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The invention described herein may be manu-
factured and used by or for the Government of
the United States for governmental purposes
without the payment to me of any royalty there-
on in aceordance with the provisions of the act
of April 30, 1928 (Ch. 460, 45 Stat. L. 467).

This invention relates to grinding wheels and
more particularly to grinding wheels utilizing a
metal bond for diamond abrasive. .

It has been known and is common to use a
metallic binder for diamond abrasive wheels and
also to use ceramic or resin-bonded laps. The
wheels produced by using ceramic and resin bonds
or bonding agents suffer from the defect of not
having sufficiently high tensile strength and
hardness. Metallic bonds of the past have had
the undesirable quality of often contaminating
the abraded article by particles of the metal used
as the bonding material.

The object of this invention is to provide a
lichtweight, corrosion-resistant, non-magnetic
diamond lap which is harder than the ordinary
ceramic or metallic diamond laps and is less fri-
able than resin-bonded laps.

An additional object of the invention is to pro-
vide a metallic binder for a diamond lap which
will not contaminate the article to be abraded
by the tool used.

A further object of the invention is to provide
a binder for diamond particles or other abrasive
materials, which binder consists of a metal of
high tensile strength and hardness.

Other objects and advantages of this inven-
tion will be obvious from a consideration of the
deseription of a preferred embodiment of the. in-
vention and of the drawing wherein the figure is
a view, partially cut away, of the means used to
obtain my abrasive tools.

My invention is a tool and the method of mak-
ing said tool consisting of a fine abrasive such
as diamond dust, bonded with titanium metal
which tool may be used to produce a smooth and
accurate surface upon other metals or materials,
The metal titanium is used because of its hard-
ness and its resistance to wear and because it
holds the abrasive particles better than the
metals ordinarily used prior to this invention.
This greater grip of the metal binder upon ab-
rasive particles, and the greater hardness of the
metal allows the abrading tool to be used for a
longer period of time before the diamonds faill
out. .

Because of its high melting point (1800° C.),
its affinity for oxygen, nitrogen, hydrogen and
carbon and its reaction with most refractories,
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titanium is difficult to work and at elevated tem-
beratures must be protected from the atmos-
bhere. To prepare a diamond lap using titanium
a5 a matrix by vacuum casting is nob possible
as the diamonds are lighter than the titanium
a2nd float to the top. A method has been found
by which a diamond impregnated lap may be
made using titanium as the metallic binder.

In a particular embodiment of the invention
and referring now to the figure, a duantity of
diamond powder is wet by a5 small amount of a
volatile hydrocarbon and is then intimately
mixed by stirring with titanium, powder. It is
preferable to use titanium powder which has been
hydrogen reduced and also degassed. The mix-
ture { of diamond and titanium powder is then
placed in a metal tube 2, preferably formed of
iron, and is then compacted under high pressure.
The purpose of compacting the powder mixture
in the tube is twofold. First, this compacting
reduces the volume of the loose powder which
is normally three to four times that of the metal,
and secondly, it reduces the volume of air left
in the tube to a negligible amount. The tube
protects the mixture and particularly the tita-
nium metal from harmful gases and other im-
purities during the entire processing to obtain
the titanium bonded diamond lap. After pack-
ing the tube with the diamond particle-titanium
particle mixture, the ends 2 and € of the con-
talning tube are fattened by any suitable means
such as a hydraulic press, and the ends are then
closed to exclude atmospheric contaminants by
any suitable means. It has been found prefer-
able to weld these ends shut and an oxy-acetylene
torch has been found suitable for this welding.
During the welding process, most of the remain-
ing hydrocarbon is expelled by the welding heat.

The thus closed tube is then heated in any
sujtable manner, such as in a furnace or by
means of high frequency induction. When a
temperature high enocugh to form the titanium
bond around the diamond particles is reached,
the tube is removed from the furnace. I have
found that a temperature of 850° C. is sufficient
to form the proper bond.

When the tube is removed from the furnace,
it is repeatedly run through rollers to reduce the
thickness of the tube and to form g flat-sided
diamond lap. The outer sheet of iron is then
removed by slitting it, and the diamond impreg-
nated titanium bonded compact is removed,

An abrasive tool made in this manner is rela-
tively light in weight. It has a specific gravity
of approximately 4.5 as compared to the specific
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gravity of 7.9 ‘where steel is used as the binder.
It has great tensile strength and hardness and
is not: malleable as are many common metallic
bonded tools. ,

The tool ‘also has a high resistance to eorro=
sion: resisting nitrate .acid, agqua regia, chlorine;
sodium hydroxide, and dilute solutions of hydro~
chlorie and: sulfuric ‘acids and: can, therefore, be
cleaned by an acid bath from the metals and
alloys which normally load an abrasive wheel
after it is used.

The method of consolidating 'the ' powdered
titanium and diamond. mixture by’ rolling the
heated mixture while still in. the tube protects
the titanium during the heating and rolling from
destructive gases, and at the same time, because
the powder is confined, some working back and
forth of the individual particles takes place which
tends to produce better compacts and welding of
the grains. ' The' tool produced in:this manner
is dense and firm in' contrast to the usual porous
materisl obtained: by the .conventional methods
of pressing and sintering and contains very. few
voids ‘which lower the diamond holding ability.

1f it is desired to make grinding or ‘cut-off
wheels of titanium bonded diamond dust, a proc-
ess similar to that described ‘above may be used.
Tn' this modification the homogeneously mixed
combination of diamond :dust and titanium is
compacted in a short can having a: flat bottom.
A top is then welded on to the can and the can
and contents heated as before. - When the proper
temperature. is reached, the container is placed
in 'a stamping press and pressure'is applied from
4 vertical direction. : If ‘no dies are used, a
discoid’ is produced ‘which ean be drilled to Gt
upon’ -a spindle, or an arbor. By the use of
suitable dies, wheels of V shape, saucer-shape,
or cup-shape may be: produced which can be
drilled and mounted as usual.

Obviously’ the size ‘and amount: of diamond
dust. used in the processes of this invention may
be varied to produce the cutting effect desired in
the wheel.

It is also obvious from & consideration of the
above descrintion of a preferred embodiment of
the invention that other abrasive materials may
be substituted for the diamond powder and the
combinations of other metals with titanium or
alloys of titanium and other metals may be sub-
stituted for the plain titanium metal. It is to
be emphasized, however, that the amount of
titanium must be substantial in order to obtain
the desired results and advantages of my inven-
tion. I have found that a satisfactory titaninm
bonded diamoend lap may be obtained by a mix-
ture of 989 titanium metal and 2% diamond
particles but obviously these porticns may be
varied dependent upon the desired results.

The lap formed according to the processes of
this invention may be heat treated in various
ways to produce certain desired qualities, as is
common in the art.

Tt will be appreciated from @ reading of the
foregoing specification that the invention herein
described is susceptible of various changes and
modifications without departing from the spirit
and scope thereof.

to be limited only by the scope and spirit as set
forth in the appended claims.

What. is claimed is:

1. A metal-bonded abrasive articla compris-~
ing diamond particles bonded in a metallic ma-
trix of titanium metal, the proportion of titanium
metal to diamond particles being about 49 to 1.

The invention is, therefore,.
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2. A 'metal-bonded abrasive article comprising
diamond particles bonded in a metallic matrix
consisting essentially .of titanium metal; the per-
centage of titanivum metal being greater than
that of the diamond particles.

3. A Inetal-bonded abrasive article comprising
diamond particles bonded in a metallic matrix
coniaining  a substantial portion : of titanium
metal as 'an essential ingredient.

4. A metal-bonded abrasive article comprising
abrasive particles bonded in a metallic matrix
containing & substantial portion of  titanium
metal as an essential ingredient.

5. The method of making an abrasive article
comprising diamond particles bonded in a metal-
lic matrix containing titanium metal which com-
prises compacting a mixture of two per cent dia-
mond particles and ninety-eight per cent of re-
duced .and degassed titanium metal particles .in
o ferrous metal container, sealing the open ends
of said container thereby excluding atmospheric
contaminants, heating said compacted particle
mixture to 850° C., molding said heated. compact
to the desired shape while still excluding atmos=
pheric contaminants, and. then removing said
container to obtain said abrasive article.

6. The method of making an abrasive article
comprising diamond particles bonded in a metal-
lic matrix containing titanium metal which com-
prises compacting in a ferrous metal container
a mixture containing diamond particles and re-
duced and degassed titanium metal particles, the
amount of titanium metal particles being greater
than the amount of diamond particles, sealing
the open ends of said container to thereby ex-
clude  atmospheric  contaminants, heating  said
compacted - particle ' mixture to a temperature
sufficient to form the desired bond but below the
melting point of .the container and compact,
molding said heated compact to the desired shape
white still excluding atmospherie contaminants,
and then removing said container to obtain said
abrasive article.

7. The method of making an abrasive article
comprising diamond particles bonded "in a
metallic matrix containing titanium metal which
comprises compacting a mixture containing
diammond particles and titanium metal particles
in a ferrous metal coniainer, sealing sald
container thereby excluding atmospheric con-
taminants, heating said compacted mixture to
z temperature below the melting point of the
container and compact to form the desired bond,
molding the heated compact to the desired shape,
and then removing said container to obtain said
abrasive article.

3. The method of making an abrasive article
comprising diamond particles bonded in a metal-
jic matrix containing titaniunm metal which com-
prises compacting a mixture containing diamond
particles and titanium metal particles in an iren
container; welding said container to form a seal
and. exclude atmospheric contaminants and then
neating and working said compacted mixture at
a temperature below the melting point of the

container and compact to form the desired bond.

9 The method of making an abrasive article
comprising abrasive particles bonded in & metal-
lic meirix containing titanium metal which
comprises compacting =a - mixture containing
abrasive particles and titanium metal particles
in' a ferrous metal container, sealing sdid con-
tainer thereby excluding atmospheric contam-
inants, and then hedting and working said com-
pacted’ mixzture at a temperature below the
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melting point of the container and compact to
form the desired bond thereby obtaining said
abrasive article.

10. The method of making an abrasive article
which comprises compacting a mixture of sbra-
sive particles with a greater amount of titanium
metal particles in a ferrous metal tube, sealing
the ends of the tube to the atmosphere by a metal
bond, heating the tube and compacted contents
to a temperature of approximately 850° C., pass-
ing the heated tube and contents through com-
pressing rolls to reduce the thickness of the tube
and to form a flat-sided abrasive article, and
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removing the tube from the abrasive article so
‘formed.
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