WO 2004/ 104249 PCT/ US2004/ 015557 -1 ADVANCED EROSI ON RESI STANT CARBI DE
CERVETS W TH SUPERI OR HI GH TEMPERATURE CORROSION RESI STANCE FI ELD OF

| N\VENTI ON [ 0001] The present invention relates to cernet conpositions. Mre
parti culWPRYPVIOKEi nvention relates to metal carbide cBRUESHIONYIER: net
conpositions and their use in high tenperature erosion and corrosion
applications. BACKGROUND OF | NVENTI ON [ 0002] Abrasive and chemcally
resistant materials find use in many ?ppl i cations where netal surfaces are
subj ected to substances which woul d otherw se pronbte erosion or corrosion
of the metal surfaces. [0003] Reactor vessels and transfer lines used in

various chemc X ui prent havi ng
metal sur e P&{ﬁg{ﬁ{fg R mﬁ?ﬁr& @ﬁ? Qtect the
surf aces EhsUBERIS) R 1Y 5&&%{1 transfer
lines are typically used at high tenperatures protecting them against
degradation is a technol ogical challenge. Currently refractory liners are
used t]mﬁw&mﬁgéwfaces exposed at high tenperature to erosive or
COrr oSl —The |ife span of these refractory liners, however,
Is significantly limted by mechanical attrition of the liner, especially
when g d t ' ' l £U 0. enc | etrol eum
and pOORaT ket Ehiioh RREE HBLET pollpbBcHE MBI AR 1T
cracki i@ iadehtiiPRlAed tPmetal Refbide kBhRIMIAg ReB&LdRPoditioRS an@ iRl @de that is
nore resistant to erosion and corrosion at high tenperatures. [0004] .

Cer am 1 highatmperanasicresion andeonmisondpplicatives.t 0 possess the attributes of
t he hardeners of ceramics and the fracture toughness of netal but only when
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{ BACKGROUND QF INVENTION

[0002] Abrasive and chemically resistant materials find use in many applications
where metal surfaces are subjected to substances which would otherwise promote

erosion or corrosion of the metal surfaces.

[0003] Reactor vessels and transfer lines used in various chemical and
petroleum processes are examples of equipment having metal surfaces that often
are provided with materials to protect the surfaces against material degradation.
Because these vessels and transfer lines are typically used at high temperatures
protecting them against degradation is a technologicat challenge. Currently
refractory liners are used to protect metal surfaces exposed at high temperature to
erosive or corrosive environments. The life span of these refractory liners,
however, is significantly limited by mechanical attrition of the liner, especially
when exposed to high velocity particulates, often encountered in petroleum and
petrochemical processing. Refractory liners also commonly exhibit cracking and
spallation. Thus, there is a need for liner material that is more resistant to erosion

and corrosion at high temperatures.

[0004] Ceramic metal composites or cermets are known to possess the attributes

of the hardeners of ceramics and the fracture toughness of metal but only when



-2 used at relatively noderaie tenperatures, for exanple, from25C to no
nore than about 300C. Tungsten carbide (WC) based cernets, for exanple,
have both +wangnasspyand fracture toughness mating them us ' ' wear
appl i cations such3 as in cutting tools and drill bits coo?égh]v%@ﬁm#g? ds. WC
based cernets, however, degrade at sustained high tenperatures, greater

t han about 600F (316C). [0005] The object of the present invention is to
provi de new and i nproved cernet conposptions. [0006] Another object of the
i nvention is to provide cernet conpositions suitable for use at high
tenperatures. [0007] Yet another object of the invention is to provide an

| mpr ovedyspdtdieelatioely mbdéracs ieRtporBtupes, for é:6085le 2025 °Ci0Ab AMor@nHag Or r osi on
under high tenperature conditions. [0008] These and ot her objects wll
become aghwert 860°€r Amngstendarbide €W Chbasedi qerinets, fér extanipie) haws b@bMVARY OF
INVENTION I) [0009] Broadly stated the present invention is a cernet
conposi thasAnessand aeyretoughngss mplaagdhemmspfuldn high wear applicasionasuchhase,

RS) , d.a third .called.a. i Ri,f-at ed ,ph ' d i
(RS). T Bl BriA 28 ol it Cocii Pl Db e RemBE s baRBEL o5 vol o
f the t . ' [ 14 | b~p0 | % of (P
s a carradd ft HRERE] hith ERipR B R R R (R G s 11 ot
Hf, V, Nb, Ta, Mo and m xtures thereof. [0010] The bi nder phase, (RS),
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[0006] Another object of the invention is to provide cermet compositions

suitable for use at high temperatures.

[0007]  Yet another object of the invention is to provide an improved method for
protecting metal surfaces against erosion and corrosion under high temperature

conditions.

[0008] These and other objects will become apparent from the detailed
description which follows:

SUMMARY OF INVENTION

[0009] Broadly stated the present invention is a cermet composition comprising
a ceramic phase, (PQ), dispersed in a binder phase, (RS), and a third phase, G,
called a reprecipitated phase, dispersed in (RS). The ceramic phase, (PQ),
constitutes about 30 vol% to about 95 vol% of the total volume of the cermet
composttion, and at least 50 vol% of (PQ) is a carbide of a metal selected from the
group consisting of Si, Ti, Zr, Hf, V, Nb, Ta, Mo and mixtures thereof.

[0010] The binder phase, (RS), comprises a metal R selected from the group Fe,
Ni, Co, Mn and mixtures thereof, and an alloying element S, where based on the



-3- total weight of the binder, S conprises at least 12 w% G and up to
about 35 Wt % of an elenent selected fromthe group consisting of Al, Si, Y
and m xtures thereof. [0011] The reprecipitated phase, G(E conprises about
0.1 vol % B0 ZMI{IP24d vol % based on the total vol ume of P¢H S@Bf’ﬂ’éﬁﬂ
conposition, of a metal carbide represented by the formula M,Cy where Mis
C, Fe, Ni, Co, Si, Ti, Zr, H, V, Nb, Ta, Mo or mxtures thereof, Cis
carbon, x and y are whole or fractionalgnunerical values with x ranging
fromabout 1 to 30 and y fromabout 1 to 6. [0012] This and ot her

enbodi ments of the invention, including where applicable those preferred,
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DESCRI PTI ON THE FI g el ectron m croscope
(SEM i rofgm elémenisdlectel iffani odejstiagrofedl, SAdE andimgtdes ot 47
stainless steel (347SS) binder illustrating a TiC ceram c phase particles

di spersed in the binder and the reprecipitated phase M/C3 where M conpri ses
Cr, Fe, [0011] . TheGépiectpititedpRases G cSinrissngbotl0. & vol % totabbanl diwot%y| bi de)

cernmet made using 30 vol % Inconel 718 alloy binder illustrating Ti C ceramc
phase pdrasedonsheltaipbvshume ofthelverbencempesitdonhef a2 metd caphiderepreginied M7 C3
where M _conpri ses e, and Ti. Alsg shown in the m.crograph is the

Q. F
format i 4 e fomngleeM.Comhere M peCriike. &N €0, S0 87 Bf.o¥r Nb3ka, MoOISEM i mage
f Ti C (titan bi d d ' 3 | % FeCr Al Y. al | bi nd
1 st r demerteetgef 2nit Chat ok A5 viReY Sicl Op Gcaenel i vibEs Willne
repreci Qf&?‘ﬁ%%@fﬁb%@to@@aﬂ @{ﬁt&ﬁ)}aﬂﬁupf‘rtyéc' es. [0016] Figure 3b is a
ectr I mag

transm ssi 0 on m croscopcél € of the sane sel ected binder
area as shown in Figure 3a showi ng Y/ Al oxide dispersoids as dark regions.

2004]{66ﬁf9 P4 MrPORRL Qinboafment? of the invention, including where applicable

those preferred, will be elucidated in the Detailed Description which follows.

BRIEF DESCRIPTION OF THE FIGURES

[0013] Figure 1 is a scanning electron microscope (SEM) image of a TiC
(titanium carbide) cermet made using 30 vol% 347 stainless steel (347SS) binder
illustrating a TiC ceramic phase particles dispersed in the binder and the

reprecipitated phase M;Cs where M comprises Cr, Fe, and Ti.

[0614] Figure 2 is a SEM image of a TiC (titanium carbide) cermet made using
30 vol% Inconel 718 alloy binder illustrating TiC ceramic phase particles dispersed
in the binder and the reprecipitated phase M;C; where M comprises Cr, Fe, and Ti.

Also shown in the micrograph is the formation of MC shell around the TiC core.

[0015] Figure 3a is a SEM image of a TiC (titanium carbide) cermet made using
30 vol% FeCrAlY alloy binder illustrating TiC ceramic phase particles dispersed in
the binder, the reprecipitated phase M;C; and Y/Al oxide particles.

[001 6] Figure 3b is a transmission electron microscopy (TEM) image of the
same selected binder area as shown in Figure 3a showing Y/Al oxide dispersoids as

dark regions.



[0017] Figure 4 is a graph_show ng the thickness (1n) of oxide |ayer as a
nmeasure of oxidation resistance of TiC (titanium carbide) cernets nade using
30 vol % hi r osed to air at 800C for 65 hours. DET&R-AESD PTI ON OF
THE | I\I\/El\mcg%f%flbﬁ%] I n one enbodi ment the invention is P}L cer r?ewté%grzposi tion
that may be represented by the general fornula (PQ(RS)G where (PQ is a
ceram c phase dispersed in a continuous, binder phase, (RS), and G is a
third phase, called a reprecipitable phiase dispersed in (RS). [0019] The
ceram c phase (PQ constitutes about 30 vol %to about 95 vol % of the total
vol ume of the cernet conposition. Preferably the ceram c phase constitutes
about 65 vol %to about 95 vol % of the cernet conposition. [0020] In the

ceram c e, i Re : : : ,st- ing of
& oup 1| PO oy B A Top APt in th BiEkhe Ul 1 SR BepRgL |
Per i odi enehgtitecofodxiBhiamR féststindy SKTIM(RxniuAY AR dePietshBBSe 1siRgi 30 Sel ect ed
from the group consisting of carbide, nitride, boride, carbonitride, oxide
and ni xtvol%dindérexpoted roarde 00M0 ferved howtsat at | east 50 vol % of (PQ is a
carbide of a netal selected fromthe group consisting of Si, Ti, Zr, Hf, V,
Nb, Ta, Mo and m xtures thereof. Preferably (PQ is at |least 70 vol % net al
car bi de DEEDARCEP DESCRIPATONOF THESENYENAION et al car bi de. The preferred
nmetal of the netal carbide is Ti. [0021] In the ceram c phase, (PQ,
typically P and Q are present in stoichionetric anounts (e.g., TiO);
however [00d8jor hneneg¢mbodiniéDtherivehtion is aesrmentorhpositon itlsatraay bs of P and
Q(e.g., TiC09). WD 2004/104249 PCT/ US2004/015557 -5 [0022] The particle
si ze di sepesanted by tee general forpidde is typically bel ow about 3 mm
preferably bel ow about 100 m and nore preferably bel ow about 501.1m The
POYRS)G

where (PQ) is a ceramic phase dispersed in a continuous, binder phase, (RS), and G

is a third phase, called a reprecipitable phase dispersed in (RS).

[0019] The ceramic phase (PQ) constitutes about 30 vol% to about 95 vol% of
the total volume of the cermet composition. Preferably the ceramic phase

constifutes about 65 vol% to about 95 vol% of the cermet composition.

[0020] In the ceramic phase, (PQ), P is a metal selected from the group consist-

ing of Group IV, Group V and Group VI elements and mixtures thereof of the

Periodic Table of Elements (Merck Index, 20th edition, 1983); O is selected from : j
the group consisting of carbide, nitride, boride, carbonitride, oxide and mixtures |
thereof provided, however, that at least 50 vol% of (PQ) is a carbide of a metal

selected from the group consisting of Si, Ti, Zr, Hf, V, Nb, Ta, Mo and mixtures

thereof. Preferably (PQ) is at least 70 vol% metal carbide and more preferably at

least 90 vol% metal carbide. The preferred metal of the metal carbide is Ti.

[0021] In the ceramic phase, (PQ), typically P and Q are present in
stoichiometric amounts (e.g., TiC); however, minor amounts of (PQ) may have

non-stoichiometric ratios of P and Q (e.g., TiCoo).



di spersed cerami c particles can be any shape. Sone non-limting exanples

i ncl ude spherical, ellipsoidal, polyhedral, disforted spherical, distorted
el lipsoidal and distorted polyhedral shaped. By particle size dianeter is
meant the WRAMH&YB! | ongest axis of the 3-D shaped par PEEUE2004PEFHscopy
met hods such as optical mcroscopy (OM, scanning electron m croscopy (SEM
and transm ssion electron mcroscopy (TEM can be used to determ ne the
particle sizes. [0023] In the binder pRase, (RS), of the cermet conposition:
Ris a netal selected fromthe group consisting of Fe, Ni, Co, M or.

m xtures thereof, and S is an alloying el enent where based on the total

wei ght e Hpﬁir : ' I : Qgpb lay about
18 vvt%f{’)(ﬁazgou?r% vvtu(%%cgrﬁgﬁgﬂl?ﬁ%] ev‘\:/t%g/‘?%ng_ aa‘é%?@ g&l’m\:/vt oo@bg{lﬁse en%nt

sel ect egyhf @@férﬁ@ly%e%‘ﬂ A8 11001 2R met préferab‘(y Ry Fbshts@pni.hgheof . The
mass ratio of R S'ranges from about 50:50°to about 88:12. The bi nder phase

(RS w Hispbﬁeﬂes&mihqmﬁﬂley@hﬁ(tbe[aﬁ?&ﬁhpd?r Sbme atonylimiiéhg eganplestiheludender ,
(RS), is fromabout 0.02 wt%to about 15 w % based on the total weight of
(RS), ofpharical.ictipgoidal, polyredral sdistorted sphetdesl, distortadoelbipseidel aud ng of Ti,

Zr, Hf, V, Nb a Wand m xtures thereof. [0025 epresentative
exanpl e@%ﬂqqﬁygﬁgghﬁmd-bgiﬁaf QPIRE QANEleply me AEAHHES 9£1e preferred
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Bal Fe: 18.5Cr: 1
microscopy (TEM) can be used to determine the particle sizes.

(
[0023] In the binder phase, (RS), of the cermet composition:

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

mixtures thereof, and

S is an alloying element where based on the total weight of the binder, S
comprises at least 12 wt% Cr, and preferably about 18 wt% to about 35 wt% Cr and
from 0 wt% to about 35 wt% of an element selected from the group consisting of
Al, Si, Y, and mixtures thereof. The mass ratio of R:S ranges from about 50:50 to
about 88:12. The binder phase (RS) will be less than 70 vol%.

[0024]  Preferably included in the binder, (RS), is from about 0.02 wt% to about
15 wt%, based on the total weight of (RS), of an aliovalent element selected from
the group consisting of Ti, Zr, Hf, V, Nb, Ta, Mo, W and mixtures thereof.

[0025] Representative examples of iron and nickel based stainless steels, which

are the preferred class of binders given in Table 1.



formng Metal s

Csprey SS Metals
321 Bal Fe: g 2bd310$246N : 1. 4Mh: 0. 63Si
Bal Fe: 18. 1Cr: 10. 5Ni : 0. 97Nb: 0. 95MWn: 0. 75Si
Bal Fe: 21 Cr: 11N : 1. 7Si : 0. 8Wvh: 0. 04Ce: 0. 17N Chrom a-
Bal Fe: 21 Cr: 32N : 0. 4A1: 0. 4Ti
base alloy N CrSi
15. 1 Cr: 3. 7A1: 1. 3Ti

BalNi :

| nconel

Bal Ni :

BalN : 19Cr: 18Fe:

Bal Fe:

austeniti c M04 Bal Fe: 18. 2Cr: 8. 7Ni

Bal Ni : 20. 1Cr: 2. OSi : 064Nn: 0. 09Fe OCsprey Metals

I ncol oy

:1.3WMh:0.42Si : 0.9Zr: 0. 4Hf

316 Bal Fe:|18Cr:10.5Ni : 0. 97Nb: 0. 95Mh: 0. 75Si Al fa Aesar
Csprey Metals 347 <
Csprey Metals PGLARA04/015557

formng 800H FeNi Co- NiCr Bal Ni: 20Cr Al fa Aesar
Ni Cr Al Ti

Csprey Metals Inconel BalN :23Cr:14Fe: 1.4A1 601
21.5Cr:9Mb: 3. 7Nb/ Ta Praxair 625 N -328 |ntone]
5.1 Nb/ Ta: 3.1 Mb: 1. (Mabledaxair 718 NI -328 Haynes

BalCo: 22. 4Ni : 21. 4C_r: 14. 1IW 2.1 Fe: 1. Ovh: Osprey 188 0.46Si Metal s
0. Sfype20. BN Affofy 3¢0: 2. 9MD: Z'MPMne(th%) Manufacturer
Chromia- FeCr BalFe: 26Cr Alfa Aesar
forming .
ferritic SS 446 BalFe: 28Cr
Chromia- | 304 BalFe:18.5Cr:14Ni:2.5Mo Osprey
forming Metals
g‘;"tem“c M304 | BalFe:18.2Cr:8.7Ni:1.3Mn:0.425:0.9Zr:0.4Hf | Osprey
Metals
316 BalFe:18Cr:10.5Ni:0.97Nb:0.95Mn:0.75S5i Alfa Aesar
321 BalFe:18.5Cr:9.6Ni:1.4Mn:0.63S81 Osprey
Metals
347 BalFe:18.1Cr:10.5N1:0.97Nb:0.5Mn:0.75Si Osprey
Metals
253MA | BalFe:21Cr:11Ni:1.75i:0.8Mn:0.04Ce:0.17N
Chromia- | Incoloy | BalFe:21Cr;32Ni:0.4A1:0.4Ti
forming 800H
FeNiCo-  Thvier | BaNizocr Alfa Aesar
base alloy :
NiCrSt BalNi:20.1Cr:2.08i:0.4Mn:0.09Fe Osprey
Metals
NiCrAlTi | BalNi:15.1Cr:3.7A1:1.3Ti Osprey
_ Metals
Inconel BalNi:23Cr:14Fe:1.4Al
601
Inconel BalNi:21.5Cr:9Mo0:3.7Nb/Ta Praxair
625 NI-328
Inconel BalNi:19Cr:18Fe: 5.1Nb/Ta:3.1Mo:1.0T1 Praxair
718 NI-328
Haynes | BalCo0:22.4Ni:21.4Cr:14.1W:2.1Fe:1.0Mn: Osprey
188 0.468Si Metals
Haynes | BalFe:20.5Cr:20.3Ni:17.3Co0:2.9Mo:2.5W: Osprey
556 0.92Mn:0.4551:0.47Ta Metals
Tribaloy | BalNi:32.5Mo:15.5Cr:3.58i Praxair
700 . NI-125

Haynes




Al oy Comw

Al um na-

556 0. 92Mh: 0. 45Si :

: 280r

alloy Al um na-

SothfBask. ")

Bal Fe: 220r 5A1
Bal Fe: 19. 9Cr: 5. 3A1: 0. 64Y Osprey Metal s
BalFe: 29. 9Cr: 4. 9A1: 0. 6Y: 0. 4Si

Kant hal

0.47Ta Metal s

Tri bal oy Bal Ni :

Silica Haynes

SS FeCrAlY

Praxair_#&E-151 Incol oy

32.5Mb: 15. 5Cr: 3. 5Si
700 NI-125 A-1 WD 2004/ 104249 PCT/ US2004/ 015557~ 7- Table 1 (Cont'd) Type
% Manuf acturer

.75Si : 0.5M: 0.5Ti forming 160 FeRFTHS208H8ESH | oy
formng Al ferritic FeCrAl'Y

BalFe: 20Cr: 4. 5A : 0. 5Ti : 0. 5Y2C3 Praxair FE-151 MA956 Al um na- Haynes
i -1 6Cr: 3Fe: 2Co: 0. 5Wh: 0. 5Mb: 0. ZSi 4.5 for m ng 214 Al :0.5Ti FeN Co-
FeN CrAl BaJFe:21.7Ni:21.1 Cr:5. é 87S| Gsprey Metals base Mh
FeAl Bal Fe: 33.1 Al: 0. 25B CBprey Metals formng
Type Alloy Composition (wt%) Manufacturer
Silica Haynes | BallNi:28Cr:30Co0:3.5Fe: 2.75Si:0.5Mn:0.5Ti
forming | 160
FeNiCo-
base
alloy
Alumina- | Kanthal | BalFe: 22Cr:5Al
forming | Al
ferritic . ) .
SS FeCrAlY | BalFe:19.9Cr:5.3A1:0.64Y Osprey Metals
FeCrAlY | BalFe:29.9Cr:4.9A1:0.6Y:0.4Si Praxair FE-151
Incoloy | BalFe:20Cr:4.5A1:0.5Ti:0.5Y,0; Praxair FE-151
MA956
Alumina- | Haynes | BalNi:16Cr:3Fe:2Co0:0.5Mn:0.5Mo0:0.25i:4.5
forming | 214 Al:0.5Ti
EeNlCO' FeNiCrAl | BalFe:21.7Ni:21.1Cr:5.8A1:3.0Mn:0.87S1 Osprey Metals
ase Mn
alloy
Alumina- | FeAl BalFe:33.1A1:0.25B Osprey Metals
forming a1 | BaNi:30Al Alfa Aesar
inter-
metallic

[0026] In Table 1, "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 Alloys/Special
Metals, Toronto, Ontario, Canada) is UNS N06625 and INCONEL 718™ is UNS
N07718. TRIBALOY 700™ (E. I. Du Pont De Nemours & Co., DE) can be
obtained from Deloro Stellite Company Inc., Goshen, IN.

[0027]

The cermet compositions of the invention also include a third phase,

called a reprecipitated phase, G. G comprises about 0.1 vol% to about 10 voi%,

preferably about 0.1 vol% to about 5§ vol% based on the total volume of the cermet

Pr axair




inter- Ni Al Bal Ni:30A1 Alfa.Aesar netallic [0026] In Table 1, "Bal" stands
for "as bal ance". HAYNES(r) 556TM all oy (Haynes International, Inc.,
Kokono, | Nyg @odNg2fo. R30556 and HAYNES(r) 188 alloy i ). 0188.

| NCONEL 625'?'H (1 nco'MEt d., Inco Alloys/Special Metals, Ti‘Fgﬁ!ﬁal,’\&&g%ﬁ o,
Canada) is UNS N06625 and I NCONEL 718TH is UNS NO7718. TRI BALOY 700TH (E.
|. Du Pont De Nemoburs & Co., DE) can be obtained fromDeloro Stellite
Conpany Inc., Goshen, IN [0027] The cgrmet conpositions of the invention
al so include a third phase, <called a reprecipitated phase, G G conprises
about 0.1 vol % to about 10 vol % preferably about 0.1 vol%to about 5 vol %
based ogfompesitiohalf araklairearbidd fepresenisl b\ BeXooshlONLE) Witere WE19 Cf/ P45557 8
conposition of a netal carbide represented by the formula M,C,, where Mis
Cr, Fe, NiNCo, $3oTi,Sir, Hfi V, b, T, My or muxtures theseaf; Chisxaobers xant yafe Cis
carbon, x and are whole or fractionpal nunerical volupes with x ranging
from1l W@ raﬂ}actmal Bimerical velumes it FTapggsdrampl 230 ﬁeﬂdoémlr@,

Cr 23C6, ( Q Eeiti -Fal 0028] -l e i t t he

i nvent i ghﬁcﬁlé }é&%egé}%gfe&ﬁ@pa%@g%r ﬁ%ﬁ’kgﬁﬁﬁ?“(ﬁgﬁo&%mﬂ’ ds a core of
a carbide of only one netal and a shell of m xed carbides of Nb, M and the
nmetal o cqre. In,this e i nent the.preferred. ,netal of the core is
T 1 ooduiZ8 o Yodins.sptdifeB of s Teutialt o Refl SHrbian Rl R frebiie

additio @QP ‘ﬁﬁﬁr?s ' ' | : | tadlic

di sper s@?%sg A = ’S%e 8?é@ﬁ?%&gvﬁaﬁﬁdggfQﬁ%@?gggtﬁﬁnan?%ﬁégﬁﬁ\%ﬂ%

const i t g4rBicRRQFINE M3 atid¥hé enctlOoH the covd. Yin Das&Rbodihé the rrefd is

sel ected from oxi des particles of Al, Ti, Nb, Zr, H, V, Ta, &, M, W Y
and m xmetadofthecaefisAdvi ng a di aneter of between about 5 nmto about 500
nm Additionally, Ewll be dispersed in (RS). Wen F is present it wll_be

di spersed in (RS) and constitute about 0.02 wt% to about 5 wt % based on
[0029] The composition of the invention may optionally include additional

components such as oxide dispersoids, E, and intermetallic dispersoids, F. When

present E will be dispersed in (RS) and will constitute about 0.02 wt% to about 5

wt%, based on the binder and is selected from oxides particles of Al, Ti, Nb, Zr, Hf,

V, Ta, Cr, Mo, W, Y and mixtures thereof having a diameter of between about 5

nm to about 500 nm. Additionally, E will be dispersed in (RS). When F is present

it will be dispersed in (RS) and constitute about 0.02 wt% to about 5 wt% based on

the binder of particles having diameters between 1 nm to 400 nm. F will be in the

form of a béta., B, or gamma prime, ¥’, intermetallic compound comprising about 20

wi% to 50 wt% Ni, 0 to 50 wt% Cr, 0.01 wt% to 30 wt% Al, and 0 to 10 wt% Ti. )

[0030] The volume pefcent 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 from 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).



t he binder of particles having diameters betweenﬁl nmto 400 nm F will be

inthe formof a beta, P, or gamma prime, y', intérmetallic conpound
conprisin w%to 50 M% N, O0to50 wt%Cr, 0.01 M%to 30 Wm %
A, and O%QQQ%&PI&%S‘TL [0030] The vol ume percent of cePRRUSHRYIESFand

cernet conponents) excludes pore volune due to porosity. The cernet can be
characterized by a porosity in the range of 0.1 to 15 vol% Preferably, the
vol ume of porosity is from0.1 to lessgthan 10% of the volune of the
cernet. The pores conprising the porosity is preferably not connected but
distributed in the cernmet body as discrete pores. The nean pore size is

prefer he ASRRe | | 3 : ram c phase
(PO) . TR0SLL 1 A58 Uspe i A3 linlE ﬂﬁbg@&d“b%ﬁf’%%oﬁ%@%@%@éﬁof t he
i nvent i fpsictirfe fonghweysoftgestr th@ dboueBVPa &y preferdblpptdater thawgboess of

greater than about 3 am /2, preferably greater th@n about 5 MPam n, and
most priParmbf, andmestqrefenabiyayoater tannbant 20 MPam'{fr Fracugh toeghnesss t he

ability to resist crack propagation jn a material under nonotonic | oading
condi t i§ike a sxtwél&t@r@kr@@@ag@u%m%@@t%:@ﬁﬂnaeemqup&cwlcéeqdégg intensity

[EééiLgﬂathit?&#sé3?%%%%?0%5?%5’53%34?3{%@%?%Eﬁﬁ@%&fiﬁ?ﬁfﬁ%‘%@#‘&fﬁpﬁﬁtﬁ%?LLa'si de
i T B S e e DA " et ant

| nvent i suineBeregsmhéted with tHeeprearhélein theaskgompide dfthe ben@kimpld @sponsi bl e
for inparting this attribute.” [0032] The cernet conpositions are nmade by
gener al prefaselely used & meagicathe fraottme tqughmass Wwitlsfractoreymechiahics thgorpr essi ng,

ondler ERRIGES Hpide 0! fhe BBRRP1RE e MRt ARSCRRE] Bt RSB owder o B ¢
For o triiadienhy isumerbresifab bR R TRy Rt B 88 e pouders in o T
[0032] 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 green body is then sintered at temperatures
( above about 1200°C up to about 1750°C for times ranging from about 10 minutes
‘- to about 4 hours. The sintering operation is preferably performed in an inert
atmosphere or a reducing atmosphere or under vacuum. For instance, the inert
atmosphere can be argon and the reducing atmosphere can be hydrogen. Thereafter
the sintered body is allowed to cool, typically to ambient conditions. The cermet
production according to the process described herein allows fabrication of bulk

cermet bodies exceeding Smm in thickness.

[0033] These processing conditions result in the dispersion of (PQ) in the
continuous solid phase, (RS), and the formation of G and its dispersion in (RS).

Depending upon the chemical composition of the ceramic and binder powders, E



each other. The liquid is weooved and the milled powder_is dried, placed in
a the and pressed into a green body. The green body is then sintered at

t enper at upmas 2009AYH about 1200C up to about 1750C for ti |.ng from
about 10 m nutes to about 4 hours. The sintering oper at%#@%‘#@%@r ably
performed in an inert atnosphere or a reducing atnosphere or under vacuum
For instance, the inert atnobsphere can be argon and the reduci ng atnosphere
can be hydrogen. Thereafter the sintaged body is allowed to cool, typically
to anbient conditions. The cernet production according to the process
described herein allows fabrication of bulk cernet bodies exceeding 5nmin
t hi cknasd F ¢OBRB|mdy fg@ren Audng psocegsingn dlternatvelgslispersoidtpravdirdpanasi on of
(PQ in the continuous solid phase, (RS, and the formation of Gand its

di sper beaddedandrg)illed pefethdi cegamjsoand bindenhpavdears inittgdlisi ti on of the ceramic
and bi nder powders, E WD 2004/104249 PCT/ US2004/ 015557 -10 and F or both
may form during processing. Alternatively dispersoid powler E may be added
and m [0G%]wi tAntimportenticatmranf the aermetp oftles mvention & their 1dOB4]  An

i nportant feature of the cermets of the invengjon is their njcro- ftructural
st abi | PEYCUERl SHDAKTYs YR RIERICY R é?@?ﬁﬁ@é{es’rﬁﬁf“ﬁ@ heEnpEFulaEN SR1aple it abl e

S A AN R W R AN
perm t ,{ hfiJo0eeso afb%E@SGHG{”ﬂ%E' lb*eli@?ecpﬁfa't tﬁﬂ§ stBHRY WHF Perniit thdit ﬁ%:; 1r gf or

exanpl e greater than years. n contrast nany own cernets u (0]

N cr os ferysblied tindd pEaodREh@ISuch cofliRiont efbriexanple bitater thihydaesul ts in
the formati on of phases which have a deleterious effect on the properties
of t helweomteast njady3I&)owih cermaeth undengor miarostnattatsl iiangfoymations @aer ret s of t he

I nventi on makes them suitable far ap Iica_tionfs where refractories are -—
cur r entleyatedipmperatusgs yych results 1n the formation of phases which have a

deleterious effect on the properties of the cermet.

[0035] The high temperature stability of the cermets of the invention makes

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 ceramic )
compositions of the invention. The cermets of the instant invention can be affixed

to metal surfaces by mechanical means or by welding.
EXAMPLES

Determination of Volume Percent:

[0036] The volume percent of each phase, component and the pore volume (or
porosity) were determined from the 2-dimensional area fractions by the Scanning
Electron Microscopy method. Scanning Electron Microscopy (SEM) was

conducted on the sintered cermet samples to obtain a secondary electron image



limting list of suitable uses include liners for process vessels, transfer

| ines, cyclones, for exanple, fluid-solids separation cyclones as in the
cyclone o ' talytic Cracking Unit used in refining industry, grid

i nserts, ?Vtge:irokr’r'g%\ﬂé s, valve bodies, slide valve gates P&%@S}M%éﬁéat al yst
regenerators, and the |ike. Thus, netal surfaces exposed to erosive or
corrosive environnents, especially at about 300C to about 850C are protected
by providing the surface with a layer ¢f the ceramc T) conpositions of the
i nvention. The cernets of the instant invention can be affixed to netal
surfaces by nechani cal neans or by welding. EXAMPLES Determ nation of

Vol ume \ReLCeRf at idbb%%lig@c\éabﬂ.ﬂgoia&{&ﬁeh s@inrﬁ@ot%BEP&eX-rﬁ ABPfaRLe and the

por e v8 ume (or ~porosit were determ ned from t'he 2-di mensi onal ~area

fracti ens obyaihdeusiogBriergy Dispetive XMy Spsctegyeopp t(EDK S)SCEBRY khdct r on

M croscopy (SEM was conducted on the sintered cermet sanples to obtain a

second $ hpelysemwireagendnotbon five adireepCleasel (e @vgse7 Thell preferably at

1000x nagni ficatjon. _For the _area scanned.b EM X-ray. dot inage was

obt ai nédERsional e frastions of cp Rhﬁs&)”@p@@érdgmﬂ’}e‘% BEiRg)the YRAESEM and

EDXS anal . ct ed fiwve ' f t sa ... The

2- o moACrS R o afe- AR frafin g enntfe YrBR e PR Qup MARRAT Mg ' ne

i mage |, W3 : ' j ' , Mahwah,
9 J@r@gﬁgﬁo W%g%@?acﬁ%éﬁ?ﬂé Qﬂfﬂiﬁﬁ@ée gfl?rtXEé oF Atk are? FdcHOR vbz{hﬁe

New Jers 7430, or each area. metic average of t area

fracti datermeddetmrthe T mhesréMents! ThevAGegrerode (val®) sahele per cent
(vol% is then determned by multiplying the average area fraction by 100.

The voldeteemnedssenultiplyinpthexaepigesarba fraction dyci{ilaThevolfd espedsaat phase
appunts neasured to be less than 2_vol % and have an accurac%/ of +/-20% for
- 0

phase #higxampleshaveian acqusacy ol bi-50 % fogpBaseamounts 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:

{0037] The weight percent of elements in the cermet phases was determined by
standard EDXS analyses.

{0038] The following non-limiting examples are included to further illustrate the

invention.

EXAMPLE 1

[0039] 70 vol% of 1.1 wm average diameter of TiC powder (99.8% purity, from
Japan New Metals Co., Grade TiC-01) and 30 vol% of 6.7um average diameter 347
stainless steel powder (Osprey Metals, 95.0% screened below -16um) were
dispersed with ethanol in high density polyethylene (HDPE) milling jar. The
powders in ethanol were mixed for 24 hours with yttria toughened zirconia (YTZ)
balls (10mm 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



Det erm nati on of wei ght pegcent: [0037] The wei ght percent of elenents in
the cernmet phases was determined by standard EDXS analyses. [0038] The

f ol | owi ngwdedrioddsei Ng exanpl es are included to further j he
i nvention. EXAMPLE 1 [0039] 70 vol % of 1.1 pm average diﬂgﬂé@&{”@ﬁgﬁc powder
(99.8% purity, from Japan New Metals Co., G ade TiC-01) and 30 vol % of 6.7m
average dianeter 347 stainless steel powder (Gsprey Metals, 95.0% screened
bel ow -16n) were dispersed with ethampl in high density polyethyl ene (HDPE)
mlling jar. The powders in ethanol were m xed for 24 hours with yttria

t oughened zirconia (YTZ) balls (10mm di aneter, from Tosoh Ceramcs) in a
bal | nidstltaig gréén dismpellee wastridpedt upae 400G\t @ 5P Chmir hreargoredidimidier s by
heating at 130C for 24 hours in a vacuum oven. The dried powder was

conpacateabouh 48040 ford @ mimforresifual solvant repapvall iTheydisesag thes beated SPEX 3630
Aut omat ed, X t.5,000 psi.,.T 2004/104249 PCT/ US2004/ 015557 -12
resul tF‘hg“éo&ﬁsﬁ)o , Wﬁga%@qwﬁ%é%tﬁé&boéé%g hoys.nilRei n argon and
hel d at_ahaou ' ' | <504 t removal. The di sc was
then heate dm.eo&'%ggb%oéetd%%%@%b#&ﬁ”ni@‘?&g%galr?deﬁéﬁg at about 1450C for 2
hours. The tenperature was then reduced to bel ow 100C at -15C/ m n. [0040]
The re hNQ r . rised. 1). 69 vol% TiC with average grain size of
41im i ﬁ&ﬂ‘@h volﬁ%&%‘%@r@g?%&ghﬁ?‘gi n size of 1m where M=66Cr: 30Fe: 4Ti in
W% iii) 26 vol % Cr-depleted alloy binder (3.0Ti:15.8C:70.7Fe: 10.5N in

wt 99 . 1)[ 062 ¥p1%BiTiGr with averagegEnin siggjef dm he resulting cernet. In this inage

the Ti C ghase appears dark and_ the binder phase appears light. The new M/C3
type i) 3 vol% M,C; with average grain size of 1um, where M=66Cr:30Fe:4Ti in wt%

iii) 26 vol% Cr-depleted alloy binder (3.0Ti:15.8Cr:70.7Fe:10.5Ni in wt%).

[0041] TFiguore 1 is a SEM image of the resﬁlting cermet. In this image the TiC
phase appears dark and the binder phase appears light. The new M,;C; type

reprecipitated carbide phase is also shown in the binder phase.

EXAMPLE 2

[0042]  The procedure of Example 1 was followed using 70 vol% of 1.1 ;.Lm

average diameter of TiC powder (99.8% purity, from Japan New Metals Co., Grade

TiC-01) and 30 vol% of 15um average diameter Inconel 718 powder, 100%

screened below -325 mesh (-44um). : )

[0043] The resulting cermet comprised:

i) 74 vol% metal ceramic with average grain size of 4um, in which 30 vol% is a
TiC core and 44 vol% is Nb/Mo/Ti carbide shell, where M=8Nb:4Mo0:88Ti in
wit%

ii) 4 vol% M-C; with average grain size of 1um, where M=62Cr:30Fe:8Ti in wt%

iii) 22 vol% Cr-depleted binder

[0044]  Figure 2 shows the TiC core having a Nb/Mo/Ti carbide shell and the
M,C; reprecipitate phase.



repreci pitated carbi de phase is al so shown in th‘g bi nder phase. EXAMPLE 2

[ 0042] The procedure of Exanple 1 was followed using 70 vol % of 1.1 m

aver age dj Ti C powder (99.8% purity, from Japan New Metal s Co.,
Grade Ti g&g%bﬁgorfgb% vol % of 15m average di ameter | ncod&IT/USR04IGRE2r , 100%
screened bel ow -325 nmesh (-44m . [0043] The resulting cernmet conprised: i)
74 vol % nmetal ceramc with average grain size of 4m in which 30 vol%is a

Ti C core and 44 vol %is No/ Mo/ Ti carbijge shell, where M-8Nb:4Mp:88Ti in w %
ii) 4 vol % M7C3 with average grain size of 1m where M=62Cr:30Fe: 8Ti in w %
1i1) 22 vol % Cr-depl eted binder [0044] Figure 2 shows the Ti C core having a
No/ Mo/ Ti carbide shell and the M/C3 reprecipitate phase. WO 2004/ 104249

PCT/ Uﬁgg%@g? -13- EXAMPLE 3 [0045] The procedure of Exanple 1 was

follo 0 vol%of 1.1m average dianeter of Ti C powder (99.8%
purity, from Japan New Metals Co., Grade TiC01) and 30 vol % of 15m aver age
di anet E0045)c orBie psedarec Exatpiko ] wes feliawicdusing 7080 %o h.1¢483m) . [ 0046]
The resulting, cernet conprised: Ql:é 74 vol % is _netal ceram.c _phase with

aver agaveyege Alameter of Timpowdenk?% B 7orurity, fram dapanmiNewddletals h@-fitadeso vol %

I's M/ Ti,.carhi de ell, where =/Nb: | :83Tj.Jn %11) 4 vol % M/C3
Wi t h a%ée@é agﬂgpnv@%]elré%mv% %@%9@%5 oW erwtlbg)% ii) 22 vol %
Cr-depleted all.o % der.

scresned below -325 mesh (-33um).

[0646] The resulting cermet comprised:

1) 74 vol% is metal ceramic phase with average grain size of 4um, in which 24
vol% 1s a TiC core and with 50 vol% is Mo/Nb/Ti carbide shell, where
M=7Nb:10Mo0:83Ti in wt%

ii) 4 vol% M,C; with average grain size of 1um, where M=60Cr:32Fe:8Ti in wt%

iii} 22 vol% Cr-depleted alloy binder.

EXAMPLE 4

[0047] The procedure of Example 1 was followed using 70 vol% of 1.1 pm
average diameter of TiC powder (99.8% purity, from Japan New Metals Co., Grade
TiC-01) and 30 vol% of 6.7um average diameter FeCrAlY alloy powder, 95.1%

screened below -16 um.

[0048] Figure 3a is 2 SEM image and Figure 3b is a TEM image of the prepared

cermet showing Y/Al oxide dispersoids. The resulting cermet comprised:

i) 68 vol% TiC with average grain size of 4 um

ii) 8 vol% M,C; with average grain size of 1um, where M=64Cr:30Fe:6Ti in wt%
iii) 1 vol% Y/Al oxide dispersoid

iv) 23 vol% Cr-depleted alloy binder (3.2Ti:12.5Cr:79.8Fe:4.5A1 in wt%)



EXAMPLE 4 [0047] The procedute of Exanple 1 was followed using 70 vol % of
1.1 m average di aneter of Ti C powder (99.8% purity, from Japan New Metal s
Co., Gad ' and 30 vol % of 6. 7m average di anmeter al | oy
powder , 9?01%(%91@%%%%% bel ow -16 m [0048] Figure 3a i%&i@%&qlp&ie and
Figure 3b is a TEMinage of the prepared cernet show ng Y/ Al oxide

di spersoids. The resulting cernmet conprised: i) 68 vol% Ti C with average
grain size of 4 pmii) 8 vol % M/C3 w-tilg.average grain size of 1m where
M=64Cr: 30Fe: 6Ti in w% iii) 1 vol% Y/ Al oxide dispersoid iv) 23 vol %
Cr-depleted alloy binder (3.2Ti:12.5Cr:79.8Fe:4.5A1 in wt% WD 2004/ 104249
PCT/ USBYOAMPISES/ -14- EXAMPLE 5 [0049] The procedure of Exanple 1 again
was folTowed using 85 vol % of 1.1m average dianeter of Ti C powder (99.8%

T SRS e G B e B Pl
o B e R s B 29, o g MR S, 0
ExaNpL 1 TR P00 SF 6oy Bldp iainéief BO4Bh S gct?03 0% Sarclhibd | 0" o) &

hot er%i‘%"@ﬂg' attrition test (HEAT) and was found to have an erosion rate
| ess than 1. OX10-6 cc/gram of SiC erodant. The procedure enpl oyed was as
follows: 1) A specinen cernet disk of about 35 nmm di aneter and about 5 nm

[0050] The resulting cermet comprised:

i) 84 vol% TiC with average grain size of 4um
ii) 3 vol% M,C; with average grain size of 1um, where M=64Cr:32Fe:4Ti in wi%
iii) 13 vol% Cr-depleted alloy binder (4.7Ti:11.6Cr:72.7Fe:11.0Ni in wt%)

EXAMPLE 6

[0051] Each of the cermets of Examples 1 to 5 was subjected to a hot erosion
and attrition test (HEAT) and was found to have an erosion rate less than 1.0x10°
cc/gram of SiC erodant. The procedure employed was as follows:
1) A specimen cermet disk of about 35 mm diameter and about 5 mm
thick was weighed.
2) The center of one side of the disk was then subjected to 1200g/min of | \)
SiC particles (220 grit, #1 Grade Black Silicon Carbide, UK abrasives, Northbrook, -
I} 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 hrs at 732°C.
4)  After 7 hrs the specimen was allowed to cool to ambient temperature
and weighed to determine the weight loss.
5) The erosion of a specimen of a commercially available castable
refractory was determined and used as a Reference Standard. The Reference

Standard erosion was given a value of 1 and the results for the cermet specimens



thick was wei ghed. 2) The center of one side of fhe disk was then subjected
to 1200g/nmin of SiC particles (220 grit, #1 G ade Black Silicon Carbide, UK
abr asi ve Qok, 11) entrained in heated air exiting froma tube with
a 0.5 inmoylgg}r/r@?%rg ending at 1 inch fromthe target a?cﬁﬁ)S&%W@SéT 45. The
velocity of the SiC was 45.7 msec. 3) Step (2) was conducted for 7 hrs at
732C. 4) After 7 hrs the specinen was allowed to cool to anbient tenperature
and weighed to determi ne the weight Ipss. 5) The erosion of a specinen of a
comercially available castable refractory was determ ned and used as a

Ref erence Standard. The Reference Standard erosion was given a value of 1
and t hgecBfifatad fOTabIRS GRHEReISRAEE SRARIND BOP4HEMZAPVEGE/disaeP4/ 015557
-15 are conpared in Table 2 to the Reference Standard.” In Table 2 any val ue
gr eat ethan theprebents mheisgprbsement over ehe Refdrcave StanderdRef er ence Standard. Tabl e
2 Cermet Starting Finish Weight Bul k Erodant Erosion |Inprovenent {Exanpl e}
Wei ght Weight Loss Density (g) (cc/g) [(Normalized (g) () (g) (/cc)
erosion)"'] Ti C/ 347 20.0153 17. 353ble 8621 5.800 5. 04E+5 9. 1068E-7 1.2 {1

TiC/1718 19 8637 17 7033 2 1604.5 910 5 11E+5 7 1508F-7 1 5 {2} Ti(/ 1625
17. 9535 Comnep5g3Startigg2 Fnigigo| Beipht5 Rl ggdrodant | 7Ergglon T omagyement 9167
18. 193Expmple} g Biemhp |5 Wright5| sLgecdensity § DY {4 (cc/p) [(Non_nahf;-ed
(g) (g) (&) {(glec) erosion)™]
TiC/347 [20.0153 [ 17.3532 |2.6621 [5.800 | 5.04E+5 | 9.1068E-7 12
{1} -
TiCA718 | 19.8637 | 17.7033 |2.1604 [5910 | 5.11E+5 | 7.1508E-7 15
{2}
( TiC/1625 |17.9535 | 16.0583 | 1.8952 |5.980 [ 5.04E+5 [ 6.2882E-7 1.7
{3}
TiC/FeCr | 19.9167 | 18.1939 | 17228 [5.700 | 5.04E+5 | 5.9969E-7 1.8
AlY {4}
TiC/304 [ 19.8475 [ 184597 [1.3878 [5.370 | 5.04E+5 | 5.1277E-7 2.0
{5}
EXAMPLE 7

[0052] 77 vol% of TaC powder (99.5% purity, 90% screened below -325 mesh,
from Alfa Aesar) and 23 vol% of 6.7um average diameter FeCrAlY powder, 95.1%
screened below -16im, were formed into a cermet following the method of

Example 1.

[0053] The resulting cermet comprised:

i) 77 vol% TaC with average grain size of 10-20pum
ii) 4 vol% M,C; with average grain size of 1-5um, where M=Cr,Fe,Ta
iii) 19 vol% Cr-depleted alloy binder

EXAMPLE 8

[0054] Each of the cermets of Examples 1, 2, and 3 was subjected to a corrosion
test and found to have a corrosion rate less than about 1.0x107'° g%/cm*s. The

procedure employed was as follows:



Ti C/ 304 19. 8475 18.4597 1.38«¥8 5.370 5. 04E+5 5.1277E-7 2.0 {5 EXAMPLE 7
[ 0052] 77 vol % of TaC powder (99.5% purity, 90% screened bel ow -325 nesh,

from Al f awdes@ioadipd 23 vol % of 6. 7m average di ameter F er, 95.1 %
screened below -161im were fornmed into a cernet foll owe%%#eoﬁ)%ﬁgd of

Exanple 1. [0053] The resulting cernet conprised: i) 77 vol% TaC with
average grain size of 10-20mii) 4 vol% MrC3 wth average grain size of

1-5m where MeCr,Fe, Ta iii) 19 vol % @g-depl eted all oy bi nder EXAMPLE 8

[ 0054] Each of the cernets of Exanples 1, 2, and 3 was subjected to a
corrosion test and found to have a corrosion rate |less than about 1.0x10-10

g2/cmd’s. Thy Argpeeihéeceimit @f @douad0 aimfsqubdnid ¥dut Q0 ek Was
PCT/ US2004/ 015557 -16 1) A specinen cernet of about 10 mm square and about

1 nm t polishedets 6Qfogritdiarhand fifith gnd clelinedimdcétonesh and cl eaned in acet one.
2) The specinen was then exposed to 100cc/min air at 800C in

t her nogr avi gt r The apedignearwisTtiap exppsest topl §Orc/misair@n800tednf or 65 hrs at
800C. 4) After .65 hrs the specipen was allowed to cool to anbient

t enper gravinetic apalyzer &ﬁfé i de scal e was determ ned by cross secti onal

ess than’ 130 moieBie s oniBef SR PERERTH TR di slance, © T e
4)  After 65 hrs the specimen was allowed to cool to ambient temperature.
5) Thickness of oxide scale was determined by cross sectional microscopy
examination of the corrosion surface.
6) In Figure 4 any value less than 150 um represents acceptable corrosion .-

resistance.

[0055] The Figure 4 showed that thickness of oxide scale formed on TiC cermet
surface decreases with increasing Nb/Mo contents of the binder used. The
oxidation mechanism of TiC cermet is the growth of Ti0O,, which is controlled by
outward diffusion of interstitial Ti** ions in TiO, crystal lattice. When oxidation
starts, aliovalent elements, which are present in carbide or metal phases, dissolves
substitutionally in TiO, crystal lattice since the cation size of aliovalent element
(e.g., Nb*> = 0.070 nm) is comparable with that of Ti** (0.068nm). Since the
substantially dissolved Nb*’ ions increase the electron concentration of the TiO, _ \j
crystal lattice, the concentration of interstitial Ti** ions in TiO, decreases, thereby
oxidation is suppressed. This example illustrates beneficial effect of aliovalent
elements providing superior oxidation resistance, while retaining erosion resistance

at high temperatures.



[ 0055] The Figure 4 showed that thickness of oxide scale fornmed on TiC
cernmet surface decreases with increasing No/M contents of the binder used.
The oxidation nechanismof TiC cernet is the gromh of TiQ2, which is
controlled by outward diffusion of interstitial Ti 4 ions in Ti Q2 crystal

| attice. When oxidation starts, aliovalent elements, which are present in
carbide or netal phases, dissolves-Igubstitutionally in Ti02 crystal lattice
since the cation size of aliovalent element (e.g., NbS = 0.070 nn) is
conparable with that of Ti+4 (0.068nn). Since the substantially dissolved
Nb+S ions increase the el ectron c%ati on of the TiQ2 crystal lattice,
the concentration of interstitial ons in Ti02 decreases, thereby
oxidation is suppressed. This exanple illustrates beneficial effect of
aliovalent elenments providing superior oxjdation resistance, while
retaining erbsi onCBERL CompRsition represpteddiy s rpds. - 17- CLAIMS 1. A

cer et corrpomtu;g gpj)e@ented by the formula (PQ (RS) G where (PQ is a
ceram ¢ phase; )QI s ‘a binder phase; and Gis reprecipitate phase; and
where (PQ and Gwh@redl’ﬁperas:emmmphm)(m e indeppbasej ovd Eonpri si ng:  (a)
about 30 vol {oh95 vol % of (PQ ceram c phase, at |east 50 vol % of said
ceram Cre}gﬁeggéaeéa 5% 8%bi de of a metal selected fromthe group consisting of

Si, Ti, Zr, Hf, NherNbPQ)T ﬂ}d G/ﬁre&ﬂﬂ)efﬂeﬁm thb espdsitioM@npriBingPQ conpri ses

partl cI es haV| ng a cor bi de of onIy one netal and a shell of m xed

car bi des of Nb, (b @ﬁ@! ion‘@l%ét’ 8!5 velr% of () sevamic plipse.qth nast 6. VPI"(?@If% to about i
10 o RSP A O o g AT 4 AL oL
Hf , V, Nb,V,Téh, TWpMorandimikureszhdréef] @béreinCPO3 caapiises pardinlds kadamgla yorar e whol e
of a carbide of only one metal and a shell of mixed carbides of Nb, Mo and the metal of
the core;
{b) about 0.1 vol% to about 10 vol% of G reprecipitate phase, based on the
total volume of the cermet composition, of a metal carbide M,C, where M is Cr, Fe, Ni,
Co, Si, Ti, Zr, Hf, V, Nb, Ta, Mo or mixtures thereof; C is carbon, and x and y are whole
or fractional numerical values with x ranging from 1 to about 30 and y from 1 to about 6;
and
{c) the remainder volume percent comprises a binder phase, (RS), where R
is a metal selected from the group consisting of Fe, Ni, Co, Mn and mixtures thereof, and
S§, based on the total weight of the binder, comprises at least 12 wt% Cr and up to about
35 wt% of an element selected from the group consisting of Al, Si, Y, and mixtures

thereof.

2. The composition of claim 1 wherein the binder includes about 0.02 wt% to
about 15 wt%, based on the weight of a binder phase, (RS), of an aliovalent metal
selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Mo, W and mixtures thereof,

3. The composition of claim 1 wherein the one metal is Ti.

4. The composition of claim 1 wherein (PQ) is a carbide of Ta.



or fractional nunmerical values with x ranging froml to about 30 and y from
| to about 6; and (c) the renai nder vol une percent conprises a binder
phase, (RS), where R is a netal selected fromthe group consisting of Fe,
Ni, Co, Mh and m xtures thereof, and S, based on the total weight of the
bi nder, conprises at least 12 % C and up to about 35 wt% of an el enent
sel ected fromthe group consisting - A, Si, Y, and nmixtures thereof 2.
The conposition of claim 1l wherein the binder includes about 0.02 wt%to
about 15 wt % based on the weight of a binder phase, (RS), of an alioval ent

metal - sel egted frﬁé’{;‘@:ﬁ@bﬁn@h%‘f@mﬁﬁﬁ%ﬁaﬁdlﬁgﬁg& aIEbut Ozézx\»l\rﬁ%to dhou0. Ta, Mo, W

and m xtures thereo e conpositio aiml erein the one netal is
Ti. 4. 5SWteo, based osithd weightf ofdliraienof oxidredispersofd®(F. i s a carbide of Ta. -18- 5.
The conposition of claiml including fromabout 0.02 wMt%to about 5 w %
based on the weight of binder of oxide dispersoids, E. 6. The conposition of

claim 1 inckudi nghd EipRRRMbfGlafld l%c%dlﬁ)g £bRWbout. (VE\%%fto hppuer metal lic

di spersoids, F. 7. The conposition of claimb5 wherein the oxide dispersoids,
E are derticefintermetallic dispearseidsfF.y, Al and mixtures thereof. 8. The
conposition of claim6 wherein the internetallic dispersoids, F conprises:
20 wt%to 50 wt% N, Ow%to 50 w% C 0.01 wt%to 30 W% Al ; and 0 W%
to 10 wt% Ti7. 9. The amﬁlaisntmuroffataﬁnﬁr\ﬂm'reimdw\Mxide dispenbite} E arsplested i on

according tq,any. _on f .the eceding clains wherein said netal surface is
Fesi st 4P PEISHF oAl apf MEXIRESS kEA o

8. The composition of claim 6 wherein the intermetallic dispersoids, F
comprises:
20 wt% to 50 wt% Ni,
0 wit% to 50 wt% Cr
0.01 wt% to 30 wt% Al; and
0 wt% to 10 wt% Ti.

9. A metal surface provided with a cermet composition according to any one
of the preceding claims wherein said metal surface is resistant to effects of exposure to

erosive and corrosive environments at temperatures of about 300°C to about 850°C.

10.  The metal surface provided with a cermet composition of claim 9 wherein

said metal surface comprises the inner surface of a fluid-solids separation cyclone.

11. A bulk cermet material represented by the formula
(PQ)RS) G
where (PQ) is a ceramic phase; (RS) is a binder phase; and G is
reprecipitate phase; and
where (PQ) and G are dispersed in (RS), the composition comprising:
(a) about 30 vol% to 95 vol% of (PQ) ceramic phase, at least 50 vol% of
said ceramic phase is a carbide of a metal selected from the group consisting of Si, Ti, Zr,

Hf, V, Nb, Ta, Mo and mixtures thereof, wherein (PQ) comprises particles having a core



erosive and corrosive environnments at tenperatures of about 300C to about
850C. 10. The netal surface provided with a cernet conposition of claim9
wherein said nmetal surface conprises the inner surface of a fluid-solids
separation cyclone. 11. A bulk cernet material represented by the formula
(PQ(RS) G where (PQ is a ceramc phase; (RS) is a binder phase; and Gis
reprecipitate phase; and where (PQ1®and G are dispersed in (RS), the
conposition conprising: (a) about 30 vol%to 95 vol % of (PQ ceram c phase,
at | east 50 vol % of said ceram c phase is a carbide of a netal selected

fromth nsi stin f  Siy Tla 25 N T nd.m xtures
t her eofo?am,%rgrdé%iog%?%@%(%e?ﬁa@l%flgggheélaorﬂtr?léfde%arﬁfgssl %{H\I %l?%%?rgd t-hl_f\‘[/&e?%g fa car bi de of

only onke¢oeé;al and a shell of m xed carbides of No, Mo and the netal of the
core; (b) about 0.1 vol%to about 10 vol % 1Qf G repr eciﬁ)i tate phase, based on
the total vol une(®r abeit Ocleyalwrto 2BonsdQivel"a A Gaepraciniate phass 195¢PM Oy where M

is Cr, tﬁ?t’ogxl %lum%ﬂ@ oerr;%%cgﬁgo%fﬂr%, oVa nfdkal ¢ ide')@x(g,rwl'{&é(mﬁ e§ dehereof; Cis

carbon, and x an are r1 ractional nuneri'cal values wth x ranging
from | NipCadfoyiTi, 320 Hfn¥, bf T Ma ont mixtumetheresf, C(is parbbig and maind gr@re vol une
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on the gbeital; wei ght of the binder, conprises at least 12 w% G and up to
about 35 wt% of an el enent selected fromthe group consisting of A, Si, Y,
and nixtures th&edte remaimdeholumepsrernt emprises 2 bhidexphase (BF), twherebul k cer net
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and §, based on the total weight of the binder, comprises at least 12 wt% Cr and up to
about 35 wt% of an element selected from the group consisting of Al, Si, Y, and mixtures
thereof; and
wherein the overall thickness of the bulk cermet material is greater than 5

millimeters.
12. The bulk cermet material of claim 11 wherein the binder includes about
0.02 wi% to about 15 wt%, based on the weight of a binder phase, (RS), of an aliovalent

metal selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Mo, W and mixtures
thereof.

13. The bulk cermet material of claim 11 wherein the one metal is Ti.

14.  The bulk cermet material of claim 11 wherein (PQ) is a carbide of Ta.

15.  The bulk cermet material of claim 11 including from about 0.02 wt% to
about 5 wt%, based on the weight of binder of oxide dispersoids, E.

16.  The bulk cermet material of claim 15 wherein the oxide dispersoids, E are

selected from oxides of Y, Al and mixtures thereof.
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0.02 wt % o about 15 wt % based on the weight of a binder phase, (RS), of an
aliovalent netal selected fromthe group consisting of Ti, Zr, H, V, Nb,
Ta, Mo, Wand m xtures thereof. 13. The bulk cernmet material of claim 11
wherein the one netal is Ti. 14. The bulk cernet material of claim1l
wherein (PQ is a carbide of Ta. 15. The bulk cermet material of claim 11
including fromabout 0.02 wt%to aboyf 5 w% based on the weight of binder
of oxide dispersoids, E. 16. The bul k" cernet nmaterial of claim15 wherein
t he oxide dispersoids, E are selected fromoxides of Y, Al and m xtures
thereof. -20- 17. A netal surface provided with a bulk cernmet materi al
according to ahy oAenehl sirfaceprotitied @ithiadull sermeti ratemal abcagding dcmyi@er esi st ant

to effect f exposure to erosive .and corrosiy nw ronments at

t enper at Of B8 1LY Whersipirald el wefactois steientto Sffests PO 8 ovi e
Wi th a buh# ceedsiRtenRéfhidmd at@émpdratuits b aboth80® o 9BMd 898t@I surface
conprises the inner surface of a fluid-solids separation cyclone.

18.  The metal surface provided with a bulk cermet material of claim 17
wherein said metal surface comprises the inner surface of a fluid-solids separation

cyclone.



