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Field of the Invention The present invention relates to a n# &é&g;? .
pfoduci ng an atonized powder of chrom um car bi de particles dyﬁﬁéﬁgpg in a
ni ckel chroMtﬂﬁjgggqg. Background of the Invention Atom zation technol ogy
I's the breakup of @ Tiquid into small droplets, usually in a high-speed jet
of film The production of high-quality powders, such as alumi num brass,
ni ckel alloys, cobalt alloys, wear resigtﬁng steel, and the |ike have been

produced usi ng

A METHOD FOR PRODUCING A CHROMIUM
CARBIDE-NICKEL CHROMIUM ATOMIZED POWDER

Field of the Invention
The present invention relates to a method for

producing an atomized powder of chromium carbide
particles dispersed in a nickel chromium matrix.

Background of the Invention
Atomization technology is the breakup of a liquid

into small droplets, usually in a high-speed jet or
film. The production of high-quality powders, such as
aluminum, brass, nickel alloys, cobalt alloys, wear
resistant steel, ang the like have been produced using
the atomization technology. As simply defined,
atomization is the breakup of a liquid to form

droplets, typically smaller than about 150um. The
breakup of a liquid stream brought about by the
impingement of high-pressure jets of water or gas is
referred to as water or gas atomization, respectively.
The use of centrifugal force to break up a liquid
stream is known as centrifugal atomization; the use of
vacuum is known as vacuum atomization and the use of
ultrasonic energy to effect breakup of a liquid stream
is referred to as ultrasonic atomization. By
regulating the parameters of the atomization process,
the particle size, particle size distribution,
particle shape, chemical composition and
microstructure of the particles can be varied.
Conventional water and gas atomization processes
presently account for the bulk of atomized metal
powders. Water-atomized powders generally are quite
irregular in shape and have relatively high surface

i =




the atom zation technology. As sinply defined, atom zation is the breakup
of aliquidto formdroplets, typically smaller than about 150[err]m The
bteakup of a liquid stream brought about by the inpingenent of

hi gh- pressure kﬁ&%a%% water or gas is referred to as water or gas

atom zation, respectively. The use of centrifugal force to break up a

| fquid streamis known as centrifugal atomi zation; the use of vacuumis
known as vacuum atomi zation and the use_of ultrasonic energy to effect
breakup of a liquid streamis referred To“as ultrasonic atom zation. By
regul ating the paranmeters of the atom zation process, the particle size,

particle size @x¥genbdbheBnts. Gas-atomized powders, on the other
hand, generally are more spherical or rounded in shape
and, if atomized by an inert gas, generally have lower
oxygen (oxide) contents. The major components of a
typical atomization installation include a melting
facility, an atomizing chamber, and powder drying (for
water atomization) equipment. Melting of metals
follows standard procedures. Air, inert gas and
vacuum induction melting, arc melting, and fuel
heating are suitable procedures. .

The molten metal can be poured into a tundish,
which is essentially a reservoir that supplies a
uniform and controlled flow of molten metal to the
tundish nozzle. The nozzle, which can be located at
the base of the tundish, controls the shape and size
of the metal stream and directs it through an
atomizing nozzle system in which the metal stream is
disintegrated into fine droplets by the high-velpcity
atomizing medium. Liquid droplets cool and solidify
as they settle to the bottom of the atomization tank.
This tank may be purged with an inert gas to minimize
or prevent oxidation of the powder. 1In gas
atomization, the powder may be collected as dry
particles or cooled with water at the bottom of a
tank. 1In dry collection, the atomization tank could
be tall to ensure solidification of the powder
particles before they reach the bottom of the
collection chamber. Horizontal gas atomization using
long horizontal tanks could also be used.

There are various types of gas and water nozzles
known in the art to control the parameters of the
atomization process to produce a desired powder
product.
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particle shape, chem cal conposition and mcrostructure of the particles
can be varied. Conventional water and gas atom zation processes presently
atcount for the bul k of atom zed netal powders. Water-atom zed powders
generally are dqr2@30@3regul ar in shape and have rel atively high surface
REPLACEMENT SHEET oxygen contents. Gas-atom zed powders, on the other
hand, generally are nore spherical or rounded in shape and, if atom zed by

an inert gas, generally have | ower -3 -

It is disclosed in the art that typical metal
flow rates through single orifice nozzles could range
from about 10 to 200 lb/min; typical water flow rates
fange from 30 to 100 gal/min at water velocities .
ranging from 230 to 750 ft/s and pressures from 800 to
3000 psi. Typical gas flow rates range from 40 to
1500 scfm at gas pressures in the range of 50 to 1200
psi. Gas velocities depend on nozzle design and may
range from 60 ft/s to supersonic velocities. The
temperature differential between the melting point of
the metal and the temperature at which the molten
metal is atomized {superheat of the molten metal) is
generally about 75 to 300°C (135 to 572°F). There are
many other variations to tﬁe atomization process known
in the art to produce powder products.

United States Patent No. 5,126,104 discloses a
method for preparing an intimate mixture of powders of
nickel-chromium-boron-silicon alloy, molybdenum metal
powder, and Cr,C,/NiCr alloy suitable for thermal spray
coatings which comprises milling a starting mixture of
the above two alloys with molybdenum powder to produce
a milled mixture wherein the average particle size is
less than about 10 micrometers in diameter, forming an
aqueous slurry of the resulting milled mixture and a
binder which can be an ammoniacal molybdate compound
or polyvinyl alcohol, and agglomerating the milled
mixture and binder. The intimate mixture and binder
may be sintered in-a reducing atmosphere at a
temperature of about 800°C to 950°C for a sufficient
time to form a sintered, partially alloyed mixture
wherein the bulk density is greater than about 1.2
g/cc. The resulting sintered mixture may be entrained
in an inert carrier gas, passed into a plasma flame
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oxygen (@i de) contents. The major conponents of a typical atom zation
i nstall atdon include a nelting facility, an atom zi ng chanber, and powder
dgrying (for water atom zation) equi pnent. Melting of nmetals foll ows
standard procegu?gﬁ 3Air, inert gas and vacuuminduction nelting, arc
mel ting, and fue eatlng are suitable procedures. The nolten netal can be
poured into a tundish, which is essentially a reservoir that supplies a
uni form and controlled flow of molten etal. to the tundi sh nozzle. The
nozzl e, which can be |ocated at the base of the tundish, controls the shape
and size of the netal streamand directs it through an

wherein the plasma gas can be argon or a mixture of

argon and hydrogen, and maintained in the plasma flame
for a sufficient time to melt essentially all of the
powder particles of the sintered mixture to form
spherical particles of the melted portion and to
further alloy the sintered mixture, and cooled.

United States Patent No. 3,846,084 discloses a
composite powder for use in producing articles or
coatings having unique wear and frictional .
characteristics consisting essentially of a chromium
matrix with at least one chromium carbide taken from
the class of carbides consisting of Cr,,C;; Cr,C,; and
Cr,C, and each particle containing from about 0.2 wt.
percent to about 5.? wt. percent carbon.

United States No. 4,725,508 discloses the use of
chromium carbide (Cr,C,} powder for use in thermal
spray processes. Many of the chromium carbide powders
are produced using the sintering techniques known in
the prior art.

Although the atomization process has been known
since 1945, it was not appreciated that this process
could be used to produce a powder that contained a
large volume fraction of chromium carbide phases.

It is an object of this invention to produce an
atomized powder of chromium carbide particles
dispersed in a nickel chromium matrix.

It is another object of this invention to produce
powders using low cost raw materials and minimum
process steps.

It is another object of the invention to produce
an atomized powder of chromium carbide particles
dispersed in a nickel chromium matrix in which the
chromium is in an amount in weight percent of the
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atom zing nozzle systemin which the netal streamis disintegrated into
fine droplets by the high-velocity atom zing nmedium Liquid droplets cool
and solidify as they settle to the bottomof the atom zation tank. This
tank may be puggg§3§%th an inert gas to mnimze or prevent oxidation of

t he powder. In”g om zation, the powder may be collected as dry
particles or cooled with water at the bottomof a tank. In dry collection,
the atom zation tank could be tall to ensyre solidification of the powder
particles before they reach the bottom of”the coll ection chanber

Hori zontal gas atom zation using |ong horizontal tanks could al so be used.

powder from 55 to 91; the nickel in an amount in
weight percent of 5 to 40 of the powder; and carbon in
an amount in weight percent of 1 to 10 of the powder.

Description of the Invention

The invention relates to a method for producing
an atomized powdér of chromium carbide particle
dispersed in a nickel chromium matrix, comprising the
steps of melting chromium, carbon and nickel to form a
liquid stream and then impinging a high pressure
atomizing fluid selected from the group consisting of
gas, liquid, and mixtures thereof to break up the
liquid stream into droplets and then solidifying the
droplets to form an‘atomized powder of chromium
carbide particles dispersed in a metallic nickel
chromium matrix.

The novel method of this invention'recognizes
that the physical ability to melt chromium, nickel and
carbon can be used to produce chromium carbide -
nickel chromium powder that contains a large volume
fraction of chromium carbide phases, by gas or water
atomization. Another novel aspect is the ability to
control the type of chromium carbide (Cr,C, and Cr,,C,),
amount (volume percentage), and size of the chromium
carbide grains dispersed in the nickel chromium matrix
by varying the chromium and carbon content. Also to
be considered is the ratio of nickel to chromium in
the metal matrix. By adjusting the amount of chromium
higher and lowering the amount of nickel, a harder,
more corrosion resistant and wear resistant binder
phase is created.

The high weight percentage of chromium (55 wt% or
greater) in the overall composition of an atomized
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There are‘varlous types of gas and water nozzles known in the art to

control th& paraneters of the atomi zation process to produce a desired
pbwder product. - 3 -1t is disclosed in the art that typical nmetal flow
rates through ®-2@B3@30rifice nozzles could range fromabout 10 to 200

| b/ mn; typical water flow rates range from30 to 100 gal/m n at water
velocities ranging from 230 to 750 ft/s and pressures from 800 to

-6 -

powder made from a molten state using atomization is
unique and novel. Additionally, the high chromium
content and the presence of carbon result in a high
volume percentage of fine (submicron to micron)
chromium carbide phases, which are also unique and
novel for an atomized powder. Preferably, the
atomized powder particles are substantially spherical
in shape.

In one embodiment of the invention at least two
constituents from the group consisting of chromium
carbide compounds, nickel chromium alloy, chromium,
nickel and carbon are melted to produce a liquid
stream. Preferably, the liquid stream should be
heated between 1300°C to 1900°C; more preferably
heated between 1500°C to 1800°C; and most preferably
heated between 1650°C to 1750°C. Preferably, the
atomized powder of this invention should have a volume
fraction of chromium carbide phase of greater than
0.25. More preferably, the volume fraction of the
chromium carbide phase should be 0.5 or greater and
preferably about 0.7.

When using the water atomization process, the
pressure of the atomizing water could preferably be
between 600 and 5000 psi. When using the gas
atomization process, the pressure of the atomizing gas
could be between 50 and 1200 psi. The pressure of the
atomized fluid should be sufficient to break up the
liquid stream into droplets having a diameter between
1 and 300 micrometers.

The components comprising the liquid stream
should be sufficient to provide a powder with a
chromium content of at least 55 weight percent of the
powder and sufficient carbon to insure that the powder
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3000 psi. Typical gas flow rates range from40 to 1500 scfm at gas
pressures in the range of 50 to 1200 psi. Gas velocities depend on nozzle
design and may range from 60 ft/s to supersonic velocities. The tenperature
differenti al bErR@gﬁ3the mel ting point of the metal and the tenperature at
which the nolten netal is atom zed (superheat of the nolten netal) is
génerally about 75 to 300[err]C (135 to 572[err]F). There are many other-
variations to the atom zation process knolurin the art ‘to produce powder
products. United States Patent No. 5,126,104 discloses a nethod for

PR g o e nEpalath b voluRe "B S fdn B e THARSR 23BTaR! ' oo
phase in excess of 0.25. Preferably, the powder could
contain Cr,C,, Cr,,C, and mixtures thereof. Preferably,
the volume fraction of the chromium carbide grains
dispersed in the nickel chromium matrix could be 0.25
or greater and more preferably between 0.35 and 0.80.
Preferably, the size of the chromium carbide grains
could be between 1 and 20 micrometers, more preferably
between 2 and 10 micrometers in its largest
dimensions. The size and volume fraction of the
chromium carbide grains can be adjusted by varying the
chromium and carbon content. Preferably, the ratio of

"nickel to chromium in the atomized powder can be
between 0.30 to 0.70 by weight in the metallic matrix.
As stated above, thé amount of the chromium in the
metallic matrix can be increased and the amount of
nickel can be lowered to make a powder that can be
used to produce a harder, more corrosion resistant and
wear resistant coating. The powders of the invention
can be used to produce thermally deposited coatings
and overlays and welding overlays for use in various
applications using high velocity oxy-fuel, plasma,
and/or detonation-gun.

The atomized powder, produced by the method of
this invention would be comprised of chromium carbide
particles dispersed in a nickel-chromium matrix,
containing chromium in an amount in weight percent of
the powder from 55 to 92, preferably 70 to 90 wt%;
nickel in an amount in weight percent of 5 to 40,
preferably 5 to 28 wt% of the powder; and carbon in an
amount in weight percent of 1 to 10, preferably 2 to 6
wt® of the powder.
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powder, and Cr[err](err]/NiCr alloy suitable for thermal spray coatings
which conprises mlling a starting mxture of the above two alloys with
mbl ybdenum powder to produce a nilled mxture wherein the average particle
size is less tPn203%ut 10 microneters in diameter, form ng an aqueous
slurry of the resulting milled mxture and a binder which can be an

afmoni acal nol ybdat e conpound or pol yvi nyl al cohol, and aggl onerating the
mlled mxture and binder. The intinmate-n8x+ure and bi nder nay be sintered
in a reducing atnosphere at a tenperature of about 800[err]C to 950[err]C

for a sufficient t| to form tered,, partia | | oyed m xture wherein
the bul k density is éﬁpgraPﬂgﬁ Ebﬁ?sﬂ Pt Be beneficial to

add at least one element selected from the group
consisting of boron (B), silicon (Si), manganese (Mn),
phosphorus (P), or the like as a melting point
suppressant or flux for the liquid streams. Generally
an amount of the addition would be less than 5 weight
percent of the powder and preferably between 0.03 and
2.0 weight percent.

Description of the Drawings’

Figure 1 - Shows a photomicrograph at 500X
magnification of chromium carbide nickel chromium
powder atomized particles produced according to this
invention (Example 1) containing large carbide grains
{Cr,C; and Cr,,C;) resulting from a medium carbon and
medium chromium level.

Figure 2 - Shows a photomicrograph at 200X
magnification of atomized chromium carbide nickel
chromium powder particles produced according to the
invention (Example 2) containing large carbide grains
(Cr,C;) resulting from a high carbon and high chromium
level.

Figure 3 - Shows a photomicrograph at 500X
magnification of atomized chromium carbide nickel
chromium powder particles containing small carbide
grains {(Cr,,C;) resulting from a low carbon and low
chromium level (Example 3).

Figure 4 - Shows a photomicrograph at 200X
magnification of chromium carbide nickel electron
powder particles similar to Figure 1, with large
carbide grains (Cr,C; and Cr,,C,) resulting from a medium
carbon and medium chromium level (Example 4).
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g/ cc.

gas,

The resulting sintered m xture may be entrained in an inert carrier
passed into a plasma fl ane -4- wherein the plasnma gas can be argon

of a mixture of argon and hydrogen, and naintained in the plasnma flane for
a sufficient tibm2@303elt essentially all of the powder particles of the
sintered m xture to form spherical particles of the nelted portion and to
farther alloy the sintered m xture, and cooled. United States Patent No.

3, 846, 084 di scl oses a -9 -

. Example 1
A mixture of 27 wt$ chromium carbide and 73 wt$

of nickel chromium in the mixture was heated to about
1700°C to produce a liquid stream. An atomizing fluid
of argon gas at a pressure of 800 psi was used to
break up the liquid stream into droplets and then the
droplets solidified to form an atomized powder. The
powder had a composition of about 75.5 wt$%$ Cr, 21 wt$
Ni and about 3.5 wt% C (See Figure 1).

Example 2

A mixture of 32 wt% chromium carbide and 68 wt$%
of nickel chromium in the mixture was heated to about
1700°C to produce a liquid stream. An atomizing fluid
of argon gas at a pressure of 800 psi was used to
break up the liquid étream into droplets and then the
droplets solidified to form an atomized powder. The
powder had a composition of about 88 wt% Cr, about 8
wt3 Ni and about 4 wt% C (See Figure 2).

Example 3
A mixture of 60 wt% chromium, 38.3 wt% of nickel

and 1.7 wt% carbon in the mixture was heated to about
1700°C to produce a liquid stream. An atomizing fluid
of argon gas at a pressure of 800 psi was used to
break up the liquid stream into droplets and then the
droplets solidified to fo}m an atomized powder. The
powder had a composition of 60 wt$ Cr, 38.3 wt% Ni and
1.7 wt% C (See Figure 3).

Example 4

A mixture of 11.5 wt$ chromium carbide, 65.5 wt $
Cr, 21 wt% of nickel and 2 wt% carbon in the mixture
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conpositeﬁbombér for use in producing articles or coatings having unique
wear and fr4ctional characteristics consisting essentially of a chrom um
matrix with at | east one chrom um carbide taken fromthe class of carbides

consi sting of O~RoeBoOBClerr]; Clerr]Cerr]; and Cr[err]Cerr] and each
particle containing fromabout 0.2 wt. percent to about 5.4 wt. percent
carbon. United States No. 4,725,508 discloses the use of chrom um carbi de

(Cr[err](err]) powder for use in thermaljpospray processes. Many of the
chrom um car bi de powders are produced using the sintering techni ques known

inthe prior art. Al though the atom zation process has been known
was heated to about 1700°C to produce a liquid stream.

An atomizing fluid of argon gas at a pressure of 800
psi was used to break up the liquid stream into
droplets and then the droplets solidified to form an
atomized powder. The powder had a composition of
about 75.5 wt% Cr, 21 wt% Ni and about 3.5 wt% C (See
Figure 4).

Preferred atomized powder produced using the
method of this invention would be as follows:

Powders
cc | N | ¢ T B | si
Weight percent of the powder
1. 60 * 35 5 - -
2. 60 36 4 - -
3. 60 37.5 2,5 - -
4, 60 38.3 1.7 - -
5. 63 34.4 2.6 - -
6. 58 39.7 2.3 - -
7. 73 23.8 3.2 - -
8. 78 18.45 3.5 0.05 -
9. 83 | 13.2 3.8 - -
10. 75 19.95 5 0.05 -
11. 75.5 21 3.5 - -
12. 75 23.3 1.7 - -
13. 82 12.7 5.3 - -
14. 86.5 8 5.5 - -
15. 88 7.9 4 0.1 -
16. 88 10 2 - -
17. 88 8 4 - -
18. 82 11.5 5.5 - 1
19. 75 20.5 3.5 1 -
20. 82 12.5 5 0.5 -
21. 87 8 4 1 -
This Sheet Has Been Replaced
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since 1945, it was not appreciated that this process could be used to
produce a powder that contained a | arge volune fraction of chrom um car bi de
phases. It is an object of this invention to produce an atom zed powder of
chroniunlcarM(kﬁiﬁépgcles di spersed in a nickel chromummatrix. It is
anot her object of this invention to produce powders using | ow cost raw

mht eri al s and m ni num process steps. It is another object of the invention
to produce an atom zed powder of chromiﬂanIbide particles dispersed in a
ni ckel chromummatrix in which the chromumis in an anount in weight
percent of the

While the invention has been described above in
detail with reference to specific embodiments, various
changes and modifications which fall within the spirit
of the invention and scope of the appended claims will
become apparent to those skilled in this art. The
invention is therefore only intended to be limited by
the appended claims or their equivalents.
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- 5- pomde& fron155 to 91; the nickel in an amount in weight percent of 5 to
40 of the powder; and carbon-in an anmobunt in weight percent of 1 to 10 of

t he powder. EES%T?Q%Q%n of the Invention The invention relates to a nethod

for producing an atom zed powder of chrom um carbide particle dispersed in

a nickel chromummatrix, conprising the steps of nelting chrom um carbon

ahd nickel to forma |liquid stream and th&a T npi ngi ng a high pressure

What is claimed:

1. A method for producing an atomized powder of
chromium carbide particles dispersed in a nickel
chromium matrix, comprising the steps of melting
chromium, carbon and nickel to form a liquid stream and
then impinging a high pressure atomizing fluid selected
from the group consisting of gas, liquid, and mixtures
thereof to break up the liquid stream into droplets and
then solidifying the droplets to form an atomized
powder of chromium carbide particles dispersed in a
metal nickel chromium matrix.

2. The method of claim 1 wherein the liquid
stream is produced using at least two constituents from
the group consistiﬁg of chromium carbide compound,
nickel chromium alloy, chromium, nickel, and carbon.

3. The method of claim 1 wherein the atomized
powder of chromium carbide particles dispersed in a
nickel chromium matrix contains chromium in an amount
in weight percent of the powder from 55 to 92; nickel
in an amount in weight percent of 5 to 40 of the
powder; and carbon in an amount in weight percent of 1
to 10 of the powder.

4. The method of claim 1 wherein the chromium
carbide particles comprising a carbide selected from

the group of Cr,C,, Cr,,C; and mixtures thereof.

5. The method of claim 1 wherein the ratio of
nickel to chromium in a metallic matrix in the atomized

R YT
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powder is from 0.30 to 0.70.




atom zing fluid selected fromthe group consisting of gas, liquid, and

m xtures thereof to break up the liquid streaminto droplets and then
solidifying theDd20pP2ts to forman atonm zed powder of chrom um carbi de
particles dispersed in a netallic nickel chromummatrix. The novel nethod
of this invention recognizes that the physical ability to nmelt chrom um
nrckel and carbon can be used to produce tBrem um carbide - nickel chrom um
powder that contains a |large volunme fraction of chrom um carbi de phases, by
gas or water atom zation. Another novel aspect is the ability to control

the type of chromumcarbide (Cr[err]Cferr] and Cr[err](err]),
6. The method of claim 1 wherein the atomlzed

powder produced is selected from the group consisting
of about 88 wt% chromium, about 8 wt% nickel and about
4 wt% carbon; and about 75.5 wt?® chromium, about 21 wt$
nickel and about 3.5 wt% carbon.

7. The method of claim 1 wherein the atomized
powder contains less than 5 weight percent of at least
one element selected from the group consisting of
boron, silicon, manganese and phosphorus.

8. The method of claim 1 wherein the following
step is added:
thermally depositing the atomized powder onto
a substrate to produce an adherent coating on the
substrate.

9. An atomized powder of chromium carbide
particles dispersed in a nickel chromium matrix
contains chromium in an amount in weight percent of the
powder from 55 to 92; nickel in an amount in weight
percent of 5 to 40 of the powder; and carbon in an
amount in weight percent of 1 to 10 of the powder.

10. The atomized powder of claim 9 wherein the
atomized powder is selected from the group consisting
of about 88 wt% chromium, about 8 wt% nickel and about
4 wt% carbon; and about 75.5 wt% chromium, about 21 wt$%

| T T
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amount (v@l ume percentage), and size of the chromi um carbide grains

di spersed “-n the nickel chromummatrix by varying the chrom um and carbon
content. Also to be considered is the ratio of nickel to chromumin the
metal matri x. By-zeBesti ng the anmount of chrom um hi gher and | owering the
anount of nickel, a harder, nore corrosion resistant and wear resistant

bt nder phase is created. The high weight percentage of chrom um (55 wt % or
greater) in the overall conposition of amgtom zed

A METHOD FOR PRODUCING A CHROMIUM
CARBIDE~NICKEL CHROMIUM ATOMIZED POWDER

Abstract
A method for producing an atomized powder of
chromium carbide particles dispersed in a nickel
chromium matrix in which chromium in the powder is
from 55 to 92 weight percent of the powder.
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- 6 - powder made froma nolten state using atom ation is unique and
novel . Additionally, the high chrom um content and the presence of carbon
result in a high volune percentage of fine (submcron to mcron) chrom um
car bi de phases, which are al so uni que and novel for an atom zed powder.
Preferably, the atom zed powder particles are substantially spherical in
shape. In one enbodi nent of the invention at |east two constituents from
t he group consi sting of chrom um carbi de conpounds, nickel chrom um all oy,
chrom um nickel and carbon are nelted to produce a liquid
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stream Preferably, the liquid stream should be heated between 1300[err]C
to 1900[err]C, nore preferably heated between 1500[err]C to 1800[err]C, and
nost preferably heated between 165[err]C to 1750[err]C. Preferably, the
atom zed powder of this invention should have a volune fraction of chrom um
carbi de phase of greater than 0.25. Mre preferably, the volunme fraction of
t he chrom um car bi de phase should be 0.5 or greater and preferably about
0.7. Wen using the water atom zation process, the pressure of the

atom zing water could preferably be between 600 and 5000 psi. Wen using
the gas atom zation process, the pressure of the atom zi ng gas

—_—
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coul d be between 50 and 1200 psi. The pressure of the atom zed fluid should
be sufficient to break up the liquid streaminto droplets having a di aneter
between 1 and 300 microneters. The components conprising the liquid stream
shoul d be sufficient to provide a powder with a chrom um content of at

| east 55 wei ght percent of the powder and sufficient carbon to insure that
t he powder -7 - will contain a volune fraction of the chrom car bi de

-
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phase in &xcess of 0.25. Preferably, the powder could contain
Crlerr]Certr], Clerr]Cerr] and m xtures thereof. Preferably, the vol une
fraction of the chrom um carbi de grains dispersed in the nickel chrom um
matrix could be 0.25 or greater and nore preferably between 0.35 and 0. 80.
Preferably, the size of the chrom um carbide grains could be between 1 and
20 mcroneters, nore preferably between 2 and 10 mcroneters in its |argest
di rensions. The size and volune fraction of the chrom um carbi de grains can
be adjusted by varying the chrom um and carbon content. Preferably, the
ratio of nickel to chromumin the atom zed powder can be between 0.30 to
0.70 by weight in the netallic matrix.
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As étated above, the amount of the chromumin the netallic matrix
Lncreased and t he anount of nickel can be lowered to ma

0_make.a-peweer
be'used to produce a harder, nore corrosion resiéf? ‘gﬁquﬁaﬁﬁmﬁk
coating. The powders of the invention can be use
deposited coatings and overlays and wel di ng over liay
applications using high velocity oxy-fuel, plasna
The atom zed powder, produced by the-matkod of this
conpri sed of chrom um carbide particles dlspersed in a nicke
containing chrom um.in an_anmount in we
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A METHOD FOR PRODUCING A H
CARBIDE-NICKEL CHROMIUM ATOMIZED POWDER

Field of the Invention

The present invention relates to a methoed for
producing an atomized powder of chromium carbide
particles dispersed in a nickel chromium matrix.

Background of the Invention

Atomization technology is the breakup of a llquld
into small droplets, usually in a high-speed jet or
film. The production of high—-quality powders, such as
aluminum, brass, nickel alloys, cobalt alloys, wear
resistant steel, anq the like have been produced using
the atomization technology. As simply defined,
atomization is the breakup of a liquid to form

droplets, typically smaller than about 150pm. The
breakup of a liquid stream brought about by the
impingement of high-pressure jets of water or gas is
referred to as water or gas atomization, respectively.
The use of centrifugal force to break up a liquid
stream is known as centrifugal atomization} the use of
vacuum is known as vacuum atomization and the use of
ultrasonic energy to effect breakup of a liquid stream
is referred to as ultrasonic atomization. By
regulating the parameters of the atomization process,
the particle size, particle size distribution,
particle shape, chemical composition and
microstructure of the particles can be varied.
Conventional water and gas atomization processes
presently account for the bulk of atomized metal
powders. Water-atomized powders generally are quite
irregular in shape and have relatively high surface
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the powder from55 to 92, preferably 70 to 90 wt% nickel in an amount in
wei ght “percent of 5 to 40, preferably 5 to 28 wt % of the powder; and carbon
in‘an anount in weight percent of 1 to 10, preferably 2 go~6-w%-of.-the..
powder . - 8-.In sone applications, it would be bene ijcREFLACEMENT SHEET
| east one el ement selected fromthe group consisting of jboreA~B)—skti-gon
(Si), manganese (M), phosphorus (P), or the like as a nel ipg %%h”ﬁ@g
-2 - AL RN

oxygen contents. Gas-atomized powders, on! he--other

hand, generally are more spherical or rounded in shape
and, if atomized by an inert gas, generally have lower
oxygen (oxide) contents. The major components of a
typical atomization installation include a melting
facility, an atomizing chamber, and powder drying {(for
water atomization) equipment. Melting of metals
follows standard procedures. Air, inert gas and
vacuum induction melting, arc melting, and fuel
heating are suitable procedures.

The molten metal can be poured into a tundish,
which is essentially a reservoir that supplies a
"uniform and controlled flow of molten metal to the
tundish nozzle. The nozzle, which can be located at
the base of the tundish, controls the shape and size
of the metal stream and directs it through an
atomizing nozzle system in which the metal stream is
disintegrated into fine droplets by the high-velocity
atomizing medium. Liquid droplets cool and solidify
as they settle to the bottom of the atomization tank.
This tank may be purged with an inert gas to minimize
or prevent oxidation of the powder. In gas
atomization, the powder may be collected as dry
particles or cooled with water at the bottom of a
tank. In dry collection, the atomization tank could
be tall to ensure solidification of the powder
particles before they reach the bottom of the
collection chamber. Horizontal gas atomization using
long horizontal tanks could also be used.

There are various types of gas and water nozzles
known in the art to control the parameters of the
atomization process to produce a desired powder
product.



suppressant or flux for the liquid streans. Generally an anmount of the
addi tivon woul d be less than 5 wei ght percent of the powder and preferably
Drawi-ngs_Ei.gure

between 0.03 and 2.0 wei ght percent. Description of thg

1

Shows a phot om crograph at 500X magni fication of chrom
chrom um powder atom zed particles produced according |

Crlerr]derr]) resulting froma nedi tm3arbon and nedi pm
Figure 2 - Shows a photonm crograph at 200X magnificatipn
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chrom um carbi de f§l Gkely;sc1osed in the art that typicall metal

flow rates through single orifice nozzles could range
from about 10 to 200 lb/min; typical water flow rates
range from 30 to 100 gal/min at water velocities
ranging from 230 to 750 ft/s and pressures from 800 to
3000 psi. Typical gas flow rates range from 40 to
1500 scfm at gas pressures in the range of 50 to 1200
psi. Gas velocities depend on nozzle design and may
range from 60 ft/s to supersonic velocities. The
temperature differential between the melting point of
the metal and the temperature at which the molten
metal is atomized (superheat of the molten metal) is
generally about 75 to 300°C (135 to 572°F). There are
many other variations to the atomization process known
in the art to produce powder products.

United States Patent No. 5,126,104 discloses a
method for preparing an intimate mixture of powders of
nickel-chromium-boron-silicon alloy, molybdenum metal
powder, and Cr,C,/NiCr alloy suitable for thermal spray
coatings which comprises milling a starting mixture of
the above two alloys with molybdenum powder to produce
a milled mixture wherein the average particle size is
less than about 10 micrometers in diameter, forming an
aqueous slurry of the resulting milled mixture and a
binder which can be an ammoniacal molybdate compound
or polyvinyl alcohol, and agglomeraﬁing the milled
mixture and binder. The intimate mixture and binder
may be sintered in-a reducing atmosphere at a
temperature of about 800°C to 950°C for a sufficient
time to form a sintered, partially alloyed mixture
wherein the bulk density is greater than about 1.2
g/cc. The resulting sintered mixture may be entrained
in an inert carrier gas, passed into a plasma flame



chrom um powder particles produced according to the inventi

on (Example 2)

contarning large carbide grains (CrC3) resulting froma high_carbon and

hi'gh chrom um |l evel. Figure 3 - Shows a phot om crograph
magni fi cati on of atom zed chrom um carbi de nickel chrom
containing small carbide grains (Cr[{err]Cerr]) resultin
and | ow chromum | evel (Exanple 3). Figyre 4 - Shows a p
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argon and hydrogen, and maintained in the plasma flame
for a sufficient time to melt essentially all of the
powder particles of the sintered mixture to form
spherical particles of the melted portion and to
further alloy the sintered mixture, and cooled.

United States Patenthb. 3,846,084 discloses a
composite powder for use in producing articles or
coatings having unique wear and frictional
characteristics consisting essentially of a chromium
matrix with at least one chromium carbide taken from
the class of carbides consisting of Cr,,Cy; Cr,C,; and
Cr,C, and each particle containing from about 0.2 wt.
percent to about 5.4 wt. percent carbon.

United States No. 4,725,508 discloses the use of
chromium carbide (Cr,C,} powder for use in thermal
spray processes. Many of the chromium carbide powders
are produced. using the sintering techniques known in
the prior art.

Although the atomization process has been known
since 1945, it was not appreciated that this process
could be used to produce a powder that contained a
large volume fraction of chromium carbide phases.

It is an object of this invention to produce an
atomized powder of chromium carbide particles
dispersed in a nickel chromium matrix.

It is another object of this invention to produce
powders using low cost raw materials and minimum
process steps.

It is another object of the invention to produce
an atomized powder of chromium carbide particles
dispersed in a nickel chromium matrix in which the
chromium is in an amount in weight percent of the



carbon and medi um chrom um | evel (Exanple 4). 9 Exanple 1 A mixture of

27 Wt % chromni um carbi de and 73 wt % of ni ckel CthﬁiLﬂL&ﬂwPh&ﬂﬂﬁﬂ}i,-
heated to about 1700[err]C to produce a |liquid streanﬁg?ﬂﬁﬁﬁﬁﬁﬁés EﬁE
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of *argon gas at a pressure of 800 psi was used to bria
streaminto droplets and then the droplets solidified
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powder from 55 to 91; the nickel in an amomrt™IH
weight percent of 5 to 40 of the powder; and carbon in
an amount in weight percent of 1 to 10 of the powder.

Description of the Invention

The invention relates to a method for producing
an atomized powder of chromium carbide particle
dispersed in a nickel chromium matrix, comprising the
steps of melting chromium, carbon and nickel to form a
liquid stream and then impinging a high pressure
atomizing fluid selected from the group consisting of
gas, liquid, and mixtures thereof to break up the
liquid stream into droplets and then solidifying the
droplets to form an atomized powder of chromium
carbige particles dispersed in a metallic nickel
chromium matrix.

The novel method of this invention recognizes
that the physical ability to melt chromium, nickel and
carbon can be used to produce chromium carbide -
nickel chromium powder that contains a large volume
fraction of chromium carbide phases, by gas or water
atomization. Another novel aspect is the ability to
control the type of chromium carbide (Cr,C, and Cr,.C,),
amount (volume percentage), and size of the chromium
carbide grains dispersed in the nickel chromium matrix
by varying the chromium and carbon content. Also to
be considered is the ratio of nickel to chromium in
the metal matrix. By adjusting the amount of chromium
higher and lowering the amount of nickel, a harder,
more corrosion resistant and wear resistant binder
phase is created.

The high weight percentage of chromium (55 wt% or
greater) in the overall composition of an atomized



Ni and about 3.5 W% C (See Figure 1). Exanple 2 A mixture of 32 W%

chrom'um car bi de and 68 wt % of nickel chromumin the m xture was heated to

about 1700[err]C to produce a liquid stream An atom zing fluid of argon
gas at a pressure of 800 psi was used to break up the gggm kgt d
droplets and then the droplets solidified to form an atgﬁ?L ET o
powder had a conposition of about 88 wt% Cr, about 8 W% N and a%&%

C (See Figure 2). ExaaneSAm'xturé'éf'GO vvt%chromum 39 Al f
nickel and 1.7 wt% carbon in the m xture was heated to| ahout

omder he

powder made from a molten state using atomigation is

unique and novel. Additionally, the high chromium
content and the presence of carbon result in a high
volume percentage of fine (submicron to micron)
chromium carbide phases, which are alsc unique and
novel for an atomized powder. Preferably, the
atomized powder particles are substantially spherical
in shape.

In one embodiment of the invention at least two
constituents from the group consisting of chromium
carbide compounds, nickel chromium alloy, chromium,
nickel and carbon are melted to produce a liquid
stream. Preferably, the liquid stream should be
heated between 1300°C to 1900°C; more preferably
heated between 1500°C to 1800°C; and most preferably
heated between 1650°C to 1750°C. Preferably, the
atomized powder of this invention should have a volume
fraction of chromium carbide phase of greater than
0.25. More preferably, the volume fraction of the
chromium carbide phase should be 0.5 or greater and
preferably about 0.7.

When using the water atomization process, the
pressure of the atomizing water could preferably be
between 600 and 5000 psi. When using the gas
atomization process, the pressure of the atomizing gas
could be between 50 and 1200 psi. The pressure of the
atomized fluid should be sufficient to break up the
liquid stream into droplets having a diameter between
1 and 300 micrometers.

The components comprising the liquid stream
should be sufficient to provide a powder with a
chromium content of at least 55 weight percent of the

powder and sufficient carbon to insure that the powder

Wt %



1700[err]C to produce a liquid stream An atomzing fluid of argon gas at a
pressure of 800 psi was used to break up the liquid streaminto droplets

and then the droplets solidified to forman atonized powdgr.The.pouder ha
a conposition of 60 wt% Cr, 38.3 wt% N and 1.7 wt % C ( See FEPDACEMENT SHEET
Exanple 4 A m xture of 11.5 wt % chrom um car bi de, 65.5 W| %-Crpmmditt-% 0f
nickel and 2 wt%carbon in the mxture . -10 - 17 AN 1998

will contain a volume fraction of the chromium carbide

phase in excess of 0.25. Preferably, the powder could
contain Cr,C,, Cr,C, and mixtures thereof. Preferably,
the volume fraction of the chromium carbide grains
dispersed in the nickel chromium matrix could be 0.25
or greater and more preferably between 0.35 and 0.80.
Preferably, the size of the chromium carbide grains
could be between 1 and 20 micrometers, more preferably
between 2 and 10 micrometers in its largest
dimensions. The size and volume fraction of the
chromium carbide grains can be adjusted by varying tﬁe
chromium and carbon content. Preferably, the ratio of
"nickel to chromium in the atomized powder can be
between 0.30 to 0.70 by weight in the metallic matrix.
As stated above, the amount of the chromium in the
metallic matrix can be increased and the amount of
nickel can be lowered to make a powder that can be
used to produce a harder, more corrosion resistant and
wear resistant coating. The powders of the invention
can be used to produce thermally deposited coatings
and overlays and welding overlays for use in various
applications using high velocity oxy-fuel, plasma,
and/or detonation-gun.

The atomized powder, produced by the method of
this invention would be comprised of chromium carbide
particles dispersed in a nickel-chromium matrix,
containing chromium in an amount in weight percent of
the powder from 55 to 92, preferably 70 to 90 wt$%;
nickel in an amount in weight percent of 5 to 40,
preferably 5 to 28 wt% of the powder; and carbon in an
amount in weight percent of 1 to 10, preferably 2 to 6
wt% of the powder.



was heated to about 1700[err]C to produce a An atom zing fluid of argon gas
at a pressure of 800 psi was used to break up the liquid streaminto
droplets and then the droplets solidified to forman atom zed powder. The

powder had a conposition of about 75.5 % Cr, 21 Wt % _.g d b Sue %
C (See Figure 4). Preferred atom zed powder produced ugiﬁ g%&éﬁ%ﬁ§ﬁhgﬁéggw
this invention would be as follows: Pawgers Cr Ni C B
Si Wi ght percent of the powder 1. 60 35 317 AN 1998-

In some applications, it would be benefficial to

add at least one element selected from the iyroup
consisting of boron (B}, silicon (Si), manganese (Mn),
phosphorus (P), or the like as a melting point
suppressant or flux for the liquid streams. Generally
an amount of the addition would be less than 5 weight
percent of the powder and preferably between 0.03 and
2.0 weight percent.

Description of the Drawings

Figure 1 - Shows a photomicrograph at 500X
magnification of chromium carbide nickel chromium
powder atomized particles produced according to this
invention (Example 1) containing large carbide grains
(Cr,C, and Cr,;C,} resulting from a medium carbon and
mediuh chromium level.

Figure 2 - Shows a photomicrograph at 200X
magnification of atomized chromium carbide nickel
chromium powder particles produced according to the
invention (Example 2) containing large carbide grains
(Crgg) resulting from a high carbon and high chromium
level,

Figure 3 - Shows a photomicrograph at 500X
magnification of atomized chromium carbide nickel
chromium powder particles containing small carbide
grains (Cr,C,) resulting from a low carbon and low
chromium level (Example 3).

Figure 4 - Shows a photomicrograph at 200X
magnification of chromium carbide nickel electron
powder particles similar to Figure 1, with large
carbide grains (Cr,C, and Cr,,C,) resulting from a medium
carbon and medium chromium level (Example 4).
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A mixture of 27 wt% chromium carbide and 73 wt$

of nickel chromium in the mixture was heated to about

1700°C to produce a liquid stream.

An atomizing fluid

of argon gas at a pressure of 800 psi was used to

break up the liquid stream into droplets and then the

droplets solidified to form an atomized powder.

The

powder had a composition of about 75.5 wt% Cr, 21 wt$
Ni and about 3.5 wt% C {See Figure 1}.

Example 2

A mixture of 32 wt% chromium carbide and 68 wt$%

of nickel chromium in the mixture was heated to about

1700°C to produce a liquid stream.

An atomizing fluid

of argon gas at a pressure of 800 psi was used to

break up the liquid stream into droplets and then the

droplets solidified to form an atomized powder.

The

powder had a composition of about 88 wt% Cr, about 8
wtd¥ Ni and about 4 wt% C (See Figure 2).

Example 3

A mixture of 60 wt% chromium, 38.3 wt% of nickel

and 1.7 wt% carbon in the mixture was heated to about

1700°C to produce a liquid stream.

An atomizing fluid

of argon gas at a pressure of 800 psi was used to

break up the liquid stream into droplets and then the

droplets solidified to form an atomized powder.

The

powder had a composition of 60 wt% Cr, 38.3 wt$% Ni and

1.7 wt% C (See Figure 3).

Example 4

A mixture of il.S wt% chromium carbide, 65.5 wt %
Cr, 21 wt% of nickel and 2 wt% carbon in the mixture

5.
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8 4 1 - - 11 - Wile the ent1on has bden

descri bed above in detail with referengg to specifieg Pnﬁdﬂlj&ﬁngﬁg varj ous
was heated to about 1700°C to produce a iiquidﬁsaﬁeam:~***“

An atomizing fluid of argon gas at a pressure of 800
psl was used to break up the liquid stream into
droplets and then the droplets solidified to form an
atomized powder. The powder had a composition of
about 75.5 wt% Cr, 21 wt% Ni and about 3.5 wt¥ C (See
Figure 4).

Preferred atomized powder produced using the
method of this invention would be as follows:

Powders
cr | N |} € | B | si
Weight percent of the powder

1. 60 * 35 5 - -
2. 60 36 4 - -
3. 60 37.5 2.5 - -
4. 60 38.3 1.7 - -
5. 63 34.4 2.6 - -
6. 58 39.7 2.3 - -
7. 73 23.8 3.2 - -
8. 78 18.45 3.5 0.05 -
g. 83 13.2 3.8 - -
10. 75 19.95 5 0.05 -
11. 75.5 21 3.5 - -
12. 75 23.3 1.7 - -
13. 82 12.7 5.3 - -
14. 86.5 8 5.5 - -
15. 88 7.9 4 0.1 -
16. 88 10 2 - -
17. 88 8 4 - -
18. 82 11.5 5.5 - 1
19. 75 20.5 3.5 1 -
20. 82 12.5 5 0.5 -
21. 87 8 4 1 -




changes and nodifications which fall within the spirit of the invention and
scope-of the appended clains will becone apparent to those skilled in this
art. The invention is therefore only intended to be limted by the appended
clainms or their equivalents. -12- What is clai ned:geky t fbr
produci ng an atom zed powder of chrom um carbi de patgéﬁﬁggg?gﬁéggga n a
ni ckel chrom um matrix, conprising thezﬁfeps of neltid
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While the invention has been described above in

detail with reference to specific embodiments, various
changes and modifications which fall within the spirit
of the invention and scope of the appended claims will
become apparent to those skilled in this art. The
invention is therefore only intended to be limited by
the appended claims or their equivalents.



chrom um carbon and nickel to forma liquid streamand then inpinging a
hi gh-pressure atom zing fluid selected fromthe group consisting of gas,
| rquid, and m xtures thereof to break up the liquid streaminto droplets

and then solidifying the droplets to forman atom euﬂgﬁéﬁﬁky?f%gggﬁ{n um

carbide particles dispersed in a netal,pickel chro i I he
nmet hod of claim1 wherein the liquid S%Fean1is produdeéd usi ng at | pagt two
constituents fromthe group consisting of chrom umic rbqaejﬁﬁdﬁa&nj ni ckel

chrom um al | 852t ch# opdasmedi ckel , and carbon. 3. THe met hod of ciaifm 1
wherein the atom zed powder of chrom um carbi de pariti cl'es di spersed i{tn a

1. A method for producing an atomiZed powder of
chromium carbide particles dispersed in a nickel
chromium matrix, comprising the steps of melting
chromium, carbon and nickel to form a ligquid stream and
then impinging a high pressure atomizing fluid selected
from the group consisting of gas, liquid, and mixtures
thereof to break up the liquid stream into droplets and
then solidifying the droplets to form an atomized
powder of chromium carbide particles dispersed in a
metal nickel chromium matrix.

2. The method of claim 1 wherein the liquid
stream is produced using at least two constituents from
the group consistiﬁg of chromium carbide compound,
nickel chromium alloy, chromium, nickel, and carbon.

3. The method of claim 1 wherein the atomized
powder of chromium carbide particles dispersed in a
nickel chromium matrix contains chromium in an amount
in weight percent of the powder from 55 to 92; nickel
in an amount in weight percent of 5 to 40 of the
powder; and carbon in an amount in weight percent of 1
to 10 of the powder.

4, The method of claim 1 wherein the chromium
carbide particles comprising a carbide selected from
the group of Cr,C,, Cr,,C, and mixtures thereof.

5. The method of claim 1 wherein the ratio of
nickel to chromium in a metallic matrix in the atomized

powder is from 0.30 to 0.70.
R
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ni ckel chromium matrix contains chromiumin an anount in wei ght percent of
the pawder from55 to 92; nickel in an anmount in weight percent of 5 to 40
of "'the powder; and carbon in an amount in weight perceat.af. 1 .10 10 of the
powder . 4. The nmethod of claim1 wherein the chrom l}]nﬁmggmg@pa{”gﬁl ps

conprising a carbide selected fromthe group of Cr[eri]

Crlerr]CJerr] and m xtures thereof. 5. The nmethod o % ﬂ}%@@q n fhe
ratio of nickel to chromumin a netal llilc-matrix in t1e at’o g&/\ﬂer S
fromO0.30 to 0.70.

6. The method of claim 1 wherein the atomized
powder produced is selected from the group consisting
of about 88 wt% chromium, about 8 wt3 nickel and about
4 wt% carbon; and about 75.5 wt% chromium, about 21 wt3
nickel and about 3.5 wt% carbon.

7. The method of claim 1 wherein the atomized
powder contains less than 5 weight percent of at least
one element selected from the group consisting of
boron, silicon, manganese and phosphorus.

8. The method of claim 1 wherein the following
step is added:
thermally depositing the atomized powder onto
a substrate to produce an adherent coating on the
substrate.

9. An atomized powder of chromium carbide
particles dispersed in a nickel chromium matrix
contains chromium in an amount in weight percent of the
powder from 55 to 92; nickel in an amount in weight
percent of 5 to 40 of the powder; and carbon in an
amount in weight percent of 1 to 10 of the powder.

10. The atomized powder of claim 9 wherein the
atomized powder is selected from the group consisting
of about 88 wt% chromium, about 8 wt$% nickel and about
4 wt% carbon; and about 75.5 wt$% chromium, about 21 wt$
nickel and about 3.5 wt% carbon.

AR A



- 13 - 6. The nethod of claim1 wherein the atom zed powder produced is
selected fromthe group consisting of about 88 wt % chr om.um...abeut—8-w %
ni-ckel and about 4 wt % carbon; and about 75.5 mﬂ@bcﬁrgppymrw&h@u@ﬂaﬂ'$£@6
ni.-ckel and about 3.5 w % carbon. 7. The net hod of claIm1 wheret t
atom zed powder contains |ess than 5 wei ght percent jof a& ﬁg@tﬁgﬁ eI enment
sel ected fromthe group consisting of bgron, silicon, 3a d

phosphorus. 8. The met hod of claimI wherein the fO|w@MFﬁﬁ*8?ep”f§ dded:
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A METHOD FOR PRODUCING A CHROMIUN™
CARBIDE-NICKEL CHRCMIUM ATOMIZED POWDER

Abstract
A method for producing an atomized powder of
chromium carbide particles dispersed in a nickel
chromium matrix in which chromium in the powder is
from 55 to 92 weight percent of the powder.

FIGURE 1



thermal |y depositing the atom zed powder onto a substr
adherent coating on the substrate. 9.

carbide particles dispersed in a nickel chrom ummatri

ate to produce an

An atom zed powder of chrom um

i n-an anount in weight percent of the powder from55 t
anount in weight percent of 5 to 40 of t{he powder;
in weight percent of 1 to 10 of the pawdsr. 10. The at
claim9 wherein the atom zed powder is selected fromt
of about 88 wt % chrom um about 8 wt % ni ckel and about
about 75.5 wt % chrom um about 21 wt % '
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