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present invention relates to cernet conpositions. Mre
particularly the invention relates to chrom um carbi de
containing cernet conpositions and their use in high
tenperature erosion and corradsion applications.
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[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 fhat 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
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fracture toughness nmaking them useful in high wear
applications such as in cutting tools and drill bits
cooled with fluids. W basefl™ cernets, however,
degrade at sustained high tenperatures, greater than .
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[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.
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carbi de ceram c phase di spersed in' a binder phase.
The ceram c phase which constitutes about 50 vol %to
about 95 vol % of the total yolunme of the cernet
conmposition is a chrom um carbi de sel ected. fromthe
group consist- ing of Cr23C6, Or7C3, Cr3C2 and
m xtures thereof. [0012] The binder phase is selected
ting of (i) alloys containing
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ure 2 is a SEMinmge of the surface of a cernet
Ti amdleixdurés thereofnhnd i) AlojETontmiBihgvakiout ILO]ZWt%rto about 35
bi nder. WD 2004/ 104250 PCT/ US2004/ 015558
wt% Fe; about 25 wt% to about 97.99 wt% N1, 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] Figure 1 is a scanning electron microscopy (SEM) image of the
surface of a cermet made with an initial Cr3C, 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 §vith an

initial Cr,C5 in 30 vol% Ni-20 Cr binder.



[0016] Figure 3 is a SEMinmage of the surface of a

cermet made with an initial C23C6 in a 30 vol % N -20
w@eoobitemtsr . [ 0017] Figure 4 is a SEM i nage of PEEUS2004/015558

surface of a cermet made with an initial &3C2 in a

30vol % 304 stainless steel (304SS) binder after

exposure to 800C for 1000 _hours. DETAILED DESCRI PTI ON
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[0020]  The particle size diameter of the ceramic phase typically is below

about 3 mm, preferably below about 100pum and more preferably below about
50um. 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



about 35 wt % Fe; about 25 wt % to about 97.99 W% N,

about 2 wt%to about 35 wt% Cr; and up to about 5 W%
wo@ooaho2senent sel ected fromthe group consi sSPCHYSWH4/015558

Al, Si, WMh, Ti and m xtures thereof, the wt%in each

i nstance based on the total weight of the alloy.

[0022] Illustration of cer r?t conpositions suitable

for use at elevated tenperatures include: (1) about

50 vol % Cr7C3 in a binder conprising 78 wt% N, about
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75 wt% Ni, "about 7 wt % Fe, and about 18 wt % Cr; (4)
comatsting o Aly Si,9var T8@ed imixtures theegoic thepwi%iingadl2 inst8ndsi hased

about 10, wt% Fe, and 18 wt% Cr; (5) about 50 vol %
on thezgtab Weghi ofi tha@llo¥onpri sing 67 wt % Ni, 15 wt % Fe

and 18 wt% Cr; and (6) about 90 vol % Cr23C6 in a

bi nder._conprising 77 % Ni,,. 5 w%.Fe_. and 18 wt % Cr.
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1 0.v0l.%;t0 90 vol % Cr23C6 in binder (i); (2) 50

te“\(P8¥4P§’ie8”8%)‘d?3%1%Cr7c3 in binder (i): (3) 65 vol%to 95
vol ("{% ofbot BOXLCH T, $h 3 Bnddtt dahisin T8 1% N, hBbwer wt%
is about 1 vol %to ‘about 18 vol % of the m xture and

Fe dtig@wtfé Cr; (4) 50 vol % to 95 vol % of Cr3C2 in binder

(i). . [0024] The cernet conpositions are mag; by
ger(@ @AboybiReiol el s i gibdngler qoarprsiggds ik ANiagbout 4 wt%

Fo Gitb ST ras St arting materials & ohromi um car b de
cer@ fhoRPYa o1 4 Er, &, kh A4RhARVRSPridiRg 75 wt% Ni, about 7 wt%

Fe, and about 18 wt% Cr;

(4) about 50 vol% Cr,3Cg in a binder comprising 72 wt% Ni, about 10
wt% Fe, and 18 wt% Cr;

(5) about 50 vol% Cry3Cg in a binder comprising 67 wt% Ni, 15 wt% Fe
and 18 wt% Cr; and

(6) about 90 vol% Cr,3Cg in a binder comprising 77 wt% Ni, 5 wt% Fe

and 18 wt% Cr.

[0023] Preferred cermet compositions are the follows:
(1) 50 vol% to 90 vol% Cry;Cs in binder (i);
(2) 50 vol% to 90 vol% Cr;Cs in binder (i);
(3) 65 vol% to 95 vol% of a mixture of Cr3C, and Cr,C; where the latter
is about 1 vol% to about 18 vol% of the mixture and binder (1).
(4) 50 vol% to 95 vol% of Cr;C, 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
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of 50:50 to 95:5 respectively. Preferably the chrom um
w@ 200bi1ai250 powder is one of Cr23C6, Cr7C3 and QPGIZRS2004/015558

al t hough m xtures of these nmay be wused. Preferably

the binder is one of the aIon conpositions set forth

in Table 1. Table 1 AIon %pe Conposition (w% N Cr

Bal N:20 C N CrSi Bal 0.1 C:2.0 Si:0.4 wn:0.09

Fe FeN Cr Bal Fe:> 12 Cr > 36 N Bal = Bal ance [0025]
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die and pressed into a green body. The green body is
then sintered at tenperatures above about 1200C up to
about 1600C for times rapgbl@g from about 10 m nutes
to about 4 hours. The sintering operation is
preferabty—perfornmed—TnmanTnert—atmosphere or a
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t he 1 nert at nosphere can be ar reducin

attnpspher Q?an Ee hydr ogen Thgﬁga;li?lp?é e _sint prgﬂ

body is I@lér@:“p‘ed to COO'BalI@‘QQ‘i%ﬂZ’OtSl @mMﬁruOg e

copdit-eas—the—ecerpet—prodiuctiren—accordirng to—t ITU
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TheEél-pB@l@X%}l ng conditions result in the dispersion
of the carbide or carbides in the binder.
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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 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 Cr3C; 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
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depletion of Cr in the binder WO 2004/ 104250
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the ceram c enployed is Cr23C6 in the sanme binder

there is substantially no change in the conposition of

the ceramc. [0027] The vol une percent of cernet

phase (and cer net corrponent%) excl udes pore vol une

due to porosity. The cermet can be characterized by a
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theichromhan tarbid¢ camanué pblasses whi ch have a del eteri ous
effect on the properties of the cernet. [0029] The

long termmcrostructural stability of the cermets of
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stabiliity. Further, .| ab experipents, were conducted in . .
knoyim eermeis 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



cernet conpositions of the instant invention were
exposed at 800C for 1000 hours in air. Analysis of
W@ b@4bod2ko mi crostructure of the resultant cer meCT/EH§1084/015558
this WD 2004/ 104250 PCT/ US2004/ 015558 -8 1000h hi gh
tenperature exposure showed that the starting
m crostructure was substangially preserved as
deternm ned by SEM [0030] € cernet conpositions of
the instant inventi on can exhi bit long term
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tenipesatoréstutl 13A0°Ess i ntensity factor at which a crack
propagates in an unstable manner in the nmaterial.
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Stability of the cermets of the invention makes them
loadinigt @idéiidms: Frpptuie tigbnssaiselefinedfas dloe oritieal siress intensity
currently enpl oyed. Anon-llm eu%Ilsto sui t ahl e
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the PR %hﬁ@lélm ﬁrefé‘i%iy' WRed &6 niialbrd theWedchire t8h gﬁnes@ St S,
therno wells, valve bodies, side valve gates and

fraguradeechatied theory. €fjbe birateo mascﬂnﬂther@ﬂnlekef theTimstant
nmetal surfaces expose? to erosive or, corrosive
inveriion andeseribed da Hae parfipy paagraphs 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 regenérators, 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.



about 300C to about 1000C are protected by providing

the surface with a layer of the ceram c conpositions
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i nvention can be affixed to netal surfaces by

mechani cal neans or by wel ding. WO 2004/ 104250
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Vol une Percent: [0033] The~ %ol ume percent of each

phase, conponent and the pore volune (or porosity)

Merm ned fromthe 2-di mensional area fractions
E Scanni ng El ectron M croscopy nethod. Scanni ng
El ectron M croscopy (SEM was conducted on the
sintered ¢ t s | es to obtain a secondary el ectron
Dey%@tmqﬁgﬁﬁ@eg&% Ox magnification. For the area
scanned by SEM X-ray dot inmage was obtai ned using
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area. The arithnmetic average of the area fract’ion was
imaes geferally 4t1000x heagnifieaticiasHoetiertrsa scnmed dlyusEEM, X-ray
percent (vol% is then determ ned by multiplying the
dotdvmagggeasselsalned astugoRnergy H@D?ISW%Xg@D’%I@,@HP&%G(E]ﬁXS)-
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% or greater termnati on per cent:
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phases was determ ned bg st andard EDXS anal yses.

Inc] DoBBYalTRNew SersemDMBAIAS ) fox panh asranphedrishmetic average of
theia?gall rggtgorg gva]; Lcllg%e?r%rinéc{ %r%?r} trhaetf?ve ﬁlggs&rgﬁl%% sI “Phe 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 Cr;C, powder (99.5% purity,
from Alfa Aesar) and 30 vol% of Ni-20Cr alloy binder powder (Alfa Aesar,



EXAVMPLE 1 [0036] 70 vol % of 14.0m average di aneter of
Cr3C2 powder (99.5% purity, .fromAlfa Aesar) and 30

wo t0d1ef250Ni - 20Cr al | oy bi nder powder (Al fa AesBCT/UNED04/015558
2004/ 104250 PCT/ US2004/ 015558 -10 screened bel ow 325
mesh) were dispersed with ethanol in high density
poly- ethylene mlling jar..The powders in ethanol
were mixed for 24 hours wit “yttria toughened
zirconia balls (10 mm di aneter, from Tosoh Ceram cs)

in k| | : T
scrqegfh R a7t ! P Red i SHRRREin BER ARG oy
ethIBHE Snillthgja¥ ATUH PoMREs inlEB a6l REreDAVELRT foras. KAUTD a6 e itria
In a 40 Tmmdianmeter die in a hydraulic uniaxial press
touglGRied Af30iafbdlsnE OadnXdjanesa) fromh THs0D Cepainicsyhme a ball mill
resulting green disc pellet was ranped up.to_400C at
at 196apm. nl ppchagehwanieaeyed fiem te mixpdRavdas by hgating at

R Rk LS. PR bR 0
mmf @g]%&ln C.Hé %@F}#ﬁ% lgrggﬁ‘a? ?rés@ (SPESM éﬁpﬁu%matedi ))(—péf%ss)

ng cernet conpri ses:

at SYO0pstr IB2 rekilting\eeandisgpellst whg earapedp no 400yCh2
vol % Cr7C3 with average grain size of 20 tmiii) 25
25°@hindn Gr angeplastddieldforo30 pitnder resgiudl salyent remeyaly The disc

03 Fi gur.e IS I A ft < d
waddeprtaieg Tod TGt d3ehpin Megrepnandieds B €l ek
> I N, . i deo
The Rfperiiut R TS AhOSy ETDAG TOEY B H3-CRYGRE, 2Phee" ©
[0039] The m xing and pressing procedures of Exanple 1
f US| 7 9. 0f 14. 0m average di aneter
[Oﬁgﬁa%g%%b%#&mﬂp@ﬁ%y, fromAI:‘/a %\esalr) and
i) B YOYTRIC,NvitR QGErapk| g@xinddinslef 20ueler (Al fa Aesar,
screened ~ bel ow 325 nmesh). The disc was then heated to
i) 1140081% O, Withavetagderaim sizé of 20 um

iil) 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 20um. 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
hydrogen. The temperature was then reduced to below 100°C at -15°C/min.

[0040] The resulting cermet comprised:

1) 67 vol% Cr,C; with average grain size of 20pum



hydrogen. The tenperature was then reduced to bel ow

100C at -15C/ nun. [0040] The resulting cernet
weowpniesd: i) 67 vol % Cr7C3 with average grai PCHUE®00015558

20m WO 2004/ 104250 PCT/ US2004/ 015558 ~-11 ii) 33 vol % -

Cr-enriched alloy binder (76N :24Cr in wt% . [0041]

Figure 2 is .a. SEMinage of the cernet processed

according to this exanpl e 1lsherein the bar represents

20m In this inmage the chrom um carbi de phase appears

... Light d the binder.phas s. dar EXAMPLE 3

ii) [ﬁo\ﬁﬁ’a‘%ﬁ@nﬁfﬂ&i@g@ébﬁ?feﬁz?aﬁlﬁﬁzgéf Wa%’t%)al | owed usi ng
70 vol % of 14.0m average di aneter of Cr23C6 powder

.5%.purigy, Alfa Agsar) and 30 vol % of. .

L0011 50 Bl 415 2, P BE R e b i ! RecdoseCre b to this

- hel . r .. . .

exaifi® g BRODes sddeits Wy, FULS yPehdBle RRRfLSHurbiae
icls) i b pd@rk( 69N : 31Cr in

phﬁb%péé?%gtg%g&?gﬁgﬁ%%?gﬁgé% i mage of the cernet
processed according to this exanple, wherein the bar

EXAmregents 20m In this image the chrom um carbi de

— phase appears |ight and the binder phase appears darKk.
EXAVPLE 4 [0045] The procedure of Exanple 2 was

I o t&dhrd 1 &1 8dfig J0FBIVE6f 4.0
mdé%@%v%@?%%%&%%ﬁ@%%&fagr)gﬁrg%lvfa Aegéar) and 15 [

avetagddiagietdd ofA0GECapbwdeb(I98% pontefrofmAlfa Aesa) and 30
screened bel ow 325 nmesh). [0046] During heatjng, sone
vol@p stNipIsgealloy bléétrramwd@ﬂ@fw&sm sersengg belogg 3R mesh).

car bi de volune fraction increases and Cr content is
depl eted in the binder.  The result cernet conprised
[0048] i )Itegesdf serapecomprisedRfer age grain size of 20m

i) 67 vol% CrpCg with average grain size of 20um V

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 vol%
of Ni-20Cr alloy binder powder (Alfa Aesar, screened below 325 mesh).

[0046] During heating, some CrsC, phase is replaced by Cr;C; 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 20pum

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



ii) 7 vol% Cr7C3 with average grain size of 20m WO

2004/ 104250 PCT/ US2004/ 015558 -12 iii) 13 vol %
w@roodapi26d ed al | oy binder (85N :15Cr in wt% . PEXBERIODEF015558

5 [0047] The cernet conpositions of exanples 1,2 and

3were exposed in air at 800C for 1000 hours in a

Li ndberg box furnace. After,exposure the sanples were

anal yzed using SEM No si g'nli icant precipitation of

new phases, change in the proportion of the original

i) T ARl DUy AR PSP LI CEUL ST o1 081 at e

sanpl es. Thus the cernet conposition of exanple 1, 2
re determned to possess long term
EX?H\%P% uctural stability. EXAMPLE 6 ( COVPARATI VE
EXAMPLE) [0048] A conparative exanple of a systemthat
[0099FS A%e delinl} eoﬁgséi%@@f ﬁkmpi&qy@ aﬁa%%ég egrgﬁgéaein air at
cernet I's prepared using the p_ocedure of ample 1
806 9of A 000! H6uRé in'4 -L@mwefg RS EFu i REE Vefterafx ok BfelthR Qe Hles
(99.5% purity, from Alfa Aesar) and 30 vol % of 6.7m
wesyaTadgeddisame SEM 3 SSgaificant piecistativovefarew pBaggseyhange in
Metal s, Fe(balance): 18.5Cr:9.6N: 1.4Mi:0.63Si, 95 9%
thegquopention dshewrigineg phaserpemppsiions chasge Hetiedgspestive

S R By DR S e e
corﬁg@sgﬁ%ﬁ of Efzﬁklgfeeﬂ Pinds Wete AR Riné$ 86‘@33’&:?@}8 term
carbi de volu i's

fraction i ncreases an cont ent
mictepedteshl stablilie. bi nder. [0049] The result cernet
conprised of the non-equilibriummcrostructure: i) 8
vol % Cr3C2 with average grain size of 20mii) 72 vol %
EX@MPBP% (OOMPBARYETIVEBIHXKAMEBLB] 20m iii) 20 vol %
Cr-depleted all oy binder [0050] Next, the sintered
disc was heated in air at 800C for 1000 hours.
[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 14.0um 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:0.635i, 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) 8vol% Cr;C, with average grain size of 20um

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

ii1) 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:



After exposure to 800C in air for 1000 hours this
cermet conprises: WO 2004/ 104250 PCT/ US2004/ 015558

WO 1®4/104250>9. 5 vol % Cr3C2 ii) >85.5 vol % Cr 7C3 PCT/PS2084/015558
vol % Cr - depl eted al |l oy bi nder
(13.2Si:9.4Cr:8.9Fe: 68.5N in wt% . [0051] Figure 4
is a SEMimge of the cernet, after heating in air
according to this exanpl €, diherein the bar represents
10m In this imge the chrom um carbide phase appears

NN e bi nder phase appears dark. This figure

1) ﬁ%&é’o@&%@% 304SS and > 95 vol % chronme car bi des

ii) afd s be%sglg@%_at ive short- term exposure to-high.
tenperature. The netal conposition has becone depl eted

iii) <6 ¢dl% @redepietat alivy thiedez(y 3 @8¢ Vet BYRelE8. SNam wit®).
toughness of the cernet. EXAMPLE 7 [0052] Each of the
cernets of Exanples 1 to 4 was subjected to a hot

[0051dsi driguentlisad SEM iimage ef the( ¢dEAE) afindheatsng ouamid atcording to
have an erosion rate of less than_ 1.0x10-6 cc/gram

thisexareplsd athereimtibe paorepiescatseiyioy da thisdmpgeftbe r:gmuun)

A. speci men cer di of. about 35 mm di ter .and
carbigh Rirase ATRSATE ek TRh< eingRBhass) ADRar S 1T LgHE
; ; : S et . "
n QU2 2l SRS 5513505 050 4GS POl shon
terfePéAPod8re tothigRh temb¥@sure. Nt AP ebmplobiticeidstbdtdthd depleted
heated air exiting froma tube with a 0.5 inch
in chiramdtmrcomtatitrtterby decreakinfzr thenfravturedoyghness odithaogyinget.
of 45. The velocity of the S C was 45.7 nmisec. 3)
Step (2) was conducted for 7 hrs at 732C. 4) After 7
EXANIPI AR/ speci mnen was al | owed to cool to anbient
tenperature and weighed to determ ne the wei ght |o0ss.
05& The erosion of a specinen of a comercially )
[00523i | disick af 4he gbtmaets 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



refractory was determ ned and used as a Reference
Standard. The Reference Standard erosion was given a
w 2004200250 | and the results for the cermet speRPCTERNOWDSSSS

2004/ 104250 PCT/ US2004/ 015558 -14 are conpared in

Table 2 to the Reference Standard. In Table 2 any

val ue greater than 1 reprbfents an i nprovement over

the Reference Standard. Tabl® 2 Cernmet Starti ng Fi ni sh
Wei ght Bul k Erodant Erosion | nprovenent {Exanpl e}

arel§ 0l Hb1d 285 BRIl Bl FEAS T HENRE T S8 greater

tha%h51 @@&eﬁts@&? ﬁn%ro%ﬁle%t B¢&"he RetéRbe BidndhrgN O { 11
L 30 23.6681 21.0301 2.6380 7.360 5.34E+5

6. 7121E-7 1.6 N C {2} Cr23C6 L 23.5976 21. 6016
1.9960 7.350 5.04E+5 5.3884572 1.9 30 NNC 131 Cr3C2
L 15 19.6071 17.6609 1.9462 7.090 5. 04E+5 5.4464E-7

Qerthet N Gtarlifly EXRMNMBLE WeiplO53BulkachE@adthe B&idiet Smprbvement

(Bxe@pB] eswhidhp 4weast sumogct eDehstlyad CQEY OSi Ofkc/gh est[(l\anﬁhhzed
found to have a ¢orrosigh raterckess than about erosion)”']

Cralcquﬂd) 13,6977 CD660 NS 60RT OCESHY € EUENBE] 3Ve6E-RS 1.4
Nidofihows: 1) A specimen cernmet of about 10 nm square

CrARd. aboul ebs MK Wasso POt dsthed 3. mEB80 @rikie-7li anong

Nidd phsh and cl eaned in acetone. 2) The specimen was

Cr2t3|@%'1 expaseds t @108 calgbn ajsseat SHME4sN 5.3882E-7 1.9
3o NG pgravi metric analyzer (TGA). 3) Step (2) was

crfonduct ad.cber  69.6803r S.93k2 800690 5.04E+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 um, representing superior corrosion resistance.



4) After 65 hours the specinen was allowed to cool to

anbi ent tenperature. 5) Thickness of oxide scal e was
waledenoi2aed by cross sectional mcroscopy exaP@TiEHS10041015558

of the corrosion surface. 6) Al the thickness of

oxi de scale fornmed on speci nen surface was | ess than

1 m representing superior .corrosion resistance. WO

2004/ 104250 PCT/ US2004/ 015388 -15- CLAIMS: 1. A

cernmet conposition conprising: (a) about 50 vol %to
CL%Z&;% 95 vol % based on the total volume of the

t conposition, of a ceram c phase, wherein the

ceramc phase bei ng a chrom um carbi de selected from

the gro Cr7C3, Gr3C2 and

m xtgr e‘ési%te reo §%88{16&§)§b%r%er phase sel ected from

t he group conS|st|ng of (i) alloys containing, based

on t

aboutS AN o Bods 3, R basdboN oo (il (gfub of the
cerbit EOmPOSition, f %%&hﬁc%a@é Gﬁl@é}élrﬁﬂale%fe&ﬂld‘ preseténg a

group consisting A, WMnh, Ti and m xtures thereof;
chramﬂul(nqa;rbldblsemt&cbﬁmw nhe rEgoah consigH of 9 Ce, Ghybist CBE >

wt % Fe; Lgbout 25 W% to about 97.99 wt % N, about

andmx%qe@ g6ef: 38dwt % Cr; and up to about -5 wt % of an

el ement sel ect ed fromthe gr oup consisting of A, Si,

Mh, Ti nd mxture greof The co 05| i on of

cl ai )12 iDhaggge B‘Ftﬁ é‘i‘om§h? PHOUPLOMFRENESMposi ti on

of claim2 wherein the chromumcarbide is Cr23C6. 4.

Igrebicgrrag sl igﬁ(g?ntalﬁ{nagl, g]aszedm@n %I fota r\]/\(/eelgﬁ{ otmhe alloy, 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 Al, Si, Mn, Ti and

mixtures thereof; and

(i1) alloys containing about 0.01 wt% to about 35 wt% Fe; about
25 wt% to about 97.99 wt% Ni, about 2wt% 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,
2. The composition of claim 1 wherein the binder is (1).

3. The composition of claim 2 wherein the chromium carbide is

CI'23C6.
4. The composition of claim 2 wherein the chromium carbide is Cr;Cs.

5. The composition of claim 2 wherein the chromium carbide is a

mixture of Cr3C, and Cr;Cs.

6. The composition of claim 2 wherein the chromium carbide is Cr3C; .



5. The conposition of claim2 wherein the chrom um
carbide is a mxture of C&r3C2 and Cr7C3. 6. The

W@ ovpoesi2sdt on of claim2 wherein the chrom um ceehUS®04/615558
Cr3C2 . WD 2004/ 104250 PCT/ US2004/015558 -16 7. The
conposition of claim1 wherein the binder is (ii). 8.
The cernmet conpositions as in any one of the preceding
claims having a long ter mlfi-crostructural stabili ty
| asting at |east 25 years when exposed at
tenperatures up to 1000C. 9. A nethod for protecting a
metal surface exposed to an erosive _naterial_at
t enpér at e eemipesttioa olzpiyjen biwlzgein the besdre is (e net hod
conprising providing the netal surface with a cernet
conposition according to clains 1-7. 10. The nethod of

cl ai | 0 <3 leSSISthE R d dURSS cla;
ur t Soor B Cortpft EhEosHE IR PEecsiE claims
having a long term microstructural stability lasting at least 25 years when

exposed at temperatures up to 1000°C.

9. 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 comprising

providing the metal surface with a cermet composition according to claims 1-7.

10. The method of claim 9 wherein said surface comprises the inner

surface of a fluid-solids separation cyclone.



