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Abstract: Metallic biomaterials like cobalt based alloys,
stainless steel and titanium based alloys are the most used
in medical applications, as orthopedic implants, dental
materials and cardiovascular devices. Pure titanium and
titanium alloys are widely used as implant materials in the
medical and dental applications because of their superior
biocompatibility, corrosion resistance and specific strength
compared with other metallic implant materials. The paper
present a study of a Ti implant screw used in dental
application. Microstructure and phase analysis of Ti dental
screw was investigated by using optical and scanning
electron microscopy, X-ray diffraction (XRD). The
importance of knowing the behavior of Ti-based alloys at
high temperatures provides information on the ways that
can be improved mechanical properties, physical and
technological. Therefore it was studied thermal expansion
changes for Ti implant screw, subjected heating to 1200°C
by using dilatometric analysis.

Key words: Ti- based alloys, biomaterials, SEM, XRD,
microstructure dilatometric analysis.

1. INTRODUCTION

Ti-based alloys is used in many fields due to a unique
combination of physical, chemical and mechanical
properties. The domains are aerospace industry
(figure 1a), chemical industry, shipbuilding, energy
industry, medicine (figure 1b), food, transport (figure
1c), [1, 2].
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Fig. 1. Ti-based alloys applications [3-5]: a) aerospace
industry, b) medicine, c) transport

Application of Ti-based alloys in dentistry are in
continuous expansion. Ti-based alloys has been

recently introduced, but is more used instead Co-
based alloys, because have good properties for
biomedical applications like high biocompatibility,
resistance to corrosion and low density, [2, 6].
Titanium and titanium alloys are clinically well-
suited as biomaterials and play significant roles in the
longevity of the prostheses and implants, [7].
Titanium is an allotropic element which has two
crystallographic forms. At the low temperature Ti has
a hexagonal close-packed (hcp) which is referred to
as ,alpha“ phase. At the temperatures 883°C this
structures transforms to a body-centered cubic (bcc),
called ,,beta“ phase, [8].

Ti-based alloy with includ other elements contribute
to the transformation phase. Alloying elements
generally can be classified as alpha or beta stabilizers.
Al, O, N, Ga are consider alpha stabilizers, stabilize
apha phase at the high temperatures. Mo, V, W and
Ta are beta stabilizers, stabilize beta phase at the low
temperatures [8, 9].

At mechanical processing, for alloys based on Ti can
occur variations in size of the high temperature to
generate phenomena of thermal expansion partially
irreversible, processing on the affected areas.
Therefore, dilatometer analysis was used to determine
the length changes influenced by temperature
increase for Ti-based alloys [10-14]. It was study the
dilatometric analysis to see the influence of the Ti-
based alloys heating up to 1200°C.

2. MATERIALS AND METHODS

The experimental material used in this study was one
Ti implant dental screw as a sample. The purpose of
this research was to study of microstructures, phase
and dilatometer analysis of a Ti-based alloy.

The chemical composition of the surface of the Ti
sample is shown in Fig. 3. SEM images and EDX —
chemical composition analysis are shown by using



a FEI Quanta 200 3D dual beam SEM (figure 2a),
[15, 16].

Determination of the compositional phases was
performed by qualitative analysis by X-ray
diffraction, made on the diffractometer X'Pert PRO
MPD PANalytical X-ray (figure 2b) with the
following parameters: continous scan, 26 - (10°-90°),
Step size: 0.0131303, Time per step: 61, 20, Scan
speed: 0.05471, 45KV and 40mA using a copper
anode X-ray tube.
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Fig. 2. Structural analysis equipments:
a) SEM QUANTA 200 3D DUAL BEAM
b) X’Pert Pro MPD Diffractometer

b)

The sample was grinding and polishing then attacked
metallographic aimed to highlighting structural
constituents. Metallographic structure of Ti was
shown by the attack surface with a chemical solution
having the following composition: 10ml HF, 5ml
HNQO;, 85 ml H,O immersed in 5-30s.

The devise used in microstructural analysis for Ti
alloy was metallographic microscope Leica
5000DMI. Scanning electron microscope used was
FEI Quanta 200 3D SEM dual beam, [7, 17].

After studying the microstructure, it was studied the
dilatometer analysis for sample of Ti.
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Fig. 3. EDX spectrum and chemical composition of Ti
sample
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At mechanical processing, for alloys based on Ti can
occur variations in size of the high temperature to
generate partially irreversible phenomena of thermal
expansion processing on the affected areas.

Under these conditions we studied the behavior of a
Ti sample, subjected to heat, for their application
(medical applications) and high temperatures that can
be reached during their processing (preparation,
melting and casting into molds specific medical
application), [13, 18, 19].

Dilatometer analysis is used to determine the
coefficient of thermal expansion and transformation
points in solid materials.

It is based on expansion-temperature curves
occurrence of irregularities at temperatures of
transformation from the normal appearance of these
curves, deviations caused by dimensional changes of
the parts, [20, 21].

The heating rate of the test sample was 10°C/min and
cooling rate of the furnace is determined by the flow
rate of water, 5m°h. Dilatometer analysis was
performed with a differential Dilatometer LINSEIS
type, model L75H-1400 (figure 4), [7].
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Fig. 4. Dilatometer LINSEIS type, model L75H-1400

Heating and cooling of Ti sample was performed in a
horizontal cylinder furnace with electric resistance.
The sample temperature during analysis can be
measured and recorded with a thermocouple placed
near the sample.

Alpha phase transformation in beta Ti in Ti-Al binary
system occurs at 882°C, according with the binary
diagram Ti-Al.

At the dilatometer analysis occurs aTi influencing the
structure causing a contraction at 858°C.

3. RESULTS AND DISCUSSIONS

3.1 Phase and microstructure

X-ray structural analysis is the method to determine
the direction and intensity of the diffracted radiation
and deduce the order of these atoms, [13].
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Fig. 5. Ti-Al phase diagram, [9]

The XRD results present a comparison between Cp-
Ti and Ti-Al sample. Phase analysis, Miller
parameters and lattice parameters are shown in figure
6 and table 1. Cp-Ti has a single hcp phase and Ti-Al
sample present three phases: the main hcp-Ti phase,
the bcc-Ti phase and AI5Ti2 compound with the
following parameters: a — 3.9053A, b- 3.9053 A, c-
29.1963A.
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Fig. 6. XRD patterns of sample and Miller parameters:
a) Cp-Ti, b) Ti3Al

In figure 6 and table lare presented XRD pattern with
typically peaks of Cp-Ti and Ti based alloy.

The predominant alloy phase of cp-Ti and Ti-based
alloy is hcp Ti at the angle 26=38.4546.

In sample of cp-Ti was found hcp Ti phase with the
major peak at the angle 26=38.4546.

In the sample Ti-Al was found the hcp Ti main peak
with 20 = 38.4415, bcc Ti main peak with 20 =
54.3685 and compound Al5Ti2 main peak with 26 =
27.4908

Table 1. Compound parameters

- q Cp-Ti Sample
ompoun Ti Ti Ti | AI5Ti2
Space P63/mmc|P63/mmc| Im-3m | P4/mmm
Group
Crystal HexagonalHexagonal| Cubic |Tetragonal
system
a(A) 2.95 2.95 3.32 3.90
b(A) 2.95 2.95 3.32 3.90
c(A) 4.68 4.69 3.32 29.19
a(®) 90 90 90 90
B(°) 90 90 90 90
v(®) 120 120 90 90
Cell volume
(10° pm’) 35.30 35.33 | 36.59 | 445.28

The percent amount of phases is highlighted in figure
7.

Titanium 76.8%

i|Alum|num Titanium 1%|
|tan|um 22.2%

Fig. 7. Quantitative phase analysis of Ti3Al

It was found that the Ti hexagonal structure is in
proportion to about 77%, Ti cubic approximately
22% and AI5Ti2 compound at a rate of 1%. It
highlights a slight difference from EDAX analysis,
which is a front surface beside to XRD analysis
which is an analysis in volume.

A characteristic crystalline structure of Ti-based
alloys is shown in figure 8 with dendritic structure
due to high speeds with a type grains.

In accordance with the scientific literature, [8], in Fig.
8, are shown by optical microscopy dendritic
appearance and rough form for specific grains aTi of
phase at different magnitudine.

In figure 8a, b, the arrows show us o phase. The grain
boundary of specific aTi phase is highlighted in
figure 8c.
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Fig. 8. Microstructure of Ti sample: a) 100X, b) 200X, c)
500X
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The electronic microscopy analysis in figure 9,
confirm the optical misctroscopy analysis with
elongated equiaxed grains willing dendritic due to
cooling solidification at high speeds.

For unalloyed Ti, o phase is stable at temperatures
exceeding 880°C, above this value o phase
transformation occurs in § phase.

Fig. 9. SEM image of Ti sample: a) 500X, b)1000X
Titanium alloying with other elements (Mo, V, W,
Ta, Al, O, N, Ga) contribute to the transformation

phase, aluminium stabilizes o phase at high

temperatures, [1, 8].

3.1 Dilatometric analysis
Dilatometer analysis is to determine the behavior of
metallic materials under heating. The sample of Ti



had a linear dilation at 858°C until then presented a
linear shrinkage. The maximum thermal expansion
reached by the sample at 642°C temperature is by
15.1um.

Braked linear contraction is caused by alpha Ti phase
transformation of hexagonal close-packed in beta Ti
body-centered cubic structure in the temperature of
870 °C. Alpha phase transformation in beta Ti in Ti-
Al binary system occurs at 882°C, according with the
binary diagram Ti-Al.

Also can consider this braked linear shrinkage can
occur under the action of internal factors (part
thickness, internal stress) and external factors (walls
form, coolers), [8, 17].

Phase oTi over 858°C temperature causes a decrease
in the length of the sample during heating. The
sample behavior of Ti alloy may be observed in Fig.
5. Like is shown, the sample present a contraction
after temperatures of 858°C and an elongation by -
44.4um at 1198.7°C.
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Fig. 10. Elongation variation with temperature for Ti sample

In Table 2 is present the elongation variation by
heating temperature for sample of Ti.

Table 2. Elongation values function by temperature

for Ti sample
Temperature [°C] Thermal expansion [um]

23.8 0.4
282.8 8.3
642.5 15.1
858.0 13.4
914.4 5.1
1073.5 -10.4
1117.4 -22.6
1164.9 -38.0
1198.7 -44.4

Value of a thermal expansion coeffient for the Ti-
based alloys is important to know from the follow
considerations:
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-The coefficient value must be low for maintain
constant the tolerances of implant;

-The coefficient of metallic-implant must be
correlated with the biological materials with which it
comes into contact, [13].

4. CONCLUSIONS

The importance of knowing the behavior of Ti-based
alloys at high temperatures provides information on
the ways that can be improved mechanical properties,
physical and technological.

The purpose of paper was study the microstructure,
phase and dilatometer analysis for a Ti sample.
Microstructure of Ti sample was studied by optical
and  electronic  microscopy at  different
magnifications. The appearance of the sample



studied is dendritic with coarse grain shape specific
o phase.

The XRD results present a comparison between Cp-
Ti and Ti-Al sample. Cp-Ti has a single hcp phase
and Ti-Al sample present three phases: the main hcp-
Ti phase, the bce-Ti phase and AI5Ti2 compound.

It was used dilatometer analysis to determine the
behavior of metallic materials under heating of the
temperature rise for a Ti sample.

The sample of Ti had a linear dilation at 858°C until
then presented a linear shrinkage braked caused by
alpha Ti phase transformation of body-centered cubic
in beta Ti body-centered cubic structure.
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