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-1- _ VH SKER REI NFORCED CERAM C CUTTI NG TOOL

AND COWVPCSI TI ON  THEREOF BACKGROUND OF THE | NVENTI ON
The present nventjion pertains to a ceramc 5 cutting a
conposition ‘Yﬂé’%ﬁ%h t hat has whi sker rei nforcenent. tl’%g}rwg’éﬂﬁj”
specifically, the invention pertains to a ceramc cutting tool, and a
conposition t hereof, that has ceram c whi sker reinforcenent wherein
at | east 50 volunme percent of the ceramc matrix 10 conprises a

carbide, nitride and/or carbonitride of

-]

WHISKER REINFORCED CERAMIC CUTTING TOOL
AND COMPOEBITION THEREOP

CKGRO! OF E T ON

The present invention pertains to a ceramic
5 cutting tool, and a composition thereof, that has

whisker reinforcement. More specifically, the invention
pertains to a ceramic cutting tool, and a composition
thereof, that has ceramic whisker reinforcement wherein
at least 50 volume percent of the ceramic matrix

10 comprises a carbide, nitride and/or carbonitride of
titanium, hafnium, molybdenum, zirconium, tantalum,
niobium, vanadium and/or tungsten.

In the past, there have been ceramic bodies
with whisker reinforcement such as that disclosed in

15 U.S. Patent No. 4,543,345 to Wei. The Wei Patent
discloses an alumina matrix with silicon carbide
whisker reinforcement, a boron carbide matrix with
silicon carbide whiskers, and a mullite matrix with
silicon carbide whiskers. According to the Wei patent,

20 the incorporation of silicon carbide whiskers increased
the fracture toughness of the substrate.

Japanese Publication No. 63-10758 to Yamagawa
et al. pertains to a ceramic composite that comprises
alumina as its main component. The balance comprises

25 between 5 to 40 weight TiC and 2 to 40 weight percent
silicon carbide whiskers. The combined amount of
titanium carbide and silicon carbide whiskers cannot
exceed 50 weight percent, i.e., it is 50 weight percent
or less. This document also mentions that there can be

30 up to 10 weight percent of an oxide, carbide or nitride



“titanium hafnium nol ybdenum zi r coniTHIg SHEGTtHASBEEN ni obi um
vanadi um and/ or tungsten. REPKAGER past, there have been

<cerani ¢ bodies ~_ with whisker rei as that disclosed in
15 U S. Patent No. 4,543,345 to Wi ﬁm “m nt di scl oses an
al um na naWO X/AMTh gk b1e0Ha6 Bl RESaced i sker rei nf oPEEMASPVISIN bor on

carbide matrix wth ar bi deawhi skers, and a nullite matrix
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. According to the Wei patent, 20

whi skers increased the fracture
t oughness of the substrate. Japanese Publication No.
63-10758 to Yam . el. al . pertai anm.g co L.te that
conpri ses gg}l\%]r‘r’i"f‘l]én%%' i%"sﬁr?ﬁ"ﬁ a&:‘&n%%%e%??‘?&ﬁ]g‘;%’aﬁ%n@é‘@g%ri ses 25
between 5 to 40 ekementsi C and 2 to 40 wei ght percent silicon

carbi de whi skers. The conmijed mtent! Nef, 4,507,234 tEditEIHaNaDietcatNd _
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of al uminum sil gtestAdconditctivlibowder , VeoRN§idY| fiber reinfoRlelBRES-
The S8iC fibers are present in an amount between 5 and
50 weight percent. The *224 patent makes specific
reference to matrices of silicon nitride, aluminum
10 nitride, boron nitride, silicon carbide, boron carbide,
and titanium carbide. The '224 Patent recites examples
that use alumina, zirconium oxide, silicon nitride as
matrices along with silicon carbide fibers. The focus
of the '224 Patent is on a ceramic article suitable for
15 electric discharge machining. In this regard, the
specification states that the electrical resistance of
the substrate must not exceed 10 ohm-cm
The publication "Fiber Reinforced Ceramics: A
Review and Assessment of their Potential" by Kpochmal
20 (at pages 9 through 16} mentions ceramics (with fiber
reinforcement) having a HfC or 2rC matrix. The
filaments include tungsten, molybdenum, tantalum,
boron, carbon, silicon carbide, boron carbide, and
alumina.
25 There have also been ceramic cutting toals
with whisker reinforcement. In this regard, U.S. Patent
No. 4,789,277 to Rhodes et al. discloses the use of
ceramic whiskers (the content ranges from 2 volume
percent to 40 volume percent) such as alumina, aluminum
30 nitride, beryllia, boron carbide, graphite, silicon
carbide (preferably), and silicon nitride in a ceramic
matrix. The ceramic matrix is preferably alumina, but
includes alumina "doped"™ with up to 30% zirconia,
hafnia and titanium carbide. The alumina remains the
35 doninant component of the matrix.
PCT\US 86\00528 Patent Application to Rhodes
et al. entitled HIGH DENSITY REINFORCED CERAMIC BODIES




U.S. Patent No. 4,507,224 to Toibana et al. makes genera

reference to certain nitrides and carbides as 5 suitable matrix
material, along with el ectroconductive powder, for SiC fiber

r éi nf or cenen i C fibers are present in an angund en 5
and 50 meigh%mﬁgﬂggﬁt The ' 224 patent makes specific ?@?%%gnce to
matrices of silicon nitride, alum=3itm nitride, boron nitride, 10
silicon carbide, boron carbide, and titani um car bide. The ' 224

Pat ent recites exanples that use alum na, zi rconi um oxi de, silicon
nitride as matrices along with silicon carbide fibers. The focus
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15 percent, and preferably, with up to 3 volume percent of

a sintering aid residue.

U.S8. Patent No. 5,427,987 to Mehrotra et al.
for a GROUP IVB BORIDE BASED CUTTING TOOLS FOR
MACHINING GROUP VIB BASED MATERIALS concerns zirconium

20 boride, hafnium boride and especially titanium boride
cutting tools. The addition of W and Co to the boride
powder improves the densification of the composition.

The 1969 Air Force Report by Whitney et al.
mentions the use of a generally high content of

25 particle reinforcement in ZrN and HfN matrices for use
as cutting tools. In this 1969 Report there is no
suggestion that whiskers could reinforce these
matrices.

U.S. Patent No. 5,231,060 to Brandt teaches

30 ‘using whiskers of the nitride, carbides and borides of
Ti, 2r, Hf, V, Nb or Ta to reinforce an oxide-based
matrix such as alumina for use as a cutting tool.

U.S. Patent No. 5,439,854 to Suzuki et al.
pertains to a cutting tool that contains 40 weight

35 percent or more of Tic, and 5 to 40 weight percent of
silicon carbide whiskers (of a length egqual to 20
micrometers or less). The cutting tool may also contain



conmponent of the matri x. Japanese Patent Application (Kokai)
No. 2-116691 - 2A-

pertains to a coated ceram c cutting tool wherein the conposition
of the tool conprises 5-40 vol une percent al um num oxi de, 0.5-10
vol une per C¥@97/tBlftes of My, Ti, Zr, Y and rare FSTUPAANs, and
t he renmmi nder selected 5 fromthe caghides, nitrides, and
carbonitri des of titanium A part of the titanium carbide,
nitride, carbonitri de conponent nmay be whi skers wherein these

whi skers conprise 5-45 vol une percent of the entire conposi tion.
The cutting tool, ha I I'tiple
| ayers) applied ? g’?tﬁao‘%i‘ﬁ& (p%rg;ﬁ‘q:mgéé mag | ?ré'%(gre% si cal
vapor depositionalds. Up to 40 wejght,perceptcs tﬂ§ﬁ1hFKoka|) No. 2-
157176 pabititatéd by crialord aceiabhsed u&émmﬁa)@uahargelan t he
conposi tion of tn ?3% 096@{4%9%12%?& vol unme percent 15 of one or
nore conpounds se consi sting of the carbides,
nitrides afd carbonltrldesTable I setoforthahe&q? Preperys; sleptaiper cent of

one or nore phys:.&&ieﬁi'@blftfﬁﬁ Ufesﬂheuﬁrﬁéﬁséﬁﬁlé&nﬂréﬁq oxi des of
magnesi um titani u ZI rﬁ?ﬁ’n%um yttrlum and rare earth at ons, and

t he bal ance bein 1 de. The
Table I
Selected Physical Properties of
10 Certain Commercial cutting Tools
VHN (GPa) Kyc(E&C)
cutting Tool HRA [18.5 kg [MPaml/2]
load]
WG-300 94.6 19.4
HC6 94.6 19.4
K090 94.8 19.1 4.7

Referring to these commercial cutting tools, the WG-300
cutting tool is sold by Greenleaf Corporation of
Saegertown, Pennsylvania and has a composition of about

15 25 volume percent SiC whiskers and the balance alumina.
The HC6 cutting tool is sold by NTK Cutting Tool
Division of NGK Spark Plugs (USA), Inc. of Farmington
Hills, Michigan, and has a composition of about 70
weight percent TiC and the balance alumina. The K090

20 cutting tool is made by Kennametal Inc. of Latrobe,
Pennsylvania and has a composition of about 70 volume
percent alumina and 30 volume percent TiC. Each of
these compositions may also contain minor amounts of
sintering aid.



'conposition further requires that 10-80 vol une percent of the

titanium carbides, nitrides and carbonitrides conpri se whi skers.
sThe cutting tool has a coating (either a single |ayer or nultiple
|-ayers) appl ei ther chem cal vapor depositi i ca
vapor ‘bgg’élt%om tion. PCT\ US 86\ 00528 B&rent 3L
Application to Rhodes et al. entitPed H GH DENSI TY REI NFORCED
CERAM C BODI ES WO 97/ 18177

PCT/ US96/ 15192 - 3- AND METHOD OF

MAKI NG SAME has as its focus the 'qterlng of

whi sker-rei nforced ceramc ~poat ' fre-ment i ons a whi sker
cont ent of bet ween 0.5 and 21 volune percent. The specific 5

exanpl es teach the use of akt disudmabiecti «f vkhe fention tehpzrE¥ideont ent s
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The Si C whi skers ¢gnprbefdd -4h lingrRved! BaPasfc cutting tool, and a

composition thereof. that has ceramic whisker
reinforcement wherein the ceramic matrix includes about
50 volume percent of one or more of the carbides,

10 nitrides and/or carbonitrides of titanium, hafnium
molybdenum, zirconium, tantalum, niobium, vanadium
and/or tungsten.

It is another object of the invention to
provide an improved ceramic cutting tool, and a

15 composition thereof, that has ceramic whisker
reinforcement wherein the ceramic matrix includes about
50 volume percent of one or more of the carbides,
nitrides and/or carbonitrides of titanium, hafnium,
molybdenum, zirconium, tantalum, niocbium, vanadium

20 and/or tungsten, and optionally, the substrate further
includes one or more particulates of alumina, silicon
carbide or the borides of titanium, zirconium or
hafnium.

It is still another object of the invention
25 to provide an improved ceramic cutting tool, and a
composition thereof, that has ceramic whisker
reinforcement wherein the whiskers include one of
alumina, silicon carbide, or the carbides, nitrides,
borides or carbonitrides of titanium, zirconium or
30 hafnium. ’
It is another cbject of the invention to
provide an improved ceramic cutting toecl, and a
composition thereof, that has ceramic whisker
reinforcement wherein the ceramic matrix includes about
35 50 volume percent of one or more of the carbides,
nitrides and/or carbonitrides of titanium, hafnium,



vol une percent with the nost preferred range being 2.5 to 20 vol unme
percent. The Ti C conprises 5 to 40 volune 15 percent, and preferably,
Mth Up to 3 vol une percent of a sintering aid residue.

U S. Patent No. 5,427,987 to Mehrotra et al. for a GROUP | VB BORI DE
BASED CUTTIWGST7&8MS FOR MACHI NI NG GROUP VI B BASED WKTRIS&IS39%oncer ns
zirconi um 20 boride, hafnium boride andgespecially titanium boride
cutting tools. The addition of Wand Co to the boride powder

i mproves the densification of the conposition. The 1969
Air Force Report by Whitney et al. nentions the use of a generally

n g content of Zorymaglh T SRUER kD RUObAEE, Yok oo o
suggestion t hat ﬂhﬂék§r§“%ﬁﬂ¥§hr@mﬁf9P§éonﬁb » the substinstecfurther

U.S. Patent No. $ndddé€élone diram% ba@emeawees oﬂsaml\ﬂa sklh3ceh the
nitride, carbides Nh or Ta to

borides
reinforce an oxi & %gig + e (%95$PFFX°§ugﬁtﬁgi%FtnﬁﬁﬁFQQﬁan & as a cutting
t ool . 5 hafniunu The aramic\whiskegs, Boclude Qinailor gorsl of

pertains to a cualiminkposilitain %&‘b’iﬂ% 4917868 i3S de, MRt Or nore of

TiC, and 5 to 40 WeLQH& per nf)ﬁ%rgﬁgegr f‘étgi‘&eﬁ'hg@%%lt q%y#zgﬁrs (of a

| ength equal to piojd nay al so
contain carbonltrldes of titanium, zirconium or hafnium, or the
oxides of zirconium or hafnium.
10 In one form thereof, the invention is a

composition produced by the consolidation of a blend of
starting components. The composition comprises a matrix
which comprises one or more of the carbides, nitrides
and carbonitrides of hafnium, molybdenum, zirconium,

is tantalum, niobium, wvanadium, titanium, tungsten and
solid solutions thereof in an amount that is greater
than 50 volume percent of the matrix. The matrix
further includes sintering aid residue present from the
use of one or more sintering aids as a starting

20 component in an amount of less than or equal to 1
weight percent of the starting components. The matrix
comprises between 60 and 99.8 volume percent of the
composition. The composition further includes ceramic
whiskers uniformly dispersed throughout the matrix

25 wherein the ceramic whiskers comprises between 0.2 and
40 volume percent of the composition.

In another form thereof, the invention is a

ceramic cutting tool that comprises a rake face and a
flank face. There is a cutting edge at the juncture of

30 the rake face and the flank face. The tool includes a
ceramic composition that has a matrix comprising
between about 45 volume percent and less than 50 volume
percent of titanium molybdenum carbide, and less than
about 55 volume percent alumina. The matrix comprises

35 between about 60 volume percent and about 90 volume
percent of the ceramic composition. The composition
further includes ceramic whiskers uniformly dispersed
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-4- up to 40 weight percent alumna, as well as sintering
aids.”Up to 40 weight percent of the Ti C may be substituted by Ti or
a Ti-based ¢ nd such as a nitride, boride, or ox S96/1519

Table | set ‘?‘g?'f’#%"el ow presents certain physi cal prlcl)’%gﬁ | es5 of sonme
prior art commerci al cutting tools. =7~

Tabl e | Sel ect ed Physical Properties of 10

Certain Comrercial cutting Tools VHN
(GPa) Kl err] (E&C) Cutting Tool HRA [18.5 kg
Egpin{err] 6 1 througho?f the matriOa@lerein the ex¥iic whiskers 93-?
KOQO ' 95?°§prise ‘g@mﬁ) zlvclume pe%é?gt to ahm}%’#ervr |1r"1‘(\':1Il to these

comrer ci al cuttinpereent, °£fﬁhﬁM§€!§!10 compogitiemg tool is sold by
G eenl eaf Corporation of
conposition of about 15

al um na. The HC6 cuttlng tooI S sold by NTK Cuttlng Tool
5 The following is a brief description of the

figures that comprise a part of this patent
application:
FIG. 1 is an isometric view of a cutting
insert that comprises a specific embodiment of the
10 cutting tool of the present invention; and
FIG. 2 is a scanning electron microscopy
{SEM) secondary electron image photomicrograph (5000X
magnification) of a hot-pressed composite in accordance
with the present invention corresponding to Example 2
15 herein showing a polished plane perpendicular to the
hot pressing axis:
FIG. 3 is a scanning electron microscopy
(SEM) secondary electron image photomicrograph {2000X
magnification) of a hot-pressed composite in accordance
20 with the present invention corresponding to Example 4
herein showing a polished plane perpendicular to the
hot pressing axis:

FIG. 4 is a scanning electron microscopy
(SEM) secondary electron image photomicrograph (2000X
25 magnification) of a hot-pressed composite in accordance
with the present invention corresponding to Example 6
herein showing a polished plane perpendicular to the
hot pressing axis;
FIG. 5 is a graph of depth of cut notch wear
30 as a function of cutting time for embodiments of the
present invention as well as a prior art composition;
FIG. 6 is a graph of flank wear as a function
of cutting time for embodiments of the present
invention as well as a prior art composition; and



"Di vi si on of NGK Spark Plugs (USA), Inc. of Farm ngton HIlls,

M chi gan, and has a conposition of about 70 wei ght percent Ti C and
1he bal ance alum na. The K090 20 cutting tool is nade by Kennanet al
Inc. of Latrobe, Pennsyl vani a and has a conposition of about 70

vol une woopmitent al um na and 30 vol une percent Ti C. RP§GIS§615192

these conpositions may al so contain m nor _goounts of sintering aid.
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- 5- SUMVARY OF THE | NVENTI ON | t
I's an object of the invention to provide an i nproved ceramc cutting

tool, and a conposition there t | relnf nent
It is still another obj ect t-}qhg' 8 (r%\/gﬁ?pg °Pan°¥@ %&? §e é’ﬁ'c%ﬁﬁf’oved
ceranmic cutting P§o¢Ut§hnHe$1me fonuambodnmenhSthérthﬁ presenthas ceranic

whi sker r e R EhE EOR s WRAINCIAE WPri8alte SShpdsdtiiyg udes about
50 vol une percent of one or nore of the carbldes 10 nitrides and/or

carbonitrides of titarDER: tant al um
ni obi um vanadi um

5 The invention pertains to ceramic
compositions, and especially, such ceramic compositions
that include ceramic whisker reinforcement. Generally
speaking the ceramic cutting tool comprises a ceramic
matrix and ceramic whiskers which reinforce the matrix.

10 The combination of the matrix and the whiskers
comprises a substrate, The substrate may be coated with
a hard material. Examples of such hard materials
include alumina, titanium carbide, titanium nitride,
titanium carbonitride, titanium aluminum nitride, cubic

15 boron nitride and diamond and their combinations. The
coating may be applied by chemical vapor deposition
{CVD) [see U.S. Patent No. 4,801,510 to Mehrotra et al.
for ALUMINA COATED SILICON CARBIDE WHISKER-ALUMINA
COMPOSITION] or physical vapor deposition (PVD) [see

20 U.S. Patent No. 5,264,297 to Jindal et al. for PHYSICAL
VAPOR DEPOSITION OF TITANIUM NITRIDE ON A NONCONDUCTIVE
SUBSTRATE] or a scheme where some layers are applied by
PVD and some layers are applied by CVD (see U. S.
Patent No. 5,232,318 to Santhanam et al. for COATED

25 CUTTING TOOLS). The substrates that have a high
titanium carbide or titanium carbonitride content,
i.e., at least 25 to 30 volume percent titanium carbide
or titanium carbonitride, are electrically conductive
to such an extent that they are particularly suitable

30 for PVD coating and EDM machining.

The specific matrix of the present invention
comprises a carbide, carbonitride and/or nitride of one
or more of titanium, hafnium, molybdenum, zirconium,
tantalum, niobium, vanadium and/or tungsten so that

35 this component is about 50 volume percent or more of
the matrix.




and/ or tungsten. It is another object of the invention to
provi de an inproved ceramc cutting tool, and a 15 conposition thereof,
that has ceram c whisker rei nforcenment wherein the ceramc matrix

i ncl udes ab é 50 volume percent of one or nore of the gQgﬁgps
nitrides an&? P8 honi tri des of titanium hafni um mo den
zirconium tantalum niobium vanadium 20 =-9- and/or tungsten, and

optionally, the substrate further i ncl udes one or nore particul ates
of alum na, silicon carbide or the borides of titanium zirconium or
haf ni um It is still another object of the invention 25

to provide an inproved cerarﬁé: reddonNghh80the Qfife ferable comt@ntsiEbiron

thereof that hascher BLAsdll Sifinice, carbGhitAISETRAPAISEEYE bIE-1Bhsker s

i ncl ude one of n|tr|d es,
bori des or car bom"PF-PEEsPGI“’?W"E of the PAETLX| s, thathis proy, GHF
It is another obj adgher hRPanéBELENAR higher fradhmd Gouyhness!.orad ceram' c

o nforcensit whetbif FRERESr JHED HB chebhafybtEad CabboRlrE1dY) |
percent of one or compenehtt i awghiSPeyplume percent ok thenaagrix, the
carbonitrides of terhaghdd) tbddiidd8 is greater than or equal to 6.3
MPaml/2 Kyc, and more preferably greater than or egqual
to 6.6 MPaml/2 Ky, and the hardness is greater than or
10 equal to 94.7 Rockwell A. The combination of the high
hardness and the high fracture toughness makes these
combinations suitable for use as cutting tools,
bearings, seal rings, wear plates and nozzles,

In addition, the matrix may include

15 particulates of silicon carbide, titanium boride,
zirconium boride, chromium boride, hafnium boride,
alumina, zirconium oxide, and hafnium oxide along with
sintering aid residues. The preferred content of the
sintering aids is less than or equal to 1 weight

20 percent, and the more preferable sintering aid content
is less than or equal to .5 weight percent. The
preferred sintering aids include yttria, magnesia and
zirconia either alone or in combination.

The matrix comprises between 60 and 99.8

25 volume percent of the complete ceramic cutting tool
composition.

In regard to the ceramic whiskers, these
whiskers are selected from any of the following
materials: silicon carbide, titanium carbide, titanium

30 carbonitride, titanium nitride, titanium boride,
zirconium carbide, zirconium carbonitride, zirconium
nitride, zirconium boride, hafnium carbide, hafnium
nitride, hafnium carbonitride, hafnium boride, alumina,
silicon nitride and boron carbide. The ceramic whiskers

35 comprise between 0.2 and 40 volume percent of the
complete ceramic cutting tool composition,
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- 6- nol ybdenum zirconium tantalum niobium vanadi um

.and/ or tungsten, and optionally, the substrate further i ncl udes one
or nore particulates of alum na, silicon carbide or the borides of
titani um WNOEYWITM or 5 haf nium The cerani ¢ whi sker s PCRSBRASIBne or
mor e of alum na, silicon carbide, sijgcon nitride, boron

carbide, or the carbides, nitrides, borides, or the carbonitrides of
titanium zirconiumor hafnium or the oxi des of zirconium or
haf ni um 10 In one formthereof, the inventionis a

conposi ti on produced by th, G AR Q0L0le A BLGHG A in tne pRLAERENS

conponents. The conposition conprises a na whi ch coﬁprlses one
or nore of the cipwembioniit jigepreferredshbata fowoun i1¥8s (Sdthniumum
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| ol_uti eregf.ln.an that .i.s_greater
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sintering & d r esathenpreidsrbasedmatrix, be reirforceshavidh ebecori ntering
ai _dsh?s a Sta[tlﬂGrﬁowh%skfﬁTRﬁnQiﬁe kﬁotﬁﬁ é$ﬁ§ﬂ§t£&§g|@%ﬂ2®§r} e ,ggyual to 1
wei ght percent o e r co X s onprises
e OB PebCer, Shibhe FLEL 0% PR, dne WECTHA, s o, B
conposi tion furt wbiskers shelsemuavide the best skoacturs ftomaghpedssper sed

throughout the gt gi¥akbum niMYER o RILaRLERT CarboRid i~ paRklses bet ween
0.2 and une percent of the conposition. I n

40 _yo
anot her f&ﬁh]thepggrgxthe i nvention is a ceram c cutting tool that
conprises a rake face and Referring to FIG. 1 and the geometry of the

specific embodiment, there is illustrated a cutting
tool generally designated as 10. Cutting tool 10 has a
rake face 12 and a flank face 14. The rake face and the

15 flank face intersect to form a cutting edge 16. The
specific configuration is a SNGN-453T style of cutting
insert with a T land according to the American National
Standard for Cutting Tools-Indexable Inserts-
Identification System, ANSI B212.4-1986 (cutting edge

20 preparation: .002-.004 inch x 20° chamfer). Other
styles of cutting inserts and edge preparations are
acceptable and are contemplated to be within the scope
of this invention.

As demonstrated from the examples below,

25 ceramic cutting tools within the above definition have
excellent density, hardness and fracture toughness.
These properties provide for excellent cutting tools,
especially in the high speed machining of steels, cast
irons, and nickel-base super alloys.

30 In machining appliéations where abrasive wear
resistance is more of a concern than chemical wear
resistance, a titanium carbide-based matrix is
preferable. If, however, chenical wear resistance is
more important than abrasive wear resistance, then a

35 hafnium carbide-based or titanium carbonitride-based
matrix is preferable. Chemical wear resistance may also
be improved by applying a hard coating to the insert



flank face. There is a cutting edge at the juncture of 30 the rake face

and the flank face. The tool includes a ceram c conposition that has
a matrix conprising bet ween about 45 vol unme percent and | ess than 50
vol une ercent of titani um nol ybdenum carbi de, and

about 55 vol Wﬁ’g”ﬂé’r"aent alumina. The matrix conprises 35 @?g\ze@%bout
60 vol une percent and about 90 vol une -11ipercent of the ceramc
conposition. The conposition further includes ceram c whiskers

uni formy dispersed WO 97/ 18177

PCT/ US96/ 15192 -7- t hr oughout

the matrix wherei Ridhe ag§" 6k Ce¥hiiSeE) TitaniunC 8iREi8E, 20PEdn Ay Ol UNE
percent to about 35 yolu

BRI EF DESCRI PTI ON & %FE%RE%“?%{“G‘{““%&% %g%%ghgofgﬁf% o a brief
description of thesarbide, ahguakeminmi conprise a part of this patent
application: For machining of nickel base super alloys, or
5 for any workpiece in which a combination of high
hardness and high chemical inertness is desired, it is
preferred that a titanium carbonitride (TiC, Ny) based
matrix be used in which x is greater that 0 but less
than 0.95 and vy + x = 1. More preferably, y is greater
10 than or equal to 0.5. For x = 0, that is titanium
nitride, hardness may be reduced and there may be a
reaction between the titanium nitride and the Sic
whiskers during the high temperature fabrication of
these materials. Therefore, y should be less than 0.95.
15 Another range for x and y for titanium carbonitride
[Ti(CyNy)]) is y is less than 0.90 and greater than or
equal to 0.55, and x + ¥y = 1. 8Still another range for
x and y for titanium carbonitride [Ti(cxuy)} is v is
less than 0.75 and greater than or egqual to 0.6, and
20 X +y=1. Optionally, titanium carbonitride may be
replaced by hafnium carbonitride or zirconium
carbonitride.
The following examples, as described in
Tables IT through IV below, are exemplary of the
25 invention and were made according to the following
method. For all of the examples, the silicon carbide
whiskers were ultrasonically dispersed in isopropancl
for one hour.
For Examples Nos. 1 through 7, 9 and 10, the
30 silicon carbide whiskers were nmade by Tokai Carbon Co.
of Tokyo, Japan under the designation Grade No. 1. The
Tokai whiskers had an average length of 20 to 50
micrometers and an average diameter of .3 to 1
micrometers. The crystalline structure of these Tokai
35 Sic whiskers was mostly beta silicon carbide.
For Examples Nos. 11 and 12, the silicon
carbide whiskers were obtained from Advanced Composite



"FIG 1is an isonetric view of a cutting I nsert that conprises a

speci fi c enbodi nent of the 10 cutting tool of the present invention;
.and FIG 2 is a scanning el ectron m croscopy ( SEX)
secondary el ectron i mage photom crograph (5000X magni fication) of a
hot - pr essedwoe®wggrsT t e i n accor dance W th the presemCIuUssggIdONn
corresponding to Exanple 2 15 herein shﬂyﬁng a polished pl ane

per pendi cul ar to the hot pressing axis; FIG 3is a
scanni ng el ectron m croscopy (SEM secondary el ectron i mage

phot om crograph (2000X magni fication) of a hot- pressed conposite in

accordance 20 resent Jnvention cor 0 to Ex le 4
herei n showi ng aﬂﬁ&ﬁFéﬁzﬁ g?%?ﬁ?ﬁﬁﬁ Rdi GTPEF ¢ % ﬁ% Caral Ina, Jd§tessi ng
axis; the grad@eQGledigmatior HOTORgTheesSCronwhiskarscdad an

(SEM secondary sbe%aenléﬁee? &md)mocra%%ae?oﬁzg@% #7 an "RHagecat i on)
of a hot-pressed gonp S|te accor fgﬂgéesent |nvent|on
correspondi ng t o9AR t gt %ﬁr§hoﬁPﬁg°5Y§5?

per pendi culsar toothehese sc-mosl¢nuhxakq;sanns alpha silicon carbﬂada 5is a
graph of depth of cut notcineadardf to ttﬁsm@tﬁﬂacafoﬂrégafd‘gitdr{‘&otf me for

enbodi nents of the resent i1 nvention as wel rior _art

conposi tion; Examples Nos. ¥ erongh 7a5§1‘F1aﬁhtBF°'F$lén13'v\é§¥e P21ANCENct i on
of cutting tinme fofr thebodpenestsfwdree Hlendedt in a mill nwiyd i on as wel |l as

a prior art COWDQ§EbEQBén3ﬂdfor one hour. The ultrasonicated silicon

10 carbide whiskers were then blended with the blend of
the balance of the components in a mill for 20 minutes.
This blend was then discharged through a 200 mesh
screen, dried in a rotary evaporator, and then passed
through a 100 mesh screen. The dried blend was

15 uniaxially hot pressed in a temperature range of 1750°C
to 1850°C at 4500 psi for 60 minutes under an argon
atmosphere to essentially full density. The resulting
product was ground into a SNGN-453T style of cutting
insert having a T land, {(cutting edge preparation of

20 .002 to .004 inches and 20 degrees chamfer) as
described above.

Tables II through IV below includes in
parenthesis the identification of the supplier if there
was more than one supplier of the component. The ¥Y,0,4

25 for all of the examples was supplied by Hermann C.
Strack Berlin GmbH & Co, KG, P O Box 1229, D-7887
Lauterburg, Baden, Germany.

In Tables II through IV the silicon carbide

whiskers supplied by Tokai carry the designation "“(T)".

30 The silicon carbide whiskers supplied by Advanced
Composite Materials Corporation carry the designation
ﬂ(A)ll.

For some of the examples, the Al,0; was
supplied by Nanophase Technologies Corporation of
35 Darien, Illinois under the designation Nanotek Al;05
Gamma/Delta. In Tables II through IV, the designation
"(N)" shows that the Al,04 powder was obtained from
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- 8- FIG 7 is a graph of nose wear as a function

of cutting time for enbodi nents of the present i nvention as well as a
prior art c | §.Lon. DETAI LED DESCRI PTI ON Opcirised

EVBODI IVEI\ITS%%%&IW The invention pertains to ceraPm' C b
conposi tions, and especially, such ceram c=t¥mpositions t hat incl ude
ceram ¢ whi sker reinforcenent. Generally speaki ng the ceram c cutting
tool conprises a ceranmc matri x and ceram ¢ whi skers which reinforce
the matrix. 10 The conbination of the matrix and the whiskers

conprises a subst Nanephdke. sThs iNaatelBlhOc pawddrvhath a BET spedifiie
materi al . Exanpl e%u%a?%éﬁr@é‘rgf B¢ & iduare meterss?gf,—gxg.e ﬁlé”ﬂl_f}?r% Walsani um

carbide, titaniumnitr titanli um car boni titani al um num

nitride, cubic 159Featsy; than;9;Ye BHRE TR RIASAE PREFENt MRFASLsAs. The
coating may be apandedahyachPar celte \exaaplde (Exakple No. 2) tHatDuseskce U. S

Pat ent No. 801, o et s ALU éJQ% S| LI CON
CARBI DE \\HI SKER- Ai:%%l &%n&@@ﬁ “M NP 0P ;%?%a&yg%or }E‘E'(?si tion
(PVD) (see 20 pescepk: ¥GP ¥ps 20dsgh bty Eheoblpndal The Banotel: AlaPs caL
VAPOR DEPOSI TI ON QowlleTAba M dbEa i 434 yA SyNaRBUCT| VE SUBSTRATE]

or a schenme where sone | aye [ \V ers are
applied by CVD (see U. S &ﬁeaﬁgiéﬁgg J¥jéﬂ£ exampleE E%éﬁ“kféﬁ?féfﬁh

several lots of Al,05 powder that were supplied by

10 Ceralox (a division of Vista Chemical Company) under
the designaticn HPA-0.5. In Tables II through IV the
designation "(C)" shows that the Al,0; was from
Ceralox. The Ceralox powder had a BET specific surface
area of 10.0 to 11.5 sguare meters/gram. The as~

15 received Ceralox Al,0; contained an addition of .05
volume percent MgO. The Ceralox Al,03 powder was
substantially egquiaxed.

The TiC supplied by Biesterfeld U.S. Inc.,

Advanced Materials Department of New York, New York

20 carried the designation Furukawa TiC, and had a BET
specific surface area of 8.52 square meters/gram. In
Table II the designation "(F)* shows that the TiC was
Furukawa TiC. The Furukawa TiC powder was substantially

equiaxed.
25 The TiC particles supplied by the Macro

Division of Kennametal Inc. under the designation Grade
A had a BET specific surface area of 5.9 square
meters/gram. In Table II the designation "(M)"® shows
that the TiC came from the Macrc Division of

30 Kennametal. The Macro Division TiC powder was
substantially equiaxed.

The Ti gMo oC solid solution powder supplied
by the Macro Division of Kennametal Inc. of Port
Coquitlam, British Cbiumbia, Canada had a BET specific

35 surface area of 4.6 square meters/gram. The Ti gMo ,C
solid solution powder was substantially equiaxed.



"Patent No. 5,232,318 to Santhanamet al. for COATED 25

CUTTI NG TOOLS).

The substrates that have a high titanium carbide or titanium
.carbonitride content, i.e., at least 25 to 30 vol une percent

ti tani um car bi de or titaniumcarbonitride, are electrically
conduct i ve wWO971817T 0 such an extent that they are parti culPREIYUBYIA® 2| ¢ 30
for PVD coating and EDM nachi ni ng. —14- The specific matrix of
the present invention conprises a carbide, carbonitride and/or
nitride of one or nore of titanium hafnium nolybdenum zirconium

tantal um niobium vanadi um and/ or tungsten so that 35

about 50 vol une percent orThereitdnium carbohdtriliei powder suppld@dOBy18177

PCT/ US96/ 15192

t hi s conmponent

The reason that fﬁ% pre Fgrg%Yis%gﬁnﬁﬁn Y or ametal I?ﬁ arblchmlﬁltrlde
carboni tride conFPREALirssprErcgprea of \FolzuﬁE“5§FcBﬂFe’€)‘F/‘!W°nﬁ?’ﬂisx is
that this provi deﬁ;ﬂp@hent has ha gfermilar dﬁemca . §. hTRé Madra@ivision

t oughness. A nb5 h@gﬁuggg%gith#&ﬁ ?lstubgkéﬁfijﬁlfar bonitride

conponent S OVEI‘

ne percen
eguiaxed.

Tables 1I through IV below set forth the
compositions (and suppliers where indicated) and the
hot pressing temperature. The compositions are set

10 forth in volume percent of the entire composition. For
those components that are a part of the matrix, the
volume percentage of the matrix for that component is
set forth in brackets. For all of Examples 1 through 7
and 9 through 12 the alumina component contained about

15 .05 volume percent magnesia.

In addition, Tables II through IV below set
forth the results of tests to ascertain the following
properties of the examples: the density (grams/cc), the

Rockwell A hardness, the Vickers hardness,

and the

20 fracture toughness (MPamlfz) as measured by Evans &
Charles (Evans & Charles, "Fracture Toughness
Determination by Indentation®, J. American Ceranic
Society, Vol. 59, Nos. 7-8, pages 371-372 using a 18.5

kg load).

i's



fracture toughness is greater than or equal
and nore preferably greater than or equal

to 6.3

MPani{ ERR] K[ err]
to 6.6 MPanferr] Klerr],

and the hardness is greater than or 10 equal to 94.7 Rockwell A. The
conbi nati on of Ei gh - hardness and the high fract ek fhgess
makes these ‘909%&7 onbi nations suitable for use as cutting toc??lg,
bearings, seal rings, wear plates and nozz+xs~ I n
addition, the matrix may include 15 particul ates of silicon carbide,
titani um bori de, zi rconi um bori de, chrom um boride, hafnium boride,
al um na, zirconium oxide, and hafni um oxi de along with sintering aid
resi dues. The preferred content of the |nter| ng aids is less than
or equal to 1 weight 20 'riQ?r il r.abI e s%nterl ng aid
cont ent is | and 10
preferred sintering alds |ncIu yttrla magn 5|a an zirconi a
ei ther al one or |jgrcomptTat] omn. |||5r$nmm3_l
bet ween 60 and 99] &, 78um « OLAPE PYRSRh S | ESpROMM el ¢Y Pl Ll {9
t ool conpok phyisdenl nf regard { am
whi skers, these [ Propertipg skers are [sel ect ed from any of the f[ollow ng
materials: silicofi carbrde,[titantamycarbradej titani gm 30 carbont T§i de,
titaniumnitride,|&id ani um pojsl fQr; | 39.75(¥%1 [ GONYs\py qarb@ﬂﬁ Zi T gy um
carbonitride, zirgonium (41t rijde,[531 r cpni (a3 boi)i daszinaf hi ursear by de,
haf ni um ni fr e af o car gomtrdel—haf o bor e Tat o e
silicon nitride apg;bogqn cprbide. The ceran]c whiskers 35 conprise
bet ween 0.2 and 4p—~olde phroent the rnnpl}e.t.e_c.er_a.nd_c_cu.t.l.qg
tool conposition.j .

Ti gMo 2C - - - - -

Al,04 354{c) 35 (V) 35(c) 24.75(C) 34.75(C)

{46.7] (46.7 [46.71 137.7 {40.7)

Y503 0.25 .3} | 0.25 [.3] | 0.25 [.3) | 0.25 {.3) | ©.25 [.3]

sicy 25 (T) 25(T) 25(T) 35¢T) 15(T)

Temp (°C) 1750 1750 1775 1800 1800

Density 4.147 4.147 4.137 1.069 4.318

{g/ce)

HRA 95.0 95.1 94.9 94.9 94.7

VHN (Gpa)} 21.0 20.8 19.7 21.1 20

[18.5 kg

load]

Ky (E&C) 6.3 6.3 6.6 7.2 6.7

meaml/2
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- 10- To maxim ze fracture toughness in the present
Jnvention, it is preferred that a Goup VB (titanium haf ni um or
2|rcon|urr) nitride or carbonitride-based matrix, nore preferably a
titani um niWPOIHEBIFF titanium5 carboni tri de- based nmat RCIUSBEINEG nforced
with one or nore whi skers of the group consisting of Al[err]CIerr]
Si[err]Nerr], TiBlerr], SIC, TiC, aygl Blerr]C. The TiC, TiB[err],
SiCor Blerr]C whi skers shoul d provide the best fracture toughness in
a titaniumnitride or titaniumcarbonitride-based 10 matri x.

Referring to FIG 1 and the geonetry offabe III speci fi c enbodi nent,
there is illustrated a €i€tiMgp-2lumina~§4C Whheker| Gompesifriansl as 10.
Cutting tool 10 hasagd Physm?]ak%rmlff b JEXAPPLAR Noge 44.7,THE rake
face and the 15 flank face intersect 'P‘B *%rm a cutting edge 16. The
specific confi guge bl g) aselt Wth a

T land according ﬁp/ééas ATPrhGa. I\Btl%taxpxe 7 | sxesbRngRrdefaap ot i ng
Tool s- 1 ndexabl e | praeidas- I derftificatiorl System ANSI B212. 4-1986
(cutting edge 20p2repeziies —~004—i-Heh—x—20f-edr}—chanted) . O her
styles of cuttingriecnserts and edge prepar.atlors are accept dbl e and
are contenplatedfto be within the scope

TiC 5N 3 39.03 39.75 39.75 39.75

[52.5] (53] (53] [53]
Ti gho C - - - -
Al,05 35.43(C) 35(C) 35 (C) 35¢(C)
(47.4] {46.7} {46.7) {46.7)

Y504 0.25 (.3} 0.25 {.3} 6.25 (.3) 0.25 (.3}

sicy 25.29(T) 25(T) 25 (R) 25(n)

Temp (°C) 1800 1800 1800 1850

Density 4.214 4,228 4.223 4.241

{g/cc}

HRA 95.0 95.0 94.8 94.9

VHN (Gpa) 20.7 21.1 19.8 20.1

{18.5 kg

loadj

Kre {E&C) 6.3 6.6 7.5 7.5

Mpaml/2




of this invention. As denonstrated fromthe exanpl es

bel ow, 25 ceramc cutting tools within the above definition have

excel I'ent density, hardness and fracture toughness. These properties
provi de for _excellent cutting tools, especially in g ?f} peed
machi ni ng of VRPEWIY  cast I rons, and ni ckel - base sut;g ?n%? o?;’. 30

I n machi ni ng applications where abrasive wear resi stance is nore of
a concern than chem cal wear resi st-amee, a titanium carbi de-based
matrix is preferable. If, however, chem cal wear resistance is

nore inportant than abrasive wear resistance, then a 35 haf ni um

car bi de-based or titanium carbonitride-based matrix is preferable.
Chem cal wear resistance nmay al so rdad mw oved by applying a hard
coating to the insert Ti_gMo\\WCSX1uRingd~sic whisker Composites

PCT/ US96/ 15192 Compositions and Physicall Properties such as, for
exanpl e, titaniumnitride, titanPfnExamples RashoFi ANAJE, titani um al umi num

nitride, titani urr___m.ua.l.d.&_a.;p.d_al“rﬁ pa =faT a8
machi ning of nickel hasey temp. &l | 0YS, OExample 60r arly Workgmsre igr Whigh
a conbination of high physical
Properties
TicC - -
TiC, 9N 3 -- -
Ti_gMo_»C 34.7 [47.6] 39.75 [53}
Al,503 38(C) [52] 35(C) {46.7]
¥503 0.27 [.4] 0.25 [.3]
5iCy 27.03(T) 25(T)
Temp. (°C) 1800 1800
Density (g/cc) | 4.371 4.473
HRA 95.2 95.0
VHN (Gpa) 20.7 21.3
[18.5 Xg load]
Kic (E&C) 6.3 6.5
MPanl/2




hardness and high chemi cal inertness is desired, it is preferred that
a titaniumcarbonitride (TiC[err] Nerr]) based matrix be used in
which x is greater that 0 but |ess than 0.95 and y + x = 1. Mre
preferably, y is greater 10 than or equal to 0.5. For x = 0, that is
titanium WOMBIMride, hardness may be reduced and ther ePEHYSIESH2
reaction between the titaniumnitride and the SiC whi skers duri ng
the high tenperature fabrication of -1lghese materials. Therefore, vy
shoul d be less than 0.95. 15 Anot her range for x and y for titanium
carbonitride [Ti(C[err]N[err])] Isyis less than 0.90 and greater

t han or equal to O. 5 Lapge,f
x and y for tltanlun1carbon|?}| € ?E(%?eréﬁ*firr F%E?e@%ie Iess

than 0.75 and gr mh@%#m@&& atothese eompoxjtionsypregent]
optionally, ti tarﬁnyaicﬁlb%dp&eﬁaeaaﬁhbe should nf¢ m@m&n{aa&ﬂwmg

carbonitride or er oni um carbonitride
fol |l owi ng exanplé% " described in Taples Il through IV beIomL are
exenpl ary of the 25 i nReTt exampie, weetexmihg dux dhei physdcahe fol | owi ng

nmet hod. For all Ofrdfha-ted e tnet Bamﬁbéi’@@é‘ &@rﬁui@ n Exaipl 8K efiSs V\er e
ul trasonically di

For Exanpl es Nos.f%ﬁised I %'I §05§,§ng 1Bresent :ﬁf’mp‘asqgﬁlpp@oﬁfcgfgf de
whi skers were rraohallbl}dﬂla)lﬁnd GiCowhigkers. The glenkilbies fapatheseer the
ggs't g“gg' on Gadenff‘l’;%)oéuelpgﬁ rangﬁdg%ﬂ'«t%i'@,{c; %d4351§V&/éSE edot h of
ni cronet er$% The %?‘??f J“%@ag%,n& ?%%"?ﬂﬁ% 9457 7 k8 gﬁclvﬁ‘ﬁ‘%kers
was nostly beta sthe mm.mdress ranged from 196" tBxanphesThes. 11 and
12, the silicon gractut@diuihndalsskels (#eef Aqdedh eThAdyanced
C0np05|te wpaml/2.
A comparison of Example 10 with Example 9
15 shows that an increase in the TiC content (from 40
vol.% to 50 vol.%) and the alumina content (from 24.75
vol.% to 34.75 vol.%) coupled with a decrease in the
sic whisker content (from 35 vol.% to 15 vol.%) results
in an increase in the density of the sintered composite
20 from 4.069 g/cc to 4.318 g/cc.
Referring to all of the examples of Table IT,
there does not appear to be any discernible trend in
the hardness parameters (Rockwell A and Vickers).
A comparison between Examples Nos. 1 and 2
25 shows that the coarseness of the alumina powder does
not significantly impact the physical properties.
Still referring to the composites in Table
II, a comparison between Example 9 and Examples Nos. 1
through 3 reveals that the fracture toughness (Kyc)
30 appears to significantly increase when the alumina
content decreases and the silicon carbide whisker
content increases. More specifically, with the TicC
content remaining the same, a decrease in alumina from
about 35 vol.% to about 25 vol.% coupled with an
35 increase in the silicon carbide whisker content from
about 25 vol.% to about 35 vol.% results in an increase
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-12- Mat erials Corporation of Geer, South Carolina under
the grade designation SC-9. The SC-9 whi skers had an average | ength

of* 10 to 80 w ers and an average di aneter of OpfpiikdsiiSfiBt €rS-
The crystall?%g&ggfﬁbture 5 of these SC-9 Si C whi skers was al pha

silicon carbide. In regard to the nmethod of preparation
for Exanpl es Nos. 1 through 7 and 9-@Brough 12, the bal ance

of the conmponents were blended in a mll wth | sopropanol for one
hour. The ultrasonicated silicon 10 car bi de whi skers were then bl ended
with the blend of in the fiwctureanocaghhesse( drent detaeannsls amd 20

m nut es. This M3 hga di scharged through a 200 nesh
screen, dried in aé?%PgﬁgﬂbvapgﬁatoF, and t hen passed t hrough a 100

nmesh screen. The dried bl end Re¥PREison ofExample ity Exasplenl

t enper at urg range pévdabd[wHat] Eracture toudiidd=rH ]fitiné’ialﬁsﬁsi o 60h
m nut es undeg an a 3p ' A 1Ly. The
Feoul ting 5 " p62ke 7ua MERRITAPURRS LR SRS Bkt drtimitla pORDEREY

insert having a T degvease@and thecg4€ phipentcanteant dmcreasego? to . 004

i nches and 20 degrees chanf gigfe?sing to the physical properties of the
TiC N s-alumina-5iC whisker composites in Table III,
it becomes apparent that the use of the SC-9 silicon

10 carbide whiskers from Advanced Composite Materials
Corporation provides for an increase in the fracture
toughness of this TiCN-alumina~SiC whisker composite
from between 6.3 and 6.6 to 7.5 MPaml/2. although the
compositions are somewhat similar, the increase in

15 fracture toughness appears to be due to the nature of
the SC-9 whiskers as compared to the Tokai silicon
carbide whiskers.

Referring to the examples (Examples Nos. 5
and 6) of Table IV that present the physical properties

20 of the Ti gMo ,C~alumina-SiC whisker composites, a
comparison between Examples Nos. 5 and 6 shows that a
decrease of 5 volume percent in the Ti_gMo ,C coupled
with a 3 volume percent increase in the alumina and a 2
volume percent increase in the SiC whiskers does not

25 make a significant impact on the properties of the
Ti_gMo_2C-Rl,03-SiC whisker composite.

Overall, it can be seen that the above
composites in accordance with the present invention
possess a combination of hardness and fracture

30 toughness which are unequaled by the prior art cutting

" tool compositions shown in Table I.

Photomicrographs which are representative of
examples of the compositions in accordance with the
present invention are shown in FIGS. 2, 3, and 4. In

35 FIG. 2, which corresponds to Example 2, the lightest
phase is alumina, the gray phase is titanium carbide,
the elongated (or darkest) phase are silicon carbide



“descri bed above. Tables 11 through 1V below includes in

parenthesis the identification of the supplier if there was nore
.than one supplier of the conponent. The Y203 25 for all of the exanples
was supplied by Hermann C. Strack Berlin GrbH & Co, KG P O Box
1229, D-78WO9718177 | aut erburg, Baden, Germany. PCTUISSONSIIN Tabl es
Il through IV the silicon carbide whi skers supplied by Tokai carry

t he designation "(T)". 30 The silicon_ggLbi de whi skers supplied by
Advanced Conposite Materials Corporation carry the designation
"(A". For some of the exanples, the Al[err]Jerr] was

under the designation not e I'f Tabl es

Il through 1V, tR&edddohkestophase is almg alymina and:thedavkest jo[err]

powder was obt ai phdser 48 also silioda Tarbilié/whiskers, however, the
PCT/ US96/ 15192 hase.

The Nanot ek Al[ergrr]aéi gprafep%ﬁd%irt%%i(}ma ngg&i?%g In 1:‘I(;'su“r"f al}'lg{éi@g’r ea of
56. 2 squar & net eCOrFEEPPNER A1 BXARRES 6, the lightest and darkest
phases are respectively alumina and silicon carbide
whiskers, however, the gray phase is titanium
molybdenum carbide.
In accordance with the present invention, the
10 compositions of Examples 1, 3, 4, 6, and 7 shown in
Tables II were ground into SNGN-453T indexable cutting
inserts and used to machine Inconel 718 (hardness 38
Rockwell C) in a turning test under the conditions of
B0o0 surface feet/minute speed, 0.006 inch per
15 revolution, feed rate, and 0.050 inch depth of cut,
flood coolant, and a 45 degree lead angle. The end of
life criteria used was: flank wear (FW) = .030 inch:
maximum flank wear (MW) = .040 inch: nose wear (NW) =
.040 inch; depth of cut notch (DN) = .080 inch; and
20 crater wear (CR) = .004 inch. Included in the tests
were samples aof WG-300 (Example No. 8) in the same
insert geometry for comparison purposes. The results of
these tests are shown in Table V below and in FIGS. 5,
6, and 7. Each example is identified in FIGS. 5, 6 and
25 7 by its identical reference numeral. These results
indicate that the tools having a matrix based on
titanium carbonitride or titanium molybdenum carbide
had the best cutting edge life time under the above
conditions. The most rapid wear mechanism and the wear
30 mechanism which lead to failure was depth of cut
notching on all the materials shown in Table V.

supplied by Nano%ggﬁe‘lﬁ'gghfmkp%f;'Sﬁ;gfl?g,??o%eggaﬁé‘%/ ‘%‘g‘& d!linois



g-reater than 99. 9% pure. The phases present were delta and gamra. For

the exanple (Exanple No. 2) that used 5 t he Nanot ek A1203 powder, an
addi tion of .05 vol une percent MJO was added to the blend. The
Nahot ek A120 powder was substantially equi axed.

The bal ance g‘?’ofﬁ’é‘l&anm es used Al[err]O[err] from sevleursa? ots of
A1203 powder that were supplied by 10 Ceralox (a division of Vista
Chem cal Conpany) under t he designat+2n-HPA-0.5. In Tables I
through 1V the designation "(C" shows that the A1203 was from
Cer al ox. The Ceral ox powder had a BET speC|f|c surface area of 10.0

to 11.5 square neters/gram The ox Al[err]O[err]
cont ai ned an addition of Oéxampl%"l“i@fﬁgﬁ ﬁ qﬂ% i _Gab?! ox
Al[err]O[err] powder was Thstant i &l \ et]w axe _

The Ti C supplied eri"ESFEI"F'E‘I'd T

Department of New Kor kExa%®if York oBeR- 1 chr ReRd2t hi % i Feat

Ti C, and had a BET specifi P f am
In Tabl e |1 }the desi gnat nﬁ‘i"\E,%’" \r{%‘;@@?’ﬁa el %

Furukawa Ti C. The Furukawa Ti C jpovslerosas| substoant| al | y.7 eqes axedf 25
The Ti C particl es pupptteduoy tihe—acro Drvistomof—ermeanetat—tc.
under the designation G dde 4R Had I%E:’T"goe,l fit8urflace #¥a of] 5.9
square nmetefs/gram In Table-;l;lmth desipgna |on9 3(M" shoygrs

that the Ti C cane ronrtire—iveeT Prvi-stontof Kerraretet—Hhe—Macey o
Di vi sion Ti C powdef_was ® sub&tatiti al | - ‘é(?ﬁl aked. -2 146% The
Ti[err]Mo.[err] C splid sal utlon poywgegy supple. &6y sy the MagsQ

D vi si on of Kennangt+et—t+nre—of—fPot+t Sogti-Hpm—Br-S o
Canada had a BET specifi & 35 strdf®ce préal & 4{ 6 sHifare teﬁw‘granj
The Ti[err]MJ[err]C

However, the flank wear resistance of the present

5 invention was less than that of the prior art grade
tested. It is believed that flank wear resistance may
be improved by increasing the nitrogen content of the
titanium carbonitride forming the matrix or increasing
the molybdenum content of the titanium molybdenum

10 carbide used in the matrix. Flank wear resistance of
the present invention may also be improved by applying
a hard coating to the cutting insert composed of
compositions in accordance with the present invention.
Preferred hard coatings include titanium nitride,

15 titanium carbonitride, titanium aluminum nitride, and
alumina coatings applied by PVD and/or CVD techniques.

The flank wear resistance of the prior art

grade tested (Example No. 8/ WG-300) appeared to be
better than Examples Nos. 1, 3, 4, 6 and 7. This may be

20 due to the greater alumina content in the prior art
grade. More specifically, the prior art grade (Example
No. 8/ WG-300) has an alumina content of about 75
volume percent as compared with about 35 to 40 volume
percent for Examples Nos. 1, 3, 4, 6 and 7. The flank

25 wear resistance of the present invention may be
improved by the use of greater amounts of alumina or by
decreasing the amount of silicon carbide whiskers



"solid solution powder was substantially equi axed. WO 97/ 18177

PCT/ US96/ 15192 -14- The
ditanfum carbonitride powder supplied by the Macro Division of
Kennanetal Inc. had a BET specific surface area of 5.2 square

net er s/ gr anWOBi{8177 conmponent has a fornmula of Ti{er rm’@&ﬂ]‘ he
Macro Division 5 titanium carbonitride powder was substantially

equi axed. Tables |11 through-lV bel ow set forth the
conpositions (and suppliers where indicated) and the hot pressing
tenperature. The conpositions are set 10 forth in volunme percent of the

entire conpositi Oé}eé:%ft and 1ncE'QQ§§ g rﬁmm%feh ;f. %@ ﬁaﬂfi* of the

matrix, the per cent age e matrix hat conmponent is
set forth in bradREﬁ%?stthahlt&FaE%HHxﬁ%EPQP hrideg e ’7a1“min°-and 9 t hrough

12 the alum na conponent cwilaappllieatibnd,s patents andl ohhepedoements
ragnesi a. referre tol %e@q(ﬂ:t QQ h%)ﬁ&[f%ﬁdaﬂp’%&%‘éga iay p@k&i%.r?@é
forth the results of tests to ascer aln properties of
the exanpl e8: thehek®ifi¢y (grans/cc), the
Other embodiments of the invention will be
apparent to those skilled in the art from a
consideration of the specification or practice of the
invention disclosed herein. It is intended that the
10 specification and examples be considered as
illustrative only, with the true scope and spirit of
the invention being indicated by the following claims.



Rockwel | A hardness, the Vickers hardness, and the 20 !Illl lm\timgllu"ml
t oughness (MPaniferr]) as neasured by Evans &

Charl és, "Fracture Toughness Det erm nati on by Indentat|on :

Anmeri can Cergm Society, Vol. 59, Nos. 7-8, pages 3tindk ng a
18.5 ‘Eﬁ‘%% . WO 97/ 18177 Z&ﬂﬁ

PCT/ US96/ 15192 -15-

Tabl e I1 Ti CG-Al[err]O[err]-Si C Wi sker Conpositions and
Physi cal Properties of Exanples Nos. 1-3, 9 and 10 Ex. /Conp &
Exanple 1 Exanple 2 Exanple 3 Exanple 9 Exanple 10 THis SHEETTHIRSBESN
Properties REPLACED

N D 1

-23=

WHAT I8 CLAIMED I8:

1. A composition produced by the
consolidation of a blend of starting components, the
composition comprising:

5 a matrix comprising one or more of the
carbides, nitrides and carbonitrides of hafnium,
molybdenunm, tungsten, zirconium, tantalum, niobium,
vanadium, titanium, and solid solutions thereof in an
amount that is greater than 50 volume percent of the

10 matrix, the matrix further includes sintering aid
residue present from the use of one or more sintering
aids as a starting component in an amount less than .5
weight percent of the starting components wherein the
sintering aid comprises one or more of yttria, magnesia

15 and zirconia, the matrix comprising between 60 and 99.8
volume percent of the composition; and

ceramic whiskers uniformly dispersed
throughout the matrix, the ceramic whiskers comprising
between 0.2 and 40 volume percent of the composition.

20 2. The composition of claim 1 wherein the
ceramic whiskers are selected from one or more of the
following: alumina, silicon carbide, boron carbide,
silicon nitride, and the carbides, nitrides, borides
and carbonitrides of titanium, zirconium and hafnium.

25 3. The composition of claim 1 wherein the
matrix further includes ceramic particulates selected
from one or more of the group consisting of silicon
carbide, titanium boride, zirconium boride, hafnium
boride, alumina, zirconium oxide and hafnium oxide.

This Sheet Has Been Reﬂ
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. err err - -
IR CTICRN | || [ 1] A

Al[ err] O erWp 9118177 35(C)  PCTARIYERY)

34.75(C [ 46. 7] 4= [46.7] [46.71
[37.7] [ 40. 7] Y[err]O[errf 0.25 [. 3] 0.25 [. 3]
0.25 [. 3] 0.25 [.3] 0.25 [.3] Siclerr] 25(T)
25(T) 25(T) 35(T) 15(T) Tenp ([err]CD
1750 1750 1775 00, 800 , nS|ty
4. 147 4. 147 4 45 The coiifition of £i3lR 1 wherein td?
HRA mabyix compriggsigreater thar 50 velumg/pgrcent
VHN ( Gpa) ¥iltdhium carbdfifride, and %he balance?éflthe matrix 20
comprising at least 40 volume percent alumina.
5 S. The composition of claim 5 wherein the

ceramic whiskers comprise silicon carbide whiskers, and
the silicon carbide whiskers comprises about 2 volume
percent to about 35 volume percent of the composition.
6. The composition of claim 5 wherein the
10 ceranic whiskers comprise silicon carbide whiskers, and
the silicon carbide whiskers comprises between 10
volume percent and 30 volume percent of the

composition.
7. The composition of claim 1 wherein the
15 matrix comprises greater than 50 volume percent

titanium carbonitride, and the balance of the matrix
comprising less than 50 volume percent alumina.
8. The composition of claim 1 wherein the
matrix comprises greater than 50 volume percent of
20 titanium molybdenum carbide, and the balance of the
matrix comprising at least 40 volume percent alumina.
9. The composition of claim 8 wherein the
ceramic whiskers comprise silicon carbide whiskers, and
the silicon carbide whiskers comprise about 2 volume
25 percent to about 35 volume percent of the composition.
10. The composition of claim 1 wherein the
matrix comprises greater than 50 volume percent of
titanium molybdenum carbide, and the balance of the
matrix comprising less than 50 volume percent alumina.
30 11. A ceramic cutting tool comprising:
a rake face; and a flank face, a cutting edge
at the juncture of the rake face and the flank face;
a ceramic composition having a matrix
comprising at least 50 volume percent of one or more of
a5 the carbides, nitrides and carbonitrides of hafnium,
molybdenum, =zirconium, tantalum, niocbium, vanadium,
tungsten, titanium, and solid solutions thereof, the

This Sheet Has Been Reﬂlaced
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and 12 Ex. /Conp. & Exanple 425- Exanple 7 Exanple 11
Exanpl e 12 Physi cal Properties

matrix further includes sintering aid residue present
from the use of one or more sintering aids as a
starting component in an amount less than .5 weight
percent of the starting components wherein the
5 sintering aid comprises one or more of yttria, magnesia
and zirconia, wherein the matrix comprises between 60
and 99.8 volume percent of the ceramic composition; and
ceramic whiskers uniformly dispersed
throughout the matrix wherein the ceramic whiskers
10 comprise between 0.2 and 40 volume percent of the
ceramic composition.
12. The ceramic cutting tool of claim 12
wherein the ceramic whiskers are selected from one or
more of the following alumina, silicon carbide, silicon

15 nitride, boron carbide, or the carbides, nitrides,
borides or carbonitrides of titanium, zirconium or
hafnium.

13. The ceramic cutting tool of claim 12
wherein the matrix further includes ceramic
20 particulates selected from one or more of the group
consisting of silicon carbide, titanium boride,
zirconium boride, hafnium boride, alumina, zirconium
oxide, and hafnium oxide.
14. The ceramic cutting tool of claim 12
25 further including a coating on the rake face and the
flank face.
15. The ceramic cutting tool of claim 15
wherein the coating comprises a layer selected from the
group consisting of alumina, TiC, TiN, TiCcN and TiAlN.

30 16. The ceramic cutting tool of claim 16
wherein the layer is applied by chemical vapor
deposition.,

17. The ceramic cutting tool of claim 16
wherein the layer is applied by physical vapor
35 deposition.

N
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TiCerr]Nerr]

[52. 5]

35( C) WO 38T) 35(Q)
[46. 7] [46. 7]
[.3] 0.25 [.3]

[46.7

25.29(T)
1800
4.214
HRA

VHN ( Gpa)
[18.5 kg
7.5

10

15

20

25

30

35

[ 53] [ 53]

25(T) 25( A) 25(A)
1800 1800 1850
4.228

7.5

39.03

mes e oemas. A HllllHIII

*Ti [‘er ] MD

35, 43( C)
i ﬁwm m mL PCT/US9E/53192) | o e

0.3867 3] Siqerr]
Termp ([err] O
Density

95 0 18.4'Kzgg?ﬁmic comﬁhé%g%q? producegg£82%§F
conpolidation of ajblend of startimgs componentsoghdrein
thdbramic composkt £6n | cdiplses: 6.3 6.6
a ma %Haeégiprising one or more of titanium
nitride, titanium carbonitride, the carbides, nitrides
and carbonitrides of hafnium, molybdenum, niobium, and
tungsten, and solid solutions thereof in an amount that
is greater than 50 volume percent of the matrix, and

the matrix comprising between 60 and 99.8 volume

percent of the composition; and

ceranic whiskers uniformly dispersed
throughout the matrix, the ceramic whiskers comprising
between 0.2 and 40 volume percent of the composition.

19. The composition of claim 19 wherein the
ceramic whiskers are selected from one or more of the
following alumina, silicon carbide, silicon nitride,
boron carbide, and the carbides, nitrides, borides and
carbonitrides of titanium, zirconium and hafnium.

20. The composition of claim 19 wherein the
matrix further includes ceramic particulates selected
from one or more of the group consisting of silicon
carbide, titanium boride, zirconium boride, hafnium
boride, chromium boride, alumina, zirconium oxide and
hafnium oxide.

0.25 [.3]

21. The composition of claim 19 wherein the
matrix further includes titanium carbide and the
carbide, carbonitrides and nitrides of zirconium,
tantalum and vanadium; and the matrix further includes
sintering aid residue present from the use of one or
more sintering aids as a starting compdnent in an
amount of less than or equal to 1 weight percent of the
starting components

22. The composition of claim 22 wherein the
matrix comprises greater than 50 volume percent
titanium carbide, and the balance of the matrix
comprising at least 40 volume percent alumina and

il
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Ex./ Conp. ¥O9M8177  pyapple 5 Exanpl e 6 Physi cal
Properties Ti C -3v<ferr] N err]

-- Ti[err]M.[err]C 34.7 [47. 6] 39.75 [53]
Al[err]O[err] 38(C) [52] 35(C) [46.7]

Y[err]O[err] 0.27 [.4] 0.25 [. 3]

Siderr] 27.03(T) 23. The compowitilon of claim 23 wherein the

ceramic whiskers comprise silicon carbide whiskers, and
the silicon carbide whiskers comprises between about 10
volume percent and about 40 volume percent of the

5 composition.

24. The composition of claim 22 wherein the
matrix comprises greater than 50 volume percent
titanium carbide, and the balance of the matrix
comprising less than 50 volume percent alumina and

10 sintering aid residues.

25. A ceramic cutting tool comprising:

a rake face; and a flank face, a cutting edge
at the juncture of the rake face and the flank face;

- a ceramic composition having a matrix

15 comprising between about 45 volume percent and less
than 50 volume percent of titanium molybdenum carbide,
and less than about 55 volume percent alumina, wherein
the matrix comprises between about 60 volume percent
and about 90 volume percent of the ceramic composition;

20 and

ceranic whiskers uniformly dispersed
throughout the matrix wherein the ceramic whiskers
comprise about 2 volume percent to about 35 volume
percent of the ceramic composition.

25 26. The ceramic cutting tool of claim 26
wherein the matrix comprises between about 55 volume
percent and greater than about 50 volume percent of
alumina.

27. The ceramic cutting tool of claim 26

30 wherein the ceramic whiskers comprise about 10 volume
percent to about 30 volume percent of the ceramic
composition.

28. The composition of claim 1 wherein one
or more of the sintering aids comprises an amount of

35 less than or equal to .3 weight percent of the starting
components.

T




T oo mo e (HIIHHA
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MPan{ err] WO®MBI7I\\O 97/ 18177

PCT/ US96/ 15192 ~-28- -18- A
revi ew of the physical properties of the exanpl es reveal s that these
conpositions present physi cal properties that shoul d make excel | ent
cutting tools. 5 For exanple, referring to the physica

properties of the conpositeg of phabbempbeitiSAL TR 5 wherein! BhOUGN 3,
9 and 10 present gf%%%’&élég} éﬂkéﬁ&gé has the formula Ti{CyNy) wherein
Y
Yy is less than .95 and greater than 0.5, and x + y = 1.
30. The composition of claim 5 wherein the
5 titanium carbonitride has the formula Ti{CyNy) wherein
y is less than 0.90 and greater than or equal to 0.55,
and x + y = 1.
31. The composition of claim 5 wherein the
titanium carbonitride has the formula Ti(CyNy) wherein
10 y is less than 0.75 and greater than or equal to 0.6,
and ¥ + y = 1.
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al um na and Si C whi skers. The densities for these conposi tions ranged
from4.069 g/cc to 4.318 g/cc. The 10 Rockwel | A hardness (HRA) ranged
from94.7 to 95.1 and the Vickers Hardress ranged from19.7 to 21.1.
The fra ughness Klerr] (E&C) ranged from®6.3 to_Z

MPanf err|] o't A conparison of Exanple 10 with G889 5
shows that an increase in the Ti C content (from 40 vol . % to 50

vol . % and the alum na content (from 24. 77 vol . % to 34.75 vol . %
coupled with a decrease in the Si ¢ whi sker content (from35 vol.%to
15 vol . % results in an increase in the density of the sintered
conposite 20 from4.069 g/cc to 4.318 g/cc. Referring
to all of the exanples of Table I1I, t here does not appear to be any
di scernible trend in t he hardness paraneters (Rockwell A and

Vi ckers). A conparison between Exanples Nos. 1 and 2 25
shows that the coarseness of the alum na powder does not
significantly inpact the physical properties. Still
referring to the conposites in Table 1, a conparison between

Exanmpl e 9 and Exanples Nos. 1 through 3 reveals that the fracture

t oughness (Klerr]) 30 appears to significantly increase when the

al um na content decreases and the silicon carbide whisker

content increases. Mire specifically, with the TiC content remaining
the sanme, a decrease in alumna from about 35 vol.%to about 25

vol . % coupled with an 35 increase in the silicon carbide whisker

content from about 25 vol.%to about 35 vol.%results in an increase

10 %

12
~ - /o

4

i

FIG. |
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-19- . in the fracture toughness (Klerr]) from between 6.3 and

6.6 to 7.2 MPanferr]. A conparison of Exanple 9 with
Exanpl e 10 reveal s that fracture toughness [K[err]] increases fromb5
6.7 to 7.2 MPapjerr] when the Ti C and al um na contents decrease and
the Sic whi sk&PFBRnt increases. 2/6 Ref er r i neCcLusshs19z

sker
of the

physi cal properties, of,
conposites in Tab
SC-9 silicon 10 rials

Cor porati on provi s B ness of
this Ti CN-al um na Y st . nd 6.6 to
7.5 MPanferr]. AR G : - ~ |l ar, the

I ncrease in 15 . ture of

t he SC-9 whi sker whi skers.

Referring to the |V t hat
present the physi um na-Si C
whi sker conposi t Pnd 6 shows
that a dec} M| C coupl ed
with a 3 vol ume

| une
percent increase .




25 make a significant inpact on the properties of the
TiJerr]'"M[err]CGAl[err]Jerr]-Si C whisker conposite.

Overall, it can be seen that the above conposites in accordance with
t he present invention possess a conbi nati on of hardness and fracture
30 t oughngeo k¢ h are unequal ed by the prior art cutting t ool
conpositions shown in Table I. Phot om cr ogrigiEsoemsieh ar e
representative of exanpl es of theégﬁ?positions i n accordance with

t he present invention are shown i GS. 2, 3, and 4. In 35 FI G
2, which corresponds to Exanple 2, the |ightest phase is alum na,
the gray phase is titani um car bide, the el ongated (or darkest) phase
are silicon carbide WO 97/ 18177

PCT/ US96/ | 5192 - 20- whi skers. In
FI G 3, which cor ris e S e I VN R 2 o 8 s al so
alum na and the dgg} ;
however, the
corresponds to Exg
respectively alunmg




whi skers, however, the gray phase is titanium nmol ybdenum car bi de.

In accordance with the present invention, the 10 conposi tions of

Exanples 1, 3, 4, 6, and 7 shown in Tables Il were ground into
SNGN\- 453T i ndgygdilgmut ting inserts and used to naChiiﬁ*dﬁﬁﬁgﬁﬂ
iI'Tions

(hardness 38 ockwell C) in a turning test under the con

718
of

800 surface feet/mnute speed, 0.006 inch per 15 revolution, feed rate,

and 0.050 inch depth of cut, ' f1 ood/6ool ant, and a 45 degree | ead
angl e. The end of life criteria used was: flank wear (FW = .030

i nch: maxi mum fl ank wear (MNJ = .040 inch; nose wear (NW

. 040 inch; depth of cut notch (DN) = .080 inch; and 20 crater wear
= .004 inch. Included in the tests wer e sanpl es of WG 300 (Exanple
No. 8) in the sane insert geonetry for conparison purposes. The
resul ts of these tests are shown in Table V below and in FIE. 5,
6, and 7. Each exanple is identified in FIGS. 5, 6 and 25 7 Qy*Tts
identical reference nuneral. These results i ndi cate that tlhe tools

having a matri x based on titaniumcarbonitride or titanium

nmol ybdenum car bi de had the best cutting edge life tinme under the

above conditions. The nost rapid wear nechani sm and the wdgar

mechani smwhich lead to failure was depth of cut not chi ngto@¥ al |

materials shown in Table V.

10

8
CUTTING TIME (MINS)

6

01400"r
0.1200 +
01000 +
0.0800 T
0.0600 +
00400 +
0.0200 +
0.0000

DOCN (INCH)

30

(CR)

t he

FIG. 5
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Table V Tool Life & Failure Mdde for
Examples Nos. 1, 3, 4, 6, 7 and WG 300 Exanpl e Rep. 1
Rep. 2 Tool wbfsgngiel ative % IUS96/15
Average Tool Life (M nut es) (M nut Ps(sr ?T\/f 192 es)
vs. WG 300 1 5.8 DN 1.5 DX 78%
3 4.3 DN 1.3 DN 2.8 5/8 % 4 9.7 DN
8.8 DN 9.3 197% 6 _ 7.3 DN 6.4 DN 6.9
146% 7 4.7 DN 6.9 DN 5.8 123%
8 4.3 DN 5.1 DN 4.7 100% However, the flank
wear resistance of the present 5 invention was | ess than that of the
prior art grade tested. It is believed that flank wear resistance
may be i nmproved by increasing the nitrogen content of the
titanium carbonitride formng the matrix or increasing t he
mol ybdenum content of the titani um nol ybdenum 10 carbide used in the
matri x. Flank wear resistance of the present invention may al so be
i nproved by appl yi ng
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é hard coating to the cutting insert conposed of conpositions in

accordance with the present invention. Preferred hard coatings
innclude titaniumnitride, 15 titaniumcarbonitride, titanium alum num
nitride, and »Al um na coatings applied by PVD and/or GPuksFBpzaues.
The fl ank megﬁo?gg?stance of the prior art grade tested (Exanple No.
8/ WG 300) appeared to be better than Exanples Nos. 1, 3, 4, 6 and
7. This may be 20 due to the greater &f/@&nina content in the prior art
grade. More specifically, the prior art grade (Exanple No. 8/ WG 300)
has an al um na content of about 75 vol une percent as conpared with
about 35 to 40 vol une percent for Exanples Nos. 1, 3, 4, 6 and 7. The
flank 25 wear resistance of the present invention may be i mproved
by the use of greater anmounts of alum na or by decreasi ng the anount
of silicon carbide whiskers WO 97/ 18177
PCT/ US96/ 15192 -22- present and
i ncreasing one or nore of the matrix phases, e.g., titanium
carbonitride or alum na. Al'l applications, patenfs and
ot her docunents referred to herein are hereby incorporated py
ref erence
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5 . herein. O her enbodi nents of the invention will be

apparent to those skilled in the art froma . consi-deration of the
*specification or practice of the -, Lnvention disclosed herein. It is

i nt ended -t hat the 10 speci fication and exanpl es be consi dered as

Il lustrative only, with the true scope and spirit of the invention
being indicated by the follow ng cl ains.

-23 - . S | S;

1A CeraWIC(Nﬁ%i%&f@%%#mtoﬁﬁ%lcon aX%mqhé g% N%Qa Va apngIﬁace and a
flank face, a cienentedge 5 at the juncture of the rake face and the

flank face; | east & Vo?atentaNSer@nB§7C95QO§bt ‘rB'ibQﬁ‘é' &¢ %:Lmﬂr[ahlés

conpri sing at ercent ‘of "6ne or
car bi des, ni triSRSERH %%ﬁ%@ﬁ$@¢|G@scértﬁaﬂnn&ﬁrldes and cagbjidesnag

zircongum tantaliabié %@ﬂxvﬂﬂﬁéfﬂﬂ 1910n wikWNg3 ke rdddrRflidei,and
solid solutions threof t he urther includes sintering aid

resi due presentPowaer, foTr%ﬁ?tf’lébﬁ’s"er‘éf'ngﬁécﬁweﬁﬁre T8enfaQ fgParss axe a

present in an amount between 5 and 50 weight percent,
The ‘224 patent makes specific reference to matrices of
silicon nitride, aluminum nitride, boron nitride,

10 silicon carbide, boron carbide, and titanium carbide.
The ‘224 Patent recites examples that use alumina,
zirconium oxide, silicon nitride as matrices along with
silicon carbide fibers. The focus of the ‘224 Patent is
on a ceramic article suitable for electric discharge

15 machining. In this regard, the specification states
that the electrical resistance of the substrate must
not exceed 10 ohm-cm

The publication by Kpochmal, i.e., Kpochmal,
"Fiber Reinforced Ceramics: A Review and Assessment of

20 their Potential", United States Air Force Technical
Report AFML-TR-67-207 (1967}, pages 9-16, mentions
ceramics (with fiber reinforcement) having a HEfC or ZrC
matrix. The filaments include tungsten, molybdenum,
tantalum, boron, carbon, silicon carbide, boron

25 carbide, and alumina.

There havé also been ceramic cutting tools with
whisker reinforcement. In this regard, U.S. Patent No.
4,789,277 to Rhodes et al. discloses the use of ceramic
whiskers (the content ranges f£rom 2 volume percent to

30 40 volume percent) such as alumina, aluminum nitride,
beryllia, boron carbide, graphite, silicon carbide
(preferably), and silicon nitride in a ceramic matrix.
The ceramic matrix is preferably alumina, but includes
alumina "doped" with up to 30% zirconia, hafnia and

35 titanium carbide. The alumina remains the dominant
component of the matrix.

Japanese Patent Application (Kokai) No. 2-116691
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starting conponent in an anmount between greater than O and | ess
than .5 wei ght percent of the starting 15 conponents wherein the
sintering aid conprises one or nore of yttria, magnesia and
zirconia, wherein the mat r rx2xonpri ses between 60 and 99.8 vol une
per cent of the ceram c conposition; ceramc
whi skers uniformy dispersed 20 t hroughout the matri x wherein the
ceram ¢ whi skers . conprise between 0.2 and 40 vol une percent of the

ceram ¢ conpogelrdtindintb a coated ceramic chteihgrtoot!| wHergia €®rting on
the rake face .

ceramc cuttiﬁ&qﬁﬁﬁIEﬁégﬁéﬁ:Eﬁéléggifggggﬁéggfnsfﬁg XS&PPﬁgpggﬁﬁggges a
| ayer sel ect ealimoimutheoxide, 0.5gtdupclomnsi peragndf calidesnaf WgC, TH,N
&LCN and TiAl%r, Y and rare eart gioﬂ-? Sﬁ&agég EHEEEH%eEogklgkﬂgdﬁinlz
erein the layer s applied by chem cal  vapor eposition
4. THe ceranié&ﬂﬂtﬁhﬁ)Qiﬁbiéﬂscl%i%¥2desl and capbpeihrides| gfer is
applied by physicali MRPOA part of cHEPESELA®Om carbide, nitride, S- The
ceram c cutting tool of claiml 35 wherein the ceram c whi skers
conpri se si | i carkeniigde component may be whiskers wherein these
whigkers comprise 5-45 volume percent of the entire
composition. The cutting tool has a coating (either a
10 single layer or multiple layers) applied by either
chemical vapor deposition or physical vapor deposition.
Japanese Patent Application (Kokai) No. 2- 157176
pertains to a coated ceramic cutting tool wherein the
composition of the tool comprises'zo—so volume percent
15 of one or more compounds selected from the group
consisting of the carbides, nitrides and carbonitrides
of titanium, 0.5-10 volume percent of one or more
selected from the group consisting of the oxides of
magnesium, titanium, zirconium, yttrium and rare earth
20 atoms, and the balance being aluminum oxide. The
composition further requires that 10-80 volume percent
of the titanium carbides, nitrides and carbonitrides
comprise whiskexrs. The cutting tool has a coating
{either a single layer or multiple layers) applied by
25 either chemical vapor deposition or physical vapor
deposition.
PCT\US 86\00528 Patent Application to Rhodes et
al. entitled HIGH DENSITY REINFORCED CERAMIC BODIES
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-24-, whi skers, and the silicon carblde mhlskeq ﬂﬂmﬂ lﬂmluluu"
bet ween about 2 vol une percent to about 35 vol une

conposi tion. 6. The ceram c cutting tool cfaim? 5
wherein the one or nore sintering aids conprise an anDunt bet ween
greater than 0 and |less than or equal_to _ .3 wei ght percent of the
starting conponents. “«27 7. The ceramc cutting tool of
claim1l wherein the matrix conprises greater than 50 volunme 10
percent of titanium nolybdenum-carbi de, and the bal ance of the
matrix conprising at |east 40 vol une percent al um na.

8. The ceramc cutting tool of claim?7 wherein the ceramc

whi skers conprise silicon carbi HHATSIS CLAIMEDSK®:s, and the silicon
car bi de whi skers conprise p eramlcaQBEEla?VQEBEEcBﬁ&&%% 29 about 35

vol une percent of the cutt 9. The
ceramic cutting tool ofackaken face; and ayffépskn fage .c @ g insbledas a

hardgess of gweatld jhaPcdPe of th84rikBogkwe! bnf the flank face; 10. A
conposition produced by the consolidatiqn of a blend of startlng
conponents, the a %%ﬁ%%é?t?@ﬁ?eﬁﬁﬁﬁp§lﬁ@V1ng a matrix a

mat ri X conpricdmsr DHEENGr aFOI 8a st Ebevaiume percanki ¢S o tdz* GRS NSl

carbonitri des .of hafn m .tungst en, oni um
S oF St AHBLETY, nycrideanant: CoAPOR: LIges e RAATITHNS
t hereof , the molybdenumiptrziréonitm; taaktudes, snriwlmg atghdd@iaimiue present

frogbthe useéﬁnég@égf _£§n§hgserl ﬁqa 3318t ions thereof, the
matrix further includes sintering aid residue present
from the use of one or more sintering aids as a
starting component in an amount between greater than 0
and less than .5 weight percent of the starting

15 components wherein the sintering aid comprises one or
more of yttria, magnesia and zirconia, wherein the
matrix comprises between 60 and 99.8 volume percent of
the ceramic composition;

ceramic whiskers uniformly dispersed

20 throughout the matrix wherein the ceramic whiskers
comprise between 0.2 and 40 volume percent of the
ceramic composition; and

further including a coating on the rake face
and the flank face.

25 2. The ceramic cutting tool of claim 1
wherein the coating comprises a layer selected from the
group consisting of alumina, TiC, TiN, TiCN and TiAlN.

3. The ceramic cutting tool of claim 2
wherein the layer is applied by chemical vapor

30 deposition.

4. The ceramic cutting tool of claim 2
wherein the layer is applied by physical vapor
deposition.

5. The ceramic cutting tool of claim 1

35 wherein the ceramic whiskers comprise silicon carbide



30 . starting conponent in an anount between greater tU u!l IUIL
and |l ess than .5 wei ght percent of the starting

‘t he sintering ai d conpri ses one or nore of yttria, nagne5|a and
zirconia, the matrix conprising between 60 and 99.8 vol une percent
of the 35 conposition; ceramc

whi skers uni formy di spersed -24hroughout the matrix, the ceramc
whi skers conpri si ng . between 0.2 and 40 vol une percent of the
conposi tion; and 5 t he conposition having a

har dness of greater than 94 .7 Rockwel | A 11

The conposi ti emictkedtsj ard vhersihicons carbide wn&tskiexsc@miﬁﬁ% greater

the mtrix 10 Sl abou 2 volbhELUILERL PR WhGUE Ao sa: and
wher ei n the tipsxrganmt cxaﬁbmetwtupoaaswhe forrrul a T| (Cerr]Nerr])

?hirsLnly I's less than 05 90rgl0dceramic cuBE8ALCELRAB 1844 to 0.55, and
5 wherein the one or more sintering aids comprise an
amount between greater than 0 and less than or equal to

.3 weight percent of the starting components.
7. The ceramic cutting tool of claim 1

wherein the matrix comprises greater than 50 volume

10 percent of titanium molybdenum carbide, and the balance
of the matrix comprising at least 40 volume percent
alumina.

8. The ceramic cutting tool of claim 7
wherein the ceramic whiskers comprise silicon carbide

15 whiskers, and the silicon carbide whiskers comprise
about 2 volume percent to about 35 volume percent of
the cutting tool.

9. The ceramic cutting tool of claim 1
wherein the cutting tool has a hardness of greater than

20 94 .7 Rockwell A.

10. A composition produced by the
consolidation of a blend of starting components, the
composition comprising:

a matrix comprising one or more of the

25 carbides, nitrides and carbonitrides of hafnium,
molybdenum, tungsten, zirconium, tantalum, niobium,
vanadium, titanium, and solid solutions thereof, the
matrix further includes sintering aid residue present
from the use of one or more sintering aids as a

30 stafting component in an amount between greater than 0
and less than .5 weight percent of the starting
components wherein the sintering aid comprises one or
more of yttria, magnesia and zirconia, the matrix
comprising between 60 and 99.8 volume percent of the

35 composition;
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12 e comosition of im0 weretn the 15 cerar| (URURABIN I

-

whi skers conpri se between about 10 vol une percent to about "30
vol une percent of the conposi tion. 13. The
conposi tion of claim 10 wherein the 20 one or nmore sintering aids
conpri se an anount between Yeater than 0 and |ess than or equa
to .3 weight percent of the startlng conmponents.

14. A conposition produced by the consolidation of a blend of
starting conmponents, the 25 conposition conpri sing:

a matrix conprising one g réﬂ%&aﬁﬁléﬁ@? 1form§ rghgég gltrldes and
carbonitrides of hafnium %enu Zirconi um

tantal um ni ofihygughout the\Mﬁﬁﬁﬂ¥unth?t%ﬁr®m10awalgbﬁra sompriigiang

thereof, the 3rween 018 rdng f44 tETuhdCheHeENET BECERBI Bl go%%%h@Hﬁ present
fronlthe use of one or nore sintering aids as a arting conponent

in an amount b&theen greater than O and |l ess than .5 wei ght

percent of the startingthe composxnammenaslm@eaeharahessiaEeg&@guﬁﬂi _
?ggPrlses one Qr 3%, Roéﬁ%éﬁfﬁAyttr'a magnesi a and zirconia, the matrix
11. The composition of claim 10 wherein the

matrix comprises greater than 50 volume percent
titanium carbonitride, and the balance of the matrix
10 comprising at least 40 volume percent alumina; and
wherein the titanium carbonitride has the
formula Ti(C,N,) wherein y is less than 0.90 and
greater than or equal to 0.55, and x + y = 1.
12. The composition of claim 10 wherein the
15 ceramic whiskers comprise silicon carbide whiskers, and
the silicon carbide whiskers comprise between about 10
volume percent to about 30 volume percent of the
composition.

13. The composition of claim 10 wherein the

20 one or more sgsintering aids comprise an amount between
greater than 0 and less than or equal to .3 weight
percent of the starting components.

14. A composition produced by the
consolidation of a blend of starting components, the

25 composition comprising:

a matrix comprising one or more of the
carbides, nitrides and carbonitrides of hafnium,
molybdenum, tungsten, zirconium, tantalum, niobium,
vapadium, titanium, and solid solutions thereof, the

30 matrix further includes sintering aid residue present
from the use of one or more sintering aids as a
starting component in an amount between greater than 0
and less than .5 weight percent of the starting
components wherein the sintering aid comprises one or

35 more of yttria, magnesia and zirconia, the matrix
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'c,orrpri sing between 60 and 99.8 vol une percent of the l"lmﬂmbm" Ilﬂ:ﬂll
ceram ¢ whi skers uniformy dispersed -t hroughout t

sceram c whi skers conprising 5 bet ween 0.2 and 40 vol urfe per ent

t he conposition; wherein the matri x conpri ses greater

t han 50 vol unme percent tltanégnrcarbonitride, and t he bal ance

of the matrix conprising at |east 40 [ume percent al um na; and
10 wherein the titaniumcarbonitride has the

formula Ti(C[err]Nerr] ) whereiny is |less than 0.75 and greater
t han or equal d,.x 15. C osition
produced by thégmgr?Slga b8ﬁ¥8¥|d§9|8ﬁdb a bIem?Wﬁ Qﬁ%ﬁ%&%dégoﬁggnents,
the 15 coappssitdonconpri si ng: a natrix consi sting
essentially of titaniumCeramlC 1T laT dﬂ¥%dfﬁ§?' about 50

vol ume percent or nmor the mat mnan an amount that is

greater than 40“Vﬁpuheubekbénﬂwéﬁl#helﬁﬂtwﬁ%dﬂand“ﬂﬂwkelb “hipp el # hgYai d

residge presenpef{eBht e2USAG0N 00RR1¥me percent BY & 1d USHpHYiRids; as a
starting conponent in an anount between greater than 0 and | ess

than .5 wei ght phegein She Matdis GOP i Ematenetban Bhe

sinteri ng aid cemme39ereeator;lmrraxmf csétxtﬁdra,txm&wesa@d 2bhe balanséd
zirconia; he matri >§: s&pgvbletween 60 and 99.8
a St Q P

vol une per cent °6f PﬁemEBEﬁésFPﬂ&¥151“9 he RohpBeti on

further conpriailngicaraand whi skers unlforn1y dlspersed t hr oughout

Lhe g1, the 30 gPSSATLS oM 6 CHM A SELAE g Enand 40

vol une percent oOf thée comnpos
' formula Ti(C,N,) wherein y is less than 0.75 and

greater than or equal to 0.6, and x + vy = 1.

15. A composition produced by the

consolidation of a blend of starting components, the
15 composition comprising:

a matrix consisting essentially of titanium
carbonitride in an amount of about 50 volume percent or
more of the matrix, alumina in an amount that is
greater than 40 volume percent of the matrix, and

20 gintering aid residue present from the use of one or
more sintering aids as a starting component in an
amount between greater than 0 and less than .5 weight
percent of the starting components wherein the
sintering aid comprises one or more of yttria, magnesia

25 and zirconia;

the matrix comprising between 60 and 99.8
volume percent of the composition;

the composition further comprising ceramic
whiskers uniformly dispersed throughout the matrix, the

30 cetramic whiskers comprising between 0.2 and 40 volume
percent of the composition; and

the titanium carbonitride has the formula
Ti(C,N,) wherein y is less than 0.9 and greater than or
equal to 0.5, and X + Yy =

35 16. The composition of claim 15 wherein the

e ——



‘phe fitanium carbonitride has the formula Ti(de Iu“ ['
y is less than 0.9 and greater than or ~equal to H' mﬂ

1. 35
- 27_
wher ei n

17. The conposition of claim 15 wherekii-t he

16. The conposition of claim15 wheré&éintthe "

titanium carbonitride has the forrmula Ti(Cerr]Nerr])

y is equal to about 0.5, and x +y =1

selected fromone or nore of the 5 followi ng: alumna, silicon
car bi de, boron car bi de, silicon nitride,, and the carbides,
des, and carbonitrides_ of titanium zirconium and

nitrides, bori
haf ni um

titaniumcarb
car bi de.

titanium carbongtrige

$

dhe ifnrwila B R.2%) wibeseant he
ceram c whi skeysiar eqaaleebedbbu@mMoone @indrot & of 4 he, 10

de, titani boride, silicon . carbi de, and boron
17 "5 Somrasitdan ivh Trath ot muESsREReFRE he

'k

ceram ¢ whi skers are

fol | ow ng:

ceram ¢ whi skeceramidpr whe skielrisc arec ardlieds,edantkrdiheone or moré&i bf CceRecar bi de

Whi Skers CompI 56 BRLHEEN ad WIS Kl sopn AFEEN. A0 35 xabugE per cent

of thé& conposi
wherein the

10

15

20

25

30

35

I on.
silicon nitride,, and the carbides, nitrides, borides,

and carbonitrides of titanium, zirconium and hafnium.

18. The composition of claim 15 wherein the
ceramic whiskers are selected from one or more of the
following: titanium carbide, titanium boride, silicon
carbide, and boron carbide.

19. The composition of claim 15 wherein the
ceramic whiskers comprise silicon carbide, and the
silicon carbide whiskers comprise between 2 volume
percent and 35 volume percent of the composition.

20. The composition of claim 15 wherein the
composition further comprising ceramic particulates
selected from one or more of the group consisting of
silicon carbide, titanium boride, zirconium boride,
hafnium boride, alumina, zirconium oxide and hafnium
oxide.

21. The composition of c¢laim 15 wherein the
ceramic whiskers comprise silicon carbide, and the
silicon carbide whiskers have an average length of 10
to 80 micrometers, and an average diameter of 0.6
micrometers.

22. The composition of claim 21 wherein the
crystalline structure of the silicon carbide is alpha
silicon carbide,

23. The composition of claim 15 further
defining a face, and a coating on the face.

~ 24. The composition of claim 23 wherein the
coating comprises at least one layer selected from one
or more of the group consisting of alumina, TiC, TiN,
TiCN, and TiAlN.

AMENDED SHEET
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~ Gonposition furth&r conprising ceranic particul ates I Hmt“ uu ;ﬂﬂ“l
one or nore of the group consisting of © silicon-car

bori de, zirconium boride, 20 haf ni um bori de, al um na, Zi rconi um oxi de
and haf ni um oxi de. 21. The conposition of claim
15 wherein the ceram ¢ whiskgrs conprise silicon carbide, and the
silicon carbide whi skers have an averiage | ength of 10 25 to 80

m cronmeters, and an average dianeter of 0.6 m croneters.

22. The conposition of clain121 wherein the crystalline structure

of the silicon carbide i co ?%31t15h|b?oﬂlgﬁbbbqewﬁgﬁeln the

23. The conposition of c a|n1 ace, and a
coating on thé®medayer is applied by Che%lcaih§a§@Wpd§PpﬁGﬁ1@ﬁ1cIaln123

wherein the coajg ngrﬁ@r@émﬁs&eioheaﬁt cQaeml %xemé@eqﬁ thué rom one
or nore of the graoup con5|st|ng lumna, TiC, TiN CN, and
Ti Al N ore layer is applied by phyﬁhgﬂbEgdggEEﬁeposltlon

5 27. The composition of claim 24 wherein the
coating further comprises a second layer selected from
one or more of the group consisting of alumina, TiC,
TiN, TiCN, and TiAlN; and the one layer applied by
chemical vapor deposition, and the second layer applied

10 by physical vapor deposition.
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-28- : 25. The conposition of claim24 wherein the% PY
one layer is applied by chem cal vapor deposition. _ . .
The conposition of claim24 wherein the one layer is,_ i ed by
ph)?si cal vapor deposition. 5 27. The conposi t & claim
24 wherein the PCT coat WoRLDANTELL semvaasecond | ayggerel ect ed
from one or nore of the group consieting of alumina, TiC,

Ti N, Ti CNINTERNATIGNAL APRHICATIO UNBER THH PAJENT COOPERATAQN TREATY @R(T0r

deposi {f (stirinterantichal IrentThesthagiod &y er appll i e
deposi i onco4B 35/80, 41/87, 35/56, 35/58 Al

15 Qnternational PMicAilnsd] VP80 9718177
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