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Abstract Because of their excellent properties, such as
corrosion resistance, fatigue strength and biocompatibil-
ity, cobalt-based alloys are widely used in total hip and
knee replacements, dental devices and support structures
for heart valves. In this work, CoCrMo alloys were
synthesized using a novel method based on combustion
synthesis (CS), an advanced technique to produce a wide
variety of materials including alloys and near-net shape
articles. This method possesses several advantages over
conventional processes, such as low energy requirements,
short processing times and simple equipment. The eval-
uated material properties included density and yield
measurements, composition and microstructure analysis,
hardness, friction and tensile tests. It was shown that
microstructure of CS-material is finer and more uniform
as compared to the conventional standard. It was also
found that among various additives, Cr3C2 is the most
effective one for increasing material hardness. In addition,
synthesized CoCrMo alloys exhibited good friction and
mechanical properties.

Keywords Bio alloys · Synthesis · Combustion ·
Microstructure · Mechanical properties

Introduction and relation to previous work

The $12 billion worldwide orthopedic industry is among
the fastest-growing and most profitable segments of
medical technology, whose sales are expected to increase
in the 12% range over the next few years [1]. For
example, in the United States alone, more than 400,000
hip and knee joints are replaced annually using artificial

implants [2, 3]. According to different functional and
biological requirements, a variety of materials are
currently used in medicine. Metals and alloys, particularly
cobalt-chromium and titanium alloys, as well as stainless
steel are utilized for bone and joint implants. Among
these, cobalt-based investment castings have been widely
used in total hip and knee replacements, bone screws,
staples, plates, dental devices, and support structures for
heart valves. This is because cobalt-based alloys (Co-
alloys) have the requisite good wear and corrosion
resistance, fatigue strength and biocompatibility [4, 5, 6,
7].

These Co-alloys, complying with the ASTM F-75
standard, are produced by conventional casting technol-
ogy [8], which is generally an energy- and time-intensive
process, and the resulting materials are relatively expen-
sive due to operating and capital equipment costs.
Moreover, carbide precipitation represents the main
strengthening mechanism in the as-cast conditions. How-
ever, in this process it is difficult to obtain uniform
microstructure with finely distributed refractory carbides
and thus segregation (e.g. networking and pooling) is
often observed [9], which makes the materials difficult to
hot work and may cause implant fracture.

Combustion synthesis (CS) is a novel technique to
synthesize a wide variety of advanced materials that
include alloys and near-net shape articles of ceramics,
intermetallics, composites, and functionally graded prod-
ucts. This method is based on the concept that once
initiated locally by means of a thermal source of short-
time service, a highly exothermic wave of chemical
interactions self-propagates through the heterogeneous
reaction medium. The attractive features of CS are the
high temperatures (usually 2,000–4,000 K), fast heating
rates (e.g. 104 to 106 K/s), and short reaction times (on the
order of seconds) [10, 11]. Therefore, as a practical
alternative to conventional metallurgical processing and
alloy development technologies, CS has several advan-
tages, including (a) low energy requirements and sim-
plicity of the process, (b) high product purity due to the
expulsion of volatile impurities, chemical homogeneity
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and fine-scale microstructure, all owing to the unique CS
conditions, and (c) its scale-up ability, which means
commercial quantities can be produced efficiently. More-
over, CS possesses screening ability to synthesize new
alloy compositions conveniently, rapidly and in any
required amounts in order to evaluate desired material
properties.

To date, a variety of products, including borides,
carbides, composites and metallic alloys, have been
produced commercially using CS technologies [11, 12].
The application of an external force, such as high inert gas
pressure or centrifugal force (i.e., overload), during or
after combustion is generally required to produce pore-
free (porosity less than 1%) products [11, 13, 14, 15, 16,
17]. However, these techniques incur economic penalty
owing to the complicated setup. Thus it is important to
develop a simpler and more efficient method to synthe-
size pore-free materials by combustion reaction.

In this work, we describe in detail a novel efficient and
flexible technique, Low-Pressure Combustion Synthesis
(LPCS), to produce pore-free orthopaedic implant mate-
rials in a single step. Special attention is paid to phase
separation mechanism during combustion of thermite
systems, as well as to characterization of LPCS-alloys,
including analysis of chemical composition, microstruc-
ture, hardness, friction and tensile properties.

Materials and methods

The synthesis conditions as well as methods used for materials
characterization are described below. Note that the property
measurements were conducted primarily in the laboratories of
Zimmer, Inc. (Warsaw, IN).

Materials synthesis

Among various types of CS processes, thermite (or reduction)
combustion synthesis was used in our study to produce Co-alloys.
In general, this process involves oxides and reducing metals (Al,
Mg, Zr, Ti, etc.) as reactants, as well as desired additives and
described by the formula:
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where (MOx)i
(s) is an oxide which reacts with a reducing metal Zi

(s),
resulting in the appearance of desired reduced metal Mj

(s,l) and
another, more stable oxide (ZOy)j

(s,l), along with heat liberated Q.
The following specific thermite (Co3O4-Cr-Mo) + Al system

was selected for CS of Co-alloys:

3Co3O4 þ 8Alþ ðxCo; yCr; zMoÞ ) 4Al2O3 þ ð9þ xÞCo-alloys

where Al is the reducing agent, and x, y and z coefficients can be
varied to obtain the desired combustion temperature and product
composition. For example, to control reaction temperature and rate,
pure Co metal was added to the initial mixture as diluent. Based on
thermodynamic analysis [18], the mole ratio of Co to (Co + Co3O4)
equal to 0.5 was selected as an optimum reactant composition,
which corresponds to combustion temperature up to 2,900 K with
small amount gas phase products. Note that this temperature value
is higher than the melting points of both products, i.e. Co-alloy
(Tm.p.,Co � 1,800 K) and Al2O3 (Tm.p.,Al2O3 � 2,300 K), which is
important for full separation of alloy from oxide slag. Simulta-
neously, minimizing gas products leads to synthesis of desired
pore-free materials. The Cr and Mo additives are required by the
ASTM F75-98 standard specifications for cast Co-alloys. In
addition, carbon black, graphite, as well as different carbides and
nitrides were used to enhance material properties. The character-
istics of the utilized reactant powders are listed in Table 1.

The precursors in desired ratio were thoroughly mixed to ensure
homogeneity of the reaction medium, which was then uniaxially
cold-pressed into 20 mm cylindrical pellets at pressure �85 MPa to
density in the range 2.9–3.3 g/cm3. To eliminate the horizontal
spreading of liquid products, as well as to avoid possible metal
splash on reaction chamber wall, pellets were inserted in a 42 mm
inner diameter quartz tube covered from both sides by ceramic (BN
or SiO2) plugs. The tube was then constrained in a specially
designed fixture and placed in a stainless steel reaction chamber,
400 mm high and 320 mm inner diameter (see Fig. 1). Before
reaction initiation, the chamber was sealed, evacuated and purged
with inert gas for three cycles and finally filled with argon to the
desired pressure. Tungsten coil, positioned �2 mm above the pellet
surface, was electrically heated until the reaction was initiated
locally, followed by immediate power turn-off, while the reaction
wave propagated along the sample.

In this work, typical LPCS-ingot was a disk �40 mm diameter
and �10 mm height. For the same experimental conditions, at least
4 samples were synthesized to ensure reproducibility of obtained
results. To investigate the influence of casting on LPCS-alloy
properties, relatively large amount of materials (�5 kg) were
synthesized using the developed LPCS technology as shown in
Fig. 2, where individual ingots may also be seen. These ingots were
further cast in specially designed ceramic mold (Fig. 3) using the
conventional approach. Briefly, this process involved heating alloy
up to 1,880 K in the electrical furnace, followed by casting into
mold preheated to 1,250 K. After this, various shape and size
specimens, arranged as a casting tree (Fig. 4), were obtained for
further analysis and property evaluation. In some cases, LPCS
samples were additionally treated under the following hot isostatic
pressing (HIP) conditions: T = 1,463 € 25 K under a pressure of

Table 1 Powder Characteriza-
tion

Reactants Particle size Purity, % Density, g/cm3 M.P., K B.P., K Source

Co3O4 –400 mesh 99.7 6.11 1173 N/A Alfa Aesar
Al –325 mesh 99.5 2.70 933 2740 Alfa Aesar
Co –325 mesh 99.8 8.92 1766 3373 Cerac Inc.
Cr –325 mesh 99 7.19 2148 2755 Alfa Aesar
Mo 3–7 mm 99.95 10.22 2883 5833 Alfa Aesar
Cr3C2 –325 mesh 99.5 6.68 2163 4073 Cerac Inc.
TiN –325 mesh 99.5 5.22 3203 N/A Cerac Inc.
TiC �2 mm 99.5 4.93 3413 N/A Cerac Inc.
Graphite <1 mm 99.9995 2.25 3970 N/A Alfa Aesar
Carbon,
Lampblack

N/A N/A N/A N/A N/A Fisher Scientific

M.P.: Melting point, B.P.: Boiling point, N/A: Not available
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172 € 2 MPa for 270 min, then cooled down to 922 K using inert
gas under the load. Thus, in general, three types of samples were
tested for various properties: as LPCS-Synthesized, LPCS + Cast
and LPCS + HIP.

Materials characterization

The properties evaluated included density and yield measurements,
composition and microstructural analysis, hardness, friction and
tensile tests. Yield is defined as the ratio of the actual mass of
produced metal alloy to the theoretical value corresponding to
stoichiometric considerations, while density was determined using
the Archimedes’ principle. Optical and scanning electron micro-
scopies were used to characterize sample microstructures. Rockwell
hardness tests were performed based on the ASTM E18 standard at
ambient temperature. The tensile tests were conducted in accor-
dance with ASTM E8 standard specifications. For the latter, Co-
alloys were machined into standard specimens with gauge length
25.4 mm and diameter 6.35 mm. Tensile tests were performed at
ambient temperature in a computer-controlled electro-mechanical
system using a 25.4 mm gauge length extensometer. Finally,
friction tests against ultra high molecular weight polyethylene
(UHMWPE) pins were conducted at ambient temperature using

Pin-on-Disk machine with 100 g load, and �5 cm/s speed. The
initial surface roughness values of conventionally cast and LPCS
samples used for friction test were 0.023 and 0.029 mm (Ra), and
0.368 and 0.427 mm (Rz), respectively.

Results

Combustion synthesis of Co-alloys

An important fundamental result of our research is that
for each composition, a range of ambient inert gas
pressure (typically lower than 1 atm) exists under which
pore-free (>99% theoretical density) metal ingots can be
synthesized by utilizing combustion technology with
yield higher than 90% (see also Ref. 19). Briefly,
Fig. 5a shows that with increasing ambient gas pressure
initially alloy density decreases rapidly, while yield
sharply increases, and both exhibit saturation. In the
enlarged low-pressure region (Fig. 5b), one can see that at

Fig. 2 The LPCS-synthesized Co-alloy products (�5 kg)

Fig. 3 The ceramic casting mold used in the present study

Fig. 1 The experimental setup. Inset shows details of the sample
attachment fixture

Fig. 4 The LPCS + Cast products
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pressures lower than 0.15 atm (region I), a pore-free alloy
is produced but the yield is lower than 60%. On the other
hand, at pressures exceeding 0.18 atm (region III), the
yield is more than 90% but the material density is too low
owing to formation of large cavities in the ingot.
Remarkably, a window of ambient gas pressures exists
(region II) where both yield and density simultaneously
possess acceptably high values. The related product
configurations from each region are shown in Fig. 6. In
regions I and II, slag formed in the shape of a thin-tube
along the quartz container wall, while in region III Al2O3
cap formed on top of ingot. Thus from the viewpoint of
process efficiency and product density, the optimum
condition for the basic Co-alloy synthesis is ambient gas
pressure in the range 0.15–0.18 atm.

Further, using the rapid screening ability of the
developed LPCS technique, a wide range of material
compositions was studied. For example, graphite, carbon
black as well as several carbides (e.g., Cr3C2, TiC) were
used as additives to enhance material properties. Table 2
lists the optimum initial gas pressures, as well as resulting
yield and porosity values of several Co-alloys with
various carbon additives. It appears that it is possible to
find the optimum pressure range for synthesis of pore-free
alloy with high yield in all cases. It may also be seen that
increasing carbon black content increases the average
optimum gas pressure. Further, for the same amount of
added carbon, the lowest optimum pressure corresponds
to the use of Cr3C2 additive.

The results of chemical analysis for different LPCS-
alloys, along with F75 standard requirements, are shown
in Table 3. It may be seen that the product composition
can be easily controlled to match well with the ASTM

Fig. 6 Product configurations
of basic Co-alloys synthesized
by LPCS at different ambient
gas pressures

Fig. 5 (a) Influence of ambient gas pressure on basic Co-alloy
density and yield. (b) Enlargement of low pressure region of (a).
Region (I) has high density but low yield; region (III) has high yield
but low density; region (II) exhibits high density and high yield
simultaneously [19]

Table 2 Synthesis Pressures for
LPCS Co-alloys with Additives

Additive
wt.% carbon

Carbon Black Graphite
0.5

Cr3C2
0.5

0 0.25 0.35 0.5

Optimum pressure,
atm

0.15–0.18 0.15–0.26 0.32–0.40 0.8–1.0 0.15–0.4 0.08–0.2

Yield, % 91 83 78 83 85 80
Porosity, % <1 <1 <1 <1 <1 <1
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specifications, and that the carbon content is adjustable up
to high values. Further, all products have very low
impurity levels, with only small residual Al present as
Al2O3 inclusions, which decreases upon casting.

The typical microstructures of Co-alloys produced by
LPCS and the conventional method are presented in
Fig. 7. The microstructure of LPCS-alloy is finer and
more uniform as compared to the conventional one
(compare Fig. 7a and b), while casting leads to its
coarsening (compare Fig. 7a and c).

Properties of LPCS-synthesized Co-alloys

As noted above, different additives were investigated to
determine their influence on alloy properties. When
carbon black or graphite is used, as shown in Fig. 8a,

the hardness of Co-alloys increases with increasing
carbon content, reaching �31 HRc at 0.33 wt.% C.
Among the various additives, at identical loading, Cr3C2
is the most effective one for increasing material hardness
(Fig. 8b). Remarkably, with increasing carbon added as
Cr3C2, the hardness of LPCS Co-alloys increases (Fig. 8c)
to values that are significantly higher than with graphite
or carbon black (Fig. 8a) and even the wrought Co-alloy
[8]. For example, with 0.33 wt% carbon content, the
LPCS-alloy with Cr3C2 additive has average hardness
46 HRc, approximately 50% higher than with C black or
graphite addition.

Table 4 presents various mechanical properties for Co-
alloys produced under different conditions. It appears that
the hardness of LPCS-synthesized Co-alloy with Cr3C2
additive is higher than for all other samples, while
elongation remains approximately the same. In general,

Fig. 7 Typical microstructures
of pore-free Co-alloys with
0.33 wt.% C. (a) As LPCS-
synthesized with Cr3C2 addi-
tive, (b) Conventional sample,
(c) LPCS + Cast sample

Table 3 Chemical Compositions (wt.%) of Different Co-based Alloys

Elements Co C Cr Mo Si W Al* Fe Mn Ni P S Ti Cu N
F75-98
min bal … 27.0 5.0 … … … … … … … … … … …
max bal 0.35 30.00 7.00 1.00 0.20 0.30 0.75 1.00 1.00 0.020 0.010 … … 0.25

LPCS-1 bal 0.02 28.42 6.34 0.07 0.11 0.20 0.12 0.088 0.02 0.008 0.007 0.005 0.015 0.006
LPCS-C-1 bal 0.33 28.00 6.43 0.79 0.14 0.240 0.11 0.084 0.04 0.007 0.010 0.006 0.016 0.026
LPCS-C-2 bal 0.43 28.28 6.61 0.73 0.079 0.30 0.11 0.086 0.02 0.007 0.007 0.005 0.014 0.012
LPCS-C +
Cast-1

bal 0.28 27.88 6.18 0.80 0.12 0.008 0.13 0.12 0.03 0.006 0.007 0.005 0.017 0.038

LPCS-C +
Cast-2

bal 0.42 28.04 6.81 0.69 0.13 0.16 0.12 0.10 0.03 0.007 0.007 0.006 0.014 0.055

* present as Al2O3
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although the other mechanical properties of LPCS-
synthesized alloys are comparable to those of the
conventional samples, the former possess relatively lower
elastic modulus. After additional HIP or cast treatment,
the LPCS-alloy shows decreased hardness and increased
elastic modulus values. Further, LPCS + HIP samples

Fig. 9 Friction properties of LPCS-synthesized alloys against
UHMWPE (bars, standard deviation)

Fig. 8 Dependence of LPCS-synthesized alloys hardness on addi-
tives. (a) Hardness increases with increasing addition of graphite or
carbon black. (b) For the same extent of carbide/nitride additives,
Cr3C2 exhibits the most hardness enhancement. (c) Dependence of
alloy hardness on Cr3C2 content (bars, standard deviation)

Table 4 Mechanical Properties of Co-based Alloys

Properties LPCS-Synthesized LPCS + HIP
(0.02 wt.% C)

LPCS + Cast Conventional
(0.21 wt.% C +
0.17% N)(0.02 wt.% C) (0.33 wt.% C*) (0.28 wt.% C*) (0.42 wt.% C*)

Tensile strength, MPa 580 620 464 743 791 699
Yield strength (0.2%),

MPa
363 512 323 471 540 485

Elongation, % 10 9 11 8 8 11
Reduction of area, % 9 12 15 10 7 17
Elastic Modulus, GPa 159 165 228 235 214 227
Hardness, HRc 23 46 23 32 34 32

*with Cr3C2 as additive
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exhibit reduced strength and increased ductility, while
LPCS + Cast alloys have higher tensile strength.

Finally, friction properties of LPCS-alloys with
0.33 wt.% C using Cr3C2 additive, as well as this alloy
after casting (LPCS + Casting) and conventional (control)
material are shown in Fig. 9a. As may be seen, the as-
synthesized alloy, while having greater roughness and
higher hardness, possesses comparable friction property
with the conventional material, while after casting (LPCS
+ Casting) its friction coefficient is lower than that of
control sample. The average data for the pin-on-flat wear
test by using UHMWPE pin (see section Material
characterization) are shown in Fig. 9b. The material
produced from LPCS alloy followed by casting exhibits
consistently lower average weight loss as compared to the
conventional alloy.

Discussion

The distinctive feature of studied aluminum-thermite
process is that combustion temperature is higher than the
melting points of all reaction products, which contain two
immiscible phases: relatively heavy metal alloy and light
ceramic slag (Al2O3). Specifically, for the present system,
the combustion temperature is �2,900 K while melting
points of products are Tm.p.,Co � 1,800 K and Tm.p., Al2O3 �
2,300 K. Note that both phases have essentially same
volume in the melt, and complete phase separation
between slag and alloy typically occurs in a few seconds.

In general, it is known that phase separation in
thermite systems is affected by different parameters,
including combustion temperature, heat losses and gravity
(e.g. centrifugal acceleration) [13, 14]. However, for
systems investigated in this work, it was shown that this
process is controlled primarily by non-gravity driven
mechanisms, such as surface tension and wetting ability
[20], as well as by buoyancy, owing to difference in
product densities (rCo = 8.5 g/cm3, rAl2O3 = 2.8 g/cm3).

It is interesting that while Co-alloy always lies at the
bottom of the container after phase separation, two types
of slag (Al2O3) configuration were observed: as thin tube
along the container wall or as cap on top of the metal
ingot (Fig. 6). Let us discuss this issue in detail. As noted
above, the pore-free alloy with high yield can be achieved
only at relatively low ambient gas pressure, P0 (see
Fig. 5b). At high LPCS temperature (�2,900 K), impu-
rities and part of the products are in gas phase (metal
vapor, suboxides, carbon monoxide, etc.) and the inten-
sive gasification causes an increase of gas pressure in the
reaction medium. It is clear that pressure difference
between inside and outside of the melted products
increases with decreasing P0. This pressure gradient
(DP) is believed to control the formation of alloy
microstructure, as well as the location of Al2O3 slag and
the product mass loss (yield).

In one case, when P0 is smaller than a certain critical
value, Pcr

1, and thus DP is relatively large (e.g. more than
weight of formed products), it leads to product splash

(blow off) and as a result, while gas completely escapes
from the melt (forming pore-free alloy microstructure),
the yield is low (see region I, Fig. 5b). On the other hand,
when P0 exceeds another critical value, Pcr

2, no splash is
detected during the process, however, solid Al2O3 cap
forms first on top of the metal melt, leading to the
formation of cavities and pores in the ingot and thus
resulting in high yield but low density (see region III,
Fig. 5b). In general, pores may form as a result of either
shrinkage during solidification or entrapped gas by the
crystallization of an Al2O3 cap at high temperatures. Our
experiments show that the latter mechanism predomi-
nates.

It appears that only if initial gas pressure P0 satisfies:
Pcr

1 � P0 � Pcr
2, one achieves pore-free (>99%

theoretical density) alloy with high yield (>90%) (see
region II, Fig. 5b). In this case, on one hand, moderate gas
pressure difference leads to the formation of thin slag tube
(Fig. 6) along the container wall, which permits contin-
uous gas evolution from the melt, leading to pore-free
product. On the other hand, the DP is not high enough to
blow out metal alloy, providing high yield. For the basic
Co-alloy composition, the lower and higher critical
pressures are Pcr

1 = 0.15 atm and Pcr
2 = 0.18 atm,

respectively.
Note that splash of products has frequently been

observed during combustion of other thermite systems,
and extremely high gas pressure and centrifugal force
using specially designed setup have been applied to
suppress this effect [21]. It is an important result of the
present work that such irregularity can be successfully
avoided simply by adjusting the initial ambient gas
pressure. Note that for different reaction systems, the
optimum gas pressure range can be identified based on
the concept described above.

As seen from Table 2, the values of optimum ambient
gas pressure are higher with additives. This occurs
because, as thermodynamic calculations show, the
amount of gas phase products increases with addition of
carbon as well as carbides to the basic composition. Thus
it was necessary to increase P0 in order to keep the gas
pressure difference in the optimum range, along with
acceptably high yield. From this viewpoint, because
carbon black possesses a substantially higher reactant
surface area than graphite [22], it leads to more intense
gasification and hence higher P0 than with graphite.

As in conventional methods [23], the addition of
carbon in any form increases the hardness of Co-alloys
(see Fig. 8). However, the hardness values for alloys
synthesized with Cr3C2 additive are significantly higher
than those exhibited by other materials. For example, the
hardness of LPCS-alloys with Cr3C2 additive is approx-
imately 50% higher than that of conventional cast alloys
with the same carbon content (0.33 wt.%). This can be
explained based on the finer and more uniform distribu-
tion of carbides phases in metal matrix for LPCS-alloys
with Cr3C2 additive (Fig. 7). It appears that Cr3C2, with
melting point 2,168 K (compare with 3,800 K for C),
which is much lower than the combustion temperature
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�2,900 K (compare with �1,900 K for conventional
casting), melts and distributes uniformly in the alloy, with
finer precipitation arising from the short LPCS period
(few sec).

While hardness of LPCS-alloys with Cr3C2 additives,
as discussed above, is higher, the other evaluated
mechanical properties (see Table 4) compare favorably
with the conventional alloys and meet ASTM F75
standards. After HIP, the strengths of LPCS-alloys
decrease while the corresponding ductility and reduction
in area increase. This may owe to the partial dissolution of
grain boundary carbides, reduction of possible internal
microvoids and growth of grain size during HIP process
[24]. Moreover, cast treatment after LPCS, on one hand,
leads to coarsening of carbide phases (Fig. 7) which
decreases hardness, and on the other results in release of
rapid cooling related internal stress which increases
tensile strength.

Regarding wear/friction resistance, the friction coeffi-
cient against UHMWPE of wrought Co-alloy with
hardness comparable to LPCS-alloy, is about 0.09 [25],
almost twice that of the tested LPCS-samples (see Fig. 9).
Moreover, in the alloy/UHMWPE bearing couple, in-
crease in surface roughness leads to significantly in-
creased wear [26, 27, 28]. In this context, note that
the surface of tested LPCS-alloy was rougher (Ra =
0.029 mm, Rz = 0.427 mm) than that of conventional cast
samples (Ra = 0.023 mm, Rz = 0.368 mm). Despite this,
the friction properties of these materials are comparable.
Further, the long-term friction coefficient of LPCS +
casting alloy is at least 50% lower than the control sample
(Fig. 9a), which results in lower weight loss (Fig. 9b).
Thus, it is demonstrated that LPCS-based alloys have
good friction properties.

Therefore, an analysis of various properties presented
above allows one to conclude that for hardness, the as-
synthesized LPCS-alloy is the best candidate. However, if
ductility is the optimized parameter, then LPCS + HIP
treatment should be considered. Finally, if tensile strength
is important, then LPCS + Cast alloy is the choice.

Conclusions

The work presented here, along with our recent report
[19], shows that a novel energy efficient Low Pressure
Combustion Synthesis (LPCS) process to produce alloys
useful for orthopedic implants has been developed.
Optimum synthesis conditions for pore-free Co-alloys
with high yields and high purity have been achieved. The
LPCS-synthesized Co-alloy with Cr3C2 additive has fine
microstructure, unusually high hardness, excellent friction
property, and acceptable mechanical properties. This one-
step LPCS-based process is simple, which suggests that
its scale-up beyond the laboratory level would be
straightforward. The materials synthesized by the com-
bustion approach possess attractive properties, and are
available for further biomedical evaluation.
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