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Abstract: Cobalt implant composite (CIC) was produced by powder metallurgy technique. Composition

of 0%, 5%, 10%, 15% and 20% of hydroxyapatite was mixed with cobalt-chromium alloy. The fabrication

technique consists of mixing, blending, pressing and sintering. Cobalt, chromium and hydroxyapatite

powders were mixed in planetary ball mill at 600 rpm for 30 minutes. The consolidation method for CIC

was uni-axial compacting using Universal Testing Machine (UTM) Gotech. The pressure used was 500

MPa. The CIC was sintered at 1000 C temperature with 20 C/min for 3 hours. The composites were0 0

characterized and tested to study the microstructure, mechanical properties and fracture behavior. The

microstructure analysis is carried out by using the Scanning Electron Microscope and Image Analyzer

attached to the optical microscope. In microstructure analysis, there are several characteristics need to

observe i.e., particle sizes, porosities, mode of shapes, and bonding between mixed particles and fracture

behavior, which these can describe the composites material in details.  The microstructure analysis on

compression test indicated the fracture behavior of the composite started to change from the ductile mode

to the brittle mode resultant with the added of HAP. Besides, the crack pattern showed non-continuously

for the ductile mode behavior and had a continuous line for the brittle mode behavior. 

Keywords: biomaterials, powder metallurgy, cobalt-chromium, hydroxyapatite

INTRODUCTION

For generations various materials so-called
biomaterials  are  used  in  medicine and dentistry
with a purpose to replace or repair a body feature,
tissue, organ or function. The performance of
biomaterial in direct contact with living tissue is
controlled by two sets of characteristics: bio-
functionality  and  biocompatibility  The most[1].

common metallic materials used as biomaterials are
austen it ic  s ta in less  s tee ls ,  co balt– chro mium ,
molybdenum,  titanium and titanium based alloys.
Much attention has been focused on titanium
application  in  medical  and  dental  fields owing to
its superior properties, such as relatively low density,
h ig h  c o r ro s io n  r e s i s ta n c e  a n d  sa t i s fa c to r y
biocompatibility, however, its mechanical strength is
not sufficient for some of the applications . In[2]

addition, the release of aluminums and 4V ions from
the alloy might induce some long-term health problems.
Meanwhile, the low wear resistance of titanium alloys
could accelerate the release of such harmful ions .[3]

Therefore, it is important to develop new biomaterial
base on current alloys used in biomedical application.
According to Marti   the first medical use of cobalt-[4]

base alloy was in the first cast dental implants, due to

its excellent resistance to degradation in the oral
environment. Conventionally, fabrication of the alloys
for biomaterial has been established using casting
technique. However, the temperature in melting of the
implant alloys is very high especially for cobalt,
molybdenum and titanium alloys, which has prompted
other method of fabrication namely powder metallurgy
technique. It is necessary to fabricate by using powder
metallurgy technique because it is effectives cost and
easier to fabricate. Powder metallurgy technique also
can be used to produce implant materials of controlled
porosity  and better mechanical properties. Many
studies  also reported based on alloys without
reinforced with hydroxyapatite (HAP). It can be found
that  the hydroxyapatite powder (HAP) has been
studied  for  tissues and bone replacement in
biomedical application . (HAP, chemical formula[5]

10 4 2Ca (-PO )  (OH) ) is one of the most effective6

biocompatible materials owing to similarities with
mineral constituents of bones and teeth. HAP does not
exhibit any cytoxic effects. They show very good
biocompatibility with both hard and soft tissues .[5]

There is no research reported for cobalt chromium
alloys reinforced with HAP. Therefore, the purpose of
this research is to fabricate and characterize the cobalt
chromium HAP composites.
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MATERIALS AND METHODS

Cobalt, chromium and hydroxyapatite (HAP)

powders were mixed together in planetary ball mill

(Recth, Pm100). The speed used was about 600rpm

and rotated for 30 minutes. The composites consist of

5, 10, 15 and 20 weight percent of HAP. Cobalt

implant composite (CIC) was fabricated by powder

metallurgy technique. The powder mixtures were

compacted in a single action stainless steel die using a

hydraulic press, UTM machine (GOTECH, Korea max

load 500KN to consolidate the loose powder into a

green compact to give sufficient strength for handling.

The samples were all compacted at 500 MPa at room

temperature. Carbolite tube furnace model 2416CG was

used for sintering process using inert environment

(argon gas). The supply of argon gas was set to 6ft /h3

and the gas pressure to 1 bar. The heating rate for the

sintering temperature was 20 C / min until it reached0

1000 C temperature, and soaking time was 1200

minutes. Becker and Bolton  found that using argon in[6]

sintering gave best result for corrosion resistant. The

study of microstructure is important due to its

correlation and influence on mechanical properties of

the materials. In this project, microstructure

characterization was studied Scanning Electron

M icroscope (SEM ) JEO L, JSM -6420 . Phase

characterization was performed using software Search

Match® Ver. 3.01 from Shimadzu Corporation and

PDF Database File version 2003 from ICDD. Samples

were prepared according to ASTM procedure before

characterized using x-ray diffraction Shimadzu LabX-

6000.  AccuPyc 1330 Gas Pycnometer type

Micromeritics was used to determine the density of the

cobalt implant composites. Hardness test has been

carried out by using Vickers micro hardness to

determine the hardness of samples through the

measurement of the material’s resistance to penetration

by an indenter. Vickers micro hardness type Mitutoyo

DX256 series is completed with HM100 software for

data acquisition and Vickers’s micro hardness

calculation. Sonic modulus test is carried out to

determine the mechanical properties of the composite

by using the non-destructive testing. The modulus of

elasticity for the samples were determined using

ultrasound flaw detector machine (NDTt-SYTEM).

Nearly 3 mm thick samples were prepared tested using

10 MHz ultrasound transducer. The velocity of

ultrasound through the specimen was calculated from

the transmission time. The modulus of elasticity was

determined from the ultrasonic transmission velocity

and the density of the sample. The formula used

Young Modulus (E) = V ñ where,  V= velocity of2

sound and ñ = density of the sample. Compression test

was carried out to determine the compressive strength

of the composite. The size of the sample is (5x5x10)

mm according to the ASTM E9. Compressive test was

used when a material’s behaviour under large and

permanent (i.e; plastic) strains is desired, as in

manufacturing applications, or when the material is

brittle in tension. Compression stress-strain test was

conducted in a manner similar to the tensile test,

except the force is compressive and the specimen

contacts along the direction of the stress. This test was

conducted by universal testing machine (UTM,

GOTECH). The fracture mechanism was determined

under compression test, using UTM (GOTECH). This

test was carried out to investigate the behaviour of

composites deformation. The observation of the

fractured sample was done after the sample was

compressed by UTM. There were five samples of the

composites with the different amount of HAP been

analyzed under Scanning Electron Microscope (SEM).

RESULTS AND DISCUSSIONS

Figure 1 shows the microstructure of composite

cobalt-chromium filled with 5 wt. % of HAP before

sintering under scanning electron microscope (SEM).

The microstructure indicates the homogenous

distribution of the chromium particles in the matrix

cobalt chromium. It can be observed that the cobalt

particle still in a ligament shape, the dark phase is

chromium and HAP particles very white in colors. This

composite had been compacted at 500 MPa pressure.

The voids are observed between particles and there is

no bonding exists between the particles. Figure 2

shows the SEM micrograph of the same composite

after sintered at 1000 C. The pores size is clearly0

reduced and the contact between particles much better.

Cobalt and chromium particles are found diffused each

other at the interface region. However, there is no clear

reaction between HAP particles, cobalt or chromium

since the HAP still can be seen in the microstructure,

and the appearance still is the same as before sintering.

Similar finding reported by Fumio et al.,  there was[7]

no physical mixture of both particles and no binding

force between Ti and HAP particles in their case.

Figures 3 to  6 indicate the microstructure of the

composite consists of 5 wt. % to 20 wt. % of HAP.

The microstructures were observed under SEM using

secondary image micrograph in high magnification,

2000x. The observation indicating the morphology of

the HAP as filler and Co-Cr alloy grain size. The grain

boundaries look similar in size for composite with 5%

to 20% HAP of the composites. Good bonding can be

observed between matrix but HAP does not react

during sintering mechanism. The wetability   between
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Fig. 1: SEM observation of the composite 5% HAP before sintering process.

Fig. 2: SEM observation of the composite 5% HAP after sintered at 1000 C .0

Fig. 3: SEM observation 5% HAP of the composite after sintered at 1000 C using secondary image micrograph0

in 2000x magnification.
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Fig. 4: SEM observation 10% HAP of the composite after sintered at 1000 C using secondary image micrograph0

in 2000x magnification.

Fig, 5: SEM observation 15% HAP of the composite after sintered at 1000 C using secondary image micrograph0

in 2000x magnification.

Fig. 6: SEM observation 20% HAP of the composite after sintered at 1000 C using secondary image micrograph0

in 2000x magnification.
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Fig. 7: XRD patterns of the composites

Fig. 8: Experimental density versus weight % HAP

Fig. 9: Relationship between weight percent of HAP and hardness of the cobalt composite.
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Fig. 10: Relationship between weight percent of HAP and Young Modulus of cobalt composite.

Fig. 11: Relationship between weight percent of HAP and Compressive Strength of cobalt composite.

(a) (b)

Fig. 12a: Sample with 0% of HAP indicating micro crack, crack branching and no continuous crack.

Fig. 12b: Composite with 0% of HAP indicating in high magnification of crack branching, small dimples and

large voids indicate ductile behaviours.

the HAP (ceramic) and the metal matrix reported was

not good , therefore it is difficult for HAP to bond

with the metal matrix The micrograph shows that the[8]. 

HAP just stick at the interface of the microstructure. 

Phase identification of minerals in mixed formed

of composites was characterised after being through in

different process. The XRD was used to detect any

intermediate  phase  formed i.e. cobalt and chromium
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(a) (b)

Fig. 13a: Composite with 5% of HAP indicating  no crack branching and no continuous crack.

Fig. 13b: Composite with 5% of HAP at high magnification indicating  micro crack and HAP is agglomerates.

(a) (b)

Fig. 14a: Composite with 10% of HAP indicating there are particles agglomerates, crack bridging and void

formation.

Fig. 14b: Composite with 10% of HAP after compression test at high magnification shows large crack.

that exist due to reaction between matrix, filler and

environmental effect. Figure 7 illustrates the x-ray

diffraction analysis of the composites. The highest peak

of the x-ray analysis indicating the phase of each

particle. In general, there is no obvious sign of HAP

signal in XRD analysis of the composites.  It is due to

the less amount of HAP percentage embedded in the

composites (5-20 wt. %) and dispersed througout

matrix Co-Cr. From the observation, cobalt and

chromium peaks occur at the range of 40 to 50 degree

respectively.  

Figure 8 shows the relationship between density

and HAP content in the composite. Density values

decrease from 10.2 g/cm at 5 wt. % HAP to the value3 

of 6.2 g/cm  at 20 wt. % of HAP. This result is also3

in  aggreement  with  the study reported by Chenglin

et al., . They investigated Hydroxyapatite-T i[9 ]

functionally graded biomaterial fabricated by powder

metallurgy and found that the density of the sintered

samples decreases with the rise of HAP content.

Chenglin et al.,  have studied microstructural[9]

characteristics and mechanical behaviour of HAP-Ti

prepared by powder metallurgy. They found that

density of the sintered samples also decreased with the

rise of HAP content. 

The hardness test has been carried out through

Vickers micro hardness machine. The test has been

conducted at the composites with the different weight
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(a) (b)

Fig. 15a: Composite with 15% of HAP indicating particles agglomerate, continuous crack and void formation.

Fig. 15b: indicating composite with 15% of HAP after compression test in high magnification, look like particles

come out from the matrix.

(a) (b)

Fig. 16a: Composite with 20% of HAP indicating particles agglomerate and crack branching.

Fig. 16b: Composite with 20% of HAP after compression test in high magnification, shape of HAP particle cluster

and HAP act as a crack initiator.

percentage of HAP i.e., from 0 to 20 percent. The test

data then was plotted in a graph used to identify the

correlation model between hardness and weight

percentage of HAP. Figure 9 shows that the hardness

decreases  slightly with the increasing weight percent

of HAP. This trend is related to the amount of

hydroxyapatite powder added in the composite.

Compared with the zero percent the HAP to the others

percentage,  the  hardness of Co-Cr alloy is the

highest. It is clear that the hardness of composite is

reduced when cobalt content is replaced by HAP.

Fumio et al., reported that Brinell hardness changed[7] 

with HAP content in the Ti/HAP functional graded

materials (FGM) indicated that hardness decreased with

increasing HAP. The ultrasound flaw detector machine

was used to investigate the mechanical properties of

the composites with the different weight percentage of

HAP i.e., from 0 to 20 percent. The rate of wave

propagation and energy loss by interactions with the

microstructure are the main factors in ultrasonic

no nd estruc tive  mate ria l characte rization. T he

propagation rate of ultrasonic waves in the composites

is controlled by elastic modulus and density. Sound

velocity measurements for the composites were carried
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out in axial direction. The Young Modulus, E, for the

composites  was  calculated  by  using  formula  of

E = V  ñ , where the V is velocity and ñ is for density2

of the sample .  The  data  obtained from calculation[10]

was then plotted in a graph to identify the relation

between Young Modulus and weight percentage of

HAP. Figure 10 shows that the samples having the

highest Young Modulus which is 135 GPa, is the

sample without HAP content. In general, the Young

Modulus decreases linearly when the percentage of

HAP is added. This is due to the reduction of density

as the density decrease proportional with the addition

of HAP. These results also similar with finding by

Chenglin et al.  where their result of Young Modulus[9]

decreased as increasing the volume fraction of HAP %.

Figure 11 shows the general trend of correlation

between compressive strength and added HAP. From

the graph it is clearly indicates that compressive

strength decreases from 150 MPa to 82 MPa parallel

with increasing HAP content. Compressive strength of

bone is approximately 150 MPa . The Co-Cr alloy[7]

without HAP has approximately the comparable

strength. 

Scanning electron microscopy (SEM) was used to

investigate the fracture behaviour of the composites.

The observation of the fractured sample had taken

immediately after the compression test had been done

on the composites. There were five samples of the

composites with the different amount of HAP been

analyzed after the compression test. 

Figures 12 to 16 show the deformation behaviour

of the composites after been through the compression

test. Further more, the crack pattern also shows the

behaviour of the composites. In Figure 12(a), sample

with 0% of HAP shows the sample is tougher materials

due to the phenomena that the crack pattern propagates

not continuously, this is due to the ductile behaviour of

the sample. In Figure 12(b) shows the deformation

behaviour of the sample (without HAP addition) with

the ductile mode deformation. Figure 13(a) shows

fracture behaviour in composite with 5% of HAP

indicating non continuous crack and crack branching.

As in high magnification Figure 13(b) the

microstructure shows clearly HAP particles agglomerate

in certain part and micro cracks, which also strengthen

the composite . However, there is also a study[11]

reported that crack deflection and crack bridging

mechanisms may also strengthen the Ti-HAP composite

. Figure 14(a) fracture behaviour in composite with[9]

10% of HAP shows the presence of continuous crack,

void formation and particles agglomeration that weaken

the strength of the composite  . Figure 14(b)[12]

indicating the large crack present in this composite.

Figure 15(a) shows there is no crack branching, no

micro crack and the crack is continuously which

showing that no crack resistance may strengthen the

composite with 15% of HAP . Figure 15(b) indicating[11]

particles come out from the matrix that also weaken

the composite. Figure 16(a) shows fracture behaviour

in composite with 20% of HAP indicating crack

propagates along the HAP agglomerates. Crack

propagation is easier due to the voids act as crack

initiator  . In high magnification [Figure 16(b)][12]

microstructure showing HAP cluster in the crack and

shape of HAP particle cluster.

Conclusions: The fabrication and characterization of

cobalt-chromium biomaterial leads to the following

important conclusions,

C The Co-Cr-HAP biomaterial has been succesfully

fabricated by the powder metallurgy technique.

C The microstructures of the Co-Cr-HAP reveals that

there is no bonding between HAP and alloy

cobalt-chromium and the microstructure reveals

less porosity after sintered.

C Physical property (eg density) and mechanical

properties such as hardnees, modulus and

compressive strength decrease with increasing HAP

content.

C Crack branching, non continuous crack and

microcraks are the mechanism that strengthen the

composite whereas voids formation, HAP

agglomerates and particles come out are the

mechanism that weaken the composite. 

C With the comparable compressive strength between

150-82 MPa, Co-Cr-HAP is a promising candidate

for biomaterial implants to replace hard tissue from

the point of view of physical and mechanical

properties. Less density for biomaterials is also

necessary requirement for biomaterials.
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