
US 20080160302A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0160302 A1 
(19) United States 

Asrar et al. (43) Pub. Date: Jul. 3, 2008 

(54) MODIFIED FIBERS FOR USE IN THE 
FORMATION OF THERMOPLASTIC 
FIBER-REINFORCED COMPOSITE 
ARTICLES AND PROCESS 

(76) Inventors: J awed Asrar, Greenwood Village, 
CO (US); Thomas Burghardt, 
Parker, CO (U S) 

Correspondence Address: 
JOHNS MANVILLE 
10100 WEST UTE AVENUE, PO BOX 625005 
LITTLETON, CO 80162-5005 

(21) App1.No.: 11/699,516 

(22) Filed: Jan. 29, 2007 

Related US. Application Data 

(63) Continuation-in-part of application No. 11/645,963, 
?led on Dec. 27, 2006. 

Publication Classi?cation 

(51) Int. Cl. 
D02G 3/00 (2006.01) 
B29D 11/00 (2006.01) 
C03B 37/16 (2006.01) 

(52) US. Cl. ........................... .. 428/375; 264/25; 65/480 

(57) ABSTRACT 

A surface-modi?ed ?brous material is provided for incorpo 
ration in a thermoplastic matrix to form a ?ber-reinforced 
composite article. Good binding between the ?brous material 
and the thermoplastic matrix is achieved through the presence 
of ?nely roughened surfaces on the ?bers of nanoparticles of 
an inorganic material. Such nanoparticles are provided from 
an alkaline aqueous siZe composition containing the nanopar 
ticles dispersed therein (as described). The ?brous material 
may be provided in continuous or discontinuous form. In a 
preferred embodiment glass ?bers are initially provided in 
continuous form followed by cutting into discontinuous 
lengths and drying with the retention of the nanoparticles on 
the surfaces of the ?bers. The surface-roughened ?brous 
material is incorporated in a thermoplastic matrix as ?brous 
reinforcement with the application of heat whereby the ther 
moplastic matrix is rendered melt processable. In preferred 
embodiments injection or compression molding is utilized. 
Improved long-?ber therrnoplastics also may be formed to 
advantage. 
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MODIFIED FIBERS FOR USE IN THE 
FORMATION OF THERMOPLASTIC 
FIBER-REINFORCED COMPOSITE 

ARTICLES AND PROCESS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 11/645,963 ?led Dec. 27, 2006. 

FIELD OF THE INVENTION 

[0002] The subject invention pertains to the formation of 
improved ?bers for incorporation in a thermoplastic matrix to 
form a ?ber-reinforced composite article. Enhanced binding 
betWeen the thermoplastic matrix and the glass ?ber rein 
forcement is made possible. 

DESCRIPTION OF RELATED ART 

[0003] Various binders and sizing compositions are knoWn 
to improve the handling characteristics of ?brous materials. 
[0004] When ?bers are incorporated in the continuous 
phase of a thermoplastic polymeric matrix material to serve a 
reinforcing role it is advantageous that the ?bers also bind to 
some degree to the continuous phase of the matrix material of 
the resulting ?ber-reinforced composite article. Otherwise, 
various forms of product failure may occur during use. For 
instance, various coupling agents commonly are being 
employed to help the ?ber reinforcement better attach to the 
matrix material of the continuous phase. It is also desirable 
that minimal color is displayed in the ?nal ?ber-reinforced 
composite article. 
[0005] It has been proposed to prepare an epoxy thermoset 
resin, Which incorporates a Woven continuous ?lament fabric, 
in Which a siZing package including colloidal silica is applied 
to the Woven fabric prior to the incorporation folloWed by 
vacuum assisted resin transfer molding. See, for instance, 
Army Research Laboratory Report No. ARL-TR-324l (July 
2004), and R. E. Jensen, S. H. McKnight, Composites Sci. 
Tech., Vol. 66, Pages 509 to 521 (2006). 
[0006] It is an object of the present invention to provide an 
improved process as Well as the resulting product for forming 
modi?ed ?bers suitable for incorporation in a thermoplastic 
matrix to form a ?ber-reinforced composite article. 
[0007] It is another object of the present invention to pro 
vide an improved process as Well as the resulting product for 
forming a ?ber-reinforced thermoplastic composite article. 
[0008] It is another object of the present invention to pro 
vide ?ber-reinforced composite articles Which may display 
improved toughness combined With good color. 
[0009] It is a further object of the invention to provide 
?ber-reinforced molded composite articles Which may dis 
play good color, an improved mechanical property, and a 
reduced siZe requirement When compared to a conventional 
size. 

[0010] These and other objects of the invention, as Well as 
the scope, nature and utiliZation of the invention Will be 
apparent to those skilled in the art from the folloWing detailed 
description. 

SUMMARY OF THE INVENTION 

[0011] A process, as Well as the resulting product, is pro 
vided for forming modi?ed ?bers having roughened surfaces 
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suitable for incorporation in a thermoplastic matrix to form a 
?ber-reinforced composite article comprising: 
[0012] (a) applying as a coating to the surface of a ?brous 
material an alkaline aqueous siZe composition comprising a 
dispersion of nanoparticles of an inorganic material, and 
[0013] (b) drying said coating present on said ?brous mate 
rial to provide a roughened surface on said ?brous material as 
the result of the presence of said nanoparticles of said inor 
ganic material. 
[0014] A process, as Well as the resulting product, is pro 
vided for forming modi?ed discontinuous glass ?bers suit 
able for incorporation in a thermoplastic matrix and the for 
mation of a ?ber-reinforced composite article by injection or 
compression molding Which displays an enhanced mechani 
cal property comprising: 
[0015] (a) adhering nanoparticles of an inorganic material 
that are dispersed in an alkaline aqueous siZe composition to 
the surfaces of glass ?bers Which are present in continuous 
form to provide ?nely roughened surfaces on the continuous 
glass ?bers as the result of the presence of the nanoparticles of 
the inorganic material, and 
[0016] (b) cutting the continuous glass ?bers into discon 
tinuous lengths While retaining the roughened surfaces on the 
glass ?bers as the result of the presence of the nanoparticles of 
the inorganic material. 
[0017] A process, as Well as the resulting product, is pro 
vided for forming a ?ber-reinforced thermoplastic composite 
article comprising: 
[0018] (a) applying as a coating to the surface of a ?brous 
material an alkaline aqueous siZe composition comprising a 
dispersion of nanoparticles of an inorganic material, 
[0019] (b) drying said coating present on said ?brous mate 
rial to provide a roughened surface on said ?brous material as 
the result of the presence of said nanoparticles of said inor 
ganic material, and 
[0020] (c) incorporating said ?brous material bearing said 
roughened surface in a thermoplastic matrix as ?brous rein 
forcement With the application of heat Whereby said thermo 
plastic matrix is rendered melt processable. 
[0021] A process, as Well as the resulting product, is pro 
vided for forming a discontinuous glass ?ber-reinforced ther 
moplastic composite article comprising: 
[0022] (a) adhering nanoparticles of an inorganic material 
that are dispersed in an alkaline aqueous siZe composition to 
the surfaces of glass ?bers Which are present in continuous 
form to provide ?nely roughened surfaces on the glass ?bers 
as the result of the presence of the nanoparticles of the inor 
ganic material, 
[0023] (b) cutting the continuous glass ?bers into discon 
tinuous lengths While retaining the roughened surfaces on the 
glass ?bers as the result of the presence of the nanoparticles of 
the inorganic material, 
[0024] (c) extruding the discontinuous glass ?bers having 
said ?nely roughened surfaces together With a thermoplastic 
matrix Wherein the surface-attached nanoparticles of inor 
ganic material serve to promote the secure bonding of the 
discontinuous glass ?bers Within the thermoplastic to form a 
material suitable for molding, and 
[0025] (d) injection or compression molding said material 
incorporating the discontinuous glass ?bers having the ?nely 
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roughened surfaces to form a ?ber-reinforced thermoplastic 
composite article Which displays an enhanced mechanical 
property. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0026] The present invention makes possible the ef?cient 
formation of quality thermoplastic ?ber-reinforced compos 
ite articles Wherein enhanced binding betWeen ?brous rein 
forcement and the thermoplastic matrix is made possible. In 
accordance With the concept of the present invention, nano 
particles of an inorganic material initially are Well dispersed 
Within an alkaline aqueous siZe composition. The nanopar 
ticles of an inorganic material are relatively inert under the 
conditions that are encountered in the siZe composition and 
commonly possess an average particle siZe of approximately 
3 to 40 nm, preferably approximately 3 to 10 nm. Such par 
ticle siZe can be determined by the use of particle siZe ana 
lyZers that are being manufactured by companies such as 
Malvern of Worcestershire, United Kingdom, Beckman 
Coulter of Fullerton, Calif., U.S.A., and others. Inorganic 
nanoparticles displaying a speci?c surface area 300 m2/ g 
commonly possess an average particle siZe of approximately 
10 nm, and inorganic nanoparticles displaying a speci?c sur 
face area of 650 m2/ g commonly possess an average particle 
siZe of approximately 3 nm. In preferred embodiments, the 
nanoparticles of an inorganic material are provided as sub 
stantially amorphous spheres; hoWever, other particle shapes 
are suitable for use and may have different ratios of surface 
areas to their siZes. 

[0027] In preferred embodiments, the nanoparticles of an 
inorganic material are silica of the speci?ed particle siZe. 
Representative colloidal silica nanoparticles for use in the 
present invention are commercially available from Eka 
Chemicals, Inc. of Marietta, Ga., U.S.A. under designations 
of BindZil® or from Grace Davison of Columbia, Md., US. 
A. under the Ludox® designations. Other representative 
nanoparticles of an inorganic material suitable for use in the 
present invention include, but are not limited to, clays, includ 
ing montmorillonite-type clays, glass, nanosiZed particles of 
metals or non-metals such as titanium dioxide, Zinc oxide, 
barium oxide, silver, cerium gadolinium oxide, palladium, 
iron ferrite nanoparticles, aluminium polyphosphate, nano 
diamonds, or other functionaliZed or unfunctionaliZed inor 
ganic nanoparticles having modi?ed or unmodi?ed surfaces. 
A representative amino-functionaliZed clay is commercially 
available from the Kentucky-Tennessee Clay Company of 
May?eld, Ky., U.S.A. under the Amlok 321 designation. 
Mixtures of the nanoparticles may be utiliZed. 
[0028] The ?brous material suitable for incorporation in a 
thermoplastic matrix Which is surface-roughened in accor 
dance With the concept of the present invention may be pro 
vided in continuous or discontinuous form. For instance, the 
?bers can be mineral ?bers or polymeric ?bers Which possess 
suf?cient thermal stability to Withstand the heated melt-pro 
ces sable thermoplastic matrix material When forming a ?ber 
reinforced composite article as described hereafter. High per 
formance polymeric ?bers may be utiliZed Which possess a 
greater thermal stability than the thermoplastic matrix mate 
rial utiliZed When forming a ?ber-reinforced composite 
article. Also, carbon ?bers or natural ?bers may serve as the 
?brous reinforcement. The ?brous material preferably com 
prises glass ?bers. Representative glass ?bers are E-glass, 
C-glass, A-glass, AR-glass, D-glass, R-glass, S-glass, etc. 
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Such glass ?bers can be initially supplied as long multi?la 
mentary rovings or toWs of in?nite length. Single ?bers 
thereof commonly possess average ?ber diameters of 
approximately 2 to 50 um, and preferably approximately 7 to 
30 pm. It Will be understood, hoWever, that ?ber diameters 
can be adjusted to meet the reinforcement requirements of 
speci?c end uses. 

[0029] The nanoparticles of an inorganic material com 
monly are provided in the alkaline aqueous siZe composition 
When applied to continuous glass ?bers in a concentration of 
l to 90 percent based on the total formulation solids, prefer 
ably in a concentration of 2 to 40 percent based on total 
formulation solids, and most preferably in a concentration of 
5 to 40 percent based on total formulation solids. All percent 
ages are based on the solids Weight. 

[0030] The alkaline pH of the siZe composition is obtained 
by the use of other siZe components, and may be adjusted so 
as to provide for the substantial dispersion of the nanopar 
ticles of an inorganic material therein. The optimum alkaline 
pH is in?uenced by the alkaline contribution of the compo 
nents present in the aqueous dispersion and commonly is 
Within the range of 7.5 to 13, and preferably Within the range 
of 8 to 11. 

[0031] The remaining components of the alkaline aqueous 
siZe composition may be in accordance With previously 
knoWn siZe compositions provided the nanoparticles of an 
inorganic material are compatible thereWith and the resulting 
composition folloWing inclusion of the inorganic nanopar 
ticles is otherWise capable of functioning as a siZe for ?brous 
glass materials. Commonly, the aqueous siZe composition 
Will also include at least one silane, at least one surfactant or 
lubricant, and at least one polymeric ?lm-former. 
[0032] The silanes may be of the reactive type, the non 
reactive type, or a combination of reactive and non-reactive 
silanes. Non-reactive hydrophobic silanes are knoWn to 
inhibit Water adsorption at the interface betWeen the glass 
?bers and a matrix. When a combination of reactive and 
non-reactive silanes is utiliZed, the relative quantities of reac 
tive to non-reactive types commonly is in the range of 20:80 
to 99:1, and most preferably in the range of 55:45 to 70:30. 
The silanes of the reactive type serve as coupling agents 
betWeen the glass ?bers and the thermoplastic matrix. The 
reactive silanes commonly contain a silicone head(s) and a 
tail(s) containing a functional group or groups that can react 
With the thermoplastic matrix. These include primary, sec 
ondary, or tertiary amines, vinyl, styryl, alkynyl, methacry 
loyl, acryloxy, epoxy, thio, sulphide, ureido, isocyanate, 
oxime, ester, aldehyde, and hydroxy moieties in either unpro 
tected or protected form. The silicone head can be substituted 
With groups such as ethoxy, methoxy, methyldimethoxy, 
methydiethoxy, isopropoxy, acetoxy, etc. Representative 
reactive silanes include 3-aminopropyltriethoxysilane, 
3-aminopropyldiethoxymethylsilane, 3-aminopropyltri 
methoxysilane, N-(2-aminoethyl)-3 -aminopropyltrimethox 
ysilane, N-(2-aminoethyl)-3 -aminopropyl-methyldimethox 
ysilane, (3-glycidoxypropyl) trimethoxysilane, 2-(3,4 
epoxycyclohexyl)ethyltrimethoxysilane, 
3-isocyanotopropyltriethoxysilane, vinyltrimethoxysilane, 
3 -ureidopropyltrimethoxysilane, (3 -aminopropyl)methyldi - 
ethoxysilane, 3-glycidopropyltriethoxysilane, vinyltriac 
etoxysilane, mercaptopropyltriethoxysilane, 4-amino-3,3 
dimethylbutyltriethoxysilane, N-butyl-3 
aminopropyltrimethoxysilane, etc. The non-reactive silanes 
are capable of occupying reactive sites on the glass ?bers but 
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do not otherwise chemically react With the thermoplastic 
polymeric matrix. The non-reactive silanes commonly 
include silanes that contain aliphatic, aromatic, aliphatic or 
aromatic ?uorinated, halogen, and other functionalities. Rep 
resentative non-reactive silanes include methyltrimethoxysi 
lane, propyltriethoxysilane, propyltrimethoxysilane, 3,3,3 
tri?uoropropyltrimethoxysilane, iso-butyltriethoxysilane, 
octyltriethoxysilane, hexadecyltriethoxysilane, l,2-bis(tri 
methoxysilyl)decane, etc. The silane(s) commonly are pro 
vided in the alkaline aqueous siZe composition in a concen 
tration of 0.5% to 75% based on the total solids of the sizing, 
and preferably in a concentration of 5% to 50% based on the 
total solids of the siZe composition. A mixture of tWo or more 
silanes can be used. 

[0033] A surfactant or lubricant commonly is included in 
the alkaline aqueous siZe composition to aid in the processing 
of the ?bers during and after application of the siZe compo 
sition. Preferred surfactants or lubricants are the mono- or 

diesters of a fatty acid or oil reacted With polyethylene glycol, 
having hydrophilic and lipophilic areas. A preferred surfac 
tant or lubricant of this type is Mapeg® 200 ML PEG (200) 
ester monolaurate that is commercially available from the 
BASF Corporation, Mount Olive, N.J., U.S.A. Another pre 
ferred surfactant or lubricant is Polyox WSR301 available 
from the DoW Chemical Company, Midland, Mich., U.S.A. 
Other representative surfactants or lubricants include those 
available under the Cat-X and Emery 6717 designations. The 
surfactants or lubricants commonly are provided in the siZe 
composition in a concentration of approximately 0.001 to 25 
percent based on the total formulation solids, and preferably 
in a concentration of approximately 0.001 to 10 percent based 
on the total formulation solids. In some cases, other siZing 
components may function as lubricants and/or surfactants 
and addition of a separate lubricant may be unnecessary. 

[0034] Additionally, a polymeric ?lm-former that is com 
patible With the thermoplastic matrix commonly is included 
in the alkaline aqueous siZe composition to further aid in the 
adherence of the nanoparticles to the glass ?bers and the glass 
?bers to the thermoplastic matrix. Such ?lm-formers may be 
of the non-ionic, cationic, or anionic types. Representative 
?lm-formers for polypropylene matrix are provided as modi 
?ed polypropylene emulsions. Other polymeric matrices are 
typically served by emulsions of modi?ed or unmodi?ed 
urethanes, modi?ed or unmodi?ed polyethylenes, modi?ed 
or unmodi?ed epoxy resins, and dispersions or emulsions of 
other chemicals, as Well as various mixtures thereof. A pre 
ferred polymeric ?lm-former is a nonionic emulsion of 
polypropylene grafted With maleic anhydride that is commer 
cially available from Michelman, Inc. of Cincinnati, Ohio, 
U.S.A., under the Michem® ME 91735 designation. Other 
preferred ?lm-formers include Neoxil 777 from DSM of 
Heerlen, The Netherlands, and PP2-0l or XMl0075 from 
HydrosiZe Technologies of Raleigh, NC, U.S.A. The ?lm 
formers commonly are provided in the alkaline aqueous siZe 
in a concentration of approximately 10 to 95 percent by 
Weight based on the total formulation solids, and preferably in 
a concentration of 20 to 85 percent by Weight based on the 
total formulation solids. 

[0035] The alkaline aqueous siZe composition optionally 
may include further polymeric emulsion components, adhe 
sion promoters, solvents, emulsi?ers, pigments, anti-migra 
tion aids, UV absorbers, biocides, colorants, dyes, anti-static 
agents, antioxidants, HALS, processing aids, defoamers, 
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antifoamers, combinations of the above and other compo 
nents required or preferred for speci?c applications. 
[0036] The alkaline aqueous siZe composition may be 
applied by any technique capable of coating the ?brous mate 
rial With the ?oWable siZe composition containing the disper 
sion of inorganic nanoparticles that properly Wets the ?ber 
surfaces. In a preferred embodiment, a kiss-roll applicator 
may be utiliZed to apply the composition to a continuous 
multi?lamentary material. Other equipment arrangements 
suitable for applying the siZe composition include dipping, 
spraying, or any other protocol suitable for delivery of the siZe 
composition to the glass ?bers. Commonly, the alkaline aque 
ous siZe composition possesses a viscosity of approximately 
1 to 5000 mPa s, and preferably approximately 10 to 1000 
mPa s at the time of its application to the continuous glass 
?bers. 

[0037] Commonly, the adhering nanoparticles are provided 
on the surface of the ?brous material in a concentration of 
approximately 1 to 75 percent by Weight based on the Weight 
of the total siZing solids folloWing the removal of the aqueous 
component, and preferably in a concentration of approxi 
mately 10 to 40 percent by Weight. One has the option of 
utiliZing a lesser overall quantity of the alkaline aqueous siZe 
composition When compared to siZe compositions of the prior 
art. The uniform and intimate coating of the surfaces of the 
?brous material can be promoted by the adjustment of ?la 
ment contact angles, adjustment of coating roll speeds, appli 
cator roll dimensions and/or their composition, ?ber pull 
speeds, pressure and throughput of the pot sprays, air ?oW, 
contents of the siZe composition, etc. Such coating param 
eters may vary Widely depending on the forming and process 
ing needs and preferences and are knoWn by those skilled in 
the art. 

[0038] In a preferred embodiment, the ?brous material 
(e.g., continuous glass ?bers) bearing the adhering nanopar 
ticles of an inorganic material are optionally cut into discon 
tinuous lengths While retaining the roughened surfaces of the 
?brous material as the result of the continued presence of the 
attached nanoparticles of an inorganic material. Such discon 
tinuous lengths commonly measure approximately 2 to 100 
mm, and preferably approximately 3 to 50 mm, and are Well 
suited for serving as improved ?brous reinforcement in a 
thermoplastic matrix material. Any conventional ?ber chop 
ping equipment can be utiliZed. For instance, choppers manu 
factured by Finn and Fram, Inc. of San Fernando, Calif., 
U.S.A. may be used. 

[0039] The aqueous portion of the alkaline aqueous siZe 
composition is removed via drying and the nanoparticles of 
the inorganic material are caused to adhere to the surface of 
the ?brous material to provide ?nely roughened surfaces as 
the result of the presence of the nanoparticles of an inorganic 
material. Such removal of the aqueous portion of the siZe 
composition conveniently can be accomplished by the vola 
tiliZation of Water in a heated oven. Representative oven 
temperatures commonly are approximately 50 to 3000 C., and 
preferably are approximately 100 to 2500 C. Infrared, micro 
Wave poWer, or other methods can also be utiliZed to dry the 
?bers. In such cases, the temperature may be beloW or above 
the above mentioned ranges. 

[0040] Alternatively in a further embodiment, continuous 
?laments may be collected using a Winder and subjected to 
the drying and optional chopping processes at later time, even 
immediately before incorporation in the thermoplastic matrix 
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material. When collecting rovings of continuous ?laments the 
order of the drying and the optional chopping steps may be 
reversed. 
[0041] The ?brous material having a ?nely roughened sur 
face as a result of the presence of the nanoparticles of an 
inorganic material is next incorporated Within a thermoplastic 
matrix material. Such thermoplastic matrix material com 
monly is polymeric in nature and becomes molten or is oth 
erWise rendered melt processable When exposed to heat and 
returns to its original condition When cooled to room tem 
perature. Representative thermoplastic polymeric matrix 
materials include melt processible polyole?ns, polyesters, 
polyamides, polycarbonates, polyethers, liquid crystal poly 
mers, polyethersulfones, polyphenylene oxide, polyphe 
nylene sul?de, polybenZimidaZoles, thermoplastic polyure 
thanes, etc. Representative polyole?ns include 
polypropylene and polyethylene. Representative polyesters 
include polyethylene terephthalate and polybutylene tereph 
thalate. Representative polyamides include nylon 6 and nylon 
6,6. Polymers and copolymers, such as polystyrene, polymers 
of styrene-maleic anhydride or styrene-maleic acid, polymers 
of acrylonitrile-butadiene-styrene, polymers of styrene acry 
lonitrile, polyetheretherketones, thermoplastic polyure 
thanes, and polymers of acrylonitrile, When melt processible 
may be utiliZed. Blends of thermoplastic melt processible 
therrnoplastics also can serve as the matrix material. The 
thermoplastic matrix material optionally may be asphalt. 
[0042] A preferred thermoplastic matrix material is 
polypropylene homopolymer or copolymer With Melt FloW 
lndices (MEI) between 1 and 100, but higher or loWer MFI 
may be used according to the particular preferences or 
requirements. Exemplary polypropylenes include Fortilene 
HB1801 from BP, Profax 6523 from Basell, or LGF8000 
from DoW Chemical. The addition of a coupling agent such as 
polypropylene grafted With maleic anhydride (such as Poly 
bond 3200 from Crompton or Exxelor PP1020 from Exxon 
Mobil) may also be included. Other processing additives may 
also be included in the matrix. 
[0043] The incorporation of the ?brous material having a 
?nely roughened surface as the result of the presence of 
nanoparticles commonly may be accomplished by blending 
While using conventional extrusion equipment, such as tWin 
or single-screW extruder With co- or counter-rotating screWs. 
As a result of such blending, a material suitable for injection 
or compression molding is formed. 
[0044] A ?ber-reinforced thermoplastic composite articles 
may be formed by any one of the variety of molding tech 
niques Wherein the ?brous material having a ?nely roughened 
surface is incorporated Within the continuous phase of a ther 
moplastic matrix. During such molding step, molding tem 
peratures are selected Which correspond to a temperature at 
Which the thermoplastic matrix is melt processable. 
[0045] Representative thermal techniques to form thermo 
plastic ?ber-reinforced composite articles Which include as 
?brous reinforcement the surface-roughened ?brous material 
in accordance With the concept of the present invention 
include compression molding, injection molding, and long 
?ber molding technology. In accordance With the long-?ber 
technology the compounding is conducted in-line With inj ec 
tion or compression molding. For instance, granular long 
?ber technology (G-LFT) can be utiliZed in Which surface 
roughened ?laments are incorporated in the thermoplastic 
matrix material, are cooled, and then are pulled into a chopper 
Where they are cut into molding pellets. Alternatively, direct 

Jul. 3, 2008 

long-?ber technology (D-LFT) can be utiliZed in Which in 
line compounding of the surface-roughened ?laments are 
directly integrated into the molding or part-extrusion process. 
This achieves cost, time and processing savings by integrat 
ing the compounding step into the ?nal molding operation. 
An intermediate solidi?cation and remelting of the thermo 
plastic matrix material is thereby eliminated. It Will be rec 
ogniZed by those skilled in the art that the use of long-?ber 
technology has the ability to introduce anisotropic material 
properties Within the resulting ?ber-reinforced composite 
articles Which are particularly useful in specialiZed applica 
tions. Also, in accordance With the long-?ber technology 
?brous reinforcement of a greater length commonly is made 
possible in the ?nal ?ber-reinforced composite article Which 
further enhances the mechanical properties thereof. 
[0046] When polypropylene of the Profax 6523 type (Melt 
FloW Index of 4) is utiliZed as the thermoplastic polymeric 
matrix material, molding temperatures of approximately 
180° C. to 250° C. commonly are employed. Quality glass 
?ber-reinforced composite articles can be formed in a variety 
of con?gurations While using conventional or specialiZed 
injection or compression molding equipment. Representative 
molded articles include automotive or appliance parts or 
housings, etc. 
[0047] The enhancement of mechanical properties dis 
played by the molded articles formed in accordance With the 
present invention makes possible improved service qualities 
during use. For instance, properties such as tensile strength, 
notched and unnotched lZod impact strength, notched and 
unnotched Charpy impact strength, modulus, and ?exural 
strength may be improved over similarly prepared ?ber-rein 
forced composite articles Wherein the discontinuous glass 
?ber reinforcement folloWing injection or compression mold 
ing lacks roughened surfaces as the result of the presence of 
nanoparticles of an inorganic material Which are provided as 
described herein. Additionally, it is found that the ?ber-rein 
forced composite articles of the present invention commonly 
possess improved initial color as Well as improved color 
folloWing aging. It is a further economic advantage of the 
present invention that one has the option of utiliZing a lesser 
overall quantity of the alkaline aqueous siZe composition 
When compared to siZe compositions of the prior art. The 
mechanism Whereby the presence of the nanoparticles of an 
inorganic material on the discontinuous glass ?bers serves to 
make possible such combination of bene?ts is considered to 
be complex and incapable of simple explanation. It is 
believed, hoWever, that such bene?ts are achieved in part by 
improved mechanical interlocking of the discontinuous glass 
?bers to the thermoplastic matrix material. Also, the surface 
healing of minor imperfections Which inherently are present 
in the surfaces of the ?brous material by the nanoparticles of 
an inorganic material may be achieved. The mechanism 
Whereby improved color (i.e. loWer color) additionally is 
achieved in the resulting discontinuous ?ber-reinforced com 
posite articles is totally unknoWn. 
[0048] The folloWing Examples are presented to provide 
speci?c representative embodiments of the present invention. 
It should be understood hoWever, that the invention is not 
limited to the speci?c details set forth in the Examples. 

EXAMPLE I 

[0049] An aqueous dispersion of colloidal silica available 
from Eka Chemicals, Inc. under the BindZil® 830 designa 
tion Was selected as the source of the nanoparticles of an 
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inorganic material. Such nanoparticles Were amorphous and 
generally spherical in con?guration, possessed a speci?c sur 
face area of approximately 300 m2/ g, and an average particle 
siZe of approximately 10 nm. 
[0050] To 827 g of Water Were added under agitation 110 g 
of Michem® ME91735 polypropylene grafted With maleic 
anhydride emulsion serving as a ?lm-former available from 
Michelman, Inc., 18 g of A-1 100 y-aminopropyltriethoxysi 
lane reactive silane coupling agent commercially available 
from Momentive Performance Materials, Witton, Conn., US. 
A., 1.6 grams of Mapeg® 200 ML PEG (200) ester monolau 
rate surfactant or lubricant commercially available from the 
BASF Corporation, 43 grams of the alkaline aqueous disper 
sion of silica nanoparticles, and 0.1 gram of DEE FO PI-35 
polysiloxane-based defoamer in neat form and commercially 
available from Ultra Additives of Bloom?eld, N.J., USA. 
The resulting aqueous siZe composition possessed an alkaline 
pH of 10.5. The silica nanoparticles present in the alkaline 
aqueous siZe composition had a concentration of approxi 
mately 20 percent, the polymeric ?lm-former Was provided in 
a concentration of approximately 60 percent, the reactive 
silane coupling agent Was provided in an effective concentra 
tion of approximately 18 percent achieved after in-situ 
hydrolysis, and the surfactant and defoamer Were provided in 
a total concentration of approximately 2 percent; all based on 
Weight of total solids in the composition. 
[0051] A kiss-roll applicator With a circumference of 45 cm 
operating at a speed of approximately 40 revolutions per 
minute Was used to apply as an intimate coating the alkaline 
aqueous siZe composition containing the dispersion of silica 
nanoparticles to a roving of E-glass. The roving consisted of 
approximately 4,000 continuous glass ?laments each having 
an average single ?lament diameter of approximately 13.5 
pm. 
[0052] The continuous glass ?bers roving bearing such 
nanoparticles on the ?lament surfaces Was passed at a rate of 
approximately 20 meters per second to a chopper operating at 
a rate of approximately 130 cuts per second to form modi?ed 
discontinuous glass ?bers While retaining the presence of the 
nanoparticles on the glass ?ber surfaces. The resulting dis 
continuous ?bers Were cut to average lengths of approxi 
mately 5 mm. 
[0053] The resulting chopped glass ?bers bearing a coating 
of the aqueous alkaline siZe composition Were passed through 
an oven set at 190° C. Where the aqueous portion of the 
composition Was removed through volatiliZation resulting in 
the further adherence of the silica nanoparticles to the sur 
faces of the glass ?laments to yield ?nely roughened ?lament 
surfaces as the result of the presence of the nanoparticles. 
Following such drying, the silica nanoparticles Were present 
in the siZed ?berglass in a concentration of approximately 20 
percent by Weight based on the Weight of the total siZing 
solids. 
[0054] The discontinuous glass ?bers having ?nely rough 
ened surfaces as the result of the presence of the nanoparticles 
folloWing drying Were incorporated through blending in a 
polypropylene thermoplastic matrix material by extrusion 
using a tWin-screW extruder. The polypropylene matrix mate 
rial Was of a polypropylene homopolymer With Melt FloW 
Index of 4, and Was commercially available from Basell of 
Frankfurt, Germany, under the Profax 6523 designation. 
[0055] Pellets of the matrix material suitable for melt pro 
cessing having dimensions of approximately 2 mm to 5 mm 
Were formed from the resulting blend by the use of a standard 
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pelletiZer. Such pellets then Were injection molded using a 
molding machine at a temperature of approximately 200° C. 
to form discontinuous ?ber-reinforced composite articles. 
Any extruder, pelletiZer, or molding machines suitable for 
processing of reinforced thermoplastic materials can be used 
for such process. 
[0056] The resulting injection molded articles Were sub 
jected to physical testing and their properties Were compared 
to similarly prepared ?ber-reinforced composite articles in 
Which nanoparticle roughening Was absent on the discontinu 
ous ?ber surfaces. A comparison of the physical properties is 
set forth in Table 1 Which folloWs. The loss on ignition (LOI) 
is With respect to the surface-roughened discontinuous ?bers 
prior to incorporation in the thermoplastic matrix. 

TABLE 1 

Property With Nanoparticles Without Nanoparticles 

Fiber Diameter 13.6 pm 13.5 pm 
Loss on Ignition (LOI) 0.57% 0.66% 
Tensile Strength-Initial 76 MPa 72 MPa 
(ASTM D63 8) 
Tensile Strength With 57 MPa 57 MPa 
Aging (10 days in 950 C. 
Water) 
Flexural Modulus 3.8 GPa 3.8 GPa 

(ASTM D790) 
Yield 198 MPa 182 MPa 
Flexural Strength 122 MPa 112 MPa 

(ASTM D790) 
Initial Color (b value) 7.1 10.4 
(Using Colorimeter) 
Color (b value) With Aging 8.7 13.3 
(24 h at 150° c.) 
Unnotched Charpy Impact 53 kJ/m2 45 kJ/m2 
(ASTM D6110) 
Notched Charpy Impact 10.5 kJ/m2 8.5 kJ/m2 
Unnotched Izod Impact 637 J/m 613 J/m 
(ASTM D25 6) 
Notched Izod Impact 196 J/m 184 J/m 

[0057] As indicated, a number of physical properties in the 
resulting injection molded discontinuous ?ber-reinforced 
composition articles including color Were enhanced When 
practicing the present invention. Both the product of the 
present invention and that obtained using the control siZe 
yielded good strand integrity. 

EXAMPLE II 

[0058] An aqueous dispersion of colloidal silica available 
from Grace Davison of Columbia, Md., U.S.A., under the 
Ludox® SM designation Was selected as the source of nano 
particles of inorganic material. Such nanoparticles possessed 
a speci?c surface area 350 m2/g, and the aqueous dispersion 
of colloidal silica Was included in the alkaline aqueous siZe 
composition in a concentration of 15.0 percent by Weight. 
[0059] The additional components of alkaline aqueous siZe 
composition Were 64.9 percent of HydrosiZe® PP2-01 func 
tionaliZed polypropylene aqueous dispersion available from 
HydrosiZe Technologies, Inc. ofRaleigh, NC, USA, serv 
ing as a ?lm former, 17.5 percent of A-1 100 y-aminopropyl 
triethoxysilane reactive silane coupling agent available from 
Momentive Performance Materials, 2.5 percent Mapeg® 200 
ML PEG (200) ester monolaurate surfactant or lubricant 
available from BASF Corporation, and 0.1 percent of DEE 
FO PI-35 polysiloxane-based defoamer available from Ultra 
Additives. The alkaline aqueous siZe composition possessed 
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a solids content of 6.5 percent and an alkaline pH of 10.3. The 
resulting alkaline aqueous size composition containing a dis 
persion of colloidal silica Was applied through the use of a 
kiss-roll applicator to a multi?lamentary roving of 4,000 
E-glass ?laments each having a diameter of approximately 16 
um, and Was dried to produce a roughened surface on the 
continuous glass ?laments as a result of the presence of the 
silica nanoparticles. The loss on ignition (LOI) of the result 
ing surface-roughened glass roving Was 0.6 percent. 
[0060] The glass ?lamentary roving bearing the nanopar 
ticle-roughened surface Was passed together With molten 
polypropylene through a Leistritz ZSE 40 GL tWin-screW 
extruder that Was equipped With screWs designed to minimize 
damage to the surface-roughened glass ?bers. As the mul 
ti?lamentary glass roving passed through the extruder it Was 
Well admixed With the molten polypropylene intended to 
serve as the continuous matrix phase of a ?ber-reinforced 
composite article. 
[0061] The resulting thermoplastic polymer-impregnated 
roving next Was passed in the absence of the appreciable 
cooling to a cutter to form partially solidi?ed large pellets 
suitable for molding. The ?brous reinforcement Was prima 
rily unidirectionally aligned Within the resulting pellets. 
[0062] The resulting large pellets containing the surface 
roughened glass ?bers in the absence of any substantial cool 
ing Were next placed in a mold and Were compression molded 
in a Dieffenbacher molding machine having a capacity of 
5000 kN to form a ?ber-reinforced composite article in sheet 
form containing primarily unidirectionally aligned glass 
?bers as reinforcement Within a continuous matrix of 
polypropylene. 
[0063] The above procedure Was repeated With the excep 
tion that the alkaline aqueous size composition that Was 
coated on the glass roving lacked the silica nanoparticles and 
the Mapeg®200 ML PEG (200) surfactant and lubricant 
Which had been included as a processing aid. In the aqueous 
dispersion the reactive silane coupling agent Was provided in 
the same 17.5 percent concentration, the concentration of the 
aqueous dispersion of functionalized polypropylene ?lm 
former Was increased to 82.4 percent, and the polysiloxane 
based defoamer Was present in the same 0.1 percent concen 
tration. The alkaline aqueous size composition possessed a 
solids content of 6.3 percent, and an alkaline pH of 10.1. The 
loss on ignition (LOI) of the resulting glass roving Was 0.5 
percent. 
[0064] Representative test specimens Were Water-jet cut 
from the compression molded sheets, and the physical prop 
erties of such compression molded ?ber-reinforced compos 
ite articles Were evaluated While using the test procedures of 
the International Organization for Standardization (ISO). The 
results of such evaluation are reported hereafter. A compari 
son of the physical properties is set forth in Table 2 Which 
folloWs. 

TABLE 2 

Property With Nanoparticles Without Nanoparticles 

Fiber Diameter 16 pm 16 pm 
Loss on Ignition (LOI) 0.6% 0.5% 
Tensile Strength 40 MPa 41 MPa 

(Transverse) 
Tensile Strength 96 MPa 99 MPa 
(Longitudinal) 
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TABLE 2-continued 

Property With Nanoparticles Without Nanoparticles 

Unnotched Izod Impact 279 .I/m 286 .I/m 

(Transverse) 
Unnotched Izod Impact 477 .I/m 461 .I/m 
(Longitudinal) 
Notched Izod Impact 105 .I/m 94 .I/m 

(Transverse) 
Notched Izod Impact 288 .I/m 158 .I/m 
(Longitudinal) 
Multi-Axial impact 26 J 26 J 

[0065] It Will be recognized that disparities betWeen the 
transverse and longitudinal test results are attributable to the 
general alignment of the ?brous reinforcement Within the 
resulting ?ber-reinforced test specimens. As indicated, physi 
cal properties such as the Notched Izod Impact are shoWn to 
be signi?cantly enhanced When practicing the concept of the 
present invention through the use of inorganic nanoparticle 
roughening on the surface of the ?brous reinforcement 
present Within the thermoplastic matrix. 

EXAMPLE III 

[0066] An aqueous dispersion of colloidal silica available 
from Eka Chemicals, Inc. under the designation of Bindzil® 
215 designation Was selected as the source of nanoparticles of 
inorganic material. Such nanoparticles possessed a speci?c 
surface area 600 m2/ g, and the aqueous dispersion of colloidal 
silica Was included in the alkaline aqueous size composition 
in a concentration of 15.0 percent. 

[0067] The additional components of alkaline aqueous size 
composition Were 64.9 percent of Michem® ME 91735 
polypropylene grafted With maleic anhydride emulsion avail 
able from Michelman, Inc., serving as a ?lm former, 17.5 
percent of A-1100 y-aminopropyltriethoxysilane reactive 
silane coupling agent available from Momentive Perfor 
mance Materials, 2.5 percent Mapeg® 200 ML PEG (200) 
ester monolaurate surfactant or lubricant available from 
BASF Corporation, and 0.1 percent of DEE FO PI-35 polysi 
loxane-based defoamer available from Ultra Additives. The 
alkaline aqueous size composition possessed a solids content 
of 6.3 percent and pH of 10.9. The resulting alkaline aqueous 
size composition containing a dispersion of colloidal silica 
Was applied through the use of a kiss-roll applicator to a 
multi?lamentary roving of 4,000 E-glass ?laments each hav 
ing a diameter of approximately 16 um, and Was dried to 
produce a roughened surface on the continuous glass ?la 
ments as a result of the presence of the silica nanoparticles. 
The loss on ignition (LOI) of the resulting surface-roughened 
glass roving Was 0.5 percent. 
[0068] The glass ?lamentary roving bearing the nanopar 
ticle-roughened surface Was passed together With molten 
polypropylene through a Leistritz ZSE 40 GL tWin-screW 
extruder that Was equipped With screWs designed to minimize 
damage to the surface-roughened glass ?bers. As the mul 
ti?lamentary glass roving passed through the extruder it Was 
Well admixed With the molten polypropylene intended to 
serve as the continuous matrix phase of a ?ber-reinforced 
composite article. 
[0069] The resulting thermoplastic polymer-impregnated 
roving next Was passed in the absence of the appreciable 
cooling to a cutter to form partially solidi?ed large pellets 
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suitable for molding. The ?brous reinforcement Was prima 
rily unidirectionally aligned Within the resulting pellets. 
[0070] The resulting large pellets containing the surface 
roughened glass ?bers in the absence of any substantial cool 
ing Were next placed in a mold and Were compression molded 
in a Dieffenbacher molding machine having a capacity of 
5000 kN to form a ?ber-reinforced composite article in sheet 
form containing primarily unidirectionally aligned glass 
?bers as reinforcement Within a continuous matrix of 
polypropylene. 
[0071] The above procedure Was repeated With the excep 
tion that the alkaline aqueous size composition that Was 
coated on the glass roving lacked the silica nanoparticles and 
the Mapeg® 200 ML PEG (200) surfactant and lubricant 
Which had been included to Well disperse the silica nanopar 
ticles as a processing aid. In the aqueous dispersion the reac 
tive silane coupling agent Was provided in the same 17.5 
percent concentration, the concentration of the emulsion of 
polypropylene grafted With maleic anhydride ?lm-former 
Was increased to 82.4 percent, and the polysiloxane-based 
defoamer Was present in the same 0.1 percent concentration. 
The alkaline aqueous size composition possessed a solids 
content of 6.4 percent, and an alkaline pH of 10.9. The loss on 
ignition (LOI) of the resulting glass roving Was the same 0.5 
percent. 
[0072] Representative test specimens Were Water-jet cut 
from the compression molded sheets, and the physical prop 
erties of such compression molded ?ber-reinforced compos 
ite articles Were evaluated While using the test procedures of 
the International Organization for Standardization (ISO). The 
results of such evaluation are reported hereafter. A compari 
son of the physical properties is set forth in Table 3 Which 
folloWs. 

TABLE 3 

Property With Nanoparticles Without Nanoparticles 

Fiber Diameter 16 pm 16 pm 
Loss on Ignition (LOI) 0.5% 0.5% 
Tensile Strength 39 MPa 39 MPa 

(Transverse) 
Tensile Strength 88 MPa 98 MPa 
(Longitudinal) 
Unnotched Izod Impact 295 J/m 334 J/m 

(Transverse) 
Unnotched Izod Impact 472 J/m 431 J/m 
(Longitudinal) 
Notched Izod Impact 141 J/m 101 J/m 

(Transverse) 
Notched Izod Impact 235 J/m 212 J/m 
(Longitudinal) 
Multi-Axial Impact 26 J 23 J 

[0073] It Will be recognized that similar disparities betWeen 
the transverse and longitudinal test results are attributable to 
the general alignment of the ?brous reinforcement Within the 
resulting ?ber-reinforced test specimens. As indicated, physi 
cal properties such as the Notched Izod Impact are again 
shoWn to be signi?cantly enhanced When practicing the con 
cept of the present invention through the use of inorganic 
nanoparticle roughening on the surface of the ?brous rein 
forcement present Within the thermoplastic matrix. 
[0074] The principles, preferred embodiments, and modes 
of operation of the present invention have been described in 
the foregoing speci?cation. The invention Which is protected 
herein, hoWever, is not to be construed as being limited to the 
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particular forms disclosed, since these are to be regarded as 
being illustrative rather than restrictive. Variations and 
changes may be made by those skilled in the art Without 
departing from the spirit of the invention. 

We claim: 
1. A process for forming modi?ed ?bers having roughened 

surfaces suitable for incorporation in a thermoplastic matrix 
to form a ?ber-reinforced composite article comprising: 

(a) applying as a coating to the surface of the ?brous 
material an alkaline aqueous size composition compris 
ing a dispersion of nanoparticles of an inorganic mate 
rial, and 

(b) drying said coating present on said ?brous material to 
provide a roughened surface on said ?brous material as 
the result of the presence of said nanoparticles of said 
inorganic material. 

2. The process of claim 1, Wherein said ?brous material 
comprises glass ?bers. 

3. The process of claim 1, Wherein said ?brous material 
comprises mineral ?bers. 

4. The process of claim 1, Wherein said ?brous material is 
in the form of a multi?lamentary roving. 

5. The process of claim 1, Wherein said alkaline aqueous 
dispersion of nanoparticles of an inorganic material possesses 
a pH of approximately 7.5 to 13. 

6. The process of claim 1, Wherein said nanoparticles of an 
inorganic material possess an average particle size of 
approximately 3 to 40 nm. 

7. The process of claim 1, Wherein said nanoparticles of an 
inorganic material possess an average particle size of 
approximately 3 to 10 nm. 

8. The process of claim 1, Wherein said nanoparticles of an 
inorganic material are silica. 

9. A surface-modi?ed ?brous material suitable for incor 
poration in a thermoplastic matrix to form a ?ber-reinforced 
composite article having surface roughening created by the 
presence of adhering nanoparticles of an inorganic material 
formed by the process of claim 1. 

10. A process for forming discontinuous modi?ed glass 
?bers suitable for incorporation in a thermoplastic matrix and 
the formation of a ?ber-reinforced composite article by inj ec 
tion or compression molding Which displays an enhanced 
mechanical property comprising: 

(a) adhering nanoparticles of an inorganic material that are 
dispersed in an alkaline aqueous size composition to the 
surfaces of glass ?bers Which are present in continuous 
form to provide ?nely roughened surfaces on said con 
tinuous glass ?bers as the result of the presence of said 
nanoparticles of said inorganic material, and 

(b) cutting said continuous glass ?bers into discontinuous 
lengths While retaining said roughened surfaces on said 
glass ?bers as the result of the presence of said nanopar 
ticles of said inorganic material. 

11. The process for forming discontinuous glass ?bers 
suitable for incorporation in a thermoplastic matrix according 
to claim 10, Wherein said continuous glass ?bers of step (a) 
are selected from the group consisting of E-glass, C-glass, 
A-glass, AR-glass, D-glass, R-glass, S-glass, and mixtures of 
the foregoing, and possess a diameter of approximately 2 to 
50 microns. 

12. The process for forming discontinuous glass ?bers 
suitable for incorporation in a thermoplastic matrix according 
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to claim 10, wherein said continuous glass ?bers of step (a) 
are E-glass, and possess a diameter of approximately 7 to 30 
microns. 

13. The process for forming discontinuous glass ?bers 
suitable for incorporation in a thermoplastic matrix according 
to claim 10, Wherein said alkaline aqueous dispersion pos 
sesses a pH of approximately 8 to 11. 

14. The process for forming discontinuous glass ?bers 
suitable for incorporation in a thermoplastic matrix according 
to claim 10, Wherein said nanoparticles of an inorganic mate 
rial possess an average particle siZe of approximately 3 to 40 
nm. 

15. The process for forming discontinuous glass ?bers 
suitable for incorporation in a thermoplastic matrix according 
to claim 10, Wherein said nanoparticles of an inorganic mate 
rial possess an average particle siZe of approximately 3 to 10 
nm. 

16. The process for forming discontinuous glass ?bers 
suitable for incorporation in a thermoplastic matrix according 
to claim 10, Wherein said nanoparticles of an inorganic mate 
rial are selected from the group consisting of silica, clay, 
glass, metals, titanium dioxide, Zinc oxide, barium oxide, 
cerium gadolinium oxide, iron ferrite, aluminum polyphos 
phate, nanodiamonds, and mixtures of the foregoing. 

17. The process for forming discontinuous glass ?bers 
according to claim 10, Wherein said nanoparticles of an inor 
ganic material are silica. 

18. The process for forming discontinuous glass ?bers 
according to claim 10, Wherein said alkaline size composition 
of step (a) additionally includes silane, surfactant, and poly 
meric ?lm-former. 

19. The process for forming discontinuous glass ?bers 
according to claim 10, Wherein in step (a) the nanoparticles of 
said inorganic material are caused to adhere to said continu 
ous glass ?bers by initially coating said alkaline aqueous siZe 
composition on the surfaces of said glass ?bers folloWed by 
removal of volatile components. 

20. The process for forming discontinuous glass ?bers 
according to claim 10, Wherein in step (b) said continuous 
glass ?bers are cut into discontinuous lengths of approxi 
mately 2 to 100 mm. 

21. The process for forming discontinuous glass ?bers 
according to claim 10, Wherein in step (b) said continuous 
glass ?bers are cut into discontinuous lengths of approxi 
mately 3 to 50 mm. 

22. Surface-modi?ed discontinuous glass ?bers suitable 
for incorporation in a thermoplastic matrix and the formation 
of a ?ber-reinforced composite article by injection or com 
pression molding Which displays an enhanced mechanical 
property as the result of surface roughening created by the 
presence of adhering nanoparticles of an inorganic material 
formed by the process of claim 10. 

23. A process for forming a ?ber-reinforced thermoplastic 
composite article comprising: 

(a) applying as a coating to the surface of a ?brous material 
an alkaline aqueous siZe composition comprising a dis 
persion of nanoparticles of an inorganic material, 

(b) drying said coating present on said ?brous material to 
provide a roughened surface on said ?brous material as 
the result of the presence of said nanoparticles of said 
inorganic material, and 

(c) incorporating said ?brous material bearing said rough 
ened surface in a thermoplastic matrix as ?brous rein 
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forcement With the application of heat Whereby said 
thermoplastic matrix is rendered melt processable. 

24. The process according to claim 23, Wherein said ?brous 
material is provided in discontinuous lengths and injection or 
compression molding is utiliZed in step (c). 

25. The process according to claim 23, Wherein step (c) 
forms a long-?ber-reinforced thermoplastic composite 
article. 

26. A process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article comprising: 

(a) adhering nanoparticles of an inorganic material that are 
dispersed in an alkaline aqueous siZe composition to the 
surfaces of glass ?bers Which are present in continuous 
form to provide ?nely roughened surfaces on said con 
tinuous glass ?bers as the result of the presence of said 
nanoparticles of said inorganic material, 

(b) cutting said continuous glass ?bers into discontinuous 
lengths While retaining said roughened surfaces on said 
glass ?bers as the result of the presence of said nanopar 
ticles of said inorganic material, 

(c) extruding the discontinuous glass ?bers having said 
?nely roughened surfaces together With a thermoplastic 
Wherein the surface-attached nanoparticles of inorganic 
material serve to promote the secure bonding of the 
discontinuous glass ?bers Within said thermoplastic 
matrix to form a material suitable for molding, and 

(d) injection or compression molding said material incor 
porating said discontinuous glass ?bers having said 
?nely roughened surfaces to form a ?ber-reinforced 
composite article Which displays an enhanced mechani 
cal property. 

27. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said continuous glass ?bers of step (a) are 
selected from the group consisting of E-glass, C-glass, 
A-glass, AR-glass, D-glass, R-glass, S-glass, and mixture of 
the foregoing, and possess a diameter of approximately 2 to 
50 microns. 

28. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said continuous glass ?bers of step (a) are 
E-glass, and possess a diameter of approximately 7 to 30 
microns. 

29. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said alkaline aqueous dispersion possesses a pH 
of approximately 8 to 11. 

30. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said nanoparticles of an inorganic material pos 
sess an average particle siZe of approximately 3 to 40 nm. 

31. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said nanoparticles of an inorganic material pos 
sess an average particle siZe of approximately 3 to 10 nm. 

32. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said nanoparticles of an inorganic material are 
selected from the group consisting of silica, clay, glass, met 
als, titanium dioxide, Zinc oxide, barium oxide, cerium gado 
linium oxide, iron ferrite, aluminum polypho sphate, nanodia 
monds, and mixtures of the foregoing. 
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33. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said nanoparticles of an inorganic material are 
silica. 

34. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said alkaline siZe composition of step (a) addi 
tionally includes silane, surfactant, and polymeric ?lm 
former. 

35. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein in step (a) the nanoparticles of said inorganic 
material are caused to adhere to said continuous glass ?bers 
by initially coating said alkaline aqueous siZe composition on 
the surfaces of said glass ?bers folloWed by removal of Vola 
tile materials. 

36. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein in step (b) said continuous glass ?bers are cut into 
discontinuous lengths of approximately 2 to 100 mm. 

37. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
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26, Wherein in step (b) said continuous glass ?bers are cut into 
discontinuous lengths of approximately 3 to 50 mm. 

38. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said thermoplastic of step (c) is selected from the 
group consisting of polyole?ns, polyesters, polyamides, 
polycarbonates, polyethers, liquid crystal polymers, poly 
ethersulfones, polyphenylene oxide, polyphenylene sul?de, 
polybenZimidaZoles, thermoplastic polyurethanes, and 
blends of the foregoing. 

39. The process for forming a discontinuous glass ?ber 
reinforced thermoplastic composite article according to claim 
26, Wherein said thermoplastic is polypropylene. 

40. A discontinuous glass ?ber-reinforced thermoplastic 
composite article formed by the process of claim 26, Which 
displays an enhanced mechanical property folloWing injec 
tion or compression molding containing discontinuous glass 
?ber reinforcement having ?nely roughened surfaces as the 
result of the presence of adhering nanoparticles of an inor 
ganic material. 


