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[ 0001] The present invention relates to cernet
conpositions. Mrre particularly the invention relates
to netal carbide containing cernet conpositions and
their use in high tenperatute erosion and corrosion
applications. BACKGROUND OF | NVENTI ON [ 0002] Abrasive
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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 technological 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



used at relatively noderate tenperatures, for exanple,
from25C to no nore than about 300C. Tungsten car bi de
w@ YOy /1bsed cernets, for exanple, have both heeTHE®84/015557
and fracture toughness maki ng them useful in high wear
applications such as in cutting tools and drill bits
cooled with fluids. WC based cernets, however,
degrade at sustained high tenmperatures, greater than
about 600F (316C). [0005] The object of the present
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is a cermet conposition conprisin a, ceram ¢.phase
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The reprecipitated phase, G conprises about 0.1 vol %
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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
composition, 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



based on the total volune of the cernmet conposition,
of a netal carbide represented by the formula MXCy
wobkeraode s Cr, Fe, Ni, Co, Si, Ti, Zr, Hf, V,r¢bUsSIa4/015557

Mo or mxtures thereof, Cis carbon, x and y are

whol e or fractional nunerical values wth x ranging
fromabout 1 to 30 and y fromabout 1 to 6. [0012]

This and ot her enbodi nents of the invention, including
where applicable those preferred, wll be elucidated
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reprecipitated phase M;C; where M comprises Cr, Fe, and Ti.

[0014] 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 3ais 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.

[0016] 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.



represented, by the general fornula (PQ (RS)G where

(PQ is a ceram c phase dispersed in a continuous,
whemdaes2phase, (RS), and G is a third phase, PEI/USH0H015557

reprecipitabl e phase dispersed in (RS). [0019] The

ceram ¢ phase (PQ constitutes about 30 vol % to about

95 vol % of the total volune of the cernet

conposition. Preferably t hé %er ani c phase constitutes
about 65 vol %to about 95 vol % of the cernet
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ing of Group IV, Group V and Group VI elements and mixtures thereof of the
Periodic Table of Elements (Merck Index, 20th edition, 1983); Q is selected from

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 2 and Q (e. g., TiCyo).



[0023] In the binder phase, (RS), of the cernet
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S is an alloying el enent where based on the total

wei ght of the binder, S conprises at |east 12 wt % Cr,

and preferably about 18 wt%to about 35 wt% C and

fromO w%to about 35 vvt%éf’ an el enent selected from

t he group consi sting of , Si, Y, and m xtures
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5078 &ﬁb’é@( dléﬂbte%n@@tk@mayle siggsm ng Metal s
nucrogﬁtg)tyg(gr“ c):CI\/BO4 Bal Fe: 1 8.2Cr: 8. 7N+

1.3Mh: 0.42Si:0.9Zr: 0. 4H GOsprey SS Metal s 316

[0023Bal ff tA8bIndEd phble, QRS?NH‘tﬁe%EM‘letQ:o}ﬁ@)sMbﬁa Aesar 321
Bal Fe: 18.5Cr:9.6N: 1.4Mn:0.63Si Osprey Metals 347
Bal Fe: 18. 1Cr: 10. 5Ni : 0. 97Nb. 0. 95Mn: 0. 75Si Csprey
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.



Met al s
Cr:11Ni
W@200F0219Cr : 32Ni

:1.7Si

253MA B al Fe: 21

:0.8Mn: 0. 04Ce: 0. 17N Chrom a-
:0.4A1: 0. 4Ti
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oy

form ng 800H FeNeCOUSINOLD15557

Bal Ni : 20Cr Al fa Aesar base alloy NiCrSi
BalNi :20.1Cr: 2. CSi: 0. 4Wh: 0. 09Fe OCsprey Metals
Ni Cr Al Ti BalNi:15.1Cr:3.7A1;1.3Ti Osprey Metals
I nconel BalNi:23Cr: 14Fe: 1.471 601 | nconel
BalNi : 21. 5Cr: 9MWb: 3. 7Nb/ Ta Praxair 625 Nl - 328 I nconel
Bal Ni : 19Cr: 18Fe: 5. | Nb/,lil' 13 1Mb: .0l Praxair 718
Nl - 328 Haynes Bal Co: 22. %1 4Cr 14 1W 2. 1Fe: 1. Own:
Csprey—188 0. 46Si—Metal-s—HaynesBal-Fe:26-5€—7120:- 3N~
Type. 3Co: AlBYb: p. 5W  Ospr &pmB5ion. (98%h: 0. 455i : 0.|ddFaptacturer
Vetals i ba a 32.5Mb: 15.5Cr: 3.5S1 Prax
fhrop?b"o E dZS %H% ?%"249 PCT/ US2004/ 015557 - 7 ‘gllf‘i{ni%sar
OrmMIRE ( Congial) Typgaﬂtek ggCconposition (w% Manuf adt urer
ferritigi3S ca Haynes| Bal Ni : 28Cr : 30C0: 3. 5Fe;
Chrofial ©S 36% SM: O gae. 1804 fu9i LOSMo Osprey
forming Metals
g‘;“em“c M304 | BalFe:18.2Cr:8.7Ni:1.3Mn:0.4281:0.9Zr:0.4Hf | Osprey
Metals
316 BalFe:18Cr:10.5Ni:0.97Nb:0.95Mn:0.75S1 Alfa Aesar
321 BalFe:18.5Cr:9.6Ni:1.4Mn:0.63Si Osprey
Metals
347 BalFe:18.1Cr:10.5Ni:0.97Nb:0.95Mn:0.75Si Osprey
Metals
253MA | BalFe:21Cr:11Ni:1.7Si:0.8Mn:0.04Ce:0.17N
Chromia- | Incoloy | BalFe:21Cr:32Ni:0.4AL:0.4Ti
forming 800H
FeNiCo- '\ [ BaNi2ocr Alfa Aesar
base alloy
NiCrSi BalNi:20.1Cr:2.0Si: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:9Mo:3.7Nb/Ta Praxair
625 NI-328
Inconel BalNi:19Cr:18Fe: 5.1Nb/Ta:3.1Mo:1.0Ti Praxair
718 NI-328
Haynes BalCo:22.4Ni:21.4Cr:14.1W:2.1Fe:1.0Mn: Osprey
188 0.46Si Metals
Haynes BalFe:20.5Cr:20.3Ni:17.3C0:2.9Mo0:2.5W: Osprey
556 0.92Mn:0.45S1:0.47Ta Metals
Tribaloy | BalNi:32.5Mo:15.5Cr:3.5Si Praxair
700 NI-125
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[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 Lid., Inco Alloys/Special
Metals, Toronto, Ontario, Canada) is UNS N06625 and INCONEL 718™ is UNS
NO07718. 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 vol%,

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




WO 2004/ 104249 PCT/ US2004/ 015557 -8 conposition of a
nmetal carbide represented by the fornmula MXCy where M
w0 200810428, N, Co, Si, Ti, Zr, H, V, Nbo, TapCIMISMN4/015557
m xtures thereof, Cis carbon, x and y are whole or
fractional numerical volumes with x ranging from1 to
30 and y from1l to 6. Non-limting exanples include
Cr7C3, Cr230Cs, (CIFeTl)?CS*%md (CrFeTa) 7C3. [0028] In
one enbodi nent of the invention the netal carbide of
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formof a béta, B, or gamma prime, Y, intermetallic compound comprising about 20

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

[0030] 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 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

(PO).



-9 [0031] Another aspect of the invention is the

cernmets of the invention have a fracture toughness of
w@e@ater4d han about 3 MPanil/ 2, preferably greap€@r/usivas015557

about 5 MPamll2, and nost preferably greater than

about 10 MPaml/2. Fracture toughness 1is the ability

to resist crack propagation in a material under

monot oni ¢ | oadi ng conditi o5 Fracture toughness is

defined as the critical stress intensity factor at

(003t &rpRier 2Bpe g HHeRABR IS [ T EG GEJRECTPTRYE 2
t i k in th L QRS
st 5o S EEAH B AL, Bl P A AR e
MPa-ni¥2 lnd h?(gstt#ﬁﬁéfefmﬁ? %E‘é:z&ér fARAbYut 10 P4 RSP, raserefoughaess
net o e I ns nt

cer i nvention as described in_ the
is the &ilily & resisecagkanbpagatiqu inreamialeyial esgdensiopbtoriofoading
inmparting this attribute. [0032] . The cernet .
conditmmsp dsactuentoughaestaidaleiped as éh%?ﬂb%aiégﬁsmt%mﬁlmf@ﬁ@&| at

which o G Rg i ot olebet ftns TR gR4RLSh e
: i +ahl i i . : :

pin S LG TP AR b syl

preferQﬁ'y'usBa kd nidastRehpreftneaoathesns evigafracturé mpehdnsa heory.

as”ethanol for a tine sufficient to substantiall ,
The (RS)spierss of thecpovaterfshe instardnventiney as deseribpd i ¢he garlier
renmoved and the m || ed. powder.is . dried | aced in a
paragigphs lsmmnanbsgeéaonﬁbg for dmparting s at%ﬂgu%r een body is
then sintered at tenperatures above about 1200C up to
about 1750C for ti.nes rangi froma ]

10032{ o b sermehemposipRas anPaps hy Eper ap sigtf ol fihigioal
.pref ena perfar i ' : SBHRhE Qhpldyi
tectniflyETFe HiRE, ALE, Pofhs, SibinhAREOORLE, hpBying o
startin'griﬁﬁl‘érial%t ABERME ecL@ficppwateg andartsindtrepowederinrthe required

tmosphere can be hydrogen. Thereafter the sintered )
volumeadsioi Theb¢ porwdersoareaniliedtipgi ball mll ip thgpiespree of an organic

quidogt o et ot S e R AR S b s in

cach oifg oths RAbETA FABERA B MY hTed PREsEe BT Aoy

and pieBsddifito & P BRE TRE igfeedltass); is (FR8) sinesrdd tabeemperatures
formation“of G and its dispersion in (RS). Depending

aboveusbont 12@0hapitc abouo Pt fasrines rangingiram ebeiid 0 minutes
bi nder powders, E

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



WO 2004/ 104249 PCT/ US2004/ 015557 -10 and F or both

may form during processing. Alternatively dispersoid
w@owdao2i® may be added and mlled with the cePenis2084015557

bi nder powders initially. [0034] An inportant feature

of the cernmets of the invention is their mcro-

structural stability, even at el evated tenperatures,

maki ng them particularly suitable for'use in

protecting netal surfaces agai nst erosion at

tenperatures in the range of ,.about 300C to a
and F geboth meyifenpalriarorniaine nhLERRyeR Rioee Rl B dpr 2 may
their, u f [ [ VRS such
be addgglgataPifeg R R EGRETE U LRRAR TRy ARy Sue
contrast many known cernets undergo m crostructural
ransf. i \" t MIh&GR micro-
r0034f iy BT B8y Bl o S RLRC ATRE L O M Gl micro-
structd[iﬁi ﬁh@i‘lﬂ_}_ﬁ,ué’ve%feft Rdvafell fehepopatapsy; iakingtharh@artenutady suitable
0035] e high tenperature stability of the cernets
for use®fn progedtingemetab surfakessagainsé eresudn ableaFesatuagHI harprgesof

about BORG KngbowStS05E Jrt BeiaredgBat TRy Pl AsPRg; heir use
s, t f i

for prc@?gﬁé%f gynve?ﬁ%feqﬂi._ssémc{eg g&ggécg#dé{ilsg% fgi;/ }é%%ﬁgf;‘é%‘rg&% .tltlahnGZ years.

In con?ré?l: 1%?%% b oGl metelfderbb titF ReHichgalirhhsfosadtions at

Industry, grid rnserts, thereto wells, valve
elevatb@thirgperatirbdohvel sesuiaietheaiodmgtion@f phasesl yhich have a
regenerators, and the like. Thus, netal surfaces
deletesrpostfdct en theqyopertiss of dhe 68&E- envi ronnent s,
especially at about 300C to about 850C are protected
by providing the surface with a |ayer t he ceram
[0035E o Tbeihigh FmpeTatHE Siabiint dcihe CPHBLES e ST ERan
instant invention can becaff] e .
them BB o DTG, PR BRI des PR bre oA o
limitix%ﬁ?trcﬁq SidhbRugek i%&h&@fﬁn@ﬁ%ﬁ proceds® §a&uk1s] ieny fir diness,
rcent of each phase, conponent and the pore volune
cyclored! foraaagile yluidesodiddatpanatinndytlomes nhén thaiyrors ohEluid
area fractions by the_Scannin El ect ron cr oscoexh;é valve

Catalytiet Gragkirge Hniti usgd Bn sefiniag il @Bl Ans R thGEEo W

bodiesg gﬂlgg %tg \SO;l: %garr‘}%%{t]r?cb glllli ; erﬁgt%lfs% Eé?éne?a%ﬁpé, Gnd e ﬂRE.a i’[‘?lu@, metal

. . . : o
surfaces exposed to erosive or corrosive environments, especially at about 300°C to

(SH)

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
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1000x magni fication. For the area scanned by SEM
woRmagogtet | mage was obt ai ned using Energy D BEEDSi00€015557

X-ray Spectroscopy (EDXS). The SEM and EDXS anal yses

were conducted on five adjacent areas of the sanple.

The 2-dinensional area fractions of each phase was

then determ ned using the ‘i]r}a‘ge anal ysi s software:

EDX | magi ng/ Mappi ng Version 3.2 (EDAX I nc, Mahwah, New

g L W L T

was oy IR RN Pl S ECEFEGP M) ;eﬂh%%“éyand

EDXS uysEB ‘i‘véf@' %&ﬁ&é&%ﬁeﬁkre adjatdir aeeangfiths shiapte. dfihe
accuracy of +1-50% for phase anounts neasured to be

2- dlmdslﬁs‘i@nal tabenfractvaidofarathiphase ms dbeny dgt@ymmemus.um) therigpage
phase anounts neasured to b %
analysDesaftwatieaELbh Ior e/ YHppRg @Fﬁlon ?&@A%E%E"I@Wah New

J erseyd@tr@ﬁ"pﬁoé@ ﬁ); nt&ﬁa&g ?%heg%;é%{ nat y\%@@seef‘%%%arearﬁracuon was
deternﬁi {1 E ?qé{‘ﬂoé lrﬁéﬂ.sﬁfeﬁigerﬁé( afRE 9hahe IE?(AI\/PU d\ﬁﬂ% ds then

ustrate t I nventi on. LE 1 [0039] 70
deterrfﬁﬁb&@a?fmﬂltiblﬁhg\tﬁé agerage anet factodn By QOﬁOMQVqI%em@ssed
purity, from Japan New Metals Co., Gade TiC0
in the 3RampleBohaie Gnaecamasyfet/d1Qfdor PhaseAMQER{s rﬂl%%l:}f%’t té?g?e less

o SRl ot AR AT B

vol%i(;) m Iling jar. The powders in ethanol were m xed
b hour s with yttria toughened zirconia (YT2)
ball's (10mm di aneter, from Tosoh Ceram cs) in a ball

Deterﬁﬁgtléﬁtofwgrghpghcfgﬁg et hanol was renoved fromthe
y heating at 130C for 24 hours in'

a . The d wd
(00374, arhbecreiahtprivent OGIREAN 8 BAERPa PFEe S gﬁggﬁggg@y
standarH EHRS anai?ys%E.eSS) at 5,000 psi. The

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

invention.

EXAMPLE 1

[0039] 70 vol% of 1.1 um 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 -16pm) 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



WO 2004/ 104249 PCT/ US2004/ 015557 -12 resulting green
di sc pellet was ranped up to 400C at 25C/ m n in argon
wapashed2add at about 400C for 30 min for residuRdT/US2004/015557

sol vent renoval. The disc was then heated to 1450C at
15C/ mn in argon and held at about 1450C for 2 hours.

The tenperature was then reduced to bel ow 100C at

-15C/ min. [0040] The resul“c]izrrg cernet conprised: i) 69
vol % TiC wth average grain size of 4mii) 5 vol % W/C3

sl e 5 Gt g Rt 3] S TRE A0S € neta
3 i~ d5.8C .70, 7TFe: [ o] O j
aabof A AR B R Al R, TAORRL Fhowe e

_ I'ng cernet. 'S | mage
to 145b9€ af 1S°CRAASH #0BRAN ORI ¢ Aottt 1 BS0UT ee? hplss €The
appears light. The new M/C3 type reprecipitated

tempefatifei wes fiftasedicediosielewal°Cratt-he° Gimider phase.

‘ EXAMPLE 2 [0042] The procedure of Exanple 1 was
foll owed using 70 vol % of 1.1m average dianeter of

[0040TTi CThewearltifeefdeipeomprysed: r om Japan New Metal s Co.,
Grade TiC01l) and 30 vol % of 15m average di aneter

i) 69 VGPASIC Yy A0uRRE erdfilithe scuganed bel ow - 328 mesh

fesulting cernmet conprised: i) 74
i ‘%’I\VI?@ {vittefvarage Wallsiay of apen, gviedre ME66CoB0FmATinn wt%
i) Sy\/ﬁil ch O?vél %is g:zglefﬂTi C core gnd 44 vol % is Nb/ M/ Ti
i) 26 ol (er-ddpibled allvgrbinderg RTINS, 887 0i7He: 1RO iy wA%)ol %
M/C3 with average grain size of 1m where
M=62Cr: 30Fe: 8Ti in W% iii) 22 voI%Cr-detEéie/,ted .
[0041Dbi nFégure o4 SEMjimageokthewesulting Teunebrla thisimagesthe TiC
Nb/ Mo/ Ti _carbi de shell and the eprecipitate
phase jgppeas daydk 2@@@7@1@@9@@%@?@@8&%4%% 245 ew] M?éﬁype

reprecipitated carbide phase is also shown in the binder phase.

EXAMPLE 2

[0042] The procedure of Example 1 was followed using 70 vol% of 1.1pm
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 4pm, in which 30 vol% is a
TiC core and 44 vol% is Nb/Mo/Ti carbide shell, where M=8Nb:4Mo:88Ti in
wt%

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.



EXAVMPLE 3 [0045] The procedure of Exanple 1 was
foll owed using 70 vol % of 1.1m average di aneter of
wap@4powder (99.8% purity, from Japan New Met aPGT/U82004/015557
G ade TiC01) and 30 vol % of 15m average di aneter
I nconel 625 powder, 100% screened bel ow - 325 nesh
(-33m). [0046] The resulting cernmet conprised: i) 74
vol % is netal ceramc phas‘el%v\i th average grain size of
4dm in which 24 vol%is a TiC core and with 50 vol %
is Mo/Nb/Ti carbide shell, where M=7Nb: 10Mo: 83Ti in
Ww%ii) 4 vol % MFC3 with average grain size of 1m
EXAMPIE® M=60Cr: 32Fe: 8Ti in wt% iii) 22 vol %
Cr-depleted alloy binder. EXAMPLE 4 [0047] The
ro sffollboatichsisd 7Q vob7vstl Pd pin
[0045]2. 1@“%9&%(5%%%563%{%@ er\l\@fa Ti C powder 43(99. 8% pur i tg,
average/diind 6T TNEpoRtal (998% puGitpdeomTiagad NevaMetaD Gol, d4rade
of 6.7m average dianeter FeCrAl'Y all oy powder, 95 1%
TiC-0B)carekd@ dob®| afvt 516 anerago ddshetEr fuganeh é2§ pozvdeeM (rage
and Figure 3b is a TEMimage of the prepared cernet
screensti dalavg -32 Ameski(dBHMsper soi ds. The resul ting cernet
conprised: i) 68 vol% TiC with average grain size of 4
mii) 8 vol% M7C3 with average grain size of 1m where
[0046]V=64 e TeDRENg Termat ¢amprisadi) 1 vol % Y/ Al oxi de
di spersoid iv) 23 vol % Cr-depl eted al |l oy bi nder .
i) 74 JoR¥iis ARtdlCerAdiShieisé vAAlaverapt Yaiki20644 104 n@hich 24
PCT/ US2004/ 015557 ~ - 14- EXAMPLE 5 ’{__0049] The_procedure
valfh BxaFiC eofe auphimithiz(veldh ioWedNbETingarbrleshieth, whete 1 m

aver athe di aneter of Ti C powder (99.8% purity, from
Myt LOMe: 82 THIsWES. | Grade Ti G- 01) and 15 vol % of

i) 4 SoldE! 396 MBS P 0383 RPN Sinerd MBS HOFRET in Wid%
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 3ais a 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:4.5Al in wt%)



bel ow -16m [0050] The resulting cernet conprised: i)

84 vol % TiC wth average grain size of 4mii) 3 vol %
wOL@3/10d28 average grain size of 1m where PCT/US2004/015557

Me64Cr: 32Fe: 4Ti in wt% iii) 13 vol % Cr-depl eted al |l oy
bi nder (4.7Ti:11.6Cr:72.7Fe: 11.0Ni in w% EXAWPLE 6
. [0051] Each of the cernets of Exanples 1 to 5 was
subjected to a hot erosion I4nd attrition test ( HEAT)
and was found to have an erosion rate |ess than

1. 0x1§-6 cc/gram of Si C erodant. The procedure
EXA ed was as follows: 1) A specinen cernet disk of
about 35 nm di aneter and about 5 mm thick was

[0049]’\’6' aihecprodddutbof Bxatmle dfagairewss dellofed hsing &kvelds of 1.1um
then subjected to 1ZOOg/m n of SiC particles (2

averagyr dinmettdr & B2 paivdek(99i 8 foquitzairontiapankey ngtabseéo Grade

Nort hbrook, 11) entrained, in he air exi
TIC-08) eudd ot of 67w HRAEH AREHIFT I Gouech 95 S ck iz
the target at an angle of 45. The velocity of the SiC
belowmy@d6Uas. 7 ni sec. 3) Step (2) was conducted for 7 hrs at
732C 4) After 7 hrs the specinmen was allowed to cool
o anbient tenperature .and weighed to determne the

[0050}\E| é&heﬂeé'é]émg?Fn?ﬁ%C@PB’%? of a specinen of a

commercially avail able castable refractory was
i) S4IQLELIMTICEthruverpedzram sizRef dpance Standard. The

Ref erence Standard erosion was given a val uﬂ%fﬁb
i) 3 tviodorNelsQh il m‘reramgmen sige of Jeennwheredd=5d6.4/32d %kl 10 Wt%

i (SRS AT BT RE et Rudal s,

1 represents an inprovenent over the Reference

St andgrd. Table 2 Cernmet Starting Finish Weight Bulk
EXA t Erosion Inprovenent {Exanple} Weight \eight

Loss Density (g) (cc/g) [(Normalized
[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: 4

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,
1l) 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



(g9) (g9) (g) (/cc) erosion)-'] TiC 347 20.0153 17. 3532
2.6621 5.800 5.04E+5 9.1068E-7 1.2 {1} TiC/ 1718
wa200866249.7. 7033 2. 1604 5.910 5. 11E+5 7. 1508E-FCT/US2004/015557
{2} TiC/ 1625 17.9535 16.0583 1.8952 5.980 5. 04E+5
6.2882E-7 1.7 TiC FeCr 19.9167 18.1939 1.7228 5.700
5.04E+5 5.9969E-7 1.8 AlY {4} Ti C/ 304 19.8475 18. 4597
1.3878 5.370 5. 04E+5 5. 127727 2.0 {5} EXAMPLE 7
[0052] 77 vol % of TaC powder (99.5% purity, 90%
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resulting cernet conprised: i) 77 vol% TaC with

average grain size of 1,20mii) 4 vol % M/C3 with
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EXAMPLE 7

[0052]
from Alfa Aesar) and 23 vol% of 6.7um average diameter FeCrAlY powder, 95.1%

77 vol% of TaC powder (99.5% purity, 90% screened below -325 mesh,

screened below -16um, 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 10-20um
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° g2/cm4's. The

procedure employed was as follows:




t hernogravinetric analyzer (TGA). 3) Step (2) was
conducted for 65 hrs at 800C. 4) After 65 hrs the
waep@agitoem was all owed to cool to anbi ent tenpePEL/USENG/015557

5) Thi ckness of oxide scale was determ ned by cross
sectional mcroscopy exam nation of the corrosion
surface. 6) In Figure 4 any value less than 150 m
represents acceptable corrd$i-on resistance. [0055]

The Figure 4 showed that thickness of oxide scale

formed on Ti C cernet surf ce decrease

ilhcg daspasimpp crEMeoHtabeus 18 mmpeIugrs, a‘a%létzl gy, thick was
. i dat i h f h h of
pohshf%f' 800t ar@oﬁms&apé&‘?%%p%ﬁﬁ@ﬁs% &4 f fusi on of
i T
o9yl s WelRsdd 7 10005k ah olo0ec e

therm(%jrgﬁ%mb%nﬁgr 7B} @lpgg[)ri metal phases, dissol ves

stitutionally in 02 crystal lattice since the
c3gt| %@(%mﬁec&idu@tmili@mﬁSdﬁeanﬁO%Ee g. . Nb+5 = 0.070

is comparable with that of Ti+4 (}(’fgl
e Psfmﬁrghltsuthe sperimEot el owat 4 (P baL EpHTatre.
tl Ti 0O
S RISy WP L o
examgﬁ%ﬁﬁg i ﬁ tlf (ﬁ? %)él dation is suppressed. This
rates

exa neficial effect of alioval ent

e”?ﬂtﬁ B ikl D81us URRrthan 168idatémesens astaptaite corrosion
| e re%al ning erosion resistance at high

resistaheaper atures. WD 2004/ 104249 PCT/ US2004/ 015557 -17-
CLAIMS: 1. A cernet conposition represented by the
formula (PQ(RS) G where (PQ is a ceram c phase

[0055] RSIThe&Figuiei hsterwerhtisé thigkiess of ©xidgpseaie fwmdeon E’h‘éé?@met

e
oxidatiin e aGELAR FicP LRk i@the! §3%th P 16, Avhich 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.2., 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,
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.



of said ceram c phase is a carbide of a netal selected
fromthe group consisting of Si, Ti, Zr, Hf, V, Nb,
waa004Mpe2and m xtures thereof; (b) about 0.1 voP@s/US2004/015557
about 10 vol % of G reprecipitate phase, based on the
total volume of the cernmet conposition, of a netal
carbi de MXCy where Mis C, Fe, N, Co, Si, Ti, Zr,
H, V, Nb, Ta, M or nixturls thereof C is carbon,
and x and y are whol e or fractional nunerical val ues
with x ranging from1l to about 30 and y from1l to
CLAIM@out 6; and (c) the renai nder vol ume percent
conprises a binder phase, (RS), where Ris a netal
slel ectethétroompdsiti@r rppeseatesi isy thegforfouke, Ni,- Co, Mh
and mxtures thereof, and S, based on the total
wei g bi nder, conprises at least 12 wt% Cr
and E%QERS?)?M 35 wt % of an el ement sel ect ed fromthe
group consisting of A, Si, xtures 1 hereof
ot (Pias ecmsoRia plne HS) ik 0GHRNAh ARG B ngRcipitate
i nc) udes about 0.02 wt% to about 15 wt % based on the
phasey@fidynt of a bi nder phase, (RS), of an alioval ent
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Cr, Fe, ﬁi?&fo,s gl,dﬁ, T, ﬁf,e\],sﬁf),eﬂl’%o 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; and

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.



fromoxides of Y, Al and mxtures thereof. 9. The

conposition of claim?7 wherein the internetallic
waelr@proe? ds, F conprises: 20 wt% to 50 wt % NPCT/US2004/845557

to 50 % C 0.01 wt%to 30 M% A ; and O w%to 10

W% Ti. 10. A nmethod for providing a metal surface

with resistance to effects of exposure to erosive and

corrosive environments at t&Ehperatures of about 300C

to about 850C conprising providing the netal surface

with the cermet of any one of proceedin

13.. Titreecarapordidon pf elaiimoh vhowe KEQ3 CORMRTISSS .Pfaﬁ&

core Ogorrpr | Sgaﬁtogl Cﬁl)lgq]ng{etalsalﬁrdfaasﬁ?elf)cf)f r?mgédjéa%f’cfé o‘fl‘Nb, Mo and the

metal of the core.

herlm\fl'ng a

4. The composition of claim 3 wherein the one metal is Ti.
5. The composition of claim 1 wherein (PQ) is a carbide of Ta.

6. The composition of claim 1 including from about 0.02 wt% to about

5 wt%, based on the weight of binder of oxide dispersoids, E.

7. The composition of claim 1 including from about 0.02 wt% to about

5 wt% of intermetallic dispersoids, F.

8. The composition of claim 6 wherein the oxide dispersoids, E are selected

from oxides of Y, Al aﬁd mixtures thereof.

9. The composition of claim 7 wherein the intermetallic dispersoids, F
comprises:
20 wt% to 50 wt% Ni,
0 wt% to 50 wt% Cr
0.01 wt% to 30 wt% Al; and
0 wt% to 10 wt% Ti.

10. A method for providing a metal surface with resistance to effects of
exposure to erosive and corrosive environments at temperatures of about 300°C to
about 850°C comprising providing the metal surface with the cermet of any one of

the proceeding claims.

11. The method of claim 10 wherein said surface comprises the inner

surface of a fluid-solids separation cyclone.



