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Our invention relates to artificial bristies and 
more particularly to methods and &pparatus for 
the production of tapered articiai bristles so 
that they have the general tapered for in of nat 
ural bristles and are useful in brushes, especially 
paint brushes. 
This application is a continuation in part of 

our application Serial No. 243,318, filed Decem 
ber 1, 1938, and claims the method, and 8pper 
ratus for making the artificial brisútles of that 
parent application. 
In our coppending application Seria No. 4, 

312, filed June 9, 1937, we have described certain. 
forms of artificial bristles made from a com 
posite of textilie fibers bond?d together into trea 
foil form by a protective resinous coating, and 
have suggested tapering the bristles by repeated 
dipping, in the coating solutions. Based upon 
extended research work and tests along this irie 
we have now discovered new and improved coat 
ing methods and means for making the tapered 
bristies either in one or multiple stage opera 
tions. We have found that our new development 
is applicable to a variety of base materials and 
may be applied to separate lengths of flaments 
or may be used to produce a continuous coated 

' flament of varying cross-section. 
In accordance with our present invention we 

have found that tapered ertificial bristles hav 
ing superior properties may be produced by im 
mersing a filament in a relatively viscous coat 
ing solution and withdrawing the flament from 
the solution at a changing rate of withdrawal, 
increasing or decreasing. The flament, as with 
drawn, has a coating of variable thickness of the 
coating material. The more. rapid the rate of 
withdrawal of the flament the greater the 
annount of viscous solution retained on the flar 
ment and accordingly the thicker the layer of 
adhering coating. Decreasing the rate of with 
drawal produces the opposite effect, namely, a 
decrease in the thickness of the coating. Be 
cause of these phenomena we are able to pro 
duce upon a filament a coating- of uniformly 
decreasing thickness, which is in effect a taper, 
by gradually increasing the rate of withdrawal 
of the flament from the coating solution in 
which it is immersed. The form of the coated 
filament is like that of an animal, (e. g. hog) 
bristle, in that it has a butt end of relatively 
large diameter and a tip end of relatively small 
diameter, with proportionately varying diame 
ters in between the butt and tip ends. To produce the desired type of taper on the 
coated nlament as above described, we have G5 If the entre flament to 

found thet it is desirable to have present certain 
conditions, as follows: 
The coating solution, which is to ke applied to 

the flanents for increasing its resistance to 
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sired position on the flament. 

water, solvents, aikalis, acids, etc., and which in 
some instances may also be used for tapering 
the filament, must be substantially prevented 
from owing along the filament core after the 
coated flament is rithdrawn froin the solution. 
Otherwise, the materiai would build-up in places 
and be too thin in other places causing non 
unifornrity of coating t?nickness as well as non 
unifornity of taper. The same is true where 
a separate solution is used for tapering. We 
have found that any substantial amount of flower 
ing may be prevented by one or a combination 
of the following ?et Ods: 

A. Using a very Wolate solvent, e. g. acetoe, 
in the coating rasterial Solution. So that as S002. 
as the coated filament is withdrawn from this 
solution the solvent will evaporate rapidly and 
cause gelation or other solidification of the coat 
ing materiali about the core flament. This 
rapid solidification of the coating upon expoStre 
to the stnosphere will cause it to retain its de 

he rate of 
evaporation may be accelerated by partial evac 
uation- of the space surrounding the coatedi fila 
ment or by providing a current of air to carry 
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away the vapors. 
B. Rapidly decreasing the temperature of the 

fluid coating material on the filament immedi 
ately after it leaves the reservoir of coating so 
lution, so that the material gels or solidifles be 
fore it has an opportunity to flow on the fla 
ment. Suitable refrigerating means such as 8. 
current of cold air or an artificially refrigerated 
enclosure for the coated flament might be used 
to hasten the solidifying or gelling of the coatling. 

C. Rapid solidification of the fluid coating 
material on the flament may also be obtained by 
using the coating material in the form of a 
thixotropic dispersion that will set to a gel very 
quickly upon application to the flament. 

Unless one or more of these several methods 
of producing rapid gelation or their equivalent 
is utilized, the fluid coating will tend to flow 
along the flament or will be drawn into drop 
lets or beads on the filament by the forces of 
surface tension. Slow evaporation of the solvent 
or slow cooling, either of which will produce a 
gradual increase in viscosity, are not sufficient 
to avoid entirely the flow of the costing or its 
collection into droplets. ... . . . 

be coated is wound 





piece of ilannent coated by the system shown. ii. 
?g?2; 

Fig. 4 is a diagram naatic regresentation 
system for continuous coating and taperia 
ŠŽie filaineiai; 8.ad 

Fig. 5 is a longitudinal sectional view of a por 

3. of 
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?ion of a taperedº coated bristle having a, (metal - 
core end one layer of coating. 

Referring now to the several figures in the 
drawing, generally in the Order in which they oc 
cur, there is shown in Fig. a frame with the 
filament wound thereon, the flament in this 
specific but non-limiting embodiment of the 
invention being a cellulose acetate fiber. The 
flament is wound on the frame 0 by clamping 
the frame in a mechanical winder (not shown) 
with a traveling guide so that as the frame is 
rotated the guide moves from one end of the 
frame to the other and thereby produces a spiral 
wind of the filament on the frame. An example 
of the pitch of this winding is ten turns to the 
inch. The ends of the filament may be fastened 
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to the frame in any suitable manner such as by 
tying to a cross member of the frame. 
The textile fiber filament, i. e., cellulose ace 

tate in this example, being wound on the frame, 
the next step is to dip the wound frame in a 
bath containing a suitable varnish or resin solu 
tion to coat the textile filaments. A system suit 
able for that purpose is shown in Fig. 2. As 
shown in that figure a dipping tank 3 is ap 
proximately filled, for example, within one-half 

25 

30 

of an inch of the top of the tank, with a resin . 
solution indicated at 4. In this specific arrange 
ment the dipping tank is of sufficient capacity 
to accommodate only one frame, (a laboratory 
size being 13 inches long, 7% inches high, and 
% inch wide), but it is to be understood that 
in commercial production larger tanks would be 
used, such, as to accommodate two or more rows 
of frames. In such an arrangement the filla 
ments may be dipped and coated and after coat 
ing may be cut at the top and bottom to form 
the individual bristles; and the plurality of 
frames may be held in parallel and dipped to 
gether in one operation. To facilitate handling 
of the flaments after coating the uppermost 
portion of the filaments, e. g. 4 inch, is not im 
mersed in the coating material and this un 
coated portion is cut off when the filament is cut 
into individual bristles. . 
The means for withdrawing the frame and 

coated filament from the dipping tank 3 com 
prise two cords 5 having hooks 6 for engaging 
the eye extensions 2 on the frame O. The 
cords 5 extend and are movable over pulleys 
|T rotatably mounted on al?n axle 8. "The cords 
5 also extend over a second pair of pulleys 9 

rotatably mounted on an axle 20. The cords 
are joined at the ends remote from the dipping 
tank, to a member 2 by means of the hook and 
eye arrangement shown generally at 22. The 
member 2, which is in the form of a flat, narrow 
board or metal strip is attached to or is integral 
with a plunger 23. which is adapted to work in 
an oil cylinder 24. The cylindrical container 25, 
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Winyi resins, e. g. vinyl chloride-vinyl acatate 
resi; casinew inuti sei ai vanish; a Stright 
or lasticized urea for asidiehyde. We have gri 
duced very satisfactory results with a china-Yood 
oil riodified phenol foa;in aldehyde enarine withic 
is naade up according to the following formula a 
uder FXa(IPle : 

Wdraisia cong2O3ition 
Pe: Cent, 

China-Wood oil-----...----------------------.25 
Phenol-formaldehyde resin, e. g., 3-821 
Bakelite --------------------------------- 25 

Hi-fiast naphtha.-------------------------- 25 
Solvent naphtha --------------------------- 25 
Viscosity G-H (Gardner-Holt tubes) 

?????? ??? position 
Per cent 

Carbon black (medium grade).------------ 2.65 
and 

Warnish (composition as above).---------- 17.70 
Ground on roller mill and reduced. With 

Warnish (composition as above).---------- 72.50 
and ? 

Solvent naphtha ------------------------ 7.15 

100.00 
Another example of a coating composition that 

we have found to give entirely satisfactory re 
sults is as follows: 

EXAMPLE III 
Pounds 

Uformite F-225 (a urea-formaldehyde resin 
dissolved to 60% solids in xylol and bu 
tanol) ----------------------------------- 55 

Castor oil modified alkyd resin (50% solids . 
and 50% oil modified).-------------------- 35 

Xylol --------------------qSS LSS LSSSSSSLSSSMSSSLSSS SSS SSSS 10 

100 
In the specific case being described, we use 

for the coating material, the enamel composition 
shown above under Example I. The frame O 
with filament wound thereon is immersed in 
the coating solution 4 for a short time, for ex 
ample 1-2 minutes. , 
The withdrawal of the flament and frame 

from the coating composition 4 shown in Fig. 2 . 

55 

6) 

which is attached to the top of the plunger 23, 
and the inlet pipe 26 with valve 2. are not used 
in this preliminary coating process but are used 
in the tapering treatment described below. 
The coating solution 4 in the dipping tank 

13 may be selected as above noted from a large 
number of resin solutions, examples being 
straight and drying oil modified phenol formal 
dehyde resins; drying oil modified alkyd resins; 
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is carried out by raising the plunger 23 to its 
full height and connecting the cords 5 with the 
frame 0 by means of the hooks 6. The plunger 
23. is then permitted to travel downward in the 
oil cylinder 24. In this example the time. of 
Withdrawal was about 1 minute and 15 seconds, 
and the frame is withdrawn at a constant or 
steady rate of withdrawal as the plunger slowly 
drops through the oil. To facilitate drying of 
the coating on the filament during the with 
drawal operation, additional means such as elec 
tric fans 28, as shown in Fig. 2, may be used. 
These fans will blow a current of air against the 
coated flament as it emerges from the coating 
tank and it is desirable to have these fans blow 
the air upward at an angle of about 45° along 
the front and back edge of the top of the tank 
3. These two streams of air meet at the frame 
and follow it upward during the withdrawal. 
The coated flament still wound on the frame 

and after air drying to permit the major portion 
of the solvent to evaporate, is baked in an oven 
at about 150° C. for a period of about 45 mini, 
utes to 1 hour. The resinous enamel coating 

  





8inetei flazaeini, cores the agpicants have found 
it advantageous to start the tapered coating a 
shoré disï32nce back from the end of the fllarnent 
Core TF7inicià forms tike tip ei o? öhe bristle, ES il 
dicated 38, ae, left, end of the bristie in Fig. 3. 
As sinown there the very tip end of the Alament, 
2022 39 is covered with the protective coatings 
39 &nd 32 out is not covered with the tapered 
coating 30 since the latter begins a short dis 
tence a'yay from the tip eridi. While practically 
advantageous because it gives a finer tip to the 
Existles, this procedure is not essential and if 
desired the tapered coating may be applied to 
the entire length of the oristles. It is usually 
desirable to have the tip end of the filament cov 
ered with at least one layer of protective coating 
material and in cutting the filament into bristles 
the top uncoated portions described hereinabove 
are cut off and discarded. 
An alternative procedure to that described 

above, in which the filament is given three coats 
of material, is to apply directly to the textile 
filament core, such as for example natural silk, 
the cellulose acetate tapering solution using a 
solvent that will not damage the textile filament; 
and then cover the cellulose acetate tapered 
Coating with an outer protective coating of resin 
ous or other coating material. This procedure 
eliminates the use of the inner protective coat 

In Fig. 4 there is illustrated diagrammatically 
a system that might be used for carrying out in 
a continuous manner the coating and tapering 
operations described above. This system com 
prises a reel 34 having wound thereon the fla 
ment core material 85 which during operation is 
unwound from this reel and first run over a gudde 
rollier 36 and into a coating bath 37. The coat 
ing material shown at 38 in this bath may be any 
of the coating or tapering solutions described 
above. The flament is guided through this bath 
by means of the guide roller 39 and the coated 
flament 40 upon leaving the bath is pulled up 
ward into a solvent vaporization chamber 4. 
This drying chamber causes volatilization of the 
major portion of the solvent from the coated 
flament. After this treatment the coated filla 
ment next passes through a baking chamber 42 
wherein the coating is heat treated to produce 
the desired hardness. 
The filament is drawn through the System 

above described by means of friction rollers 43, 

OG 

the S32Tie 'ccess described above out Ognitting 
the 2pplication of an innex 2.ad outer coating of 
Iniforgia thicineSS, EA his case the resinous or 

othes suitable resistant coating naterial is used 
23 ?ie i8Parixag Naterial, that is, ?ie leta Lila 
nenti core is Withdra Win only One tiae SRaci ga, 3, 

varying retº o: Withdra Wal from the Coatzing 3:23. 
teri8 So taüt the ER 82,îSeriai "Willil be deposited OKA, 
the filament core in tapered form. This type of 
coating and tapering with one material may also 
be applied to other core Ainaterials than retal, 
examples of which a are given hereina Gove. 
The terri "thermosetting' used herein in con 

nection with certain of the resinous coatings in 
dicates a resin material that is chemically hard 
ened into a permanent infusible form by curing, 
that is, heating the Imaterial until it hardens into 
this form. The term "thermoplastic' indicates a 
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resinous material that hardens upon cooling but 
may be Softened again by heating. The term 
"hardened' as used in the claims applies gener 
ically to both types of resinous materials or 
other coatings hardened in place on the flament 
COre. 
For purposes of general identification the ar 

tificial bristle of this inveniton is defined in the 
claims as one having an external shape and size 
approximating that of a natural bristle. It is to 
be understood that this refers only to the general 
order of size and shape and is not restrictive to 
the exact dimensions or proportions of natural . . 
bristies. Also, the taper of the coating of the 
artificial bristle may vary appreciably from the 
taper of natural bristles. 
Various modifications and changes may be 

made in the processes, materials and equipment 
described hereinabove yithout departing from . 
the scope of our invention. For example, the oil 
cylinder and mercury supply arrangement de 
picted in the drawing for effecting a varying rate 
of withdrawal of the filament from the coating 
bath may be substituted by other known methods 
and means for producing varying speed such as 
increasing air pressure or a variable speed motor. 
Some of the novel features of our invention are 

defined in the appended claims. 
We claim: 
1. A method of making an artificial tapered 

bristle comprising immersing a filament in a 
50 

which are driven by any suitable means (not 
shown). When the filament is being given a res 
inous or other type of protective coating at a 
constant rate of withdrawal from the coating 
solution the rollers 43 will be so actuated as to 
cause the filament to be drawn through the Sys 
tem at a constant rate. However, when the filla 
ment is being tapered the mechanism is so ar 
ranged as to withdraw the filament from the 
tapering solution at an intermittently accelerated 
and decelerated rate of withdrawal. This may 
be effected through the intermediary of elliptic 
gears or similar well known conventional means 
which, per se, are not a part of this invention. 
The coated or tapered flament 44 upon leaving 
the withdrawal mechanism 43 is guided between 
the cutting blades 45 for cutting the filament into 
any desired lengths. 
In Fig. 5there is shown an example of a bristle 

containing only one layer of coating and taper 
ing material. This bristle consists of a metal 
flament core 46 and a tapered resinous coating 
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47. This type of bristle may be produced by 75 

coating solution and withdrawing said flaments 
from said coating solution at a varying rate of 
withdrawal while maintaining the viscosity of 
the solution substantially constant to cause a 
varying amount of coating material to be re 
tained over the length of the filament and 
thereby produce a tapered coating of such thick 
ness and taper that the external shape and size 
of the bristle approximates that of a natural 
bristle. 

2. A method as defined in claim 1 in which the 
tapered coated filament is immersed again in a 
coating solution and withdrawn therefrom at a 
uniform rate of withdrawal to produce a pro 
tective coating of substantially uniform thickness 
on said tapered coating. 

3. A method as defined in claim 1 in which the 
filament is uniformly coated with a protective 
coating before the tapering coating is applied 
and the tapered coating is uniformly coated with 
a protective coating. 

4. A method as defined in claim 1 in which the 
coating solution contains a solvent that evapo 
rates relatively rapidly when the coated filament 
is withdrawn so that the coating rapidly solid 

  



6 
ifies upon the filament without substantial flowe 
ing along the filament. 

5. A method of making an artificial tapered 
bristle as defined in claim 1 in which the tapered 
coating comprises a resinous material. 

6. A method of making an artificial tapered 
bristle as defined in claim 1 in which the tapered 
coating comprises a thermoplastic resin. 

7. A method of making an artificial tapered 
bristle as defined in claim in which the tapered 
cLating comprises a vinyl resin. 

8. A method of making an artificial tapered 
bristle as defined in claim 1 in which the tapered 
coating comprises a vinyl formal. 

9. A method of making an artificial tapered 
bristle as defined in claim in which the tapered 
coating comprises a vinyl acetal. 

10. A method of making artificial bristles as 
defined in claim 1 in which the flament is a tex 
tile filament. 

11. An apparatus for producing tapered coat 
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ings on artificial bristles comprising a frame for 
Supporting the bristle core flament, a container 
for the filament coating solution and means for 
withdrawing said frame and flament from the 
coating solution comprising a plunger connected 
to Said frame, an oil cylinder, in and out of which 
said plunger is adapted to move, a container 
mounted on said plunger and a supply of ma 
terial adapted to low into said container and 
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2,267,597 
progressively increase the weight on said plung 
er whereby the rate of withdrawal of said fila 
ment by said plunger is varied. 

12. An apparatus for making an artificial ta 
pered bristle comprising means for immersing a 
flament in a coating Solution to produce a coat 
ing on Said filament and means for withdrawing 
said filament from said coating solution at a 
varying rate of withdrawal, including means 
whereby the change in rate of withdrawal is me 
chanically controlled, to cause a varying amount 
of coating material to be retained over the length 
of the flament and thereby produce a tapered 
coating on said flament. 

13. An apparatus for making an artificial ta 
pered bristle as defined in claim 12, in which the 
filament withdrawing means comprises an oil 
cylinder and a plunger adapted to move in and 
Out of said cylinder, 

14. An apparatus for making an artiflcial ta 
pered bristle as defined in claim 12 in which the 
means for varying the rate of withdrawal of the 
filament comprises an oil cylinder and a plunger 
adapted to move in and out of said cylinder and 
a Supply of mercury adapted to vary the weight 
of Said plunger and progressively increase the 
speed of its movement into said oil cylinder. 
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