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cernets, particularly cermet conpositions conprising
a netal carbonitride. These cernets are suit- able for
hi gh tenperature applicationg-wherein materials with
superior erosion and corrosion resistance are
required. BACKGROUND OF | NVENTI ON [ 0002] Erosion
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exanpl e, refinery process vessel walls and i nternal s

exposed to aggressive fluids containing hard, solid
Eiﬁiilﬁﬂﬂﬂ§ylﬁﬁiﬁ2h§ catal yst particles in various

chem cal and petrol eum environments are subject to

bot h erosion and corrosion. The protection of these
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& HOSt "Sever & erosion

aﬁ@béﬁémeﬁ r@zﬂ@tﬁné’éaﬁeﬁ@ quired.de wal l's of internal

cycl ones used to separate solid particles fromfluid

streans, for instance, the internal cyclones in fluid
B@&II&GH(DUNDOEKNW@MH@N (FCCU) for separating

catal yst particles fromthe process fluid. The

state-of-the-art in erosion resistant materials is
[0002]1 c drbyiohassiethne asfteridle findluseiinanamf applicatipes wherein

These castable alumna refractories_are_applied to the
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conposi t one commercl a le re ract ory

sife@ Qo B%iAGEhn ahP8orSosiBn. Th@‘iirdy'teaﬁBn of 118%e Mg§¥elagnd
4.5% P2C6 in ww% The |ife span of the
ingeranls-aghinsh erosion ard eerrosipy indusedgnaterial 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 protgction and upon heat curing hardens and adheres to the
surface via metal—anchor‘slé)r metal-reinforcements. It also readily bonds to other
refractory surfaces. The typical chemical composition of one commercially
évailable refractory is 80.0% Al,0s, 7.2% SiO,, 1.0% Fe;0s, 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



significantly limted by excessive mechanica

attrition of the liner fromthe high WO 2004/ 104248
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I mpi ngenent, mechani cal cracking and spallation.

There- fore there is a need for materials wth

superior erosion and corrosipn resistance properties

for high tenperature applications. The cernet,

conpositions of the instant invention satisfy this
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toHoem AMRBLhRIHatiC! udes a cermet conposition

represented by the formula (PQ (RS) conprising: a

ceram c phase (PQ and a binder phase (RS) wherein,
[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,
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sel ected fromthe group consisting of Ti, Zr, Hf, V,
WOR04/Te24r, Mo, W Fe, Mh and m xtures ther epdT/UR0DE015554

carbonitride, Ris a netal selected fromthe group

consisting of Fe, Ni, Co, M and m xtures thereof, S

conprises at |east one elenmeht selected fromOCr, A,

Si and Y. BRIEF DESCRI PTION OF THE FI GURES [ 0009]

Figure 1 is a scanning el ectron mcroscope (SEM inage
P¥ aﬁ?e@ﬁs@‘&té’d TOR] TRl orBRE @olsisige %@wozf’/%ﬁﬂﬂf NI, €35 Mo,
ste (304SS) |nder% stratlngt e (€ 'N) Ceram c

\AplfaﬁMIpa:ﬂdnﬁkﬁﬁesdtmpm"fsed i n bi nder and the
reprecipitation of new phase M2(C,N) where Mis

cnithideFe. and Ti and MC,N) carbonitride where M
qug mal ﬁ&l% and Ta. Also shown in the mcrograph is

RADE ahetel o3 fomn M ShoicMBREAL i OR cd Mblancicares
E\Le%rfoscope (TEM inmage of the sane cernmet shown in
Igure 1 [0011] Figure 3 is a SEMimge of a

Ti CO33N0. 7, cer et .nmade, u % n r)y 556
S SPIBHSE Hder e TR Ze%?%é Lo NS in ag)
particles dispersed in binder and the reprecipitation
: / mainly Cr, Fe, and Ti
i NV ji-am Mo, Nb, Cr, and Ti.
[0012] F| gure 4 is a transm ssion el ectron m croscope

pBaL, g r1°f~°*sat R ARGl AR T BB 3 Ficomos

ceefne%aae UsBWES0 3619 300R24HI8s SfeePrd(AAS) %nde@%ﬂﬁg@atﬁﬁg the
of titanium—carbonitride cernmets of thé instant

Ti(6yéntsramicrphaseysirtigle8 dispetgdtin rdedereandahe deprecapiitatiah of
800C for 65 hours. The WD 2004/104248

nevephas Mol dissiere M is mainly Cr, Fe, and Ti and M(C,N) carbonitride

where M is mainly Ti and Ta. Also shown in the micrograph is the formation of

M(C,N) rim around the Ti(C,N) ceramic.

[0010] Figure 2 is a transmission electron microscope (TEM) image of the

same cermet shown in Figure 1.

[0011] Figure 3 is a SEM image of a TiCg 3N cermet made using 25 vol%
Haynes® 556 alloy binder illustrating Ti(C,N) ceramic phase particles dispersed
in binder and the reprecipitation of new phase M,(C,N) where M is mainly Cr,

Fe, and Ti and M,(C,N) where M is mainly Mo, Nb, Cr, and Ti.

[0012] Figure 4 is a transmission electron microscope (TEM) image of the

same cermet shown in Figure 3.

[0013] Figure 5 is a graph showing the thickness (um) of oxide layer as a
measure of oxidation resistance of titanium carbonitride cermets of the instant

invention made using 30 vol% binder exposed to air at 800°C for 65 hours. The



-4 oxidation resistance of titanium carbide and

nitride cernmets are al so shown for conpari son.
WORDALLI DESCRI PTI ON OF THE | NVENTI ON [ 0014] EXEUS2004/015554

conponent of the cernmet conposition represented by the

formula (PQ(RS) is the ceram c phase denoted as

(PQ. In the ceranic phase {9, Pis a netal

selected fromthe group consisting of Ti, Zr, Hf, V,

No, Ta, C, M, W Fe, Vi and m xtures thereof. Qis
oXidatentdsidtaiece divitaniuhe calidigd pitaae céiidts iafe alkb8hown for

carbonitride cernet conposition is a netal
cappdosont ri de. The nolar ratio of Pto Qin (PQ can

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

range of 1:2 to 2:1. As non-limting illustrative
DETABITR DEFERIPTION;OF (bl INMENELGN( C. ) wher ot n
P:Qis 1:1. Wen P = C then (PQ can be Cr2(CN)
wherein P:Qis 2:1. The ceram c phase inparts

[0034Hne §3ne eompenarob g eorings covposttiaangpeasesiedrby the formula
(BERRS IR mioniseynp e (Bndp the %gq%g%gpg ,P0), Pis
IS B AN TP, LTS o

Fé,Mh hadraixgered tRerk6f. 3009 cHibonafide] le‘fﬂl'sQH@b@ﬂanuMﬂhﬁse (PQ) in
preferably inthe range 0.5 to 100 mcrons in

thdICaItEmellﬂder@EImt sTmpesdones amu@abranbom:tiede .chhe hmlaml;atm of
Pt g B nh SR 53, Bl e 12
T SRR R o
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nmet hods such as optical mcroscopy (OV, ni ng
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ni croscoP TEM can be used to determ ne the
repistanre pbIENPEIIreUR FoRPRIK 1B ment of this

i Invenlti on, thﬁ ceram c phase (PQ is di sperﬁed as
roBSi nd08 cramig] M%ZEQSP%%C%?%% pictinhly faproRfs the
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is B eeah§810.5 to 3000 microns in dlameter More preferably in the range 0.5

to 100 microns in diameter. The dispersed ceramic particles can be any shape.
Some non-limiting examples include spherical, ellipsoidal, polyhedral, distorted
spherical, distorted ellipsoidal and distorted polyhedral shaped. By particle size
diameter is meant the measure of longest axis of the 3-D shaped particle.
Microscopy methods such as optical microscopy (OM), scanning electron
microscopy (SEM) and transmission electron microscopy (TEM) can be used to
determine the particle sizes. In another embodiment of this invention, the
ceramic phase (PQ) is dispersed as platelets with a given aspect ratio, i.e., the
ratio of length to thickness of the platelet. The ratio of length:thickness can vary

in the range of 5:1 to 20:1. Platelet microstructure imparts superior mechanical
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through efficient transfer of |load fromthe binder
wW@bagao2RS) to the ceram c phase (PQ during BPCDERIN4/015554

processes. [0016] Anot her conponent of the

carbonitride cernet conposition represented by the

formula (PQ (RS) is the bindgr phase denoted as (RS).

In the binder phase (RS), Ris the base netal

selected fromthe group consisting of Fe, N, Co, M

Qrt{Es’%ﬁfHﬁ éfﬁe{&l%anﬁef 3 Rﬁd"ﬁ&ﬁ%}aé‘ %iﬁﬁgz"r 2>'hase (BS) g the

rrprl sI ng “at ast one emsnt sel ect
ceisamwﬁhehée ﬁ?g)aduri i éddelongRoResseée an al i oval ent
el enent sel ected formthe group consisting of Y, Ti,
Zr, Hf, Ta, V, No, Cr, M, Wand m xtures thereof.

[OMG] conticihes mnp@u@inbf dfe arboditride cerhaaRGnipositvres
thereof are of at |east about 12 wt % based on the
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tolabeet2 wt% bé bastidgin thefweilght of lhédnndd?iS)Thd elleﬁrwtslﬂ?r Zr Hf,
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M, W Fe, N, Co,
[0017] In the carbonitride cermet composition the binder phase (RS) is in the

range of 5 to 50 vol%, and preferably 5 to 30 vol%, based on the volume of the
cermet. The mass ratio of R to S can vary in the range from 50/50 to 90/10. In
one preferred embodiment the chromium content in the binder phase (RS)‘ is at
least 12 wt% based on the weight of the binder (RS). In another preferred '
embodiment the combined zirconium and hafnium content in the binder phase
(RS) is about 0.01 wt% to about 2.0 wt% based on the total weight of the binder
phase (RS).

[0018]  The cermet composition can further comprise secondary carbonitrides
(P’Q) wherein P’ is selected from Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Fe, Ni, Co,
Mn, Al, Si, Y and mixtures thereof. Stated differently, the secondary carbo-

nitrides are derived from the metal elements from P, R, S and combinations



Mh, Al, Si, Y and m xtures thereof. Stated

differently, the secondary carbo- nitrides are derived
w0 coairof2d8 net al el enments fromP, R S and conbP@EHUS®NE015554

WD 2004/ 104248 PCT/ US2004/ 015554 -6 thereof of the

cernet conposition (PQ(RS). The ratio of PP to Qin

(PQ can vary in the range®f 3:1 to 1:3. The total

ceram ¢ phase volune in the cernmet of the instant

i nvention includes both (PQ and the secondary

HERRRSE S SHERneer g UIGRRSY MO OLECR: B (i) can
va§ iN ehdedpsed 30ntd 1S, VDAddRalWerdthie plelseviolume ¢ eiecddrinet of
from70 to 95 vol % based on the volune of the cernet.

the GOskSHt inv@htgon oicludes hotlc AQ) end ¢l sasongarsearbamitrides (P°Q).
cermet. conponents excl.udes re yolune due to
Injhe sarhapitrecos@eheampasitipn R iz om of sbout 50 to

9 R ohork O PGB Ry he Bermée” Erere BRI GBI Yorse
basel wBhO N ollife 6L fHE ermEhe pores conprising the

porosity 1s preferably not connected but distributed
in the cernmet body as discrete pores. The nmean pore

[0919F | THRMRI&MAa PeycehhBf E@iRetPhak& tid et B fAbnts)
particle size o the ceram ¢ phase (PQ . [0020] One

exabpiestponé vohané duetd parosity. The cermebearbpbbiragieriaéd biyer
cernet.  The ceram c phase can be di spersed as L.

paspsiby incdie ragge phAditedld, v¢ide-y Resferably, tg? ypBrme gf porosity is 0.1

heric dirstorted elljpsoidal -and distorted. .
todfyhaiidgre ohHdi finedrahEEamd R uPet bompiing s gprosicy
is eﬁib?? nbDEbMR td PNR'BSriDhidChUhe cBAKEI L@ £&OdiScrete pores.
arbonitride surrounded by a |layer of secondary

Tleameanipore siee iPpefanblyl the samel crdsss thaf¥heneanearticle size of
di spersed particles is such that the particle-particle

the garAnmg MHeseRd)- t he i ndi vi dual carbonitride ceramc
particles is at least 1 nm The particle- particle

[OAB0hodne AeRoGi ! EENiREOTERANS HORAPRIGIGRY & e fermet
Tliqo (lgnh;gﬁng Bﬁgseacsén%%tﬁlsﬁergen&j as’ ?prhaeIHC%i’elltigs%ihﬂ%éﬁ}ﬂgallal,
distorted spherical, distorted ellipsoidal and distorted polyhedral shaped particles
or platelets. The cermet may also include layered structure having a core
carbonitride surrounded by a layer of secondary carbonitride. Preferably, at least
50% of the dispersed particles is such that the particle-particle spacing between
the individual carbonitride ceramic particles is at least 1 nm. The particle-
particle spacing may be determined for example by microscopy methods such as

SEM and TEM.

[0021] In crystalline solids such as metals and ceramics, the individual atoms
or ions are arranged in such as way that they display three dimensional
periodicity in arrays described as crystal lattice. Ceramic phases such as metal
carbides and metal nitrides are crystalline solids with inter-penetrating metal

atom and non-metal atom sublattices, respectively. For instance, in the case of



or ions are arranged in such as way that they display
three dinensional periodicity in arrays described as
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carbi des and netal nitrides are crystalline solids

with inter-penetrating netal atom and non-netal atom
subl attices, respectively. F@r instance, in the case

of WD 2004/ 104248 PCT/ US2004/ 015554 -7 TiC ceramc

phase, there are two sublattices, one of Ti netal and
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carbonitride phase, and denoted by Ti(C,N. In this
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In these carbonltrld substitutions o

atoid br pitfogen réal sublaume cHomIvsn thl@mlﬁﬂof tocd] rhetal atogeto total
Nb can partially or fully substitute for Ti formng .
nerRmeth toms)can gt be mamtaigedias del w these carboaitrides. Similarly

R BEe A ddovi Site? méla] SoRts Satciisn Rutris Gdrignes Vb can
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total non-net at om rat’i on

tof1qiom-m¥tal htom £atio b thaBnginei® thiesy nhiXed Nbrbofﬁﬁldes as 1:1.
el enents. One exception is VC and VN, which are only

Thiaris p ghrsactasistislof ﬁpsanirnent memo-@abisien and mema-nitrides, that
varied, fro bou

is ol e t[a@) igia %Fa? Aorp AR L. of CROSB LY TH % B and
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partlally soluble in each other. Carbon content in carbonitride (C,N) can be
varied from about 0.01 to about 0.99, preferably from about 0.1 to about 0.9, and
more preferably from about 0.3 to about 0.7 and abbreviated as (C,N).

[0022] The cermet compositions of the instant invention possess enhanced.
erosion and corrosion properties. The erosion rates were determined by the Hot
Erosion and Attrition Test (HEAT) as described in the examples section of the
~disclosure. The erosion rate of the carbonitride cermets of the instant invention
is less than 1.0 x 10 cc/gram of SiC erodant. The corrosion rates were deter-

mined by thermogravimetric (TGA) analyses as described in the examples



[0022] The cernet conpositions of the instant

i nventi on possess enhanced. erosion and corrosion
w@e@proLies. The erosion rates were determ nedP@lUS1v64/015554

Hot Erosion and Attrition Test (HEAT) as described in

the exanpl es section of the disclosure. The erosion

rate of the carbonitride cergrets of the instant

invention is less than 1.0 x 10-6 cc/gramof SiC

erodant. The corrosion rates were deter- mned by

AT el e one Coreni e nidcy o

in®fant hﬁeﬂh&ﬁh@&k&ﬁ ¢hanThelCOrg’epi’en) rate of the
carbonitride cernets of the i nstant i nvention is | ess

than 1x10-10 g2/cnmds. [0023] The cernets of the

[0083] antTHerveemietsoor thesaeast ifivanio podsesiahnease Wughness of
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material. Loading in three-point bend geonmetry w th

a traek prepagasaskinian wistatle nxinoor g1 the materiak beadingdnpheee-point
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begdigeomaiey Wi the Prersrack inithe igngion sidg o nst sample 1s

Gy e KRR e SRR RO RS SARETAPES bbchifics
thecwaf(WS}g»HaQé of it criidt Bf tHeO@<thht ﬁﬁ%hﬁ@ﬁ B REE&H& inf he

Invention is the avoidance of enbrittling inter-
canidrgbdragraphe i piitatibsrespoisible o gmparthrpsthikaimbuteo one
of ordinary skill in the art of metallurgy. The
carbonitride cernet of the instant invention has
[0f24F er Anather dspect dfftheimtpationSs thel #mdameadf embrittling inter-
enbrittl]j n%‘tphases The ¢ met of the

metallicprespiigtessuch@p sigiaa phage pwer fo qae eg sedinaskil in the
oA P SR LT BB Bt
ablRR2s BYarD it 3l val e sudiRdAbliTi AL ‘f)ﬁlases The cermet of the
instant invention with (PQ) and (RS) phases as described in the earlier

paragraphs is responsible for imparting this attribute.

[0025] The cermet compositions are made by general powder metallurgical
technique such as mixing, milling, pressing, sintering and cooling, employing as
starting materials a suitable ceramic powder and a binder powder in the required
volume ratio. These powders are milled in a ball mill in the presence of an
organic liquid such as ethanol for a time sufficient to substantially disperse the
powders in each other. The liquid is removed and the milled powder is dried,
placed in a die and pressed into a green body. The resulting green body is then
sintered at temperatures above about 1200°C up to about 1750°C for times

ranging from about 10 minutes to about 4 hours. The sintering operation is



techni que such as mxing, mlling, pressing, sintering
and cooling, enploying as starting materials a
wa@iosabd2e8 cer ami ¢ powder and a bi nder powder |iPCT/082004/015554
required volune ratio. These powders are nmlled in a
ball mll in the presence of an organic |iquid such as
ethanol for a tine sufficiemd-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 m nutes to about 4 hours. The sinteri ng operation
atirospiip200a/Hedazit 8 g RCTThisaley theSHtdred Wodyr isfadloatdyto cool,

perfornmed i.n an inert atnosphere or a_ reducing
tya%CﬁIiyﬁﬁ ambignt ¢prgaiions, slhe GRrmes Prepaseshpecordmg tprfbe process of

o SRR Ao bR RLHEY Pk detbel AEHDS pfifBRES T in
thitlkneyed to cool, typically to anbient conditions. The

cernet prepared according to the process of the
invention allows fabrication of bulk cernet naterials

[0026Fed03 feattite bP thd drflefesSthe [RPR]onFehdie libF Rtk tural
the cermets of the invention is their m crostructural

stattihby, levey at elesatedttemipenasires), mekingrthenr paticalaklyrsyitablenfor
particularly suitable for use.in protecting netal
usgdp Preiesting Hatak suskagss agringt orasips ahfamperatuics Hethegapge of

ot 300 o BERAD Pnd s e Mhis TRt GrBape for
tish8Beriddy Bftaor thel 2996APS: SAmABTLE aBotSNhrd  ABAU10

year I'n contrast many known cernets” undergo

yeharsarisfaomtmist nnay &nosinessainets uidorpe tahsfoemanibng it elevated
results in the formati on of phases which have a

tempprataies ovftich sesudistin dhe farmapioppdnbiases whichhavess deleterious
f%CF) 271, The hiI?h tﬁgger at utLe stability of the cernets
CISE PRET ARG OIER EE™¢them sui t abl e for applications
where refractories are currently enployed. A
[OE?%‘IC lels,?h%’/ @@%*eﬁﬁ?%@ﬁé %Jtéﬁﬁﬁ;l,' E)g gl%ee éeljrr?e% Hfl ﬁlel fn@grrlt%or]; Blakes
them suitable for applications where refractories are currently employed. A
non-limiting list of suitable uses include liners for process vessels, transfer lines,
cyclones, for example, fluid-solids separation cyclones as in the cyclone of Fluid
Catalytic Cracking Unit used in refining industry, grid inserts, thermo wells,
valve bodies, slide valve gates and guides catalyst regenerators, and the like.
Thus, metal surfaces exposed to erosive or corrosive environments, especially at
about 300°C to about 850°C are protected by providing the surface with a layer
of the cermet compositions of the invention. The cermets of the instant

invention can be affixed to metal surfaces by mechanical means or by welding.



cycl ones, for exanple, fluid-solids separation

cyclones as in the cyclone of Fluid Catalytic
w@e@eloa2g8 Unit used in refining industry, gri dPCHES20D4015554

therno wells, valve bodies, slide valve gates and

gui des catal yst regenerators, and the |ike. Thus,

nmetal surfaces exposed to erldsive or corrosive

envi ronnents, especially at about 300C to about 850C

are protected by providing the surface with a | ayer
EXANIPE.ESer met conpositions of the invention. The
“cernets of the instant invention can be affixed to

tal surf s. b chani cal neans or by wel ding. WO
Dskemingiend B Bo687015554 - 10- EXAVPLES
Det erm nati on of Vol une Percent: [0028] The vol une
[0628¢ entThef vadawk pehaene of eactpphase; camgohéiet qndrthe porevalume
or porosity) were determ ned fromthe 2-di nensi onal

(éap@aomya(wqr@ Heteppirgkiron:the r-Agnensienal greavrastinsdpy the
t hody, Scanning El ect S )

SEB e Bl VoGRS ahelioll, SeaRRGRaoh MisfRssppy $SEM)

AEEARL SRR (e R Rug ) oy g 000y cccyn

imapegsarefezablobit 4006x mignificdtoey. d¥orhs pegasicaaned baBEM, X-ray
Spectroscopy (EDXS). ~The SEM and EDXS anal yses were
datdnwge twas ahriaihpd asiag) Bresgy DRispersivefXrap Spsaipicopy TREXS).

2- di.npnsi area fractions, of each phase was the

T SR AR s hEBert M eimguantind & BB RiaRbareRnRl the
i pal/ ni na- ' : , )

selyg, T BRI T fout Aot plfse W HER: d MEtthinea
ustive thitdignaple anhhisddFay e BP0 Imwah pifigeersidBnt (BDAX

five measurenments. The volunme percent (vol% is then
IndeMeahmiahe Newy Jarsg st 0130, RS Ahforaaach agea. at baafithaottioavdrgge of

100. The.vol % gxtgr esrks?(iadf in h(%. exanpl es haveé@n
the agqs fRSHQY was defgomy ¢ IeonRIUIERRgals, dderlpme

P . +/ - 0, A

pep PR (VO i e OBy BSSTHISMHE eralle P HaBlion by
1002 ThE RioHt dxResebd ettt éxaR@sI6€Rhve an accuracy of +/-50% for phase

amounts measured to be less than 2 vol% and have an accuracy of +/-20% for

phase amounts measured to be 2 vol% or greater.

Determination of weight percent:

[0029] The weight percent of elements in the cermet phases was determined

by standard EDXS analyses.

[0030] The following non-limiting examples are included to further illustrate

the invention.
EXAMPLE 1

[0031] 70 vol% of 1.3 um average diameter of TiCy7Ng 3 powder (from Japan

New Metals Company) and 30 vol% of 6.7 um average diameter 304 stainless



[0029] The wei ght percent of elenents in the cernet
phases was determ ned by standard EDXS anal yses.

WO 0®30p423he foll owi ng non-1imting exanpl es arBCT/US2004/015554
included to further illustrate the invention. EXAMPLE

1 [0031] 70 vol%of 1.3 m average di aneter of
Ti CO77NO. 3 powder (from Japan- New Metals Conpany) and
30 vol % of 6.7 .m average di aneter 304 stainless WD

2004/ 104248 PCT/ US2004/ 015554 -11 steel (SS) powder

st B5 BolBA( Genrky MRL FRlnt R S5 SR i 0835+,
9£HARbericd HIRE 16 Uh'erd afspeﬂ;e@ wWRAVERLSol iR }@DMumg

were mxed for 24 hours wth Yttria Toughened

JaZI 'l[‘he poavdesTia) ethaddlswdré Gnixeddoa g heurs with W itigs Cﬂmughened
in a ball mll at 100 rpm The ethanol

er@t?m@ éXT)er) dalls K E0 mm@arp@meﬁrgnb?ow@a@mgnaa) 1n123m11 m;H at
h 6 dried
1 rriae B oFhel F68 THAROHEA e s %Mﬂ%rbgﬁ@a&ng at

13RCTER OB Mo anar ST PE srufibugedl R 2 40
mﬂp@ignférter de ﬁ‘h@ld&“a\fhlﬁI Lﬁﬁﬂxi%F Bré&? |(§Pg§( %Aﬁﬂ%mg’t@drﬁ Iress)

for residual sol'vent renova I sC was

at156300egkit ThtaeOdial sHedH Hisd pelleewaorarapet figksl460°A 2p0C

for 2 hours. The tenperature was then reduced to

2356V min ﬂrﬁa@oatandllﬁﬁm at 400°J 66:3) mih€orrresidubbsdlvert @aioval.
conpri sed iz169 vol % Ti C0. 7NO. 3 wth average grain

Th;a dlec ofasdheruheated tgkH00C at V51Cknsedo an@uwamhhddrattlrsméc for

l_\ll)mvmth average grain _size of about g .
2 bt Thedompemiis Wahenetiosd (o helos 100FGhitr 1 Sphuini
aI I oy bi nder. [0033] Figure 1 is a SEM i mage of
7NO. 3 cernmet processed accordi ng to this

[Og&%]rrpl Lhe gprultanhcermet samprsgdesents 2 gm In this
i mge the Ti CO. 7No. 3
1) 69 vol% TiCy7Ng3 with average grain size of about 1.5 um

i1) 2 vol% secondary carbonitride M,(C,N) with average grain size of about

0.5 um, where M=63Cr:24Fe:13Ti in wt%

1) 29 vol% Cr-depleted alloy binder.

[0033] Figure 1is a SEM image of TiCy 7Ny 3 cermet processed according to
this example, wherein the bar represents 2 um. In this image the TiCy 7Ny 3
phase appears dark and the binder phase appears light. The Cr-rich secondary
M,(C,N) phase is also shown in the binder phase. By M-rich, for instance
Cr-rich, is meant the metal M is of a higher proportion than the other constituent
metals comprising M. M(C,N) carbonitride where M is mainly Ti and Ta is
formed as a rim around TiCy 7Ny 5 core. Ta is believed to be an impurity from
TiCp7Nos powder. Figure 2 is a TEM image of TiCy 7Ny 3 cermet processed
according to this example, wherein the bar represents 0.5 um. In this image the

TiCy7No.3 phase appears light and the binder phase appears dark. The Cr-rich



phase appears dark and the bi nder phase appears |ight.
The Cr-rich secondary M(C N phase is also shown in
wo b@4bon2der phase. By Mrich, for instance CrPCT/UR2004/615554

meant the metal Mis of a higher proportion than the

ot her constituent netals conmprising M MC N
carbonitride where Mis mainiy- Ti and Ta is forned as

a rimaround Ti CO77N0. 3 core. Ta is believed to be an
impurity from TiCO.7NO.3 powder. Figure 2 is a TEM

SARRERPAL TS0 (B 280 H83Eher DAY U P s
formerl Aroage Ti0g,NJi &dte” WheThohasey appRide V\gham‘fs @ndeplbed
bi nder phase appears dark. The -rich 2004/ 104248

dRET 1s20edipiaEes4f CrakchssarondanyyMyl(.O)Yhaph ase Tisnaiched due
sho t he nder_phase. MCN) rimis forned
toyihs 850?11 R@(d@%\b The chem stry of binder phase

is Cr-depl eted due to the precipitation of Cr-rich
‘mﬁé M2(C, N phase and Ti-enriched due to the
E #on of Ti Co.7No. 3 EXAMPLE 2 [0034] 75 vol % of

1.3 m average dianeter of Ti CO.3N0.7 powder (from

J | s Conpany) and 25 vol % of 6.

193, age/ %Y%l%?g f- Wr?é@{arse e@eteaqual;ﬂcp@bhepowé@b Efé9m Japan
E al ance 0. 3Ni :17. 3Co0;.2. 9MVb:

NoWoBleRale CRmra) 350 25 N8 Poof 67 R A8 ek T RS Pe566
5P ot Bef(OGRES s, FEMARCE) 0 ST HERLY 7o 3 2opp2 5w
080 M2H/4557:0.47 B, %m%@srelaﬁé@ bafow 5@&@%@ d@ea 18 prdd¥8s the

fenperature was then reduced to bel ow 1
ceriie®/discras de363b¢d ThExample 1.afhe cermet dlsomys |th@dheat¢d 1d

vol % Ti C0. 3NO. 7 with average gral n size of about 2 pm
1560°CQatvbi %/sur dnargon @alr jat 5%"@/&@@ hyunsi (Fheabemmegaiure

gral n size of about mmo
@%reﬁ%equIQWﬁ@%ﬁoatI ¢/ﬁmﬂt %iii) 1 vol %

secondary carbonitride M(C,N) with average grain size

f _about
[0%35? ouI‘he resultant cermet comprised:
1) 74 vol% TiCy 3Ny 7 with average grain size of about 2 um

ii) 2 vol% secondary carbonitride M,(C,N) with average grain size of about

0.5 pm, where M=65Cr:9Mo:12Ti:10Fe:3Co:1Ni in wt%

ii1) 1 vol% secondary carbonitride M,(C,N) with average grain size of about

0.5 pm, where M=49Cr:30Mo:7Ti:10Fe:3Co:1Ni in wt%

iv) 23 vol% Cr-depleted alloy binder (36Fe:18Cr:22Ni:21Co:3Ti in wt%).

[0036] Figure 3 is a SEM image of TiCy3Np; cermet processed according to
this example, wherein the bar represents 2 um. In this image the TiCy7Ng 3
phase appears dark and the binder phase appears light. The Cr-rich secondary
M,(C,N) phase and Mo-rich secondary M,(C,N) phase are also shown in the

binder phase. Figure 4 is a TEM image of TiCy 35Ny cermet processed according



0.5 m where M-49Cr: 30Mo: 7Ti: 1 OFe:3Co: INi in wm%iv)

23 vol % Cr-depl eted al |l oy binder (36Fe: 18Cr: 22N : 21
w@e00dTo42uh w99 . [0036] Figure 3 is a SEM i maREr/082004/015554

Ti C0. 3NO7 7 cernet processed according to this

exanpl e, wherein the bar represents 2 m In this inmage

the Ti CO. 7NO. 3 phase appeansg-dark and the bi nder

phase appears light. The Cr-rich secondary M2(C, N)

phase and Mb-rich secondary M2(C, N) phase are al so

o3t el ook 883 el B i Frp e B 360 o
pfa@g /a?ﬁ?rﬂ'@‘h/gﬂ@%ﬁle bﬂiaelt ﬂlés@'a% 8X3MALE, TH@@reI‘léh E&%ndary

epresents 0.5 m In this image the Ti C0.3

M@(@,a}é rape by aso slghwn am thet lbnadbr plaese. [Bth Crapple aeebmjlary(

The Cr-rich secondary M phase is al so shown in

Mpt{eNjianddylopheis eecoginy Mzé@ Mmf@é%maalgp shepyiTinghedpiader
P%Sﬁdgﬁmec %’3‘8 er%gl\r%%g rggglnaﬂasho | n t he

Cr-depleted and Ti-enri ched EXAI\/PLE 3 [0037] Each of
E%%mgﬁﬁgts of Exanples 1 and 2 was subjected to an

test. The procedure enpl oyed was as foll ows:

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

hi | i she ri [ .1 and
(0832 e SRR s rbRE0t RaBsdt it 2B Bhis 8 e

oilﬁatil&pteﬁﬁ/ T'hé‘s)ﬂic%dﬁiteéiﬁﬁl@ 8 vihelsetiogikavi metric
ana yzer 3) Step (2) was conducted for 65 hours

od fosnshimEn pEmALOIRBE 1) SRR R ok s

o?fsﬁé& td‘@@O %ﬁﬁ afFhARIfiR%h GnaSTeARMlh ¥BlonBl Cr 0Scopy
exam nation of the corrosion. 6) In Figure 5 any val ue

eSS RN EahdT wEPER A3 AP G PORRL Bk X SRR in thermo-
gravimetric 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 nﬁcroscopy

examination of the corrosion.

6) In Figure 5 any value less than 150 pwm represents acceptable corrosion

resistance.

[0038] The Figure 5 showed that thickness of oxide scale formed on TiC,
Ti(C,N) and TiN cermet surface. It is obvious that Ti(C,N) cermet has superior
oxidation resistance than TiC or TiN cermet. For Ti(C,N) cermets, the thickness
of oxide scale formed on cermet made using Haynes® 556 alloy binder is |
slightly lower than that made using 304 SS regardless of lower binder content.

This improvement is caused by aliovalent elements present in Haynes® 556



resi stance. [0038] The Figure 5 showed that thickness
of oxide scale formed on TiC, Ti(C N and Ti N cernet
waeohaer4s It is obvious that Ti (C N) cernet haBCT/US2004/015554

superior oxidation resistance than TiC or Ti N cernet.

For Ti (C,N) cernets, the thickness of oxide scale

formed on cernmet nade using Haynes(r) 556 all oy binder

is slightly ower than that nade using 304 SS

regardl ess of |ower binder content. This inprovenent

t
aliGy SRUEF] 94 AR BT STRE L Ol 8 rbiXfiesr 910,
whiéh Rxichatolled byestemid difedsidh 6F treeretial i't hensdhomiO) e@dstal
Ti 02, which is controlled by outward diffusion of

latriesr Yiliemi eidationtrarte,radicvialenit elenaenis,t wihich| age present inhearbide
oXi d%tl on start gval.ent e]

obpgg Ahases, dissg V&é su@tﬂ%pa@l%ﬂﬁ@ crgpgg iﬂt‘i}%es since the cation

I +E LY .t
8&8?) ?ogllwélleggao@é Féo al ent e g@e nhﬁég CS&F%E% VJlﬁbthf)n78f Ti
(O0BS nfn)C FIRE Aol seb¥ahBall{ Alssefvedi NG 16195 BR8B)he Seb6n
t he subst antially dissolved Nb5 ions increase the
cehentraton of oime €Dy atystam lagfice,ltbe Eoﬂ@ntraja@naif 1hwr$tltgzé T1 ions

the concentration of .interstitial Ti+4 jons in TiO
iy b Prdeaaases Héﬁ@by Qxidaitan @rﬁupﬁr%ﬁﬁfbr&@@ataM¢ sllustrates

SRRt U o BBt Pyl SHARE Plance

EXAMPLE 4 [0039] Each of the cer mets of Exanples 1 and

Eg%]ﬂj ected to a hot erosion and attrition test
—the procedure enpl oyed was as follows: 1) A

speci men cernet disk of about 35 mm di aneter and about

[T, Bhcior i URAARSS rdlnplle) GEAORALAOLuBded 18 1k

enSUJec / mn

efRidd Qi&@mﬁt?&gte@f (HEAT). Grdsobédak eﬁlﬂlb?@ilw@@fab ifeldows:
UK abrasives, Northbrook, I'L) entrained in heated air

exi t ingafyama, #?k}ﬁ% » ?'Eﬁ%ie‘{” F
at 1I‘l?nchsrpgr omI{ \gmfig&tgf&oglﬁgggﬂﬂne&o . e‘E{e%luri:]g mm
thiek 0k tweighed. he
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 tempera-

ture 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 to the Reference Standard.



SiCwas 45.7 msec. 3) Step (2) was conducted for 7

hours at 732C. 4) After 7 hours the speci nen was
wW@bdoemert4s 0 cool to anbient tenpera- ture and RET/GR®O4/015554

to determ ne the weight loss. 5) The erosion of a

speci men of a commercially avail able castabl e

refractory was determ ned ang .used as a Reference

St andard. The Reference Standard erosion was given a

value of 1 and the results for the cernmet specinens
Cg@yg@n’par ed to the Reference Standard. WD 2004/ 104248

2004/ 015554 -15- CLAIMS: 1. A cernet
conmposi tion represented by the fornula (PQ (RS)

o 10 oA 0 AN W
c&apsibisit Bee@imiiphadd (PO anVa bikder phase RS W‘heréﬂl Fe,

Mh and m xtures thereo Qis carbonltr| e, Rlsa

et al gelect et CERRiE ATAY RGNS AT 2 By, b,

Co, ures ereo onpris

T@'@ﬂ%b PeIReMitlahd elixfires Mereckl and Y. 2. The cer met
corrp05|t| on of claim1 wherein the ceranic phase (PQ

ranges t 50 to 95 vol % based on the vol une
of theéiessér?é? mg%) he cer net conp03|t| on of claim?2

wherein, the nolar, rat. in the. ce
(PQ cdhisApmgtal ﬁekﬁ@drfgﬁ@éheﬂrqumcw%mﬁ Qﬁ%ﬁ\éio@m and

of claim1l wherein said ceram c phase
m@% SthHggg’persed in the binder phase (RS) as

spheri articles in th size ra of 1 Cr
to 3oo§a9ﬁr§n> ?%ﬁ%%@ e en?ﬁ%lee@ﬂrféqmc%ﬁm@sgi e of
claim1 wherein the binder phase (RS)

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

(PQ) ranges from of about 50 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 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.

5. The cermet composition of claim 1 wherein the binder phase (RS)
18 in the range of 5 to 50 vol% based on the volume of the cermet and the mass

ratio of R to S ranges from 50/50 to 90/10.

6. The cermet composition of claim 5 wherein the combined weights
of said Cr, Al, Si, Y and mixtures thereof is at least 12 wt% based on the weight
of the binder phase (RS).



iIs in the range of 5 to 50 vol % based on the vol une of

the cennet and the mass ratio of Rto S ranges from
wG030040248 90/ 10. 6. The cernet conposition of PCHUN0B4/015554

wherein the conbi ned weights of said &, A, Si, Y

and m xtures thereof is at |east 12 wt % based on the

wei ght of the binder phase j6RS). WO 2004/ 104248

PCT/ US2004/ 015554 -16 7. The cernet conposition of

claim1 wherein S further conprises at |east one

b T

lehfesRoflidvaldri elenidtigelictddl Rdndt e prvdfecomsiathe 60YL T8, Zr, HE,
total weight of the binder phase (RS). 8. The cernet

TaoWpdibi CroMooW ahdiomxtures thdreof indhp rasgenef @.8¢ sodawio based
carbonitri.des f(P' %) wherein P is selected fromTi,

oryhe fotal wWeighpof thg Dirger phgse (§9)-Fe, Ni, Co, M, Al, Si,
Y and m xtures thereof. 9. The cernet conposition of

claiml having a fracture to ness. of reater than
about 3- NPHC FRHDe! COIPAYIEOR 8 ?rgﬂm&oﬂﬁﬁgqrgpm?rwn%ﬁ%wary

2 .. i X -
APl RO IR A R et ER SudoPh 2l i Yo Te Cudde
WYPe, NiCCBakn, Y188, 'Y afd miwhirBs eerédypact vel ocity of at

'east about 45.7 mi'sec (150 ft/sec) and at an i npact
angl e of about 45 degrees and a tenperature of at

| east 9ab@HE cé@rhéi dobdbé¥ition of cRiml Easting alfeattare tbhghness of

The cernmet conposi tjon of claim 1 having corrosion
greates thazsabout BaviPamlt. 1x10- 10 g2/ cmds or an average

oxi de scale of less than 150 gm thickness when

subject to 100 cc/mn air_at 800C for at |east 65

hour s. 102. Theeemmegtreompasitpars f ¢leimdfhaving an Eresion ngfedess

erosion rate | ess _than about 1x106 cc/gra en
thapigpeet 1k 801 oefgErmilassovhew S%@Hoﬂé’@%gml@} o W@m fo 124 um
Si:g;1 B%I&l%{e\é\n é% %%r?\?r}igfégﬁe}ﬁ’}pa\éF {fé)lglcfty o9fat IaclitastI S 4§pPH1t/seAés('1gO

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.

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 um

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 1x10° cc/gram when subject to 1200g/min of 10 um to 100 um SiC
particles in air with an impact velocity of at least about 45.7 m/sec (150 ft/sec)
and at an impact angle of about 45 degrees and a temperature of at least about
732°C (1350°F) for at least 7 hours 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.



and at an inpact angle of about 45 degrees and a
tenperature of at |east about 732C (1350F) for at

wo e@stiofz4ours and a corrosion rate | ess than BODUS2004/015554
1x10-10 g2/ cmis or an average oxide scale of |ess
than 150 gmt hi ckness when subject to 100 cc/mn air
at 800C for at |east 65 hourg.. WO 2004/ 104248
PCT/ US2004/ 015554 -17 13. The cermet conposition of
claim1 having enbrittling phases | ess than about 5

vol % based . =er . . '

For pravecting bk umPEtba ol Sl Chiviph boyithd Bhases tess
tHaAMRLAE Wobsh bHRel OnkBOV6lurhdBf R hethegONpPrising

providing the netal surface wth a cernet conposition

according to clainms 1-13. 15. A nmethod for protecting

a met al14suyf peehddHRirgbieb@nghanéansidtace! RBRRY 8 BfRforl &t
the range of 300C to 1000C, the nethod conprising

temnparaairesgup tch#00FCy Ithe nrettrkbcamptisiag peovieling trepmstal surface
according to clains 1-13. 16._ The nethod of claim 14

Wiled e5THICE SPIIPOSHIONCRCCOEHBRItQ 818 d -1 hner surface of a
fluid-solids separation cyclone.

15. 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 1-13.

16. The method of claim 14 wherein said surface comprises the inner

surface of a fluid-solids separation cyclone.



