invention. The term "polypropylene" is intended to
include normally solid polypropylene homopolymers which are substantially
crystalline, isotactic, 'or syndiotactic, and copolymers of propylene hav-ing a
comonomer content of copolymerized ethylene, butene or other 1-olefin
(alpha-olefin) up to about 5 mol percent.

Presently preferred are the normally solid substantially crystalline
polypropylenes having a nominal melt flow in the range of about 1 to 20,

- presently more preferably about 8 to about 14, as determined by ASTM D-1238-73

Condition L.

Considered particularly useful in the present invention are
polypropylenes prepared according to the methods disclosed in U.S. Patent

4,376,851, which is hereby incorporated herein by reference.
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For the enbodinments of this invention requiring carboxyl ated

pol ypropyl enes, any pol yol efi n honopol yner or copol yner whi ch has 3®2bosyl
groups on the polyolefin chain can be used. This can be acconplished by any
of several neans, including grafting by éany nmanner effective to introduce
car boxyl groups onto the polyolefin chain. Gafting is usually done in the
presence of a frFee thdi esdoddeerdisatodir this dsvertign byequisdhait ¢anpony lateidt
process. The carboxyl at ed pol yol efins presently E.r eferred, when.
used i npdlypsopylesns omy pekyodebin dgmprdiywer sopreopatEerbihiftater ngr bty ner
of a Cto C nono-al pha-olefin or its copolyners wth unsatur t,eﬂ no- and
pol ycar gxmupki en ddnet pokvichef inc Fesing sam drer poed i vdais lﬁga'?%raéf‘é’ff% B Ang™y

pol ycar boxyl i c-contai ni ng_anhydri des and derivati ves,. aﬁr}g m xiures éhereof,
in the of cirvREal greans f riie 1pdifisc aFaLfdngr BY 1Y BRERENCEICHOIE bR eFerPedcts a
car boxyl at ed pol ypropyl ene, particularly . maleinated -._p P n The
grafti n@a‘ﬁ’&ﬁyf)egr&}ﬂ% %&Waﬁv g’f”i%%]t#?z‘é 5, eqrﬁgfhnﬁ g ‘gh%ggy |angl gget 9
U S. Patent 4,003,874, whigch ks_her | NGO eqd her el fhelyn ' &F ef&RCE.
The car BoAPPse e?iépaolfyfgfe ‘is(fr?cﬁ%y,gghefrg %%igr}'gdﬁlgggeﬂtgeﬁg r gl ?g]rehaﬁorr‘ partially.
neutr al 'g;oet%ssThi s is usually done with a netal ion, such as Na+, Zn++, or

the ik to forman ionomer. Car.boxyl at ed pol ypropyl enes are
commerical |y avainkabl@ox{dsR 8 Usd1y6ds 10X Yprdsd t POlpy praxiyl pridheh Sugndodu ceidishy
H nont U S. A, Inc., of WImngton, Delaware, and marketed under the trade

desi gnaihvint@bn Pra@ef goafPsd Bb2yRalsy prafaykariey ghndtingr a qalpeeay okt @dC, to C,

pol ypropyl ene is produced by E.I. DuPont de Nenours and Conpany of

W-| m ngieny-aDeberwastin underitshecdpodpiremdesivifiat vosatofafdSABGP® Pnd These

products are believed to be graft
polycarboxylic-containing acids and derivatives, unsaturated mono- and
polycarboxylic-containing anhydrides and deri\.ratives, and mixtures thereof, in
the presence of a free radical generator. Presently most preferred is a
carboxylated polypropylene, particularly maleinated polypropylene. The
grafting can be done by any effective. means, including those disclosed in U.S.
Patent 4,003,874, which is hereby incorporated herein by reference.

The carboxylated poiyolefin may, if desired, be 'neutra.lized or
partially neutralized. 'This is usually done with a metal ion, such as -Na+,
Zn++, or the 1ike, to form an ionomer. .

Carboxylated polypropylenes are commerically available. One such
carboxylatéd polypropylene is produced by Himont U.S.A., Inc., of Wilmington,
Delaware, and mariceted under the trade designation of Pro-fax PC-072
Polypropylene. Another éarboxylated polypropﬁrlene is produced by E.I. DuPont
de Nemours and Compsany of‘Wilmington, Dglaware, under the trade designation of
FUSABOND® P. These products are belie(red to be graft po.'l-ymers of

polypropylene and maleic anhydride. The amount of maleic anhydride

functionally is believed to be less than 2% by weight. Another carboxylated
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6 polyners of polypropyl ene and nal ei ¢ anhydri de. The anobunt of maleic
anhydride functionally is believed to be | ess than 2% by wei ght. AB&23E8
carhexyl at ed pol ypropyl ene is produced by BP Perfornmance Polynmers, Inc., of
Hackett st own, New Jersey,. and marketed uhder the trade designation of
Pol ybond . These products are believed to be graft polynmers of
pol ypr opylyenepylede oty yrpduced By Bfh@enfanmancedPognsasi c 1k d of UlRACERBIY i s
believed to be about 6% by wei ght. The pol ypro y%en S | gyed in
this i n@‘éﬁtﬁeéﬁelb’ar‘?nﬁe"‘%‘ﬁ‘%fa‘ie‘ﬁ‘%ieﬁ £ feaﬁ%e‘?ﬁ%ﬁ{‘a“rlef‘rrf’gu HYBE el | €0€5% r om
a finishing extruder,  or fromhot strands, or fluff or powder. obtajned fyrom
a pol yn%?‘?‘ig'&?? diFer Bebieap %qnbﬁ.g Efm%fﬂe’ébr?ﬁoﬁ%]dg ropylene a%gcrai’foﬁ‘éﬁ'n
pol ymerg, are nodified ratting,wth.-a radicall 0 | za oot
unsat uri‘?%&mﬁﬂﬁ ef n@crgg%%ﬁ ﬁ% é'e:uéjlggﬁ neag y rlosmgf= ﬁleevge;rfotﬁoplt%g%s%uét ?"‘h?%*"“ght'

vi nyl - pol yneri z%gs%ggggg%gﬁﬁd_enmﬁl VZRRh S SIRREIAOURP IS 1 GBLROKY kg

aci ds and derivati ) I c”aci d anhydri dés and derivatives, an

m Xt ur eso 4B &R £old Julke d¥ SSEIi8 Plonfal fRAshHH GRALrERRESAREN hot stranddhe
V|nyl-poTyner|zabIe unsat urated hydrol yzabl e silanés which can be used in

this i ngendiuen GOpbiidt btdiQastfronca Pollimarizhonmededyvdryl stapbl e group, -such
as, for exanple, al koxy, hal ogen, and acryl oxy, and at |east one

si | i con-bonded vi nyl -pol ymeri zabl e unsaturated group such as, for exanple,
vinyl, 3-methacryl oxypropyl, alkenyl, 3-acryl oxypropyl, 6-acryl oxyhexyl,

al kyl ox@pafixdyuk Compbuwmdls| , and 2- propynyl. The silicon-bonded _
vi nyl - pol yneri zabl e unsaturated group preferabl¥ Is an ethylenically
I

unsat urat ed grodde pewyolefdn mehYeral are awdsfied by ceFRitdns shithsti eafisplly
hydrol yzabl e group or a vinyl-polynerizabl e unsaturated g&gug are safisfied
by a noRoVAeELtabledrTeiFB g8 AT iog foRPaRd FelecEgdnicR, tie BROTP CePRiAtine

0 0PI kOB Bl ok Bl SEPTTIAL Bl So5bonc
Sui t abl gc1s<£sl %ngs dgr:iw}aqiixsreé ,y-pceargggyl'ﬂge a%?&) Sgnl{yﬁggc?esserun%d dl%¥1$ﬂ:qv£9,r n}ﬂc?‘:
mixtures thereof, in the presence of a free radical generator.

The vinyl-polymerizable unsaturated hydrolyzable silanes which can
be used in- this invention contain at least one silicon-bonded hydrolyzable
group, such as, for example, alkoxy, halogen, and acryloxy, and at least one
silicon-bonded vinyl-po]'.ymerizable unsaturated group such as, for exam-ple,
vinyl, 3-methacryloxypropyl, alkenyl, 3-acryloxypropyl, 6-acryloxyhexyl,
alkyloxypropyl, ethynyl, and 2-propynyl. = The silicon-bonded
vinyl-polymerizable unsaturated group preferably is an ethylenicallly
unsaturated group. Any remaining valances of silicon not satisfied by a
hydrolyzable group or a vinyl-polymerizable unsaturated group are s'a_tisfied by
a monovalent hydrocarbon group, such as, for example, methyl, ethyl, propyl,
is_opropyl', butyl, pentyl, .isobutyl, isopentyl, octyl, decyl, cyclohexyl,
cyclopentyl, benzyl, phenyl, phenylethyl, and naphthyl. Suitable silanes of

this type include those represented by the formula:
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7 _ RaSi XbYc wherein R is a nonoval ent hydrocarbon
group, X is a silicon-bonded hydrol yzable group, Y is a silicon-boMibS
noRoval ent organi c group containing at | east one vinyl-polynerizable
unsaturated bond, a is an integer of 08to 2, preferably 0; b is an integer
of 1 to 3, preferably 3; c is an integer of 1 to 3, preferably 1; and a+b+c
Is equal to 4. Sui t abl e vi RePi¥iymeri zabl e unsat ur at ed
hydrol yzabl e silanes that can be used in this invention include, but are
not limted to, 3-acryloxypropyltriethoxysilane, ethynyltriethoxysilane,
2- propynyl.trich) orosil an -qG¢rLylo o] | | chl '
3- acrg'%(ﬁ%?ﬁr §pyllsdiarre'? nﬁl"%‘fﬁo%&#?%ﬁé?ﬁ Q¥‘L‘$’W " ! LRk e
3-act yLoxul 00! ELLY! 01 ED10L 08} oaDBnada AR RIOHR! ORYAET ERUT 05l derlery

yl Cri et al |

3-acry?oxy rop oxysi | ane, yl di net hyl chl orosi | ane,

al 1yl et iyl 6h Q5 Rpi-p8 Menerabhile’ bddtaredd 86, al Lyldnr ietdroxyst lars, 2,
al lyl trinmethoxysil ane, chl oronethyl di met hyl vi Ayl si | ane,

[ 2- (3pe¥edabexanyh) &l Byl idtieges bl Hlc0BOSpdedBrgbly 3; c is an integer of 1 to
2- (3-cycl ohexenyl ) et hyl tri met hoxysi | ane, 3-cycl ohexenyl trichl orosil ane,
di pheny| ptatgkabilyol psindamen+cdiplegnygl tonyl et hoxysi | ane, :

(5- hexenyl ) di net hyl chl orosi | ane, (5-hexenyl)di net hyl chl orosil ane,

5- hexenyl t ri cHiuwitekld adeyl-podEndrdieshleonppapyrateheviye birebl ©siilgnes that
3- et hacryl oxypr opyl di met hyl et hoxysi | ane, o

3- met lsavr Peoxypd 0py| FRihyLayantAexyinglyde, but are not limited to,

3-met hacryl oxypropyl trichl orosil ane, , ]
et hy 13- 2c{y3 OB YRIOBH b T RIRIELR§ALI chl or osi | ZRRYPY1triethoxysilane,

2-propynyltrichlorosilane,' ' 3-acryloxypropyldimethylchlorosilane,
3-acryloxypropyldimethylmethoxysilane, 3-acryloxypropylmethyldichlorosilane,
3-acryloxypropyltrichlorosilane, i 3-;cryloxypropyltrimethoxysilane,
allyldimethylchlorosilane, allylmethyldichlorosilane, allytriéhlorosilgne,
allyltriethoxysilane, allyltrimethoxysilane, chloromethyldimethylvinylsilane,
[2-(3-cyclohexeny1)ethyl]diﬁethylchlorosilane,
2-(3-cyclohexenyl)ethyltrimethoxysilane, 3-cyclohexenyltrichlorosilane,
diphenylvinylchlorosilane, - diphenylvinylethoxysilane, |
(S-hexenyl)dimethylchlorﬁsilane, :  (5-hexenyl)dimethylchlorosilane,
5~hexenyltrichlorosilane, 34methécryloxpropyldihethylchlorbsilane,
3-methacryloxypropyldimethylethoxysilane, - ;
3-methacryloxypropylmethyldiethoxysilane, 3-methacryloxypropyltrichlorosilane,

methyl-2-(3-cyclohexenyl)-ethyldichlorosilane,

methyl-3-(trimethylsiloxy)crotonate, 7-octenyltrichlorosilane,
7-octenyltrimethoxysilane, 1-phenyl-1-trimethylsiloxyethylene,
phenylvinyldichlorosilane, : styrylethyltrimethoxysilane,

1;3-tetradeceny1trichlorosilgne, 4-[2—(trichlorosily1)éthyl]cyclohexene,
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nefh?I-S-(trinethylsiloxy)crotonate, 7-octenyltrichl orosil ane,
.7-octenyl tri met hoxysil ane, 1-phenyl-1-trimethyl sil oxyethyl ene, 32923US
phenyl vi nyl di chl orosi | ane, styryl ethyltrinmethoxysilane,

1, 3-tetradecenyltrichlorosilane, 4-[2-(t%ichlorosilyl)ethyl]cycl ehexene,

8 2-(trimethylsiloxy)ethyl nethacryl ate, 3-(trinethylsiIYI)CXCIopentene,

vi nyl di 2rttimphettilyds ol detdy loethelcdy Insehy | et Hokysineshglsilyl)cyclopentene,

vi nyl et hyl di chl orosi | ane, vi nyl net hyl di acet gxysi | ane, .

vi nyl meviyldingtbygieiorasidanyi nyl net hyl di BEHILYRFIRIAREPOFTRLA4PP? net hyl si | ane,
vinyltrichlorosilane, vinyltriethoxysilane,. vinyltrimethoxysilane,

vi nyl t rygptetyidieerget48%y) si | ane, vi Hﬂ%%eﬁg%]tdéﬁglégoﬂsn%%"e’

3- et hacy yl. oxypr. |.t ri met hoxysil ane . . . s ]
3 et nat B a R o Eeae s, Weriatnlilshonp ttare,  giny iairathyip hans,
Ilhﬁylp': ?{%{yﬁggmﬂllf)%gseﬂgggp Oun&ﬁw@%ﬁie\{:hgl\qgiﬁhﬁg‘! OE 0§ir4y’1‘9€imethoxysilane,

OoxysiTane, vinyltri oxysli1ane,

Vil () SEREL A ARLAGOUELAAXKIS kT Vi NY! 11 2G81A%YSIde8BRys i Lane,

3- et hacryl oxypropyl tri nmet hoxysi |l ane,

3- met hagr el RXYRNBRYRdoby B{NRE Bndi®E hneaket hoxy) sil ane, andadi xt ures ther eof .
These conpounds are preferred due to comercial availability, ease of use,

as wel | 3.-aft600 160y pHERY 1 118 PBétay mé tHokQUEtRF)s ilane and mbttaresdikeabos.
pol ymeri zabl e unsaturated grafting conmpound al so can be a carboxylic acid
or an anhydri de Thbergeeferwddt hshbmnet tdwpeendo alveutvib§ltwichderestidase, with
preferably at |east one olefinic unsaturation, and derivatives thereof.
Exanpl esirofittirchorydideyei c aci d and anhydimydecineghergsilanst are not |inited
to, an unsaturated o ) . o
vinyltris(beta-methoxyethoxy)silane, vinyltriacetoxysilane,
3-methacryloxypropyltrimethoxysilane,
: 3—methacryloxypropy1tris(beta-methbxyethoxy)silane, and mixtures thereof.
These compounds are preferred due to commercial availability, ease of use, as
well as good polymer property improvement.
The- radically polymerizable unsaturated grafting compound also can
be a carboxylic acid or an anhydride thereof, with about three to about 10
cafbon atoms, with preférably at least one olefinic unsaturation, and
derivatives thereof. Examples of the carboxylic acid and anhydride include, .
but are not limited to, -an umsaturated monocarboxylic acid such as acrylic
acid or methacrylic acid; an unsaturated dicarboxylic acid such as maleic
acid, fumaric acid, itaconic acid, citraconic acid, allyl succinic acid,
muconic acid (mesaconic acid), glutaconic acid, norborneneé-2,3-dicarboxylic
acid Ctradename Nadic acid), methyl Nadic acid, tetrahydrophthalic acid, or.
methylhexahydrophthalic acid; an unsaturated dicarboxylic -anhydride such as

maleic anhydride, itaconic anhydride, citraconic anhydride, allyl succinic

anhydride, glutaconic anhydfide, Nadic anhydride (tradename for
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monocar boxylic acid such as acrylic acid or nmethacrylic acid; an

unsat urated di carboxylic acid such as naleic acid, fumaric acid, i3m®Qeeuvsc
acird; citraconic acid, allyl succinic acid, nuconic acid (nesaconic acid),
gl utaconi ¢ acid, norbornene-2, 3-di carbd®ylic acid (tradenane Nadic acid),
met hyl Nadic acid, tetrahydrophthalic acid, or nethyl hexahydrophthalic

aci d; averbeceengr ided icdnbaxkhbicy| i anbadhidei de mebkl asNaddicei andim@xidie,de,

i taconi c anhydride, citraconic anhydride, allyl succinic anhydride,

gl ut acdretEalisrpphthed ic Nemhivdridthy @i dethyitegeshydgophfbalic anhydride; or a
nor bor nene- 2, 3- di car boxyl i ¢ anhydride), nethyl Nadic anhydride,

t et r ahyFERFR 9] £10 0thJaFs ddersdt e OhyFaeser Hﬂmﬁhﬁ%ﬁai’%mﬁﬂﬁﬁd??’d’é; agd 3
m xture of t or, . . L ) nore,thereof ,r O
Chese. (o BPRERUe HORAT c "abeifs gt MelaiapparTides Pralfogrid narere!
aci d, l.ei. c._anhydri de, i R . Nadi I.d '

anhydr i g,l ©or-Radi eé: IhgﬁthBl? ?fglhggr%reépg gé{iilyﬁaglggéﬁ%e 1s rE':T‘:L‘pr#eabr g+sgeéil'l y

pol yneri zabl e uggatihalAdy 95kt PG apPERRALBE st BT 2380104 Qoﬁx;!fﬁﬁ)nﬁe@é:tﬂrggent

m xture in an anount sufficient to I nprove the properties of the resultant
graf t edipp@hy MRlact it @likduret B8 AMAHSNnt SufficliBet 1RANYRpveabi¥!tprBpdrii@sabput

2 parts of radically polynerizable unsaturated grafting conpound per 100
parts afhepobsuTRant Pra¥tedpolipiaabl yuduallifhpe thangmouat BHdGMt the Zrang@e adXO Wbodt 6
phr, and nost preferably in the range of about 0.4 to about 1.2 phr. If too-
much gr@&flt kmgpboohpd padts Dfusediicahin pellyneafizabke gnadtiviraged @rpbtuing wohpound
grafted onto the polyner and no additional appreciable polyner property

| npr overtEnioq pasky Hifnpellymen beeds spreferatdioin cdiel yangrdesiabept - 2Use #foutoo

lI'ittle grafting conpound does_not inprove or enhance the
I.6 phr, and most preferably in the range of about 0.4 to about 1.2 phr. If

too much grafting compound is used, not all of “the grafting compound will be
_grafted onto the polymer and o hdditionaiﬂappféciable'polymer property
improvement is obtained; an excess is economically undesirable. Use of too
little grafting compound does not imbrove_or enhance the polymer properties.
In general, the grafting compounds used' in this invention have similgr amounts
of functionality. |
The grafting reaction must occur in the presence of a free fadical

generator, also calied a free radical initiator. An organic peroxide is
preferably used as the free radical initiator in the graft modification
;eacticn as described above. More specifically, preferred examples of an-
organic peroxide include, but are not limited to, alkyl peroxides, aryl
peroxides, acyl éeroxides, aroyl peroxides, ketone peroxideg,
peroxycarbonates, peroxycarboxylates, hydroperoxides, and other organic
peroxides. Examples of an alkyl peroxide include diisopropyl peroxide;
di-tert-butyl peroxide; 2,S-dimetbyl-Z,S—di—(tert-butylperoxyjhexyne-3;

a,a'-bis(tert-butylperoxy)diisopropyl | benzene; and
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pol ymer properties. In general, the grafting conpounds used in this

I nvention have simlar anmounts of functionality. The gr af t32883US
reaGgfi on nust occur in the presence of a free radical generator, also
called a free radical initiator. An orgdnic peroxide is preferably used as

the free radical initiator in the graft nodification reaction as described
above. Miréimeibrity éaﬂ‘%tefﬁ"é’[“éﬂl?%°é¥<3}ﬁ%% oﬁ“aﬁmBPb%\rﬂf P AL geroxide

| ude, but t ted t | k d
per oxi diss ‘iaw%{fpg%m{ag‘esﬁ XEIRIE plosskRae Popat ity ta, DAoL pemyge
boxyl at t h I
of riﬁyéﬁfﬁ%ﬁ e?daél?é DSREat 551 PSR PIATELS BEMRSST CIRBMSS

2, 5- dlneth (ter ut e h t
a, a' - bi%( ]r"%e blt’ﬁ’tc dpeer 3)%1;' glelté gr%%%)a g%"}zge}ggg and cyclohexanone peroxide.

2,5-d ReOfanan ¢ e
'E@ gi cfzcu n3+ d(rksééoﬂugym@f&éymﬁwﬂ AR pR B 18 e0TandN cARYA

per oxi peroxi de. An exanple of an facyl peroxide is dilauroyl
per oXi dRdrbPe@%aiP) € @kefdirad OxkaRfleoXicde ai Stxdebeadmdl pariexatde. dpeanpl es
of a ketone peroxide include, nethyl ethyl ketone peroxide and

10 cycdhexsnangl pepexdxdde ; Exanpldsetiy g df -eliét exti-thety Ipekorgo heryrte~But yl
hydr oper oxi de and cunene hydroperoxi de. Preferred exanples of a free

radi cal2,i5niitnethgi- 2ar5edtlﬁteu:efltutbmtlydrome}mhde,, dicumyl peroxide;
2,5-dinethyl -2, 5-di(tert-butyl peroxy)hexyne-3; )

2, 5-di n%.tahyblsz(tsrmb(uttéknerbmij/%up@my}m»%awe: amdc migfurper bhargef. Higher

a, a' -bi s(tert but yl peroxy) di i sopropyl benzene; and egextu s thereof. gher
ol ecul B efRiah easitfar et SR e deoRPROHALS AT BFEFeSrPd }%85%1%5 e ha¥c ar e

ﬁ?gﬁ; r asnadfeg agrllde ret:tg ?erh %g dhand;ile dansdt g{:ofe ,ags V\vlveellll as b%%llgn OKe seta%tlg bzlte hqtgher

temperatures.

The organic peroxide is present in the grafting reactién in an
amount sufficient to effectuate a grafting reaction. Usually, the amount is
in the range of about 0.001 to about 5 parts of organic peroxide per 100 parts
per polymer (phr), preferably in the range of about 0.001 to about 1 phr, and
most preferably in the range of about 0.005 to about 0.4 phr. Too much
organic peroxide can still inifiate the grafting reaction, but polymér
degradation, such as vis-breaking of the polymer, can occur. A céncentfation

f of organic peroxide which is too low does not initiate the grafting reaction.

Amino-functional Silanes

This invention requires the presence of at least one
amino-functional silane. This can be a silane or silanes incorporated in the
sizing on commerciaily available glass or it can be silane or silanes added to
the glass in a posttreatment, added to the polymer, or added during mixing of

the polymer with the glass and any other additives.
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t enper at ur es. ~ The organic peroxide is present in the grafting
reaction in an anmpunt sufficient to effectuate a grafting reacti @923us
UsuwaFly, the anmount is in the range of about 0.001 to about 5 parts of
organi ¢ peroxide per 100 parts per poligmer (phr), preferably in-the range
of about 0.001 to about 1 phr, and nost preferably in the range of about
0. 005 to aboutA®. Legsir ongo@fmide ertpaTifengidenk} deéllanessehppld nbej &e t he
grafti n% reaction, but pol ymar degradati on, such as vis-breaking of the
pol ymerikorssilaee Fontaindgacanleatt SreoTubsFLbfied PerBRPRRF WhiFeh Sndne o&F 8w
does not |n|t|f1te the grafting reaction..  Am no-functional Silan

This ivehei BRTaRL0i 1 obhY APIRF cEETB B Bt TAHHET BTAMSXA: RB. FLitiefhal
Si1ang JUS 1680 B8R Bldi20CoPlnath! A0PS LOEQIARY AL 001 mhcZh 00 AL
ded to the

conmer e SHSHATE 1Ya6l Y dsPor can be s or SI

gl asscﬂs@da PAR! Li £ %up added,d %y&%yQ%VMBd Qéne@’ggfyd xﬁllrl' 99 e 'D,CJ

the polyner wmth thé glass and any ot hér addi tt ves. | eas one of

the ardeng:f wieyi onRabtPl baNe$reh Wieh hand Alekfesohh Bl . cont al m ng at | east
one substituted or unsubstituted am no group in t'he nol ecul e. The am no

group can be egpdtafiPrdxanplesObf enGAGHRIhYticklall OsdlanbaaRsvhtly boéter@epridmary
and a secondary am no group nay al so be used. The al koxy group nust -be

hydr olthdabl snvendigenanalide WN(2-1aeineithyl)-3ethitopropy Mirimeetxysilames group
wWith simlar Speci fic exanpl es of am no-functi onal

si | and‘sbptﬁemimgetpvb}-suamwaumnnwmaylmwtgmdloﬁthqmlsubl@e,

N- (2- am noet hyl ) - 3-am nopropyl trinmet hox¥5| | ane,

N bet A franigebexnl) aninornoRi-Kopresporsdiana.di met hoxysi | ane,

gamma-aminopropyltriethoxysilane, N-phenyl-gamma-aminopropyltrimethoxysilane,
trimethoxysilylpropyldiethylenetriamine, | |
1-trimethoxysi1y1-2-1(p,m-aminometﬁyl)phenylethane,
p-aminophenyltrimethoxysilane, phenylaminoalkyltrimethoxysilane

aminocethylaminomethylphenethyltrimethoxysilane,

- (aminoethylaminomethyl)phenyltrimethoxysilane, 2
gamma-aminopropyltrimethoxysilane, gamma—amihopropyldimethylethoxysilane,
3-aminopropylmethyldiethoxysilane, bis{3-(triethoxysilyl)propyl]amine,

bis[3-(trimethoxysilyl)propyl]ethylenediamine,
4-aminobutyldimethylmethoxysilane, and 4-aminobutyltriethoxysilane.
Presently most preferred amino-functiénal silanes include, but are
not 1limited to, A-1100 (gamma-aminopropyltriethoxysilane), A-1120
(N-beta-(aminoethyl)gamma-aminopropyltrimethoxysilane), and A-1160
(gamma-ureidopropyltriethoxysilane), all available from Union Carbide
Corporation.
In addition to the amino alkyl functional silane, most glass sizing
compositions contain at lgast one other silane. The second organo silane
/
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N- ( 6- am nohexyl ) am nopr opyl -t ri met hoxysi | ane,

ganmma- ani nopropyl tri et hoxysi | ane, 32923Us .
N- phenyl - gamma- am nopr opyl t ri net hoxysi | ane, :

trimet hoxysilyl pr opyI di et hyl enetri am néet3

1tr|rrethox sily m am orreth

D arm nOTHBAYTE AERES OYDETY dRHDREHVT A TR e HA SRR e can be o
ani noet Ia{:gnqo h% f‘ﬁ n]_er;[oh¥lut1£d Wﬁmxyé%é aﬁeiane ¢oiipling agent, polyamino

(am noe [F&H none enyl rimne

gamma- aan@QPcfn%Hy loﬁ:?écfmea tﬁ?éﬁ’é | dRP fm% IURe 2y 1'}91%&p WedichBdydngt BRX¥bEANE,

3-am nopropy net h t hoxysi |l ane i S[3-(triethoxysilyl)propyl]an ne,

bIS[3 ( dhh X¥§é4ﬂ$|;ETéBQYLaéylhﬂéfHE%QtaHHdnﬁyv1ny1 functional organo silane
4-am no I met hyl net hoxysi | ane, and 4-am nobutyl triethoxysilane.

Pr esentéo‘b m% dYegter r 8e ANIYIQcdntGldd@PAdd Sdmiad efurichgdnile orRbiio as £lanet
limted to 1100 (ganma- ani nopropyl triethoxystlane), A-1120

(N- bet acduprisfpaighyt ) GAmVa: Bb1lBOPERDYhidr Makhidey shd@nahe traieAd2dfighation
(ganma- ur ei dopr opyl tri et hoxysilane), all avail abl e from Union Car bide

Cor por a4~1a4n8 coupling agentaddfhe m@lymnimhefxamtmmal kyganbustlanenedupdiihgnegentrnst
gl ass sizing conpositions contain at | east one other silane. The second
organo i kuaslabdepfiongUigentaniride emder rthehtradgudenignetioni 43120k eat i ng
conposi tion can be a lubricant nodified am no functional organo silane
coupl i ng agent, Aporgaustnef fAfcOroRare dngaerfuartional coligrrh oS HdAten it ur es
of these and an_epoxy functional organo sil ane cou I|n ent ang a V|nyI

finct i oHEFe8TYdH8 gﬂs&ﬁe YGEPF T dgtect THe FE aﬁ‘f ff'?“éi&

functi opal ano: si LSOy i gent s avai | fr nj QN rb| de
under thef"?Ja e TFEEP %% Fon® g alcoupl‘f’r%gs éé'gﬁl?t gThe%[)ngyy%ﬂn e

amino-functional silane or silanes, when incorporated in the sizing on the
_glass, should be present in an amount in the range from about 0.001 weight
percent to about 5 weight percent, based on total weight of the giass and
sizing materials. More preferably, the amino-functional silane or silanes are
~present on the glass in an amount in the range from ;bout 0.01 weight percent
to about 1 weight percent, based on total weight of the glass and sizing
materials. Presently, most preferably the amino-functional silanes afe
present on the glass in a range from about 0.03 weight percent to about 0.8
weight percent, based:on total weight of the glass and sizing materials. When
"glass with sizing which does not have a polyurethane film former is used,.then
the amino-functional silane or silanes added should be present in an amount in
the range from about 0.1 to about 2 weight percent, based on total weight of
the composition, more preferably from about 0.2 to about 1 weight percent,
based on total weight of the composition, and most preferably, from about 0.3
to about 0.8 weight percent, based on total weight of the composition. . Use of

an insufficient amount of amino-functional silane would result in minimal
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12" functional organo silane coupling agent is available from Union Carbide
under the trade designation A-1120. An anount of one or 32A23US
am_ne-functional silanes sufficient .to increase the tensile strength and

i npact strength of articles nade fronl4 he invention conpositions is useful
inthis invention. Generally the am no-functional silane or silanes, when

i ncor puprevereritn ipheropestieg 8f *HdciendwdeshERN FhBelHfeBSEMR SOAPAH ARBIMt in
t he range from about 0.001 V\Bi,%ht Fer,cenﬁrato about %BV\EI ght gerceﬁt, based
on toles eidghtex6est Hf dhes SMRRT fEPSTIRPaafdting Lok RS pFEPRIMHIYY t he

am no-functional silane or silanes are present on the glass in an anount in
the r¥ 1Irsf-about 0. 01 wei ght percent to about 1 weight percent, based

on total weight of the glass and sizing nmaterials. Presently, npst t
preferably the am no-functional silanes are present on the glass in a range

from Qf’ toPuddd e obbpgrcent to about 0.8 weight percent, based on total
wei gh?—-ﬁ—r&%—gms—a'rrd&m zing materials. Wien glass wth sizing which does
not have a polpgdr eiPane bh! Bhd OF1MBE FSbdisethseENENId hehiaMiferftibst danal
silane or silanes added shoul d be present in an damount in the range from

about 01 fevk® @PVehtAnVBbHfre PRINREPo1lymdas ehhwh haialprogddqleEfedtivhein the
conposition, nore preferably fromabout 0.2 to about 1 weight percent,

based sgiedudt @hemiiaghtredtrehe 6oNphaist ifdberand Mostpqlyetettabkypoiymem about
0.3 to about 0.8 weight percent, based on total weight of the conposition.
Use otrahitiosalfifyi ¢s erttilévsiudt afueans ricekbing icompes idippmdnnwehg Foresed tanj n
m ni mal i nprovenment in properties of articles nmade fromthe invention
conposfitéayasenilsdomforatatexc eskhest haye uravied- sUHSERAGAY &0 P5RESHiDEI Hh FBe
€conomi cal | y undesirabl e. Pol yurethane Film For nmer The si :7['1 ngs .on
the gPacductierered trastet glese Hfibers At Rayeapinup RRAlo8 ColtAvRIine ©

pol yur et hane pal yirers i ch. ha roved effective.ip the aqueo chem cal
t r eat feREade Qlfag Fp hBIE t?ﬁeg‘g’ﬁgyu?ré ﬁﬁngr%o‘fufnéf'@? rsg‘&” ?i g?lnélléﬁil ?oslm |
utilized,in a‘gijg,g s lreating conpositions in the form.of an aqueous

enul sP&RE ¥ ymepie Matesidl

The polyurethane polymér can be any aqueous dispersible,
emulsifiable or solubilizable polymer reaction product of a polyol, including
glycols, and. polyisocyanates including diisocyanates with limited formation of
alophanate and biuret groups.

Nonexclusive examples of suitable polyisocyanates, which are.

- employed to produce the polyq?ethane polymer used with the aqueous sizing
composition of the present invention, include those having an average NCO
functionaiity.of at least about 2, such as, for example, polymethylene
polyphenyl isocyanates; suitable orgaﬁic' diisocyanates, for example
2,3-toluene-diisocyanéte, 2,6-toluene-diisocyanate, hexamethylénedii§ocyanate,
p,p -diphenylethanediisocyanate, p-phenylenediisocyanate, hydrogenated
methylene diphenyldiisocyanate, polyisocyana.te, naphthalene diisocyanate,

-dianisidine diisocyanate; mixtures of ome or more polyisocyanates and the

like.
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13 ‘proven satisfactory in assisting in the production of treated gl ass
fibers that have m ni mum breakage or unraveling of a bundle of filB2923vhen
the fiber bundles are cut into short lengths for mxing with polyneric

mat eri al s. The pol yur et hane pol3arer can be any aqueous di spersi bl e,
emul sifiable or solubilizable polymer reaction_ product of a polyol,

i ncl udi ng gl ycoNe0-contieisdng i RERNPANBR S &lFe| S/l B§ ¥F¢SocyRAse e@camlﬁ theni t ed
formati on of al ophanate and bi uret groups. excl usi ve Eejgarrpl es of

sui t abl®@2pbidh sBESATEE e O AT cHROSSE e"rfpfj%i/ea“ﬁ?iﬁr (#dv'gg‘écytaﬁét‘bof‘? et hane
| d wth th | ZI Lt f th t i tion,
et ude KOS oRE b e Cafr Mg o Fam RED FUCR: BHE 11 yooPoort PR, BEgiRh: B2 ouch
, f | | | .1 . ' Lct
00 THROR. BRSBTS DR,

2, 6-t Olp‘éﬁggélq;'lk:ﬁpf%gr} at seurbtﬂ'@a(la,”etsbé’ﬂogg?di nii%(@ﬁy&n atfereof and/or with
p t

p, p' - di‘phenyl’et hanedi'i socyanat’e, p-phenyl enedi i socyanate, hydrogenated

met hy | €6y dRye DY Hiali § By R8RS SondBOL YRS REYENHeC avdtARB! H-8RF1 cﬁuha@m@ﬁ,ﬁ,
di ani sidine dii socyanate; m xtures of one or nore polyisocyanates and the

like. in the mMEENEONEsAidt NGaPt caRduETEr.8. al I8 Ganpberdized. tildesthesscl ude
the reaction products of an excess of ‘an organic diisocyanate with

pol yhy Giodxytethantsli aiend igoigyokibdevdigVviingtie Givedt tithazbobiéy GreHsglisps oper
nol ecul e such as, for exanple, ethylene glycol, glycerine,

tri met sehds@ridsame ofpentedat jteallyr highl visorsiity cluchstimtobkending twithsthehet ket
and/ or with di hydroxyl -contai ni ng conpounds such that the average hydroxyl
f.unct i ceapeneptisnwenkd Hexdifficquit ger | meopveient, Xhgy Py jke prepaiededtt Aat

these pol yurethanes are liquid, . .
suitable solvent or by melting and then emulsified into an oil-in-water

emulsion with suitable surfactants.

Nonexclusive examples of suitable polyol or dihydroxyl-containing
compounds which may be used in forming the polyui:ethane include' ethylene
glycol, propylene glycol, butylene glycol, pentanediol, hexanediol,

- diethyleneglycoi, diproylene glycol,' bisphenol A, resorcinol, catechol,
hydroquinone, rﬁixtures thereof, adducts of a dihydroxyl-containing compound
and. a viscinal epoxy compound such as, for example, ethylene .oxide,'
1,2-propylene oxide, 1,2-butylene oxide, epiéhlorohydrin, epibromohydrin,
mixtures thereof and the like. When the dihyarc;;yl-containing compound is a
soli;i, it is suitably employed by either dissolving it in a suitable solvent
or melting it and then converting it into an oil-in-wateér emulsion by use of
suitable s.urfactants and water. |

Curable, blocked polyurethane polymers which .are arométic, aliphatic
or alicyclic in nature can be used. The emulsions or dispersioﬁs are formed
by dissolving the polyurethane prepolymer in a nonreactive organic solvent f_oi_ .

the polyurethane in a sufficient amount, for example 20-50 percent By weight
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however, in the event that they are solids, or semsolids or of a
relatively high viscosity such that blending with the other conpoB23us
woul @ be difficult or inconvenient, they may be prepared in a suitable
solvent or by nelting and then enul sifiled into an oil-in-water enul sion

w th suitable surfactants. ' Nonexcl usi ve exanpl es of suitable polyo
or based upon the weight of the solution, aqgﬁngdﬁh§@ﬂ952?T-ﬁ?Sﬁ?%ﬂaﬁF?mfiﬁbngbﬁnds

whi ch may be used in forming the pol yurethane include ethylene glycol
propy| @xeref JiLB| zangg §n1de ferysFadia L1y aHxdns dibs, ?°]rﬂs‘?>%8?1e‘ﬂitgl ?“Pficgeyt water

di et hyl enegl ycol i proyl ene col, bis nol .resorcinol ., categhol,

hydr oélﬁ°ngg’€¥ anfi)i?tg]]”g?“ ]ﬁéP‘éo‘?qg, %58%{?55’5"%1[@'5 E?ﬁ‘v&%xiﬂ f;C(I:’Sn?'élati'er’fi’ng‘ﬁt(;‘?ﬁ?pound
and a vi,sci nal oxy, conpound C f X I t e ' !

2" o SISFRAE bR GBI, BHETeBien ') CRENBLCE o LI Lo P bR nate

m xtur gg fhes eahugﬁ &iq§o+§a%§te VhRRcth & diHpMIE Ry et pMaRbdi poyeeRPOUSd s a

solid, 1t is sult y enployed by either di'ssolfving it in a suitable

sol ventpo@§edtkt ik B8kidst vl dnN@Rd COIPEREAZ NBmbburdlcOnBdlinfAhk - ddtivat Byd &gdhsi on
by use of suitable surfactants and water. “Cur abl e, bl ocked

pol yur eitBasiesue! ¥$TemS amidieC Br o yaniidenhtdordahg Hoatotvedt icdalC yedindqhes ndrur e
can be used. The enul sions or dispersions are forned by dissolving the

pol yur ethkapeodpreirml phepolyurethana reatts .veTloe gaily tsaohvatst cinrbet referred to
pol yurethane in a sufficient anount, for exanple 20-50 percent by wei ght
based w@som prepodshemht io¢- .t l4e addugti ofi a mdabhe GiiFpexanane wikbf acsaiftableit h
the proper HLB range and then gradually mxing the solution with sufficient
wat er POy EHnetdoralapeinenul sion of droplets of the solution in the water.

These bl ocked pol yuret hane resins are fornmed by th
pPagéicu{ar?y suita%le polyurethane leymé%s are those that are

substantially aliphatic or alicyclic in nature where the majority of the
_polyurethane polymeric chain is constituted of aliphatic or hydrogenated
aromatic, or alicyclic moieties. Particularly suitable aqueous emulsions of
polyurethane polymers are "Rucothane™™ latices designated as 2010L, 2020L,
2030L, 2040L, 2050L, and 2060L, available from the Ruco Chemical.Corporation,
'New York. These materials inciude a thermoplastic urethane latice having
varied particle sizes agd are characterized as high molecular weight alipﬁatic'
isocyanate based thermoplastic elastomers in aqueous diséersions using anionic
i or nonionic surfactants. The most preferred polyurethane used is one that is
a carboxylated polyurethane to assist iﬁ water dispgrsibility. The Rucothane
latices are based on aliphatic components and-have a polymer solids content in
stable emulsions ranginé from 55-60 weight percent. The Rucothane latices
have a Brookfield viscosity RVF4 in centipoise at 2 RPM ranging from 7,000 for
- 2060L and 2030L latices up to 25,000 for thel2020L latex.

Additional examples of polyurethane resins that can be used are the

polyurethane resins available from Witco Chemical Company under the trade
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"reaction of a polyisocyanate, such as toluene diisocyanate adducts of
hydr oxyl term nated pol yether or polyester resins with an end bl ockigagus
corpound cont ai ni ng active hydrogen atonms such as an am de or pol yam de
according to conventional techniques fo¥7the production of polyurethane
resins. The polyisocyanate can be referred to as a prepolyner, i.e., an
adduct dAsignatips| Bitfobswdy sHak easnithp rategiie b idcpands Hg%oc -onahiy gngitprial
Particul arly suitabl e polyurethane polyners are thos

that . .
subst antdsald Poaldpfeptentyof, bpEygan O1; ﬁn‘ha%ur@r\ﬁﬁ‘étr’e%l‘ﬁ&afr?ﬁ?‘gre}’ﬁPSFW he
| h ' Lo Jj ) | tuted, of, ali ' .hyd d
D ot | OPIBRLE ] ! Rl bRl PAde o1 1sR] ) Rob et AU Blns of

pol yur et hane I re - Rucqth "elat i i charse for the
Ts Y decriarall a3 dof € 2n b1 008 of AW EEBasothe B isbecteras foabhe
from t e, dguces Q?.%ii;]ﬁ@' FDOER MBPay MaWaYQiane THR 8RB B luSed NEHULE e
t hernopl astic urethane latice having varied particle sizes and are

char act &/41386h AFrbh HheMOL LGULEATDMEE N ol HeBE3t CRedizal YoWIpbLatidtConder the
t her nopl astic el astoners I n agqueous di spersions usfng anionic or nonionic

sur f act edalds. d eEi@nabivhns PXef1e0 | oW- pol wdd exwrané. used is one that is a
~carboxyl ated pol yurethane to assist in water dispersibility. The Rucot hane
| ati ces are bas&beoamoaht pifatthe mpadiypoednans poldmeaviesed pol sheergselusdsizint ent
in stabl e enul sions ranging from55-60 wei ght percent. The Rucot hane
| at i cescdm@oeitioBr dekfin etlte viaggespf yaliRue4 0i- i tentbqdi 48 weightRPRIreemMyi ng
from 7,000 for 2060L and 2030L |atices up to 25,000 for the 2020L | atex.
Addi ti (ﬁi@lfe@(@ﬁbﬂe@ &t wmhyupﬁq?aﬁe afesheAqupays EARinge coBRasifien;t RE about
pol yur et hane resins available fromWtco . .
20 to about 60 weight percent of the solids of the aqueous sizing composition.
In addition to the polyurethane polymer, or a mixture of an epoxy . .-
polymer and polyurethane polymer,‘ a copolymer of an epoxy polymer and
polyurethane polymer éan be used. These materials can be formed by use of
polyepoxide prepolymer having one or more oxirane rings and also having open
oxirane rings, which are used as hydroxyl groups for the dihydroxyl-containing
compounds for reaction with diisocyanates or polyisocyanates. The isocyanate
moiety opens the oxirane ring and the reaction continues as an isocyanate
reaction with a primary or secondary hydroxyl group. There should be
sufficient epoxide functionality on the polyepoxide resin to enable the
production of an epoxy polyurethane copolymer still having effective oxirane
rings. Linear polymers are produced through reactions of diepoxides and
diisocyanates. The di- or polyisocyanates can be aromatic or aliphatic
although the alipﬁatic di- or polyisocyanates are preferred for better thermal
stability and non-yeliowing of the chemically treated glass fibers.

The aqueous dispersion or emulsion of an epoxy polyurethane

copolymer can be prepared by reacting the copolymer with a primary or
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Chém cal Company under the trade designation Wtcobond, such as the

material Wtcobond W290H. This material has a solids content of bejgesss 61
and 63 percent, Brookfield viscosity (Spindle 3, 60 RPM LVF) between 200
centi poi se and 600 centi poise, a pH betseen 7 and 9 and a particle size of

5 mcrons. The particle charge for the W290H i s anionic. Al so, the Mbay XwW
ur et hansedondxye aninm toe fommedn eprxddesgmdngveddugbi e Wfinnﬂteheearg?amwcsmine, :
Di vi si on of Mbay Chemi.cal Corporation under the trade designations XW110,
XW 111 thed tRegtips occurs throygd &he uiftingf oRePdnpotheucEPREIfe X388 yiRAMiNg el in

i ghi IERY ZJmB?%?e?iE%fééc'fgé‘#vi WRRRRIL BebPont Theo POTHES AR 901 g

ti bout , 20, to_abqy frihe,s0 t
aueousd o °%§P?%ﬁ°&a° Honlt ﬁea%(“s F1n PR R gf?e“'fl‘%énaen
pol ymer . 1ar8f afithe Ry Q&’thy”er 1gnﬂqu9r§£ﬂ?e%% %91:1}’ % ' a

copolyner 6F'an epoxy yher po yure ane ol yner can used. These

mater! ald ot Rnl OTKiledl, HofexludiVey BRAIEE eeﬂpéhyqea L R0 QG076 @

oxi rane Tings avi ng open

oxXi ranekéﬂoﬂg§; i &8 @E}ﬁo?@@d a5 RYEEeY 18dOWRs 3%’ Bgfde resins having
di hydr oxyl - cont ai ni ng conmpounds for reaction mntﬁ I 1 socyanates or

pol yi soggmpahre of hgblysosasanat£ iR loyia DIAYNSs td@o Dyfiei 38 Enafte s BRAnt 4 ing
reacti on continues as an isocyanate reaction with a primary or secondary
hydr oxytwayoeuorelbpsxy ghoufsdpbe mlééule entheepokyepexfdeschrond it yelativhky
pol yepoxi de resin to enable the production of an epoxy pol yurethane

copol y nie¥ghs npl4cuflay iwedglt fodcat easiid5qneandi pysferkblyenitipipl ¢hermnge eof 350

produced through reactions of diepoxides
to 2,000. These polyepoxides are combined with the blocked, crosslinkable

isocyanate derivatives. The blocked isocyanate _derivatives act as
crosslink_%;x_g er curing agents for the polyepoxide to produce epoxy
polyurethane copolymers. Types of polyepoxide polymers which can form the
epoxide amine adducts are given in U.S. Patent 4,148,772 (Marchetti, et ai.)_,
where the portions of this patent relating to the description of the
polyepoxide polymers and the epoxide-amine adducts are incorporated herein by
reference. Also the po'lyepoxide amine adducts whieh are chain extended -with
organic polyols with or without the use of a catalyst can be employed as
taught in U.S. Patent 4,148,772; those portions of this pﬁtent also hereby
incorporated herein by reference.
A suitable epoxy polyurethane copolymer for the present invention is
that available from Celanese Chemieal Company Specialty Resins, under the
o trade :"designation CMDW 60-5520 epoxy resin dispersion. This material is an
eqﬁeous dispersion of a urethane modified epoxy resin with an epoxide
equivalent weight of 540 having a solids content of 60 percent. There are no

organic solvents present and the dispersion is thixotropic. The epoxy
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"and diisocyanates. The di- or pol yi socyanates can be aromatic or aliphatic
al though the aliphatic di- or polyisocyanates are preferred for be?2%a3Us

thersmal stability and non-yel l owing of the chemically treated glass fibers.
The aqueous d| spersion or enul sion of al’ epoxy pol yur et hane copolymer can

e S et éJnE%%% Pk der Sby trEn stEe aa%fb e FRrEELET BPbecur s
through,, @Js-%x A6, PGNLAg, | gusi)ng.agsnég 9L oL, 08 hehg" %..l AbYed ] ae nd, a

secondar roxy group. e amne a I z€

obt ai ns @;&aawwa‘eeﬁfg%&a&fe%rba&sfpuﬂﬁ% Ex?é“%rhk&{‘ a%té\:a%@eaﬁ{ q?;ﬁgoufsokgi'ifa.

tertiary amne acid salt. Optionally a solvent such as a water-m sci

sol ventzxa}grmclm@nu\ae exaiphes Mt WinGBed! €0 858 £lyand £INAES QhbIeERNES. Tan
be enpl o A suitable class of pol yepoxi de’ resins having isocyanate or

pol yi sosryﬂﬁaweg‘ JUnglippailcl taqhdl aromilcy NEines ﬁah@ralmahe CoéddisNidng tpaOr nore
epoxy groups per nol ecul.e. The pol yepoxi des are*of a relatively high

nol ecul asrmatighideofesiins| edidliedh(, ing preferkadlthati dultiing tdgentange &t 3584t 0
2, 000. These, pol yepoxi des are conbined with the bl bcked, crosslinkable

i socyanai eehdenquaiusvelsenithk tresticed cosmsyiahat eodethey diiiln eforathg golymers.
crosslinking or curing agents for the pol yepoxide to produce epoxy

pol yur eThraramosop o § netves epdyp epplyfirgidlage pospadenpo| ymerhs whedusc dmedting t he
epoxi de am ne adducts are q‘ven in US Patent 4,148,772 (Marchetti, et

al .), V\ﬁ%'fpésf-ﬁ’é’“pﬁf"t‘llffnén othe FRuge) #fethoute P al itiegabeptt 8 mmmcent o#ndt he
pol yepoxi

gpoxi dePH %eﬁgbieyyggﬂ %e??’é ? i 2Beta e yefigh eiRe ARy é’ffeF}éﬁc?@“eﬂl'ssotrFﬁEmg

pol yepoxi d%s%gg ne adducts which are

Eomp
- The amounts of the film forming polymers in the aqueous chemical
~treating composition can vary soméhhat_depending upon the polymeric matrix to
be reinforced. When the epdky polyure;hane copolymer is used with the
polyurethane polymer, it is preferred that the epoxy polyurethane is present
in a pre&ominant amount of the solids of the film forming materialé present in
the aquéous chemical treating composition. The amount of the film forming
materials present in the;aqueous chemical treating composition can range-in an
amount between about 1 and about 20 weight percent of ‘the aqueous chemical

treating composition.

Glass Fibers

The glass fiber reinforcement improves the properties, such as, for
exampLé, the mechanical and thermal properties, of articles made from the
polymer. Glass reinforcements having a variety of compositions, filament

diameters and forms are useful in this invention.
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chain extended with organic polyols with or without the use of a catalyst
can be enployed as taught in U S. Patent 4,148,772; those portions3as3vsi s
patent al so hereby. incorporated herein by reference. A suitable
epoxy pol yur et hane- copol yner for the pr¥#sent invention is that avail able
from Cel anese Chemnical Conpany Specialty Resins, under the trade

desi gnati on CVDRA&%s F3ber diepaterasine usupddrssignn arHettemderignatien hptween
aqueous di spersion of a urethane nodi fied epoxy resin with an epoxi de

equi val &riindnéi ghtheomost FoRERn ddametesr vrede 4Rt &185s of e igdopedc Ehermoplarbics e

[ | t dt | [ ' hi xpt iC. .T
pol yur cFHa e AR B CAERRE b HE0r 211 Rk DUIIR" bORoBb Ry ¥F Tnc EPRERY (9™
hyd | f ti lity. Curi t : [ Qyed H
whi ch Sar bl ahy B R, RePRlusRRURE PRLRGR IR UET BhEpd Mose

medi a. ﬁiev;mL E,%ae'ﬁrjcwsﬂe@., 595410@, Ccilinhédl b80ide Hbsandt ARadenasdlbshict ut ed

am di zo , al1phatic and aromati c am nes, nelam ne resins and urea

for mal debtdBuddS ifiSaneieWBMAhds idrel Serfai 81 B lc8f iRl 14Ehd G FAYEH] B/a66 1),
used in the agqueous chem cal treating conposition for the filmformng

pol yner g/2, Ipe, amauntineh 6haoapax Fop odompbeidingece £AIRALY MRl vl ep AEHeRSHS
treating conpositi.on can be in the range of about 0.1 to about 10 wei ght
per cent amhgredwefter ably from about 3 to about 7 wei ght percent of the
aqueous treating conposition. The anounts of the filmform ng

pol ymers in theThgquelegs £ibens mulesertdat Prefecsed Fort voon 18 afhivalyveddenkave
dependi ng upon the polyneric matrix to be reinforced. Wen _the epoxy
pol:yur ePh&Y8X88sp GF9FRssersionsbrhirkaesshén gdiey tingensrrs pBeYfgr t0 30 pmderons,
preferred that.  the epoxy polyurethane i s prese ﬁlin a predom pant apount of
bhe sol PERESSROINATPR [Ahevb Arch HpHE ol AT dsc et hays, 45 BY SkigEo L&t hol cale
treating conpositjon. Tge nou é of.,t.the filmfaqrm terjals.,present i
t he aqu %@fngﬁ’é"rﬁah%‘f% ér %talgﬁ'btrc% hodiPPs SCa?"lre(r%ﬁﬁagbggi £rflaoe'{“naa?r‘i)tu At > bet v'\ir/é’glrxlé1
about JS qqlfgggé s. ’

Any fibrous silicon oxide material can be.used. Examples of types
of glass include, but are not limited to, type A glass (an alkali glass), type
E glass (a boroaluminosilicate), type C glass (a calcium aluminbsfficate), and
type S glass (a high-strength glass). Type E glass is presently prefg;rgd due
to economic reasons and commercial availability.

Commercial glasses sold_for use as reinforcement material in
thermoplastics are usually sized during either the fiber formation process or
in a post treatment, and thus are sold with sizing materials already
incorporated.

The amount of sizing on the glass fiber product typically ranges
from about 0.2 to about 1.5 weight percent based on total weight of the glass

and the sizing, although loadings up to 10 percent may be added to mat

products.
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18 20 weight percent of the aqueous chem cal treating conposition. d ass
Fi bers The gl ass fiber reinforcenent inproves the properti2232388ch
asy Tor exanple, the nechanical and thernmal properties, of articles nmade
fromthe polynmer. dass reinforcements Bhving a variety of conpositions,

filanment diamet d f fyl in this invention. €] -
{1 bor G amet or s P8 ARRBEIy G JBAYE 0-8t PEERHORTGRAY hn® HEPRCRAPREhy oot he

nost conmon dianeiers ysed .in glass _rejnfQqr t.he asyi

G fil an®ht “LBBolE &Y 8?@%”%%"%"1“??aérf{ebn%l%g%’oug %g | er?# nlft.sef%%geedraorf or ns
of gl asg, Ji-RE" s i VaQFUSlSs CARPE Used for reinforcing thernoplastics. These

I ncl ude ydarn, woven Tabrics, continuous roving, chopped strand, mats, etc.

Conti nuous fil afeBhnding2BFsh HAtJICRSHRIpIYs il isNte bengieds @he lifkendbd 6!
1/4, 1/2, 3/4, and 1 inch or |longer for conpounding efficacy in various

pr ocessgsp13REt HrRJUEHS .variations IMegis@sprddeseed Hyr diefureyt phafudar eukerer
use in this invention have an average cross-secttional thickness in the
range feosn aauthd dame3intEndednend mses ertdiehry 4freonmhiffrnencss tim dbeutididg
m crons and have an average length in the range from about 2 to about 50
m | | i netewsipieiser afhy ¢qmpasitions 2r& usyallib RXOBr ¥HRFY niidemgny -are not Apy
fibrous silicon oxide material can be used. Exanples of types of glass
i ncl udedignlosed dynbhe mappfasiurers-type A gl ass (an alkali glass), type E
gl ass (a boroalum nosilicate), type C glass (a cal c'@?,al g ngsi | i cat eJ,
and type S gl astheasinigh- canpepdiieny uelly KogteE § irgnty HBLch |Rpovide
preferred due to economi ¢ reasons and commgrcial availability.. :
Cormrer cPEtegE i £or sﬁledzfﬁs gé‘é“a??"éﬁdﬂf%éﬁe "Rht%Er ?%ﬂée{r n%ﬁ%r BOPI%asPe s
are usual | sizerﬁhdurin either the fiber formation process or iin a &)%t
; s . whi
treat rreﬁ{é}sysaﬁari §“§?¥q§§5l"d‘ w?ﬁkag’lltzll"r?’g’ %gearlcé’lugilﬁ reé%fil "ncor oré’? ed.
better adhesion between the glass fiber strand and the polymeric materials
that are being reinforced with the glass fiber strand. The lubricant,
film-former, and coupling agent can be a single compound or a mixture of two
or more compounds. Additional agents which may be used in sizing compositions
include emulsifiers, wetting agents, nucleating agemts, and the like.

The film former is usually water soluble or water emulsifiable
during processing and must be non-sensitive to water after curing. Examples
of film formers include, but are not limited to, polyesters, epoxy resins,
polyurethanes,- polyacrylates, polyvinyl acetafes, polyvinyl alcohols,
styrene-butadiene latexes, starches, and the like.

The coﬁpling agent is usually a silane coupling agent that has a
"hydrolyzable moiety for bonding to the glass and a reactive organic moiety
that is compatible with the polymeric material which is to be .reinforced with

the glass fibers. The presently preferred coupling agent is one of the

amino~functional silanes described in another section of this application.
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The “amount of si zi ng on the glass fiber ‘product typically ranges from about

0.2 to about 1.5 weight percent 32923u9)
“based on total weight of the glass and the sizing, although | oadings up to
10 percent may be added to nmat product? From about 0.2°to about

0.6 wei ght percent of sizing canound, _based on total weight of sizing
conpound and g asumber sofycemmenciglly @vailakler saseh Sy reittongenantssheTver .

Dependi ng upon what thernoplastic is to be used, the_.intended_applications,
and veeht $HERPH tQ REXIYSPoRRSENN wsa??fsetféﬂﬁ%ﬂﬁf%ﬁme@?s“é 28t he

_ h 2 e iy T FBrt h

The. coMISEIThaR F8 TP Ly oF BEHCRE A R RERy hFcoCht S Beett BBt he
: B iaFFy " flot a1 SCTGs6d by he

i ch PO TR CRSERLITn Y arebfi PP ASRLLANS KTV PAGRLE, e LT

bi “derpﬁygg%ﬁgkﬁﬁ Ehes lr_@&?ctsgﬁérﬁsbnf%inéﬂdeﬁngy Wl Kpdtuleb Edtire@NEbA use

coupl i I ch provides better adhesion between the glass fiber

st randirﬁ”&e%Q@r&%llxgef)EfymgeB:Ealb§aﬂchﬁzﬁ alighbei AlbHaebI¥aRepdsuét has he gl ass
fiber strand. The lubricant, filmfornmer, and coupling agent can be a

si ngl GAGRPRIYIFetend. M XEULE BE1ilWed OEhd¥D It eC IO UftdGer Aldi theordkimgent s

whi ch may be used in sizing conpositions include emulsifiers, wetting

agent scompusitiahi pgr AAPFNLS7 ENGlabe fibees is a carbdiyditi $tpreoetigrtadgenesual |y
wat er sol uble or water enulsifiable during processing and nust be

non- sekadieri \a@dt d-batit erhe afcovplingr i sgpnt Exi@npines aninof fynpatiorater 8ikenel ude, but
are not limted to, polyesters, epoxy resins, polyurethanes, polyacrylates,
pol yvi(rﬁrpmggg;;{rapje]st,rigﬂ}oyzvpﬁ]ﬁnea; qulﬁzgpggh the exact composition of the sizing

is not disclosed by the manufacturer. Other commercial glass reinforcements
designed for optimum use in polyolefins include PPG 3830, produced by
Pittsburgh Plate Glass, Pittsburgh, Pennsylvania, and CertainTéed 967,
produced by CertainTeed Corporation of Valley Forge, Pennsylvania.
Surprisingly, when used to reinforce grafted or ungrafted polypropylene, these
glasses, sized for use in polyolefins, yield only moderate improvements in
properties.

‘The glass sizi'.ng compositions for use in this invention inclu&e
those which have Sne or more amino-functional silanes, and one or more
polyurethane film formers. Such sizing formulations are designed to give
optimum results in nylon and polyethylene terephthalate resin systems, and are
commercially available. Five such particularly suited commercial glass fiber
reinforcemgnts are: .CertainTeed Chopped Strénd 993 and Chopped Strand 93B,
produced by CertainTeed Corporation of Valley Forge, Pennsylvania; OCF 492AA,
produced by Owens Corning Fiberglas Corporation, Toledo, Ohio; and PPG 3540
and- PPG 3541, produced by Pittsburgh Plate Glass, Pittsburgh, Pennsylvania.

Chopped Strand OCF 492AA, PPG 3540, CertainTeed 993 and 93B are G-filament
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styrene- but adi ene | at exes, starches, and the Iike. The coupling
agent is usually a silane coupling agent that has a hydrol yzabl e 3&8280§ f or
banding to the glass and a reactive organic noiety that is conpatible with
the polyneric material which is to be 33inforced with the glass fibers. The
presently preferred coupling agent is one of the am no-functiqnal _silanes
descrigedsen (@boutet wyedni diengienhi sChonped cstnegd. PPG 3541 i 4, Kyfdlanspt
commercially avail abl e gl ass fi ber

b . . 20
rei nf gleemefdinnesoe shank ddsthhed Yhen prReddc £ibRRS Arf PRRS| TR YPERTR and

thermal performance in polyolefjns. One.such gl ass reinforce . product ,
OCF 45HlBRroRyiene RIRp ﬁxﬁéﬁgﬁngstﬁﬁl Sr?iﬁe%ﬁ,ggiasndcgr?rargrg?%%%l%\rlgﬁéabl e
for use in chem cally-coupl ed pol ypropyl ene. This product was al so !

reco efe t he manufacturer for use in stereoregul ar polyners of

branched hi gheis. al pha; ol &f 1,08, SYENs B3Pl NFBE TR LRRs sdded TobbldeLYRd
that the film 6?‘%:}%%%%’9& Zi ng clorrB%si t iggn‘-f or OCF 4‘3%é BeA gloass fibers

is a carhQXyLif shybsnasbuiadiLnBeksdct¥d aill tshapridiag Congl ithgyagelll Hes an
am no-tunctional” silane (3-am nopropyltriethoxysiflane), although the exact
coNpPoSyddran 8dr tHeenBéifg p&lypobpyliese| magtelyy beheusmmsf sbe udEifer&ideerin
commerci al glass reinforcenents designed for optimumuse in polyolefins

i ncl udehdnPEa BEBAct amedinge bebyeddi theslbutyrh dRE tgrend cdlessePiaf pPUIRRYS -

Pennsyl vania, and CertainTeed 967, produced by CertainTeed Corporation_ of
Val | ey Forge, BénhseslalanibeenSdigraveredythat wh agddiionoof et Mingr Eengfigritd or
ungrafted pol ypropyl ene, these .glasses, sized for use .in polyolefins, yield
qniy neilanas eté assesepized ﬁoﬁrﬁﬂ%r¥q(£91Y°1ef1nS and which' do” not use

polyurethane as the film former, such as OCF 457 BA, results in a significant
increase in tensile strength and heat deflection temperature in grafted
branched higher alpha-olefin compounds. Suitable amino-functional silanes,
include, but are not limited to, A-1100 (gamma-aminopropyltriethoxysilane),
A-1120 (N-beta-(aminoethyl)gamma-aminopropyltrimethoxysilane), and A-1160
(gamma-ureidopropyltriethoxysilane), all available from Union Carbide
Corporation. Amino-functional silanes can be mixed with the gléss prior to
compounding with the polymer, and/or added to the polymer melt during fhe
compounding process. - -

The glass fibers should be present in the range of about 5 to about
70 weight percent, based on the weight of the total product. Preferably, the
glass fibers are present in the range of about 10 to about 60 weight percent,
and more preferably in the range of about 15 to about 45 weight percent.
Using too small an amount of glass fiber does nét improve the polymer
properties. Having too much glass fiber results in not enough polymer to coat

the glass fibers; i.e., the fibers are not "wetted out."
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The gl ass sizing conpositions for use in this invention include those which
have one or nore am no-functional silanes, and one or nore polyur

fidmforners. Such sizing fornul ations are designed to give optinumresults
in nylon and pol yet hyl ene terephthalat% resin systens, and are comrercially

availa?le,_,Eiwg such particularly suited commercial glass fiber

rei nfo e: CertainTeed Chopped Strand 993 and Chopped Strand 93B
produced by Cergtainlee pof Ak, eVl e¥nd0hLY8iatReONeL Y WL on OCF
492AA, producefo%yrbé%egcs%rn#%g g?berg%/as Oorrlporoatiaor?, Tol gdo, Ogrilo; and

PPG 35ﬂ9tﬂqd£rﬁ.§ §§é‘lﬂ-’aspﬁﬁg§é9§£r_;méngig traub@husRhat %oﬁeaﬁﬁ‘eseﬁ’fiﬁ PRUEved
Pennsyl vani a. Chopped Strand 492AA, PPG 3540, Certal nTeed 993 and 93B

are G thhg1RB! o)l 3286SakerAgVE 1R el i Wlisanehesnt 3ChemPBes, SiiandiPREr3b41 i S
a K-filanment glass (dianmeter about 13 n). Wen these fibers are used to
21 reiinéapoeatpd Wpradpybenefpodnceer s, excellent tensile strength and heat
defl ection are obtained. Since glasses#with this sizing conposition
are desi gned fdm geeefal,nprefecraddapologddantss aret thermghbk pf@bée andthe
surprising that they will be useful for reinforcing pol ypropyl ene polyners
becauserefesshing diemperadnte anpletnsyi cHie FWi)oﬂélﬁtﬁglﬁéﬁﬁg@n upptb depends on

nmers. It has al so been, di sco&/ red thfat t he

different classes of pol AL

addi ti &he gt W-lfa?FéPFz%Psa Phrfde PRAIYIPES s UmEF PP B qs &G IVes
Do S5 L BRE b O DRk 1 Fare oGy MRodidfudq ] AEEPLandliGh 25

OCF 457 Increase’ in tensile streng -heat
gﬁr ![ :gfsitee?gctteg nPreJmattnggﬂ.o[&p 9£§Hst1§91&r %@CQ&P:LJ}.BQQ].E rhiﬁ!imﬁ' Bﬁ&fo’lg ’ Cﬁ’iﬂ&%@&'&

: amine light stabilizers, thiocesters, aliphatic thio co’mpounii_s and mixtures
thereof. Hindered phenol antioxidants a.re presently preferred. The
antioxidant which is presently most preferred is available from Ciba-Geigy
Corporation as "Irganox® 1010", the active coméonent of which is believed to
be tetrakis (methylene 3-[3,5-di-t-butyl-4~hydroxyphenyl] propionate) methane.
Other suitable antioxidants include, but are not limited to:

(A) Borg Warmer's "Ultranox 626", the active agent of which is
bis[2,4~di-t-butyl phenyl pentaerythritol] diphosphite;

(B) Ciba-Geig'y's "Ir:ganox® 259", the active agent of which is
1,6-hexamethylene bis(3,5-di-t-butyl-4-hydroxy-hydrocinnamate) and/or
1,6-hexamethylene bis(3-[3,5-di-t-butyl-4-hydroxyphenyl] - propionate);

(C) Ferro Corporation's "OXI-Chek® 116", the active agent of which
is octadecyl 3,5-di-t-butyl-4-hydroxyhydrocinnamate;

(D) Ciba—Geigy'é "I.rganox® 1098", the active agent of wk.lich is

N,N'~-hexamethylene bis[3,5-di—t-Butyl-4-hydroxyhyd_rocinna.mide]; and
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“am no-functional silanes, include, but are not linmited to, A-1100
(gamma- am nopropyl tri et hoxysilane), A-1120 32923UsS
( Nz bet a- (am noet hyl ) gama- am nopr apyl t ri met hoxysi |l ane), and A-1160
(ganma- ur ei dopr opyl tri et hoxysi | ane), al R3avail able from Uni on Carbide
Cor poration. Am no-functional sjlgnes gan, be mxed with the glass Erior to
cormpoundi ng wi t KEPheEHwoghdiersa it/ dN0%dddd» t the Ret1ys! jReseddent qfumhigh tise
conmpoundi ng  pt ocess. The gl ass_fibers_should be present in the
range of abé’ﬁﬁl e?otgbBﬁt tefralids g%‘le%éﬂ'%ts‘,'?ﬁa@é&%’r{’“ﬂ Ay S FRxYEheRnd
total product,. Preferabl t he glass fibers are present in the range of
about 10 toPabout B e%@?éﬁPebercent, and nore preferably in the range of
about 15 to about 45 wei ght percent. Using too small an anount of gl ass:
fi ber does not inprove the polynmer properties. Having too much glass fiber
resul t soteNPb1waQUHYN RQVagTEr t0o coat the glass fibers; i.e., the fibers
are not "wetted ouf."” Aniroxidants For protection agai nst thernal
and oxi dative deghagadddaniwdit icaii ettiona BIC beasnttpdedd BRESOIE FRYyds:,
used. Sone presently preferred exanples of these are disclosed in UFS.

Pat ent Bef28%,86bongwwiith, i hEtebyaddiogr tor ateddfdrerisg mdrgriel ertdn@ehieve

22 In general, preferred antioxidants are thermally stable at the
pr ocesshdditienpdyadesiced henefiehl Polymeyppopproiesst abili zer (s) used depends
on the final application or use of the polyner. Nunmerous polyner additives
for stabilizati &8nefalpdixeepanyneddieivesminetudal | putvare amite Lindted etesual |y

selected fromthe group consjsting of additional_ hindered ?hen,ol s, hindered
amine |?.©tﬁtox§?% |s82%xig§.,sts, UV. absorbers, heat stabilizers, nucleating agents,

pigments, surface active agents, plasticizing agents, optical brighteners,

antistatic agents, flame retafdants, emulsifiers, lubricating agents,
anticorrosive agents, metal inhibitors, mold release agehts such as low
molecular weight polyethylene wak, toughener, impact improvers, and the like.
Processing lubricants can also be added to enhanc.e polymer
properties. Examples of processing lubricants include, but are not limited
to, fatty acids containing from about 10 to aboﬁt 20 carbon atoms and the
metal salts thereof. Us'uélly, metal stearates, such as, for example, ca'lciﬁm
stearate and zinc stearate, and/or metal laurates are used as processing
1ubricénts and/or acid scavengers for polyolefins. If corrosion is a
potential problem, one or more corrosion inhibitors can be added.
Any additive can be combined with the polymer according to any
- method known in the art. Examples of incorporation methods include, but are
not limited to, dry mixing in the form of a powder and wet mixing in the form
of a sblution or slurry. In these types of methods,-the polymer can be in any
form, sui::h. as, for example, fluff, powder, granulate, pellet, solution,

slurry, and/or emulsion. Any additional stabilizers or or additives can be
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(RO




.thioesters, aliphatic thio conpounds and mi xtures thereof. Hi ndered phenol
antioxidants are presently preferred. The antioxi dant which is prezomsty
nost- preferred.is avail able from G ba- Gei gy Corporation as "Irganox 1010",
the active conponent of which is believsd to be tetrakis (nethylene
3-[3,5-di -t-butyl -4-hydroxyphenyl] propionate) nethane. O her suitable

ant i oxi iemtied iwichuthe pblymear privot té imixingl with the reinforpinspmagevimlpepdded
"Utranox 626", the active agent of which is bis[2,4-di-t-butyl phenyl

pent aer ya thhiet polymgr predsphntiag the graftimg)or glpas GEigorcing, BEAFGRS» AR/ Ot e
active agent of which is 1, 6-hexaneth

|
bi s( 3, 5edfledt dyyipg| EQP-rﬁy‘Eﬁsdﬁﬁ-?ﬁ/&%cﬁrﬂ\ﬁlﬁ?eﬁg'?é}asafnﬁ?’a}f°f?%4 REXERE hy| ene

bis(3-[3,5-di-t-butyl -4- r oxyphen - prapionate);
Corporation's "&%p2 ektp%%@%?i/%’n’éng{%’i %paé‘gglﬁ Voot ‘i%/\hﬂ]oc r'se ot(?t(agzi%%yul%r 26

3, 5 dl-fed hereehy 4 . ' the composi b Patidaeh Wigher!
Toos, PHETES %rv%nég%fﬁ?“%%“@&ﬁ?é’%@?‘? RERFRe 5B ﬁ%’e%m’ g i gher | dRREK

bi s[ 3, Szdigt Bé)‘ﬁts)éli‘flf QY8 qyhydroci nnam de] ; and (E).

Ei nnont [ erro’s "ANOX 20", the active ingredient of which is believed to

be tetrakis (methylene 3-[3,5-di-t-butyl-4-hydroxyphenyl] proprionate)

nmet hane. Qther Pol ymer Additives O her additives can optionally be

i ncor popdpRdativino the pol yner, before, along with, or after adding the

reinforcing material, to achieve additionally desired benefical polyner

properties. The compositions of this invention are px@pared by mixing together

S ‘the components'ih.ény order by any convenient means. For example,  any

suitable method with blender or tumbling means may be used. Examples of these
methods include, but are not limited to, dry mixing in the form of a powder,
wet mixing in the form of a solution or slurry, and melt extrusion
compounding.

The polypropylene, the grafting agents (if used), the glass, and any
other additional additives may be mechanically blended together in the desired
proportions with the aid of any suitable mixing device conveniently used for
mixing rubbers or plastics, such as, for example, a differential roll mill, a
Banbury mixer, or an extruder.

In these types of methods, the polypropylene, the grafting agents
.(if used), the reinforcement or filler and any other components and additives
used, can Se in any form, such as, for example, fluff, powder, granulate,
pellet, solution, slurry, and/or emulsion. Any additive can be combined with
the polymers according to anmy method known in the art. Examples of

incorporation methods include, but are not limited to, dry mixing in the form

of a powder and wet mixing in the form of a solution or slurry.
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General exenplary additives include, but are not |limted to, antioxi dant
synergi sts, WV absorbers, heat stabi.lizers, nucleating agents, pi §A2US$
surface active agents, plasticizing agent s, optical brighteners, antistatic
agents, flame retardants, enulsifiers, 7ubr| cat| ng agents ant i corrosi ve

agents, netal nh| bitors, nold rel ease agents | ow nol ecul a I ght
pol yet hyl ene \/vaf;(e tt SHGHEART  cImRpRding S’Sr §arrdﬁ ?‘F’ut Y5iiRe. any Sul{am
Processi ubricants can, al d ephanGe LY Pk

Exanpl & ng?‘i pr%l(lzeasss%ng f'ﬁlbr |s§ge‘{)s i nc u?iée&wbut a?er not Timte o aetr3s/

aci ds Qnttg}ﬂp%l{lyuLé@@&bQuEhJ%JIQlﬁg%lnzo o@aEQan@i%pﬁ.@;et Reiywdal salts

t hereo netal stearates, such as, for exanple, calciumstearate

and zi genstAayat Comp@Petues MR dhe | ket &6 abbEt BSEHF o RHOCELLVOPY watgi Balnt s
and/ or acid scavengers for polyolefins. If corrosion is a potenti al

probl emse®Ne BE1HTRIXE rEHohOSbAbundtighifisOthie CAresent Rldeckferred methddyof
additive can be conbined with the pol yner accofding to any nethod known in
t he ar tcombmtpbes wath i teapepauat immngeretfiodabont|3348F touabarte 4pOTF Iprpsergdyt O,
dry mixing in the formof a powder and wet nixing'in the formof a solution
or sl umprgferrded fdmwmest \epbedigenterifothis idkensdPsner can be in any form such
as, for exanple, fluff, powder, granulate, pellet, solution, slurry, and/or
enul si on. Any aRsiferehlyl heaalyprapy Lene aRRIVPPY ods c Raid iBPLnHEER WAk h t he

polymer prior to mxing with the reinforcing material , added to,the | ymer
mel t d@ntigridaat pricri By WX ips a6t BrhespEring BESHSs S 1E WReddr BIAPS & ggri ng

reprocessing of the grafted, glﬁss r ei nf or t he

tGtal QUBRE i t93ibivesddi FPY SESPOhPRBE N h dégb%r{eﬁnwxéﬂ?n g‘%éﬁ? %ﬁ‘ t he

2 S5t PSR B AR B e

ﬁ;gﬁg‘r ed 01¥g ea)?)glnggn&lqgg;béLﬁh%gg?@%?ﬂoi(}t %EEfﬁ%Xerg{ %@bpylz%gylg()%ﬁl ent
~oxidative degradation may occur.

Additional stabilizers or ‘additives can be mixed with the glass
reinforcing materials prior to or during combining with the polypropyiene
polymer. The types of stabilizers and/or other additives used depends on the
final application or use of the polymer.

The grafting reaction must occur in the polymer melt. Thus, the
temperature of the_ reaction is in the range from about the polypropylene
polymer melting point to about the polyprépylene polymer decomposition
temperature. Preferably, the reaction temperature is in the range from about
20°C above the polypropylene polymer melting point to about the decomposition
.temperature of the polymer. Most preferably, the léwer end of the temperature
.range is utilized to minimize any thermal degradation effects to the
polypropylene polymer. |

The time required for the grafting reaction is a length sufficient

for the grafting to occur. Usually, the time is in the range of about 10
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24 "bl ender or tunbling means may be used. Exanpl es of these nethods
include, but are not limted to, dry mxing in the formof a powdaf23Uget
mxing in the formof a solution-or slurry, and nelt extrusion conmpoundi ng.
The pol ypropyl ene, the grafting agent<8(if used), the glass, and any other
addi ti onal ,addi tti)ves3 ~ be rrecpanwal I ytbl ended. %o et he% I.n %he desi rted

pr oporSS8REs it APIre3%i"gUBT > RAS R the RSP VIR EFeld? SREPYITISE
for mxin bber s | astd cSi, SU {ﬂmge i enti ol |
mill, %’"ﬁgn hiﬁ‘/lrsr'ri xg{o,sg reaﬁf:ex]tyl’ug{le? ?tseafé&rn ¥ n %hé%?%y%gergéeo?frrg%%%ds,

t he pOJ%H{:Owls%Qgﬂdé he GEaft i1BInARRRLS (dnbrteehmed NGulriAf QbeeBRL 8T

filler and any other conponents and additives used, can be in any form

such aginuted, a¥angte@erdfddUtsd .miROMOR thérma ek datioh | &ifectDltdt L1 poSymbd.Y,
and/ or enul sion. Any additive can be conbined with the pol yners according

to any nethod EKROWraftifigereuct ioEx@mpbes cafriedconpobynt ¢ithenedbimods dxncl ude,
but are not linmted to, dry mixing in the forntof a powder and wet m xi ng

i N t hecdnpifincals arseksés oprovidet urtay. all componed Brexteldsdimpecosbeuddiald can
be carried out using any suitable nethod such as in single screw or twn
screw Ehendedier A gonbirvens il tsitxtpuedess ist prespsilntruedsregdofert ¢rsenwift i ng
point of the polypropylene polyner. Generally, tenperatures in the range of
about \BCREI-F Ope atkATP16 0] & CPFLinsane myeceseds | #dd theystehlized
conmpounding is the presently preferred nethod of conbination, wth

t enperRglyper Mngé@éﬁ&n“&%‘iﬂ“dﬁb{ &nd] freeoradiGal epBerEhor(® Htethpitihyoat
preferred for nost enbodi ts, of this invention. . Preferably the
BT ybr Sy B CEORGror IR T bF 1983 AR S AR i ARy | BPSTIoRRL ng
with the aftin gents (i sed) ass .and_ot her _.additives. Faor ease of
oper at %&H’?E’fzheési ﬂf‘?i%ﬁ@'eﬁnﬁj&gﬁﬁ%tﬁ%%&? gy eﬁs%eggl y rsoc'flgtijt fioﬁovﬁnrs% F%‘F ry

m xed f’getdgo{'th.e Rﬂé@?&g'@%h??ealﬁolzymﬁents can be dry mixed and then extruded.

A batch or "two-step"” process can also be used. In this two-step
process the polypropylene polymer or polymers are combined with the essential
prophylactic hindered phenol stabilizer, grdfting compound(s) and free radical
generator(s) in an initial pass through an extruder; then, the stabilized,
grafted polypropylene polymer can be repaciaged, stored, transported or
immediately used for subsequent processing steps with glass reinforcements.and
additional stabilizers and additives. Alternatively, the polypropylene
polymer or polymers are grafted during polymerization in a reactor, then
stabilized, stored, transported or immediately used for subsequent processing
in an extruder.

The glass fibers can be a&ded any-time during processing after the
polymer has been initially stabilized with the hindered phenol prophylactic
charge. Batch or continuous processes can be used, as long as all cbmponents

are well dispersed and well blended. A continuous process is presently
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'pEio} to drying and handling of the polymer. If insufficient stabi]

izer is
added, oxidative degradation may occur. Addi tional st abi |3122§SES or
addi'ti ves can be m xed : 25 with the

glass reinforcing materials prior to orzgduri ng conbining with the
POl YPT GOXIeENGPBLY WRke JH'BplydtESn Ofand! AR bAoA EY QhpOiR o AMle! by Bneised
depends on the fina app itation or use of the pol ymer. The
grafting tRaGl10prdBeskelcCUr in the polymer nelt. Thus, the tenperature of
the reaction is 1n the range from about the pol ypropyl ene polyner nelting
point to about fthe ¢x@kiqUtePYs FiRfPAIBIFELn deGREEMNS i flohrdwHikhpedmiber @hopped
Preferably, the reaction tenperature is in the range from about 20[err]C
above timoppdMpeomd ehe ldké yasedesdaletli ng poi nt to about the deconpositioh
tenperature of the polyner. Mst preferably, the | ower end of the
tenperature range is utilized to mnimze any thermal degradation effects
to the pol ypropyl ene polymer. The time required*for the grafting reaction
is a | ogpbsitiiohsci ent for the grafting to occur. Usually, the tinme is in
t he range of about 10 seconds tq about 30 hours, preferably f;'n t he range of
from about 15 s&b®rlestoreipsorced poldics pain SPERASILEPRP OfhER1%e VPR ne
is in the range  of f,ro&ﬁea%oﬁ 30 %gngls to about 10 m nutes. Shorter :
times, Hfchunmriged ipy °hiMdPes 2?af e preferred to mininize thermal
degradation effects to the polynmner. The grafting reaction can be
carried out by either batch or continuous processes, provided that all
conponents are wel |l dispersed and wel },dyfzepded. A continuous in situ
process is presently preferred for eaSe of operation. One

Ranges of Amounts of Components in the Invention Compositions

Quantity

Broad Intermediate Narrow

Components - Range Range Range

Grafted Polypropylene, wt %° 30-95 40-90 55-85
Glass, wt %P _ 5-70 10-60 15-45
Amino-functional silane, wt Zb 0.001-5 0.01-1 0.03-0.8
Polyurethane film former,c wt %b >0-5 0.01-3 0.15-2.0

Stabilizers and other Additivesd wt 22 0-20 0.1-10 0.2-1.0

8Based on total weight of the compositionm.

bBased on total weight of the sizing and the glass. This is a barely
finite amount when expressed as a weight percent based upon total
weight of the composition.

“The polyurethane film former may be omitted if an amino-functional
silane is ‘added to the already sized glass prior to or during éxtrusion
"in the amounts of 0.1-2 wt %, 0.2-1 wt % and 0.3-0.8 wt %, based on
‘total weight of the composition, for the broad, intermediate and

narrow ranges.

dOptional.
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‘exanpl e of a continuous process is to add the stabilized pol yner(s),
grafting compound(s), and free radical generator(s) at the throat ¥A923HS
ext rruder, then add gl ass, am no-functional silane(s), additional
stabilizers and other additives to the ?)ool ymer nelt through a downstream
feedport. Alternatively, all conponents can be dry m xed and then extruded.
A batch or "two-step" process can also be used. In this two-step process:
the pol ypropyl ene pol ymer or pol ymer §..@18sconbi ned with the essenti al
prophyl actic hindered phenol stabili . grafting conpound(s) and free
radi cal The following examples will be used2@o QRRELBd AWheSinvdhtdBnidid i al
pass through an extruder; then, the stabilized, grafted pol ypropyl ene

pol yner sgedldbse raRas kdgethustt Ot ivd, add asspestetttaved Mmedi atel y used for ¢
subsequent processing.steps with glass reinforcenments and additi onal
stabilizers and mddpt iaseaoted tidr g | axahylest, hehe qlojpppylere ysefl yimerthmse
polymers are grafted during polynerization in a*reactor, thegy stabilized,

st or ed, ekampiepovdsed b2 g/iPremtiramelty filoechomopolymbs etjuéfit (HardersdiChgl2drodR)
extruder. The gl ass fibers can be added any tinme during processing
af t er t peoduglesrer PhiklipecietraleymaConpasyabi | i zed with the hi ndered phenol
prophyl actic charge. Batch or continuous processes can be used, as |long as
al | conmponents die #BRFS dTHREPEL@EaMatciels pPestctl theRSe oRFFIRIGHS “§FBcess
is presently preferred for ease of _O,Perati on, and for_.reduction of K exposure

, r
of the FOMATSratly tRrefhetd p?yoc‘é%ré:é%‘_.‘ eed C°rp°r1‘ﬁé°‘éx‘f1'ﬂﬂa‘_faé”f’gs pPefetably in
osmmoa EptsTe 10s" 0o SRR e8 %y MARRERTE0 ks 'h Bhrdilf1bd 588 S PoiGher
systems. Specifically, CertainTeed 967, sized for use in chemically-coupled

polypropylene; CertainTeed 930, sized for use in polybutylene terephthalate;

and CertainTeed 993, sized for use in nylon, were used.

Property Testing

The properties of molded test specimens made from the compositions
of each of the comparison and invention runs were determined by use of the

ASTM procedures shown in Table 2 below.
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"The glass reinforced nolding resin conpositions of this invention 355
summarized in the follow ng Table 1. 3252308

2F 7 TABLE 1 31 Ranges of Amounts of Cbnponents
in the Invention Conposi tions
Quantity Br oad I nt er nedi at e hbrrOM/Cbnponents
Range Range Range TAgghaﬁted Pol ypropyl ene, wt %a
30-95 40- 90 55-85 dass, W % 5-70 10- 60
15-45 Am no-functional silane, T8t ¥ocedures Used 0.001-5 0.01-12
0.03-0.8 Polyurethane filmformer, ¢ W % >0-5
0.01-3 0.15-2.0 Stabilizers and other Additivesd w %
0- 20 0. 1- 18nalysis 0.2-1.0 aBased on to#siM Wetight Nof t he !
conposi_tion. bBased on total weight of the sizing and the glass
Tensile Strength af Break (ksi) _ D638-89, at 5 mm/min
Elongation at Break (%) I D638-89, at 5 mm/min
Flexural Strength (ksi) . D790-86, 2 inch span, 1 mm/min
Flexural Modulus (ksi) D790-86, 2 inch span, 1 mm/min
Izod Impact Strength, Notched : D256-88
- . and Unnotched (ft-1b/in)
Heat Deflection Temperature (°C) D648-82, at 264 psi load
‘Example I

This example illustrates the superiority of properties obtained by
grafting of polypropylene (PP) with maleic anhydride followed by compounding
with glass which has been sized for use in nylon, having at least one
amino-functional silane and at least one polyurethane film former in the
sizing composition.

Stabilized pol;propylené fluff (30,000 g, nominal melt flo& 12 g/10
min.) was dry mixed for at least 45 minutes with 240 g maleic anhydride (from
Aldrich), and 15 g a,a’'bis(t-butylperoxy) diisopropylbenzene (a peroxide
commercially available as Vqléup® R from Hercules). Then 15.9 g
tetrakis(methylene 3-(3,S-di-tert-butyl-4-hydroxypheny1) proprionate) methane-
(an antioxidant commercially available as Irganox® 1010 from Ciba éeigy),
15.9 g of an aliphatic thio compound (commercially available from Atochem

North America as Anoxsyn® 442), and 15.9 g calcium stearate were added and the

entire mixture was drum tumbled for an additional 15 minutes.
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This is a barely finite anobunt when expressed as a wei ght percent

based upon total weight of the ‘conposi tion. cThe ponuﬁ%@ﬁQW% film
forrmer may be omtted if an -am no-functional silane is added to the

al ready si zed gl ass prior to or ing extrusion in the anounts of

0.1-2 w % 0,2-1, % and Q. 3-0. 9% b i gh
9 ]:(‘é? . V\%mbe %Qs -1’91e% meﬁ: \Men gd a,?gé:%gﬁ%" and e:@tq:ﬁxalad e d &exqiert he

conposition, r oad, I'nt er medi narr ow ranges.

detif¥¥%£deﬁﬁr ZSK-30 fwin screw extruder $8AFighfed with a BBReddl IRboG

exanpl'es w be used to describe the invention and shoul d be taken as

T usiddbbYEingNee QL TBRS kbffdriBure profile &XGRR! eASudeE 6fhs N8OIE s2X8RP! €5,
t he pol ypropylene used in these exanples was a 12 g/10 mn nelt flow

homopalgsae| frcwbis inybtd 2000 atl 2e0dfy. prbeunedlbytdipetdtiyre Pat raviosant
Conpany. The glass reinforcing materials used in these

28 emwRkesy \Wpked cpsneeti &l 1230 produc Ftle bfee@erate WReesletCxopshat i Br8Ri t h
vari ous si zing conpositions designed by CertainTeed for use in particul ar
t y pespaindpcify gee fds pradsict Spasc PEedusefl yperCheurai nBeiaydaby obspined fuem (e in
chem cal | y- coupl ed polyprogylene; Certai nTeed 930, sized for use in

pol ybtiorheke dierwashvatdraceolednandcpel tatizedd 993, sized for use in nylon,

were used. Property Testi ngl
The grafted, pelletized polypropylene was then compounded in a

second extrusion using a single screw Davis Standard extruder (1.5 inch, 24:1
“n 1/d).‘ Glass, at 30% loading and additional stabilizer (0.5 wt % Irganox®
| 1010) were dry blended and added at the.throat of the single-screw Davis
Standard extruder. Temperatures were 375°F at the.feed throat, 400°F in the
.rear zone, increasing to 425°F at the die. Screw speed was 90 RPM. Extrudate
was cooled in a water bath and chopped into pellets.

The pelletized compositions were dried overnight at‘225°F prior to
injection molding into test'specimens. The glass-reinforced compound was then
formed into 5 in. x 1/8 in. x 1/2 in. tensile bars. Injection molding was
carried out in a New Britain 75 Injection Molder with a 75-ton clamp force.
The operaﬁing condition; were: bgrrel temperature, 375°F to 425°F; nozzle
temperature, 425°F; 5-sgcond injection time§ 9-second injection/hold time;
25-second cool/cure time; injection pressure, 300 psig; hold pressure, 400
psig; and mold temperature, 120°F. The bars were then tested for tensile

strength, impact strength, percent tensile elongation, and for heat deflection

temperature (HDT). The results are shown in Table 3 below.
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The properties of nolded test specinens made fromthe conposition ch
of the conparison and invention runs were determ ned by use of thzazgél&a
pr-ocedures shown in Table 2 bel ow.

TABLE 2 Test Procedires Used :

ASTM Met hod No. Tensile Strength at ﬁ(ﬁ@k3(k5|) D638-89, at 5
mmmn Elongation at Break (% D638-89, at 5.

mimn Flexural Sifﬂ%n§§£1c4 bhem cal Coupling and d2499-H8.ing dnnNCh
span, 1 mimn Fl Pr ;%1g§ Z%Zglﬁ Glass Reinforced PP di 90-86, 2 inch
span, 1 minmn |zod |npact Strength, Notched : D256- 88

and Unnotched (ft-Ib/in) Heat Deflection Temagedd AnByddider | C) Maleic Anhydride

Anal ysi s

D648-82, at 264 psi Polypropylene . Grafted Graftledad
Exanpl e | Polypropylenec " Polypropvylene
CertainTeed 967° -
HDT, °C @ 264 psi 145 149 147
Tensile Strength, KSI 8.8 1.4 12.4
Impact, Ft-1b/in L
Notched Izod 1.0 1.3 1.4
Unnotched Izod 3.8 6.5 8.5
Tensile Elongation, % 3.4 4.8 6.0
CertainTeed 930f
HDT,°C @ 264 psi 125 151 147
Tensile Strength, KSI 5.2 12.8 12.6
Notched Izod 1.0 1.7 1.6
Unnotched Izod 3.4 11.2 11.2
Tensile Elongation, % 3.7 6.3 6.7
CertainTeed 993% : .
HDT, °C @ 264 psi 114 152 147
Tensile Strength, KSI 4.5 13.8 9.5
Notched Izod 1.1 D P 1.2
Unnotched Izod 4.9 13.4 6.0
Tensile Elongation, % 14.0 7.6 £.6

8Each data point is the average of 3 independent rums.

yﬂarlex® HGL-120-01, commercially available from
Phillips Petroleum Company, was used.

°Marlex® HGL-120-01 grafted with maleic anhydride was used.

dMaleic anhydride grafted polypropylene, commercially available from Himont
Chemicals as Pro-fax PC-072, was used.

®CertainTeed 967 is glass sized for use in chemically modified polypropjlene
having 3/16 in. length and 13 um fiber diameter.

fCertainTeed 930 is glass sized for use in polybutylene terephthalate having
1/8 in. length and 13 uym fiber diameter.

8CertainTeed 993 is glass sized for use in nylon having 1/8 in. length and
10 pm fiber diameter.
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* Thi 5'exarrp| e illustrates the superiority of properties obtained by %rafti ng
of .pol ypropyl ene (PP) with nal eic anhydride fol |l owed by conpoundi mf &P
gl-ass whi ch has been sized for use in nylon, having at |east one

am no-functional silane and at least o pol yuret hane filmformer in the

si zi ng conpositjon. _Stahilized pol lene {1 uff Q

nom nal nelt fl &0 BY§F RERPI-HAER %TVBM‘?(/?&%?%r;zf?‘oVe%hsatt &ggtms%gfgﬁéenvsw th
240 g mal.ei.c_anhydr.i | 51 ' RSt s

i i sopr By B okot Sesti Al 467 Ehes SRfedd ol InChibHP el e
Her cul - i Lefe non-grafted polypropylene where an
3-(3,5- |1yF’éﬁ}q%ﬂ%5lﬂzg%{/dgtrb%%prﬁggﬁé)upr opri ongt e) mel': hg}r:e p(yan ant i oxi dant
comrer cipd by Rvat! @l ep@sinkd daXcokPadBed Wath @ida{uTiegi)9301Bsfhed Hér aBe in
aliphatic thio conmpound (conmercially avail able from Atochem North America
as Anoxsyybddyllene abérebhtBalate Rl AriduTestaimTaéd 383 &sbzkdiefoandse him eldonk

m xture was drumtunbled for an additional 15 mnutes. The m xture was then
mel t blwidedgave, respectively, HDT's of 125°C and 114°C.30Usgreff Cedtaindeekt3aided
in a Wrner Pfliederer ZSK-30 twin screw extruder configured with a general
pur pos earglo GeotmiciTagd sti0ewesThmdt dmpasat apecimens | Vithosinh@reRigh ddireprih
180[err]C at the throat, increasing to 200[err]C at the die. The nozz|e

t enper avakues vighen209¢dkrin] Bro-mHea %Q‘:‘rog?v’ spdda s ofeterteintredr 887 Cpiaed bR
rate was set so_ that 70-80 pounds of grafted product was produced per hour.
Ext rudatse oist avhew) fresultade iwdesbl Pegirenfa v ikl sPHetodrB n&ngei”l‘ G*zed.

The grafted, pelletized pol ypropyl ene was then conpounded in a second

extr usi ViFeH8Hy a single screw Davis Standard extruder (1.5 inch, 24:1

. > . '
I/d). Gass, at Igoc/gntrast, use of extruder-grafted polypropylene reinforced with

CertainTeed 993 (sized for use in nylon)_unexpectedly gave test gpecimens the
highest tensile and impact strengths. These results demonstrate that when
polypropylene is extruder-grafted with wmaleic anhydride followed by
reinforcement with a glass having at least one amino-functional silane and at
‘least one polyurethane film former in the Sizing material, articles with
unexpectedly high mechanical strengths are obtained.

Furthermore, Table 3 shows that when polyprop_ylene, without gréfting
with maleic anhydride, 'was reinforced with glaés having at 1least one
amino-functional silane in the sizing material (Cer.tain'l‘eed 993), amn
improvement in certain properties of ‘test specimens made therefrom also
resulted. Tensile elongation of _test specimens ‘was 14.0% compared with
tensile elongation of 3.4% and 3.7% of specimens made from polyprc_)pylene

reinforced with glass sized for use in polypropylene and polybutylene

terephthalate, respectively. These results, again, are unexpected.
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Ioadl ng and additional stabilizer (0.5 w %I rganox 1010) were dr bI ended
and added at the throat of the single-screw Davis St andar d extrudé’r2 2308

Tenperatures were 375[err]F at the feed throat, 400[err]F in the rear zone,
increasing to 425[err]F at the die. Scridw speed was 90 RPM Extrudate was

cooled in a water bath and chopped infopejjets. The pelletized
conpositions were dried overnight a?ﬁg‘%%err] F prior to injection nolding

into test speci ‘fﬁj;? e@ﬂ.ﬁ&' %f}l%sﬁ;?éwsort%ﬁé GO8PeE NG %Sfﬁrl&@oxfuﬂr N ah@t 0 5
in. x 1/8 in. 2 t ensi bars. Injection nolding was carried out in

a New Brdoaify 7, hBJseeidOﬂn b glephy¥ith ApropelOibsClodMart O¢lee. mhe @péd ating
condi ti or‘lltéJ \Allgekreéebarre ter%(gratilsjritlaM 37g?e??] F tso 425[err] F;, nozzle

t enper ag 146 rAiATbeded] ki licsaagadiddrgeettiednpd iypropydeseo@RdgiMiidct i on/ hol d
time; 25-second cool/cure tinme; injection pressure, 300 psig; hold
_pressure, 400 pShe;teandrums| wedecnpeariat usu, id 2Mecsariernamtieg barthonerdeschéped
‘tested for tensile strength, inpact strength, percent tensile el ongation,
and f orith@xamplef [lefor (xiasem&%n@é PREF)1AH Thithy ébﬂl%}@ea‘mns kbak Varivesl e 3

bel ow. er
silane compounds 1ste!d in Teble & were applied directly to CertainTeed 967

glass fiber, at a concentration of 0.5% by weight based on the final .compound,
followed by drying. The silane-treated glass was then used to reinforce the
PP-g-MAH as described in Example I. The physical properties of test specimens

made from the silane coupled PP-g-MAH compounds are shown in Table 4.

_—
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32 3' aEach data point is the average of 3 independent runs.

bMar | ex[ err] HGL-120-01, commercially available fromPhillips PeB2®t¥Pm
Conpany, was used. cMarl ex[err] HG.-120-01 grafted with maleic
anhydri de was used. dMal ei c anhydPPde grafted pol ypropyl ene;
commercially avail abl e from Hi nont A ggenlcals as Pro-fax PC-072, was
used. eCertai nTeed 967 is gl as for use in chemcally nodified

pol ypropyl ene having 3/ 1644, .| efngiﬂmgngo :ii faDer qhamat er.
] @ terephthal ate
‘ r. gCertainTeed 993 is

fCertainTeed 930 is gl asgzi Rk 1

having 1/8 in. length and :

gl ass sized for use in nylon having 1/8 pf@,pe}:@ﬂgtaf Kadu lhnketdpduhd ber

di amatﬁqaneb dhmnphysi cal prpgeril es gramalen Tabl e Ndtskwaw t haindoesked
speci ngager €i nf orreade wnkhityer t aiDefead 867 gl 8Sngth Z&JIf Or IsE i N 1zod
chem makliyndtddhfi ed pol ypropyl emeppedathtled betienptiOPESIi eImpactnon- grRipaet,
pol ypropyl ene where an HDT of 145[err]C was obtai ned when feolipamed vwitt-ib/in
Certai nTeed 930 (sized for use in pol ybutyl ene terephthal ate) and

Cert aiNefieed 933 (sized for use in ¥A°n), which §®, respectitely, HDT-§
of. 125[err]C and 114[err]C. Use of CertainTeed 967 and Oertal nTeed 930
resul tAsd89n test sphescaeb® with siH8°&r high stréhdth val ueslvthen usedSih

Pr o- fake PC-072, whi] e use of Certai nTeed 993 (sized for use jn nylon)
8d1%%h test sp¥tdiHBns with | ol Ctensile and®i%mact str%ﬁ"gt hs. 133

Irﬁsglorkt gft use of fxtlr uder - gr aftfﬁoeol ypr opyl eng o . 1.6 6.3
AT T Methacryl 151°C 12.1 1.6 6.9
A-1100 Amino 153°C . _1_4.5 2.3 16.2
A-1120 smino 149°C | 14.0 2.3 15.2
Y-9576 Amino - 147°C 12.8 1.9 9.4
TC-100 Epoxy 151°C 13.4 2.0 9.8

8Reinforcement was 30% CertainTeed 967 glass, sized for use in homopolymer
and chemically coupled polypropylene resin systems.

bSilanes were added to glass at 0.5 wt. percent based on total compound
.weight. Identification of the silanes is shown in Table 5.
All silanes shown in Table 4 are commercially available from Union Carbide

Corporation. An explanation of the trade designations is given in Table 5.
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reinforced with CertainTeed 993 (sized for use in nylon) unexpect eg%z%ve
test specinens the highest tensile and inpact strengths. These resu
dehohstrate that when pol ypropylene is egtruder-grafted with maleic
anhydride foll owed by reinforcement with a glass having at |east ene

am no-functional silane-and at |east one polyurethane filmfornmer in the
sizing material, articles wth unexpectadgys hi gh nmechani cal strengths are
obt ai ned. Furthernore, Table 3 shows that when pol ypropyl ene,

33 without grafting w thIrmleeDesiznhyibrnsdef Svdsneé=iTa$igrdced with gl ass:

havi ng at Ieast one ani no- functlonal Ssi | ane in the sizing materl al

(Cert ai A¥eds ~ 2ol , :

made t herefrom aI so resul ted TenS| l e el ongat i on of test Speci meNs was '
14. 0% conparedl® t h t enstwrachBinpRrrRNl totleBhopisdare3. 7% of speci mens nade
from pol ypropyl ene reinforced with glass sized for use in paol ypropyl ene and
pol ybut yi end- ﬁé?‘épht hal a?’ebetraeEMFGH]3)3&%%1?@58?¥]§r1&%°ﬁys

unexpect ed. Thi s exanpl e

i 11 ustrates AHa%° use of ﬁ?ﬂ"l‘?éuffﬂi’tﬂp%gg réF&bﬁ%‘@st](?&ﬁl ing agents can inprove
physi cal prq!p?%% es of arg |cllg§ntn%gg6{ram sygi{a%lenforced mal ei-c

anhydri de-grafted pol ypr ene The test runs were

carried out 4 psjhe sane gm%% ?ﬁ-n&@ﬂé&e@%ﬁ)‘ﬁ o N Exanple | for

gl ass-reinfor ced PP-g- MAH Wi t exception ‘t hat “Various sil ane conpounds
listed in Tabhgg4 were agm,,{aeglepégp%g}t,} vierfasthetyriessh 967 gl ass fiber, at

a concentratlon of 0.5% by wei ght based on the final conpound, follomed by
drying. The asibane-treat gdnngl-as&nms16:kﬁﬁopl§nﬂiﬁ&hbey§m‘1@ﬁse t he PP-g- MAH as
descrlbed

TC-100 gamma-glycidoxypropyltrimethoxysilane

-

As can be seen in Table 4, using silanes with vinyl (A-172),
mercapto (A-189), and ﬁethacryl (A-174) functionality caused a. slight
reduction in tensile and impact strengths of articles made from the reinforced
polymer, However, amino (A-1100, A-1120 and Y-9576) and epoxy (TC-100)
functional silanes significantly improved the tensile and impact strengths of
articles made from the .reinforced polymer. For example, 14 or more KSI in
tensile stréngth aﬁd from 15.2 to 16.2.ft-1b/in unnotched Izoa“impact strength
were obtained with A-1100 and A-1120 amino-functional silanes. For
comparison, with no silane added, the tensile and unnotched Izod impact
strengths obtained Were.12.3 KSI and 7.8 ft-1b/in, respectively. The heat _
deflection temperature (HDT) of polypropylene compounds cannot be increased
furth;r because of the proximity of the HDT to ﬁhe pol&propylene melting
temperature of about 168°C.

While the compositions, methods and articles of manufacture of this

invention have been described in detail fbr the purpose of illustration, the
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in E&anple I'. The physical properties of test specinens nade fron1t52
sil ane coupl ed PP-g- MAH conpounds are shown in Tabl e 4. ﬁ? ?TS
35 = Al silanes shown in Table-4 arg§connercially avai |l abl e from Union
Car bi de Cor poration. An expl anation of ®e trade designations is-given in
Tabl e 5;

A i ons
of Sil anesnﬁ'évset ed m‘fgsﬁémﬁe’s |mgeﬁté?ds anl— §£rtlic?gsl ?irnee nﬁtlfﬁ B aQ&SQQ%(gngst

gamma- ajy o4 OQNAJ.rteB&et hQ’ﬁi@'ﬂ:ﬁ:@ﬁtA 4120tended to cover all changes and

N- bet a- (am noet hyl ) ganma- am nopr opyl t ri met hoxysi | ane A-1160

ganma- Usciig 0edtaBHs Wit BIN @x¥ Sdpgiane a¥td95ddpe thereof.

phenyl am noal kyl t ri nmet hoxysi | ane A-172

vinyl tri(2-nmethoxyet hoxy)sil ane A-189 t
ganmma- mer capt opropyl tri net hoxysi | ane A-174

gamma- et hacryl oxypropyl tri met hoxysi | ane TC—lOO

gamma- gl yci doxypr opyl tri met hoxysi | ane
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g’a\n be seen in Table 4, using silanes with vinyl (A-172), rrercapto
-189), and nethacryl (A— 174) functionality causedhigShkept hBeeP 4 on in__—
tfensil e and i npact strengths of articles nade fromt pol yrrer
fowever, am no (A-1100, A-1120 and Y- 9576)y and epox t| onal
Silanes significantly inproved the tensilé and i rrpact st rengt hs of articles
made fromthe reinforced polynmer. For exanple, 14 or nore KSI in tensile
strength and from15.2 to 16..2 ft-1b/in unnotched |zod inpact _strength were
obt ai ned wi t Phillips BReteoleum- Coapaayi no- f uncti onal sil anes. FoB2cB#BpEE son,
with no silane added, the tensile and unnot ched Ogziwder 3% ct995t r By dps

obt ai ned were 12.3 KSI and 7.8 ft-Ib/in, respectively. The heat defl ection
t enperature (HDT) of pol ypropyl ene corrpounds cannot be increased furthee
because of the proximty of the HDT to the polypropylene nelting

tenperature of about 168[err]C. %Lé%e t he conpositions, nethods and
articles of manufacture of this inven ve been described in detail for
the purpose of illustration, the inventive conpositions, nethods and

articles are not to be construed as limted thereby. This patent is
intended to cover all changes and nodifications within the spirit and scope

t her eof . 36 C
LAI M Sml.. LA COIRPS%m 05|°tm%nsl%npr| si ng: (a) at |east one
pol ymer of propyl ene (b) gl ass (c). at least one

am no-functional silane and, optionally (d) at |east one

pol yur et hane fi | (A)f @t lgast one polymer ?f]é’feﬁﬂﬂfsi tion of claim1, wherein
said consti tuentg)(% 0 (d) are contained as follows, each weight percent
based on the tot é)ht of said conposition:

(c) at least one amino-functional silane. and, optionally,
15 (d) at least one polyurethane film former.
2.‘ The composition 6f claixﬁ 1 wherein said constituents (a) to (d) are
contained as follows, each weight percent based on the total weight

of said composition:

(a) 30 to 95 %

(b) Sto >0 %
" (c) 0,1 to 2 %
i (d 0to35 %.

3. The composition of claim 1 wherein said constituents (a) to (d) are
contained as follows, each weight percent based on the total weight

of said composition:

3 (a) 40 to 90 %
(b) 10 to 60 %
(¢) 02to 1 %
(d) 0to5 %.

AR
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(-a S‘-O'to 95% (o) 510 > 0% (c) 0.1 to 2% : (d)

0O fo6 &5 % 3. This Sheet t|on of claim1, wherein said constituents
(a) to (d) are | ows, each wei ght percent based on the total
wei ght of said m l" ﬂ r (a) 40 to 90% (b) .10 to 60%
(c) 02t01% t05% 4. The conposition of claim
1, wherein said constltuents (a) to (d) @« e contained as follows, each

wei ght percent based on the total weight of said conposition: (a)
55 to 85% (b) 15 to 45% (c) 03t008% (d)

O0to5 % 05| ny .c 4 er el sald

pol yur et hane # ﬂ%FH’é‘P%‘ ftﬁllg q}%e %‘iﬁ’ﬁ%“‘b‘F“E g} ({J:) .

The conposi tion Qhnédied ARl mﬂo&steada, wdircaﬁllshsealdmrtﬁéham %eigmforner
(d) is present in an anmount of 0.15 to % 7. The conposition of
any of the precedifnspid| composigner ei n sai d poI yrrer of propyl ene (a) s a
copol yner. CASE: 32923 : 37

The conposition of claim?7, wherein propylene copol ymer is a graft

copol ynmer the gr 6(55 sonngsens being sel ected from.vinyl -pol yneri zabl e

hydrolyzable si | anes,
(b) 15 to 45 %

(c) 03 to 0,8 %
(d) 0to S %.

"Jl

10 The composition of any claims 2 to 4, wherein said polyurethane

film former (d) is present in an amount of 0,01 to 3 %.

6. The composition of any claims 2 to 4, wherein said polyurethane
film former (d) is present in an amount of 0,15 to 2,0 %.
15
7. The compbsition of any of the preceding claims wherein said poly-

mer of propylene (a) is a cdpolymer.

8. The composition of claim 7 wherein propylene copolymer is a grafi

20 copolymer the graft comonomers being selected from vinyl-polymeri-.

zable hydrolyzable silanes, carboxylic acids, 'carboxylic acid derivates,

carboxylic acid anhydrides, carboxylic acid anhydride derivatives, and
mixtures thereof. ' |

s 9. The composition of claim 2 having been obtained by miiing and
melt extruding constituents (a), (b), (c) and, optionally (d), prefera-

bly in the amounts as defined in any of claims 2 to 8.
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ckrboxyllc aci ds, carboxylic acid derivatives, carboxylic acid anhydrides,
chr boxylic acid anhydrlde derivatives, and m xtures thereof. 9. The
conposi tion of claim2, having been obt ai ned by m xing and nelt extruding
constituents (a), (b), (c) and, optionally (d), preferably in the anpbunts
as defined in any of clains 2 to 8. 10.. 41 - The use of the conposition of
any of clains 1 to 9 for preparing shaped articles.

10. The use of the composition of any of claims 1 to 9 for preparing

shaped articles. _ t
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