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wab@4poedent invention is broadly concerned w POT/US2004/015556
cernets, particularly cermet conpositions conprising
a nmetal nitride. These cernets are suitable for high
tenperature applications whgrein materials wth
superior erosion and corrosion resistance are
required. BACKGROUND OF | NVENTI ON [0002] Erosion
resi sERBSIMIATORROSION RIBSIITA NI BREDE GERNISTS
wherein surfaces are subject to eroding forces. For
exanpl e, refinery process vessel walls and internals
exposed to _aggressive fluids containing hard, solid
ﬂﬁéﬂﬂﬁH{VEﬁ}%@Hs catal yst particles in various
chem cal and petrol eum environments are subject to

bot h erosion and corrosion. The protection of thes
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tion agali nst the nbst severe erosion

coRfsidIesistAice hir@feduiedi nsi de wal | s of inter naI

cycl ones used to separate solid particles fromfluid

streans, for instance, the internal cyclones in fluid
BA&H@G}ROIENDC@EdNVENUmONs (FCCU) for separating

catal yst particles fromthe process fluid. The

state-of-the-art in erosion resistant materials is
[0002]1i cErdsiooesittantanstesialsefindismimaang kppbcatidnsswherein

These castable alum na refractori es ar lied to thle
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conposi tio one comrercially available refractory
subfecB b B&thAIrd68n and2uriSisich. Thoptatedicn, of4these keeelSamd

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% Al,Os, 7.2% SiO,, 1.0% Fe, 03, 4.8% MgO/CaO, |
4.5% P,05 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
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velocity solid particle inpingenent, mechani cal

cracking and spallation. There- fore there is a need

for materials with superior erosion and corrosion

resi stance properties for high tenperature
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chem cal stability suitably designed for high hardness
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. magnj tude hi gher .erosi on resistance over refractory
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conprise a ceram c phase and a binder phase and are
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pr@{i‘ﬂei airavedf gagividehighes erosidronsistdie8 @vkr fdfeaqromsmaterials
invention also I ncludes cernet conpositions suitable
krfown inhe aatt Gémpets gemarrHy GoayrisEGOTSIMELPhase apgrabindpe
present invention includes. an inproved..nmethod f.or
PH366 B4 £ PRI _B{?ﬁﬂ*ﬁ%@ B AGTY efé?%té}lw_fgyatﬁghmques where
r‘ .
AL A8 Lol R n R, Plestet Pl i S pprotures

toF6tAidefsk C&ﬁgﬁtg.pti on which follows. SUMVARY OF
I NVENTI ON [ 0008] The invention includes a cernet

conposition represented by the
[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) and a binder phase (RS)

wherein,



formula (PQ (RS) conprising: a ceram c phase (PQ and
a bi nder phase (RS) wherein, WO 2004/ 104247
weFOnAWs®04/ 015556 -3 P is a netal sel ected fProOnUsive4/015556
group consisting of Si, M, Fe, Ti, Zr, H, V, Nb,
Ta, C, M, Wand m xtures thereof, Q is nitride, R
is a netal selected fromthe-group consisting of Fe,
Ni, Co, Mi and m xtures thereof, S consists
essentially of at |east one elenment selected fromCr,
P A a mBtal saledted, fraficthegirotyeasisistivgs of8ic MuFeyelit ngHf, V, Nb,
al i oval ent el enent selected fromthe group consi st-
T4, kg, Mo, W, andrmistpres\thendof, Ta, O, M, Wand m xtures
thereof . BRI EF DESCRI PTI ON OF THE FI GURES [ 0009]
Qlfgﬁiﬂﬁ@el is a scanning el ectron m croscope (SEM inage
of TiN cernet made using 30 vol % 304 stainl ess steel
t
R ASEmeiidndd fr 2 d:Bfo LAl o PEAYL, TR mixtures
thgl%wfphase I\/QN where Mis mainly Cr, Fe, and Ti.
[0010] Figure 2 is a SEMi rrage of CrN cernmet nade
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and Fe. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0011]
in@ré Ta dhip dife ™M, N, T MoeW anshppsirasshereobr esent ed by
the formula (PQ(RS) is the ceram c phase denoted as
(PQ. In the ceramc ase@& Pis a netal
BRHEE&Fé‘&:RImQN@ET HG ing of Si, M1, Fe, Ti,
Zr, H, V, Nbo, Ta, Cr, M, Wand m xtures ther eof .
Thusthe ceramc haseq&@ in the nitride .cerne
(0009} os Figuse 1iis agchpning eheqtrangaicrosropsd SEM ) Hppge %ﬁ TN

cermetQmaHe g.lSl%)g $o1% 304 stainless steel (SS) binder 1llustrat1ng the TiN
ceramic phase particles dispersed in binder and reprecipitation of new phase

M,N where M is mainly Cr, Fe, and Ti.

[0010] Figure 2 is a SEM image of CrN cermet made using 30 vol% 304SS
binder illustrating CrN ceramic phase particles dispersed in binder and the

reprecipitation of new phase MpN where M is mainly Cr and Fe.

DETAILED DESCRIPTION OF THE INVENTION

[0011] One component of the cermet composition represented by the formula
(PO)(RS) is the ceramic phase denoted as (PQ). In the ceramic phase (PQ), P is
a metal selected from the group consisting of Si, Mn, Fe, Ti, Zr, Hf, V, Nb, Ta,
Cr, Mo, W and mixtures thereof. Thus the ceramic phase (PQ) in the nitride
cermet composition is a metal nitride. The molar ratio of P to @ 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 TiN wherein P:Q is
about 1:1. When P = Cr then (PQ) can be Cr,N wherein P:Q is 2:1. The



vary in the range of 1:3 to 3:1. Preferably in the

range of 1:2 to 2:1. As non limting illustrative
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about 1:1. When P = C then (PQ can be Cr2N wherein
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ceram c phase inparts hardness to the nitride cernet

and erosion resistance at tenperatures up to about

1000C. [0012] The cerami c phase (PQ of the cernet is
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preferred that the size of the dispersed ceramc
tepRpekatatesup fosabiont 1060T@Nge 0.5 to 3000 microns in

di aneter. More preferably in the range 0.5 to 100
mcrons in dianeter. The dispersed ceram c particles
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is an alloying netal consisting essentially of at
proparsies tlmeugh efficient transfer of load from the binder phase (RS) to the

ceramic phase (PQ) during erosion processes.

[0013] Another component of the nitride cermet composition represented by
the formula (PQ)(RS) is the binder phase denoted as (RS). In the binder phase
(RS), R is the base metal selected from the group consisting of Fe, Ni, Co, Mn
and mixtures thereof. S is an alloying metal consisting essentially of at least one
element selected from Cr, Al, Si, and Y, and, at least one reactive wetting
aliovalent element selected form the group consisting of Ti, Zr, Hf, V, Nb, Ta,
Cr, Mo, W aﬁd mixtures thereof. The combined weight of Cr, Al,S1, Y and
mixtures thereof are at least about 12 wt% based on the weight of the binder
(RS). The reactive wetting 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 Ti, Zr, Hf, Ta provide enhanced wetting by reducing the



el enent selected fromCr, A, Si, and Y, and, at | east
one reactive wetting aliovalent elenent selected form
w0 b@4gewp consisting of Ti, Zr, H, V, Nb, TaPCT/U82004/015556

Mo, Wand m xtures thereof. The conbi ned wei ght of Cr,
Al,Si, Yand mxtures thereof are at |east about 12

wt % based on the wei ght of -she binder (RS). The

reactive wetting aliovalent elenent is about 0.01 wm %

to about 5 w% preferably about 0.01 wt%to about 2

cotap eﬁf%l@ BERFcANthe E‘f@radﬁiicqw)iﬁndtﬁiﬁdelbﬂ)mes (RSMin the tempera-

el ements Ti, Zr, , Ta provide enhanced wetting by
ture esiugs 01300900 PIRDRCL OBiRsE clameniS2e0ecuBE8 @s a-[ire element

du%ggg;i%tif(g%g &%ﬁggf&@%el&‘r%’g]%&%%{&a% (1:1} é@sgﬁg Pgigg%%gz@art of the
750C. . Th | ts.

e B O Th e e BNk T B TR T, V.

NP FRC ES SMY W'ar€ a0 PReRBdlEmehtsidMaraci®iAld PRwigtivaEAtates

to mxing’with nitride powder. The el enents Ti, Zr,

whah,in ¥n oxilizedatat€r Thidey elvhanss ddcrensaldefitct étansport n the oxide
characterized by nultivalent states when in an
scalg ithtireleyl providing erhesecr@rROR regirBeS e def ect
transport in the oxide scale thereby providing
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consisting of Si, Wh, Fe, Ti, Zr, Hf, V, Nb,

[0015] The cermet composition can further comprise secondary nitrides (P’Q)
wherein P’ is selected from the group consisting of Si, Mn, Fe, Ti, Zr, Hf, V, Nb,
Ta, Cr, Mo, W, Ni, Co, Al, Y, and mixtures thereof. Stated differently, the
secondary nitrides are derived from the metal elements from P, R, S and
combinations thereof of the cermet composition (PQ)(RS). The ratio of P’ to O
in (P’Q) can vary in the range of 1:3 to 3:1. The total ceramic phase volume in
the cermet of the instant invention includes both (PQ) and the secondary nitrides
(P’Q). In the nitride 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
v01% based on the volume of the cermet. More preferably from 70 to 90 vol%

based on the volume of the cermet.



Ta, G, Mo, W N, Co, A, Y, and m xtures thereof.

Stated differently, the secondary nitrides are
waleniited4t rom t he netal elenents fromP, R S BEMUS2004/015556

conbi nati ons thereof of the cermet conposition

(PQ(RS). The ratio of PP to Q in (P Q can vary in

the range of 1:3 to 3:1. The.total ceram c phase

volune in the cermet of the instant inventi on

|ncIt ﬁdes_ both (PQ and the secondary nitrides (P Q.
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thea@nicspinget(R@)porosity is preferably not connected
but distributed in the cernet body as di screte pores.
The mean pore size is preferably the same or |ess than
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TheereaiemBRorabhe SRPEHEd a8 BRI THUPRIR A PO can

. be_dj spersed a d ' | -
disgri G S B RGT 2igS G il bER AT oty BRAE SRAFR paricles
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referably, at1east 50% of the dispersed particles is
pasi¢ctdhphiiale speeingbetiech shpindivicuel sitrde nerane wediclenis at
i ndividual nitride ceramic particles is at .least
leastehnut1 wm, Themarhelemanele sracng Bay pa deftgminse s example

det erm ned for,examl VA ¢ copy nethods such as
by W%Bp#ﬁﬁtﬁ?%ﬁ@paf$£®eardr§efﬁggnposi tions of the

i nstant invention possess enhanced
[0018] The cermet compositions of the instant invention possess enhanced

erosion and corrosion properties. The erosion rates were determined by the Hot
Frosion and Attrition Test (HEAT) as descﬁbed in the examples section of the
disclosure. The erosion rate of the nitride cermets of the instant invention is less
than 1.0x 10cc/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 nitride cermets of the instant invention is

less than 1x10'1°gm2/cm4sec.

[0019] 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 condi-

tions. Fracture toughness is defined as the critical stress intensity factor at which



erosion and corrosion properties. The erosion rates
were determ ned by the Hot Erosion and Attrition Test
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di scl osure. The erosion rate of the nitride cernets of
the instant invention is less than 1.0 x 10-6cc/gram

of Si C erodant. The corrosi-oh rates were determ ned by
thernogravinetric (TGA) anal yses as described in the
exanpl es section of the disclosure. The corrosion
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vdlBing!rht#d 9Thade 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 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 the cermet exceeding 5 mm in thickness.

[0022] One feature of the cermets of the invention is their microstructural

stability, even at elevated temperatures, making them partiéularly suitable for



techni que such as mxing, mlling, pressing, sintering
and cooling, enploying as starting materials a
W@ piotabd2¢7 ceram ¢ powder and a bi nder powder iPCT/082004/015556
required volune ratio. These powders are nmlled in a
ball mll in the presence of an organic |liquid such
as ethanol for a tinme suffigi.ent to substantially
di sperse the powders in each other. The liquid is
renoved and the mlled powder is dried, placed in a
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10"years. I'n contrast nmany known céernets undergo
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results in the formati on of phases_ which have
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'Tmting sui tabl e uses include liners for
inpémasanvrssféixed tb mastal @rfdcesn by mechanical means or by welding.

EXAMPLES
Determination of Volume Percent:

[0024] 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 Imaging/Mapping Version 3.2 (EDAX



cycl ones, for exanple, fluid-solids separation
cyclones as in the cyclone of Fluid Catalytic
w@e@elo4a2g7 Unit used in refining industry, gri dPCHES20DE015556
therno wells, valve bodies, slide valve gates and
gui des, catal yst regenerators, and the |ike. Thus,
metal surfaces exposed to em®esive or corrosive
envi ronnents, especially at about 300C to about 1000C
are protected by providing the surface with a | ayer
In®@MhR& aB ENBRL JeSHTITRIZ0] DISA Yfor lcheh breaeTheoarithTiic average of
cernets of the instant invention can be affixed to
theratealfratiohavesddyrmimet & dhe fivamseasnrapentel dihggrolume
EXAMPLES Det er m nati on of Vbiu . Percent: [0024]. The
perashi voldnris dhen determinnd yuBlURlying he #CLgs AFeig6en by
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was con on the sintered cernmet sanples to obtain
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magni fication. For the area scanned by SEM X-ray dot

i mge was obtai ned using Energy Dispersive X-ray
Détpenination of weigid{rcentThe SEM and EDXS anal yses were

conducted on five adjacent areas of the sanple. The
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USA) for each area. The arithnetic average of the
[0626ja fThe folowirgsnateliatitihgedafpbsn arbéndlided to further illustrate

measur ements. The volume percent (vol% is then
thelgtventioned by nul tiplying the average area fraction by

100. The vol % expressed in the exanples have an

accuracy of +1-50% for phase anmounts neasured to be
EXAMPLEZn 2 vol % and have an accuracy of +/-20% for

phase anobunts neasured to be 2 vol % or greater.

[0027] 70 vol% of 2-5 um average diameter of TiN powder (99.8% purity,
from Alfa Aesar) 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 (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 resulting 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 and held at 1500°C for 2 hours at

15°C/min in argon. The temperature was then reduced to below 100°C at

-15°C/min.



Det erm nati on of weight percent: [0025] The wei ght
percent of elenents in the cernet phases was
waledenoi2eed by standard EDXS anal yses. [ 0026]PdTES2004/015556
following non-limting exanples are included to
further illustrate the invention. EXAMPLE 1 [0027] 70
vol % of 2-5 m average dianejgr of Ti N powder (99.8%
purity, fromAlfa Aesar) and 30 vol % of 6.7 m'average
di anet er 304SS powder (Osprey Metals, 95.9% screened
below -16 m were dispersed with ethanol in HDPE
mlling jar. The powders in ethanol were m xed for 24
[00Z8)r s hhe Fesytans %Prm%ﬁ%@ﬁ‘éﬁg:ﬁ rconia (YTZ) balls (10
mm di aneter, from Tosoh Ceramics) in a ball mll at
1) 100 vqlfs TN evidt hverage wesin senemiedboiit 6 he mi xed
powders by heating at 130C for 24 hours in a vacuum
+:n 0 ) [ lc'!ﬁﬂ]'] Ni\@é k3 ere
ll)d?ﬁgﬁ%l%rg&é)?lg 1’n lgq%\g%zaul itél uni a i%@ﬂbﬁlgggf?g%@xn ggléa;vh

AerBt 20K AngS s widp 5, 000 psi. The resulting green
disc pellet was ranped up to 400C at 25C/ mn in argon

B Kl R s et e,

1500C for 2 hours at 15C/ mn in argon. The

obIRe, PR LSRSTM R  SaB PIyReg gy o i
ex H@lé,%ﬁ%r%ﬁpﬁle%ﬁf Prese®s ige dIn tis TPayetié TiNNphaddappears
average grain size of about 4 mii) 2 vol % secondary .

dafk bhd de: DPRNemphdscappeaydight alheCrrchsecondary Mol phase is
where MF68Cr:2CFe: 12Ti in wt%iii) 2 vcﬂ% )
algor shiwyn &t &g hindesyphgsedBy (rrrieh is merpt %@H 103et3] 1 s Of

higher proportion than the other constituent metals (M) of the secondary nitride
M,N.

EXAMPLE 2

[0030] 70 vol% of CiN powder (99.8% purity, from Alfa Aésar, 99%
“screened below 325 mesh) and 30 vol% of 6.7 um 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
1450°C and held at 1450°C for 1 hour at 15°C/min in argon. The temperature

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

[0031] The resultant cermet comprised:
i) 20 vol% CrN with average grain size of about 25 pm

ii) 50 vol% secondary nitride M,N with average grain size of about 1 pm,
where M = Cr, Fe, Ni
iii) 30 vol% Cr-depleted alloy binder.



[0029] Figure 1 is a SEMinmage of Ti N cernmet processed
according to this exanple, wherein the bar represents
WG 2004/104241 hi s i mage the Ti N phase appears dar RCEOS200451@15556
bi nder phase appears light. The Cr-rich secondary M2N

phase is also shown in the binder phase. By Cr-rich

is nmeant that the netal Cr .ijs-of higher proportion

than the other constituent nmetals (M of the secondary

nitride MN EXAMPLE 2 [0030] 70 vol % of CrN powder
[0(3)2%} 8%k DYis of SO0 ﬂl%%%mceﬁﬁ&@pragés@s@ﬁec&ah o this

nmesh) and 30 vol % 6.7 m average di aneter 304SS

exaalerwhéseit g ke trapreserdd S0%uBC Ieaiie dmbgt ave CEN phase appears
were used to process the cernet disc as described in
dak anp itkee hindehphaser appeadi lightwddiet Gerichsacamiary MM pbdse is
and hel d at 1§gOCfor 1 hour at 15C/ mn in argon. The
al§Qy iy e bipger PIASE: r educed to bel ow 100C at
-15C/ mn. [0031] The resultant cernet conprised: i) 20

ggl Oﬁ&!ﬂ with average grain size of about 25 p.mii)
E econdary nitride M2N with average grain size
of about 1 m where M= Cr, Fe, N iii) 30 vol%

[0}EH osa6h b Rseemer Frugbled: g € 15 wbieciediq whgh
el SFEERD ATRA5RET SRCRALNY Opplla SHOTPISiony,

o, Arhecteenicermel k@l ahoRpAs BHALEANSLer AP SORHGRAM
t}ﬂc'ﬁ ‘Lglfwgi(%i]lgg; phase. EXAMPLE 3 [0033] Each of the

cernets anples 1 and 2 was subjected to a hot
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 hours at 732°C.

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

temperature and weighed to determine the weight loss.

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 in Table 1 to the Reference Standard. In Table 1 any value greater

than 1 represents an improvement over the Reference Standard.



erosion and attrition test (HEAT). The procedure

enpl oyed was as follows: 1) A specinen cernet disk of
W@bout02%7 nm di anet er and about 5 mm thi ck waBCT/US2004/015556

wei ghed. 2) The center of one side of the disk was

t hen subjected to 12009/ m n-of2 -Si C particles (220

grit, #1 Grade Black Silicon Carbide, UK abrasives,

Nort hbrook, IL) entrained in heated air exiting froma

tube with a 0.5 inch dianmeter ending at 1 inch from

the target at an angle; of 45. Thejvelocity of the
Si C was 45.7 m Seg. ©3)|Step (2) wap conducted for 7
hours at 732C. )EA{@PE’ 7 hours the speci men was
al | oned to cool gn’ﬁ ent terfPerpture and weighed to
determ ne the |§_h pss. 5) The prosion of a
speci nen of a ¢ gally avail abl e castable
refractory was é'Ferm hed and used} as a Reference
Standard. The Rgference Standard prosion was given a
val ue of 1 and tjhe resul ts for thel cernet specinens
are conpared in{Table L t@g the Reference Standard. In
Table 1 any val ye gge,a erg than[gl I epresents an
i nprovement over| t hg Ref ence st apdard. WO
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PCT/ US2004/ 015556 - 13- EXAMPLE 4 [0034] Each of
the.cernmets of Exanples 1 and 2 was subjected to an
oxi dation test. The procedung_enpl oyed was as foll ows:
1) A specinmen cernet of about 10 nm square and about 1
mlﬂthi ck was polished to 600 grit dianond finish and
| n acetone. 2) The speci nen was then exposed
Egéﬁ\?]ugg&,/ mn air at 800C i np P

[0034] 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

thermogravimetric analyzer (TGA).
3) Step (2) was conducted for 65 hours 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

microscopy examination of the corrosion surface.

6) In Table 2 any value less than 150 pwm represents acceptable corrosion

resistance.

TABLE 2

Cermet {Example} Thickness of Oxide Scale (Um)

TiN-30 304SS {1} 110.0
CrN-25 304SS {2} 1.5




t hernogravinetric analyzer (TGA). 3) Step (2) was
conducted for 65 hours at 800C. 4) After 65 hours the
waep@gitoem’ was al l owed to cool to anbi ent tenpRCHUSZ004/015556
5) Thi ckness of oxide scale was determ ned by cross
sectional mcroscopy exam nation of the corrosion
surface. 6) In Table 2 any .val.ue |less than 150 m
represents acceptabl e corrosion resistance. TABLE 2
Cernmet {Exanpl e} Thickness of Oxide Scale (m Ti N30
CE%%'lll 110.0 CrN-25 304SS {2} 1.5 WO 2004/ 104247
S2004/ 015556 -14- CLAIMS: 1. A cernet
conposi tion represented by the fornula (PQ)(RS)
conprising: a ceram c phase (PQ and a binder phase
( RS) L.whfecefmet mipositionerepiressatesty ther ffmwlﬂmépﬁf(
consi.sting of Si ,

CUBPTIAPG e CFRRRIE PBESY %5)36@61 aéﬂfiﬂf RS é@ ﬁhﬁfsﬂ% rret al
selected fromthe group consisting of Fe, N,

P amal nmstadt selenged frioer Bisfgrosp consiséng o Ssavini Be, Ti, Zfr Hf V, Nb,
Ieast 0 el enent se d fromC, A, S, and Y, and
TatCr, Mgy ofl”kfmé)é%‘ﬁ W@Etl ng ali oval ent el enent
selected fromthe group consisting of Ti, Zr, H, V,

ONbpitfide, Cr, Mo, Wand mixtures thereof. 2. The cernet
conposition of claim1 wherein the ceram c phase (PQ

R is a metal selected from the group consisting of Fe, Ni, Co, Mn and mixtures

thereof,

S consists essentially of at least one element selected from Cr, Al, Si, and Y, and
at least one reactive wetting aliovalent element selected from the group

consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W and mixtures thereof.

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

ranges from about 30 to 95 vol% based on the volume of the cermet.

3. The cermet composition of claim 2 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 (PQ) ranges from of

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

5. 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.



ranges from about 30 to 95 vol % based on the vol une of

the cernmet. 3. The cernmet conposition of claim?2
wob@raida24t he nolar ratio of P:Qin the ceramnm PCPOs®e4/015556

(PQ can vary in the range of 1:3 to 3:1. 4. The

cermet conposition of claim1l wherein (PQ ranges from

of about 55 to 95 vol % basgsl-on the vol une of the

cernet. 5. The cernet conposition of claim1 wherein

said ceram c phase (PQ is dispersed in the binder

phasg ﬁ?@ceﬁ%eﬁ@&ﬁ b&ibn RACIdif] EvHeReihiBe 5inmrff g%m) is

0.5 mcrons to m crons di aneter. WD 2004/

in FPRd g4 Q)l’ﬂ‘ﬁﬁ@l% bagedbon Theevalanmees thewporet danahthefmass
claim1 wherein the binder phase (RS) is in the range

raﬁﬁ@R@S@m@%%@B@éﬁ%@?@/&Wol ume of the cermet and
the mass ratio of Rto S ranges from50/50 to 90/ 10.
7. The cernet conposition of claim6 wherein the

combj n Eﬁl hg@{ ?01%031?8*‘ &f (Eiaufgﬁ w@/ir%neméj cdmb wei ghts of

m Xt ur es er eo east ased on t

saleCEhA], Qfl e Ybhid atixhesthetdB)is ableadnE We%rmtsed on the
conposi tion of claim1 wherein said at |east one

weightof the binétrtphage 8RSpval ent el enment sel ected fromthe
group consisting of Ti, Zr, H, V, No, Ta, C, M, W
and m xtures thereof is in the range of 0.01 to 5 wt%

bas# 13—% :12[?‘6 g(?]ggé ﬂﬁlbg %tfo?aﬁn‘{ P%&k&ﬂ%ﬁ{(ﬁﬁﬁé&t Redreactive

w@tﬁ AN RAKIR e ted Trdihi tHE gtdlifdorwisingi of Hi, Zr, Hf Vv,
cted fromthe group conS|st|ng of Si, WMn, Fe Ti,

NE,I’Ta HEr, Mo, WhandlmixtGres thbreoi\is i l;he@angeﬁbf 091 'tarfdwt% based
m xtures thereof. 10. The cernet conposition of claim

OI!LﬂlﬁéOtaﬂ]gVeéghtrﬁéh@Jb@@é@@ﬁﬁ‘e@ﬁg)@f greater than about 3
MPa nill2. 11. The cernet conposition of claim1 having
an erosion rate |l ess than

9. The cermet composition of claim 1 further comprising a secondary
nitride (P’Q) wherein P’ is selected from the group consisting of Si, Mn, Fe, Ti,
Zr, Hf, V, Nb, Ta, Cr, Mo, W, Ni, Co, Al, Y, and mixtures thereof.

10. The cermet composition of claim 1 having a fracture toughness of

greater than about 3 MPa m'?

11. The cermet composition of claim 1 having an erosion rate less than
about 1x10° cc/gram loss when subject to 1200 g/min of 10 pm 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.

12. The cermet composition of claim 1 having corrosion rate less than
about 1x10™"° gz/cm4-s or an average oxide scale of less than 150 wm thickness

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



about 1x10"6 cc/gram | oss when subject to 1200 g/mn
of 10 gmto 100 gmSiC particles in air with an
w0 pgpaco42¢el ocity of at | east about 45.7 nif sec ¥AB0S2004/015556
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. 12.. The cggnet conposition of claim
1 having corrosion rate | ess than about. 1x10-10
g2/ cmds or an average oxi de scale of |less than 150 gm
t hi ckness when subject to 100 cc/mn air at 800C for
at |l east 65 hours. WO 2004/104247 PCT/ US2004/ 015556
-16 13. ﬁ’f&e@ﬁfeﬂ@bmﬁ%@i@fé‘ﬁ' dfl APl HahBiganleRRIGN G @SS than
erosion rate | ess than about 1x10"6 cc/gram when
alsoifj 18¢ 0-°too/gk2R0wBémrbubjeét th0l 200t GmikAOf MO to MO M| SIE
inair with an inpact velocity of at |east about 45.7
pantiskes in 2Eowith asdmpactveloaity af at lepsicaboaih b &/ wi'segt(dao fifsec)
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I 0s.based on the vol une of
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e cernet. or protecting a netal
surface subject to erosion at tenperatures up to
1000C, the nethod conprising providing the netal
sur f de Thei eemgt cempesiticomfedaim bhasingosrabritfling phiasgsnlgss

1-14. 16. t hod for otecting a netal surface
ﬂ’éﬂ@ijEEgt"Bﬁ/é%é?‘gﬂné@ev @‘ﬁ‘ﬂf’e? ’ihlﬁ’?c@gnle the range of
300C to 1000C, the nethod conprising providing the
nmetal surface with a cernet conposition according to

clai 1% 1x dfbthdd for Piotettingdmefal shdhde dbjedradeirdsieniad
surface conprises the inner surface of a fluid-solids
tesgeaatardsap ioyWSE, the method comprising providing the metal surface

with a cermet composition according to claims 1-14.

16. A method for protecting a metal surface subject to erosion at
temperatures in the range of 300°C to 1000°C, the method comprising providing

the metal surface with a cermet composition according to claims 1-14.

17. The method of claim 15 wherein said surface comprises the inner

surface of a fluid-solids separation cyclone.



