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The present invention relates to a glass ?ber treatment 
and it has particular relation-to a size for treating glass 
?bers which are to be used in various forms as a rein 
forcement for resins. This application is a continuation 
in part of my application Serial No. 825,432, ?led July 7, 
1959, now abandoned. 
A glass ?ber strand is composed of a multitude of ?ne 

glass ?laments which are formed by being drawn at a 
high rate of speed from molten cones of glass located at 
the tips of small ori?ces in a bushing such as shown in 
U.S. Patent No. 2,133,238. During formation, the ?la 
ments are coated while moving at a speed of the order of 
5,000 to 20,000 feet per minute with a size which con 
tains a binder to give the strand integrity for workability, 
i.e., for twisting, plying and weaving. If the strand does 
not have proper integrity, fuzzing occurs during these 
operations and eventually the strand breaks. The size 
also contains a lubricant for the ?laments to prevent de 
struction of the strand by abrasion of the individual ?la 
ments against each other or against ?ber handling equip 
ment. 

It is common practice to use glass ?ber strands and 
glass ?ber cloth as a reinforcement for resins. For such 
use, the glass ?bers are coated with a coupling agent or 
?nish material which makes the surface of the glass ?bers 
hydrophobic and compatible with the particular resins 
with which they are to be employed. These coupling 
agents greatly increase the dry and wet ?exural strength 
of the glass ?ber-resin laminate. 
A number of silane and siloxane materials have been 

found to be useful as coupling agents. For example, 
vinyl and allyl halo, alkoxy, amino or acyloxy silanes, 
their hydrolysis products and polymers of the hydrolysis 
products are suitable for such use. Some of the silanes 
are disclosed in U.S. Patents Nos. 2,563,228; 2,688,006; 
2,688,007; 2,723,211; 2,742,378; 2,754,237; 2,776,910 
and 2,799,598. 
When the glass ?bers are used in the form of strand, 

i.e., roving or chopped strand or twisted strand, for resin 
reinforcement, the coupling agent is usually combined 
with the size and applied with the size to the ?bers during 
their attenuation and forming. The size employed is 
usually an aqueous dispersion of (1) a ?lm-forming, syn 
thetic resin latex made by aqueous emulsion polymeriza 
tion of an ethylenic monomer, for example, polyvinyl 
acetate latex, and (2) a textile lubricant or softener. 
Roving is formed by combining a number of strands in 
parallel form and winding the strands on a tubular sup 
port in a manner such that the combined strands may be 
unwound and used to form woven roving or chopped 
strands. 
made according to conventional textile twisting techniques 
by removing the strand from the forming package and 
winding it on a twister bobbin. It is therefore necessary 
that the strand have good integrity and resistance to 

Twisted strand (single end on a bobbin)ris' 
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fuzzing during the steps employed to make the twisted 
strand or roving and fabricate them into forms suitable 
for use‘as a resin reinforcement. 
When roving is woven to form a roving cloth for resin 

reinforcement, it is necessary that the roving have a cer~ 
tain degree of hardness. The roving should be hard and 
?exible, but not brittle. If the roving is too soft, it 
fuzzes in the heddles. When this occurs, the weaving 
operation must be interrupted to remove the fuzz. If 
the fuzz is not removed, it causes the woven roving to 
have loops and holes in it and otherwise be non-uniform. 

Ordinarily, when it is desired to make a strand or rov 
ing harder for weaving purposes, the procedure is to in 
crease the amount of binder in the size. There is a limit 
to the amount of binder which can be applied in the size 
during the formation of the strand because too much 
binder on the strand‘will render the strand dii?cult to re 
move from the forming package. It has been found that 
the use of the maximum allowable amount of binder, 
such as polyvinyl acetate latex, in a silane-containing size 
does not render the strand or roving sufficiently hard for 
some weaving procedures. It is therefore an object of 
this invention to provide a silane size for application to 
strands, during their formation to enable the production 
of a relatively hard roving. The term “hard roving” 
means a roving which has good strand integrity and which 
feels hard to the touch as contrasted to a soft roving 
which feels soft to the touch. 
A further object of this invention is to produce a single 

type of hard roving which can be used as a reinforce 
ment for different types of resins. Vinyl and allyl silanes 
have been used to treat glass ?bers which are to be com 
bined with styrenated, polyester resins. It is believed by 
some persons that during polymerization of the resin in 
situqwith the glass ?bers, there is a chemical reaction be 
tween, the unsaturated groups in the resin and the un 
saturated groups in the silane coating on the ?bers. It 
is desired that a treatment be provided for glass ?ber 
roving which will render the roving capable of providing 
an increased ?exural strength to glass ?ber resin lami 
nates in general and not just to laminates of speci?c 
resins. For example, it is desired that a roving be pro 
vided which is equally useful as a reinforcement for 
styrenated polyester resins and epoxy resins. It is ob 
vious that such a versatile roving will reduce the storage ' 
and inventory problems of both manufacturers and users 
of the roving. - 
An additional object of the invention is to provide glass 

?ber roving which has been treated with a size containing 
an alkenyl silane, such as vinyltriacetoxy silane, with good 
“wet out” properties. It is desirable in the formation of 
glass ?ber laminates that the resin completely impregnate 
the strand and wet the surfaces of the ?bers as quickly as 
possible in order to reduce the time required to make the 
laminates as well as to provide a laminate with maximum 
possible strength. _ ‘ 

It is a further object of this invention to provide a glass 
?ber strand which is treated with a size containing a cou 
pling agent and which can be twisted, plied and woven 
into cloth for use as a resin reinforcement without re 
quiring heat cleaning and ?nishing of the cloth prior to 
such use as isnow required. - . > > 7 

These and other objects of the invention are accom 
plished by treating glass ?ber strands during their forma— 
tion with a size containing a binder, a lubricant or softener, 



- 30 minutes before being added to the latex. 
water is ,then addedto make 250 gallons of sizing solution.‘ 
The sizing solution as thus prepared has a pH of about 

' ' ‘a 

- . ~ g - a’ . . a 

an alkenyl acyloxy silane such as vinyltriacetoxy silane 
and an amino-alkylalkoxy silane such' as gamma-amino 
propyl triethoxy silane. . 
The alkenyl acyloxy silanes contemplated for use in the 

present invention are illustrated by the following struc 
tural formula: ' ' - 

0 

(R1) ..—si—(0 £412) 4-n 
wherein R1 is an alkenyl radical selected from the group 
consisting of vinyl and allyl radicals, R2 is H or an alkyl 
or substituted .alkylradical containing'l to 5 carbon atoms 
audit is a whole number from 1 to 3, preferably 1. Typi 
cal examples of the alkenyl acyloxy silanes which are 
usable‘ in accordance with the present invention are listed 
below:‘ ' > I ' 

Vinyl triacetoxy silane _ 
Vinyl diacetoxy monopropionoxy silane 
Vinyl monoacetoxy dipropionoxy silane 
Allyl triacetoxy silane, 
Vinyl tributyroxy silane 
Vinyl tripropionoxy silane 
Allyl diacetoxy monopropionoxy silane , 
Allyl acetoxy dipropionoxy silane 
Allyl tripropionoxy silane , _ 

Vinyl trimonochloroacetoxy silane, etc. 1 i 

The amino-alkyl alkoxy silanes which are contemplated 
for use in the present invention are illustrated by the 
following structural formula: - 

R1 
\ 

/ 
R2 ’ 

whereinrRl may be H, an alkyl radical containing 1 to 5 
carbon atoms or H[NHCH2~—CH2]X—_, x being 1 to 5, R2 
may be H or an alkyl radical containing 1 to 5 carbon 
atoms, R3 and R4 are alkyl radicals preferably containing 

11 

1 to 5 carbon atoms, and n is a whole number from 1 to ' 
3, preferably 1. Typical examples of the amino-alkyl 
alkoxy silaneinclude gamma-amino-propyl triethoxysilane 
and similar silanes produced in the manner shown in US. 
Patent No. 2,832,754. . 
A typical example of the size is as follows. 

Example I 
Ingredient: ‘ ,Parts by weight 

, Aqueous- dispersion of polyvinyl acetate latex 
(55% by weight of solids) ______________ ._ 129.1 

Pelargonic acid amide ‘solubilizedin water with 
_ acetic acid (KL-185a) ________________ __ 5.0 

Vinyltriacetoxysilane ____________________ __ 1 1.0 

Gamma-amino-propyl triethoxysilane ____ _._V__ 5.5 

Water ' _________________________________ __ 1942 

Two hundred ?fty gallons of the glass ?ber size can 
be made by dispersing the polyvinyl acetate latex in about 
80 gallons of water in a mixing tank. The textile softener 
RL-185a is added to about 70 gallons of water maintained 
at a temperature of about 130 to 160° F. and thoroughly 
mixed therein. This mixture is then added to the aqueous 
dispersion of the latex. The vinyltriacetoxysilane and the 
gamma-amino-‘propyl‘ triethoxysilane are mixed separately 
with equal amounts of cold water, added to each other 
and then added immediately, say for example within ten 
minutes, to the mixing tank. It has been found that the 
improvement in “Wet-out” properties is not obtained if the 
silane mixture is allowed to stand for too long a time, i.e. 

Sut?cient 

4.3 tov 4.7 anda solid content of about 3.5 to 4.1 percent 
by weight; 
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It is desirable to add the silanes together in an aqueous‘ , 
solution before. adding them to the sizing solution in 
order to produce a silaneaddition which is acidic. The 75 

a small amount of plasticizer in it. 
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gamma-amino-propyl triethoxysilane is alkaline and if it 
‘is added by. itself, it will tend to precipitate some of the 
polyvinyl acetate latex from the dispersion. 
The sizing solution is applied to the individual ?bers 

during their formation in the manner illustrated in the 
' drawing. The sizing solution is applied to the individual 
?bers’ 10 just after their emergence from ori?ces 11 in an 
electrically heated, platinum alloy bushing 12 containiing 
molten glass 13. The sizing solution is applied to the 
?laments, prior to the timethey are grouped together to 
form a strand, by means of a roller applicator 18 which 
is composed of a rotating roller19 partially submerged in 
the sizing solution 20 contained in a’ reservoir 22. Such 
an applicator is shown in more detail in US. Patent No. 
2,728,972. The ?bers are grouped into a strand by a 
graphite‘ guide 24and’ wound around a forming tube 26 
rotatingat approximate 7500 r.p.m. to produce a strand 
travel of approximately 12,000 to 15,000 feet per minute. 
Other methods of applying the size to the strand of glass 
?bers, such as a pad applicator, may be employed and 
the strand may be formed by means other than Winding 
on' the forming tube, such as by means of a pair of 
rotating wheel pullers which direct the strand into a 
suitable collecting device. ' 
' The glass ?ber‘ strands wound on the forming tube 26 
are then dried. This may be done by heating them at a 
temperature and for a length of time su?icient to remove 
substantially all of the water, for example at about 275° 
F. for 8 hours; This drying causes the silanes to ?x 
themselves to the glass surface and to produce the degree 
of strand integrity and hardness required for forming the 
strandginto a woven cloth or woven roving. The solids 
content of size on the strand averages about 0.5 to 2.0 
percent by weight, preferably about 0.75 percent by 
weight. - ‘ 

The glass ?ber size can be made by using other ?lm 
forming, glass ?ber binders in place of the‘polyvinyl ace 
tate latex. .These binders are latices, i.e., aqueous dis 
persions of synthetic resins made by aqueous emulsion 
polymerization of 'ethylenic monomers, such as the various 
acrylates which are esters of acrylic and methacrylic acid 
and an aliphatic alcohol having 1 to 6 carbon atoms in 
cluding for example, methyl methacrylate and methyl 
acrylate. Other ethylenically unsaturated monomers can 
‘also be employed to form homopolymeric and copoly 
meric latices within the purview of this invention, e.g., 
vinyl chloride, styrene, acrylonitri'le, chlorovinyl acetate, 
butadiene, vinylidene chloride and various copolymers of 
the above monomers such as 'butadiene-styrene, butadiene 
acrylonitrile, vinyl chloride-vinyl acetate copolymers and 
like materials which can be employed vin latex form in 
aqueous dispersions ‘as binders for glass ?ber strands. 
These latices .generally have an average particle size of 
0.1 toS microns. 
A plasticizer may be'used in the size with latices which 

tend to deposit as brittle or discontinuous ?lms although 
‘ordinarily aplasticizer is not used for it tends to soften the 
roving. ‘For example, a plasticizer may be used with 
latices ofrpolyvinyl acetate, polyvinyl chloride, the poly 
.acrylates and polystyrene, Whereas the plasticizer is gen 
erally not used with butadiene-styrene latex. Frequently 
the latex as purchased from the manufacturer will have 

The plasticizer may 
be any known plasticizer for the various latices such as di 
butyl" phthalate, tricresyl phosphate, dioctyl phthalate, di 
i'soo'cty'l phtha‘late and other esters which are ‘conventional 
-ly used'as plasticizers. Approximately 1 to 5 percent by 
weight of the latex on a solid basis is employed in the 
size. Approximately 0.5 to 5 percent by weight of plas 
ticizer based upon the weight of the solid latex may be 
employed. Larger amounts may be employed with poly 
vinyl chloride, polystyrene and’ polyvinylidene chloride 
‘latices if needed for proper-?lm forming. 

‘' The size contains about 0.3 to 2 percent by weight of 
au‘alkenyl acyloxy silane such as vinyltriacetoxysilane and 
about 0.1 to Zpercent by weight of an amino-alkyl alkoxyl 
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silane such as gamma-.amino-propyl triethoxysilane. The 
amount of vinyltriacetoxysilane is usuallyl to 4 times 
the amount of gamma-amino-propyl triethoxysilane in the 
size. Greater than 2 percent by weight of each of the 
silanes can be used, but larger amounts do not materially 
increase the ?exur-al strength characteristics of the resin 
laminates. It'is preferred that no more than about 2 
percent by weight of the gamma-amino-propyl triethoxy 
silane be employed because adequate hardness is obtained 
by such amount. Where exceptionally hard roving is de 
sired, however, greater amounts of the gamma-amino 
propyl triethoxysilane may be employed. 
The textile softener for use in the present invention is 

a cationic-active, acid solubilized, fatty acid amide. A 
suitable material is manufactured by the Arnold Hoffman 
Company under the trade number Riv-185a. It is an 
anhydrous material which is a deep reddish, amber, vis 
cous liquid .at room temperature. It is water dispersible 
and has a pH of 8.9 to 9.4 in a one percent by weight 
aqueous dispersion. Other commercially available acid 
solubilized, fatty acid amides are useful as textile softeners 
in ‘the practice of the invention. These include both sat 
ura-t-ed and unsaturated fatty acid amides wherein the acid 
group contains, from 4 to 24 carbon atoms. Also included 
are anhydrous, acid solubilized polymers of the lower mo 
lecular weight unsaturated fatty acid amides. The tex 
tile softener is employed in an amount approximately 0.1 
to 1 percent by Weight of the sizing solution. 

Another textile softener and lubricant which can be 
used in the size is an alkyl imidazoline derivative which 
includes compounds of the class p-alkyl N-aminoalkyl 
imidazolines which may be formed by causing fatty acids ‘ 
to react with polyalkylene polyamines under conditions 
which produce ring closure. The reaction of .tetraethyl 
,ene pentamine with stearic .acid is exemplary of such re 
action. These imidazolines are described more fully in 
U.S. Patent No. 2,200,815. Other suitable imidazolines 
are described in U.S. Patents Nos. 2,267,965; 2,268,273 
and 2,355,837. ' ‘ 

The size may contain a wetting agent. ‘The wetting 
agent is preferably cationic or non-ionic and it may also 
serve as an additional lubricant. Any material which is 
conventionally known'to be useful as such and will re— 
duce the surface tension of the sizing solution so that it 
is about 5 to 35 dynes per square centimeter can be used. 
Such materials include cetyl or stearyl monoamine hydro 
chloride or acetate, dodecyl amine, hexadecyl amine and 
secondary and tertiary derivatives of the same, for ex 
ample, dodecyl methyl amine and salts thereof. Alkyl 
quaternary ammonium compounds such as trimethyl 
stearyl or cetyl ammonium bromides .and chlorides and 
generally any of the amine compounds that dissociate in 
water systems to provide a positive radical containing a 
group of more than 8 and preferably 12 or more carbon 
atoms may be used. Other examples of suitable wetting 
agents are polyoxyethylene derivatives of a sorbitol fatty 
acid ester such as polyoxyethylene sorbitan monostearate 
or polyoxyethy-lene sorbitan trioleate. The amount of 
such wetting agent employed generally ranges from about 
0.01 to 1 percent by weight of the aqueous sizing solution. 
The total solids content of the sizing solution is about 2 

to 5.5 percent by weight of the solution. In all events 
the amounts of the various ingredients should not exceed 
that amount which will cause the viscosity of the solution 
to‘be greater than about 100 centipoises at 20° C. ' Solu 
tions having a viscosity of greater than 100 centipoises at 
20° C. are very difficult to apply‘ to glass ?ber strands 
during their formation Without breaking the strand. It 
is preferred that the viscosity of the size be between 1 
and 20 centipoises at 20° C. for best results. The pH 
of the solution may vary from about 3 to 8 depending 
upon the sensitivity of the latex to precipitate from the 
dispersion. The more sensitive the latex is to precipita 
tion, the higher the pH of the solution. It is desired that 
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6 
the sizing ‘solution have a pH of 4 to 5 when polyvinyl 
acetate is the latex. 
Further examples of the sizing solutions which may be 

‘employed in the present invention are listed below. 

, Example 11 
Ingredient: ' ' ' 4 Parts by weight 

Polyvinyl acetate latex (55% by weight solids) _ 129.1 
Vinyltriacetoxysilane ___-___’ _____ "I ______ __ ' 11.0 j 

Garnma-amino-propyl triethoxysilane _____ __ 5.5 

Pelargonic acid amide solubilized in water with 
acetic acid 5.0 

Aqueous solution of melamine formaldehyde 
resin (65% by Weight solids) _________ __t_ 12.0 

Water ___ 1930.0 

' This sizing solution is made in the same manner as 
that in Example I with the melamine formaldehyde resin 
being added as the ?nal ingredient just prior to the ?nal 
addition of the water. It has been found'that the addi 
tion of about 0.3 to 2 percent by weight of melamine 
formaldehyde to the size serves several purposes. The 
strand which is sized with the solution of vExample H is 
whiter in color than the strand sized with the solution of 
Example I. The melamine formaldehyde resin provides 
this improved color and does so while slightly decreasing 
the hardness of the strand thus formed. This is important 
‘for the addition of the gamma-amino-propyl triethoxy 
silane to the size increases the hardness of the strand as 
well as making it more compatible with epoxy resins. 
The melamine formaldehyde resin is therefore useful to 
control the hardness ofthe strand thus produced. 

The melamine formaldehyde resin in" the size improves 
the abrasion resistance of the strand and permits twisting 
of the strand according to conventional textile twisting 
and plying techniques without undue breakage of ?la 
ments. The twisted strand (yarn) can be woven into 
‘cloth and combined with a resin without requiring heat 
cleaning and ?nishing of the cloth as has been required 
in the past. Prior to this invention glass ?ber strands 
which have been twisted into yarn have almost exclusive 
ly been sized with a starch-vegetable oil containing size 
to, permit twisting. The ‘starch-oil size had to be burned 
off after the yarn was woven into cloth and the cloth had 
to be ‘treated with a silane or chrome ?nish in order to 
make the cloth compatible with organic resinous ma 
terials. 
VThe size of Example II is applied to the strand in the 

same manner as described above with respect to the size 
of Example I and the treated strand is dried as described 
above and fabricated into various textile products, such 
as twisted strand, cloth, chopped strand, chopped strand 
mat, roving and woven roving. Further examples of the 
sizing solutions ‘which may be applied to glass ?bers as 
described above are as follows. 

' 7 Example 111 

Ingredient: 1 ' Parts by weight 
Butadiene styrene latex (48% by weight solids) _ 129.1 
Vinyltriacetoxysilane ___~ ____________ _.-._’____ 11.0 
Gamma-amino-propyl triethoxysilane ______ __ 5.5 

Tetraethylene pentamine amide of stearic acid - 
solubilized in water with meth'acrylic acid ___ 5 .0 

Water __ __ _ _____ _ 1942 

Example IV 
Ingredient: Parts by weight 

Polymethyl methacrylate latex (40% by weight 
of solids) ‘ ' 129.1 

Vinyltriacetoxysilane __________ _.'_ ________ __ l 1.0 

Gamma-amino-propyl triethoxysilane ______ __ 5.5 

Textile softener (anhydrous, acid solubilized 
fatty acid amide) _'_ ______________ __‘_____ 5.0 

Water _____'.___' _________ __'_ ______ _; _____ __ 1942 

The strandswhich have been sized with the solutions 
are fabricated as described above provide increased ?exur 
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Val strengths to resins reinforced with the strand.‘ 'Glass 
?ber cloth woven from 60 end roving treated as'described 
in Example‘ H was laminated with a styrenated polyester 
resin. The cloth was woven on an Axminster loom ac 
cording to a 1 to 1 pattern resulting in 60' ends 'of 204 
?lament“E type” glass strand (140s) in both the warp 
and ?ll. Fourlplies of the cloth were individually satu 
rated with the resin and then stacked upon each other to 
insure proper nesting. ‘V The resin was a 'polymerizable 
mixture of a styrenated polyester containing about 2 per 
cent by weight of methyl ethyl ketone ‘peroxide and 3 
percent‘by weight'cobalt; The assembly was cured for 
several hours at room temperature and atmospheric pres 
sure. The ‘resulting'laminate had about 60 percent by 
weight of glass and dry ?exural strength of 67,700 
pounds per square inch.. After a 2-hour immersion in 
boiling water the ?exural strength of the laminate was 
60,100 pounds per square inch. 7 
The invention is particularly useful when the glass 

?bers are who used as reinforcement for low pressure 
thermosetting type resins, for example, unsaturated poly 
ester-ethylenic resins such .as shown in US. PatentNo. 
2,676,947, granted to Parker. These resins. are inter 

I polymersof, (A) a polyester of ‘a dihydric alcohol such 
as ethylene glycol, propylene glycol, 1,3-butylene glycol, 
diethylene glycol, dipropylene glycol and higher polymers 
of alkylene 'glycols, and an alpha, beta ethylenic, dicar 
boxylic acid such as maleic or fumaric acid with (B) other 
polymerizable ethylenic monomers such asrstyrene, vinyl 
acetate, vinyl toluene, allyl esters including allyl acetate, 
allyl succinate, diallyl phthalate, ,diallyl cyanurate, tri 
allyl cyanurate, dichloro styrene, etc. ' 
The invention is also useful when the glass ?bers are 

to be laminated with other resinous or plastic materials 
such as polyester or epoxy resins such as condensation 

8 
0.1 m2 percent by weight an aminoalkyl alkoxy silane 
represented by the following structural formula: 

wherein R1 is selected from the group consisting of hydro 
- ‘gen, alkyland H[NHCH2CH2]x—, x being a whole num 

10 

15 

20 

25 

30 

polymers of an epihalohydrin and a polyhydroxy phenolic 7 
compound and derivatives thereof such as bis-phenol A. 
Woven roving as described above is saturated withrthe 
epoxy resin and meta phenylene diamine. The combina 
tion is cured according to conventional epoxy resin curing 
techniques at an elevated temperature and pressure. ' _ 

Itwas particularly noted in the preparation of resinous 
I laminates utilizing glass ?ber strand treated with ai'size ' 
containing both an alkenyl acyloxy silane and an amino 
alkyl alkoxy silane according to the present invention, 
that the strands in their various fabricated form, such as 
cloth, chopped strand mat and woven roving have supe 
r-ior “wet~out” properties as compared to when either of 
these silanes are used alone in a size in comparable 
amounts. 

Although the present invention hasvbeen described with ' 
respect to speci?c details of certain embodiments thereof, 
it is not intended that such details act as limitations upon 
the scope of the invention except insofarv as set forthin' 
the accompanying claims. . 

I claim: ‘ ' Y ' ~ . 

1. A method of forming-arglass ?ber strand which can 
be fabricated and laminatedwith a resin which'comprises 
drawing glass streams through ori?ces in a bushing to 
form individual glass ?laments, movingthe ?laments away. 
from the bushing, at a high rate of speed and forming them 7 
into a strand, applying to the ?laments while they are 
moving at this speed an‘ aqueous sizing solutionconsisting 
essentially of 1 to 5 percent by weight on‘ a solids basis 
of a synthetic polymer latex of an ethylenic monomer, 
0.3 to 2 percent by weight ‘of an alkenyl acyloxy_‘silane 
having the following structural formula: . ' 

i.0. 

" " (ngn-si-(o ii-Rnh; 

wherein~R1 is an alkenyl radical’ selected from the group 
consisting of'vinyl and allyl radicals,: R2 is selected from 
the group consisting of hydrogen and an alkyl radical and 
n isa whole number vfromil to V3, anddissolved therein 
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her from 1 to 5, R2 ,is selected from the group consisting 
of hydrogen and alkyl, R3 and R4 are alkyl and n is a 
whole number from 1 to 3, and 0.1 to,1 percent by weight 
of a textile softener, the total solids content of the solu 
tion being 2 to 5.5"percent by weight and the viscosity 
of the solution being less than 100 centipoises at 20° C., 
and drying the glass ?bers so treated. 

2. The method of claim 1 wherein the alkenyl acyloxy 
silane is vinyltriacetoxy silane. 

3. The method of 'claim 1 wherein the aminoalkyl 
'alkoxy silane is gamma-amino-propyl triethoxy silane. 

4. The method of claim 3 wherein the alkenyl acyloxy 
‘silane is vinyltriacetoxy silane. , 

r 5. The method of claim 1 wherein 0.3 to 2 percent by 
weight of melamine formaldehyde resin is present in the 

' sizing solution. . 

6., Glass ?ber strands formed according to the metho 
of claim 1. ,7 . 

7. Glass ?ber strands formed according to the method 
ofclaim 2. 
' 8. Glass ?ber strands formed according to the method 
of claim 3. n 

> 9. Glass ?ber strands formed according to the meth 
of claim 4. ’ V v w 1 

10. Glass ?ber ‘strands formed according to the method 
of claim ,5. _‘ , . 

11. A method of forming a glass ?ber, reinforced 
resinous body which comprises forming glass ?ber strands 
bydrawing themfrom molten glass through ori?ces in a 
bushing to form individual glass ?laments, moving the 
?laments away fromthe bushing at a high rate of speed 
and forming the ?laments into a strand, applying to the 
strands during their formation while: they are moving at 
this speed an aqueous sizing solution which consists essen 
tially of l to ‘5 percent by weight on a solids basis of a 
syntheticpolymer latex, of an ethylenic monomer, 0.3 to i 
2 percent by weight ‘of vinyltriacetoxysilane, 0.1 to 2 per 
cent by' weight of gamma-amino-propyl triethoxysilane 
and 0.1 to 1 percent by weight of a textile softener, the 
total solids content of thesolution being 2 to 5.5 percent 
by weight and the viscosity of the solution being less than 

_ 100 centipoises at 20° C., drying the treated strands, fab 
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ricating the glass ?ber strands into a form suitable for 
combining with a resin, combining the fabricated strands 
with a curable resin and curing ~the‘ resin to form the 
reinforced body. ‘ ' ' 

12. The method described in claim 11 wherein the siz 
ing solution contains 0.3 to 2 percent by weight of mel 
amine formaldehyde. 

713. An aqueous size for application to glass__?ber 
strands duringvtheir format-ion which consists essentially 

a of lto 5 percent by weight’ on a solids basis of a synthetic 

75 

polymer latex of anyethylenic monomer, 0.3 to 2 percent 
by weight of an alkenyl acyloxy silane having the follow 
ing structural formula: - ' ' ~ 

wherein Rlis an. alkenyl radical selected from the group 
consisting of vinyl and allyl radicals, R2 is selected from 
the group consisting of hydrogen and an alkyl radical and 
n is a whole number from 1 to 3, and dissolved therein 



9 

represented by the following structural formula: 

R3 u 

wherein R1 is selected from the group consisting of hydro 
gen, alkyl and H[NHCH2CH2],x-—, x being a whole num 
ber from 1 to 5, R2 is selected from the group consisting 
of hydrogen and alkyl, R3 and R4 are alkyl and n is a 
whole number from 1 to 3, ‘and 0.1 to 1 percent by Weight 
of a textile softener, the total'solids content of the solu 

10 

' 8,168,389 

0.1 to 2 percent byvweight van amino-alkyl alkoxy silane __ ' tion being 2 to 5.5 percent by weight and the viscosity 
of the solution being less than IOO'centipoises vat 20° C. 
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