TI TLE COMPOSI TE CEMENTED CARBI DE ROTARY CUTTI NG TOOLS AND ROTARY CUTTI NG
TOOL BLANKS BACKGROUND OF THE TECHNOLOGY FI ELD OF THE TECHNOLOGY [ 0001] The
present iwoentoBmsss generally directed to rotary cutti rgTiusedis/o3avd2 r ot ary
cutting tool blanks having a conmposite construction including regions of
differing conposition and/or mcrostructure, and to related nethods. The
present invention is nore particularly directed to multi-grade cenented
carbide rotary cutting tools and tool blanks for rotary cutting tools
havi ng a conposite construction wherein at |east one region conprises a
hybri d cement ed carbide including cubildkarbi de, and to nethods of naking

the rotary cutting tools and rotary cutting tool blanks. The present

i nvention fi ndsOyPRBATE &spVENTER CARBIDHK BQT%YtGLhBTMWQ@DSh as, for
exanpl e, tools adapted ABND BOTARYIGUTEAG NQOIc BLANKS nki ng,
counterboring, and end mlling. DESCRI PTI ON OF THE BACKGROUND OF THE
TECHNOLOGY [ 0002] Cenented carbide rotary cutting tools (i.e., cutting
tools driven to rotate) are conmonly enpl oyed in machi ni ng operations such
as, for exanple, drilling, ream ng, countersinking, counterboring, end
mlling, and tapping. Such tools are conventionally manufactured with a
non-hybrid solid nonolithic construction. The manufacturing process for
such tool s involves consolidating netallurgical powder (conprised of
particulate ceramic and netallic binder) to forma conpact. The conpact is

then sintered to forma_cylindrical t b kK havi a nonolithic
construction. As used h@;‘éﬁg'gpﬁﬁ‘ﬂ?g%%%kggﬁwékogﬁ]structi on" neans that
a tool lEiﬁf@F’pﬂﬁEq'E&Hﬁi QM;Q material such as, for exanple, a cenented

a

car bi avi ng subst antl y th_e samschar acteri sti cs at any working vol une
e s P8, SHEASALEN pl Syl it A dsonle R clnaRRpeanel !
geonetro;erpfcutth@ toot lallaylks mat/lngga CMbOSIEé)tamsytrtmmbhlmguﬁmglreglotmslafcdﬂferhw
exarrplc%mgcgslltllon angfc])r mICI'OS?I’UC{ ?gnéer{dsfo rel C{ed nﬁ)ethods The present invention is

more particularly directed to multi-grade cemented carbide rotary cutting tools and tool

blanks for rotary cutting tools having a composite construction wherein at least one

region comprises a hybrid cemented carbide including cubic carbide, and to methods of

making the rotary cutting tools and rotary cutting tool blanks. The present invention

finds general application to rotary cutting tools such as, for example, tools adapted for

drilling, reaming, countersinking, counterboring, and end milling.

DESCRIPTION OF THE BACKGROUND OF THE TECHNOLOGY

[0002] Cemented carbide rotary cutting tools (i.e., cutting tools driven to rotate)
are commonly employed in machining operations such as, for example, drilling,
reaming, countersinking, counterboring, end milling, and tapping. Such tools are
conventionally manufactured with a non-hybrid solid monolithic construction. The
manufacturing process for such tools involves consolidating metallurgical powder
(comprised of particulate ceramic and metallic binder) to form a compact. The compact
is then sintered to form a cylindrical tool blank having a monolithic construction. As
used herein, the term "monolithic construction” means that a tool is composed of a solid

material such as, for example, a cemented carbide, having substantially the same



[ 0003] Rotary cutting tools conposed of cenented carbide are adapted to
many i ndustrial applications, including the cutting and shapi ng of

mat er i al swof20mansgtssucti on such as netal s, wood, and pl agCirams2010081082 nade of
cenented carbide are industrially inportant because of the conbination of
tensile strength, wear resistance, and toughness that is characteristic of
these materials. As is known in the art, cenented carbide is conprised of

at | east two phases: at |east one hard ceram c conponent and a softer
matrix of metallic binder. The hard ceram c conponent may be, for exanple,
car bi dbaragtedstoseaitanyweking welomeswithie tlﬂehmﬁjgﬁumseqaen&q@esnpi@rmadﬁf@ togbl e. A
commo T s & t al
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I nt er connect ed |n three di nensi ons. Cemented carbides may be fabricated by
consoldrdat ¢ne millsvEeames: @r@a??pﬁowder bl end of at Ieast one povvdered ceramc

conponent and at | east one powdered netallic binder. [0004] The si cal
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car bi de rot ry cutting tools such as drills and end mlls can be pr oduced
wi t h weimpréegp cepude n%@omatl&%df aldespleiict pi@ﬂ@@platdaastm hgrd@gsdmithe

nmonol it hi c constructipon of. rotar tt n eir
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depi Cthes iigtee aimtble Nearbidesef dl@méﬁig\lvmﬁ!lh)gro@;ﬁs &VB wrstigdNiBlof 28e bamoo.g a
typi cal design used for creatln% and finishing holes in construction

mat er itaple. AERMEPOUOWRTPIRES JiRgStan gaplidat iThs b“ﬂ% may §e aretal o3 anetat| udes a

chi sel P e cutting
ip 2267 ey coput ol Hch ' diBt bEIneRt methe THE RICRLERent e o the
mat er Iragloas of tige beraenic sobgiongnd wiithirea makhx irdetoennpeteidih énree2imen stdms.
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emented carbides may be fabricated by consolidating a metallurgical powder blend of

at least one powdered ceramic component and at least one powdered metallic binder.

[0004] The physical and chemical properties of cemented carbides depend in
part on the individual components of the metallurgical powders used to produce the
materials. The properties of a cemented carbide are determined by, for example, the
chemical composition of the ceramic component, the particle size of the ceramic
component, the chemical composition of the binder, and the ratio of binder to ceramic
component. By varying the components and proportions of components in the
metallurgical powder blend, cemented carbide rotary cutting tools such as drills and end

mills can be produced with unique properties matched to specific applications.

[0005] The monolithic construction of rotary cutting tools inherently limits their
performance and range of application. As an example, FIGS. 1(a) and 1(b) depict side
and end views, respectively, of a twist drill 20 having a typical design used for creating
and finishing holes in construction materials such as wood, metals, and plastics. The

twist drill 20 includes a chisel edge 21, which makes the initial cut into the workpiece.
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the hole. During the cutting process, cutting speeds vary significantly
fromthe center of the drill to the drill's outer periphery. This
phenonenomoi2e1gisown in FIGS. 2(a) and 2(b), which graphipcalusgoionspaz e
cutting speeds at an inner (D1 ) , outer (D3), and internedi ate (D2)

di aneter on the cutting tip of a typical twist drill. In FIG 2(a), the
outer dianeter (D3) is 1.00 inch and dianeters D1 and D2 are 0.25 and 0.50
inch, respectively. FIG 2(b) shows the cutting speeds at the three
different dianeters when the twist drill operates at 200 revol uti ons per
m nut elhesutting dipt 24aobithei drilFR2GBllosehe anisel b)igetZHearuthetmwgessmeeblef timeasur ed

t i . { L1 f | 1)1
her odbatiel RS T el SRR i, RACETIE sk PhBIYRS Bh b ST HB Aistene,
Becauspediold. ha@angahe alittPSprode sy tduttingy SRR, vty isldnificantly Gtdne the oédtey of
cutti ngetool s having a nonolithic constructl on will not experience uniform

wear dl\rn"ft@rﬂé%@nl&é'q*ﬁ%r%rr@% PisrRaneRNMEls ShOWMme Fdh iZ48) @@@812% t he
|
Lqes WALhirathE afoa iy L0 00 S (R el epd gokaedeld | 00

edges ma g case teri |se edge
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bod t I, f th d
Ther ef GBS T (P bRh aBy DR DERIATE SR 2R gl BO T Rt yp DBt | ¢ i ¢
const rayp} sﬁdsx/vslwicuﬂﬁngrépbleb@@t ﬂeé@ﬂ@é @méntrmb@felt@%mmﬂ the/@ast cﬁrﬂl a nuch
faster rate than the remai nder of the cutting FﬂG& resulting in

0

r el at iapgrgtestaird00gevglugiens ippe nfipwtes lﬁsﬂ]l”tdﬁiiféﬂﬂeg in| 2fa)ianst @ncles, Cblﬁ@‘oﬁhuse
of e JBAgl L  of ARSLANGS bOROh ST W AT UPEL oG 5BERLgH car bi de

IIs reque regrinding e cu e s n ssa hus pl aci ng

a si grinéneaaetwﬂh thietdistanoe dont tre aﬁswfmztahm ef m‘e folbes. dri | 1. Fr equent
regrinding and tool changes also result in excessive downtine for the

machi ne t oqhobbpt Betalst bgthisedsaridBRL In Cuthing sb¥Basd@fs 44 8fher ¢otiakhy Ng tool s
havi ng a nonolithic construction suffer fromsimlar deficiencies.” For

ex arrp|Ce!ttlrqu@@ISahwng@smgn@hthmqnstrblpt@n wilt eot exneriesed UMﬁ”’péNGfa:Srah ng
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st eps ami ¢Hipping and/or cracking of the tool's cutting edges may occur. Also in drilling
casehardened materials, the chisel edge is typically used to penetrate the case, while
the remainder of the drill body removes material from the softer core of the
casehardened material. Therefore, the chisel edge of conventional non-hybrid drills of
monolithic construction used in drilling casehardened materials will wear at a much
faster rate than the remainder of the cutting edge, resulting in a relatively short service
life for such drills. In both instances, because of the monolithic construction of
conventional non-hybrid cemented carbide drills, frequent regrinding of the cutting edge
is necessary, thus placing a significant limitation on the service life of the drill. Frequent
regrinding and tool changes also result in excessive downtime for the machine tool that

is being used.

[0007] Other types of rotary cutting tools having a monolithic construction
suffer from similar deficiencies. For example, specially designed drili bits often are used
for performing multiple operations simultaneously. Examples of such drills include step
drills and subland drills. Step drills are produced by grinding one or more steps on the

diameter of the drill. Such drills are used for drilling holes of multiple diameters.
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diameter of the drill. Such drills are used for drilling holes of multiple
di aneters. Subland drills nmay be used to performnultiple operations such as
drilling,woaarmwBesssnki ng, and/ or counterboring. As w t hPCEJISR@0/08240%t
drills, the service life of step and subland drills of a conventi onal

non- hybrid nonolithic cenented carbide construction nmay be severely |imted
because of the vast differences in cutting speeds experienced at the
drills' different cutting edge dianeters. [0008] The limtations of
nonolithic rotary cutting tools are also exenplified in end mlls. In

gener adublend dills Maygb¢ sised s padorrd nawltipleefrfaratiars sunkt a$ dridingval t echni que

becausetheedof the cut .S _Nnat supporte the Ien i amet er

a6 GG el i oliti o s LB, s sies e ofhfED

causesareke@siahy @rite o€ r@nobnfidiaal @BA-Hybrid meﬁolnh@%%sn@wtée\c%mdél mtation on

the depths of cut and feed rates that can be en‘F %/ [0009] In order to
Aifigre

addr es®nNsHeCHed Iahke s8vwelvdinaitedbesayss alrtedas resissneuitingenestds hi c

const ré&é)te'{%ﬂce@taﬂ W&ﬁlls@‘f@r&%@ﬂ?@%ﬁ? &gpse rotary cutting tools

havi n erent propertres at ocatl ons. For exanple, cenented

Ros. 3%85‘tbh@eﬂaﬁ%q@gﬂﬁ%?rw%ﬁﬁh@?{%@EU@‘%@&%@Cr' A% rbuab et o,
car bi denddmillsl Snafer@rapend intiling i eorsit ek dcar Medrﬁn@mnﬁétram%m@weté@hﬂﬂqaé ed to

bet we 600-1 100 ,C.in a protective environnent i s method of producing
har deﬁ?ﬁﬂ:a&'ﬁﬁ the eAd of e 69“?" lﬁﬂ%{spgmr’teq;,qrgitthetlﬂ@gtﬁatpd@ﬁ@@tey uptia@éendyer of

t he dr r se the
under |'J§)€“§33 g% r@Edegrxsnt egyg @dglgﬁt;ﬁ%}ﬁg‘@gngﬁﬁé’g‘%gfgé% %w%&‘kfefpééﬁ?'éarogyﬁgssed
t he ha&rdiemndblammma@ee a sgvere limitabomploattbe yeptst of diitiand, feet eatdedhabean bat i on

step, which iis an additional processing step, significantly increases the

cost cﬁm?l%e(ﬁl ni shed drill. [0010] The limtations associated with
nmonol it hic rbide rotary cutting tools have been allevi ated by
enpl oyi ng éﬁsgﬁﬂp r 1 GHSTRRIINP AHODISS RSRACIAIEH WY T01aEy PG 1e6s & 31

e e T e
i ncl udilﬂf&jeat ptopastiesaaff diffetent @wnnanﬁoaexam@t&j ceergar(bad catbedé dnlls bavihhea ' 265
Pat enty B R ed surface are described in U.S. Pat. Nos. 5,609,447 and 5,628,837, In the

methods disclosed in those patents, carbide drills of a monolithic cemented carbide

construction are heated to between 600-1100° C in a protective environment. This

method of producing hardened drills has major limitations. First, the hardened surface

layer of the drills is extremely thin and may wear away fairly quickly to expose the

underlying softer cemented carbide. Second, once the drills are redressed, the

hardened surface layer is completely lost. Third, the decarburization step, which is an

additional processing step, significantly increases the cost of the finished drill.

[0010] The limitations associated with monolithic cemented carbide rotary
cutting tools have been alleviated by employing a "composite" construction, as
described in U.S. Pat. No. 6,511,265 ("the '265 patent"), which is incorporated herein by
reference in its entirety. The '265 patent discloses a composite rotary cutting tool
including at least a first region and a second region. The tool of the '265 patent may be
fabricated from cemented carbide, in which case a first region of the composite rotary
cutting tool comprises a first cemented carbide that is autogenously bonded to a second

region of the tool, which comprises a second cemented carbide. The first cemented
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fabricated fromcenmented carbide, in which case a first region of the
conposite rotary cutting tool conprises a first cenented carbide that is
aut ogenowsDyotvorsesd to a second region of the tool, whi ehTaseEoi03®e2 a
second cenented carbide. The first cenmentedcarbide and the second cenented
carbide differ with respect to at | east one characteristic. The
characteristic may be, for exanple, nodulus of elasticity, hardness, wear
resi stance, fracture toughness, tensile strength, corrosion resistance,
coefficient of thernmal expansion, or coefficient of thermal conductivity.
The r egfirbide arfd thensatoad andritdd carbitie iffdrevitfordspeal/tooat leasixire | y di sposed
or otherw se .arranged,so as.to advant ageously posi,tion.the regions to take
advant dBBeeP TRl | M AnarasiriticdPap e, R Exapeia TpoIf aRielR i AnsRe,
descri\Resr ieBistficce, Zr%it@éttﬁﬂ?hr@é&f, S BRhEH, Rokioidrateisiendy, coefiidrt yf C
cenented carbide rotary cutting tools, the exanples of the '265 patent

pr i nartheymabexransianu egseeficieat Bf thermel geedydivilyi Joeyeriags ofkesrerded esses
are typj.rall.y r i i . r illing,
end- (APl iR S T, 8 b i@l dssobp R bR AR NI 8t
cenmentatlantidealslygpesiten traviayipneetioytake g vhetagesofdheis padivgtdr,prepettieas t hose
enpl oyi ng tungsten carbi de. Those grades, however, may not be suitable for

machi ni ng s[peeh] alwpiys tHivigventich dessbeennithat2empatentdddieetugesrtainon in the
steel workpiece and tungsten carbide in the rotary cutting tool,  Tools used
for ndtpitations afreenalithigremaitad fathideddannentiing (enle. bgraxedles Af the 265
nonol it td : .. & ekl td bi c
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according to the present disclosure are directed to a conposite article is
provi dedy nehbe sriiable feemeshining pieel alleysnbesta @ reaatipnthatican ageurdestward a

rotary_cutt I . oS f. | C I e el ate

por 11 e S i B BEF andnBaGRRR R Bed e [t b S oo TP AP

first for machining steels may contain 0.5% or more cubic carbides in a monolithic
conventional grade cemented carbide. The addition of cubic carbides in such tools,

however, generally results in a decrease in tool strength.

[0012] Thus, there exists a need for drills and other rotary cutting tools having
different characteristics at different regions of the tool, such as high strength and

hardness, and which do not chemically react with the workpiece.

SUMMARY

[0013] Certain non-limiting embodiments according to the present disclosure
are directed to a composite article is provided that may be selected from a composite
rotary cutting tool and a rotary cutting tool blank. The composite article may include an
elongate portion. The elongate portion may comprise a first region comprising a first
cemented carbide, and a second region autogenously bonded to the first region and
comprising a second cemented carbide. At least one of the first cemented carbide and
the second cemented carbide is a hybrid cemented carbide. The hybrid cemented

carbide comprises a cemented carbide dispersed phase and a cemented carbide



cenented carbide, and a second region autogenously bonded to the first
regi on and conprising a second cenented carbide. At |east one of the first
cenment ed wanbivds2s8d t he second cenented carbide is a hporius2eenswzed
carbide. The hybrid cenmented carbi de conprises a cenented carbi de di spersed
phase and a cenented carbi deconti nuous phase. At |east one of the cenented
car bi de di spersed phase and the cenented carbi de continuous phase conpri ses
at least 0.5 percent by weight of cubic carbide based on the weight of the
phase including cubic carbide. [0014] Certain other non-limting
enbodiomrhmsodis beeeedtﬂeasébnemféfweibemnaﬂ cafbw&diﬁpe@ieﬂe)fmseim@thehat is

one of a dr,il an_e d | a
"ol Ly Hrdseefgg canindeToina$hetBPuTn et st R ety b ARt 87 upt: oo
r egi orcFBiRbaeddbritHel Wébhﬁ@ﬁﬁi@t;ﬁfbs@ahaudthg @ic @am@nd region
aut ogenously bonded to the first region and conprising a second cenented

carbi de. At[ob¢a ﬁt CHHRIP bt irbking RN Bthehtd BisERsaathel iR 478 cHadirizENt ed
carbide is a hy d cenented carbide conprising a cenented car bi de

di scort Cemeasite ekt ey inosestatdsd, 8slrbitdenic amtenslionls apiaasand aHapdilantat
Least 08aRg e cRRRRIbSRoRT NG Rl BRI MISP G Affd DrGEBREY Car bi de

conti nuou hasé ¢ rises a eas c car bi de

based ggmpring atfist cmhgdittedcn‘arbnbe afhdaeseebnt hegbyxbarutob@&mm bohda toi the
|nclud|ng cubic carbide, In certain enbodi nents

|
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non-limting ments according to the present osure are rected
to a rcmnhmmbnmgj apeotkrded gasridadisconénsalsephase am@mc@m@ﬁpdmr@deot ary

cutti 05|te rotar tting t.o wherein the t hods
corpr 108 BenEPRage SRR afleaSida e it 8P satb B8 srtyord Bhath et

car bi dge RbAitht R YaffiPEO SRR HRE DnapiideRSatdéast (.5 pelcdif fw%@iéhﬁéuthb de
grade and unsintered granul es of a second cenented carbide grade. In an
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cemented carbide differs from the chemical wear resistance of the second cemented

carbide.

[0015] Certain additional non-limiting embodiments according to the present
disclosure are directed to a method of producing an article selected from a composite
rotary cutting tool and a composite rotary cutting tool blank, wherein the methods
comprise preparing a hybrid cemented carbide blend. The hybrid cemented carbide
blend may comprise sintered granules of a first cemented carbide grade and unsintered
granules of a second cemented carbide grade. In an embodiment, at least one of the
first cemented carbide grade and the second cemented carbide grade may comprise at
least 0.5 percent by weight of cubic carbide based on the total weight of the particular
cemented carbide grade. The hybrid cemented carbide blend may be placed into a first
region of a void of a mold, and a different metallurgical powder may be placed into a
second region of the void. In an embodiment, at least a portion of the hybrid cemented
carbide blend may be contacted by the metallurgical powder. Embodiments of the
method may include consolidating the hybrid cemented carbide blend and the

metallurgical powder to form a compact, and over-pressure sintering the compact.
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cenented carbide grade. The hybrid cenented carbide blend nay be pl aced
into a first region of a void of a nold, and a different netal |l urgical
powder nawyolkzelopi3ased i nto a second regi on of the void. PoTAS2@0bsmorent, at
| east a portion of the hybrid cenmented carbi de bl end may be contacted by
the metal |l urgical powder. Enbodi ments of the nethod may include
consolidating the hybrid cenented carbide blend and the netal |l urgical
powder to form a conpact, and over-pressure sintering the conpact. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0016] The features and advant ages of all oys,

articles, and nethods BREf DERCREEON iy THE DRAVEING®der st ood by
reference to the acconpanying drawings in which: [0017] FIG 1(a) depicts a
si de vi ew (0046} WiTste fdatures badiauyaatdgepi afailodesartjolessaad hmthededesaripeand

finishing holes in construction nmaterial uch as wood, tals,

pl ast ht%’ ”‘['ﬂ?@!gﬂe ‘?@f@“’ﬂd Ste@ batrg}egﬁn% CAFOMRAHY G FRWIBGS N ng&ﬁ'r cted
in FIG 1(a); g0019& is a schematic derﬁ)l cting three dianeters D
1, D2, and 18] or'fé; ; ﬂ@)c‘iﬁpﬂqtﬁ@ Sé%é“ed‘f oha dwist Eril haMiap %Wﬁlqwgﬁﬁ‘ﬂ“t%egt

drill; i r gp@[%g

COI’]VEI’E)I g%%ﬁ %ffo @%N\}%Iséfas 'grci%ﬁ rﬁ?@'ﬁ@%&éﬁg%%%& %%)tfr?désgd [ 0021]
FI GS. 8ést)jcs(d) are cross-sectional views of novel blanks useful for
produci ng conposite rotary cutting tools constructed according to the
present i neot8pn FlI@hé(eidepdissan eHdayiewru tB¢ byistidpil depiatdd inskEIG miyayli ment ,
and FIG 3(b) is a crosssectional end view of the blank shown in

per specti vgoomoF! GIG3L@)is hARRmdtt@eptcting tArden@iaaiaterfsoDt abb, &fd ®&3prior art
conventi onal non-hybrid cemented carbide grade based on tungsten car bi de

and cotang thieuttingiedag of @osenveatienalerobpzi tvistalrls i s a phot oni cr ogr aph of
a prior art conventional non-hybrid cenented carbide grade based on
tungsten cdPBROk &id. 2d1as & gsaph depicting syttngsnsesisrdiiadeonventiond! MG 6

schemaf ol i th@bBind 3% B1OBSIMRE pised for determ ning the

[0021] FIGS. 3(a)-(d) are cross-sectional views of novel blanks useful for
producing composite rotary cutting tools constructed according to the present invention,
wherein FIGS. 3(a) and 3(b) depict a first embodiment, and FIG. 3(b) is a cross-

sectional end view of the blank shown in perspective in FIG. 3(a);

[0022] FIG. 4 is a photomicrograph of a prior art conventional non-hybrid
cemented carbide grade based on tungsten carbide and cobalt and lacking cubic

carbide;

[0023] FIG. 5 is a photomicrograph of a prior art conventional non-hybrid
cemented carbide grade based on tungsten carbide and cobalt and including cubic

carbide;

[0024] FIG. 6 schematically illustrates the procedure used for determining the

contiguity ratios of the dispersed phase of a hybrid cemented carbide;

[0025] FIG. 7 is a photomicrograph of a hybrid cemented carbide in which the
dispersed phase includes cubic carbide and the continuous phase is relatively free of

cubic carbide;



contiguity ratios of the dispersed phase of a hybrid cenmented car bi de;
[0025] FIG 7 is a photom crograph of a hybrid cenented carbide in which

t he di speweeadioptiase i ncl udes cubi c carbi de and the cont iPOAI$01P08E2 | S
relatively free of cubic carbide;[0026] FIG 8 is a photom crograph
depicting a hybrid cenented carbide in which the dispersed phase is
relatively free of cubic carbide and the continuous phase contains cubic
carbide; [0027] FIG 9 is a photom crograph of a section of an enbodi nent
of a conposite cenented carbide rotary cutting tool including a first

regi on condi0026hg FAGC 8ny anhotoraicrographydemictingesrbpbrid cemcbtatecarbide @ second

region conprising a brid cenent carpide that ,incluydes cubic carbide as

he anuieRts dsnacted s TEIREvedreCobe o camies BOF 3 Cont BRI of “an
enbodi gmbinefcuBiccirBRE: t e cenented carbide rotary cutting tool including a

first region conprising a hybrid cenented carbide that includes cubic

car bi de as ondii=n : | | S|

convent | ondeUETh IyBr ot RSB RO A LR OR BR GPORIRAID R,

phot omarnpagitEptenéntadseebideotary anttimgiiodi ineludingf a first sagiosicompraremaed
carbide rotary cutting.fool including a first region conprising.a,hybrid
coment O SR D AR CrTaRlY S, Brs rePoRt R OGN SR, and a
secontdnRehten caPtTRE itsatnacladey kub’ epEBtRGhealifpdlsed bAbséncl udes cubi c
carbide as the dispersed phase; and [0030] FIG 12 is a photom crograph of

a section qpoag) eradhoeih Phlot@nFORBDAGf GAUiBR of BhaibSehldrigr hoo!

including a first region conprising a conventional non-hybrid cenented
car bi dngpesile dementedrcarbidgsotany cattivgdeo! inalbidingeafitst degioamomplsing @ and a

car bi ol HsEPE caRbll T life SRR R e el WP Sai i ent 1 n
t he cagricbnd eegiopasepriditdd bnlbetidreaten-wblrid cprested daebitiberads;egoi ng
details, as well as others, upon considering the follow ng detail ed

descri pti onooporeri@ai n1 aphotbrhicRsyrapheflianRitisn of an embodiment of a
composite cemented carbide rotary cutting tool including a first region comprising a
hybrid cemented carbide that includes cubic carbide as the continuous phase, and a
second region comprising a hybrid cemented carbide that includes cubic carbide as the

dispersed phase; and

[0030] FIG. 12 is a photomicrograph of a section of an embodiment of a
cemented carbide rotary cutting tool including a first region comprising a conventional
non-hybrid cemented carbide grade based on tungsten carbide, cubic carbide, and
cobalt, and a second region comprising a hybrid cemented carbide that includes cubic
carbide in the dispersed phase and no substantial cubic carbide content in the

continuous phase.

[0031] The reader will appreciate the foregoing details, as well as others, upon
considering the following detailed description of certain non-limiting embodiments

according to the present disclosure.

DETAILED DESCRIPTION OF CERTAIN NON-LIMITING EMBODIMENTS

[0032] In the present description of non-limiting embodiments, other than in the

operating examples or where otherwise indicated, all numbers expressing quantities or



according to the present disclosure. DETAI LED DESCRI PTI ON OF CERTAI N

NON- LI M TI NG EMBODI MENTS [0032] In the present description of non-limting
enbodi nerwe,20m¢ 132185t han in the operating exanpl es or wheCe/Usté1e/03i08E

i ndi cated, all nunbers expressing quantities orcharacteristics are to be
understood as being nodified in all instances by the term "about".
Accordingly, unless indicated to the contrary, any nunerical paraneters set
forth in the foll owi ng description are approximtions that may vary

dependi ng on the desired properties one seeks to obtain in tools, tool

bl anksshaaacterigtidsoare tadeountiargtaod asheeipgesedifiedisall sstarcesAy thedevudry | east,

caui varsios” A Bkoylent Mt (P RE Lallard L biEr Lo dalaPs et o o

| east foeh GRS foedingidés@ittionfart R@proxIationd tH Pedy eahysdepuinidirpon tisk gi t's
and by applying ordinary rounding techni clues. [ 0033] Any patent, .

publ i GaSI'6H PropPedier dNediaaksd’ @i iRt £9ql% ool blaks | asidonethpdsagcordingito| s

i ncor : n LN oL S | I 0 xt ent
that (e Brecerticch Er 28 1 Lehleas, eRAR A sl ine bilfof ons,
st at erdnihe doofrinetdfequiliaettesatie sedpmr ofathesaaints)eabh memedrical perasoeter and to

t he extent K necessar t.he di sclosure as set fort erei.n suyper.sedes, any
cont | 1XPLILAHEASE b5 ORI L a! e DR, Of @PeRen g e a9 By 7138 B of
porti ofpififg eRfinafydunbimgttechEiguesor porated by reference herein, but which
conflicts with exi'sting definitions, statements, or other disclosure

TRt er i 2l Sqho§f { AISIERLR, bioRRlin! BEGIHRALACRLLE B S rERholdR indr

i
conflict arises bet i ncorporated naterial an e existin
di scl dbatrie imeirpoiciéd by 0efe4@ndehkemire sencolipovaiat ireneipranly tiethef @rtentothat the

cutting tool nd .cutting tqol hlan havi ng, g. conposjte construction,
"ot henGarBRTARE Rt ddit o B s S R A S mERE PRI T 0t ar y
cut ti Rigsdi®Ure mAR PSSt fHRR Siefeind ALEhY afl!th ithe ekl nksegsatittheng t ool
having at |east one cutting edge that is driven to rotate and which is

br ouglftisdlegure @sracd ferthvnereia supeigsides @nysondieting metedsl iacomosatedHrerein by
wor kpi el t ' t.9ol Vi " [te"
const ERTERE  AREFAEAS, Br pBulol Bkt bt B e R D BRRER ogi ons
di f f emengini buthBithInfltikidxistingalidinidions] stagshenis! or ethndisdidstire
material set forth herein is only incorporated to the extent that no conflict arises between

that incorporated material and the existing disclosure material.

[0034] The present invention provides for rotary cutting tools and cutting tool
blanks having a composite construction, rather than the monolithic construction of
conventional non-hybrid rotary cutting tools. As used herein, a rotary cutting tool is a
cutting tool having at least one cutting edge that is driven to rotate and which is brought
into contact with a workpiece to remove material from the workpiece. As used herein, a
rotary cutting tool having a "composite" construction refers to a rotary cutting tool having
at least two regions differing in chemical composition and/or microstructure and which
differ with respect to at least one characteristic or material property. The characteristic
or material property may be selected from, for example, chemical wear resistance,
corrosion resistance, hardness, tensile strength, mechanical wear resistance, fracture
toughness, modulus of elasticity, coefficient of thermal expansion, and coefficient of
thermal conductivity. Embodiments of composite rotary cutting tools that may be

constructed according to the present disclosure include drills and end mills, as well as
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differ with respect to at |east one characteristic or material property.
The characteristic or material property may be selected from for exanple,
chemi cal woani1wB2isst ance, corrosion resistance, hardnes®CTIuS2&0/082082 r engt h,
mechani cal wear resistance, fracture toughness, nodulus of elasticity,
coefficient of thermal expansion, and coefficient of thermal conductivity.
Enbodi nents of conposite rotary cutting tools that nay be constructed
according to the present disclosure include drills and end mlls, as well
asother rotary cutting tools that nay be used in, for exanple, drilling,

r eanm rghecmiatyeruinkiands thad umeb® oisedd). fenexample, dgllingnteanaipgi ng of

e PSR PP B STl T T
"egi ons of 0RRER: AFBilER I oA apBoFhmtty o sete iyl mtliFomna « hat
di ff ercomhpdsitea®Rayicuttthgpfool Ravihg G feddh aha Wutingéddge, JuchBdsed halicaioperty. As
used herein, "aut ogenous bond" refers to a bond that devel ops between

regi or@i%\fed:@g&ﬁgéﬂﬂig@aﬁﬁﬂ@C'B‘ﬂinﬁr?éﬂf?ﬁﬁt twaregipas ohcemeited prrbidaiinat are of
I b o bdTRl ey Bt BifoddtBl 80 SAPHES i) Wi rel B arTBAM R chendf AERRASHA ©
rotary cuttin ool’s d composite rotary cuttirng too |"anks "di sc¢l osed

her ei ror materiebptopeny. &Ks tdel heginrs EHutdédendusdoral” rofeas ko adopditees a hybrid
A hybrid cenent de conpri ses bi de

cenment ed car hi de. ed car bi .a cenented car

Cont 1 RGOSRl esRdOHI0RS R EBIPNLEH GR ua% P parBBG Mtasd WiTe Bl aIREADs at
| east AnBePinctdI®r 8fhgCditdle continuous phase and the cemented carbide
di spersed phase of the hybrid cenented carbide includes at |east 0.5% cubic

carbide b hant t i i i

cubi c car)l;i[gg#g?ogggmp gﬂgﬂgﬁgﬁ%@%ﬁ\ﬁg rg%t%(r&\[dftﬁgq? g%@@u%@%%@ﬁ)r%%h VI B
of t heuttérg di blanabldiscosed ledretn, \atleast bnend tlardnioes dbihedosl oiGaanki n of the
transition nmetals form carbj des, characterized a cubic crystal structure,
and o (CRBRPTSER A P hCHBERIS! GRPiHee 4 BYHRS CEMENIGA CROKRIC RLREgBnal oryst o
ST UCtdéfRontdBRaRHBE CoRMIeShAICaR BRARNEARAIAE dREERIRNGhade B des. The

group I'VB through VIB transition netals that form
embodiments, at least one of the cemented carbide continuous phase and the

cemented carbide dispersed phase of the hybrid cemented carbide includes at least
0.5% cubic carbide by weight based on the total weight of the phase including the cubic

carbide.

[0037] Transition metals belonging to groups VB through VIB of the periodic
table are relatively strong carbide formers. Certain of the transition metals form
carbides characterized by a cubic crystal structure, and other transition metals form
carbides characterized a hexagonal crystal structure. The cubic carbides are stronger
than the hexagonal carbides. The group IVB through VIB transition metals that form
cubic carbides are Ti, V, Cr, Zr, Nb, HF, and Ta. The carbides of tungsten and
molybdenum have a hexagonal crystal structure, with tungsten being the weakest of the
carbide formers. The cubic carbides are mutually soluble in each other and form solid
solutions with each other over wide compositional ranges. In addition, the cubic
carbides have significant solubility for WC and Mo,C. On the other hand, WC generally

has no solubility for any of the cubic carbides.
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cubic carbides are Ti, V, C, Zr, Nb, HF, and Ta. The carbides of tungsten
and nol ybdenum have a hexagonal crystal structure, wth tungsten being the
weakest owothw/isarshi de forners. The cubic carbi des are maraskétg/oswbabl e in
each other and formsolid solutions with each other over w de conpositional
ranges. In addition, the cubic carbides have significant solubility for WC
and Mo2C. On the other hand, WC generally has no solubility for any of the
cubi ¢ carbi des.[0038] Cenented carbi des based on WC as the hard and

di spersed phase and Co as the netallic binder phase provide the optinal
conbi nat i or{0888%t reagentedvasiibides dased vV aagl the hardiard disograssksghagauancg

oht pe ¢ Sem 0P nfete Rl Hadtn sk Ptbhe dk SRR B EP BRGNS Hede Ve co
cenmentredist@idy, ded MGtire tbabatesse| Dutimg trbmachimeiy 6bstearcalioys witlow@fCo

el evated tenperatures, and cratering and weakening of the WO/ Co rotary tool
can ockairertgriGRPiBdRAPIsi plgebEnips esUltingtign) Mechingyy Hisetealyearajadn £antact
addi t i i ~C ' t - ; | gnﬁg}ﬁ i thic
rotar y\p.pggﬁ ‘r"ﬁ?&%&?ﬁ@ﬂe?ﬁ‘f"‘éﬁ”g& pg%qgfm; \%@%Xﬂﬁ’%ﬁwj@t@{ef‘%o\ﬁﬁ% }! é{ in the
st eel ,elevated bgmprtatntisngntliosaterihg anid weakdrind oitenMZ Ed rbtary el iami oapust eel
al |l oys Hovveveﬁ. .thef %ddli tion of cubic carbides to these tools also | owers
t ool sq%rg}ﬁﬁg'{‘ﬁ‘? 0iNY U3ePlender the tool unsuitable for certain machi ni ng

licati 040] | nbodi t f a. it { t ool t
fo61 bt ank 12038F airips Beeheomed et i GRAE e o BR comaryet o
cementefibgardiif GednhbabEicTeRirg t6ABHGSd RN iARSCEdIEH B inB@Mrotary

resistance, while not significantly reducing the strength of the tool. As
used Heekwith Fedhéne steel \tbarebyi extending thehigeeiihe tedfveheredsedfagnadhiniogi ve

wear refers wear,. i n ich Lgni fi.cant chem cal or el ectrochem cal
reacti g%eloailg g%s F@&Y%g’nthfa hae&%q%e?fﬁca‘fb"gﬁ%rbf e Wﬁﬁg‘? é%ozs 5’%&’/ I8¥Ve{ shé)o(f

envi r arergth, dreSedrt ferdier theRRYl upbuitdifte fE &riamh mdcpiniey applicatiopem cal  wear
may be observed on a rotary cutting tool due to diffusion and a chem cal

PR e o R R A e A

aut ogdadios pyedemt désttlaseine rthegprovision of hybrid cemented carbide comprising cubic
carbide improves chemical wear resistance, while not significantly reducing the strength
of the tool. As used herein, "chemical wear" is interchangeably referred to as corrosive
wear and refers to wear in which a significant chemical or electrochemical reaction
occurs between the material and the workpiece and/or the environment, resulting in
wear of the material. For example, chemical wear may be observed on a rotary cutting
tool due to diffusion and a chemical reaction of tungsten carbide with iron machining

chips when the tool is used to machine a steel alloy.

[0041] In an embodiment, one of the two autogenously bonded cemented
carbide regions of the rotary cutting tool may comprise a conventional non-hybrid grade
cemented carbide. A conventional non-hybrid grade cemented carbide may comprise
one or more types of transition metal carbide particles and a binder metal or metal alloy.
in a non-limiting example, a conventional non-hybrid grade cemented carbide may
comprise hard particles of tungsten carbide embedded in a cobalt binder. An example
of a conventional non-hybrid grade tungsten carbide-cobalt (i.e., WC-Co) cemented
carbide is depicted in FIG. 4. The cemented carbide depicted in FIG. 4 was

manufactured by compacting and sintering Firth Grade 248 cemented carbide powder
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carbide regions of the rotary cutting tool may conprise a conventi onal

non- hybri d grade cenented carbi de. A conventional non-hybrid grade cenented
car bi de w9 20M32i88§e one or nore types of transition neral/usasioioso2
particles and a binder netal or netal alloy. In a non-limting exanple, a
conventional non-hybrid grade cenented carbide may conprise hard particles
of tungsten carbide enbedded in a cobalt binder. An exanple of a
conventional non-hybrid grade tungsten carbide-cobalt (i.e., WC Co)

cemented carbide is depicted in FIG 4. The cenented carbide depicted in
FI G 4lead avaiailadtom &d | iyt Sigrtieg.i Mgdisad, Alabhesrd. ngirthi GradeR@ 4&eenegted

cement r.bi I i.l.ah fr Tl Fi t LAg, i son,
A abari b ERr el e RS AN % By it il SO ABElH 10
by weitghysteahairbidequtetieaicr BORAEY. MoiedRimdntod sheside prddutediad towbastif@r
powder). The cenented carbi de produced on conpacting and sintering Firth
G ade SIpERASY ighdatpdedd peyder biesd dnglvdepadl BUBKS PAR pERINgsAN de
arti ; j i i e. ;

Converty BoE P aneR s el Mg Robolt R PPRSEE AL Binvgntignal
cenentrexh-byrd gedencdrh&nteld amkideas depicted dF G.dn Fhe tbmensatecarb@ie ivenent ed

bi wd bl end | i | g f ATl Fi h .S i di ,
A abarf, s e daat o R Ak AT e Dl s metiat oHTaR RORET BIFE (1, by
wei ghtawfilabefdh ADVERR;Starhe! Madiort Xadbams). ghirthabrddet POUWBrea@ttBHde,

tant al um car bi de, and ni obi um carbide particles; and 82% by wei ght of

t ungsteaibidgrasivateriend incdulesThi % diyeneioht ebeahalierqrdriusdatabaf 6¥npwct i ng and
o oo B Ll o RN o BB MRS shofl SRR o PR
car bi degightof ahygsteticsdibide, paaticlesi Ibewenteaited darbigepesttiedtd on eompatiimgyous
" ventIBhe NEraBrAED ot HORaRPEET TR bRRg GopPTt cLe g edoRpHIng: ng a
oL ROk B 5 £ SRR By B 8Bl RN AR e a1 e
aut ogemebisimnycdrbitte émtreddesldo ancbntimgioos cobalp birslengphaseonvent i onal non- hybri d
cenented carbide. In another enbodi nent, each of the two autogenously
bonded ceny0042] cAshiated aboivensne empodirsnteofitlib preksare imrergidndadbeded tand
each %f composite including a first region comprising a hybrid cemented carbide comprising at

least 0.5% by weight of cubic carbide based on the weight of the phase that includes

the cubic carbide, autogenously bonded to a second region comprising a conventional

non-hybrid cemented carbide. In another embodiment, each of the two autogenously

bonded cemented carbide regions comprises a hybrid cemented carbide, and each of

the two hybrid cemented carbides comprises at least 0.5% by weight of cubic carbide

based on the weight of the phase of the hybrid cemented carbide that includes the cubic

carbide. Each hybrid cemented carbide comprising a phase including at least 0.5%

cubic carbide by total weight of the phase may exhibit improved chemical wear

resistance relative to, for example, a cemented carbide based solely on tungsten

carbide and cobalt. For example, the occurrence of cratering of cemented carbide tools

due to the chemical wear that can occur when contacting steel workpieces is

significantly reduced when the tool comprises a region contacting the workpiece that

comprises hybrid cemented carbide including a continuous and/or discontinuous phase

comprising at least 0.5% cubic carbide based on the total weight of the cubic carbide-
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the two hybrid cenented carbi des conprises at |east 0.5% by wei ght of cubic
car bi de based on the wei ght of the phase of the hybrid cenented carbide

t hat i nclwoesiwiie1ssubi c carbi de. Each hybrid cenented cachiuseoi0083nt si ng a
phase including at |east 0.5% cubic carbide by total weight of the phase
may exhibit inproved chem cal wear resistance relative to, for exanple, a
cenented carbi de based solely on tungsten carbide and cobalt. For exanple,
the occurrence of cratering of cenmented carbide tools due to the chem ca
wear that can occur when contacting steel workpieces is significantly

r educeebnihiging hlease ol herefrei Beduding egbiorcackide e i hypridhementlegdicacsde mady
conpri.ses hybrid cenented carhbide includi.n . continuous and/ or .

ai seorltERaRh e e BTEluEr EF5igafe plabo Nyt todl BPabhaitiibednorte
total swh@htedafarbide. GUbb,aheatieindetonthal Hybfig detased TaR5iEE e6GionidiGhe EHANY
cubic carbide in a hybrid cenented carbide may inprove the chem cal wear

r esi stiameé significanyydecrrasedi gPreseees htheosi¢ samide Re crynmared a@wea]tczzsdh
b | _ : . Fone
car bi da,qAlRen, %P%Xéﬁﬂhﬁ?%t(8)r%nilgﬁzghﬁ@-%&r@g@gbg&#ﬁgmeﬁeﬁtggIC%ECI)IQE. the

tool is not significa ecrease € cubic car € as

conpared w t d : | e, ventional non: hybr.i

grade WC- Co[btli:}(‘at§ n?fag(ﬁjeggsr i%é('aﬂ% G%d?ﬁgﬁ}e%c sthgp?%%egﬁQﬁ\/ﬁ%gﬁg&aé’mﬁﬁseﬁg? t he
pr esenindetytenti mncorayddringadietretaryiedeingt toorblayk GorsHodeT infIGe3(apaad Yb).

cutti t ?I bl ank 30 shown in FIGS, 3(a) and (b). FIG Bl(ﬁalg is a,.

cr ossﬂ%gb& Bhig1a ¢rossrsertimal Mew e whishathe retary icHEingder! Bipakid03e sestiarad i oned
al ong } i \ r HSvic Bl | iy PR

cr oss-agce)@ ?gtﬁ%?@\ﬂdg\%hl %t%?l@ﬁk?&rﬁﬁfg?% ?d???k@ Itsgo(ﬁoggggét'%@'se%lencti oned
t r answehisk the rathey cuiting $oddamiaBO axsactioned trartsaeysectotthe ngoltsomdnttd] amls. 30 i s

|l Lipdrical  si d t with tw ially di d,
ut ogeriia ity <l batoid (A BraET Gy arical PRgTRL GRARAIENAG o one
ski || egbaixilit/Rispdded, BOWRERAbus K MRIndehechaddtemicathidh $&41685 01 vafl b%”é*{%yrgﬁtnt s

of the present invention also may be adapted to theé\q{abrl cation o
conpodpogerskiliad/indbe tarh Honesks thaldhedolkowing wtisdusgionoef] erbbedikertaof thg nor e

conpl trl nd/ re._ than t regions. .Thus, the follow ng

ai soudtp SRRV BN AR niER 50pbBR ol HENAOR A BB baste Frlafe piitg

i I'l usttpalsearzerotayrcutiory i0omblankg hewiedinBRnNtSmplext dedrhétvies tdnaior heRAtHanThe

rotary cuttjing tool blank 30 may include a first region 3 1, which ma
two regions. Thus, the following discussion is not intended to Testrict the invention, bu

merely to illustrate certain non-limiting embodiments of the invention.

[0044] The rotary cutting tool blank 30 may include a first region 31, which may
be a core region, comprising a first cemented carbide. In a non-limiting embodiment,
the core region may comprise a conventional non-hybrid grade WC-Co cemented
carbide providing the highest possible strength. The first cemented carbide of the first
region 31 is bonded to a second region 32 comprising a second carbide, and which may
be an outer region. The outer region may comprise a hybrid cemented carbide in which
at least one of the continuous and dispersed phases comprises at least 0.5% cubic
carbide (based on the weight of the particular phase including the cubic carbide) to
provide enhanced chemical wear resistance, and without losing significant strength and
mechanical wear resistance relative to the same cemented carbide lacking cubic
carbide. As shown in figures 3(a) and 3(b), the first region 31 and the second region 32
may be coaxially disposed. The first and second regions 31 and 32 may be

autogenously bonded.
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be a core region, conprising a first cenented carbide. In a non-limting
enbodi nent, the core region nay conprise a conventional non-hybrid grade
WC- Co cemwotzeth/isarsbi de provi di ng the hi ghest possi bl e stcengkéno/oItve2 fir st
cenmented carbide of the first region 3 1 is bonded to a second region 32
conprising a second carbide, and which may be an outer region. The outer
regi on may conprise a hybrid cenented carbide in which at |east one of the
continuous and di spersed phases conprises at |east 0.5% cubic carbide
(based on the weight of the particular phase including the cubic carbide)
to provi de [@08hcdd ioHiEmterhbbovwesgremlasdisteatsdisclandd Werdiouncilids iong or more

significant strength and nmechani cal ar..resistance relative to,the sane
cenent'EE S GITR STaE RV CmeL ey Weeledna convF R8s P a3 ( by
the fidepherntedic@ide ls ANSniPissiteanaRsial 2 8picHly B HI% ooy métgposed.
The first and second regions 3 1 and 32 nay bé autogenously bonded. [ 0045]
As i ndiatbidedaiiielee dispeperil saughalitasidoabieadediithime caaénuaus kindebr e

regio AR : r c

non. AR EdhErP e saEe e, e AeRoifRIbPER B RIGEh APy

Cﬁb rrp(r]I ijrmafein_t (etnesielsl Joot atedadt mlrjctdrdrenﬂarp]alirmir\elsytﬂicsbmgeetédtd‘arbigg@ugggnd

enbe within a continuous binder phase, a hybr cepent ed car bi de may
i ncl udﬁsl?(“é’é?gﬁ'%ro("ep?wa%n EBPEAREE MiM g SOBEIPURET Bhase ®g§§§é%ﬂ<§ of at |east

one C%\ﬁ%h{ié’rﬁ‘é}'ndﬁ%ﬂ?&érﬁeﬁt@@%ﬁr@i@g%&@éﬂtﬁe% nAirkPEEdRfboshe oughout and

enbedded within a continuous phase of "a second conventl onal non-hybrid
cenentiecludingla tiest geadeted barbids/disoontimypus aspauid @ seoehdidemgnéed carbide

cont 1 renuSehak BBatey BOBHY CEREBh BAGiRa® dBERRPL i JReaRmSR: B Skt e,
U S. Rab.enssdNa43( B84 3B gatenthewhitRIs ioidraled Mévethby Sefersivepariat ed herein

by reference_in its entirety. The discontinuous cenented carbi de phase and
cont i rdiatyc dhierdiserritinusig eprated 6arhide Rhag® ANd coatipwesicemeptagecarbide

P03t A IOEREAER K CHRDE SR by P il by
zi r corf wnaarbfedfuome omdinyg kel enting tramsitio rumetdlanfoakxamps ditdniogs venadilihe t wo
P BT aen o AT e baena bt tarial, and tangaen. The o
phases of the hybrid cemented carbide also each comprise a continuous metallic binder
phase (or, more simply, a continuous metallic binder) that binds together or cements all
of the carbide particles in the particular phase of the hybrid cemented carbide. The
continuous metallic binder phase of each cemented carbide of the hybrid cemented
carbide may include cobalt, a cobalt alloy, nickel, a nickel alloy, iron, or an iron alloy.
Optionally, alloying elements such as, for example, tungsten, chromium, molybdenum,
carbon, boron, silicon, copper manganese, ruthenium, aluminum, and silver may be
present in the binder phase of or both cemented carbide of the hybrid cemented
carbide, in relatively minor concentrations to enhance different properties. When
referring to hybrid cemented carbides herein, the terms "dispersed phase" and

"discontinuous phase" are used interchangeably.

[0046] As discussed above, an aspect of hybrid cemented carbides that may
be included in a region of the composite articles disclosed herein is that at least one of
the cemented carbide continuous phase and the cemented carbide discontinuous phase

of the hybrid cemented carbide comprises at least 0.5 percent by weight cubic carbide,
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phase (or, nore sinply, a continuous netallic binder) that binds together
or cenents all of the carbide particles in the particul ar phase of the
hybri d cewervediemsbi de. The conti nuous netal lic bi nder pphamseoiofo3mazh
cenented carbide of the hybrid cenented carbide may include cobalt, a
cobalt alloy, nickel, a nickel alloy, iron, or an iron alloy. Optionally,
all oying elenents such as, for exanple, tungsten, chrom um nolybdenum
carbon, boron, silicon, copper manganese, ruthenium alum num and silver
may be present in the b| nder phase of or both cenented carbide of the
hybr i cviererthedveighbpereentagerie lbaisid enytheitotal weight of thephase of heemtidioc e
Waen referyi hybrid cenented carbi des herein,

diff
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i nvention, the cemented i de di spersed (di cont n h f tai
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t hose having ordinary skill in the art, the technique consists of
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i nt er $pRkbRISHTBEE phisé iRetseaisnhitdcoliriBe(gH), as are the number of
intersections with dispersed phase/continuous phase interfaces (Niqg). FIG. 6
schematically illustrates the procedure through which the values for Niqq and Ny are
obtained. In FIG. 6, 52 generally designates a composite including the dispersed phase
54 of a phase in a continuous B phase 56. The contiguity ratio, C;, is calculated by the

[0048] The contiguity ratio is a measure of the average fraction of the surface
area of discontinuous (dispersed) phase regions in contact with other discontinuous
(dispersed) phase regions. The ratio may vary from 0 to 1 as the distribution of the
dispersed regions changes from completely dispersed (C=0) to a fully agglomerated
structure (C=1). The contiguity ratio describes the degree of continuity of the dispersed
phase irrespective of the volume fraction or size of the dispersed phase regions.
However, typically, for higher volume fractions of the dispersed phase, the contiguity

ratio of the dispersed phase will also likely be higher.

[0049] In the case of hybrid cemented carbides having a hard cemented

carbide dispersed phase, the lower the contiguity ratio of the dispersed phase, the lower
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phase/ di spersed phase intersections are counted (Niaa) , as are the nunber
of intersections with dispersed phase/continuous phase interfaces (N _ab) -
FIG 6 scweratocaissy il lustrates the procedure through whirais2eile®3aeat ues for
NLaa and NLabare obtained. In FIG 6 , 52 generally designates a conposite
i ncludi ng the di spersed phase 54 of a phase in a continuous b phase 56. The
contiguity ratio, &, is calculated by the equation Ct=2 NLaa/(NLab+ 2
NLaa) - [0048] The contiguity ratio is a measure of the average fraction of
the surface area of discontinuous (dispersed) phase regions in contact with
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cemented carbide. In still further embodiments, it may be desirable for the cemented
carbide dispersed phase of the hybrid cemented carbide to comprise between 6 and 25

percent of the volume of the hybrid cemented carbide.

[0051] In an embodiment, the cemented carbide in the first region 31 and the
cemented carbide in the second region 32, including the dispersed cemented carbide
phase and the continuous cemented carbide phase of the hybrid cemented carbide,
may include a ceramic component composed of carbides of one or more elements

belonging to groups IVB through VIB of the periodic table.

[0052] The ceramic component preferably comprises about 60 to about 98
weight percent of the total weight of the cemented carbide in each region. Particles of
the ceramic component are embedded within a matrix of metallic binder material that
preferably comprises about 2 to about 40 weight percent of the total cemented carbide
in each region. The binder preferably is one or more of Co, a Co alloy, Ni, a Ni alloy,
Fe, and an Fe alloy. The binder optionally also may include, for example, elements
such as W, Cr, Ti, Ta, V, Mo, Nb, Zr, Hf, and C in concentrations up to the solubility

limits of these elements in the binder. Additionally, the binder may include up to 5
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of the volunme of the hybrid cenented carbide. In other enbodinents, the
cenent ed carbi de di spersed phase may be between 2 and 30 percent of the

vol ume ofwOhelomgbrssd cenmented carbide. In still further pemiusdénomsios2 it nay
be desirable for the cenented carbi de di spersed phase of the hybrid
cenented carbide to conprise between 6 and 25 percent of the volune of the
hybrid cenented carbide. [0051] In an enbodi nent, the cenented carbide in
the first region 3 1 and the cenented carbide in the second region 32,
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from tthe p@ﬁﬁﬂ@ sizengitsé ceearnic dommesiedn, theluhemmican compbodigtenonthedsinden anbor on,
silicon manganese, ruthenium alum num and silver. One skilled in

t he artheWQ'SDhtrrét!@@rﬁF%bWHQf canfenbio el cespmiieompagent GaaeRt of t he cenent ed
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article disclosed herein comprises at least 0.5 percent by weight of cubic carbide based
on the total weight of the phase of the hybrid cemented carbide that includes the cubic
carbide, or put otherwise, based on the weight of the phase comprising the cubic
carbide. In certain other embodiments, at least one of the dispersed phase and the
continuous phase of a hybrid cemented carbide included in a region of a composite
article disclosed herein comprises at least 1.0 percent by weight of cubic carbide based
on the weight of the phase of the hybrid cemented carbide comprising the cubic carbide.
In an embodiment, at least one of the dispersed phase and the continuous phase of the
hybrid cemented carbide comprises 5 percent or more of cubic carbide based on the
total weight of the phase including the cubic carbide. In still other embodiments, at least
one of the dispersed phase and the continuous phase of a hybrid cemented carbide
comprises 0.5 to 30 percent, 1 to 25 percent, 5 to 25 percent, or about 6 percent by
weight of cubic carbide based on the total weight of the phase of the hybrid cemented

carbide including the cubic carbide.

[0054] As used herein, "cubic carbide" refers to a transition metal carbide that

has a cubic-close packed crystal structure. Such a crystal structure also is variously
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the particle size of the ceram c conponent, the chem cal conposition of the
bi nder, and the weight ratio of the binder content to the ceram c conponent
cont ent. WOQBB}13k185certai n enbodi ments, at | east one of pCmaSdéiepaased phase
and the continuous phase of a hybrid cenented carbide included in a region
of a conposite article disclosed herein conprises at |east 0.5 percent by
wei ght of cubic carbide based on the total weight of the phase of the
hybri d cenented carbide that includes the cubic carbide, or put otherw se,
based on the wei ght of the phase conprising the cubic carbide. In certain
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used herein, "cubic carbide" refers to a transition netal carbide that has

a cubimaglindediiketh yetywaihersembediorant, tbectubic eapiteatorientmiayrconrise i s
vari ousl.yr r -t . face:cent cubic lattice, and as a rock salt
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least one of the first cemented carbide and the second cemented carbide comprises a

hybrid cemented carbide comprising at least 0.5 percent by weight of cubic carbide
based on the weight of the phase of the hybrid cemented carbide that includes the cubic
carbide. In another embodiment, the first region may be substantially free of cubic
carbide and the second region comprises a hybrid cemented carbide including at least
0.5 percent cubic carbide by weight of the phase containing the cubic carbide. In yet
another embodiment, more than one region of the composite rotary cutting tool or blank
may comprise hybrid cemented carbide including at least 0.5 percent cubic carbide by
weight, each cubic carbide content based on the weight of the phase of the hybrid

cemented carbide comprising the cubic carbide.

[0056] As discussed above, hybrid cemented carbides include a dispersed
phase of a first grade of cemented carbide and a continuous phase of a second grade
of cemented carbide. In an embodiment of a composite cemented carbide rotary cutting
tool or rotary cutting tool blank herein comprising a region including a hybrid cemented

carbide including at least 0.5% cubic carbide by weight of the phase comprising the
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may include TiC. In yet another enbodi nent, the cubic carbide content may
conprise solid state solutions of various cubic carbides. [0055] As

i ndi cat edwalowe32is8n enbodi ments of the present inventi oRCTAISC@OPERNL €
cenented carbide rotary cutting tool or rotary cutting tool blank may
include at least a first region and a second region. The first region of
the conposite rotary cutting tool or blank conprises a first cenented
carbide that is autogenously bonded to a second region which conprises a
second cenented carbide. In enbodinents, at |east one of the first cenented
car bi deibimdambie, sebstautiebyrathoéthecauttic dertidenpf theelsybaichgemmedtederashidednesr bi de

conpr|S| st_0..5 erc nt b ht, of cubi,c arbl e_hased on the

wer oS Ptefkd iR soBinuRE RiHHe & eBTAM U eaftBN CFREE TRePBREL he cunic
car bi dgmbbdinfiil \@istenRadiamsitihe thBicfdarbiierd ghe nymy céme‘fs\t@ﬁ tamidehlay free
of cubic carbide and the second regi on conprises a hybrid cenented carblde

i ncl udienigcated iedbe d@@nﬁewewdl%@ﬁjﬁ@db%%%@f the hmrlgrﬂermntteﬁ@ami geln
contai O;é%o}]r{b% A iRt AR thd B: EPse%“@%JkI%f OrdeETéd cgﬁﬁ'\hou HasbRimone

regio € conposite rotary rrprlse hybri d
cerrentte,@ndardme*eted rakrhide mg:laﬂie bemst 0. 5&% pgrwmght oubic caxtndé)bdeedbyonvkbe ght,
each cubhi rb| de co bas on the weight. of _the ase of the hybrid
conentUROBLPERRR BOREMA PHESE h IV L Poehi Heiof 06 8eP M e e danove,
hybri ¢ geiRRnbeRy %@ftﬁh‘g%él bNShHR8f %@br@@@hﬁﬁ%% McRidifg E'Hy%hdgfe%ﬁ’@nt@él
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car bi de of the hybrid cenented carbi de nay be |located in the continuous

phase ank wihklestred reeeianie PeRestie®. 1 n anot her enbodi nent, substantially
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based indicafee above, the strongest cemented carbide grades, which are based on WC and
Co, may not be suitable for machining steels. This is because steels typically form long
continuous chips during machining, and the chips contact the cemented carbide of the
tool. The iron in the steel is a potent carbide forming element, and contact between the
machining chips and the carbide causes WC from the tool to diffuse into the surfaces of
the steel chips and chemically interact with the iron. Migration of WC from cemented
carbide cutting tools weakens the tools and causes the formation of craters on the tools’
cutting surfaces. The addition of cubic carbide to the cemented carbide tools alleviates
carbide migration and the cratering effect, but does result in a moderate reduction in
strength of the tool. However, as taught herein, the strength decrease due to the
presence of cubic carbide in the tool can be minimized by including hybrid cemented
carbide in the tool and disposing all or a portion of the cubic carbide in the hybrid
cemented carbide microstructure. By including at least 0.5% by weight of cubic carbide
in a phase of a hybrid cemented carbide microstructure, the chemical wear resistance of

a rotary cutting tool may be improved, without significantly reducing tool strength as
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wei ght of each individual phase. Wth respect to a region of a conposite
cenented carbide rotary cutting tool or blank of the present invention

i ncl udi ngwe 2nseBscenment ed car bi de conprising at | east POTAXR@ObBOZar bi de
by wei ght of the phase conprising the cubic carbide, the conposition and/or
the properties of the hybrid cenented carbide can be tailored as desired to
provi de the conposite cenented carbide rotary cutting tool or blank with
desi red nechani cal properties. [0057] It is known in the art that the
presence of cubic carbide in a cenented carbide results in noderate
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does result in a noderate reduction in strength of the tool. However,
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t ool and drsposi ng Ion of Ythe cu Ic C ybrid
cemsntpedpemebl de microstructure. By including at |east 0.5% by wei ght of
cubic carbide in a phase of a hybrid cenented carbide mcrostructure, the
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significantly reduci ng tool st ren%th asconpared wWith a rotary cutting tool
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cylindrical configurations. The autogenous bond between the regions 31 and 32 at the
interface 33 may be formed by, for example, a matrix of binder that extends in three
dimensions from the core region 31 to the outer region 32, or vice versa. The ratio of
binder to ceramic component in the two regions may be the same or different, may be
varied between the regions to affect the regions' relative characteristics, and may be
varied between the continuous and dispersed phases of the hybrid cemented carbide.
By way of example only, the ratio of binder to ceramic component (dispersed phase) in
the adjacent regions of the composite tool blank 30 may differ by 1 to 10 weight percent.
The characteristics of the cemented carbides in the different regions of the composite
rotary cutting tools and tool blanks of the present invention may be tailored to particular

applications.

[0060] One skilled in the art, after having considered the present description of
the invention, will understand that the improved rotary cutting tools and tool blanks of
the present invention could be constructed with several regions or layers of different

cemented carbides to produce a step-wise progression in the magnitude of one or more
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cutting tool presented herein have a |imted nunber of regions including
cenented carbide, it will be understood that the present rotary cutting

t ool s maywoOneiwude1sany nunber of regions of cenented car pCaaS2010652002 ng

regi ons conprising hybrid cenented carbides including cubic carbide, and
each region may be formulated with desired properties. [0059] Again
referring to FIGS. 3(a) and (b), the first or core region 3 1 of the rotary
cutting tool blank 30 may be aut ogenously bonded to the second or outer
region 32 at an interface 33. The interface 33 is shown in FIGS. 3(a) and
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wherei n each such region has successi velé/ r(r:{rea% er hardness andJ.or chemi cal

wear step drills and subland drills will benefit from a Composite construction according to the
present invention, which is exemplified by the non-limiting twist drill construction

disclosed herein.

[0061] FIG. 3(c) represents an embodiment of the present disclosure that is
particularly useful as a cylindrical blank from which drills used for drilling casehardened
materials may be produced. For drilling casehardened materials, the drill tip is typically
used to penetrate the case, while the body of the drill removes material from the softer
core. In this non-limiting embodiment, the first region 34 and the second region 35 are
disposed at first and second ends of the blank. The first end would become a tip end of
the drill, and the second end would become the end adapted to be secured in the chuck
of a machine tool. For machining steel, in an embodiment, the first region 34 may
comprise a hybrid cemented carbide comprising at least 0.5 percent by weight of cubic
carbide based on the total weight of the phase of the hybrid cemented carbide including
the cubic carbide. The presence of cubic carbide improves chemical wear resistance of

the drill when used to drill steel workpieces. The at least 0.5 percent by weight of cubic
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resi stance than the adjacent, nore centrally disposed region. In one
enbodi nent, at least a first or outer region of a conposite rotary cutting
t ool or twol2otW@mi8snay conprise a hybrid cenented car bi #eTiuseém310092 at

| east 0.5 percent by weight of cubic carbide based on the weight of the
phase of the hybrid cenented carbide conprising the cubic carbide, while
the inner regions may include a conventional non-hybrid cenented carbide
based on, for exanple and without limtation, tungsten carbide particles
dlspersed in a continuous cobalt binder. Alternately, non-limting
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first region 34
autggenously bonded to the second region 35. The second region 35 has an enhanced
modulus of elasticity relative to the first region 34 so as to resist flexing when pressure

is applied to a drill fabricated from the blank shown in FIG. 3(c).

[0063] The embodiment shown in FIG. 3(d) combines features of the
embodiments of FIGS. 3(a) and 3(c). The cutting tip 36 includes two regions, a core
region 37 and an outer region 38, wherein each region comprises a different grade of
cemented carbide. The core and outer regions 37 and 38 are coaxially disposed and
autogenously bonded to a third region 39. Region 38 may be compositionally similar to
region 34 of the blank shown in FIG. 3(c) and includes a hybrid cemented carbide
including at least 0.5% cubic carbide by weight based on the weight of the phase that
includes the cubic carbide, to reduce cratering when a tool made from the blank is used
to machine steel. Because the cubic carbide content is disposed in a hybrid cemented
carbide, however, the presence of the cubic carbide does not significantly reduce the
strength or mechanical wear resistance of a rotary cutting tool made from the tool blank.

Region 37 may include a conventional non-hybrid grade cemented carbide providing
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[0062] Referring again to FIG 3(c), in one enbodi nent of a conposite
rotary cutting tool or blank according to the present invention, the at

| east 0. Swpenwerseisby wei ght of cubic carbide is include@&Cirruseée/osiosper sed
phase of a hybrid cenented carbide included in the first region 34. The
conti nuous phase of the hybrid cenented carbide included in first region 34
i ncludes a hard and nechanically wear resistant cenented carbi de such as,
for exanple, tungsten carbide particles having an average particle size of
0.3 to 1.5 nm dispersed in a cobalt alloy binder. In that enbodi nent, the
cobal thigi strgngihnalet wbinipearspdsesp ierosianaplel fungsten aBbigs particlesr(egnt 0.8ftot he

Cotondl Sufr BlaBectart B ik GRS EUE, Uhslde e s eohilseg > T
cementaspredntitdy M seitiperdant ot xapémentatngsbirie inahbicdee pajidm gres ( 1.0

to 10 nm average particle size) in a cobalt alloy binder, wherein the
bi nderReIAP[BOIBIY AFNE HGHAPR$H}OD stngilag QEeGAD 3§é?fc:e|ﬁi 3(s9 sp19s edRSiEht i onal

h . bide i 1 Lha & ! e . 34 i
non yfFérerg% @ﬁg@@@%%&@ﬁ?ﬁﬂﬁnéd‘to é‘@rnfﬁgg‘?&q BrE’_a’(%rﬁrgn?ﬁwe tBQPblfahR.S regi on IS

aut ogeno to the second regron second region 35 has an

enhanced, Mfikip. 91 oRlARAdIhy EEARDYENS BuihEal{diihg BAhOB kRO a5 Lo

resist flexing en pressure 1S ap 0 a dri brica romthe
bl ank ishevwion makliislud@ a)regiobha] carprisedadiessindne bowvertionkl tdn-B/d)id conbi nes

features of the enbodiments of FIGS. 3(a nd 3(c). .The cuttjng tip, 36
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carbide, chromium carbide, vanadium carbide, zirconium carbide, hafnium carbide,
tantalum carbide, molybdenum carbide, niobium carbide, and tungsten carbide; and a
binder comprising at least one material selected from the group consisting of cobalt, a
cobalt alloy, nickel, a nickel alloy, iron, and an iron alloy. In an embodiment of the
composite article, the at least one transition metal carbide comprises tungsten carbide.
In other embodiments, the tungsten carbide has an average particle size of 0.3 to 10
micrometers. In yet other embodiments, one or more of the various binder phases of
the composite article comprise at least one alloying agent selected from the group
consisting of tungsten, chromium, molybdenum, carbon, boron, silicon, copper,
manganese, ruthenium, aluminum, and silver. In still other embodiments of a composite
article according to the present invention, the conventional non-hybrid cemented
carbide grade, the cemented carbide dispersed phase of the hybrid cemented carbide,
and the cemented carbide continuous phase of the hybrid cemented carbide each
individually comprise 2 to 40 percent by weight of binder and 60 to 98 percent by weight

of metal carbide.
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Regi on 37 may include a conventional non-hybrid grade cenented carbide
provi di nghi gh strength and which conprises, for exanple, tungsten carbide
particl eswQerw/132353 to 1.5 nm average particle size) i mCa/usoialos2oat | oy

bi nder, wherein the binder conprises approxinmately 6 to 15 wei ght percent
of the cenmented carbide in the core region 37. Region 39 may have a
conposition simlar to region 35 of FIG 3(c) so as to resist flexing when
pressure is applied to a drilling tool made fromthe tool blank. [0064] In
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reduced chemical wear and/or cratering that results from the presence in the composite

10

articles of a hybrid cemented carbide including at least 0.5 weight percent cubic carbide.
The reduced chemical wear and/or cratering is achieved when tools according to the
present invention are used to machine steels. Also, disposing all or substantially all of
the cubic carbide in a hybrid cemented carbide does not significantly reduce the
strength or mechanical wear resistance of the tools. The thickness, geometry, and/or
physical properties of the individual cemented carbide regions of a particular composite
blank of the present invention may be selected to suit the specific application of the
rotary cutting tool fabricated from the blank. Thus, for example, the modulus of
elasticity of one or more cemented carbide regions of the rotary cutting tool
experiencing significant bending during use may be increased; the hardness and/or
mechanical wear resistance of one or more cemented carbide regions having cutting
surfaces and that experience cutting speeds greater than other cutting edge regions
may be increased; and/or the chemical wear resistance of regions of cemented carbide

subject to chemical wear during use may be enhanced.
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individually conprise 2 to 40 percent by weight of binder and 60 to 98
percent by wei ght of nmetal carbide.[0065] In an enbodi nent of a conposite
article dvechosedisherein, at | east one of the first regiPpom/seaowbmwoszecond
region is substantially free of cubic carbide, whereas the other of the
first region and the second region conprises a hybrid cenmented car bi de
conprising at |east 0.5% cubic carbide by weight based on the weight of the
phase of the hybrid cenented carbide including the cubic carbide. In other
enbodi nents, substantially all of the cubic carbide in the hybrid cenented
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weight of the phase of the hybrid cemented carbide including the cubic carbide.

[0069] In certain embodiments wherein the composite cemented carbide rotary
cutting tool is to be used to machine steel, the outer region of a rotary cutting tool may
comprise a hybrid cemented carbide microstructure comprising at least 0.5 percent by
weight of cubic carbide based on the total weight of the phase of the hybrid cemented
carbide comprising the cubic carbide. In a non-limiting embodiment wherein the outer
region comprises a hybrid cemented carbide microstructure comprising at least 0.5
percent by weight of cubic carbide, the inner region may be a conventional non-hybrid
grade of cemented carbide that is substantially free of cubic carbide. In an
embodiment, a conventional non-hybrid grade of cemented carbide that either includes
cubic carbide or, alternatively, is substantially free of cubic carbide may be a grade
including tungsten carbide hard particles dispersed in a cobalt binder. It will be
understood, however, that the use of any other conventional non-hybrid grade of
cemented carbide is within the scope of the claims of this disclosure and could be

selected by the skilled practitioner to achieve specific properties in each region of a
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mechani cal wear resistance of one or nore cenented carbide regi ons having
cutting surfaces and that experience cutting speeds greater than other
cutting esgeoregesas may be increased; and/ or the chem ealr/use@ow/08m®8t st ance
of regions of cenented carbide subject to chem cal wear during use nay be
enhanced. [ 0067] Referring now to the non-limting exanple of a twist drill
depicted in FIG 1, a rotary cutting tool or rotary cutting tool blank 20
may conprise an elongate portion 22. In a non-limting enbodi nent, the

el ongate portion 22 may define a cutting edge 25. In a further non-limting
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cenented carbide conprising the cubic carbide. In a non-limting enbodi nent
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subst ané icaklentéd egrbide gisbbatimaURl siasel dhdithe cemented carbide continuous phase

of the hybrid cemented carbide comprises at least 0.5 percent by weight of cubic

carbide based on the total weight of the phase containing the cubic carbide, and

wherein the chemical wear resistance of the first cemented carbide differs from the

second cemented carbide.

[0071] With regard to the property of chemical wear resistance, chemical wear
is often referred to as corrosive wear, which is defined as "wear in which chemical or

electrochemical reaction with the environment is significant." See ASM Materials

Engineering Dictionary, J. R. Davis, Ed., ASM International, Fifth printing (January

2006) p. 98. During machining of steel using conventional non-hybrid cemented carbide
rotary cutting tools based on tungsten carbide and cobalt, chemical wear of the tool
occurs because the WC has a tendency to diffuse into the steel machining chips that
contact the tool, and the carbide reacts with the iron in the steel (iron is a carbide
former). Incorporation of cubic carbide in the hybrid microstructure of a hybrid
cemented carbide that is included in at least one of the first and the second regions of

the composite cemented carbide tools and blanks disclosed herein reduces chemical
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enbodi nent, a conventional non-hybrid grade of cenented carbide that either
i ncl udes cubic carbide or, alternatively, is substantially free of cubic
car bi de a9 2b/1@2135ade i ncl udi ng tungsten carbi de hard partisedies3msper sed
in a cobalt binder. It will be understood, however, that the use of any

ot her conventional non-hybrid grade of cenented carbide is within the scope
of the clains of this disclosure and could be selected by the skilled
practitioner to achieve specific properties in each region of arotary
cutting tool or rotary cutting tool blank according to the present
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Mat er irateBy tool disclosed herein is subsequently reduced or eliminated.

[0073] In addition, when cubic carbide is present in the hybrid microstructure of
the cemented carbide of a rotary tool disclosed herein, the reduction of strength of the
composite rotary tool is minimal. In a non-limiting embodiment, when the cubic carbide
is present in the dispersed phase of the hybrid cemented carbide, the reduction of
strength of the tool is minimized as compared to a prior art rotary tool comprising cubic
carbide in a non-hybrid cemented carbide grade. It is understood, however, that the
reduction of strength of a composite rotary tool comprising cubic carbide in a hybrid
cemented carbide microstructure of embodiments disclosed herein is minimal when the
cubic carbide is present in either the dispersed phase, the continuous phase, or both
phases of the hybrid cemented carbide, and that the location of the cubic carbide in the
hybrid microstructure is dependent on the desired properties in locations of the
composite rotary tool. The design parameters to achieve the localized properties in
embodiments of a composite rotary tool disclosed herein would be known by a person

having ordinary skill in the art, or could be determined by a person having ordinary skill
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Engi neering Dictionary , J. R Davis, Ed., ASMInternational, Fifth
printing (January 2006) p. 98. During machining of steel using conventional
non- hybr iwocemeastsd carbi de rotary cutting tools based @aTiusageavozar bi de
and cobalt, chem cal wear of the tool occurs because the WC has a tendency
to diffuse into the steel machining chips that contact the tool, and the
carbide reacts with the iron in the steel (iron is a carbide forner).

| ncorporation of cubic carbide in the hybrid mcrostructure of a hybrid
cenmented carbide that is included in at |east one of the first and the
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car bi de o%ggl wc tP%%S cubi c carbides, even at the | ow | evel s of
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conposite ro tool is mnimal. In non-limting enbodi nent, when the

cub|b c Cfcmd@h@ré of srqnae@erﬁ hybrid eementesesasbidlegriane msy inakideyBRing aldaast ee
car ni

o pri Iryoqr @gqrgg ﬁ%ﬁ@ggﬁga% %’?nérﬂ% darbille Yrhé ShitR sERMRAU L to

the dlspersed grade in the hybrid cemented carbide portion of the sintered compact,
with at least one of green and unsintered granules of a second cemented carbide grade,
which serves as the continuous phase of the hybrid cemented carbide portion of the
sintered compact. At least one of the first cemented carbide grade and the second
cemented carbide grade used to form the hybrid cemented carbide comprises at least
0.5 percent by weight of cubic carbide, as disclosed hereinabove, based on the total

weight of the components of the cemented carbide grade including the cubic carbide.

[0076] In another embodiment, at least one of the first cemented carbide grade
and the second cemented carbide grade of the hybrid cemented carbide comprises at
least 1.0 percent by weight of cubic carbide, base on the total weight of the components
of the carbide grade including the cubic carbide. The hybrid cemented carbide blend is
placed into a first region of a void of a mold. A metallurgical powder may be placed into
a second region of the void, wherein at least a portion of the hybrid cemented carbide
blend contacts the metallurgical powder. The metallurgical powder may be a cemented

carbide powder blend comprising hard particles such as, but not limited to, tungsten
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carbide in a non-hybrid cenented carbide grade. It is understood, however,
that the reduction of strength of a conposite rotary tool conprising cubic
car bi de iwoOaotwiseisd cenent ed carbi de m crostructure of ecibas2emns202

di scl osed herein is mnimal when the cubic carbide is present in either the
di spersed phase, the continuous phase, or both phases of the hybrid
cenented carbide, and that the [ ocation of the cubic carbide in the hybrid
m crostructure i s dependent on the desired properties in |ocations of the
conposite rotary tool. The design parameters to achi eve the Iocallzed
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enbodi nent of a nmethod according to the present disclosure for producing
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t he sefesibpment. Partlal or full sintering of the dispersed phase granules prior to blending
results in a reduction in the collapse of the dispersed phase during blend consolidation.
Embodiments of this method of producing hybrid cemented carbides allow for forming
hybrid cemented carbides with lower dispersed phase contiguity ratios. When the
granules of at least one cemented carbide are partially or fully sintered prior to blending,
the sintered granules do not collapse during the consolidation after blending, and the
contiguity of the resultant hybrid cemented carbide is relatively low. Generally
speaking, the larger the dispersed phase cemented carbide granule size and the
smaller the continuous cemented carbide phase granule size, the lower the contiguity

ratio at any volume fraction of the hard grade.

[0078] In one non-limiting embodiment, a method of forming a composite
cemented carbide rotary cutting tool or tool blank includes placing a hybrid cemented
carbide blend containing at least 0.5 percent cubic carbide (based on the total weight of
the phase of the hybrid cemented carbide including the cubic carbide) into a first region
of a mold. The mold may be, for example, a dry-bag rubber mold. A metallurgical

powder used to form a conventional cemented carbide may be placed into a second

-29-



cenented carbide grade used to formthe hybrid cenmented carbide conprises
at least 0.5 percent by weight of cubic carbide, as disclosed hereinabove,
based on wbeotoa3aisswei ght of the conponents of the cenerCa&dSe@olodmez gr ade
i ncludi ng the cubic carbide. [0076] In another enbodi nent, at |east one of
the first cenmented carbide grade and the second cenented carbi de grade of
the hybrid cenented carbide conprises at |east 1.0 percent by wei ght of
cubi c carbide, base on the total weight of the conponents of the carbide
grade including the cubic carbide. The hybrid cenented carbide blend is
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materials in the first region and the second region are brought into contact with each
other, and the mold is isostatically compressed to densify the metallurgical powders to
form a compact of consolidated powders. The compact is then sintered to further
densify the compact, consolidate the powders, and form an autogenous bond between
the first, second, and, if present, other regions. The sintered compact provides a blank
that may be machined to include a cutting edge and/or other physical features of the
geometry of a particular rotary cutting tool. Such features are known to those of

ordinary skill in the art and are not specifically described herein.

[0079] In one non-limiting embodiment, after the step of over-pressure
sintering the compact, the compact comprises a hybrid cemented carbide comprising a
cemented carbide dispersed phase and a cemented carbide continuous phase. In an
embodiment, the contiguity ratio of the cemented carbide dispersed phase in the hybrid

cemented carbide is no greater than 0.48.

[0080] In one non-limiting embodiment, after the step of over-pressure

sintering the compact, substantially all of the cubic carbide in the hybrid cemented
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hybrid cenented carbides with | ower dispersed phase contiguity ratios. Wen
the granul es of at | east one cenented carbide are partially or fully
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the sintered granules of the first cemented carbide grade. In one embodiment, sintering

the blend may comprise sintering the metal carbide and the binder at 400°C to 1300°C.

[0082] A non-limiting embodiment for preparing a hybrid cemented carbide
blend comprises blending materials including 2 to 30 percent by volume of the sintered
granules of a first cemented carbide grade and 70 to 98 percent by volume of the
unsintered granules of a second cemented carbide grade, wherein the weight

percentages are based on the total weight of the cemented carbide blend.

[0083] In one non-limiting embodiment of a method disclosed herein, the first
cemented carbide grade, the second cemented carbide grade, and the metallurgical
powder each independently comprise a metal carbide selected from the group
consisting of titanium carbide, chromium carbide, vanadium carbide, zirconium carbide,
hafnium carbide, tantalum carbide, molybdenum carbide, niobium carbide, and tungsten
carbide, and a binder selected from the group consisting of cobalt, a cobalt alloy, nickel,
a nickel alloy, iron, and an iron alloy. Certain embodiments further comprise including

at least one alloying agent in the binder, wherein the alloying agent is selected from the
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materials in the first region and the second region are brought into
contact with each other, and the nold is isostatically conpressed to

densi fy twe 20miakisar gi cal powders to form a conpact of ecmaskéldasmd2
powders. The conpact is then sintered to further densify the conpact,
consol i date the powders, and form an autogenous bond between the first,
second, and, if present, other regions. The sintered conpact provides a

bl ank that may be nachined to include a cutting edge and/ or other physi cal
features of the geonetry of a particular rotary cutting tool. Such features
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ement o oL L et ot bl e ar ade. e ci

wei ghtarticle disclosed herein, the mold may comprisggrcrjer{/]-tbgg rﬁgtglejrl r%%l ,ra%%efhnm?r ein the
consolidating the cemented carbide blend and the metallurgical powder to form a
compact comprises isostatically compressing the dry-bag rubber mold to form the
compact. A non-limiting method embodiment may include physically partitioning the
void of the dry-bag rubber mold into at least the first region and the second region. In an
embodiment, physically partitioning the void comprises inserting a sleeve into the void
to divide the void between the first region and the second region. In certain
embodiments, the sleeve is comprised of plastic, metal, or paper. In another non-
limiting embodiment at least a portion of the cemented carbide blend is contacted with
the metallurgical powder by removing the sleeve from the void after placing the
cemented carbide blend and the metallurgical powder into the void of the mold. In
another embodiment, contacting at least a portion of the cemented carbide blend with
the metallurgical powder comprises placing one of the cemented carbide blend and the
metallurgical powder into the void so as to be in contact along an interface with the

other of the cemented carbide blend and the metallurgical powder.

[0086] In certain embodiments of a method of making an article selected from

a composite rotary cutting tool and a composite rotary cutting tool blank, the first
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percentages are based on the total weight of the cenented carbide blend. In
anot her enbodi nent, sintering a blend conprises sintering a netal carbide
and a bi mderotoa3kssm t he sintered granul es of the first PCEmseaies3maz bi de
grade. In one enbodiment, sintering the blend nmay conprise sintering the
metal carbide and the binder at 400C to 13000C. [0082] A non-limting
enbodi nent for preparing a hybrid cenented carbide blend conprises bl endi ng
materials including 2 to 30 percent by volume of the sintered granules of a
first cenmented carbide grade and 70 to 98 percent by volune of the
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the scogls and rotary cutting tool blanks according to the present disclosure follow.

EXAMPLE 1

[0089] FIG. 7 is a micrograph of a region 60 of a rotary tool blank comprising a
hybrid cemented carbide including cubic carbide according to the present disclosure.
The region depicted in FIG. 7 comprises a hybrid cemented carbide grade including 20
percent by volume of Firth Grade T-04 cemented carbide as the dispersed phase 62.
Firth Grade T-04 cemented carbide comprises 6% by weight of a solid solution of the
cubic carbides TiC, TaC, and NbC, 82% by weight of WC, and 12% by weight Co. The
continuous phase 64 of the hybrid cemented carbide region of the rotary cutting tool
blank shown in FIG. 7 comprises 80 percent by volume of Firth Grade 248 cemented
carbide. Firth Grade 248 cemented carbide comprises 89% by weight of WC and 11%
by weight of Co. The measured contiguity ratio of the dispersed phase 62 is 0.26 and,
thus, is less than 0.48. All cemented carbide powders were obtained from ATI Firth

Sterling, Madison, Alabama.
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enbodi nents of a conposite rotary tool disclosed herein. [0085] In one
non-limting enbodi nent of a nmethod of formng a conposite article
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consolidating the cenmented carbide blend and the netal | urgi cal powder to
forma conpact conprises isostatically conpressing the dry-bag rubber nold
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physically partitioning the void of the dry-bag rubber nold into at | east
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enbodi nent ﬁ?. 5f é‘rhg% |n'en%mé?%%ﬂ)|8 r4iBRB0% ftH@?@d[a%ﬁfolBWdedl&ed

anot her i ng e east a portion o cenent ed ‘car bi de
bl end im FI@.OWanb(echpMa tl Masharemired bwpgesnaienpgvtherﬁrlﬂy Greda\T-(hcg cetmengddeve
fromthe void after IpI aci

h d th ,
ToCn CarRie e naa T PAWESY g A heERUrnel AATE M avaRdRo e ssintereg
cont aqiu'ﬂ'i‘%rﬁﬁe |Te@§ CemdmRed Lambi®d PFJ&I@@&@Hbﬁé’e o/ Bisgerdelieithsw 6ot fhe

met al l urgi cal powder conprises plraci ng one of the cenmented carbi de bl end
and t Hralbnétcamem’tgd catbigevegion idepistethin Fi§3. o7 . sbhapresintesed graisieaweral ong an

ot a1 1 g ke S bsteg TRNCEP R 2 e no e RO reBRRed Broke oy ng

an ar tUlé‘A.da ¥RE egbRd cfeﬁﬁmt@d @Qmm bleadneaapiacedtit Bngid 0k nasid amdconposi t e
rotary cutting tool blank, the firstcenented carbide, grade, . the second

cenmentc@dRast aba@tf%%l%"e&ﬁaWWeME@t@plQQOgP%bpyﬁlﬁﬁ@ Pressiig. |rtl('ﬁependent ly
Conpr'u%%efstBBd ¥R 6&5“%[)%%3 G40 bQlusBY @&%g%@@eé& 9hPRYIGRNT by wei ght

of transition rreta n anot her enbodi nent | east” one of the
first oemme@dadadémdmp@cad/as aviee psessong stnderedtie sjaltemh@élS@rswdl@,praa@mg he

nmet al s tungsten carbide particles having an average
parti é?‘@g“sﬁ%@g\“”@%a{&%g (Efm In these enbodinents, at |east one of the
first cenented carbide grade and Egg sgigng cenent ed carbi de grade includes

at least 0.5% cubic carbide by to of the grade. [0087] A

non-limti ng enbodi nent may include consolidati ngbt he cenented .
091] A region 70 of a tool blank comprising a hybrid cemented carbide

comprising cubic carbide according to the present disclosure is seen in the micrograph
of FIG. 8. The hybrid cemented carbide shown in FIG. 8 includes 20 percent by volume
ATI Firth Sterling Grade 248 cemented carbide as the dispersed phase 72 and 80
percent by volume ATI Firth Sterling Grade T-04 cemented carbide (with 6% by weight
cubic carbide) as the continuous phase 74. The contiguity ratio of the dispersed phase
is 0.40. The hybrid cemented carbide region of the tool blank was prepared using a

process and conditions similar to Example 2.
EXAMPLE 4

[0092] A hybrid cemented carbide blend and a conventional non-hybrid grade
cemented carbide metallurgical powder were placed in separate regions of a void of a
mold for producing a rotary cutting tool blank and were in contact along an interface.
Conventional non-hybrid compaction and sintering processes, similar to those disclosed
in Example 2, were performed to provide a composite cemented carbide rotary cutting
tool blank including a first region of a hybrid cemented carbide comprising cubic

carbide, and wherein the first region was metailurgically bonded to a second region
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carbide blend and the netal lurgi cal powder to forma conpact by

i sostatically conpressing the nold at a pressure of 5,000 to 50,000 psi. In
a non-1|i nvoi2og/Batsedi nent, over-pressure sintering the ®ORABe10082U02 i Ses
heati ng the conpact at 13500C to 15000C under a pressure of 300-2000 psi.
[0088] Non-limting exanples of methods of providing conposite rotary
cutting tools and rotary cutting tool blanks according to the present

di sclosure follow. EXAMPLE 1 [0089] FIG 7 is a mcrograph of a region 60
of a rotary tool blank conprising a hybrid cenmented carbide including cubic
car bi deonaistiog dif agcanyentiengmesehybrigl eeinesigdecarlide thabdigmadepntair@nyn FIG 7

. g A i ) .- . = f
ST TRy BoA LB Sub R Bt T G R 58 PRI e B O LTE ©
T-04 cemmsited cassith tesiemamin 5E5. ®%hy Fivth GradeR48 ceohérded chdtiders sfiowhe

cubic carbides Ti.C, TaC, and NbC, 82%.Db ight_.o - and 12%.Db i ght
Co. TR B HaOUS dnaCkegRHIITERE. RGVPTACBdheiR cdNE SYBTHESFIIEE of Che
rotar %g&sg&w@héwmonbth@r}l‘grﬁ hana side & He rﬁicﬁggmgh,sc@ésiéﬁat@@rm. e vol une of
Firth ade 248 cenented carbide. Firth G ade 248 cenented carbi de

conpr ilybsdgemdntedwatide aicluidhdd peloerbpywsiyne Fith CradaRré8meaented
contiquity ratio of .the dispersed i - i th
0. 45, SR Tt andh BnuaTSr et AR e N 2D DBy N B R e TRETT g
Madi s @emeNtad 2aFiG&MIRlding 600 00BIk cHRidb Y the diserséedhase BBAAN pérfacis0 of
the rotary tool blank depicted in FIG 7 of Exanple 1 was prepared b

pr esi AegiENHYP isrRYiggnttm F@a@@e“lw@ﬁln H@T@?ﬂ@“@ﬁ?'ﬂi‘%%‘?%ﬁ\@f%& m&mméﬁ at
ate f i N Al ggThe presintered Firth Gade T-04
cenemé?dﬁcd;ﬂﬁel ’gyebrgrgr%glee@cg%ér{rprl se 8t‘he d!osper sed phase 62 of the hybrid

cenented carbi de region depicted i 7= The presintered granules were
bl ended with green granul es of Fi %%%5248 to forma hybrid cenented

car b de P SRl 5 N G ReP R O B s T B  ?

pr essidehertbd carbide metallurgical powder were placed in separate regions of a void of a
mold adapted for producing a rotary cutting tool blank and were in contact along an
interface. Conventional non-hybrid compaction and sintering processes, similar to
those disclosed in Example 2, were performed to provide a composite cemented
carbide including a first region of a hybrid cemented carbide containing cubic carbide,
metallurgically bonded to a second region of a conventional non-hybrid cemented
carbide. The microstructure 90 of the composite cemented carbide is shown in FIG. 10.
The Firth Grade 248 conventional non-hybrid grade cemented carbide microstructure 92
is seen on the right hand side of the micrograph. A hybrid grade microstructure 94 is
seen on the left hand side of the micrograph and includes 20 percent by volume of Firth
Grade 248 cemented carbide as the dispersed phase 96 and 80 percent by volume of
Firth Grade T-04 cemented carbide as the continuous phase 98. Firth Grade T-04
cemented carbide powder used in preparing the sample comprises a total of 6% by
weight of the cubic carbides TiC, TaC, and NbC. An interfacial region 99 between the
conventional non-hybrid grade microstructure 92 and the hybrid grade microstructure 94

is evident.
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understood that isostatic pressing can be used for the same result. The
hybri d cenented carbi de conpact was over-pressure sintered in a sinter hot
i sost ati cwpnesgisags(sinter-H P) furnace at 14000C. EXAMPLEU32¢100320p2 A
region 70 of a tool blank conprising a hybrid cenmented carbi de conpri sing
cubic carbide according to the present disclosure is seen in the m crograph
of FIG 8. The hybrid cenented carbide showmn in FIG 8 includes 20 percent
by volune ATI Firth Sterling G ade 248 cenented carbide as the dispersed
phase 72 and 80 percent by volunme ATl Firth Sterling G ade T-04 cenented
carbide (with 6% by wei ght cubic &XAMBAE @s the continuous phase 74. The
contiguity ratio of the dispersed phase is 0.40. The hybrid cenented

car bi de red0084pf A first hpmid bémektadasarpidepziesd andi angecorpsy ndeikscemented

conditions simlar to Ex le 2. EXANPLE 009 A h i d Tent ed bi d
bl ond GBS R BiEs BlaF OB SoRgiats ACUPHRaT Ky 04 SRPR e Pur gt cal
powderconesssitel r@?e%ilcu&in@%ar%ﬂkraﬁaiw@@ iAfcontaiatbrRf airfteigcd.or producing a

rotary cutting tool blank and were in contact along an interface,
Convertormeationahndrybybid compactionand sinteiing BraGegsps ocv@daety thesaidiggoses

t hose .discl ' g i . i &
conmniBERuTaf g Bse KBl ed to " Rids BReTMOTS SntigY Kopde foBRIELRG,
hybr i doslesrani ﬁlllﬁtﬁh@!adﬁ'lstlcm@gfﬁ cgﬁ ﬂgybmdbben'teatééi carbidenautebeneisly boedéd tet
region was netal lurgicall onded to, a, second . i .St f
converf $RAAC rﬁ@f@mf?ﬁl lcﬁpjb'a% ﬁ@me@ée%@@msa ThamigostsLre AP Eﬁ%ﬁgﬁt%r‘d
subst athak hf{@ﬂ@%%?ﬁ&&%@gafﬂid&\’%ﬁné’éf@ie%m%&@té‘&é}ﬁ@ﬁtbﬁl{ﬁrbﬁﬁ% Btargf the
conposite cenented carbide Is showmn in FIG . The Firth Gade 24
cementeedtingatdol Hkankds skepistedin ik 11ef Theregit kantbside of e Migospetyre 100 is

o1 de dpe i Tl ssrkmed gt STERTECRRE 1ol capd s B AR D08 AL o
i ncl udgEr&QrueRireertio Rythd Qkbbskd Riblid cEmAG R4S bRRIMINrestrealRl 184.aFhbligst

conti nuous phase 86, and 20 percent by volume of Firth Grade T-04 cenented
car bi dwbridclemignigd exlideincledesB@petsent by volupe of Edthpsade 2438 camented

I nter fc%?t')igle as the continuous phase 102 and 20 percent by volume of Firth Grade T-04

cemented carbide, including cubic carbide, as the dispersed phase 103. The second
hybrid cemented carbide includes 20 percent by volume of Firth Grade 248 cemented
carbide as the dispersed phase 105 and 80 percent by volume of Firth Grade T-04
cemented carbide, including cubic carbide, as the continuous phase 106. An interfacial
region 107 between the first hybrid grade cemented carbide microstructure 101 and the

second hybrid cemented carbide grade microstructure 104 is evident in FIG. 11.
EXAMPLE 7

[0095] A metallurgical powder and a hybrid cemented carbide blend were
placed in separate regions of the void of a mold for making a composite rotary cutting
tool blank and were in contact along an interface. Conventional non-hybrid compaction
and sintering processes, similar to those disclosed in Example 2, were performed to
provide a composite cemented carbide rotary cutting tool blank including a first region
including a conventional non-hybrid cemented carbide grade autogenously bonded to a
second region including a hybrid cemented carbide. The microstructure 110 of the
interface of the conventional non-hybrid cemented carbide grade and hybrid cemented

carbide of the composite cemented carbide rotary cutting tool blank is depicted in FIG.
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region 89 is evident in FIG 9 between the conventional non-hybrid grade

m crostructure 82 and the hybrid grade mcrostructure 84. EXAMPLE 5 [ 0093]
A hybri d wererieissar bi de bl end and a conventi onal non- Irgibriscdoiossnt ed
carbide netal lurgical powder were placed in separate regions of a void of a
nol d adapted for producing a rotary cutting tool blank and were in contact
al ong an interface. Conventional non-hybrid conpaction and sintering
processes, simlar to those disclosed in Exanple 2 , were perforned to
provi de a conposite cenented carbide including a first region of a hybrid
cementiéd The fdleandsidaiafitng nualoistructurdi1d,is the edhvangiooal ngn-bybded to a

o or oderen o0y T eI La B Co R TEnraat A g TEEHIGosT Bk 100,
The Fijg tfe B0 cehBnidvabldeomdroSnctisedt 14 Jhadencenisiadopdiypride
m crostructure 92 is seen on the rlght hand side of the m crograph. A

hybr i ¢egrerted gaehide iy Geade &-Ghcemestashcarhiden sont&ining Svel DY ivrighy of gubic

m cro a i nt. i pent ed
car bi q@B8e; e s EneeBRaraRl RYuYE: STpcRerid) DIFTER FrERerPI G ade
T- 04 cematited cadsibe de ths didpersan phasm 6$6 pivat 80 @ redrit yhvoliradf Grade ddi®ent ed
car bi de powder used in preparing the s l e co ises a tqtal of 6%Db

o hNag cerifc b eeB N b PR e Faod 1Bt RY oo
bet weeR BRHGHRALL IR graaB-riRSdtdicBirRde 2Thikd 8 1 FdJ?r%d%?m%Péist_Fd&Jr@ybf id
grade mcrostructure 94 7s evident. EXAMPLE 6 [0094] A first hybrid cenented

car bi deldobeavileaid a second hybrid cemented carbide blend were placed in
separate regions of the void of a nold for naking a conposite rotary
cutting t od0096RNK will benanderstooddhabite preeent dascrintien fllastrateSahoeat i onal

non- hybri d conpacti on. and, sinferin rocesses,. simlar to.tho i scl osed
o xmpretsot Madrwesievat e st vaeeitSiund ST kB e Ge

rot ar yaspiattd that (veald bé aplatdit kaidse of driingky sleWirPtheodrt anbyhat, thereforst ed
car bi de auto?enously bonded to a second region of a hybrid cenented

car bi deouldinel faciitaist a better endeystasdinghef therigyentiog have not been presented in
order to simplify the present description. Although only a limited number of

embodiments of the present invention are necessarily described herein, one of ordinary
skill in the art will, upon considering the foregoing description, recognize that many
modifications and variations of the invention may be employed. All such variations and
modifications of the invention are intended to be covered by the foregoing description

and the following claims.
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second hybrid cenented carbide regions of the conposite cenented carbide
rotary cutting tool blank is depicted in FIG 11. The right hand side of
the m cr owOromyweBs100 is the first hybrid cenented car pCaasae008302 uct ur e
101 , and the left hand side of the mcrostructure 100 is the second hybrid
cenented carbide mcrostructure 104. The first hybrid cenented carbide

i ncl udes 80 percent by volunme of Firth Grade 248 cenented carbide as the
conti nuous phase 102 and 20 percent by volune of Firth Grade T-04 cenented
carbide, including cubic carbide, as the dispersed phase 103. The second
hybri d cenented carbi de includes 20 percent by volune of Firth G ade 248
cenented carbide as the dispersed phase 105 and 80 percent by vol une of
Firth G ade T-04 cenented carbi de, CWAIM& ng cubic carbide, as the
contiQ%gus,phase 106. An interfacial region 107 between the first hybrid
grade 'c ted carbide mcrostructure 10 1 and the second hybrid cenented
carbide grade mcrostructure 104 is evident in FIG 11. EXAMPLE 7 [0095] A

met al |ur gi cah apieleeleatedl fomyDeoMposite ritad) adtitg il Binantdcovpesied astae, i n
separate regions of the void of a nold for naking a conposite rotary
cut t i rigtiRbioohblank, HieiatielecCeAPEYRgact al ong an i nterface. Conventi onal

non- hybrid agpgqgagg{eo‘po,ﬁgg isd| iggi ng processes, simlar to those discl osed
, t

i n Exanpl e re perforne provi de a conposite cenented carbi de
rotary cutting tabist bbgiok comgrisdiong fiestfcensinted gadndé;reridudi ng a conventi onal

non- hybrid cenmented carbi de grade autogenqusly, bopded t.o a second.region
ncl uting a_ hybrd S°SRBHISD 2UPGPRRISYRETHEd 1L TEY trion Ppdgorpiising a
interface of the conwgrbhanaimdmed B¥Rside cemented carbide grade and hybrid

cenmented carbide of the conposite cenented carbide rotary cutting tool
bl ank i s depi ct avhergirRatdeast omef thetfirstegraestedeaghiderandinersesondct ure 110

(Lot hand <1 de of t ETEPRSERINe SPLPLReca s SO BPTRC i Eea car bl de

m crostructure 114. Tgeensriyiygnti onal non-hybrid cemented carbide is G ade
T-04 cenented carbide, contal ning 6% by wei ght of cubic carbide. The hybrid
cenent ed car bi de i ncl LRIE8MENtgsbebifte dispotsiedrihase; apdde T- 04 cenent ed

carbide as the di spersgd.naass &%id%t%%oﬂ@rp(h%%; byqvol ume of Grade 248

wherein at least one of the cemented carbide dispersed phase
and the cemented carbide continuous phase comprises at
least 0.5 percent by weight of cubic carbide based on the

weight of the phase comprising the cubic carbide.

2. The composite article of claim 1, wherein at least one of the cemented carbide
dispersed phase and the cemented carbide continuous phase comprises at least 1.0
percent by weight of cubic carbide based on the weight of the phase comprising the

cubic carbide.

3. The composite article of claim 1, wherein the cubic carbide comprises at least
one of titanium carbide, vanadium carbide, zirconium carbide, niobium carbide, hafnium

carbide, and tantalum carbide.

4. The composite article of claim 1, wherein at least one of the first region and the

second region is substantially free of cubic carbide.
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cenment ed carbi de as the continuous phase 118. An interfacial region 119
bet ween the conventional non-hybrid grade mcrostructure 112 and the hybrid
grade m cwobrouseisse 114 is evident. [0096] It will be eoaarssaionsobhat the

present description illustrates those aspects of the invention relevant to
a clear understanding of the invention. Certain aspects that woul d be
apparent to those of ordinary skill in the art and that, therefore, would

not facilitate a better understanding of the invention have not been
presented in order to sinplify the present description. Al though only a
limted number of embodinents of the present invention are necessarily

d d
the 1 Gt egoi 15 cauef T Fuis® LRy > Ehbleih A ddfoRbhrdle i EREMaRRELr ot Fons
of t hearisiverfidpErsadmphhse anpleayawid d&dwerstadftavlaiﬂe% hongeated tard0f4igcat i ons of

the invention are intended to be covered by the foregoing description and
the following claims. CLAIMS | claim 1. An article selected froma

conpog te ﬁeaéa/mpaé.fé B8icle @# cnéw awﬁ@FE?x‘?%hb@tahﬂéW il smhtel Abid eatbidd ank,

the article co sing an elongate portion including: first region

conpr itsé hgbad fcerrmt@cénemwlsaaclbddé in #relcemestechehrbelgi @ﬁp@’@?d@éﬁ@@sﬂf yhe
bondeqw%o t he f|r€ eglon and conprising a second cenented carbi de;

wher eiWPEH qeted 5ar¥¢et he first cemented carbide and the second cenented
carbide conprises a hybrid cenmented carbide conprising: a cenented carbide

di spersed phase; and a cenented carbi de conti nuous phase; and wherein at
| east Tone ofhe ¢rmpesimerislecalrdaige 1dwbpeis subgiratiallaaliot the @bie AN WY bi de

conti QHQH?/bH@%@ﬁ)e%%@Eér%?ose Rlincluded in the cemented carbide continuous phase of

the hybrid cemented carbide.

8. The composite article of claim 1, wherein the cemented carbide dispersed phase

comprises 2 to 50 percent by volume of the hybrid cemented carbide.

9. The composite article of claim 1, wherein one of the first cemented carbide and

the second cemented carbide is a non-hybrid cemented carbide.

10.  The composite article of claim 9, wherein the non-hybrid cemented carbide, the
cemented carbide dispersed phase of the hybrid cemented carbide, and the cemented
carbide continuous phase of the hybrid cemented carbide each independently comprise:
at least one transition metal carbide selected from the group consisting of
titanium carbide, chromium carbide, vanadium carbide, zirconium carbide,
hafnium carbide, tantalum carbide, molybdenum carbide, niobium carbide,
and tungsten carbide; and
a binder comprising at least one material selected from the group consisting of

cobalt, a cobalt alloy, nickel, a nickel ally, iron, and an iron alloy.

11.  The composite article of claim 10, wherein the at least one transition metal

carbide comprises tungsten carbide.
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| east 0.5 percent by weight of cubic carbide based on the weight of the
phase conprising the cubic carbide. 2 . The conposite article of claim1,
wher ei n awol2esst32sie of the cenmented carbi de di spersed phagsS2and3zonze
cement ed carbi de conti nuous phase conprises at |least 1.0 percent by weight
of cubi c carbide based on the weight of the phase conprising the cubic
carbide. 3 . The conposite article of claim1l1, wherein the cubic carbide
conprises at |east one of titanium carbide, vanadi um carbide, zirconium
car bi de, niobi um carbi de, hafnium carbide, and tantalum carbide. 4 . The
conposite article of claim1l, wherein at |east one of the first region and

a1 oo e oSt ATEI By b e Gt B nad A SS0RAE ©

di sperssettipRaseof3tbaohirotletesent ed carbide is no greater than 0.48. 6.
The conposite article of claim1l, wherein substantially all of the cubic
carbide in the hybrid cenented carbide is included in the cenented carbide

di spersed phas iRl ¢ t ®He A MdBindér cdBrisesBPRIakEoRbt i Cl e of
claimt whd e‘?on'ﬂéﬂ%}{séf%ﬁ%é%ﬁ}gwabf ofeth Heppinder compr in the hybrid
cenentalidyiogragené seectatciraiettieigrotpeovsinting efiturgstsird ehsamivnmuvokbgaaga, of
the hybrid cenented carbide. 8 . The copposite article of claim1, wherein
the cEREMREPULAPHTROTHICOBRT's SN HIRIESe BNy B3 piHUs} ag'grscd\/%k by vol ume of
the hybrid cenmented carbide. 9 . The conposite article of claim1, wherein
one of the first cenented carbide and the second cenented carbide is a

non- hyldr i d Theneampesitaaamicleeo! daim thewbergib e sornhybed segienéedirabide. theer ei n
o " . . . . . f
the nyBriaTed (afifaEBIsEEs el Bhass of (8 ERBLERTEREn Bl SRFIRECLASARR ©

t he hydaride @eﬁﬂ?mm glaaéén d’etlheatwb(;iﬂwndd raklyide @aphiisdividaslly feamgprieesZ
transition metal carbide selected from.t roup consistipg of titanium
car bi de ,4009ﬁr;g%"amﬁ wetaht ek the RiRdar and gg}tgi%%é?er Egrﬁtc%yvgmﬁgpg]ed@,ettal

carbide.

15.  The composite article of claim 1, wherein the article is a rotary cutting tool and a

surface of the elongate portion defines a cutting edge.

16.  The composite article of claim 15, wherein the cutting edge is helically oriented

about a surface of the elongate portion.

17.  The composite article of claim 1, wherein the first region and the second region

are coaxially disposed.

18.  The composite article of claim 17, wherein one of the first region and the second
region is a core region and the other of the first region and the second region is an outer

region.

19.  The composite article of claim 18, wherein the outer region comprises the hybrid

cemented carbide.
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haf ni um car bi de, tantal um carbi de, nol ybdenum car bi de, ni obi um carbi de, and
tungsten carbi de; and a binder conprising at |east one material selected

from t he woaow/sorssi sting of cobalt, a cobalt alloy, ni@ekelus2aonsmhel ally,
iron, and an iron alloy. 11. The conposite article of claim10, wherein the
at | east one transition netal carbide conprises tungsten carbide.12. The

conposite article of claim1l, wherein the tungsten carbide has an average
particle size of 0.3 to 10 micronmeters. 13. The conposite article of claim
10, wherein the binder conprises at |east one_ all oyi ng?\?egent selected from

the gRBup doegiosepaesitecdrticlerniaim 1 ewlpreimihenBBl IS 83525t Bor on,
silican,.co r, , ruthenium alumnum and silver. 14. The
comogppgna(ﬁ)fﬁﬁglsgggﬁ(gg?@?ﬁi 10, wherein the non-hybrid cenented carbide, the
cenent ed carbi de di spersed phase of the hybrid cenented carbide, and the
cenented carbi de continuous phase, of the brid cepented .carbi

i ndi vicdual W@eﬁﬂm@%@@@c?d}ﬂf@'ﬁb?’c@ﬁ?reﬂ} ?‘B'HPO%EF?'&'E%H%% %r&:angﬁ@%\ to 98
ber cepi BYaieltincofyil, A &Pl Al GBhkl dfap, bhd Jtip siameosite article of claim

1, erein e article 1s a rotary cutting tool and a surface of the
el ongate portion defines a cutting edge. 16. The conposite article of claim

15, reing,the cutting..e LS. heli | i f the
el ongate p pﬁqﬂ{r_\pcis/;{_e %ﬂggﬁrﬁ%a f’e\hgﬂ%%f}@&g&% iﬁ%ﬁﬁ}p%gt\%ﬂg?gf Fl'?é't:ﬁlg?fi rst
r egi ORefHhtéd Bafsie® BRfck € Goanthar chepwiaal wbhyredistposed!. thé&ecthe ceomdsdt e
article of claim17, wherein one of the first region and the second region

is a carddeegi on and the other of the first region and the second region is
an outer region. 19. The conposite article of claim 18, wherein the outer
region conprises the hybrid cenented carbide.20. The conposite article of
cl ai m2B7, Whher@mpodite diticketofradginoh, wbhewmis atleastage ohthsohardpaseandiedecond

redl Or;ésistance of the first cemented carbide differs from the second cemented carbide.

24. The composite article of claim 1, wherein the modulus of elasticity of the first

cemented carbide differs from the modulus of elasticity of the second cemented carbide.

25.  The composite article of claim 1, wherein:
the composite article is one of a drill, a drill blank, an end mill, a tap, and a tap
blank; and
wherein the chemical wear resistance of the first cemented carbide differs from

the chemical wear resistance of the second cemented carbide.

26. A method of producing an article selected from a composite rotary cutting tool
and a composite rotary cutting tool blank, the method comprising:
preparing a hybrid cemented carbide blend comprising
sintered granules of a first cemented carbide grade, and
unsintered granules of a second cemented carbide grade,
wherein at least one of the first cemented carbide grade and the
second cemented carbide grade comprises at least 0.5
percent by weight of cubic carbide;

placing the hybrid cemented carbide blend into a first region of a void of a mold;
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2 1. The conposite article of claim1, wherein the conposite article is one
of adrill, adrill blank, an end mll, an end ml|| blank, a tap, and a tap
bl ank. 22vOThw/orsposite article of claim1l, wherein chegiraskomeazo2
resistance of the first cenmented carbide differs fromthe chem cal wear
resi stance of the second cenented carbide. 23. The conposite article of
claim1, wherein at |east one of the hardness and wear resistance of the
first cenented carbide differs fromthe second cenented carbide. 24. The
conposite article of claim1, wherein the nodulus of elasticity of the
first cememiaeingarpeiedutgicdldowder dntotheeeriLIegoHef Bradid.city of the second

cement ed carhi.de. . i ? i L& ¥het he
conposite Zcro{?wli%%ggizag l%a-rllge?eao?&gB ?)H”I?e ﬂgﬁ:’gﬂ:ﬁn%bfégn%rﬁ\ad# %ﬁﬂgnviﬁvﬁhea tap, and
a tap bl ank; andnefaduejicaltpoevdeneni cal wear resistance of the first cemented

carbide differs fromth hem cal ar resistance of th econd ce ed
car bi de. 263.0”15&0h‘iﬁtmcf‘@ﬁ‘y%ﬂad??@%ggﬁagﬁ?Pfeé“ N ee'a“effi@ﬁ%“&ag%%@%ﬁ e
rotary cutting tiggh aaémnga&pgﬁ@site rotary cutting tool blank, the nethod
conprising: preparing a hybrid cenmented carbi de blend conprising sintered
gr anul es ofovarfressure sinderirglithsae@npectyr ade, and unsintered granul es of a
second cenented carbi de grade, wherein at |east one of the first cenented
carbi de grade and the second cenented carbi de grade conprises at least 0.5
per certy by ™R glthaf ofcelhing 26 awhidsn apleast bge tlithefilst cemeatshtathideagtadee
blend into a first region of a void of a nold, placi r(])gqa netal | ur icigl
powderandihe secend semeanied sarkide orrdeepmpPrisghakieashlURerready ‘é(ekg%FP on of
t he hycl&r iic?c%%t ed carbide blend with the netallurgical powder;
consolidating the hybrid cenented carbide bl end and the netal |l urgical
powder to form a conpact; and

28.  The method of claim 26, wherein after the step of over-pressure sintering the
compact, the compact comprises a hybrid cemented carbide comprising:

a cemented carbide dispersed phase; and

a cemented carbide continuous phase;

wherein a contiguity ratio of the cemented carbide dispersed phase in the hybrid

cemented carbide is no greater than 0.48.

29.  The method of claim 28, wherein substantially all of the cubic carbide in the
hybrid cemented carbide is present in the cemented carbide dispersed phase of the

hybrid cemented carbide.

30. The method of claim 28, wherein substantially all of the cubic carbide in the
hybrid cemented carbide is present in the cemented carbide continuous phase of the

hybrid cemented carbide.

31.  The method of claim 28, wherein the cemented carbide dispersed phase

comprises 2 to 50 percent by volume of the hybrid cemented carbide.
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over-pressure sintering the conpact. 27. The nethod of claim 26, wherein at
| east one of the first cenented carbi de grade and the second cenented
car bi de gwadelxcsassi ses at | east 1.0 percent by wei ght @CTaiskéiosmnbi de.
28. The nethod of claim 26, wherein after the step of over-pressure
sintering the conpact, the conpact conprises a hybrid cenented carbide
conprising: a cenented carbide dispersed phase; and a cenented carbi de
continuous phase; wherein a contiguity ratio of the cenented carbide

di spersed phase in the hybrid cemented carbide is no _greater than 0.48. 29.
The ms¥hod Tdfe methad oBslainh @b evhemin thasiniered granylesof ﬂ’rﬁbf'r@&ﬁﬁ@eﬁéﬁ%i de in

phase GO RO ATRPI &L BAghy 45 OFRPH AL Snthfe dhan GBS B 60 = R0REP ST

substantially all of the cubic carbide in the hybrid cenmented carbide is
present in_the cenented carhide continuous phase of the hybrid cenmented
Car bi G 3 T MREIGRORGRINPocI BRI SIeRATIBNR ThRad e Sedhs Biend

di sper hStesiaR & thain ¥0lgerEe oyt uRBtshdreeent ed
car bi c@. . ﬁge'@ﬁﬁﬁgﬁﬁa%ﬂg?%&%{g@%g&ei n rt]he si nt ereyél glrjanullesrof t he
first greneesed thafitst demgnieibcambideagradesaand greaterithpartli tal 98/ peficantbed

granules and fully sintere ranul es. ,33. e l,ai.m .26, rein
pr eparPiy"e wsm%%dfe@éﬂ%tﬁag%r%@? &r%%ulsgg Flﬁ‘%c%%goh%g‘“gesrﬂ%ﬁﬁ(eéﬁg‘:a%‘%gﬁ%@?’aI s

i ncl udiigreth the Wéight b@:@@n&%el@%rr@eﬁsebwmbuml iaijrerof the haoiid esmehtdéche
first cenented carbide grade and greater than 60 to 98 percent by vol une

unsi ntc@rtidedercht ed car bi de granules of the second cenented carbi de grade,
wherein the wei ght percentages are based on the total weight of the hybrid
cemented carbide blend. 34. The nethod of claim 26, further conprisi n?
si nt erddng aHd metharbofoelaisn 8§, furiinet abmpaisigdentenidga biend@ompising mno¢la

stnt erc%gbigre%ru%l g Bin%fer (? ?or];r: ’[rhsetsir(%’t((aerrrg'(g1 E;Fadnu easr 8# tﬂ% f%tageemented carbide grade.

35.  The method of claim 34, wherein sintering the blend comprising the metal

carbide and the binder comprises sintering at 400°C to 1300°C.

36. The method of claim 26, wherein preparing the cemented carbide blend
comprises blending materials including 2 to 30 percent by volume of the sintered
granules of the first cemented carbide grade and 70 to 98 percent by volume of the
unsintered granules of the second cemented carbide grade, wherein the weight

percentages are based on the total weight of the cemented carbide blend.

37. The method of claim 26, wherein the first cemented carbide grade, the second
cemented carbide grade, and the metallurgical powder each independently comprise:

a metal carbide selected from the group consisting of titanium carbide, chromium
carbide, vanadium carbide, zirconium carbide, hafnium carbide, tantalum
carbide, molybdenum carbide, niobium carbide, and tungsten carbide; and

a binder selected from the group consisting of cobalt, a cobalt alloy, nickel, a

nickel alloy, iron, and an iron alloy.
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35. The nethod of claim 34, wherein sintering the blend conprising the
nmetal carbide and the binder conprises sintering at 4000C to 1300 C. 36.
The net howloahiwci3aism 26, wherein preparing the cenented earhisdeoiobmnz
conprises blending materials including 2 to 30 percent by volune of the
sintered granules of the first cenented carbide grade and 70 to 98 percent
by volune of the unsintered granules of the second cenented carbi de grade,
wherein the wei ght percentages are based on the total weight of the
cenented carbide blend. 37. The nethod of claim 26, wherein the first
cenment38d cdrts methpchefeslainh87 swberain Henbinded fwiiasicoaniisggan allpyinthagent

17 om chEralTaREBREroBR forb YR BT iste, PR AF, BB Plf Bl F SR 7

car bi dgiconl tepperumargabiede, rutedmimmcmiibute antiaivat. um car bi de, nol ybdenum
car bi de, niobium carbide, and tungsten carbide; and a binder selected from
the group consisting of cobalt, a cobalt alloy, nickel, a nickel alloy,

iron, and afd fahd &P%?ﬁ?%mﬁef@ﬁ W?ﬂfclecig%!c BorapositdIRitsHcdthsy Rbd1dak

further conprises an alloying agent selecte romthe group consisting of

t ungs ttlee method fartingr cohyrixbsmemoviray bateridl droom thes compeat toquppide, atne@dfanese,
rut heni um .alum,num and silver. 39. The nethod of claim 26, wherein the
arti clo9YUNGEA88si te rotary cutting tool and the method further conprises
removing material fromthe conpact to provide at | east one cutting edge.

40. The nethod of claim 39, wherein renoving material fromthe conpact
conpr i4fes niehmethay efhelaicpaBawhetan feinayiag Mmalgsial e theiGoepacy cemmsiseed

5 B RS RS R T b oaL ot ABIaR) SRgE AR B ke

met hod 0 erein ag ru

wher eihglicaihsofi¢rtad icaginghedgenent ed car bi de bl end and the netal | urgi cal
powder to forma conpact conprises isostatically conpressing the dry-bag
rubber nold to formthe conpact. 42. The method of claim4 1, further

CONriggi NG The method of claim 26, wherein the mold is a dry-bag rubber mold, and further
wherein consolidating the cemented carbide blend and the metallurgical powder to form
a compact comprises isostatically compressing the dry-bag rubber mold to form the

compact.

42.  The method of claim 41, further comprising:
physically partitioning the void of the dry-bag rubber mold into at least the first

region and the second region.

43.  The method of claim 42, wherein physically partitioning the void comprises
inserting a sleeve into the void to divide the void between the first region and the

second region.

44.  The method of claim 43, wherein the sleeve is comprised of a material selected

from the group consisting of plastic, metal, and paper.

45. The method of claim 43, wherein contacting at least a portion of the cemented

carbide blend with the metallurgical powder comprises removing the sleeve from the
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physically partitioning the void of the dry-bag rubber nold into at | east
the first region and the second region. 43. The nethod of claim42, wherein
physi cal Iwoparwi32iséni ng the void conprises inserting a PCEASR010/0802 he voi d
to divide the void between the first region and the second region. 44. The
met hod of claim43, wherein the sleeve is conprised of a material selected
fromthe group consisting of plastic, netal, and paper. 45. The nethod of
claim 43, wherein contacting at |east a portion of the cenmented carbi de
blend with the netal | urgi cal powder conprises renoving the sleeve from

t hevoivdidbfter placingi thg aeerdedeattide biarsi ard Hleemetaliagicaloaved el inter iecwid
powder_.i.nt o t(ge void of the nold. 46. The nethod of claim 36, wherein the
first Oéé'ﬁ%m"é " carbi de grade, the second cenented carbide grade, and the
met al | urgi cal powder each independently conprise 2 to 40 percent by wei ght

of the binder and 60 to 98 percent by weight of the cenented carbide, 47.
The metthod G1e Beliod Qfa?'amggei"’ﬁeéﬁmlt E'EStgﬁg‘e@Ite raide gradge theseePhr bi de

gradezce%té@%%%ld&?g?%%,gagwcpm%%gﬁllgf zpo%r@é%hﬁﬁé@dégi&e%l%bw&?)@@ej

conprises tungsten particles “having an average particle size of 0.3
to 10 tow0 g8 ceihiay wetdh of tHe bindenalé 60uh@8epercenthy peigtd of thaecementaty t he
conpact canprises heating the conpact at 13500C to 15000C under a pressure
of 30(?—3%’88' psi. 49. The method of claim26, wherein contacting at |east a
portion of the cenented carbide blend with the netallurgical powder

conprises pl aci réamone of the cenented carbide blend and the netall urgical
powderd 7. nt ol hehmethndiokegaim 26owherain a¢ nashene &f Hiryfivsh cemestachearbide aradse

ot her ' e c qi The
et hodfieeoEaf SEBENREL EAERE Groblel B RE i 813 b 8L BamBRER fynctten, 0
t he mejaabiderngirtdes pavitigrart avdrageparicagaetof e 16gsni sost atical |y
conpressing the nold at a pressure of 5,000 to 50,000 psi.

48. The method of claim 26, wherein over-pressure sintering the compact comprises

heating the compact at 1350°C to 1500°C under a pressure of 300-2000 psi.

49. The method of claim 26, wherein contacting at least a portion of the cemented
carbide blend with the metallurgical powder comprises placing one of the cemented
carbide blend and the metallurgical powder into the void so as to be in contact along an

interface with the other of the cemented carbide blend and the metallurgical powder.
50. The method of claim 26, wherein consolidating the cemented carbide blend and

the metallurgical powder to form a compact comprises isostatically compressing the

mold at a pressure of 5,000 to 50,000 psi.
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