
EP 0 257 524 B1 Description BACKGROUND OF THE INVENTION This invention is
related to the reinforcing of vinyl chloride ("VC" for brevity)
homopolymers with glass fibers, in the field of improving the physical
strength characteristics of organic synthetic resinous materials. More
particularly, this invention is related to thermoplastic, glass fiber
reinforced ("GFR") poly(vinyl chloride) ("PVC") homopolymer, and
chlorinated poly(vinyl chloride) ("CPVC") which homopolymers are commonly
available as rigid PVC and CPVC, and are either individually or together
referred to herein as 10 "VC homopolymer". More generally this invention is
directed to copolymers of VC with a copolymerizable monomer, in which
copolymers VC is present in an amount sufficient to generate an allylic
chlorine (Cl) moiety in the VC chain, represented thus: 15  [err] under
thermoforming conditions. The copolymers may be postchlorinated provided
there are sufficient runs of 10 or more C atoms in VC chains to generate
reactive allylic Cl moieties. Such copolymers of VC, optionally
postchlorinated, and VC homopolymer are generically referred to herein as
"VC resin". 20 This invention is more particularly related to the use of an
aminosilane coupling (or keying) agent (sometimes referred to as 'finish')
which is essential, in combination with certain polymeric film formers used
in the production of glass fibers, most preferably E glass, to provide the
strength in our glass fiber reinforced ("GFR") VC resin composites. It is
well known that the key to providing satisfactory strength in a GFR
composite is the proper choice 25 of "size" or "sizing" on the glass fibers
which are coated with an aqueous sizing solution, suspension, or emulsion
consisting essentially of water in which is dispersed a coupling agent,
film former, lubricant, surface active agent, "antistat" and plasticizer,
sometimes with a water-soluble colloid to provide the necessary stability
for the dispersed polymeric film former. It is most important to use the
correct combination of coupling agent and film former in the "size". 30
Glass fibers sized for use in this invention may be used in strands,
rovings, tow or yarns, which are treated specifically for use in a GFR
thermoplastic resin. Unsized glass fibers are also referred to as
untreated, pristine, or bare glass fibers. The most widely used size for
glass fibers used in GFR composites for general purpose reinforcing of
resins contains a suspension of poly(vinyl acetate) particles in an aqueous
medium. Polyesters, epoxides, 35 poly(methyl methacrylate) and polystyrene
are also used as film-formers sometimes on their own, some- times as
separate additives to the size, and sometimes as a copolymer with
poly(vinyl acetate). No film former was considered to have a reactive or
catalytic function in the composite. The essential qualification of a size
found satisfactorily to fulfil the strengthening function of glass fiber in
VC resin is its (the size's) ability to generate allylic chlorine (Cl)
moieties in a zone adjacent the surface 40  of each glass fiber
("fiber-resin interface") where the moieties can react with the primary
amine moiety of the coupling agent. This concept is taught and illustrated
in U.S. Patent No. 4,536,360 to Rahrig. The specific effective combination
disclosed therein for a VC resin is (a) an aminosilane coupling agent, and,
(b) a polymer film former of a ringopened lower alkylene oxide containing 1
to 4 carbon atoms as an essential component in a repeating unit, for
example poly(ethylene oxide:propylene glycol) ("PEO"), optionally 45
containing another copolymerizable component. Though the criticality as to
the choice of PEO as the film former was recognized in the US-A-4 536 360
patent, the function of PEO in catalyzing the formation of allylic Cl
moieties, unrelated to that of the aminosilane, was not known, nor was the
mechanism known by which that function was discharged. Since it is well
known that the silane groups of the aminosilane are coupled to the surface
of the glass leaving the 50 amino groups projecting therefrom, it was
hypothesized the PEO had a unique shrouding effect which did not adversely
affect the reactivity of the amino groups which are known to generate the
allylic Cl moiety. This hypothesis did not help us to define either the
essential reactive function of a satisfactory film former (to be used in
conjunction with an aminosilane in the size), or the film former's
essential characteristics and generic structure. 55 SUMMARY OF THE
INVENTION It has been discovered that at the processing temperature of VC
resin containing a stabilizer against 2 



EP 0 257 524 B1 degradation during thermoforming, for example in an
extruder, or on a mixing mill used to blend the homopolymer with sized
glass fibers, a reaction occurs between an aminosilane coupling agent and
the homopolymer which reaction involves C = C bonds in the homopolymer,
provided the polymer film former in the size is more basic than poly(vinyl
acetate) ("PVA"). 5      It is therefore a general object of this invention
to provide a GFR VC composite in which the glass fibers are sized with (i)
an aminosilane coupling agent, and (ii) a basic film former, more basic
than PVA, present in an amount sufficient to catalyze the thermal
dehydrohalogenation of the VC homopolymer at the fiber- resin interface so
as to generate allylic Cl moieties in chains of the homopolymer, which
moieties react with the amine groups of the aminosilane. The size is most
conveniently coated on the fibers from a sizing 10  solution, dispersion or
emulsion containing the coupling agent and film former. It has also been
discovered that film formers derived from (i) polymers with a
nitrogen-containing repeating unit such as an amine, amide, aminimide,
triazido, ureylene, ureido, or urethane group, and (ii) dispersible or
emulsifiable epoxide polymers, catalyze a reaction in which allylic Cl
moieties in VC resin chains become covalently bonded to an aminosilane, so
that even upon thorough extraction of a GFR VC 15  composite with
tetrahydrofuran (THF), sufficient bound VC resin remains so that X-ray
photoelectron spectroscopic (XPS) examination indicates that the ratio of
total chlorine to total carbon remaining on the surface of the glass
fibers, i.e. the ratio of the areas of the "CI(2p)/C(1s)" peaks, is at
least 0.91, and more preferably in the range from 1.0 to 1.2; further, that
a ratio of 0.91 corresponds to a composite tensile strength of 82.7 MPa
(12,000 psi), and a ratio of 1.13 corresponds to a composite tensile
strength of 108 20 MPa (15,700 psi). It is therefore a specific object of
this invention to provide a GFR VC resin composite reinforced with glass
fiber sized with an aminosilane coupling agent and a polymer film former
selected from the group consisting of (i) a polymer with a
nitrogen-containing repeating unit such as an amine, amide, aminimide,
triazido, ureylene, ureido, or urethane group ,and (ii) a dispersible or
emulsifiable epoxide polymer, which 25  composite, upon extraction with
THF, and a subsequent XPS examination, yields a CI(2p)/C(1s) ratio of at
least 0.91, and more preferably of at least 1.13. It is another specific
object of this invention to provide a GFR VC homopolymer which is
stabilized with a metallo-organic salt or soap, or an organometallic
compound having a carbon-to-metal bond, in which the glass fibers are less
than 1 mm long, and are sized with an aqueous solution, dispersion or
emulsion 30 consisting essentially of an aminosilane coupling agent
represented by the formula [err] (I) wherein, R1 represents an alkylene
group having from 2 to 5 carbon atoms, 3s n represents an integer in the
range from 0 to 3, and R2 represents alkyl having from 1 to 6 carbon atoms;
and, from 0.1 to 1% by wt, based on the wt of glass, of a polymer film
former selected from the group consisting of (i) a polymer with a
nitrogen-containing repeating unit such as an amine, amide, aminimide,
triazido, 40    ureylene, ureido, or urethane group , and (ii) a
dispersible or emulsifiable epoxide polymer, whereby upon thermoforming the
GFR VC homopolymer the glass fibers are bonded to the homopolymer so
strongly that a thermoformed composite fails in cohesive failure. By
"cohesive failure" we refer to failure of a sample of GFR VC resin due to
tearing of resin from resin, rather than tearing of resin from the glass 45
surface ("adhesive failure"). Thus, cohesive failure is predicated upon the
resin's properties rather than upon the bond between resin and glass. It is
still another object of this invention to provide pellets of the foregoing
GFR VC hoopolymer which may be thermoformed into a shaped article which is
characterized by excellent dry strength, and also excellent wet strength
after 168 hr (hours) of exposure to [err] water; which fails in cohesive
failure; and, 5o which has a tensile wet strength about equal to or better
than the dry strength of an identical GFR composite with no film former.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 55    In detail the present
invention relates to a thermoplastic composition of vinyl chloride resin
and glass 



fibers particularly well-adapated to be thermoformed, comprising a mixture
of, (a) from 50 percent to about 95 percent by weight (% by wt) based on
the combined weight of glass fibers and vinyl chloride resin, of a vinyl
chloride resin in which the vinyl chloride portion of each 3    EP0257 524
B1 repeating unit contains from 57% to 72% by wt of chlorine, (b) a
stabilizer for said vinyl chloride resin, present in an amount sufficient
to provide desired stability of the composition during thermoforming, and,
(c) from 5% to 50% by wt of glass fibers having a diameter less than 20
[err] wherein said glass fibers are coated with a size consisting
essentially of (i) an aminosilane coupling agent having a reactive amine
moiety which upon reaction with said resin results in a compound having a
peak in a proton magnetic resonance spectra at 5.65 ppm, and (ii) a polymer
film former, other than a ring opened lower alkylene oxide containing 1 to
4 carbon atoms, the improvement consisting essentially of said film former
having a basicity greater than that of poly(vinyl acetate) and sufficient
to leave enough said resin coupled to said 10   fibers after thermoforming,
to yield a ratio of total chlorine to carbon CI(2p)/C(1s) of at least 0.91,
measured as the ratio of areas under the peaks in an X-ray photoelectron
spectroscopic examination, after extraction of said composition, after
thermoforming, with tetrahydrofuran. The vinyl chloride resin may be a
homopolymer of vinyl chloride containing about 57% by wt chlorine, or a
chlorinated poly(vinyl chloride) containing from 58% to 72% by wt chlorine.
15    In the most preferred embodiment of the invention the VC resin
reinforced with glass fibers is PVC homopolymer obtained by either the mass
or suspension polymerization techniques, in the form of porous solid
macrogranules. Macrogranules of PVC which are converted to CPVC will
typically have an average diameter in excess of 20 [err] with a
preponderance of particles in excess of 50 [er] in diameter. Suspension
polymerized PVC desirably has a porosity in the range from 0.22 to 0.35
cm3/g, a surface area in the range 20 from 0.6 m2/g to 3 m2/g, and an
inherent viscosity in the range from 0.53 to 1.2, that is, having a
relatively high molecular weight. The mol wt may be related to its inherent
viscosity which is determined as taught in U.S. patent No. 4,412,898. the
most commonly used PVC resins have an inherent viscosity in the range from
0.53 to 1.1, or slightly higher, and are referred to as "rigid PVC". Such a
resin is commercially available from The B.F.Goodrich Company under the
[err] 11OX346 designation. 26     The reaction of aminosilane coupling
agents with VC resin occurs through allylic Cl sites in the resin. It is
this reaction which provides a covalent chemical linkage between the VC
resin and the aminosilane- treated glass fibers. Evidence for this
conclusion is based on a comparison of the thermal stability of PVC on a
two-roll mill, in the presence of aminosilane, with the stability in the
absence of the aminosilane. The proton magnetic resonance spectra and the
resonance Raman spectra of products we obtained by mixing 30 treated glass
fibers and PVC on the two-roll mill, confirm the fact that a reaction
occurs between aminosilane and PVC during mixing, and that this reaction
involves the C=C bonds present in the PVC. Whether these bonds are
generated in a sufficient quantity at or near the interface of glass
surface and VC resin, to strengthen the reinforcing effect of the glass
fibers appreciably, depends on the basicity of the film former and the
characteristics of the repeating units in its generic structure. 35     The
effectiveness of the film former derives from  its function as a catalyst
to thermally de- hydrohalogenate the VC resin. Evidence for this catalytic
action is provided by the rate and extent of HCI evolution when the film
former and VC resin are blended. Confirmation is provided with evidence
that glass, coated with film former and blended with PVC, causes an
increase in the overall extent of dehydrohalogena- tion and HCI evolution
in the PVC, compared to either (a) unfilled PVC (no glass), (b) bare
E-glass filled 40  PVC, or (c) aminosilane treated E-glass filled PVC. It
will now be apparent that the beauty of the resin-to-glass coupling
mechanism is that the film former on the glass not only fulfills its normal
function of protecting the fibers and facilitating handling them, and
incorporating them into resin, but once mixed into PVC at the appropriate
temperature sufficient to fuse the PVC, which temperature is not high
enough deleteriously to affect fused PVC's properties, the film former 45
catalyzes the thermal dehydrohalogenation of PVC at the PVC-glass
interface, yielding allylic Cl sites which react with the amino-functional
ends of the aminosilane. A well coupled glass reinforced composite with
improved thermal stability is thus obtained within the initial several
minutes of processing the GFR VC resin 



composition. It should be noted that a VC resin is typically stabilized
with a metallo-organic salt or soap, or an so  organometallic compound
having a carbon-to-metal bond, specifically to counter the thermal de-
hydrohalogenation of the VC resin during thermoforming, and such a
stabilizer is essential in our composition. Surprisingly, however, it does
not negate the same reaction catalyzed by the film former and aminosilane
coupling agent. The generic structure of the film former is not narrowly
critical provided it is more basic than PVA which 55  itself is basic. The
relative basicity is determined by measuring the uptake of vapor of a low
mol wt acid by the film former in a procedure more fully described in an
article titled "Acid-Base Complexes of Polymers with Solvents" by Fowkes,
F.M., et al pp 1-5, Org. Coatings & Appl. Polymer Sci., 46(1), 1982. The
essential criterion for desirable tensile strength of at least 82.7 MPa
(12,000 psi) is provided by sufficient basicity as 4    EP 0 257 524 B1
evidenced by a Cl(2p)/G(1 s) peak ratio of at least 0.91. Any film former
of polyester, polyamine, polypyrrolidone, polysulfide, polyalkylene
sulfide, or polymer with aromatic or olefin groups, which film former is
sufficiently basic to yield the minimum CI(2p)/C(ls) ratio, will provide an
improvement in tensile strength. More preferred are those which produce at
least double the tensile of an unreinforced VC resin, 5 that is, without
glass fibers. Desirable film formers are derived from a polymer having (i)
an alkyleneimine repeating unit, such as polyethyleneimine,
hydroxyethylated; (ii) an amide repeating unit, such as poly(vinyl
pyrrolidone); (iii) a triazine-containing repeating unit such as melamine
resin, or a ureylene (-HNCONH-) repeating unit; (iv) a urethane repeating
unit such as in the polymers disclosed in "Aqueous Dispersions of
Crosslinked 10 Polyurethanes", by Tirpak, R.E. and Markusch, P.H., Jour
Coating Tech, pp 49-54, Vol. 58, No. 738, (July '86); (v) an unsaturated
polyether unit such as poly(1,methylenefuran); (vi) a cyclic acetal
repeating unit such as poly(vinyl butyral); an aminimide repeating unit
such as polya(methacrylimide trimethylamine); and,
poly(1,1-dimethyl-3,5-dimethylene piperidinium)chloride. (vii) water
dispersible or emulsifiable epoxides such as glycidyl ether bisphenol-A
epoxy/diethanolamine. 15     Most preferred are film formers which are
soluble in an aqueous sizing solution, but the method of coating the glass
is not critical provided a sufficient amount of film former is deposited to
catalyze a reaction in which allylic Cl moieties in the VC resin chain are
covalently bonded to an aminosilane. Less preferred are non-aqueous
solutions, because of difficulty dealing with an organic solvent
economically, and aqueous dispersions which are binary colloid systems in
which particles of polymer are dispersed in a 20 continuous phase (water).
More preferred because of better stability are emulsions which are
colloidal mixtures of two immiscible fluids, one being dispersed in the
other in the form of fine droplets, the one preferably being water. Any
aminosilane coupling agent in which the silanol end couples to the glass
leaving an amino- functional end for coupling the PVC, may be used. In
addition to the specific ones represented by the 25 formula (I)
hereinabove, these may be represented by the general formula [err]   (II)
wherein A represents an amino-functional radical which bonds with the VC
resin, and, 30     B represents a hydrolyzable radical which leads to
bonding of the silane silicon atom to the glass surface through oxane bonds
such as -SiOSi-, or -AIOSi- bonds. In the above formula (ll), A typically
represents an aminoalkyl radical such as H2NCH2CH2CH2- or
H2NCH2CH2NHCH2CH2CH2. Numerous commercially available aminosilanes
represented by formula (I) are disclosed in the Rahrig US-A-4 536 360
patent, and the polyaminosilanes such as the diaminosilanes and 35
triaminosilanes are most preferred. Evaluation of the adhesion of glass
fiber to VC resin in a composite was done by measuring the composite
tensile strengths and the Izod impact strengths, both notched and
unnotched. In addition, the scanning electron microscopy was used to
examine the fracture surfaces of composite specimens to determine when
failure was not cohesive failure. 40     Though XPS studies of silanes on
glass surfaces have been published, none has been published correlating
quantitative spectroscopic measurements of fiber-matrix adhesion with
microscopic and macro- 



scopic measurements of interfacial strength in GFR composites, particularly
short fiber GFR composites. Such XPS measurements were made with PVC
composites in which the PVC was removed by dissolving in THF, then
extracted in THF for a week (7 days) using a soxhlet apparatus. The data
were 45 collected on glass fibers taken from a series of composites in
which the film formers were varied, but used at the same weight percent
level. The ratio of total Cl, which could only have been derived from the
PVC coupled to the glass, to total C was measured as the ratio of
CI(2p)/C(ls) peaks, and these ratios correlated to the tensile strength of
each sample, all of which samples contained 30 wt % glass fibers. Glass
fibers for use herein are conventionally sized with known aminosilane
coupling agents and film 50 formers, surfactants, lubricants and the like,
but the fibers have unexpectedly shown an improvement in strength of a
composite reinforced with them, such that a PVC composite containing 30 wt
% glass has a minimum tensile strength of 82.7 MPa (12,000 psi) and an
unnotched Izod impact of at least 12 609 J/m2 (6.0 [err]  Such strength was
never before deliberately or reproducibly attained, except in the aforesaid
US-A-4 536 360 Rahrig patent. 55     Though the type of glass, and the
diameter of the fibers is not critical, relatively soda-free lime- aluminum
borosilicate glass, such as "E" and "S" glass is preferred, drawn into
filaments having a diameter less than 20 [err] preferably from 10 to 16
[err] The length of the filaments, and whether they are bundled into fibers
and the fibers bundled, in turn, 5    EP 0 257 524 B1 into yarns, ropes or
rovings, or woven into mats, are not critical to the invention, but it is
most convenient to use filamentous glass in the form of chopped strands
from 1 mm to 27 mm long, preferably less than 5 mm long. In the composition
most preferably used for producing pellets in the size range from 3 mm to 8
mm in equivalent diameter, which pellets are used to mold shaped articles,
even shorter glass fiber lengths, 5  generally less than 1 mm will be
encountered because, during compounding, considerable fragmentation will
occur, some fibers being as short as 100 [err] The best properties of the
thermoformed composites are obtained when the glass fibers are present in
an amount in the range from 5% to 50% by wt, based on the wt of combined
glass fibers and resin; and the fibers are in the range from 500 [err] to 1
mm long. It will be appreciated that less than 5% by wt fibers has 10
little reinforcing value, and more than about an equal part by wt of glass
fibers, relative to the amount of VC resin, results in a mixture which
cannot be satisfactorily processed. The aminosilane is generally liquid
and, because the amount to be deposited on the fibers is relatively small,
unhydrolyzed aminosilane is applied to the fibers from a solution,
dispersion or emulsion, usually in water, of preselected concentration. 15
The GFR VC thermoplastic resin composition in the best mode of this
invention consists essentially of 100 parts by wt of VC resin, and from 10%
to 35% by wt of pristine glass fibers coated with from 0.2% to 0.6% by wt
of a specified aminosilane, and from 0.2% to 0.6% by wt of a specified film
former. If the amounts of each of the foregoing is substantially outside
the specified ranges, the moldability and processability of the glass
fibers and resin is reduced, and both the dry strength and wet strength are
20 vitiated. The poly(vinylchloride) therein may have an inherent viscosity
in the range from 0.53 to 1.1. As used herein, the term "consists
essentially of" means that the named ingredients are essential, though
other ingredients which do not vitiate the advantages of the invention can
also be included. Such ingredients may include conventional additives such
as fillers like talc, mica, clay, light stabilizers, heat stabilizers,
antioxidants, pigments and dyes as may be required for a particular
purpose, it being recognized 25 that the amount of the additive(s) used
will affect the physical properties of the thermoformed composite.
Preparation of VC Homopolymer Composites for Testing: All the compounding
ingredients except the chopped glass strands were 'powder-mixed' on a
Henschel 30 high speed mixer at 3000 rpm for 30 sec. Each powder mixture
was then milled on a Getty Model 60 10.16 cm x 22.86 cm (4"x9") electric
mill at a mill roll temperature of [err] using a roll separation of 0.0635
cm (0.025"). Then 105 g of the powder is fed to the mill and fused in about
1 min after which 44 g of chopped glass fibers about 6.4 mm long, which
have been treated with an aminosilane and film former were added to the VC
homopolymer while milling is continued. The GFR sheets were taken off the
mill and labeled to 35 distinguish the mill direction from the transverse
direction. 



The milled sheets were constant volume molded into 15.24 cm x 15.24 cm x
0.127 cm (6"x6"xO.05") plaques. In this procedure the mold was preheated to
[err] for 10 min. Then 65 g of the GFR VC sheet were added to the mold.
Care was taken to assure that all mill stock added to the mold was
maintained at the same orientation. The mold was then placed into the press
and over a 1 min time span, a pressure and 40 release schedule of 1124,
2248, 4496 and 6744 N (5, 10, 20 and 30,000 Ibf (pounds force)) was
followed. The pressure was then pumped to 6744 N (30,000 lbf) a second time
and maintained for 1.5 min. The mold was then transferred to a cold press
and allowed to cool for 5 min under pressure. Tensile dumbbelss were cut
and routed from these plaques. Again care was taken to identify sample
orientation relative to the mill direction during the operation of these
tensile bars. 45     The following film formers, all of which met the
criterion of at least 12 609 [err] (6 [err] unnotched Izod, and 82.7 MPa
(12,000 psi) tensile (dry), for 30 wt % glass fibers were compared for wet
and dry strengths, and the Cl/C ratio: 1. poly(vinyl pyrrolidone) mol wt
40,000. 2. poly(ethyleneimine, hydroxyethylated) 31 % in water. 50    3.
poly(1,1-dimethyl-3,5-dimethylene piperidinium) chloride, 20% in water. 4.
poly(ethylene oxide:propylene glycol) used in US-A-4 536 360 for
comparison. For making a comparison, all composites were prepared in
exactly the same manner using 100 parts by wt Geon 110x346 PVC, 30 parts by
wt glass fibers, and 3 parts by wt Thermolite 32 dibutyl tin
bisisooctylthioglycolate stabilizer. 55 A proton magnetic resonance (pmr)
spectra of a thermoformed PVC sample treated with the same aminosilane used
in all the samples was obtained as described in the US-A-4 536 360 patent,
and provides the same evidence of reaction between the amino-functional
groups of the coupling agent and the allylic Cl moiety, namely a peak at
5.65 ppm (delta scale). 6    EP 0 257 524 B1 To determine wet strength, the
tensile bars were submerged in a constant temperature 50 C water bath for
168 hr, after which they were withdrawn, patted to surface dryness with a
paper towel, then tested in an Instron. Each sample was tested within 1 hr
from the moment it was removed from the water bath. The comparative data
are set forth in the following Table. 5 TABLE No.  Izod*         Izod*
Tensile Tensile Modulus  Modulus                   XPS notched  unnotched
dry                wet**       dry       wet**       Cl(2p) [err] 20      *
Izod measured in [err] **  after  soaking  168  hr  in  500C water. ***
comparative MM = million 25    In an analogous manner, composites are made
from CPVC and cut into tensile bars. An improvement in tensile strength of
a GFR CPVC sample is obtained as long as the film former used satisfies the
basicity and Cl/C ratio set forth hereinabove. Pellets of the composition
of this invention are preferably formed in a pelletizing extruder after the
composition is masticated in a Buss Kneader into which the VC resin and
other compounding ingredients 30 are fed, as described in the US-A-4 536
360 patent. The pellets may then be extruded or pultruded. Sheets of GFR
PVC may be prepared by impregnating glass mat, sized as described
hereinabove, with PVC so that there is about an equal weight of resin and
glass fibers in each sheet. Several such sheets cut to a predetermined
configuration are stacked in a mold and conventionally molded at a
temperature of 160- [err] and a pressure of about 6.89 MPa (1000 psi)
(about 6744 N (30,000 lbf)) to form a shaped article. 35 Claims 1. A
thermoplastic composition of vinyl chloride resin and glass fibers
particularly well-adapated to be thermoformed, comprising a mixture of, 



40       (a) from 50 percent to 95 percent by weight (% by wt) based on the
combined weight of glass fibers and vinyl chloride resin, of a vinyl
chloride resin in which the vinyl chloride portion of each repeating unit
contains from 57% to 72% by wt of chlorine, (b) a stabilizer for said vinyl
chloride resin, present in an amount sufficient to provide desired
stability of the composition during thermoforming, and, 45       (c) from
5% to 50% by wt of glass fibers having a diameter less than 20 [err]
wherein said glass fibers are coated with a size consisting essentially of
(i) an aminosilane coupling agent having a reactive amine moiety which upon
reaction with said resin results in a compound having a peak in a proton
magnetic resonance spectra at 5.65 ppm, and (ii) a polymer film former,
other than a ring opened lower alkylene oxide containing 1 to 4 carbon
atoms, said film former having a basicity 50        greater than that of
poly(vinyl acetate) and sufficient to leave enough said resin coupled to
said fibers after thermoforming, to yield a ratio of total chlorine to
carbon CI(2p)/C(ls) of at least 0.91, measured as the ratio of areas under
the peaks in an X-ray photoelectron spectroscopic examina- tion, after
extraction of said composition, after thermoforming, with tetrahydrofuran.
55 2. A thermoplastic composition of vinyl chloride resin and glass fibers
particularly well-adapated to be thermoformed, comprising the mixture as
defined in claim 1 wherein said film former is selected from the group
consisting of (A) polymers with a nitrogen-containing repeating unit, and
(B) dispersible or emulsifiable epoxide polymers, present in an amount
sufficient to catalyze a reaction which generates 7    EP 0 257 524 B1 To
determine wet strength the tensile bars were submerged in a constant
temperature [err] water bath for 168 hr. after which they were withdrawn,
patted to surface dryness with a paper towel, then tested in an instron.
Each sample was tested within 1 hr from the moment it was removed from the
water bath. The comparative data are set forth in the following Table.
TABLE No.  Izod*        Izod*    Tensile Tensile Modulus  Modulus
XPS notched  unnotched   dry               wet**       dry       wet**
Cl(2p) [err] * Izod measured in [err] 20  **  after  soaking  168 hr in
[err] water. *** comparative MM = million 25    In an analogous manner,
composites are made from CPVC and cut into tensile bars. An improvement in
tensile strength of a GFR CPVC sample is obtained as long as the film
former used satisfies the basicity and C/C ratio set forth hereinabove.
Pellets of the composition of this invention are preferably formed in a
pelletizing extruder after the composition is masticated in a Buss Kneader
into which the VC resin and other compounding ingredients 30 are fed, as
described in the US-A-4 536 360 patent. The pellets may then be extruded or
pultruded. Sheets of GFR PVC may be prepared by impregnating glass mat,
sized as described hereinabove, with PVC so that there is about an equal
weight of resin and glass fibers in each sheet. Several such sheets cut to
a predetermined configuration are stacked in a mold and conventionally
molded at a temperature of 160- 200  C and a pressure of about 6.89 MPa
(1000 psi) (about 6744 N (30,000 lbf)) to form a shaped article. 35 Claims
1. A thermoplastic composition of vinyl chloride resin and glass fibers
particularly well-adapated to be thermoformed, comprising a mixture of, 40
(a) from 50 percent to 95 percent by weight (% by wt) based on the combined
weight of glass fibers and vinyl chloride resin, of a vinyl chloride resin
in which the vinyl chloride portion of each repeating unit contains from
57% to 72% by wt of chlorine, (b) a stabilizer for said vinyl chloride
resin, present in an amount sufficient to provide desired stability of the
composition during thermoforming, and, 45       (c) from 5% to 50% by wt of
glass fibers having a diameter less than 20 [err] wherein said glass 



fibers are coated with a size consisting essentially of (i) an aminosilane
coupling agent having a reactive amine moiety which upon reaction with said
resin results in a compound having a peak in a proton magnetic resonance
spectra at 5.65 ppm, and (ii) a polymer film former, other than a ring
opened lower alkylene oxide containing 1 to 4 carbon atoms, said film
former having a basicity 50        greater than that of poly(vinyl acetate)
and sufficient to leave enough said resin coupled to said fibers after
thermoforming, to yield a ratio of total chlorine to carbon CI(2p)/C(1s) of
at least 0.91, measured as the ratio of areas under the peaks in an X-ray
photoelectron spectroscopic examina- tion, after extraction of said
composition, after thermoforming, with tetrahydrofuran. 55  2. A
thermoplastic composition of vinyl chloride resin and glass fibers
particularly well-adapated to be thermoformed, comprising the mixture as
defined in claim 1 wherein said film former is selected from the group
consisting of (A) polymers with a nitrogen-containing repeating unit, and
(B) dispersible or emulsifiable epoxide polymers, present in an amount
sufficient to catalyze a reaction which generates 7    EP 0 257 524 B1
sufficient allylic Cl moieties in said resin chains which are covalently
bonded to an aminosilane, so that upon thorough extraction of a glass fiber
reinforced composite of said resin with tetrahydrofuran, X-ray
photoelectron spectroscopic examination yields a ratio of total chlorine to
total carbon remaining on the surface of the glass fibers, Cl(2p)/C(1s)",
as measured from the areas under the peaks, is at least 0.91. 3. The
composition of claim 2 wherein said nitrogen-containing repeating unit in
said film former is selected from the group consisting of amine, amide,
aminimide, triazine, ureylene and urethane. 4. The composition of claim 3
wherein said film former is selected from the group consisting of 10
poly(vinyl pyrrolidone), melamine resin, glycidyl ether bisphenol-A
epoxy/diethanol amine, poly(ethyleneimine, hydroxyethylated),
poly(methacrylimide trimethylamine), and, 15
poly(1,1-dimethyl-3,5-dimethylene piperidinium) chloride. 5. The
composition of claim 2 wherein said vinyl chloride resin is a homopolymer
of vinyl chloride containing about 57% by wt chlorine, or a chlorinated
poly(vinyl chloride) containing from 58% to 72% by wt chlorine. 20 6. The
composition of claim 5 wherein said aminosilane is present in an amount in
the range from 0.2% to 0.6% by wt based on 100 parts of pristine glass
fibers; and, said film former is present in an amount in the range from
0.2% to 0.6% by wt. 25  7. The composition of claim 6 wherein said
poly(vinyl chloride) has an inherent viscosity in the range from 0.53 to
1.1. 8. A process for pelletizing a thermoplastic composition according to
claims 1-7 of vinyl chloride homopolymer and glass fibers, the improvement
comprising, 30       (a) heating said homopolymer in which the vinyl
chloride portion of each repeating unit contains 57% to 72% by wt chlorine
with a stabilizer to a temperature above 160 C but below a temperature at
which said resin is degraded, (b) kneading said hot homopolymer to form a
uniform mass with from 5% to 50% by wt of glass fibers based on the weight
of glass and homopolymer, each fiber having a diameter less than 20 35
[err]  wherein said glass fibers are coated with a size consisting
essentially of (i) an aminosilane coupling agent having a reactive amine
moiety which upon reaction with said resin results in a compound having a
peak in a proton magnetic resonance spectra at 5.65 ppm, and, (ii) a film
former consisting essentially of a polymer selected from the group
consisting of (A) 40        polymers with a nitrogen-containing repeating
unit, and (B) dispersible or emulsifiable epoxide polymers, (c) comminuting
the mass to form pellets in the size range from 3 mm to 8 mm in equivalent
diameter. 



45  9. The process of claim 8 wherein said poly(vinyl chloride) has an
inherent viscosity in the range from 0.53 to 1.1, said aminosilane is
present in an amount in the range from 0.2% to 0.6% by wt based on 100
parts of pristine glass fibers; and, said film former is selected from the
group consisting of amine, amide, aminimide, triazine, ureylene and
urethane, and is present in an amount in the range from 0.2% to 0.6% by wt.
50 10. A shaped article formed from a composite of a vinyl chloride resin,
as defined in claim 2 wherein said film former is selected from the group
consisting of (A) polymers with a nitrogen-containing repeating unit such
as an amine, amide, triazine, ureylene, or urethane group, and (B)
dispersible or emulsifiable epoxide polymers, and 55     whereby the
tensile strength of said composite is at least double that of the vinyl
chloride resin without said glass fibers. 11. The shaped article of claim
10 wherein said composite fails only in cohesive failure. 8    EP 0 257 524
B1 Revendloatlons 1. Composition thermoplastique a base de resine de
chlorure de vinyle et de fibres de verre particuliere- ment bien adapt6e
pour tre thermoformde, comprenant un melange de, 5        (a) de 50
pour-cent a 95 pour-cent en poids par rapport au poids total de fibres de
verre et de resine de chlorure de vinyle, d'une resine de chlorure de
vinyle dans laquelle la partie de chlorure de vinyle de chaque motif
rep6titif contient de 57% a 72% on poids de chlore, (b) un agent de
stabilisation pour ladite r6sine de chlorure de vinyle, pr6sent on une
proportion suffisante pour procurer une stabilit6 souhait6e de la
composition pendant le thermoformage, et, 10       (c) de 5% a 50% en poids
de fibres de verre prdsentant un diambtre inferieur & 20 alm, les fibres de
verre etant rev~tues avec une colle constituee principalement (i) d'un
agent de couplage aminosilane pr6sentant une fraction amine reactive qui en
reaction avec ladite r6sine engendre un compose presentant un pic dans un
spectre de resonnance magn6tique du proton a 5,65 ppm, et (ii) d'un agent
filmogene de polymbre, autre qu'un oxyde d'alkylbne inf6rieur & noyau
ouvert contenant 1 & 4 15       atomes de carbone, ledit agent filmogbne
ayant une basicite superieure & celle du poly(ac6tate de vinyle) et
suffisante pour laisser suffisamment de ladite r6sine li6e assez auxdites
fibres aprbs le thermoformage, pour donner un rapport de chlore total au
carbone CI(2p)/C(1s) d'au moins 0,91, mesure comme le rapport des aires
sous les pics dans un examen spectroscopique photo6lectroni- quo aux rayons
X, aprbs extraction de ladite composition, aprbs thermoformage, avec le
tetrahydro- 20       furanne. 2. Composition thermoplastique d'une r6sine
de chlorure de vinyle et de fibres de verre particulieroment bien adapt6e a
Atre thermoform6e, compronant le melange comme defini & la revendication 1,
dans laquelle ledit agent filmogene est choisi dans le groupe constitu6 de
(A) des polymbres avec une 25    fraction repetitive contenant de I'azote,
et (B) des polymeres 6poxydes dispersibles ou emulsifiables, presents en
une proportion suffisante pour catalyser une r6action qui engendre des
fractions Cl allyliques suffisantes dans lesdites chatnes de resine qui
sont Ii6es de fagon covalente a un aminosilane, pour qu'& l'extraction
minutieuse d'un composite renforc6 on fibres de verre de ladite r6sine avec
le tetrahydrofuranne, un examen spectroscopique photoelectronique aux
rayons X donne 30     un rapport de chlore total au carbone total restant
sur la surface des fibres de verre, "CI(2p)/C(1s)", mesure a partir des
aires sous les pics, qui est d'au moins 0,91. 3. Composition solon la
revendication 2, dans laquelle ledit motif r6p6titif contenant de l'azote
dans ledit agent filmogbne est choisi dans le groupe constitue d'une amino,
d'un amide, d'un aminimide, d'une 35     triazine, d'un ureylbne et de
l'ur6thanne. 4. Composition solon la revendication 3, dans laquelle ledit
agent filmogene est choisi parmi le groupe constitu6 de la poly(vinyl
pyrrolidone), 40     d'une r6sine m6lamine, de I'6poxy glycidyl ether
bisphenol-Aldi6thanolamine, 



d'une poly(ethyleneimine, hydroxy6thyleo), d'un poly(m6thacrylimide
trim6thylamine), et, du chlorure de poly(1,1-dim6thyl-3,5-dimethylene
pip6ridinium). 45 5. Composition solon la revendication 2, dans laquelle
ladite r6sine de chlorure de vinyle est un homopolymbre de chlorure de
vinyle contenant environ 57% en poids de chlore, ou un poly(chlorure de
vinyle) chlor6 contenant de 58% A 72% en poids de chlore. 5o  6.
Composition selon la revendication 5, dans laquelle ledit aminosilane est
pr6sent en une proportion dans la gamme allant de 0,2% & 0,6% en poids par
rapport a 100 parties de fibres de verre pristine; et, ledit agent
filmogbne est present on une proportion dans la gamme allant de 0,2% a 0,6%
on poids. 7. Composition solon la revendication 6, dans laquelle ledit
poly(chlorure de vinyle) a une viscosite 55    inh6rente dans la gamme
allant de 0,53 & 1,1. & Proced6 de pastillage d'une composition
thermoplastique solon les revendications 1 a 7 d'un homopo- lymbre de
chlorure de vinyle et de fibres de verre, I'amelioration comprenant les
6tapes de, 9    EP 0 257 524 B1 (a) chauffage dudit homopolymbre dans
lequel la partie chlorure de vinyle de chaque motif r6p6titif contient 57%
a 72% on poids de chlore avec un agent de stabilisation a une temperature
au-dessus de 160 C mais en-dessous d'une temperature & laquelle ladito
r6sine se degrade, (b) malaxage dudit homopolymbre chaud pour former une
masse homogbne de 5% & 50% en poids k5         de fibres de verre par
rapport au poids de verre et d'homopolymbre, chaque fibre presentant un
diametre inferiour a 20 jum, lesdites fibres de verre etant rev~tues avec
une colle constitude essentiellement de (i) un agent de couplage
aminosilane comportant une fraction amine r6active qui en rdaction avec
ladite r6sine engendre un compos4 presentant un pic dans un spectre de
rdsonnance magnetique 10          du proton a 5,65 ppm, et, (ii) un agent
filmogbne constitue essentiellement d'un polymbre choisi dans le groupe
constitu6 (A) des polymeres avec une fraction repetitive contenant de
l'azote, et (B) des polymbres 4poxyde dispersibles ou emulsifiables, (c)
transformation de la masse en forme de pastilles dans une gamme de taille
allant de 3 mm a 8 15       mm on diametre 4quivalent. 9. Proc6d6 selon la
revendication 8, dans loquol ledit poly(chlorure de vinyle) possade une
viscosit6 inh6rente dans la gamme de 0,53 a 1,1, ledit aminosilane est
pr6sent en une proportion dans la gamme allant de 0,2% a 0,6% on poids par
rapport a 100 parties de fibres de verre pristine; et, ledit 20     agent
filmogbne est choisi dans le groupe constitue d'une amino, d'un amide, d'un
aminimide, d'une K.-'      triazine, d'un ureylne et de I'urethanne, et est
prdsent en une proportion dans la gamme allant de 0,2% a 0,6% en poids. 10.
Article obtenu forme d'un composite d'une resine de chlorure de vinyle,
comme defini dans la 25     revendication 2, dans lequel ledit agent
filmogbne est choisi dans le groupe constitue (A) des polymeres avec un
motif r6p6titif contenant de l'azote tel qu'un groupe amine, amide,
triazine, ureylbne, ou ur6thanne, ot (B) des polymbres epoxyde dispersibles
ou 6mulsifiables, ce par quoi la r6sistance m6canique dudit composite est
au moins double de celle de la r6sine de chlorure de vinyle sans lesdites
fibres de verre. 30 11. Article obtenu selon la revendication 10, dans
loquel ledit composite casse seulement dans une rupture coh6sive.
PatentansprUche 35 1. Thermoplastische Zusammensetzung aus einem
Vinylchlorid-Harz und Glasfasern, zum Warmformen besonders gut geeignet,
umfassend ein Gemisch aus (a) 50 bis 95 Gew.-%, bezogen auf das
Gosamt-Gewicht von Glasfasern und Vinylchlorid-Harz, eines
Vinylchlorid-Harzes, in dem der Vinylchlorid-Antoil jeder Repetiereinheit
57 bis 72 Gew.-% Chlor 



<-40         enthalt, (b) einem Stabilisator fOr das Vinylchlorid-Harz, der
in ausreichender Menge vorliegt, um fOr die gewanschte Stabilitit der
Zusammensetzung wahrend des Warmformens zu sorgen und (c) 5 bis 50 Gew.-%
Glasfasern mit einem Durchmesser von weniger als 20 urm, wobei die
Glasfasern mit einem Schlichtemittel beschichtet sind, das im wesentlichen
besteht aus 45          (i) einem Aminosilan-Kupplungsmittel mit einer
reaktionsfahigen Amin-Struktureinheit, die bei der Reaktion mit dem Harz
eine Verbindung ergibt, die im protonenmagnetischen Resonanz-Spek- trum
einen Peak bei 5,65 ppm hat, und (ii) einem Polymerfilmbildner, der nicht
ein durch Ringdffnung gebildetes, 1 bis 4 Kohlenstoff- Atome enthaltendes
niederes Alkylenoxid ist, wobei der Filmbildner eine Basizitat besitzt, die
50          grofer als diejenige von Polyvinylacetat ist und ausreicht, um
nach dem Warmformen eine gen~gonde Menge des Harzes gekuppelt an die Fasern
zurlckzulassen, wodurch ein Gesamt- Verhaltnis Chlor zu Kohlenstoff
CI(2p)/C(ls) von wenigstens 0,91 erhalten worden ist, gemessen als
Verhaltnis der Flichen unter den Peaks in einer
rontgen-photoelektronenspektroskopischen Untersuchung nach der Extraktion
der Zusammensetzung mit Tetrahydrofuran nach dem Warm- 55         formen.
2. Thermoplastische Zusammensetzung aus einem Vlnylchlorid-Harz und
Glasfasern, zum Warmformen besonders gut geeignet, umfassend das Gemisch
nach Anspruch 1, worin der Filmbildner aus der aus 10    EP 0 257 524 B1
(A) Polymeren mit einer Stickstoff enthaltenden Repetiereinheit und (B)
dispergierbaren oder emulgierbaren Epoxid-Polymeren, die in ausreichender
Menge vorhanden sind, um eine Reaktion zu katalysieren, die eine genUgende
Menge an ein Aminosilan kovalent gebundener allylischer CI-Gruppen in den
Harz-Ketten erzeugt, so daB bei grtndlicher Extraktion s        eines
glasfaserverstarktem Verbundstoffs aus dem Harz mit Tetrahydrofuran die
rontgen-photoelek- tronenspektroskopische Untersuchung ein VerhIltnis des
Gesamt-Chlors zu dem Gesamt-Kohlen- stoff, die auf der Oberflache der
Glasfasern verbleiben, "Cl(2p)/C(1s)", ergibt, das, gemessen als Verhaltnis
der Flachen unter den Peaks, wenigstens 0,91 betragt, bestehenden Gruppe
ausgewAhit ist. 10 3. Zusammensetzung nach Anspruch 2, worin die Stickstoff
enthaltende Repetiereinheit aus der aus Amin, Amid, Aminimid, Triazin,
Ureylen und Urethan bestehenden Gruppe ausgewrihit ist. 4. Zusammensetzpng
nach Anspruch 3, worin der Filmbildner aus 15     Poly(vinylpyrrolidon),
Melamin-Harz, Glycidylether-bisphenol A-epoxy/diethanolamin,
Poly(ethylenimin, hydroxyethyliert), Poly(methacrylimid-trimethylamin) und
20     Poly/1,1 -Dimethyl-3,5-dimethylenpiperidinium)chlorid bestehenden
Gruppe ausgewihit ist. 5. Zusammensetzung nach Anspruch 2, worin das
Vinylchlorid-Harz ein etwa 57 Gew.-% Chlor enthalten- des Homopolymer des
Vinyichlorids oder ein 58 bis 72 Gew.-% Chlor enthaltendes chloriertes
Poly- 25     (vinylchlorid) ist. 6. Zusammensetzung nach Anspruch 5, worin
das Aminosilan in einer Menge im Bereich von 0,2 Gew.-% bis 0,6 Gew.-%,
bezogen auf 100 Teile der ursprOnglichen Glasfasern, vorliegt und der
Filmbildner in einer Menge im Bereich von 0,2 Gew.-04 bis 0,6 Gew.-%
vorliegt. 30 7. Zusammensetzung nach Anspruch 6, worin das
Poly(vinylchlorid) eine logarithmische Viskosittszahl im Bereich von 0,53
bis 1,1 hat. 8. Verfahren zum Verperlen einer thermoplastischen
Zusammensetzung nach den Ansprlchen 1 bis 7 aus 35     einem
Vinylchlorid-Homopolymer und Glasfasern, in dem die Verbesserung (a) das
Erhitzen des Homopolymers, in dem der Vinylchlorid-Anteil jeder
Repetiereinheit 57 bis 72 



Gew.-% Chlor enthalt, mit einem Stabilisator auf eine Temperatur oberhalb
von 160 *C, jedoch unterhalb einer Temperatur, bei der das Harz abgebaut
wird, (b) das Kneten des heiien Homopolymers, zur Bildung einer
einheitlichen Masse, mit 5 bis 50 Gew.- 40        %  Glasfasern, bezogen
auf das Gewicht aus Glas und Homopolymer, wobei jede Faser einen
Durchmesser von weniger als 20 gim hat, wobei die Glasfasern mit einem
Schlichtemittel beschichtet sind, das im wesentlichen besteht aus (i) einem
Aminosilan-Kupplungsmittel mit einer reaktionsfahigen Amin-Struktureinheit,
die bei der Reaktion mit dem Harz eine Verbindung ergibt, die im
protonenmagnetischen Resonanz-Spek- 45          trum einen Peak bei 5,65
ppm hat, und (ii) einem Filmbildner, der im wesentlichen aus der aus (A)
Polymeren mit einer Stickstoff enthaltenden Repetiereinheit und (B)
dispergierbaren oder emulgiarbaren Epoxid-Polymeren bestehenden Gruppe
ausgewghlt ist, so       (c) das Zerkleinern der Masse zur Bildung von
Perlen (Pellets) im Grolenbereich des Aquivalent- Durchmessers von 3 mm bis
8 mm umfaRt. 9. Verfahren nach Anspruch 8, worin das Poly(vinylchlorid)
eine logarithmische Viskositatszahl im Bereich 55     von 0,53 bis 1,1 hat,
das Aminosilan in einer Menge im Bereich von 0,2 Gew.-% bis 0,6 Gew.-%,
bezogen auf 100 Teile der ursprOnglichen Glasfasern, vorliegt und der
Filmbildner aus der aus Amin, Amid, Aminimid, Triazin, Ureylen und Urethan
bestehenden Gruppe ausgewahit ist und in miner Menge im Bereich von 0,2
Gew.-% bis 0,6 Gew.-% vorliegt.    EP 0 257 524 B1 10. Geformter
Gegenstand, gebildet aus einem Verbundstoff aus einem Vinylchlorid-Harz,
wie es in Anspruch 2 definiert ist, worin der FlImbildner aus der aus (A)
Polymeren mit einer Stickstoff enthaltenden Repetiereinheit wie einer
Amin-, Amid-, Aminimid-, Triazin-, Ureylen- oder Ur6than-Gruppe und (B)
dispergierbaren oder emulgierbaren Epoxid-Polymeren bestehenden Gruppe
ausgewlhlt ist und die Zugfestigkeit des Verbundstoffs wenigstens doppelt
so groB ist wie die des Vinylchlorid-Harzes ohne die Glasfasern. 11.
Geformter Gegenstand nach Anspruch 10, worin der Verbundstoff lediglich in
bezug auf einen 10      Kohlsionsbruch versagt. 15 20 25 30 35 40 45 50 55
12    


