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8 Claims. 

"This invention relates to improved abrasive 
articles, and particularly to abrasive articles'in 
which diamonds‘ or other costly materials con 
stitute at least in part the abrasive‘ element. 

5 This invention pertains especially to articles“ in 
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which the active abrasive element is bonded to" 
form aggregates or' inserts which are distributed 
in- a matrix material to form abrasive products 
of improved cutting characteristics. - . 

Heretofore, in the making‘ of grinding wheels 
in which diamonds are used as the abrasive, the 
bonding-of the diamonds has been mostly con 
?ned to such plastic materials as synthetic resins 
and sintered metals which can be consolidated 
into a dense and practically non-porous mass. 
Dimculty has’been experienced in the usual ce 
ramic bonding of diamond abrasive wheels in 
that there is a break-down of the‘ bond during 
cutting. This sort of break-down is very de 
sirable with cheap abrasives, such ‘for example, 
as 'silicon carbide or fused alumina, etc., but 

' such a break-down of the bond when diamonds 
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are used as the abrasive is not desirable. 'This is 
due to'the fact’ thatin order to be practical in 
operation and to secure sui?cient service to war 
rant the cost, the diamonds'must be retained in 
the cutting surface of the wheel ' over a long 
period of time. ' - 

The present invention relates to the making oi 
abrasive grinding wheels or discs using diamonds, 
or other of the more costly grinding media where 
in the abrasive particles are incorporated in bond 
ed aggregates or inserts. These inserts or ag 
gregates are. then positioned or distributed in‘ 

- and bonded with afmatrix of supporting mate 
rial to form the working surface or edge of ‘the 
?nal grinding wheel or 'disc. The material used ~ 
for bonding these inserts may be any type of 
bond such as'ceramic, metallic, rubber, or res 
inous in character. The supporting matrix ma 
terial is usually, although not necessarily so, a 
bond of different characteristics than the bond 
for the-insert, and depends.upon ‘the ‘type of 

- wheel being made and the use towhich it is tobe 
put. This use of ‘a'matrix material differentin 
characteristics from‘ the bond used in the insert 
gives the resulting wheel cutting properties which 
are distinct from standard wheels of uniform 

_ surface and constitute an improvement in cut 

50 ting rates and efficiency ratios over such wheels. 
The properties of different wheels can be altered' 

' to adapt » the wheel ‘to various applications by 

55 

interchange'of different insert-bonds with differ 
ent types of matrices in a way impossible with 
wheels‘ of a solid uniform grinding face. This 

(Cl. 51—206) 
matrix material may be any one of a number of 
substances, including rubber, ceramic, resinous or 
metallic compositions, etc. 
One of the principal objects of the present in 

vention .is to provide ways for the more economic 
use-of diamonds in the making of grinding wheels 
having‘,- improvedcutting rates and emciencies. 
It_ is the purpose to attain these improved prop 
erties while actually using less diamonds than 
have hitherto been used for making wheelsof 
similar size. » - 

Another object of the present invention is the 
proposed use bf diamonds in larger wheels than 
have heretofore been made ‘with diamonds, such 
wheels to possess diamond-grinding ' surfaces 
greater and more extensive than have been pre 
viously considered feasible. ' _ 

A further objectis the provision of diamond 
wheels of increased thickness presenting wide 
peripheral grinding surfaces without excessive 
use of diamonds. One of the proposed methods 
of accomplishing this is by use of thin over 
lapping annular segments embedded in the wheel 
periphery- . - 

Another object is the production of ‘diamond’. 
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grinding wheels capable of a vast range of cut- ‘ 
ting characteristics each adaptable to a speci?c 
type of work, this to be accomplished by careful 
selection of insert-bond and matrix and proper 
use, of one with the other.- ‘ ‘ 
Other objects and advantages'of the invention ' 

~ will become apparent during the course of the 
following description. ' ' - 

The nature of the present invention is better 
illustrated by the following drawings in which 

- embodimentsof‘the invention are shown: ' ' , 

Figure 1 is a plan view of a disc wheel showing 
the bonded inserts or discs arranged in the cut 
ting vsurface of the wheel . 
Figure 2 is a cross section on the line 11-11 

of Figure 1. ' > ' 
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Figure 3 is a plan view of a cut-oil wheel. 
using alternately spaced diamond bonded inserts 
in both sides of the wheel. ' - 
Figure 4 is a cross section along the line IV-IV 

ofFigure3." . I _ .>‘ 

Figures 5 and.6 are plan views of 'further modi 
?cations of wheels containing bonded abrasive 

I inserts. - ' 

Figures '1 and 8 are cross sections along the 
lines VII-VII and VIII-VIII of Figures 5 and 6, 
respectively. \ ' 

Figure 9 is a“ plan view’ of a cut-off wheel show 
ing‘ a modi?cation of the positioning of the in 
serts. . ' , 

45.‘ 
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Figure 10 is a plan view of another modi?cation 

in the shape of inserts used. 
Figure 11 is a cross section along the lines 

XI-XI of Figure 10. _ 
Figure 12 is a side plan view of a grinding wheel 

showing the use of diamond bonded overlapping 
annular segments embedded about the peripheral 
grinding surface. 
Figure 13 is a front plan view of the wheel 

shown in Figure 12. ‘ 
Figure 14 is a plan view of a large size diamond 

wheel using overlapping inserts to present a 
large broad side grinding surface. " 
In all of the drawings like numerals refer to 

the same thing throughout the ?gures. Numeral 
I is the bonded insert or aggregate which con 
tains the diamond abrasive particles, and 2 is 
the matrix material or secondary bond in which 
the abrasive inserts’ I are embedded. 3 is the 
backing or support used in some types of wheels 
to which the shaped matrix 2 is cemented or 
fastened and serves as a means for fastening to 
the grinding apparatus by means of bolts through 
holes 4. ' ‘ ' 

In Figures 1 and 2 the inserts I are shown as 
ceramic bonded diamond particles while the 
matrix 2 is a metallic material. The, backing is 
made up of a resinous material such as Bakelite 
or other thermo-setting resin. 

Figures 3 and 4 show a modi?cation of a cut 
off wheel using inserts according to the present 
invention. The inserts I in this example are 
metal-bonded diamond particles and the remain 
der of the wheel body is made up of a resin bond-_ 
ed cheap abrasive such as fused alumina or 
silicon carbide grain. 
Figures 5 and 7 illustrate a thin grinding wheel 

with inserts I of such shape and position that the 
matrix material 2 may be dressed down between L 
the diamond-containing Inserts 2 after periods 
of use without. any great inconvenience. The 
inserts are shown here of resin bonded diamonds. ' 

. and the matrix of rubber bonded abrasive such 
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as silicon carbide or fused alumina. 
Figures 6 and 8 illustrate a modification of the 

type of wheel shownin Figures 1 and 2, using a 
different shaped insert I, and like the wheel in 
Figures 5 and ‘7 may be easily dressed down. In 
this modi?cation the inserts are shown of a 
metal bonded abrasive with the matrix material 
2 also composed of a metallic composition. 
Figure 9 is ‘a plan view showing a still further 

modi?cation of a wheel in which the inserts I are 
positioned in more or less spiral form. 

Figures 10 and 11 illustrate a wheel having 
wedge shaped metal bonded inserts I~ positioned 
in the face of a rubber matrix 2. ' 

Figures 12 and 13 are side and front plan views 
respectively of. a grinding wheel in which th€ pe 
riphery or edge of the wheel constitutes the grind 
ing surface and vwhose edge is.oi" considerable 
thickness in order to present a broad working 
surface. The diamond-containing inserts I, are 
in the form of thin annular segments having an 
outside curvature corresponding to the outside 
circumference of the completed wheel and are 
embedded in the matrix material 2 to form part , 
of the working surface of the wheel. As can be 
seen in the front plan view these inserts or seg 
ments are staggered and overlap laterally. In 
the illustrations shown the inserts are ceramically 
bonded and the matrix isof a resinous composi 
tion. ' - - 

One method by which we make these annular 
segments for use in wheels as shown in Figures 

2,225,193 
12 and 13 is to mold and press complete thin rings 
of the composition of the inserts and having the 
same outer circumference as that of the ?nal 
grinding wheel desired and slightly over half 
the thickness of the wheel in which they are to 
be ‘incorporated. After ‘final ?ring or curing 
these complete annular rings are broken or cut 
into segments of the length desired for embedding 

I in the surface of the wheel. 
In Figure 14, the inserts I of ceramic bonded‘ 

diamonds are overlapping and embedded in the 
rubber matrix 2 to form a large broad top dress 
ing surface of considerable area. 
According to one method of making up wheels 

containing bonded diamond inserts, the inserts 
are pressed to shape and cured or fired before 
incorporation in the wheel. However, these in 
serts, if of approximately the same maturing 
temperature as the matrix‘ material. may be 
made up at the same time the matrix material 
is mived and simultaneously pressed and ?red 
with it by the use of dividing partitions in the 
mold, without departing from the scope of this 
invention. For example, if a wheel similar to 
that illustrated in Figures 6 and 8 is to be made 
up and the materials of the matrix and abrasive 
inserts have approximately the same maturing 
temperatures then both mixes may be made in 
separate batches at the same time and in set 
ting up the mold, partitions may be temporarily 
placed in the mold and the two different mixes 
placed in their respective positions, the parti-' 
_tions carefully withdrawn and the whole wheel 
pressed in a single operation and later ‘?red. 
Where the inserts are formed prior to incor 

poration in the matrix of the wheel the follow 
ing method may beused to properly position the 
inserts in the finished wheel, although this is 
not the only method which may be used within 
thescope of my broad invention. A piece of 
paper or other material carrying the desired de 
sign is placed on the bottom of the mold. This 
paper has on it a design showing the desired 
location of the inserts which are then positioned 
accurately‘ according to the design on this base 
paper. The inserts may be held in position in 
contact with the paper by the presence on the 
paper of a small amount of transparent adhe 
sive such as glue or resinjust su?icient to hold 
the insert ?rmly while the loose-matrlxmaterial 

,is pouredinto the, ‘mold and leveled off, after 
which the wheel is pressed and fired or cured. 
This method is especially desirable where inserts 
are intricately positioned,v such as for example 
those shown in Figure 9. Careful positioning of 
the inserts not only improves the appearance 
ofthe wheel but ‘keeps it in better balance and 
helps to insure utilization of the abrasive in the 
desired manner. Where positioning on opposite 
sides of the wheelis desired, as in. Figures 3 and 4, 
it is most readily accomplished on the second side 
by use of a. perforated template. _ 

i As a speci?c example of making ceramic 
bonded diamond inserts abrasive particles are 
mixed with the bond in the following proportions 
and'pressed at approximately 8000 lbs/sq. in. 
and after drying are fired at 1300° C. ‘ 

~ 1. 

Per cent 
80-140 grit diamonds ____________________ -- 40 
400 grit alumina- - ___ 40 

Bond 4 _- __.. _. 20 

These inserts are held together by a temporary 
binder which is burned out by firing up to 500° C. 
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2,225,193 
in antoxidizing atmosphere, after which they are _ 
?red under reducing conditions to 1300° C. 

2. 
- ' _ \ Per cent 

Diamonds 80-140 grit__-.. _________________ __ 40 

50% 100 and ?ner aluminanr ___________ __}40> 
50%400 grit alumina ___________________ __ 
Bond ' ‘ _____ __ 20 

The ceramic bond used in the above two mixes 
is exempli?ed by the following two bonds, al 
though many other ceramic compositions may be ' 
used which would work satisfactorily. 

> 1. 

17.4% _Kaolin - 
> . Soda ash____ 1. 06% 

' Potash_‘_____ 1.51% . 

. Flint _______ _ .54. 66% Calcined together 
82.6% Borax _____-_ 32. 23% and powdered be 

Whiting_____ 4. 63% fore using. 
MgO ______ __ 2. 38 0 

ZnO ______ __ 3. 53%‘ 
or ‘ 

2. A glass of the following composition: 
, ' l 1 , Per cent 

S102 ________________________ __‘ _________ __ 74.2 

B203 _. ____ 11.4 

NazO ' 12'.0 
K20 \ .1 

CaO ' ' _ .3 

A1201 ~ ~ ' 2.0 

The following mix is an example of one which, 
has been found very satisfactory in making metal 
bonded diamond inserts. I 

1. 
Per cent 

Bond (20% tin-80% copper)__~ __________ _._ 80 
80-140- _grit diamonds____'_____'____; ______ __ 10 
180 grit silicon carbide- __; _______________ __ 10 

After thorough mixing of the ingredients the mix 
is screened through a 60 mesh screen’ to prevent 

. balling up of the metal bond and then pressed 
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at l0,000-l00,000 lbs/sq. in;, after which they are - 
burned at 700-750° C. under an atmosphere of 
illuminating gas. 
pellets are placed between bats and weighted 
downwith a weight of a few pounds on the upper 
bat to prevent warping. After cooling they are 
removed and cleaned oil‘ with a wire brush and, 
washed with a 5% solution of sodium cyanide.‘ 
After the diamond inserts have been made and 

properly burned or matured, they are positioned a’ 
in a ring mold and-the matrix or supporting 
mix ?lled in around the inserts, leveled off‘, and 
pressed at 10,000-75,000 lbs/sq. in. The wheel is 
‘then removed from the ring mold and burned in 
a furnace between bats to prevent warping. 
The following two mixes are given as highly. 
satisfactory examples of metal bonds which may 
be used _as the matrix material and are ?red 
using the same temperature‘and atmosphere as 
the metallic inserts given above. - 

1. 
Per cent 

Copper -__-_ - ' 88 

Tin ____~ __ 12 ‘ 

2. 
> Per cent 

Copper ____ __ r . 92 

Tin 8 
. ‘ v I 

Instead of _using.ceramiccompositions or metal 
lic bonds for either the inserts or matrix of the - 
wheel ‘as shown-above, either the matrix or in-_ 

‘ for use as a rubber ‘matrix material: 

During ?ring'theinserts' or .t 

that temperature for 2 hours. 

. illustrated reference was 

3 
serts may be made up using a rubber bond. 
Although smoked sheet rubber is given below in 

. the speci?c example, a. mix may be made up 
- using either dispersed or decomposed rubber with 
good results.. ' ‘ 

For making rubber bonded diamond abrasive 
inserts the following mix isv given as a speci?c 
example: 

' ~ Per cent 

100 parts smoked sheet rukbber, 50 parts sul 
phur, 1 part accelerator, 0.5 part zinc 
oxide 15 

10 

80-140 grit diamonds ___________________ __- 42.5 _ 
400 grit alumina __ 42.5, 

Inserts of the above ingredients are pressed 
and partially cured for 5 minutes at 120 lbs. 
steam pressure after which they may be removed, 
placed in a ring mold, rubber matrix material as 
speci?ed below added, and the inserts ‘and matrix 
combined given a further press cure for 55 min 
utes at 120 lbs. steam pressure. Instead of our 
ing in the press the matrix and insert after 
short pressing may be oven cured 4 hoursat 300° . 
F. It should be understood that rubber bonded 
inserts may be used with other matrix material 
such as resins, in which event theninserts maybe 
completely cured before incorporation in the 
matrix. ' 

The followingcomposition is a typical‘ mix 

_ Parts 

Smoked sheet rubber_____-__ _____ _a _______ _.. 100 
Sulphur - ' 50 

Accelerator - ‘ _ 

Zinc nxirln _ " 

In making inserts of a=resin bonded abrasive I 
have found that phenol-formaldehyde resins are 
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highly satisfactory. As an example of a resinous I 
insert composition-the following has worked out 
well:, a 

" . I Per cent 

Powdered reactive phenolic resin _________ __ 20 
80-440 grit diamonds ______ _,__T _________ __ 40 

400 grit alumina _____ __I_- _____________ ______ 20 

100__and ?ner alumina____. ____________ __>___ 20 

. 40’ 
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In making inserts of the above mix the abrasive . ' 
is ?rst mixed thoroughly and moistened with 
fu'rfural, after which the powdered resin is added 
to give a free-?owing mix. This mix is cold 
pressedand the inserts as made’ are bakedinian 
oven by bringing them slowly up to1350° F. over 

60 

a period of 24 hours ‘and holding at that tem- ' 
perature for 2 hours and then cooling. . 
The following is a speci?c example of a resin 

mix which has been found adaptable ‘for a. 
matrix material for bonding abrasive inserts. In 
forming the matrix shapes of such a ‘resinous 
compound the inserts are placed in the mold, the 
powdered mix ?lled ‘about the inserts, hot pressed 
30 minutes at 140 lbs. steam pressure, cooled 
under pressure, removed from the ' mold and 
baked in an oven by taking them slowing up to 
350°»F. over a period of '24 hours and holding ‘at 

Phenol-formaldehyde 
Flint ?ller 

In‘ the- speci?c embodiments‘ of wheels herein 
_made to, the desirability 

in certain cases ‘of dressing down the wheel aftero 
periods of use. This is especially applicable to 
wheels in which the diamonds are. embedded in 
inserts or aggregates (in which the. bond of the 

molding power _____ ..~ , 20 
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insert is‘ of- a porous, brittle type’ to produce a _75 
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free, rapid cutting action. This bond, if used 
alone wears away so rapidly as to cause an 
undesirable high wheel loss, but when used to 
gether with a matrix of tougher material this 
wheel loss is reduced by protection of the more 
fragile insert-bond by the tougher matrix com 
position. To explain more fully, when the wheel 
is ?rst put in use the surface of the insert is 
approximately flush with the surface of the 
matrix, but the ‘bond of the insert quickly wears 
away to a slight extent exposing a number of 
diamond cutting surfaces which protrude above 
the bond. However, the tougher matrix mate 
rial does not wear away as rapidly'and supports 
the work su?iciently to prevent further immedi 
ate wearing away of the insert-bond and ripping 
out of the diamond particles, although under 
going wear sufiiciently to permit the partly.ex 
posed diamond particles to cut freely. At the 
same time this slightly lowered bond surface of > 
the insert allows for aachip clearance not other- ' 
wise present and an opportunity for the detritus 
to be easily carried away. After the abrasive in 
sert has worn down so far as -to materially 
diminish or retard the cutting action it becomes 
desirable to cut or dress down ’the matrix slight 
ly. For this purpose it is advantageous to be 
able to apply a dressing tool which can cut back 
the matrix without also striking the abrasive 
insert. This is most readily accomplished where 
the con?guration of the inserts is as shown in 
Figure 6 for example where the dressing is done 
in two steps, ?rst the central portion and then 
the “spokes” between the inserts. 
By the used bonded inserts in making dia 

mond grinding wheels many advantages are ob 
tained. For example, in the pressing of diamond 
wheels it is quite essential for the best results 

. that the wheels be pressed at relatively high 
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.these high pressures can 

pressures, and when the whole wheel is madeup' 
as hitherto carried out, large massive presses and 
expensive pressing equipment is necessary to 
form the wheel. By the proposed method of 
using inserts of comparatively small area; in 
dividually with respect to the entire wheel area, 

be reached with the 
far less ‘costly pressing apparatus. In the case 
of small buttons or pelleteshaped inserts, pres 
sures in the neighborhood of several-thousand 
pounds per square inch may be had by ordinary 
hand pressure apparatus. This ability to obtain 
highly‘compressed bonded diamond segments or 
inserts without elaborate pressing equipment 
constitutes a marked economic saving. 
A further saving is realized by the fact that 

instead of.diamonds being used throughout- the 
entire wheel, only a ‘portion of the wheel abrad 
ing surface contains diamonds. Not only are 
less diamonds used, but this accomplished while 
at the same time wheels are made having a free 
cutting action without an extravagant wheel loss. 
Grinding wheels or disks made up according to 

the present invention having diamond particles 
present only in inserts placed in the abrading 
surface of the wheel instead of being incorporat 
ed in the entire grinding surface not only do not 
suffer any loss in cutting rate or e?iciency in 
comparison with a wheel having diamonds in the 
entire working face, but in fact, ‘show a de?nite 
increase in the cutting rate and an improvement 
in the e?iciency over such diamond cutting 
wheels. Wheels using considerably less of dia 
mond particles but made up with spaced inserts 
or aggregates-show a higher efficiency and cut 
ting rate than similar bonded wheels using a 

2,225,193 
greater amount of diamonds spread throughout 
the cutting surface. This is accomplished with 
out any detrimental effect upon cutting charac 
teristics. ‘ ‘ 

By the use of a free-cutting bond for the in 
serts which is backed up or supported by a tough 
er matrix ‘material the cutting properties such as 
cutting rate and efficiency ratio of the wheel is 
improved by the use of inserts in place of the 
standard uniform grinding surface as commonly 
used regardless of the purpose or application to 
which the wheel is put. By e?iciency ratio we 
mean the resulting ?gure obtained by dividing 
the grams of material being ground which is re 
moved per minute by the grams of wheel loss 
per minute. A preferred wheel is one which 
shows a high e?iciency ratio. 'Wheels made with 
inserts have exhibited extremely high eiiiciency 
ratios as well as greatly improved cutting" rates 
over standard wheels regardless of the work or 
purpose of the wheel. 
Some explanation has been suggested above as 

to the reason for this improved cutting action 
and e?iciency. It has, generally speaking, been 
found advantageous to use an insert bond which 
possesses the property of breaking away freely 
around ,each diamond particle and exhibiting 
some signs of brittleness, although having sur? 
cient tenacity to keep the diamond particles from 
ripping out. The most desirable bond to be used 
varies, dependent upon the material being 
ground and other factors just as in the case of 
ordinary grinding wheels. On the other hand, 
the bond for the matrix or remainder of the sur 
face of the wheel is chosen usually so that it pos 
sesses greater toughness and strength than the 
insert bond, has an improved abrading or wear 
resistance, and acts as a support to prevent un 
due break-down of the more fragile insert ma 
terial. In general rubber matrices are indicated 
where some degree of resilience is desired, resin 
matrices where a stiff somewhat brittle action is 
desired, and metal ‘matrices for use on hard ma 
terials such as ceramic products under certain 
circumstances. - 

In the use of diamonds as a grinding medium 
in wheels it has been found extremely di?icult 
to ?nd a bond which satisfactorily wet the dia 
mond surfaces so as to tenaciously’hold the dia 
monds in place and give a desirable cutting ac 
tion and also possessed the toughness and resil 
ienoe necessary to be used to make up the entire 
body of a wheel of any considerable size. This, 
in addition to the excessive cost entailed in using 
diamonds promiscuously throughout the wheel, 
has limited the use of diamonds to wheels of 
smaller size. By the proposed use of inserts, a 
wheel body may be used which possesses proper 
ties suitable for forming larger wheels without 
regard to its ability to tightly bond diamonds and 
a different bond especially adapted for bonding 
diamonds-than used for the inserts.‘ .This use 
of a matrix or body different in properties from 
the insert bond thus aids in the production of 
wheels of increased cutting rate and ef?ciency 
in addition to the economic reason of ,saving on 
the amount of diamonds necessary. Then too by 
the correct choice and combination of insert bond 
and matrix bond any desirable cutting action 
may be obtained over- a substantial range of dif7 
ferentiations. 
While several- speci?c examples' and mixes 

have been herein given to show the actual work 
ing of this invention, we do not wish to be limited 
to these embodiments solely as illustrated._ We 
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. wish to point out that by judicial selection of the 
proper bond for the insert and a like careful se 
lection of matrix bond that a large range of cut 
ting actions can be had, depending on the pro 
‘posed application of the wheel. In other words, 
ceramic, resinous, metallic, or rubber bonds may 
be interchangeably used in the insert or matrix 
at will, depending on the type of wheel desired. 

- Also, although we have referred for the'most part 
to the use of diamonds as, the abrasive element, 

_ we wish it understood that other costly abrasives 

v15 

20 

such as boron carbide and the like may be used 
without departing from the spirit of the present 
invention. ' ' 

We claim: 
1. As an article of manufacture, an abrasive‘ 

article comprising ceramic-bonded diamond con 
taining inserts embedded in a rigid, non-abrasive 
supporting matrix the surface of which is sub 
stantially ?ush with the grinding surface ‘of the 
adjoining inserts. ‘ 

2. As an article of manufacture, an abrasive 
article comprising ceramic-bonded diamond con 
taining inserts‘ embedded in a metallic matrix. 

3. As an article of manufacture, an abrasive 
article comprising. ceramic-bonded diamond ag 
gregates bonded together in a metallic matrix. 

4. As -an article of manufacture, an abrasive 
wheel comprising ceramic-bonded diamond-con 
taining inserts circumferentially spaced about the. 
periphery of the wheel and embedded in a rigid, ‘ 
vnon-abrasive supporting matrix forming the body 

_ _ , 5 

of said wheel said matrix having greater wear 
resistance than bond of said inserts. 

5. As an article of manufacture, an abrasive 
wheel comprising ceramic-bonded diamond-con 
taining inserts circumferentially spaced about 5 
the periphery of the wheel and embedded in a 
rigid, non-abrasive. supporting matrix forming 
the body portions of said wheel said matrix hav 
ing greater wear-resistance ‘than bond of said 
inserts, and said inserts being so .shaped and 10 
positioned as to permit dressing of the body of 

. the wheel after periods of use. - 

6. As an article of manufacture,*an abrasive 
article comprising ceramic-bonded diamond-con 
taining inserts, embedded in a rigid, non-abrasive. 15 
body portion, said body- portion having greater 
wear-resistance than the bond of said inserts. 

7. As an article of manufacture an abrasive 
article‘ comprising diamond-containing inserts 
bonded within by a bond having the free-cutting, 20 
friable characteristics of a ceramic bond, said in 
serts being embedded in a rigid supporting matrix 
of'non-abrasive material, the surface of which is ’ 
substantially flush with the grinding surface of 
the adjoining inserts. ‘ _ . > 25 

8. As an article of manufacture an abrasive ar 
ticle comprising ceramic-bonded diamond-con 
taining inserts imbedded in a rigid non-abrasive 
organic supporting matrix, the surface of which 
issubstantially flush‘ with the grinding surface 30 
of the adjoining vinserts. » ' 

' ‘RAYMOND C. BEI‘TNER. 
WILLIAM G. SOLEY. 


