
United States Patent Office 3,287,096 
Patented Nov. 22, 1966 

1. 

3,287,096 
METHOD FOR APPLYNG A FORMING 

LUBRICANT TO GLASS FIBERS 
Alfred Marzocchi, Cumberland, R.I., and Gerald E. 
Rammel, North Attleboro, Mass, assignors to Owens Corning Fiberglas Corporation, a corporation of 
Delaware 
No Drawing. Filed June 21, 1965, Ser. No. 465,765 

1 Claim. (C. 65-3) 

. The present invention relates to lubricants of the type 
which are applied to glass fibers immediately after form 
ing to protect the individual filaments from abrasion dur 
ing subsequent movement over mechanical parts, twist 
ing and weaving operations. 

Glass fibers are made by pulling molten glass streams 
flowing through tiny orifices in orifice plates. The orifice 
plates contain conventionally a hundred or more orifices, 
usually in multiples of 204, and molten glass passing 
through each of the orifices is quickly stretched to reduce 
the size of the filaments. Thereafter the filaments are 
gathered together in an untwisted strand and wrapped 
upon a tube or spool to form a package. Glass fibers 
easily abrade each other, and during the gathering to 
gether of the 204 or more filaments, it has been conven 
tional to apply some type of carbonaceous material to 
protect the filaments from each other and thereby reduce 
breakage of the filaments during subsequent passage 
through the high speed machinery used in twisting and 
weaving operations. After the filaments are gathered 
together and wound upon a tubular form, the tubes of 
untwisted fibers are removed from the forming machines 
and moved to twisting machines wherein the untwisted 
strands are passed over apparatus which twists the fila 
ments together and again winds them on a tubular form. 
In those instances where woven fabrics are to be pro 

duce, a plurality of spools of twisted fibers are installed 
in conventional weaving machines, and a fabric of the 
desired pattern is produced. The woven fabric is then 
placed in ovens to burn off the carbonaceous lubricant 
and soften the fibers to set the pattern of the weave, pro 
vide drape, and give the fabric a permanent shape. After 
the lubricant is burned off, the woven fabric is sized and 
Sold for Subsequent tailoring operations. 

It is of the utmost importance that all of the lubricant 
be completely removed in the burning process inasmuch 
as remaining carbon produces discoloration of the dyed 
fabric. It has been found that between 1 and 2% of the 
forming lubricant is sufficient to protect the fibers during 
handling up through the weaving operation, and it has 
also been found that the percentage of lubricant must not 
vary appreciably, or exceed 2% if discoloration of the 
heat cleaned and finished woven fabrics is to be avoided. 
The spools of untwisted strands of filaments which are 

initially produced will contain thousands of yards of 
Strands wound on top of itself to a thickness of approxi 
mately 2 inches or more. A sufficient length of time 
expires between the initial winding operation and the sub 
Sequent twisting operation, and during this time, a large 
amount of water evaporates from the spool, and in some 
instances, the spools are completely dried. During this 
drying operation, water from the center fibers migrate 
to the outside surface of the spool, and a certain amount 
of movement of the carbonaceous lubricant-binder ac 
companies this migration of the water. The result is that 
the filaments on the outside of the package may contain 
from 5 to 6% of the lubricant whereas the filament at 
the center of the package will only have from 1 to 2%. 
It has been accepted practice heretofore to destroy from 
1200 to 2500 yards of strand from each wound spool, 
and to only use the center portion of each spool for the 
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weaving of textiles which are to be finished. The migra 
tion of carbonaceous lubricants is, therefore, a serious 
problem, and the loss of the outside coils of strands on 
each spool has made woven glass fabrics expensive. 
The carbonaceous lubricants which have been used 

heretofore have included either a hydrolyzed starch such 
as dextrin, or a reaction product of starch such as ethyl 
ated starch in order to be sure that none of the original 
starch granules remained. Starch granules vary so great 
ly in size and in composition as to make it very difficult 
to produce a homogeneous material which can be properly 
applied to fibers without producing uneven distribution 
in the wound packages. In addition, these materials gel 
readily, and if a glob of gel reaches the spool and is 
wound in place, spaced-apart regions of high carbon 
concentration are produced. In addition, granules may 
cause uniform viscosity throughout a batch and, there 
fore, uneven application upon the fibers, and prior to the 
present invention, it has not been possible to use whole 
starch or its fractions as a forming lubricant-binder. 
According to the present invention, a process is pro 

vided wherein amylopectin at a concentration consider 
ably below that normally used in prior art forming 
lubricant solutions is used without encountering uneven 
deposition in the winding operation. Globules of gel are 
not formed in the wound package and it has been found 
that the deposition is considerably more uniform than 
when dextrin or reacted products of starch are used as the 
lubricant. It has been found that considerably less 
broken filaments are produced in the winding operation 
and subsequent handling than when dextrin or the reacted 
products of starch are used as the lubricant. 
The characteristics of amylopectin solutions are con 

siderably different than the characteristics of either dex 
trin solutions or solutions of the reacted products of 
starch. Dextrin solutions must be applied to fibers at a 
temperature of between 120 and 140 F. in order that 
they will be sufficiently mobile to produce a uniform 
coating. Amylopectin solutions in order to have the 
same viscosity at a temperature of 120 to 140 F., re 
quires a concentration of amylopectin of above approxi 
mately 8% by weight. An 8% by weight solution of 
amylopectin when applied to the untwisted strands of 
glass produces such a stiff strand that the coated materials 
do not flex properly during subsequent bending. Solu 
tions of amylopectin capable of being applied at a tempera 
ture of between 120 and 140. F. cause the filaments to 
undergo breakage and have too high a fuzz level. It 
is not possible to apply solutions of amylopectin of a 
concentration less than approximately 5% at a tempera 
ture of 120 to 140 F. in a manner which is sufficiently 
uniform to prevent some portions of the strand from 
breaking due to lack of sufficient lubricant. 
Amylopectin is the highly branched fraction of natu 

rally occurring starches. Since amylopectin is highly 
branched, it is more soluble than the non-branched 
amylose fraction of starch, and the molecules have greater 
mobility in water and do not gel as easily. According to 
the invention, it has been found that cationic organic 
materials, particularly those containing an amine radical, 
will hydrogen bond to the oxygen of the OH groups of 
the amylopectin molecule and thereby prevent or greatly 
retard cross-linking of the molecules. It has further been 
found that the OH groups on the surfaces of glass present 
a stronger bonding force with respect to the cationic or 
ganic materials than do the starch molecules, and that 
the glass will, in fact, remove these cationic materials 
from the starch molecules and thereby leave the starch 
molecules free to regroup in situ around the glass fibers 
to produce a very uniform film. This phenomenon is 
believed to explain why amylopectin forms better films 
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on the glass fibers than does dextrin and the reacted prod 
lucts of starch, and also further explains why a smaller 
concentration of amylopectin can be used than can be 
used of the prior art dextrin or reacted products of 
starch. This film is sufficiently bonded to hold broken 
fibers in place, and this is also believed to contribute to 
the low fuzz level which is achieved. It is believed that 
the cationic materials are only removed from the starch 
molecules adjacent the surfaces of the glass and that the 
cationic materials on the amylopectin molecules adjacent 
the outer surfaces of the coatings, remain in place at least 
until some future time. This provides a measure of 
lubricity adjacent the exterior surfaces of the coating 
which helps to separate the coated strands and provide an 
improved lubrication during subsequent movement over 
stationary surfaces. This phenomenon also helps in re 
ducing the fuzz level below that of strands coated with 
dextrin or the reaction products of starch. It has further 
been found that the amount of cationic materials, as for 
example, cationic lubricants which are used with amylo 
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pectin must be controlled within narrow limits, and that 
if the amount used exceeds approximately .003 mol per 
6 parts of amylopectin, a material which is too soft and 
mushy and which does not bond together properly is 
formed. It is believed that too high a mole content of 
the cationic materials provide too great an amount of 
cations for the glass to hydrogen bond with and, there 
fore, the cations are not sufficiently removed from the 
layer of amylopectin surrounding the glass to allow the 
amylopectin to cross-link and form a proper film. In 
order that a proper film of amylopectin can be provided, 
it has been found that it must contain between approx 
imately 2 parts and 6 parts of amylopectin per 95 parts 
of water and be at a temperature of between 70 and 
100 F. The solution must contain between approxi 
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mately 0.0003 to approximately 0.003 mol of a cationic 
lubricant that has been thoroughly mixed with the amylo 
pectin solution. Other materials such as non-ionic lubri 
cants emulsifying agents and plasticizers can be used to 
produce their desired effects without destroying the essen 
tial film-forming properties of the amylopectin-cationic 
lubricant solution. While the amount of emulsifying 
agent used is not critical, it has generally been found that 
between approximately 0.1 to 1 part by weight is suffi 
cient. 
The cationic materials used are preferably amines of 

fatty acids in order that they will provide lubrication in 
addition to contribute to the above described film form 
ing function. 
An object of the present invention is the provision of 

a new and improved glass fiber having a dry lubricant 
coating which is flexible and which has a uniform film 
of carbonaceous lubricant particles loosely bonded to 
each other surrounding the glass fibers. 
Another object of the invention is the provision of a 

new and improved glass coated fiber of the above de 
scribed type wherein the lubricant is amylopectin bonded 
together in situ surrounding the glass fiber. 
Another object of the present invention is the provision 

of a new and improved process for providing a coating 
of lubricant on glass fibers which can be carried out at 
ambient temperatures and conditions. 

Another object of the invention is the provision of 
glass fibers coated with a dry lubricant and which are less 
susceptible to breakage during twisting and weaving than 
are prior art coated fibers. 
The aforementioned objects are achieved by the present 

invention through the employment of compositions con 
taining an amylopectin fraction of starch as a principal 
ingredient. 
The starch fractions are obtained from common starch 

granules which are composed of an outer envelope of 
amylopectin having the following structure: 
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and usually comprising approximately 74-80% of the 
total composition, and an inner substance termed amylose 
which usually comprises 20-26% of the total composi 

H. N. O /NE. H. 

tion and has the structure: 

H OH 

oH o, 
H X. -O Yr 
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in which N averages 400-700. These constituents may 
be separated by fractionating techniques, such as those 
disclosed by U.S. 2,829,987, 2,829,988, 2,829,989 and 
2,829,990. 
The amylopectin fraction of starch has proved highly 

Satisfactory in the practice of the invention. Amylopectin 
enhances the processing characteristics of fiber glass 
Strands and yarns treated therewith by reducing fuzz level, 
providing uniform tension characteristics, enhancing 
breaking strengths and greatly diminishing the existence 
of color bands. Amylopectin also has the added advan 
tage of being more readily dissolved in water, thus obvi 
ating the necessity for heating or cooking. In the present 
invention it should be noted that the term cooking is not 
intended to connote particle breakdown with attendant 
conversion of the material to the form of a solution. 

Experimentation has shown that preferred results are 
achieved when the starch fraction is employed in a pro 
portion ranging between 2-6% by weight of the total 
composition or between 25-88% by weight of the non 
aqueous or non-carrier constituent of the composition. 
The compositions of the invention may be enhanced 

by the addition of other materials such as emulsifiers, 
lubricants, additional film-forming material, oils, plasti 
cizers, etc. The compositions are preferably applied in 
a water base although equivalent materials may also be 
used. Suggested ranges for the aforementioned additives 
at: 

H O /* pi y/ 

Percentage by weight 
Parts by weight 

Water ----------------------------------- 95 
Amylopectin ------------------------------ 2-6 
Oils ------------------------------------- 0-2.0 
Surfactant-emulsifiers, approx. --------------- 0.1-1 
Additional film-forming materials, approx. ----- 0-0.4 
Plasticizers, approx. ----------------------- 0-1.0 
Lubricant-softeners, 0.0003-003 mol. 
While animal or vegetable oils are preferred, any 

oleaginous material may be employed as the lubricant. 
Although polyvinyl alcohol or gelatin is preferred as 

the Supplemental film-forming materials, other film 
formers such as copolymers of acrylonitrile and styrene, 
vinyl chlorides and acetates, vinyl chlorides or nitriles; cel 
lulose derivatives such as acetates, nitrates and alkyl cel lulose; polyamides; polyalkylenes and their halogenated 
derivatives; vinyl compounds; polystyrene and the acry 
lates may be used. 

Lubricant-softeners employed are preferably cationic 
materials such as condensates of tetraethylene pentamine 
with Stearic or pelargonic acid which are solubilized with 
acetic acid. In addition, the chlorides, acetates, bromides, 
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dibasic acid salts and other salts of other primary, second 
ary and tertiary amines, quaternary ammonium com 
pounds, and of phosphonium and sulphonium compounds 
are applicable. 
While polyalkylene glycols have been found efficient 

in the role of plasticizers, other compounds such as the 
fatty esters of the glycols, organo phosphates such as tri 
cresyl phosphate, phthalic acid, derivatives, chlorinated 
paraffins, other glycol and glycerol derivatives and the 
esters or derivatives of the following acids: adipic, 
fumaric, maleic, oleic, azelaic, benzoic, citric, sebacic, 
phosphoric, ricinoleic, stearic, sulfonic and tartaric, may 
also be used. 

Although polyoxyalkylene compounds such as poly 
oxyethylene sorbitan monooleate are preferred as the sur 
factant-emulsifier, other equivalent compounds exhibiting 
similar functional characteristic are also capable of 
utilization and the amount used does not appear to be 
critical. 
The following examples set forth preferred formula 

tions for compositions with which highly satisfactory re 
sults have been achieved: 

EXAMPLE 1. 
Parts by weight 

Water --------------------------------------- 95 
Amylopectin --------------------------------- 5 
Vegetable oil --------------------------------- 2 
Polyoxyethylene sorbitan monooleate ------------- 0.21 
Polyethylene glycol --------------------------- 0.5 
Octadecyl amine acetate, 0.00076 mol. 

EXAMPLE 2. 

Water -------------------------------------- 95 
Amylopectin -------------------------------- 5 
Vegetable oil -------------------------------- 2.12 
Polyoxyethylene sorbitan monooleate ----------- 0.06 
Gelatin ------------------------------------- 0.06 
Polyvinyl alcohol ---------------------------- 0.09 
Octadecyl amine acetate, 0.00064 mol. 

EXAMPLE 3 

Water --------------------------------------- 95 
Amylopectin --------------------------------- 5 
Vegetable oil -------------------------------- 2.0 
Polyoxyethylene sorbitan monooleate ------------ 0.2 
Octadecylamine acetate, 0.001 mol. 

EXAMPLE 4 

Water --------------------------------------- 95 
Amylopectin --------------------------------- 2 
Vegetable oil -------------------------------- 2.0 
Polyoxyethylene sorbitan monooleate ------------- 0.2 
Dodeco-ethylene diamine, .002 mol. 

EXAMPLE 5 

Water --------------------------------------- 93 
Amylopectin --------------------------------- 7.0 
Vegetable oil --------------------------------- 2.0 
Polyoxyethylene sorbitan monooleate ------------ 0.2 
Octadecyl amine acetate, 0.001 mol. 

EXAMPLE 6 
Water --------------------------------------- 95 
Amylopectin --------------------------------- 5 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

Vegetable oil -------------------------------- 2:0 
Polyoxyethylene sorbitan monooleate ------------ 0.2 
Octadecyl amine acetate, 0.004 mol. 
Example 3 is a preferred composition of the lubricant 

binder material. Example 4 is a composition giving a 
thin but uniform coating. Example 5 gives a lubricant 
binder material which is too viscous at a temperature be 
tween 70 and 100 F. to be applied properly. This vis 
cous material does not coat all of the areas of the fibers, 
so that breakage is experienced during subsequent form 
ing. Example 6 is an example of a material having too 
high a content of the cationic lubricant. The material of 
Example 6 when applied to the fibers is so soft and mushy 
that it does not adequately protect the fibers during twist: 
ing and weaving, and so the resulting materials have too 
high a fuzz level. 
The above compositions are prepared by slowly adding 

the amylopectin to approximately 25 parts of water at 
room temperature (approximately 70 to 100 F.) with 
continuous agitation. The cationic lubricant is dissolved 
separately in approximately 5 parts of water and the solu 
tion of the cationic lubricant is then added to the amyl 
opectin solution while the amylopectin solution is agitated. 
The emulsifying agent is added to the non-ionic lubricant 
and the mixture is added to 25 parts of water at room 
temperature with strong agitation. This material is there 
after added to the amylopectin solution with agitation. 
The polyvinyl alcohol, gelatin, or other film former if 
used is dissolved separately in approximately 25 parts 
of water and then added to the amylopectin solution with 
agitation. Thereafter the remainder of the indicated wa 
ter is added to provided the desired concentration of 
amylopectin, and the pH is adjusted to 4.0 plus or minus 
0.2 with acetic acid. Other acids can be used. 

Application may be accomplished by any conventional 
method and satisfactory results have been reached with 
a standard apron applicator, of the general type disclosed 
by U.S. 2,873,718. In addition, pad type applicators such 
as those disclosed in U.S. 2,373,078, 2,390,370 and 
2,392,805, or roller type applicators may be employed. 
Broadly, the lubricant film-forming compositions of the 
invention may be applied at forming, or immediately sub 
sequent thereto, through the use of conventional contact, 
spraying or immersion application apparatus. As dis 
closed in the above patents, the coating materials are ap 
plied to the individual filaments before they are grouped 
into a strand. 

Excellent products have been achieved when the sur 
faces of structures such as glass fiber strands or yarns 
are coated with the compositions of the persent invention. 
Wound packages of yarn coated therewith have been 
marked by substantial reduction of the migration of the 
coating compositions to the surface of the packages. In 
addition, the products treated in this fashion are char 
acterized by reduced fuzz level, uniform tension charac 
teristics, enhanced breaking strengths and freedom from 
color banding. 

In addition to the solvents, plasticizers, oils film-form 
ing materials, emulsifiers and lubricants set forth in the 
examples provided in the specifications, any equivalence 
known and/or utilized in the art may be substituted with 
out departing from the invention. 

It is understood that various changes, substitutions, 
additions or deletions may be made in the formulations 
of the compositions of the present invention as well as in 
methods for the preparation or utilization, and in the 
products achieved through such utilization without de 
parting from the spirit of the invention, particularly as 
defined in the following claim. 
We claim: 
A method of making glass fiber bundles to reduce 

breakage during fabrication processes such as twisting, 
said method comprising: drawing out molten glass into 
fibers and promptly coating said fibers with a solution 
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maintained at from approximately 70 F. to approximately winding the coated bundle of glass fibers on a spool with 
100°F. and consisting essentially of the following: the wraps in tight engagement with each other. 
Water Parts by weig: References Cited by the Examiner 
Amylopectin, approx.I.I.I.I.I.I.I.I.I.I. 5 5 UNITED STATES PATENTS 
Nonionic lubricant, approx. --------------------- 2 2,779,693 1/1957 Pascu et al. 
Octadecyl amine acetate, between approx. 0.00064 2,993,872. 7/1961 Gagnon et al. ------ 106-211 X 

and 0.001 Imol. 3,041,663 7/1962 Green --------------- 65-3 X 
collecting the fibers into a bundle; drawing the wetted r 
bundle of glass fibers through air at ambient tempera- 10 DONALL H. SYLVESTER, Primary Examiner. 
ture with attendant windage and loss of moisture; and R. L. LINDSAY, Assistant Examiner. 


