Original Article

In Vitro Study for Yttrium addition on titanium - 15
Molybdenum after Immersion in Simulated Body Fluid

Yas Mohammed Musadaq'2, Ghassan Abdul-Hamid Naji*“, Dr. Haydar H.J. Jamal Al-Deen®
'Ph.D. Student (Department of Prosthodontics, College of Dentistry/ University of Baghdad, Iraq)
ZAl-Farabi University College, Prosthodontics Branch, Baghdad, Irag
3Professor in Prosthetic Dentistry, College of Dentistry, University of Baghdad, Bab-Almoadham, P.0. Box 1417, Baghdad, Iraq
4Dean of College of Dentistry, The Iragia University, Baghdad, Iraq
SProfessor in the Department of Metallurgical Engineering, Materials Engineering Faculty, University of Babylon, Hillah, Iraq
Email: yassalshahiab@gmail.com
DOI: 10.47750/pnr.2022.13.506.249

Abstract

Multiple attempts are made to develop bioactive alloy for the construction of the implant to enhance osseointegration and support implant
functions. The titanium — 15 Molybdenum alloy with and without the addition of Yttrium makes an organic-inorganic hybrid composite that
has the ability to make a network with or without covalent bonds between components. In this study the immersion of Titanium — 15
Molybdenum disc and titanium — 15 Molybdenum- 1.5 Yttrium in simulated body fluid.

The unique biomaterial multi-component Ti-Mo-1.5Y alloys were created as a way to improve the bioactivity characteristics and lessen the
toxicity of biomaterials for implants in order to create new biomaterials for implant applications. The purpose of this study is to look at how
adding yttrium (Y) changes the alloy's bioactivity. Through the use of powder metallurgy, Ti-Mo-1.5Y alloys are created. Atmospheric
pressure high-purity argon gas is used to sinter the metals. samples were immersed in SBF in closed containers and placed in incubators at
a temperature of 370 C for 30 days. Analysis of the surface includes thickness measurement, X-ray diffraction (XRD), and an optical
microscope. The results of showed an increase in the thickness of (HA) with the addition of yttrium after immersion in SBF compared with
thickness before the addition of yttrium. The results of XRD showed the appearance of new peaks of HA, and showed there are additional
accumulates of HA granules when adding yttrium content after immersion in SBF.
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INTRODUCTION

The success of dental implants depends on many factors; implant material, design of the implant, and design of implant surface
(1). Multiple attempts are made to develop coating layers on the implant surface to enhance osseointegration and support
implant functions(2). The coating layer should be biocompatible and have osteoconductive properties which means that it must
have the ability to attract osteoblasts to the implant surface and enhance bone formation to secure the bone-implant interface(3).
The wide use of Titanium and its alloys as dental implants due to its biocompatibility, good strength, resistance to corrosion,
and ability to enhance osseointegration(4). Much research has been done to modify titanium implant surfaces by coating them
with materials that enhance stabilization and osseointegration or by adding an alloying element (5). Hydroxy apatite is
commonly used as a coating for titanium implants; since it is a biomaterial that resembles natural teeth and bones(6).

Yttrium element is one of the representative members of rare earth elements (REEs). The application of yttrium and its
compounds had been reported previously to involve many aspects of industrial photocatalysis, photoluminescence properties,
biological corrosion retardation, hemocompatibility, and re-endothelialization [7-9]. In order to improve the photocatalytic
performance of TiO2, REE doping had long been known as one of the most effective approaches to promote photocatalytic
performance. Previous studies had reported that the prepared low-cost Y-doped TiO2 nanosheet film enhanced photocatalytic
removal of Cr and methyl orange in cathode ray tube waste [7]. Another investigation focused on the synthesis of Y-TiO2
nanotubes, their photoluminescence, and photocatalytic properties, indicating that the photocatalytic properties increased with
the increase of Y-doping content [8].
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Also because of its biocompatibility, which enhances the growth of bone when implanted inside the body, and its acceptable
mechanical properties so it is widely used as an alloying element with titanium alloy (10)

Numerous experiments are being conducted to create Ti alloys containing yttrium. Ti alloys containing yttrium are
biocompatible [11]. Recent studies have focused on -type alloys that minimize the stress-shielding effect by having low elastic
moduli. These alloys are created using stabilizers and non-cytotoxic materials such as molybdenum, tantalum, niobium,
zirconium, yttrium, and manganese indium [12,11-17]. Modern alloys have an elasticity modulus that is three to four times
greater than that of human bone, which can be uncomfortable for the patient and increase the risk of implant failure. This is due
to a condition called stress shielding [18], in which the implant's heavy mechanical strain causes degradation and decreased
bone density, leaving the bones exposed. Dental implants' therapeutic effectiveness is improved by the addition of yttrium to
Ti due to improvements in biocompatibility, mechanical characteristics, and corrosion resistance [19].

Many attempts have been made to develop an alloy that establishes the ability to form bone-like apatite in simulated body fluid
(SBF)(20). A cellular (SBF) that has ions concentrations almost similar to that of human plasma, it has the ability to formulate
bone apatite on the surface of the bioactive materials, therefore it is used for in vitro estimation of the bioactivity of the materials
and evaluation of the formation of bone-like apatite on the implant surface(21). The procedure of measuring the HA formation
on the coated surface is considered an in vitro procedure that has many advantages over the conventional in vivo procedure in
that is the simplest, cheaper, quicker procedure, reproducible method, and less affected by experimental conditions(22). The
study aimed to evaluate the formation of new hydroxyapatite after adding yttrium alloy to the basic alloy samples in SBF.

Experimental Procedure

In this work, titanium, molybdenum, and yttrium powders were employed; they were bought from Lemandou Ltd. Co. China.
As determined by X-ray fluorescence (XRF) type (Bruker S8 Tiger) and particle size analyzer type (NanoBrook 90Plus) for the
beginning materials' particle size, the purity of the employed powders is displayed below in Table 1.

Table (1): Average size and Purity of the Powders

Powder Purity % Average particles size
Ti 99.95 28.62
Mo 99.98 23.59
Y 99.99 19.43

Preparation of Sample

Powder metallurgy was used to create the Ti-15Mo-1.5Y in an inert atmosphere (Argon). According to Table 2, two samples
were created, each of which had two samples of Titanium-15Molybdunium-1.5Yttrium, the proportion of powders in each
sample, and its composites.

Table 2: Chemical composition of the prepared alloys (wt%).

Specimen Mg Al Si Ca Ti Mn Fe @) Mo Y
85Ti-15Mo 008 (009 [032 |024 |84.40 0.07 |[011 |[035 |[14.35 0.00
83.5Ti-15Mol1.5Y 009 (010 |[0.04 |030 |[8293 005 |[0.18 |[0.23 |[14.68 1.37

Ti, Mo, with and without Y, and their respective elemental metal powders were blended in a planetary ball milling machine for
8 hours at a rotational speed of 300 rpm and a ball-to-powder weight ratio of 20:1. According to the speed, type, and milling
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operation, the temperature would typically increase during the milling process. To reduce heating, the mill was run in cycles of
60 minutes of grinding and 30 minutes of idle time. After eight hours of grinding, the powder mixture was cold compressed
under 850 MPa for three minutes with a constant loading rate (0.3 t/s) to produce a green compact, whose size varied depending
on the test. Green compacts were sintered at 950 °C at a rate of 5 °C/min for six hours, after which they were cooled in the
vacuum furnace.[23]

The following steps are included in the sintering process samples: ( Figure 1)
1. heating at a rate of 5 C°/min, up to 500 C, starting at room temperature

2. one hour of soaking at 500 C.

3. Heating increases at a rate of 5 C°/min from 500 C to 950 C.

4. six hours of soaking at 950 C.

5. In a furnace under constant argon conditions, the temperature is gradually lowered to room temperature.

Sintering Program
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Figure 1: Heating Cycle in Sintering
Characterization of the Prepared Specimens

X-ray diffraction (XRD) was used to determine the phases and crystal structures of the produced specimen (Shimadzu XRD-
60000 X-Ray diffractometer). It used Cu K radiation at 40 kV, 30 mA, and 2° of 20°-80° wavelength (=1.5409 A).

A light optical microscope (Olympus/542037.Japan) and a scanning electron microscope (CARL ZEISS ULTRA PLUS
GEMINI FESEM) was used for the microstructure analysis. Wet grinding with grades of (600, 800, 1000, and 2000) and
polishing with diamond paste (1 m particle size) were completed for the specimens. With "10 g FeCI3+ 25 ml HCL+ 100 ml
distilled water" [24], the specimens were etched. X-ray diffraction (XRD) calculations were done on the specimen's phases and
crystal structures both before and after the addition of the yttrium (Shimadzu XRD-60000 X-Ray diffractometer). It was
employing CuK radiation at 40 kV, 30 mA, and 2° of 20°-80° wavelength (=1.5409 A).
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Result and Discussion:

X-ray diffraction analysis:

As appeared in fig. 2 a and b compared different alloy samples after immersion in SBF for 30 days which illustrates the

appearance of new peaks of HA. Peaks of HA were indexed according to the standard pattern (JCPDS09-0432).

Small amounts of yttrium addition have been extensively investigated for their grain refinement efficiency in Ti and its alloys.
In general, for commercial purity Ti, trace amounts of yttrium have provided significant grain refinement in both the prior a-
and B-grain sizes due to its strong segregating ability. (25)

Yttrium is an element that the body can metabolize, and the addition of Y can refine the grain and improve the mechanical
properties of titanium alloys. Enhancement of osseointegration by improvement of bioactivity and biocompatibility of the
titanium molybdenum alloy by addition of yttrium element. It is widely believed that the adhesion and spreading of osteoblasts
on the surface of implants is the first step in osseointegration. Hence, the biocompatibility of implant materials is critical for
successful implantation. from the result above the yttrium stimulate to formation more of HA layers.
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Figure 2A: X-ray diffraction of tested samples
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Figure 2B: X-ray diffraction of tested samples
Optical Light microscope (SEM):

The surface feature of base alloy samples after 30 days immersed in SBF was compared with the surface feature of alloy with
yttrium addition samples after immersion in SBF. As appeared in fig. 3 a and b there is an additional accumulation of HA
granules on the surface of the alloy with yttrium addition (3b). The newly formed crystals of HA accumulated as layers of flaks
which differed from the manner of accumulation after immersion in SBF for the base alloy without the addition of yttrium (3a),
these differences in the manner of accumulation were due to the differences in the condition, PH, and temperature of HA
formation. Also, the sufficient time of immersion in SBF led to complete coverage of titanium samples with layers of HA even
cracks areas, and the appearance of a random accumulation of layers because of unrestricted formation and growth of HA
crystals (26). This manner of nucleation and formation of new apatite is an indication of the bioactivity of the Ti- 15 Mo- 1.5Y
sample(27). It has been reported that the proliferation, adhesion, mineralization, and changes in gene expression in osteoblasts
are very sensitive to micro/nanoscale interfaces. Previous studies have shown that the adhesive capacity of osteoblasts on Y -
doped HA increased with increasing molar percentage (mol %) of yttrium (28-29). From above, the results of the previous study
agreed with our that the addition of the yttrium increased bone-implant contact.
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