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This paper describes laser system to measure the static Young modulus of porous ceramic. Hydroxyapatite
was used as porous ceramic. The laser system based on the diffraction of light was designed and built by the
authors and the impulse excitation technique was produced by IMCE (Belgium). As different methods are applied
for determination of the Young modulus it was necessary to perform a comparison analysis of the results received
from both methods.
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1. Introduction

In recent decades, hydroxyapatites have been widely
used as implantable materials in medicine. Thanks to its
biocompatibility with bone tissue, it is widely used as a
bone substitute. When placed in the body, it has no cyto-
toxic properties. This means that hydroxyapatite is not
toxic to body cells [1]. Thanks to its bioactive properties,
it can connect directly to the bone, thus creating a bio-
logical connection. This feature and the porosity of the
material allow it to penetrate through the bone tissue.
It enables a very strong and durable implant connection.
The Young modulus is the basic parameter determining
the mechanical properties of solids state as porous foam.
Hydroxyapatites are characterized by a very high brit-
tleness, which makes it practically impossible to fix the
sample in the jaws of measuring instruments. A strong
secure clamp destroys the specimen and a weak clamp
causes shifts and backlash, which falsify the result of
measurement. The aim of the study was to determine
the mechanical properties of hydroxyapatite foams pro-
duced by agarose gelation [2–4]. We present an optical
method of static measurement of the Young modulus.
The optical method based on light diffraction is non-
contact and does not require calibration. The applied
method does not require grips, which allows for correct
determination of the static Young modulus. The Young
modulus is also studied by using an impulse excitation
technique [5–9]. This method cannot be used for studies
of the Young modulus of dried sample of hydroxyapatite,
which are soft.

2. Sample preparation

Hydroxyapatite can be synthesized via several meth-
ods. In this paper we study mechanical properties of
porous ceramics produced by agarose gelation. After
mixing the appropriate ingredients, a suspension was
obtained, which was poured into moulds and placed in
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a refrigerator for complete cooling. The samples were
dried in moulds at room temperature, then were removed
from the moulds, and were dried for 3 weeks at this
temperature.

Beams with dimensions of 5.5 × 13.5 × 60 mm3 were
cut out of the previously obtained samples (Fig. 1). Due
to difficulties in processing the material due to its brit-
tleness, there have been some deviations in the dimen-
sions shown in Table I. However, the parallelism of the
walls determining the thickness of the beams has been
preserved.

Fig. 1. Dried samples of hydroxyapatite.

TABLE IThe parameters of the dried samples

No.
Mass

[g]
Thickness
h [cm]

Width
b [cm]

Length
[cm]

Volume
[cm3]

Apparent
density
[g/cm3]

Porosity
[%]

1 4.045 0.553 1.341 6.133 4.548 0.89 71.9
2 4.055 0.543 1.350 6.041 4.428 0.92 71.0
3 4.009 0.544 1.342 6.033 4.404 0.91 71.2
6 1.851 0.549 1.174 5.962 3.843 0.48 84.8

TABLE IIThe parameters of the sintered samples

No.
Mass
[g]

Thickness
h [cm]

Width
b [cm]

Length
[cm]

Volume
[cm3]

Density
[g/cm3]

1 3.855 0.424 1.042 4.806 2.124 1.815

(1283)
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The samples numbered 1, 2, 3 have apparent den-
sity (0.89–0.92 g/cm3) and porosity (71.0–71.9%). Other
porosity (84.8%) and apparent density is in sample num-
ber 6. The porous shaped piece (sample 1) was heated
at 2 ◦C/min to 1250 ◦C. Later the sample was cooled by
4 ◦C/min to 900 ◦C. The cooling process continued with
the cooling of the furnace. The parameters of the sintered
sample are shown in Table II.

Porous ceramics are mostly characterized by their
porosity and apparent density. Figures 2 and 3 show the
area of porous material at a magnification of 7000 times.
Microstructure of ceramic foams was examined by scan-
ning electron microscopy (SEM Hitachi S3400-N).

Fig. 2. SEM image of dried sample of hydroxyapatite.

Fig. 3. SEM image of sintered sample of hydroxy-
apatite.

3. Experimental setup

The setup for the measurement of the static Young
modulus is presented in Fig. 4. The diffraction slit con-
sists of one fixed edge and one movable mirror. The

Fig. 4. Experimental setup: 1 — mirror, 2 — hydrox-
yapatite (dried sample), S — screen, x — position of
fringe, z — distance between the screen and the slit,
D — width of the slit, He–Ne — laser.

Fig. 5. Photograph of the laser diffraction system.

laser beam passes through the slit generating a diffrac-
tion pattern on the screen. Changes in the slit width
cause changes in the diffraction pattern which are
recorded. The width of the slit is determined by means
of a non-contact, non-inertial, long distance diffractive
measurement.

From the observation of diffraction distribution, the
width D of the slit was determined and then the deflec-
tion f of the beam (Fig. 5). The intensity distribution
of the diffraction pattern is described by the Fraunhofer
formula [10] (Fig. 6):

I(x,D) = I0
sin2

(
2π
λ
x
zD

)(
2π
λ
x
zD

)2
where I(x,D) is light intensity, I0 is light intensity for
x = 0, λ is the wavelength of light, z is distance between
the screen and the slit, x is position of fringe, D is width
of the slit.

On the basis of the results obtained, a graph was drawn
up (Fig. 7) and a static Young module was calculated.
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Fig. 6. The diffraction pattern produced by a slit.

Fig. 7. Estimation of the static Young modulus of hy-
droxyapatite sample.

Fig. 8. The sample of hydroxyapatite: l — distance
between supports, F — force, 1 — mirror, 2 — beam.

The value of deflection f of the beam (Fig. 8) is
obtained from the following formula [11]:

f =
l3

48JE
F, J =

bh3

12
,

where J is the second moment of area about the neutral
axis, E is Young’s modulus, F is force, l is distance be-
tween supports, b is width of the sample, h is thickness
of the sample.

The Young modulus value for the tried sample is
E = 718.9 MPa with standard error 7.6 MPa.

4. The impulse excitation technique

The impulse excitation technique is based on the anal-
ysis of the vibration of a test sample or component after
it was “impulse excited” (= gently tapped). The reso-
nant frequency and damping analyser (RFDA) is a non
destructive testing device to determine the resonant fre-
quencies of materials. It is well known that the elastic
properties of a test specimen are related to its mechanical
resonance frequency. The RFDA analyses the vibration
induced by a mechanical impulse. A vibration is induced
by a small mechanical impulse. The energy is dissipated
by the material into a vibration. This vibration has a
frequency spectrum according to its resonant frequencies
which depend on:

• the elastic properties of the material,
• the geometry,
• the density.

Each frequency will damp according to the energy ab-
sorption of the material. The exact micro structural ori-
gin of damping, or internal friction or mechanical loss
varies from one class of materials to the other. The vi-
bration is detected by a transducer. The transducer pro-
duces an electrical signal which is sent to the computer
where the signal will be analysed. The specially devel-
oped mathematical algorithm calculates each frequency
and damping from the detected frequency spectrum as-
signing to each frequency a sinusoidal, damped vibration
(Fig. 9). The dynamic Young modulus value for the tried
sample is E = 1.19 GPa and for the sintered sample
E = 30.24 GPa with standard error 0.34 GPa. The stan-
dard [5] provides the Young modulus with the use of the
impulse excitation technique.

Fig. 9. The monitor shows the frequency spectrum of
the sintered sample.

5. Conclusion

The laser system can be used to determine the static
Young modulus of dried samples. We obtained value of
the Young modulus E = 0.719 GPa with standard er-
ror 0.008 GPa for the dried sample. The laser system
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uses diffractometers and the measurement is remote, non-
contact, and inertia-free. The impulse excitation tech-
nique is designed to determine the dynamic Young mod-
ulus of hard materials and there are difficulties for soft
materials. The dynamic Young modulus value for the
tried sample is E = 1.19 GPa and for the sintered sam-
ple E = 30.24 GPa with standard error 0.34 GPa. The
dried sample is a soft material and the Young modulus
is of low value. The sintered sample is a hard material
and the Young modulus is much higher. The soft ma-
terial gives different resonance frequencies while a hard
material gives a recurring resonance frequency using an
impulse excitation technique. Measurement of the Young
modulus by diffraction method is better than the impulse
excitation technique for soft materials.
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