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[57] ABSTRACT 
Abraders are formed from encapsulated abrasive par— 
ticles which are uniformly distributed in a matrix. Su 
perior abraders may be formed by metal bonding such 

encapsulated abrasives with a metal matrix which 
forms a continuous phase in which the abrasive parti 
cles may be positioned. ‘Where the abrader is formed 
from a mixture of the bonding metal and a single type 
of abrasive particle, the speci?c gravity of the abrasive 
particle may be adjusted to match more closely that of 
the metal. The encapsulated abrasive particle may 
form the primary abrasive together with a secondary 
abrasive which is not as hard as the primary abrasive 
and which may or may not be encapsulated with a 
metal. 
Where a plurality of abrasive particles of di?‘ering 
speci?c gravity are used, one or the other or both may 
be adjusted in density by employing an encapsulating 
metal of suitable speci?c gravity. 
Abrasive particles are improved in function as 
abrasives, in addition to having the speci?c gravity 
adjusted by ‘encapsulating them with a metallic 
envelope; preferably the envelope is made of a pure 
metal in dendritic crystalline form. Desirably the ‘ 
abrasive substrate is placed in contraction by the 
envelope which is heat shrunk onto the abrasive 
substrate. The preferred method is to_ deposit the 
metal on the substrate at an elevated temperature by’ 
contacting a vapor of the metallic compound with the 
substrate particle .under reducing conditions. The 
preferred primary abrasive is a diamond, and it is 
preferably etched before coating. 

24 Claims, 12 Drawing Figures 
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ABRADERS, ABRASIVE PARTICLES AND 
METHODS FOR PRODUCING SAME " 

This invention relates to abraders formed of a plural: 
ity of different abrasive particles bonded in a continu 
ous phase matrix. 

Abrasive, grinding, cutting and earthboring tools, 
hereinafter referred to as abraders, have bound abra 
sivc particles into an abrader structure, using a binder 
such as an organic polymer resin and, in some cases, 
metal, which acts as the matrix to hold the abrasive par 
ticles in thc abrader structure. 

In one form of the above structures, a plurality of dif-v 
ferent abrasive particles are employed. In addition to 
particles of high hardness values which act as the pri 
mary abraders, there is distributed in the continuous 
phase of the metal matrix binder a secondary abrasive 
of lower hardness value. 
The purpose of the secondary abrasive particles is to 

wear away preferentially thus exposing new abrasive 
faces of the primary abrasive particles. 

It is desirable in such structures that the primary 
abrasive and the secondaryabrasive be uniforrnally dis 
tributed throughout the matrix. If the primary abrasive 
is not uniformally distributed, the abrader structure will 
not be uniformally worn away and the result will be that 
at wearing areas of high concentrations of primary 
abrasive the abrader wears away less than in the area 
of low primary abrasives concentration. 
The accelerated erosion of the secondary abrasive 

particle and the accompanying local wearing away of 
the bonding matrix results in a larger loading on the 
areas of higher primary abrasive particle concentration 
since the abrader structure will ride up on these areas. ’ 
The load being concentrated on these reduced areas 
causes an increased load per unit area on the localized 
pressure areas and on the underlying abrader structure, 
such as a saw blade on which the abrader structure may 
be mounted. 

In some cases, this increased load may fracture the 
primary abrasive and cause it to be torn out of the ma: 
trix resulting in excessive wear. 

In such cases, the cutting rate may not be uniform 
and it is necessary to either reduce the loading or the 
cutting rate. 
We have been able to overcome to a larger measure. 

these disadvantages by providing for a more uniform 
distribution in the matrix of the primary and if used of 
the secondary abrasive particles to obtain a controlled 
and substantially uniform spacial distribution of pri 
mary and if used of the secondary abrasive. 
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In such cases, it is possible to select a concentration 

2 
of primary and if used of secondary abrasive to provide 
a suitable spacing between the particles to provide suf 
ficient pore volume to give a desirable bond and a suffi 
cient mass of matrix to hold the abrasive particles in 
position. 
This invention provides for the aforementioned uni 

form distribuition of the primary and secondary abra 
sive if used by ?rst forming an intimate mixture of par 
ticles of the primary and secondary abrasive in which 
‘the particles are as closely as is practically feasible of 
substantially the same density. Additionally, the uni 
formity may also be reinforced by using all particles in 
the same mesh size range and using them in as narrow 
a mesh size range asvis practically convenient. 
"In such case, by suitable mixing of the particles the‘ 
probability of the presence of a given abrasive particle 
and of a given particle of the metal in any volume in the 
array of particles in the mixture will be substantially 
equal. A uniform dispersion of substantially uniform 
concentration of primary and secondary particles, if 
used, throughout the mix will result. 
When the speci?c gravity of the primary particles dif 

fers from that of the secondary abrasive particles, we 
may encapsulate the particles with a metal so as to 
‘bring the resultant densities of all of the primary and 
secondary particles to as nearly the same density as is 
conveniently feasible, i.e., that all of the particles have 
substantially the same density. 
Where the abrader structure is to be used as a cutter 

or abrader, for example in oil well drill bits or other 
boring, shaping tools or saws suitable, for example, in 
sawing concrete, masonry, rocks, ceramics, bricks, 
_etc., we prefer to use abrasive materials, preferably 
.those having hardness in excess of about 2,500 kg/mm2 

35 ' (Knoop or Vickers) and the harder the better. An addi 
tional useful criteria is that thc abrasive material should 
have a melting or softening point in excess of the high 
est tempterature reached in the process by which the 
abrader structure is formed, such as is described here 
inbelow. 
We prefer to employ, because of their physical prop- 

erties, such as hardness, melting point, chemical'stabil 
ity, and other physical properties, one of the following 
abrasive material, preferring among them diamonds, 
either natural or synthetic. In addition to diamonds, we 
may use any one of the following abrasive particles 
shown in Table l. The values reported in the table are 
taken from the available literature. 
As described above, we wish to select as the primary 

abrasive, one having a substantially higher hardness 
value than that of the secondary abrasive particle. 
Table 1 lists suitable materials from which may be 

chosen the primary and accompanying similar abra 
‘ SlVeS. 

___L #4 

TABLE 1 

MP. °C. Sp.G. Percent Hardness 
Linear Coeff. kg/rnm2 
of Expansion Knoop* 

X 10‘ Vickers" 
0-1 000° F. 

Diamonds (Synthetic 
' or Natural) 3.5 1.5 8000* 
Aluminum Oxide 
(M203) 2060 3.5—4 4.4 3000* 

Cast Eutectic 
Tungsten Carbide 4800 I5 

Tungsten Mono Carbide 
(WC) 4800 15.8 2.7 

Ditungsten Carbide 
(W2C) 4800 l7.3 WOO-2400 
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TABLE l— Continued 

M.P. °C. Sp.G. Percent Hardness 
Linear Coeff. kg/mmz 
of Expansion Knoop* 

X 10‘ Vickers** 
0-1000” F. 

Boron Nitride \ 
(Cubic) ' >I7OO 3.48 ~20 4700* 

Tetrachromium Carbide 
(Cr..C) 1500 6.99 3 

Trichromium Dicarbide 
(Cr3C,) i910 6.68 2.4 2650 

Titanium Diboride 
(TiB,) 2870 4.52 4.2 MOO-3500* 

Hafnium Diboride 
(HfB2) 3250 11.20 4.2 3800* 

Zirconium Diboride 
(ZrBZ) 3100 6.09 4.6 2000* 

Calcium Hexaboride 
(Cam) 4050 2.46 3.6 2740: 220* 

Barium Hexaboride - 
(BaB.,) 4100 4.32 3.8 3000: 290“ 

Tantalum Carbide 
(TaC) 3.7 

Silicon Carbide > 1000“ 3.2] 2.4 IZOD-2900* 

‘nae method of encapsulation-where a inonrnet'allic 
matrix is to be employed, for example, where an or‘; 
ganic polymer resin is employed we may deposit the: 
metal of higher speci?c gravity in any conventional 
method, such as electrochemical or electrolytic meth-‘ 
ods and conventional handbooks will list such metals. 
Where, however, we wish to employ a metal as the ma 
trix and apply the metal in molten condition to the 
mixed particles, we prefer to use metals as the envelope 
having a suitably high melting point and other physical 
properties. Table 2 lists such metals. 

It will be observed that there is a substantial disparity 
in speci?c gravity between the various abrasive partid 
cles. In order to match the density of the selected partil 
cles more closely, we encapsulate the particles of lower'v 
speci?c gravity with a metal having a different specific 
gravity so as to bring the apparent densities of the sev 
eral particles more closely to the same value. 
The totalweight of the particles is increased and as 

the increase in volume of the particles is the less the 
greater is the densitiy of the envelope and vice versa. 
Since the metal envelope is chosen so that the speci?c 
gravity of the metal envelope be greater or less than 
that of the underlying substrate particle, the density of 
the composite coated particles is increased or de 
creased. 

‘ The effect of the densities of the particles and of the 
coat will appear from the following. if x be the weight 
percent of the substrate particles in the coated particle 
and d, is the density of the substrate and dc be the den 
sity of the envelope and dF is the density of the coated 
particle, then dp [dox + d,( l00-x)]= l0Od,d¢. 
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""Th'e'a’ccorhpanying secondary Creamery abrasive ‘i 
particle may or may not be coated and may be chosen 
to match the particle size of accompanying particle. 
2‘ rwepréfaii?raé?a a '5' Saarinen-‘teenager 
to employ as encapsulating metals, those listed in Table 
2. The values are obtained from available literature. 
The encapsulation of the abrasive particles with a 

‘metallic envelope according to our invention has values 
in addition to permitting of a uniform distribution of 
the particles as described above. - 
Where metal is used as a matrix to bind the abrasive 

particles in the abarader structure, encapsulation of the 
abrasive particles increases the grip of the metal matrix 
on the abrasive particle. Where the bond is weak, the 
particles are torn out of the metal matrix, causing ex 
cessive wear. 

The interrnetallic bond between the metal matrix and 
‘the primary or secondary abrasive increases the reten 
tion of the abrasive particle until its cutting life is ended 
by wearing away of the particle or breaking away of 
fragments thereof from the portion of the abrasive par 
ticle which'has become free of the encapsulation at the 
abrading surface during the abrading action. 

In selecting the metal for the envelope when the en 
capsulated particle is to be used with metal matrix act 
ing as a bonding agent, it is desirable that the metal in 
the envelope have a suitably higher melting point than 
themetal matrix. . 
*Amfurthe'rwadvantage of the "en’éapgmaiéa abrasive 
particle of our invention when used together with a 
metal matrix resides in'the increased rate of heat trans 

TABLE 2 

Metal , Speci?c Melting Percent Young's 
Gravity Point Thermal Modulus 

“C Coefficient X 10” 
of Linear 
Expansion 
>< 10‘I'F 
0-l000°F 

Tungsten (W) l9.3 3380 4 50 
Tantalum (Ta) l6.6 2966 3.9 27 
Molybdenum (Mo) 10.2 26l0 2.2 50 
Niobium (Nb) i.e. 
Columbium (Cb) 8.5 2500 ' 4 26 

Vanadium (V) 5.89 1890 3.2 41 
Zirconium (Zr) 6.4 1852 3 ll 
Titanium (Ti) 4.54 1675 4.7 H53 
Iron (Fe) 7.86 1535 96.5 28.5 
Cobalt (Co) 8.9 M92 6.85 30 
Nickel (Ni) 8.9 1453 7.2 .30 
Copper (Cu) 8.9 1083 9.22 16 
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fer from the abrasive particle resulting from the more 
intimate contact surface between the envelope and the 
substrate particle and the envelope and the metal ma 
trix. Heat generated at the abrading surfaces, ’ if not 
readily transmitted to and absorbed in the metal ma 
trix, acting as a heat sink, will cause a local rise in tem 
perature which may have a deleterious effect upon the 
life of the abrasive particle. ' 

In order to obtain the adjusted apparent density as 
well as the increased bond between the abrasive parti 
cles and the metal matrix, any convenient method for 
deposit of the metal envelope on the particle substrate 
may be employed. Thus electrochemical or electrolytic 
methods which have been previously employed in coat 
ing abrasive particles for use in abrader structure with 
organic resin will permit of some adjustment of the ap 
parent density of the coated particle. They will also, 
when used together with a metal bonding agent in our 
novel abrader structure, result in an improved bond be 
tween the metal matrix and the coated particle, due to 
the improved wetting by the molten metal. 
The use of the coated particle in a composite struc 

ture employing a metal matrix is an improvement over 
the use of an abrasive particle coated by an electro 
chemical or electrolytic process where used with a 
resin binder. It is similarly an improvement over the use 
of uncoated abrasive particles with resin or metal bind 
ers acting as a matrix for the abrasive particles. 
Abrasive particles coated by procedures such as elec 

trochemical and electrolytic processes may result in de 
posits which are contaminated by intergranular inclu-> 
sions of impurities from their aqueous environment. 
Furthermore, the deposits particularly in the case of 
electrolytic deposits have intergranular planes of weak 
ness and the coating has a relatively low tensile and 
bending strength. They thus do not improve in any sub 
stantial degree the physical properties of the coated 
particle as compared with the uncoated particle. 
We prefer that the metal envelopes which constitute 

the abrasive particles of our invention employed in the 
novel abrader structure of our invention differ from the 
foregoing coatings in composition and crystalline na 
ture. 

We prefer to form the metal envelope by a process 
in which the abrasive particle is coated by means which 
deposit metal on the abrasive of materials which is sub 
stantially free of intergranular impurities. 
The deposits according to our preferred procedure 

constitute a pure metal envelope substantially free of 
intergranular inclusions. 
The preferred metallic envelope is formed of allo 

trimorphic crystal dendrite grains which start at and ex 
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tend from the substrate surface in statistical orientation ' 
generally perpendicular to local substrate surface, cre 
ating a super position of grain growth interrupted by 
other grain skeleton deposit on top thereof. The grains 
thus deposited to form a mechanically interlocked 
grain structure give to the metal sheath high tensile 
strength. 
We prefer to produce the aforesaid encapsulated 

abrasive of our invention by a process of chemical 
vapor deposition, by subjecting the abrasive particles to 
contact with a voilatile metal compound at an elevated 
temperature sufficient to maintain the metal compound 
in vapor form an‘d'cont'act the vapor with a solid sub; 
strate under metal deposition conditions. ‘ 

55 
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We have also found it useful, where the chemical na 

ture of the abrasive particle substrate permits, to 
choose metallic envelopes which form a surface chemi 
cal bond with the substrate by reason of a limited 
chemical reaction between the metal and the substrate 
surface, thus producing an encapsulated particle in the 
form of a cermet. 
The formation of the intersurface bond between the 

envelope and the substrate is facilitated by the elevated 
temperature employed in our preferred method of 
metal deposition. 
Where the metal envelope has a coefficient of ther- ’ ' 

mal expansion substantially greater than that of the 
abrasive particle, by depositing the metal envelope on 
the substrate particle, at a high temperature, the resul 
tant particle on cooling is placed under compression by 
the metallic envelope. Thus, the tensile force necessary 
to rupture the abrasive particle must then be greater 
than in the case of the unencapsulated particle. 
This property has an advantage irrespective of the , 

bonding agent employed and may advantageously be 
used whether resin or metal acts as the bonding agent. 

In order to obtain a compressive force on the sub 
strate, we select a metal for the envelope having a sub 
stantially greater coefficient of expansion than the sub 
strate. In such case, when the metal is deposited on the 
substrate at an elevated deposition temperature, on 
cooling, the metal sheath will contract more than the 
substrate, putting the substrate under compression. 
Since the linear coefficient of thermal expansion of 
suitable abrasives are in the range of about I to about 
5 X 10*“ inches per inch per degree Fahrenheit, we se 
lect metal sheaths having a higher coefficient of expan 
sion than the substrate. For example, we select metals 
having linear coefficients of expansion of about 2 X 
l0"6 to about 10-5 inches per inch per degree Fahren~ 
heit. By matching the coefficients of expansion, as de 
scribed above, a useful encapsulation may be obtained. 
It is useful to remember that the coef?cients of cubic 
expansion may, for the above purposes, be taken as 
about three times the linear coefficient of expansion. In 
such a combination the distruptive force sufficient to 
fragment the substrate particle must be greater than 
that which would fracture the unencapuslated particle, 
since it must overcome initially the compressive force 
"which places the underlying substrate in compression. 

Thus, for example, if diamond be the substrate, we 
may use for the purpose any one of the metals listed in 
Table 2 to form the encapsulating envelope and 
thereby also increase the apparent density. In each of 
these cases, the coefficient of linear expansion of the 
metal is substantially greater than that of diamond, and 
their use would have the advantage of adding a com 

‘ pressive force upon the diamonds to help in overcom 

60 

65 

ing the tensile forces which would tend to fracture the 
diamond when used in an abrader structure as the abra 
sive particle. ' 

In selecting the encapsulating metal with the view of 
obtaining the advantage of the differential contraction, 
metals may be selected, depending on the stress desired 
to be imparted, for example, for the metals listed in 
{Table 2 and the abrasives of Table 1, metals having a 
coef?cient greater than the substrate coefficient by 



7 
about 5 to 10 percent or more of the value of the coeffi 
cient of the substrate. That is, the coefficient of the 
metal should be about 1.05 or more, for example, up 
to about seven times the coefficient of the substrate. 

In selecting the metal encapsulating material, when 
employing diamonds as a substrate, when we employ 
carbide-forming metals, we prefer to employ those 
which have only a limited reaction rate at the tempera 
tures of deposition, as hereinafter described. For exam 
ple, we may use molybdenum, tungsten, tantalum, tita 
nium and niobium, all of which are carbide formers but 
are unlike iron which under the conditions of deposi 
tion or the production of the abrader may result in ex 
cessive attack on the diamond. 
For all of the foregoing reasons, we prefer to use in 

combination with the abrasive particles tabulated in 
Table 1 above, and selected according to their proper 
ties as described above, tungsten, tantalum, niobium 
(columbium) and molybdenum, and, among the pri 
mary abrasive particles, we prefer to employ diamonds, 
either the natural or synthetic forms, and prefer to em 
ploy tungsten as the encapsulating material, deposited 
under conditions to produce pure tungsten of the crys 
tal form as described herein. ' 

Where we employ the metal encapsulated abrasive in 
abrader structures formed by metal bonding the encap 
sulated abrasive in a‘ metal continuous phase matrix, we 
prefer to employ as a bonding agent a metal having a 
signi?cantly lower melting point than the metal sheath 
of the abrasive substrate. When employing diamonds as 
the encapsulated abrasive particles, we prefer to limit 
the melting point of the metal matrix to a temperature 
below about 2,800° F. in order not to expose the 
diamonds to excessive temperature which may impair 
the mechanical strength of the diamonds. 
Another important consideration is the coefficient of 

thermal expansion of the metal matrix used as bonding 
agent. Since, in general, the low melting metals and ma 
terials have a high thermal expansion, in the absence of 
an encapsulating metal which is wetted by the molten 
metal, the mass of matrix on cooling would tend to pull 
away from the abrasive material, thus impairing the 
bond. It is one advantage of the encapsulating metal 
that the thermal expansion of the metal sheath matches 
more closely the thermal expansion of the metal matrix 
and that the interfacial tensions will tend to prevent the 
pulling away of the metal matrix from the metal sheath. 
Such metals having melting points so as to be fluid-in 
the formation of the abrader structure, for example, at 
temperatures below about 2,800° F. when employing 
diamonds are suitable. 
However, we prefer to employ such metals which 

also have the preferred properties as hereinafter de-' 
scribed. The metal chosen should be fluid at the tem 
perature at which it is desired to employ the molten 
metal in forming the composite abrader structure and 
desirably should have, when. solid, ductility as mea 
sured in the terms of micro-hardness of below about 
400 kglmmz. Desirably, also, it should have a compres 
sive strength above about 150,000 p.s.i., a transverse 
rupture strength above about 90,000 p.s.i. and an im 
pact strength above about 5 foot pounds. 
For this purpose we may use copper-based alloys 

such as brass and bronze alloys and copper-based alloys 
containing various amounts of nickel, cobalt, tin, zinc, 
manganese, iron and silver. 
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Since when using ' encapsulated diamonds the 

diamond is protected from attack by the metal. we may 
use cobalt-based, nickel-based, and iron-based alloys of 
suitable properties. These alloys are excluded from use 
as metal matrixes when using unencapsulated 
diamonds because under molten conditions they attack 
the diamond excessively. Thus we may with the encap 
sulated diamond, for example, employ the nickel-cop 
per-aluminum-silicon alloy having a melting point 
below 2,000° F.; cast iron, cobalt, chromium, and tung 
sten alloys having melting points below about 2,800‘ F. 
may be used. 
Where the abrasive particle is a tungsten carbide or 

diamond particle which is attacked by nickel, cobalt or 
iron-based alloys, the encapsulation of the tungsten 
carbide or diamond by a metal envelope of substan 
tially higher melting point according to our invention 
will prevent the attack which the unencapsulated parti 
cle would otherwise suffer under the conditions of fab 
rication of the abrader structure. 
The procedure we prefer because it produces the su 

perior envelope when applied to produce our novel en 
capsulated abrasive particle is the conversion of a vola 
tile compound of the metal into the metal deposited on 
the substrate and a gaseous or vaporous reaction prod 
uct which may be removed from contact with the en 
capsulated metal. This leaves an envelope substantially 
free of included impurities. _ 
For this purpose we prefer to use the halides or the 

carbonyls of the metals. Preferably for convenience of 
operation, we prefer to employ those compounds hav 
ing a boiling point at atmospheric pressure below the 
reaction temperature. - 

While compounds which may be placed in the liquid 
state and which may be distilled by vacuum distillation 
or by reduction of their partial pressure by means of a 
carrier gas are possible, the compounds listed in Table 
3, having reasonable boiling points,- so that their volatil 
ization may be conveniently allowed are preferred by 
us. i 

TABLE 3 

B.P.°C. 
at 760 mm. * 

Iron Carbonyl [Fe(CO)6] l02.8+ 
Molybdenum Pentachloride v[MoC15] __ 268 ‘ 
Molybdenum Hexa?uoride {Moi-‘6] 35 
Molybdenum Carbonyl [Mo(CO)s] 156.4 
Tungsten Pentabromide [WBrSI 333 
Tungsten Hexabromide [WBrG] 17.5 
Tungsten Pentachloride [WCl5] 275.6 

, Tungsten Hexachloride [WCIH] 346.7 
Tungsten Carbonyl [W(CO)6] 175 at 766 mm. 
Tantalum Pentachloride [TaCl5] 242 
Tantalum Penta?uoride [Tall] 229.5 
Titanium Tetraboride [TiBrd 230 
Titanium Hexa?uoride ITiFB] 35.5 
Titanium Tetrachloride [TiCh] 136.4 
Columbium Pentabromide [CbBr5] 361.6 
Columbium Pentafluotide [CbF51 236 
Columbium Pentachloride [CbCl5] 236 
Nickel Hexafluoride (NiFal 4 at 25 mm. 
Vanadium Tetrachloride [VaCL] 148+ 
Vanadium Pentafluoride [VaCl5] I 1.1 1+ 

‘ Unless otherwise indicated 

In view of the above consideration, we prefer to em 
ploy tungsten as an encapsulating metal because of its 
high density and high melting point (See Table 2). It 
gives under the conditions of fabrication according to 
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our invention a coating of exceptional high strength. It 
is readily wetted by the molten metal matrixes de 
scribed above and forms a strong metallurgical bond 
with the metal matrixes employed in our invention. It 
is particularly useful where the substrate is diamond or 
other substrates which will react with the tungsten such 
as those which form cermets with tungsten. 
Our preferred primary abrasive is diamond. Where 

encasulated with a metal under the preferred condi 
tions as described herein, it will produce a superior abr 
ader structure of longer life. Where encapsulated with 
tungsten or other suitable metals as described above, it 
will after the exposed metal sheath in contact with the 
work has been worn away be exposed to the work but 
will otherwise be gripped by, the encapsulating enve 
lope which is in turn gripped by the metal matrix. 

In place of or in addition to the encapsulated 
diamond, we may use the other abrasives as described 
above, preferring among them encapsulated alumina 
but may also use the other abrasives described above, 
particularly encapsulated tungsten carbide or silicon 
carbide as is more fully described below. 
The invention will be further described by reference 

to the following figures: 
FIG. 1 is a diagrammatic flow sheet of our preferred 

process of encapsulation. FIG. 2 is a section through a 
mold for use in the in?ltrant technique of forming 
abraders according to one form of our invention. 
FIG. 5 is a sectional view taken on 5—-5 of FIG. 2. 
FIG. 3 is a schematic showing of a mold for use in a 

hot press technique employed in forming an abrader 
element. 
FIG. 4 is a sectional view taken on line 4—4 of FIG. 

3. 
FIG. 6 shows one application of a shaped abrader ac 

cording to our invention to a saw. 
FIGS. 7-12 are photomicrographs of an etched sec 

25 
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tion of a coated abrasive particle contained in a metal . 
matrix according to our invention. 
FIG. 1 illustrated a ?ow sheet of our preferred pro 

cess for producing the novel encapsulated abrasive of 
our invention. The particles to be coated are placed in 
the reactor 1, whose cap 2 has been removed. The re 
actor has a perforated bottom to support the particles 
of selected mesh size. With cap 2 replaced and the 
valves 3, 4, 5, and 13 closed, and with valve 7 open, the 
vacuum pump is started to de-aerate the system. Valve 
7 is closed and the system is back filled with hydrogen 
from hydrogen storage lll, valve 5 being open. ' 
The reactor is heated by the furnace 9 to the reaction 

temperature, for example, from about l,000° to about 
1,200°F. while purging slowly with hydrogen. The hy 
drogen flow rate is increased until a ?uidized bed is es 
tablished. Hydrogen prior to inroduction into the reac 
tor passes through a conventional palladium catalyst to 
remove any impurities, subh as oxygen in the hydrogen. 
Vaporized metallic compound is discharged from the 
vaporizing chamber 10, which may if necessary be 
heated by furnace 14, together with an inert gas, for ex 
ample, argon from argon storage 6 into the reaction 
chamber. 
Preferably we desire to employ the volatile metal ha 

lides referred to above, although, in some cases, we 
may use the carbonyls listed in Table 3. Where the hal 
ide is employed, the reaction forms hydrogen halide, 
which is passed through the bubble traps and is ab 
sorbed in the absorber. Where the volatile compound 
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employed is a fluoride, the product formed is a hydro 
gen fluoridc. and we may use sodium ?uoride for that 
absorption. We prefer to employ hydrogen in stoichio 
metric excess. 
The reaction deposits metal on the substrate and the 

effluent material, being in the vapor state is discharged, 
leaving no contaminants on or in the metal. The metal 
is formed in its pure state. 
The rate of metal deposition depends on the temper 

ature, and flow rate of the reactants, being the greater 
the higher the temperature and the greater the flow 
rate of the hydrogen and volatile metals compound. 

After the deposit is formed, the valves 4‘ and 5 are 
closed and argon is continued to pass into the reactor 
and the metal encapsulated abrasive is allowed to cool 
to room temperature in the non-oxidizing condition of 
the argon environment. 
The conditions in the reactor, both because of the 

mesh size and particle size distribution of the particles 
and because of the velocity of the vapors and gases ?u 
idizes the particles. As will be recognized by those 
skilled in the art, a dense phase is established in the 
lower part of the reactor in which the particles are 
more or less uniformally distributed in violent agitation 
in the dense phase. This results in a substantially uni 
form deposit perunit of surface of the particles. 
The reaction products and the carrier gases and ex 

cess hydrogen enter the upper space termed the disen 
gaging space where they are separated from any en 
trained particles. 
Where the diamond particle is smooth as, for exam 

ple, in the case of snythetic diamonds, we may improve 
the bond of the metal envelope to the substrate 
diamond surface produced in the process described 
above by first surface etching of the diamond. The 
etching’ of the diamonds will also have an advantage 
where the metal envelope is produced by other pro 
cesses such as electrochemical or electrolytic deposi 
tion methods. However, for the reasons previously de 
scribed, the product produced by the process of vapor 
deposition described above is superior and is preferred 
by us. 

EXAMPLE I 

To etch the diamonds, we immerse them in a molten 
bath of an alkali metal nitrate or alkaline earth nitrate 
at a temperature below the decomposition tempera 
ture; thus in using potassium nitrate, temperature 
would range from 630°+ F. and under 750° F.; sodium 
nitrate, about 580° F. and under about 700° F.; barium 
nitrate, at or above 1,100° F. and below its decomposi 
tion temperaure. We prefer to employ potassium ni 
trate at about 630° F. for about an hour. The bath is 
contained in a nitrogen or other inert gas atmosphere. 

At the completion of the heating process, the molten 
bath is cooled and the cooled bath is then leached with 
water to dissolve the salt, leaving the etched diamonds 
which may then be separated and dried. 
The degree of etching depends upon the immersion 

time and a suitable time will be about an hour under 
which conditions the particles will lose from about 1/2‘ 
to 2 percent of their weight. The surface of the 
diamonds is roughened and pitted and forms a desir 
able and improved substrate base. 
For purposes of illustration, not as limitations of our 

invention, the following examples are illustrative of the 
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process of depositing a metal sheath upon a substrate. 

EXAMPLE '2 
Diamonds, either synthetic or natural. preferably 

etched as above, of mesh size suitable for fluidizing are 
introduced into the reactor 1. The actual mesh size em 
ployed depends upon the service to which the abrader 
is to be placed. For use in oil well tools, cutters, saws, 
and grinders, we may use particles of size (Tyler mesh) 
through a 16 and a 400 mesh (-16 + 400). Preferably 
we employ 50 to 100 mesh material, for example, —40 
+ 50 mesh. in depositing tungsten, we may and prefer 
to employ tungsten hexafluoride, which is contained 
and vaporized in 10. it is volatile at atmospheric tem 
peratures and need not be heated. In the reactor em 
ployed after the system has been de-aerated and back 
?lled, hydrogen flow is established at a low flow rate of 
about 100 ml/min and as described above, the tempera 
tures in the reactor 1 having been adjusted to 1,150° E, 
as measured by the thermocouples, the hydrogen flow 
is increased to about 1,200—1,350 ml/min, and the flow 
of the tungsten fluoride vapor to about 150 ml/min and 
the argon gas is adjusted to about 285 ml/min, all as 
measured by the flow meters as indicated in FIG. 1, the 
hydrogen being in stoichiometric excess over the tung 
sten hexafluoride. ' 

The thickness of the coat of the tungsten on the 
diamond depends on the duration of the treatment and 
suitably for the 40 to 50 mesh diamonds described 
above, the coat will be 1 mil. thick in about 1 hour. 
Suitable thickness deposit will run from about 0.1 to 
about 1 mil. thick. 
The thickness of the coat will also determine the ap 

parent density (d,,) of the particle as described above. 

It will be seen that with the apparent density of the 
coated particle for a diamond of 3.5 speci?c gravity 
and tungsten of 19.3 speci?c gravity we may obtain a 
tungsten coated diamond particle of apparent density 
a’p above 3.5 and below 19.3 depending on the weight 
percent of the tungsten deposited. As stated above, this 
may vary from an apparent density of 4 to an apparent 
density of 17 be depositing tungsten from about 14.65 
percent of the weight of the coated particle for an ap 
parent density of 4 to tungsten of a weight percent of 
96.9 percent of the coated particle for an apparent den 
sity of 17. For other densities, the formula given above 
will indicate the weight percent of the coating metal re 
quired to adjust the apparent density of the diamonds 
to the desired amount by regulating the rate of reaction 
by adjusting the temperature and the concentration of 
the reactants and duration of treatment such desired 
deposits of encapsulating metal may be achieved. 

EXAMPLE 3 

Instead of diamonds, we may use alumina. The mesh 
size, temperature, and procedure as described in Exam 
ple 1 may be followed to produce a tungsten coat of the 
weight percent described. Since the alumina and 
diamonds are of analagous density, what has been 
stated with regard to the required weight percent (in 
the case of diamonds) of the encapsulating metal ap 
plies here as well. . 

EXAMPLE 4 . 

Similarly, a tungsten carbide may be coated with tan-v 
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talum to adjust the weight percent as has been de 
scribed above, following the procedure described in 
Example 1. ' 

EXAMPLE 5 

The process of Example 2 was employed in coating 
silicon carbide particles of ——80 + 100 mesh. The den 
sity of silicon carbide approximates that of diamonds; 
what has been said of the required percent of tungsten 
carbide to adjust the apparent density of the coated 
diamonds applies as well to the silicon carbide. 

In the above examples, the substrate surface is com 
pletely coated, indicating that the process of vacuum 
chemical vapor deposition has great throwing power. 
The outer surface of the coated particles is topographi 
cally congruent to the outer surface of the underlying 
substrate and reproduces it. The interlocked structure 
produces a coating of high tensile and bending 
strength. Since the coating is produced at high temper 
ature, on cooling the contraction of some 1,100°F. will 
be substantially in excess of the contraction of the sub 
strate as described and the resultant eventual contrac 
tion will produce a compression of the underlying abra 
sive particle. ' 

The metal coated particles may be employed in pro 
ducing improved abrader structures from mixtures of ' 
primary and secondary abrasives by techniques previ 
ouslyused with such mixtures employing unencapsu 
lated abrasive particles. These include what have be 
come known as in?ltration, hot pressing, and flame 

' metallizing procedures. 
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in producing such abrader structures, we prefer for 
reasons previously described to adjust the apparent 
densities of the primary and secondary abrasive parti 
cles. 
Where the abrader is made up of a single type of 

abrasive particle, for ‘example, any of the suitable parti 
cles of Table 1 selected as described above and having 
a specific gravity less than the metal used as a matrix 
where the abrader is to be formed from a mixture of the 
abrasive and metal powder, we may wish to adjust the 
speci?c gravity of the abrasive to bring it more closely 
to that of the metal. 
By encapsulating the abrasive of specific gravity dif 

ferent from the metal matrix with a metallic envelope 
of different speci?c gravity, we may adjust the apparent 
density of the encapsulated abrasive to approximate 
that of the metal matrix. 
We can similarly by selecting the substrate and the 

coating metal and the weight percent of the coat which 
is deposited obtain an abrasive particle of desired ap 
parent density and match the densities of the primary 
and secondary particles and the binder metal. For ex 
ample, by adjusting the weight percent of the tungsten 
on the above diamonds to about 61 percent, we can ob 
tain a particle of about 7 grams/cc density and by coat 
ing tungsten carbide with titanium to 54 percent by 
weight of the coated particle, we can obtain a particle 
about 7 grams/cc density, which will approach the spe 
cific gravity of suitable binder metal. 

It may not always be necessary to equalize the appar 
ent densities of the primary and secondary particles or 
also that of the binder metal, if desired, for merely by 
approaching each other by encapsulation of one or the 
other of the particles according to the principles previ 
ously described, an improved distribution of each of 
the particles may be obtained. For purposes of produc 
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ing a uniform mixture of primary and secondary abra 
sive particles. the apparent densities of the particles of 
primary and secondary abrasives may be adjusted so 
that the difference in the apparent densities after ad 
justment according to our invention shall be equal to 
about 40 percent to 80 percent or less of the difference 
in the specific gravity of the unencapsulated abrasives. 
More preferably we may reduce the difference between 
the particles to under about 25 percent. Desirably we 
may produce particles of primary or secondary abra 
sives of lowest apparent density of about 30 percent or 
more and preferably 80 to 100 percent of the density 
of the particle of highest density by encapsulating one 
or the other or both of the primary and secondary abra 
sive particles. 
Thus, for example, a coat of tungsten metal (19.3 

sp.g.) of about 98.7 percent by weight of a coated 

0 

diamond particle 3.5 sp.g. will match the speci?c grav- ’ 
ity of a eutectic carbide of 15 specific gravity. 
By coating the tungsten carbide with titanium sp.g. 

4.54, we may reduce the apparent density of the tung 
sten carbide and thus require a lesser coat on the 
diamond particle to match. 
By coating the tungsten carbide used, molybdenum 

or any of the other metals listed in Table 2 having lower 
speci?c gravities reduce the apparent density of the 
coated particle. 
Where the primary abrasive is diamond and the sec 

ondary abrasive is tungsten carbide, we may use any of 
the metals listed in Table 2 to increase the apparent 
density of the diamond particle to bring it more closely 
to the density of the particle of the secondary abrasive 
and the binder metal if, for example, the hot press 
method is employed. 
We prefer where the continuous phase of the matrix 

is metallic, in order to obtain additional advantages, to 
employ as encapsulating metals, those listed in Table 2. 
The values are obtained from available literature. 
The encapsulation of the abrasive particles with a 

metallic envelope according to our invention has values 
in addition to permitting of a uniform distribution of 
the particles as described above. 
The secondary abrasive used in the above construc 

tion may be usefully a tungsten carbide ranging from 
WC having 6.12 weight percent of carbon to W2C hav 
ing a carbon content about3. 16 weight percent. A use 
ful material is so-called sintered tungsten carbide and 
consists of microsized WC crystals and cobalt metal 
bonded by liquid phase sintering at high temperature. 
The cobalt content varies from 3 weight percent to 
over 25 weight percent. This material has a hardness of 
about 1250 to 1350 kg/mm2 (Knoop). Another form of 
eutectic alloy containing about 4 percent by weight of 
carbon having a hardness in the range of 1,900 to 2,000 
kg/mm2 (Knoop) may also be used. 

EXAMPLE 6 

FIGS. 2 and 5 show a suitable graphite mold for use 
with the infiltrant technique for producing saw blade 
segments to be brazed to a saw blade. The mold is com 
posed of a base 101, the mold proper 102, with an an 
chor 103, carrying a funnel 104, clamped by clamp bolt 
105, and covered with a furnace cap 106. The mold 
proper consists of circumferentially space mold cavities 
having substantially smaller circumferential extension 
than their radial length. The primary abrasive, for ex 
ample, a mix of tungsten encapsulated diamond parti 
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14 
clcs —20 + 45 or —45 + 60 screen having a density of 
about 7 and titanium encapsulated powdered tungsten 
carbide with a density of about 7 is tamped into the 
mold 102. The funnel contains a bronze-copper-tin 
alloy powder through a 200 mesh screen. The 
diamonds form about 25 percent by volume of the mix 
ture of metal and diamond ?nally formed in the mold 
cavity 103. The mold is heated to about 2,000°—2,100° 
F. to melt the alloy which percolates through the inter 
stices between the diamond particles in the mold cav 
ity, i.e. in?ltrates the pores filling them to form the con 
tinuous phase binding the coated diamond particles 
and the tungsten carbide in the continuous metal ma 
trix. 

Tungsten carbide may be coated, for example, with 
molybdenum, tungsten, titanium or niobium. Prefera 
bly, however, we prefer to employ molybdenum or tita 
nium or columbium and to encapsulate the secondary 
abrasive by the process previously described. 
The coated tungsten carbide may be replaced by 

coated secondary abrasive as described above, for ex 
ample, tungsten coated alumina or silicon carbide. The 
.metal envelope may be tungsten or any other metal . 
chosen as described above. ' 

Instead of employing the infiltrant process, we may 
employ a hot press procedure to formulate the abrader 
of our invention. In such procedure, the mixture in the 
mold is a mixture of abrasive particles and powdered 
metal which is to form the continuous metal matrix to 
bond the abrasive particles. 

EXAMPLE 7 

The mold employed is~ shown in FIGS. 3 and 4. The 
mold is similar to that of FIG. 2 except that no funnel 
is employed and the nut 105v is now a plug 107 and the 
funnel 104 is replaced by the cap 108 in place of cap 
106. The mold is formed for the insertion of the cap as 
shown. The secondary abrasive may be coated abrasive 
as described in connection with Example 6. 
To produce the saw blade element (See FIG. 6) ac 

cording to the hot press method described above, an 
intimate mixture of titanium encapsulated tungsten 
carbide and tungsten coated diamond of ~35 + 50 
mesh which has been coated with a tungsten metal en 
velope to a density of about 7 to match the density of 
the encapsulated tungsten carbide as described above 
and a -200 mesh bronze-tin alloy are tamped into the 
mold of FIGS. 4 and 5. The concentration of diamonds 
in the mix may suitably be the same as described in 
connection with Example 7. The mold is heated to 
about 1,600°F. at about 3,000 p.s.i. pressure to pro 
duce a saw blade element as described above. 
For example, employing the procedures of Examples 

7 and 8 in forming a 12-inch saw blade on which about 
19 of the above sections are brazed at the periphery of 
the saw blade, sections of about l-7/8 inches long, one 
eighth inch wide, and about five thirty-seconds inch 
thick may be formed suitably by introducing about 
3,500 stones of mesh size ~45 + 60 grit or about 1.1 
carats of diamond grit. The abrader will be in the form 
suitable to be mounted by brazing to a saw blade as 
shown in FIG. 6. ' 

Instead of metal coated tungsten carbide, we may use 
another metal coated secondary abrasive described 
above, for example, metal coated alumina or silicon 
carbide‘ as described above. 
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Instead of using the low temperature melting bronze 
as in Examples 6 and 7, we may use the higher melting 
metals as binder matrix such as iron, cobalt, nickel or 
alloys of these metals and heat the hot press mold to 
temperatures as high as above l,5 35° F. depending on 
the melting point of the metal selected to form the 
binder. 

In producing the encapsulated abrasives employed in 
the processes of Examples 7 and 8, we prefer to employ 
the process of encapsulation described in Example 2 
and where diamonds are referred to we prefer, where 
they are synthetic diamonds having a smooth face, that 
this be etched, for example, by the procedure of Exam 
ple 1. 
The superior product produced by the encapsulation 

method of Examples 1 and 2 when used in the produc 
tion of the abraders by the hot press or in?ltrant 
method is illustrated in 
FIG. 7 which shows a 0.025 inch tungsten coat on an 

alumina particle in the metal matrix at 140 X magni? 
cation. ‘ . 

FIG. 8 shows a similar tungsten coated alumina parti 
cle in a metal matrix at 280 X magni?cation. 
FIG. 9 shows a 20 micron tungsten coated diamond 

particle hot pressed into a metal matrix at 210 X mag 
ni?cation and FIG. 10 shows a portion of the particle 
at 840 X magni?cation. 
FIG. 1 1 shows ~80 + 100 mesh silicon carbide parti 

cle coated with tungsten, hot pressed into a metal ma 
trix at 280 X magni?cation. 
FIG. 12 shows tungsten coated A1203 hot pressed in 

a metal matrix at l,700° polished and etched to show 
the allotriomorphic dendrite crystals. 
2 It will be seen the excellent throwing power of the 
process and the intimate coating produced. The metal 
sheath is congruent to the substrate surface coproduc 
ing it faithfully. The resultant intimate bond produces 
the advantages of compression and hot transfer re 
ferred to above. 
The cyystal forms will be seen to be allotriomorphic 

with the interlocked dendrites as described above. 
We claim: 
1. A shaped abrader comprising a continuous phase 

of a metal matrix, primary abrasive particles and secon 
dary abrasive particles, said primary and secondary 
abrasive particles being of different densities, the pri 
mary abrasive particles having a hardness more than 
2,000 kg/mm2, and said secondary abrasive particles 
having a hardness of above about 1,250 kg/rnm2 and 
less than the hardness of the primary abrasive particles, 
the particles of lower density, being encapsulated in a 
metal envelope, the densities of said encapsulated par 
ticles of lower density being greater than the density of 
the unencapsulated particles of lower density, said en 
capsulated particles having a density more than 30 per 
cent of the density of highest density, and said particles 
being substantially uniformly distributed in said metal 
matrix. ‘ 

2. The abrader of claim 1 in which said primary abra 
sive is diamond and said secondary abrasive is an inor 
ganic-compound having a hardness of at leastabout 
1,250 kg/mm“. 7 

3. The abrader of claim 1 in which the encapsulating 
metal is chosen from the group consisting of tungsten, 
tantalum, columbiurn, molybdenum and titanium. 

4. In the abrader of claim 1 in which the-secondary 
abrasive is metal encapsulated with a member of the 
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group consisting of tungsten carbide and alumina and 
silicon carbide. I 

5. In'the abrader of claim 4 in which the primary 
abrasive'is metal encapsulated diamonds and the sec 
ondary abrasive is a member of the group consisting of 
metal encapsulated tungsten carbide, metal encapsw 
lated alumina and metal encapsulated silicon carbide. 

6. In the abrader of claim 1 in which the primary 
abrasive is diamond encapsulated with a metal and the 
secondary abrasive is alumina encapsulated with a 
metal. 

7. The abrader of claim 1 in which the primary abra 
sive is diamond encapsulated with tungsten and the sec 
ondary abrasive is tungsten carbide. 

8. The abrader of claim 1 in which the primary abra 
sive is diamond encapsulated with tungsten and the sec 
ondary abrasive is alumina encapsulated with tungsten. 

9. The abrader of claim 1 in which the primary abra-_ 
sive is diamond encapsulated with tungsten and the sec 
ondary abrasive is silicon carbide encapsulated with 
tungsten. ' 

10. The abrader of claim 1 in which the primary abra 
sive is diamond encapsulated with tungsten and the sec 
ondary abrasive is tungsten carbide encapsulated with 
a metal having a speci?c gravity less than the speci?c 
gravity 'of the tungsten'carbide. 

11. The abrader of claim 10 in which the metal en 
capsulating the tungsten carbide is a metal having a 
speci?c gravity less than l5. 

12. The abrader of claim 11 in which the metal en 
capsulating said tungsten carbide is chosen from the 
group consisting of molybdenum, columbium, and tita 
mum. 

13. In a hot press process for producing a shaped 
abrasive in which an intimate mixture of primary and 
secondary abrasive particles and a powderedmetal is 
positioned in a mold which is heated and subjected to 
elevated pressure on said mixture, the improvement in 
which said particles are composed of a primary abra 
sive having a hardness of above about 2,000 kg/mmZ, 
and said secondary abrasive particle having a hardness 
in excess of about 1,250 kglmmz, and less than the 
hardness of the primary abrasive particles, the primary 
abrasive particles'having a different speci?c gravity 
from the speci?c gravity of the secondary abrasive par 
ticles, the primary or the secondary abrasive particles 
being encapsulated in a metal envelope, the densities of 
the encapsulated particles of lower density being more 
than 30 percent of the density of the particles of highest 
density and said particles being substantially uniform 
ally distributed in said metal matrix. 

14. In the process of claim 13 in which said primary 
abrasive is diamond and said secondary abrasive is an 
inorganic compound having a hardness of at least about 
2,000 kglmm‘z. 

15. In the process of claim 13 in which the encapsu 
lating metal is chosen from the group consisting of 
tungsten, or tantalum, columbium (niobium) molybde 
num and titanium. , 

16. In the process of claim 13 in which the secondary 
abrasive is chosen from the group consisting of metal 
encapsulated tungsten carbide metal encapsulated alu 
mina and metal encapsulated silicon carbide. 

17. In the process of claim 13 in which the primary 
abrasive is metal encapsulated diamonds and the sec 
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ondary abrasive is chosen from the group consisting of 
metal encapsulatedtungsten carbide, metal encapsu 
lated alumina and metal encapsulated silicon carbide. 

18. In the process of claim 13 in which the primary 
abrasive is diamond encapsulated with a metal and the 
secondary abrasive is alumina encapsulated with a 
metal. ‘ 

19. In the process of claim 13 in which the primary 
abrasive is diamond encapsulated with tungsten and the 
secondary abrasive is tungsten carbide. 

20. In the process of claim 13 in which the primary 
abrasive is diamond encapsulated'with tungsten and the 
secondary abrasive is silicon ‘carbide encapsulated with 
tungsten. 

21. In the process of claim 13 in which the primary 

20 

25 

35 

40 

45 

50 

55 

60 

65 

18 
abrasive is diamond encapsulated with tungsten and the 
secondary abrasive is alumina encapsulated with tung 
sten. 

22. In the process of claim 13 in which the primary 
abrasive is diamond encapsulated with tungsten and the 
secondary abrasive is tungsten carbide encapsulated 
with a metal having a specific gravity less than the spe 
cific gravity of the tungsten carbide. ' 

23. In the process of claim 13 in which the metal en 
capsulating the tungsten'carbide is a metal having a 
speci?c gravity less than 15. 

24. In the process of claim 13 in which the encapsu 
lating metal is chosen from the group consisting of mo 
lybdenum, columbium, and titanium. 

***** 
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