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Application .iul' , 

This invention relates to improved abrasive 
nrticles and u method of manufacturing the some. 

invention is concerned with 
?exible'ebrusive articles which are used in me. 
chines, such as abrasive belts and abrasive disc's‘ 
consisting of a. ?exible bucking carrying n thin‘ 
cos of abrasive grains attached to a surface 
thereof. _ ‘ 1-. 

Although our invention is adapted to a. num 
ber' of’ embodiments, it 
to the production of abrasive discs for use in soil‘ 
facing metals such as the panels of automobile 
bodies and the like by the method described and 
oleimed in a. patent to Herbert R} Stratford No. 
lhtd?ld. A second modi?cation of the invention 
is concerned with ubrosive belts or bonds which 
one adapted to be mounted on pulleys or on wheels 

or drums. < 
‘We have illustrated our invention by a number 

of drawings wherein: ' . 
Fig. l is n pertisl section of a form of apparatus 

which we have employed in the use of our im 
proved discs and illustrstes the position of the 

disc when it is used; Fig. 2 is a. side elevation of a machine provided 
with e. belt mode in accordance with our inven 
‘MDH; -; . 

Fig. 3 is e. section of one form of our improved 

£15865; : Fig. t is a. section of the backing employed in 
the production oi the disc illustrated in Fig. 1; ' 

Figs. 5, 6, ll, 8 and b depict other structures of 

has .I i; as used in our invention. Referring to Fig. l. e disc 9, which forms part 

of the subject matter of the invention, is friction 
elly attached to o roteteble shaft 3 by the pressure 
epplied to the disc by screwing the cup 5 into 
the shaft 3 so that the disc is squeezed against 
the backing element 1!. The outer or working por 
tion of the disc is yieldably supported by a. pad 
b which is suitably attached to the backing ele 
ment 1 and thereby to the shaft 3 to which the 
element 1 is fastened. 

use. the 3 is rotated by means not 
shown in the tire ng and the ebresive coated 
outer surtece of the disc l is pressed against the 
work piece it which is to be surfaced. in order 
to use such discs eclently it is necessary to 
them to the work piece with considerable force 
end conseuuently the disc with its supporting bed 
d is subjected to rather severe stresses, 
reason of the pressure that is applied by the op 
erstor end by the torque that is transmitted 
through the K ~91 3 and is occasioned by the drag 
oi the abrasive grains on the work piece. 

is particularly addressed 
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Heretofore, discs for use in this type of work 
have commonly been made using glue as the ad 
hesive for‘ attaching the grains to a backing of 
vulcanized ?ber or hydrolyzed cellulose es de 
scribed and claimed in a patent to Herbert R. 
Stratford No. 1,684,748.~ Such discs have been 
very successful and’ literally millions have been 
made and used. Their average abrading life on 
a standard test is about 9 minutes during which 
time they will remove an averaged about 140 
grams of steel. 
Recent developments in the use of binders other 

than glue, such as heat hardenable synthetic 
resins, have made it possible to produce discs of 
this character which have a much longer abrad 
ing life and remove two to three times as much 
metal as the glue discs but such discs have been 
used only to a small extent because it has been 
necessary to employ spring steel for the backing 
and the cost cf the articles has been correspond 
ingly high. . 
When abrasive discs are-made with. a resin 

bond on the vulcanized fiber backings that have 
heretofore been used, difficulties are encountered 
the nature of which depends upon the type of 
resin that is used and the details ‘of the method 
employed to make the article. For example, the 
vulcanized ?ber is weakened and made brittle by 
the temperatures that are required to setisfac-' 
torlly cure some of the types of resin that have 
been found to be suitable as a binder or adhesive 
for the abrasive grains. Fiber is also hygroscopic 
and correspondingly susceptible to changes in at 
mosphere conditions and shrinks or expands with 
changes in the humidity of the atmosphere. 
When it is dried out it becomes britlle and if it is 
moistened it curls. 4 
In Fig. 2 we have shown a. form of machine 

which is commonly employed in using endless 
abrasive belts. The machine comprises a driven 
pulley 2, which is caused to rotate by a. source 
of power not shown in the drawing, and a. second 
pulley It about which is mounted a belt 6. The 
pulleys are mounted on shafts carried in suitable 
bearings supported by standards 8 and i0 respec 
tively. A table 52 is usually provided to form a 

part where the work 

is applied to the belt. 
Belts for use on apparatus of this general type 

have commonly been made heretofore on a back 
ing of paper or clot . While such backings have 
been satisfactory vihere the grains have been 
bonded to the bookings with glue, they are not well 
adapted for use with the improved binders dis 

ea cussed in the foregoing paragraphs. Either paper 

: 



or cloth is embrlttled and weakened by prolonged 

' been heat treated to harden 

heating at the temperatures employed to cure 
heat-hardenable resins, presumably because of a 
drying out of the ?bers of the fabrics and possibly 
aho because of some oxidation. Likewise, as was 
mentioned in discussing discs, the longer life of 
abrasives bonded with resins requires that the 
back‘ings employed therewith shall be capable of 
withstanding the additional stresses caused by 
the prolonged use of the articles. It has there 
fore been found that the life of abrasive belts 
bonded with resins is often ended by failure of the 
backing before the coatings are 'worn out. Similar 
dif?culties are experienced with abrasive bands 
which are mounted on drums as by stretching a 
band about the periphery of a drum and fasten 
ing the ends of the band in suitable clamps pro 
vided on the drum. . 

It is accordingly an object of the invention to 
. provide an abrasive article and a backing there 
for which shall not have the limitations of arti~ 
cles made heretofore as discussed above. Another 
object of the invention is'to provide a method of 

‘ making our improved abrasive articles. Another 
object of the invention is to provide an improved 
backing for ?exible abrasive articles such as 
abrasive belts, bands and discs which shall be 
capable of withstanding the stresses and loads 
which are applied to such‘ articles when they are 
used for long periods of time. ' 
We have found that discs and bands made on 

a backing containing a. sheet of plastic mate 
rial reinforced with a suitable ?ller, preferably 
in the form of 'a sheet of cloth or paper, are 
eminently satisfactory for use for the purposes 
described. By selecting a suitable type of plastic 
such as a heat-hardened phenolic or alkyd resin, 
the backing will withstand the temperatures re 
quired to cure heat hardenable resins which have 
been found to be good adhesivesfor the abrasive 
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4% grain. Other types of plastics, such as certain _ 
cellulose esters, have the required life when used - 
but are not so well adapted for use with cer 
tain resins because of their tendency to soften 
under the temperatures used in curing the resin 
binder. o 

Compositions of the‘character just described 
are. commonly called “plastics,” even if they have 

them so that they 
are no longer fusible-or soluble. Consequently, 
in claiming our invention, we have used this word 
“plastics” to indicate not only materials which 
may be soluble and fusible, and hence might be 
correctly called “plastics,” but also heat-hardened 
products such as cured phenolic condensation 
products which were originally plastic but which 
would no longer be plasticizable either by heat 
or by the use of a solvent. ' i 

As illustrated in the drawing, our invention is 
adapted to a number of modi?cations, explana 
tion of which will now be made. 

a In Fig. 

pleted disc made in accordance with one modi= 
?cation of the invention. In this drawing the 
plastic material l5 contains a layer of cloth- ll 

, which is entirely embedded in the plastic. At 
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3 we have shown a section of a corn- ' 

tached to the upper surface of the plastic I5 is a - 
second layer of cloth I9 (see also Fig, 4) to the 
outer surface of which abrasive grains 2! are at 
tached by an adhesive 23. 
Alternative backing structures shown in the 

drawing comprise: 
Fig. 5-two layers of cloth l7 embedded in‘ a 

Plastic l5. ‘ 

Fig. 6-9. layer of wire cloth 25 embedded in a 
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aazaaoo 
sheet of plastic I5 and a layer of cloth I! at 
tached to a surface of the plastic. I 

Fig. 7—two sheets of paper 21 embedded in a 
sheet of plastic It and a surface layer of cloth 
l9 attached to the plastic 55. _ 
Fig. 8—a sheet ‘of plastic is containing a rein 

forcement of unwoven ?bers 29 and having a 
sheet of cloth l9 attached to one of its surfaces. 

Fig. 9-9. sheet of cloth I‘! and a sheet of paper 
2? embedded in a sheet of plastic 15 and a layer 
of cloth l9 attached to a surface of the plastic 15. 
One method which} we have found to be suit 

able for preparing our improved backing mate 
rial consists in ?rst impregnating a sheet of rein 
forcing material, such as the cloth I‘! of Figs. 3, 4 
and 5 or the paper 211 of Fig. 7, with the plastic 
material 65, associating the impregnated sheet 
with a sheet of cloth 49 as shown in Figs. 4, 6, '7 
and 8 or with a second impregnate? sheet as 
shown in Fig. 5, and then subjecting he assem 
blage to heat and pressure to cause the plastic 
to ?ow into a continuous sheet l5 thereby enclos 
ing the sheets it or 21 in the sheet 15 and also 
attaching the sheet is (where such is employed) 
to a surface of sheet l5. 
This heat and pressure may be conveniently 

applied by placing the assemblage between the 
platens of a hot press of the character commonly 
used in making molded articles, or it may be 
passed around and between suitably heated rolls 
to cause the formation of the sheet l5. 1 
The embedded sheets I‘! or 21 may be impreg 

nated with a plastic in any convenient manner as, 
for example, by dissolving the plastic in a sult~ 
able solvent, passing a web of the sheet through 
the solution of the plastic, and then evaporating 
the solvent. Where some forms of plastic which 
are obtainable in a normally liquid condition or 
which can be liqui?ed by heating are employed, 
the use of a solvent may be dispensed with. An 
other method for forming the sheet of plastic 
material which is well adapted for use with the 
modi?cation shown in Fig. 6, consists in casting 
the sheet l5 about the embedded sheet of rein 
forcement 25, the attached sheet I 8 being asso 
elated with the sheet l5 either when the sheet 
I5 is cast or later, as for example, by moistening 
the surface of the plastic I5 with a. suitable sol 
vent to cause it to become adhesive and then as 
sociating the sheet of cloth l8, which may be 
previously sized with plastic if desired, with this 
adhesive surface. 
In the embodiment of the invention which is ’ 

illustrated in Fig. 8, a backing comprising the 
sheet of plastic material l5_ containing a mis 
cellany of?bers 29 and a surface coating of cloth ‘ 
is may be formed by ?rst preparing adry mix 
ture of plastic material and ?ber, distributing 
this in a suitable mold, spreading thereon a. sheet 
of cloth I! which has been preferably coated very 
lightly with a solution of the plastic IS in a sol 
vent, and then applying heat and pressure to fuse 
the plastic material is and cause it to form a con 
tinuous sheet and at the same time to adhesively 
attach the cloth It. to the surface of the sheet of 
plastic material l5. ' 

The backing material of our invention may 
be coated with abrasive grains by any conven 
lent method. One method which we have found 
to be satisfactory, particularly where a disc is 
to be made with a coating of abrasive grains 
in the form of a band at and near the periphery 
as is frequently donmcomprises ?rst coating 5 
surface of the backing at and near the periphery 
with an adhesive in liquid\conditlon and then 



9,349,365 
applying to the adhesive coated surface a layer 
of abrasive‘ grains which have been previously 
coated with an adhesive in a-.solid condition. 
For example, we may coat the backing with a 
‘normally liquid phenolic condensation product 
which is hardenable by heat to form a strong, 
tough bond, separately coat abrasive grains with 
a layer of heat-hardenable phenolic condensa 
tion product resin in the solid “A” stage, apply 
a thin layer of the resin coated grains to the 
resin coated surface 01 the backing, and then 
subject the article to heat treatment to harden 
the liquid resin and to cause the resin coatings 
on the grain to weld and unite with the res 
inous coating on the backing. The heat treat 
ment required will depend upon the composi 
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such as abellulose nitrate lacquer containing 
cellulose nitrate and resin along with suitable 
plasticizing agents may also be employed as a‘ 
binder for the abrasive grains.‘ 
Other modi?cations and embodiments of our 

invention will occur to those skilled in the art 
and may be practiced without departing from 
the spirit of the invention, the scope of which 
is de?ned by the appended claims. 
We claim: 

-- l. A ?exible abrasive disc comprising ‘a back- 
. 'ing consis ' g of a“ sheet of heat-hardened phe 

tion of the resinous materials employed. With ' 
commercial grades of phenol formaldehyde con 
densation products which we have used and 
which are commonly employed in the manufac 
ture of abrasive articles, the coated article may 
be heated for about 12 hours gradually up to 
300° F., followed by further heating for 6 hours 
‘at 300° F. 

Another method which we have successfully 
employed in attaching the abrasive grains to the 
backing comprises the usual conventional method 
‘of making sandpaper. According to this method, 
the backing is ?rst coated with a liquid adhe 
sive material, a layer of abrasive grain is applied 
while the adhesive is still ?uid enough to permit 
penetration by the grain, and an additional coat 
ing of adhesive is subsequently applied to secure 
the grains more ?rmly to the backing. In some 
cases it is customary to subject the article to 
a treatment to harden up the ?rst or making 
coating of adhesive alter the abrasive grains 
have been applied and before the second or 
sizing coating of adhesive is put on. The ?nal 
operation is customarily a treatment to harden 
up the adhesive or binder coats. 

20 

35 

40 

As we have indicated above, the plastic ma- . 
terial it may be of any suitable composition 
which will now out into a continuous sheet 
which, when subjected to the stresses incident 
to the use of discs or bands, as previously de 
scribed, will possess the required degree of her. 
ibility and will not crack 
cient in meeting the requirements of the service 
during the life of the abrasive article as deter 
mined by the e?ectiveness oi the abrasive grains 
in removing material. We have found that phe 
nolic condensation ‘products, including oil-modi 
fled resins as well as the usual phenol-aldehyde 
resins, are quite satisfactory for our purpose. 
We may also use other suitable materials such 
as certain allmi resins, vinyl resins, 
ably plasticized cellulose esters or ethers such 
as cellulose acetate or ethyl cellulose, the selec 
tion of the plastic material being determined, 
to some extent, by the use to which the abra 
sive article is toloe put. For example, an abra 
sive disc usually requires a less ?exible backing 
than an abrasive belt. ‘ ‘ 
Our invention isalso adapted to the use of 

numerous adhesives for attaching the abrasive 
grains to the backing. One such adhesive which 
we have found to be quite suitable is the phe 
nolic condensation product which we have de~ 
scribed above,. Other suitable binders are cer» 
tain forms of alkyd resins, polyvinyl compounds 
such as polyvinyl alcohol and modi?ed polyvinyl 
acetate wherein part of the acetate group has 
been replaced with an aldehyde such as metal 
dehyde. Suitably plasticized cellulose esters 

or be otherwise de?- '_ 
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or suit- _ 
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nolic resin containing a non-metallic reinforce 
ment embedded within it and a layer of cloth 
?rmly attached to a surface of the resin sheet, 
and a substantially single layer of abrasive grains 
bonded to the cloth by a heat-hardened phenolic 
resin, said disc being characterized by su?cient 
strength and sti?ness so that it is adapted. to 
be driven from the center alone while being 

- resiliently supported and by sufficient ?exibility 
so that it can be bent while being applied to 
a workpiece in such a way that only a portion 
of the; disc is in contact with the work at any 
given time and the remainder of the disc is dis 
posed at an angle with respect to the working 
portion. 

2. A flexible abrasive article comprising'a back 
ing consisting of a sheet of phenolic resin con 
taining ia non-metallic reinforcement embedded 
within it and ya sheet of cloth attached to a 
surface of the sheet of resin, and a substantially 
single layer of abrasive grains attached to the 
sheet of cloth by a hardened resin bond, said 
bond extending through said cloth and uniting 
with the sheet of resin so as to iorm an article 
characterized by su?cient strength ‘and stiffness 
so that a disc cut therefrom can be driven from 
the center alone while being resiliently support‘ 
ed and by su?icient. ?exibility so that it can 
be bent while being applied to a workpiece in 
such a way that only a portion of the disc is 
in contact with the work at any given time and 
the remainder of the disc is disposed at‘an angle 
with respect to the working portion. - 
, 3. A flexible endless abrasive band adapted for 
use in a surfacing machine and comprising a. 
backing consisting of a sheet of plastic material 
containing a non-metallic reinforcement em 
bedded within it and a sheet of cloth attached 
to a surface of the sheet of plastic material, 
and a substantially single layer of abrasive grains 
attached to the sheet of cloth by a hardened 
plastic bond, said bond extending through said 
cloth and uniting with the sheet of plastic ma 
terial so as to form an article characterized by 
unusual strength of the backing and ?rm at= 
tachment of the abrasive ‘grains to the backing. 

d. A ?exible abrasive disc comprising a back 
ing consisting essentially of a sheet of heat-. 
hardened phenolic resin containing a non-me 
tallic cloth reinforcement embedded within it and 
a layer of cloth attached to a suriace of the resin 
sheet, a substantially single layer of abrasive 
grains, and a heat-hardened phenolic resin at 
taching the abrasive grains to the layer of cloth 
and extending through the layer oi’ cloth so as to 
form a substantially continuous body or heat 
hardened phenolic resin extending from the back 
surface to the abrasive grains, said. disc being 
characterized by sumcient strength and sti?ness 
so that it can be driven from the center alone 
while being resiliently supported and by su?dcient 
?embility so that it canbe bent while being up 
911% to a workpiece in suclta way that only a 
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portion of the disc is in contact with the work 
at any given time and the remainder oi the disc 
is disposed at an angle with respect to the work» 
ing portion. . 

5. The method of melting ?exible abrasive arti 
cles ofv the nature of sandpaper which prises 
impregnating e sheet or non-metallic fabric with 
a. liquid resinous? materiel, opplyins a sheet of 
uulmpregnated rlon~metsllic ifebric to one side , 
oi‘ said impregnated sheet of fabric and adhesive 
ly uniting it therewith to form is laminated heels 
inc having one face formed by the iinpresnsted 1 
fabric and the other race by the uiiimprerma‘ted 
fabric, and theresfter applying s liquidv resinous 
moterial to the unimpregneteol i’ehric face, ape 
plying lover of abrasive grain substantially one 
grain thick to such resinctfs coating, and heath 
hardening the liquid resinous material. 

d. A hacking for abrasive discs comprising cl 
disc of resin reinforced with ?bers extending in 
random directions, said disc being cured from as 
single ‘felted mass of resin impregnated ?bers to 
resilient ?eidble condition by the application of 
heat and pressure, sold. disc having on integrally 
formed resin seal on 
rat the edges of said disc. . 

7. A ?exible abrasive article comprising a. back 
irig consisting essentially of a. sheet of plastic 
material containing a. non-metallic reinforce 
merit embedded within°it and e sheet of cloth 
attached to a, surface of the sheet of plastic me~ 
teriel, and o substantially single lover of abrasive 
grains attached to the sheet of cloth by a hard 
ened plastic bond, said article being character 
ized by su?icient strength and sti?‘ness so that 
2:. disc cut therefrom can be driven from the 
center alone while being resiliently supported and 
by sumcierit flexibility 
being applied. to a, workpiece in such a. way that 
only a. portion of the 
work at any given time and the remainder of the 
disc is disposed at an angle with 
working portion. - 

8. A ?exible abrasive article comprimng a bcck= 
ing consisting of a sheet of plastic mteriol com 
taming e. non-metallic reinforcement embedded 
within it and a sheet of cloth attached to a sur-—' 
face oi’ the sheet of plastic material, and a sub» 
stantially single layer of abrasive grains attached 
to the sheet of cloth by e hardened plastic bond, 

bond extending through said cloth ondunit, 

all sides of sold ?bers and ~ 

disc is in contact with the ¢ 

cheeses- _ 

ing with the sheet of plastic material so as to 
form an article characterized by unusual strength 
of the backing and ?rm attachment of .the 
abrasive grains to the backing. 

9. A method of making ?exible abrasive arti 
cles of the nature of sandpaper which comprises 
impregnating a. sheet of nonumetallic fabric with 
a liquid plastic material, applying a sheet of un 
impresnated non-metellic fabric toon'e side oi’ 
sold impregnated fabric and adhesively uniting it 
therewith to form a laminated backing having 
one face formed by the impregnated fabric and 

' the other face by the unimpregnated fabric, and 
thereafter applying a liquid plastic material to 
the unimpregriated fabric face, applying a, layer 
of abrasive grain substantially one grain thick 
to such plastic coating, and hardening the liquid 
plastic material. ‘ 

10. A method of making ?exible abrasive prod 
ucts in the nature of sendpemr which comprises . 
impregnating a. sheet of non-metallic fabric with 
at liquid hesit-herdenable phenolic resinous ma. 
terisl, applying a sheet of unimpregnated non 
metollic fabric to one'side of said impregnated , 
sheet of fabric and adhesively uniting it there» 

. with to form a laminated backing having one face 
_ formed by the impregnated fabric and the other 
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face by the unimpregniated fabric, and thereafter 
‘applying a. liquid heati-hardencble phenolic res 
inous material to the unimpregnated fabriciace, 
applying e layer of abrasive grains substantially 
one grain thick to such resinous coating, and 
heat-hardening the liquid resinous material. 
I 11. An abrasive article comprising a backing 
having as layer of abrasive grains attached there 
to by a resin bond, said backing‘ comprising a 
sheet of 

so that it can be bent while , ~ 

respect to the ; ' 

resin reinforced with ?bers extending 
in random directions, said sheet being cured from 
5*. mass of resin-impregnated ?bers to resilient 
?exible condition by the application of heat and 
pressure. . x 

12. An abrasive article comprising a backing 
having a. layer of abrasive grains attached there 
to by a‘ hardened plastic bond, said backing com 
prising a sheet of plastic material reinforced with 
?bers extending in random directions, said sheet 
being cured from a. mass of plastic-impregnated 
fibers to resilient ?exible condition by the appli 

, cation of heat and pressure. 
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