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The invention relates to diamond grinding 
wheels and other abrasive products, such as hon 
ing and lapping sticks and tools. 
One object of the invention is to provide a hard 

bond for diamonds which nevertheless gives a free 
cutting wheel. Another object is to provide 
diamond grinding wheels of controlled porosity. 
Another object is to provide a diamond wheel 
which has some of the better characteristics of 
metal bonded diamond'wheels and some of the 
better characteristics of vitri?ed bonded diamond 
wheels. 
Another object of the .invention is to provide a 

metal and method of making a diamond wheel 
therewith that eliminates the use of special at 
mospheres, ordinary air being used. Another ob 
ject is to provide a metal and a method of making 
a diamond wheel therewith in an atmosphere of 
steam, which is readily available. 
Other objects will be in part obvious or in part 

pointed out hereinafter. 
The invention accordingly consists in the fea 

tures of construction, combinations of elements, 
arrangements of parts and in the several steps 
and relation and order of each of said steps to 
one or more of the others thereof, all as will be 
illustratively described herein, and the scope of 
the application of which will be indicated in the 
following claims. 
In the accompanying drawing the single ?gure 

is a photoinicrograph of a typical bond accord 
ing to the invention. 
The abrasive is diamond, and for the manu 

facture of a grinding wheel diamond powder will 
be used. Bort is the namepof true crystalline 
diamond which, however, is usually not of gem 
quality. Such bort may be crushed to a powder 
and then screened to separate the particles of 
different sizes. We can use such material and 
also Small cuttings from gems. The invention is 
not limited to any particular grit size of the 
diamond powder. 
The bond is iron oxide not excluding some 

alpha iron. The oxide may be FeO or FezOs or 
Fe:04 or any combination of these. However it 
is preferred‘ that there shall be a substantial 
quantity of the magnetic iron oxide, F8304. The 
presence of other metals and compounds or ?llers 
which are not metals or compounds thereof is 
not excluded and in some cases will be bene?cial. 
The major portion of the bond by volume how 
ever is iron oxide. In many cases the bond 
around individual diamonds will vary in com 
position from outer layers to inner layers. 
Any size Or shape of grinding wheel or other 

abrasive article can be made in accordance with 
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the present invention. So-called “straight" 
wheels which are simply discs can be made. 
These will usually consist of an outer rim of 
bonded diamond material integral with a central 
portion of some other grit preferably bonded 
with the same bond. Cup shapedwheels may be 
made by forming in one piece an annulus the 
major portion of which is non-diamond grit 
bonded by the bond and which is integral with 
a side face of diamond abrasive bonded with the 
bond of the invention. Such an annulus may be 
cemented to a suitable back for mounting on a 
spindle. Mounted points may be made in ac 
cordance with the invention. In commercial 
practice the diamond containing portion of grind 
ing wheels is limited to a small depth on the rim 
of “straight” wheels and on the side face of the 
annulus of the cup shaped wheels. This is on 
account of the high cost of diamonds. 
We will now give examples for the manu 

facture of diamond abrasives according to the 
present invention. In the following tables the 
term "abrasive section” refers to the‘ diamond 
containing portion of the wheel or other abrasive 
article while the term “base section" refers to the 
non-diamond containing portion which is molded 
integral with the abrasive section. In these tables 
the heading Material refers to the ingredients of 
the mixture from which the section was molded, 
and the term “pores" refers to the porosity of 
the article after it was molded but before it was 
?red. In the tables the heading Volume Per 
Cent means the percentage by volume as indi 
cated of the various materials and of the pores 
after molding but before ?ring. In the tables 
the heading Weight-grams means the indicated 
weight of the various materials added in making 
up the mixture. , 

EXAMPLE 1 

Abrasive section 

Volume Weight 
Mater {31 Per Cent grams 

Diamond 120 Grit 93.1 11.14 
Iron Powder. . ___ 53. 8 58.10 
Pores .......... -_ _.__ 23. l ........ _ 

Base section 

Volume Weight 
Material Per Cent grams 

23.1 37. 9 
53.8 267. D 
23. 1 ........ __ 
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Two wheels were-made according to the above 

example. In both cases an annulus for a cup 
wheel was made which was 6.930" in outside 
diameter and 4.43" inside diameter and having a 
total thickness of .375" of which the abrasive sec 
tion was 1%" thick. Both annuluses were molded 
in a closed mold. Both annuluses were ?red in a 
steam atmosphere. The ?rst wheel was ?red for 
24 hours at 550° C. and the second wheel was 
?red for 24 hours at 650° C. No signi?cant dif 
ference could be found between the two wheels in 
a test grinding cemented tungsten carbide. 

EXAMPLE 2 

Abrasive section 

Volume Weight 
Mate?al Per Cent grams 

Diamond 120 Grit __________________________ _. 25 11.14 
Iron Powder. ___ ____________ _. .. 55 42. 3 

Dextrine ____________________________________ __ 20 2. 06 

Base section 

Volume Weight 
Mata?a] Per Cent grams 

Quartz 150 Grit ____________________________ __ 25 42. 45 
iron Powder" . ._._ 50 192. 10 
Aluminum... . _____ .. 5 B. 64 

Dcxtrine _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ . 20 13. 31 

This wheel was a cup wheel having an annulus 
of the dimensions described in connection with 
Example 1. The base section was ?rst pressed 
under 10 tons total pressure. The mold was then 
?lled with the material of the abrasive section 
and the two sections were then pressed together 
under 150 tons total pressure. This wheel was 
?red at 400° F. for 3 hours then at 800° F. for 
24 hours then 1000° F. for 24 hours in an atmos 
phere of air. 

EXAMPLE 3 
Abrasive section 

. Volume Material Per Cent 

Diamond 120 Grit _____ .. ____ 25 
Iron Powder ...... .. 55 
Graphite Powder ______ __ _ . 20 

The base section to go with the above abrasive 
section can be the same but substituting quartz 
for diamond. The base section should be pressed 
at 1 ton per square inch and the combination at ‘ 
14 tons per square inch. Heating» can be done 
in air or steam the temperature rising slowly to 
1000° F. and being held thus for 24 hours. 

EXAMPLE 4 

Abrasive section 

- Volume Mabem] Per Cent 

Diamond 120 Grit- 25 
Iron Powder . _ _ . _ _ _ . _ _ _ . _ . .. .- 45 

,Copper Powder. 10 
Dextrine .............................................. .. 20 

The base section can be the same as the fore 
going substituting quartz powder for the diamond 
powder using the same volume percentages. 
Pressure, temperature, time and atmosphere may 
be the same as in Example 3. 
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EXAMPLE 5 

Abrasive section 

Volume Weight 
Materm Per Cent grams 

Diamond 120 Grit ___________________________ _. 25 1.03 
Iron Powder ________________________________ __ 45 4. 16 
Dextrine ____________________________________ .. 30 0.365 

This mixture was made into a mounted point. 
The mounted point was a steel spindle with a 
steel cone at one end having molded thereon a 
conical abrasive shell of 1%" altitude, one half 
inch base diameter and a thickness of one six 
teenth inch. There was no molded base section. 
The abrasive section was hot pressed under 10 
tons total pressure for 25 minutes using a steam 
platen which heated the mixture to 150° C. After 
removing from the mold the steel spindle with 
the abrasive section was ?red in air for 24 hours 
at 800° F. and then for 24 hours in air at 1000° F. 

EXAIWPLE 6 

Abrasive section 

Volume 
Material Per Cent 

Diamond 120 Grit- - 12. 5 
Iron Powder .... _. 50. 0 
Dextrine _____ _. 35.0 

Furiural ............................................... .. 2. 5 

The base section was the same, substituting 
quartz for diamond. 
This mixture was made into a "straight" disc 

shaped wheel 4" in diameter 1A" thick having 
a 1/2" central hole, the abrasive section being 1A," 
on the radius. Two wheels were made with the 
above mixture, the ?rst being hot pressed at 150° 
C. under a total pressure of 150 tons, then ?red 

» in air at 800° F. for 24 hours and then 1000° F. 
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for 24 hours. The second wheel was cold pressed 
under a total pressune of 150 tons, then ?red in 
air at 800° F. for 24 hours and then at 1000° F. 
for 24 hours. For this type of'wheel we prefer 
the hot pressing method as the chances of cracks 
in the “green” product are greatly reduced 
thereby. 

EXAMPLE 7 

Abrasive section 

Volume Weight 
Mate?al Per Cent grams 

Diamond 180 Grit"... ...................... .. 25. 0 16.83 
Iron Powder ______________________________ ._ 55. 0 90. 95 

' Dextrine .................................... .. 18.5 4.08 
Potentially reactive phenol-formaldehyde 
powder ____________________________________ .. l. 5 . 405 

Base section 

Volume Weight 
Mate?al Per Cent grams 

Iron Powder ........................ ... ..... .. 40. o 1, 909. 0 
Aluminum .... __ .. ._ ..... _. 40.0 655.0 

Dextrino . . _ _ . _ _ _ . . . _ _ . . _ . . . . . . _ . _ _ . . l8. 5 116. 6 

Potentially res v phen formaldehyde 
powder .................................... ._ 1.5 11.86 

The above formula was embodied in a “straight” 
disc shaped wheel 8" in diameter by %" thick 
with a 1/2" central hole and the abrasive section 
depth (on the radius) was 1%". The base sec 
tion was cold pressed at .15 tons total pressure 
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and the total wheel was hot pressed for 35 min 
utes at 150° C. under a pressure of 210 tons total 
pressure. After removal from the mold the wheel 
was ?red at 800° F. for 24 hours and 1000° F. 
for 24 hours in atmospheres of air. 

EXAMPLE 8 

Abrasive section 

Volume Weight 
Mate?a] Per Cent grams. 

Diamond 120 Grit ............... __ 25 25. 45 
Iron Powder. _ ._ 55 170. 20 
Dextrine .................................... __ Z) 8. 17 

Base section 

Volume Weight 
Mate?al Per Cent grams 

Quartz 150 Grit _____________________________ __ l 25 225. 
50 1, 336. 0 
20 70. 62 
6 45. 90 

The above formula was embodied in a "straight” 
disc shaped wheel 10" in diameter, 3/4" thick 
with an 8" central hole, the abrasive section being 
1%" on the radius. The base section was pressed 
cold under 30 tons total pressure and the total 
wheel was pressed cold under 480 tons total pres 
sure. The wheel was then ?red in air for 16 
hours at 500° F. and then for 24 hours at 800° F. 
and then ?nally for 24 hours at 1000° F. 
The wheels of the foregoing examples are hard 

in grade hardness. With the exception of the one 
containing copper, on the Rockwell B scale all of 
them give readings between 90 and 115. 
The following table gives the hardness of the 

abrasive sections of the examples where tested: 

Table 1 

Rockwell 
Hardness 
on B Scale 

Example 

101 to 105 
94 

75 to 77 
108 

101 to 105 

The hardness on the Rockwell B scale of a prior 
art copper-tin bonded diamond wheel is about ‘ 
'70 to 80. The hardness on the Rockwell B scale 
of another prior art metal bondeddiamond wheel 
whose bond consists of copper, iron, tin and 
nickel, is about 85 to 95. The present bond is thus 
somewhat harder than typical metal bonds, but is 
not so hard as a tungsten carbide or a boron car 
bide bond. However the bond of the present in 
vention wears by powdering rather than by smear 
ing as do metal bonds. The wheel is thus free 
cutting and seldom needs‘dressing. Furthermore 
the bond of the invention holds the diamonds 
better than typical metal bonds. Wheels made 
according to the invention have shown a, higher 
rate of cut and a lower wheel wear than the best 
known ceramic bonded diamond wheels, grinding 
cemented tungsten carbide. 
The accompanying drawing is a photomicro 

graph of a polished cross section of the abrasive 
section of Example 2, magni?ed 500 diameters. 
Referring to this drawing, the diamonds l are 
large indistinct black areas, out of focus, because 
polishing caused them to stand out in relief. 
These diamonds l are bonded by a combination of 

6 
iron oxide particles 2 (the gray areas) and also 
by alpha (elemental) iron particles 3 (the white 
areas). Pores 4 appear as small black areas in 
the bond 2 and 3. 

5 This abrasive section of Example 2 was further 
the subject of an X-ray examination. An X-ray 
“powder” photograph was made with partially 

, ?ltered chromium radiation. Analysis of the pat 
tern indicated substantial amounts of F8304 (mag 

10 netite) and of alpha iron (elemental iron) and 
diamond. 
A total of 20 specimens of bond (no abrasive) 

were made up in accordance with this invention 
in order to discover what differences resulted from 

15 varying the amount of dextrine, the volume per 
centage of pores and of iron and ?ring under dif 
ferent conditions. Table 2 gives the volume per 
centage of the material and of the pores of five 
kinds of specimens labeled A, B, C, D and E. 

2° Table 2 

Volume Percentage 
Specimen Fe 

25 _ Dextrine Pores 

88883 $885: $8888 
30 

There were four specimens A. They were des 
ignated A-l, A-2,. A-3, and A-4. Similarly there 
were four specimens B and four specimens each 
of C, D and E. In each case the numeral indi 
cated the ?ring conditions. Number 1 ?ring con 
ditions involved an atmosphere of air but no at 
tempt to introduce new air. Heating was four 
hours at 205° C., then 16 hours at 430° C., then 

40 22 hours at 540°_ C. Number 2 ?ring conditions 
involved an atmosphere of air with slow circula 
ti_on thereof. Heating was for four hours at 205° 
C., for 16 hours at 430° C. and for 22 hours at 
590° C. Number 3 ?ring conditions involved the 

45 use of a steam atmosphere with slow circulation. 
Heating was for four hours at 205° C., then for 
22 hours at 540° C. Number 4 ?ring conditions 
involved an atmosphere of air and slow circula 
tion thereof as in the case of Number 2 ?ring con 

0 ditions. However the heating in Number 4 ?ring 
conditions was a gradual rise for four hours to 
540° C., then maintaining this temperature of 
540° C. for 22 hours. 
The various specimens were examined. Stand 

ard metallographic procedures were used for 
mounting and polishing. In some cases, because 
of the friability of the structure, no polishing 
could be done. Certain conclusions were drawn 
as the result of the examination of these speci 

ao mens. Other conditions being equal, more of the 
iron is converted to iron oxide in a steam atmos 
phere than in an atmosphere of air (unless there 
is 100% conversion in air). In an atmosphereof 
steam, the oxidization of the iron results from 

65 disassociation of the steam freeing hydrogen. 
It was found that as the amount of dextrine 

was raised from zero to forty volume per cent 
more and more of the original powdered iron was 
converted to oxide for a given thermal treat 

70 ment. With 40% dextrine ?ller substantially all 
of the iron was converted to iron oxide when the 
atmosphere was air. With only 20 volume per 
cent dextrine substantially all of the iron was 
converted to iron oxide when the heating was 

75 done insteam. 
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The more iron oxide the ?nal bond contains, 
the harder it will be unless the increase in iron 
oxide contained is offset by the increase in 
porosity. Other things being equal, increasing 
the dextrine promotes the conversion to oxide 
but also increases the porosity. 
With the exception of the 40 volume per cent 

dextrine specimens, that is specimens E, all of 
the specimens heated in air (?ring conditions 1, 
2 and 4) had: 

(a) An outside shell of completely converted 
iron oxide, 

(b) A zone of iron oxide and iron in which 
the iron oxide decreased in amount going toward 
the center, and 

(c) A zone of completely unconverted iron. 
Zone (b) grew at the expense of zone (c) as 

the amount of dextrine was increased. The 
specimens ?red in steam (?ring conditions num 
ber 3) showed far less tendency towards sharp 
zoning although‘ the volume concentration of 
iron oxide did vary inversely with the depth of 
examination. 
Table 3 gives the ?ndings with respect to par 

L1 

15 

20 

and moldabllity which is why it was used in the 
base section in Example 2. 
The graphite was provided in Example 3 to 

make a porous but soft acting wheel. The graph 
ite does not burn out under the conditions in 
volved but remains in the ?nal product. From 
Table 1 it will be seen that the attempt was 
successful. For certain purposes a still softer 
cutting wheel was desired so copper powder was 
included. Under the conditions involved no 
great amount of the copper was converted to 
oxide. It will be seen that only 10% of copper 
materially lowered the Rockwell hardness, see 
Table 1. In Example 6 the furfural was used to 
make the mix more moldable and of course the 
furfural as well as the dextrine burned out pro 
ducing pores. In Example 7 the phenol for 
maldehyde powder was used to increase plasticity 

' and it also burned out with the dextrine.‘ Fur 
fural is a liquid and promotes mixing. The 
phenol formaldehyde powder does not promote 
mixing but makes the mixture plastic. For dif 
ferent sizes and types of articles furfural will be 

ticular specimens for comparison purposes. :5 preferred in some cases and the phenol formalde 

Table 3 ' 

Approximate Volume Concentration 
of Phases Present 

Specimen 100% Iron Oxide 
Ironv 0xide~Iron Uncoverted 

Mixture 1 Iron 

Thin ShelL. _ One Quarter.v .. Three-Quarters. 
d __..do. ....... __ Do. _ 

One-Third ____ _. Two-Thirds. 

Two-Films.--“ One-Filth. 
All _. one. 

Very thin shell Do. 
Irregular shell . Do. 

__ Nearly all .................. ._ Do. 

Disintegrated, no metallographic 
‘ specimen possible. . 

The specimens of Table 2 vand Table 3 were 
each of them molded discs three inches in diam 
eter and one quarter inch thick. The abrasive 
sections described in the various examples here 
of were all thinner than one quarter inch. Hence 
it is possible, by selecting combinations of atmos 

' ~phere, temperature and time to convert enough 
iron to iron oxide in the abrasive section so that 
the major portion of the bond (including ?llers '4 
such as copper or aluminum, if any) is iron ox 
ide. In certain cases less than half of the iron 
in the base section will be converted to iron ox 
ide but no detriment results therefrom. The 
base section may be described as refractory ma- - 
terial bonded with a bond selected from the 

_ group consisting of iron and its oxides and mix 
tures thereof. 
Some comments on the eight examples may, 

now be made. For certain types of grinding 
operations a porous friable wheel- is desired. In 
Example 1, the pores are produced by volumetric 
calculations and pressing in accordance there 
with. In example 2, however, the pores result 
from the presence of dextrine. In the oxidizing 
atmosphere involved the dextrine burns out leav 
ing pore spaces. The dextrine also accelerates 
the conversion of iron to iron oxide.. In Example 
2 the aluminum is a ?ller and is not converted 
to the oxide except that each particle has a ?lm 
of oxide which is true even before heating. 
The dextrine not only produces porosity and 

accelerates the reaction but also makes the mix 
ture more plastic which assists the molding'oper 
ation- The aluminum also increases plasticity 

hyde powder, in other cases. A mixture contain 
ing as little as 2.5% furfural is tacky. 
A wheel made according to Example No. 2 was 

' given a grinding test in comparison with three 
other wheels of proven merit grinding cemented 
tungsten carbide. All wheels were the same size‘ 
and used on the same machine under the same 
conditions and all had 120 grit. size diamonds 
in 25 volume per cent concentration. Wheel F 
was a vitri?ed diamond grinding wheel of the 

’ best quality. Wheel G was a standard copper 
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tin bonded diamond wheel with the hard friable 
bond of U. S. Patent Re. No. 21,165. Wheel H 
was a soft copper-tin bonded wheel according to 
U. S. Patent No. 2,137,329. The following results 
were obtained. 

Table 4 

Material Wheel Wear 
Wheel cglilgié‘g Removed, Inches On 

Grams Diameter 

illinufes 
Example No. 2 ......... ._ 20 48. 68 0.0010 
F 20 44 17 0.0042 

20 29. 29 0. 0010 
20 18.33 0.0010 

The abrasive section of Example 1 was sub 
jected to X-ray examination. The results con 
firm the ?ndings made by X-ray examination of 
the abrasive section of Example 2, as above given. 
However in detail the results were as follows: 
for the wheel ?red in a steam atmosphere for 
24 hours at 650° 0., the X-ray examination of 
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the abrasive section of Example 1 showed the 
major portion of the bond to be magnetic iron 
oxide, F6304, with the balance substantially all 
alpha iron (elemental iron). Of course there 
was a certain porosity in the material. In the 
case of the abrasive .section of Example 1 which 
was ?red for 24 hours in a steam atmosphere at 
550° 0., the major portion of the bond (apart 
from the pores) consisted of Fea04, with the 
balance mostly alpha iron, but with a minor pro 
portion of ferrous oxide (FeO). It is to be as 
sumed that under certain conditions some ferric 
oxide (F8203) would be developed. 
In all of the examples where there was a base 

section, the mixture for the base section was 
pressed in the mold, then the top plate of the 
mold was removed, the mixture for the abrasive 
section was charged into the mold, the top plate 
was reinserted and the combination was pressed 
under higher pressure than used for the base sec 
tion. In Example 5 the mixture for the abrasive 
section was pressed onto the cone of the steel 
spindle. 
When dextrine was present in the mixture it 

burned out in the ?ring. Any other organic ma 
terial which will leave little or no ash could be 
substituted for the dextrine. Besides providing 
a desired porosity in the article, the dextrine 
makes the mix plastic, it aids in molding, but as 
seen from Example 1 it may be omitted in cer 
tain cases. . 

Likewise copper helps in making the mixture 
plastic and isan aid to molding, but it does not 
burn out although it may be oxidized to a 
greater or less extent. In the case of Examples 
2, '7 and 8 aluminum was included in the base 
section to make it more machinable. Other 
non-ferrous metals could be used in place of 
aluminum or copper, for example nickel or silver. 
As has been seen, the addition of a soft metal 
tends to make the ?nal article less hard (Ex 
ample 4 and Table 1) and in the case of the base 
more machinable. Graphite likewise makes the 
mixture more moldable and the ?nal article 
softer. 
Those skilled in the art will readily understand 

that the ?ring temperature is somewhat a func 
tion of the elapsed time of ?ring and vice versa. 
However in general it may be said that we pre 
fer temperatures between 450" C. and I750° C. and 
in this range the best practical temperatures 
seem to be between about 500° C. and 700° C. 
The iron powder used in the various examples 

was pure iron powder known in the art as car 
bonyl iron powder, that is to say derived from 
iron carbonyl. However the use of other iron is 
not precluded in certain cases, for example cast 
iron and/or steel powders could be used. The 
hard ?ller in the base section was quartz in many 
of the examples, being the material referred to 
commercially as “?int,” but other ?llers could 
be used such as aluminum oxide or silicon car 
bide. We may use, as a ?ller in the base sec 
tion, any non-metallic refractory material, and 
by refractory we mean such as will not fuse at 
the ?ring temperature involved. But as in Ex 
amples 2, 7 and 8 the material in the base sec 
tion, besides iron, may be a metal. 

It will thus be seen that there has been pro 
vided by this invention a method and an article 
in which the various objects hereinabove set 
forth together with many thoroughly practical 
advantages are successfully achieved. As many 
possible embodiments may be made of the above 
invention and as many changes might be made 
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10 
in the embodiment above set forth, it is to be 
understood that all matter hereinbefore set forth 
or shown in the accompanying drawings is to be 
interpreted as illustrative and not in a limiting 
sense. 
We claim: 
1. The method of making a diamond abrasive 

article‘ which comprises mixing together a quan 
tity of diamond powder and a quantity of iron 
powder, molding the mixture of powders to form 
a desired shape, pressing the mixture, then heat 
ing the pressed shape in an oxidizing atmosphere 
to convert so much of the iron to iron oxide as 
will give at least 50% by volume of iron oxide 
in the article exclusive of the diamond powder 
and pores. 

2. Method according to claim 1 in which the 
oxidizing atmosphere is air. 

3. Method according to claim 1 in which the 
oxidizing atmosphere is steam and the heating 
is carried to at least 540° C. 

4. The method of making a diamond abrasive 
article which camprises mixing together a quan 
tity of diamond powder and a quantity of iron 
powder and a quantity of organic material, mold 
ing the mixture of powders to form a desired 
shape, pressing the mixture, then heating the 
pressed shape in an oxidizing atmosphere to con 
vert so much of the iron to iron oxide as will 
give at least 50% by volume of iron oxide in the 
article exclusive of the diamond powder and 
pores and to burn out the organic material. 

-5. Method according to claim 4 in which the 
oxidizing atmosphere is air. 

6. Method according to claim 4 in which the 
oxidizing atmosphere is steam and the heating is 
carried to at least 540° C. 

'7. The method of making a, diamond abrasive 
article which comprises mixing together a quan 
tity of diamond powder and a quantity of iron 
powder and a quantity of graphite, molding the 
mixture of powders to form a desired shape, 
pressing the mixture, then heating the pressed 
shape in an oxidizing atmosphere to convert as 
much of the iron to iron oxide as will give at 
least 50% by volume of iron oxide in the article 
exclusive of the diamond powder and pores. 

8. The method of making a diamond abrasive 
article which comprises mixing together a quan 
tity of diamond powder and a quantity of iron 
powder and a quantity of non-ferrous metal pow 
der, molding the mixture of powders to form 
a desired shape, pressing the mixture, then heat 
ing the pressed shape in an oxidizing atmosphere 
to convert so much of the iron to iron oxide as 
will give at least 50% by volume of iron oxide 
in the article exclusive of the diamond powder 
and pores. ' 

9. The method of making a diamond abrasive 
article which comprises ?rst charging into a mold 
a mixture of powders of non-metallic refractory 
material and of iron, then pressing the mixture, 
then charging into the mold a mixture of pow 
ders of diamond and iron, then pressing the 
second-named mixture onto the ?rst-named mix 
ture and with a greater pressure than in the 
?rst-mentioned step of pressing, then heating 
the combination article thus produced in an ox 
idizing atmosphere to convert so much of the iron 
that was mixed with the diamond powder to iron 
oxide as will give at least 50% by volume of iron 
oxide in the part of the combination containing 
diamond powder exclusive of said diamond pow 
der and pores. 
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10. Method according to claim 9 in which the 
oxidizing atmosphere is air. 

11. Method according to‘claim 9 in which the 
heating 

is carried to at least 540° C. Y > 
12. An abrasive article comprising diamond 

abrasive bonded with a sintered bond comprising 
iron oxide, the major portion of the bond by vol 
ume consisting of iron oxide and the bond in 
cluding a substantial proportion of elemental iron 
(alpha iron). ‘ 

13. An abrasive article comprising diamond 
abrasive bonded with a sintered bond compris 
ing iron oxide of which there is a substantial pro 
portion of magnetic iron oxide F6304, the major 
portion of the bond by volume consisting of iron 
oxide including said F'e304 and the bond includ 
ing a substantial proportion of elemental iron 
(alpha iron). 

14. A grinding wheel comprising a molded sin 
tered supporting base section comprising refrac 
tory material bonded with'a sintered bond se 
lected from the group consisting of iron and its 
oxides and mixtures thereof, and an abrasive sec 
tion comprising diamond abrasive bonded with 
a sintered bond comprising iron oxide and a sub 
stantial proportion of elemental iron (alpha 
iron), the base section and the abrasive section 
being molded into one piece and sintered together. 

15. A grinding wheel comprising a molded sin 
tered supporting base section comprising refrac 
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tory material bonded with a. sintered bond se 
lected from the group consisting of iron and its 
oxides and mixtures thereof, and an abrasive 
section comprising diamond'abrasive bonded with 
a sintered bond comprising iron oxide of which 
there is a substantial proportion of magnetic iron 
oxide If‘eaO4, the major portion of the bond in 
the abrasive section by volume consisting of iron 
oxide including said F8304 and the bond in the 
abrasive section including a substantial propor 
tion of elemental iron (alpha iron), the base sec 
tion and the abrasive section being molded into 
one piece and sintered together. 

ROBERT H. HUN'I‘EB. 
WALLACE H. FRIBERG. , 
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