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This invention relates to granular coated prod 
lucts and the method of manufacturing the same; 
and more specifically to abrasive coated products 
of a Somewhat flexible character, such as belts, 
discs, and the like. 
This application is a division of our copending 

application, Serial No. 79,549, filed May 13, 1936, 
upon which U. S. Patent No. 2,252,587 was 
granted August 12, 1941. 
Abrasive coated flexible discs, which are one of 

the products for which our invention is particu 
larly well adapted, have heretofore ordinarily 
been made by coating a suitable backing, such as 
vulcanized fibre or vulcanized fibre and cloth, 
with abrasive granules attached to the backing 
by means of glue. Articles of this type are used 
for a variety of purposes, such as polishing Wood, 
metal, or lacquered surfaces. For such purposes 
as these, which might be termed Smoothing, a 
fine grit abrasive would be indicated; but for 
what might be termed more strictly abrasive pur 
poses, in which the primary object is to remove 
material rather than to Smooth an article, c0arse 
granules Would be used. Although our inventioi 
is by no means restricted to abrasive articles 
carrying coarse grits, it is especially well adapted 
for improving this type of article and lengthen 
ing its useful Service. 
One use to which discs made by our improved 

process have been satisfactorily applied is in the 
removal of the excess material applied in making 
welds; and it has been found, for example, that 
discs made in accordance with our invention have 
at least from two to three times the life of the 
discs made in accordance with the methods here 
tofore known. 
In order to facilitate understanding of the in 

vention we have illustrated it by a number of 
drawings wherein: 

Figure 1 is a side elevation of a part of a com 
pleted article made in accordance with the inven 
tion; 

Figure 2 is a plan view of a completed article 
embodying one modification of the invention; 

Figure 3 is a side elevation of a backing coated 
with binder, as used in carrying out the inven 
tion; and 

Figure 4 is an enlarged sectional view of a 
coated abrasive grain of the class used in the 
invention. 

Referring to the drawings, the articles com 
prise a backing having abrasive grains 2 at 
tached thereto by a binder 3. The binder of the 
completed articles comprise the coating 4, which 
is applied directly to the backing (as illustrated 55 
in Fig. 3) and the coating 5 which is first applied 
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to the abrasive grains 2 (as shown in Fig. 4) and 
is caused to flow to the backing and unite with 
the coating 3 when the article is given a suitable 
heat-treatment as will be fully described herein 
after. 
In carrying out one form of our invention, we 

may use an intermediate product which has been 
found to be valuable in the production of bonded 
abrasive products, such as wheels or stones. The 
method of manufacturing this intermediate prod 
uct and a method of making bonded abrasives 
from it are disclosed and claimed in a United 
States Patent No. 2,010,873. 
For the purpose of fully explaining our inven 

tion, We will now discuss a method of forming 
this intermediate product which we have found 
to be particularly well suited for use in our inven tion. 
In making this intermediate product, we first 

coat abrasive granules With a suitable plasticizing 
medium, Such as a liquid heat-hardenable resin, 
or other resin Solvent. The grain coated with 
the plasticizing medium is then admixed with a 
dry powdered heat-hardenable resin, such as a 
phenolic condensation product in the fusible and 
soluble condition. By properly adjusting the 
proportions of the plasticizing medium and pow 
dered resin, as by applying 3 to 4 parts of pow 
dered resin to about 25 to 50 parts of grain which 
has been Wetted by one part of plasticizing me 
dium it is possible to prepare in this Way a prod 
uct which consists of individually coated abrasive 
granules which are dry and non-tacky at ordi 
nary temperatures but which are sufficiently co 
hesive so that upon pressing they can be formed 
into a shaped article. If, now, the coated gran 
ules are passed through a suitable Screen, they 
can be separated into individual grains and 
spread on a plate, belt or the like in isolated con 
dition. 

If these coated granules are passed through an 
oven, the temperature of which is about 350° to 
375° F., and are exposed to this heat for a period 
of about two to ten minutes, while being main 
tained in an isolated condition such that Sub 
stantially none of the granules are touching each 
other, it will be found that the resin has dis 
solved, or at least has liquified and merged with 
the plasticizing medium to form a substantially 
honogeneous coating of resin Surrounding and 
encapsulating the individual abrasive gains. 
Upon cooling, the resin coatings are sufficiently 
hard and non-cohesive so that there is no tend 
ency of the grains to agglomerate. 

In making a coated product with these grain 
ules in accordance with one of the methods of 
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this invention, a coating of a suitable liquid heat 
hardenable resin, such as a normally liquid phe 
nolic condensation product formed by reacting a 
phenol and an aldehyde and arresting the reac 
tion when the product is liquid at ordinary room 
temperatures, is first applied to a backing such as 
a very thin sheet of spring steel. The coated 
granules, encapsulated with resin as just de 
scribed, are then sprinkled onto the liquid resin 
and the article is heated to harden the liquid 
resin and the resin coatings on the granules. 
After such a treatment it will be found that the 
granules will be attached to the heat-hardened 
(previously liquid) resin adhesive by reason of 
the solubility of the coating resin on the grains 
in the liquid resin adhesive, which causes the 
two resins to mutually fuse and Weid when the 
article is heated to cure the bond. At the same 
time, the coating resin which was applied to the 
grain tends to flow to a Small extent to form 2, 
mounting for the coarse granules in the form of 
a concentration of the resin at the base of each 
granule. As a result of this condition, the grain 
is especially well attached to the backing, and is 
very resistant to removal by stresses applied to it 
during Service. 
A modification of the process just described 

involves the Onission of the Oven treatment in 
the course of the production of the coated grains 
so that the grains are encapsulated with pulver 
ized resin adhesively attached to the individual 
grains. The other steps followed in producing 
the coated grains Will be the Same in all material 
respect as those above described. Although 
coated grain produced by this modified method 
can not be handled SO Satisfactorily from a man 
ufacturing standpoint, the abrasive articles 
themselves produced in accordance with this 
modification are quite satisfactory. The omis 
Sion of the oven treatment leaves the resin coat 
ing on the abrasive grains in a Somewhat fragile 
condition, as the resin is not firmly attached to 
the grains and therefore tends to become dis 
lodged when the grains are applied to the back 
ing. Although considerably more care must be 
used, for this reason, in carrying out this modi 
fied process than in carrying out the preferred 
process, articles made in accordance therewith 
are substantially as long-lived as those made by 
the preferred process. 
Another process of coating the grain com 

prises heating a mixture of abrasive grain and 
normally Solid resin in an overn and stirring until 
the resin melts and coats the grain. The mass 
of coated grain is then cooled and passed through 
a Crusher whose rolls are spaced somewhat more 
than the maximum particle size so as to break 
up the maSS into individual coated grains with 
Outfracturing the grains. 
We Will now give a number of specific ex 

amples to illustrate our invention, it being under 
stood that the examples are illustrative only and 
not limitative. 

Eacample 1.-The backing selected was a disk 
of Swedish spring steel 9%' diameter, .015’ 
thick and provided with a hole at its center for 
the purpose of mounting. On this disk was ap 
plied a coating in the form of a band or ring 2’ 
Wide extending from the periphery of the disk 
toward its center. 5 grams of coating were used, 
the coating consisting of a mixture of 60 parts of 
"Bakelite' liquid resin No. 1372 and 40 parts of 
pulverized flint. To the coated portion of the 
disk Were applied 27 grams of coated grain con 
Sisting of No. 24 grit fused alumina coated with 
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4 
resin in the proportions of 82 parts of grains to i8 
parts of bond. This gives a substantially single 
layer about one grain deep. 
The coated grains were prepared by first 

moistening the surface of 82 parts of grain. With 
3 parts of a normally liquid phenol-aldehyde 
condensation product and then dusting on a mix 
ture of 6 parts of pulverized flint and 9 parts of 
a powdered heat-hardenable phenolic condensa 
tion product resin in the so-called A stage. The 
coated grains were scattered in Separated condi 
tion on a belt and were then exposed to a ten 
perature of 375 F. for 6 minutes to melt the 
resin. When cooled the coated grains formed a 
loose non-coherent mass which was Sprinkled Oil. 
the liquid resin coated backing. 
The disk to which first the liquid resin had 

been applied and then the coated grain, was next 
dried for 24 hours at 125 F. and then baked for 
6 hours at 300 F. This disk had a life of 27 min 
utes, removing 285 grams of metal, as Compared 
to a life of 9 minutes and 130 grams of metal re 
moved by a disk in which the grain was bonded 
with glue, in accordance with the previously 
known method. 

Eacample 2-To a disk coated with a rinixture 
of liquid resin and flint as described in EX 
ample i was applied 27 grams of coated grain. 
The coated grains were prepared from 81 parts 
of No. 24 grit fused alumina and 19 parts of an 
A stage phenol-formaldehyde resin. The 81 
parts of grain were coated by first moistening 
the surfaces of the grain with 3 parts of a nor 
mally liquid phenol-aldehyde condensation prod 
uct and then dusting the same with a mixture of 
6 parts of pulverized flint and 10 parts of a pow 
dered heat-hardenable phenolic condensation 
product resin in the A stage. To the disk coated 
as above described was applied the 27 grams of 
coated grain; and the article was then dried for 
24 hours at 125 F. after which it was baked for 
6 hours at 300 F. This disk had a life of 27 min 
utes and removed 289 grams of metal. 

Eacample 3-A file was made by coating a piece 
of wood ' ' Square and 12' long with normally 
liquid phenolic resin and No. 16 grit fused alu 
mina prepared in accordance with the method 
described under Example 1. The resin was cured 
by first drying the article for 14 hours at 150 F. 
and baking for 12 hours at 250F. 

Eacample 4-To a disk Coated with a mixture of 
liquid resin and flint as described in Example 1 
were applied 27 grams of coated abrasive grain. 
This coated grain consisted of No. 24 grit fused 
alumina coated with melted resin in the propor 
tion of 81 parts of grain to 19 parts of bond. The 
81 parts of grain were coated by placing the same 
together with 13 parts of a heat-hardenable 
phenolic condensation product resin in the A 
stage and 6 parts of pulverized flint in an oven 
heated to 375 F. After a sufficient period of 
heating to melt the resin, during which period 
the mixture was stirred, the mass was removed 
from the Owen and cooled. The hardened mass 
was then passed through a crusher whose rolls 
were spaced sufficiently to permit the largest 
granules of the No. 24 grit to pass. The coated 
disk, to which these coated grains had been ap 
plied, was next dried for 24 hours at 125° F. and 
then baked for 6 hours at 300°F. This disk had a 
life of 21 minutes and removed 196 grams of 
metal. 
The coatings of adhesive and abrasive grains 

may be applied to the backing in any convenient 
manner. Where abrasive coated articles are 



2,595,733 
5 

made on backings which are not obtainable in the 
form of continuous Webs, it is convenient to brush 
or spray the liquid onto the backing and then to 
apply the coated abrasive grains in an excess and 
remove the excess grain as by inverting the 
article. Where the backing is obtainable as a web 
the process may be conveniently carried out in a 
conventional abrasive coating machine Such as is 
commonly employed in the manufacture of 
abrasive paper or cloth, usually referred to as 
"sandpaper.” As is well known, in such machines 
the web of backing material is continuously 
passed between a pair of revolving rolls, one of 
which is partially immersed in a vat of adhesive, 
thereby coating one side of the backing with the 
liquid adhesive, and an excess of abrasive grain 
is fed onto the adhesive coated side of the moving 
Web. The excess abrasive grain is then removed 
as by passing the coated web downwardly So that 
unattached grains fall of the Web. 
We have also applied our process to an in 

proved method of coating which is described and 
claimed in copending application Serial No. 
66,627, filed March 2, 1936, wherein a backing 
is first coated with a liquid resinous adhesive 
and partially coated with abrasive grains to 
cover somewhere about 20% of the surface of the 
backing and the partially coated web is then ad 
ditionally coated with a liquid resinous ad 
hesive and resin-coated grains to Substantially 
completely cover the backing and to form clus 
ters of grains about the grains first applied to the backing. 
Our method is therefore adapted to be used in 

any of the methods used for forming thin layers 
of abrasive grains wherein a large proportion of 
the grains are attached directly to a backing 
member, in distinction to molded articles where 
in articles are formed by compacting a mass of 
grains so as to get a multi-layered article several 
grains thick. In describing and claiming our in 
vention we have used the expression 'Substan 
tially single layer' to mean a layer such as is ob 
tainable by coating methods wherein a major 
proportion of the grains are attached directly to 
the backing, as distinguished from multi-layered 
articles such as are obtainable by pressing or 
otherwise compacting as in a mold, even though 
the coating of our articles may be more than One 
grain deep in places. 
Although, as previously stated, our invention 

has been found to be especially suited for the pro 
duction of flexible disks, it is equally well adapted 
to the manufacture of all forms of abrasive 
coated articles carrying a substantially single 
layer of abrasive grains, such as abrasive belts 
or coated fabrics of the nature of Sandpaper. 
As described in Example 3, we have also found it 
useful, for example, in the manufacture of files 
and like articles which may, of course, be made 
on a more rigid base such as wood or rigid metal. 
The substantially unplasticized Synthetic resins 

employed in our invention, and particularly the 
phenol-aldehyde condensations referred to in the 
specific examples, are cured by the time-temper 
ature conditions specified in the examples to the 
state where they are inflexible, water-resistant 
and hard. The cured bonds holds the grains 
rigidly in place, have tensile strengths. Substan 
tially above 6,000 pounds per Square inch, and 
are tough enough to prevent disintegration of 
the binder or dislocation of the grains under in 
pacts encountered in use but are sufficiently 
brittle to permit mechanical flexing in which the 
bond is cracked to impart flexibility to the ab 
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6 
rasive articles without serious injury to the bond. 
The coated abrasive articles made in accordance 
with our invention have at least one-third of 
the volume of the grits of the grit layer above 
the average level of the resinous adhesive, the 
bond between the grains extends under and 
forms a stratum between the bottoms of the 
grains and the backing, and a Substantial por 
tion of the backing has its thickness unpene 
trated by and unmodified by the resinous ad 
hesive. The foregoing statements apply both to 
the abrasive articles, described in the Specific ex 
amples, and to abrasive belts or coated fabrics 
of the nature of Sandpaper in which the usual 
cellulosic backings of paper or cloth are emi 
ployed in place of the steel backings of the spe 
cific examples. 
As is evidenced by the examples, our method 

is adapted to a number of variations such as the 
inclusion of inert fillers. It is also, of course, 
possible to use different types of resin on the 
grains and on the backing as, for example, a 
glycero-phathalic anhydride type of resin can be 
used for either the adhesive or the coating on 
the grain in combination with a phenolic con 
densation product used for the other. Obvi 
ously, it is also possible to use a solution of a 
normally solid resin in a suitable solvent, in 
stead of the liquid resin adhesive. These and 
other modifications are to be understood as corn 
ing within the contemplation of our invention, 
the scope of which is to be limited solely by the 
following claims. 
We claim: 
1. A coated abrasive article of the nature of 

Sandpaper comprising a backing having a layer 
of grit bonded thereto by a tough, brittle, Sub 
stantially inflexible bond consisting essentially of 
a heat-hardened substantially unplasticized phe 
nol-aldehyde condensation product resin, the 
backing being substantially unpenetrated by and 
unmodified by the bond and the bond having the 
tensile Strength, water-resistance and hardness 
characteristic of Such resins when cured for a 
number of hours at a temperature of at least 
250° E. 

2. In the method of making a coated abrasive 
article comprising a Supporting backing and an 
abrasive surface of grits adherently united to a 
Side thereof by a heat-hardened bond, the Steps 
which comprise applying a coating of liquid heat 
hardenable resinous material to a backing, apply 
ing a coating of abrasive grains to the resin 
coated backing, drying the liquid resin by heat 
ing at temperatures not Substantially in excess of 
130° F., and thereafter baking the article for 
at least six hours at temperatures of at least 
250 F. to heat-harden the bond. 

3. In the method of making a coated abrasive 
article comprising a Supporting backing and an 
abrasive Surface of grits adherently united to 
a Side thereof by a heat-hardened bond, the 
steps which comprise applying a coating of liq 
uid phenolic condensation product resin to a 
backing, applying a coating of abrasive grains 
to the resin coated backing, drying the liquid 
resin by heating at temperatures not substan 
tially in excess of 130 F., and thereafter baking 
the article for at least six hours at temperatures 
of at least 250 F. to heat-harden the bond. 

4. An abrasive disc having a central arbor hole 
for mounting and comprising a somewhat 
flexible backing having sufficient rigidity and 
strength for mounting by means of the arbor 
hole and having a substantially single layer of 
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abrasive grain applied to the backing, and a 
grain-bonding coat on the backing of an un 
plasticized heat-hardened phenol-aldehyde resin 
having the strength and hardness characteristic 
of such resins when heat-treated for six hours 
at 300° F., whereby the grain is rendered very 
resistant to renoval by the grinding stresses 
encountered in Service. 

5. In the method of making abrasive discs of 
the type having an arbor hole for mounting and 
a somewhat flexible backing having sufficient 
ligidity and Strength for nounting by means of 
the arbor hole, the steps which comprise apply 
ing a coating of liquid heat-hardenable Synthetic 
resinous material to the backing, applying a 
substantially single layer of abrasive grain to the 
resinous coated backing, drying the liquid resin 
ous material by heating at a temperature not 
substantially in excess of 130 F., and thereafter 
baking the article for at least Six hours at a 
temperature of at least 250° F. to heat-harden 
the resin. 

6. In the lethod of making abrasive discS of 
the type having an arbor hole for mounting and 
a somewhat flexible backing having Sufficient 
igidity and strength for mounting by means of 
the arbor hole, the steps Which comprise apply 
ing a coating of a liquid phenol-aldehyde resin to 
the backing, applying a substantially single layer 
of abrasive grain to the resin-coated backing, 
drying the liquid resin by heating at tempera 
tures not substantially in excess of 130 F., and 
thereafter baking the article for at least six 
hours at temperatures of at least 250 F. to heat 
arden the bond. 
7. An abrasive disc having a central airbor hole 

and comprising a somewhat flexible cellulosic 
backing having sufficient rigidity and strength 
for mounting by means of the arbor hole and 
having a substantially Single layer of abrasive 
grain bonded to the backing by a layer of un 
plasticized phenol-aldehyde resin cured to a 
hard, brittle, Substantially inflexible state, and 
having Sufficient tensile strength and toughness 
to prevent disintegration of the resinous bond or 
dislocation of the abrasive grains from the bond 
under inpacts encountered in the use of abrasive 
discs, the cellulosic backing having a Substan 
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8 
tial portion of its thickness unpenetrated by and 
unmodified by Said resinous bond. 

8. A coated abrasive article of the nature of 
Sandpaper comprising a backing having a layer of 
abrasive grains attached thereto by a bond com 
prising two different materials, one of the said 
bond materials being tough, brittle and substan 
tially inflexible and comprising essentially a heat 
hardened Substantially unplasticized phenol-al 
dehyde condensation product resin having the 
physical properties characteristic of such resin 
When cured for a number of hours at a tempera 
ture of at least 250 F. and the backing being 
Substantially unpenetrated by and unmodified 
by the bond. 

9. An abrasive disc having a central arbor hole 
for mounting and comprising a somewhat flexi 
ble backing having Sufficient rigidity and strength 
for mounting by means of the arbor hole and 
having a Substantially single layer of abrasive 
grains attached thereto by a bond comprising 
two different materials, one of the said bond na 
terials comprising essentially a heat-hardened 
Substantially unplasticized phenol-aldehyde con 
densation product resin having the strength and 
hardneSS characteristic of such resin when cured 
for a number of hours at a temperature of at 
least 250 F., whereby the grain is rendered very 
resistant to removal by the grinding stresses en 
countered in Service. 
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