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STIFFLY BONDED THIN ABRASIVE WHEEL 

This·invention relates to thin abrasive wheels for abrading very hard materials such 
s as those utilized by the electronics industry. 

Abrasive wheels which are both very thin and highly stiff are commercially 
important. For_ example, thin abrasive wheels are used in cutting off thin sections and in 
performing other abrading operations in the processing of silicon wafers and so-called 
pucks of alumina-titanium carbide composite in the manufacture of electronic products. 

1 o Silicon wafers are generally used for integrated circuits and alumina-titanium carbide 
pucks are utilized to fabricate flying thin film heads for recording and playing back 
magnetically stored information. The use of thin abrasive wheels to abrade silicon 
wafers and alumina-titanium carbide pucks is explained well in U.S. Patent No. 
5 ,313, 7 42, the entire disclosure of which patent is incorporated herein by reference. 

15 As stated in the '742 patent, the fabrication of silicon wafers and alumina-titanium 
carbide pucks creates the need for dimensionally accurate cuts with little waste of the 
work piece material. Ideally, cutting blades to effect such cuts should be as stiff as 
possible and as thin and flat as practical because the thinner and flatter the blade, the less 
kerf waste pra<Juced and the stiffer the blade, the more straight it will cut. However, 

20 these characteristics are in conflict because the thinner the blade, the less rigid it 
becomes. 

Cutting blades are made up basically of abrasive grains and a bond which holds the 
abrasive grains in the desired shape. Because bond hardness tends to increase with 
increased stiffness, it would seem logical to raise bond hardness to obtain a stiffer blade. 

25 However, a hard bond.also has more wear resistance which can retard bond erosion so 
that the grains become dull before being expelled from the blade. Despite beirig very 
stiff, a hard bonded blade demands aggressive dressing and so is less desirable. 

Industry has evolved to using monolithic abrasive wheels, usually ganged together 
on an arbor. Individual wheels in the gang are axially separated from each other by 

30 incompressible and durable spacers. Traditionally, the individual wheels have a uniform 
axial dimension from the wheel's arbor hole to its periphery. Although quite thin, the 
axial dimension of these wheels is greater than desired to provide adequate stiffness for 
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good accuracy of cut.: However, to keep waste generation within acceptable bounds, the 

thickness is reduced.· this diminishes rigidity of the wheel to less than the ideal. 
. . . 

The conventional ·straight wheel is thus seen to gen~rate more work piece waste than 
. . . 

a thinner wheel and t~:produce more chips and inaccurate cuts than would a stiffer 

s wheel. The '742 patent $Ought to improve upon performance of ganged straight wheels·. 

by increasing the thickness of an inner portion extendi~g radially outward from the 

arbor hole. The patent discloses that a monolithic whe~l with a thick inner portion was 

stiffer than a straight "wheel with spacers. However, th~ '742 patent wheel suffers from 

· the drawback that the inner portion is. not used for cutting, and therefore, the volume of 

to abrasive in the inner portion is wasted. Because thin a~rasive wheels, especially those 

for cutting alumina-titanium carbide, employ expensive abrasive substances such as 

· diamond~ the cost of a '742 patent wheel is high compared to a straight wheel due to the 

wasted abrasive volu.nle. 

Heretofore, a metal bond normally haS been used for straight, monolithic, thin 

15 abrasive wheels intencled for cutting hard materials such as silicon wafers.and alumina­

titanium carbide pucks. A variety of metal bond compositions for holding diamond 

grains, such as copper, zinc, silver, nickel, or iron alloys, for example, are ·known in the · 

art. U.S. Patent Nb. 3~886,925 discloses a wheel with an abrasive layer formed of high 
:; . . . ' 

purity nickel electrolytically deposited from nickel solutions having finely divided 

20 abrasive suspended ill them. U.S. Patent No. 4,180,048 discloses an improvement to the 

wheel of the '925 patent in which a very thin layer of chromium is electrolyticruly 

deposited on the nickel matrix. U.S. 4,219,004 discloses a blade comprising diamond 

particles in a nickel matrix which constitutes the sole s~pport of the diamond particles. 

A new, very stiff metal bond suitable for binding diamond grains in a thin abrasive 

25 wheel has now been discovered. The novel bond.composition of nickel and tin with a 

stiffness enhancing metal component, preferably tungsten, molybdenum, rhenium or a 

mixture of them provides a superior combination of Stiffness, strength and wear 

resistance. By maintaining the stiffness enrumcer within proper proportion to nickel and 

tin, one can obtain the desired bond properties by pressureless sintering or hot pressing. 

30 Thus, while using conventional powder metallurgy equipment, the novel bond can 

readily supplant tradjtional, less stiff, bronze alloy based bonds and electroplated nickel 

bonds. 

-2-



W000/24549 PCT/US99115323 

Accordingly, there :.is provided an abrasive wheel ¢(i;ftiprising an abrasive disk 

consisting essentially of about 2.5 - 50 vol. % abrasive grains and a complemental 

amount of a sintered bond of a composition c~mprising a metal component consisting 

essentiaily of nickel and tin, and a stiffuess enhancing metal selected from the group 

s consisting of molybdenum, rhenium, tungsten and a mixture of them. 

There is also provided a method of cutting a work piece comprising the step of 

contacting the work piece with at least one abrasive wheel comprising an abrasive disk 

consisting essentially of about 2.5 - 50 vol. % abrasive grains and a complemental 

amount of a sintered bond of a compi:>sition comprising a metal component consisting 
Io. essentially of nickel and tin, and a stiffness enhancing metal selected from the group 

consisting of molybdenum, rhenium, tungsten and a mixture at least two of them 

15 

20 

25 

Still :further this invention provides a method of making an abrasive tool comprising 

the steps of 

(a) providing preselected amounts of particulate ingredients comprising 

(1) abrasive grains; and 

(2) a bond composition consisting essentially of nickel powder, tin 

powder and a stiffuess enhancing metal powder selected from the 

group consisting of molybdenum, rhenium, tungsten and a mixture of 

them; 

(b) mixing the particulate ingredients to form a uniform composition; 

( c) placing the uniform composition into a mold of preselected shape; 

( d) compressing the mold to a pressure in the range of about 345 - 690 MPa 

for a duration effective to form· a molded article; 

( e) heating the molded article to a temperature in the range of about 1050 -

1200°C for a duration effective to sinter the bond composition; and 

(t) ~ooling the molded article to form the abrasive tool. 

Additionally, there is now provided a composition for a sintered bond ofa 

monolithic abrasive wheel comprising a metal component consisting essentially of 

nickel and tin, and a stiffuess enhancing metal sele~ted from the group consisting of 
30 molybdenum, rhenium, tungsten and a mixture of at least two of them in which the 

sintered bond has an elastic modulus of at least about 130 GPa and a Rockwell B 

hardness less than about 105. 
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The novel bond ~cording to this invention can be ·applied to straight monolithic 

abrasive wheels. TheJerm "straight" refers to the geometric characteristic that the axial 
: . ' 

thickness of the wheel is uniform completely from the diameter of the arbor hole to the 

diameter of the.wheel. Preferably, the uniform thickness is in the range of about 20-

s 2,500 µm, more preferably, about 20-500 µm, and most preferably, about 175-200 µm. 

The uniformity of wheel thickness is held to a tight tolerance to achieve desired cutting 

performance, especially to reduce work piece· chipping and kerf loss. Variability in 

thickness of less than• al?out 5 µm is preferred. Typically, the diameter of the arbor hole 

is about 12-90 mm and the wheel di~eter is about 50. - 120 mm. The novel bond also 

to can be used to advantage in monolithic abrasive wheels which have non-uniform width, 

such as the thick inner section wheels 

disclosed in the '742 patent, mentioned above. 

The term "monolithic" means that the abrasive whe.el material is a uniform 

composition completely from the diameter of the arbor hole to the diameter of the 

15 wheel. That is, basically the whole body of the monoHthic wheel is an abrasive disk 

comprising abrasive grains embedded in a sintered bond .. A monolithic wheel does not 

have an integrai, non~abrasive portion for structural support of the abrasive portion, such 

as a metal core on which the abrasive portion of a grinding wheel is affixed. 

Basically, the abrasive disk of this invention comprises three ingredients, namely, 

20 abrasive grains, a metal component and a stiffness enhancing metal component. The 

metal component and the stiffness enhancing metal together form a sintered bond to 

hold the abrasive grains in the desired shape of the wheel. The sintered bond is achieved 

by subjecting the components to suitable sintering conditions. 

The preferred metal component of this invention is a mixture of nickel and tin of 

2s which nickel constitutes the major fraction. . 

The term "stiffness enhancing metal" means an element or compound that is capable 

of alloying with the metal component on or before sintering to provide a sintered bond 

which has a significantly higher elastic modulus than the sintered bond of the metal 

component alone. Molybdenum, rhenium and tungsten which have elastic moduli of 

30 about 324, 460, and 410 GPa, respectively, are preferred. Thus the sintered bond 

preferably consists essentially of nickel, tin and molybdenum, rhenium, tungsten or a 

mixture of at least two of molybdenum, rhenium and tungsten. When a mixed stiffening 
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enhancer is used, pref~bly molybdenum is present as;·~.~: major component of the 
stiffness enhancing component while rhenium and/or tungsten are each a minor fraction. 
By "major fraction" is meant greater than 50 wt%. 

It has been found that the stiffness of a stiffened bond for an abrasive article of the 
5 aforementioned composition should be enhanced considerably relative to conventional 

wheels. In a preferred embodiment, the elastic modulus of the novel stiff bonded 
abrasive wheel is at least about 100 GPa, preferably above about 130 GPa, and more 
preferably above about 160 GPa. 

A primary consideration for selec~ing the abrasive grain is that the abrasive 
10 substance should be harder than the material to be cut. Usually the abrasive grains of 

thin abrasive wheels will be selected from very hard substances because these wheels 
are typically used to abrade extremely hard materials such as alumina-:titanium carbide. 
Representative hard abrasive substances for use in this invention are so-called 
superabrasives such as diamond and cubic boron nitride, and other hard abrasives such 

15 as silicon carbide, fused aluminum oxide, microcrystalline alumina, silicon nitride, 
boron carbide and tungsten 

carbide. Mixtures of at least two of these abrasives can also be used. Diamond is 
preferred. 

The abrasive grains are usually utilized in fine particle form. Generally, for slicing 
20 silicon wafers and alumina-titanium carbide pucks, the particle size of the grains will be 

in the range selected to reduce chipping the edges of the work piece. Preferably, particle 
size of the grains should be in the range of about 10-25 µm, and more preferably, about 
15 - 25 µm. Typical diamond abrasive grains suitable for use in this invention have 
particle size distributions of 10/20 µm and 15/25 µm, in which "10/20" designates that 

25 substantially all of the diamond particles pass through a 20 µm opening mesh and are 
retained on a 10 µm mesh. 

Due to the stiffness enhancing metal component, the sintered bond produces a 
significantly stiffer, i.e., higher elastic modulus, bond than conventional sintered metal 
bonds used in abrasive applications. Because the novel composition provides a 

30 relatively soft sintered bond, the bond wears at appropriate speed to expel dull grains 
during grinding. Consequently, the wheel will cut more freely with less tendency to 
load, and therefore, it operates at reduced power consumption. The novel bond of this 
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invention thus affords the advantag~s of strong. soft metal bonds coupled with high 

stiffness for precise CU,tting and low kerf 19ss. 

Both the metal component and stifthess enhancing metal component preferably are 

incorporated into the bond ·composition in particle form; The particles should have a 

s small particle size to .help achieve a uniform concentration throughout the sintered bond 

and maximum contact with the abrasive grains for development of high bond strength to 

the grains. fine particles of maxiinum dimension of about 44 µm. are preferred. 

Particle size of the metal powders can be determined by filtering the particles through a 

specified mesh-size·sieve. For example, nominal 44 µm maximum particles will pass 

IO through a 325 U.S. standard mesh sieve. 

In a preferred embodiment, the stiff bonded, thin abrasive wheel coinprises sintered 

bond of about 38-86 wt% nickel, about 10 - 25 wt% tin and about 4 - 40 wt% stiffness ·. 

enhancing metal, the· total adding to 100 wt%, preferably about 43-70 wt% nickel, about 

10-20 w!°/o tin and about 10-40 wt% stiffness enhancing:metal, and more preferably 

15 about 43-70wt% nickel, about 10-20 wt% tin and about20-40 wt% stjffness enhancing 

metal. 

The novel abrasive wheel is basically produced by· a sintering process of the so­

called "cold press" or ''hot press" types. In a cold press process, sometimes referred to 

as 11pressureless sintering", a blend of the components is introduced into a mold of 

20 desired shape and a high pressure is applied at room temperature to obtain a compact but 

friable molded ~cle. Usually the high pressure is above about 300MPa. 

Subsequently, pressure is relieved and the molded artiCie is removed from the ·mold then 

heated to sintering temperature. The heating for sintermg normally 

is done while the molded. article is pressurized to a lower pressure than the pre-sintering 

25 step pressure, i.e., less than about 100 MPa, and preferably less than about 50 MPa. 

During this low pressure sintering, the molded article, such as a disk for a thin abrasive 

wheel, advantageously can be placed in a mold and/or sandwiched between flat plates. 

In a hot press process, the blend of particulate bond composition components is put 

in the mold, typically of graphite, and compressed to high pressure as in the cold 

30 process. However, the high pressure is maintained while the temperature is raised 

thereby achieving derisification while the preform is under pressure. 
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An initial step of the abrasive wheel process involVes,packing the components into a 

shape forming mold. The components can be added as a uniform blend of separate 
abrasive grains, metal ht>mponent constituent particles ,_~d stiffness enhancing metal 

component constituent particles. This uniform blend can be formed by using any 
5 suitable mechanical blending apparatus known in the art to blend a mixture of the grains 

and particles in preselected proportion. Illustrative mixing equipment -can include 

double cone tumblers, twin-shell V-shaped tumblers, ribbon blenders, horizontal drum 

tumb.lers, and stationary shell/internal screw mixers. 

The nickel and tin can be pre-alloyed. Another option includes combining and then 
10 blending to uniformity a stock nickel/tin alloy particulate composition, additional nickel 

and/or tin particles, stiffness enhancing metal particles and abrasive grains. 

The mixture of components to be charged to the shape forming mold can include 

minor amounts of optional processing aids such as paraffin wax, "Acrowax", and zinc 

stearate which are customarily employed in the abrasives industry. 

15 Once_ the uniform blend is prepared, it is charged into a suitable mold. In a preferred 

cold press sintering process, the mold contents can be compressed with externally 

applied mechanical pressure at ambient temperature to about 345 - 690 MPa. A platen 

press can be used for this operation, for example. Compression is usually maintained 

for about 5-15' seconds, after which pressure is relieved and the preform is heated to 
20 sintering temperature. 

Heating should take place in an inert atmosphere, such as under low absolute 

pressure vacuum or under blanket of inert gas. The mold contents are next raised to 

sintering temperature. Sintering temperature should be held for a duration effective to 

sinter the bond components. The sintering temperature should be high enough to cause 
25 the bond composition to densify but not melt substantially completely. It is important to 

select metal bond and stiffness enhancing metal components which do not require 

sintering at such high temperatures that abrasive grains are adversely affected. For 

example, diamond begins to graphitize above about 1100°C. It is normally desirable to 

sinter diamond abrasive wheels below this tempe~ture. Because nickel and some nickel 
30 alloys are high melting, it is normally necessary to sinter the bond composition of this 

invention at or above the incipient diamond graphitization temperature, for example at 

temperatures in the range of about 1050- 1200°C. Sintering can be achieved in this 

-7-



-------'-------------------------------

W000/24549 PCT/US99/15323 

temperature range without serious degradation of diamond if the exposure to 

temperature above l 100°C is limited to short durations, such as less than about 30 

minutes, and preferably less than about 15 minutes. 

In one preferred aspect of this-invention an additional metal component can be added 

s to the bond composition to achieve specific results. For example, a minor fraction of 

boron can be added to a nickel containing bond as a sintering temperature depressant 

thereby further reducing the risk of graphitizing diamond by lowering the sintering 

temperature. At most about 4 parts by weight (pbw) boron per 100 pbw nickel is 

preferred. 

IO In a preferred hot pr~ss sintering process, conditions are generally the same as for 

cold pressing· except that pressure is maintained until. completion of sintering. In either 

pressureless or hot pressing, after sintering, the sintered products preferably are allowed 

to gradually cool to ambient temperature. Preferably natural or forced ambient air 

convection is used for cooling. Shock cooling is disfavored. The products are finished 

15 by conventional methods such as lapping to obtain desired dimensional tolerances. 

It is preferred to use about 2.5 - 50 vol. % abrasive grains and a complemental 

amount of sintered bond in the sintered product. Preferably pores should occupy at most 

about 10 vol.% of the densified product, i.e., bond and abrasive, and more preferably, 

less than about 5 vol. %. The sintered bond typically has hardness of about 100-105 

20 Rockwell B and the superficial hardness of the abrasive wheel nonnally lies in the range 

of 70-80 on a 15 N scale. 

The preferred abrasive tool according to this invention is an abrasive wheel. 

Accordingly, the typical mold shape is that of a thin disk. The molds are usually stacked 

in a vertical pile separated by a graphite plate between adjacent disks. A solid disk mold 

25 can be used, in whichcase after sinteringa central disk portion can be removed to form 

the arbor hole. Alternatively, an annular shaped mold can be used to form the arbor hole 

in situ. The latter technique avoids waste due to discarding the abrasive-laden central 

portion of the sintered disk. 

This invention is now illustrated by-examples of certain representative embodiments 

30 thereof, wherein, unless otherwise indicated, all parts, proportions and percentages are 

by weight and particle sizes are stated by U.S. standard sieve mesh size designation. 
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All units of weight and measure not originally obtained in SI units have been converted 
to SI units. 

EXAMPLES 

s Example 1 

Nickel powder (3-7 µm, Acupowder International Co., New Jersey), tin powder 

(<325 mesh Acupowder International Co.) and molybdenum powder (2-4 µm, Cerac 
Corporation) were combined in proportions of 58.8% Ni, 17.6% Sn and 23.50% Mo. 
This bond composition was passed t~ough a 165 mesh stainless steel screen to remove 

10 agglomerates and the screened mixture was thoroughly blended in a "Turbula" brand 
(Glen Mills Corporation, Clifton, New Jersey) mixer for 30 minutes. Diamond abrasive 
grains (15-25 µm) from GE Superabrasives, Worthington, Ohio, was added to the metal 
blend to form 37.5 vol. % of total metal and diamond mixture. This mixture was 
blended in a Turbula mixer for 1 hour to obtain a uniform abrasive and bond 

15 composition. 

The abrasive and bond composition was placed into a steel mold having a cavity of 
119.13 mm outer diameter, 6.35 mm inner diameter and uniform depth of 1.27 mm. A 
"green" wheel was formed by compacting the mold at ambient temperature under 414 
MPa (4.65 tons/cm2 ) for IO seconds. The green wheel was removed from the mold 

20 then heated to l 150°C under 32.0 MPa (0.36 Ton/cm2) for 10 minutes between graphite 
plates in a graphite mold. After natural air cooling in the mold, the wheel was processed 
to finished size of 114.3 mm outer diameter, 69.88 mm inner diameter (arbor hole 
diameter), and 0.178 mm thickness by conventional methods, including "truing" to a 
preselected run out, and initial dressing under conditions shown in Table I. 
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Table I 

Truing Conditions ~amples 1-2 

Trued Wheel •;.· :=· 

Speed . 

Feed rate 

Exposure from flange 

Truing Wtleel. 

Compositipn 

Diameter 

Speed 

Traverse rate 

No. of passes 

At2.5µm 

Af 1.25 µm 

Initial Dressi.ng 

Wheel speed 

Qressing stick 

Dressing stick width 

Penetration 

Feed rate 

No. of passes 

Example 2 and Comparative Example 1 

5593 rev./min. 

100mm/min. 

· .3.68mm 

model no. 37C220-H9B4 

Silicon carbide 

112.65mm 

3000 rev./min. 

305 ·mm/min. 

40 

40 

2500 rev./min. 

type 37C500-GV 

12.7 mm 

2.54mm 

100mm/min. 

12~00 

PCTIUS99/l5323 

. The novel wheel manufactured as described in Example 1 and a conventional, 

s commercially available wheel for this application of same size (Comp. Ex. 1) were 

·tested according to the procedure described below. Composition of Comp. Ex. 1 was 

48.2 % Co, 20.9 % Ni, 11.5 % Ag, 4.9 % Fe, J.1 % Cu, 2.2 % Sn, and 9.3 % diamond of 

15/25 µm .. The procedure involved cutting multiple slices through a 150 mm long x 150 

mm wide x 1.98 mm thick block of type 3M-3 l 0 (Minnesota Mining and Manufacturing 

10 Co., Minneapolis, Minnesota) alumina-titanium carbide glued to a graphite substrate. 

Before each slice the wheels were dressed as described in Table I except that a single 

dressing pass per slice and a 19 mm width dressing stick (12.7 mm for Comp. Ex. 1) 

were used. The abrasive wheels were mounted between two metal supporting spacers of 

106.93 mm outer diameter. Wheel speed was 7500 rev./min. (9000 rev./min. for Comp. 

15 Ex. 1 ). A feed rate of 100 mm/min. and cut depth of 2 .. 34 mm were utilized. The 

cutting was cooled by 56.4 L/min. flow of 5% rust inhibitor stabilized ·demineralized 
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water discharged through a 1.58 mm x 85.7 mm rectangular nozzle at a pressure of2.8 
kg/cm2• 

Cutting results af~:·;hown in Table II. The novel vJfi~gl_ performed well against all 
cutting performance criteria. For example, by the second series of slices, the maximum 

s chip size was lower than that of the comparative wheel and continued to decrease to 7 
µm in the fourth series of slices. Cut straightness was better than the comp·arative wheel 
and wheel wear was on par with Comp. Ex. 1. Also noteworthy was that the Comp. Ex. 
1 wheel needed to be operated at 20% higher rotation speed and drew about 52% higher 
power than the novel wheel (about 5~0 W vs. about 340 W). 

10 

Table II 

Cum. Cut Spin 
Length Straight- Power 

Slices sliced Wheel Wear Work piece ness -Draw 
Cum. Radial Cum. factof1 Max Chip Avg Chip 

No. No. m µm µm µm/m µm µm µm w 
Ex.1 9 9 1.35 5.08 5.08 7.4 13 <5 <5 272-328 

9 18 2.70 5.08 10.16 7.4 8 <5 <5 336-288 
9 27 4.05 2.54 12.70 3.7 8 <5 <2.5 288-296 
9 36 5.40 2.54 15.24 3.7 7 <5 <5 264-296 

Comp.Ex.1 9 ~ 1.35 5.08 5.08 3.7 11 <5 <5 520-536 
9 180 2.70 10.16 15.24 7.4 
9 270 4.05 5.08 20.32 3.7 
9 36 5.40 2.54 22.86 1.9 10 <5 <5 
9 45 6.75 5.08 27.94 3.7 
9 54 8.10 2.54 30.48 1.9 
9 63 9.45 5.08 35.56 3.7 14 <5 <5 560-576 

1 Wear factor = Radial wheel wear divided by length of work piece sliced 

Examples 3-4 and Comparative Examples 2-6 

The stiffness of various abrasive wheel and bond compositions was tested. Fine 
metal powders with and without diamond grains were combined in :proportions shown in 

IS Table III and mixed to uniform composition as in Example 1. Tensile test specimens 
were produced by compressing the compositions in ·dogbone-shaped molds at ambient 
temperature under pressure in the range of 414-620 MPa-(30-45 Tons/in2 ) for 10 
seconds duration, followed by sintering under vacuum as described in Example I. 
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The test specimens were subjected to sonic modulus analysis and to standard tensile 

modulus measurement on a Model 3404 lnstron tensile test machine. ResUlts are shown 

. in Table III. Tensile modulus of the novel wheel sample (Ex. 3) far exceeded 100 GPa 

and wa8 dramatically higher than the moduli of conventional thin abrasive wheels 

s (Comp. Exs. 2 and 4). : : 

Example 4 demonstrates that a stiffness enhancing metal containing sintered bond 

produces a remarkably high stiffness relative to conventional bond compositions of 

· Comp. Ex. 3 and 5. It is believed that this high sintered bond composition is largely 

responsible for the overall high stiffnC?ss of the abrasive tool. Furthermore, the novel· 

10 nickel/tin/stiffness enhancer compositions of this invention provide superior stiffness 

without sacrifice of bond strength, sintered density, or other wheel manufacturing 

characteristics. The novel bond compositions thus are useful for making abrasive tools 

and especially thin abrasive wheels for cutting extremely hard work pieces. 

15 

Table Ill 

Comp. Comp. Comp. Comp. 

Ex.3* Ex.4** Ex.2 Ex.3 Ex.4 Ex.5 

Copper, wt% 70 70 62 62 

Tin, wt% 17.6 17.6 9.1 9.1 9.2 9.2 

Nickel, wt% 58.8 58.8 7.5 7.5 15.3 15.3 

Molybdenum 23.6 23.6 

Iron, wt% 13.4 13.4 13.5 13.5 

Diamond, .vol. o/o 18.8 18.8 18.8 

Sonic Modulus, GPa 148 95 99 

Tensile Modulus, GPa 166 210 106 103 95 

* cold press sintered (pressureless sintering) 

** hot press sintered 

Examples 

-A specimen of a bond composition of 14 % tin, 48 % nickel and 38 % tungsten 

powders was prepared as in Examples 3-4 and tested for elastic modulus. The tensile 

modulus was 303 GPa. For comparison, elemental nickel, tin and tungsten have elastic 

20 moduli of207, 41.3 and 410 GPa, respectively. Although the sample did not contain 
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Although specific forms of the invention have been selected for illustration in the 

examples, and the preceding description is drawn in specific terms for the purpose of 

describing these fo~bfthe invention, this descriptiorl is iiot intended to limit the 

scope of the invention which is defined in the claims. 

This Sheet-Has B R 
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Claims 1111111111111111111 11111111111 
* C L M S * 

1. An abrasive wheel comprising an abrasive disk consisting essentially of 

about 2.5 - 50 vol. % abrasive grains and a complemental amount of a· sintered bond of a 

s composition comprising a metal component ~onsisting essentially of nickel and tin, and 

a stiffness enhancing metal selected from the_group consisting of molybdenum., 

rhenium, tungsten and a mixture of them. 

10 

15 

2. The abrasive wheel of claim l in which disk has an elastic modulus of at 

least about 130 GPa. 

3. The abrasive wheel of claim 1 in which the metal component consists 

essentially of a _major fraction of nickel and a· minor fraction of tin. 

4. The abrasive wheel of claim 3 in which the sintered bond comprises 

(a) about 38 - 86 wt% nickel; 

(b) about 10 - 25 wt% tin; and 

( c) about 4 - 40 wt% stiffness enhancing metal 

and in which the total of (a), (b) and (c) is 100 wt%. 

5. The abrasive wheel of claim 4 in which the stiffuess enhancing metal is 

molybdenum. 

6. The abrasive wheel of claim 4-in which the stiffuess enhancing metal is 

20 rhenium. 

7. The abrasive wheel of claim 4 in which the stiffness enhancing metal is 

tungsten. 

8. The abrasive wheel of claim 4 in which the stiffness enhancing metal is a 

mixture of at least two of molybdenum, rhenium and tungsten. 

25 9. The abrasive wheel of claim 8 in which molybdenum is a major fraction of 

the mixture. 

10. The abrasive wheel of claim 1 in which the sintered bond comprises sintered 

nickel powder, tin powder, and stiffness enhancing metal powder. 

11. The abrasive wheel of claim 1 in which abrasive grains are of a hard abrasive 

30 selected from the group consisting of diamond, cubic boron nitride, silicon carbide, 

fused aluminum oxide, microcrystalline alumina, silicon nitride, boron carbide, tungsten 

carbide and mixtures of at least two ofthem. 
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12. 

13. 

2,500 µm. 

The abrasive .wheel of claim 11 in which the abrasive grains are diamond. 
The. abrasive wheel of claim 4 having a uniform width in the range of 20-

' .. ···:: .· 

14. · The abrasive wheel of claim I 3 in which the abrasive grains comprise about 
s 20-50 vol.% of the wheel and the pores occupy at most about 10 vol.% of the sintered 

bond and abrasive. 

15. The abrasive wheel of claim 13 consisting essentially of the abrasive disk 
which has a circumferential rim of diameter about 40-120 mm, which defines an axial 
arbor hole of about 12-90 mm, which has a uniform width in the range of about I 75-200 

10 µm and which consists essentially of diamond grains and sintered bond comprising 
about 18 wt% tin, about 24 wt% molybdenum and about 58 wt% nickel. 

16. The abrasive wheel of claim 13 consisting essentially of the abrasive disk 
which has a circumferential rim of diameter about 40-120 mm, which defines an axial 
arbor hole of about 12-90 mm, which has a uniform width in the range of about 175-200 

15 µm and w~ch consists essentially of diamond grains and sintered bond comprising 
about 18 wt% tin, about 24 wt% tungsten and about 58 wt% nickel. 

17. The abrasive wheel of claim 13 consisting essentially of the abrasive disk 
which has a circumferential rim of diameter about 40-120 mm, which defines an axial 
arbor hole of about 12-90 mm, which has a uniform width in the range of about 175-200 

20 µm and which consists essentially of diamond grains and sintered bond comprising 
about 18 wt% tin, about 24 wt% rhenium and about 58 wt% nickel. 

18. A method of cutting a work piece comprising the step of contacting the work 
piece with at least one abrasive wheel comprising an abrasive disk consisting essentially 
of about 2.5 - 50 vol. % abrasive grains and a complemental amount of a sintered bond 

25 of a composition comprising a metal component consisting essentially of nickel and tin, 
and a stiffhess enhancing metal selected from the group consisting of molybdenum, 
rhenium, tungsten and a mixture of at least two of them. 

19. The method of claim 18 in which the abrasive wheel consists essentially of 
the abrasive disk which has a circumferential rim of diameter of about 40 - 120 mm, 

30 which defines an axial arbor hole of about 12 - 90 mm, and which has uniform width in 
the range of about 175 - 200 µm, which abrasive disk consists essentially of diamond 
grains in a sintered bond of composition comprising about 38-86 wt% nickel, 10-25 
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wt% tin and 4-40 wt% molybdenum, the total of nickel, tin and molybdenum being 

100 wt°/o. 

20. The methocl of claim 18 in which the work piece is selected from among 

alumina:.titanium carbide and silicon. 

21. The·methoCI of claim 18 in which the' abrasive wheel consists essentially of 

the abrasive disk whiCh has a circumferential rim of diameter of about 40 - 120 mm, 

which defines an axiaj~arbor hole of about 12 - 90 mm,•and which has unifonn width in 

the range of about 175 -200 µm, which abrasive disk consists essentially of about 

diamond grains in a sintered bond of ~omposition comprising about 38-86 wt% nickel, 

10 10-25 wt% tin and 4-40 wt% tungsten, the·total of nickel, tin and tungsten being 100 

wt%. 

22. The method of claim 21 in which the work piece is selected from among 

alumina-titanium carbide and silicon. 

23. The method.of claim 18 in which the abrasive wheel·consists essentially of 

15 the abrasive disk which has a circumferential rim of diameter of about 40 - 120 mm, 

which defines an axial arbor hole of about 12 - 90 mm, and which has uniform width in 

the range of about 175 - 200 µm, which abrasive disk consists essentially of about 

diamond grains in a sintered bond of composition comprising about 3 8-86 wt% nickel, 

10-25 wt% tin and 4-40 wt% rhenium, the total of nickel, tin and rhenium being 100 

20 wt%. 

24. The method of claim 23 in which the work piece is selected from among 

alumina-titanium carbide and silicon. 

25. · A method of making an abrasive tool comprising the steps of 

(a) providing preselected aniounts of particulate ingredients comprising 

25 (1) abrasive grains; and 

30 

(2) a bond composition consisting essentially of nickel powder, tin 

powder and a stiffness enhancing metal powder selected from the 

group consisting of molybdenum, rhenium, tungsten and a mixture of 

them; 

(b) mixing the particulate ingredients to form a uniform composition; 

( c) placing the uniform composition into a mold of preselected shape; 
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26. 

( d) compressing the mold to a pressure in th~ t;ai;ige of about 345 - 690 MPa ."•: ·::_:·. :·:-""-, 

for a duration effective to form a molded article; 

( e) heating the molded article to a temperature in the range of about 1050 -
1200°C for a duration effective to sinter the bond composition; and 

(t) cooling the molded article to form the abrasive tool. 

The method of claim 25 which further comprises the step of reducing the 
pressure on the molded article to a low pressure less than 100 MPa after the compressing 
step and main~ining the low pressure during the heating step. 

27. The method of claim 26 in which the pressure on the molded article is 
10 maintained in the range of about 25 - 75 MPa during the heating step. 

28. The method of claim 26 in which the particulate ingredients comprise (a) 
about 3 8 - 86 wt°/o nickel; (b) about 10 - 25 wt% tin; and ( c) about 4 - 40 wt% 
molybdenum, the total of (a), (b) and (c) being 100 wt%. 

29. The method of claim 26 in which the particulate ingredients comprise (a) 
15 about 38 - 86 wt% nickel; (b) about 10 -25 wt% tin; and (c) about 4 -40 wt% tungsten, 

the total of (a), (b) and (c) being 100 wt%. 

30. The method of claim 26 in which the particulate ingredients comprise (a) 
about 38 - 86 wt°/o nickel; (b) about I 0 - 25 wt% tin; and ( c) about 4 - 40 wt«>At rhenium, 
the total of (a), (b) and (c) being 100 wt%. 

20 31. The method of claim 26 in which the abrasive tool is a disk having a uniform 
width in the ralige of about 175-200 µm, a circumferential rim of diameter of about 40-
120 mm and which disk defines an axial arbor hole of about 12-90 mm. 

32. The method of claim 26 in which the particulate ingredients further comprise 
about 20-50 vol. % abrasive grains of a hard abrasive selected from the group consisting 

25 of diamond, cubic boron nitride, silicon carbide, fused aluminum oxide, microcrystalline 
alumina, silicon nitride, boron carbide, tungsten carbide and mixtures of at least two of 
them. 

33. The method of claim 32 in which the abrasive grains are diamond. 
34. The method of claim 25 in which the heating step occurs while the molded 

30 article is maintained at the pressure of the compressing step. 
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35. The method of claim 34 in which the particulate ingredients comprise (a) 

about 38 - 86 wt% nicke~; (b) about 10 - 25 wt% tin; and ( c) about 4- 40 wt°/o 

molybdenum, the total of(a), (b) and (c) being 100 wt%. 
' . 

36. - The methoq of claim 34 in which the particulate ingredients comprise (a) 

s about 3 8 - 86 wt% nic~e~; (b) about 10 - 25 wt% tin; and ( c) about 4- 40 wt% tungsten, 

the total of (a), (b) arid. ( c) being 100 wt%. 

37. The method of claim 34 in which the particulate ingredients comprise (a) 

about 38 - 86 wt% nicke~; (b) about 10 -25 wt% tin; and (c) about 4- 40 wt% rhenium, 

the total of (a), (b) and ( c) being 100 ~%. 

IO 38. The method of claim 34 in which the particulate ingredients further comprise 

15 

about 20-50 vol. % abrasive grains of a hard abrasive selected from the group consisting 

of diamond, cubic boron nitride, silicon carbide, fused aluminum oxide, microcrystalline 

alumina, silicon nitride, boron carbide, tungsten carbide and mixtures of at least two of 

them. 

39. The method of claim 38 in which the abrasive grains are diamond. 

40. A composition for a sintered bond of a monolithic abrasive· wheel comprising 

a metal component consisting essentially of nickel and tin, and a stiffness enhancing 

metal selected from the group consisting of molybdenum rhenium, tungsten and a 

mixture of at least two of them, in which the sintered bond has an elastic modulus of at 

20 least about 130 GPa and a Rockwell B hardness less than about 105. 

41. The composition of claim 40 in which consists essentially of about 38-86 

wt% nickel, about 10'."25 wt% tin and abolrt 4-40 wt% stiffness enhancing metal, the 

total of nickel, tin and: stiffness enhancing metal being 100 wt%. 

42. The· composition of claim 40 in which the stiffness enhancing metal is 

25 molybdenum. 

43. The composition of claim 40 in which the stiffness enhancing metal is 

tungsten. 

44. The composition of claim 40 in which the stiffness enhancing metal is 

rhenium. 

30 45. The composition of claim 40 in which the stiffness enhancing metal is a 

mixture of at least two of molybdenum, rhenium and tungsten. 
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46. The composition of claim 45 in which m~ly~d~hum is a major fraction of the 

mixture. 
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