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terial and to methods and apparatus for manu 
facture thereof. More particularly, the present 
invention is concerned with the manufacture of 
abrasive materials in which the fibers of a plu 
rality of carded fibrous membranes are formed 
together by definite interengagement or inter 
weaving to form a substantially non-lanellar web 
structure and abrasive grain included internally 
of the web and/or extending in part, above the 
surface thereof. This invention is concerned 
further with the manner of introducing or in 
cluding the abrasive material and an adhesive 
binder agent into the web so that the abrasive 
particles are anchored in the interstices of the 
fibers and the gussets made by the fiber inter 
sections and further cemented in place by the 
adhesive. ?? . 

Heretofore in the manufacture of flexible abra 
sive materials, such as sandpaper, and the like, 
the practice has been to apply a layer of adhesive 
to a paper or cloth backing member, apply a layer 
of abrasive thereover and then apply an addi 
tional sizing layer of adhesive to more firmly an 
chor the abrasive particles in position. The pres 
ent invention should not be confused with the 
coated abrasives of the prior art, since it differs 
therefrom by the absence of the conventional 
backing member. It represents an improvement 
over such articles by reason of the elimination 
of the backing and the distinct line of demarca 
tion which has existed heretofore between the 
backing member and the coating of abrasive 
granules. In addition, its fibrous structure lends 
a strength, controllable flexibility and durability 
to the final product which meets the require 
ments for abrasive paper, as well as many appli 
cations for which the conventional abrasive 
paper is not suited. 
Methods have been proposed for the incorpora 

tion of abrasive grain into a paper base by mix 
ing abrasive grains into a macerated, watery mass 
of paper pulp and then forming abrasive arti 
cles from the mixture. Such methods have been 
unsatisfactory because of the fact that a solid, 
densely matted body was formed which entirely 
masked the cutting edges of the abrasive parti 
cles, and also the absence of clearance spaces 
prevented the formation of chips. ?? 

I have found that the above difficulties can be 
overcome and flexible abrasive web materials 
produced with a substantial saving in time and 
operations by forming a web of a plurality of 
carded fibrous membranes, forming said mem 
branes together by definite interweaving to form 

O 

12 Claims. (Cl. 51-297) 
This invention relates to webs of abrasive ma a strong non-lamellar web structure and apply 

ing abrasive granular material internally of Said 
fibrous web, said abrasive particles extending 
from the interior to the surface and projecting 
therefrom. A suitable adhesive agent is also in 
corporated within said web and the treated 
fibrous web is consolidated to a desired density. 
The present invention further provides a meth 
od and suitable apparatus with which the abra 
sive grain and the adhesive binder may, be ap 
plied to the web and caused to penetrate and 
permeate throughout the fibrous Web structure. 
The abrasive particles enter into the interstices 
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of the individual fibers and between the fibers 
of the web, and when the web is consolidated, 
the individual fibers are pressed down and 
around the base ofeach individual abrasive par 
ticle to increase the anchorage thereof. This also 
causes the cutting edges of the uppermost grains 
to project above the surface of the web and a 
sharp abrading surface is produced. Further 
more, the abrading action is not confined to a 
superimposed layer of abrasive grains on the 
upper surface of the web, but the abrasive proper 
ties extend substantially all the way through said 
web, there being no distinct line of demarcation 
between the fibrous Web and the abrading sur 
face. . . 

Abrasive grain can be introduced entirely or 
partially within the fibrous web structure in 
amount and character to suit the conditions and 
nature of the intended use. For example, the abrasive grain may be applied in such a man 
ner that there is a maximum amount of abrasive 
particles at one surface of the web, with the 
amount of grain progressively diminishing as the 
distance from that surface of the web becomes 
greater, there being little or no abrasive grain 
at the opposing surface of the web. However, 
if desired, the abrasive may be applied into both 
Surfaces of the web and an article produced in 
which the quantity of grain diminishes equally 
from both surfaces of the web toward the interior. 
A coating of abrasive grain may also be applied, if 
desired, and adhesively secured to the top sur 
face of the web. A sizing layer of adhesive may 
be applied to the surface coating of abrasive ma 
???????. or to the surface of the abrasive-included 
WeO. . . 
Various modifying agents, such as waterproof 

ing compounds, anti-friction agents, embritting 
materials, flexibilizers and other fillers, may be 
incorporated in the web during manufacture in 
order to render the web resistant to water orim. 
part specific properties thereto, : 



2 
In order that the invention may be more clearly 

Set forth and made more understandable, refer 
ence is made to the accompanying drawings, in 
which 

Figure 1 is a diagrammatic side elevation of 
One form of apparatus for making abrasive Webs 
in accordance with the present invention; 

Figure 2 is an enlarged view of a portion of the 
apparatus of Figure 1, and shows the adhesive 
applying means in greater detail, as well as mod 
ified means for applying the abrasive grain into 
and through the web; 

Figure 3 is a modification of the apparatus 
shown in Figure 2; 

Figure 4 is a greatly enlarged vertical-section 
through a fragment of an abrasive web made 
according to the present invention; and 

Figure 5 is a similarly enlarged vertical-section 
of a modified form of web made in accordance 
With the present invention. 

Figure 1 of the drawings illustrates one form of 
apparatus which may be employed in the produc 
tion of fibrous abrasive materials by the concur 
rent manufacture of a fibrous web msterial and 
the inclusion of abrasive grains and adhesive 
binder therein. The particular apparatus shown 
includes a plurality of card assemblies suitably 
spaced apart and consisting of card cylinders 2, 
doffer cylinders 3 and combs 4 adapted to form 
and deliver a number of carded membranes 5, 6, 
and 8 to the moving conveyor . The carded 

membranes are uniform webs of loosely adhering 
independent fibers and may consist of any animal, 
Vegetable, mineral or synthetic fibrous material 
capable of being carded into Web form, 
materials include natural fibers, such as cotton, 
Wool, jute, flax and the like, or any of the newer 
Synthetic fibers, such as glass wool, resinous or 
Synthetic rubber-like fibrous materials. Anyone. 
of these fibrous materials may be used singly or 
two or more may be mixed in any desired propor 
tion. Cotton fibers have been found to be highly 
Satisfactory in the present process and conse 
quently will be used as a specific example in con 
nection with the detailed description of the appa 
ratus and the method of manufacture. 

Such 
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the Orifices 9 and are deposited onto the moving 
Support, a gentle controlled current of air or other 
gas indicated by the arrows. is caused to flow 
against the movement of the membranes, and 
upwardly through the respective orifices 9. 

character, this gentle current of air causes a dis 
placement and up-ending of the individual fibers 
in each membrane as it passes through the re 
Spective orifice. Thus the ends of the individual 
fibers are shifted from their normal longitudinal 
arrangement, which was assumed as a result of 
the carding operation, and caused to extend in a 
number of different directions, generally non 
parallel. This displacement of the fibers is gen 
erally normal to the surface of the membranes 
and, as two or more membranes are brought to 
gether, the up-ended fibers of each membrane 
readily blend together by definite interengage 
ment or interweaving in a multiplicity of planes. 
This action is called aerodynamic weaving. 
The interlocked web is then passed between the 

rolls 7, 8 and back and forth between the series 
of rolls 20, which are arranged at successively 
lower levels. These rolls do not exert any appre 
ciable pressure on the web and are preferably all 
driven at the same peripheral speed as the mov 
ing web in order to avoid any tension on the web. 
The back and forth or alternate bending of the 
web by the rolls 20 serves to alternately lengthen 
and contract opposite sides of the web, and this 
action further aids in interlocking together the 
fibers of the successively applied membranes. The 
result of the various steps is a firm, homogeneous . 

35 interlocking structure which is non-lamellar in 
final appearance and with the individual fibers 
extending in a multiplicity of different directions 
and disposed in a multiplicity of different planes. 
The web is still light and uncompacted as it 

40 leaves the rolls 20 and passes down around the 

45 

The carding machines are well known in the 
textile art and no detailed description is deemed 
necessary. Although only four cards are shown 
in the drawings, any number of cards may be 
used, depending upon the desired weight or thick 
ness and type of fibrous web being manufactured. 
The cards are arranged so that their longitudinal 
axes are parallel but offset slightly from each 
other, laterally of the carrier belt f. 
The carded membranes are delivered from the 

cards as light, uniform webs and fed by gravity 
through orifices 9 in the floor 0 onto a moving 
carrier belt , which is slightly undulated by 
suitable means not shown. This carrier belt is 
slightly wider than the width of the deposited 
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membranes and may have cooperating flanges for 
guiding the oncoming membranes onto the travel 
ing support. As the membranes pass through 
the orifices of the floor, they are shielded from 
any undesirable external influences, such as 
strong air currents, by protecting side walls or 
plates 2 and 3. The carrier belt. is supported 
at the opposite ends thereof by the rolls 4 and 
5, which are driven by suitable driving means, 

not shown. The speed of the belt is synchronized 
with the rate of feed of the membranes in order 
to prevent any pull on the membranes during 
their deposition. 
As the fibrous membranes pass down through 

adjustable roll 2 to a zone where the abrasive 
grains are applied to the web and included inter 
nally thereof. The abrasive particles pass from 
the hopper 22 through an adjustable feed gate 23 
and over a distributing roll 24 and are deposited 
by gravity on and into the open structure of the 
web The extent of pentration of the abrasive 
granules into the web may be varied to any de 
sired extent by changing the angle of the moving 
web with respect to the falling stream of grain. 25. 
This is readily accomplished by moving the posi 
tion of the adjustable roll 2 along the path indi 
cated by the curved arrow 26. By such adjust 
ment, the web may be moved horizontally and at 
an angle of 90 degrees with respect to the falling 
stream of grain, or at an oblique angle with 
respect thereto. The greatest depth of penetra 
tion of the grain into the web structure will be 
obtained when the web is moved horizontally and 
a lesser degree of penetration obtained as the 
angle between the web and falling stream of grain 
is decreased. The abrasive particles readily pen 
etrate into the interstices of the Web and the 
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fibers, due to its open, unconsolidated structure, 
and with appreciable improvement to the inter 
locking non-lamellar properties of the fibrous 
Web. - 

The abrasive-included web is then passed be 
tween the rolls 27 and 28, where it is consolidated 
to a desired density and an adhesive binder ap 
plied in sufficient amount to cement the web. 
The adhesive roll 28 revolves in a liquid adhesive 
29 contained in the pan 30, and upon each revo 
lution, transfers a desired uniform quantity of 
adhesive into the web. The quantity of adhesive 

Since ... 
the fibers of the membranes are very light in 
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anchored in position by being interlocked by the 
long fibers whose lengths are several times the 
dimension of the individual grit diameters. 
While the uppermost granules penetrate through 
and above the surface of the fibrous web, they are 
also securely attached by the interlocked fibers, 
which with the aid of the adhesive binder an 
chors them in such position that the upper cut 
ting edges are free for grinding and polishing 
operations. 

Figure 5 is a similarly enlarged section of an 
included abrasive fibrous web in which the grains 
55 are so distributed that there is a maximum 
amount of abrasive grain at both surfaces of the 
web, with the amount of grain progressively 
diminishing to a minimum toward the center of 
the fibrous Web. 
The physical and abrading properties of the 

included abrasive webs can be altered to any de 
sired degree by variations in the quantity and 
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character of the adhesive binder agent. The par 
ticular adhesive therefor depends upon the spe 
cific requirements of the final abrasive product. 
Latex has been found to be particularly effective 
as a binder in forming articles of the present in 
vention since it is resistant to Water and is also 
resilient and flexible. Other adhesives, however, 
which may be used instead of, or along with, latex 
include liquid animal glue, a waterproof resil 

2,869,462 
wards the bottom. The granules 55 are firmly of sharp abrasive grains at the grinding surface. 

Obviously the rate of breakdown of the fibrous 
membrane can be regulated and controlled to any 
desired degree by changes in the character and 
quantity of the embrittling agent and the degree 
of penetration into the individual fibers. 

Included abrasive articles can be produced in 
which the outer surface, containing the maxi 
mum quantity of abrasive grain, is of a brittle . 
character and the opposite side is of a flexible 
character. Thus One surface of the article func 
tions most efficiently as an abrading device, while 
the opposite surface provides the necessary flexi 
bility and strength to permit use as a grinding 
belt, disc and the like. Abrasive materials of 
Such character may be produced by applying an 
embrittling impregnant to one side of the web 
and applying a flexibilizing impregnant to the 
Opposite side. ? ? * 

Many advantages accrue from practice of the 
present invention. For example, as is readily ap 
parent from the description, the present inven 
tion readily lends itself to the creation of abrasive 
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30 ient binder such as a synthetic or natural rubber 
binder or the like, a resinous adhesive in liquid 
or powdered form, sodium silicate and the like. 
One of the important advantages of the inven 

tion is that an abrasive article made in accord 
ance with the invention has a resiliency and flexi 
bility which it is impractical to obtain with either 
paper or cloth. The arrangement of fibers in the 
base material aided by the latex or other adhesive 
therein, inherently provides a resilient cushion 
ing which insures that, when the abrasive article 
is applied to the surface of the work, each abra 
sive particle will successively contact with the 
Work, the base material yieldingso thatsuch con 
tact will be obtained. This property is still fur 
ther enhanced by proper addition of suitable 
plasticizers, flexibilizers and the like within the 
web. Moreover, it has been found that when 
using the present base material it is possible to 
use an abrasive which is much coarser and there 
fore faster cutting to obtain a finish which is as 
fine or smooth as that obtained by a much finer 
and therefore much slower cutting abrasive when 
the latter is backed by paper or cloth. This is 
a very definite advantage, particularly in the 
:wood sainding operations where fine abrasives clog · . , 
much more quickly than coarse abrasives. 
Another result of the resiliency of the base ma 

terial is that each particle will have continuity 
of contact with the work, thus avoiding chatter 
ing of the individual particles against the work 
and the consequent breaking of those particles. 
The result of course is the more efficient function 
ing of each particle and consequently for the 
abrasive article as a whole, resulting in smoother 
finish and longer life for the abrasive particles. 

Alternatively, very brittle characteristics can 
be imparted to an included abrasive web by the 
use of a resinous adhesive, which cures to a brit 
tle stage. When the fibers are impregnated with 
a liquid phenolic resin such as, that sold under 
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the trade name "Durite S-2143," they become. 
quite brittle and as the surface grains become 
dulled 8nd break away the exposed embrittled 
fibers also break away and present a fresh layer 75 

articles of Specific properties in definite con 
trolled portions of the article without spreading 
Such properties to other parts of the web where 
they are unnecessary or even undesirable, 

Furthermore, the present invention provides an 
abrasive article which obviates the need for a sep 
arate backing or other form of lamination, elimi 
nating the weakness of having a plurality of lay 
ers which are liable to split apart during use. 
The base material is a strong, interwovenstruc ture, especially when internally re-inforced by 
binding materials or like strengthening agents, 
but at the same time has interstices which serve 
to anchor the abrasive particles much better than 
can be done when they are superimposed upon 
the-face of a backing and are entirely above the 
Surface. Thus the particles are held in place or 
anchored by what may be termed a double an 
chorage, achieved by engagement of the particles 
with the fibers themselves or by engagement of 
the particles in the adhesive which in turn is an 
chored to the fibers. Moreover the abrading ac 
tion of the present products does not stop when a 
Single upper coating of abrasive grain has been 
removed Or, destroyed, but continues through a 
large portion of the base material itself. 
The invention having been fully described and 

explained in its preferred embodiments, it is to 
be understood that the invention may be embod 
tied and practiced within the scope of the append 
ed claims. 
I claim: 
l. Apparatus for the manufacture of an abra 

sive web having a base structure of loosely inter 
WOWen fibers with interstices therebetween com- ' 
prising means for forming such an unlaminated, 
fibrous web, means for conducting said web into 
an abrasive grain-applying zone, an air chamber 
positioned with its orifice facing the web, said 
orifice shaped to extend substantially transverse 
ly of the web, means for maintaining a controlled 
air pressure in said chamber above atmospheric 
pressure for inducing a stream of air against the 
face and into the interstices, of said web, means 
for introducing abrasive grain into said air 
stream, means for applying adhesive to the web 
and for consolidating the same. 

| 2. Apparatus for the manufacture of an abra 
sive web laving a base structure of loosely inter 
woven fibers with interstices therebetween com 
prising means for forming such an unlaminated, 
fibrous web, means for conducting said web into 
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an abrasive grain-applying zone, means for di 
recting a controlled stream of air against the face 
and into the interstices of said loosely woven web, 
means for introducing abrasive grain into said 
air stream whereby the force of the air stream 
projects said abrasive grain into the interstices 
of the web structure, a second means positioned 
on the opposite side of the travelling web for 
directing a controlled stream of air against the 
opposite face and into the interstices of said 
loosely woven web, means for introducing abra 
sive grain and other comminuted materials into 
said second air stream whereby the air stream 
projects said materials into the interstices of 
the web structure, means for applying adhesive 
to the web and for consolidating the Same. 

3. The method of manufacturing abrasive ar 
...ticles which comprises first forming a loosely 
woven, open unconsolidated web of considerable 
depth from a plurality of thin, carded, sheer 
fibrous membranes, agitating. the fibers. of said 
membranes to bring the fibers of each sheer 
membrane into interlocking position with the 
fibers of adjoining membranes, thereafter intro 
ducing abrasive grains into the interstices be 
tween the fibers of said loosely woven, open and 
unconsolidated web structure, applying a suitable 
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adhesive binder and consolidating the Open 
fibrous structure to anchor the included abrasive grains by the closely surrounding fibers and ad 
hesive, and thereby reducing the web to a rela: 
tively thin, strong, abrasive-included sheet. 

4. The method of manufacturing abrasive 
articles which comprises first forming a loosely 
woven, open, unconsolidated web of considerable 
depth from a plurality of thin, carded, sheer 
fibrous membranes, agitating the fibers of said 
membranes to bring the fibers of each sheer 
membrane into interlocking position with the 
fibers of adjoining membranes, thereafter feed 
ing abrasive grains onto the upper surface of 
the said loosely woven, open, unconsolidated Web 
structure whereby the abrasive grains penetrate 
into the interstices between the fibers and enter 
the structure of the web to a considerable depth, 
applying a suitable adhesive binder, and con 
solidating the open, fibrous structure to anchor 
the included abrasive grains by the closely Sur 
rounding fibers and adhesive, and thereby re 
ducing the web to a relatively thin, strong, abra 
sive-included sheet. 

5. The method of manufacturing abrasive 
articles which comprises first forming a loosely 
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therebetween comprising means for forming such 
an unlaminated, fibrous web of considerable 
depth, means for conducting said fibrous struc 
ture into an abrasive grain-applying Zone, means 
for directing a controlled stream of air against 
the face and into the interstices of said uncon 
solidated, loosely woven web, means for intro 
ducing abrasive grains into said air stream 
whereby the force of the air stream projects said 
abrasive grains into the interstices of the Web 
structure. to a considerable depth, means for ap 
plying adhesive and consolidating the web to a 

, strong abrasive-included sheet. 
7. Apparatus for the manufacture of an abra 

sive web having a open, unconsolidated base 
structure of loosely interwoven fibers with inter 
stices therebetween comprising means for form 
ing Such an unlaminated fibrous web of consider 
able depth, means for conducting said web 
through an abrasive-applying zone, means for 
feeding a stream of abrasive grains by gravity 
onto the upper surface of said web, adjustable 
means for regulating the direction of travel of 
the web into the pathway of the falling abrasive 
grain whereby the degree and amount of the 
penetration of the grain internally of the web 
structure is controlled by the angle of striking 
of the grain into the interstices of the web, means 
for applying adhesive to the abrasive-laden web 
and for consolidating the web to a relatively thin, 
strong, abrasive-included sheet. 

8. Apparatus for the manufacture of an abra 
sive web having a open, unconsolidated base 
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structure of loosely woven fibers with interstices 
therebetween comprising means for forming such 
a fibrous web of considerable depth, means for 
conducting said web into an abrasive grain-ap 
plying zone, means for introducing abrasive grain 
into the interstices of said fibrous web to a con 
siderable depth, means positioned immediately 
thereafter for applying adhesive to the abrasive 
laden web and for consolidating the web to a 
relatively thin, strong, abrasive-included sheet. 

9. The method of manufacturing abrasive arti 
cles which comprises first forming a loosely 
woven, open, unconsolidated web of considerable 

woven, open, unconsolidated web of considerable 
depth from a plurality of thin, carded, sheer 
fibrous membranes, agitating the fibers of Said 
membranes to bring the fibers of each sheer 
membrane into interlocking position with the 
fibers of adjoining membranes, feeding abrasive 
grains by gravity into the interstices of the said 
loosely woven, open, unconsolidated web struc 
ture º to a considerable depth, regulating the di 
rection of travel of the web structure into the 
pathway of the falling abrasive whereby the 
degree and amount of the penetration of the 
grains internally of the web structure is con 
trolled, applying a suitable adhesive binder, and 
consolidating, the open, fibrous structure to an 
chor the included abrasive grains by the closely 
surrounding fibers and adhesive, and thereby re 
ducing the web to a relatively thin, strong 
abrasive-included sheet. 

6. Apparatus for the manufacture of an abra 
sive web having a open, unconsolidated base 

5 

depth from a plurality of thin, carded, sheer 
fibrous membranes, agitating the fibers of said 
membranes to bring the fibers of each sheer 
membrane into interlocking position with the 
fibers of adjoining membranes, thereafter pro 
jecting abrasive grain by means of an air stream 
into the interstices between the fibers of said 
loosely Woven, open and unconsolidated web 
structure, applying a suitable adhesive binder 
and consolidating the open fibrous structure to 
anchor the included abrasive grains by the closely 

structure of loosely woven fibers with interstices 76 

surrounding fibers and adhesive, and thereby re 
ducing the web to a relatively thin, strong, abra 
sive-included sheet. 

10. The method of manufacturing abrasive 
articles which comprises first forming a loosely 
woven, open, unconsolidated web of considerable 
depth from a plurality of thin, carded, sheer 
fibrous membranes, agitating the fibers of said 
membranes to bring the fibers of each sheer 
membrane into interlocking position with the 
fibers of adjoining membranes, thereafter pro 
jecting abrasive grain by means of air streams 
directed at both faces of the web into the inter 
stices between the fibers of said loosely woven, 
open and unconsolidated web structure, applying 
a suitable adhesive binder and consolidating the 
open fibrous structure to anchor the included abrasive grains by the closely surrounding fibers 
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and adhesive, and thereby reducing the web to a 
relatively thin, strong, abrasive-included sheet. 

11. The method of manufacturing abrasive 
articles which comprises first forming a loosely 
woven, open, unconsolidated web of considerable 
depth from a plurality of thin, carded, sheer 
fibrous membranes, agitating the fibers of said 
membranes to bring the fibers of each sheer 
membrane into interlocking position with the 
fibers of adjoining membranes, thereafter direct-10 
ing a stream of air against the face of said un 
consolidated web, introducing abrasive grain into 
the air stream whereby the abrasive grain is car 
ried by said air stream into the interstices be 
tween the fibers of said loosely woven, open and 
unconsolidated web structure, applying a suit 
able adhesive binder and consolidating the open 
fibrous structure to anchor the included abrasive 
grahs by the closely surrounding fibers and ad 
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12. The method of manufacturing abrasive ar 

ticles which comprises first forming a loosely 
woven, open, unconsolidated Web of considerable 
depth from a plurality of thin, carded, sheer 
fibrous membranes, agitating the fibers of said 
membranes to bring the fibers of each sheer 
membrane into interlocking position with the 
fibers of adjoining membranes, thereafter pro 
jecting abrasive grains by means of an air stream 
into the interstices between the fibers of said 
loosely woven, open and unconsolidated web struc 
ture, projecting a powdered anti-friction mate 
rial by means of an air stream directed towards 
the opposite face of said web into a portion of the 
unconsolidated web structure, applying a suitable 
adhesive binder and consolidating the open 
fibrous structure to anchor the included abrasive 
grains by the closely surrounding fibers and ad 
hesive, and thereby reducing the web to a rela 

hesive, and thereby reducing the web to a rela- 20 tively thin, strong, abrasive-included sheet. 
tively thin, strong, abrasive-included sheet. EDWARD HURST. 


