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In this current work, nanocrystalline calcium-deficient hydroxyapatite (CDHA) was 
synthetically produced using calcium hydroxide and diammonium phosphate through a 
wet chemical synthesis route. X-ray diffraction (XRD) analysis and electron microscopy 
demonstrated the nano-level (~47 nm) of the produced CDHA. Then, the nano-CDHA 
was reinforced into ZE41 Mg alloy by friction stir processing (FSP) aimed at 
manufacturing degradable bone implants. Microstructures clearly demonstrated the 
development of a fine-grained structure (7.4 ± 6.9 µm) in addition to incorporating nano-
CDHA into ZE41 Mg alloy. FSP resulted in decreased intermetallic phases, which 
suggests increased solubility of zinc into magnesium due to FSP. XRD analysis of the 
composite confirms the development of a basal-dominated texture in the composite. From 
the potentiodynamic polarization studies, corrosion performance was assessed using 
simulated body fluid (SBF). The composite exhibited noble behavior by demonstrating a 
lower corrosion current density (-1.23 ± 0.8 × 10-4 A/cm2) compared with ZE41 alloy (-
4.75 ± 1.1 × 10-4 A/cm2). Lower weight loss was observed for the composite after 72 
hours of immersion in SBF, indicating improved degradation resistance due to the 
incorporated nano-CDAH and grain refinement. The lower corrosion rate measured for 
the composite (11.4 ± 2.1 mm/year) is 40% lower compared with ZE41 alloy (19.3 ± 1.8 
mm/year) based on weight loss data. The results demonstrate the feasibility of FSP to 
develop ZE41-nano-CDHA composite with better corrosion control. 
 

Contribution/ Originality: The paper's primary contribution is the development of a novel composite of ZE41-

nano-CDHA through friction stir processing, aimed at manufacturing magnesium-based implants for medical 

applications. The results demonstrate the promising role of a refined microstructure and the addition of nano-CDHA 

to the ZE41 alloy in enhancing degradation resistance. 

 

1. INTRODUCTION 

Developing magnesium (Mg)-based composites for degradable implant applications has become a significant area 

of research in the field of material science [1, 2]. Using nano-phases as reinforcements in various Mg alloys to tailor 

the degradation rate, bioactivity, biomineralization, and implant-tissue interactions is extensively documented in 
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recent literature [3]. Among the potential reinforcements, calcium-based phases are the most promising for 

developing magnesium-based composites [4, 5]. Among the available Mg alloys, ZE41 Mg alloy, which contains zinc 

and rare earth elements as the principal alloying elements, has recently been considered a promising material for 

implants. 

In addition to incorporating biocompatible phases into Mg alloys, modifying the microstructure is another 

potential strategy employed to enhance the properties of Mg alloys [6]. Friction stir processing (FSP) is a solid-state 

method that can be successfully used to refine the microstructure of Mg alloys [7-9]. It was demonstrated that the 

fine grain structure produced in ZE41 Mg alloy by FSP helps to increase strength and corrosion resistance [10]. 

Using hydroxyapatite as a reinforcing phase to develop magnesium-based composites through friction stir processing 

(FSP), with enhanced bio-properties, can be observed from the literature [11-13]. By decreasing the calcium (Ca) 

content, calcium-deficient hydroxyapatite (CDHA) can be produced [14, 15]. Ca to P ratio in CDHA is usually 

observed as less than 1.67 [16, 17]. Hydroxyapatite is stable in the bio-environment, whereas the stability of CDHA 

is inferior, and it degrades slowly in the bio-environment [18, 19]. Since the objective behind producing Mg-based 

implants is for temporary applications, using degradable CDHA phases to develop Mg composites is appropriate. 

Very recently, AZ31 Mg alloy was incorporated with CDHA, and increased biomineralization was observed in the 

composites [20]. The information on using nano-CDHA as reinforcement to produce Mg-based implants is 

insufficient in the literature. Furthermore, using nano-CDHA to produce composites of ZE41 alloy has not yet been 

explored. Therefore, in the current research work, nano-CDHA powder was produced by a wet chemical synthesis 

method, and using FSP, composites of ZE41-nano-CDHA were produced with the objective of investigating the 

composite for degradable implant applications. The literature related to the current research work, details of the 

experiments, data collection and analysis methods, and discussion of the obtained results, followed by conclusions, 

are presented in the following sections. 

 

2. LITERATURE  

From the earlier literature, developing Mg composites by dispersing HA can be seen as a potential strategy to 

impart higher performance in Mg implants. The first benefit of the addition of HA is the increased bioactivity [21]. 

Increased biomineralization and controlled degradation are the other advantages associated with HA [22]. Due to 

the dispersion strengthening mechanism, the addition of HA also contributes to increasing the mechanical properties 

of Mg composites [23]. However, it was also reported that a higher amount of HA causes galvanic corrosion and 

localized corrosion, which leads to a decrease in corrosion resistance [24]. Furthermore, higher amounts of HA lead 

to agglomeration and increase the brittleness of Mg composites [25]. Therefore, the selection of the fraction of HA 

that is added to Mg and its alloys to develop composites with enhanced performance is crucial in designing medical 

implants for temporary degradable applications. Table 1 presents a brief summary of the earlier reported works in 

producing Mg-based composites dispersed with HA for degradable implant applications. 

    

Table 1. A brief summary of Mg-HA composites developed for biomedical applications.   

S.No. Composite Process Significant findings Reference 

1 AZ91/HA Hot extrusion • Adding HA crystals induced controlled and 
uniform corrosion  

• The surfaces were observed with CaCO3 
phases in the immersion studies   

Witte, et al. [26] 

2 Mg-Ca/HA-
TCP 

Liquid alloy infiltration • Excellent corrosion resistance in Hank's 
solution 

• Cell viability tests indicated grade-1 
toxicity towards L-929 and MG63 cells. 

Gu, et al. [27] 

3 Mg/HA-MgO Blend-cold press-sinter • Higher corrosion resistance was achieved 
for the Mg/12.5HA/10MgO composition. 

• Excellent cell response against osteoblast 
cells 

Khalajabadi, et al. 
[28] 

https://www.sciencedirect.com/topics/materials-science/osteoblast
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S.No. Composite Process Significant findings Reference 
4 Mg-HA FSP • Enhanced corrosion resistance in simulated 

physiological solutions. 

• Higher biomineralization due to grain 
refinement. 

• Improved cell viability and cell adhesion 

Sunil, et al. [21] 

5 Mg-HA, 
AZ91/HA 

Quasi-constrained HPT • Decreased corrosion rate and higher cell 
viability have been observed for the Mg-
HA composite. 

•  

Castro, et al. [29] 

6 Mg-HA Spark plasma sintering • Better properties were observed when the 
porosity was less than 1.9%. 

• Increased corrosion resistance and 
compressive strength 

• Formation of MgO due to the oxidation of 
Mg during synthesis was also observed, 
which decreased the compressive strength. 

Nakahata, et al. 
[23] 

7 ZK60/HA Powder metallurgy • Better wear-corrosion resistance was 
achieved at 10% HA addition 

• Corrosion and abrasion are the main 
mechanisms for the material loss for the 
composites in the SBF 

Su, et al. [30] 

8 Mg-HA Rapid microwave 
sintering 

• Layered composites exhibited increased 
microhardness and compressive strength. 

• From the immersion tests conducted at 
SBF, improved corrosion resistance was 
observed for the composite. 

Shamami, et al. 
[31] 

9 Mg/HA 
Mg-3Al/HA 

Material extrusion 
additive manufacturing 

• Compared with Mg-Al, when Mg was used 
as the matrix material, the addition of HA 
has shown a significant effect on improving 
the strength. 

• From the immersion studies, poor 
corrosion resistance was observed in the 
composites due to galvanic corrosion. 

Casas-Luna, et al. 
[32] 

10 Mg-Zn/HA Ball milling -cold 
pressing 

• Lower HA content resulted in reduced 
porosity and enhanced mechanical 
performance and corrosion resistance. 

• Lower amounts of HA are advised to attain 
improved mechanical performance and 
corrosion resistance. 

Lu, et al. [25] 

11 Mg-HA Electromagnetic and 
mechanical stir casting 

• The composite subjected to 4-pass ECAP 
resulted in grain size reduction and uniform 
microstructure 

• Higher tensile strength and fracture 
strength were reported for the ECAPed 
composite. 

Kasaeian-Naeini, et 
al. [33] 

12 WE43/HA FSP • Improved yield strength and ultimate 
tensile strength (UTS) were observed, 
resulting from the refined microstructure. 

• Presence of HA decreased the corrosion 
rate up to 30%.   

Wang, et al. [4] 

13 WE43/HA Additive manufacturing • The scaffolds with 70% porosity were 
successfully produced, and the composite 
scaffolds exhibited a higher compressive 
strength (180%). 

Drotárová, et al. 
[34] 

14 Mg-HA Spark plasma sintering • Applying PLC coating on the composite 
reduced the corrosion rate by up to 
threefold. 

• Long-term immersion in 0.9% NaCl 
exhibited lower degradation for the 
composites with PLC. 

Podgorbunsky, et 
al. [35] 

15 Mg-
nanodiamond/H
A 

3D printing • Composites exhibited excellent strength 
and fracture resistance. 

• Cell culture studies utilizing human 
mesenchymal stem cells demonstrated 
higher cell adhesion. 

Acharya, et al. 
[36] 
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S.No. Composite Process Significant findings Reference 
16 Mg/HA,  

Mg-Zn/HA,  
Mg-Sn/HA  

ultrasonic-assisted 
rheo-casting 
technology 

• Mg-Sn/HA composite has demonstrated 
the highest hardness (94.8 HV) among all 
the composites, primarily due to 
precipitation. 

• Mg-Zn/HA composite exhibited lower 
degradation (0.19 mm/year) due to the 
uniform distribution of HA and a refined 
microstructure. 

• The Mg-Zn/HA composite demonstrated 
higher cell viability against MG-63 cells, 
attributed to increased biomineralization. 

Narayanappa, et al. 
[37] 

 

From the available literature, it can be learned that adding hydroxyapatite (HA) to magnesium (Mg) and its 

alloys enhances their mechanical properties and corrosion resistance. However, some reports also demonstrate 

decreased corrosion performance in Mg composites reinforced with HA, primarily due to galvanic corrosion [33, 38]. 

Adding lower amounts of HA was observed to be promising, as it helps avoid limitations such as agglomeration, 

galvanic corrosion, and decreased fracture toughness [25]. Using nano-crystalline hydroxyapatite (HA) also presents 

a potential strategy to enhance the mechanical properties and corrosion resistance of magnesium-hydroxyapatite 

(Mg-HA) composites [22, 25]. However, it can be learned that information on developing ZE41-CDHA composites 

by FSP for biodegradable implant applications is lacking. Furthermore, reinforcing CDHA into ZE41 Mg alloy and 

its effect on mechanical and corrosion properties have not yet been explored, which is the main objective of the current 

research work. 

 

3. METHODOLOGY  

3.1. Synthesizing Nano-CDHA 

Nano-CDHA was synthesized by using Ca(OH)2 (calcium hydroxide, Merck, USA) and (NH4)2HPO4 

(diammonium phosphate, Merck, USA). Aqueous solutions were prepared using deionized water. To achieve a lower 

Ca/P ratio (1.5), 1 M solutions of both precursors were prepared and mixed in appropriate ratios using a magnetic 

stirrer. Ca(OH)2 aqueous solution was added into a beaker, and the solution of (NH4)2HPO4 was added drop by drop 

while the solution was continuously stirred. By adding ammonia to the solution drop by drop, the pH of the solution 

in the beaker was maintained above 9 to avoid any precipitations during the synthesizing process. After completely 

mixing the solutions, stirring was done for 1 hour, and then the beaker was placed in a hot oven to allow the 

precipitation. The precipitated powder was then collected from the beaker, crushed, and filtered using deionized water 

through filter papers, and the leftover powder was collected. 

 

3.2. Producing ZE41-CDHA Composites 

Composites of ZE41 Mg alloy with nano-CDHA were produced by FSP. Figure 1 illustrates the process of 

developing composites by FSP and a typical photo obtained during the process. Initially, a groove (2 mm depth with 

1 mm width) was produced on the ZE41 workpiece by a milling cutter and then filled with nano-CDHA. It was 

ensured that the groove was filled with 70% tap density. The CDHA-filled groove was then processed with a pin-less 

flat surface tool to constrain the CDHA within the groove. An FSP tool with a tapered circular pin of 6 mm length, 

with diameters varying from 5 mm to 2 mm, was used for a single pass by selecting process parameters (1400 rpm 

speed with 25 mm/min feed) based on the literature [20]. From the cross-sectional observations, a defect-free stir 

zone was observed. The samples for characterization and studies were collected from the center of the produced 

composites. 
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Figure 1. (a) Schematic presentation of FSP of ZE41-nano-CDHA composite, (b) tool dimensions, and (c) photograph obtained 
during the process. 

 

3.3. Characterization 

The produced nano-CDHA powder, base alloy, and the composite were characterized by X-ray diffraction (XRD, 

Bruker, USA) from 20° to 80° range with a step size of 0.1° using CuKα radiation. All the peaks in the XRD were 

matched with the International Centre for Diffraction Data (ICDD) and indexed. Transmission electron microscopy 

(HR-TEM, Philips, Holland) was performed to study the morphology of the CDHA powders, and the corresponding 

electron diffraction pattern was also obtained. 

For microstructural studies, a standard metallographic polishing process was adopted. For polishing, different 

graded emery sheets were used, followed by diamond paste (1-3 µm particle size) and lubricant on a rotating disc 

polishing machine. The surfaces were then etched with an etchant composed of 50 ml of ethanol, 2.5 ml of picric acid, 

2.5 ml of acetic acid, and 2.5 ml of distilled water. Etching was performed for 20 s, then dried in open air before 

observing the microstructures. The micrographs were obtained for the base alloy (ZE41) and the composite (ZE41-

nano-CDHA) using a Leica optical microscope, Germany. 

 

3.4. Corrosion Studies by Potentiodynamic Polarization  

Corrosion studies were conducted using simulated body fluid (SBF). The preparation method and the ion 

concentration of SBF can be referenced elsewhere [39]. SBF closely resembles human body fluid and contains a 

similar ion concentration. For potentiodynamic polarization studies (IVIUM Soft, Netherlands), the workpiece 

surface (1 cm2) was exposed to the corrosive electrolyte within the corrosion test cell. Tests were performed in the 

presence of a platinum rod and a saturated calomel electrode. The scanning was conducted at a rate of 5 mV/s, and 

from the data obtained, Tafel extrapolation was used to determine the electrochemical parameters [38].  

 

3.5. Degradation Behavior by Immersion Studies 

The samples (10 × 10 × 2 mm³) were immersed in SBF for 24 h, 48 h, and 72 h at 37 °C in a temperature-

controlled water bath to assess weight loss. The collected samples from the SBF were then gently washed in de-

ionized water and placed in CrO3 solution (180 g per 1 liter of water) to dissolve the corrosion products. The weights 

before and after immersion studies were measured, and the weight loss of the samples due to biodegradation in SBF 

was compared. The corrosion rate (CR) in mm/year was obtained from the data in Equation 1 [40].  

CR (mm/year) = (8.76 × 104 × w) / (A. t. ρ)  (1) 

Where w is weight loss (g), A is the surface area of the sample (cm2), t is immersion time (h), and ρ is 

the density (g/cm3). 
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3.6. Statistical Analysis 

All the experiments were conducted in triplicate (n=3). From the obtained data, mean values were calculated, 

and the standard deviation values were obtained. The statistical analysis was carried out using the one-way ANOVA 

method with OriginPro8 software (USA). A p-value of less than 0.05 was considered statistically significant. 

 

4. RESULTS AND DISCUSSION 

The characterization of the produced nano-CDHA was done by XRD, as presented in Figure 2. All the peaks 

were indexed by referring to standard data (ICDD, JCPDS no. 09-0432). By measuring the peak (002) width at half 

of the peak height, the crystallite size was calculated as 47 nm for the produced nano-CDHA using Scherrer's formula 

[41]. From the XRD analysis, it is confirmed that the CDHA is at the nano-level. Adding nano-crystalline 

reinforcements to Mg helps increase mechanical performance and corrosion properties. Agglomeration is an issue 

with nano-crystalline materials. However, it has been reported that FSP can reduce the agglomeration issue, as the 

material stirring during FSP helps to distribute the reinforcements uniformly in the matrix [4, 21]. However, because 

of the higher surface energy of nanocrystalline materials, agglomeration can be observed in FSPed composites also 

up to some levels. Compared with liquid state methods, where agglomeration of nano-reinforcements is a serious 

concern, FSP results in a lower level of agglomeration, which is beneficial. The TEM bright field image of the powder 

and the corresponding electron diffraction pattern are presented in Figure 3. It is noted that the nano-CDHA crystals 

are showing acicular morphology with varying thickness-to-length ratios. The nano-size of the crystals is confirmed 

from the images, as understood from the XRD analysis. The electron diffraction pattern appears as a spot pattern in 

ring-like morphology, also reflecting the nano-level of the produced CDHA. Both the TEM studies and XRD data 

are in good agreement, demonstrating the nano-level of the CDHA. Compared with spherical morphology, acicular 

morphology in CDHA increases the surface area of the CDHA crystals and enhances the bonding between the CDHA 

crystals and the matrix, as reported by Siva Krishna and Suresh in developing HA-incorporated Ti-HA composites 

[42].  

 
Figure 2. XRD pattern of nano-CDHA produced in the present work. 

 

The microstructures of ZE41 and ZE41-nano-CDHA samples are presented in Figure 4. The microstructure of 

ZE41 (Figure 4 (a)) clearly shows the average grain size as 102 ± 9.5 µm. Additionally, the presence of intermetallic 

phases at the grain boundaries can also be clearly seen as a network structure. Usually, in ZE41 Mg alloy, MgZn 

intermetallics (as indicated with white arrows) are widely observed at room temperature. The microstructure of the 

ZE41-nano-CDHA sample clearly shows the evolution of smaller grains (7.4 ± 6.9 µm) due to FSP. Typically, in FSP, 

dynamic recrystallization produces a fine-grain structure [6]. Additionally, the amount of intermetallic was observed 

to have decreased clearly from the ZE41-nano-CDHA microstructure. Agglomerates of CDHA were also observed in 

the composites (indicated with arrows) in Figure 4 (b). Due to the nano-size of the CDHA, the incorporated particles 
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were found to be agglomerated in some regions of the composite. This is similar to earlier findings, where when 

nanophases were dispersed by FSP, agglomeration was a common observation [4, 21].  Since the objective of adopting 

FSP is to incorporate nano-CDHA into ZE41 to achieve the benefits from the presence of a degradable Ca-based 

phase to tailor the bio-properties for implant applications, the observed minimal agglomeration is less concerning. 

 

 
Figure 3. (a) TEM image and (b) electron diffraction pattern of nano-CDHA. 

 

 
Figure 4. Microstructures of (a) ZE41 and (b) ZE41-nanoCDHA composite. 

 

Figure 5 presents the XRD analysis of ZE41 and ZE41-nanoCDHA samples. All the peaks were indexed. No 

peaks other than α-Mg were noticed in the XRD plot. Due to the smaller amount of intermetallic phase in the base 

alloy, the corresponding peaks were not identified. The intensities of peaks in the ZE41-nano-CDHA sample were 

significantly altered. The intensities of (100), (101), and (102) were significantly decreased, and the intensities of (002), 

(103), and (004) were significantly increased after FSP. This behavior clearly indicates the texture effect in the 

produced composite. Particularly, the intensity of the (002) peak (high-density plane) has been significantly increased, 

suggesting the development of a basal-dominated texture in the composite. Surprisingly, from the XRD plot of the 

composite, peaks corresponding to nano-CDHA were not identified due to the presence of the reinforcement in the 

sample within the lower limits of detection in XRD. From microstructural studies and XRD analysis, the composite 

was identified with three major microstructural modifications: i. grain refinement, ii. decreased intermetallic phase, 

and iii. basal-dominated texture. These three factors greatly influence the corrosion behavior of the developed 

composite. 

 



Journal of Asian Scientific Research, 2026, 16(2): 48-60 

 

 
55 

© 2026 AESS Publications. All Rights Reserved. 

 
Figure 5. XRD patterns of the samples: (a) ZE41 and (b) ZE41-nanoCDHA. 

 

 
Figure 6. PDP curves of the samples. 

 

Table 2. Corrosion parameters obtained from the PDP curves. 

Sample Corrosion parameters 

Potential (Ecorr), mV Current density (icorr), A/cm2 

ZE41 -929 ± 55 -4.75 ± 1.1 × 10-4 
ZE41-nano-CDHA -890 ± 39 -1.23 ± 0.8 × 10-4 

 

Figure 6 shows the PDP curves drawn from the electrochemical studies. From the Tafel extrapolation, corrosion 

parameters (Ecorr and icorr) were obtained and presented in Table 2.  Composite exhibited noble behavior as reflected 

by the potential shift towards positive values compared with ZE41. From the icorr values, a lower value was observed 

for the ZE41-nano-CDHA compared with ZE41, which indicates lower electrochemical activity for the composite. 

Lower icorr values obtained for the composite indicate higher corrosion resistance for the composite.  From the works 

of Chun, et al. [43] it can be understood that the addition of HA (0.5%) to Mg-Zn-Y alloy improved the 

corrosion resistance, as reflected in lower icorr values (118.63 µA/cm2) measured from the PDP studies. It 

was also reported by Jaiswal, et al. [44] that at the lower amount of HA (2% and 5% by weight), decreased icorr values 

(777.02 ± 3.77 µA/cm2 and 571.97 ± 4.17 µA/cm2) were observed for Mg-3Zn-HA composites prepared by 

conventional sintering. With the higher HA content, the icorr values increased again (682.16 ± 4.97 µA/cm2) due to 

galvanic corrosion. In the present work, ZE41-HA composite produced by FSP showed marginally lower icorr values, 

suggesting the potential of refined microstructure and the addition of HA by FSP in improving corrosion resistance. 
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On the other hand, Mg-5Zn alloy subjected to FSP at different process parameters exhibited icorr values ranging from 

1103.5 µA/cm2 to 11.8 µA/cm2 when the FSP tool speed increased from 800 rpm to 1000 rpm, and then increased to 

806.7 µA/cm2 when the tool speed was increased to 1250 rpm [45]. By observing the reported icorr values in 

connection with Mg-Zn-based biomaterials, the icorr values obtained in the present work are promising. 

 

Table 3. Weight loss measurements of the samples. 

Sample Weight loss after immersion (%) 

24 h 48 h 72 h 

ZE41 5.39 ± 0.99 11.16 ± 1.7 15.73 ± 1.69 
ZE41-nano-CDHA 4.8 ± 1.04 7.13 ± 0.72 9 ± 1.32 

 

 
Figure 7. The corrosion rate of the samples was calculated from the weight loss measurements. 

 

The weight loss measurements, considering the initial weight and the remaining weight of the samples after 

immersion tests, are presented in Table 3. The corrosion rate of the sample was calculated and compared in Figure 

7. Lower weight loss was observed for the composites at all immersion times compared with ZE41. The corrosion 

rate increased with immersion time for ZE41 and ZE41-nano-CDHA. However, ZE41-nano-CDHA exhibited a lower 

corrosion rate than ZE41 after 24 h, 48 h, and 72 h of immersion. Corrosion experiments from PDP tests and 

immersion tests demonstrate a decreased corrosion rate for ZE41-nano-CDHA. The microstructure refinement and 

the incorporated nano-CDHA by FSP have a profound effect on decreasing the corrosion rate of the composite. The 

produced smaller grains initiate the development of a quick passive film, Mg(OH)2 in Mg alloys, which protects 

against further corrosion [46]. The addition of nano-CDHA helped to decrease the corrosion rate in the ZE41-nano-

CDHA. Basal-dominated texture in Mg-based composites decreases the corrosion rate [47, 48]. The combined effect 

of these factors contributed to improved corrosion resistance in the produced ZE41-nano-CDHA. 

Similar improvements in corrosion resistance were reported in developing Mg-based composites targeted for 

implant applications. Reinforcing Ca-based phases promotes bioactivity and biomineralization in Mg alloys, which 

enhances the healing rate when used as candidates to manufacture orthopedic implants [49, 50]. In the present work, 

using degradable nano-CDHA helps to control degradation and also promotes improved tissue-implant bonding by 

enhancing bioactivity. Furthermore, compared with stable HA, nano-CDHA gradually degrades along with the Mg 

alloy in the physiological environment and leaves no traces at the site of new bone formation. The current study 

demonstrates the promising behavior of ZE41-nano-CDHA as an implant material for manufacturing degradable 

bone fixing plates and scaffolds. The distribution of nano-phases is challenging in FSP when producing the 
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composites. To address the agglomeration issue and to distribute nano-CDHA into ZE41 alloy, multi-pass FSP can 

be adopted. 

 

5. CONCLUSIONS 

5.1. Implications  

Nano-CDHA was synthesized by a wet chemical method as a potential reinforcing phase to incorporate into 

ZE41 Mg alloy to produce a degradable composite by friction stir processing. The produced CDHA powder was 

characterized at the nano level using XRD and TEM analysis. The produced composites exhibit significant grain 

refinement. Additionally, a basal-dominated texture can be successfully produced in the composite, as characterized 

by XRD analysis. Due to the refined microstructure and the added CDHA, increased corrosion resistance can be 

achieved in the composites, as confirmed by PDP tests. Lower weight loss can be achieved in the presence of a 

physiological environment, as assessed indirectly from the immersion tests carried out in SBF. The corrosion rate 

calculated from the data exhibits a lower corrosion rate for the composites due to the produced smaller grain size, 

texture effect, and the incorporated nano-CDHA. The results demonstrate the feasibility of developing ZE41-nano-

CDHA composite by FSP with enhanced corrosion resistance for degradable bone implant applications. 

 

5.2. Limitations 

The uniformity in dispersion of CDHA into ZE41 is challenging due to its nano-size. Even though the FSP 

method results in a lower level of agglomeration compared with liquid state methods, there is still a need to optimize 

the process parameters to achieve a higher level of uniformity in the dispersion of CDHA. The size of the produced 

composite is limited to the width of the FSP tool shoulder, and hence, additional parallel passes are required to develop 

components in larger dimensions. 

 

5.3. Future Research Suggestions 

 In order to achieve improved uniformity in the dispersion of nano-CDAH, carrying out multi-pass FSP to study 

the effect of the number of passes on altering the distribution of CDHA into ZE41 is needed, which can be a part of 

the future scope. On the other hand, the longer degradation behavior and its effect on mechanical failure in the 

presence of corrosion cracks also need to be evaluated. Additionally, investigating the toxicity of the composite 

against appropriate cell lines and the impact of the degradation process on cell activities can also be carried out as 

part of the future scope of the work to make ZE41-nano-CDHA composites produced by FSP a viable material for 

manufacturing degradable medical implants. 
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