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Abstract. TiO₂ based ceramic coatings are extensively used in plasma spray applications due to their excellent 

hardness, wear resistance, and chemical stability. Nevertheless, the performance of plasma sprayed coatings is 

strongly influenced by the physical and microstructural characteristics of the feedstock powders. This study 

investigates the influence of ZnO incorporation on the phase composition, morphology, microstructure, particle 

distribution, and apparent density of TiO₂-based plasma spray feedstock powders. ZnO was selected due to its 

favourable chemical compatibility and complementary physical properties with TiO₂, which may enhance phase 

stability, particle cohesion, and powder packing behaviour. TiO₂ and ZnO powders were blended at different 

weight ratios of 90 wt.% TiO₂/10 wt.% ZnO, 80 wt.% TiO₂/20 wt.% ZnO, and 70 wt.% TiO₂/30 wt.% ZnO using 

wet mixing followed by planetary ball milling without milling balls to promote homogeneous agglomeration while 

preserving particle integrity. X-ray diffraction (XRD) analysis confirmed the coexistence of anatase and rutile 

TiO₂ phases together with the ZnO wurtzite phase without the formation of secondary phases, indicating good 

phase compatibility and homogeneous ZnO distribution within the powder matrix. FESEM observations revealed 

angular and well-defined TiO₂ particles, while ZnO appeared as finer irregular aggregates distributed around the 

TiO₂ surfaces. Incorporation of 10 wt.% ZnO resulted in more uniform particle dispersion, reduced agglomeration, 

and improved packing through effective filling of interparticle voids. Apparent density analysis showed that 

moderate ZnO incorporation enhanced bulk density and packing efficiency, whereas excessive ZnO addition 

increased interparticle voids and reduced powder density. Among all compositions, the 90 wt.% TiO₂/10 wt.% 

ZnO feedstock exhibited the most balanced combination of phase stability, morphology, and packing 

characteristics, demonstrating strong potential for dense and wear-resistant plasma-sprayed coating applications.  
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1. INTRODUCTION

 
Researchers have extensively investigated titanium dioxide (TiO₂) as a valuable ceramic 

material because to its exceptional hardness, chemical inertness, corrosion resistance, and 

photocatalytic properties. Due to these advantageous properties, it is extensively utilised in industry for 

applications such as aircraft components, biomedical coatings, photocatalytic surfaces, and energy 

conversion devices. TiO₂ is a favoured option for coating technologies and surface protection systems 

due to its distinctive combination of mechanical and chemical stability [1-2]. 

 

Despite its advantages, pure TiO₂ coatings frequently exhibit issues such as brittleness, 

inadequate adhesion, and lack of durability upon fracture, particularly when applied to metal substrates. 

The primary causes of these issues are the significant disparity in thermal expansion between TiO₂ and 

metal surfaces [3], coupled with the inherent rigidity of TiO₂. Consequently, these constraints diminish 

its utility in environments where durability and adhesion are critical, particularly in conditions 

characterised by abrasion and elevated temperatures. To address these challenges, researchers have 

investigated the incorporation of secondary oxide elements into TiO₂ to enhance its structural and 

functional efficacy [4]. The incorporation of appropriate oxides and other material can alter grain 

morphology, enhance microstructure, and increase the toughness and adhesion of the material. For 

instance, Al–TiO₂ and Al₂O₃–TiO₂ composite coatings have been reported to enhance coating density, 

adhesion strength, and wear resistance. However, these improvements are often system-specific and 

may introduce new challenges such as phase instability or processing complexity[5]. 

 

Zinc oxide (ZnO) has emerged as a compelling addition for TiO₂-based systems due to its 

chemical compatibility and favourable physical properties that complement TiO₂ [2,6]. ZnO possesses 

a hexagonal wurtzite crystal structure that exhibits significant thermal and mechanical stability. 

Synthesis of TiO₂–ZnO from its precursor also results in formation of ZnO Hexagonal Wurtzite phase 

(JCPDS Card No. 80-0075) [7].The lattice characteristics and melting point are quite analogous to those 

of TiO₂, facilitating the formation of solid solutions or composite phases during high-temperature 

processes. When combined with TiO₂, ZnO enhances phase stability, improves particle cohesion, and 

facilitates a more uniform distribution of components within the powder matrix. The TiO₂–ZnO 

composite system possesses the ability to enhance its functional properties with its mechanical benefits. 

Multiple investigations have shown enhancements in optical, electrical, and photocatalytic properties 

resulting from the incorporation of ZnO. Moreover, TiO₂/ZnO complexes exhibit potential for use in 

wear-resistant and high-temperature coatings, using the lubricating properties of ZnO  and the 

mechanical strength of TiO₂ [8]. 

 

 This particular feedstock powder is meant to be used for plasma spray coating. There are 

existing paper that report on the use of TiO2/ZnO as coating material commonly due to  its self cleaning, 

antibacterial properties and its high hardness properties [9]. However, many of the researchers uses 

different type of deposition method such as sol-gel process, physical vapor deposition and chemical 

vapor deposition. The coating material used is also vary, there are researchers that synthesize their own 

TiO2 and ZnO while few use over the shelf ready made powder form [10]. There are few research papers 

that use plasma spray deposition method to deposit TiO2/ZnO coating onto substrate [11]. 

 

In plasma spraying, the properties of the feedstock powder play a decisive role in determining 

coating performance, including porosity, adhesion, and mechanical strength. Parameters such as particle 

size distribution, morphology, and apparent density directly affect powder flowability, melting 

behaviour, and deposition efficiency. An optimal particle size range (typically 15–45 μm) is essential 

to ensure uniform melting and consistent coating formation [12]. However, the relationship between 

ZnO content and these critical powder characteristics remains insufficiently understood, particularly in 

terms of packing efficiency and its impact on coating integrity. 

 

This study investigates the effects of ZnO addition on the microstructure and phase composition 

of TiO₂-based plasma spray feedstock powders. This study aims to clarify the relationship between 

composition and powder properties by systematically varying the TiO₂/ZnO ratios and examining the 
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resulting powders by X-ray Diffraction (XRD), scanning electron microscopy (SEM), and particle size 

analysis (PSA). The results are expected to provide substantial insights for optimising TiO₂/ZnO 

feedstock formulations, hence improving their suitability for plasma spray applications in advanced 

surface engineering. 

 

 

2. MATERIALS AND METHODS 

 

2.1 TiO₂ and ZnO powder 

 
Oerlikon Metco (Switzerland) supplied titanium dioxide (TiO₂) powder, marketed as Oerlikon 

Metco 102. This was the primary material utilized in this study. The powder consists of approximately 

99 % titanium dioxide, with the remaining 1 % comprising trace amounts of other minerals such as 

alumina (Al₂O₃), iron oxide (Fe₂O₃), and silicon oxide (SiO₂). The maker states that the powder appears 

dark grey due to its sub-stoichiometric composition (TiOₓ, where x < 2). This non-stoichiometric 

characteristic indicates a slight deficiency of oxygen, which is known to alter the electrical and thermal 

properties of TiO₂. The powder particles exhibit angular to irregular morphology, and their dimensions 

are suitable for thermal spray applications. Figure 1 illustrates the appearance of the TiO₂ powder upon 

initial receipt. 

 

 
 

Figure 1 : Metco 102 powder by Oerlikon as received  
 

In this investigation, zinc oxide (ZnO) powder obtained from Tokyo Chemical Industry (TCI, 

Japan) as the secondary additive was employed. The molecular weight of the supplied ZnO is 81.38 

g/mol, and the purity is 99 %, according to the manufacturer's specification document. The ZnO powder 

is composed of small, nearly spherical particles with an exceptionally uniform surface, as demonstrated 

in Figure 2. For the purpose of generating blended feedstock compositions for plasma spraying, both 

TiO₂ and ZnO powders were mixed. The final feedstock material's physical and structural 

characteristics were examined in relation to the ZnO content by combining the TiO₂/ZnO granules in 

varying weight ratios. 
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Figure 2: ZnO powder as received  

 

 

2.2 Feedstock Powder Preparation 

 

The preparation of the TiO₂/ZnO feedstock powder began by blending titanium dioxide (Metco 

102, Oerlikon Metco) and zinc oxide (Tokyo Chemical Industry, Japan) at weight ratios of 90:10, 80:20, 

and 70:30, respectively. To enhance particle cohesion during mixing, a 5 wt.% polyvinyl alcohol (PVA) 

solution was employed as a temporary binder. For each 100 g batch of mixed powder, 50 ml of 

deionized water was added to ensure uniform wet mixing and binder distribution. 

The blending process was carried out using a planetary ball mill (Retsch PM 100, Germany) 

operated at 200 rpm for 2 hours. No grinding media were used during the process, as the objective was 

solely to achieve homogeneous mixing without reducing particle size. Following mixing, the slurry-

like mixture was oven-dried at 80 °C for 24 hours to remove residual moisture and promote powder 

agglomeration. The dried agglomerates were subsequently sieved through an 80-mesh stainless steel 

sieve to obtain uniform particle size distribution. The resulting TiO₂/ZnO feedstock powders, ready for 

plasma spraying, are shown in Figure 3.  

 
 

Figure 3: TiO2/ZnO feedstock powder for plasma spray process 
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2.3  Field Emission Scanning Electron Microscope (FESEM) analysis  

 

 Field emission scanning electron microscope (Model: Hitachi SU5000, Japan) was employed 

to examine the morphological characteristics of the TiO₂/ZnO feedstock powders. The analysis focused 

on evaluating particle size, morphology, surface texture, and porosity, as these elements are critical in 

affecting powder flowability, packing properties, and melting efficiency in plasma spraying.  

 

2.4 Phase and Structural Characterization 

 

The crystalline structure and phase composition of the TiO₂/ZnO feedstock powders were 

examined using x-ray diffraction (XRD) to identify the constituent phases and evaluate the effect of 

ZnO addition on structural evolution. The analysis was performed using a Rigaku MiniFlex 

diffractometer equipped with Cu Kα radiation (λ = 1.5406 Å), operated under a scanning range of 2θ = 

20°–80°, with a step size of 0.02° and a scanning rate of 1°/min. Data acquisition and processing were 

conducted using SmartLab Studio II software, which provided high-resolution diffraction profiles for 

phase identification and comparison. 

 

The obtained diffraction patterns were presented as intensity versus 2θ plots and were compared 

against reference data from the International Centre for Diffraction Data (ICDD) database to confirm 

the presence of TiO₂ (anatase and rutile) and ZnO (wurtzite) phases. Variations in peak position and 

intensity were carefully analyzed to detect possible compositional interactions, such as partial solid 

solution formation or lattice distortion, resulting from ZnO incorporation into the TiO₂ matrix. This 

structural assessment provided critical insights into the stability, crystallinity, and phase evolution of 

the mixed oxide powders intended for plasma spray feedstock applications. 

 

2.5 Particle Size Distribution Analysis 

 

In addition to phase and morphological analysis, the particle size distribution (PSD) of the 

powders was measured using a laser diffraction particle size analyzer (Model: Mastersizer 2000, 

Malvern Panalytical, UK). Laser diffraction was employed as it provides a reliable and reproducible 

method for characterizing particle size based on light scattering behavior. In this technique, a laser beam 

is directed through the powder suspension, and the angular distribution of the scattered light is analyzed 

where larger particles scatter light at smaller angles, while smaller particles scatter light at wider angles. 

The resulting PSD curves are expressed in terms of d (0.1), d (0.5), and d (0.9) values, representing the 

particle diameter below which 10 %, 50 %, and 90 % of the sample volume lies, respectively. This 

analysis provides essential information on powder uniformity and flow characteristics, which directly 

influence the feedstock’s performance during plasma spraying. 

 

2.6 Apparent Density 

 

The apparent (bulk) density of the TiO₂/ZnO feedstock powders were measured to evaluate 

their suitability for plasma spray applications. Apparent density represents the mass of powder per unit 

bulk volume, including the void spaces between loosely packed particles. Measurements were 

performed following the ASTM B212 standard. Approximately 50 g of each powder sample was poured 

gently into a 50 mL graduated cylinder without compressing the material. The bulk volume of the 

powder was recorded, and the apparent density was calculated using the Equation 1. 

 

            𝜌 = 
𝑚

𝑉
                                                                                                                             (1)

  

where 𝑚 is the mass of the powder (g) and V is the bulk volume (cm³). Each measurement was repeated 

three times to ensure reproducibility, and the mean and standard deviation were reported. 
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3. RESULTS AND DISCUSSION 

 

3.1 FESEM Micrograph of Powder Morphology 

 

The surface morphology and particle characteristics of the TiO₂/ZnO feedstock powders were 

investigated using field emission scanning electron microscopy (FESEM), as shown in Figure 4. The 

images reveal distinct morphological differences among the pure and mixed powders, which have 

implications for flowability, packing, and plasma spray performance. 

 

Figure 4(a) shows the FESEM micrographs of pure TiO₂ powder, which exhibits relatively 

large, angular, and irregularly shaped particles with well-defined edges. The surfaces appear smooth 

with minimal porosity, indicating good packing potential and predictable flow behaviour. The sharp 

edges and faceted morphology are characteristic of Metco 102 TiO₂ powder, consistent with its high-

density ceramic nature. Figure 4(b) presents the pure ZnO powder, which appears as smaller, irregular 

aggregates with rough surfaces. The particles are more fragmented and loosely packed compared to 

TiO₂. This morphology may contribute to lower bulk density and reduced flowability, suggesting that 

ZnO addition could influence the powder’s injection behaviour in plasma spraying. 

 

The FESEM micrographs of the TiO₂/ZnO composite powders (Figures 4(c), 4(d) and 4(e)) 

show progressive changes in morphology with increasing ZnO content. In the 70 wt.% TiO2/30 wt% 

ZnO sample (Figure 4(c)), the particles exhibit partial agglomeration, with ZnO appearing as clusters 

adhering to the TiO₂ surfaces. The mixture retains the angular features of TiO₂ while introducing 

rougher textures, potentially increasing interparticle friction. The 80 wt.% TiO₂/20 wt.% ZnO sample 

(Figure 4(d)) displays a more uniform distribution of ZnO across TiO₂ particles, with smaller ZnO 

aggregates filling interstitial spaces between larger TiO₂ particles. This morphology suggests improved 

packing density and potentially enhanced flowability. Finally, the 90 wt.% TiO2/10 wt.% ZnO sample 

(Figure 4(e)) exhibits minimal agglomeration, with ZnO uniformly coating TiO₂ particles without 

significantly altering their original angular shape, indicating good compatibility and homogeneity in the 

blended powder. 

 

Overall, FESEM micrographs observations indicate that ZnO incorporation affects particle size 

distribution, surface texture, and agglomeration behavior, with higher ZnO content increasing surface 

roughness and potential interparticle interaction. Difference in TiO₂/ZnO ratio effect the agglomeration 

level as reported from other research paper [13]. The morphology of the 80 wt% TiO₂/20 wt.% ZnO 

mixture appears most favorable for feedstock performance, balancing particle uniformity, flowability, 

and packing density. These results provide visual confirmation that controlled ZnO addition can modify 

TiO₂ powder morphology, which may influence melting behaviour and deposition efficiency during 

plasma spraying. 

 

The FESEM micrographs of the TiO2/ZnO composite at high magnification (Figure 5) reveals 

that the ZnO particles predominantly exhibit irregular, aggregated morphologies with a rough surface 

texture. Individual particles appear submicron in size, with a tendency to form loosely packed clusters. 

This surface roughness and aggregation behaviour can influence powder flowability and packing 

density when used as a feedstock in plasma spraying, potentially affecting deposition efficiency and 

coating uniformity. EDX analysis is also used to further support the SEM finding on the TiO2/ZnO 

feedstock powder agglomeration (Figure 6). The EDX analysis shows that titanium and zinc element 

does present following the weight percentage ratio that is used. Oxygen element also exists due to both 

titanium and zinc oxide layer. The carbon traces in EDX analysis are because of the usage of carbon 

tape in sample preparation. 

 

 

 

 

 

 



Muhamad Akmal bin Mohd Sani et al. / Malaysian Journal of Microscopy 2026 22(1) 121-135 

 

 127 

 

 

 
 

 
 

 

  

 
 

Figure 4: FESEM micrographs of (a) Pure TiO₂, (b) Pure ZnO, (c) 70 wt.%TiO/ 30 wt.%ZnO, (d) 

80 wt.%TiO₂/ 20 wt.% ZnO, and (e) 90 wt.%TiO₂/10 wt.% ZnO feedstock powders 
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Figure 5:  FESEM micrographs of ZnO powder exhibiting irregular, rough-surfaced particles and 

moderate agglomeration. 

 

 

  

 

 

 

Figure 6: EDX analysis of TiO2/ZnO feedstock powder 
 
 

 

 

 

TiO2 
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3.2 Phase Analysis of TiO2/ ZnO Feedstock Powders  

 

The X-ray diffraction (XRD) patterns of pure TiO₂, pure ZnO, and TiO₂/ZnO composite 

powders with different compositions are presented in Figure 7. The diffraction peaks provide insight 

into the crystalline phases present and the influence of ZnO incorporation on the TiO₂ crystal structure. 

The diffraction pattern of pure TiO₂ powder exhibits strong and well-defined peaks corresponding to 

both anatase (A) and rutile (R) phases. The anatase phase (ICDD 00-021-1272) is identified by 

reflections at approximately 2θ = 37.65°, 53.79°, and 68.9°, while the rutile phase (ICDD 01-088-1173) 

is represented by reflections near 2θ = 36.3°, 41.54°, and 54.8°. These results indicate that the TiO₂ 

feedstock powder consists primarily of rutile TiO₂ with minor anatase content, which is typical for 

thermally processed TiO₂ powders used in coating applications. The pure ZnO powder, on the other 

hand, displays a distinct diffraction pattern characteristic of the wurtzite (Z) structure (ICDD 00-036-

1451), with major peaks located at approximately 31.7°, 34.4°, and 36.2°. The sharp and intense peaks 

confirm the high crystallinity of the ZnO feedstock powder. 

 

In the TiO₂/ZnO composite powders, the diffraction profiles exhibit prominent ZnO peaks with 

relatively weak or suppressed TiO₂ reflections. This is particularly evident as the ZnO content increases, 

where peaks corresponding to the wurtzite phase dominate the XRD pattern. Upon further analyzing, 

the sharp and high intensity of the ZnO peaks is mainly due to the atomic number of Zinc (Z=30) that 

refract X-ray more effectively compared to Titanium (Z=22) [14-15]. The absence of additional or 

shifted peaks indicates that no new crystalline phases were formed.  

 

As the ZnO content decreases (e.g., 90 wt.% TiO₂/10 wt.% ZnO), the intensity of ZnO peaks 

correspondingly reduces, while TiO₂ reflections become more discernible, indicating good 

compositional control and phase retention across all feedstock mixtures. The coexistence of distinct 

TiO₂ (anatase/rutile) and ZnO (wurtzite) peaks demonstrates effective physical blending and 

homogeneity of the composite powders. The dominance of ZnO peaks in the composite patterns is 

consistent with previous findings, where ZnO’s higher diffractive intensity and uniform coating on TiO₂ 

surfaces tend to overshadow the TiO₂ signals in mixed systems. This observation supports that the 

feedstock produced is well agglomerated and homogeneously dispersed, ensuring stable structural 

integrity for subsequent plasma spray deposition. 

 

XRD analysis confirmed that the ZnO powder crystallizes in the wurtzite phase, with sharp and 

well-defined peaks indicating high crystallinity. The wurtzite hexagonal lattice features strong 

tetrahedral ZnO bonding contributes to the observed particle stability and hardness, which are desirable 

for thermal spray applications [16]. The combination of submicron particle size, rough surface 

morphology, and wurtzite crystallinity suggests that the ZnO powder can provide enhanced nucleation 

sites when blended with TiO₂, promoting better interparticle interactions and potentially improving 

coating density and adhesion [17]. These characteristics underscore the suitability of ZnO as a 

functional additive for optimizing multi-oxide plasma spray feedstocks. 

 

In summary, the XRD analysis confirms the presence of both TiO₂ and ZnO crystalline phases 

in the composite feedstock powders, with ZnO exhibiting higher peak intensities due to its crystalline 

dominance and surface coverage on TiO₂ particles. The absence of new intermediate phases further 

indicates chemical stability and phase compatibility between TiO₂ and ZnO under the current 

preparation conditions [18]. 
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Figure 7: XRD patterns of pure TiO₂, pure ZnO, and TiO₂/ZnO composite feedstock powders with 

different ZnO contents 

 

3.3 Particle Size Analysis 

 

In order to investigate the particle size distribution of the TiO₂/ZnO feedstock granules 

generated, a Particle Size Analyser (PSA, Malvern Mastersizer 2000) were used. The purified TiO₂ and 

ZnO powders had median particle diameters (d₀.₅) of 32.986 μm and 13.289 μm, respectively. The d₀.₅ 

values were 33.724 μm, 32.047 μm, and 32.800 μm when TiO₂ and ZnO were combined in weight ratios 

of 90 wt.% TiO2/10 wt.% ZnO, 80 wt.% TiO2/20 wt.% ZnO and 70 wt.% TiO2/30 wt.% ZnO 

respectively, using a planetary ball mill (Retsch PM100). The consistent distribution of ZnO on the 

TiO₂ surface during mixing, as evidenced by the uniformity of particle size across all compositions 

shown in Figure 8, suggests that there was no substantial particle fragmentation or agglomeration. The 

SEM micrograph in Figure 8 also provides physical evidence of the structural stability of the feedstock; 

the sharp, angular facets of the TiO₂ core remain clearly defined, confirming that the mixing process 

did not result in particle fragmentation. Furthermore, the ZnO particles are observed to be uniformly 

'decorated' across the core surface rather than forming isolated clusters, demonstrating a lack of 

significant agglomeration 

 

Powder flow and adhesion efficacy are substantially influenced by particle size in plasma spray 

applications. Excessively fine granules demonstrate poor flow characteristics as a result of the reduced 

apparent density and the increased cohesive forces associated with particles [19-20]. The particle sizes 

that were obtained are within the range that the manufacturer has designated as optimal for feedstock 

(~31.6 μm), which enables the consistent delivery of plasma jets and the seamless feeding of powder. 

Previous research has demonstrated that coatings with low porosity (2.13–3.89 %) and superior surface 

uniformity are typically produced by granules within this size range [21]. Consequently, the TiO₂/ZnO 

feedstock powders generated in this investigation are anticipated to exhibit consistent coating 

performance and possess appropriate particle characteristics for efficient plasma spraying [22]. 
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Figure 8:  FESEM micrographs illustrating varied particle sizes of (a) 70 wt.%TiO/ 30 wt.%ZnO, 

(b) 80 wt.%TiO₂/ 20 wt.% ZnO, and (c) 90 wt.%TiO₂/10 wt.% ZnO feedstock powders   

 

 

3.4 Apparent Density Analysis of TiO₂/ZnO Composite Feedstock Powders 

 

The apparent density of the TiO₂/ZnO feedstock powders was measured to assess their 

suitability for plasma spray applications, as shown in Figure 9. Apparent density is a key indicator of 

powder packing efficiency, which directly affects coating quality, deposition efficiency, and 

microstructural integrity. Apparent density is the density of a material in its loose state. According to 
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ASTM B212, it represents the mass of powder per unit bulk volume, including the voids between 

particles. In this study, measurements were performed using approximately 50 g of powder gently filled 

into a 50 mL graduated cylinder, and the apparent density was calculated based on the recorded bulk 

volume. For verification, a complementary Archimedes-based test was conducted, where the 

displacement of water volume was used to determine powder volume and subsequently its density. 

 

The results indicate that pure ZnO powder exhibits the highest apparent density among all 

samples. This finding suggests that ZnO particles possess a more compact packing structure with less 

interparticle voids. In contrast, pure TiO₂ powder shows significantly lower apparent density, attributed 

to its irregular particle morphology, which lead to looser packing. For the mixed TiO₂/ZnO powders, 

the apparent density decreases progressively with increasing ZnO content. The 90 wt% TiO2 /10 wt% 

ZnO sample records the highest density among the composites, followed by the 80 wt% TiO2 /20 wt% 

ZnO and 70 wt% TiO2 /30 wt% ZnO samples. 

 

In this study, it was observed that increasing the ZnO content led to a reduction in the density 

of powder mixture, with the 90 wt.% TiO2 /10 wt.% ZnO sample exhibiting the highest density among 

the samples. This behavior is attributed to packing disruption caused by the incorporation of smaller 

ZnO particles into the larger TiO2 matrix, which hinders the particles from achieving a highly compact 

arrangement [23]. This trend implies that moderate ZnO addition (10 wt.%) minimizes the disruption, 

while excessive ZnO content may disrupt uniform packing due to particle size mismatch or 

agglomeration [24]. The lack of uniform packing makes the feedstock powder less dense. Since higher 

feedstock powder density is generally associated with lower coating porosity and improved mechanical 

performance, the 90 % TiO₂ feedstock powder is expected to yield coatings with higher hardness and 

superior wear resistance. These findings align with previous reports that denser feedstock powders 

contribute to more homogeneous and durable plasma-sprayed coatings. 

 

 

 
 

Figure 9: Apparent density results for TiO₂/ZnO feedstock powders 

 

 

4. CONCLUSIONS 

 

This study comprehensively evaluated the influence of ZnO addition on the physical and 

microstructural properties of TiO₂ based plasma spray feedstock powders. Through meticulous wet-

mixing and agglomeration of the ingredients, TiO₂/ZnO powder composites were produced with a 

consistent particle size distribution and morphology suitable for thermal spraying. XRD analysis 

indicated that anatase, rutile, and wurtzite phases can coexist simultaneously without the formation of 

a secondary phase as to synthesized TiO2-ZnO. This indicates that ZnO is uniformly distributed. SEM 

scans revealed that pure TiO₂ exhibited well-defined, angular particles, whereas ZnO displayed smaller, 
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irregular aggregates. Incorporating additional ZnO altered the morphology of the powder: at 10 wt.% 

ZnO, minimal agglomeration occurred, resulting in a uniform ZnO coating. At elevated ZnO 

concentrations (≥20 wt.%), the surface exhibited increased roughness, and certain particles 

agglomerated, altering their interactions and packing behaviour. The apparent density measurements 

indicated that the incorporation of a moderate quantity of ZnO (10 wt.%) enhanced the bulk density and 

the packing efficiency of the powder. Nevertheless, excessive addition of ZnO reduced the density due 

to the formation of additional voids. The 90/10 composition exhibited the optimal amalgamation of 

phase stability, particle morphology, size distribution, and bulk density. These results provide critical 

insights into the customisation of multi-oxide ceramic powders to enhance coatings and improve 

deposition performance in advanced thermal spray applications. 
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