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invention is broadly concerned with cernets,
particularly nulti-scale cernet conpositions and
process for preparing sane. .These cernets are
suitable for high tenperature applications wherein
materials with superior erosion and corrosion
resi stance ar dMUedUiyC€ALBAERGREUNG' @R HIMNVENTI ON
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appl i cations wherein surfaces are subject to eroding
forces. For exanple, refinery process vessel walls

E i(%‘ osed to aggressive fluids containing
; i cles such as catalyst particles in

vari ous chem cal and petrol eum environnments are ]
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and corrosion such as the 1nside walls of internal

cycl ones used to separate solid particles fromfluid

BAUIGROUND OFINVRDEIONe i nternal cyclones in fluid
catalytic cracking units (FCCU) for separating
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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,Os, 7.2% SiO,, 1.0% Fe,03, 4.8% MgO/CaO,
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
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state-of-the-art refractory liners is significantly
wo povittiet4dy excessive nmechanical attrition of P¢EURiI0€015553
fromthe high WD 2004/104246 PCT/ US2004/ 015553 -2
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
velppity salid paiclaimpingenent, coegusidal oraskofg amdspallagioantThere-
invention satisfy this need. [Q003] Ceranjc-netal .
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materials known in the art. Cernmets generally

conprise a ceram c phase and a binder phase and are
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where netal and ceram c powders are m xed, pressed
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enhanced erosion resistance to the cernmet at high
tq rpedensa cespaatseheni cal and petrol eum processing

operations or other operations requiring erosion

resi stance at el evated tenperatures. [0005] The .
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I nventi o udes an | nproved net hod

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.



protecting netal surfaces against erosion and
corrosi on under high tenperature conditions. WO
wWQoMN1024246 PCT/ US2004/ 015553 -3 [0008] ThesPCHO/2004/015553
ot her objects will becone apparent fromthe detail ed
description which foll ows. SUMVARY OF | NVENTI ON [ 0009]
The invention includes a cermet conposition
represented by the formula (PQ (RS)X conprising: a
ceram ¢ phase (PQ, a binder phase (RS) and X wherein
[0008 atThesasndmthemadyecis willibecomd apperant fieony tlrugdetailed
consi St n]% gf ﬁn oxi de dispersoid E, an internetallic
degmpbierdviBchfallgWaeri vati ve conpound G wherein said
ceram ¢ phase (PQ is dispersed in the binder phase

icl.es. di aneter in the range of about
Séﬁ@h&iﬁ%@%’rﬂ\g arjré, tbénd said X is dispersed in the
bi nder phase (RS) as particles in the size range of
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FI GURES 001)2‘1(9 Figure 1 is a schematic il]ustration_of
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area as shown in Figure 3a. WO 2004/ 104246
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BRIEF DESCRIPTION OF THE FIGURES
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[0010] Figure 1 is a schematic illustration of multi-scale cermet made using Y
Ni;(AITi) strengthened binder phase (Ni(balance):15Cr:3Al1:1T1) and a

transmission electron microscopy (TEM) image of binder phase illustrating

reprecipitation of cuboidal ¥’ Niz(AlTi).

[0011] Figure 2 is a schematic illustration of multi-scale cermet made using 3
NiAl strengthened binder phase (Fe(balance):18Cr:8Ni:5Al) illustrating

reprecipitation of 3 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.



-4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0013]

Er osi on processes occur through a conbi nati on of
wore@hami2eal def ormati on and degradati on pr oceBCEES20p90015553
ductile nmetals and all oys such as the binder phase in

cernmet, the material loss at the surface is nostly
associated wth sequential -éxtrusion, forging and
fracture. Materials loss by erosion (E) can be
anal ytically described by the follow ng equation. .t,
DETAIbED DE‘( ,RIRTI\QM@;[%IELNV of i npi ngi ng
erodants, rP is density of inpinging erodants, Pt is
[0013Bt i ErbdiowpsddeRsss ccut dirgabh andnabinstibipatiechagicsl
respectively. [0014] Applicants believe that the
defoumation prnddegmdation pravessesi For chuctils nethlpgnd eldoymsush as
skeleton injtial I%ﬁnd b e strength. and toughness.
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cdnl¥e {dad®y¥ica3ty &RetBe®by TRS Adlldwinki dif@fiophase while
mal nt ai hi ng "substantially the fracture toughness. One

way to increase flow s,tre}@s.gi?Z materials is through a

fine dispersion of afErei I.nf(ewhase within the

nmetal lic binder phase. Thi sPti s the concept of

multi-scale cernmets of the instant invention. [0015]
wh¥ie 15 Q5 ReRei dffinipﬁh@%i lefddanealre iceE sfdmpasging @Podants,

représent ed gy he iggrrul a (P (RS)gﬂitys t he cgergrri c
Ppibpistiddhoy etesssof tafdet ahd of hangeicaangle iphpeaveRQ) , P

is a netal selected fromthe group consisting of Al,

Si, M), Goup 1V, Goup V, Goup VI elenents of the
[00o4D FarpplichniEheliPe¢ tieditiee dimbicn pfocesd mnmntnstsais dontrolled by

m xtures thereof. Qis selected fromthe grou )
ceramnisi sheletgn anitiallzapddy, thaistrengid ambiquabpe%a?rfﬁgﬁ mgtallie,

e SR SRR A S SR RS

a 1RHYS 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.

[0015] One component of the multi-scale cermet composition represented by
the formula (PQ)(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. Q is selected from the group consisting of
carbide, nitride, boride, carbonitride, oxide and mixtures thereof. Thus the
ceramic phase (PQ) in the multi-scale cermet composition is a metal carbide,
nitride, boride, carbonitride 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, @ is a carbide



nitride, boride, carbonitride or oxide. The nol ar
ratio of P.Qin (PQ can vary in the range of 0.5:1
W@ 2003004246 As il lustrative exanples, when P = QPCT/(B1084/@15553
car bi de WD 2004/ 104246 PCT/ US2004/ 015553 -5 then (PQ
can be Cr23C6 wherein P.Qis about 4:1. Waen P =Cr, Q
is a carbide then (PQ can_ke Cr7C3 wherein P:Qis
about 2:1. The ceram c phase inmparts hardness to the
mul ti-scale cermet and erosion resistance at
théie (IPO) ahnlbe CryCq wherahoBtQ iSaMt 4:h WieemBI=t Cr.92a$ e carbide
cermet conposition (PQ. ranges fromabout 30 to 95
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selected fromthe group consisting of Fe, Ni, Co, M

baaed omith¢ voksnd bﬁﬂmﬂultsscraée cemmnetl | oyi ng nmenber

selected fromSi, C, Ti, A, Nb, M and m xtures

t hereof. Further, the binder phase is the conti nuous
[0ph6ke Asfothdreompaniens efithe reulipeesle comelnemprsiiien maresented
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non- limting exanples inclu spherical, ellipsoidal,
NbaViphendt mixtucksshereoéd Fapher, mabmdenl phassris élée continuous phase

el li psaqidal] and dlstort hedr ed
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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 S 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



enbodi nent the chrom um content in the binder phase
(RS) is at least 12 wt % based on the total weight of

wo bsbin2der phase (RS). [0017] Yet anot her conpOnEs1004615553
the nulti-scale cernet conposition represented by the
formula (PQ (RS) X, where X is the oxide dispersoid
phase denoted as E. The oxi dg- di spersoid phase
conpri ses oxides selected fromthe WO 2004/ 104246
PCT/ US2004/ 015553 -6 group of oxides of A, Ti, Nb,

giup off oxides TBALGH, Nib Zr WAL P&, TasCr, Nlo, B, FeyMamdNiL, Si, Y and
m xtures thereof, One feature of the.oxide dispersoid

mizturentherans. Sncdeate of e oride dspersoidis Hifet he

AR S SO P i e
pRARA& E‘eﬁilﬁé% a RRAMEIBN baRAEN aboin 3Rl aAR aBbuASD A, plsterably

nore pre ably between about 1 nm and about 100 nm
befveenbehe i med asdabditr@00 ninhedoxbrepdifapblysibéteeambbet 1 nm
added to the binder phase., | n another, enpodi nent they

apdaboet ¥t med Ina-mefares emhgdimans thy epide siiRsRs e Gapdg added
e SrETE u TR b S B BRARHUF ¥ uring
PRRERPYTIRILE, 1 ool dnpbds, N cale tyftdcturng

u8€.€WHdn, th loxidis féFmedin-sivh tHeoxide fotvhingWlemmentshre atlided to
Si, Y and mixtures thereof. In the nulti-scale cernet

theobipdst phasa prier te tiesinfering processo Ukhepoxide fornpingglements are
AT WS re It MS Gy Blfﬂgc“ ip E iy et théfeo. In
N

baShB thenblehe HEMHE NI B aleydermed beta (1) such as
Ni 3AI, Ni3Ti, N 3Nb, N A, N 2A1Ti, N Ti, N 2A1Si ,
FeAl , Fe3Al1, CoAl, Co3Al, Ti3A, Al3Ti, Ti Al ,

[GOBALNOY et indiRdvtondpoakat oftl@ulihdcate xermeteplesentetl. by the
Intermetallic conpounds F can be fornmed fromthe
forinmale (PENERD X, RB)ere X isrthe dntermaeiatic egmpeend Edis sglectd from
tl{qragxig])@g &Zﬁ?&lﬁ}g o Iggr%?nsz? {aﬁ?nes&g gnﬁ%e?an(d)nsﬁlgﬁgg%iﬁki Ni;T3,
Ni;Nb, NiAl, Ni,AlTi, NiTi, Ni,AlSi, FeAl, Fe;Al, CoAl, CosAl, TizAl, Al:Ti,
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



during the cooling fromthe sintering tenperature to

the anbient. Furthernore, the internetallic conpound
wQartilef2es can be added as powder to the bi ndePCT/psad€015553

and m xed as the initial powder for producing the

cermet. The inter- netallic particles may al so form

during service in-situ or be7nduced by a suitable

post-sintering heat treatnment. One feature of the

intermetallic conpound F is that they are di spersed
anchaldg 100mmn Tbednisimetallip hamporREF rengep drom of ebout 0.1 to

1076l B Ramd o Pt VBRI B0 O BCHRCIBIR 200 nm and
nore preferably between about 1 nm WO 2004/ 104246
UsS2004/ 015553, -| bout 100 nm Th .
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strengt hened bi nder phase (N (balance): 15Cr: 3A1: 1Ti)

repiétipitaticrPoBSeitRdan’ BligaITDN Fipereos BopycHehrMc illegetion of
bi nder phase illustrating reprecipitation of cuboidal
mwlti-Redé Adfmt medgusiagd NeAhstsedpthedadcbindbriphasat i on of
multi-scale cernet made using R Nl Al strengt hened
(He(palenced HEEH: SNERA bl lusicating 8pre@pitatbo pf BINIAK r at i ng
reprecipitation of (3 NiAl. [0020] Yet another
conponent of the nulti-scale cernet represented by the

[602010ru| & gt RQP{IRS crRmptomeat of the muki-skalé germictgeprespaied dycthe
R e XN
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D A oot Loe aasg e uhen K
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zero, G can be Cr23C6, . Cr7C3, Cr3cC2. Ofe f eat ur e _of
range of Ortp\30: | A& 2 doRpEmHiNgS ustratiye cxyaplowlenifsise Grpp VI

el IS SRS ol e RhaRe et 693, crc. one
feature of the derivative compound G is that they are dispersed in 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 nm 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 ¥ 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



400 nm preferably between about 1 nm and about 200 nm

and nore preferably between about 1 nm and about 100
wopao4hiew2tde nul ti-scal e cernet conposition, CHOFW®4/015553

fromof about 0.01 to 10 vol % based on the vol une of

the nmulti-scale cernmet. The total volunme percent of X

in (PQ.(RS)X is about 0.01-80 10 vol % based on the

vol une of the cernet. [0021] Therefore there exits in

the multi-scal e cernet CO{TEOSi tion a continuous

caphprpentyarade tiRamzarnd ahout bast ta 400 arsgiamsier. phihe distribu-
t SrSRGPE AP AP sekRla e Bopath i RORhe finer scale
P45 PP P 00 1 305 et i
raflb€ FQescht AR iRnItAShId BansiiPehe pebsknt Invendofe ek dispersed

2004/°104246 PCT/ US2004/ 015553 -8 conponents are in
phases (POYE,dF anbh€uin therbimder phede GRSYicamexist in fgragated forms.

di stribu- tion of dispers particles e set  of
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mul ti-scale cermet of the present invention. The
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triplets, quadruplets and hi gher nunmber nultiplets.

pdrosigin theeangs ofi@. Iperidevinl %af Prderably, thayelyrae dif perasey is 0.1

corrponent% excl udes pore vol une_due to porosity. The .
todessrthen d A ebtheralume ofithe genets Theoperes compRisiigethe porosity

. f 0,1 | %, . f |
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thbedansis phiase(BO% pores. The nean pore size is
preferably the sane or | ess than the nean particle

size of the ceramc phase (PQ. [0023] In the cernets
[0023} heln tist cermetsofethe iinstant inzehiionidhe bivadss phesaisslegigngd

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
Frosion and Attrition Test (HEAT) as described in the examples section of tt_le
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



not only for its crack blunting ability but also as an
erosion resistant phase inits own right to provide
WGER@pAeLRYE6 er 0osi on resi stant cernets. One consi PET/HS10041015553
in inproving the erosion resistance of binder phase
iIs to increase flow stress at the service
tenperatures through di spersyon strengthening by E, F,
G constituents individually or in conmbination. [0024]
The cernet conpositions of the instant invention
is Resgesslathdndem® corsi averageoxide sosleaf lpssahen 156¢im
The erosion rates were determ ned by the Hot FErosion
thiakwiesé preiferably IEes thapri0yTin thickaescwihbrdubject toel @kegfpringir at
section of the disclosure. The erosion rate of the
8002(C ffor stclehss Geharsts of the instant invention is |ess
than 1. Ox10-6cc/ gm of SiC erodant. The corrosion rates

were determ ned by thernogravinetric (TGA) anal )t/se
[0025]1desRreftrabily thetdsamekpossessss Seeture foeghnese of greater than
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préﬁa%faﬁbﬁ Bh ¥ the@sial iaderIRomdtbhicdsading cunditicisbjFEratture
100 cc/mn air at 800C for at |east 65 hours. [0025]

towrheiess mhdefinedeasdbe prticgodses byenditatactmrat vdhigh aesaclof

o e 1 et T2 B oSt 1580 g
bout 1 1 : . ' L bd

BBy By ML SRR ot ey

usé@g‘tpfrféﬁélﬁeltﬁ@ fabairs %Eghhb%ith@z%tﬁw @echdaniethessy.i The
defined as the critical stress intensity factor at

(RShphhsecofcthaclermet afthg ansanti invemtiomas désceibedindhe parliehe

material. Loading in three-point, beg_d rgl onetry with
paragsapiisds priaeilyFesprnsila spiomprartag drisag i’é‘é%d sanpl e
Is preferably wused to neasure the fracture toughness

TR NI NS AT R
teg ar(lgiete ﬁrt}?élpat%ﬁﬁgng@{}ﬁlgﬁggﬂe@ﬁé,l AnteBRBUN RofinkOEmploying 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 mm in

thickness.



[0026] The cernet conpositions are nade by genera

powder netal lurgical technique such as m xing,
WOorRooitmg46 pressi ng, sintering and cooling, enpPCYURYPIABISSS3

starting materials a suitable ceram c powder and a

bi nder powder in the required volune ratio. These

powders are mlled in a ball.jgiLll in the presence of

an organic liquid such as ethanol for a tine

sufficient to substantially disperse the powders in

each other. The liquid is renoved and the mlled
[@02W]er Ose fhated.of thé ag@skts bf thdindediich BY BeFadidrddthuctural

green body. The resulting green body is then sintered
stabilitenpienaat elevateshiempesiiougs, 1RGO them parisolarlylsiiable for

fromabout 10 mnutes to about 4

ui%@@O%&éﬁ%ﬁL?ﬁ%ﬁé PEFEST Bipsian atjeraperaiiey in the range of
alﬁ’cﬁftfﬂga@% 'a'BoﬂﬂSnfi 13 BRS rtﬁisosg(t%@g?}gg}lﬁ :Qggpi{etp?ir use for

at nosphere or er  vacuum tor e _ _
ti e PREIVIIS efe ftethBf 22yeaed) fan exAliBle" fRH UBHND z@dﬂ b ABERTO

can be hydrogen. Thereafter the sintered body Is
yedrb.olwe dontoast owiny knopn cartnhats tiodengbitemisfaromdionss an slevatea

-cermet prepared according to the process of the

tempesairesnvhich gggulisapthe Setnagiias ofphases shigh hawea @ dplgterious
edi ' t hi ckness. WD 2004/ 104246
efgﬁ%g%ﬁﬁg}%&thpﬁ?% 27] One feature of the
cernets of the invention is their m crostructural
REEAEN t ratur.es. . mking,.t hem
L0928 . T i B raf € BBy B TRE GRS B o B ks
thet §iaee%k REAPPEERIRSVeabihePRs atd'¢@ser g
of about 308?: t% about §50C. It 1s bellﬁ?%[{/tg’d&thﬁll(&%a A
nat-hbiiting Yistwf $uitablemiges tihelude limers for prodese vpsseln densfer lines,

greatef than years, for exanple for about 2 years to
CYRMIIRS 105 exgmgpes TRk Solif seRArakiemh gy WaBahaciay thetcyclone of Fluid

I, i ons -at. el eyated _.t.enperat.ures
C O AR UR B el B SRR, ey el
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Tlofs, nietalisnvianes exposed és erdsivenviscortesivecfivitoranphts cespeoidly at

where refractories are currently enployed. A
about 300°C to about 850°C are protected by providing the surface with a layer

D

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 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



non-limting list of suitable uses include liners for
process vessels, transfer lines, cyclones, for

wex@apbede f | ui d-sol i ds separation cycl ones as PCT/UR®04/015553
cyclone of Fluid Catalytic Cracking Unit used in
refining industry, grid inserts, therno wells, valve
bodi es, slide val ve gates ang gui des, catal yst
regenerators, and the like. Thus, netal surfaces
exposed to erosive or corrosive environnents, :

saagpecThe Rydiatensmnal are@dfptions af cach 85&E waethenodesetnaned
by praviding the surface_wi.th a | aye of the,cerrﬁegE

us Jmags aaabysis pitwage R % fnaging/ MeppingsV ersie -2 (EDAX
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percent of eac se, conponent and the pore vol une
pef€ent [F06195) is hendeterdaied vy nedtiflyorp theenv2rafienarss fectibn by
area fractions by the Scanning Electron Mcr osc%p¥
o Tor phase

109eTho ool Bozupressgd BN e expmples have appequEery of wi90
g2 b B S5 o Sl Bl ofBt 0% for
i fi.cati d by SEM X- dot
PRl R B iElp bO 2 A B e Y sive X ray
Spectroscopy (EDXS). The SEM and EDXS anal yses were

: ‘] Lacent areas of the WO 2004/ 104246

D%%&%%ﬁ&e&%@%p&éﬁ%csaml e. §rhe 2-di mensi onal area

fractions of each phase_ was then determ ned usi t he
0030 c AREEE R eRi CICTRENS il SRITIA RIS Wei drigrmined

3.2 wah, New Jersey 07430, USA) for
bye%%lﬁéaggg?x%r@a rithnmetic average of the area

fraction was determned fromthe five nmeasurenents.
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O3 YT TR O g pRET S bR i st
thy edvéngisar essed in the exanpl es’ have an accuracy of

+1-50% f or phase anpbunts neasured to be |less than 2

vol % and have an accuracy of +/-20% for phase anounts
EXAMPELEd :t DiBeCermeld % or greater.
[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



Det erm nati on of weight percent: [0030] The wei ght
percent of elenents in the cernet phases was
waledenoizaed by standard EDXS anal ysis. [0031]PdieS2004/015553
following non-limting exanples are included to
further illustrate the invention. EXAMPLE 1: Ti B2
Cernet [0032] A cernet withayp-Y/ Al oxide dispersoid
based on 80 vol % of 14.0 m average dianeter of Ti B2
powder (99.5% purity, from Al fa Aesar, 99% screened
sdlebmyreniRal.nEhb dissndaheu dlettedltoAE0RBCrat dISPQymiroioEzon and
(99.5% purity, 74Fe:26Cr in wt% from Al fa Aesar,
heldratd160° G domse minu®s. hbelempdrat@@swasrten)redased to below
a@e ared. Both Ti B2 powder and Fe-26Cr all oy powder
1 at di>Sémsed with ethanol in HDPE milling jar. The
powders in ethanol were mxed for 24 hours with
Yttria Toughened Zirconia (YTZ) balls (10 mm di aneter,
[Q033h Tidwotesdéantpersyt ¢omprises:| nill at 100 rpm The
et hanol was renoved fromthe m xed powders by heating

yat 793(% TiB, Adithavéage Bran \eaWwAT gyen. The dried
powder was conpacted in a 40 mmdianeter die in a
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-12 solvent renoval. The disc was then heated to 1700C

ERIBE 268, B Leriehiiect 10 ol ow 3000 A

-15C min. [0033] The resultant cernmet conprised: i) 79

[003'43/0 Ti B2eMhdthvAl 87/aY %xﬂfeadlgpérhéi‘%l Wdsed MO V1% of 4B um
B with average grain size of 2 gm where

a\}‘dffng“ﬁ]haﬁid%ﬁ‘ &TTiB,rpostdér (D9 500 paringlitorarAlfe Mleste 998 bagened
bi nder (82Fe: 16Cr:2Ti in w%.
below -325 mesh) and 20 vol% of 6.7 um average diameter FeCrAlY alloy

powder (Osprey Metals, Fe(balance) 19.9Cr:5.3A1:0.64Y, 95.1% screened below
-16 um) was prepared. After processmg the powder 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.

[0035] The resultant cermet comprised:

1) 79 vol% TiB, with average grain size of 7um

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:3Al1:2Ti in wt%).

[0036] Figure 3ais a SEM image of TiB, cermet processed according to
Example 2, wherein the scale bar represents 5 wm. In this image the TiB, phase

appears dark and the binder phase appears light. The Cr-rich M,B type boride



EXAMPLE 2: TiB2 Multiscale Cernmet [0034] A cernet with

Y/ Al oxi de di spersoid based on 80 vol % of 14.0 gm
warenager4di anet er of Ti B2 powder (99. 5% puri t yPCT/D82004/015553

Al fa Aesar, 99% screened below -325 nmesh) and 20 vol %

of 6.7 gm average diameter FeCrAl'Y alloy powder

(Csprey Metals, Fe(balance): 9. 9Cr: 5. 3A1: 0. 64Y, 95. 1%

screened below -16 gn) was prepared. After processing

t he powder as described in Exanple 1, the cernet disc
phassanchére Yigkk exdde phagoae adso S8 mimtherbiadephasad Higire 3b is

at 1500C for 2 hours. .The te tur
a TENLizaeee of hesslsciagonnger area @é%ﬁgurf%@m%w wﬁérem the scale
resul t ant er me

bal ety P e o dB Rt find ¥/ Ao shsheriodt Wi size

F
s S0 G AR TR AR AT el bl den
an\the bﬁldé@'p%.‘@a}g%@fﬁﬁgﬂﬁ al I oy bi nder
(78Fe: 17Cr: 3Al 1 2Ti [0036] Figure 3a is a SEM

i mge of Ti B2 cernet processed according to Exanple

EXAMPEES: nEidR¢orsTedte bar represents 5 gm In this
i mage the Ti B2 phase appears dark and the binder

B3 BB e et VPR AR
RSO BIT: et G

m & e iR R MOl Bl B SR

thicRRPAN e hgg nm are observed. These fine Y/ Al oxide
sper50|ds appears dark and the binder phase appears

c e%ﬁe;r ggg(én LER%peé gf(%%ﬁge é%\i/\{t/a vvalgs) g‘gj L ﬁzgﬁ?@ fo i%‘ﬁ% g/min of

Si@:ﬁh@l%s b gfit, r#’1t GfHdetEﬁEk S Cafige AURCARE Ges,
enpl oyed "was~as

Northbrook, IL) entramed 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/AI oxide dispersoids of Example 2 showed superior HEAT
results compared to that of a specimen without Y/Al oxide dispersoid of

Example 1.



1) A specinen cernet disk of about 35 mm di aneter and

about 5 mm thick was wei ghed. 2) The center of one
WG /10246 he di sk was then subjected to 1200 gpei/oSh4/015553

SiC particles (220 grit, #1 Grade Black Silicon

Car bi de, UK abrasives, Northbrook, IL) entrained in

heated air exiting froma tub& With a 0.5 inch

di aneter ending at 1 inch fromthe target at an angle

of 45. The velocity of the SiC was 45.7 msec. 3)

Step (2) was conducted for 7 hours at 732C. 4) After 7

hours the specinen was all owed to cool to anbient

tenperature &ndgaeijghed tojdeterm ne the weight |oss.

5) The erosi 0150’& a ispeci mep of a comercially

avai | abl e cast @)” r |refrackory was determ ned and used

as a Reference¢zSEargjargs The Reference Standard

erosi on was g Eg%val ue off 1 and the results for the

cernet speci ma}ﬁsije conpafjed in Table 1 to the

Ref erence Stamndard. |In Tabl¢ 1 any val ue greater than

1.0 represents$ an inprovenent over the Reference

Standard. Thejerosiagn gf <|specinen with Y/ Al oxide

di spersoi ds of Examl eg-\lz pwed superior HEAT results

conpared to that-Sofaa gye n w thout Y/ A oxide

di spersoi d of | Efamyl eql. 2004/ 104246
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TABLE 1

Weight

Loss
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-15- EXAMPLE 4: Corrosion Test [0038] Each of the

cernets of Exanples 1 and 2 was subjected to an

oxi dation test. The procedures enpl oyed was as foll ows:

1) A specinmen cernet of about 10 nm square and about 1

nmm thick was polished to 600 grit dianond finish and
EXIAMBEH 4:nCaesimmelest) The speci nmen was t hen exposed

to 100 cc/mn air at 800C in

[0038] 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 wm, preférably less than 30 um

represents acceptable corrosion resistance.

TABLE 2

Cermet Thickness of Oxide Scale (um)

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




t hernogravinetric analyzer (TGA). 3) Step (2) was
conducted for 65 hours at 800C. 4) After 65 hours the
waep@gitoeme was al l owed to cool to anbi ent tenpRCHUSZ004/015553
5) Thi ckness of oxide scale was determ ned by cross
sectional mcroscopy exam nation of the corrosion
surface. 6) In Table 2 any vajue | ess than 150 m
preferably | ess than 30 m represents acceptable
corrosion resistance. TABLE 2 Cernet Thickness of
CDAIMESScal e (m) TiB2-20 FeCr 18.0 Ti B2-20 FeCrAl'Y
15. 0 WD 2004/ 104246 PCT/ US2004/ 015553 -16- CLAIMS: 1.
A cermet conposition represented by the fornul a
( PQ L RSAXermetprmpositon sepreseatéd by fiaes forfri@h (PQ)(RSDeYer
phase, (RS) and, vaherelnxlsa | east one_nenb
C%I@p@éltngd afcericRbag? HUg)-cobiarist pwe&%sé@né éréheremX is at

IR PRt sels B R P SufGRE Y o AR dipersaig £.
ah ﬁu@hﬁaﬁnﬁ&mgoﬁﬂw bihadederPRRR odR] GalhdEitdi®teramic

dianeter in th range of about O. o 3000 m crons,

phasd (P4))ds Midperatdsipe ehe; bthdenphiwe @Sbcmrpamhalsee of @RSmetasm the
particles in the size range of about 1 nmto 400 nm

rgnge Phabeut Bdtto PP aBicronsn aml SélldaX s disppesediin thebinder phase
| ted f
ARSI At s e ohboy T S wladt) v G oup

v, & oup VI elements and m xtur es t her eof and Q which

it 1 Pl DT r@oeﬁv‘ﬁ%&s G T it e R Ghase )
c%@@ﬁ?&g on%’@(i;ﬁggke\gle % gf&@%%p(d:)o@sls"tﬁggﬁ%lf 522l Group IV,
Group V, Group VI elements and mixtures thereof and Q, which is selected from
the group consisting of carbide, nitride, boride, carbonitride, oxide and mixtures
thereof, wherein ceramic phase (PQ) ranges from of about 30 to 95 vol% based

on the volume of cermet composition.

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

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

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

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

5. The cermet composition of claim 1 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 .S selected from Si, Cr, Ti, Al, Nb,
Mo and mixtures thereof and wherein the binder phase (RS) is in the range of 4.5
to 70 vol% based on the volume of the cermet and the base metal R to alloying

metal S mass ratio ranges from 50/50 to 90/10.



on the volunme of cermet conposition. 3. The cernet
conposition of claim2 wherein the ceram c phase (PQ

WO b@4mmod2a¢ ratio of Pto Q can vary in the ranper/u§2004/015553
0.5:1 to 30:1. 4. The cernet conposition of claim?2
wherein the ceram c phase (PQ ranges from of about
55 to 95 vol % based on the valfume of the cernet. 5.
The cernmet conposition of claim1 wherein the binder
phase (RS) conprises.a base netal R selected fromthe
gr oué cbissamah goprposiiomgt clagn Inwhergithe oxide dispersoids E is

scppied fronfic BB lcchishl B R AL IR MR TP P wTfer Mo,

Vﬁ n plh?%? YB{%H thikthftsliA&rebRA8E réﬁﬁggﬂ fﬁbmto? abBuVel1 ’{‘bF% 0
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on the volume of the cermet a base net al

vol9o dhtealyomthe vottmale dF thessrmed, i o ranges from 50/50 to
90/ 10. WD 2004/ 104246 PCT/ US2004/ 015553 -17 6. The

cermet conposition of claim1l wherein the oxide

di sp@r shheserinet sonmpekitiwnest flaamltwkerginthe intensiesdlliog

of oxides A, Ti, No, Zr, H, V, Ta, O, M, W Fe,
componid Fds seleceddronthe igesup h@usésﬁng@ufdgmgqximc @v) end beta

about 0.1 to_10  vol % based on the vol une
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cemn®t, Ti 2A1Nb, Ti Al 2Mh, TaAl3, NbAl3 and m'xtures

t hereof and ranges from of about 0.1 to 10 vol % based

on the volune of the cernet. 8. The cernet
conp®siTheorernfet cbm’pnssﬁwnhﬁ‘rcdalmn t hehe:ferﬂ thatdeyiwativepotipdund
Gis derived fromceramc phase (PQ or ceram c phase
G(ipdprixed fionneerpnpe abase (F43) onerramae ghaser (R am)btnd@r phase

10, vol % based on .t er ne
RS e Bar O t&@ﬁroa?%%%%@ O T el Of the Sermet.
t oughness
9. The cermet composition of claim 1 having a fracture toughness

greater than about 3 MPa-m'?

10. The cermet composition of claim 1 having an erosion rate less than

about 1x10cc/gram of SiC erodant.

11. The cermet composition of claim 1 having corrosion rate less than
about 1x10™'° 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. -

12. The cermet composition of claim 1 having an erosion rate less than
about 1x10cc/gram of SiC erodant 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.



greater than about 3 MPanmi 12. 10. The cernet
conposition of claim1l having an erosion rate | ess

w0 baa/102bout 1x10- 6cc/ gram of Si C erodant. 11.Pdmes2004/015553
cermet conposition of claim1l having corrosion rate
| ess than about 1x10-10 g2/cnds or an average oxi de
scale of less than 150 mthi.ggkness when subject to
100 cc/mn air at 800C for at |east 65 hours. 12. The
cernmet conposition of claim1 having an erosion rate
| ess13.hah method for protéctidgarmetpl amrfate Silfieet wdansioard a

corrosion ratg_less than apout 1x101 g2/cnmds or an
CeERRS AYEFSOHR BeSSED dhe mefneebCmar s praichn & kit ABrface

it St RopbR B ARt e85kl g1b8ss™ - 16715, "A
met hod for protecting a netal surface subject to
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conpri'sing provi e “ne surtace
teGERABEds iAnha e iBDIC 6!SHONE, frelrdethbll conpBiiie $réPting
protecting a netal surface subject to erosion at
theenptat sirfaceswith at deemetiogmpositid0 @Ccomlify OCclaime 1rE2.hod
conprising providing the netal surface with a cernet
conposition according to clains 1-12. 15. The net hod
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surface of a fluid-solids separation cyclone.



