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Abstract

Because of their excellent mechanical properties, metal implants are the best option in the long
replacement of hard tissues such as the hip and knee joints. Zr and its alloys are widely accepted as
biocompatible metal implants because the self-regulating oxide layer to prevent the surface from
corrosion and minimizes ion release Surface modification is essential to promote The Osseo
integration of these vital materials. MAO is being used to modify the surface of metal implants. The
purpose of this paper is to provide an overview of recent MAO research on zirconium and its alloys
in bio mineral implants.
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1- Introduction

1-1 Bone structure, composition and properties

Age, like other parts of the body, accidents, and disease, causes bones to weaken and be damaged.
Bone fractures, low back pain, osteoporosis, scoliosis, and other musculoskeletal problems are
common in the elderly, but not always. Implants and other biomaterials are used to treat injured
bones, cartilage, ligaments, and tendons [1]. Basic bone composition, according to Weiner and
Wagner [2, is mostly fibrous protein collagen, carbonated apatite (Ca5(PO4, CO3)3(OH)), and
water. Over time, the crystal size and proportions of these components change. As a result, younger
bones gradually take the place of older ones. [3 Uddin and his colleagues. Bone-forming cells, such
as osteoblasts, are responsible for the synthesis and deposition of calcium phosphate crystals, that
are required for bio mineralization's hardness and strength. Fig.1 shows the schematic
representation of the hierarchical structure of cortical bone. It can be seen that cortical bone
provides a variety of structures that can be noticed on a surface levels of scale starting from sub-
nanostructures. Mour et al. [4] . Bone is a visco elastic material due to these pores, which are filled
with fluid and cells: osteoblasts, osteoclasts, osteocytes and bone-lining cells that are regenerative
shown in Fig.2 [5].
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Fig. 1 Schematic illustration of hierarchical structure of bone[5]
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1-2 Zirconium as Orthopedic Applications

The medical application plays a big role in deciding which metal to use as an implant. These metals
should have a few essential properties such as excellent biocompatibility, high corrosion and wear
resistance, suitable mechanical properties, Osseo integration, ductility, and high hardness to serve
safely and retainable for a longer period without rejection. [ 6]

Zr is used for biomedical applications to total knee replacement (TKR) and total hip replacement
(THR) (THR). The femoral knee surface and the head of the hip joints are made of a Zr-2.5 alloy
called Oxinium, which was developed by Smith and Nephew in 1997 for TKR and in 2002 for THR.
When the Zr-2.5Nb alloy is heat-treated at approximately 773 K in air, thin zirconium oxides (ca. 5
m) form, because of Zr's low wear resistance due to its low hardness [7].

Zr and its alloys have excellent corrosion resistance, but their use in surgical and dental applications
has been limited due to their low bioactivity. The design of a biocompatible layer at the surface of Zr-
based materials could provide a solution to this problem [8]. A wide range of surface treatment
technologies (sol-gel, thermal oxidation, anodizes, MAQ) are available.[9]

Due to their low young modulus, high fracture resistance, high flexural strength, high corrosion
resistance, low cytotoxicity, and biocompatibility, Zr and its alloys have sparked considerable interest
for dental and orthopedic implant applications. Zr-based surfaces are coated with ZrO2 to improve
bioactivity[10].

MAO coatings on zirconium alloys are often made of zirconium oxide, which is known for its
chemical and thermal stability, wear resistance, and mechanical strength[11]. The coatings' efficiency
is closely associated with the phase composition of current zirconia, which can be influenced by

MAO processing conditions such as electrolyte composition, electrical regime, and so on. Silicate-,



aluminate-, and phosphate-based electrolytes have been commonly used among the various
electrolytes suitable for MAO. [12]

1.3 zirconium and zirconium alloy

In 1789, when Klaproth studied the precious stone jargon, he discovered it contained an element he
couldn't identify; in 1797, Vauquelin researched the new compounds known as zirconia; in 1824,
Berzelius succeeded in isolating impure zirconium; in 1925, van Arkel and de Boer invented the
iodide decomposition process for metal purification; and in 1947, Kroll developed the method to
procreate zirconium [7].

Pure Zirconium, Zr-2.5Nb alloy (UNS R60901) is given for surgical implant applications and is
regulated in ASTM F2384-10. Zirconium 705 is zirconium combined with niobium to increase its
strength and enhance formability, and is regulated in ASTM F2384-10[7,10].

Physical and Chemical Properties

Zr's atomic number is ( 40) The atomic mass is (91.22) Pure Zr has a density of 6.52 g/cm3. Structure
(hcp; alpha phase) exists in Zr (bcc; beta phase) The addition of tin (Sn) and oxygen (O) helps to
stabilize the process (nickel and niobium). To increase the strength and corrosion resistance, the sum
of these elements added can be changed. [7,13].

Mechanical Properties

Pure Zr has excellent deformability. It is one of the active metals, and it high reacts with oxygen to
form dense and continuous zirconium oxide at the surface. For the initial stage, the black oxide layer
forms in steam at temperatures ranging from 533 to 673 K. As the reaction time is extended, the
oxide color changes to ash gray [7,13,14].

Table 1 Compositions and tensile properties of Zr alloys[7].



(Mass%)

Element R60702 R60704 R&0O705 R60901
Zr+Hf, min 99.2 07.5 955 Balance
Hf, max 4.5 4.5 4.5 0.010
Fe+Cr (0.2, max 0.2-0.4 (.2, max Fe:0.15, Cr:0.020
Sn 1.0-2.0 (0.0050

H. max 0.005 0.005 0.005 0.0025

N, max 0.025 0.025 0.025 (0.0080

C, max 0.05 0.05 0.05 0.027

Nb 2.0-3.0 2.40-2.80
0, max 0.16 0.18 0.18 0.13
Tensile properties ' R60702 R60704 R60705 RG090I
UTS, min (MPa) 379 413 552 450

Yield strength, min (MPa) 207 241 379 310
Elongation, min (%) 16 14 16 15

2- Advance surface modification\ Micro-arc oxidation

In body fluids, zirconium implants are subjected to wear-accelerated corrosion. When the corrosive
environment differs from what was predicted, when process temperature excursions occur, or when
some impurities are incorporated into the chemical environment during chemical processing,
zirconium corrosion can occur [15,16]. Severe operating conditions demand an improvement in
zirconium and its alloys' wear and corrosion resistance. To increase the corrosion and wear resistance
of zirconium alloys, various surface treatments such as thermal oxidation, physical vapour
deposition, ion implantation, thermal spray, and Micro-arc oxidation are used [17].
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Fig 3 Schematic view of the experimental using the MAO process (picture of a 2024 aluminium
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MAO is a promising surface treatment with excellent adhesion properties. Environmentally friendly
Alkaline electrolytes with ceramic oxide coating on light alloys [17]. There have been some
investigations into MAO treatment of zirconium alloys with testing. Microstructural characteristics
corrosion protection [18], biocompatibility [21], as well as friction and corrosion properties [19,20].
In the alkaline electrolyte, a pulsed alternating current current system was used. Quite slim Various
processes are used to make thick coatings. When it comes to electrochemical corrosion and
corrosion properties, now is the time to look into it.
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Figure 5 Cross-sections of as-produced coatings Zr 702 (a) 3.5 min and (b) 90 min[17]



Fig.6 Scanning electron micrographs of the coating formed to 100 V on Zirlo (a) Backscattered
electron image of a fractured region of coating. (b) Secondary electron image of the coated
surface.[22]

Summary

The osteoclasts must accept the implant because the bone is alive. When inserted near a bone, it
must be able to attach to and grow on it to avoid loosening and inflammation. Zr and its alloys are
well known for being more biocompatible than other metal implants, with the lowest Young's
modulus and the highest biocompatibility. Metal oxide that can be controlled in an electrolyte
thanks to MAO. ZrO2 is affected by electrochemical oxidation conditions such as the electrolyte
type, concentration, and pH, as well as the applied potential and time. If the pH value remains
constant, can be increased by increasing the applied potential; and pH independent if the applied
potential remains constant. If an electrolyte is used instead of an aqueous electrolyte, a higher
applied potential is required to achieve the same coating. The length or thickness of the layer
increases as MAO progresses, but there is always a point where the thickness remains constant as
time progresses. It's worth noting that in an alkaline electrolyte with a pH of over 12, implant
material surfaces have a lot of potential for cell adhesion, proliferation, and differentiation
Antibacterial agents can be loaded into the layer to control bacterial infection.
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