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For exanple, carbide in a cobalt binder can be used as an anti-erosion

coating for nany aircraft part surfaces, but | acks sufficient heat
resi stance for use Thiki @:plm’emmmeelaztmﬁesto Rupgyder vaefudeini thermal

car bi de solid §QL§5A9 Wogh @oa{%ﬂ%mg i&Q12PIFWNAL DEIAE{ ~cor mpaéléﬁlll

| nadequate at hig erat ures er mal sprayl ng, the po
heat ed, ré&sul tPﬁ@tﬁﬁgﬁuﬁproﬁneﬁaﬂ-tP&Ftﬁblt| ng, and then sprayed onto

Chromium carbide coatings have been made by thermal

g,.‘pm ngs,{ particularly for anti-corrosion
coatl ngs "CHY or%a m'carbf de coatings have been nade by
therm‘al S eﬁma.su h coating is nade of [err]

spraying for many years. One such coating is made of Cr;C,

particles in a nickel-chromium alloy binder. Other

carbides have also been used with nickel-chromium. However,

10 for certain types of high temperature applications,
chronium carbide is the only practical choice. For example,

; carbide in a cobalt bingier- can be used as an anti-~erosion:
@ coating for many aircraft part surfaces, but lacks
: sufficient heat resistance for use in high temperature
15 zone®. Tungsten carbide titanium carbide solid solution
with a nickel binder is somewhat better, but still.

inadequate at high temperatures.

During thermal spraying, the powder is heated,
resulting in full or partial melting, and then sprayed onto

20 the surface to be coated. The powder is generally a simple
blend of chromium carbide powder with nickel chromium
powder, most commonly a 75 wt. % chromium carbide/25 wt.

% Ni—Cr mixture or 80 wt. % chromium carbide/20 wt. % Ni-Cr

_ mixture, but blends ranging from 7 wt. % to 25 wt. % Ni-Cr
- 25 are in common use. In general, during spraying the
chromium carbide remains solid while the nickel-chromium

alloy melts, resulting in a coating in which the carbide
particles are embedded in nickel-chromium. If the carbide
particles are relatively large, the resulting coating will

30 have poor smoothness.
The nickel-chromium alloy used in these blends has
been an 80 wt. % nickel/20 wt. % chromium alloy (e.q.,
NICHROME). The mixture is most commonly applied by a
non-transferred plasma arc process. With the advent of the
35 high velocity oxy-fuel (HVOF) spraying process, however, a
need for new chromium carbide coating materials became
apparent because the HVOF process does not work well with
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surface to be coated. The powder is generally a sinple blend of

m um car bi de powder with nickel chrom um powder, nost commonly a 75 w.
hrom um carbide/25 wt. % N -C mxture or 80 w. % chrom um car bi de/ 20
% N -Cr mxture, but blends ranging from7 w. %to 25 wt. %N -Cr are
| nFcommon use’' In general, during spraging the chrom um carbi de remnains
sogid while the nickel-chromumalloy nelts, resulting in a coating in

pagticles are relativegly.large, the resulting,c i.sng Wdl QQl,

ot hness. 'Hﬁ??ﬁ'%?eg‘%ﬂ?o uﬁ?gf‘?g?%ﬁs&hei %lFﬁ’?[sé"%Oerf‘c}:ss %\é%ocglgg’tgd 80
% ni ckel /£dkrming Y8 hmosatibsfatbgryecgat iNGCHROVE) . The m xture is
noft comonly appld - r r '
adgent of the hi ghéég?g%f%ﬂ%%ﬁ{%ﬁw% raylﬁa%ot?o:c%s tﬁogv\xgie)é\/&gtr%aea
nefd for snewlshrgipnadaesdfe 88out HgChuPRLHa| §a§béaﬁepa’ébh?§ﬂ§ Wedh e the
process doesy No¢ e Kyl (Md:20) binder. The particles consists

essentially of a chromium carbide core coated at least

partially with a layer consisting essentially of a nickel-
chromium alloy. Successive steps of sintering, grinding

10 and classification are used to form the particles. Pre—
blended particles prepared in this manner provided some
improvement in performance, but the cocating formed by HVOF
spraying still had difficulty achieving both good
smoothness and high erosion resistance properties.

15 The present invention provides an improved powder
capable of producing coatings have much better erosion
resistance properties in comparison to the foregoing known
powder having a similar composition.

According to a first aspect of this invention a powder

20 for use in a thermal spraying coating process, comprising
particles consisting essentially of a metal carbide core
coated at least partially with a layer consisting
essentially of a nickel-chromium alloy containing the metal
carbide dissolved therein, wherein the particles have been

25 formed by heating a mixture of fine starting particles of

, the metal carbide in the presence of the nickel-chromiunm
alloy under conditions effective to cause from about 60 to
90 wt. % of the starting metal carbide to dissolve therein,
and wherein the relative amounts of the carbide and the

30 nickel-chromium alloy are selected so that, upon cooling of
a thermally sprayed coating made from the powder,
substantially all of the metal carbide remains in solution
in the nickel-chromium alloy.

The relative amounts of the carbide and the Ni-Cr

35 - all'o.y ‘are selected so that, upon cooling of the sprayed
coating, "substantially all of the carbide remains in
solution in the Ni-Cr alloy. If the amount of carbide is
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‘#nown chrom um carbide/Ni -C all oy powder bl ends. The HVOF pr

segregate the blend into its conpogents, form ng an unsatigfggszfytends
ting. To overcone this problem a prior art powder marketed by us
-bl ends 80 wt. % chromi um carbide particles with 20 wt. %of the N -C
r20) binder. The particles consists esgentiatly of a chrom um carbi de
Eeroazﬁ?oﬁ: Ieaff partially with a |ayer consisting essentially of a

um a [
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pared in tbodsyafeemipgoai §6G°§6n?h?§ﬁ'-r Gbéﬁewﬁakﬁnﬁef'fg&r ﬁﬂﬁgé“gbuﬁ&t he

ting fo”“ig {é@gsiehai‘éaﬂs%hbé heéa8ihié cEdinedalticardine tehtheod

ot hness and hi erosi on resistance propert

invention show an unexped% «ﬁ 'la%ge increase in both

[ smoothness and erosion resistance as compared to closely
similar coatings, particularly coatings formed from the

80:20 chromium carbide/Ni-Cr alloy prior art powder

described above, wherein the amount of carbide used was soO
great that a substantial portion of the carbide did not

10 remain in solution.
According to a foregoing aspect of the invention, the
carbide particles are not entirely pre-dissolved in the
’ Ni-Cr alloy. If dissolution is .complete, the resulting
composite alloy has a higher overall melting point and may
15 become more difficult to spray. Accordingly, it is
preferred that only a portion of the metal carbide,
preferably chromium carbide, be pre-dissolved in the Ni-Cr
i alloy. However, in accordance with a second aspect of this
invention suitable for plasma spraying, the powder for use
20 in a thermal spraying coating process, comprises particles
consisting essentially of a nickel—-chromium alloy
containing a metal carbide dissolved therein, wherein the
particles have been formed by heating a mixture of fine
starting particles of the metal carbide in the presence of

25 the nickel-chromium alloy under conditions effective to
cause from more than 90 wt. % to 100 wt.% of the starting
metal carbide to dissolve therein, and wherein the relative
amounts of the carbide and the nickel chromium alloy are
selected so that, upon cooling of a thermally sprayed

30 coating made from the powder, substantially all of the

o m maramn e ............,...‘....\..n...

metal carbide remains in solution in the nickel-chromium
alloy.

The powders of the invention can be referred to as

alloyed, composite, or bonded metal carbides. Where the

35 metal is chromium, these materials are formed by a process

which creates particles containing both phases, namely a

Cr;C, core which has been covered by a complete or partial

" i




THe present invention provides an inproved powder capable of producing
cgptings have nuch better erosion resistance properties in conparison to
t f oregoi ng known powder having a simlar conposition. According to a
fifst aspect of this invention a powder for use in a thermal spraying
cdating process, conprising particles consigsting essentially of a netal

bi de core coated at least partially with a | ayer consisting essentially

off a ni ckel - chesxt iy abkoytr@nml-&rngaiﬁ&ﬁeaahoyar&bxd@mﬁs@l u&ésbtle«real n,
wherein the particlges haV%ﬁE§ foigﬁ ¥ heatlng a mxture e
stlarting part i SFeHR (FRF @} Hr G ePFHOF hEPp X%BﬁcBrBFefﬁgs sich as
nickel-chromlpnaémmyspmﬂpingoudnhgoasndfanni\nrtmhgansspfapmngbouhleﬁ to

i ve amounRon T hay SR (e bRy Bl R, BACAEICHRLE, o

sq that, &pon SRAYIRG oPPerahesminl p santiarawsi |hggha‘d€1¢¢bhi’t g&rgafder ,
substantial |y fid o Bere@httefatPtdesdSARPARS ¢He UMM/ carbide from

the Ni-~Cr alloy, resulting in isolated areas of each on the
coating surface, or layering of one on the other, resulting
in an inferior coating. It is difficult to melt and soften
10 chromium carbide, so that very little is deposited.
The composite particles according to the invention can
s be applied without separation by HVOF spraying to surfaces
‘4’ » such as aircraft parts made of hard metals such as steel or
titanium alloys. A coating of the invention formed by HVOF
15 spraying can have both 1low surface roughness and high
resistance to erosion. Normally, increasing one of these
characteristics decreases the other. For example,
decreasing the particle size makes the resulting coating
smoother, but the coating erodes more readily. In typical
20 coatings formed using a finer powder, the resulting coating
has higher stresses, rendering the particles more
susceptible to oxidation and thereby increasing erosion.
Both erosion and surface roughness must meet
prescribed specifications of aircraft manufacture or the
4 25 coating will not be usable. For example, blades for use in
# stages 6 to 12 of a 12-stage rotary compressor for a 737
jet engine (CFM 56) must have a roughness of no more than
about 80 Ra, particularly 30-80 Ra, wherein Ra refers to
the average difference in micro-inches between peaks and
30 valleys in the coating. Erosion loss, as measured by
sandblasting with 600 grams of fine white alumina, 230
grit, at 50-60 psi (3.3 to 4.0 bar), should be 170 micro-
grams/gram or less, preferably 125 mg/g or less.
In making the powder of the invention, commercially
35 available chromium carbide and Ni-Cr powders are trans-
formed from a simple powder blend to a composite powder as
described above. This may be accomplished by, for example,
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in Ihe ni ckel -chromum alloy. The relative anbunts of the carbide and the
Nk - all oy are selected so that, upon cooling of the sprayed coating,

subgtantially all of the carbide remains in solution in the Ni-C alloy. If
t hef anount of carbide is 3 too great, carbide will precipitate out- when
t hel coating cools, form ng a second phasesthat weakens the coating and

| owers erosion resistance. Coatings fornmed according to the invention show
an junexpect ed#mdyar@ey;ngreetmnn%ophrm hpastighgservitbn Nieint adce as

corpared to -8l TRl 8T LhE AL AGM | A0S SRR ke the

80:}20 chrom | oy prior art descr1 bed above,

l?m car
whérein the &OURT BT caMBird@dsEPLREIRG, gt ‘?‘h‘é%l‘&‘-’—%ul?ﬁ aFRe ameladt i on
of fthe carbi daahiidqparticles dissolve in the surrounding Ni-Cr alloy.

5 However, the sintering conditions are controlled as
described below to prevent complete dissolution. The
resulting alloy of the metal carbide and the Ni-cr alloy
deposited on the outsides of the metal carbide particles is
a eutectic having a higher melting point than the starting

10 Ni-Cr alloy. Upon thermal spraying, the remainder of the
metal carbide melts, providing a coating with superior
erosion resistance because it has no weak spots in the form

, of precipitated metal carbide or unmelted metal carbide
particles. The coating made using such an alloy according

15 to Example 1 below exhibited a single phase, an Ni-Cr-C
alloy nearly free of carbide particles when examined under

a microscope.
To prepare the powder of the invention, the
particulate metal carbide is first blended with a
20 nickel-chromium alloy to form a mixture. Regardless of the
method of preparation, the use of fine starting metal
carbide particles is important. If the starting carbide
particles are too coarse, the desired solution does not
form. If the starting carbide particles are too fine, the
- 25 chrome carbide becomes pyrophoric and is difficult to
P ' handle. Chromium carbide particles from 1 to 10 microns in
size have proven most effective.
The nixture of powders is sintered to form a solid
mass, and preferably permitted to cool. The solid mass is
30 then ground back into a powder form, and the powder is
classified to obtain a powder with the desired particle

size distribution.
The mixture is preferably sintered at a temperature in
the range of 1200 to 1500°C for about 0.3 to 3 hours, most
38 preferably 1250 to 1450°C for about 30 to 90 minutes.
Excessive heat or time (or both) causes large crystals to
form which adversely affect the properties of the coating.

LT
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re}ai n in solution. According to a foregoing aspect of the invention, the

cagjbide particles are not entirely pre-dissolved in the Ni-C alloy. |If

di $solution is conplete, the resulting conposite alloy has a higher overall

mefting point and may beconme nore difficult to spray. Accordingly, it is

preferred that only a portion of the nefal carbide, preferably chfom um

cajbide, be pre-dissolved in the N-Cr alloy. However, in accordance with a
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dilssol ve t haérdlQf,C st WherQy n(sdkutomtofeCr in Ni). Sintering may be
carried out without external application of pressure.

The sintered and cooled mass, in the form of a fused
ingot, is then returned to powder form by grinding. This is

10 readily accomplished by one or more rough-crushing steps in
which the ingot and large fragments thereof are broken up
into a broad range of different-sized particles, and then
a milling step in which coarse particles are further
reduced in size to provide a fine particle mixture with

15 particles ranging in size from about 1 to 100 microns.

The milled particles are then classified, preferably
using a conventional air classifier, to obtain the desired
particle size distribution. A broad range of particle sizes
from about 2 to 100 microns can be used in thermal

20 spraying, and classification may be omitted if grinding
results in the desired particle distribution. For plasma
spraying of the powder of the invention, particle sizes
ranging from 44 to 100 mnicrons are most preferred, in
comparison to a range of 3 to 30 microns normally used for

25 a chromium carbide powder/Ni-Cr alloy powder in plasma
spraying. |

As to HVOF spraying, in contrast to the mixtures of
chromium carbide and Ni-Cr particles of the prior art used
for compressor blade coatings, wherein the sizes range fronm

30 about 10 to 40 microns with a mean of 25-30 microns, a
range according to the invention of about 2 to 44 microns
with a mean of around 9 to 13, especially 9-11 microns
according to the invention results in a smoother coating
which, surprisingly, has erosion resistance as good or

35 better than the prior alloy with the much higher overall
particle size. Sprayability is generally best at an
intermediate size range of about 15-44 microns, and this
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an%Lnts of the carbide and the nickel chromumalloy are selected so that,
upepn cooling of a thermally sprayed coating made fromthe powder,
substantially all of the netal carbide remains in solution in the

ni gkel -chrom um all oy. The powders of the invention can be referred to as
al foyed, conposite, or bonded netal carbides. Wiere the netal is chrom um
thpse materials are forned by a process which creates particles containing
bof h phases nangky 4s[eprpfevsrednwhifolr mapniinatimn$edthreinonpldhégbr
patt'a' 4 6gLbRa,Al T hein Os bl AdET ALd gy g8t gk NGlnptdl o1y
chfom um carb Ke prior sprayling protesses such as praylng

usj ng a DC ar €omppnEnggn capr RE mpated chcepsrings bsy %#ﬁ)lﬁ'@l?‘éﬁllﬁﬁn of
acletyl ene on @npulisfrditsich &éFthen ground and polished to obtain a

5 higher finish.

For purposes of the invention, a “mean" refers to a

particle size at which approximately half the particles

have greater particle sizes and half have lesser sizes.

Such a mean also closely approaches a weighted average

10 particle size. "particle size" for purposes of the

invention refers to the diameter of a roughly spherical

particle, or the largest dimension of a non-spherical
particle. ’ '

The finished powder according to one embodiment of the

15 invention useful in high temperature applications consists
essentially of 4 to 7 wt.% Ni, 11 to 13 wt. % C, up to
about 5 wt. % other elements (usually impurities) such as
one or more of Fe, Mn, Si, W, Co, Mo and 2r, and the
balance Cr (typically from 79 to 83 wt. %). Ranges of 4 to

20 6 wt.% Ni, 11.5 to 12.5 wt. % C, up to about 2.5 wt. %

" impurities are preferred to obtain optimum surface
smoothness and erosion resistance. The 80:20 prior art
powder described above contained about 16 wt.% Nit 10.5 wt.
% C, up to about 3 wt.% other elements and the balance Cr

25  (about 70.5 wt.%). _

The metal carbide used in the invention is most
preferably chromium carbide or a mnmixture thereof with
another metal carbide, or a carbide having comparable
properties, such as titanium carbide. The Ni-Cr alloy used

30 in the invention consists essentially of nickel and
chromium but may contain substantial amounts of other
elements. For example, the alloy used in Example 2 below
contained 7 wt. % iron and 4 wt. % niobium in addition to

Q Ni and Cr. ©Niobium in an amount of from about 1 to 8 wt.

35 % is a useful addition insofar as it inhibits grain growth
in the coating.
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ayi ng operates in a continuous, high-velocity stream The HVOF stream
ds to separate the chromumcarbide fromthe NN-C alloy, resulting in

| at ed areas of each on the coating surface, or layering of one on the
er, resulting in an inferior coating. It is difficult to nelt and soften
om um carbide, so'that very little is gleposited. The conposite particles
ording to the invention can be applied w thout separation by HVOF

aying to surfaoee s:uui}ataisvaiamnmfts pef tisherasieant ihgr powdeagbsasdchhas
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ating srmot her but coating,erodes nore t1e pi.cal coatings
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ndering thénpathéches-oPr @lwscenpohl echorexl dadpdy iy e ebgmains

creasing eégggoqved in the coating once cooled. These amounts will
vary substantially depending on the carbide used and exact
make up of the Ni-Cr alloy; compare the results of
10 Examples 1 and 2 below.

In a preferred embodiment wherein the metal carbide is
chromium carbide and the Ni-Cr alloy is the one described
above containing 4 to 7 wt.% Ni, 11 to 13 wt. % C, up to -
about 5 wt. % other elements, and the balance Cr, the

15 amounts of starting chromium carbide and Ni-Cr alloy
preferably vary from 92 to 85 wt. % Cr3C2 to 8 to 15 wt. %
Ni~Cr. The relative amounts of Ni and Cr in the Ni-Cr alloy
for this embodiment differ from the standard 80:20 NICHROME
material. The weight ratio of Ni:Cr ranges from 70:30 to

20 50:50. In Example 1 below, a 50:50 Ni-Cr material was used
in an amount of about 12 wt.% relative to 88 wt. % Cr3ca2.
Above 70 wt. % Ni, the amount of Cr in the alloy becones
insufficient to completely dissolve the carbide. At less
than 50 wt. % Ni, formation of Ni-Cr ends and an

25 undesirable second phase forms. However, if substantial

—-ﬂ—hoommmwmoo—'_ﬂ'.

amounts of other elements such as iron or niobium are
present, the foregoing ranges will be different, as
illustrated by Example 2 below.

The powder of this invention was developed for forming

30 an erosion coating for an aircraft turbine. However, other
useful applications include o0il well valves and rig
components, steam pipes and valves, and other components
wherein surfaces are regularly exposed to a high
temperature gas or liquid that can cause erosion. Some

35 erosion applications, unlike aerofoil erosion coatings,
will not need a fine finish, in which case larger particle

sizes can be used.
This Sheet Has
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Bot p erosion and surface roughness nust neet prescribed specifications of
aikrpraft manufacture or the coating will not be usable. For exanple, bl ades
forfuse in stages 6 to 12 of a 12-stage rotary conpressor for a 737 jet

engl ne (CFM 56) nust have a roughness of no nore than about 80 Ra,
parkicularly 30-80 Ra, wherein Ra refers-tg the average difference in

m cf o-i nches between peaks and valleys in the coating. Erosion | oss, as
megsur ed by sandbl agHd b Midwing Oegampbesf ilivetnbtéetnbudnrentida.grit, at
50-§60 psi (3.3 to 4.0 bar), should be 170 m cro- grans/gramor |ess,
prgferably 125 ng/g or less. In making the powder of the invention,
corfmer ci al Iy avail abl e chrom um car bi deEEAMPDE - Cr powders are trans- forned

frgma sinple povvd? 18-t th@ ﬁ&@@P§éi§ EoMEestad deSehibidualeusniddi s

ey be acconpllshe ror exanple
5 (Crsc,) powder and a nickel-chromium alloy powder. The

specification of each was as follows:

Chromium carbide:

Size
10 <11 microns . 100%
£= Chemistry
# carbon 12% min
silicon 0.25 max
15 iron 0.30 max
others 1.0 max
chromiunm balance

Nickel—-chromium allov:

20 Size
<31 microns 80%
Chemistry
chromium 49-50%
nickel ) : 49-50%
25 others - 1.0 max

The raw materials were blended together at a ratio of
90 wt. % chromium carbide to 10 wt. % of nickel-chromium
alloy. The blend was placed in graphite saggers each
painted with a calcium carbonate wash to prevent carbon

30 pick up. The saggers were pushed through a moly-wound
muffle furnace in a hydrogen-nitrogen atmosphere. The heat
zone of the furnace was about 36 inches (1 m) long, and
each sagger moved through the heat zone in about one hour.
The temperature at the centre of the heat zone was

35 maintained at 1300°C +/-25°C.

Upon exiting the heat zone, the sagger entered a water
jacketed cooling zone about 5 feet (1.5 m) in length. The
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sprmay-dryi ng chrom um carbide particles with Ni-Cr. A preferred process

corfbi nes the particles by solid-state sintering. During sintering, the

out
al |l
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However,

sides of the nmetal carbide particles dissolve in the surrounding N -Cr
oy.

the sinteri-ng conditions are eontrolled as described bel ow

prevent conpl ete dissolution.” The resultting all oy of the metal carbide

angl the Ni-Cr alloy deposited on the outsides of the netal carbide
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the invent Bodnchles (75 mm) wide, and 1-2 1nches (25 - so mm) thick.

10

15

20

25

30

The ingots were then rough-crushed to pieces less than
about 1 inch (25 mm) in size with a large jaw crusher. A
smaller Jjaw crusher was then used to reduce the average
particle size to less than about 0.25 inch (6 mm). The
crushed product was then fed into a high energy vibrating
tube mill of a type effective to minimize iron contami-
nation to reduce the particle size further. After milling,
the powder was screened to ~270 mesh, and the oversized.
material was returned to the mill for further crushing. The
-270 material was air classified using a VORTEC C-1 Series
Classifier to final product size. The exact size was
selected based on the end use of the intended coated
product, namely blades for use in stages 6 to 12 of a
12-stage rotary compressor for a 737 jet engine.

Six samples A - F according to the invention had
compositions and approximate particle size distributions as
set forth in Table 1 below. For the size distributions of
part B, the values given for each sample represent the
percentage of the total particles having particle sizes
finer than the micron size in the left column. In part C,
mv = mean value, and the values aligned with each
percentage indicate a cutoff size at which the stated
percent of the particles have that micron size or less.

This gp,
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ticulate netal carbide is first blended wwth a nickel-chromumalloy to
rma m xture. Regardl ess of the nmethod of preparation, the use of fine
arting nmetal carbide particles is inportant. If the starting carbide
rticles are too coarse, the desired solution does not form If the

arting carbi'de particles are too fine, tize chrone carbi de becones
rophoric and is difficult to handle. Chrom um carbide particles from1l to
mcrons in size Ty edattreys mase abiegt Saapldser i & woeord ipder hies
ntered to far 0l id S, ref er apl [T d,t 00l olid
ss is then g%&%&é %%kwfg%?‘o taeaé;}g%\%)e?oFo?%&ggegﬂhéggom%r&‘lessscI ZSSV red
obt ai n a pcliderond tpyrawldidrrdnessiror chicxpzbardness b(PPB), &heshbnt ure
pref erably @,?gg t L n STl t @[ for
out 0.3 to %%hﬁﬁg‘sjrr%%tﬁére er%%li/g&i‘%'o aIt]r{(glia[srer r% orsségg{%g %B 1?%&%8
nutes. BxceddiGhesreatPatinahhe (VLT H§o% AV EE g8ORFIRFSI areo2 15N

hardness of at least 80, a micro-hardness of at least 750,

erosion.loss of less than 125 mg/g, and smoothness of less
than about 80 Ra (micro-inches). Table 2 summarizes the
results for the samples prepared using the powder of the
10 invention:
i
o Table _2
” Sample Mean 15N DPH E, Ra
15 A 10.77 90.9 816.8 109.3 76.1
B 9.55 91.2 876.7 110.4 74.9
C 9.70 90.8 831.5 109.9 73.8
D 11.97 91.2 838.7 108.1 80.2
E 7.81 107.3 59.9
20 F 10.74 91.0 828.7 104.2 74.8
High 10.77 21.2 876.8 110.4 76.1
Low 9.55 90.8 828.7 104.2 73.8
Range 1.22 .4 48.1 6.2 2.3
Average 10.19 91.0 853.4 108.4 74.9
25 _ As these results indicate, the samples according to

the invention had both excellent smoothness and erosion
resistance. By comparison, the known 80:20 powder discussed
above and variations thereon that were tested were

comparable in most characteristics, but had smoothness
30 values ranging from 75 to 90 Ra and erosion values (E,) of
about 125 to 148 mg/g. The large improvement in erosion
resistance of the samples according to the invention is
guite surprising in view of the comparatively small
difference in the overall composition of the coatings.
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-ﬁ1mhich adversely affect the properties of the coating.

6 On the

her hand, insufficient sintering neans the advantages of the invention

e _not obtained. The tenperature of the mxture during sintering generally
#nains |lower than the nelting point of the two conponents,

: for exanple
terr] for chrom um carbi de and about [erg} for Ni-Cr (solution-of Cr in

Ng). Sintering nay be carried out w thout external application of pressure.

The sintered and cool ed nmass, in thegiﬂﬁﬁhgf a fused ingot, is then

5

10

15

returned to powder f r.indin eadi cconplished b ne or
rg r ough- cPush|ﬁ§°§P z?ﬁ %ﬁl%ﬁﬁ%?é&#&d%f IX%B PP, ﬁ%ﬁ?ge?ﬁ%?é

if e broken upsiimigo substeart i=lige te dshher eﬂxamﬂmdlpaekbep&s,ttmtd then a
:Illng Steps%%fﬁfﬂé"ﬁawaé¥fé%%ﬁéé%é?%ﬁ”é%&”bbh%%.% chromium carbide

and 10 wt.% of an Ni-Cr alloy containing 20 wt.% Cr, 4 wt.%
Nb, 7 wt. % Fe, traces of C and Mn, and 62.5 wt. % Ni. When
HVOF sprayed and tested for erosion, the result was 117
micrograns/gram, with satisfactory smoothness suitable for
high-temperature compressor blade applications. In this
example, as in Example 1, the carbide was partly dissolved
in the Ni-Cr alloy prior to spraying, and the amount of
carbide was such that it substantially completely dissolved
in the Ni-Cr alloy upon spraying and remained dissolved in
the coating.

il



reguced in size to provide a fine particle mxture with particles ranging
I An3¥size fromabout 1 to 100 mcrons. The mlled particles are then

clgssified, preferably using a conventional air classifier, to obtain the
dedired particle size distribution. A broad range of particle sizes from

abdut 2 to 100 m crons can be used in thenmal spraying, it elg)
may be onitted if grinding results in the desired particﬂmumﬂwmmmﬂ
Fo plasma spraying of the powder of @l AnUeMit8on, partitlef silze® rangsng
frem 44 to 100 m crons are nost preferred, in conparison to a range of 3 to
30jm crons normally used for a chrom um carbi de powder/N -Cr alloy powder

i njpl asma spr dyi ng.A APoEleRVOEOFpr agengini @ cderaal + SRR W%kt frasisg
chfom um car bigje, ik N cdipPREihg| Sorfc1d® 8608158 hgUs8eh®iaQaPoes aor

bl pde coatings, wherein the sizes range fromabout 10,t0.40 mi.crong with a
mohn of 28- 30 TR orfAT R4S fERE S ERATHBAT ol FAEE | RFERERORY O LiBof 12VES 44

m crons consisting essentially of a nickel-chromium alloy
containing the metal carbide dissolved therein, wherein the
particles have been formed by heating a mixture of fine
starting particles of the metal carbide in the presence of

10 the nickel-chromium alloy under conditions effective to
cause from about 60 to 90 wt. % of the starting metal
carbide to dissolve therein, and wherein the relative

“ amounts of the carbide and the nickel-chromium alloy are
selected so that, upon cooling of a thermally sprayed

15 coating made from the powder, substantially all of the
metal carbide remains in solution in the nickel-chromium
alloy.

2. A powder for use in a thermal spraying coating
process, comprising particles consisting essentially of a

20 nickel-chromium alloy containing a metal carbide dissolved
therein, wherein the particles have been formed by heating
a mixture of fine starting particles of the metal carbide
in the presence of the hickel-chromium alloy under
conditions effective to cause from more than %0 wt. % to

25 100 wt.% of the starting metal carbide to dissolve therein,
and wherein the relative amounts of the carbide and the
nickel chromium alloy are selected so that, upon cooling of
a thermally sprayed coating made from the powder, substan-
tially all of the metal carbide remains in solution in the

30 nickel~chromium alloy.
3. The powder of claim 1 or 2, wherein the metal carbide
consists essentially of chromium carbide.
4. The powder of any preceding claim, wherein the fine
particles of starting metal carbide have sizes in the range
35 of from 1 to 10 microns.
5. The powder of any preceding claim, wherein the
particles of the finished powder have particle sizes in the
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h a mean of around 9 to 13, especially 9-11 mcrons according to_ the
ention results in a snoother coating which, surprisingly, has erosion
si stance as good or better than the prior alloy w ' wmmr
oderal | particle size. Sprayability is generally bes“mm]mnml ate
siize range of about 15-44 mcrons, and thig 7 rangé iS prefferfed*for
appl i cations wherein a high as- sprayed finish is not required. For exanple,
val ve conponeMamgmrmﬂo&‘r@mhwm:caow 4¢ mdckbns,ewtitti amnneah pheticle
I Rdventi on and d o obtain a higher finish. For
pdr poses of tﬁé‘ NV ntlogrl aarabo'lﬁ.éadn d’f ert ?’6‘%& barticle size at which
agpr oxi mat el y éhal f Eltlieeppardteurcbéscham Br eaﬂmrrqyar tihel mesiy pardidlieakfizieave
SSer sizZes. jg in the range of from 9 to 11 microns.

-9 5 7. The powder of any one of the preceding claims,

wherein the powder has been formed by the steps of:
blending particulate chromium carbide with a

particulate nickel-chromium alloy to form a mnixture;
sintering the mixture to form a solid mass;

10 grinding the solid mass; and
oo classifying the ground solid mass to obtain the
i powder.
. 8. The powder of claim 7, wherein the mixture is

sintered at a temperature effective to cause solid state
! 15 diffusion of the chromium carbide into the nickel-chromium
alloy during formation of the solid mass, which mass
thereby becomes a eutectic having a higher melting point
than the starting nickel-chromium alloy.
9. The powder of claim 7 or 8, wherein the mixture is
20 sintered at a temperature in the range of 1250 to 1450°C
for about 30 to 90 minutes.
10. The powder of any one of the preceding claims,
wherein the amounts of starting chromium carbide and
. nickel-chromium alloy are in the range of from 92 to 85 wt.
‘ 25 % Cr;C, to 8 to 15 wt. % nickel-chromium alloy.
11. A coating formed by thermal spraying of the powder of

any one of the preceding claims.
12, A coating formed by high-velocity oxy-fuel thermal
spraying of the powder of claim 10.

30
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BEh a nean al so cl osely approaches a wei ghted average particle size. 9
'Particle size" for purposes of the invention refers to the dianeter of a
roughl y spherical particle, or the largest dinmension of a non-spherical
particle. The finished powler according to one enbodi nent of the inventiom
useful in high tenperature applications cdfsists essentially of 4 to 7 wt.
%N, 11 to 13 wm. %C, up to about 5 wt. % other elenents (usually

i npurities) such as one or nore of ZEB &KL BA Q/TCo, M and Zr, and the

bal ance Cr (typically fropogBekOr8R Whe v 1Ron0es, derAviNd W . % N, 11.5
tod12.5 wt. % C, up to about 2.5 W. % inpurities are preferred to obtain

opi i mum surface snoot hness and erosi on resistance. The 80:20 prior art
poywder described abopewaeft gbfeds@binita Hhe¥m&h Nprahtiny Woatlng, pupcess

DU 0 1%, SBRER RLCTERLR 200! 5o ek g6t lgbRVLadtyo 40 alt

carbide core coated at 1least partially with a layer
I consisting essentially of a nickel-chromium alloy
containing the metal carbide dissolved therein. ‘The
particles are formed by heating a mixture of fine starting

Sdak

10 particles of the metal carbide in the presence of the
o nickel-chromium alloy under conditions effective to cause
_ a portion, preferably 60.to 90 wt.%, of the starting metal
carbide to dissolve in the Ni-Cr alloy. In an alternate
$ embodiment suitable for higher temperature application,
15 more than 90 wt. % of the starting carbide particles are
dissolved. As the amount dissolved approaches 100 wt.%, the
core essentially disappears. Coatings formed according to
the invention show an unexpectedly large increase in both
smoothness and erosion resistance.
20

{(No Figure (No drawings) )
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preferably ch m xture thereof w i3
carbide, or ajcg arabl e properties dbe@(}gﬂ%% wnm paged T
carbi de. The M the invention cdn {s nf’f‘%“’l iy paged .2,
ni ckel and chiodi rray cn ain substanti al arr%ﬁgéw‘gg t R @gedei e H?%e -----
For exanpl e, n Kxanpl e 2 pel ow cd Y w Pagndiote Begedsm

wt. % ni obium{ n addltlon to N| and Cr. obi um ifn an am)unt of from a?%ut

1to 8 w. %i

t he coating.
amount of Cr

the netal carbide
and the anmpunt of

Bkl 90s' B30 3y gk

: -.{u and the

8 The re

in Ni are adjusted as needed to provide conpositions wherein

spraying of coatings, particularly for anti-corrosion
coatings for metal parts.

Chromium carbide coatings have been made by thermal
spraying for many years. One such coa_xting is made of Cr;C,
particles in a nickel-chromium alloy binder. Other
carbides have also been used with nickel-chromium. However,

for certain types of high temperature applications, -

chromium carbide is the only practical choice. For example,
carbide in a cobalt bint_ier' can be used as an anti-erosion.
coating for many aircraft part surfaces, but lacks
sufficient heat resistance for use in high temperature
zones. Tungsten carbide titanjum carbide solid solution
with a nickel binder is somewhat better, but still,
inadequate at high temperatures.

During thermal spraying, the powder is heateqd,
resulting in full or partial melting, and then sprayed onto
the surface to be coated. The powder is generally a simple
blend of chromium carbide powder with nickel chromium
powder, most commonly a 75 wt. % chromium carbide/25 wt.
% Ni-Cr mixture or 80 wt. % chromium carbide/20 wt. % Ni-Cr
mixture, but blends ranging from 7 wt. % to 25 wt. % Ni-Cr
are in common wuse.' In general, during spraying the
chromium carbide remains solid while the nickel-chromium
alloy melts, resulting in a coating in which the carbide
particles are embedded in nickel-chromimm. If the carbide
particles are relatively large, the resulting coating will
have poor smoothness. ‘

The nickel-chromium alloy used in these blends has
been an 80 wt. % nickel/20 wt. % chromium alloy (e.g.,
NICHROME) . The mixture is most commonly applied by a
non-transferred plasma arc process. Wn.th th*é, advent of the
high velocity oxy-fuel (HVOi?) spraying process, however, a
need for new chromium carbide coating materials became
apparent because the HVOF process does not work well with

M LA SN ¥85akBs! B8 Npdhadt el O tRetRATY NI,
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carbide is such that it substantially conpletely dissol B%PMCRMFNB SMEEEJ

al | oy upon thermal spraying and renmains dissolved in §hé coating once'

cool ed. These amobunts will vary substantially dependi pg{orQ $h&)G a99% de used
and exact make up of the Ni-Cr alloy; conpare the résdlts of Exanples 1
and 2 below. I'n a preferred enbodi nent wherein the nefal birde i s

chrom um carbide and the NN-Cr alloy is tHe one descritbed above contai ni ng

4 to 7 Wm.%N, 11t b %0 Ie t nd
t he bal ance C)F Wecgﬁé%ﬁ% o?/%g%dg? NB‘ Cghgg%"gnﬁ% gr dyj%?l’ E@ra' ﬁY?ﬁ
pref erably vap:yocesm ¢ends &5 W@gr‘ﬁﬂ@mh% and 1@@9 1w|\n=o’@ponqwés,

rel ative ano fxag Nhnaﬁﬂs%leaU%ry‘ ddat8hPy for this enbodi rrent differ
fromthe stan CHROVE matefjal. The weight ratio _of N: ranges

from 70:30 to 50: 5@0 PNeEESHﬁI thisereRien, 53: BOIRF- ar tnRPEARE) m%‘sefa%%d in
an amount of é% Prevléndelsd 'w\tQ%t eh8dmitim ¥nbide pARaveled with% o ,
the amount of #n %hghgjﬁfyégefso :20) binder. The particles consists
essentially of a chromium carbide core coated at least
partially with a layer consisting essentially of a nickel-
chromium alloy. Successive steps of sintering, grinding
and classification are used to form the particles. - Pre—
blended particles prepared in this manner provided some
improvement in performance, but the coating formed by HVOF
spraying still had difficulty achieving both good
smoothness and high erosion resistance properties.

The present invention provides an improved powder
capable of producing coatings have much better erosion
resistance properties in comparison to the foregoing known

powder having a similar composition.

According to a first aspect of this invention a powder
for use in a thermal spraying coating process, comprising
particles consisting essentially of a metal carbide core
coated at 1least partially with a layer consisting
essentially of a nickel~chromium ailoy containing the metal
carbide dissolved therein, wherein the particles have been
formed by heating a mixture of fine starting particles of
the metal carbide in the presence of the nickel-chromium
alloy under conditions effective to cause from about 60 to
90 wt. ¥ of the starting metal carbide to dissolve therein,
and wherein the relative amounts of the carbide and the
nickel-chromium alloy are selected so that, upon cooling of
a thermally sprayed coating made from the powder,
substantially all of the metal carbide remains in solution
in the nickel-chromium alloy.

The relative amounts of the carbide and the Ni~Cr
alloy are selected so that, upon cooling of the sprayed
coating, substantially all of the carbide remains in
solution in the Ni-Cr alloy. If the amount of carbide is



insufficient to conpletely dissolve the carbide. At les

formation of Ni-Cr ends and an undesirabl e second phase {f gr ns. E@&epgé
substantial amounts of other el ements such as iron or nilobj ubhk ent,

the foregoing ranges will be different, as i4lustrated b
The powder of this invention was developed for formng a er05|on coat|n93

for an aircraft ¢pdr @h—'é%t Hu e GFTET yﬁeeﬂbleaelel QR 5
wel | val ves and rlg onents st eam_p gg g g ﬁ ot her ., .

e onant o wher EPRIse. FREBIRG & Seoand Phese hiak veakend h?eﬁBEFé?ﬁr%n‘bas
or liquid that gawegsuscosiofiresisoamcer mmmlﬂomied)mcdnaﬁﬂgeto the

aerof ol | e oSt ORnieRLingS by, a1 uheHeRe by TALESD SRIAED §35%on
smoothness and erosion resistance as compared to closely

similar coatings, particularly coatings formed from the
80:20 chromium carbide/Ni-Cr alloy prior art powder
described above, wherein the amount of carbide used was so
great that a substantial portion of the carbide did not
remain in solution.

According to a foregoing aspect of the invention, the
carbide particles are not entirely  pre-dissolved in the
Ni-Cr alloy. If dissolution is .complete, the resulting
composite alloy has a higher overall melting point and may
become more difficult to spray. Accordingly, it is
preferred that only a portion of the metal carbide,
preferably chromium carbide, be pre—dissolved in the Ni-Cr
alloy. However, in accordance with a second aspect of this
invention suitable for plasma spraying, the powder for use
in a thermal spraying coating process, comprises particles
consisting essentially of a nickel-chromium alloy
containing a metal carbide dissolved therein, wherein the
particles have been formed by heating a mixture of fine
starting particles of the metal carbide in the presence of
the nickel-chromium alloy under conditions effective to
cause from more than 90 wt. % to 100 wt.% of the starting
metal carbide to dissolve therein, and wherein the relative
amounts of the carbide and the nickel chromium alloy are
selected so that, upon cooling of a thermally sprayed
coating made from the powder, substantially all of the
metal carbide remains in solution in the nickel-chromium
alloy.

The powders of the invention can be referred to as
alloyed, composite, or bonded metal carbides. Where the
metal is chromium, these materials are formed by a process
which creates particles containing both phases, namely a
Cr;C, core which has been covered by a complete or partial
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9 The follow ng exanples illustrate the invention. EXANPLé The starting
material s consisted of chrom.um carbide [err] powder and afn}ciOell -AUG #96uM
al l oy powder. The specification of each was as follows: Chfofi um car bi de:

Size <11 m crons 100% Chemi stry car bon _
12% m n silicon ' 0.2% max iron I
0.30 max ot hers : 1.0 max chrom um

bal ance Nickelcogtriong usraltiey: NSlee $ihdEr&B3oy containing d88%lved

chromium carbide. Unlike prior spraying processes such as
plasma spraying using a DC arc, or D-gun spraying, which
operates by combustion of acetylene on a pulse basis, HVOF
spraying operates in a continuous, high-velocity streamn.
The HVOF stream tends to separate the chromium carbide from
the Ni-Cr alloy, resulting in isolated areas of each on the
coating surface, or layering of one on the other, resulting
in an inferior coating. It is difficult to melt and soften
chromium carbide, so that very little is deposited.

The composite particles according to the invention can
be applied without separation by HVOF spraying to surfaces
» such as aircraft parts made of hard metals such as steel or
titanium alloys. A coating of the invention formed by HVOF
spraying can have both low surface roughness and high
resistance to erosion. Normally, increasing one of these
characteristics decreases the other. . For example,
decreasing the particle size makes the resulting coating
smoother, but the coating erodes more readily. In typical
coatings formed using a finer powder, the resulting coating
has higher stresses, rendering the particles more
susceptible to oxidation and thereby increasing erosion.

Both erosion and surface roughness mnust nmeet
prescribed specifications of aircraft manufacture or the
coating will not be usable. For example, blades for use in
stages 6 to 12 of a 12-stage rotary compressor for a 737
jet engine (CFM 56) must have a roughness of no more than
about 80 Ra, particularly 30-80 Ra, wherein Ra refers to
the average difference in micro-inches between peaks and
valleys in the coating. Erosion loss, as measured by
sandblasting with 600 grams of fine white alumina, 230
grit, at 50-60 psi (3.3 to 4.0 bar), should be 170 micro-
grams/gram or less, preferably 125 mg/g or less.

In making the powder of the invention, commercially
available chromium carbide and Ni-Cr powders are trans-
formed from a simple powder blend to a composite powder as

described above. This may be accomplished by, for example,
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Chem stry chrom um 49- 50% ni ckel

49-50% ot hers 1.0 max The raw i ?"ﬁAW‘B%
t 0 wt.
P

bl ended together at a ratio of 90 w. % chrom um car bi d % of
ni ckel - chrom um al | oy. The bl end was placed in graphit gers-—eacn
painted with a cal cium carbonate wash to prevent carbon pick up. The

saggers were pushed through a nol y-wound m¥ fle furnace Fira -

Mchee (1m | SRBeYSHAYAAeh CEgR oar R GugR L Toa: ate RE%HBour® one
hour. The tenpprafereed: pimcesnt cembinéde teatpaohiches i ns@likcstate
Lorr] ohon X! EiRGeEindieatuZane, <thecsafger L CLetAdRl el dketitha)
cool ing zone about et ) i'n Tength. e

carbide particles dissolve in the surrounding Ni-Cr alloy.
However, the sintering conditions are controlled as
described below to prevent complete dissolution. The
resulting alloy of the metal carbide and the Ni-Cr alloy
deposited on the outsides of the metal carbide particles is
a eutectic having a higher melting point than the starting
Ni-Cr alloy. Upon thermal spraying, the remainder of the
metal carbide melts, providing a coating with superior
erosion resistance because it has no weak spots in the form
of precipitated metal carbide or unmelted metal carpide
particles. The coating made using such an alloy according
to Example 1 below exhibited a single phase, an Ni~Cr-C
alloy nearly free of carbide particles when examined under

a microscope.

To prepare the powder of the invention, the
particulate metal carbide is first blended with a
nickel-chromium alloy to form a mixture. Regardless of the
method of prepai:ation, the use of fine starting metal
carbide pérticles is important. If the starting carbide
particles are too coarse, the desired solution does not
form. If the starting carbide particles are too fine, the
chrome carbide becomes pyrophoric and is difficult to
handle. Chromium carbide'particles from 1 to 10 microns in
size have proven most effective.

The mixture of powders is sintered to form a solid
mass, and preferably permitted to cool. The solid mass is
then ground back into a powder form, and the powder is
classified to obtain a powder with the desired particle
size distribution.

The mixture is preferably sintered at a temperature in
the range of 1200 to 1500°C for about 0.3 to 3 hours, most
preferably 1250 to 1450°C for about 30 to 90 minutes.
Excessive heat or time (or both) causes large crystals to
form which adversely affect the properties of the coating.



sagger and material were cooled to about [err] befor
Fl ame curtains were maintained at both the entrance
to protect the product from oxidation. The product thht eme'fgmﬁ
furnace was in the formof an ingot about 18 inches (9.
(75 mm w de, and 1-2 inches (25 - 50 nm tehick. The i
rough-crushed to pieces |ess than about 1 inch (25 nm
j aw crusher. Acmsnather ¢thexrr usdmsd, wakndhehicbentt osi gnghemeansagthe

particle size g, laﬁﬁﬁg&?.a” o3P0l O. %ﬁu&éﬁ%&&? ”Q):g Tﬁl.[%tcr  RLLAUCE, yas

then fed into a hig vi bratin m || ectrve to
mnimze iron E@ﬂpaﬁﬁtunat |@f1 tthe euaecémme guringl essn eriugt hgenepsity

mlling, the pﬁ&ﬁlﬁinﬁﬂfoééfeé{’é‘r@ te m%iQ:thESBoﬁ%doffhﬁhQVﬁzé'é&Elpaﬁéﬁﬁé al

was returned to the mil further crus mat eri al™ was air

cl assified usi ﬁarawpé@- Cl'iO@eWQQ e o5 f FEF"P&“M RATREARuENDs| 3leoutrne

exact size wasi400°C for Ni-Cr (solution of Cr in Ni). Sintering may be
carried out without external application of pressure.

The sintered and cooled mass, in the form of a fused
ingot, is then returned to powder form by grinding. This is
readily accomplished by one or more rough-crushing steps in
which the ingot and large fragments thereof are broken up
into a broad range of different-sized particles, and then
a milling step in which coarse particles are further
reduced in size to provide a fine particle mixture with
particles ranging in size from about 1 to 100 microns.

The milled particles are then classified, preferably
using a conventional air classifier, to obtain the desired
particle size distribution. A broad range of particle sizes
from about 2 to 100 microns can be used in thermal
spraying, and classification may be omitted if grinding
results in the desired particle distribution. For plasma
spraying of the powder of the invention, particle sizes
ranging from 44 to 100 nicrons are most preferred, in
comparison to a range of 3 to 30 microns normally used for
a chromium carbide powdexr/Ni-Cr alloy powder in plasma
spraying.

As to ﬁVOF spraying, in contrast to the mixtures of
chromium carbide and Ni-Cr particles of the prior art used
for compressor blade coatings, wherein the sizes range from

about 10 to 40 microns with a mean of 25-30 microns, a
range according to the invention of about 2 to 44 microns
with a mean of around 9 to 13, especially 9-11 microns
according to the invention results in a smoother coating
which, surprisingly, has erosion resistance as good or
better than the prior alloy with the much higher overall
particle size. Sprayability is generally best at an
intermediate size range of about 15-44 microns, and this



sel ected based on the end use of the intended coated p
use in stages 6 to 12 of .a 12-stage rotary conprespo
engine. Six sanples A - F according to the invention hjadl cOnpAtG 1998s Jarjd
approximate particle size distributions as set forth i
the size distributions of part B, the values given for| e

for

P&E_EM% ﬁﬂe%ﬁ ddes

for a 737 jqt

abl e 1 bel ow.| Hor

represent the percentage of the total partj,cles havi ngl particle_sizes fijner
than the micron size in the left colum. In part C, nv = nean val ue, and-

the val ues ali Wi ?LCQT nt I ngi c\ut 0 ' a Is t he
stated percent o theﬂp:a I C %?’tﬁve t hat g?%ﬁtglog%t o%g’]e?ggs . \1,\'@5'?& 1

A

Conposi t iAGirsppRYed finigh is no¥ requiged. Forp exampler valve F
components can be coated according to this embodiment of
the invention and then ground and polished to obtain a
higher finish.

For purposes of the invention, a '"mean" refers to a
particle. size at which approximately half the particles
have greater particle sizes and half have lesser sizes.
Such a mean also closely approaches a weighted average
particle size. "Particle size"™ for purposes of the
invention refers to the diameter of a roughl}} spherical
particle, or the largest dimension of a non-spherical
particle. -

The finished powder according to one embodiment of the
invention useful in high temperature applications consists
essentially of 4 to 7 wt.% Ni, 11 to 13 wt. $ C, up to
about 5 wt. ¥ other elements (usually impurities) such as
one or more of Fe, Mn, Si, W, Co, Mo and 2r, and the
balance Cr (typically from 79 to 83 wt. %). Ranges of 4 to
6 wt.% Ni, 11.5 to 12.5 wt. % C, up to about 2.5 wt. %

" impurities are preferred to obtain optimum surface
smoothness and erosion resistance. The 80:20 prior art
powder described above contained about 16 wt.% Nit 10.5 wt.
% C, up to about 3 wt.% other elements and the balance Cr
(about 70.5 wt.%). .

The metal carbide used in the invention is most
preferably chromium carbide or a mixture thereof with
another metal carbide, or a carbide having comparable
properties, such as titanium carbide. The Ni~Cr alloy used
in the invention consists essentially of nickel and
chromium but may contain substantial amounts of other
elements. For example, the alloy used in Example 2 below
contained 7 wt. % iron and 4 wt. % niobium in addition to
Ni and Cr. Niobium in an amount of from about 1 to 8 wt.
% is a useful addition insofar as it inhibits grain growth

in the coating.



Cr 79.19

4.12 6.17 5.71 5.02 . 4.6 M 0.04

0.03 0.03 Fe 2.3 0.7 1.19 0. 95

0.01 0.01 0.08 0.12 0. 07 0.05 C

11. 69 12..02 12. 02 12. 43 Or* 0. 68 0. 89

0.52 0.56 B. Slze Dlstrlbutlon M crons 44 100

100 100 . 0
97.7 22 96. 6 Thelﬁ& at”elﬁﬁ‘“"ts é’fl Fhe Sfb%r&ng P@ﬁgﬁg%"n& 9h%7 4
92. 4 03.6 am8Gn® of C&7.In Ni 8red hHjusted6ats needéd to pBGYHde
57.1 81.4 . ) s 2 3 « 2+ 35 4 143 éﬁv
36 5.5 1i9§p°5§%1§§;9§herf§7‘9§hz13?531 Z’?%P‘%de 1s'payfty'qigsatvea
6.5 4.3 1ingthe Nipfx3 alloy priogy Xxog sprayipge and the zamounty of
0.6 3 carbideli4 such that it substantially completely dissolves

82.50 80.03 80.67 81.24 81.46

in the Ni-Cr alloy upon thermal spraying and remains
dissolved in the coating once cooled. These amounts will
vary substantially depending on the carbide used and exact
make up of the Ni-Cr alloy; compare the results of
Examples 1 and 2 below.

In a preferred embodiment wherein the metal carbide is
chromium carbide and the Ni-Cr alloy is the one described

above containing 4 to 7 wt.% Ni, 11 to 13 wt. % C, up to -

about 5 wt. % other elements, and the balance Cr, the
amounts of starting chromium carbide and Ni-Cr alloy
preferably vary from 92 to 85 wt. % Cr3C2 to 8 to 15 wt. %
Ni-Cr. The relative amounts of Ni and Cr in the Ni-Cr alloy
for this embodiment differ from the standard 80:20 NICHROME
material. The weight ratio of Ni:Cr ranges from 70:30 to
50:50. In Example 1 below, a 50:50 Ni-Cr material was used
in an amount of about 12 wt.$% relative to 88 wt. % Cr3cCz.
Above 70 wt. % Ni, the amount of Cr in the alloy becomes
insufficient to completely dissolve the carbide. At less
than 50 wt. % Ni, formation of Ni-Cr ends and an
undesirable second phase forms. However, if substantial
amounts of other elements such as iron or niobium are
present, the foregoing ranges will be different, as
illustrated by Example 2 below.

The powder of this invention was developed for forming
an erosion coating for an aircraft turbine. However, other
useful applications include o0il well valves and rig
components, steam pipes and valves, and other components
wherein surfaces are regularly exposed +to a high
temperature gas or liquid that can cause erosion. Some
erosion applications, unlike aerofoil erosion coatings,
will not need a fine finish, in which case larger particle

- sizes can be used.

3.

5
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C. Size Distribution Summary nv 10. 77 9.55 %EP'}‘ACEME_% SS”;-ET
7.81 10. 74 90% 17.38 15. 49 15. 35 21. 32 13. 65 18. 09 :
50% 10. 28 9.11 9.34 10. 08 7.22 9l 4p DOVAUG 1996. 22
4.48 4.83 4.79 3. 47 4.39 OT* refers to othef el enents.
Samples A - F were applied by HVOF spraying using 160 ps 10. 6 bar) ;
oxygen, 100 psi (6.3 bar) hydrogen to staifess steel teki_pieces using a-

nodi fied JET- KOTE sprayer from Stellite.

The resulting coatings were

tested for erosion BjesfrdBloasirio@xaniieodiighugiratefthe hnveatipomi na,

230 grit, at 50 - 60 psi (3.3 - 4 bar). 12 The coatings made using
Sanples A - F according to the inventiorlgﬁlhye}{rperlgt ested for Rockwell 15N

har dness (1SN),

The starting materials consisted of chromium carbide
(Cryc,) powder and a nickel-chromium alloy powder. The

specification of each was as follows:

Chromium carbide:

Size
<11 microns 100%
Chenistry
carbon 12% min
silicon 0.25 max
iron 0.30 max
others 1.0 max
chromium balance
Nickel-chromium alloy:
Size
<31 microns 80%
Chemistry
chromium 49-50%
nickel 49-50%
others 1.0 max

The raw materials were blended together at a ratio of
90 wt. % chromium carbide to 10 wt. % of nickel-chromium
alloy. The blend was placed in graphite saggers each
painted with a calcium carbonate wash to prevent carbon
pick up. The saggers were pushed through a moly-wound
nuffle furnace in a hydrogen—nitrogen atmosphere. The heat
zone of the furnace was about 36 inches (1 m) long, and
each sagger moved through the heat zone in about one hour.
The temperature at the centre of the heat zone was
maintained at 1300°C +/-25°C.

Upon exiting the heat zone, the sagger entered a water
jacketed cooling zone about 5 feet (1.5 m) in length. The



di anond pyram d hardness or m cro-hardness (DPH), erosion loss [err] as
descri bed above, and snpbothness (Ra) in mcro- inches. Desirable |evels for
aircraft coatings are a 15N hardness of at |east 80, a mcro-hardness of

| east 750,
about 80 Ra (m cro-inches).

erosion. loss of less than 125 ng/g, and snoot hness of |less t
Table 2 summarizes the results for the sanples

prepared using the powder of the |nvent|0|_3L0 Tabl e 2 Sanpl e Mean

DPH
76.1 B
90. 8
108. 1
10. 74
876. 8
73.8

[err] Ra A 10. 77 90.9 816. 8 109. 3,

. . . . . 9, 70
s31%8%%er 3¢ gateripf’Fefe codqiyito affed Yoo gypetire
80. exfting the fdrnace. Flame curtains were m@ingainedsat+9béth

91. Qpe ent%g%cé and etfé ot the
110. 4

from ox1datlon The product that emerged from the furnace
was in the form of an ingot about 18 inches (0.5 m) long,
3 inches (75 mm) wide, and 1-2 inches (25 - 50 mm) thick.

The ingots were then rough-crushed to pieces less than
about 1 inch (25 mm) in size with a large jaw crusher. A
Emaller jaw crusher was then used to reduce the average
?article size to less than about 0.25 inch (6 mm). The
crushed product was then fed into a high energy vibrating
tube mill of a type effective to minimize iron contami-
nation to reduce the particle size further. After milling,
the powder was screened to -270 mesh, and the oversized
material was returned to the mill for further crushing. The
—-270 material was air classified using a VORTEC C-1 Series
Classifier to final product size. The exact size was
selected based on the end use of the intended coated
product, namely blades for use in stages 6 to 12 of a
12-stage rotary compressor for a 737 jet engine.

Six samples A - F according to the invention had
compositions and approximate particle size distributions as
set forth in Table 1 below. For the size distributions of
part B, the values given for each sample represent the
percentage of the total particles having particle sizes
finer than the micron size in the left column. In paxt C,
mv = mean value, and the values aligned with each
percentage indicate a cutoff size at which the stated
percent of the particles have that micron size or less.

%ﬁﬂeg I%o protl.@t?z:}e prg%.bét )

at
han

15N
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Range 1.22 .4 48. 1 6.2 2.3 Average 10. 19
91.0 . 853. 4 108. 4 . 74.9 As these results indicate, the sanples
according to the invention had both excell ent snpbot hness and erosion

resi stance. By conparison, the known 80: 20 powder discussed above and

vari ations thereon that were tested were aﬂnparable I n nost -
characteristics, but had snoot hness val 25 raning from75 to 90 Ra and
erosion values [err] of about 125 to 14g—ﬂ6$g7 The | arge inprovenent in

erosi on resistance of the sanples accor diompdasittdeni nvention is quite
surprising in #ﬁgéﬁ the gonmparatively sngll diffgrence ig the overall
conposition o oat imgs™ powWder accor |n% to
the i nventi on Wégfprepa?%dIQ 82.50 80.03 80.67 8l.24 81.4
N 5.55 4.12 6.17 5.71 5.02 4.6
Mn 0.04 0.02 0.03 0.03 0.03 0.03
Fe 2.3 0.7 1.19 0.95 1.1 0.87
si 0.01 0.01 0.08 0.12 0.07 0.05
C 12.31 11.76 11.69 12.02 12.02 12.43
OT* 0.6 0.89 0.81 0.5 0.52 0.56

B. Size Distribution

Microns _
44 100 100 100 100 100 100
31 100 100 100 96.2 100 97.7
22 96.6 100 i00 91.1 100 94.8
16 87.4 92.4 83.6 80.9 97.5 87.4
11 56.1 68 65.5 57.1 81.4 62.3
7.8 28.7 37.3 35.4 32.1 56.2 36
5.5 11.3 15.9 13.9 13.9 31.5 16.8
3.9 3.5 6.5 4.3 4.9 14.3 6.9
2.8 0.6 0.7 0.5 6.6 3 1.4
_ C. size Distribution Summary
nv 10.77 9.55 9.7 11.97 7.81 10.74
90% 17.38 15.49 15.35 21.32 13.65 18.09
50% 10.28 9.11 9.34 10.08 7.22 9.49
10% 5.22 4.48 4.83 4.79 3.47 4.39
OT* refers to other elements. Samples A — F were

applied by HVOF spraying using 160 psi (10.6 bar) oxygen,
100 psi (6.3 bar) hydrogen to stainless steel test pieces
using a modified JET-KOTE sprayer from Stellite. The
resulting coatings were tested for erosion by sandblasting
with 600 gramé of fine white alumina, 230 grit, at 50 -~ 60
psi (3.3 - 4 bar).
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usi ng substantially the same Exanple 1, except that the starting powder
conposition was 90 wt. % chromi um carbide and 10 wt. % of an N -Cr all oy
containing 20 wt.% Cr, 4 wt.%Nb, 7 w. %Fe, traces of C and WMh, and 62.5
wt. % N . Wien HVOF sprayed and tested for erosion, the result was 117

m crograns/gram wth satisfactory snoothness suitable for high-tenperature
conpressor bl ade applications. In this exshple, as.in Exanple 1, the

carbide was partly _dissolved in the N-Cr aII rior_to i n d the

amount of car bi de \'ﬁg\@ coRhirgsimede GHN%FEER %?péonpye?%?‘grﬁ%%%ﬂggl

the Ni-C all anumtioaprw@gtaadeaerﬂmenodmémvacsn rhifm:@@@t i(agN), 14

CLAT MS 1 anonBOfyehmid ndSanels? ot 81 0R0-3001d G83K)" Y erosion
loss (E,) as described above, and smoothness (Ra) in micro-
inches. Desirable levels for aircraft coatings are a 15N
hardness of at least 80, a micro-hardness of at least 750,
erosion. loss of less thén_lzs mg/g, and smoothness of less
than about 80 Ra (micro-inches). Table 2 summarizes the
results for the samples prepared using the powder of the

invention:
Table 2

Sample Mean 15N DPH E, Ra
A 10.77 90.9 816.8 109.3 76.1
B 8.55 91.2 876.7 110.4 74.9
C 9.70 90.8 831.5 109.9 73.8
D 11.87 81.2 839.7 108.1 80.2
E 7.81 107.3 59.9
F 10.74 81.0 828.7 104.2 74.8

High 10.77 91.2 876.8 110.4 76.1

Low 8.55 80.8 828.7 104.2 73.8

Range 1.22 - W4 48.1 6.2 2.3

Average 10.19 81.0 B53.4 108.4 74.9

As these results indicate, the samples according to
the invention had both excellent smoothness and erosion
resistance. By comparison, the known 80:20 powder discussed
above and variations thereon that were tested were
comparable in most characteristics, but had smoothness
values ranging from 75 to 90 Ra and erosion values (E,) of
about 125 to 148 mg/g. The large improvement in erosion
resistance of the samples according to the invention is
quite surprising in view of the comparatively small
difference in the overall composition of the coatings.
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process, conprising particles consisting essentially of a netal carbide
core coated at least partially with a | ayer consisting essentially of a
ni ckel -chrom um all oy containing the netal carbide dissolved therein,
wherein the particles ‘have been formed by heating a mxture of fine
starting particles of the netal carbide in the presence of the _
ni ckel -chrom um al |l oy under conditions efféctive to cause from about 60 to
90 wt. % of the starting netal carbide to dissolve therein, and wherein the
relative anounts of the carbide and tEZ2¥BEEel2chroni um alloy are sel ected
so that, upon cool imptiHerapbhaenbhtyos@iny etb et ingetderd wam phepapeder ,

ni ckel - chr on UM oAt £ 57 Bhe PR, JBPLE ¢ her SRC P §B%: i ng

process, conpstsintymamdwieas cunsisitinn esasnpbaktty Wofcharom kel cahbbdeum

ﬁ;{,gybggﬂt ?gp'ﬁe’}% gy”ﬁgg%l ﬁgré’x‘: 46 -5 396EA oRa8ing BY G € e, Parikches
Nb, 7 wt. % Fe, traces of C and Mn, and 62.5 wt. ¥ Ni. When
HVOF sprayed and tested for erosion, the result was 117
micrograms/gram, with satisfactory smoothness suitable for
high-temperature compressor blade applications. In this
example, as in Example 1, the carbide was partly dissolved
in the Ni-Cr alloy prior to spraying, and the amount of
carbide was such that it substantially completely dissolved
in the Ni-Cr alloy upon spraying and remained dissolved in
the coating.
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a mxture-of fing~stdr ,ngcpa‘t ticles of the nmetal carbide in the presence
of the ni ckEl - ghmori um af 1’6y ‘tinder conditions effective to cause fromnore
than 90 wt. W40 100 wt. % ofl tihe starting nmetal carbide to dissolve
therein, an ty ve anounts of the carbide and the nickel

! 1 nagd he
chrom um al 1Ypy: o\that, upon gpoling of a
coati ng madeyf r.o| ubstan- tially all of tr‘ EH waﬁjﬁm
remains in s@ution int -eRel - chrgnt,up &l Moy 3. ¢ aim

al carbide consists essentially of chrom um car bi de.
4. The powder of any preceding claim wherein the fine particles of
starting netalicar bAdedwder Sizas uget hénr aagetlwérhadm dptrayifgnm asaing 5.

The pouder of BRYcRLECedLRg-eLabl parthEl LIS AU S Qe ibery 1P e
metal carbide core coated at least partially with a layer
consisting essentially of a nickel-chromium alloy
containing the metal carbide dissolved therein, wherein the
particles have been formed by heating a mixture of fine
starting particles of the metal carbide in the presence of
the nickel-chromium alloy under conditions effective to
cause from about 60 to 90 wt. % of the starting metal
carbide to dissolve therein, . and wherein the relative
amounts of the carbide and the nickel-chromium alloy are
selected so that, upon cooling of a thermally sprayed
coating made from the powder, substantially all of the
metal carbide remains in solution in the nickel-chromium

.

alloy.

2. A powder for use in a thermal spraying' coating
process, comprising particles consisting essentially of a
nickel-chromium alloy containing a metal carbide dissolved
therein, wherein the particles have been formed by heating
a mixture of fine starting particles of the metal carbide
in the presence of the nickel-chromium alloy under
conditions effective to cause from more than 90 wt. % to
100 wt.% of the starting metal carbide to dissolve therein,
and wherein the relative amounts of the carbide and the
nickel chromium alloy are selected so that, upon cooling of
a thermally sprayed coating made from the powder, substan-
tially all of the metal carbide remains in solution in the
nickel-chromium alloy.

3. The powder of claim 1 or 2, wherein the metal carbide
consists essentially of chromium carbide.

4. The powder of any preceding claim, wherein the fine
particles of starting metal carbide have sizes in the range
of from 1 to 10 microns.

5. The powder of any preceding claim, wherein the

particles of the finished powder have particle sizes in the

REPLACEMENT SHEET |
— :
0. 1 AUG 1996




2

range of fromabout 2 to 44 mcrons, with an nmean particle size of from
about 9 to 13 mcrons. 6. The powder of claimb5, wherein the nean

particle size is in the range of from9 to 11 mcrons
any one of the preceding clains, wherein the powder aH"‘HHHﬂM‘ﬁﬂm@' t he
steps of: blending particulate chrom uml arbide with par #i cul

ni ckel -chromumalloy to forma m'xture sintering the mxture to forma

solid mass; I f Wi t

Tmss 1o obt ar T RES ok o o ABOSELS o ALRECARE | W (R M Heatpl fe
mxture is si rﬁb?%doﬁthOMeﬁbeﬂt\t&r'éoeiﬁe@@?vénﬁe cause solid state

di ffusion of tde Chm@;s{m&@fta %:h P st, hewﬁéf&% £hE Ohe A i oY teird e

formati on of the solid nass, nmass t hereby becones a eutectic having
a higher nelti¥% Jpr(\), the range of from 9 to 11 microns.

7. The powder of any one of the preceding clainms,
wherein the powder has been formed by the steps of:
blending particulate chromium carbide with a
particulate nickel-chromium alloy to form a mixture;
sintering the mixture to form a solid mass;
grinding the solid mass; and
classifying the ground solid mass to obtain the
- powder.
8. The powder of claim 7, wherein the mixture is
sintered at a temperature effective to cause solid ‘state
diffusion of the chromium carbide into the nickel~chromium
alloy during formation of the solid mass, which mass
thereby becomes a eutectic having a higher melting point
than the starting nickel-chromium alloy.
9. = The powder of claim 7 or 8, wherein the mixture is
sintered at a temperature in the range of 1250 to 1450°C
for about 30 to 90 minutes. '
10. The powder of any one of the preceding claims,
wherein the amounts of starting chromium carbide and
nickel~-chromium alloy are in the range of from 92 to 85 wt.
% Cr;C, to 8 to 15 wt. % nickel-chromium alloy.
11. A coating formed by thermal spraying of the powder of
any one of the preceding claims.
12. A coating formed by high-velocity oxy-fuel thermal
spraying of the powder of claim 10.
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than the starting nickel-chromumalloy. 9. The powder of claim?7 or 8,
wherein the mxture is sintered at a tenperature in the range of 1250 to
[err] for about 30 to 90 m nutes. 10. The powder of any one of the
precedi ng clains, wherein the anobunts of starting chrom um carbi de and

ni ckel -chromumalloy are in the range of from92 to 85 w.

%[err] to 8 to

15 wt. % nickel-chromumalloy. 11. A coatlithg forned by thermal spraying .of
t he powder of any one of the preceding clains. 12. A coating forned by
hi gh-vel ocity oxy-fuel thermal  spr e%dﬁgégL&hé_ﬁgﬁder of claim10.

POWDER FOR USE IN THERMAL BSPRAYING

A powder for use in a thermal spraying coating process
comprises particles consisting essentially of a metal
carbide core coated at least partially with a layer
consisting essentially of a nickel-chromium alloy
containing the metal carbide dissolved therein. The
particles are formed by heating a mixture of fine starting
particles of the metal carbide in the presence of the
nickel-chromium alloy under conditions effective to cause
a portion, preferably 60-to 90 wt.%, of the starting metal
carbide to dissolve in the Ni-Cr alloy. In an alternate
embodiment suitable for higher temperature application,
more than 90 wt. % of the starting carbide particles are
dissolved. As the amount dissolygd approaches 100 wt.%, the
core essentially disappears. Coatings formed according to
the invention show an unexpectedly large increase in both

smoothness and erosion resistance.

[No Figure (No drawings)}

.
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