-1- ADVANCED ERGCSI ON- CORROSI ON RESI STANT BORI DE CERMETS Fl ELD OF | NVENTI ON
[ 0001) The present invention is broadly concerned with cernets, particularly
cernet comnpositions conprising a nmetal boride. These cernets are suitable
for high tenperature applications wherein materials with superior erosion
and corrosion resistance are required. BACKGROUND OF | NVENTI ON [ 0002)
Erosion resistant materials find use in many applications wherein surfaces
are subject to eroding forces. For exanqle, refinery process vessel walls
and internals exposed to aggressive flui‘ds containing hard, solid particles
such as catal yst particles in various chem cal and petrol eum environnents
are subject to both erosion_and c osion. The praotection of these vessels
and i nterf3 k LEH ' AT Faid EMIRLLME LAY AA) |
especially at high tenperatures is a technol ogi cal challenge. Refractory
liners are used currently for conponents requiring protection against the
nost severpEIPMPINVRNTION osi on such as the inside walls of interna
cyclones used to separate solid particles fromfluid streans, for instance,
the internal cyclones in fluid catalytic cracking units (FCCU) for

separ at i nqOoal 3l ysThepresent iavefit omid h@adhocareniddiwith cefinets tpattieulérly he- ar t
in erosion resistant materials_is chemcally bonded castable alum na

r ef r act or | G¥mMet§eBPOSHIMSFENPIisiAE fanetal basids, (These cermpets|are guiteble fer

surfaces i,n need of protection and upon heaf ;cuting har . dheres to

t he surfattyéﬂ%’gpﬁﬁtﬁfe- %RP@#&%S“SP’H}F&? e so%é@rf@ﬁf@.og?{%séﬁgnseadil y
bonds to Oéd}ﬁ;sioﬁf%giggh&xrﬁéhﬁﬁ-@&_s. The typical chem cal conposition of one
commercially available refractory is 80.0% A1203, 7.2% Si 02, 1.0% Fe20C3,

4. 8% MgQ CaO,
< BACKGROUND OF INVENTION

[0002] Erosion resistant materials find use in many applications wherein
surfaces are subject to eroding forces. For example, refinery process vessel
walls and internals exposed to aggressive fluids containing hard, solid particles
such as catalyst particles in various chemical and petroleum environments are
subject to both erosion and corrosion. The protection of these vessels and
internals against erosion and corrosion induced material degradation especially
at high temperatures is a technological challenge. Refractory liners are used
currently for components requiring protection against the most severe erosion -
t and corrosion such as the inside walls of internal cyclones used to separate solid
particles from fluid streams, for instance, the internal cyclones in fluid catalytic
cracking units (FCCU) for separating catalyst particles from the process fluid.
The state-of-the-art in erosion resistant materials is chemically bonded castable
alumina refractories, These castable alumina refractorics are applied to the
surfaces in need of protection and upon heat curing hardens and adheres to the
surface via metal-anchors or metal-reinforcements. It also readily bonds to other
refractory surfaces. The typical chemical composition of one commercially
available refractory is 80.0% Al Os, 7.2% Si0,, 1.0% Fe,0;, 4.8% MgO/Ca0,
4.5% P,0s in wt%. The life span of the state-of-the-art refractory liners is
significantly limited by excessive mechanical attrition of the liner from the high



4.5% P205 in wt% The life span of the state-of-the-art refractory liners is
significantly limted by excessive nechanical attrition of the liner from
the high -2- velocity solid particle inpingenent, mechanical cracking and
spal lation. Therefore there is a need for materials with superior erosion
and corrosion resistance properties for high tenperature applications. The
cernmet conposi- tions of the instant invention satisfy this need. [0003]
Ceramic -netal conposites are called cernets. Cernets of adequate chem cal
stability suitably designed for high harkmess and fracture t oughness can
provi de an order of nagnitude higher erosion resistance over refractory
materials known in the art. Cermets generally conprise a ceran c phase and
a binder vdlasity solid pacticle impingerpentd mestanishherapkingeanchspadlationgy t echni ques

where netal and ceranmic po rs are mxed, pressed and sjintered at high
t enper at urEcrch‘gFﬁ ’é@n&&vég %‘PE‘?{?[‘EBgﬁ}‘BQ*H%I PRERANG FRIZARIPBN i ncl udes
new and i npr. gE&I It 4ol . ggﬁn | .on al so
i ncl udes L%F%é&ggﬁ% Si eﬁgﬁgﬁfﬁn %egﬁégﬁ?%r ggg@%adaqh%hﬁgﬁé enpéet;&\g res'g. (0006]
Fur t her mor gond Stherins@nt iriveneiohisafisfynisifesd. an | mproved met hod for
protecting nmetal surfaces against erosion and corrosion under high
tenperature conditions. [0007] These and other objects wll becone apparent
fromthe d@088]ed Celaniic i-ptetaiconipasitel ard calted GigiehlYCEEmEs\ENIdeGiafc0008]
The invention includes a cernmet conposition represented by the
chemical stability suitably designed for high hardness and frachire toughness can
provide an order of magnitude higher erosion resistance over refractory materials
known in the art. Cermets generally comprise a ceramic phase and a binder
phase and are commonly produced using powder metallurgy techniques where
metal and ceramic powders are mixed, pressed and sintered at high temperatures

to form dense compacts.

[0004] The present invention includes new and improved cermet composi-

tions.

[0005] The present invention also includes cermet compositions suitable for
use at high temperatures.

[0006] Furthermore, the present invention includes an improved method for
protecting metal surfaces against erosion and corrosion under high temperature

conditions,

[0007]  These and other objects will become apparent from the detailed
description which follows.

SUMMARY OF INVENTION

[0008] The invention includes a cermet composition represented by the
formula (PQ)(RS) comprising: a ceramic phase (PQ), a binder phase (RS)

wherein,



formula (PQ (RS) conprising: a ceramc phase (PQ, a binder phase (RS)
wherein, -3- Pis at |east one netal selected fromthe group consisting of
Goup IV, Goup V, Goup VI elenents, Qis boride, Ris selected fromthe
group consisting of Fe, Ni, Co, Mi and m xtures thereof, S conprises at

| east one elenent selected fromCr, A, Si and Y. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [ 0009] WMaterials such as ceramcs are primarily elastic solids
and cannot deformplastically. They undgrgo cracki ng and fracture when
subjected to large tensile stress such as induced by solid particle inpact
of erosion process when these stresses exceed the cohesive strength

f t t h f th 1 C. d fract t '
i cat | ve Tis HRIGROTE G SEIeS I aLgHHodTP I oS PE OO LEERENY . FEUPOY, 1 he

i npact for f l.d particles cause |ocalized cracking, known as
Hert zi an cf@%@&vgtgl‘%ﬁéeﬁtghrface al ong pl anes subject to maximumtensile

stress. Wth continuing inpacts, these cracks propagate, eventually |ink
t oget her, dBdsberideh as snmall fragnents fromthe surface. This Hertzian
cracki ng and subsequent |ateral crack growth under particle inpact. has

been obser veds {92 diAGmRAE Fép ebﬂﬁkmglg BEFB NI, 0o, MICABHifuie hersdfs. O
all the ceramcs, titaniumwdi boride (TiB2) has exceptional fracture

toughness rivaling that of dianond but wth eat er,.chenj,cal stability
(r ef er ence CEPEPRS ﬁbﬁéét QW#CW%%%ﬁd%ﬁrséaﬂgrﬁgn of Advanced
Materials, 2002 TMS Fall Meeting, Colunmbus OH, entitled "Mcrostructure
Design of Conposite Materials: WC-Co Cernets and their Novel Architectures”

by K'S. DRTAILED DESCRIPTION OF THE INVENTION

[0009] Materials such as ceramics are primarily elastic solids and cannot
deform plastically. They undergo cracking and fracture when subjected to large
tensile stress such as induced by solid particle impact of erosion process when
these stresses exceed the cdhesive strength (fracture toughness) of the ceramic.
Increased fracture toughness is indicative of higher cohesive strength. During
solid particle erosion, the impact force of the solid particles cause localized
cracking, known as Hertzian cracks, at the surface along planes subject to
maximum tensile stress. With continuing impacts, these cracks propagate,
eventually link together, and detach as small fragments from the surface. This
Hertzian cracking and subsequent lateral crack growth under particle impact has
been observed to be the primary erosion mechanism in ceramic materials. Of all
the ceramics, titaninm diboride (TiB,) has exceptional fracture toughness
rivaling that of diamond but with greater chemical stability (reference Gareth
Thomas Symposium on Microstructure Design of Advanced Materials, 2002
TMS Fall Meeting, Columbus OH, entitled "Microstructure Design of
Composite Materials: WC-Co Cermets and their Novel Architectures” by K.S,
Ravichandran and Z. Fang, Dept of Metallurgical Eng, Univ. of Utah),

[0010] In cermets, cracking of the ceramic phase initiates the erosion damage

process. For a given erodant and erosion conditions, key factors governing the



Ravi chandran and Z. Fang, Dept of Metallurgical Eng, Univ. of Utah). [0010]
In cernets, cracking of the ceram c phase initiates the erosion damge
process. For a given erodant and erosion conditions, key factors governing
the -4- material erosion rate (E) are hardness and toughness of the materi al
as shown in the follow ng equation E cc (K, C)-413. Hy where Klc and H are
fracture toughness and hardness of target material and g is experinentally
determ ned nunber. [0011] One conponent ‘?f the cermet conposition
represented by the formula (PQ (RS) is The ceram c phase denoted as (PQ.
In the ceram c phase (PQ, Pis a netal selected fromthe group consisting
of Goup IV, Goup V, Goup VI elenments of the Long Form of The Perjodic
Tabl e of Emsterizkerostonate (Bkare hasdness mnddppghnsss of dhe materialas dowihitc phase
(PQ in th b?ride. cernet. conposition is a netal boride. Titanium diboride,
TiB2 is a @F%‘qugc%}%o@ phase. The nolar ratio of Pto Qin (PQ can
vary in the range of 3:1 to 1:6. n-Jhypmti Il lustrative exanpl es,
when P = Ti, (PQ can be TiB2 mﬁ&ﬁgfcd is‘gggut 1:2. When P = Cr, then

(PQ can be Cr2B wherein P.Qis 2:1. Thealai;erarric phase inparis hardness to
the bori de vheredic and Hppsfgaiye ioughasseand hardaspephiaigelsmatsrial apgd i 850C.

It is prefe t hat ] | ze of the ceramc phase is in the
range 0.1 Fgﬁ%%nwgﬁgﬁﬁeg%dn@?éﬂf. More preferably the ceramc particle
size is in the range 0.1 to 1000 microns in dianeter. The dispersed ceramc
particles a %&Hﬁo IO Barnt 'Cro'h{igjga@m it q8 ghpcal
el li psoi dafi,amp I yhg%lreal , |%%$§r%?ed 2%#5{: cal’, 5 Isto tede gﬂ’?ps%? aﬁlgnd
di storted pPRY(RSY R thelepaidic fhaspaiehbiddeass(PL2). dinahietceramic phaset(PQ), P is

a metal selected from the group consisting of Group IV, Group V, Group Vi

elements of the Long Form of The Periodic Table of Elements and mixtures

thereof, Q is baride. Thus the ceramic phase (PQ) in the boride cermet

composition is a metal boride. Titanium diboride, TiB, is a preferred ceramic

phase. The molar ratio of P to @ in (PQ) can vary in the range of 3:1 to 1:6. As
non-limiting illustrative examples, when P = Ti, {PQ) can be TiB, wherein P.Q
is about 1:2. When P = Cr, then (PQ) can be Cr,B wherein P:0Q is 2:1. The
ceramnic phase imparts hardness to the boride cermet and erosion resistance at
temperatures up to about 850°C. It is preferred that the particle size of the
ceramic phase is in the range 0.1 to 3000 microns in diameter. More preferably
[ the ceramic particle size is in the range 0.1 to 1000 microns in diameter, The
dispersed ceramic particles can be any shape. Some non-limiting examples
include spherical, ellipsoidal, polyhedral, distorted spherical, distorted
ellipsoidal and distorted polyhedral shaped. By particle size diameter is meant
the measure of longest axis of the 3-D shaped particle. Microscopy methods
such as optical microscopy (OM), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) can be used to determine the particle
sizes. In another embodiment of this invention, the ceramic phase (PQ) is in the
form of platelets with a given aspect ratio, i.e., the rato of length to thickness of
the platelet. The ratio of length:thickness can vary in the range of 5:1 10 20:1.
Platelet microstructure imparts superior mechanical properties through efficient



t.he neasure of |ongest axis of the 3-D shaped particle. Mcroscopy nethods
such as optical mcroscopy (OM, scanning electron mcroscopy (SEM and
transm ssion el ectron mcroscopy (TEM can be used to determ ne the particle
sizes. In another enbodi ment of this invention, the ceram c phase (PQ is in
the formof platelets with a given aspect ratio, i.e., the ratio of length
to thickness of the platelet. The ratio of |ength: thickness can vary in
the range of 5:1 to 20:1. Platelet mcrostructure inparts superior

nmechani cal properties through effici ent3-5- transfer of load fromthe binder
phase (RS) to the ceram c phase (PQ during erosion processes. [0012]

Anot her conponent of the boride cernet conposition represented by the
formul a ( RANSRS) of koatfeoini thel dindeh phesclhS) tdthascef®8ic phaset(PQ bdumieg phase
(RS), Ris the base netal selected fromthe group consisting of Fe, N, Co,
Mi, and rBIRSIPNIFOCHEEECEof . In the binder phase the alloying element S
consists essentially of at |east one elenent selected fromGC, A, S and

: elgﬁt " doguzL ] Rrofer fempbudy Eake Sp?i‘igc 4ol BShpS MR B kgl 0°,
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for enhanced corrosion resistance in conmbination with the C .and/or Al.

Strong oxians mixmregthsreafedndhe bmﬁlewhase thy %ﬂnﬁﬁlff@mt%ﬁ@‘%‘@fspl c k up
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the range h[Sﬁasé alfdyltk ¥Rhdéne 3s8dy Qﬁhrg&ecdtﬁbﬁé@apfea&meca&mm seiar;&fder abl Y,
(RS) is in the range of Sto 45 vol % More preferably, (RS) is in the
from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Mo and W, The Cr and Al
metals provide for enhanced corrosion and erosion resistance in the temperature
range of 25°C to 850°C. The elements selected from the group consisting of Y,
Si, Ti, Zr, Hf, V, Nb, Ta, Mo, W provide for enhanced corrosion resistance in
combination with the Cr and/or Al. Strong oxide forming elements such as Y,
Al, Si and Cr tend to pick up residual oxygen from powder metallurgy process-
ing and to form oxide particles within the cermet. In the boride cermet composi-
tion, (RS) is in the range of 5 t0 70 vol% based on the volume of the cermet.
Preferably, (RS) is in the range of 5 to 45 vol%. More preferably, (RS) is in the
range of 10 to 30 vol%. The mass ratio of R to § can vary in the range from
50/50 to 90/10. In one preferred embodiment the combined chromium and
aluminum content in the binder phase (RS) is at least 12 wt% based on the total
weight of the binder phase (RS). In another preferred embodiment chromium is
at least 12 wt% and aluminum is at least 0.01 wt% based on the total weight of
the binder phase (RS). It is preferred to use a binder that provides enhanced
long-term microstructural stability for the cermet. One example of such a binder
is a stainless steel composition comprising of 0.1 to 3.0 wt% Ti especially suited

for cermets wherein (PQ) is a boride of Ti such as TiB,.



range of 10 to 30 vol % The mass ratio of Rto S can vary in the range from
50/50 to 90/10. In one preferred enbodi nent the conbi ned chrom um and

al um num content in the binder phase (RS) is at |least 12 wt % based on the
total weight of the binder phase (RS). In another preferred enbodi nent
chromumis at least 12 ww% and alum numis at |east 0.01 w % based on the
total weight of the binder phase (RS). It is preferred to use a binder that
provi des enhanced |ong-termudcrostructural stability for the cernmet. One
exanpl e of such a binder is a stainl es§ st eel conmposition conprising of 0.1
to 3.0 M% Ti especially suited for cernets wherein (PQ is a boride of Ti
such as TiB2. -6- [0013] The cermet conposition can further conprise
secondar y [0013Hes Te @rmeksemgositipn ¢@ngb'ﬂ6‘€t¢@§1m$rﬁﬁ§%@d@'b’dl%1 &BI@} i ng of
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el enents from onbi nations thereof of the cermet conposition

(PQ (RS). MaeC¥PAArY! 8i,i T, B, HE, Vi NbQTapMdPasd WasStated dififerently, thenge of 3: 1
to 1:6. For exanple, the cernet conposition can ;:Fﬁ&gri se_a_secondary boride
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invention includes both (PQ) and the secondary borides (P’@). In the boride

cermet composition (PQ) + (P’Q) ranges from of about 30 to 95 vol% based on

the volume of the cermet. Preferably from about 55 to 95 vol% based on the

volume of the cermet. More preferably from about 70 to 90 vol% based on the

volume of the cermet.

[0014] The cermet composition can further comprise oxides of metal selected
from the group consisting of Fe, Ni, Co, Mn, Al, Cr, Y, Si, Ti, Zr, Hf, V, Nb, Ta,
Mo and W and mixtures thereof. Stated differently, the oxides are derived from
the metal elements from R, § and combinations thereof of the cermet
composition (PQ)(RS).

[0015] The volume percent of cermet phase (and cermet componerits)
excludes pore volume due to porosity. The cermet can be characterized by a
porosity in the range of 0.1 to 15 vol%. Preferably, the volume of porosity is 0.1
to less than 10% of the volume of the cermet. The pores comprising the porosity
is preferably not connected but distributed in the cermet body as discrete pores.
The mean pore size is preferably the same or less than the mean particle size of

the ceramic phase (PQ).



fromthe group consisting of Fe, Ni, Co, WMn, A, C, Y, S, Ti, Zr, H, V,
No, Ta, M and Wand m xtures thereof. Stated differently, the oxides are
derived from the netal elenents fromR, S and conbi nations thereof of the
cérnmet conposition (PQ (RS). [0015] The vol unme percent of cernet phase (and
cernet conponents) excludes pore volune due to porosity. The cernet can be
characterized by a porosity in the range of 0.1 to 15 vol% Preferably, the
vol une of porosity is 0.1 to |less than 10% of the volunme of the cernmet. The
pores conprising the porosity is preferably not connected but distributed
in the cermet body as discrete pores. The nmean pore. size is preferably the

sane or less than the nean particle size of .the cerami c phase (PQ, -7-
[0016] OnelMM®dct ©ne appeqt o) dhe 1ientongs e nisro-mg P&&Pfi‘l&ﬁe Fé@q‘%‘er net .
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is such that the 'particle-particle spacing between the individual boride
cerani ¢ paot phitelets. Praferablyn st leastv 5@ %1of thendispeaseshpaticles- isanchaha thpaci ng
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Hot FErosion an ttri section

of the digyllﬁawg@op hfethiods soch A SEMantITEMDr i de cernets of the instant
i nvention is less than 0.5x10'6 cc/gramof SiC erodant. The corrosion rates

were determined by thernogravinetric (TGA) anal yses as described in the
exanpl es sEHIN73dn JThe bermet compositions of the instant invention possess enhanced

erosion and corrosion properties. The erosion rates were determined by the Hot
Erosion and Attrition Test (HEAT) as described in the examples section of the
disclosure. The erosion rate of the boride cermets of the instant invention is less
than 0.5x10™ cc/gram of SiC erodant, The corrosion rates were determined by
thermogravimetric (TGA) analyses as described in the examples section of the
disclosure. The corrosion rate of the boride cermets of the instant invention is

less than 1x10™° g¥/cm*ss.

[0018] The cermet compositions possess fracture toughness of greater than
about 3 MPa-m'?, preferably greater than about 5 MPa-m!'?, and more preferably
greater than about 10 MPa-m'”. Fracture toughness is the ability to resist crack
propagation in a material under monotonic loading conditions. Fracture
toughness is defined as the critical stress intensity factor at which a crack
propagates in an unstable manner in the material. Loading in three-point bend
geometry with the pre-crack in the tension side of the bend sample is preferably
used to measure the fracture toughness with fracture mechanics theory. (RS)
phase of the cermet of the instant invention as described in the earlier paragraphs

is primarily responsible for imparting this attribute.

[0019]  Another aspect of the invention is the avoidance of embrittling
intermetallic precipitates such as sigma phase known to one of ordinary skill in



di scl osure. The corrosion rate of the boride cernets of the instant

I nvention is less than 1x10' 10 g2/ cnds. [0018] The cernet conpositions
possess fracture toughness of greater than about 3 MPanm'2, preferably
greater than about 5 MPanl' 2, and nore preferably greater than about 10
MPam n. Fracture toughness is the ability to resist crack propagation in a
mat eri al under nonotonic |oading conditions. Fracture toughness is defined
as the critical stress intensity factor at which a crack propagates in an
unstable manner in the material. Loadingin three-point bend geonetry with
the pre-crack in the tension side of the bend sanple is preferably wused to
neasure the fracture toughness with fracture nechanics theory. (RS) phase
of the cer tietarobf nitallinglyarThé bugtdé cametofdbes tastisdniventide has préferably
paragraphs is primarily responsible for inparting this att{ribute. (0019]
Anot her  asjese thast abowd § wel¥htaf such smbristlingphasate The cerpet of therigstant
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has prefer ?éﬁgbmibﬁéﬁaﬂihﬁjheﬁg%isitmféé@fa@iaﬁam&mbhmﬁgpﬂ%e&- The

cermet of Instant 1'nvention with (PQ and (RS) phases as described in
the earlier paragraphs is responsible for inparting this attribute of

avoi dance pi02gTor i The céxinéd sitibMOA@|mideby genbial pownlegithétallargicdl nmade by
general powder netall urgical echni que such as mxing, mlling, pressing,

sintering technignel such,asaniniogi mijliag, pressingi sigtaringandiceoling. AmBlyeng es ani ¢
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for a timeyshintd Sl ThseSHRbaRHre blitled if B HaBmill Eficd 8f &Rch other.
The liquid s renoved and e mlled powder is dried, aced in a die and
pressed i nbrgapigliqeid findyas ethanoldookitime syffdenttodubstantially disperse the
powders in each other. The liquid is removed and the milled powder is dried,
placed in a die and pressed into a green body. The resulting green body is then
sintered at temperatures above about 1200°C up to about 1750°C for times
ranging from about 10 minutes to about 4 hours. The sintering operation is
preferably performed in an inert atmosphere or a reducing atmosphere or under
vacuum. For example, the inert atmosphere can be argon and the reducing
atmosphere can be hydrogen. Thereafter the sintered body is allowed to cool,
typically to ambient conditions. The cermet prepared according to the process of
the invention allows fabrication of bulk cermet materials exceeding 5 mm in

thickness.

[0021] One feature of the cermets of the invention is their long term micro-
structural stability, even at elevated temperatures, making them particularly
suitable for use in protecting metal surfaces against erosion at temperatures in
the range of about 300°C to about 850°C, This stability permits their use for time
periods greater than 2 years, for example for about 2 years to about 20 years. In
contrast many known cermets undergo transformations at elevated temperatures
which results in the formation of phases which have a deleterious effect on the

properties of the cermet.



sintered at tenperatures above about 1200C up to about 1750C for tines
rangi ng from about 10 m nutes to about 4 hours. The sintering operation is
preferably performed in an inert atnosphere or a reducing atnosphere or
under vacuum For exanple, the inert atnobsphere can be argon and the
reduci ng atnosphere can be hydrogen. Thereafter the sintered body is
allowed to cool, typically to anbient conditions. The cernet prepared
according to the process of the invention allows fabrication of bul k cernet
materials exceeding 5 nmin thicknessf510021] One feature of the cernets of
the invention is their long termmcro- structural stability, even at

el evated tenperatures, nmaking themparticularly suitable for use in
protecting netal surfaces against erosion at tenperatures in the range of

about 300C t bo 850C.. This stabilit rmts.their use for tine eriods
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the propegdltemtioh dffyshage didiran CALPBEAD) Tiehddkindwh o winerofSrdliziryr al
stability of the cermet conposition of the instant invention can be
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said composition exhibits long term microstructural stability.

[0023] The high temperature stability of the cermets of the invention makes
them suitable for applications where refractories are currently-employed. A
non-limiting list of suitable uses include liners for process vessels, transfer lines,
cyclones, for example, fluid-solids separation cyclones as in the cyclone of Fluid
Catalytic Cracking Unit used in refining industry, grid inserts, thermo wells,
valve bodies, slide valve gates and guides, catalyst regenerators, and the like.
Thus, metal surfaces exposed to erosive or corrosive environments, especially at
about 300°C to about 850°C are protected by providing the surface with a layer
of the cermet compositions of the invention. The cermets of the instant

invention can be affixed to metal suzrfaces by mechanical means or by welding,

[0024] The cermets of the current invention are composites of a metal binder
(RS) and hard ceramic particles (PQ). The ceramic particles in the cermet mmpart
erosion resistance. In solid particle erosion, the impact of the erodent imposes
complex and high stresses on the target. When these stresses exceed the
cohesive strength of the target, cracks jnitiate in the target, Propagation of these
cracks upon subsequent erodent impacts leads to material loss. A target material
comprising coarser particles will resist crack initiation under erodent impacts as

compared to a target comprising finer particles. Thus for a given erodent the



sai d conmposition exhibits long termmcrostructural stability. [0023] The
hi gh tenperature stability of the cernets of the invention nmakes them
suitable for applications where refractories are currently-enployed. A
non-limting list of suitable uses include liners for process vessels,
transfer lines, cyclones, for exanple, fluid-solids separation cyclones as
in the cyclone of Fluid Catalytic Cracking Unit used in refining industry,
grid inserts, thermo wells, valve bodies, slide valve gates and gui des,
catal yst regenerators, and the like. Th®s, metal surfaces exposed to
erosive or corrosive environnents, especially at about 300C to about 8501C
are protected by providing the surface wwth a |ayer of the cernet
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diameter is preferred. One advantage of this mixture of ceramic particles is that
it imparts better packing of the ceramic particles (PQ) in the composition
(PORS). This facilitates high, green body density which in turn leads to a dense
cermet compact when processed according to the processing described above.
The distribution of ceramic particles in the mixture can be bi-modal, tri-modal or
multi-modal. The distribution can further be gaussian, lorenztian or asymptotic.
Preferably the ceramic phase (PQ) is TiB..

f EXAMPLES

Determination of Volume Percent:

[0025] The volume percent of each phase, component and the pore volume
(or porosity) were determined from the 2-dimensional area fractions by the
Scanning Electron Microscopy method. Scanning Electron Microscopy (SEM)
was conducted on the sintered cermet samples to obtain a secondary electron
image preferably at 1000x magnification. For the area scanned by SEM, X-ray
dot image was obtained using Energy Dispersive X-ray Spectroscopy (EDXS).
The SEM and EDXS analyses were conducted on five adjacent areas of the

sample. The 2-dimensional area fractions of each phase was then determined



l.nstant invention coarser ceramc particles exceeding 20 mcrons, preferably
exceeding 40 mcrons and even nore preferably exceeding 60 m crons but

bel ow about 3000 microns are preferred. A mxture of ceram c particles
conprising finer ceramc particles in the size range of 0.1 to < 20 mcrons
di aneter and coarser ceram c particles in the size range of 20 to 3000
mcrons dianeter is preferred. One advantage of thi's m xture of ceramc
particles is that it inparts better packing of the ceramc particles (PQ
in the conposition (PQRS). This facilithtes high, green body density which
in turn leads to a dense cernet conpact when processed according to the
processing described above. The distribution of ceramc particles in the
m xt ure casikgpeths imagesdnalysis softdare: dEDXnlihagingidappinghéension Bi20BPAX can
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[0026] The weight percent of elements in the cermet phases was determined .‘
by standard EDXS analyses.

[0027] The following non-limiting examples-are included to further illustrate

the invention.

[0028] Titanium diboride powder was obtained from various sources. Table

1 lists TiB, powder used for high temperature erosion/corrosion resistant boride
cermets. Other boride powders such as HfB, and TaB; were obtained form Alfa
Aesar. The particles are screened below 325 mesh (-44 pm) (standard Tyler

sieving mesh size).



percent (vol %

I's then determ ned by nultiplying the average area fraction

by 100. The vol % expressed in the exanpl es have an accuracy of +/-50% for

phase

+1-20% f or
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was determ ned by standard EDXS anal yses.
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di bori de powder was obtained fromvarid®
hi gh tenperature erosion/corrosion resistant boride
O her boride powders such as Hi B2 and TaB2 were obtained formAlfa
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the invention.

anounts neasured to be | ess than 2 vol % and have an accuracy of
phase anounts neasured to be 2 vol % or greater.
(0026] The wei ght percent of elenents in the cernet phases

[ 0027] The following non-limting
[0028] Titanium

Determ nati

| lists TiB2

on of

sieving nesh size). -12- TABLE 1 Conpany G ade Chemistry (w% Size Alfa
[0) [0) 0
140 pm  |adsaBibanyicl GRAS T2 RReEY ) e oot e DB b ds For
0. 02% max |GEfsidesar Ti | NGA 69%| BA 20-3206 C. 0. 75% 14. 0 pml4.Ondanced Tax,
0: 0.75% fax, N 0.29% 99% 325 |mesh Ceram cs nmax, Fe: 0.08992R325 mesh
GE HCT30 | Ti: 67-69%, B: 29-32%, C: 0.5% | 14.0 pm,
Advanced max, O: 0.5% max, N: 0.2% max, | 999-325 mesh
Ceramics Fe: 0.02% max
GE HCT40 | Ti: 67-69%, B: 29-32%, C: 0.75% | 14.0 pm,
, Advanced max, O: 0.75% max, N: 0.2% 99%-325 mesh
i‘ Ceramics max, Fe: 0.03% max
H. C, Starck | D Ti: Balance, B: 29.0% min, C: 3-6 pm (Dsg)
0.5% max, O: 1.1% max, N: 0.5% | 9.12 pm (D)
max, Fe: 0.1% max
Japan New | NF Ti: Balance, B: 30.76%, C: 0.24%, | 1.51 um
Metals 0: 1.33%, N: 0.64%, Fe: 0.11%
Japan New | N Ti: Balance, B: 31.23%, C: 0.39%, | 3.59 um
Metals 0: 0.35%, N: 0.52%, Fe: 0.15%
H.C. Starck | S Ti: Balance, B: 31.2%, C: 0.4%, D)=7.68 pm,
0: 0.1%, N: 0.01%, Fe: 0.06% Ds=16.32 um,
(Development product: Similar to | Dgg=26.03 pm
Lot 50356)
H.C. Starck | SLG Ti: Balance, B: 30.9%, C: 0.3%, + 53 - 180 um
0:02%, N: 0.2%, Fe: 0.04%
(Development product: Similar to
Lot 50412)
H. C. Starck | S2ELG | Ti: Balance, B: 31.2%, C: 0.9%, + 106 - 800 pm
0: 0.04%, N: 0.02%, Fe: 0.09%
(Development product: Similar to
Lot 50216)
[0029] Metal alloy powders that were prepared via Ar gas atomization

method were obtained from Osprey Metals (Neath, UK). Metal alloy powders
that were reduced in size, by conventional size reduction methods to a particle
size, desirably less than 20 pm, preferably less than 5 pm, where more than 95%
alloyed binder powder were screened below 16 pm. Some alloyed powders that

were prepared via Ar gas atomization method were obtained from Praxair



H C Starck D Ti:
1. 1% max,
B: 30. 76%
. Bal ance,
0.15% H. C. Starck S Ti:
N: 0.01 %
D90=26. 03 pm Lot 50356) H C. Starck SLG Ti:
180 m O 0.2%
Lot 50412) H C. Starck S2ELG Ti:
0: 0.04%

C 0.24% 1.51 pm Metals O 1.33% N 0.64% Fe:
B: 31.23% C: 0.39% 3.59 pm Metals O 0.35%
Bal ance, B: 31.2% C. 0.4%
Fe: 0.06% D, 50=16.32 pm (Devel opnent product:

N: 0.02%

Bal ance,
N: 0.5% 9-12 m (D90)

N: 0.2%

Fe:

sangehs?

B: 29.0% m n,
max, Fe:

C. 3-6 p.m (D30)

Bal ance,
0. 049
Bal ance,
0. 09% ( Devel opnent product:

Fe:
B: 31.2% C:

UK). Metal

0. 5% max,
0. 1% max Japan New NF Ti:

B: 30.9%
Devel oprent product:
0. 9%
o Simlar to
[0029] Met@anburpyCHowdhese phwdersdhayeprvepageepanicie size ghouhl dpina axlieses  net hod
were obtained from Gsprey Metals (Neath,
reduced i ralbaleyedbi
desirably |
al | oyed bi

O

N: 0.52%

D0=7.68 m O 0.1 %
Simlar to
C. 0.3%

Simlar to
+ 106 -

%

TABLE 2
Alloy Binder Composition Screened below
304SS BalFe:18.5Cr:9.6Ni:1.4Mn:0.63Si 95.9% -16 um
34788 BalFe:18.1Cr:10.5Ni:0.97Nb;0.95Mn:0.758i 95.0% -16 pm
FeCr BalFe:26.0Cr =150 + 325
mesh =
FeCrAlY BalFe:19.9Cr:5.3A1:0.64Y 95.1% -16 um
Haynes® 556 | BalPe:20:7Cr:20.3Ni:18.5C0:2.7Mo0:2.5W:0:99Mn:0 | 96.2% -16 pm
438i:0.40Ta
Haynes® 188 | BalC0:22.4Ni:21.4Cr:14.1W:2.1Fe:1,0Mn:0.46Si 95.6% -16 pm
FeNiCrAlMn | BalFe:21.7Ni:21.1Cr:5.8A1:3.0Mn:0.87Si 95.8% -16 pm
Inconel 718 BalNj:19Cr:18Fe: 5.1Nb/Ta:3.1M0:1.0Ti 100% -325
mesh (44 pm)
Inconel 625 BalNi:21.5Cr:9Mo:3.7Nb/Ta 100% -325
mesh (44 pm)
Tribaloy 700 | BalNi:32.5Mo:15.5Cr:3.58i 100% -325
mesh (44 um)
NiCr 80Ni:20Cr -150+325 mesh
NiCrSi Bal Ni:20.1Cr:2.08i:0.4Mn:0.09Fe 95.0% -16 nm
NiCrAlTi Bal Ni:15.1Cr:3.7Al:1.3Ti 95.4% -16 pm
M321SS Bal Fe:17.2Cr:11.0Ni:2.5Ti:1.7Mn:0.8451:0.02C { 95.3% -16 pm
3045540.2Ti | Bal Fe:19.3Cr:9.7Ni:0.2Ti:1.7Mn:0.825i:0.017C | 95.1% -16 pm
[0030] In Table 2, "Bal" stands for "as balance”. HAYNES® 556™ alloy

(Haynes Intemational, Inc., Kokomo, IN) is UNS No. R30556 and HAYNES®

188 alloy is UNS No. R30188. INCONEL 625™ (Inco Ltd., Inco

Bal ance,
0. 11% Japan New

800 pm
Lot 50216)

hat were
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-13- (Danbury, CT). These powders have average particle size about 15 m
where all alloyed binder powders were screened bel ow -325 nesh (-44 pm.
Table 2 lists alloyed binder powder used for high tenperature
erosion/corrosion resistant boride cernmets. TABLE 2 Al |l oy Binder

Composi tion Screened belew 304SS BalFe: 18.5Cr: 9. 6N1: 1. 4Mh: 0. 63Si 95.9% 16 m
347SS BalFe: 18.1Cr.10.5N : 0. 97Nb: 0. 95Mn: 0. 75Si 95. 0% - 16 pan FeCr

BalFe: 26. OCr -150+325 nmesh FeCrAlY Ballfg:_lQ. 9Cr. 5. 3A1: 0. 64Y 95.1% -16 pm

Haynes(r) 556 BaWFe: 20i Cr: 20. 3Ni : 18. 5C0: 2. 7Mb: 2. 5W 0: 99Vh: O 96. 2% - 16 m

.43Si : 0. 40Ta Haynes(r) 188 Bal Co: 22. 4Ni : 21.4Cr: 14. 1W 2. | Fe: 1. Ovh: O. 46Si 95. 6%
-16 pm FeN CrAl M Bal Fe:21. 7/Ni:21.]Cr:5. 8Al: : 7S1.,.95.8% -16 pm

| nconel 7léllBX§ﬁPePQ@rMF@$%:T@9mQ®pF§?‘3?' &b“@aa@%%&o%gg (;1 (44 pm

| nconel 62 1 2 o) ' U %r - rhbal oy 700
BalNi : 32. 5@?38@%5-}58&?#%5%6@‘%?&%{?‘@ g’r%dmﬁﬁ?o?“@&?"@&? | 150+325
mesh N O Rienfidrs e (), DB) can B3I 6Haifhbh FRrTRa0R5S @it Boimpahy 1héX Al Ti Bal

Ni :1S. 1Cr:3.7A1: 1. 3Ti 95.4%-16 pm
Goshen, IN.

EXAMPLE 1

[00311 70 vol% of 14.0 um average diameter of TiB, powder (99.5% purity,
from Alfa Aesar, 99% screened below -325 mesh) and 30 vol% of 6.7 um
average diameter 304SS powder (Osprey metals, 95.9% screened below -16 um)
were dispersed with ethanol in HDPE milling jar. The powders in ethanol were
mixed for 24 hours with yttria toughened zirconia balls (10 mm diameter, from
Tosoh Ceramics) in a ball mill at 100 rpm. The ethanol was removed from the
mixed powders by heating at 130°C for 24 hours in a vacuum oven. The dried
powder was compacted in a 40 mm diameter die in a hydraulic uniaxial press
(SPEX 3630 Automated X-press) at 5,000 psi. The resulting green disc pellet
was ramped up to 400°C at 25°C/min in argon and held for 30 min for residual
solvent removal. The disc was then heated to 1500°C at 15°C/min in argon and

held at 1500°C for 2 hours. The temperature was then reduced to below 100°C
at -15°C/min.

[0032] The resultant cermet comprised:

i) 69 vol% TiB, with average grain size of 7 um

il) 4 vol% secondary boride M,B with average grain size of 2 pm, where
M=54Cr:43Fe:3T1 in wt%

iii) 27 vol% Cr-depleted alloy binder (73Fe:10Ni:14Cr:3Ti in wt%).



MB21SS Bal Fe:17.2Cr:1 1.ONi:2.5Ti:1.7Wh:0.84Si:0.02C 95.3%-16 pm

304SS+0. 2Ti Bal Fe:19.3Cr:9.7Ni:0.2Ti:1.7Wn;0.82Si:0.017C 95.1% -16 pm
[0030] In Table 2, "Bal" stands for "as bal ance". HAYNES(r) 556w al |l oy
(Haynes International, Inc., Kokomp, IN) is UNS No. R30556 and HAYNES(r)
188 alloy is UNS No. R3Q188. | NCONEL 625T""' (lnco Ltd., Inco -14-

Al | oys/ Special Metals, Toronto, Ontario, Canada) is UNS N06625 and | NCONEL
718TM is UNS NO7718. TRI BALOX 700T" (E.,l. Du Pont De Nemours & Co., DE)
can be obtained fromDeloro Stellite Conpany Inc., Goshen, IN .EXAMPLE 1
[00311 70 vol % of 14.0 p.m average di ameter of Ti B2 powder (99.5%purity,
fromAl fa Aesar, 99% screened bel ow -325 nesh) and 30 vol % of 6.7 m average
di anet er EHAMBOLERr (Osprey netals, 95.9% screened below -16 n) were

di spersed with ethanol in HDPE mlling jar. The powders in ethanol were °

m xed for 24 hours with yttria toughened zirconia balls (10 nmn di apeter,

from Tosd@033} am7Ssyol7a of 184} pmavarage dipoeetehaf %P@\Vﬁ@hfﬁ &Py ed
f th d wd heat t 1 f 24
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mn for regbiiled 1® rvssais the weMakt dilPas dibsaiMasint BRAmPRAL The @edBOOdisat
15C/ min in argon an hel d at 1500C for 2 hours. The tenperature was then
reduced t owhetiey Héddd tal 70T ai 15°(/ada2h afpen and heldat 17100°@for@hpri sed:

minutes. The temperature was then reduced to below 100°C at -15°C/min.

[0034) The resuvltant cermet comprised:
i) 74 vol% TiB, with average grain size of 7 um
_ii) 3 vol% secondary boride M,B with average grain size of 2 ym

iii) 23 vol% Cr-depleted alloy binder.

[0035] The Cr-rich M,B type secondary boride phase is in the binder phase.
By M-rich, for example Cr-rich, is meant the metal M is of a higher proportion
than the other constituent metals comprising M. The metal element (M) of the
secondary boride MyB phase comprises of 54Cr:43Fe:3Ti in wt%. The
chemistry of binder phase is 71Fe:1 1Ni:15Cr:3Ti in wt%, wherein Cr is depleted
due to the precipitation of Cr-rich M»B type secondary boride and Ti is enriched
due to the dissolution of TiB; ceramic particles in the binder and subsequent

partitioning into M,B secondary borides.
EXAMPLE 3

[06036] 70 vol% of 14.0 pm average diameter of TiB, powder (99.5% purity,
from Alfa Aesar, 99% screened below -325 mesh) and 30 vol% of 6.7 um
average diameter 304SS powder (Osprcy Metals, 95.9% screened below -16 um)

were used to process the cermet disc as described in Example 1. The cermet disc



'F) 69 vol% TiB2 with average grain size of 7 pmii) 4 vol % secondary bori de
M2B with average grain size of 2 m where Mb54Cr:43Fe:3Ti in Www%iii) 27
vol % Cr-depl eted all oy binder (73Fe: 1 ONi:14Cr:3Ti in wt% . -15- EXAMPLE 2
[[0033] 75 vol % of 14.0 pm average di ameter of Ti B2 powder (99.5%purity,
fromAl fa Aesar, 99% screened bel ow -325 nesh) and 25 vol % of 6.7 pm

aver age di aneter 304SS powder (Osprey Metals, 95.9% screened bel ow -16 pm
were used to process the cernet disc as;gescribed in Exanple 1. The
cernet.disc was then heated to 1700C at 15C/min in argon and held at 1700C
for 30 mnutes. The tenperature was then reduced to bel ow 100C at -15Gnri n.
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phase conpiy &@enenditld ad 36609T and 30/KP4 (FbEMPOosUrhow! hibkdgiemhaie i s
71Fe: 1 I Ni: 1%:3Ti in w% wherein Cr}%ils depleted due to theq[pl)reci pitation
of Cr-richcd@Bdidppar &el200F8 gt F6/mia amdcheld at $2@05C Ededl hodoe Thet he

di ssolution of TiB2 ceramc particles in the binder and subsequent

partitioni WEpareBrerRsdben dietiedy 1005wt 1-BO%C/min.

[0037] The resultant cermet comprised:
1) 69 vol% TiB, with average grain size of 7 um

ii) 4 vol% secondary boride M,B with average grain size of 2 pm, where
M=55Cr:42Fe:3Ti in wt%

iii) 27 vol% Cr-depleted alloy binder (74Fe:12Ni:12Cr:2Ti in wt%).
EXAMPLE 4

[0038] 75 vol% of 14.0 pm average diameter of TiB; powder (99.5% purity,
from Alfa Aesar, 99% screened below -325 mesh) and 25 vol% of 6.7 pm
average diameter Haynes® 556 alloy powder (Osprey metals, 96.2% screened
below -16 um) were used to process the cermet disc as described in Example 1.
The cermet disc was then heated to 1700°C at 15°C/min in argon and held at
1700°C for 30 minutes. The temperature was then reduced to below 100°C at

=-15°C/min.
[0039] The resultant cermet comprised:

1) 74 vol% TiB, with average grain size of 7 pm

i1} 2 vol% secondary boride M;B with average grain size of 2 um, where
M=68Cr:23Fe;6C0:2Ti:1Ni in wt%



[0036] 70 vol % of 14.0 pm average di aneter of Ti B2 powder (99.5% purity,
fromAl fa Aesar, 99% screened bel ow -325 nesh) and 30 vol % of 6.7 pm

aver age di ameter 304SS powder (Gsprey Metals, 95.9% screened bel ow -16
were used to process the cernet disc as described in Exanple 1. The cernet
disc -16- was then heated to 1500C at 15C/mn in argon and held for 2 hours.
The tenperature was then reduced to bel ow 100C at -15C/ m n. The
pre-sintered disc was hot isostatically pressed to 1600C and 30 kpsi (206
MPa) at 12C/mn in argon and held at 1800C and 30 kpsi (206 MPa) for 1
hour. Subsequently it cooled dowm to 1200C at 5C/ mn and held at 1200C for
4 hours. The tenperature was then reduced to below 100C at -30C/ mn. [00371
The resul tant ' del Yark int LN size of 7
i mii) 5 8] ol/oc'g‘se}%Tﬁ”ﬁfrfr'yE iy Hefido N b %ﬂﬂhﬁ%g%ﬁ?gﬁ&gﬁ%ﬁﬁ B vhor o
MeS5Cr : 42Fe: 3SM=0rMéPiBeQoNi27 vol % Cr - depl et ed al | oy bi nder

(74Fe: 12Ni : 12Cr: 2Ti in wt% . EXAMPLE 4 [0038] 75 vol % of 14.0 pm aver age

di anet er qfy TiB2QOBRSLAdISed D RN bihdler (JOFRMANT: POASIFCr; PR UMnSHigEned bel ow
-325 nmesh) and 25 vol % of 6.7 m "average di aneter Haynes(r) 556 all oy powder
(Csprey netals, 96.2% screened below -16 pm were used to process the
cernmet di IXAMBPER:Si bed in Exanple 1. The cernet disc was then heated to
1700C at I5Cmn in argon and held at 1700C for 30 minutes. The tenperature
was then reduced to below 100C at -15C/m n. [0039] The resultant cernet
conpri sed:[0040] 80 vol% of 14.0 um average diameter of TiB, powder (99.5% purity,

from Alfa Aesar, 99% screened below -325 mesh) and 20 vol% of FeCr alloy
powder (99.5% purity, from Alfa Aesar, screened between -150 mesh and +325

mesh) were used to process the cermet disc as described in Example 1. The
cermet disc was then heated to 1700°C at 15°C/min in argon and held at 1700°C
for 30 minutes. The temperature was then reduced to below 100°C at

-15°C/min.

[0041] The resultant cermet comprised:

i) 79 vol% TiB, with average grain size of 7 pm

ii) 7 vol% secondary boride M,B with average grain size of 2 pm, where
M=56Cr:41Fe: 3Ti in wt%

iii) 14 vol% Cr-depleted alloy binder (82Fe:16Cr:2Ti in wt%).

EXAMPLE 6

[0042] 80 vol% of 14.0 pm average diameter of TiB, powder (99.5% purity,
from Alfa Aesar, 99% screened below -325 mesh) and 20 vol% of FeCrAlY
alloy powder (Osprey Metals, 95.1% screened below -16 pm) were used to
process the cermet disc as described in Example 1. The cermet disc was then
heated to 1500°C at 15°C/min in argon and held at 1500°C for 2 hours. The

temperature was then reduced to below 100°C at -15°C/min.



L) 74 vol % TiB2 with average grain size of 7 p.mii) 2 vol % secondary boride
M2B with average grain size of 2 m where M68Cr:23Fe:6Co:2Ti:IN in w%N
17 iii) | vol % secondary boride M2B with average grain size of 2m where
M=Cr MoTi FeCoNi iv) 23 vol % Cr-depl eted all oy binder (40Fe: 22N :19Co: 16Cr: 3Ti
in w% . EXAMPLE 5 [0040] 80 vol % of 14.0 pm average di anmeter of Ti B2
powder (993% purity, from Alfa Aesar, 99% screened bel ow -325 nesh) and 20
vol % of FeCr alloy powder (99.5%purity, fromAl fa Aesar, screened between
-150 nmesh and +325 nmesh) were used to I®ocess the cernet disc as descri bed
in Exanple 1. The cernmet disc was then heated to 1700C at 15C/ mi n in argon
and held at 1700C for 30 m nutes. The tenperature was then reduced to bel ow

100C at  -fhodBI n.THOR4d adthemmes bbinpfiked:er met conprised: i) 79 vol % Ti B2
Wi th average grain size of 7 pmu) 7 vo]% secondary boride M2B with average

oy bindbr (BerouaupeVinisss SR sizof TRE 00421 60 vol % of 14.0 m
cor coned Y o Va5 stbA AT RS B P itk et ANt 2 SR Rhers T
Metal s, 95. 1% pRisachars el PN wb%0M were used to

iii) 1 vol% Al-Y oxide particles

iv) 16 vol% Cr-depleted alloy binder (78Fe:17Cr:3A1:2Ti in wt%).

[0044] The Cr-rich M,B type boride phase and the Y/Al oxide phase are in
the binder phase. Fine Y/A) oxide dispersoids range in size from 5-80 nm.
Since Al and Y are strong oxide forming elements, these elements can pick up

residual oxygen from powder metallurgy processing to form oxide dispersoids.

EXAMPLE 7

[0045] Each of the cermets of Examples 1 to 6 was subjected to a hot erosion
and attrition test (HEAT). The procedure employed was as follows:

1) A specimen cermet disk of about 35 mm diameter and about S mm
g thick was weighed.

2) The center of one side of the disk was then subjected to 1200g/min of
SiC particles (220 grit, #1 Grade Black Silicon Carbide, UK abrasives,
Northbrook, IL) entrained in heated air exiting from a tube with a 0.5 inch
diameter ending at 1 inch from the target at an angle of 45°. The velocity of the
SiC was 45,7 m/sec.

3) Step (2) was conducted for 7 hrs at 732°C,

4) After 7 hours the specimen was allowed to cool to ambient

temperature and weighed to defermine the weight loss.



process the cernmet disc as described in Exanple 1. The cernet disc was then
heated to 1500C at 150m n in argon and held at 1500C for 2 hours. The
tenperature was then reduced to bel ow 100C at -15C/ mn. -18- [0043] The
resultant cernmet conprised: i) 79 vol% T TiB2 with average grain size of 7 pm
ii) 4 vol % secondary boride M2B with average grain size of 2 m where
M=53Cr: 45Fe: 2Ti in wt%iii) 1 vol %Al -Y oxide particles iv) 16 vol %
Cr-depleted alloy binder (78Fe: 17Cr:3AL:2Ti in w% . [0044) The Cr-rich MB
type boride phase and the Y/ Al oxide phd%e are in the binder phase. Fine
Y/ Al oxide dispersoids range in size from5-80 nm Since Al and Y are
strong oxide formng el enents, these elenents can pick up residual oxygen
from powder net$) | Theyrevio ef aispgcinterf of acomintsrcihillypmraslabliscastdbldVPLE 7

[ 0045] Each of the cernets of Exanples 1 to 6 was subjected to_a hot erosion
and at t r i talaming sefragipryr was teterprped and asedps ayedersase Mandardodde 1) A

speci nen raet di bout 3 i_anmet.er d ut thick S
weighed. et Ateuaf Ol Ral B TGP of il iasSulforab fee

12009/ / m rb;iéf:imfﬁ'l.@alféaédm?h%ﬁ ih 2%B198ith thé' Refdrafee Staddkrd I TableGamy de, UK
abrasives, © Northbrook, 1L) entrained in heated air exiting froma tube with
a 0.5 i nchvalo¢ grester thandl rapregents amohpfovement e veathpeReferenge Stagardof 45. The
velocity of the SiC was 45.7 nisec. 3) Step (2) was conducted for 7 his at
732C.



4) After 7 hours the specinmen was allowed to cool to anbient tenperature
‘and wei ghed to determ ne the weight loss. -19- 5) The erosion of a specinen
of a commercially available tastable alumna refractory was determ ned and
-used as a Reference Standard. The Reference Standard erosion was given a
value of | and the results for the cermet specinens are conpared in Table 3
to the Reference Standard. In Table 3 any value greater than | represents
an i nprovenent over the Reference Standard. -z0- a > Co Moo N N- N N 00
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-21- EXAMPLE 8 [0046] Each of the cernmets of Exanples | to 6 was subjected
t.0 an oxidation test. The procedure enployed was as follows: 1) A specinen
cernet of about 10 mm square and about 1 mmthick was polished to 600 grit
di anond finish and cl eaned in acetone. 2) The specinen was then exposed to
100 cc/mn air at 800C in thernogravinmetric analyzer (TG). 3) Step (2) was
conducted for 65 hrs at 800C. 4) After.®b-hours the specinen was allowed to

cool to anbient

EXAMPLE 8

[0046] Each of the cermets of Examples 1 to 6 was subjected to an oxidation
test. The procedure employed was as follows:

1) A specimen cermet of about 10 mm square and about 1 mm thick was
polished to 600 grit diamond finish and cleaned in acetone.

2) The specimen was then exposed to 100 cc/min air at 800°C in
thermogravimetric analyzer (TGA).

3) Step (2) was conducted for 65 hrs at 800°C.

4) After 65 hours the specimen was allowed to cool to ambient
temperature.,

5) Thickness of oxide scale was determined by cross sectional

microscopic examination of the corrosion surface in a SEM.

6) In Table 4 any value less than 150 pm represents acceptable corrosion

resistance.
TABLE 4
i Cermet {Example} Thickness of Oxide Scale (um)
TiB,-30 304SS {1} 17
TiB,-25 304SS {2} 20
TiB;-30 304SS {3} 17
TiB;-25 HS56 {4) 14
TiB,;-20 FeCr {5} 15
TiB,-20 FeCrAlY ({6} 15

[0047]  After oxidation at 800°C for 65 hours in air, about 3 um thick external
oxide layer and about 11 pm thick intemal oxide zone was developed. The

external oxide layer has two Jayers: an outer layer primarily of amorphous B,O4



t enperature. 5) Thickness of oxide scale was determ ned by cross sectional

m croscopi ¢ exam nation of the corrosion surface in a SEM 6) In Table 4 any
val ue | ess than 150 ptmrepresents acceptable corrosion resistance. TABLE 4
Cernet {Exanple) Thickness of Oxide Scale (pm) TiB2-30 304SS { 1) 17

Ti B2-25 304SS {2} 20 TiB2-30304SS {3} 17 TiB2-25 H556 (4) 14 Ti B2-20FeCr
{5} 15 TiB2-20 FeCrAMY (6J 15 [0047] After oxidation at 800C for 65 hours
in air, about 3 mthick external oxide |ayer and about 11 pmthick internal
oxi de zone was devel oped. The external2pxide |layer has two |ayers: an outer
| ayer primarily of anorphous B203 -22- and an inner layer primarily of
crystalline Ti 2. The internal oxide zone has Cr- rich m xed oxide rins

formed ar %agmghﬁ?a% 'rqﬁimlﬂgreg? seMind 180, OThe8nteiiBl dxidl YbhORAs @Pﬂpgsed

of Cr, Ti an e, whith “provi qui red corrosion resistance. EXAMPLE 9

[ 0048] 70 rish phiréd bkide ximsafoemad arcumhTilRy grindi Bhe Qv nfifed b¥deuriint v,
fromAl fa Aesar, 99% screened bel ow -325 nesh) and 30 vol % of,K 6.7 m average
di amet er Haynether rompesed pblrpbiwerd Fe.oypichprovidisyequied opEesiined

resistance,

EXAMPLE9

[0048] 70 vol% of 14.0 um average diameter of HfB, powder (99.5% purity,
from Alfa Aesar, 99% screened below -325 mesh) and 30 vol% of 6.7 um
average diameter Haynes® 556 alloy powder (Osprey Metals, 96.2% screened
below ~16 pum) were used to process the cermet disc as described in Example 1.
The cermet disc was then heated to 1700°C at 15°C/min in hydrogen and held at
1700°C for 2 hours, The temperature was then reduced to below 100°C at
-15°C/min.

[0049]  The resultant cermet comprised:
i) 69 vol% HfB, with average grain size of 7 pum

ii) 2 vol% secondary boride M;B with average grain size of 2 ym, where
M=CrFeCoHfNi

iii) 1 vol% secondary boride M,B with average grain size of 2 um, where
M=CrMoHfFeCoNi

iv) 28 vol% Cr-depleted alloy binder.

EXAMPLE 10

[0050] 70 vol% of 1.5 um average diameter of TiB, powder (NF grade from
Japan New Metals Company) and 30 vol% of 6.7 yum average diameter 304SS
powder (Osprey Metals, 95.9% screened below -16 pm) were used to process the

cermet disc as described in Example 1. The cermet disc was then heated to



bel ow -16 inn) were used to process the cernet disc as described in Exanple
1. The cernmet disc was then heated to 1700C at 15C/ mn in hydrogen and held
at 1700C for 2 hours. The tenperature was then reduced to- bel ow 100C at
+15C/ mn. [0049] The resultant cernet conprised. i) 69 vol% H B2 with
average grain size of 7 mii) 2 vol % secondary boride M2B with average grain
size of 2 pm where M:CrFeCoHfNi iii) 1 vol % secondary boride M2B with
average grain size of 2 m where MCrMH FeCoN iv) 28 vol % Cr-depl et ed

al l oy binder. EXAMPLE 10 [0050] 70 vol-%3ef 1.5 m average dianeter of Ti B2
powder (NF grade from Japan New Metal s Conpany) and 30 vol % of 6.7 pm

aver age di aneter 304SS powder (Gsprey Metals, 95.9% screened bel ow -16 m

vere used §90@¥©@ae3S5°Chflin ﬁﬁﬁf@bgsﬁaﬁmwasmmwm H@sPTheltempaga-cer met
disc was then heated to -23- 1700C at 15C/ mn in hydrogen and held at 1700C

for 2 hour gyre Wis thenedaced to beloas1 00f€har-d30CAdit.0 bel ow 100C at - 15C/ min.
[ 0051) The resultant cernet conprised: i) 67 vol% Ti B2 with average grain
size of 1.5 pmii) 9 vol % secondary boride M2B with average grain size of 2
m where [0S : SThe r&kiltant cetrbéti comypi2sedvol % Cr - depl et ed al | oy bi nder
(75Fe: 14N : 7Cr: 4TI in ww% . EXAMPLE 11

i) 67 vol% TiB, with average grain size of 1.5 um

ii) 9 vol% secondary boride M,B with average grain size of 2 pum, where
M=46Cr:51Fe:3Ti in wt%
iii) 24 vol% Cr-depleted alloy binder (75Fe:14Ni:7Cr:4Ti in wt%).

EXAMPLE 11

[0052] 70 vol% of 3.6um average diameter of TiB, powder (D grade from
H.C. Stark Company) and 30vol% of 6.7 um average diameter 304SS powder
(Osprey Metals, 95.9% screened below -16 jum) were used to process the cermet
disc as described in Example 1, The cermet disc was then heated to 1700°C at
15°C/min in hydrogen and held at 1700°C for 2 hours. The temperature was
then reduced to below 100°C at -15°C/min.

,E [0053] The resultant cermet comprised:
i) 69 vol% TiB; with average grain size of 3.5 pm

ii) 6 vol% secondary boride M,B with average grain size of 2 pm, where
M=50Cr:47Fe:3Ti in wt%

ifi) 25 vol% Cr-depleted alloy binder (75Fe;12Ni:10Cr:3Ti in wt%).
EXAMPLE 12

[0054] 76 vol% of TiB; powder mix (H. C. Starck’s: 32 grams S grade and 32
grams S2ELG grade) and 24 vol% of 6.7 pun average diameter M321SS powder

(Osprey metals, 85.3% screened below -16 pum, 36 grams powder) were used to



[0052] 70 vol % of 3.6m average di aneter of TiB2 powder (D grade from H C
Stark Conpany) and-30-vol % of 6.7 m average di aneter 304SS powder (Gsprey
Metal s, 95.9% screened below -16 n) were used t-o process the cernet disc as
described in Exanple 1. The cermet disc was then heated to 1700C at

15C/ n-dn in hydrogen and held at 1700C for 2 hours. The tenperature was
then reduced to bel ow 100C at -15C/ mn. [0053) The resultant cernet
conprised: i) 69 vol% TiB2 with average grain size of 3.5 pmii) 6 vol%
secondary boride M2B with average grai n2g8i-ze of 2 pm where M50Cr: 47Fe: 3Ti
in w%iii) 25 vol % Cr-depleted alloy binder (75Fe:12Ni:1 OCr:3Ti in w9%.
EXAMPLE 12 [0054] 76 vol % of TiB2 powder mx (H C. Starck's: 32 granms S

grade and @it A%IscABEd 2t exanaof. Q‘h@TIB%We@lhﬂﬂ&t@r
MB21SS pom@gceg%g%ﬁegﬁet al s, QSE 3% sc?eer:g% below -16'm 36 grans powder)

were used bpRmtdlal digdbston bf partiotes imihesiasrangs & jobdd pimand 67116 800.unthe Ti B2
powder exhibits a bi-nodal_ distribution of particles in the size range 3 to

60 gm and Bshaecesblongtermmicsosiastinshgtabdlitmifipeeyded bytthe M3213pibindey. i s
i ded by the M321. SS binder. . Th t qi then h to 1700C at
B i n i n- ¥heArmAGdIGAACE Begis oo 06 ot o e BB AP REe then
duced t 10 t -l5C MmN, [ 0055 | i sed;
306 Vol od e St a igPts, TR @b S e o SRR b Ha R HRBE ST Y

bori de NEBlguémYerage grain size of 10 gm where

[0055) The resultant cermet comprised:
i) 79 vol% TiB; with sizes ranging from 5 to 700 pm

ii) 5 vol% secondary boride M,B with average grain size of 10 pm, where
M=54Cr:43Fe:3Ti in wt%

iii) 16 vol% Cr-depleted alloy binder (73Fé:10Ni: 14Cr:3Ti in wt%).

EXAMPL

[0056] 66 vol% of TiB, powder mix (H. C. Starck’s: 26 grams S grade and 26
grams S2ELG grade) and 34 vol% of 6.7 pm average diameter 304SS+0.2Ti
powder (Osprey metals, 95.1% screened below -16 pm, 48 grams powder) were
used to process the cermet disc as described in Example 1. The TiB, powder
exhibits a bi-modal distribution of particles in the size range 3 to 60 pm and 61
to 800 um. Enhanced long term microstructural stability is provided by the
3045S5+0.2Ti binder. The cermet disc was then heated to 1600°C at 5°C/min in
argon and held at 1600°C for 3 hours. The temperature was then reduced to
below 100°C at -15°C/min.

[0057}  The resultant cermet comprised:

i) 63 vol% TiB; with sizes ranging from 5 to 700 pm



M=54Cr: 43Fe: 3Ti in ww%iii) 16 vol %Cr-depleted iil]oyliinder

(73Fe: I ONi : 14Cr:3Ti in wt%. EXAMPLE 13 [0056] 66 vol % of Ti B2 powder m x
(H C Starck's: 26 grans S grade and 26 granms S2ELG grade) and 34 vol %a of
6.7 gm average di ameter 304SS+0.2Ti powder (GCsprey netals, 95.1% screened
bel ow -16 gm 48 grans powder) were wused to process the cernet disc as
described in Exanple 1. The Ti B2 powder exhibits a bi-npbdal distribution of
particles in the size range 3 to 60 gmand 61 to 800 gm Enhanced |long term
m crostructural stability is provided bysthe 304SS+0.2Ti binder. The cernet
di sc was then heated to 1600C at 5C/ mn in argon and held at 1600C for 3
hours. The tenperature was then reduced to below 100C at -15C/ mn, [0057]

700 m 25811 )7 FolFisst SN AN oot et Pad o 3D Bl o O ©

wher e M:47Cr:$p;l3_?: T50r31 34§ Witéy 30 vol % Cr-depl eted al | oy bi nder
(74Fe: 11N : 12Cr: 3 ic?ri n wt§/() ,1{10058] The Cr-rich M2B type secondary boride

powser m D ol AaB i Rk At 20s B Bl o) “and

29 vol % of 6.7 pm average di aneter 304SS+0.2Ti powder (Osprey netals, 95.1%

i e as delilea TR Errr A R 3eeidas BoRgd st fy B RIHRL Bt ™
distribution of particles in the size range 3 to 60
EXAMPLE 14

[0059] 71 vol% of bi-modal TiB,; powder mix (H. C. Starck’s: 29 grams S
grade and 29 grams S2ELG grade) and 29 vol% of 6.7 pm average diameter
304S5S+0.2Ti powder (Osprey metals, 95.1% screened below -16 pum, 42 grams
powder) were used to process the cermet disc as described in Example 1. The
TiB; powder exhibits a bi-modal distribution of particles in the size range 3 to 60
pm and 61 to 800 ym, Ephanced long term microstructural stability is provided
by the 3045S5+0.2Ti binder. The cermet disc was then heated to 1480°C at
5°C/min in argon and held at 1480°C for 3 hours. The temperature was then

reduced to below 100°C at -15°C/min.

| [0060] The resultant cermet comprised:
i) 67 vol% TiB, with sizes ranging from 5 to 700 pm

il) 6 vol% secondary boride M,B with average grain size of 10 pum, where
M=49Cr:48Fe:3Ti in wt%

iii) 27 vol% Cr-depleted alloy binder (73Fe:11Ni:13Cr:3Ti in wt%).

EXAMPLE 15

[0061] Bach of the cermets of Examples 12 to 14 was subjected to a hot
erosion and attrition test (HEAT) as described in Example 7. The Reference

Standard erosion was given a value of 1 and the results for the cermet specimens



Em and 61 to 800 M Enhanced long termmcrostructural stability is provided
y the 304SS+0. 2Ti bi nder. The cernet disc was then heated to 1480C at

5 mn in argon and held at 1480C for 3 hours. The tenperature was then
reduced to bel ow 100C at -15C/ min. [0060] The resultant cernet conprised: i)
67 vol % TiB2 with sizes ranging from5 to 700 mii) 6 vol % secondary bori de
M2B with average grain size of 10 pm where M=49Cr:48Fe:3Ti in wt%iii) 27
vol % Cr-depl eted all oy binder (73Fe:1 IN:13Cr:3Ti in w%. EXAMPLE 15

[ 0061] Each of the cernets of Exanples-42-to 14 was subjected to a hot
erosion and attrition test (-EAT) as described in Exanple 7. The Reference
St andard erosion was given a value of 1 and the results for the cernet

speci Tens g Sonidted HMABRIS 16 AR ferend LS tNBARE B PASR SIANVRALE gridler P! € S
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IV, Goup V, Goup VI elenments, Qis boride, R conprises at |east about 66.7
wt % Fe based on the weight of the binder phase (RS) and a netal selected
fromthe group consisting of Ni, Co, Mh and m xtures thereof, S conprises Ti
in the range of 0.1 to 3.0 wt % based on the weight of the binder phase
(RS), and at |east one el enent selecteg,fromthe group consisting of G, A,
Si and Y, wherein the ceram c phase ( ranges from about 55 to 95 vol %
based on the volunme of the cernet. 2. The cernet conposition of claiml
wherein icieap@sar ratio of P.Qin the ceramc phase (PQ can vary in the
range of "3 1°to 1: 6. 3. The cernet conposition of claim1 wherein S further
conprises at |east one elenent selected fromthe group consisting of Zr,

H, V, Ny, Ta, . | b f | her

conpri si ﬁg a ée%gnrllg%g? F(’)'ﬁlo%lgﬁfﬁg%wg?@ﬁﬁgp@?@eﬁoygg gﬁk’flar%eﬁr:%;'{' e group
consi st i phassf(PQ) ankshitdep phaset(BB) whawignt of Group IV, Goup V, or Goup VI

el enents, Fe, N, Co, M, C., Al, Y, Si and mxtures thereaf. 5.. The cernet
conposi tion of T#tdFast PreifaAnsiiop %&#ﬁ#ﬂ?ﬂhﬁpea}?w&?a“a@e&rw oRpIsHnef|EeYRd  from
t he groupvcamupst,iGieupVi ERmetds, Co, M, A, G, Y, S, Ti, Zr, H, V, Nb,
Ta, Mo, Wand m xtures thereof. 6. The cernet conposition of claiml

wherei n sai d & &ffide.phase (PQ is dispersed in the binder phase (RS) as

particles in | : 0 ] ' iget er
Bth ot Teast QTR £ MAB REPUL kb RLALORE P Uit BfibPRee 0L °0
| east abauod a ni28 sdleated frdm tHhgroue comsistiogofids iCoj bin anfl nok@rentheredfer ei n sai d
particles conprise finer particl in, the size range 0.1 0 ,m crons
G arret e and SoamgHresgid it [RErigeich Oyl 34 YO bafgerhe vgiehtolsfe findet

phase (RS), and at least one element selected from the group consisting of Cr, Al, Siand Y,

wherein the ceramic phase (PQ) ranges from about 55 to 95 vol % based on the volume of

the cermet.

2. The cermet composition of claim 1 wherein the molar ratio of P:Q in the ceramic

phase (PQ) can vary in the range of 3:1 to 1:6.

3. The cermet composition of claim 1 wherein S further comprises at least one element

selected from the group consisting of Zr, Hf, V, Nb, Ta, Mo and W.

4. The cermet composition of claim | further comprising a secondary boride (P’Q)
wherein P’ is selected from the group consisting of transition metal element of Group IV,

Group V, or Group VI elements, Fe, Ni, Co, Mn, Cr, Al, Y, Si and mixtures thereof.

5. The cermet composition of claim 1 further comprising an oxide of a metal selected
from the group consisting of Fe, Ni, Co, Mn, Al, Cr, Y, Si, Ti, Zr, Hf, V, Nb, Ta, Mo, W and

mixtures thereof.

6. The cermet composition of claim 1 wherein said ceramic phase (PQ) is dispersed in
the binder phase (RS) as particles in the size range of about 0.1 microns to 3000 microns

diameter with at least 50% of the particles having a particle-particle spacing of at least about



m crons dianeter. 8. The cernmet conposition of claim1l wherein said ceramc
phase (PQ is dispersed in the binder phase (RS) as platelets wherein the
aspect ratio of length to thickness of the platelets is in the range of
about 5:1 to 20:1. 9. The cermet conposition of claim21l wherein the binder
phase (RS) is in the range of 5 to 45 Syol % based on the volune or the
cernet and the mass ratio of Rto S ré%gés from 50/50 to 90/10. 10. The
cernet conposition of claim9 wherein the conbined weights of said Cr and Al
is at |easfy 12 vt % based on the weight of the binder phase (RS). 11. The
cernet conpositions of claiml1l having a long termmcrostructural stability
| asting at | east 25 years when exposed at tenperatures up to 850C. 12. The
cernet cgnMposit | i I ract . S reat er. t-han about
3 Wpa miin 140 ShuSLemAmoh ol SHl-P8 sieliP G baiuer AaRe dbEm T 2

| ess t haheadiseubnge. (X f0206miceasglizmmtafandicCarssr pdaities inlthe sikhearge R0 toc3DFPOSi ti on

of claim 1 having corrosion rate |l ess than about 1 x 10-10 g2/cns or an
aver age Wfrﬂgsé‘ﬁ"g?tér'of | ess than 150m t hi ckness when subject to 100 cc/ mn
air at 800C for at |east 65 hours. 15. The cernet conposition of claiml
having an erosion rate | ess than about 0.5x 10-6 -30- cc/gram of SiC erodant
and a corosi dhe eeimet ¢ampositioae! sl “mewmswc!_@ergmcmhssqﬂ’ériﬁ dispersgdén  oxi de

scal e of i Al tRAILILGISASARANN SH A8) of Rad0 GALTLA e a1 BOOC, for

at | east e cerme I'on o aving enbrittling
phases | phktel¢tharin thewahgelofabeowd:1 @20t he vol une of the cernet.

9. The cermet composition of claim 1 wherein the binder phase (RS) is in the range of 5
to 45 vol % based on the volume or the cermet and the mass ratio of R to S ranges from
50/50 to 90/10.

10.  The cermet composition of claim 9 wherein the combined weights of said Cr and Al

is at least 12 wt % based on the weight of the binder phase (RS).

11.  The cermet compositions of claim 1 having a long term microstructural stability

lasting at least 25 years when exposed at temperatures up to 850°C.

12.  The cermet composition of claim 1 having a fracture toughness greater than about 3
MPam'”.

13.  The cermet composition or claim 1 having an erosion rate less than about 0.5x10®

cc/gram of SiC erodant.

14.  The cermet composition of claim 1 having corrosion rate less than about 1x107"°
g’/cm®s or an average oxide scale of less than 150pum thickness when subject to 100 cc/min

air at §00°C for at least 65 hours.

15.  The cermet composition of claim 1 having an erosion rate less than about 0,5x10®



17. The cernet conposition of claim3 further conprising an oxide of a netal
selected fromthe group consisting of Fe, NN, Co, M1, A, C, Y, Si, Ti,
Zr, H, V, Nb, Ta, Mo, Wand mxtures thereof. 18. A bulk cernet materi al
represented by the fornmula (PQ (RS) conprising: a ceramc phase (PQ and

bi nder phase (RS) wherein, P is at leas}) one transition netal elenent

sel ected fromthe group consisting of Goup |V, Goup V, Goup VI elenents,
Qis boride, R conprises at |east about 66.7 w % Fe based on the wei ght of

t he bi nder/pha %Psk%%%an%‘ﬁ é‘c&%sf"dn raeh &5 Led aBBuB”I‘xtlﬁ@ %ch&’% &Qﬂ%éageng of Ni,

Co, M and "m xtures thereo S conprises TI I1nthe ra to 3.0 Wt %
based on dxiive sadk ghtesothat Ihm.tm tideknessphiaeasuliRS)to la(ihclc/mnn dueatsﬁOOEm éoret kaznt

sel ected fromthe group consisting of C, A, Si and Y, wherein the ceramc
phase (P ShoéfFFges from about 55 to 95 vol % based on the vol ume of the
cernmet, and wherein the overall thickness of the bulk cernet material is
greater than 5 mllinmeters. 19. The bulk cernet nmaterial of claim18

wher ei n tlife mdihgicermnsat compésitanfichimHehaymgembeittlipt phasey ey thamp voldeypased t he

range of ot the L Qurhi 8 t%(?:ernime bul k cermet material of claim18 wherein S
further conprises {hI one elenent selected fromthe group consisting

of Zr, Hf, V, Nob, Ta, Mo and W 21. The bulk cernmet material of claim18

further c i a _secondar 31 wherein_ P el ect ed from
e o e B SO QR i Ay ey SO i A oy OB B e, Ry
Co, M, Atom the ghbup RREisIIASIUEN MDA, G2y, Shei sl querNBetranrﬁbeWa%h of
claim 18 further conprising an oxi de of a netal selected fromthe group

consi st i ngixgfrestherepf  Co, M, A, Cr, Y, Si, Ti, Zr, H, V, Nb, Ta, Mo, W
and

18. A bulk cermet material represented by the formula (PQ)(RS) comprising: a ceramic
phase (PQ) and binder phase (RS) wherein,

P is at least one transition metal element selected from the group consisting of Group
1V, Group V, Group VI elements,

Q is boride,

R comprises at least about 66.7 wt % Fe based on the weight of the binder phase (RS)
and a metal selected from the group consisting of Ni, Co, Mn and mixtures thereof;

S comprises Ti in the range of 0.1 to 3.0 wt % based on the weight of the binder
phase (RS), and at least one element selected from the group consisting of Cr, Al, Siand Y,
wherein the ceramic phase (PQ) ranges from about 55 to 95 vol % based on the volume of
the cermet, and wherein the overall thickness of the bulk cermet material is greater than 5

millimeters.

19.  The bulk cermet material of claim 18 wherein the molar ratio of P:Q in the ceramic

phase (PQ) can vary in the range of 3:1 to 1:6.

20.  The bulk cermet material of claim 18 wherein S further comprises at least one

element selected from the group consisting of Zr, Hf, V, Nb, Ta, Mo and W.

21.  The bulk cermet material of claim 18 further comprising a secondary boride (P’Q)



m xtures thereof. 23. The bulk cernet material of claim18 wherein said
ceram c phase (PQ is dispersed in the binder phase (RS) as particles in
the size range of about 0.1 microns to 3000 microns dianeter with at | east
50% of the particles having a particle-particle spacing of at |east about 1

nm 24. The bul k cernet material of cl gbm 23 wherein said particles conprise
finer particles in the size range 0.1°to 20 microns di aneter and coarser
particles in the size range of 20 to 3000 microns dianmeter. 25. The bul k

cernet NR{REiAP Rfseleb@ll %A«&n@’gﬁﬁ. IcBnsiding of B AIP 1V, Q#?@tﬁﬁv,((ﬁ@mhé\/@i spersed in
t he bi nder phase (RS) as platélets wheréin thée aspect ratio of length to

t hi cknes<lapients, Ee, Mol 6o dvint 4l,iYs Si,and hextpegadheresf. about 5:1 to 20: 1. 26. The
bul k cermet material of claim 18 wherein the binder phase (RS) is in the
range of 5 to 45 vol % based on the volunme of the cernet and the mass ratio
of R to {2r andie bhlkarm&Mdieridl of Sainl 08 fizther doeprisinglancsideatf amdtalrselattedf cl ai m

26 whereinh the combi ned.wei ghts. of said nd. _Al_i east. 12 w % based
on the méjr]%{f‘e@rwprf@nﬂﬁwtgfgh%&%I@;Ah%: %&Jﬁd&mﬁﬁg}m}éﬁﬁd‘{'@f #nd of
cl ai m 18 [haMir&dh&edONg term m crostructural stability lasting at |east 25

years when exposed at tenperatures up to 850C. 29. The bulk cernet materi al
of claim 18 having a fracture toughness greater than about 3 32  MPa ni/ 2.

30. The | k rial.. of ' VJ . ' t . t han
about 0. 5 100 oat SRhErRbriter G 18 el sl pR R 2PO) Bk BRE (' O
cl ai m 18 thabindeg phaver(BS) anpartties inelsssizdrangeadfabbutD. kmidedOo 3080 micksnsor an
average chfén?egersvgit | t% le(:);st %0%2 %f %hg%rf}.rtljar)cg rl?a;['ipllg glfagr%%ﬁ:-ﬁlgpt?cqe gpuag{n%% a;[ l(e)as%ggou%C/ mn

1 nm.

24.  The bulk cermet material of claim 23 wherein said particles comprise finer particles
in the size range 0.1 to 20 microns diameter and coarser particles in the size range of 20 to

3000 microns diameter.

25.  The bulk cermet material of claim 18 wherein said ceramic phase (PQ) is dispersed in
the binder phase (RS) as platelets wherein the aspect ratio of length to thickness of the
platelets is in the range of about 5:1 to 20:1.

26.  The bulk cermet material of claim 18 wherein the binder phase (RS} is in the range of
5 to 45 vol % based on the volume of the cermet and the mass ratio of R to S ranges from

50/50 to 90/10.

27.  The bulk cermet material of claim 26 wherein the combined weights of said Cr and

Alis at least 12 wt % based on the wetght of the binder phase (RS).

28.  The bulk cermet material of claim 18 having a long term microstructural stability

lasting at least 25 years when exposed at temperatures up to 850°C.

29.  The bulk cermet material of claim 18 having a fracture toughness greater than about 3



air at 800C for at |east 65 hours. 32. The bulk cermet material of claim18
havi ng an erosion rate |l ess than about 0.5x 10"6 cc/gramof SiC erodant and
a corrosion rate less than about 1 x 10"10 g2/cn¥s or an average oxide
scal e of less than 150mthi ckness when subject to 100 cc/mn air at 800C for
at least 65 hours. 33. The bulk cernet,material of claim18 having
enbrittling phases less than 5 vol % based on the volune of the cernet. 34.
The bul k cernmet material of claim20 further conprising an oxide of a netal
sel ect ed mbs ei*t he group consisting of Fe, Ni, Co, Mn, A, C, Y, Si, Ti,
Zr, HF, V, Nb, Ta, Mo, Wand m xtures thereof.

30.  The bulk cermet material of claim 18 having an erosion rate less than about 0.5x10°®

cc/gram of SiC erodant.

31.  The bulk cermet material of claim 18 having corrosion rate less than about 1x10°"°
g?/cm*:s or an average oxide scale of less than 150pm thickness when subject to 100 ce/min

air at 800°C for at least 65 hours.

32.  The bulk cermet material of claim 18 having an erosion rate less than about 0.5x10°
cc/gram of SiC erodant and a corrosion rate less than about 1x107'? g¥cm*s or an average
oxide scale of less than 150pum thickness when subject to 100 cc/min air at 800°C for at least

65 hours.

33.  The bulk cermet material of claim 18 having embrittling phases less than 5 vol %

based on the volume of the cermet.

34.  The bulk cermet material of claim 20 further comprising an oxide of a metal selected
from the group consisting of Fe, Ni, Co, Mn, Al, Cr, Y, Si, Ti, Zr, HF, V, Nb, Ta, Mo, W and

mixtures thereof.



