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This invention relates to grinding wheels and, more 
Specifically, to a dressable, heat conductive backing for 
resin-bonded diamond abrasive wheels used for grinding 
carbides and other extremely hard materials. Further. 
more, this invention relates to a wheel backing material 
which is an improvement over previous backing materials 
as shown, for example, by U.S. Patent No. 2,150,886 and 
Canadian Patent No. 608,172. 

It is customary in the manufacture of diamond grind 
ing wheels to make the center or body of the wheel, some 
times referred to as the backing, out of an inexpensive, 
high-strength material such as a synthetic resin contain 
ing a particulate filler. The expensive, diamond abrasive 
Section of the wheel is in the form of a resin-bonded rim 
or annulus which is united with the backing to form the 
abrading portion of the wheel. 

In the past, manufacturers of resin-bonded diamond 
grinding wheels have used both heat insulating and heat 
conductive backings. The tendency has been to use heat 
insulating backings wherever possible in order to take ad 
vantage of the lower cost of this type of backing. The 
non-conductive backing, however, tends to trap the heat 
generated by the grinding action in the abrasive rim. As 
a result, the rim is apt to crack and the carbide material 
being ground is liable to check because of the severe local 
heating. It is apparent, therefore, that a heat conductive 
backing material which will aid in carrying off the heat 
generated in the abrasive rim has an important advantage 
over the heat insulating type of backing. In the patent to 
Van der Pyl, 2,150,886, referred to above, there is dis 
closed a heat conductive backing for resin-bonded diamond 
wheels which is comprised of a mixture of synthetic resin 
and a powdered metal, preferably aluminum. In certain 
types of wheels, however, it is desirable that the backing 
material be readily dressable to enable grinding clearance 
to be provided for the abrasive portion of the wheel. The 
aluminum filled resin backing disclosed in the patent 
just referred to, is not easily dressable since the aluminum 
metal is soft and will tend to smear rather than be dressed 
away when a dressing stick is applied thereto. 
An important advantage of the backing material made 

in accordance with the teachings of the present invention 
is that it enables high flexural strength, good dressability 
and high heatconductivity to be achieved in the same 
wheel-a result never before accomplished. In the state 
of the art as it existed prior to the present invention, it 
was impossible to provide a wheel backing having good 
dressability while at the same time affording the high 
flexural strength required for a "safe' wheel. Likewise, 
it was impossible with the known backing materials to 
provide both good dressability and high heat transfer 
characteristics. All of the previously known backing ma 
terials sacrificed either strength or heat conductivity in 
order to achieve good dressability. Now, for the first time, 
it is possible to realize all of these desirable characteristics 
in the same backing material. 

It is therefore an object of the present invention to pro 
vide a backing material for resin-bonded diamond wheels 
which is highly heat conductive, is readily dressable, and 
possesses high flexural strength. 
A further object of the invention is to provide an easily 

dressable heat conductive backing for abrasive wheels 
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which includes, as its principal heat conductive ingredi 
ent, a powdered metal alloy containing a major amount 
of aluminum and a minor amount of one or more of the 
following: calcium, silver, silicon, the rare earth metals, 
and those elements contained in Groups VI-B, VII-B or 
VIII of the Periodic Table of Elements. 

Diamond wheels incorporating the teachings of the 
present invention may be made in various ways. However, 
in order to provide a clear understanding of the manner 
in which the invention may be practiced, one procedure 
which has been found suitable for manufacturing dia 
mond wheels will be described herein. According to this 
method, a backing compound is made by first blending 
an aluminum alloy powder with a synthetic resin binder, 
then sintering the mixture to drive off any volatiles, and 
finally, crushing the sintered product into a coarse powder. 
To mold the backing preform, the powder is charged into 
a preform mold of suitable size and shape after which it 
is heated under pressure until it is partially cured. The 
mold is then cooled and the preform removed and cleaned 
of flash. The area to which the abrasive rim is to be 
bonded is then lightly coated with phenolic resin and 
the preform is placed in an abrasive insert mold. A mix 
ture of abrasive and binder is then charged into the mold 
around the periphery of the preform after which it is 
heated under pressure until cured. The mold is then 
cooled and the wheel assembly stripped from the mold. 
The composite wheel is then subjected to a post or oven 
cure to insure a relatively complete polymerization of the 
resin. The wheel is then ready for finishing. 
The invention will hereinafter be described in greater 

detail in conjunction with the accompanying drawings in 
which: 

FIG. 1 is a perspective view of a cup-type grinding 
wheel having a heat conductive, dressable backing and 
resin-bonded abrasive rim. 

FIG. 2 is cross-sectional view of the wheel shown in 
F.G. 1. 
As shown in FIG. 1 of the drawings, the grinding 

wheel 10 has an abrasive insert or rim 11 formed in 
tegrally with a non-abrasive backing 12. In the wheel 
herein illustrated, the rim 11 is made of a resin-bonded 
diamond abrasive while the backing 12 is comprised of 
a phenol-formaldehyde resin and an aluminum alloy 
powder to provide a backing having high heat conduc 
tivity. As the rim 11 is worn away, it is necessary to re 
move material from the backing in the area indicated 
by reference numeral 13 in order to provide grinding 
clearance for the rim. Although, as heretofore noted, a 
mixture of aluminum powder and resin will not produce 
a dressable backing because the soft aluminum tends to 
smear over the surface of the backing rather than be 
removed therefrom when dressed, it has been found that 
certain aluminum alloy powders provide for easy dress 
ability while at the same time retaining the desirable 
properties of high flexural strength and good heat con 
ductivity provided by the aluminum powder. The alloy 
ing elements useful for the purposes of the present in 
vention are those contained in Groups VI-B, VII-B, and 
VII of the Periodic Table of Elements, as well as the 
rare earth metals and the elements calcium, silver and 
silicon. 
An application of the invention is given by the follow 

ing example: 
EXAMPLE I 

Parts by wt. 
Powdered aluminum alloy (95% Al-5% Fe, by wit, 

325 mesh) -------------------------------- 70 
Phenol-formaldehyde resin ---------------------- 30 
The backing mix is made by mixing the phenol-formal 

dehyde resin with the aluminum alloy powder in the pro 
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portions given above. The blended mix is then sintered 
and reduced to a molding powder. 
The backing preform is molded by the application of 

heat and pressure in accordance with known procedures 
in a wheel mold having a cavity shaped to provide a 
wheel of the desired cross-sectional configuration. After 
molding, the preform is removed from the mold barrel 
and the flash removed. The preform is next placed in 
a mold provided with a cavity for receiving the diamond 
abrasive insert. A 100 concentration diamond abrasive ld as pure aluminut in powder for purposes of co 
mix is then charged into the mold and molded under 
heat and pressure to produce a complete diamond grid 
ing wheel it as shown in FiGS. 1 and 2. 

Dressability of the backing haterial as used in the 

: 

A. 
A large ninber of different aluminin alloys have been 

found to provide Sitabic dressability, fiexural strength 
aid heat transfer properties to the lacking compound. The 
alloying elements which produce satisfactory results are 
those which are contail, cd in Groups Wi-3, Vi-B and 
Wii of the Pericaic Table as well as the fare earth metals 
arid the elements caiciirin, silver and silicoin. The following 
tabie sets forth the fiexural strength aid dressability of 
coin pounds enploying various alioying elements as well 

Inpa ISOgi. 

TABLE II.-EFFECT OF AFLOYING ELEMENT AND MESH 
SIZE ON DRESSABILITY 

Formulation: 70% alloy-30% phenolic resin 

grinding wheel may be determined by molding the same 5 A loying Element, esh RS, Elf. 
into 54 x 1/2 x 1/4 inch test discs which are mo:e con- porcent by wt. Size wit. lost, p.s.i.X103 
venient for test purposes than the cup type wheel. The gii)S. 
discs, after post curing, are weighed and mouted on a 2.9 Ee--------------------------- -823 8.0 
grinding wheel spindle. A dressing stick is pressed against : E. 3: 83 E. 
each of the discs with a constant measured force for 5 2) - Ee -i. 13.3 13: 
minutes. The loss in weight of the discs is used as a 3:R. 33 g 183 
measure of dressability. Dressable discs are taken to be 0.45- 33 : 3:6 
those which show weight losses of approximately 6% : 8. is 3. 1. 
grams or more, while discs showing weight losses of less 5. it -29 (.2 19. 
than this amount are considered to be non-dressable. 25 3. g ; : 

After completion of the dressability test, each disc 5. Ps 8.2 ------ ------ 
may then be cut into four test specifiers measuring 383. g 85 
2% X % X % inch and tested in flexure. The average for 5.0 Si 1.2 19. 
the four specimens is then recorded as the flexirai strength - : 18.6 
in pounds per square inch. } 0-- ... 5 12.5 
From each test disc is also cut a specimen measuring 

approximately 1% x 1% x /2 inch. Thermocouple leads 
are epoxy-cenerated to one face of the test Specine; and, 
with the temperature of the specimen at 80° F., it is 
placed on a flat plate heated to 300 
perature of the opposite face recorded every one-half 
minute for a period of three minutes. The heat transfer 
characteristic is then taken as the temperature rise meas 
ured by the thermocouple. 

F., and the tem- 3.5 use from 2–8% of 

The alloying elements can be present in variet}s pro 
portions ranging from -30% by weight of the aluminim 
alioy, alticugh generally it will be found preferable to 

f the alloying elements. The elements 
Iihay be used a one or several of them may be conbined 
to foim the alloy. Also, as shown in Table i, the mesh 
size of the au:irium alcy powder has an effect on the 
dressability of the backing, the larger mesh size powder 
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The backing prepared according to Example I has a 4{} imparting greater dressability to the finished product. For g prep p Sex 
dressability of 8.9; a flexural strength of 18, 100 p.s. i., 
and a heat transfer characteristic, or te:::perature rise of 
100 F. in one minute; 155° F. in two minutes, and 1789 
F. in three minutes. Thus, this backing is one which is 
easily dressable, possesses high fiexural strength and has 45 
a satisfactory heat transfer characteristic. 
The following table contains examples of other corn 

pounds, similar to the one described in Example I, which 
are found to be satisfactory for use as backings for abra 
sive wheels. 

j 
IDRESSABILITY, 

TABLE. I.-EFFECT OF WARYING RATIO OF ALUAIN 
ALLOY TO PHENOLIC RESIN ON 
STRENGTE AND HEAT TRANSFER 

50 

this reason, alloys having a nominal mesh size of from 
100-325 mesh are preferable for in the backings of 
the prese; it invention although powders ranging from 50 
600 ms:sh are usable for this purpose. 

it is to be iderstood, of course, that the foregoing 
examples are intended to be ill strative only and that 
changes and modificatio is lay be resorted to without 
eactiig from the Scope of the inventioi deficd by the 

appeided claims. 
What is claimed is: 
2. An abrasive wheel backing comprised of a non 

abrasive material and a phenolic resin binder, said back 
ing being molded usider heat and pressure to form a rigid 
body cf the desired configuration, said backing compris 

Percent Mesh Eli, Flexural Heat Transfer (of 55 ig essentially 20-35% by Weight of a phenolic resin 
Al Alpy Size (weight Strength binder and 80–65% by weight of a powdered aluminuin 
(by wt.) SE, (p.S.i.Xi08) inlin. 2 min. 3 min. alloy having a hominal grain size of from 50-600 mesh, 

-- the alloying eleinent in the aluminum being selected from 
Al Alloy-92.6% A-7.4% Fe (by wt.) the E. consisting cf the are earth retais. caicium, 

32.8 3. 66 6 : 22 2 (; ) silver, Silicon and thic eleinents contained in Groups VI-B, 
9. 67 200 G1. Wii-B and Vi. of the Pelicdic Table of Elements, and 

Al Alloy-95% Al-5%. Fe (by wt.) biing present either aione of it combinatio;l it the alloy 
72.5 -325 6.9 20.6 140 72 12 to an exteit of from 1-30% by weight thereof, to thereby 
G8 3. g is 5: 36 provide an abrasive wheel backing which is easily dress 
65.6 -325 8.3 26. s 35 E. (5 able and has Superior flexural strength and heat transfer 
TH-------l. 

It will be understood, of course, that the data given 
in the above table merely illustrate the range of ingre 
dients which have been found satisfactory and do not in 
clude all compositions which are suitable for use as wheel 
backings. it has been determined from tests that wheel 
backing compounds containing from 65-80% by weight 
of aluminum alloy and 20-35% by weight of phenoic 
resin binder are desirable for this purpose. 

() 

2: operties. 
2. The abrasive wheel backing of claim a whereign the 
Otint of ailoying eleinent present in the airinitia alloy 

is from 2-3% by weight of the alloy. 
3. The abrasive wheel backing cf claim 1 wherein the 

alloying ele) cit in the ai:ininuin is selected from the 
group consisting of tie elements contained in Group VI-B 
of the Periodic iabie Ci 

4. The abrasive wheel ta 

t cki 

.iiig of claii whejci in tie 
5 alloying clement in the aii iniuin is selected from the 
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group consisting of the elements contained in Group VIII 
of the Periodic Table of Elements. 

5. The abrasive wheel backing of claim 3 wherein the 
alloying element is molybdenum. 

6. The abrasive wheel backing of claim 3 wherein the 
alloying element is chromium. 

7. The abrasive wheel backing of claim 4 wherein the 
alloying element is iron. 

8. The abrasive wheel backing of claim 4 wherein the 
alloying element is cobalt. 

9. The abrasive wheel backing of claim 4 wherein the 
alloying element is nickel. 

10. The abrasive wheel backing of claim 1 wherein the 
alloying element is manganese. 

11. The abrasive wheel backing of claim 1 wherein the 
binder and aluminum alloy are present in the backing in 

10 2,150,886 

6 
a ratio of 30 parts by weight of binder and 70 parts by 
weight of alloy, and the alloying element represents ap 
proximately 5% by weight of the alloy. 

12. The abrasive wheel backing of claim 1 wherein the 
5 aluminum alloy powder has a nominal grain size of from 

100-325. 
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