
;e3emm@x6TZd ln v eva iam ao.a STIFFLY BONDED THIN ABRASIVE WHEEL This
invention relates to thin abrasive wheels for abrading very hard materials
such 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. 5,313,742, 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 produced and the stiffer the blade, the more
straight it will cut. However, 2o 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 being 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 3o 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    14 APR
2003 BD-03479 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 generate more work piece waste than a thinner wheel
and to produce more chips and inaccurate cuts than would a stiffer wheel.
The '742 patent sought to improve upon performance of ganged straight
wheels by increasing the thickness of an inner portion extending radially
outward from the arbor hole. The patent discloses that a monolithic wheel
with a thick inner portion was stiffer than a straight wheel with spacers.
However, the '742 patent wheel suffers from the drawback that the inner
portion is not used for cutting, and therefore, the volume of 1 o abrasive
in the inner portion is wasted. Because thin abrasive 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 volume. Heretofore, a metal
bond normally has been used for straight, monolithic, thin 15 abrasive
wheels intended 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 No. 3,886,925 discloses a wheel
with an abrasive layer formed of high purity nickel electrolytically
deposited from nickel solutions having finely divided 2o abrasive suspended
in 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 electrolytically
deposited on the nickel matrix. U.S. 4,219,004 discloses a blade comprising
diamond particles in a nickel matrix which constitutes the sole support 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 enhancer within proper proportion to nickel
and tin, one can obtain the desired bond properties by pressureless
sintering or hot pressing. 3o Thus, while using conventional powder
metallurgy equipment, the novel bond can readily supplant traditional, less
stiff, bronze alloy based bonds and electroplated nickel bonds. -2   14 APR
2003 BD-o3479 Accordingly, there is provided 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 composition
comprising a metal component consisting essentially of nickel and tin, and
a stiffness enhancing metal selected from the group 5 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 composition comprising a metal
component consisting iv 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 Still further this invention
provides a method of making an abrasive tool comprising the steps of (a)
providing preselected amounts of particulate ingredients comprising i 5 ( 1
) abrasive grains; and (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; 20 (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 10S0  25 1200C for a
duration effective to sinter the bond composition; and {f) cooling the
molded article to form the abrasive tool. Additionally, there is now
provided 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 3o
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. -3   14 APR Z003 BD-03479
The novel bond according to this invention can be applied to straight
monolithic abrasive wheels. The term "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  



5 2,500 Vim, more preferably, about 20-500 (err)m and most preferably,
about l75-2D0 pm. 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 about 5
(err)m is preferred. Typically, the diameter of the arbor hole is about
12-90 mm and the wheel diameter is about 50 - 120 mm. The novel bond also 1
o 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
wheel material is a uniform composition completely from the diameter of the
arbor hole to the diameter of the ~ 5 wheel. That is, basically the whole
body of the monolithic wheel is an abrasive disk comprising abrasive grains
embedded in a sintered band. A monolithic wheel does not have an integral,
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, 2o 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 25 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 preffered. 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 -4   BD-0379 14 APR Z003 enhancer is used,
preferably molybdenum is present as the 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 modules 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 selecting the abrasive grain is that the abrasive to
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 2o
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 Vim, and more preferably, about 15 - 25 (err)m. Typical
diamond abrasive grains suitable for use in ibis invention have particle
size distributions of 10/20 (err)m and 15/25 (err)m, in which "10/20"
designates that 



25 substantially all of the diamond particles pass through a 20 (err)m
opening mesh and are retained on a 10 (err)m mesh. Due to the stiffness
enhancing metal component, the sintered bond produces a significantly
stiffer, i e., higher elastic modules, 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 -S   14 APR 2D03 B
D-03479 invention thus affords the advantages of strong, soft metal bonds
coupled with high stiffness for precise cutting and low kerf loss. Both the
metal component and stiffness enhancing metal component preferably are
incorporated into the bond composition in particle form. The particles
should have a 5 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
maximum dimension of about 44 p.m 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 pm maximum particles will pass to
through a 325 U.S. stalidard mesh sieve. Tn a preferred embodiment, the
stiff bonded, thin abrasive wheel comprises sintered bond of about 3 8-86
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 wt% tin and about 10-40 wt% stiffness enhancing metal, and more
preferably 15 about 43-70 wt% nickel, about 10-20 wt% tin and about 20-40
wt% stiffness enhancing metal. The novel abrasive wheel is basically
produced by a sintering process of the socalled "cold press" or "hot press"
types. In a cold press process, sometimes referred to as "pressureless
sintering", a blend of the components is introduced into a mold of 2o
desired shape and a high pressure is applied at room temperature to obtain
a compact but friable molded article. Usually the high pressure is above
about 300 MPa. Subsequently, pressure is relieved and the molded article is
removed from the mold then heated to sintering temperature. The heating for
sintering 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 3o process. However, the high
pressure is maintained while the temperature is raised thereby achieving
densification while the preform is under pressure. -6   14 APR 2003
BD-03479 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 component constituent
particles and 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 tumblers, and stationary shell/internal screw
mixers. The nickel and tin can be pre-alloyed. Another option includes
combining and then 1o 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 S-1 S seconds, after which
pressure is relieved and the preform is heated to 2o sintering temperature.
Heating should lake 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. ror example, diamond begins to graphitize above about 1100C. It
is normally desirable to sinter diamond abrasive wheels below this
temperature. Because nickel and some nickel 3o 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 l050 - 1200C. Sintering can be achieved
in this   14 APR 2003 tenr,~ei~ature range without S~riouS degradation of
di,arnond if the e~sposurc to Itvmperature above 1 i00C is limited to short
durations, such as less titan about 30 



nunutes, and preferably Iess than About 15 nlinittes. Tn one preferred
aspect of this invention an additional rr~otal component can be added to
the bond compositioal to achieve specific results. For example, a rr~inor
fraction of baron can be added to a nickel containing bond as a sintering
temperature depressant thereby further reducing the risk of graphiti~ing
diamond by lowering the sintering ternpemture. At ~mo3t about 4 pmrts by
vVeigl~t ~pb,v) boron per 100 pbw nickel is preferred. 1o In a preferred
hot pxesa s'urtet~ng process, conditions are generally the same as for cold
pressing except chat pressure is maintained until completion of sixrtering.
In either pressureless or hot pressing) after sintering, the Aintered
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 pxoducts are finished by 15 conventional
nnethods such a.s 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 nr,ost about 10 vol) % ofthe densif ed product, i.e.) bond and
abrasive, and more preferably, less than about 5 vol. %. The sintered bond
typically has hardness of about 100-105 2u Rockwell B. 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 au~e
usually stacked in a vertical pile separated by a graphite plate between
adjacent disks. A Solid dislc mold can be used, in which case afl.er
sintering a central disJc portion can be removed to form ~5 the arbor hole.
AJtematively, art annular shaped mold can be used to form the arbor hole in
situ. The latter technique avoids r~raste dtte to discarding the
abrasive-laden central portion of the sintered disk This invention is now
illcasrrated by e~ramples of certain represeniaiive embodiments thereof,
wherein, unless oth~rvvise indicated) a11 parts, proportions and
percentages we by 3o weight and pa~~ticle sizes are stated by ~J.S.
standard sieve mesh size designation. _g_   14 APR 2003 BD-03479 A11 units
of weight and measure not originally obtained in SI units have been
converted to SI units. EXAMPLES 5 Example 1 Nickel powder (3-7 p.m,
Acupowder International Co., New Jersey), tin powder (<325 mesh Acupowder
International Co.) and molybdenum powder (2-4 Vim, Cerac Corporation) were
combined in propoi-tions'of 58.8% Ni, 17.6% Sn and 23.50% Mo. This bond
composition was passed through a 16S 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 (1 S-25 pm) 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 10 seconds. The gr een wheel
was removed from the mold 2o then heated to 1150C under 32.0 MPa (0.36
Tonlcm~) 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. .- g . 



14 APR 2003 BD-03479 Table I Truing Conditions Examples 1-2 Trued
WheelSpeed5593 rev.lmin.Feed rate100 mm/min.Exposure from flange3.68
mmTruing Wheelmodel no. 37C22D-H9B4CompositionSilicon carbideDiameter112.65
mmSpeed3000 rev./min.Traverse rate305 mmlmin.No. of passesAt 2.5 um40At
1.25 pm40Initial DressingWheel speed2500 rev./min.Dressing sticktype
37C500-GVDressing stick width12.7 mmPenetration2.64 mmFeed
rate100mm/min.No. of passes12.00 Example 2 and Comparative Example 1 . The
novel wheel manufactured as described in Example 1 and a conventional, 5
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, 3.1 % Cu, 2.2 %
Sn, and 9.3 % diamond of 1 S/25 Vim. The procedure involved cutting
multiple slices through a 150 mm long x 1 SO mm wide x 1.98 mm thick block
of type 3M-310 (Minnesota Mining and Manufacturing l0 Co., Minneapolis,
Minnesota) alumina-titanium carbide glued to a graphite substrate. Before
each slice the wheels were dressed as described in Table T 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. 1 S Ex. 1 ). A feed rate of 100
mn~/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 -10   14 APR
2003 5 10 v~rater disctaarged through a 1.58 ~~la?~ x 85,7 n:11
rouiangvlr~fi 1)o~~]r at a pressLtre Ot 2.8 It ~~C177~. Cutting ,results
are shown in Tuble II, Tfie nQVe1 wheel perforxntrcl vvEli agairlst a11
cutlcing perforntance caiieria. For e~raimple, by the second series of
,dices) the ma7sjrnurra chip size was lover than ibex of the comparative
v~heel arid contiiwed to decrease to 7 ~m in the fourth series of slices.
Cut straightness w, s better than ihs; comparative wDieel and wheel wear
was on par with Comp. JErc, 1. ~Jsp noteworthy was chat the romp, En. 1
wheel nrreded to be operated at 20% higher rotation speed and drew about
52Jo higher power than the novel wheel (about 520 'W vs, about 3401, Tabl
I1 1.3 Clam.CutNplnLengthStraight-PowerSllcasslicedWheel
WeatWorkpiecenessDrawCum.RadialCum.factohMix ChfpAvg GhipNo.No.m~mym
,prnlmtunumpmWEx, 1
891.355.0B5.D67,413<5<527~-32B9182.705,0970.96?.4B<5<5336-2888274.052.5412.
7D3,78<5<2.528&2869365,402.5415,2A3.77<6t5Q64-Q98Comp.Ex 1 991
3S5.DB5.0B3.711t5t5520-33B91
H2.7010.1815.34T.49274.D5u.OH20.323.793s3v.402.6422,B61.910<5<5D456.755.082
7.943.7954B.102.543D.401.98639,055.0B35.583.714<a<55B0-676~lUear factoa =
J~adial wheel wear divided by length of wnrls ploce ~IICHd Examples 3-4 and
Cnmnarative lExamnles 2-6 T6~e stiffness of various abrasive v~~be~l and
bond cornpositlons was tested. Fine metal powders with and without diamond
grains vuere combined irA proportions sho~uuu in Table III and trrixed yo
uniform composition as in Example 1. Tensile test specimens were produced
by compressing the compositios in dogbone-sh>tpedl molds at ambient
temperature under pressure in the range of ~I IA-620 MPa (3fl-~~5 TonsJinl
) for 10 seconds duration, followed by sinte37ung under vacuerrn as
described in. Example 1. -11   14 APR 2003 ~'hE i~:~;t specimens ~~etro
subjected to~ suru~; snodu6us annl~~sia ~ra~ to :~tand~~d ien:~if~~e
mod~alus meastsrcirtent oy~ a l~lodel 3~~1 R i'nstron tensile test, n
l~achir~e. h~es~lts are c~~o~u~~r~ an ~'abJe IJ'l. Tensile rr~octula~s of
the rr~rvei wlueel s~unple pt. 3~ far exceedo~l 7 00 ~J'a ane~ was
clratmatically higher than tine rnoduli of conventional thin ubra.sivc ~;
neNls ~;~omp~. s Eos. 2 and A). Pxampie d demonstrates that a stiffness
~eWt~nciry metal containing sinterc;d hoed produces a remarl;abl~r lvgh
stress aelative to convention:ll bond compositioms t7f eJomp. fix. 3 and 5.
1t is believed that this )nigh sintered bond composition is largely
responsibDe for~tlre overall Dugh ~,s~'ne:;s of the atbrasive tool.
Fui-ihermot; e, the aaovt:l to rtac6celfiinlstifJ`'rtess enhuncer
contpositions oftltia itnvention provide superior stiflrness r~rilJ~out
smcrifice of bond strength, sintere~f density, or other wheel
anmn~nfacttaring charaoteristics. 'ifie n~oveD bond crorr~positio~~ thus
are useful >a'oi malting abrasive tools 



and espeCia~lly thin abrasiie wheels for arutting e~.~tx~rncly bard vuor3c
pieces. Table IIl Comp.Cornp.Cornp.Comp.1.'-.x, 3"Ex. ~"Esc. 2~.x 9>~u AEx.
3Copper, vrt967t770~7t32Tln, v,~~,17.et~.ea.1o.ts.z~.2f~lcHel,
vdt94~S8.85B.87.57.515.315.3Molybdenum:9.e23.sIron,
H~i9613.i19.413.613.5Diamond, vet. jib1D.81B.81t3.8 Sonic Module:;) C~Pa
'iA8 B5 98 'ferIle Modules, C7Pm 16B 21D 'l06 103 D5 "cntd press ~interedl
(pro~surolt~x~a ~Jnterin~p `" hAt press sJntered D5 -~r.~ ~e 3 ,P,
apecinten of ~ bond composin.ion of D~ :'o tin, 98. /a nickel amd 3~ %
tiattgsien po7~u~rs was prepared r~s iln lG~carnp~les 3..~ maid tasted for
e~Jastiav rrAOdultr,s. the tensile lntlot~UIU9 v,rti8 303 ~laa.. For
corrapariscrn, elernettlaJ nicls~el, tin t~n~d 9~an,~9tet1 ?7,ave ehaiic
20- mod~eli of 2Q7, ~t 1.3 arad 4 Z~ ~p'a, respectivol~~. ,~~tPacoa~,'kr,
the sr~pJR tlid not r"ont~r~ abra.siore gsainrs, this eoa~atple sJawars
t,her lu.~r nrodralets tltaf can l~a~ obR~~n~:d b;~r a >Iticlrtf;lltilro
'bond stiffened with as 3iitle :ts 3~,~ tttrr~sterc. -12   14 APR 2003 B
D-03479 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 forms of the invention,
this description is not intended to limit the scope of the invention which
is defined in the claims. -13   14 APR 2003 Claims 1. An abrasive wheel
comprising an abrasive disk consisting essentially of about 2.5 50 vol. %
abrasive grains and a complements! amount of a sintered bond of a
composition comprising a metal component, the disk having a uniform
thickness in the range of 20-Z,500 urn, characterized in that the metal
component consists essentially of nickel and tin, and a stiffness enhancing
metal selected fxom the group consisting ofmolybdenum, rhenium, tungsten
and a mixture of them, and the disk has an elastic modulus of at least
about 130 GPs. 2. The abrasive wheel of claim 1 in which the metal
component consists essentially of at least 50 wt % of nickel and less than
50 wt % of tin. 3. The abrasive wheel of claim 2 in ir~hich the sintered
bond comprises (a) about 38 - 86 wt% nickel; (b) about 10 - 25 wt% tin; and
(c) about 4 - 40 wt% sti.~'ness enhancing metal and in which the total of
(a), (b) and (c) is 100 wt%. 4. The abrasive wheel of claim 3 in which the
stiffness enhancing metal is molybdenum. 5. The abrasive wheel of claim 3
in which the stiffness enhancing metal is rhenium, 6. The abrasive wheel of
claim 3 in which',;~e stiffness enhancing metal is tungsten. 7. The
abrasive wheel of claim 3 in which the stiffness enhancing metal is a
mixture of at least two ofrnolybdenum, rhenium and tungsten. 



8. The abrasive wheel of claim 7 in which molybdenurn is a major fraction
of the mixture. 9. The abrasive wheel of claim 1 in which the sintered bond
comprises sintered nickel powder, tin powder, and stiffness enhancing metal
powder. 10. The abrasive wheel of claims 1 in which abrasive grains are 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. 11. The abrasive wheel of claim 10 in which the abrasive
grains are diamond. -14   14 APR 2003 12. The abrasive wheel of claim 1 in
which the abrasive grains comprise about 20.S0 viol. % ofthe abrasive disk
and ilhe abrasive dislc further comprises pores occupying at most about 10
viol. 'o ofthc sintered bond and abra9ive grain. 13. The abrasive wheel of
claim t consisting essentially of the abrasive disk which has a
circumferential rim of diameter about 4A-I20 rr~rrt, which def nes an axial
arbor hole of about 12-90 mm, which has a uniform thickness in the range of
about 1 iS-200 ~m and which consists essentially of dia3nand grains and
sintered bond comprising about 18 wt% tin, about 24 wt% molybdenum and
about 38 wt% nickel. 14. The abrasive wheel of claim 1 consisting
essentially of the abrasive disk which has a circwnferential rim of
diameter about 40-120 rnm, which defrnes an axial arbor hole of about 12-90
mm, which has a unifdrin thickness in the range of about l75-200 ~tm and
which consists essentially of diamond grains and sintered band comprising
about 18 wt% tin, about 24 wt% tungsten and about 5 B wt% nickel. 15 . The
abrasive wheel of claim 1 consisting essentially of the abrasive 'disk
which has a circumferential rim of diameter about 40-120 rnm, which defines
an axial arbor hole of ab out 12-90 mm) which has a uniform thickness in
the range of about 175-.200 l,un and which consists essentially of diamond
grains and sintered bond comprising about 18 wt% tin, about Z4 wN/ rhenium
and about 58 wt% nickel. 1 ~. A method of cutting a work piece comprising
the step of conta,eting the work piece with at least one abrasive wheel
comprising an abrasive disk consisting essentially of about Z.5 - 50 viol.
% abrasive grains and a cornplemental amount of a sintered bond of a
composition comprising a metal component, the disk having a uniform
thickness in the range of 20-2,500 urn, characterized in that the metal
component consists essentially of nickel and tin, and a stiffness enhancing
metal selected from the broup consisting of molybdenum) rhenium) tungsten
and a mixture of at least two of them, and the abrasive disk has an elastic
modulus of at least about 130 ~Pa, 1 ~. The method of claim 16 in which the
abrasive wheel consists essentially ofthe abrasive disk which has a
circtimferential rim of diameter of about 4~0 - 120 mm, which defines an
axial arbor hole of about 12 - 90 mm) and which has uniform thickness in
the range of about 17S - 200 um, which abrasive disk consists essentially
of diamond grains in a sintered -15   14 APR 2D03 band of composition
comprising about 38-86 w~rt% nickel, 10-25 wt~o tin and 4-4U wt%
molybdenum, the total of nickel, tin and molybdenum being 1t)0 wt%. 1 ~.
The method of claim 1t5 in which the abrasive wheel consists essentially of
the abrasive disk which has a circumferentasl rim of diameter of about 40 -
120 mm, which defines an axial arbor hate of about 12 - 90 mm, and which
has uniform thickness in the range of about 175 - 200 urn, which abrasive
disk consists essentially of about diamond grains in a sintered bond of
composition comprising about 38-86 wt% nickel) 10-25 wt'/o tin and A-40 wt%
tungsten, the total of nickel, tin and tungsten being 100 wt%. 19. The
method of claim 16 in which the abrasive wheel consists essentially of the
abrasive disk which has a circumferential rim of diameter of about 40 ~ 120
nvn) which defines an axial arbor hole of about 12 - 90 mm, and which lots
uniform thickness in the range of about l75 - 200 Nm, which abrasive disk
consists essentially of about diamond grains in a sintered bond of
composition comprising about 38-86 wt% nickel) 10-25 wt% tin and 4-40 wt%
rhenium, the total of nickel) tin and rhenium being 1 DO wt%) 20. The
method of claim 16 in which the work piece is selected from among
alumina.titanium carbide and silicon. 21. A method of making an abrasive
tool having a uniform thickness in the range of 20-2,S00 itm) 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 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 a
preselected) thin disk shape; (d) compressing the mold to a pressure in the
range of about 345 - 690 MPs tot a duration effective to form a molded
article; (e) heating the molded article io a icmperatwre in the range of
about 1450 1200C fi~~r a duration effective to sinter the bond composition;
(f) cooling the molded article to form the abrasive tool; and - 16   14 APR
2003 



(g) reducing the pressure on the molded article to a low pressure less than
100 IvJPa after the compressing step and maintaining the low pressure
during the heating step, 22. The method of claim 2 i in which the pressure
on the molded article is maintained in the range of about 25 - 75 h~Pa
during the heating step, 23. The method of claim 21 in which th particulate
ingredients comprise (a) about 38 ~6 wt! nickel; (b) about 10 - 25 wt% tin;
and (c) about 4 - 40 wt% molybdenum, the total of (a)) (b) and (c) being
100 wt%. 24. The method of claim 23 in which the particulate ingredients
comprise (a) about 38 - 86 w-t% nickel; (b) about 1 U - 25 wt% tin; and (c)
about 4 - 40 wt% tungsten, the total of (a), (b) and (c) being 100 wt'/.
25. The method of claim 21 in which the particulate ingredients comprise
(a) about 38 - 86 wt! nickel; (b) about 10 - 25 wt'/ tin; and (c) about 4 -
40 wt% rhenium, the total of (a), (b) and (c) being 100 wt%, 26. The method
of claim 21 in which the abrasive tool is a disk having a uniform thickness
in the range of about 175-200 Vim, a ci;rcumferential rim of diameter of
about 40-I 20 mm and which disk defines an axial arbor hole of about 12-90
nun, 27. The method of claim 21 in which the particulate ingredients
further comprise 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. 28.
The method of claim 27 in which the abrasive grains are diamond. 29. The
method of claim 21 in which the heating step occurs while the molded
article is maintained at the pressure of the compressing step. -17 .A.A
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