WD 2004/ 104246 . PCT/ US2004/ 015553 -1 MULTI - SCALE CERMETS FOR HI GH
"TEMPERATURE ERCSI ON- CORROSI ON SERVI CE  FI ELD OF | NVENTI ON [ 0001] The present
i nvention i concerned with cernets, particularly__nulti-scale

cer net conﬁgg?%ﬁaﬁg%%nd process for preparing sane. ThesePCEPR0153 e
‘suitable for high tenperature applications wherein materials with superior
erosion and corrosion resistance are required. BACKGROUND OF | NVENTI ON

[ 0002] Erosion resistant materials find-dse in many applications wherein
surfaces are subject to eroding forces. For exanple, refinery process vessel
wal I s and internals expos # ' A j.ni ng hard, solid
particles such as catal E@TE*TT ﬁg§ﬁ¢ﬁ§9QHES§§Igﬂghggél and petrol eum
envi ronments are su Eé@éE%A. RE ERQSIQN-GRRROSION SERVIRE pr ot ecti on of

t hese vessels and internals against erosion and corrosion induced materi al
degradation especially at high tenperatures is a technol ogi cal challenge.

Refractory FIBFIeDORINVENTRDONl Yy used for conponents requiring protection
agai nst the nbst severe erosion and corrosion such as the inside walls of

internal cy S ed to separate .soli articles.fromfluid streans, for
i nst ance, tfdé]%&ﬁter |PTE§F6§5*E%"§1%{°Hlﬁgmﬁllxg?%ﬁ%?@l@r%meﬁgpamﬁuiﬁfﬁm
for separating: I L cl: £ W

Lo SePar oL Sae oL ho AR bAd HRHBEP BE Rt ethe, THAE cermers
castabl e  ahihitablegbf BighoehfratReashiatbAdvleAlis MidteriARWide bjdrRe are
applied to the surfaces in need of ‘protection and upon heat curing hardens
and adher eserosiontend curdsimeresistanvetaat raquitedr s or netal -rei nforcements. |t
al so readily bonds to other refractory surfaces. The typical chem cal
congosi tion of one commercially available refractory is 80.0% A1203, 7.2%
Si 02,

1. 0% BATTIRGROBKIMYD BEVENHONGL P2C6 in w% The |life span of the
state-of-the-art refractory liners is

{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 currently
used 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 05, 7.2% SiO,, 1.0% Fe,0s;, 4.8% Mg0O/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



significantly limted by excessive nechanical attrition of the liner from
the high WO 2004/ 104246 PCT/ US2004/ 015553 -2 velocity solid particle

I pi ngenentwoARGAaycal cracking and spallation. There- fpepubkhRigisss a need
for materials with superior erosion and corrosion resistance properties for

hi gh tenperature applications. The cernet conpositions of the instant
invention satisfy this need. [0003] Ceramc-netal conposites are called
cernets. Cernets of adequate chem cal stability suitably designed for high
hardness and fracture toughness can provide an order of magnitude higher

erosi on 1 eskefogtg oRd Particas hﬁgfhr%’e!néﬁ‘ﬁ,tlﬁéél?dﬁcal EPRWng Bnd BBalitfon. CRtierBL S

generally conpriSe a am c se and a binder phase and are commonly
produced usifoig therede a need fbit magyiadeeithi ypesonéresion amrl edrresion eesistanee powder s
are m xed, pressed and sintered at high tenperatures to formdense
conpacts. [ oupgftigstor highs tempdratnse applications s The cermet ¢ompeositions of thet
conpositions conprising a ceram c phase and a di spersion strengthened

bi nder phasénsé@tﬂ%ﬁr@onfsépsﬁ’s@lﬁ RC44- gh tenperature applications. In addition
to superior corrosion resistance, strength and toughness of dispersion

strengt hened bjnder phase are sone of the paterials paraneters inparting
enhanced er'g@ r&&%@?t@@qlﬂ@o“@éraﬁ%ﬁ GHTEIPLY- ¢ gls o adequate neni cal

and petrol eu rQ i ratj ons aqr, 1 her erati requi rdng erosion
Fesi St ance. apeiBicat SABIRY sRRENT deR Ehed o ek HarBRSs Al AR eI tb eSS R oo
new and i np qﬂg?ﬁt . : ﬁ@[erlg | | | so
I ncl udes cep %g%gﬂn%g%rto?on s%%eatggg@fegéggggéﬁétaﬁ%?g te%’g@ﬁﬁ%@ﬁ 0007]
Addi ti onal | ¥nowhén piiesenCermeanidrenallycdmpeise 80etammic phase and Adindar
protecting netal surfaces against erosion and corrosion under high
t enper at ur e phaseragidtdre ¢emmonly 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 deals with multi-scale cermet compositions
comprising a ceramic phase and a dispersion strengthened binder phase suitable
for use in high temperature applications. In addition to superior corrosion
resistance, strength and toughness of dispersion strengthened binder phase are
some of the materials parameters imparting enhanced erosion resistance to the
cermet at high temperatures in chemical and petroleum processing operations or

other operations requiring erosion resistance at elevated temperatures. )

[0005]  The present invention includes new and improved cermet composi-

tions.

[0006] The present invention also includes cermet compositions suitable for

use at high temperatures.

[0007] Additionally, the present invention includes an improved method for
protecting metal surfaces against erosion and corrosion under high temperature

conditions.



WD 2004/ 104246 PCT/ US2004/ 013553 -3 [0008] These and other objects will
becone apparent fromthe detailed description which follows. SUMVARY OF

I NVENTI ON 00, i nvention includes a cernet conpositi resent ed by
the for w@%ﬁ“}%x conprising: a ceranic phase (PQ, H’g%a{sﬁ@]gfolﬁﬁgse (RS)
and X wherein X is at |east one nenber selected fromthe group consisting
of an oxide dispersoid E, an internetallic conpound F and a derivative

conpound G wherein said ceranic phase (P is dispersed in the binder phase
(RS) as particles of dianeter in the range of about 0.5 to 3000 m crons,

ange of abBaP8h hBE abelticf oBlchREl PR ksl ARk EcBRIER | 0010)

Figure 1 is iéh Fdl ration of multi-scale cermet made using y’
Ni 3(AITi) s?%gﬁgﬁﬁfegn;'elg%lfngdﬁg phase (Ni (bal ance): 15Cr: 3A: 1Ti) and a

transm ssion electron mcroscopy (TEM inmage of binder phase illustrating

r epr eci pi tasll'%@%vag@meNﬁ@N&Al Ti). [0011] Figure 2 is a schematic
illustratio I -scale cer made using f3 N A strengthened bi nder
phase (Fe(bal e); 1 8Cr:8N :5AI) illustrating reprecipitation of O N Al.
[0012] Fi guﬁ%@ﬁﬁ i Ihg @@%qwgs?wsawwmm%a@rmw by theol o Feor Al Y

12 A G VR R RIS R
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processes occur through a conbination of nechanica
oxide dispersoid E, an intermetallic compound F and a derivative compound G

wherein said ceramic phase (PQ) is dispersed in the binder phase (RS) as
particles of diameter in the range of about 0.5 to 3000 microns, and said X is
dispersed in the binder phase (RS) as particles in the size range of about 1 nm to
400 nm.

BRIEF DESCRIPTION OF THE FIGURES

y

[0010] Figure 1 is a schematic illustration of multi-scale cermet made using y
Ni3(AlTi) strengthened binder phase (Ni(balance):15Cr:3A6:1Ti) and a
transmission electron microscopy (TEM) image of binder phase illustrating

reprecipitation of cuboidal Yy’ Niz(AlITi).

[0011] Figure 2 is a schematic illustration of multi-scale cermet made using f§
NiAl strengthened binder phase (Fe(balance):18Cr:8Ni:5Al) illustrating
reprecipitation of p NiAl

[0012] Figure 3a is a SEM image of a TiB, cermet made using 20 vol%
FeCrAlY alloy binder showing Y/Al oxide dispersoids and Figure 3b TEM

image of the same selected binder area as shown in Figure 3a.



def ormati on and degradati on processes. For ductile nmetals and all oys such as
the bi nder phase in cernet, the naterial |loss at the surface is nostly

associ at edwhdolyigyesgient i al extrusion, forging and fract UserudMabsiisedss | 0ss
by erosion (E) can be analytically described by the follow ng equation. z

Eocv f (a) P wiere vP is velocity of inpinging erodants, r, is density
of inpinging erodants, P, is plastic flgqw stress of target and a is inpact
angl e respectively. [0014] Applicants believe that the erosion process in
cernmets is controlled by ceramc skeleton initially and by the strength and

t oughness ()ETAFLEEX BESCRIFTION OB THREINWYENTION onsequently, in the instant
I nvention applicants conceive a nethod to enhance erosion performance of
cernets by easyng.the flow strepath.,of netallic binder phase while

mai nt ai ni ng{b@mt aﬁ’fc% &) yf‘%cr?és‘?s#’&&%&'gw%‘bﬁ&ﬂﬁ@géu%@&Wﬁ?ﬁarﬂgcﬁncr ease flow
stress of ' | ' di ls | r&| phase

W thin the RECRTHCD i Aol pies TSP AL AR el I L s

cernets of th&Bindesphade infveemiet, Ahe nidieHdllloéd e the ¥REFACH s Bbstiy 8ssbbiatéd scal e
cermet conposition represented by the formula (PQ(RS)X is the ceramc

phase denotweiih sequeRtihl extrusitne, forgingiand fpicawe. (Majerial? loss by exdsidn 6€) ect ed
fromthe group consisting of A, Si, , Group 1V, Goup V, Goup VI

el enents ofcantbs a@éb@lCﬁHVrﬁeéﬁFnh?debPﬂﬁ rg BABaedn. El enents and mi xtures
thereof. Qis selected fromthe group congsisting of carbide, nitride,
boride, carbonitride, oxide and njxtyPgsv] h?%:);' Thus the ceram c phase
(PQ in the multi-scale cernet c%rﬁ& rion: f408 netal carbi de, nitride,
boride, carbonitride or oxide. The nol & ratio of P.Qin (PQ can vary in
the range of 0.5:1 to 30:1. As illustrative exanples, when P = C, Qis a
car bi de WOV ¥4 4elecibCyf UBpIEMDEmE8ats, 75is density of impinging erodants,

P, is plastic flow stress of target and (¢ is impact angle respectively.

[0014] Applicants believe that the erosion process in cermets is controlled by
ceramic skeleton initially and by the strength and toughness of the metallic
binder subsequently. Consequently, in the instant invention applicants conceive
a method to enhance erosion performance of cermets by increasing the flow
strength of metallic binder phase while maintaining substantially the fracture
toughness. One way to increase flow stress of materials is through a fine
dispersion of a reinforcing phase within the metallic binder phase. This is the

concept of multi-scale cermets of the instant invention. Y

[0015] One component of the multi-scale cermet composition represented by
the formula (PO)RS)X is the ceramic phase denoted as (PQ). In the ceramic
phase (PQ), P is a metal selected from the group consisting of Al, Si, Mg, Group
IV, Group V, Group VI elements of the Long Form of The Periodic Table of
Elements and mixtures thereof. @ is selected from the group consisting of
carbide, nitride, boride, carbonitride, oxide and mixtures thereof. Thus the
ceramic phase (PQ) in the mnulti-scale cermet composition is a metal carbide,
nitride, boride, ca;bonim’de or oxide. The molar ratio of P:Q in (PQ) can vary in

the range of 0.5:1 to 30:1. As illustrative examples, when P = Cr, Q is a carbide



then (PQ can be Cr23C6 wherein P:Qis about 4:1. When P =C, Qis a
carbide then (PQ can be O 7C3 wherein P:Qis aboui 2:1. The ceramic phase
i mparts the nulti-scale cernet and erosion resistance at

t enper atut?é)dﬁgﬁfodggabout 1500C. In the multi-scale cer mMCTERMPHINIFTdHn (PQ
ranges fromabout 30 to 95 vol % preferably 50 to 95 vol % and even nore
preferably 70 to 90 vol % based on the volune of the multi-scale cernet.
[.0016] Anot her conponent of the multi-se€ate cernmet conposition represented
by the formula (PQ (RS)X is the binder phase denoted as (RS). In the binder

N o, Rsl)wﬂawR is@i%%l?% A éiﬁ'ﬁbii??a#eﬁﬁﬂhfﬁy gﬁ:ﬁ‘fﬁg%?@{@?%%? ier rEﬁq’hSi,
C, Ti, A ' . 1 B¢ -~ Di . '

cont| nisous UAAEL) G P P VhERiA P EEannal | omhe e AOESSIRRRN, oc2 %p%)

T N e S AR O

pr ef er abl y abgiitEsH0°ah dutthd mild-stalicefinet otdpoditiondiPE)aangst Gemaabout Borticl es
can be any shape. Sone non- limti ng%exarrpl es include Sp?”lerl cal ,

el | i psoi datg 9poblfeepreferably §0 to P&votfohand ewdn mate praferably 20 ito POoiod%l, and

di storted pol yhedral shaped. By particle size dianeter 1is neant the neasure
of | ongest basédomthe yplumerpithe gaptirsealeicermet.M cr oscopy  net hods such as
optical mcroscopy (OM, scanning electron mcroscopy (SEM and

transm ssion el ectron _mcroscopy (TEM can be used to determ ne the
particle si9@$] | rAnpihertpmponedl of the muli-scalersgmet spmprsifiongepresentedr ange

R LN MO P s
préf errod pERRRTER sherly AT EORA Rl e RGP BRRNISR (Pl o1

anot her conpaedmivfurtdthefddft iS Babt alle¢ingahe@deP sbéte@Tron SRy E€S dN! Ad, by the
formula (PQ (RS) X, where X is the oxide dispersoid phase

Nb, Mo and mixtures thereof. Further, the binder phase is the continuous phase

of the multi-scale composition and the ceramic phase (PQ) is dispersed in the
binder phase (RS) as particles in the size range of about 0.5 to 3000 microns.
Preferably between about 1 to 2000 microns. More preferably between about 1
to 1000 microns. 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 the multi-scale cermet composition (RS) is in the range of 4.5
to 70 vol% based on the volume of the multi-scale cermet. The base metal R to
alloying metal § mass ratio ranges 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 total weight of the binder phase (RS).

[0017] Yet another component of the multi-scale cermet composition
represented by the formula (PQ)(RS)X, where X is the oxide dispersoid phase

denoted as E. The oxide dispersoid phase comprises oxides selected from the



denoted as E. The oxi de dispersoid phase conprises oxides selected fromthe
WO 2004/ 104246 PCT/ US2004/ 015553 -6 group of oxides of A, Ti, Nb, Zr, Hf,
V, Ta, O ,wiPoosk®@ M. N, Si, Y and mxtures thereof ture of

t he oxi de di sperso? is that the oxide dispersoids E argcg?%;sg'é&r*?g:&%lgn t he
substanti al continuous binder phase (RS) as particles having a dianeter
bet ween about 1 nm and about 400 nm preferably between about 1 urn and
about 200 urn and nore preferably betweén about 1 urn and about 100 nm In
a preferred enbodi ment the oxide dispersoid can be added to the binder
phase. In gﬂj%? lengNde; t OFefid. Rwst ufd; Ng; -
preparatio pP ??ags.. @@f@irﬁ?’%@?@ﬁbﬁ@(}%ﬁem t g’g%MéNfl’oglﬁréd uring
use. Wien tigxifires dRerest.f OnBEeature 6f the dxide @peoidoisThatahelogidgnt s are added
to the binder phase prior to the sintering process. The oxide form ng

el enents ardispedsoiddiE ardldlisprsed, the substaniial, cobtinubvs bimdeMphadd (RSias Y and
m xtures thereof. In the nmulti-scale cernet conpaqgsition, E ranges from of

about O. % tmgle&bav/i;ngt?a@émf g e48T lrltqwe%a}aw lonm: angl aheut Hﬂgéﬂf@&rﬁﬂw. f [ 001?1
Y -

(PO (RS) X, BATBPER 30 I e st ahant 20D ik Snd SE mec EALDY BEPEcanAPOYldram b
o OND. N ) 2 P 0B AETIRA pRB i efifliodhfib bbb sBersblaim ddidda |\ o

Ti A, Ti 2AlfRhe hinfe? gPaseT%la%oﬂN%%%&ﬁﬁleﬁ’i tHey'cas Helforsell inlsitueiumBigal | i ¢

conpounds F can be formed fromthe binder phase (RS) during sintering of the
cernmet or ftheprepasatemi plocpssodasyst agothet erodimentrthey cenl batfermedydariagur e hol d
during the cooling fromthe sintering tenperature_to the ambient.

Fur t her nor ease. tWhen thecoxide i formeddnypaitinide pxidg loreming elempnts arecarided thowder to
t he bind wd d ni.xed the.initial . duci ng .t h t.
The i nter- BB OHIGer E0gs PHOR O4T SYMERRE PHOsERS-fLhE RBIcedoPRUE FRsh e be

| nduced by 21, 18 NbA2E $HY5 T Y RIS, W, B, NiAS{1R bnd BiRndr€8 it Eof ' M@

i nternetal I'i
the multi-scale cermet composition, E ranges from of about 0.1 to 10 vol%

based on the volume of the multi-scale cermet.

[0018] Yet another component of the multi-scale cermet represented by the
formula (PQ)(RS)X, where X is the intermetallic compound F is sélected from
the group consisting of gamma prime (Y’) and beta () such as Ni;Al, NisTi,
Ni;Nb, NiAl, Ni,AlTi, NiTi, Ni,AlSi, FeAl, Fe;Al, CoAl, CosAl, TisAl AlTi,
TiAl, Ti,AINb, TiAl,Mn, TaAl;, NbAl; and mixtures thereof. Intermetallic
compounds F can be formed from the binder phase (RS) during sintering of the )
cermet or from a special processing such as an intermediate temperature hold
during the cooling from the sintering temperature to the ambient. Furthermore,
the intermetallic compound particles can be added as powder to the binder
powder and mixed as the initial powder for producing the cermet. The inter-
metallic particles may also form during service in-situ or be induced by a
suitable post-sintering heat treatment. One feature of the intermetallic
compound F is that they are dispersed in the continuous binder phase (RS) as
particles having a diameter between about 1 nm and about 400 nm, preferably

between about 1 nm and about 200 nm and more preferably between about 1 nm



conpound F is that they are dispersed in the continuous binder phase (RS) as
particles having a diameter between about 1 run and about 400 nm preferably
bet ween about | urn and about 200 nm and nore preferably between about 1 urn
WO 2004/ 14920%/188#6 US2004/ 015553 -7 and about 100 nm %ﬁy‘]ﬁ%ﬂ%’mf?ﬁ%l lic
conpound F ranges from of about 0.1 to 10 vol % based on the vol une of the
multi-scale cernet. [0019] Figure 1 is a schematic illustration of

mul ti-scale cernet made using y' N 3(AlITi) strengthened bi nder phase

(Ni (bal ance): 15Cr:3AL: 1 Ti) and a transm ssion electron m croscopy (TEM

N R S T I e A O
using O N!lﬁ'vo?‘%rl?zﬁga Bﬁ'lﬁ?vmﬂﬂ%{,ﬁ%ﬁiﬁlﬂ-ﬁgég ce):l SCr: 8N :5Al1)

illustrating reprecrprtati on o et anot her conponent of the
mul ti-scale cermet represented by the fornula (PQ (RS)X where X is the

the co patt VBT o En F 5 4 Kkl b SELF B AR ER T o) gl el &' 670,

be repres B?gﬁ_ﬁ IBEY ) .20QSEF:i earlier and a,
b, c, d a?gKI %ﬁ%?%i) g? aéqtﬂ? onadsﬁﬁhﬁgr(ﬁbﬁ%gﬁ lrﬁgﬁ.ggﬁbﬂ%gﬁgaw. As a

non- | i m t inagsinkdsitn d18étMe nRXRITBOSY Wm% RaBe of Gifiep 8‘1’ihse ﬁhﬂﬁ’ﬁﬁhg G, Qis
carbide; b and c are zero, G can be Cr23C6, Cr7C3, 3C2. One eat ure of

t he deri vagpreeipitatipn vfidulvidal ¢'NIL(AITEY Figerel fpescanitic iihsuhiisfef phase
(RS) as particles having a dianeter between about 1 nm and about 400 am

pr ef er abl ymiiitsorlerceainetimalde msirgnl NiAd ytre2gtfiened binderphasepr ef er abl y  bet ween
about 1 nm and about 100 ran. In the nulti-scale cernmet conposition, G
rznges f r (He(balaaboyul 3Cr: 8Mi:6 ALY llustrh ity aeprecipitation of @ Nirkl. of t he nul ti-scal e
cernet. The total volume percent of Xin (PQ(RS)X is about 0.01 to 10 vol %
based on the volune of the cernet. [0021] Therefore there exits in the

mul ti - scall@02r neY etcangtheri camjporent of the muiti-scale cermet represented by the

formula (PQ)(RS)X where X is the derivative compound G derived from the

ceramic phase (PQ) with or without the co-participation of the binder phase
elements (RS). For example, G can be represented by PaRbSch where P, Q, R
and S are described earlier and a, b, ¢, d are whole or fractional numbers in the
range of 0 to 30. As a non-limiting illustrative example when P is a Group VI
element Cr; Q is carbide; b and ¢ are zero, G can be Cry3C¢, Cr7Cs, Cr3C,. One
feature of the derivative compound G is that they are dispersed m the binder
phase (RS) as particles having a diameter between about 1 nm and about

( 400 nm, preferably between about 1 nm and about 200 nmn and more preferably
between about 1 nm and about 100 nm. In the multi-scale cermet composition,
G ranges from of about 0.01 to 10 vol% based on the volume of the multi-scale
cermet. The total volume percent of X in (PQ)RS)X is about 0.01 to 10 vol%

based on the volume of the cermet.

[0021] Therefore there exits in the multi-scale cermet composition a
continuous binder phase (RS) and at least two dispersed phases: the ceramic
(PQ) and at least one of an oxide dispersoid E, an intermetallic compound F and
a derivative compound G such that the dispersed ceramic phase (PQ) is in the

range of about 0.5 to 3000 microns diameter and the dispersed E, F and G



conti nuous bi nder phase (RS) and at |east two dispersed phases: the ceramc
(PQ and at | east one of an oxide dispersoid E, an internetallic conpound F
and a dery ' npound G such that the dispersed cergp Q is
in the ra‘ir‘;géeﬂnz)4 %é%gut 0.5 to 3000 m crons dianeter and ?E‘éﬁﬁ?@g’éﬁég E, F
and G WO 2004/ 104246 PCTI US2004/ 015553 -8 conponents are in the range of
about 1 nun to 400 nmdianeter. Such a djstribu- tion of dispersed
particles, one set of which (E, F, G conprise the finer scale particle
range and the other set of which (PQ conprise the coarser scale particle

range repr |4tk 3 t AEh n | Hhe

di sper sed &Z‘ﬁgélzeslﬁ%g%)rm ﬂl%b réfg?n‘g %ﬁh;mtnﬁgft%ﬁggggﬁ phaséete%'Rg)%}ggg&e&Qﬁsﬂt I n
aggr egat edtibg ofrdispefsed particles, vpessaopivhicho(E a8 9GS gotnpeisé eiefinenalide

doubl et s, tl‘l_p{ ets, g;g%upl@é;sq&r%gvh_l gt&gg)nurrber_ rrll;kjlle;cl pl et EM[OOZ_Z] TheI

vol unme per patticleafange Gali) s OIS oarser seade papiwile vol une
due to porosity. The c%rret can _be char erized by-a _ porgsity in fhe range
of 0.1 to HANEGEPOAESERLE @Hlt}r,scaclﬁée%ﬁﬁlﬁfpfﬁiﬁ%éﬂ‘feyﬁ%- d’he digperseks t han
10% of the_yal fathe el (0 [e rising.the porosi S
prefer ab#ﬁphwy@g’«gtg&ngfﬁ l‘bhﬁ'?@ﬁﬁ'{)@&as?’mag {1 B8 E %ﬁfﬁg@f‘et e

por es. BaRA; e an e nean
particle Sﬁggqgﬁ@ﬂﬁgxa?e@g%bﬁa%é@e?gg- ch(%ggfﬂ?ﬁﬁ?ﬁé&zpel%néts of the

i nst ant inq@;{ﬂr'up]ms dﬂm@heﬂm@bm]ﬁ@egesi gned not only for its crack

blunting ability but also as an erosion resistant phase in its own right to
provi de step-out erosion resistant cernets. One consideration in inproving
the erosi o[0022}i sthieowleinelpencmit op @agneti ghase (hid temse confbnehfsss at the
service tenperatures through di spersion strengthening by E, F, G _
const i t uenexcludasdiore crotirhg due to porosityi Tte eermet 082 b chamcterizedtbyconposi ti ons
of the instant, invention pgssess. enhanced _ erqsi on and corrosion_prgperties.
The er osi oPOTOs{E &N réna%pg flnh B9l %n i?rﬁa"ably, the volume of porosity is 0.

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).

[0023] In the cermets of the instant invention, the binder phase is designed

not only for its crack blunting ability but also as an erosion resistant phase in its

own right to provide step-out erosion resistant cermets. One consideration in

improving the erosion resistance of binder phase is to increase flow stress at the )
service temperatures through dispersion strengthening by E, F, G constituents

individually or in combination.

[0024] 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 multi-scale cermets of the instant invention is
less than 1.0x10°cc/gm 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 multi-scale cermets of the instant invention



Erosion and Attrition Test (HEAT) as described in the exanpl es section of
the disclosure. The erosion rate of the nulti-scal™@ cermets of the instant
i nventi onw ooléﬁ@ 4g han 1. Oxl 0-6¢cc/ gm of Si C erodant. The corrosion rates
were detertd A8 {} thernogravimetric (TGA) anal yses as BHeBEPIOBEYUSHH t he
exanpl es section of the disclosure. The corrosion rate of the nulti-scale
cernets of the instant invention WO 2004/104246 PCT/ US2004/ 015553 -9 is

| ess than 1x10'0 g2/cmds or an average-9%xi de scale of |ess than 150 pm

t hi ckness, preferably less than 30 mthickness when.subject to 100 cc/mn

air at 800C for at |egst, 65 hours. [0025] Preferably the rmet possesses
fracture LoEsh slwe]grge/é‘%fs ?WV‘%WJ?mﬂleWﬁﬁ&g?S%ﬁh@?égﬁm greater than

about 5 MPamjt2, an t. preferabl reat er .t han about. 10 amt 2.
Fracture @%‘Fﬁ?@s@eg?ggﬁ’eleg%ﬁ%apt@blﬁ%‘ 413“4@&8 E’Pﬁ’é@gblﬁ%tﬁa ?%‘i‘ AR et eri al
under rmngbﬁgt;g Ioaldiﬂé} onditions. Fracture toughness is defined as the
critical e 405 i Epy; QWétor at which a crack propagates in an unstable
manner in the material. Loading in three-point bend geonetry with the
pre-crackj he tensi ide_of the bend sanple i.s preferabl used to
neasur e tﬁ@ act%egerﬁgﬁ’gﬁﬁéﬁm E%S‘F%S&nggﬂgé@meg%o E@BW&%e (RS)
phase of Ok | ' ' esnur | ' lier

par agraphtsaﬁﬁét%gmﬁl @g%%gﬁﬁg%tgi%g%ﬂr@gé ?‘?Iﬁg%?hrs?g g_g?érs:?gt‘%}g@%%om] The
cer et COBRGHrthal Bb8HE] TMIPa-BY” I Fratitate BALRRSs FPHR ABREY daksist AGR! que such
as mxing, mlling, pressing, sintering and cooll ng, en%1 oying as starting
mat er i al s peopaghatiab i aaratariebupdesteonatonicd obdingeonditivdsr Fractufee required
volume ratio. These powders are mlled in a ball mlIl in the presence of an
organi c | tepghacssiskledinedias sho rritieal siress insersifyrfactosat whicksalsgacknt i al | y

di sperse the owders in ch other. . The li.quid is remgved and.the ml|l ed
ponelor | PETAgRLes Tp R asiabiF Beng I fhe greetidh Toadng e pBBpetEhe

resul tl N0 oOhRERROMY eple ok H HeERdlof Side Sk BeHA SampROK DrafafAy 1200C uP

t o about

used to measure the fracture toughness with fracture mechanics theory. The
(RS) phase of the cermet of the instant invention as described in the earlier

paragraphs is primarily responsible for imparting this attribute.

[0026] The cermet compositions are made by general powder metaiturgical
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 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
environment 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 mum in

thickness.



rangi ng from about 10 m nutes to about 4 hours. The sintering operation is
preferably perfornmed in an inert atnosphere or a reducing atnosphere or
under v exanpl e, the inert atnosphere can be p@hgal @q e

r educi ng%%?jgﬁ?gnt can be hydrogen. Thereafter the sinter e(c)iﬁ o‘?ﬁ?gi S
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 thi ckness: 18 2004/ 104246 PCT/ US2004/ 015553
-10 [0027] One feature of the cernmets of the invention is their

m crostructural stability, even at elevated tenperatures, nmaking them

particul ar i tabl e, for e in protecti.ng netal surfaces agai nst erosion
at tenper M?@t i gﬁiq{@a@&‘hBgaﬁce%&ﬁfeééd@%lgl%&ﬁe%gﬁ@“@gwglbeI i eved
this stabi]].y., W | ' ' o] i) ' than 2 years,
for exanpl 4&5{%%1;)‘/‘”58) gﬁlt%? 5@;‘/’ étae%lg&'[ng efé%\gr& %’ @81&%’@?@%4:@&@8%5 %@i‘?ﬁlﬁa@ known
cernets u rs tduefie \ BHRSE i ults in
the for ma'?ig% nlgﬁ)fr b%ﬁgg%giﬁl §ch hggggghge%gﬁgfliagus e??dggfﬁao%@ttﬁgg%rsﬁpert i es
of the cerateiut 3D0BC 8 abingt 8503C. tleimisslizived ehistsedbilityt wilbpernhie tlesir 0% forof t he
I nvention makes them suitable for applications where refractories are

current |y tsmplpeyieds greaterdhan £ iearsn §on ¢xample feuabois|Zeyamseto abmitdde i ners for
process vessels, transfer lines, cyclones, for exanpl,

|l.e, flujd-sqlids
separ at i onVedje| Bheantiast many knopgesmet ngsargp dran QPP%atfﬁ?f%ﬁeag Unit used
in refini I.nd VAo T o rts Xy || I bodli . sl ide val ve
gates and H}Pc‘fé%,ﬁ}eéa‘?lgrg%%“?‘ggﬁ ﬁ%?g aég“f’ggﬁaﬁ% Wﬁlggl Ka%ﬁﬂfg%lgf?@[ozlﬁ surfaces
exposed t ' i hf onnent s, especially at about 300C to
about 850%@@%&%@%@%@&p¢g&?§ﬁ% the surface with a |ayer of the

cer et corrpositions of the invention. The cernets of the instan_t i nvention
E ?(2 Ngﬁ ng floved] t OTHRUALh RihpeRatiFe BUbITRG RAThE BLmiRS BE tHY inR¥ntiGh Hdk3s
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, gnd 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:

[0029] 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 magnificaﬁon. 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



Det erm nati on of Vol ume Percent: [0029] The vol urredp_([arcent of each phase,
conponent and the pore volune (or porosity) were determned fromthe

2- di mensi gpéﬂ area fractions by the Scanning Electron M croscogé]_n_et hod.
Scanni ng HHIR A croscopy (SEM  was conduct ed on t hePST/HPEOSED net
sanples to obtain a secondary electron imge preferably at 1000x
magni fi cation. For the area scanned by SEM X-ray dot inmage was obtai ned
usi ng Energy Dispersive X-ray Spectrosebpy (EDXS). The SEM and EDXS

anal yses were conducted on five adjacent areas of the WD 2004/ 104246

bhase was TSP 2RSSR AL A AT GE Sanh PYes s RSBl -
cnch o ea e e Bl el scPite; B HRRHRMADEMe SEAT S ELEDAKCY 17 om
the five NBRSNIARRMA NewTjh@seﬂm, _[P@A%%Fea&ﬁ%é’@. The hARINERE §ﬁ%§§§9f by

mul tiplying the avefage are raction by 100. The vol % expre In the

exanpl es hiearanfraction way dekerminddffointhe fhvesacasaratens. Marsvelatet 0 be | ess
than 2 vol % and have an accuracy of +/-20%for phase anounts neasured to be

2 vol % or fg&realte(wol%)aiséhﬁﬂ danemmam%y\mmlolymg(’j theraverdgeoaoh ffBﬁ:a'owéJiyggt

i i EDXS
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powder (9 9 oY mEAe S A Y% gereened bel ow -325 nmesh) and 20
vol % of Fgl?]%é%}aﬁgu?]osympo%éer (E%QS% poucrn?gr , [(4Fe:26Cr in % fromAlfa

Ae?ar , Sscreened between -150 nesh and +325
‘ Determination of weight percent:
[0030] The weight percent of elements in the cermet phases was determined
by standard EDXS analysis.

[0031] The following non-limiting examples are included to further illustrate

the invention.

EXAMPLE 1: TiBy Cermet

[0032] A cermet without Y/Al oxide dispersoid based on 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 Fe-26Cr alloy powder (99.5% purity,
74Fe:26Cr in wt%, from Alfa Aesar, screened between -150 mesh and +325
mesh) was prepared. Both TiB, powder and Fe-26Cr alloy powder 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 for 30 min for residual



mesh) was prepared. Both JILi B2 powder and Fe-26Cr all oy powder were

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

m xed fo with Yttria Toughened Zirconia (YTZ) ,

di anet er,w(r?g%mé?g%oh Ceramics) in a ball mlIl at 100 rp#n@ﬁ# %“je"giﬁ%%m was
renoved fromthe m xed powders by heating at 130C for 24 hours in a vacuum
oven. The dried powder was conpacted in.,a 40 mmdianeter die in a hydraulic
uni axi al press (SPEX 3630 Autonated X—'E?'ess) at 5,000 psi. The resulting
green disc pellet was ranped up to 400C at 25C/mn in argon and held for 30
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The resultant cernet conprised: average graln size of
mii) 7 voifodE w b@/}ﬁﬁf_rage grain size of 2.tm where M=56Cr:41Fe: 3Ti in
W% iii) %4 voFt%wgr- epl eted all oy binder (82Fe:16Cr:2Ti in w% . EXAMPLE
2: TiB2 Multiscale Cernmet [0034] A cernet with Y/ Al oxide dispersoid based
on 80 vol % 4. GHY s @@.}% . Ti B2 powder (99.5%purity, from
Al fa Aesargwggjﬁ) screerﬁggﬁ.@eﬁrggvé- rrses') and 20 vol % of 6.7 m average

di aneter FeCrALY allo powder (Gsprey, Metal s,

Fe( bal ances: 1@59’9%5"[01@&?"@ average granSe fchB® bel ow -16 m) was prepared.
After processing the powder as described in Exanple 1, the cernmet disc was
t hen heat ed) t @ vbBR OMGBatvithaWerdge grairpgige of 2nan,wheredM=566090F4:8Ti i w9brs. The
tenperature was then reduced to bel ow 100C at -150C m n. [0035] The
resultant gar MR oRBTHLiGAEked Alof b @ BIFEA 6t ITiARRLARS Orain size of 7m

EXAMPLE 2: TiB, Maltiscale Cermet

[0034] A cermet with Y/Al oxide dispersoid based on 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 6.7 pm average diameter FeCrAlY alloy
powder (Osprey Metals, Fe(balance):19.9Cr:5.3A1:0.64Y, 95.1% screened below
-16 um) was prepared. After process'ing the powder as described in Examj:lc 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. 7

[0035] The resultant cermet comprised:

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

ii) 4 vol% M,B with average grain size of 2um, where M=53Cr:45Fe:2Ti in wt%
iii) 1 vol% Y/Al oxide dispersoid with a size ranging 5-80 nm

iv) 16 vol% Cr-depleted alloy binder (78Fe:17Cr:3A1:2T1i in wt%).

[0036] Figure 3a is a SEM image of TiB, cermet processed according to
Example 2, wherein the scale bar represents 5 pim. In this image the TiB, phase
appears dark and the binder phase appears light. The Cr-rich M,B type boride



i) 4 vol % M2B with average grain size of 2m where M=53Cr: 45Fe: 2Ti in W%
iii) 1 vol% Y/ Al oxide dispersoid with a size ranging 5-80 nmiv) 16 vol %

Cr - depl et inder (78Fe:17Cr:3A:2Ti in w% . [0036] Figure 3ais a
SEM i rragee\gpqw'%é"@gr met processed according to Exanpl eP§],m{%‘g'r‘@ﬁ§°% he
scale bar represents 5 m In this imge the Ti B2 phase appears dark and the
bi nder phase appears light. The C-rich M2B type boride WO 2004/ 104246

PCT/ US2004/ 015553 - 13 phase and the YAt oxide phase are also shown in the
bi nder phase. Figure 3b is a TEMinage of the selected binder area as in

Fi gure 3a, but el he. scal e bar, represent .1l m.In this i e fine
VA oxi dePtast BASAE SLALSRireaitzRe PSP SROSRAR the Pincer bhat: JatreiRte {1 ne
Y/ Al oxi de, 6 ' PR8N t:haxhi i ght.
EXAVPLE 3. LD inact 8F P REAIa Hilckr s FIRUN S PR AIGLARTEEGIC 197" e
subj ect ed 1énts © PRI TS Rhddd fih0'T/APSkideibdrsoifiGvifr ggedur e

enpl oyed V\géS}rg follllsgf\/\g?‘h?l) A s%%%ﬁ’érrén ce%&rrg%u IS %?Ol-aaggﬁt 35 mm di anet er
and about fangifig 5-430aln 4es obsradtt dThese e YZANbRideispursoids dppedrs bk di sk was
then subjected to 1200 g/mn of SiC particles (220 grit, #1 Gade Bl ack

Si licon Caatsl the bindergihraas appears light.t hbr ook, 1L) entrained in heated air
exiting froma tube with a 0.5 inch dianeter ending at 1 inch fromthe
target at an angle of 45. The velocity of the SiC was 45.7 misec. 3) Step

(2) was cobBNAMPLE 3 ETosiomIestat 732C. 4) After 7 hours the speci nen was
allowed to cool to ambient tenperature and weighed to determ ne the weight

ot ract or y R o e BB o o B 2 R B fof ot 2 e

( 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 1200 g/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 1.0 represents an improvement over the Reference Standard. The erosion of -
a specimen with Y/Al oxide dispersoids of Example 2 showed superior HEAT
results compared to that of a specimen without Y/Al oxide dispersoid of

Example 1.



Standard erosion was givep a value of 1 and the results for the cernet
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EXAMPLE 4: Corrosion Test [00381 Each of the cerméfs of Exanples 1 and 2 was
subj ect eq‘&ég an_ oxidation test. The procedure enployed was as follows: 1) A
speci nen OB apout 10 nm square and about 1 mm t PCKUSHEOISES shed 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 thernogravinetric analyzer (TG). 3)
Step (2) was conducted for 65 hours atlBO0C. 4) After 65 hours the specimen
was allowed to cool to anbient tenperature. 5) Thickness of oxide scal e was

determ nw. E,‘E)Ct i onat m croscopy exam nation of the corrosion
surface. ‘e Eﬁ’?ipql ffe I ess than 150 m preferably |l ess than 30 pm
represents acceptabl e corrosion resistance. TABLE 2 Cernet Thickness of

Ocide Sc atO?Bgim) Ea-(lz-h %%ﬂ%e? c:('a:r?n%rts % E?{ar-lx;lp e2s_1229n E%aps‘l sﬁb}e%tgd folgli

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) InTable 2 any value less than 150 wm, preferably less than 30 pm

represents acceptable corrosion resistance.

TABLE 2

Cermet Thickness of Oxide Scale (um)

TiB,-20 FeCr 18.0
TiB,-20 FeCrAlY 15.0




CLAIM5 1. A cernet conposition represented by the formula (PQ (RS)X
conprising: a ceram c phase (PQ, a binder phase (RS) wherein the binder
phase (RS) conprises a base netal R selected fromthe group consisting of
Fe, Ni, Co, M and m xtures thereof and an alloying netal S conprising Cr,
and X wherein X is at |east one nenber selected fromthe group consisting
of an oxide dispersoid E, an intermeléal | ic conpound F and a derivative
conmpound G wherein said ceram c phase (PQ is dispersed in the binder phase
(RS) as particles of diameter in the range of about 0.5 to 3000 microns, and
said Xis dispersed in the binder di[}ﬁj@(RS) as particles in the size range
of about 1 nmto 400 nm and whe e ceram c phase (PQ ranges from
about 55 to 95 vol % based on the volunme of the cernet. 2. The cernet

conposition of claiml wherei.n the ceramc ase ( rises a netal P
el boted from t heAdGrEME CPaRes i whrestmial by iof oy GONRSRGOmePSEE V. &r oup

VI el engRtbamidishatd (PO, & BindBesHasd @thgeimwhm!eﬁp&%é E$)RBnipkiseyat he group

consisting of carbide, nitride, boride, carbonitride, oxide and m xtures
t her eof basg. memleR sedactrst frayn theaasoun emsisting¢fdieniNR GohMrednd mixturescheraolc phase (PQ

the nmolar ratio of P d&aq can yary i he ran f 0.5:1.to 30:1. 4. The
cer et 3%%%@#0? fn&{n%;?l‘%lcg‘%ml%n%\ﬁé’r%fi ﬁ‘n ‘E’#\eefe‘Bi"ﬁ‘&gf‘egﬁa%‘%mfﬁéfr siegecfe% the range
of 4.5 fenthe ¥Rupachiteing @ ah BLidy Bispdrsoid E, adhiitaenflic ipolieFhage nmetal R to

al | oyi ng metal S mass ratio ranges from50/50 to 90/10. 5. The cernet
conposi OfbYatiye compguad 0 wherew; saidqeeamyg parse (Phis dispriged in the bindenpbaseed from t he

gr ougi ??@éﬂ%@%ﬁﬁle@%f Q%ilgﬁeg }112\!8}; r%iﬁg oMNboufh.5 t&'ﬁeoonpicgﬂqgh d salPx iV Fe, M,

Ni , m xtures t ranges from o t 0.1 to 10 vol % based
on the disp¢rseteindiie bihder pbasedRS) & paftiddesde thestizecemgeodiabowrl rof tacdinm,| havi ng a

f t h t bout 3, MPam'2...-17-.7. ,Th t
oo ool End AhEMGRE etrgtrRase (PR Reris b abpirs 1 93 ¥0Ph ced SR T " ™

volume of the cermet.

2, The cermet composition of claim ! wherein the ceramic phase (PQ)
comprises a metal P selected from the group consisting of Al, Si, Mg, Group IV, Group
V, Group VI elements and mixtures thereof and @, which is selected from the group

consisting of carbide, nitride, boride, carbonitride, oxide and mixtures thereof.

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

molar ratio of P to { can vary in the range of 0.5:1 to 30:1.

4, The cermet composition of claim 1 wherein the binder phase (RS) is in the
range of 4.5 to 45 vol% based on the volume of the cermet and the base metal R to

alloying metal § mass ratio ranges from 50/50 to 90/10.

5. The cermet composition of claim 1 wherein the oxide dispersoids E is
selected from the group consisting of oxides Al, Ti, Nb, Zr, Hf, V, Ta, Cr, Mo, W, Fe,
Mn, Ni, Si, Y and mixtures thereof and ranges from of about 0.1 to 10 vol% based on the

volume of the cermet.

6. The cermet composition of claim 1 having a fracture toughness greater
than about 3 MPa-m'?.



1x10- 6¢cc/ gram of Si C erodant. 8. The cernet conposition of claim1 having
corrosion rate |l ess than about 1x10"10 g2/cmd s or an average oxi de scale
of less than 150 pmthi ckness when subject to 100 cc/mn air at 800C for at
| east 65 hours. 9. The cernet conposition of claiml| having an erosion rate
| ess than about 1x10"6cc/gram of SiC erodant and a corrosion rate |less than
about 1x10-10 g2/cmis or an averagdZoxi de scale of |ess than 150 pm

t hi ckness when subject to 100 cc/mn air at 800C for at |east 65 hours. 10.
A nmetal surface provided with a cernmet conposition according to any one of

the preceding cl a’fﬁ’@ce@@%’ &@oﬁﬁbﬁg{@%ﬂ 1 ﬁ#&&ﬁgaé‘rﬁerhﬁor‘i gazé %Esft&&n idyer osion at

tenperatures up to 8 surtace provid a cernet
conposi txfcalgmor ofi $i§ eradaany one of clainms 1-9 wherein said netal surface
is resistant to erosion at tenperatures in the range of 300C to 850C. 12.

The metal supface_provided with a ref . conpositjon of claim 10 wherein
sai d net al sérrfac CEHPF, oapogifian Pﬁﬁ%‘m tm‘? @rEsof r?tFllﬁSEiﬂ?Blr;}’?Pé separation

cycl onex (39 oficRtil b £BAVERlge RIS Géaed of IERBMEIT0GEn McknB& WihbiRct(&FQ (RS) X
conprising: a ceram c phase (PQ, a binder phase (RS) wherein the binder

phase ( R%¥)cc/mongir tLO8°Gfdvas leastebabuR sel ected fromthe group consisting of
Fe, Ni, Co, M and mxtures thereof and an alloying nmetal S conprising Cr,

and X vvhereig X is at |east one er l2e|,ect ed f_romtge %ro consi sting
of an oxide & spefléofegme: cogposifipn phelpigy | havingyheresing rate lesfhan ahovt vati ve

conpoungl (§eraai &t el fodaff I £coldoR rdtPss thin PRk FPY o2/bM* Bearbi Nder phase
(RS) as particCles of dianmeter in the range of about 0.5 to 3000 m crons,

and sai dveag atidspeals ofilesnthamdShjiimdbickpsissiwber fRBjectite I9rceimihesai n t he si ze

range o bo nmto 400 nm wherein the overall thickness of the
bul k ce%ﬂ%#g%?@?ﬁsgés F%“rs‘gr eater than 5 mllinmeters in thickness, and
wherein the ceram c phase (PQ ranges from

10. A metal surface provided with a cermet composition according to any one
of the preceding claims wherein said metal surface is resistant to erosion at temperatures
up to 850°C.

11. A metal surface provided with a cermet composition according to any one
of claims 1-9 wherein said metal surface is resistant to erosion at temperatures in the
range of 300°C to 850°C.

12.  The metal surface provided with a cermet composition of claim 10
wherein said metal surface comprises the inner surface of a fluid-solids separation

cyclone.

13. A bulk cermet material represented by the formula (PQ)(RS)X
comprising: a ceramic phase (PQ), a binder phase (RS) wherein the binder phase (RS)
comprises a base metal R selected from the group consisting of Fe, Ni, Co, Mn and
mixtures thereof and an alloying metal § comprising Cr, and X wherein X is at least one
member selected from the group consisting of an oxide dispersoid E, an intermetallic
compound F and a derivative compound G wherein said ceramic phase (PQ) is dispersed
in the binder phase (RS) as particles of diameter in the range of about 0.5 to 3000

microns, and said X is dispersed in the binder phase (RS) as particles in the size range of



about 55 to 95 vol % based on the volume of the cernet. 14. The bul k cernet
material of claim 13 wherein the ceram c phase (PQ conprises a netal P
selected fromthe group consisting of Al, Si, Mj, Goup IV, Goup V, Goup
VI elenents and m xtures thereof and Q which is selected fromthe group
consisting of carbide, nitride, boride, carbonitride, oxide and m xtures

t hereof. 15. The bulk cernet materiH- of claim 14 wherein the ceram c phase
(PQ the nolar ratio of Pto Qcan vary in the range of 0.5:1 to 30:1. 16.
The bul k cernmet material of claim13 wherein the binder phase (RS) is in
the ra f. 4 4 .0 ernet and the base
metal Ao T ﬁ"g‘fpg‘é“’%eﬁ%g%‘{@qﬁgg‘gll?‘g?%&r%%ﬁ@?%rnréegg“/ﬁge?% © 90/10. 17. The
bul k cegreaet thamtSenillaheteds in thackmess3antheliceein thdreranic gphasdi(BOP rangesdsonk | S

selected fromthe oup, consi sting of oxides A, Ti, Nb, Zr, H, V, Ta, Cr,
Mb, Wagﬂtsg%§§ml%@s$‘“}n d’of’ﬁ“ﬁ‘lfﬂé%cepﬁgreof and ranges from of about 0.1
to 10 vol % based on the volunme of the cernet. 18. The bulk cernet materi al
of claim 13{havi HSIESS : MPaml2. 19.
The bul k cerljrpr'et %@l{(gﬁ#ﬁﬁ%@m 1:13 e;\?%lge@ééﬁglgr%g@g%a?%?tép )ess than about
1x10- 6cothprisesn afetdiPGebacted£ram the @rouptrensisting of éln@it MegaGeoipdlV, Gfroupl ai m 13

havi ng r 0Sy rate | ess thap about, .1x10".0 02 S Or an average oxide
ccal 003 CrREEV P RlenBEan dmPuiRE ReBoting @iy jsdefol TRyl sl s ar ar 800C
for at chsdbing 6Bcdtbide,sitridd, boltde, dardokitEed, WRide AR Biiktades BHerddfai m 13 having an
erosion rate |less than about 1x10' 6cc/gram of SiC erodant and a corrosion
rate | ess than about 1x10-1 g2/cmds -19- or an average oxide scale of |ess
than 150 m thi ckhbskulligenmes majesiel oftctaimold wherein thederamic phae (PO} be at | east 65
hours. 2 . [ . Vi Al ulk cernet material according to
any oném?aorfrééq”cgffﬁrrié) qg?&%mrg{hgimnn%ggfQfls'rrlenf)gloasurface is resistant to erosion
at tenperatures up to

16.  The bulk cermet material of claim 13 wherein the binder phase (RS) is in

the range of 4.5 to 45 vol% based on the volume of the cermet and the base metal R to

alloying metal § mass ratio ranges from 50/50 to 90/10.

17.  The bulk cermet material of claim 13 wherein the oxide dispersoids E is
selected from the group consisting of oxides Al, Ti, Nb, Zr, Hf, V, Ta, Cr, Mo, W, Fe,
Mn, Ni, Si, Y and mixtures thereof and ranges from of about 0.1 to 10 vol% based on the

volume of the cermet.

18.  The bulk cermet material of claim 13 having a fracture toughness greater
than about 3 MPa-m'?,

19.  The bulk cermet material of claim 13 having an erosion rate less than

about 1x10%cc/gram of SiC erodant.

20.  The bulk cermet material of claim 13 having corrosion rate less than about
1x10°7"° 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 13 having an erosion rate less than

about 1x10®cc/gram of SiC erodant and a corrosion rate less than about 1x107° g%/cm*s



850C. 23. A netal surface provided with a bulk cernmet material according to
any one of clains 13-21 wherein said netal surface is resistant to erosion
at tenperatures in the range of NOT to 850C. 24. The netal surface provided
with a bulk cermet material of claim?22 wherein said netal surface
conprises the inner surface of a fluid-solids separation cyclone. 25. The
cermet conposition of claim1 whereilB-the alloying nmetal S further

conprises at |least one or nore alloying nmenber chosen fromSi, Ti, A, Nb,
and Mb. 26. The bulk cernmet material of claim 13 wherein the alloying netal
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800°C for at least 65 hours.

22. A metal surface provided with a bulk cermet material according to any one
of claims 13-21 wherein said metal surface is resistant to erosion at temperatures up to
850°C.

23. A metal surface provided with a bulk cermet material according to any one
of claims 13-21 wherein said metal surface is resistant to erosion at temperatures in the
range of 300°C to 850°C.

24,  The metal surface provided with a bulk cermet material of claim 22
wherein said metal surface comprises the inner surface of a fluid-solids separation

cyclone.

25.  The cermet composition of claim 1 wherein the alloying metal § further

comprises at least one or more alloying member chosen from Si, Ti, Al, Nb, and Mo.

26.  The bulk cermet material of claim 13 wherein the alloying metal § further

comprises at least one or more alloying member chosen from Si, Ti, Al, Nb, and Mo.



