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The prese [ QN relates to cernet conpositions. M ' rly the
i nventi Onr\&glzg%?sﬂytsg chrom um car bi de cont ai ni ng cer net 5‘@@%%2{@%?%%82 and
their use in high tenperature erosion and corrosion applications.
BACKGROUND OF | NVENTI ON [ 0002] Abrasive and chemcally resistant material s
find use in many applications where netal surfaces are subjected to
substances which would otherw se pronote erosion or corrosion of the netal
surfaces. [0003] Reactor vessels and transfer lines used in various chem cal
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environments. The |ifespan of these refractory liners, however, is
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BACKGROUND OF 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 véssels 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 technological challenge. Currently
refractory liners are used to protect metal surfaces exposed at high temperature
to erosive or corrosive environments. The lifespan 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 hardness of ceramics and the fracture toughness of metal but



attributes of the hardness-of ceram cs and the fracture toughness of netal
but WO 2004/ 104250 PCTI US2004/ 015558 -2 only when used at relatively
noder at e t wpmoatemnss, for exanple, from25C to no nore pdBEDSRPHEs55300C.
Tungsten carbide (W) based cernets, for exanple, have both hardness and
fracture toughness making themuseful in high wear applications such as in
cutting tools and drill bits cooled with fluids. WC based cernets, however,
degrade at sustained high tenperatures;2greater than about 600F (315C).

[ 0005] Chrom um carbi de has been a potentially suitable ceram c phase for

use in cermets because its .three ¢rystallographic¢ forms:, the cubi ¢ (Cr23C6)
t he Pexadﬁ%l‘”f{e@ t At Zelgtively @P&?%F%@mﬂeéa‘}?%g%)emfeﬁ@@t ﬁ%&; Qx| gfié i on
resi stance_a i a , .Ger e 0 ar bi des
typt cal |y Asptner e dibut 3PRECT NBEeo kRlNAR LR Ervsdidetmele T SRERIEL ' 1
the for mgdv@hotlh hetdilels %ﬁgt&%ﬁﬁ% ey effect on
t he propertietbs0 of sugﬁ %:%‘?fr%ts. [0 6]§ e o Q%tﬁ?g%ftqﬁe present invention
is to provpplicagenssuth asinueting towlsrend dalbEs docded wilh0Reids. AMGtheedobj ect
of the i nvgg?i onhi s to (%:BOVi de chr o.rritcjln}k;;r bi de contai ni n}ggh cer net
conposi t i eesmets, hawewer, degrasle aisusipygiedt tempenapyes, §rogesthamahcér obj ect
of the i n\(/ﬁg)to'ﬁog §§ to provide chromum carbide containing cernet

conpositi i@k Q}ng termmcrostructural stability suitable for |ong
termservice at high tenperatures. [0009] Yet another object of the

I nvention

i o provide an inproved nethod for projfecting.nefal surfaces
agai nst er@ég a %@F%§?ﬂ§aﬁg‘ﬁ%ge‘?ﬂ§ﬁ°€ asmt@fa}%ecmp or

use in cermets because its three crystallographic forms: the cubic (Crz;Cs) the

hexagonal (Cr;Cs) and the orthorhombic (Cr3C;) have excellent oxidation
resistance at elevated temperatures; yet cermets formed from these carbides
typically undergo transformations at elevated temperatures which result in the
formation of microstructural phases which have a deleterious effect on the

properties of such cermets.

[0006] The object of the present invention is to provide new and improved

cermet compositions.

[0007]  Another object of the invention is to provide chromium carbide

containing cermet compositions suitable for use at high temperatures.

[0008] Another object of the invention is to provide chromium carbide
containing cermet compositions with long term microstructural stability suitable

for long term service at high temperatures.

[0009]  Yet another object of the invention is to provide an improved method
for protecting metal surfaces against erosion and corrosion under high tempera-

ture conditions.

[0010] These and other objects will become apparent from the detailed

description which follows.



[ 0010] These and other qgbjects will becone apparent fromthe detail ed
description which foll ows. WD 2004/ 104250 PCT/ US2004/ 015558 -3- SUMVARY OF

| NVENTI ON {32P5bdldgsspadl y stated, the present invention i spcg CShilissss
conposi tion conpris- ing a chrom um carbide ceram c phase disper seo?‘l n'a

bi nder phase. The ceram c phase which constitutes about 50 vol % to about 95
vol % of the total volunme of the cernmet conposition is a chrom um carbi de
sel ected fromthe group consist- ing of3Cr23C6, C7C3, Cr3C2 and mi xtures
thereof. [0012] The binder phase is selected fromthe group consisting of
(i) alloys containing about 60 wt%to about 98 wt% Ni; about 2 wt % to about
35wmM%Cr; and upto 5 mt% of an el enent selected fromthe group consisting

of A, Si SIYWMIMARY dDE INNVENTEQN hereof; and (ii) alloys containi ng about
0.01 t%to about 35 w % Fe; about 25 wt%to about 97.99 wt % Ni, about 2

w%to about 35 % Cr; and up to about 5 wt% of an el enment selected from

the group [@0D%] st Brgadify sthted, the prédent fiveation is x cermet domepesifion tomprisdo i n
each instance based on the total weight of the alloy. [0013] This and other
enbodi rrentmg@fctcmummmbndomeramml phasdisprrsed in adinderphaset epamafcer r ed,
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Figure 2 iipgafBEMdmeescoichbpasdihintfestheofer et made with an

{ [0012] The binder phase is selected from the group consisting of (i) alloys
containing about 60 wt% to about 98 wt% Ni; about 2 wt% to about 35 wt% Cr;
and up to 5 wt% of an element selected from the group consisting of Al, Si, Mn,
Ti and mixtures thereof; and (ii) alloys containing about (.01 wt% to about 35
wt% Fe; about 25 wt% to about 97.99 wt% Ni, about 2 wt% to about 35 wt% Cr;
and up to about 5 wt% of an element selected from the group consisting of Al,
Si, Mn, Ti and mixtures thereof, the wt% in each instance based on the total
weight of the alloy.

[0013] This and other embodiments of the invention, including where
applicable those preferred, will be elucidated in the detailed description which

follows.
BRIEF DESCRIPTION OF THE FIGURES

[0014] TFigure 1 is a scanning electron microscopy (SEM) image of the
surface of a cermet made with an initial Cr;C, in 30 vol% Ni-20 Cr binder.
Ni-20 Cr indicates 80 wt% Ni and 20 wt% Cr.

[0015] Figure 2 is a SEM image of the surface of a cermet made ﬁth an
initial Cr,C; in 30 vol% Ni-20 Cr binder.



initial C7C3 in 30 vol % Ni -20 Cr binder. W 2004/ 104250 PCT/ US2004/ 015558
-4 [0016] Figure 3 is a SEMinmage of the surface of a cernet nmade with an
initial Cre8CHoi/m4zs030 vol % Ni -20 C binder. [0017] Fi gurreTius2s0420188881 i mage
of the surface of a cernmet made with an initial Cr3C2 in a 30vol % 304
stainl ess steel (304SS) binder after exposure to 800C for 1000 hours.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ P018] In one enbodi nent the invention
is a cernmet conposition conprising a chrom um carbide ceram c phase

di spersed in a continuous binder phase. [0019] The ceram c phase

consti tut ut £ | 961 9 | % f the-
cer et coﬁ%gglgfi oﬁ&ﬁ? léearmﬁ%é\gfs@ %gisrr%gée% rgc")'r? %%ﬂngégbﬁiﬁmgel ected
fromthe ggaip CeRtsiiatd 30 vefo Ni2B$Er biidee3. O 3C2, where this group is

i ntended to 1 ncliude sub ang 7'gupler stoichionetric variances thereof. [0020]

The particle size dianeter of the ceram c phase typically is below about 3
mm  pref er@pl 7] berppiralinidta $PNMAALE SIS siffatebihlcériet Madah@t anS0m  The

di spersed ceranmic particles can be any shape. Sonme non-limting exanples

i ncl ude sphitial CayC, al 4 BPsolH 304 spaihlebesteal (3045S) bindet afizhexposire toli st ort ed
el li psoidal and distorted pol yhedral shaped. By particle size dianeter is
meant t he8(@8&sior 000 houmgyest axis of the 3-D shaped particle. M croscopy
nmet 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 BETAJL CRHZTTEIMN i INVIENEKDNct ed fromthe group
consisting of (i) alloys containing about 60 wt%to about 98 wt % N ; about

2 % to about 35 wt % Cr; ) o .
[0018] In one embodiment the invention is a cermet composition comprising z

a chromium carbide ceramic phase dispersed in a continuous binder phase.

[0019] The ceramic phase constitutes about 50 vol% to about 935 vol% of the
total volumne of the cermet composition, the ceramic phase being a chromium
carbide selected from the group consisting of Cr3C¢, CrC5, Cr3C,, where this

group is intended to include sub and super stoichiometric variances thereof.

[0020] The particle size diameter of the ceramic phase typically is below
about 3 mm, preferably below about 100um and more preferably below about
50pm. 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.

[0021] The binder phase is selected from the group consisting of (i) alloys
containing about 60 wt% to about 98 wt% Ni; about 2 wt% to about 35 wt% Cr;
and up to about 5 wt% of an element selected from the group consisting of Al,

Si, Mn, Ti and mixtures thereof; and (ii) alloys containing about 0.01 wt% to



and up to about 5 wt % of_an el enment selected fromthe group consisting of
Al, Si, My, Ti and mxtures thereof; and (ii) alloys containing about 0.01
w%to WO 0 PCTI US2004/ 015558 -5 about 35 wt %J-&; w%to
about - 97. Qg‘%jﬁﬂ?&about 2 M%to about 35 W% Cr; andﬁ%@%gggbéa%% wt %
of an elenment selected fromthe group consisting of Al, Si, M, Ti and

m xtures thereof, the wt% in each instance based on the total weight of the
alloy. [0022] Illustration of cermet edmpositions suitable for use at

el evated tenperatures include: (1) about 50 vol % Cr7C3 in a binder
conprising 78 wt% N, about 4 wt% Fe and 18 wt % Cr; (2% about 70 vol % Cr 7C3
in a bi ndabogbdpmitHh He atwuh2dwi% tabbent 7.98 v %Niaheut 8 Wi%deeboy3) about

94 vol % Cr,C3, ji bi,nd | Si 75 wt % Ni 7 W% Fe, d about

15 Wt 5% G 358y Koane 35 10 APopes 2808 Of it SlmemsPIEBaprod 6 70 o6 N, abou
10 W% F % y 0 i i nde i Si

67 w96 N COPEoRG SEEL SN Y pf ikt (KPR S i o e Bl AR =1 "0
bi nder comprthgidtdl weéight%fhhe afiowt % Fe  and 18 wt % Cr. [0023] Preferred

cernet conpositions are the folTows: (1) 50 vol%to 90 vol % Cr23C6 in
binder (i); (2) 50 vol%to 90 vol % Cr7C3 in binder (i); (3) 65 vol%to 95

vol % of afgpaur elllistratidfrdf RBEMEY ddmpidiesies dligabléfdraise at elevated

temperatures include:

(1) about 50 vol% Cr,C; in a binder comprising 78 wt% Ni, about 4 wt%
Fe and 18 wt% Cr;

(2) about 70 vol% Cr,C; in a binder comprising 78 wt% Ni, about 4 wt%
Fe and 18 wt% Cr; |

(3) about 94 vo1% Cr;C; in a binder comprising 75 wt% Ni, about 7 wt%
Fe, and about 18 wt% Cr;

(4) about 50.vol% Cr»;C; in a binder comprising 72 wt% Ni, about 10
wt% Fe, and 18 wt% Cr;

(5) about 50 vol% Cr,:Cs in a binder comprising 67 wt% Ni, 15 wt% Fe
and 18 wt% Cr; and

(6) about 90 vol% Cr,;Cs in a binder comprising 77 wt% Ni, S wt% Fe
and 18 wt% Cr.

[0023] Preferred cermet compositions are the follows:
(1) 50 vol% to 90 vol% Cr,3Cg in binder (i);
(2) 50 vol% to 90 vol% Cr,C; in binder (1);
(3) 65vol% to 95 vol% of a mixture of Cr;C; and Cr,C; where the latter
is about 1 vol% to about 18 vol% of the mixture and binder (i).
4) 50 vol% to 95 vol% of Cr3C; in binder (i).

[0024] The cermet compositions are made by general powder metallurgical |
techniques such as mixing, milling, pressing, sintering and cooling, employing

as starting materials a chromium carbide ceramic powder and a binder powder in



Is about | vol%to about 18 vol % of the m xture and binder (i). (4) 50 vol %
to 95 vol % of Cr3C2 in binder (i). [0024] The cernet conpositions are nade
by gener al wonederoszsst al | urgi cal techni ques such as m xi gT/vR2064/018558
pressing, sintering and cooling, enploying as starting materials a chrom um
carbide ceram c powder and a binder powder in WO 2004/104250

PCT/ US2004/ 015558 -6 the volune ratio of 50:50 to 95:5 respectively.
Preferably the chrom um carbide powdefis one of Cr23C6, Cr7C3 and Cr3C2

al t hough m xtures of these may be wused. Preferably the binder is one of the
all oy conpositjons set forth i

n_Table 1, Table 1 I e ,Conposj tion
(W% N dhe palumg radie of SApetesdSDaesRpctively. E@férﬁisﬁ!y@.ﬁﬁgwm%ﬁﬂé FeNi Cr
Bal Fe:> 12 > F ~Bajl~ =~Bal an 0 e re mslled in a
bal | o 11 HopdeRds %‘?eegt;ﬁ&ébé’rcﬁ@éﬁflﬁﬁﬁghﬁ%‘l@hﬁﬁ"@?&gﬁf BeSe A B8 qui d such
as et hanol r ' g hefat | sti6H ers in
each othe}Qgghgﬁ#%gggéﬂ#g&P§%§§égE§ﬁ§H?%gangﬁggﬁnggﬁggfﬁ??Ig??g@? ﬁlaceh I n
a the and pressed into a green body. The green body 1is then sintered at

t enper at ures above about 1200C up topgpgpui 1600C for tines ranging from
about 10 m nutes to about 4 hours. The Srntering operation is preferably

perfornmed i n pA—thRert-—atrpsphere—or—a—tedusihrg—atrosphere—er——udhRder vacuum
For instance,|the Angytr)%nospﬁere can becamgedtiefdwi reduci ng | at nosphere
can be hydrogfn—Thereafter tie stmtered body S affowed to coot;p typically
to anbi ent copdition®iCThe cerret producti oBabb@0ding to the prdcess
NiCrSi Bal Ni:20.1 Cr:2.0 Si:0.4 Mn:0.09 Fe
FeNiCr Bal Fe:> 12 Cr> 36 Ni
Bal = Balance

[0025] These powders are milled in a ball mill in the presence of a sufficient
amount 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
powdér is dried, i)laced in a die and pressed into a green body. The green body
is then sintered at temperatures above about 1200°C up to about 1600°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 5 mm in

thickness.

[0026] These processing conditions result in the dispersion of the carbide or
carbides in the binder. Additionally, the processing results in some composi-
tional changes in the ceramic and binder. For example when the carbide ceramic
employed is Cr;C; and the binder is a Ni-20Cr alloy, the resultant cermet
contained both Cr;C; and Cr,C; phases with some depletion of Cr in the binder



descri bed herein allows fabrication of bulk cernet bodies exceeding 5 mmin
t hi ckness. [0026] These processing conditions result in the dispersion of
the carbi dey@igossdelti des in the binder. Additionally, thepPfpchRssiRLks" €SUltS
i n some conposi- tional changes in the ceram c and bi nder. For exanple when
the carbide ceramc enployed is C3C2 and the binder is a N -20C all oy,
the resultant cernet contained both Cr3C2 and Cr7C3 phases with sone
depletion of C in the binder WO 2 004/7-0425 0 PCT/US2004/ 015558 -7 phase.
On the other hand, when the ceram c enployed is Cr23C6 in the sane binder
there is substantially no change in the conposition of the ceramc. [0027]
The vol unegphase.c Ot thefotharhaat, pihendh¢ aeminte emglopeshsdoests in thexsainedes pore
vol ume due to porosity, The cermef{ can, be characterized by a _porosity in
the range Wnde, thereois substantgll-pacanngs in thewompgsitian of theresamis is 0.1 to

| ess than 10% of the volunme of the cernet. The pores conprising the porosity

I's preferabl ot _connected but distributed in the cernet body_as discrete
por es. Tk@“i%ﬁn Py 0&‘@% PEECEHE oF eerapgtyphape (aghrermet r—earspomaé)t he mean

Phe. cor meracbifieietd ol e R Bdiodle” 3R ubs I BF bag¥ioethtid crani 11 1y,
even at e'gfafagigfi&mepﬂgé b 63 1o BV NG | BRIVPALY thieVBldrhe o Wot@ityds 00t use i n
et surraces

protectin agai nst erosion at t€nperatures in the range of

about 300Gotiessaban 109060 Ge vilumesifahe cetrietp FH® paret beiiprishigy fherporpsiey onged
time periods, for exanple greater than 2 years. In contrast nmany known
cer net s urs@reforablynet eonnectadintalistoibatest imdhe eempmethadyeas discrste pereal t i n

the formatjon of phases whic hglve a deleteri ot%s ef fect on the properties of
the cer 1e mean pore size 1s preferably the same or less than the mean particle size of

the chromium carbide cerarnic phase.

[0028]  One feature of the cermets of the invention is their 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 1000°C. This stability permits their use for
prolonged time periods, for example greater than 2 years. In contrast many
known cermets undergo transformations at elevated temperatures which result in
the formation of phases which have a deleterious effect on the properties of the

cermet.

[0029] The long term microstructural stability of the cermets of the instant
invention was confirmed 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 calculations
confirmed that the various carbide phases, their amounts, the binder amount and
the respective chemistries lead to cermet compositions with long term micro-
structural stability. Further, lab experiments were conducted in which the
cermet compositions of the instant invention were exposed at 800°C for 1000

hours in air. Analysis of the bulk microstructure of the resultant cermet after this



[0029] The long termmcrostructural stability of the.cernmets of the instant
I nvention was confirmed by conputational thernobdynam cs using cal cul ati on of
phase di agverpo(akblAD) et hods known to one of ordinary pgiidd2004m14d938 art of
conput ati onal thernodynam ¢ cal cul ati on nmet hods. These cal cul ati ons
confirmed that the various carbide phases, their anmounts, the binder anount
and the respective chem stries lead tq cernet conpositions with long term
m cro- structural stability. Further, ~18xh experiments were conducted in
which the cernet conpositions of the instant invention were exposed at 800C

07 900, P et S B TGS Sl i o

tenperatu S XRes %Q] qﬁt;hat heq ilsNng m crostructure was
substantié\?‘?sy pr eyefr\?g gg eter m n%%ﬁ%g/ﬁ%ﬁlvl [ 0030] The cernet conpositions
of the instant invention can exhibit long termmcrostructural stability

| asting a st . 0C. [0031]
Anot her fi:%‘% ure o’fﬁ? Eﬁ%rcmbsmﬁ(??hg (r?lr\llset%lﬁigﬁ&?%&{ ﬁ%t‘ g}aﬁrg@ légge
fracture' Qupghie®stratned ity hefing BplHas823/hasrk vhdd @fyselhy oreater than
about 5 MPaml2, and nost prefeéerably greater fhan about "10 MPa-nf'2. Fracture
toughnesstdxﬁp@ﬂamrebhpit@yOt)@P(IL',esi st crack propagation in a material under
nonotoni ¢ | oadi ng conditions. Fracture toughness is defined as the critical
stress intensity factor at which a crack propagates in an unstabl e manner
in the m{@o3y! . Ahotel frnire dfitheeermenrtofhkirdno@aite] isithad theytHagepr e- crack in
the tension side of the bend sanple is referlgbly used to neasure the
fracture fraggiradésughmeshof greatsyrthan ﬁb@ﬁ@ﬁ&'ﬂlemlﬁfermb’ gieattsthaghase of the
C ) b Mo o ot Srerd S réatel it Sbat S0P = PGPS 1

toughness is the ability fo resist crack propagation in a material under monotonic

loading conditions. Fracture toughness is defined as the critical stress intensity
factor at which a crack propagates in an unstable manner ir 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. The binder phase of the cermet of the instant
invention as described in the earlier paragraphs is primarily responsible for
imparting this attribute,

[0032] 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, side valve gates and guides catalyst regcnérators, and the like.
Thus, metal surfaces exposed to erosive or corrosive environments, especially at
about 300°C to about 1000°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.



inmparting this attribute, [0032] The high tenperature stability of the
cernets of the invention nakes themsuitable for applications where
refractori g RbHro8280" €Nty enployed. A non- linmting |istc@fussitisfofdidke uses
include liners for process vessels, transfer lines, cyclones, for exanple,
fluid-solids separation cyclones as in the cyclone of Fluid Catalytic
Cracking Unit used in refining industry, grid inserts, thereto wells, valve
bodi es, side valve gates and gui des cat%l yst regenerators, and the |iKke.
Thus, netal surfaces exposed to erosive or corrosive environnents,
especially at about 300C to about 1000C are protected by providing the
surface WBEXAMPLESr of the ceramic conpositions of the invention. The
cernets of the instant invention can be affixed to netal surfaces by
mechani cal means or by wel ding. WO 2004/ 104250 PCT/ US2004/ 015558 -9-
EXAVPLES Retermination of Vodluives| IRer cent: [0033] The vol une percent of each
phase, conponent and the pore volune (or porosity) were determned fromthe
2- di nensi ar j i I t hod.
scanni ng DB on Tt S e e e e B e et
sanpl es t goppémisity pwessdetdanined fecrrthe 2-dimegeionab besaabaotionls biOBx

magni fi cation. For the area scanned by SEM X-ray dot inmage was obtai ned
usi ng EneSggnmingddeeirom Micresgopy sngthodc Spgniiepigctrom NacsBrbpyn (SEMRS

anal yses were conducted_ on.five adjacent areas,of. the sanple. The

>-di rensi 3YA8 condBgted R theGiRetd Rt spmplesia DR A SEPRIR RAFIQIS | ng ¢ he

| mage anal.ysi : |10 - | Ver si | nc, Mahwah,
NeWgJ er seﬁ%¥§§g§%{% S* gﬁ&;e;(all&qrri;?’o fg%“%ﬁ? Oggqu r%ﬁ%@mﬁ&élpé??ﬁ?f X e area
fraction v@simgsewas oBthihéPMRih Fder¥ DIBRTSVE TRAY SpdBifostepy TEDXS).

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

phase amounts measured to be 2 vol% or greater.

Determination of weight percent:

[0034] The weight percent of elements in the cermet phases was determined
by standard EDXS analyses.

{0035] The following non-limiting examples are included to further illustrate

the invention.
EXAMPLE 1

[0036] 70 vol% of 14.0um average diameter of CryC, powder {(99.5% purity,
from Alfa Aesar) and 30 vol% of Ni-20Cr alloy binder powder (Alfa Aesar,



percent (vol% is then determned by multiplying the average area fraction
by 100. The vol % expressed in the exanpl es have an accuracy of +/-50% for

phase anowo seoarefsy ed to be | ess than 2 vol % and have apcHOSIHO6EsG
+/-20% for phase anmounts neasured to be 2 vol % or greater. Determ nation of

wei ght percent: [0034] The wei ght percent of elenments in the cernmet phases

was determ ned by standard EDXS anal yses. [0035] The follow ng non-limting
exanples are included to further ill ustPate the invention. EXAMPLE 1 [ 0036]
70 vol % of 14.0m aver age d| aneter of Cr3C2 powder (99.5% purity, .fromAlfa

A d 30 vl % of II bi . f , '
2004/ 104256°28B% GelsTy 370 passth vera Bisodad i BHER &%ﬁe@%%%@plﬂ. sper sed

h h I
\év![ Langf a% leﬁ'e grgﬂ_ihﬁﬁgdf‘rh%g??%rstﬁf&%ﬁ l‘rﬁ?lgwgﬂt oug enﬂggﬁm rconi aﬂgg'lﬁl%s (10 mMm
di ameter, téﬁgtfﬂn'éﬂ%ﬁ%o%ﬂ%ﬂsc(ﬂbﬂm&ahﬁﬂtér fioh Tosbh Téamivy) id B®alitiianol was

r enoved fromthe m xed powders by heating at 130C for 24 hours in a vacuum
oven. The atid D8dppmvilles ethasolowaprameved from the mireddicwdare bydieating a4 hydraul i ¢
uni axi al press SPEX 3630 Automated X-press) . at 5,000 psi. The resulting

green di sd3Pet | %@@wwpwaqsmm%o grdried-powider Was %QIQBﬁCtﬁﬂdlnﬁé’er for 30

mn for resid ent The eat e 1450
T50r mn | Aol iR o hiaRe e el bits (FPEXIEN ARRRARHCTIES: hen
reduced t 0 ' 6 conprises: i)
63 vol % O %%Wf%% e Feaniac R akBelley JACrAfised bp R9406°CRh
25°C/min in argon and held for 30 min for residual solvent removal. The disc
was then heated to 1450°C at 15°C/min in argon and held at 1450°C for 1 hour,

The temperature was then reduced to below 100°C at -15°C/min.

[0037] The resulting cermet comprises:

i} 63 vol% Cr;C, with average grain size of 20 um

ii) 12 vol% Cr,C; with average grain size of 20 um

ii1) 25 vol% Cr-depleted alloy binder (87Ni:13Cr in wt%).

[0038] Figure 1is a SEM image of the cermet processed according to this
example, wherein the bar represents 20im. In this image the chromium carbide

phase appears light and the binder phase appears dark.

EXAMPLE 2

[0039] The mixing and pressing procedures of Example 1 was followed using
70 vol% of 14.0um average diameter of Cr,C; powder (99.5% purity, from Alfa
Aesar) and 30 vol% of Ni-20Cr alloy binder powder {Alfa Aesar, screened
below 325 mesh). The disc was then heated to 1400°C for 1 hour at 15°C/min in
bydrogen. The temperature was then reduced to below 100°C at -15°C/min.

[0040] The resulting cermet comprised:
i) 67 vol% Cr,C; with average grain size of 20um



11) 12 vol % Cr7C3 with average grain size of 20 miii) 25 vol % Cr-depl eted
alloy binder (87Ni:13Cr in wt% . [0038] Figure 1 is a SEMimge of the

cermet proggsmeshas@ording to this exanple, wherein the galiudhfRi@sapt S 20m
In this imge the chrom um carbi de phase appears |ight and the binder phase

appears dark. EXAMPLE 2 [0039] The m xi ng and pressing procedures of Exanple
| was followed using 70 vol % of 14,0m average di aneter of Cr7C3 powder
(99.5% purity, fromA fa Aesar) and 3Qivol % of N -20Cr all oy binder powder
(Al fa Aesar, screened below 325 nmesh). The disc was then heated to 1400C
for 1 hour at 15C/min in _hydrogen. The tenperature was then reduced to

bel ow 100Gi)aB3 vobTy Gi-enrich y ey KONt 2Hgr mevife)- conprised: i) 67 vol %
Cr7C3 with average grain size of 20m WD 2004/ 104250 PCT/ US2004/ 015555 -11
ii) 33 vol % Cr-enriched all gy binder (76N :24Cr in w% . [0041] Figure 2 is
a SEM i nad®041] t hFigise 2as _%?%M@M CEIE! processed acesushng &0 thikerei n t he
bar represents 20 In this image the chrom um carbi de _phase appears |ight
and t he biwplah\gﬁ%re é’éahaé r%’%ﬁ‘?ﬂtEiﬂNﬂ;EhB piyaage %ﬁ.c%@@é‘é‘&ﬁaéb £ Exanpl e
2 was follgwed using, 70, vol % qgf. 14.Qm avera | aneter of Cr23C6 powder
(99. 5% purl?cilaﬁ? app@ﬁgkggg%gﬁg%lnégdp%e apgp%gglrar% -20Cr all oy binder powder
(Al fa Aesar, screened bel ow 325 nesh). [0043] The result cernet conprised

of: 1) 67 1,9 wi th average grain size of 20mii) 33 vol % Cr-enriched
alloy bin =31 Cr in w%j.

[0042] The procedure of Example 2 was followed using 70 vol% of 14.0um
{ average diameter of Cry3Cg powder (99.5% purity, from Alfa Aesar) and 30
vol% of Ni-20Cr alloy binder powder (Alfa Aesar, screened below 325 mesh).

[0043] The result cermet comprised of:
i) 67 vol% Cr;Cg with average grain size of 20um
ii) 33 vol% Cr-enriched alloy binder (69Ni:31Cr in wt%).

[0044] Figure 3 is a SEM image of the cermet processed according to this
example, wherein the bar represents 20um. In this image the chromium carbide

phase appears light and the binder phase appears dark.

EXAMPLE 4

{0045] The procedure of Example 2 was followed using 85 vol% of 14.0um
average diameter of Cr;C, powder (99.5% purity, from Alfa Aesar) and 15 voi%
of Ni-20Cr alloy binder powder (Alfa Aesar, screened below 325 mesh).

[0046] During heating, some Cr;C; phase is replaced by CryC; phase. As
result, carbide volume fraction increases and Cr content is depleted in the binder.
The result cermet comprised of: |
1) 80 vol% Cr;C, with average grain size of 20um

i) 7 vol% Cr,C; with average grain size of 20um



[0044] Figure 3 is a SEMinmage of the cernmet processed-according to this
exanpl e, wherein the bar represents 20m In this inmge the chrom um car bi de
phase appews20bi/tpazsoand t he bi nder phase appears dark. BEx&vRISZ004/018345] The
procedure of Exanple 2 was followed using 85 vol % of 14.0m average di aneter
of Cr3C2 powder (99.5 % opurity, fromAlfa Aesar) and 15 vol % of Ni-20Cr

all oy binder powder (Al fa Aesar, screeE d bel ow 325 nesh). [0046] During
heati ng, sone Cr3C2 phase is replaced g Cr7C3 phase. As result, carbide
vol une fraction increases and Cr content is depleted in the binder. The

D)7 vol 403 EAPRGrR ke oy Hp e (S S E P G0 Todzg0 S O T

PCTI US2004/ 015558 -12 iii) 13 vol % Cr-depl eted all oy binder (85N :15Cr in

wt %) . EX%&%E_%&M?] The cermet conpositions of exanples 1,2 and 3were

exposed i 00C for 1000 hours in a Lindberg box furnace. After
exposure the sanples were analyzed using SEM No significant precipitation

f h ti
or change P97 Thne THgEerfl colibRiORR of Anilel 12 Gld SRRl ABRA i AC 11 oF
af or est at t and 3 were
determ negéto possessﬁ?‘% 111?1}%@5%?%1?%)5%%?%& gt@%%@%iﬁ'ty EE@R&?E 6
( COVPARAT e x4yt dEnsing GE8. A\Is@rgaﬁﬁaamt\@e@pﬁaﬁb@ ofhew phisksBHaage ifloes not

forma preferred thernodynanically stable cernet is prepared usi ng t he
pr ocedur e th¥ ppargpdmof the original phase composition or change in the respective

chemistry was observed in any of the 3 aforestated samples. Thus the cermet
composition of example 1, 2 and 3 were determined to possess long term

microstructural stability.

EXAMPLE 6 (COMPARATIVE EXAMPLE)

[0048] A comparative example of a system that does not form a preferred
thermodynamically stable cermet is prepared using the procedure of Example 1

and 70 vol% of 14.0pm average diameter of Cr;C; powder (99.5% purify, from

Alfa Aesar) and 30 vol% of 6.7um average diameter 304SS alloy binder powder

(Osprey Metals, Fe(balance): 18.5Cr:9.6Ni:1.4Mn:0.638i, 95.9% screened below

-16um). The disc was then heated to 1400°C at 15°C/min in argon and held at -
1400°C for 1 hour. During heating, a significant vol% of Cr;C, phase is

replaced by Cr,C; phase. As net result, carbide volume fraction increases and Cr

content is depleted in the binder.

[0049] The result cermet comprised of the non-equilibrium microstructure:
i) 8 vol% CryC, with average grain size of 20um

il) 72 vol% Cr;C; with average grain size of 20um

iii) 20 vol% Cr-depleted alloy binder

[0050] Next, the sintered disc was heated in air at 800°C for 1000 hours.

After exposure to 800°C in air for 1000 hours this cermet comprises:



and 70 vol % of 14.0m average di aneter of C 3C2 powder (99.5% purity, from
Al fa Aesar) and 30 vol % of 6.7m average di aneter 304SS aI I oy bi nder powder

(Csprey MeGd sposfifelip! ance) 1 18. 5Cr: 9. 6N : 1. 4Mh: 0. 63Si bel ow
-16m. The“ﬁ% sc was then heated to 1400C at 15C/ mn in ar gon and ﬁeﬁ

1400C for 1 hour. During heating, a significant vol % of Cr3C2 phase is

repl aced by Cr7C3 phase. As net result, carbide volune fraction increases
and G content is depleted in the bind8r-. [0049] The result cernet
conprised of the non-equilibriummcrostructure: 1) 8 vol% Cr3C2 with
average grain size of 20mii) 72 vol% Cr7C3 with average grain size of 201lim
iii) 20 voh)oo&s M@%&reﬁz al | oy binder [0050] Next, the sintered disc was
heated in ai 83 o 1000 hours. After exposure to 800C in air for
1000 hour s i %EEP t T’rprl ses: WO 2004/ 104250 PCTI US2004/ 015558 - 13 i)

>9.5 | % | bi nd
(3% o el Lt By et 1 by SR Iresta el v P e
cer net after heatl ng in air according to this exanple, wherein the bar

repr esent ht and
thg b?ndef phase ap%ea?éi EM’ﬁkﬁagQF’f{gﬂﬁtﬂe&m% aﬁéﬁeﬁnﬁﬁﬁgg@&dé > 95
vol % chr Onﬁné:@%ﬁhﬁgsw‘h@:}ﬁﬁ ﬂﬁé‘b&f F&ehie1 (R n tEJQ'iﬁ? gé%’éb’ﬁ:%nhﬁn?' gh

t enperature tal conmpositioh has becone deplete I n chrom um cont ent

t her eby degarbRiv pithsé ?péerreq@u end chegbindespldsetappeasrdaek. ThE§<ﬁgBeE 7 [0052]
Each of the cernets o les 1 to 4 was subjected to hot er osi on
shows < 5 vol% 30488 and > 95 vol% chrome carbides after thls relative short-

term exposure to high temperature. The metal composition has become depleted

in chromium content thereby decreasing the fracture toughness of the cermet.
EXAMPLE 7

[0052] Each of the cermets of Examples 1 to 4 was subjected to a hot erosion
and attrition test (HEAT) and was found to have an erosion rate of less than
1.0x10°° cc/gram 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, IL.) entrained in heated air exiting from a tube with a 0.5 inch
diameter ending at 1 inch from the target at an angle of 45°. The velocity of the
SiC was 45.7 m/sec.

3) Step (2) was conducted for 7 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



and attrition test (BEAT) and was found to have an erosion rate of |ess than
1.0x10'6 cc/gram Si C erodant. The procedure enployed was as follows: 1) A
speci nen cwonmbs/iszde of about 35 nmm di anmeter and about 5 rOTM/US208400¢5358S

wei ghed. 2) The center of one side of the disk was then subjected to

1200g/ mn of SiC particles (220 grit #1 G ade Black Silicon Carbide, UK
abrasi ves, Northbrook, IL) entrained in heated air exiting froma tube with
a 0.5 inch dianmeter ending at 1 inch'ﬂ26n1the 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 - { Ci s _al l.owed to to_apbient t erature
and wei ghe%%%@@?éfﬁ 'ﬂgbl?%gt%@Equggg .g?%d%"f%'ehgaﬁb}eog ayy vaﬁgﬁgﬁl n of a
comer ci al | Lmed and used as a

Ref er ence %%‘%2&%%6%%}%35 el erggﬁ%lgﬁ%s‘:%n g%fgey?gg?%ﬁ\?gg&gi ven a val ue of |
and the results for the cernet speci nens WO 2004/ 104250 PCTI US2004/ 015558

-14 are conpared in Table 2 to the Refgygence Standard. In Table 2 any val ue
greater than 1 represents an inprovéement over the Reference Standard. Table

2 Cermet STRfdm@td FISMrfify VEF@Ith DWdighe! OO@ilk CIERBAR | BRIsWCN Bhprovembntanpl e)
Wi ght Vi Qﬁfcang%e’gs Reaighd Y W ((Dksipl i (9)chg) (UNof@higeg)
erosion)"'] O L ) ! 560 3 ¢HE 7.350 5. 04E+5 7. gehddf7 1.4
Nl O (1) GrRABa ' 30815 ¢ 2z 038 36 ' i I €

NiCr {1}

Cr7C3L30 23.6681 21.0301 26380 7.360 5.34E+5 6.7121E-7 1.6

NiCr {2}

Cr23C6L  23.5976 21.6016 1.9960 7.350 5.04E+5 5.3882E-7 1.9

30 NiCr {3)

Cr3C2L 15 19.6071 176609 19462 7.090 S.04E+5 5.4464E-7 1.9

NiCr {4)

EXAMPLE 8§

[0053] Each of the cermets of Examples 1 to 4 was subjected to a corrosion
test and found to have a corrosion rate less than about 1.0x10™! g¥cm?s. The
procedure employed was as follows:

1) A specimen cermet of about 10 mm square and about 1 mm thick was
polished to 600 grit diamond finish and cleaned in acetone.

2) The specimen was then exposed to 100 cc/min air at 800°C in’
thermogravimetric analyzer (TGA).

3) Step (2) was conducted for 65 hours at 800°C.

4) After 65 hours the specimen was allowed to cool to ambient
temperature,

5) Thickness of oxide scale was determined by cross sectional microscopy
examination of the corrosion surface.

6) All the thickness of oxide scale formed on specimen surface was less

than 1 pum, representing superior corrosion resistance.



NiCr (2) Cr23C6 L 23.5976 21.6016 1.9960 7.350 5.04E+5 5.3882E-7 1.9 30
NiCr 13) Cr3C2 L 15 19.6071 17.6609 1.9462 7.090 5. 04E+5 5.4464E-7 1.9

Ni Cr{4) EXAVMPLE 8 [0053] Each of the cernets of Exanples | to 4 was

subj ected to a corrosion test and found to have a corrosion rate | ess than
about 1.0x10-11 g2/cm48. The procedurel&mpl oyed was as follows: 1) A

speci nen cernet of about 10 mm square and about 1 mmthick was polished to
600 grit dianond finish and cleaned in acetone. 2) The speci nen was then
exposed to 100 cc/mn air at 800C in thernogravinmetric analyzer (TG). 3)
Step (2) was conducted for 65 hours at 800C. 4) After 65 hours the specinen
was allowed to cool to anbient tenperature. 5) Thickness of oxide scal e was
determ ned by cross sectional mcroscopy exam nation of the corrosion
surface. 6) Al the thickness of oxide scale fornmed on specinen surface was
less than 1 m representing superior corrosion resistance. -15- CLAWS: 1. A
canel conposition conprising: (a) about SO vol %to about 95 vol % based on
the total volume of the cennat conposition, of a ceram c phase, wherein the
ceramc p 2t pg a chromium carbide sel ected tramthe group conS|st|ng
of Crates ™A™ Cr, and m xtncs

1. A cermet composition comprising:
(a) about 50 vol% to about 95 vol%, based on the total volm of the cermst

composition, of 4 caramic phass, wherein the ceramic phase being & chromium
caxbldeulwmdﬁnmmemupcmdsﬁngof&”&.&ﬁg CrsC; and mixtures
thereof; and
' (b) tha balance of the vol %, based on the total volume of the cermet
composition, of & binder phase, wherein the binder phase being sslecied from the
group consisting of

(i) alloys contalaing, based on the total weight of the alloy, sbout 60
wi% to sbowt 78 W% Ni; about 22 wt% to abont 35 wi% Cx; end up to about 5 wt%
of an elemeat selected from the group consisting Al, Si, Mn, Ti and mixtres thereof;

(i) alloys cantaining, based on the total weight of the alloy, about 82
wifh to about 98 wt% Ni; about 2 wt% to about 13 wt% Cr; and up to about § wi%h of
an clement selected from the group consisting Al, Si, Mn, T} and mixtures thereof;
and

(iif) elloys containing about 0.01 wt% to about 35 wt% Fe; about
25 wt to about 97.99 wt% Ni, about 2wt% to about 35 wi% Cr; and up to about
-5 Wit of an clement selected from the group consisting of Al Si, Mn, T§ and mixtares
thereof. ‘
2. The composition of claim 1 wherein the binder is (i) or (i)
3. The composition of claim 2 wherein the chromium carbide is CryCe,

4. The composition of claim 2 wherein the chromium carbide in CG,.



thereof". and (b) the bal ance of the vol % based an the total volunme of die
onvan conpoddoo, of a binder phase, wherdta the binder phase being sel ected
Snout the poop vans sting of (i) alloys containing, based on the total

wei ght of the alloy. about 60 wt%to sboat 75 wt% N p about 22 wt % to about
35 W% Cr. and up to about S wt* of anl@tnoaot selected fromthe group
consisting Al. Si, M, 79 and m xunes thereof; (it) alloys containing, based
on the total weight of the alloy. about 82 w%to about 98 wt% N ; about 2
wt% to about 13 wt % Ch; and up to about 5 wt % of an down selected fromthe
group consisting Al. Si, WMi. Ti and m xtures thereof: and (111) alloys
contai ning about 0.01 wt%to about 35 wt % Fe; about 25 wt%to about 9799
wt% Ni, about 2wt % to about 35 wt% Cr; and up to about 5 wt % of an denent
selected fromthe group consisting of Al, Si, Ma, Ti and m xtures the roof.
2. The corgosy i : hylds cRditiSin ¢adbi finixme of The
conposi ti ?FQWO\%@PQ nt g%@% um cg!;nb‘ihg‘gai&? 02304.6{916%%
conposi ti qgd@€J,ai m 2 wherein the chrom umcarbide in Cam -16- S. The
conposition of claim2 wherein the chromumcarbide is a ndxu cc of Ct,C2
anti Cayce. 6. The conposition of claim2 wbernin the chromumcarbide is
Cr3C2. 7T iéd 8 cIRfm 'vﬁieﬁﬁ Hr8iniuth b&rbide s ps, (iii). B. The
conposi do#‘oﬁ%wb%erel n ?h C ir"(gﬂrr%]um carbide is gr?C:S 9. The
conposition of claim7 wherein the chromumcarbide is crlqg, 10. The

conposi ti gn Phe chppositonbbelainn 1 whereth tenbindards(ili).de is a nixture of Car,

8. The camposition of claim 7 wherein the chromium carbide is CraCe.
9. The composition of claim 7 wherein the chromium carbide is Cr(C;.

10. The composition of claim 7 wherein the chromivmn carbide is a mixtare of CryC,
 and Cr/C;,

11. The cermet compositions as in m§ one of the preceding claima having & long
term microstructural stability lasting at least 25 years when exposed at temperatures
wp t0 1000°C. -

12, A method for protecting a metal s\wface cxposed to an erosive material st

tewmperatures in the range of 300°C to 850°C, the method comprising providing the
metal surface with a cesmet composition according to claims 1-10.

13. The method of claim 12 wherein said surface comprises the inner surface of a
{luid-solids separation cycloae.

14. A bulk cermet material comprising:
(2) about 50 val% ta about 95 vol%, based on the total volume of the cermet
composition, of a ccrarnic phase, wherein the ceramic phase being a chromium



and O ,Cq. 11. The ceanet conpositions as in Any one of the preceding clains
baving slog termmecrcettucnual stability lasting at | east 25 yearn when
exposed at onmperatures up to 1000C. .12. A nethod for protecting a netal
surface exposed to an erosive nal ari al tenpt t res in the range of 300C
to 850C, the nethod conprising providlﬂg "the netal surface with a cernet
conposition according to clains 1-10. 13. The nethod of claim 12 wherein
said surface conprises the inner surface of a fluid-solids separation
cyclone. 14. A bulk cernet material conprising: (a) about 50 vol % to about
95 voi % based on the total volune of the cernet conposition. of a ceramc
phase, wherein the ceram c phase being a chrom um -17- carbide selected from
t he group consisting of Cr33C6, C,CG Cr3C3 and nixtures thereof; and (b)

the bal angg, Q%SH%E{ wc‘gﬁ, iag of Trd et
corrp05|t|on P&l er phas Wne?glgn thebgl nder. p ase be| ng sel ected horn

the groupereofisamt i ng of (i) aIons cont ai ni ng, based on the total weight of
ft alloy, about % to ou 1 % t out 35 wt % Cr
and up to abouta’g %‘ ‘gﬁ‘ ﬂeﬁf’\g@ %ﬁf@%%%%con& sting Al ,
S, a7lw whéteinifie 8 hm{d&mﬂem W % to
about 35 W % ﬁout e, to about 97.99 wm % about 2wt %t 0. about
35 M%Qmmdmnbﬁmdbout 5 vvt%of an elenent selected fromthe group
consisting of Al, (3' hlloyacontahﬁng.b ui ﬁ:emw@gfhto?&cﬂmexﬁu'?&

wi% to about 98 wt% Ni; about 2 wi% to abowt 35 wi% Cr; and up to sbout 5 wi% of

an element selected from the group consisting Al Si, Mn, Ti and mixtares thereof;

and
@D alloys containing sbout 0.01 wi% to about 35 wt% Re; sbout 25 wi%

to abowut 97.99 wi% NJ, about 2Wt% to about 35 wt% C¥; end vp to about 5 wi% af an
clement selocted from the group conslsting of Al, i, Ma, T) and mixtures thersof, and
] .
the overall thickness of the bulk cermet material is greater than S millimeters.
15, The bulk cermet material of claim 14 wherein the binder is (@).
16. The bulk cermet material of claim 15 wherein the chromium certide is Cry,Ce.
17. The buik carmet material of claim 1S wherein the chromium carbide is CryCs.

18. The bulk cermet material of claisn 15 wherein the chramium carbide is  mixture
af CnyC; and Cr/C;5.

19. The bulk cermet material of claim 15 wherein the chromium carbide is CryC,.

20. The bulk cermet meterial of claim 14 wherein the binder is (1)

21, The compotition of clalm 20 wherein the chromium carbide is Cry;Ce.



the overall thiclaea of the bulk carmet material is greater than S
mIlWmstaa. 15. The bul k career material of claim 14 wherein the binder is
(1). 16. The bulk carnmet material of claim15 wherein the chront carbide is
CCs. 17. The bulk cnmet material of claim15 wherein the chrom um carbi de
is CrjCr 18. The bulk c=at material ofl8laim15 wherein the chronmi um
carbide is a mMixtlma of C-C3 and Cz,C,. 19. The bulk carrot nmaterial of
claim15 wherein the chromiumcarbide is Ct4. 20. The bull carnmet nmaterial
of claim 14 wherein the binder is (H). 21. The conposition-of claim 20
wherein the chromumcarbide is QUCC. - 18 22. The conposition of claim 20
wherein the chromumcarbide is O7C9. 23. The conposition of claim 20
wherein the chrom umcarbide is a mxture of GrCl and GrA 24. The bulk
comet nmat2% aThasamposition of clait 20 whevtin ghexchiromipm canbidel is &G co t ai
stability tasting at Ieast 25 years when exposed at tenper tows up to 10.w9.

gtS. ée%éggg@f@gr prot Iﬁﬂ%&“’b% 8 surfage ex oseﬁ GQ an er05| &R{Eteri al

provi din Ia.gc%etal surface with a bulk oetnet materi al vvlth a t hi ckness
greater than titmese s aecording to clains 14-23. 26.. The method of
claim25 wherein said surface conposes the tiner autfsos of a fduid.solids

seperat] 02?& Cﬂ%mmrﬁﬂnln claims 14-23 having a long lern microstroctural
stability lasting at Jeast 25 years when exposed at temperatures up to 1000°C.

25. A method for protecting a metal surface exposed to an erosive material at
temperatures in the range of 300°C to 850°C, the method comjrising providing the
metal surface with a bulk cermet material with a thickness greater than § millimeters
according to claims 14-23,

26, The method of clalm 25 wherein suid surface comprises the inner surface of a
fluid-solids separation cyalone,





