-1- ADVANCED ERCSI ON RESI STANT CARBONI TRI DE CERMETS FI ELD OF | NVENTI ON

[ 0001] The present invention is broadly concerned with cernets, particularly
cernet conpositions conprising a metal carbonitride. These cernets are
sui.table for high tenperature applications wherein materials with superior
erosion and corrosion resistance are required. BACKGROUND COF | NVENTI ON

[ 0002] Erosion resistant materials find use in many applications wherein
surfaces are subject to eroding forces,_ For exanple, refinery process
vessel walls and internals exposed to aggressive fluids containing hard,
solid particles such as catalyst particles in various chem cal and
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heat curing hardens and,adheres to the surface via netal-anchors or
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The typical chem cal conposition of one cormmercially available refractory
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particl f0002]  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 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 refractories 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% ALO;, 7.2% SiO,, 1.0% Fe,05, 4.8% MgO/Ca0, 4.5% P,0;5 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 velocity solid particle

impingement, mechanical cracking and spallation. Therefore there is a need for



I mpi ngenent, nechani cal cracking and spallation. Therefore there is a need
for -2- materials with superior erosion and corrosion resistance properties
for high tenperature applications. The cernet conpositions of the instant

i nvention satisfy this need. [0003] Ceram c-netal conposites are called
cernets. Cernets of adequate chemcal stability suitably designed for high
har dness and fracture toughness can provide an order of nagnitude higher
erosion resistance over refractory materials known in the art. Cernets
generally conprise a ceranm c phase and a bi nder phase and are conmonly
produced usi ng pomder metal | urgy techni ques where netal and ceram c powders

Compact BaterRRe O mBenoL eior Aodkembibr B R RiiPents (R REIEA” Cor et
I - et ..
Composi rREatr: paiaks. HRS ATl YR B i e ST b or o, e

presentihigwy@it.i on i ncludes an inproved nethod for protecting netal surfaces
agai nst erosion and corrosion under high tenperature conditions. [0007]
These and other objects will becone apparent fromthe detail ed description
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conposition r epr esented by the formula (PQ (RS) conpri sing: ceram c phase
(PQ ancheanibahstebilivi aartablﬁts)esmddiom high hsrdnesetrad fraeture taHnessrcahie group
consisting of Ti, Zr, Hf Nb, Ta, G, M, W Fe, M and m xtures
t her eof pro@idesan: grdes ,qftqaqig[gtude higher erosion resistance over retractory 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 compositions.

[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

[0608] The invention includes a cermet composition represented by the formula

(PQ)YRS) comprising: a ceramic phase (PQ) and a binder phase (RS) wherein,

P is a metal selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W,

Fe, Mn and mixtures thereof,

Q is carbonitride,



-3- Ris a netal selected fromthe group consisting of Fe, Ni, Co, M and

m xtures thereof, S conprises at |east one el enent selected fromCr, A, Si
and Y. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0009] One conponent of the
cernet 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 Ti, Zr, H, V, No, Ta, C, Mo, W Fe, M1 and m xtures
thereof. Qis carbonitride. Thus the ceyam c phase (PQ in the carbonitride
cernet conposition is a nmetal carbonitride. The nolar ratio of Pto Qin
(PQ can vary in the range of 1:3 to 3:1. Preferably in the range of 1:2 to
2:1. As_non-limting jllustrative exanpl es n = T, (PQ) can be

T (C 1 R mpiaT selefftd trotithe o sohtgling REFE S CoMidndmieray aher i n
P-Qis 31 The cerami c phase inparts hardness to the carbonitride cernet
and erosion resistance at tenperatures up to about 1000C. [0010] The
ceram c phase, (PQ .of the cernet js preferably dispersed in the binder

phase (ﬁsaqmmseﬁ@t&aéf@neéﬁemmtse’cqe@iﬁem b “Kh@épép‘érsed ceranmic particles
isinthe range 0.5 to 3000 mcrons in dianmeter. Mdrre preferably in the
range 0.5 to 100 mcrons in dianeter. The dispersed ceramc particles can
be any AILIERRERAGRIPTION OF THEINVENTION de spherical, el |ipsoidal,

pol yhedral , distorted spherical, distorted ellipsoidal and distorted

pol yhedral shaped. By particle size dianeter is neant the neasure of
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platelets wth a given as ratio, i.e., the ratio of Téngth t'o Thickness
of the phdngkeires thereof. Q is carbonitride. Thus the ceramic phase (PQ) in the

carbonitride cermet composition is a metal carbonitride. The molar ratio of P to Q in
(PQ) can vary in the range of 1:3 to 3:1. Preferably in the range of 1:2 to 2:1. As
non-limiting illustrative examples, when P = Ti, (PQ) can be Ti(C,N) wherein P:Q is
1:1. When P = Cr then (PQ) can be Cry(C,N) wherein P:Q is 2:1. The ceramic phase
imparts hardness to the carbonitride cermet and erosion resistance at temperatures up
to about 1000°C.

[0010] The ceramic phase (PQ) of the cermet is preferably dispersed in the binder
phase (RS). It is preferred that the size of the dispersed ceramic particles is in the
range 0.5 to 3000 microns in diameter. More preferably in the range 0.5 to 100
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 microsbopy (TEM) can be used to determine the particle sizes.
In another embodiment of this invention, the ceramic phase (PQ) is dispersed as
platelets with a given aspect ratio, i.e., the ratio of length to thickness of the platelet.

The ratio of length:thickness can vary in the range of 5:1 to 20:1. Platelet



The ratio of length: thickness can vary in the range of 5:1 to 20:1.

Platel et -4- mcrostructure inparts superior nechani cal properties through
efficient transfer of |oad fromthe binder phase (RS) to the ceram c phase
(PQ during erosion processes. [0011] Another conponent of the carbonitride
cernet conposition represented by the formula (PQ (RS) is the binder phase
denoted as (RS). In the binder phase (RS), R is the base netal selected
fromthe group consisting of Fe, Ni, Cg, M1 and mxtures thereof. Sis an
al l oying metal conprising at |east one elenment selected fromC, A, Si and
Y. S can further conprise an aI I oval ent eI errent sel ected formthe group

consistipng of Y, Ti, Zr, c¥ n}é frf)_xtures t hereof. The
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based on the weight of the binder (RS)V. The aliovalent element is about 0.01 wt% to

about 5 wt%, preferably about 0.01 wt% to about 2 wt% of based on the weight of the
binder. The elements T1, Zr, Hf, Ta, V, Nb, Cr, Mo, W are aliovalent elements
characterized by multivalent states when in an oxidized state. These elements

decrease defect transport in the oxide scale thereby providing enhanced corrosion

resistance.

[0012] In the carbonitride cermet composition the binder phase (RS) is in the range
of 5 to 50 vol%, and preferably 5 to 30 vol%, based on the volume of the cermet. The
mass ratio of R to S can vary in the range from 50/50 to 90/10. In one preferred
embodiment the chromium content in the binder phase (RS) is at least 12 wt% based
on the weight of the binder (RS). In another preferred embodiment the combined
zirconium and hafnium content in the binder phase (RS) is about 0.01 wt% to about

2.0 wt% based on the total weight of the binder phase (RS).

[0013])  The cermet composition can further comprise secondary carbonitrides (P’Q)
wherein P’ is selected from Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Fe, Ni, Co, Mn, Al, Si,
Y and mixtures thereof. Stated differently, the secondary carbonitrides are derived
from the metal elements from P, R, S and combinations thereof of the cermet

composition (PA)RS). The ratio of P’ to Q in (P’Q) can vary in the range of 3:1 to



Y and m xtures thereof. Stated differently, the secondary carbonitrides are
derived fromthe nmetal elenments fromP, R S and conbinations thereof of
the cermet conposition (PQ(RS). The ratio of PP to Qin (P Q can vary in
the range of 3:1 to -5- 1:3. The total ceram c phase volune in the cernet of
the instant invention includes both (PQ and the secondary carbonitrides
(PQ. In the carbonitride cernmet conposition (PQ + (P Q ranges from of
about 50 to 95 vol % based on the voluré-of the cernet. Preferably from 70
to 95 vol % based on the volune of the cernet. [0014] The vol unme percent of
cernet phase (and cernet conponents) excl udes pore vol une due to porosity.
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[0015] One aspect of the invention is the micro-morphology of the cermet. The

ceramic phase can be dispersed as spherical, ellipsoidal, polyhedral, distorted

spherical, distorted ellipsoidal and distorted polyhedral shaped particles or platelets.

The cermet may also include layered structure having a core carbonitride surrounded

by a layer of secondary carbonitride. Preferably, at least 50% of the dispersed

particles is such that the particle-particle spacing between the individual carbonitride

ceramic particles is at least 1 nm. The particle-particle spacing may be determined for

example by microscopy methods such as SEM and TEM.

[0016] In crystalline solids such as metals and ceramics, the individual atoms or
ions are arranged in such as way that they display three dimensional periodicity in
arrays described as crystal lattice. Ceramic phases such as metal carbides and metal
nitrides are crystalline solids with inter-penetrating metal atom and non-metal atom
sublattices, respectively. For instance, in the case of TiC ceramic phase, there are two
sublattices, one of Ti metal and the other of C non-metal wherein the interchange of
lattice positions of Ti and C is not allowed. However, in many carbides and nitrides,
carbon or nitrogen can substitute readily for each other on the non-metal sublattice for

the whole range of possible chemistries, that is, pure carbide to pure nitride. Thus, in



subl attices, respectively. For instance, in the case of Ti C ceram c phase,
there are two sublattices, one of Ti nmetal and the other of C non-netal
wherein the interchange of lattice positions of Ti and Cis not allowed.
However, in many carbides and nitrides, carbon or nitrogen can substitute
readily for each other on the non-netal sublattice for the whole range of
possi ble chem stries, that is, pure carbide to pure nitride. Thus, in -6-
these cases there is conplete nutual -0l ubility wherein carbide and nitride
of the same netal dissolve in each other through the entire range from pure
carbide to pure nitride. For instance, TiC and Ti N can dissolve in each
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atom ration is 1:1, of Group IV (Ti, Zr, Hf) and Group V (V, Nb, Ta) elements. One

exception is VC and VN, which are only partially soluble in each other. Carbon
content in carbonitride (C,N) can be varied from about 0.01 to about 0.99, preferably
from about 0.1 to about 0.9, and more preferably from about 0.3 to about 0.7 and
abbreviated as (C,N).

[0017] The cermet 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 carbonitride cermets of the instant invention is less than 1.0 x 10
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 carbonitride cermets of the instant invention is less than 1x10"'° g%/cm*s,

[0018]  The cermets of the instant invention 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




cc/gramof Si C erodant. The corrosion rates were determ ned by
thernogravinetric (TGA) anal yses as described in the exanpl es section of

t he disclosure. The corrosion rate of the carbonitride cernets of the
instant invention is less than | x10-10 g'/cn'-s. [0018] The cernets of the
I nstant invention possess fracture toughness of greater than about 3
MPant a, preferably greater than about 5 MPam'2, and nore preferably greater
t han about 10 MPani'n. Fracture toughness is the ability to resist crack
propagation in a material under nonotonic | oading conditions. Fracture
toughness is -7- defined as the critical stress intensity factor at which a

crack propagates in.an unstable. nper .in.the material. Loading in
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is removed and the mlled powder is dried, placed in a die and
about 5 vol% of such embrittling phases. The cermet of the instant invention with

(PQ) and (RS) phases as described in the earlier paragraphs is responsible for
imparting this attribute.

[0020]) The cermet compositions are made by general powder metallurgical
technique such as mixing, milling, pressing, sintering and cooling, employing as
starting materials a suitable ceramic powder and a binder powder in the required
volume ratio. These powders are milled in a ball mill in the presence of an organic
liquid such as ethanol for a time sufficient to substantially 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 abeut 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.



pressed into a green body. The resulting green body is then sintered at
tenperatures above about 1200C up to about 1750C for tinmes ranging from
about 10 mnutes 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 atnosphere can be argon and the reducing 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
i nvention allows fabrication of bulk cernet nmaterials exceeding 5 mmin

t hi ckness. -8- [0021] One feature of the cernets of the invention is their

mcro ural stabili even at .elevated tenperatures, nmaking them
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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 surfaces by

mechanical means or by welding.

EXAMPLES
Determination of Volume Percent:

[0023] 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 using the image analysis software: EDX



EXAMPLES Determ nation of Vol une Percent: [0023] The vol une percent of each
phase, conponent and the pore volune (or porosity) were determned fromthe
2-di mensi onal area fractions by the Scanning El ectron M croscopy nethod.
Scanni ng El ectron M croscopy (SEM was conducted on the sintered cernet
sanples to obtain a secondary el ectron inmage preferably at 1000x
magni fi cation. For the area scanned by SEM X-ray dot imge was obtai ned
using Energy Dispersive X-ray Spectrosgqpy (EDXS). The SEM and EDXS anal yses
were conducted on five adjacent areas of the sanple. The 2-di nmensional area
fractions of each phase was then determ ned using the image anal ysis
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[0024] The weight percent of elements in the cermet phases was determined by

standard EDXS analyses.

[0025] The following non-limiting examples are included to further illustrate the

invention.
EXAMPLE 1

[0026] 70 vol% of 1.3 nm average diameter of TiCy 7Ny 3 powder (from Japan New
Metals Company) and 30 vol% of 6.7 pm average diameter 304 stainless steel (SS)
powder (Osprey Metals, Fe(balance):18.5Cr:9.6Ni:1.4Mn:0.638Si, 95.9% screened
below -16 um) were dispersed with ethanol in HDPE milling jar. The powders in
ethanol were mixed for 24 hours with Ytiria Toughened Zirconia (YTZ) 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 resuiting green disc pellet was
ramped up to 400°C at 25°C/min in argon and held at 400°C 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.



below -16 m were dispersed with ethanol in HDPE mlling jar. The powders in
et hanol were m xed for 24 hours with Yttria Toughened Zirconia (YTZ) balls
(10 mm dianmeter, from Tosoh Ceramics) in a ball mlIl at 100 rpm The

et hanol was renoved fromthe m xed powders by heating at 130C for 24 hours
I n a vacuum oven. The dried powder was conpacted in a 40 mmdi aneter die in
a hydraulic uniaxial press (SPEX 3630 Autonmated X-press) at 5,000 psi. The
resulting green disc pellet was ranpgg.up to 400C at 25C/ mn in argon and
hel d at 400C for 30 mn for residual solvent renoval. The disc was then
heated to 1500C at 15C/mn in argon and held at 1500C for 2 hours. The
tenperature was then reduced to bel ow 100C at - 15C/ mn. - 10- [0027] The
resultant cernet conprised: i) 69 vol % CO. 7NO. 3 with average grain size of
about {0827} m Thy resul@ntsemed f@MBIE boni tride M(C,N) with average grain
size of about 0.5 gm where M-63Cr:24Fe: 13Ti in wt%iii) 29 vol %

Cr - dephet edoaldI B TIC OGS with¥&lagérprainMizeefisbait 115 QA 7NO3 cer net processed
accordi'ng to this exanpl'e shows that the Ti CO. 7NO. 3 phase appears dark and
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netal Mis_qgf | . ] [ an the other constituent netals

conpri si ng“@{ﬁ%%@%gﬁ%{ﬁgﬁ ?rgglt%ere Mis mainly Ti and Ta is fornmed as
a rimaround Ti CO. 7NO. 3 core. Tad'ﬁ? believed to be an inpurity from

Ti C0. 7M0B B8wed?e C dPE}ﬂ“F‘ﬁﬁ]g@'Bm 0. 7N0. 3 cermet processed according to

this exanple shows that the Ti CO 7NO.3 phase appears |ight and the binder
he. bi F0Eonas A SEMATRES ot Mo eitoe) Bt assroascorBe (o i exammple
chem StsﬁXw%fthgti tﬂg e[‘ida_y 3.36 pﬁiseqﬁpcars dark and the binder phase appears light. The

Cr-rich secondary M,(C,N) phase is also visible in the binder phase. By M-rich, for

instance Cr-rich, is meant the metal M is of a higher proportion than the other

constituent metals comprising M. M(C,N) carbonitride where M is mainly Ti and Ta

is formed as a rim around TiCy7Np; core. Ta is believed to be an impurity from

TiCq7Ng3 powder. A TEM image of TiCosNo 3 cermet processed according to this

example shows that the TiCq 7No3 phase appears light and the binder phase appears

dark. The Cr-rich secondary M,(C,N) phase is also visible in the binder phase.

M(C,N) rim is formed around TiCgq 7Ng 3 core. The chemistry of binder phase is Cr-

depleted due to the precipitation of Cr-rich secondary M»(C,N) phase and Ti-enriched

due to the dissolution of TiCy7No3.
EXAMPLE 2

[0029] 75 vol% of 1.3 pm average diameter of TiCq 3Ny 7 powder (from Japan New
Metals Company) and 25 vol% of 6.7 pum average diameter Haynes® 566 alloy
powder (Osprey Metals, Fe(balance):20.5Cr:20.3Ni:17.3C0:2.9Mo:2.5W:
0.92Mn:0.458i:0.47Ta, 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 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.



depl eted due to the precipitation of Cr-rich secondary M(C, N) phase and
Ti-enriched due to the dissolution of TiCO.7N0.3 EXAMPLE 2 [0029] 75 vol %
of 1.3 gm average di aneter of Ti CO.3NO.7 powder (from Japan New Metals
Conmpany) and 25 vol % of 6.7 pm average di aneter Haynes(r) 566 alloy powder
(Csprey Metal s, Fe(balance):20.5Cr:20.3N :17. 3Co: 2. 9Mb: 2. 5W

0.92MWn: 0. 45Si : 0. 47Ta, 96.2% screened below -16 m) were used to process the
cernet disc as described in Exanple 1.1The cernet disc was then heated to
1500C at 15C/min in argon and held at 1500C for 2 hours. The tenperature
was then reduced to below 100C at -15C/ m n. -11- [0030] The resultant

cernmet conprised: i) 74 vol % Ti Co.3No.7 with average grain size of about 2 m

ii) 2 vpl9% secqondary carbonitride M(C N) with average grain size of about
0.5 mfme ﬁﬂeﬂs@wﬁ%@@mew@iﬁ@% “INi inw%iii) 1 vol % secondary
carbonitride M2(C,N) with average grain size of about 0.5 m where

M=49Cr . BOVD TATV ol EFeC 340y A1 Withiaverdgeo gruin $13e vblabodl 2 gew! et ed al | oy bi nder
(36Fe: 18Cr: 22Ni : 21 Co: 3Ti in wt% . [0031] An SEM i mage of Ti CO 3No.7 cernet

: hi _ e
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phase and I\/'L\?#ﬁ,l SRRSO N G T 1 02350 AN ialw@, Visible in the binder

phase. A TEMinmage of Ti Co_3No.7 cermet processed according to this exanple
Gark. THD. orl Vol SRRk P BODFraRI N LR afiaes EEpipios o B her
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Crtdepl ehed ANvoi% Cr-depleted alloy binder (36Fe:18Cr:22Ni:21Co:3Ti in widb),

[0031] An SEM image of TiCo3Np 7 cermet processed according to this example

shows that the TiCq 7No 3 phase appears dark and the binder phase appears light. The

Cr-rich secondary M,(C,N) phase and Mo-rich secondary M,(C,N) phase are also

visible in the binder phase. A TEM image of TiC, 3Ng 7 cermet processed according to

this example shows that the TiCq 3Ng 7 phase appears light and the binder phase

appears dark. The Cr-rich secondary M,(C,N) phase is also visible in the binder

phase. Both Cr-rich secondary M,(C,N) and Mo-rich secondary M,(C,N) phases are

also visible in the binder phase. The chemistry of binder phase is Cr-depleted and Ti-

enriched.

EXAMPLE 3
[0032) Each of the cermets of Examples 1 and 2 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 thermo-

gravimetric analyzer (TGA).

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



enriched. EXAVMPLE 3 [0032] Each of the cernmets of Exanples 1 and 2 was
subjected to an oxidation test. The procedure enployed was as follows: 1) A
speci nen cernet of about 10 mm square and about 1 mmthick was polished to
600 grit dianmond finish and cl eaned in acetone. 2) The speci nen was then
exposed to 100 cc/mn air at 800C in therno- gravinetric analyzer (TG). 3)
Step (2) was conducted for 65 hours at 800C. -12- 4) After 65 hours the
speci men was allowed to cool to anbienizienperature. 5) Thickness of oxide
scal e was determ ned by cross sectional mcroscopy exam nation of the
corrosion. 6) Any value less than 150 gmrepresents acceptable corrosion

resi st ance. co f aI e formed on
Tic, Ti(c NP a‘ggt #? ﬁog&sﬂiﬁ gﬁﬂ}eglc‘gé?g“é&?a%ﬁgﬁ gll'f)? 69‘@3%3&?5 PIAYLE- superi or
oxi dation resistance than, TiC or TiN cernet. For Ti(C N). cernets, the

t hi ckness of) &hl@&n%anf@m@ﬁwép Bias detarminecrhy €rass $F§UPBINBIIOICEH6 al | oy

bi nder is sJ| [Fﬁdgower t.han that nmade using 304 SS regardl ess of | ower

bi nder € EABPYPBnent is caused by aliovalent elenents present
in Haynes(r) 556 al | oy b| nder. The oxidation nmechanismof TiC cernet is the
growt h of Th)O2Anyhahie less thantliS0limdepiesents\aaceptablef earamomtesistbrrest i ti al
Ti+4 ions in Ti2 crystal lattice. Wien oxidation starts, alioval ent

el enents, which are present in carbide or netal phases, dissolves

substi t [0033)al 1A cbmp'ﬁ‘ri@n@lf ylﬁ thiickreesss 0f exide svate fdrenedadn $iC ST €,Nf and

al i oval ent el enent (E) 70 nm) is conparahle with that of TiTM
(0.068 RHY cesnﬁb@rfaﬁ@s §lm§§mtlTa ﬁ)meggm has supertor grdation resistancertban

el ect ro,?{(? (i‘-.ﬂqtcr %e?nF T;(@N;E%ngtgyt% E%Llclkntegsl §F 0x1tclg%ca er}%ent&a}ll on of

I nt er st
cermet made using Haynes® 556 alioy binder is slightly lower than that made using

304 SS regardless of lower binder content. This improvement is caused by aliovalent

elements present in Haynes® 556 alloy binder. The oxidation mechanism of TiC
cermet is the growth of TiO,, which is controlled by outward diffusion of interstitial
Ti** ions in TiO, crystal lattice. When oxidation starts, aliovalent elements, which are
present in carbide or metal phases, dissolves substitutionally in TiO, crystal lattice
since the cation size of aliovalent element (e.g., Nb*> = 0.070 nm) is comparable with
that of Ti** (0.068 nm). Since the substantially dissolved Nb** ions increase the
electron concentration of the TiO, crystal lattice, the concentration of interstitial Ti**
ions in TiO, decreases, thereby oxidation is suppressed. This example illustrates

beneficial effect of aliovalent elements providing superior oxidation resistance.

EXAMPLE 4

[0034] Each of the cermets of Examples ! and 2 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 5 mm 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)



ions in Ti Q2 decreases, thereby oxidation is suppressed. This exanple
illustrates beneficial effect of aliovalent el enents providing superior

oxi dation resistance. EXAMPLE 4 [0034] Each of the cernets of Exanples 1
and 2 was subjected to a hot erosion and attrition test (HEAT). The
procedure enpl oyed was as follows: 1) A specinen cernet disk of about 35 nm
di aneter and about 5 mmthick was weighed. 2) The center of one side of the
di sk was then subjected to 12009/ mn o3 . SiC particles (220 grit, #1 G ade
Bl ack Silicon Carbide, UK abrasives, Northbrook, IL) - 13 entrained in
heated air exiting froma tube with a 0.5 inch dianmeter ending at 1 inch

fromthe target ,at an .angle of 45. The vel ocity .of,. the SiC.was 45.7 nisec.
3) St eﬁnfrf}m%a@ ‘F&Fﬁiﬂ%}f Sglt*l')&.fflgnh%&ﬁ%e g{tﬁfg@él %dﬁﬁ‘éﬂ ?n%&r%tllit%hspeci nen
was al ﬂg[p ot &, e t termne the
wei ght lff%@gbé %:E%ﬁ%t Jé]?% olﬁ?g 'aqggeg?énd\gﬁﬁ%ﬁﬁg Sém%‘g?.gl lﬁ{/&g\?ai | abl e
castabl e refractor was determ ped and used.as a Reference Standard. The
Ref er ence St%nfﬁ@.{?[ﬂ{%)r‘ﬁéﬁﬁ?f’ %éﬁgqf\%ﬁogs\ﬁéﬁgg @f | and the results for the
cernet specinens are conpared to the Reference Standard. -14- CLAIMS 1. A
cernet conpdbi tAfter 7 hpumgbespeciinen was dldowed 20 €66) toRGhbieattempénagireander ani ¢
phase (PQ . and a bi nder phase (RS) wherein, Pis a netal selected fromthe
group &unghed rodetsrmipie thepweightlogs. N, Ta, O, Mo, W Fe, M and i xtures
thereof, Qis carbonitride,

5) The erosion of a specimen of a commercially available castable refractory

was determined and used as a Reference Standard. The Reference Standard erosion
( was given a value of 1 and the results for the cermet specimens are compared to the

Reference Standard.



R conprises Fe and a netal selected fromthe group consisting of Ni, Co, M
and mxtures thereof, S conprises Cr, at |east one el enent selected from
Al, Si and Y, and at |east one aliovalent elenent selected fromthe group
consisting of Ti, Zr, Hf, Ta, V, Nb, Mo, W and wherein the conbined

wei ghts of said C, A, Si, Y and m xtures thereof is at least 12 W% and
t he conbi ned wei ghts of said at |east4one aliovalent elenent is fromO0.01 to
5 wm % based on the wei ght of the binder phase (RS), and wherein the ceramc
phase (PQ ranges from about 50 to 95 vol % based on the volunme of the
cermet. 2. The cernet conpositiongfa@gi m1 wherein the ceram c phase (PQ
ranges from about 70 to 95 vol % based on the volunme of the cernet. 3. The
cernet conposition of claiml wherein the nolar ratio of P.Qin the ceramc

phase (PQ can VapyeiterdBRipbaiisiEre Ieséme% 6203 hmuft (PR DIBHsifLIPOST i 0N of

claiml wherein said ceram c ph asg di sper 5?3 in t bi hder phase
(RS) as cepméy phasd (If@rmdalb@yiernhaShéRxS)nzhﬁrfﬂa,nge of 0.5 microns to 3000

m crons dianeter. - 15 5. The cermnmet conposition of claim1l wherein the

bi nder phaseP(iRometad séler:tedﬁomnha*geupéoﬁisting &i0Tiy Bt, Wb ¥ sWY, Ty Crdoyvol une of

t he cerﬁt a&ij tge atlfo of Rto S ranges from50/50 to 90/10. 6. The
cermet CHrso¥nangmiy ur%slt FF?t further conprising secondary carbonitrides
(P Q wherei s sel ected fromTi, Zr, H, V, No, Ta, &, M, W Fe, N,
Co, M, Al &‘SC"F o9Bilidsi xt ures thereof. 7. The cernet conposition of claim1

havi ng a fracture toughness of greater than about 3 MPa ni/ 2.
R comprises Fe and a metal selected from the group consisting of Ni, Co, Mn and

mixtures thereof,

§ comprises Cr, at least one element selected from Al, Si and Y, and at least one
aliovalent element selected from the group consisting of Ti, Zr, Hf, Ta, V, Nb, Mo, W,

and

wherein the combined weights of said Cr, Al, Si, Y and mixtures thereof is at least
12 wt%, and the combined weights of said at least one aliovalent element is from 0.01 to

5 wt% based on the weight of the binder phase (RS), and

wherein the ceramic phase (PQ) ranges from about 50 to 95 vol% based on the

volume of the cermet.

2. The cermet composition of claim 1 wherein the ceramic phase (PQ)

ranges from about 70 to 95 vol% based on the volume of the cermet.

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

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

4. The cermet composition of claim 1 wherein said ceramic phase (PQ) is
dispersed in the binder phase (RS) as spherical particles in the size range of 0.5 microns

to 3000 microns diameter.



8. The cernet conposition of claim1 having an erosion rate |ess than about
1x10"6 cc/gram | oss when subject to 1200g/mn of 10 mto 100 m Si C particles
inair wth an inpact velocity of at |east about 45.7 nisec (150 ft/sec)
and at an inpact angle of about 45 degrees and a tenperature of at |east
about 732C (1350F) for at least 7 hours. 9. The cermet conposition of claim
| having corrosion rate | ess than adéut 1x10"10 g2/ cmds or an average oxi de
scal e of less than 150 mthickness when subject to 100 cc/mn air at 800C
for at |east 65 hours. 10. The cernet conposition of claiml having an

erosion rateésl essrﬁe?l%ﬁn&QBHlbosit"i&iLS’ftcﬁaiﬁlcl’ Qﬁ@rgi‘n"tﬂ@ﬁﬁnié&?hﬁ&t(ﬂts?is]iﬁﬁ%/ mn of 10

mto 100 mSIC particles in‘alr w an 1 npact velocity of "at |east about
45. 7 m mege ¢1150 F0tvotédpsesiroh the velnme b the tcemmat ed the masb catie of R ddgr ees and a

t enper at ure of bout 732C (1350F) for at least 7 hours and a
corrosi@Hgﬁéfoé"?@gé?ﬁ@h&about 1x10- 10 g2/ cmis or an average oxide scal e of

| ess than 150 mthi ckness when subject to 100 cc/mn air at 800C for at

I east 65 hougs. Ihe cERRetcBRPBLItiGIPHNISN 1 RRth& corpiisiigkedtRMhrgg embrittling
phases | ess than about 5 vol % based on the volunme of the Cernmet. 12. A bulk

cer net easpanitrides (PG wheraindl ipselacted fram iiiiZa, MR, NesY a,dowplo, &Y.dg: Ni,a ceramic
phase (BSQ)MgnEl §i@&%i@ﬂ&s§e&@ wherein, -16- Pis a netal selected from
’ i 0 1, Zr, Hf,

t he grolp ‘consrsting V, Nb, Ta, C, Mo, W Fe, M and
m xtures thereof, Qis carbonitride, R conprises Fe and a netal selected

fromthe group cOrte ceithétGompodition 6iclaiMl vehg diradtinke @6ughfiess @0freater cONpri ses
Cr, at | east one el e[;fnt selected fromAl, SI and Y, and at | east one
e.

al i oval daR akqus ddila @el.ect ed from t he group consisting of Ti, Zr, Hf, Ta, V,
Nb, Mo, W wherein the conbi ned weights of said C, A, Si, Y and m xtures

thereof is a | ©28fe cermet composition of claim 1 having an erosion rate less than about
1x10® cc/gram loss when subject to 1200g/min of 10 um to 100 pm SiC particles in air
with an impact velocity of at least about 45.7 m/sec (150 ft/sec) and at an impact angle of
about 45 degrees and a temperature of at least about 732°C (1350°F) for at least 7 hours.

9. The cermet composition of claim 1 having corrosion rate less than about
1x1071° g2/0m4's or an average oxide scale of less than 150 um thickness when subject to

100 ce/min air at 800°C for at least 65 hours.

10.  The cermet composition of claim 1 having an erosion rate less than about
1x10°® cc/gram when subject to 1200g/min of 10 pm to 100 um SiC particles in air with
an impact velocity of at least about 45.7 m/sec (150 fi/sec) and at an impact angle of
about 45 degrees and a temperature of at least about 732°C (1350°F) for at least 7 hours
and a corrosion rate less than about 1x107° g%/cm*'s or an average oxide scale of less

than 150 um thickness when subject to 100 cc/min air at 800°C for at least 65 hours.

11.  The cermet composition of claim 1 having embrittling phases less than

about 5 vol% based on the volume of the cermet.

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



12 vt % and the conbi ned weights of said at | east one aliovalent elenent is
from0.01 to 5 w % based on the weight of the binder phase (RS), wherein
the ceram c phase (PQ ranges from about 50 to 95 vol % based on the volune
of the cernet, and wherein the overall thickness of the bulk cermet materi al
is greater than 5 mllimeters. 13. The bulk cernmet material of claim12
wherein the ceramic phase (PQ randés from about 70 to 95 vol % based on the
vol une of the cernet. 14. The bulk cermet material of claim 12 wherein the
nolar ratio of P.Qin the ceramc phase (PQ can vary in the range of 1:3

to 3:1 15. TR k) GREER\HRiR okl BhsifllTLZA BN N 341 & 87 am © phase

(PQ is dispersed in the binder phase (RS) as spherical particles in the

si ze r aWg&ed¥inendmixturesthereof,o 3000 microns dianeter. 16. The bul k cer nmet
material of claim 12 wherein the binder phase (RS) is in the range of 5 to
50 vol % base@ iocartidnétridgl une of the cernet and the mass ratio of Rto S
ranges from50/50 to 90/10. -17- 17. The bulk cernet material of claim 12
further conpRismpdses Fe andlametal s¢lexed from desgrownd dnsisting of Wi, Bo, Ma addl ect ed from
Ti, Zr, H, V, Nb, Ta, C, M, W Fe, Ni, Co, Mi, A, Si, Y and m xtures

t her eof Mixjgres thereoh | kK cermet material of claim 12 havi ng a fracture

t oughness of greater than about 3 MPa m /2. 19. The bulk cernet nmaterial of

clai m 12 hav senpiisee ot Ipastione glementisselegied froghfliSi asd ¥, and/aylegsh aness when

a : 2 o  SE g e . t
Vot bt lcSpiba i Beilred RodfihEert P odhsiify BETH LE P Ta VM. diks B0 1TPEPL
of about 45 gegreas. Authifd ARS8 MFcPiald, Y ERT nidBRY thefdd s f18R0F) for at

| east
12 wt%, and the combined weights of said at least one aliovalent element is from 0.01 to

5 wt% based on the weight of the binder phase (RS),

wherein the ceramic phase (PQ) ranges from about 50 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.

13.  The bulk cermet material of claim 12 wherein the ceramic phase (PQ)

ranges from about 70 to 95 vol% based on the volume of the cermet.

14.  The bulk cermet material of claim 12 wherein the molar ratio of P:Q in the

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

15.  The bulk cermet material of claim 12 wherein said ceramic phase (PQ) is
dispersed in the binder phase (RS) as spherical particles in the size range of 0.5 microns

to 3000 microns diameter.

16.  The bulk cermet material of claim 12 wherein the binder phase (RS) is in
the range of 5 to 50 vol% based on the volume of the cermet and the mass ratio of R to §
ranges from 50/50 to 90/10.



7 hours. 20. The bulk cernet material of claim 12 having corrosion rate |ess
t han about 1x10"10 g2/cmids or an average oxide scale of |less than 150 m

t hi ckness when subject to 100 cc/mn air at 800C for at |east 65 hours. 21.
The bul k cernmet material of claim 12 having an erosion rate | ess than about
1x10 cc/ gram when subject to 1200g/mn of 10 mto 100 m SiC particles in air
with an inpact velocity of at |eastl&about 45.7 misec (150 ft/sec) and at an
i npact angl e of about 45 degrees and a tenperature of at |east about 732C
(1350F) for at least 7 hours and a corrosion rate |ess than about 1x10"10

G2/ cds o 49 av 08 QAR nlaPo el nrliiALbriRRif) Lbbfipess when subj ect

to 100 cc/mn air east ours cer net
mat er i ahrbohitrideai( Q) vheeam Risaalocted fromrily, i) dE, Nieska, Chavio, WhBe)iNi5 vol % based

on the d{)(,) M’nﬁl,osji, {’Qu?d ?nelxtures thereof.

18.  The bulk cermet material of claim 12 having a fracture toughness of

greater than about 3 MPa m'”

19.  The bulk cermet material of claim 12 having an erosion rate less than
about 1x107® cc/gram loss when subject to 1200g/min of 10 um to 100 um SiC particles
in air with an impact velocity of at least about 45.7 m/sec (150 ft/sec) and at an impact
angle of about 45 degrees and a temperature of at least about 732°C {1350°F) for at least

7 hours.

20.  The bulk cermet material of claim 12 having corrosion rate less than about

1x107° g’/cm*s or an average oxide scale of less than 150 um thickness when subject to

100 cc/min air at 800°C for at least 65 hours.

21.  The bulk cermet material of claim 12 having an erosion rate less than
about 1x10™® cc/gram when subject to 1200g/min of 10 pm to 100 pm SiC particles in air
with an impact velocity of at least about 45.7 m/sec (150 ft/sec) and at an impact angle of
about 45 degrees and a temperature of at least about 732°C (1350°F) for at least 7 hours
and a corrosion rate less than about 1x107'° g%/cm®*:s or an average oxide scale of less

than 150 pm thickness when subject to 100 cc/min air at 800°C for at least 65 hours.

22.  The bulk cermet material of claim 12 having embrittling phases less than

about 5 vol% based on the volume of the cermet.



