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DEPOSITION SYSTEM, METHOD AND 
MATERIALS FOR COMPOSITE COATINGS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 11/686,813 ?led on Mar. 15, 2007, now US. Pat. 
No. 7,670,406 issued on Mar. 2, 2010, Which is a Continua 
tion of PCT/US05/033203 ?led on Sep. 16, 2005 Which 
claims the bene?t of US. Provisional Application 60/610,472 
?led on Sep. 16, 2004, entitled “Deposition System, Method 
and Materials for Composite Coatings,” all of Which are 
incorporated by reference. 

TECHNICAL FIELD 

[0002] The present invention is directed to composite poW 
ders for deposition of high quality composite coatings, and 
systems and methods for producing such poWder. 

BACKGROUND 

[0003] Metal parts of various industrial machines or gen 
eral-purpo se machines are required to have various properties 
such as impact resistance, corrosion resistance and Wear 
resistance depending upon their respective purposes. HoW 
ever, in many cases, the metal (or substrate) constituting such 
metal parts cannot adequately satisfy the required properties 
by itself, and it is therefore often subjected to surface modi 
?cation, particularly by forming a coating or deposition on 
the substrate surface. 
[0004] Varieties of poWder compositions for different 
deposition processes are knoWn and described in publica 
tions. Mainly, the poWders comprise particles of a nonmetal 
lic/ceramic compound like tungsten carbide, chromium com 
bined With a metal such as Ni, Cr, Co or an alloy containing 
such a metal as a binder, to form a ceramic/metal composite 
material. Conventional composite materials based on metal 
lic and nonmetallic compounds are presently made by differ 
ent manufacturers like Praxair, SulZer-Metco, etc. A very 
brief list of some of these compounds is the folloWing: 
WC-12Co; WC-17Co; WC-10Co-4Cr; Cr3C2-25NiCr; 
WC-10Ni. The metallic component of a composite metal 
ceramic (cermet) is in a thermodynamically stable state and 
represented by a metal or an alloy having a crystalline struc 
ture. 

[0005] More complex compositions of cerrnet poWders for 
surface modi?cation are also Well known. Such composi 
tions, comprising nitrides, carbonitrides, borides (for 
example, titanium carbonitride) and multicomponent metal 
lic alloys (for example, CoCrAIY, FeCrAIY, and so on) have 
not yet found Wide application. 
[0006] Thermal spray coating typically folloWs one of sev 
eral general schemes disclosed in literature and patents. In a 
?rst method, particles used to coat a substrate may be heated 
so that their temperature When they contact the substrate is 
greater than their melting temperature. This case is generally 
typical for conventional ?ame spraying, atmospheric plasma 
spraying (APS) and loW pressure plasma spraying (LPPS). 
Because the particle is in a melted or fused state and traveling 
at a relatively high velocity When it contacts the substrate, 
splashing of the melted or fused particles often occurs during 
the collision and interaction With the substrate. Melting of the 
nonmetallic component of a composite poWder may cause its 
undesirable decomposition and phase transformation as Well. 
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[0007] As shoWn in FIG. 12, a normal component of pres 
sure may exist only on a surface area underneath the particle 
having a diameter Dx, Which is equal or smaller than diameter 
D of the sprayed particle. In this case, good bonding may only 
develop in the area With diameter D,C underneath the particle. 
The particle Will splash, and the portion outside diameter Dx, 
may not make proper contact With the substrate to enable 
good bonding to it. Splashing often results in voids and exces 
sive surface area of the splashed particles. These characteris 
tics may, consequently, result in excessive oxidation, loW 
Wear, corrosion and erosion resistance of the coated object. 
Higher impact velocities may result in the higher intensity of 
the impact, splashing, and a greater area of the particle 
extending outside of diameter Dx. 
[0008] According to a second method, thermal spraying 
may take place under conditions such that ETP+VP2/2>Em, 
Where ETP+VP2/2 is the total energy of the particle upon 
collision With the substrate; it is the thermal energy of the 
particle upon contact With the substrate. Em is the energy 
needed to heat and melt all the components of the particle (the 
latent heat of melting is included in Em). TB is the temperature 
of the particle upon contact With the substrate. VP is the 
velocity of the particle upon contact With the substrate, and 
Tm is the melting temperature of the particle’s nonmetallic 
component. Such a scheme is often termed “impact fusion” 
and Was disclosed in US. Pat. No. 5,271,965, Which is incor 
porated by reference. While the intensity of splashing may be 
loWer than that experienced in the ?rst spraying scheme, 
splashing of the coating particles is generally experienced 
during impact fusion. Splashing that occurs during impact 
fusion results in all of the same consequences discussed 
above. 
[0009] According to a third coating method, particles may 
be heated to a temperature suf?ciently loW to prevent thermal 
softening of sprayed particles. The particles heated in this 
manner may be applied to a substrate at high velocities. This 
coating scheme may generally only be applicable for use With 
coating materials having very loW yield stress, for example, in 
a general range of about 200 MPa or less. Amorphous and 
nanocrystalline alloys considered in the disclosure have sig 
ni?cantly higher yield strength Which is in the range of about 
500-1200 MPa at room temperature. HoWever, this third coat 
ing scheme may have a very loW ef?ciency When spraying the 
metal-ceramic composite poWders. 
[0010] Disadvantages of prior art composite materials are 
partially related to the metallic compounds or binders, Which 
are based on metals like Ni and Co, and the conventional 
crystalline alloys With other metals like Cr, etc. In some cases 
these types of binders do not provide desirable corrosion 
resistance, bonding With nonmetallic components of a com 
posite material, Wear and erosion resistance, toughness and 
some other properties determining performance of the com 
posite material. Notably, Co and Ni based alloys are expen 
sive. The current deposition processes alloW one to deposit 
the conventional metal-ceramic composites listed above, as 
Well as amorphous and nano- or microcrystalline metallic 
alloys, more or less successfully. 
[0011] HoWever, there is still a need for novel metal-ce 
ramic composite coatings and depositions containing amor 
phous and nanocrystalline metallic components. 

SUMMARY OF THE INVENTION 

[0012] The present invention is directed to composite 
metal-ceramic poWders used for depositing composite coat 
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ings on a selected surface. Several embodiments of the 
present invention are directed to methods and systems for 
producing such composite poWders. Several embodiments of 
the present invention are also directed to methods and sys 
tems for depositing the metal-ceramic composite poWders to 
form coatings. Advantageously, the deposited coatings 
exhibit high corrosion resistance and excellent structural 
properties. 
[0013] According to one important aspect, a composite 
poWder for a deposition of a composite coating comprises a 
nonmetallic component and a metallic component, the metal 
lic component having an amorphous structure. 
[0014] Preferably, the metallic component may include an 
amorphous metallic alloy. The metallic alloy may include 
constituents having the amorphous structure. The metallic 
component may include a combination of the metallic alloy 
existing in the amorphous state and constituents of the amor 
phous metallic alloy in the amorphous state. The metallic 
alloy may be in the form of a continuous matrix having the 
amorphous structure. The metallic component may include a 
combination of the metallic alloy and an alloy having con 
tinuous matrix With an amorphous structure. The metallic 
alloy may also include constituents having a nanocrystalline 
structure. 

[0015] According to another important aspect, a composite 
poWder for a deposition of a composite coating comprises a 
nonmetallic component and a metallic component, the metal 
lic component having a nanocrystalline structure. 
[0016] Preferably, the metallic component includes a 
metallic alloy. The metallic alloy may include some constitu 
ents having an amorphous structure. 
[0017] Preferably, When preparing the composite poWders, 
the ratio of the nonmetallic component and the metallic com 
ponent may be adjusted for use in thermal spraying deposi 
tion, in plasma transfer arc deposition, in laser cladding depo 
sition, or in Weld overlay deposition. Preferably, When 
preparing the composite poWders, the ratio of the nonmetallic 
component and the metallic component may be adjusted to 
obtain a coating having a selected Wear resistance, a selected 
oxidation resistance, a selected corrosion resistance, a 
selected toughness, a selected thermal conductivity, or a 
selected stress property. 
[0018] Preferably, When preparing the composite poWders, 
the particle siZe of the nonmetallic component and the metal 
lic component may be adjusted for use in thermal spraying 
deposition, in plasma transfer arc deposition, in laser clad 
ding deposition, or in Weld overlay deposition. Preferably, 
When preparing the composite poWders, the particle siZe of 
the nonmetallic component and the metallic component may 
be adjusted to obtain a coating having a selected Wear resis 
tance, a selected oxidation resistance, a selected corrosion 
resistance, a selected toughness, a selected thermal conduc 
tivity, or a selected stress property. 

[0019] Preferably, When preparing the composite poWders, 
the chemical composition of the nonmetallic component or 
the metallic component, may be separately, or together, 
selected to obtain a deposited coating having a selected Wear 
resistance, a selected oxidation resistance, a selected corro 
sion resistance, a selected toughness, a selected thermal con 
ductivity, or a selected stress property. 

[0020] According to yet another important aspect, a 
method of preparing a composite poWder for a deposition of 
a composite coating onto a substrate, comprising: providing a 
nonmetallic component, providing a metallic component 
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having an amorphous structure (or a nanocrystalline struc 
ture), and creating a composite of the nonmetallic component 
and the metallic component. 
[0021] According to yet another important aspect, an appa 
ratus for depositing a composite coating includes a deposition 
gun and a feeder constructed to provide a composite poWder 
comprising a nonmetallic component and a metallic compo 
nent having an amorphous structure or a nanocrystalline 
structure. 

[0022] The apparatus may include a single feeder, or tWo 
feeders being constructed to provide separately components 
of the composite poWder, at least some of the components 
being separately delivered from the poWder injectors into the 
deposition gun. 
[0023] Optionally, the ?rst of the poWder feeding modules 
may be constructed to provide the nonmetallic component 
and the second of the poWder feeding modules may con 
structed to provide the metallic component thereby achieving 
a selected poWder mixture inside the apparatus. The metallic 
component may include an amorphous metallic alloy. The 
metallic alloy may include constituents having the amor 
phous structure. The metallic component may include a com 
bination of the metallic alloy existing in the amorphous state 
and constituents of the amorphous metallic alloy in the amor 
phous state. 
[0024] According to a preferred embodiment, the novel 
composite metal-ceramic poWders have an amorphous metal 
lic binder to provide coatings With a combination of loW cost, 
high hardness, high corrosion and oxidation resistance as Well 
as high deposition e?iciency. Preferably, the coatings are 
deposited using the thermal spray process. Additional 
embodiments of the present invention include thermal spray 
processes and thermal spray equipment optimiZed for speci?c 
composite metal-ceramic poWders for producing the coat 
ings. 
[0025] Preferably, the novel composite metal-ceramic 
poWders are used for surface modi?cation of various sub 
strates that require high impact resistance, excellent Wear 
resistance, and excellent corrosion and erosion resistance 
even under high temperature. Preferably, the coatings are 
deposited using a deposition apparatus Which generally pro 
vides a stream of gas having a desired temperature and veloc 
ity pro?le. The deposition apparatus includes a feeding mod 
ule for the introduction of the poWder or particulate material 
into the gas stream and deposition onto the desired surface. 
[0026] Preferably, the deposition apparatus is a high veloc 
ity thermal spray (HVTS) apparatus for spraying composite 
metal-ceramic poWders. Alternatively, the deposition appara 
tus is selected from the high velocity oxygen fuel (HVOF) 
apparatuses like JP 5000 manufactured by Praxair-Tafa, Dia 
mond Jet manufactured by SulZer Metco, Jet Kote manufac 
tured by Stellite Coatings, Inc., or the deposition apparatuses 
described in Us. Pat. No. 5,932,293. Other deposition appa 
ratuses and methods may be used as Well. The technology 
provides very good cohesion/adhesion betWeen ceramic 
components and amorphous and/or nanocrystalline metallic 
components during the deposition process and coating for 
mation. 
[0027] According to one aspect of the invention, the com 
posite metal-ceramic poWder includes at least tWo (2) com 
ponents, Wherein the ?rst component is a nonmetallic/ce 
ramic component, and the second component is a metallic 
alloy able to exist at least partially in an amorphous state. The 
composite metal-ceramic poWder may also include a combi 
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nation of metals, or metallic alloys capable to form an amor 
phous alloy, and metals or metallic alloys in a microcrystal 
line (nanocrystalline) state. The nonmetallic/ceramic 
component is made of at least one compound selected from 
the group consisting of carbides, borides, nitrides, carboni 
trides, oxides, oxycarbonitrides, or any combination of these. 
The metallic component is at least partially amorphous or has 
a microcrystalline (nanocrystalline) structure. The metallic 
component may be chosen from amorphous and nanocrystal 
line alloys (for example, those disclosed in US. Pat. Nos. 
6,258,185 and 6,689,234, Which are incorporated by refer 
ence). The composite poWder may also include one or several 
additional components, for example, an additional crystalline 
metallic component. The additional metallic component may 
include Cobalt, Nickel, Chromium and combinations thereof. 
[0028] In optimal composite poWders, the amorphous 
metal alloy comprises no less than 50% by volume of the total 
metallic phase of the composite poWder. Furthermore, the 
composite poWder may be characterized by the fact that the 
size of the discrete particles, or that of the discrete agglom 
erates of particles, of the metallic component is less than 100 
pm, more preferably less than 45 um and most preferably 
Within 15 to 45 pm. 

[0029] Moreover the novel composite poWders may be 
characterized by the fact that discrete particles of the nonme 
tallic component are imbedded into the matrix of the metallic 
component. The composite coating may also contain the 
amorphous metal alloy that includes a crystalline phase With 
crystals no larger than 200 nm, or preferably no larger than 
100 nm. 

[0030] The composite poWder may have different particle 
size distribution, Which is dictated by deposition method. 
According to one embodiment, particle size may be in the 
range of 40 to 160 um. According to another embodiment, 
particle size may be in the range of 20 to 106 um. According 
to a third embodiment, particle size range may be 15 to 53 um 
and 15 to 45 um. Other ranges of particle size may be pro 
duced satisfying requirements for a certain deposition quality 
and capability of a deposition process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 illustrates aV-shape blender for mixing com 
ponents to prepare a deposition material. 
[0032] FIG. 2 illustrates different factors taken into account 
When selecting a ratio of metallic and nonmetallic compo 
nents of the deposition material. 
[0033] FIG. 3 is a schematic illustration of an embodiment 
of an HVTS apparatus. 

[0034] FIG. 4 is an illustration of the rectangular forming 
block for the HVTS apparatus. 
[0035] FIG. 5 illustrates an embodiment of the apparatus 
including a mixing chamber and a forming module With axial 
poWder feeding. 
[0036] FIG. 6 illustrates an embodiment of a mixing cham 
ber and a forming module With the attached barrel and radial 
poWder feeding in a loW pressure zone. 

[0037] FIG. 7 is an optical micrograph shoWing a micro 
structure of a coating sprayed using a blend of WC-10Co-4Cr 
With 10% SHS 7170 by Weight. 
[0038] FIG. 8 is an optical micrograph shoWing a micro 
structure of a coating sprayed using a blend of WC-10Co-4Cr 
With 15% SHS 7170 by Weight. 
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[0039] FIG. 9 is an optical micrograph shoWing a micro 
structure of a coating sprayed using a blend of WC-10Co-4Cr 
With 50% SHS 7170 by Weight. 
[0040] FIG. 10 is an optical micrograph shoWing a micro 
structure of a coating sprayed using a blend of Cr3C2-25NiCr 
With 27% SHS 7170 by Weight. 
[0041] FIG. 11 is an optical micrograph of a sprayed coat 
ing shoWing an indentation at the contact of the WC-10Co 
4Cr and SHS 7170 particles for the purpose of the DPH300 
measurement. 
[0042] FIG. 12 is a schematic illustration of a melted par 
ticle interaction With a substrate at deposition. 
[0043] FIGS. 13A, 13B, and 13C are optical micrographs 
shoWing microstructures of coatings based on W-balance; Cr 
4%; Co 10%; C 5.3% after 5 hours of oxidation at 7500 C., 
Wherein the coating on FIG. 13A includes 10% SHS, the 
coating of FIG. 13B includes 50% SHS, and the coating of 
FIG. 13C includes no SHS. 
[0044] FIGS. 14A and 14B are optical micrographs shoW 
ing microstructures of coatings based on W-balance; Cr 4%; 
Co 10%; C 5 .3% after 5 hours ofoxidation at 8500 C., Wherein 
the coating on FIG. 14A includes 50% SHS, and the coating 
of FIG. 14B includes no SHS. 
[0045] FIG. 15A is an optical micrograph shoWing micro 
structures of coatings made With a composite poWder made of 
65% 1350 VM and 35% SHS 7574 having particle size of 
20-25 pm. 
[0046] FIG. 15B is an optical micrograph shoWing micro 
structures of coatings made With a composite poWder made of 
65% 1350 VM and 35% SHS 7574 having particle size of 
20-45 pm. 
[0047] FIG. 16 is an optical micrograph shoWing micro 
structures of coatings made With a composite poWder made of 
50% 1350 VM and 50% SHS 7170 sprayed using separate 
poWders fed using tWo injectors. 
[0048] FIG. 17A is an optical micrograph shoWing an 
indentation into a sprayed coating made With a composite 
poWder made of 65% 1350 VM and 35% SHS 7170. 
[0049] FIG. 17B is an optical micrograph shoWing an 
indentation into a sprayed SHS 7170 coating. 
[0050] FIG. 18 is an optical micrograph shoWing micro 
structures of coatings made With a composite poWder made of 
80% WC and 20% SHS 7170. 
[0051] FIG. 19 includes Tables 1 and 2, Wherein Table 1 
shoWs the compositions of deposited coatings and deposition 
parameters, and Table 2 provides a summary of the deposition 
ef?ciency and the test results of the coatings described in 
Table 1. 
[0052] FIG. 20 includes Tables 3 and 4, Wherein Table 3 
shoWs the compositions of deposited coatings, and Table 4 
provides a summary of the sprayability results of the coatings 
described in Table 3. 
[0053] FIG. 21 includes Tables 5 and 6, Wherein Table 5 
provides a summary of test data performed on the coatings 
described in Table 3, and Table 6 summarizes the results of the 
G-65 tests performed on the coatings described in Table 3. 
[0054] FIG. 22 includes Tables 7 and 8, Wherein Table 7 
provides a summary of the erosion tests performed on the 
coatings described in Table 3, and Table 8 provides a sum 
mary of the de?ection tests performed on the coatings 
described in Table 3. 

DESCRIPTION OF THE OF THE PREFERRED 
EMBODIMENTS 

[0055] FIG. 1 illustrates mixing of the poWders in a poWder 
mixer such as aV-shaped blender. The V-shape blender is very 


























