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1. 

The instant invention relates to improved 
products made from continuous, or substan 
tially continuous, glass flaments and to the 
formation of such products. More particularly 
the invention is concerned with improvements 
in products resulting from the puffing or expan 
sion of an original mat made up of a plurality 
of individual layers in which the flaments of 
each layer lie substantially parallel and the fla 
ments of adjacent layers cross each other at 
acute angles. 
The invention has for its principal object the 

0 

provision of an improved product of this type of 
lesser density and more open texture adjacent 
one surface than the other, the texture and 
density preferably gradually changing through 

2 
with the filaments of each layer substantially 
parallel and the flaments of adjacent layers 
Crossing at acute angles, is drawn or expanded 
by pulling the mat in a direction substantially 
at right angles to the general lay of the flaments, 
the operation being continued until layers of the 
mat corrugate and the mat as a whole puffs up 
Or expands in the direction of its thickness. In 
accordance with the instant invention, expan 
sion of the mat is retarded adjacent one surface 
and is accelerated adjacent the other, whereby 
the mat puffs to a lesser extent and, hence, is 
denser adjacent one surface than the other, the 
intermediate structure of the body varying be 

the thickness of the product from the one con 
dition to the other. The product suitably con 
tains a minor proportion of a binder which re 
tains the filaments thereof in their positions and 
bonds the whole into a unitary body. The prod 
uct is of particular utility as an air filter medium. 
The surface of less density and more open tex 
ture is employed as the air entry side of the filter 
and, as the dust-laden air enters the body, the 
coarse dust, lint and the like are removed. As 
the air passes on through the body the finer dust 
is progressively deposited, the relatively dense 
structure adjacent the opposite surface forming 
a final clean-up section to remove any remainder 
of the dust. The single unit is thus comparable 
to a series of filters of varying dustremoval char 
acteristics. By removing the coarse dust and 
int in the more open section, it is possible to 
obtain a greatly increased dust retention ca 
pacity before resistance to air flow becomes ex 
cessive. It will be appreciated, however, that the 
product may find other fields of usefulness than 
air filters. 
Another object of the invention is the pro 

vision of a multi-layer, glass flament mat puffed 
or expanded in the direction of its thickness com 
prising a plurality of layers having substantially 
parallel corrugations or undulations, the undu 
lations being of greater depth and the body of 
lesser density adjacent One surface, the undulan 
tions of the Several layers gradually diminishing 
and the density of the body increasing as the 
opposite surface is approached. 
A further object of the invention is the pro 

vision of a method of producing products as de 
fined above. 

Briefly stated, the invention resides in a prod 
uct and method in which a flamentary glass mat 
composed of a plurality of layers of the flaments 
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tween the two extremes. Suitably the product 
contains a binder which is applied in an unset 
state to the original mat to insure distribution 
throughout the mat and is set after the expan 
sion operation. Where a product of higher 
density is desired, the puffed body is compressed 
and held in that condition during the binder 
setting operation. 
My invention will be more fully understood 

and further objects and advantages thereof will 
become apparent when reference is made to the 
more detailed description of the preferred em 
bodiment of the invention which is to follow, and 
to the accompanying drawings in which: 

Fig. 1 is a perspective view of a segment of an 
expanded product in accordance with the instant 
invention; 

Fig. 2 is a view similar to Fig. 1 illustrating a 
modified embodiment; 

Fig. 3 is a diagrammatic, end elevational view 
of an apparatus employed in preparing the initial 
mat from which the instant structure is derived; 

Fig. 4 is a diagrammatic, front elevational view 
of the apparatus of Fig. 3; v 

Fig. 5 is a plan view of the mat as made on the 
apparatus of Figs, 3 and 4; 

Fig. 6 is a diagrammatic, elevational view of 
apparatus embodying the instant inven 

ion; 
Fig. 7 is a top plan view of the apparatus of 

Fig. 6; and, 
Fig. 8 illustrates a modified construction of a 

portion of the apparatus. n 
Referring now to the drawings, a product of 

the instant invention consists of a body to com 
posed of a plurality of layers 12, each formed of 
continuous, or substantially continuous glass fla 
ments 4. The flaments of each layer lie in ap 
proximate parallelism and the flaments of ad 
jacent layers CrOSs each other. The product is 
puffed or expanded in the direction of its thick 
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ness to produce a lightweight, low density mate 
rial. In the expanding and puffing operation in 
accordance with the instant invention, the fla 
mentary layers, particularly those adjacent one 
surface of the product, the upper surface of Fig. 1, 
are corrugated and the corrugations are brought 
into relatively adjacent, lateral relationship. 
At the same time the corrugated layers are some 
what separated, although tied together by a 
multiplicity of interconnecting filaments, to 
form a very low density, open work structure. 
The corrugations or undulations of the layers 
inwardly of the surface are gradually of lesser 
depth as the opposite surface is approached, the 
layers adjacent the opposite surface being only 
slightly corrugated or at least having corruga 
tions of relatively shallow depth as compared 
with the layers adjacent the other surface. The 
separation between the layers also progressively 
decreases as the opposite surface is approached 
and the density of the product proportionately 
increaSeS. 

Intermingled with the filaments of the several 
layers, and bonding the mass of fibers into a uni 
tary body, is a minor proportion of a binder, say 
between 5% and 15% by weight of the product. 
It will be understood that Fig. 1 is diagrammatic 
and that in actual practice the binder particles 
illustrated by reference character 6 will be 
visually insignificant. 
The product shown in Fig. 2 is of the same char 

acter as that shown in Fig. 1 except in this case 
the body has been compressed from the thickness 
shown in Fig. 1 and maintained in compressed 
state by the set binder. In this embodiment simi 
lar gradation of structure of the body is present 
but the body is proportionately denser through 
Out. 
The products described above are adapted for 

many uses but are particularly valuable as air fil 
tering media, as previously explained. The pod 
ucts are very lightweight and a great multiplicity 
of fine, intercrossing filaments form a reticulated 
structure well adapted to remove particulate mat 
ter from air or other gases. The gradual increase 
of density and decrease of the size of the inter 
stices permits a graduated removal of the dust 
particles, the larger particles being caught or held 
adjacent the more open side of the filter body. 
The greatest mass of the particles is removed 
from the airstream by the intermediate layers 
and the residue of fine particles which penetrate 
substantially through the body are collected by 
the final relatively dense layers. The body may 
be used in its compressed form, particularly where 
finer dust particles are present, and exceptional 
high efficiency is required. In both forms a large 
filtering capacity is obtained due to the distribu 
tion of the deposited dust throughout the body. 

Referring now particularly to Figs. 3-8 inclu 
sive, the method and apparatus employed to pro 
duce the products described above will be ex 
plained in detail. The products are made from 
the initial mat f8 (see Fig. 5), known as the 
“condensed mat,' fabricated in a substantially 
conventional manner by drawing a plurality of 
continuous glass filaments 20 directly from the 
spinning orifices of the melting furnace 22 and 
accumulating the filaments on a drum 24. The 
drawing drum is rotated in the direction indicated 
by the arrow in Fig. 3 by any suitable driving 
means (not shown) and at a relatively high speed 
to continuously draw fine filaments, say, of 6 to 
30 micron diameter, and wind the filaments on 
the drum. Either the furnace or the drum is 
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4. 
reciprocated to lay the filaments on the drum in 
a plurality of layers of spirals with the filaments 
of each layer crossing the filaments of adjacent 
layers. In the apparatus illustrated, the furnace 
22 is reciprocated, as indicated by the double 
ended arrow in Fig. 4. The rate of reciprocation 
relatively to the drawing speed, that is the pe 
ripheral speed of the drum, is such that the fla 
ments of adjacent layers cross each other at acute 
angles. 
A binder may be applied during the filament 

drawing operation. This application may be 
made in any suitable way, for example by a 
manually operated spray device 26 (see Fig. 3), 
which is moved back and forth across the mat on 
the drum at intervals to uniformly spray the 
binder material onto the mat. The amount of 
binder used is carefully controlled. As will later 
be explained in greater detail, only a portion of 
the total binder content, say up to 70%, is pref 
erably applied at this stage, the remainder of the 
binder being applied to the mat during later 
stages in the formation of the product. The total 
binder used is such that the solids binder content 
of the finished product is, say, 1 to 5% by weight 
of the product. 
The binder is preferably employed in the form 

of an emulsion, a water dispersion being suitable. 
However, a Solution of the binder in a solvent 
may also be employed. The binder may be either 
thermosetting or thermoplastic, but thermoset 
ting adhesives are preferred. Examples of suit 
able materials are acrylic resins, urea-formalde 
hyde resins, polyvinyl alcohols, latices, and the 
like. In commercial operations it has been found 
preferable to apply a water dispersion of an 
acrylic resin during the filament drawing opera 
tion and a dispersion of a urea-formaldehyde 
resin at the later stage. Due to the relatively 
high Speed movement of the mat on the drum 
and the temperatures prevalent during the fila 
ment drawing operation, the binder rapidly dries 
by evaporation of the water or solvent, as the case 
may be, so that, upon completion of the drawing 
operation, the mat contains a substantially dry 
but unset binder. 
When the condensed mat is completed, it is 

Severed along a line of generation of the drum 
and is removed therefrom. The mat is then 
placed on a conveyor 28 of a feed device including 
a conveyor 30 mounted in a suitable manner to 
overlie the forward end of conveyor 28 and to 
yieldably engage the latter. While the condensed 
mat is on conveyor 28 and before it is fed be 
neath the overlying conveyor, it is treated with 
a binder softener. In the case of a binder such 
as the preferred acrylic resin, the softener is 
water, which in effect again places the finely di 
vided binder in suspension. If binders are em 
ployed of the type which cannot be practically 
softened with water, an appropriate solvent is 
used. The softener may be applied to the mat in 
the form of a spray, or a hand brush, illustrated 
at 32, may be employed for the purpose. As 
pointed out above, preferably although not neces 
Sarily, only a portion of the total binder content 
was applied to the condensed mat during the 
winding operation. Where this practice was fol 
lowed the remainder of the binder is applied at 
this time. The added binder may be the same as 
that already used but suitably is a material such 
as a urea-formaldehyde resin. This material, in 
the form of a suspension, is spread on the mat on 
the conveyor, similarly as the softener. When 
the mat has been treated as described above, it is 
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allowed to stand for an appreciable length of time 
to permitthorough soaking of the mat. 

Referring now specifically to Figs. 6 and 7, the 
apparatus for expanding the mat, prepared as ex 
plained above, will be described. This apparatus, 
in addition to feed conveyors 28 and 30, previously 
mentioned, includes in its preferred embodiment, 
a substantially level table or plate 34 having a for 
wardly and downwardly angling side flange 36, a 
lower roll 38 and an upper roll 40. Rolls 38 and 
40 are supported to be driven at regulated speeds 
by suitable means (not shown). An oven 42 is 
provided forwardly of the rolls, the oven includ 
ing a conveyor 44 supported at the rear end by 
pulleys 46 and 48 for movement in the direction 
indicated by the arrow by any suitable driving 
means (not shown). The forward end of the Oven 
conveyor will be similarly supported. The con 
veyor is of open, gas pervious construction and 
suitably may be made of wire mesh material. 
Means are provided to heat the material carried 
by the conveyor. For this purpose any suitable 
heating system may be employed. For example, 
hot air may be circulated from a furnace (not 
shown) through a duct 50, the heated air being 
forced through the mat on the conveyor and out 
of the oven through duct 52. 
In the operation of the above-described appa 

ratus, the condensed mat, treated as previously 
mentioned, is fed forwardly, initially at an accel 
erated speed, between conveyors 28 and 30 until 
its forward edge protrudes beyond the conveyors. 
The mat f8, when placed on the feed conveyors, 
is positioned so that the filaments lie generally 
transversely of the conveyors, the feeding opera 
tion moving the mat in the direction indicated by 
the arrows in Fig. 6. The protruding forward edge 
of the mat is grasped, suitably by hand, and 
drawn or expanded into an elongated web which 
is passed over table 34 and roll 38 and under roll 
40, and carried onto conveyor 44 where the end 
of the web is temporarily secured in any suitable 
manner, for example, by weighting it. Feed con 
veyors 3 and 28 are then driven to constantly 
feed the mat forwardly, and conveyor 44 is driven 
at a much higher speed to continuously draw or 
expand the mat as it is supplied by the feed con 
veyors. Table 34 is positioned so that a portion 
of the flat plate presses against the under surface 
of the web. Roll 38 is similarly positioned so that 
the web is in contact with its upper peripheral 
portion and roll 40 is positioned so that the web 
is in contact with its lower peripheral portion. 
As mentioned above, conveyor 44 is driven at a 

much higher speed than feed conveyors 28 and 30, 
the speed differential being such as to stretch the 
mat to, say, between 60 and 70 times its original 
length. During the stretching operation the fila 
ments of the several layers shift or slide from di 
rections substantially transverse of the mat or 
Web, to positions, say, at a 45' angle or greater 
to the transverse dimension of the Web to lie in 
what is here termed a direction 'generally longi 
tudinal' of the web. The shifting of the fibers is 
accompanied by a narrowing of the web as illus 
trated in Fig. 7. Roll 38 is positively driven in 
the direction indicated by the arrow at a speed 
preferably slightly greater than the speed of the 
oven conveyor, and roll 4 is driven at a speed 
greater than the speed of the oven conveyor and 
of roll 38. For example, if the oven conveyor is 
traveling at a speed of, say, 6' per minute, the 
surfaces of rolls 38 and 40 may rotate at a speed 
of, say, 6.3 and 6.6 perminute, respectively. The 

0. 

5 

20 

25 

30 

40 

45 

50 

55 

and close together. 

tion of fast driven roll 40, tensions the web to 
such an extent that, as it reaches the relatively 
slower moving oven conveyor, the upper and ad 
jacent layers separate, although tied together by 
numerous intercrossing or interlocking filaments, 
and form into a series of longitudinally extending, 
substantially parallel corrugations which move 
into close, laterally adjacent relationship. Due to 
the drag of plate 34 and the slower speed of roll 
38, the lower surface of the web is not tensioned 
to the same extent, or the tension is temporarily 
relieved and, although some corrugating and sep 
aration of the layers may take place, depending 
upon the particular operating conditions, the lay 
ers adjacent this surface will be relatively smooth 

The intermediate layers of 
the web will vary between the condition of the 
upper layers and the condition of the lower layers 
to form a portion of intermediate density and 
Openness of structure. As the expanded or puffed 
web is carried through oven 42, the temperature 
is maintained in the oven by the circulation of 
heated air or otherwise, to the degree required to 
set and harden the binder to bond the filaments 
together into a unitary product. 
The extent to which the original mat must be 

expanded or stretched to produce the desired ef 
fect will vary, depending upon the weight, fila 
ment diameter and character of the original mat. 
Where a mat as disclosed in Fig. 2 is desired, 

the operations are identical except that the oven 
(see particularly Fig. 8) is provided with a pres 
sure conveyor 54 overlying the upper reach of 
conveyor 44. Pressure conveyor 54 is made ad 

5 justable relatively to conveyor 44 by any suitable 
means (not shown) and is driven at the same 
speed as the latter. Conveyor 54 is similarly of 
open, wire mesh construction to permit the pas 
sage of the heated air therethrough. As the 
puffed mat passes between the two conveyors it 
is compressed to the desired thickness and den 
sity and is maintained in its compressed state dur 
ing the binder setting operation, whereby it will 
retain its compressed condition after leaving the 
OWen. 
The products made by the instant invention are 

very resilient and compressible and, due to the 
gradation of structure from one surface to the 
other, perform admirably as filtering media. The 
process is relatively simple and does not require 
involved equipment. 

Having thus described my invention in rather 
full detail, it will be understood that these details 
need not be strictly adhered to and that various 
changes and modifications may suggest them 
selves to one skilled in the art, all falling within 
the scope of the invention as defined by the sub 
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joined claims. 
What I claim is: 
1. A product comprising a multilayer body of 

intercrossed filaments, the layers adjacent one 
face having a continuous succession of adjacent 
substantially parallel undulations extending - at 
angles to the length of the filaments, and form 
ing an openwork structure, and succeeding layers 
having similar undulations of diminished depth. 

2. A product comprising a unitary multilayer 
body of intercrossed filaments, the layers adja 
cent one face having a continuous succession of 
adjacent substantially parallel undulations ex 
tending at angles to the length of the filaments, 
and forming an OpenWork structure, and succeed 
ing layers having similar undulations of dimin 
ished depth, and a set binder bonding the fila 

continued pull on the web, together with the ac- 75 ments into the unitary body. 
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3. A product comprising a multilayer body of 
intercrossed, glass filaments, said body being ex 
panded in the direction of its thickness to provide 
a relatively lightweight, open, porous structure 
and to provide the layers adjacent one face with 
a continuous succession of adjacent substantially 
parallel undulations extending at angles to the 
lengths of the filaments and to provide succeed 
ing layers with similar undulations of diminished 
depth 

4. A product comprising a multilayer body of 
intercrossed, glass flaments, said body being ex 
panded in the direction of its thickness and the 
layers adjacent one face thereof having a con 
tinuous succession of adjacent substantially par 
allel, continuous undulations extending at angles 
to the lengths of the filaments whereby a rela 
tively lightweight, open, porous structure is pro 
vided, and succeeding layers having similar un 
dulations of diminished depth whereby said body 
is of greater density adjacent the face opposite 
to said One face. 

5. A product comprising a multilayer, unitary 
body of intercrossed, glass filaments, said body 
being expanded in the direction of its thickness 
and said layers having a continuous succession of 
adjacent substantially parallel, continuous un 
dulations extending at angles to the lengths of 
the filaments, said undulations being of less 
depth adjacent one surface of the body than the 
other, and said body being of greater density ad 
jacent said one surface. 

6. A product comprising a multilayer, unitary 
body of intercrossed, glass filaments, said body 
being expanded in the direction of its thickness 
and said layers having a continuous succession 
of adjacent substantially parallel, Continuous un 
dulations extending at angles to the lengths of 
the filaments, said undulations being of less depth 
adjacent one surface of the body than the other, 
said body being of greater density adjacent said 
one surface, and a hardened binder bonding the 
filaments into the unitary body. 

7. A product comprising a compressed, unitary, 
multilayer body of intercrossed, glass filaments, 
said body being expanded in the direction of its 
thickness and said layers having a Continuous 
succession of adjacent substantially parallel, con 
tinuous undulations extending at angles to the 
lengths of the filaments, said undulations being 
of less depth adjacent one surface of the body 
than the other, said body being of greater density 
adjacent said one surface, and a hardened binder 
bonding the filaments into the unitary body. 

8. The method comprising drawing a multi 
layer mat, in which the filaments of adjacent 
layers cross each other at acute angles, in a di 
rection at right angles to the general lay of the 
filaments until layers of the mat assume an un 
dulatory form and the mat expands in the direc 
tion of its thickness, and retarding the drawing 
movement of the layers adjacent one face of the 
mat to cause the mat to have a greater density 
adjacent said one face than the other. 

9. The method comprising drawing a multi 
layer mat, in which the filaments of adjacent 
layers cross each other at acute angles, in a di 
rection at right angles to the general lay of the 
filaments until layers of the mat assume an un 
dulatory form and the mat expands in the di 
rection of its thickness, and retarding the move 
ment of the layers adjacent one face of the mat 
to cause relatively minor undulation of the layers 
adjacent said one face of said mat and relatively 
major undulation adjacent the opposite face. 

10. The method comprising drawing a multi 
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8 
layer mat, in which the filaments of adjacent 
layers cross each other at acute angles and which 
Contains an unset binder, in a direction at right 
angles to the general lay of the filaments until 
layers of the mat assume an undulatory form 
and the mat expands in the direction of its thick 
ness, retarding the drawing movement of the 
layers adjacent one face of the mat while ac 
celerating the drawing movement of the layers 
adjacent the other face to cause relatively minor 
undulation of the layers adjacent said one face 
of the mat and relatively major undulation ad 
jacent the opposite face, and setting the binder. 

11. The method comprising drawing a multi 
layer glass mat in which the filaments of ad 
jacent layers Cross each other at acute angles in 
a direction at right angles to the general lay of 
the filaments until layers of the mat assume an 
undulatory form and the mat expands in the 
direction of its thickness and during said draw 
ing and expanding operation contacting one face 
cf the mat with a relatively slower moving sur 
face and the other face thereof with a relatively 
rapidly moving Surface to cause greater expansion 
of said mat adjacent one face than the other. 

12. The method comprising drawing a multi 
layer glass mat in which the filaments of ad 
jacent layers croSS each other at acute angles in 
a direction at right angles to the general lay of 
the filaments until layers of the mat assume an 
undulatory form and the mat expands in the di 
rection of its thickness and during said drawing 
and expanding operation contacting one face of 
the mat with a relatively slower moving surface 
and subsequently contacting the other face of 
the mat with a relatively rapidly moving surface 
and then conveying the expanded mat away from 
the expanding operation. 

13. The method comprising feeding a multi 
layer mat in which the filaments of adjacent 
layers cross each other at acute angles, drawing 
the mat in a direction at right angles to the gen 
eral lay of the filaments until layers of the mat 
assume an undulatory form and the mat expands 
in the direction of its thickness, by contacting 
the mat at a point remote from the feed by 
means moving at a relatively high Speed, contact 
ing one face of the mat intermediate said feed 
and means with a relatively slow moving surface 
and contacting the other face of the mat inter 
mediate said feed and means with a relatively 
rapidly moving surface to cause greater expansion 

55 

60 

65 

70 

75 

of Said mat adjacent one face than the other. 
14. The method comprising drawing a multi 

layer glass mat containing an unset binder, and 
in which the filaments of adjacent layers cross 
each other at acute angles, until layers of the 
nat aSSume an undulatory form and the mat 
expands in the direction of its thickness, and dur 
ing said drawing and expanding operation con 
tacting one face of the mat with a relatively 
slower moving Surface and the other face there 
of with a relatively rapidly moving surface to 
cause greater expansior of said mat adjacent one 
face than the other, and setting the binder. 

15. The method comprising drawing a multi 
layer glass mat containing an unset binder, and 
in which the flaments of adjacent layers cross 
each other at acute angles, until layers of the 
mat assume an undulatory form and the mat ex 
pands in the direction of its thickness and dur 
ing Said drawing and expanding operation con 
tacting one face of the mat with a relatively 
slower moving surface and the other face thereof 
with a relatively rapidly moving Surface to cause 
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greater expansion of said mat adjacent one face 
than the other, compressing the mat and setting 
the binder. 

16. The method comprising feeding a multi 
layer mat in which the flaments of adjacent 
layers cross each other at acute angles, expand 
ing the mat in a direction at right angles to the 
general lay of the filaments until layers of the 
mat assume an undulatory form and the mat 
expands in the direction of its thickness and dur 
ing said expanding operation drawing One face of 
the mat over a stationary plate, contacting Said 
face of the mat with a relatively slowly moving 
Surface, and contacting the other face of the mat 
with a relatively rapidly moving surface, to cause 
greater expansion of said mat adjacent one face 
than the other. 

BARR. E. HOLCOMB, 
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