WD 2004/ 104242 PCT/ US2004/ 015555 -1 ADVANCED
EROSI ON- CORROSI ON RESI STANT BORI DE CERVETS FI ELD OF
WO DMENT2EN [ 0001] The present invention is brobdli/¥sS2004/015555
concerned with cernets, particularly cernet
conpositions conprising a netal boride. These cernets
are suitable for high tenpedature applications
wherein materials with superior erosion and corrosion
resi stance are required. BACKGROUND OF | NVENTI ON
[ AD82A NEIED BROSEONSCORR OBIGN RESISTANTUB ORIDEEFERMETS
applications wherein surfaces are subject to eroding
forces. For exanple, refinery process vessel walls
and_internals exposed to aggressive fluids containing
PIELD}3EJN“H3, | es such as catalyst particles i'n
various chem cal and petrol eum environnents are

subject_to both erosjon and corrosion. The protection
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requi ring protection against the nost severe erosion
camosiontredistance seabqused.he i nsi de wal Il s of internal

cycl ones used to separate solid particles fromfluid

streans, for instance, the internal cyclones in fluid
BAIROROUNI ECKNMENFIQN (FCCU) for separating

catal yst particles fromthe process fluid. The

state-of-the-art in erosion resistant materials is
[M020i c dirogiopaasis@nt amteridle findlusaiim mangfapplicetpes wherein
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suihlr catd1 9t Reti kY ird Virfideeshentios] AndPp&rpdleemestivé@®Inments are
conposition of one commercially available refractory
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internals against erosion and corrosion induced material degradation especially

at high temperatures is a technological challenge. Refractory liners are used
currently for components requiring protection against the most severe erosion
and corrosion such as the inside walls of internal cyclones used to separate solid
particles from fluid streams, for instance, the internal cyclones in fluid catalytic
cracking units (FCCU) for separating catalyst particles from the process fluid.
The state-of-the-art in erosion resistant materials is chemically bonded castable
alumina refractories. These castable alumina refractories are applied to the
surfaces in need of protection and upon heat curing hardens and adheres to the
surface via metal-anchors or metal-reinforcements. It also readily bonds to other
refractory surfaces. The typical chemical composition of one commercially
available refractory is 80.0% Al,Os, 7.2% SiO,, 1.0% Fe,0;3,.4.8% MgO/CaO,
4.5% P,0Os 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



4.5% P205 in % The life span of the

state-of-the-art refractory liners is significantly
wo povittiet4by excessive nmechanical attrition of P¢EURI0€015555

fromthe high WD 2004/ 104242 PCT/ US2004/ 015555 -2

velocity solid particle inpingenent, mechani cal

cracking and spallation. Thérefore there is a need

for materials with superior erosion and corrosion

resi stance properties for high tenperature
velppity calid pagicld hapgenieht, soeq@sical tiRingind f@allatishant

i nvention satisfy this need. [0003] Cer am c - met al
Thefareithers ianmeecd foematorahewith sGperret srosforaaisbhcreiresion

chem cal stabil.it ui tabl desi gned for__hi gh hardness,
TCSISEAICE R PFTECE S%Fg%lﬁgé%m%@ rsra@a?ﬁa%ﬂ%w oFlfefergiet composi-

I gnce over refractory

tlgrgfgfrt}h%ﬁﬁst%%%enﬁ&?ﬁ%ﬁ%ﬁﬁ? lﬂ%ér mets generally

conprise a ceram c phase and a binder phase and are
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conpacts. [0004 he present r'nvention includes new
prandle arpox:dee of a:rmgnmldc bighes ierosi o1 resistfi@0bler Tofragtoes rraterials
i nvention al so includes_cernet conpositions suitable
knqyyn in,the at- ﬁ?r:gﬁe&s Eepeiatly sospriseph e prome phavs: arsk 2 bindgs
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These and obj ects w i becone appar ent

todetmaideade cdn@acusptl on which foll ows. SUMWARY OF
I NVENTI ON [ 0008] The invention includes a cernet
conposition represented by the

[0004] The present invention includes new and improved cermet composi-

tions.

[0005] The present invention also includes cermet compositions suitable for

use at high temperatures.

[0006] Furthermore, the present invention includes an improved method for
protecting metal surfaces against erosion and corrosion under high temperature

conditions.

[0007] These and other objects will become apparent from the detailed

description which follows.

SUMMARY OF INVENTION

[0008] The invention includes a cermet composition represented by the
formula (PQ)(RS) comprising: a ceramic phase (PQ) and binder phase (RS)

wherein,



formula (PQ (RS) conprising: a ceramc phase (PO and
bi nder phase (RS) wherein, WO 2004/ 104242
weFanAWsReD4/ 015555 -3 P is at | east one net al PEGEUSTIDEELSSSS
fromthe group consisting of Goup IV, Goup V, Goup
VI elenents, Qis boride, Ris selected fromthe group
consisting of Fe, Ni, Co, M3and mixtures thereof, S
conprises at | east one elenment selected fromGCr, A,
Si and Y. BRI EF DESCRI PTI ON OF THE FI GURES [ 0009]
PR guleastlorhmeel kélattedffrahlthé Beougeé@isting dfi GrvipUivi, Group V,
di boride (TiB2) has exceptional fracture toughness
GrowmMl eteménts, of di anond but with greater chenical
stability. [0010] Figure 2 is a scanning el ectron
' ope (SEM image of TiB2 cernmet made using 25
Q\%%@ﬁggﬂ stainless steel (SS) binder. [0011] Figure 3
is a transm ssion el ectron m croscope &{El\/p i mage of
Riip eclegigadremthe grasposonsisiingof uree Ni, Cop¥irpindringxiugesithieseof,
a SEMimage of a selected area of TiB2 cernet nade
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Figure 4. [0014] Figure 6 is a cross sectional _
BREELTIBSYREPERONIF T FICRIEGed by a focussed ion
beam (FI'B) m croscopy of a IiB2 cernet made using 25
vol % Haynes(r) 556 alloy binder illustrating surface
[0DYbYle ﬁ%h@q SR thakb Al i 3hmid0Wtardi®h EBoAQY (PiB,) has
ai r. WD 2004/ 104242 PCT/ US2004/ 015555
exceptional fracture toughness rivaling that of diamond but with greater

chemical stability.

[0010] Figure 2 is a scanning electron microscope (SEM) image of TiB,

cermet made using 25 vol% 304 stainless steel (SS) binder.

[0011] Figure 3 is a transmission electron microscope (TEM) image of the

same cermet shown in Figure 2.

[0012] Figure 4 is a SEM image of a selected area of TiB, cermet made using

20 vol% FeCrAlY alloy binder.

[0013] Figure 5 is a TEM image of the selected binder area as shown in
Figure 4.

[0014] Figure 6 is a cross sectional secondary electron image obtained by a
focussed ion beam (FIB) microscopy of a TiB, cermet made using 25 vol%

Haynes® 556 alloy binder illustrating surface oxide scales after oxidation at

800°C for 65 hours in air.



-4 [0015] Figure 7 is a scanning electron m croscope
(SEM imge of TiB2 cernet nmade using 34 vol %
WRehEIHN42Ti bi nder DETAI LED DESCRI PTI ON OF THECT/US2004/015555
| NVENTI ON [ 0016] Materials such as ceramcs are
primarily elastic solids and cannot deform
plastically. They undergo créeking and fracture when
subjected to large tensile stress such as induced by
solid particle inpact of erosion process when these
[0D15S s Fhg@xCeigth ddafinih@hasdtveh flicRBese (f@mayimage of TiB,
toughness) of the ceramc. Increased fracture
carogt mrelesising 3hodl%ations Se. 2 idhedercohesi ve strengt h.
During solid particle erosion, the inpact force of
the sol id oartlcles cause | ocal i zed cracki ng, known
@D DX KON OF {HIHE ENVENEIGNong pl anes
subject to nHX|nun1tenS|Ie stress. Wth continuing
acts, these cracks propagate, eventually link
[Oﬂégbt hMaterinls sueh as keranissrard pmmgiueﬁlastlct s@lndst 4rel cannot

dtairplisticAlin ThER MR AE ARG T AT iced fo large
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the® @fdseSs exdeba ﬂh@f@ﬁﬂsw dtﬂﬁxg@ﬂ(f@é’dtufé&%u@ﬁﬁ@@% bpBR cerarmc

fracture toughness rivaling that of dianond but wt

Ingrmtcéfracﬁmmﬂm@hn%ﬁbundmytwe ohbighencohaséve mxgtg’lhs Dunng
el.astic . nmodulus plot is referred to the paper
figls grosion.the lappelioramehthe soligpssiiclas %use locahzed

crplhE RIS B° Plebhindtads. A HRTEos M pbds fRiRE"

mpEsER &silcmRes Mﬂ{\/@élﬁiﬂlﬁh imphetSOhes! SRkRs gﬂ%)a'gafé, r

Novel Architectures’ vi chandran an
eveatg]lyDerk togéthiektaald dﬂtglh:@d SIEmkjj fragments frbnddhelsurface. This
[0Q17] In cernmets, cracking of the ceram c phase

Herggian 5{9@@&&1@@@%@@&%@5@ crrp‘ﬁkogr@g\sth unger aargx%nnpact has
b er odant @ t sion condlstoon > factors. Cg]%’\é§ al
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quat i on
fracture toughness rivaling that of diamond but with greater chemical stability.

The fracture toughness vs. elastic modulus plot is referred to the paper presented
in the Gareth Thomas Symposium on Microstructure Design of Advanced
Materials, 2002 TMS Fall Meeting, Columbus OH, entitled "Microstructure
Design of Composite Materials: WC-Co Cermets and their Novel Architectures”
by K.S. Ravichandran and Z. Fang, Dept of Metallurgical Eng, Univ. of Utah.

[0017] In cermets, cracking of the ceramic phase initiates the erosion damage
process. For a given erodant and erosion conditions, key factors governing the
material erosion rate (E) are hardness and toughness of the material as shown in

the following equation

E o (KIC)—4/3 .Hq



EaKOQ-43. Hqg W 2004/104242 PCT/ US2004/ 015555
-5 where Kjc and H are fracture toughness and hardness
wokoonasger material and g is experinmental |y deCEUSI0€S555
nunber. [0018] One conponent of the cernet conposition
represented by the fornmula (PQ(RS) is the ceramc
phase denoted as (PQ. In thé-ceram c phase (PQ, Pis
a metal selected fromthe group consisting of G oup
IV, Goup V, Goup VI elenents of the Long Form of

wheee Rerameiiard laktre todg 8RB asd BAdnB < Uagset thAtefi8Pind ¢ is
Qis boride. Thus the ceram c phase (PQ in the boride

exparimaentalp dpesinineshnimber.net al  bori de. Titani um

di boride, TiB2 is a preferred ceram c phase. The

nolar ratio of Pto Qin (PQ can vary in the range of

[0918] o Quescomppongndof therceinmy colipesition iepecsentadiethe formula
e .= Ti PQ) can pe Ti B2 rein P.Q is about .
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the ceramc phase is in the range 0.1 to 3000 m crons

thereaodi £hvistorideMoFleasphe feeraahicyphasd €POR im thecbquidd caineet

size.is in the range 0.1 to 1000 mcrons in dianeter.
COFRROSIPR e Bistplhorkie: clipanivmcdiberidenlibe iaA prefiesjsd ceramic

-l mtin anpl e { ncl ude .spherical ... )
pIERP FEB ARSI E0 T ) Bt YT RIS o o 31 0 16, s
i i j a i Loyt -al o P

ol e Sk PSR ALITL BOPELY B wherin 0
ismbesul:2. WhewPye €ir, then(Pgd) danebe3CH)Bswhpedn Padtis Ok E. The

M croscopy nethods such as optical microscopy (OM,
cespmimPhRge apatts Hardness tsthedipridsmoymghand erosiemiesistance at

B R0 B BRRCRO T SRS 5t L 0
oS AL HRCERERON §080 ot g NS Ry
theteltaprigtpartidde sizedk ineti® rahge 0.1 to 1000 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 in the
form of 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 properties through efficient

transfer of load from the binder phase (RS) to the ceramic phase (PQ) during

€rosion processes.



the platelet. The ratio of length: thickness can vary
in the range of 5:1 to 20:1. Platelet mcrostructure
WO panee4xsuperi or nechani cal properties througPCT/US2004/015555

efficient transfer of load fromthe binder phase (RS)

to the ceram c phase (PQ during erosion processes.

WO 2004/ 104242 PCT/ US2004/ 016555 -6 [0019] Anot her
conmponent of the boride cernet conposition represented

by the fornula (PQ(RS) is the binder phase denoted

[G08.9( RS) Andthet dEnpomeie of Pheberidéd Bmet Bohﬁpdsi’tﬁ)l’pﬁ)@esented by

nmetal selected fromthe group consisting of Fe,

thedformum]a (RAMRS) s« thedundérepheste dehotetlae (BiShdén tlpm‘amelet plase
B8 Risofe oS artal Sl e the Rroumssonsiuiing oRe 19, i Mn,
R0 g Gted T AR ?ﬁ%ﬁ%ﬂég‘gg%mgoeﬁ%‘ S3opse; !
e%éntléfﬂ oVat 18Bst oh@ eldBeANG 1dMed BT 2AH SMland et alhe blnder

provi de for enhanced corrosion and erosion resistance
phasetdieyirgglemenus enay AngeerebniiriSetad 18506ne ﬂmaﬁit@ﬁbﬁteﬁl
selected fromithe group consisting of Y, Si,
frpym the 2rep CoBsistE Okiprov deVs b, daniir e i Thei Grand Al
combj nat i on WI h the Cr.
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Urgy process- ing &nd orm o

TG 7 HN® O)S, MBE, Mb, WL hidy vy f(ﬁi%nﬁﬁﬁd'éﬁtccﬁfﬁ'ﬂi’% Fesidthi®® in
(RS i's in'the range of 5 to 70 vol % based on the

carnbimationfwitthiheder aret/or APr Sfrengloixyde {dRBling slamertheuch as Y,
range of 5 to 45 vol % Mre preferably, (RS) is in the
gﬁigﬂ@d&r tend {Q ik WRyTesiduph exm@“sfrpat p%Wéer metaihsgu &/Focess-

g b Pol A Sl PRk iR eRR 0 e g Germet composi-
u@ﬂ t(msg KRBT eRNde b5 S0 %[%eaaseéﬂ %ﬁ%hé B@iumé ofthd @&ﬁfet

o based on the total weight t he bi nder phase
PI(eRS)lblyl, (R8nistihehe parfeantrew £5nvoldhb thbreq_’rrefmnbl]lyl, (RS) Btin the
| east 12 wt% and aluminumis at |least 0.01 w % based
ragge phd0QBdvoli&: ghie mpss ratio of R to S can vary in the range from

50/50 to 90/10. In one preferred embodiment the combined chromium and
aluminum content in the binder phase (RS) is at least 12 wt% based on the total
weight of the binder phase (RS). In another preferred embodiment chromium is
at least 12 wt% and aluminum is at least 0.01 wt% based on the total weight of
the binder phase (RS). It is preferred to use a binder that provides enhanced
long-term microstructural stability for the cermet. One example of such a binder
1S a stainless steel composition comprising of 0.1 to 3.0 wt% Ti especially suited

for cermets wherein (PQ) is a boride of Ti such as TiB,.

[0020]  The cermet composition can further comprise secondary borides (P’Q)
wherein P’ is selected from the group consisting of Group IV, Group V, Group
VI elements of the Long Form of The Periodic Table of Elements, Fe, Ni, Co,
Mn, Cr, Al, Y, Si, Ti, Zr, Hf, V, Nb, Ta, Mo and W. Stated differently, the



the bi nder phase (RS). It is preferred to use a binder

t hat provi des -enhanced |ong-term m crostructura
wGaee@bith428y for the cernet. One exanpl e of suchPEI/bF200€015555

is a stainless steel conposition conprising of 0.1 to

3.0 W% Ti especially suited for cernets wherein (PQ

is a boride of Ti such as TiB2. [0020] The cernet

conmposition can further conprise secondary borides

(PP Q wherein P is selected fromthe. group

sécoRghstbattiegfaréietPed MonfHRUBetdl eféniils f¥m P T8 of

the Long Form of The Periodic Table of Elenents, Fe,
cdinbin@tipns Mered of Ak cetnetIogmositidn (PEH(RS). Te mbiar rtio of

and W Stated differently, the WD 2004/ 104242
Ppior@ust804) 9@.}55@51 in.the saggrfat: §/ t®d¢¢.d&y exemplerthe grmet
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For exanple, e cer net conposition can

m&enmm ﬁﬁ:hadeselmn drOy ahdrth@l Sedold&dy boi@sse(MQ. Th $héBoride
and & and Qis boride. The total ceram c phase
caygled ﬁ@mlPﬁSItUh’@ (EQ)nt(PiQ) nahges fromaof abaui o Bnvol% based on
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vélimen thy ebtiid. of the cernet. More preferably from
about 70 to 90 vol % based on the volunme of the

cernet. [0021] The cermet conposition can further

[0020Dr | Theqeidescabipostieh cae Emlﬁ@ftonﬁp@sé bXide9bPHRtal selected
consisting of Fe, Ni, Co, Mh, AI, C, Y, Si, Ti, Zr,
frem, the growp comsistimgoofaiel Ni Giod Min,yxALiGrs Y, 16 BotZr, BifaVelib, Ta,

MR B s Beiehh SEived Aforsny  Wertcpeeaved from
thg ?ﬂéfﬂt el&?&gﬁﬁsﬁéﬁl‘?@ $ B (cgﬁ%oma{t%% %iler-ggf of U eEnfiEr cent

cer nme ase (and cerne
composition (PQ)(RS).

[0022] The volume percent of cermet phase (and cermet components)
excludes pore volume due to porosity. The cermet can be characterized by a
porosity in the range of 0.1 to 15 vol%. Preferably, the volume of porosity is 0.1
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]  One aspect of the invention is the micro-morphology of the cermet.
The ceramic phase can be dispersed as spherical, ellipsoidal, polyhedral,
distorted spherical, distorted ellipsoidal and distorted polyhedral shaped particles
or platelets. Preferably, at least 50% of the dispersed particles is such that the

particle-particle spacing between the individual boride ceramic particles is at



excl udes pore volune due to porosity. The cernet can
be characterized by a porosity in the range of 0.1 to
wazonob2d2 Preferably, the volume of porosity iBCOUS2004/@15555

| ess than 10% of the volune of the cernet. The pores
conprising the porosity is preferably not connected

but distributed in the cermei- body as discrete pores.

The nean pore size is preferably the sane or |ess than
the mean particle size of the ceram c phase (PQ.

1eh2GB3ht Pag. alFH@ %Itfgle-gﬁﬁid'lé‘ YAt @ halyShd &ermined for example

m cr o- nor phol ogy of the cernmet. ~Thé ceram ¢ phase can
bybmichiosqerysmdthasls spble as SEM aald TEMoi dal , pol yhedral ,

di storted spherical, distorted ellipsoidal and

di storted pol yhedral shaped particles or platelets.
[0P24] er Ahk wermet ¢anposibos of thelinstdnsipeeseon pastess brisancsd

such that the particle-particle spacing between_ the
erpsign and ¢RIToBIoY reperies m ldiepapsipa ratss jwerg deigomined by the Hot
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The cernmet conpositions of the instant

tham0ent1 D8R cpeamassSiEndradasd Tiey aeiesior rates k@ demined by
properties. The erosion rates were determ ned by the

thexpeograviseetaa (Z6uA analyses @ desenibqdimAiny ezempdescyectien of the

N I ti t . di scl Th osion .
A e PR e b il G e oSl o s
1e§se|ﬁ§n 1k g gz{@ﬁlg 6 cc/gramof SiC erodant. The

corrosion rates were determ ned by thernogravinetric
(TG anal yses as described in the exanpl es section of

g >* : .
(0028 ot TG ORRE Con i OH AR A Greonifoqdir feater thom
abot 8 MBa-ni'60g&lferibly geate thapapasis Minsmpbsaessore preferably

fracture t ou%hness q& reater than about 3 MPamll2,

greater taglsbputy i@ MBam Hadragiota togghmessiis the abidityréo eesist crack
referably reater ,than about, 1Q. MPani/. 2. Fracture

prbEARgRRRd hmaieFil BRdar pin g R e ding ek ions. Fiactie
toughness is defined as the critical stress intensity factor at which a crack
propagates in an unstable manner in the material. Loading in three-point bend
geometry with the pre-crack in the tension side of the bend sample is preferably
used to measure the fracture toughness with fracture mechanics theory. (RS)
phase of the cermet of the instant invention as described in the earlier paragraphs

is primarily responsible for imparting this attribute.

[0026] Another aspect of the invention is the avoidance of embrittling
intermetallic precipitates such as sigma phase known to one of ordinary skill in
the art of metallurgy. The boride cermet of the instant invention has preferably
less than about 5 vol% of such embrittling phases. The cermet of the instant
invention with (PQ) and (RS) phases as described in the earlier paragraphs is

responsible for imparting this attribute of avoidance of embrittling phases.



propagation in a material under nonotonic | oading
conditions. Fracture toughness is defined as the
wa@eootileh2 stress intensity factor at which a cPEIKS2004/015555
propagates in an unstable manner in the nmaterial.
Loading in three-point bend geonetry with the
pre-crack in the tension side-of the bend sanple is
preferably used to neasure the fracture toughness
with fracture mechanics theory. (RS) phase of the
[O@QVFEt T8E cbhfet ébﬁhﬁé%ltlbﬂé’ %‘yﬂn@@e B? g@ﬁéﬁ.ﬂ e#‘ MhdtBfurgical
earlier paragraphs® 1s primaril pons
tethmdgné sungh Ashingxiag! i lisiee pre{s@ﬁ%ﬁkm&lﬂi%‘l@md aé@lﬁﬁ}g e@ﬁplbblﬁxg as
invention is the avoidance of enbritt

stamimgrpeterplsiacsyitable peramtie poviden and asblgdm heder ikrtbemequired
f.ord Ki | | t tal l

volweEic Thess RvsR amanizdinAaT e B asenct of an
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ases e cer nven

powder§ BStadbh@Bes ¥he HQRR isti@ﬁldvedtahﬁ tBkhilled pwcwﬁ@aﬁéd

is responsible for inmparting this attributé o
placesl idandie anfl pafﬂtneduntq agreendsely. The mﬁhingog;@éﬁ body is then
PCT/ US2004/ 015555 0027 The cernet conpositions
sigfeEedrt dempGTaguss .ahpvcioa C& yRitkant 1798k g times

raie 3 B B il st O p s ROk Bhe Rl Riraion i
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volune'ratio. These powders are m |

vacoumh fqrregampés; thé irert amgespherd cabel aggoshaabthetredocing
for a tine suffl cient _to substantially disperse the

atipesRhere cam be hydregeme rTherpaften tha sinteredrhadnis dlloneed 11@6.0001

kel o BAUER sblgRionse Theliefnehptatuhadisiinglofhg Arocess of
theIRRHEH afbs FBREASH SELARVEFMED RierAd o dRiih 2R

50C for tines ranging out 10 m nutes
thlalmelsts.4 hours. The sintering operatl on is preferably
performed in an inert atnosphere or a reducing
at nosphere or under vacuum For exanple, the inert
[002810s pOee éeatare dictharcgomesruf thé énvesdioni is gheir long term micro-

structural stability, even at elevated temperatures, making them particularly
suitable for use in protecting metal surfaces against erosion at temperatures in
the range of about 300°C to about 850°C. This stability permits their use for time
periods greater than 2 years, for example for about 2 years to about 20 years. In
contrast many known cermets undergo transformations at elevated temperatures
which results in the formation of phases which have a deleterious effect on the

properties of the cermet.

[0029] The long term microstructural stability of the cermet composition of
the instant invention can be determined by computational thermodynamics using
calculation of phase diagram (CALPHAD) methods known to one of ordinary

skill in the art of computational thermodynamic calculation methods. These



at nosphere can be hydrogen. Thereafter the sintered
body is allowed to cool, typically to anbient
w@oendite42ens. The cernet prepared accordi ng to PEEUS2004/015555

process of the invention allows fabrication of bulk
cermet materials exceeding 5 mmin thickness. [0028]

One feature of the cernets of0the invention is their

long termmcro- structural stability, even at

el evated tenperatures, making them particularly
c8leuafibhe ch® totlifn itatRhOYBEbhNErARE @bhsdés | AefsarAg@ESthe
erosion at tenperatures in the range of about 300C to
baten am®BOCand theschetzibirldstigadter cerhnet tomipositions fwith tongeterm
periods greater. than 2 years, for exanple faor about 2
njerpsgueyTalstahiling Hps sxamplein the gerraet corapgsiiipwwrherein the
cernet s under go tk.ansfor mati ons .at ~&l
g B S P it FR R L CRYHEM methodsihaibe

[ ; [ fBsdnR perties of

S%ﬁggggﬁeﬁ?ﬁ%ﬁ?ﬁ @“ﬁgeﬁ%‘%ct erm mr%p%gltﬂrqﬁgt ur al
stability of the cernet conposition of the instant
[0030§Nt ITHe 1628A (SRpLRhaetdiHHPYf 1heTRHhak At invention makes
t her rodynamcs using cal culation of phase di agram
theGAMBEAD foredppdidati daowhetearefraetopies arel cmaently skiplbyedd A
the art of conputational thernodynam c cal cul ation )
ne-lingtiag lish ek etitablo pees inglple inecTiasprocess 0Es%3S transfer lines,

clcul?tions clancnfir t hat ..t he vari ous.ceram .
cyiatess For et G T i repayrinn &y st A8 i iglone of Fluid
CHRSM LR o BSUSFHBInEORMESH, Sl 038, LBt

valoapodict) ditdewdvepatet had gaididecatpliestegeaspitdsesnd the like.
was confirmed by CALPHAD nethods that the said )
Thenpaiak susFaces Bkposed th shgsive prratresive enviypnments, especially at

atiyd 300t abgft e o st MR g Re the uifags iy laver
oiatﬁielcbﬁﬁ%t'. cgﬁﬁp&‘ft% 6@&1%%@%%0?5‘ o’?ﬁiﬁ%‘rggﬁ BF te instant

enpl oye non-T1mting e uses A
invegticitead boeffxddao et Ssfacte PSahschdniedlshedns drt®swelding.

[0031] The cermets of the current invention are composites of a metal binder
(RS) and hard ceramic particles (PQ). The ceramic particles in the cermet impart
erosion resistance. In solid particle erosion, the impact of the erodent imposes
complex and high stresses on the target. When these stresses exceed the
cohesive strength of the target, cracks initiate in the target. Propagation of these
cracks upon subsequent erodent impacts leads to material loss. A target material
comprising coarser particles will resist crack initiation under erodent impacts as
compared to a target comprising finer particles. Thus for a given erodent the
erosion resistance of target can be enhanced by designing a coarser particle
target. Producing defect free coarser ceramic particles and dense cermet compact
comprising coarse ceramic particles are, however, long standing needs. Defects
in ceramic particles (such as grain boundary and micropores) and cermet density

affect the erosion performance and the fracture toughness of the cermet. In the



cycl ones, for exanple, fluid-solids separation

cyclones as in the cyclone of Fluid Catalytic
w@e@aloa2ge Unit used in refining industry, gri dPCTES20DE015555

therno wells, valve bodies, slide valve gates and

gui des, catal yst regenerators, and the like. Thus,

met al surfaces exposed to erldsive or corrosive

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

are protected by providing the surface with a | ayer
inefant hrevemeioneoarserpesintic agicés &trelige? frontNreferably

cernets of the instant invention can be affixed to
expsedingsd{} magress ond exem arvire preforadly escedsding60 dnicgons but

003 T ermets of the cyrrent invention are |
belgRyationd A00G PiERarSer PEFIRRER: A RGHAT Reseenic dneisles
R : 0 ] ticles he [ et
cBidibl Tt CChemil 1S AECIH Bl s bl FoR A EmiEhes,
dikhetdrmdcdoatder cBRuURICGRAeHdled TPORSze FRTR! 0 0ABB N0 icrons
stresses on the target. Wien these stresses exceed the
dienletssiiv preferred gbhe aflvaritegd of it mirnae bf cemintic Paetidlss is that

. the target. Propagation of these cracks upon .
1t gNRYEY DettRr RackHene! thewsramici pagdeles 6PEA i thexcompesition

GEFE TR B Res R Bt S et D 15 0 dense
cefRBPEsRPadOvBer A RBEscAMTREI LSS fﬂeé@?oc@%ﬁ%&éﬁbeﬁ%%ﬁve;
for a given erodent the erosfton resistance of target

Theeadis tributivinasfoszdarnic pesicpsiin thamomes e4n Babi-ntddal, tri-modal or
target. Producing defect free coarser ceramc

mpki-iodpk I herdisebnéiencan furtheohe gaussian Aprenstian or asymsptotic.
cer amni articles ar 0 er, long standi ng needs.
Pr%@%&hgpgaﬁpgﬁl%e Q’aQF}S\gﬁ& (such as grain boundary
and m cropores) and cernet density affect the erosion
ﬁgmﬂsgze and the fracture toughness of the cernet.
2004/ 104242 PCT/ US2004/ 015555 -11 instant
i nvention coarser ceram c particles exceeding 20

D%{%@éﬁgﬁ(,?Ig%gfcfi{lﬁﬁlp/em%ﬁceedi ng 40 m crons ggldo\?vvggom

ef er abl'y exceedihg 60 m crons but
3000 microns are preferred. A mxture of ceramc

[0Q32]: i cTlee vobunp peseALOf ¢acdPhase. avneperent aod ése porer trdume
(orsf)c%r%sirt}%n%greoéetgr’r}ﬁntea fr<orr21 ?h&ﬂi&%%sional area fractions by the

Scanning Electron Microscopy method. Scanning Electron Microscopy (SEM)

was conducted on the sintered cermet samples to obtain a secondary electron
image preferably at 1000x magnification. For the area scanned by SEM, X-ray
dot image was obtained using Energy Dispersive X-ray Spectroscopy (EDXS).
The SEM and EDXS analyses were conducted on five adjacent areas of the
sample. The 2-dimensional area fractions of each phase was then determined
using the image analysis software: EDX Imaging/Mapping Version 3.2 (EDAX
Inc, Mahwah, New Jersey 07430, USA) for each area. The arithmeﬁc average of
the area fraction was determined from the five measurements. The volume
percent (vol%) is then determined by multiplying the average area fraction by

100. The vol% expressed in the examples have an accuracy of +/-50% for phase



di aneter and coarser ceram c particles in the size
range of 20 to 3000 mcrons dianeter is preferred.
wa@r@4aaizant age of this mxture of ceram c partPCI/8S2008015555
that it inparts better packing of the ceramc
particles (PQ in the conmposition (PQRS). This
facilitates high, green bodylddensity which in turn
| eads to a dense cermet conpact when processed
according to the processing described above. The
affloBhfs MREAdREd & bE Risd i PR61% Gn8shalve ahrh%cﬁi‘a%&lﬂfer/%% for
be bi-nodal, tri-nodal or nulti-nodal
phasstaméunts mmeasmdftorttefﬂsvoll%oggr&man, | or enzt| an or
asynptotic. Preferably the ceram c phase (PQ is
Ti B2. EXAMPLES Determ nation of Vol unme Percent:
Decggipativreof vieight pproentnt of each phase, conponent and
the pore volune (or porosity) were determ ned from

[60%3] 2- g%ﬂ@hﬁ%%ggh@ ?Ercféﬁ?@f %l%lé‘&htﬂﬂ%h@%eﬁﬁ?t epl%%@@WaE' Qetermined

El eCtr scopy net Scanni ng tron
biWstahdaebBPX SEMlysesas conducted on the sintered cernet
sanples to obtain a secondary el ectron inage

preferably at 1000x magnification. For the area

[003dhne d'HeyfoHeMinXnoalimitielg éxmagdesvare inbhrleded fuisSheidllustrate
Energy_ Di spersive X-ray Spectroscopy (EDXS). The SEM
thgrigvEmHE. anal yses were conducted on five adjacent

areas of the sanple. The 2-dinensional area fractions

of each phase was.then determ ned wusing the inmage

[093a1 y si Etagsym diberideppwderyangp mmﬂ frgmyearigusrsogrces. Table

1 YA B AT VB s B8 SHn® on/eBfbr R se P Sappgride
cfietd. NORRS HoiRI® JoRiekt M RATHS LARDTAB, ke BBl 4ii&] {]orm Alfa

percent (vol% is then determ ned by Nl ti plying t
Asye! aue mireelel aicidréshddbeldWB25Thesl eUAeNpP (BashRed TYler
t he exanpl es have an accuracy of +1-50%for phase
sigviog mesh2size)PCT/ US2004/ 015555 - 12 anpunts neasured to
be I ess than 2 vol % and have an accuracy of +/-20% for




phase anounts neasured to be 2 vol % or greater.

Det erm nati on of wei ght percent: [0033] The wei ght
wpergrn24Df el ements in the cernmet phases was PCT/US2004/015555

determ ned by standard EDXS anal yses. [0034] The

following non-limting exanples are included to

further illustrate the inwvddtion. [0035] Titanium

di bori de powder was obtai ned from vari ous sources.

Table 1 lists TiB2 powder used for high tenperature

erosion/corrosion resistapABRBIE ide cernmets. O her

bori de powders such as H B2 and TaB2 were obtai ned

£ Al £ A Tl P 1 pu| L ovpr AOL
TOTrTIMTANT a AgESdAl . e palirtl LTres—dir'c SLTTTTIcU CTrUwW Oz 0

ne§MNANY4 |m Gradeandar d Tyl(remistrami®)nesh sipe). Wge

KRN 24PNPLT/ USPRPA/ 015555 -13 TABLE 1 Corr@%x?y
Grade Chenistry (% Size Alfa Aesar VA N A 1. pgn

gm__99% 3P5 nesh HCT30 Ti: 67-69% B 29- 39940-325 mesh

GE5% 14. 0 (gHCT38dvpl:e7-695%, B0 2903 8% GrR,5%.: O1@%mx
AHP%4n33s nmesh  Cer apg 6@05%%& 1eX0.8% Wek40| J %%032 mesh
a,&?p%" B:| 29- 32% EQ 6)@ %O/ﬁl;!uz(l gm ~ Advanceg” Tréx D

Nl o ')n

O o7 tfeX; T IN—U: 70-ozo eSSt €S—HaX;

@ 03% nax [HHCE40s: bl 510 T669%; Bp20:32%, Cr0.7586 0 %Mmmc.
/sdinged ( D50) 0. 5% max, O00.75.% $harmglN: W2%0. 5% Ped%- %8 mesh
(dm@mics max, Fe: O.[Ilm¥xB 0.03% max

H. C. Starck | D Ti: Balance, B: 29.0% min, C: 3-6 um (Dsg)
0.5% max, O: 1.1% max, N: 0.5% | g_12 um (Dgg)
max, Fe: 0.1% max

Japan New NF Ti: Balance, B: 30.76%, C: 0.24%, | 1.51 pm
Metals 0: 1.33%, N: 0.64%, Fe: 0.11%

Japan New | N Ti: Balance, B: 31.23%, C: 0.39%, | 3.59 um
Metals 0:0.35%, N: 0.52%, Fe: 0.15%

H. C. Starck | S Ti: Balance, B: 31.2%, C: 0.4%, D;¢=7.68 um,

0: 0.1%, N: 0.01%, Fe: 0.06% D5p=16.32 um,
(Development product: Similar to | Dgy=26.03 um
Lot 50356)

H. C. Starck | SLG Ti: Balance, B: 30.9%, C: 0.3%, +53-180 um
0:0.2%, N: 0.2%, Fe: 0.04%

(Development product: Similar to
Lot 50412)

H. C. Starck | S2ELG | Ti: Balance, B: 31.2%, C: 0.9%, + 106 - 800 um
0: 0.04%, N: 0.02%, Fe: 0.09%

(Development product: Similar to
Lot 50216)

[0036] Metal alloy powders that were prepared via Ar gas atomization
method were obtained from Osprey Metals (Neath, UK). Metal alloy powders
that were reduced in size, by conventional size reduction methods to a particle
size, desirably less than 20 wm, preferably less than 5 pm, where more than 95%
alloyed binder powder were screened below 16 um. Some alloyed powders that

were prepared via Ar gas atomization method were obtained from Praxair



Japan New NF Ti:
Metals O: 1.33%
wBadoaner42 B:
N: 0.52%
C 0.4%
0. 06% D50=16. 32 gm
to D90=26.03 gm Lot 50356) H C. Starck SLG Ti:

180 gm 0: 0.2%

0. 35%
B: 31.2%
Fe:

Bal ance, B:

Bal ance, B: 30.76% C. 0.24%
N: 0.64% Fe:
C. 0.39%
0.15% H C Starck S Ti:
D10=7.68 gm 0: 0.1%

( DeMed opnent  product :

31. 23%
Fe:

30.9% C 0.3% + 53 -

1.51 gm
0.11% Japan New N Ti:

3.59 gm Met al sPOI/US2004/015555
Bal ance,

N: 0.01%
Simlar

N:

(Darery FET).0TBAS HERuek ¢RTE AveRe Pasticle S8 db@'ilt t19 p.ml} here

50412) H C. Starck S2ELG Ti:

al ance, B: 31.

ald aHéfyed-bidér po@d6rsgmereGcrén@d Yeldw -82DAMsh FE&M @nﬂ9%able 2

( Devel
hmtaﬂpy

b?
si ze,
particle

m zat| on
EVaIREU S

by conventi onal
si ze,
| ess than 5 gm where norpaBRg295%

&Ement product :

Simlar to

Metal all oy powders

si ze reduction nethods to

Lot 50216) [0036]

buydep pawdes us&daﬁor\hegfetqmquaM@ exdséonéeomyagion resistant
nmet hod were obtained from Gsprey Metal s
that were reduced in

a

desirably less than 20 gm preferably
al | oyed bi nder

povvder wer e screened bel ow 16 gm Sore al | oyed povvders

h
GD cu UIII LCllI UII IICLII

VVCl C

tHat—werer prepared—via—Ar
OHPUBIRAFTT | om Pr axai r WOCPOWFiOn242 PCT/ US2004) 98884 below
( Danbulr ave average p
3'03% §ZSe about %alF%R%\?EE??ﬁa]] Lﬁwl%:’ézj\/sgd hi nder nn\/\daéibl% '?6 Hm
3E@88 scr eerBdFEEBAGT: 16350 0N 0.88Mg0.75STabl e 2| 95,09 -16 pm
FeCr BalFe:26.0Cr -150 + 325
mesh
FeCrAlY BalFe:19.9Cr:5.3A1:0.64Y 95.1% -16 ym
Haynes® 556 | BalFe:20.7Cr:20.3Ni:18.5C0:2.7Mo0:2.5W:0.99Mn:0 | 96.2% -16 um
43Si:0.40Ta
Haynes® 188 | BalC0:22.4Ni:21.4Cr:14.1W:2.1Fe:1.0Mn:0.46Si 95.6% -16 um
FeNiCrAIMn | BalFe:21.7Ni:21.1Cr:5.8 Al:3.0Mn:0.87Si 95.8% -16 um
Inconel 718 BalNi:19Cr:18Fe: 5.1Nb/Ta:3.1Mo:1.0Ti 100% -325
mesh (44 pm)
Inconel 625 BalNi:21.5Cr:9Mo:3.7Nb/Ta 100% -325
mesh (44 um)
Tribaloy 700 | BalNi:32.5Mo:15.5Cr:3.5Si 100% -325
mesh (44 pm)
NiCr 80Ni:20Cr -150+325 mesh
NiCrSi Bal Ni:20.1Cr:2.0Si:0.4Mn:0.09Fe 95.0% -16 pm
NiCrAITi Bal Ni:15.1Cr:3.7A1:1.3Ti 95.4% -16 pm
M321SS Bal Fe:17.2Cr:11.0Ni:2.5Ti:1.7Mn:0.84Si:0.02C | 95.3% -16 pm
304SS+0.2Ti | Bal Fe:19.3Cr:9.7Ni:0.2Ti:1.7Mn:0.82Si:0.017C | 95.1% -16 um
[0037] InTable 2, "Bal" stands for "as balance”. HAYNES® 556™ alloy

(Haynes International, Inc., Kokomo, IN) is UNS No. R30556 and HAYNES®
188 alloy is UNS No. R30188. INCONEL 625™ (Inco Ltd., Inco




lists alloyed binder powder used for high tenperature
erosion/corrosion resistant boride cernmets. TABLE 2
wa@\RdoagroBiender Conposition Screened bel ow 304S%T/US2004/015555

Bal Fe: 18.5Cr: 9. 6Ni : 1. 4Wn: 0. 63Si 95.9% - 16 gm 347SS

Bal Fe: 18.1 Cr: 10. 5Ni : 0. 97Nb: 0. 95MWn: 0. 75Si 95. 0% -16 gm
FeCr Bal Fe: 26. OCr -150 + 3295mesh FeCrAl'Y

Bal Fe: 19. 9Cr: 5. 3A1: 0. 64Y 95. 1% -16 gm Haynes(r) 556

Bal Fe: 20. 7Cr: 20. 3Ni : 18. 5Co: 2. 7Mb: 2. 5W 0. 99Mh: 0 96. 2%

AlldGs/Specialt BRitals, B6ioatdOmasor Ca88da) i UNS N06625 and
BalCo 22. 4%‘ 21.4Cr: 14. 1W 2. 1Fe: 1. 46Si 95.6% - 16
N ONTEN7E8 lvhUBbS N§7718.7NRIBALQY: m(B%(Eg 1000 Rois TS
95. 8% - nel., 718 Bal Ni_; 19Cr: 1
NG@OBRMT‘?OS Q‘@r?b tamge, r@?@?%@%steihteéﬁ?mpmx el
1 21. SCr 9Mb: 3. 7Nb/ Ta 100% - 325 nesh (44 gm
alo y 700 Bal Ni : 32. 5Mb: 15.5Cr: 3.5Si 100% - 325 nesh
(44 gm) N Cr 80N :20Cr -150+325 nesh N CrSi Bal

E%E:Mg};é%: 2.0Si: 0. 4wn: 0. O9Fe 95.0% -16 gm Ni CrAlTi
T 15. 1Cr: 3. 7A1: 1. 3Ti 95.4% -16 gm M321SS Bal Fe:
17.2Cr: 1 1. ONi :2.5Ti: 1.7Mn:0.84Si:0.02C 95.3%-16 gm
(0AS8FS JEVHY 1490 4 mperagr dipmetey of Tifpowden 699:9% myiey:
O g ik oy Lo g e
avépAg @amer 303 SINoWier (BRBRSOmRRMS, 3Nz Edened below -16 pm)
were dispersed with ethanol in HDPE milling jar. The powders in ethanol were
mixed for 24 hours with yttria toughened zirconia 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

solvent removal. The disc was then heated to 1500°C at 15°C/min in argon and

held at 1500°C for 2 hours. The temperature was then reduced to below 100°C
at -15°C/min.

[0039]  The resultant cermet comprised:

i) 69 vol% TiB, with average grain size of 7 um

ii) 4 vol% secondary boride M,B with average grain size of 2 wm, where

M=54Cr:43Fe:3Ti in wt%

iii) 27 vol% Cr-depleted alloy binder (73Fe:10Ni:14Cr:3Ti in wt%).



188 alloy is UNS No. R30188. | NCONEL 625TM (I nco Ltd.,

I nco WD 2004/ 104242 PCT/ US2004/ 015555 -15
w@\kdogge28eci al Metals, Toronto, Ontario, CanaP@)/Us®04/015555

UNS N06625 and | NCONEL 718TMis UNS NO7718. TRI BALOY

700TM (E. |. Du Pont De Nenours & Co., DE) can be

obt ai ned from Del oro Stelli-tlé-Conpany Inc., Goshen,

IN. EXAMPLE 1 [0038] 70 vol % of 14.0 gm aver age

di anmeter of Ti B2 powder (99.5% purity, fromAlTfa
EXaPL.F29% screened bel ow -325 nesh) and 30 vol % of

6.7 gm average di aneter 304SS powder (OGsprey netals,

95. 9% screened below -16 gm) were dispersed with

nol7 i yh198P5E A0 WaeRs ol :

O 5] He B eiegl ereP BAATES phfR St (5% purity,
fréhy AR Ledas| %% dRen®a BEldREIZS mESIOMndIDS 061%6DF FT At

inaball mll at 100 rpm The ethanol was renove
average diameten 302G Sopywiders Osprdieddtaly, 98.9%B80Eeémd Bdow -16 um)

hours in a vacuum oven. The dried powder was _
weisnpgdite groeess throcarmet diseesalesaiibed m Bxfupglealil iTbe cermet disc

uni axi.al press SPEX _3630. Aut omat ed X- press at 5, 000
W%%?henﬁ?@teﬁ{e@dmor%@ %rlégq%;@rg@ agpn and hgddag b‘)rﬁ%é? 195 30
400C 25C/mn in argon and hel d for \n faqr . .
ity e TR P@Roo eopred i beloim I0RRL At s Cauin o
1500C at 15C/ min in argon and held at 1500C for 2
S. Jhe t rature was. then reduced to bel ow 100C
[Oggﬂ 15T£FWFW35F‘§6%‘§‘}“?H@RI§§ ftant cermet conprised:.
i) 69 vol% TiB2 with average grain size of 7 gmii) 4

i) volTdb ed@ohiBy yithaverge p8nviizhofV¢mage grain size of 2
gm where M54Cr:43Fe:3Ti in wt%iii) 27 vol %

i)Or 30eRbEs&SnahtyDorRidWEB WitRRGedN ordhQiz S8 21 W A -

iii) 23 vol% Cr-depleted alloy binder.

[0042] Figure 2 is a SEM image of TiB, cermet processed according to this
example, wherein the bar represents 10 um. In this image TiB, phase appears
dark and the binder phase appears light. The Cr-rich M,B type secondary boride
phase is also shown in the binder phase. By M-rich, for example Cr-rich, is
meant the metal M is of a higher proportion than the other constituent metals
comprising M. Figure 3 is a TEM image of the same cermet, wherein the scale
bar represents 0.5 um. In this image Cr-rich M,B type secondary boride phase
appears dark in the binder phase. The metal element (M) of the secondary
boride M,B phase comprises of 54Cr:43Fe:3Ti in wt%. The chemistry of binder
phase is 71Fe:11Ni:15Cr:3Ti in wt%, wherein Cr is depleted due to the
precipitation of Cr-rich M,B type secondary boride and Ti is enriched due to the
dissolution of TiB, ceramic particles in the binder and subsequent partitioning

into M,B secondary borides.



WO 2004/ 104242 PCT/ US2004/ 015555 -16- EXAMPLE 2
[0040] 75 vol % of 14.0 m average di aneter of Ti B2
w@ondan42409. 5% purity, from Alfa Aesar, 99% SPCEHES®O4/015555
bel ow - 325 nesh) and 25 vol % of 6.7 pm average
di anet er 304SS powder (Gsprey Metals, 95.9% screened
bel ow -16 pnm) were used to ptocess the cernet disc as
described in Exanple 1. The cernet disc was then
heated to 1700C at 15C/mn in argon and held at 1700C
EXOAMILE Bi nutes. The tenperature was then reduced to
bel ow 100C at -15C/'m n. [0041] The resultant cernet
conprised: i) 74 vol % TiB2 with average grain size of

[004B]i i )7(Bvoloh & $40qn@averdy dideeMZB Wi BY paweIeA 999 89Abfrit
size of 2 m iii) 23 vol W%% 1de|§I et ed 1aPIp@y gl g%er pﬁny,

friobDAa Aeguy % scseeacSBRlowadzs afesH) Al 8@ VoE% of 6.7 um
processed according to this exanple, wherein the bar
ayerpge dmmaeier1 0408S powdbr Ospray MéltaBz%JS’ﬁs ecmppmhbelow -16 um)

dar k d the bi der phase appears light. The Cr-rich
Wﬂﬁﬂsuﬁ%g'@ I§8E‘?§ﬁdi ¢ GeTmicaRs aphrisEbrd iy Examipiohn The cermet disc

A P8 S S 7 i

- T e b e
dis€ Wa%gfﬂﬁ!tls%sor | aﬁ%ﬁ ddded §6OW§ E}rlipgp %p%wgg}: 12°C/min

~secon ase appears

58 t ' i
e s

cafiedridstvinito A200? @ de5°Cphiasnd Beld E@ 2009 3L hodl. THe
wt% wherein C is depleted due to the precipitation
teufpeCaturd whs WA regdpeedstodumioar \OISOr atd802@hNniAL i S
enriched due to the dissolution of TiB2 ceramc
particles in the binder and subsequent partitioning

[0044]3 MIBe gesidtania corniircodmsrised:

i) 69 vol% TiB, with average grain size of 7 um

ii) 4 vol% secondary boride M,B with average grain size of 2 um, where

M=55Cr:42Fe:3Ti in wt%

iil) 27 vol% Cr-depleted alloy binder (74Fe:12Ni:12Cr:2Ti in wt%).
EXAMPLE 4

[0045] 75 vol% of 14.0 um average diameter of TiB, powder (99.5% purity,
from Alfa Aesar, 99% screened below -325 mesh) and 25 vol% of 6.7 um
average diameter Haynes® 556 alloy powder (Osprey metals, 96.2% screened
below -16 um) were used to process the cermet disc as described in Example 1.
'The cermet disc was then heated to 1700°C at 15°C/min in argon and held at

1700°C for 30 minutes. The temperature was then reduced to below 100°C at

-15°C/min.



WO 2004/ 104242 PCT/ US2004/ 015555 -17- EXAMPLE 3
[0043] 70 vol % of 14.0 gm average di aneter of TiB2
w@ondan42409. 5% purity, from Alfa Aesar, 99% SPCEHES®O4/015555
bel ow - 325 nesh) and 30 vol % of 6.7 gm average
di anet er 304SS powder (Gsprey Metals, 95.9% screened
bel ow -16 gn) were used to-p¥ecess the cernmet disc as
described in Exanple 1. The cernet disc was then
heated to 1500C at 15C/ mn in argon and held for 2
hours. The tenperature was then reduced to bel ow 100C
15 B di sc was hot
[le(g%b;t ate:rfg%ﬁsuﬁ%?tesse §b&&1 glgg% and 30 kpsi (206 MPa)
. é& nF on and hel d at_,1600C and 30 kpsi
1)( 20 i?f’ Yﬁrag%g%ﬁél?@rﬁl@um cool ed down to
1200C at 5C/m n and hel d at 1200C for 4 hours. The
ii) enP enodfouseeondey boeide Mgl eeith hverbgd gvid 00€ oft2 um, where
-30C min. [0044] The resultant cernet conprised: i) 69
vol M=1686xr iiltenoGe@dagNignavtifo si ze of 7 gmii) 4 vol %
secondary boride M2B with average grain size of 2 gm
iinhet &olPsebéiidAy beridd MiB witla 0
glql oy bi nder (7%Fe I2N|&I 2Cr: 2‘l_flg,:rhge gl?alﬂ@iz‘{wﬁ&&d
[ OOMBICrMoVde%oNi 14. 0 gm average di aneter of Ti B2
powder (99.5% purity, fromA fa Aesar, 99% screened
iwel %o%@r‘@éﬂl‘éteé%ﬁog%ﬁ{ r@0Fe! 92&1?@’(305‘1’6@139?1 n wt%).
di anet er Haynes(r) 55 | oy powd Gspr ey msta
96. 2% screened below -16 gn) were used to process t he
EXX P Elfsc as described in Exanple 1. The cernet
di sc was then heated to 1700C at 15C/min in argon and

held at 1700C for 30 m nutes. The tenperature was
[0039D 1 SduEsi%h 60146! a1 ateREedtiamefk? OF MiB, powder (99.5% purity,

from Alfa Aesar, 99% screened below -325 mesh) and 20 vol% of FeCr alloy
powder (99.5% purity, from Alfa Aesar, screened between -150 mesh and +325
mesh) were used to process the cermet disc as described in Example 1. The
cermet disc was then heated to 1700°C at 15°C/min in argon and held at 1700°C

for 30 minutes. The temperature was then reduced to below 100°C at

-15°C/min.
[0048]  The resultant cermet comprised:

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

ii) 7 vol% secondary boride M,B with average grain size of 2 um, where

M=56Cr:41Fe: 3Ti in wt%

iii) 14 vol% Cr-depleted alloy binder (82Fe:16Cr:2Ti in wt%).



WD 2004/ 104242 PCT/ US2004/ 015555 -18 [0046] The

resultant cernet conprised: i) 74 vol% TiB2 with
w@r@rage4yrain size of 7 gmii) 2 vol % secondapgT/bsr004de15555

M2B with average grain size of 2 gm where

M=68Cr: 23Fe: 6Co: 2Ti : 1INl in wt%iii) 1 vol % secondary

bori de M2B with average grailfi-si ze of 2m where

MeCr MoTi FeCoNi i v) 23 vol % Cr-depl eted al | oy bi nder

(40Fe: 22Ni : 19Co: 16Cr:3Ti in w%. EXAMPLE 5 [0047]
ERXBNPL#ef 14.0 gm average di aneter of Ti B2 powder

(99.5% purity, fromAl fa Aesar, 99% screened bel ow

-325 nesh) and 20 vol % of FeCr alloy powder (99.5%

t ygof

O o B L e L purity,

fras AlEs ¢vdshe @9%1 séreaingl beldw -BRE mesh) rmt 20 w1 %\vef FeOeAlY
heated to 1700C at 15C/mn in argon and held at 1700C

alfoyrpcdederi (Aspeey. Metads, X% scresmedvimsow héd une)dwersduged to
bel ow 100C at_, -15C/ mi.n. [0048] The resultant cernet
Pr%fiﬁé the eermet)diseons dasogitedin Famply, br 258 cgrmehdise seasghen

ey 300k 8 5 R RriaekoR Rl 1 Bl B BY 8, The
S FHER mittoerint i

EXAMPLE 6 [0049] 80 vol % of 14.0 gm average di aneter

[06507" BEhR 2V Sant O nRYeeBHIpHs¥a:

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

ii) 4 vol% secondary boride M,B with average grain size of 2 wm, where

M=53Cr:45Fe:2Ti in wt%
111) 1 vol% Al-Y oxide particles
iv) 16 vol% Cr-depleted alloy binder (78Fe:17Cr:3A1:2Ti in wt%).

[0051] Figure 4 is a SEM image of TiB, cermet processed according to this
example, wherein the scale bar represents 5 um. In this image the TiB, phase
appears dark and the binder phase appears light. The Cr-rich M,B type boride
phase and the Y/Al oxide phase are also shown in the binder phase. Figure 5is a
TEM image of the selected binder area és in Figure 4, but wherein the scale bar
represents 0.1 um. In this image fine Y/Al oxide dispersoids with size ranging
5-80 nm appears dark and the binder phase appears light. Since Al and Y are
strong oxide forming elements, these element can pick up residual oxygen from

powder metallurgy processing to form oxide dispersoids.



fromAl fa Aesar, 99% screened bel ow -325 nesh) and 20
vol % of FeCrAlY alloy powder (OGsprey Metals, 95.1 %
wa@eroerm2d2 bel ow - 16 gn) were used to process PEEUS2004/015555
cernet disc as described in Exanple 1. The cernet disc
was then heated to 1500C at 15C/ mn in argon and held
at 1500C for 2 hours. The 420werature was then
reduced to bel ow 100C at -15C/ m n. [0050] The
resultant cermet conprised: i) 79 vol% T TiB2 with
ExXvev@ges grain size of 7 gmii) 4 vol % secondary boride
MPB with average grain size of 2 gm where
MeES53Cr: 45Fe: 2Ti in wt%iii) 1 vol % Al -Y oxide

[0052] i cIEgchi 0f)thd CeMpbi¥OEEXdRYISE Beb 81V RYsubidtded to a hot er051on
(78Fe: 1 7Cr:3AL: 2Ti in w% . '[0051] Figure 4 is a S

andralgeition teRit BHEaAéF)néthopmcedmewrmdoycdj iwag as dotlows:
exanpl e, wherein the scale bar represents 5 gm In

et RSB PR RS o gl et S

aggg Y/ Al oxi de phase are al so shown in the
thEln e?egﬁgsef Figure 5is a TEMimge of the selected
bi nder area as in Figure 4, but wherein the scal e bar

r epr 25 €Thes céhtdr ghond sidé bf shd diBkevdsi then Ya¥jec@di t8€ 200g/min of
di spersoids with size rangin 5-80 nm appears dark

Siknpartictesyi2ag @]Eitﬁhhgﬁaciﬁlr)ﬁlﬁ@ IIICQMCaﬂSchUKAabIaMGSK aL e
N A TR R A R A R
oo L LSS OB AISA, Ther t

Sicewaes.7of/ds¢anpl es 1 to 6 was subjected to a hot
erosi on and attrition test (HEAT). The procedure

npl oyed was as follows: 1) A specinen cernet disk of
abOLﬁ) FepfR dvaneerducietifoatiolns 2 74a7C.
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
alumina 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 3 to the Reference Standard. In Table 3 any

value greater than 1 represents an improvement over the Reference Standard.



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

di sk was then subjected to 1200g/mn of SiC particles
w@ 20d1grir, #1 Grade Black Silicon Carbide, UKPCT/US2004/015555

abrasives, Northbrook, IL) entrained in heated air

exiting froma tube with a 0.8limch dianeter ending

at 1 inch fromthe target at an angle of 45. The

velocity of the SiC was 45.7 nisec. 3) Step (2) was

conducted for 7 hrs at 732C. 4) After 7 hours the

speci men was allowed to cool to anbient tenperature

and wei ghed to determ ne the weight |oss. 5) The

er osi on off sagspeci nen of a comercially avail gbl e
tastabl e |& $rna refractory was determ ned and used
as a Refeléh@e’zht &dar @ Thgl Refererte St@ndgrd
er osi on % gen a value off 1 ahd th€ resuitg for the
cer met \sNgchrr@ns are conpared in Table 3 to tfhe
Ref erence|Standard. In Table 3 any value gregter than
1 represefpts an|i nprovenent over the Referencg
St andard. | WO 2004/ 104242 PCT/ US2004/ 015555 - {21 Q
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EXAMPLE 8

[0053] Each of the cermets of Examples 1 to 6 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 hrs 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

microscopic examination of the corrosion surface in a SEM.

6) In Table 4 any value less than 150 um represents acceptable corrosion

resistance.
TABLE 4
Cermet {Example} Thickness of Oxide Scale (um)
TiB,-30 304SS {1} 17
TiB,-25 304SS {2} 20
TiB,-30 304SS {3} 17
TiB,-25 H556 {4} 14
TiB,-20 FeCr {5} 15
TiB,-20 FeCrAlY {6} 15

[0054] Figure 6 is a cross sectional secondary €lectron image of a TiB,
cermet made using 25 vol% Ha.ynes‘® 556 alloyed binder (as described in

Example 4), wherein the scale bar represents 1 um. This image was obtained by



[0053] Each of the cernets of Exanples 1 to 6 was

subjected to an oxidation test. The procedure
wepphoyed was as follows: 1) A speci men cer met POf/USIDOU015555

10 mm square and about 1 mmthick was polished to 600

grit dianmond finish and cleaned in acetone. 2) The

speci men was then exposed t-31:00 cc/mn air at 800C in

t hernogravi netric analyzer (TGA). 3) Step (2) was

conducted for 65 hrs at 800C. 4) After 65 hours the

a$@@ﬁhé@fbrﬂ@§an@@mﬁﬁi&@sc§@gl ARerdHSn at ﬁgﬁ"@ fr¥5Phours in

5) Thi ckness of oxide sc was determ ned by cross
ai$ £4Hdu0Balm thickrexs&@pl 6xidls ayarabideboaf 11 fen BAEk Pefih] oxide
surface in a SEM 6) In Table 4 any val ue |ess than
zargowener dgyiekepedt sTlacedptmabbeidedayaiasiworlagest anoater layer
TABLE 4_Cernet { | e} Thickness of Oxide Scale (pm
PFFF’B?-F% of é@@%@f%ﬁ andgn pentpyseprimardy of prgtaliipe TiO,.
: i.B2- 4556 .{41 14 Ti B2-20 FeCr 15
TH? i3SnP Bt gob 18 Cralitopust ol g ringfordied Ginhad T
286! | O pRESPREGNYNI SXiBBYHAB id R flhfe, 2H
gmade usi n% 25 vol % Haylnes(r) 1556 a oyedf%‘iﬁ%d(;Iﬁh%ri(dz::\qsahCh
mitesicoxibe din s fuetemobmpbsed vhex elinartdBe, sekich pravides required
represents 1 pm This inmge was obtai ned by WO
COrpEMQn (R41843N08CT/ US2004/ 015555 - 23

EXAMPLE 9

| [0055] 70 vol% of 14.0 um average diameter of HfB, powder (99.5% purity,
from Alfa Aesar, 99% screened below -325 mesh) and 30 vol% of 6.7 um
average diameter Haynes® 556 alloy powder (Osprey Metals, 96.2% screened
below -16 pm) were used to process the cermet disc as described in Example 1.
The cermet disc was then heated to 1700°C at 15°C/min in hydrogen and held at
1700°C for 2 hours. The temperature was then reduced to below 100°C at
-15°C/min.

[0056] The resultant cermet comprised:
i) 69 vol% HfB, with average grain size of 7 um

ii) 2 vol% secondary boride M,B with average grain size of 2 wm, where

M=CrFeCoHfNi

iii) 1 vol% secondary boride M,B with average grain size of 2 um, where

M=CrMoH{FeCoNi
iv) 28 vol% Cr-depleted alloy binder.



a focussed ion beam (FIB) mcroscopy. After oxidation
at 800C for 65 hours in air, about 3mthick external
w@xiodaod2ayer and about 11 gmthick internal oxPCBEUSHOHESSSS
wer e devel oped. The external oxide |ayer has two
| ayers: an outer layer primarily of anorphous B203
and an inner layer primaril-w4ef crystalline Ti02. The
i nternal oxide zone has Cr-rich m xed oxide rins
formed around TiB2 grains. Only part of internal
EXAMPIFo® IS shown in the figure. The Cr-rich mxed
oxide rimis further conposed of Cr, Ti and Fe, V\,hi ch
corrosi on resistance. EXAVPLE

‘ﬁ’é@fs?e O’r ‘ﬁ%lué?g 50 Y ay e{ﬂ%ﬁé@@pﬁ@é ofii iBe pepder (waade from
o g Yl G Bba 231'5{ ﬁveﬁep?ﬁﬁéﬁaveﬁé% dffancier 5045
PGB N BRSO G i gD Sh o FIBR Ve b SicRioproness the

[
eﬁﬁé%%S?%ﬁ%%ﬁ@éﬂﬁﬁﬁf%oo@%?@{%& isc, VS o hed 1o
17A0dChe 18 °aymin #0Rerbgén andd BEIdSat ﬂmwf}ﬁp Qr}ﬂfu% eTﬁ@%empera-
then reduced to bel ow 100C at -15C/ min. [0056] The

tureesvab tiwmi redacedto belowr 100 ati-1 5E/nyi@l, % Hf B2 wi t h
average grain size of 7 gmii) 2 vol % secondary boride

M2B with average grain size of 2 gm where
[0858) FeThetfrdduliant rerinst@orasdedndary boride M2B with
average grain size of 2 gm where M=CrMoHf FeCoN i V)

i) 28 670G itﬁtaQ'@ra%'d @Aini RIS 1. 502004/ 104242
PCT/ US2004/ 015555 EXAMPLE 10

il) 9 vol% secondary boride M,B with average grain size of 2 um, where

M=46Cr:51Fe:3Ti in wt%

iii) 24 vol% Cr-depleted alloy binder (75Fe:14Ni:7Cr:4Ti in wt%).

EXAMPLE 11

[0059] 70 vol% of 3.6um average diameter of TiB, powder (D grade from
H.C. Stark Company) and 30 vol% of 6.7 um average diameter 304SS powder
(Osprey Metals, 95.9% screened below -16 um) were used to process the cermet
disc as described in Example 1. The cermet disc was then heated to 1700°C at
15°C/min in hydrogen and held at 1700°C for 2 hours. The temperature was
then reduced to below 100°C at -15°C/min.

[0060] The resultant cermet comprised:
1) 69 vol% TiB, with average grain size of 3.5 um

ii) 6 vol% secondary boride M,B with average grain size of 2 wm, where
M=50Cr:47Fe:3Ti in wt%
iii) 25 vol% Cr-depleted alloy binder (75Fe:12Ni:10Cr:3Ti in wt%).



[0057] 70 vol%of 1.5 m average dianeter of Ti B2

powder (NF grade from Japan New Metal s Conpany) and
wQ@oab428Df 6.7 m average di aneter 304SS powdBCT/US2004/015555

(Csprey Metals, 95.9% screened below -16 m were used

to process the cernet disc as described in Exanple 1.

The cernet disc was then heabed to 1700C at 15C/ mn

i n hydrogen and held at 1700C for 2 hours. The

tenpera- ture was then reduced to bel ow 100C at

-15C/ mn. [0058] The resultant cernet conprised: i) 67
EX%I\%P 'EBFZWith average grain size of 1.5 mii) 9 vol%

boride M2B with average grain size of 2 m
where M=46Cr:51 Fe: 3Ti in w%iii) 24 vol %

L0863 ot 0Pk BB hiS00E, G Marcl 6 S igab S hrflis and 32
orAhBS HVG S radd) MHEBEvEIHBY 61 Gm Rcdhide GARRADNI3219S Hdwder

vol % of 6.7 m'average di aneter 304SS powder (Ospre
(O&irey metdd. B ICsREIRA HEdWWI6 Lfn, M6 Beles g\ﬁdellf) Qvere used to
anmpl e

process the cernet disc as described in 1.
prohessdbe wetmeli disc andeschibad e axamipteol .1 TheTiBy possiet akmibits a

in hydrogen and held at 1700C for 2 hours. The
birpadalrdisbatigaol pagécies Buihesiza wngeBde Gbwo and 61 to 800 um.

L T e
TREGHBINE et Bp et b RHCE R CURhT B S BT
AP S ey 1 -
15°C/min.

[0062] The resultant cermet comprised:

1) 79 vol% TiB, with sizes ranging from 5 to 700 um

i1) 5 vol% secondary boride M,B with average grain size of 10 wm, where

M=54Cr:43Fe:3Ti in wt%

ti1) 16 vol% Cr-depleted alloy binder (73Fe:10Ni:14Cr:3Ti in wt%). -

EXAMPLE 13

[0063] 66 vol% of TiB, powder mix (H. C. Starck’s: 26 grams S grade and 26
grams S2EL.G grade) and 34 vol% of 6.7 um average diameter 304SS+0.2Ti
powder (Osprey metals, 95.1% screened below -16 um, 48 grams powder) were
used to process the cermet disc as described in Example 1. The TiB, powder
exhibits a bi-modal distribution of particles in the size range 3 to 60 wm and 61
to 800 um. Enhanced long term microstructural stability is provided by the

304SS+0.2Ti binder. The cermet disc was then heated to 1600°C at 5°C/min in



[0061] 76 vol % of TiB2 powder mx (H C Starck's: 32
grans S grade and 32 grans S2ELG grade) and 24 vol %
wW®@R008/1742¢pm aver age di ameter M21SS powder ( CsPCEYS2004/015555

metal s, 95.3% screened bel ow -16 gm 36 granms powder)
were used to process the cernmet disc as described in
exanple 1. The Ti B2 powder -@khi bits a bi-nodal

di stribution of particles in the size range 3 to 60 gm
and 61 to 800 gm Enhanced long term m crostructural

argbABhl heYd hsS1600°¢ e Iﬁiﬁr&h?hy@@lﬁgéa 'r@%&theﬂ_ B&iuced to
OC at 5 n

Cermet di sc was then heated to 1/00C mn |

bad@anraththebeCatinl 700C for 3 hours. The tenperature
was then reduced to below 100C at - 15C/ m n. [0062]

The resultant cernet conprised: i) 79 vol% TiB2 with

[0964FS TaRGEatant 08trieticonfitse@m i i) 5 vol % secondary
boride MB with average grain size of 10 gm where

- ME : y3Thain W% i.i) 16 vol% Cr-depleted all oy
D bt RO S e epiak ol ) 700 RsAnPLE 73 [o063)
.66 vol % of TiB2 powder mx (H C Starck's: 26 grans S
ii)gr ddeoldnsecpadaryt korkdeSYEBGvith avejagargraddsizedfd 0 ung. whem
aver.age di . 3045S+0. 2Ti powder (Gsprey netal s,
QSTM%RZ‘{;F@@%%%&WQ 16 gm 48 grans powder) were
used to process the cernet disc as described in
iiifx 3piad %1 Cr-tnpleedzdiqobider (Zbtie: bi N5 12ChB Thinet %).
di stribution of particles in the size range 3 to 60 gm
and 61 to 800 gm Enhanced |ong term m crostructural
[0663bi | Figure d ip a%EMemagyz af Hé B, 3eurss+orodssediandending teethis

cernet disc s then heated tg 1600C _at  5C/ mn _in WO
eXamPpAG. Mpacrgin t&%ﬁﬁ@s%@zmm@% 100 pgn.o Iy His apagh thegTidy» phase

aop 08Tk dOber TS LBIREL Aol e BT RGN MiGEHGRT 10

secondary boride phase is also shown in the binder phase.

EXAMPLE 14

[0066] 71 vol% of bi-modal TiB, powder mix (H. C. Starck’s: 29 grams S
grade and 29 grams S2ELG grade) and 29 vol% of 6.7 um average diameter
304SS+0.2Ti powder (Osprey metals, 95.1% screened below -16 um, 42 grams
powder) were used to process the cermet disc as described in Example 1. The
TiB, powder exhibits a bi-modal distribution of particles in the size range 3 to 60
um and 61 to 800 um. Enhanced long term microstructural stability is provided
by the 304SS+0.2Ti binder. The cermet disc was then heated to 1480°C at
5°C/min in argon and held at 1480°C for 3 hours. The temperature was then

reduced to below 100°C at -15°C/min.

[0067] The resultant cermet comprised:

1) 67 vol% TiB, with sizes ranging from 5 to 700 um



[0064] The resultant cernet conprised: i) 63 vol % Ti B2
Wth sizes ranging from5 to 700 gmii) 7 vol %
wG@emenadasy boride M2B with average grain size PET/LS2004915555
where M=47Cr:50Fe: 3Ti in w%iii) 30 vol % Cr-depl et ed
al l oy binder (74Fe: 1IN :12Cr:3Ti in w% . [0065]
Figure 7 is a SEMinmage of -B7B2 cernmet processed
according to this exanple, wherein the scal e bar
represents 100 gm In this inmge the Ti B2 phase
iR P P® 6B @a¢ dndairgl bbFide Bl Qhithrhas Lo 2PRERE S e lof 9 0tum, [WBere
Cr-rich M2B type secondary boride phase is al so shown
i N MadOhirrkidie: Fhasevt7%XAMPLE 14 [ 0066] 71 vol % of
bi -nodal Ti B2 powder mx (H C Starck's: 29 granms S
iipr atevalvs (F U1 a8a aﬁaglbﬁlcwiyﬁeﬁmﬁ%c‘fm‘ﬁmﬂ%)? gm
aver age di aneter 304SS+0. 2Ti powder (Osprey netal s,
95. 1% screened below -16 gm 42 grans powder) were
EXEAPI® psocess the cernet disc as described in
Exanpl e 1. The TiB2 powder exhibits a bi-nodal
distribution of particles in the size range 3 to 60
[0@68RNd Eathiod (BBt 6P BxaGRes DNEH 14 5Hs subﬁcted to a hot
m crostructural stability iS provided by the
er®Su8Snd. ATitidy tede(HEARR as desmibedi indExwmmsple Ve The Refatehee
1480C at ., 5C/ mn in ar?on'fand hel d at_ 1480C for 3 .
Sigptacs erepentveampdivar aralugal  Aad the wgnlivéor theigerme spgiens

o5 Lgeb R g bt s, TP FoSRIAAT Sl ot
thaR Q4epR42A8 RGHijrseRenHr2 20 Referehéd SBnMat 0
secondary boride M2B with average grain size of 10 m

where M=49Cr:48Fe:3Ti in w%iii) 27 vol % Cr-depl et ed
all oy binder (73Fe:1INi:13Cr:3Ti in w%.




EXAVMPLE 15 [0068] Each of the cernets of Exanples 12
to 14 was subjected to a hot erosion and attrition
wWo e®t/104AT) as described in Exanple 7. The RePE&r/E8me4/015555
St andard erosion was given a value of 1 and the
results for the cernmet speci @8ns are conpared in
Table 5 to the Reference Standard. In Table 5 any
val ue greater than 1 represents an inprovenent over
the Reference Standard. WD 2004/ 104242
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conposition represented by 42%- fornul a (PQ (RS)
conprising: a ceram c phase (PQ and bi nder phase (RS)
wher ei n,
CLAIMS:

1. A cermet composition represented by the formula (PQ)(RS)

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

P is at least one metal selected from the group consisting of Group 1V,
Group V, Group VI elements,

Q is boride,

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

S comprises at least one element selected from Cr, Al, Si and Y.

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

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

3. The cermet composition of claim 2 wherein the molar ratio of P:Q

in the ceramic phase (PQ) can vary in the range of 3:1 to 1:6.

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

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

5. The cermet composition of claim 1 wherein S further comprises at

least one element selected from Ti, Zr, Hf, V, Nb, Ta, Mo and W.

6. The cermet composition of claim 5 wherein S is Ti in the range of

0.1 to 3.0 wt% based on the weight of the binder phase (RS).

7. The cermet composition of claim 1 further comprising a secondary

boride (P’Q) wherein P’ is selected from the group consisting of Group IV,



Pis at least one netal selected fromthe group
consisting of Goup IV, Goup V, Goup VI elenents, Q
WO 200B0042d2, R is selected fromthe group consiBCT/NH2004/015555

Fe, Ni, Co, Mh and mxtures thereof, S conprises at

| east one el enent selected fromCr, A, S and Y. 2.
The cermet conposition of ¢l#-n 1l wherein the ceramc
phase (PQ ranges from of about 30 to 95 vol % based

on the volume of the cernmet. 3. The cernmet conposition
Gebugs VaiGrodp WiegleinBnishBe I, &o,Mhi ©1,0ALY: &, TinZE hﬁf V, Nb,
ceramc phase (PQ can vary i'n the range of 3:1

Ta; Blo, WV afilenixéuneetharesfposi ti on of claim 1 wherei n the
ceram ¢ phase (PQ ranges from about 55 to 95 vol %
based on the volume of the cernet. 5. The cernet

conposid i of claiml erei.n, S f er conpri.ses
Coast - ane Toedgelhantlih Pt e gl b REGisRgEn St of
I n
s By ReReE oRIPLE EEONPGEMLTAR Y S,
Zyygight, 19, To)Vibj Wzlemd plirseey Beyeof 7. The cernet
conmposition of claiml1 further conprising a secondary
boride (P Q wherein Pis selected fromthe group

ST Uadh %Pegfs%%ud%@\ﬁsav&é &%lé?ﬁ%iﬂ%wn &1id reramgic phase
(1{#) 1sgﬁﬂ? udr 18;’ thf: ﬁér}dég pﬁ'a%e &g@ & c%ar't_fg es\é{% rtrlgég;gz Eh e'vﬁ?f about

0.¢Iicidds folB00lehicenPliagicier with@x &Rt 96% ¢ ﬂﬁ@t];ﬁhlcles havmg a
sel ected fromthe group consisting of Fe, N,

patticlecpartivle spacingiaf at ¥gast apout\l nido, Ta, M, W and
m xtures thereof. 9. The cernet conposition of claim1l
wherein said ceram c phase

10. The cermet composition of claim 9 wherein said particles
comprise finer particles in the size range 0.1 to 20 microns diameter and coarser

particles in the size range of 20 to 3000 microns diameter.

11. The cermet composition of claim 1 wherein said ceramic phase
(PQ) is dispersed in the binder phase (RS) as platelets wherein the aspect ratio of
length to thickness of the platelets is in the range of about 5:1 to 20:1.

12. The cermet composition of claim 1 wherein the binder phase
(RS) is in the range of 5 to 70 vol% based on the volume of the cermet and the

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

13. The cermet composition of claim 12 wherein the combined

weights of said Cr and Al is at least 12 wt% based on the weight of the binder
phase (RS).



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

particles in the size range of about 0.1 microns to
wWQ@®d/10d2¢2 ons di ameter with at | east 50% of t hBCT/US2004/015555

particles having a particle-particle spacing of at

| east about 1 nm 10. The cernmet conposition of claim

9 wherein said particles c@iprise finer particles in

the size range 0.1 to 20 microns dianmeter and coarser

particles in the size range of 20 to 3000 mi crons

di amet e, Fhe cEHBeC&; ﬂﬁémﬁ@ﬂ@@ﬁélﬁirﬁq fviks §i gi;}tern}]e

wherein said ceramc ase I's di sperse
nhicrodenc e seabiiy) laaSng) hi¢ask eIS gfemewhem ekpesedpeshperatures
ratio of length to thickness of the platelets is in
uplo83Bhge of about 5:1 to 20:1. 12. The cernet
conposition of claim1 wherein the binder phase (RS)

is in the range of 5 to 70 vol % based on the vol une of

t he cery h mass . L. aft i f 0.Sr s fro
50150 1l0: o8Ragermid RN ERh of o Bmbhfie AR e fofflmess
gMART fhah Attt GONIPaNgY. wei ghts of said G and Al is at
Ieast 12 wt % based on the wei ght of the binder phase
(RS). WD 2004/ 104242 PCT/ US2004/ 015555 -31 14. The
cermet conpositions of claiml1l having a long term

m cr ostlou 211% be sermetaempasitionmef clagmak havisg an®rgsiangate less

when e sat, te upt o 850C. 15. The
théBraﬁEPe(@g?‘rE@s‘F‘i’g ”gfgg(ﬁ (?ffailt'havi ng a fracture
toughness greater than about 3 MPa nili 2. 16. The
cermet conposition of claim1l having an erosion rate

| ess  tIFanThé oermét.doxdiibstiied of alainfl Eving codasion rhte less
The cernet %onposn tion of claim11 having corrosion
thantabolieksl 07 natroort arl addragd oglesedle G{frlemthanelrﬁ)gﬂn

oxi de scale of |less than 150 m
thickness when subject to 100 cc/min air at 800°C for at least 65 hours.

18. The cermet composition of claim 1 having an erosion rate less
than about 0.5 xlO'scc/gram of SiC erodant and a corrosion rate less than about
1x10™"° g%/cm®*s or an average oxide scale of less than 150 pum thickness when

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

19. The cermet composition of claim 1 having embrittling phases less

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

20. The cermet composition of claim 5 further comprising an oxide
of a metal selected from the group consisting of Fe, Ni, Co, Mn, Al, Cr, Y, Si,
Ti, Zr, Hf, V, Nb, Ta, Mo, W and mixtures thereof.

21. A method for protecting a metal surface subject to erosion at
temperatures up to 850°C, the method comprising providing the metal surface

with a cermet composition according to claims 1-20.



t hi ckness when subject to 100 cc/mn air at 800C for
at |l east 65 hours. 18. The cernet conposition of claim
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cc/mn air at 800C for at |east 65 hours. 19. The
cermet conposition of claim1 having enbrittling
phases |l ess than 5 vol % based on the vol une of the
cernmet. 20. The cernet conposition of claimb5 further
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conprising providing the netal surface wth a cernet

conposition according to clains 1-20. WO 2004/ 104242

PCT/ US23047Th¢ Bixihod oB2la2d 2 Awiretdin daitlsurfaceicegiprisgs dhe inner

netal surface subject to erosion at tenperatures in
syrfaeerfigiduisk saligg separaigncyclome. met hod conpri si ng

providing the netal surface with a cernet conposition

according to clains 1-20. 23. The nethod of claim 21

wherein said surface conprises the inner surface of a

fluid-solids separation cyclone.



