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Abstract: The paper aims to investigate the behavior of Arboblend V2 Nature biopolymer samples covered with three 

ceramic powders, Amdry 6420 (Cr2O3), Metco 143 (ZrO2 18TiO2 10Y2O3) and Metco 136F (Cr2O3-xSiO2-yTiO2). The 

coated samples were obtained by injection molding, and the micropowder deposition was achieved by using the 

Atmospheric Plasma Spray (APS) method, with varied thickness layers. The present study will describe the results for nine, 

seven and five-layer deposition. It was observed that with the increase of the number of deposited layers the surface quality 

and mechanical/thermal characteristics such as wear and hardness are also increased. The followed determinations were 

conducted: the adhesion strength and hardness on a microscopic scale by micro-indentation. The samples’ crystalline 

structure as well as the presence of the Cr2O3 compound significantly influenced the micro-indentation and scratch analysis 

responses. The novelty of this study is given by itself the coating of the Arboblend V2 Nature biopolymer (as base 

material), with ceramic microparticles as the micropowder coating material. Following the under-taken study, the increase 

in the mechanica and tribological characteristics of the samples recommend all three coated biopolymer samples as suitable 

for operating in harsh conditions, such as the automotive industry, in order to replace plastic materials. 
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1. INTRODUCTION 

 

In the last three decades, plastic materials have become increasingly popular in lightweight components due to 

strengths like machinability, simple formation, low density, weldability and so on, [1]. However, all these 

advantages come at package with a great disadvantage, that of world health, whether it is living or 

environmental beings. The engineering industrie, aerospace, aviation and automotive, due to the increasing 

demands and technological advancement currently needs weight reduction, superior corrosion resistance and 

structural flexibility, [2]. In this sense, the composite material industry has greatly developed. But even so, it is 

quite difficult to reach the functional performance of metal materials because polymers have weak electrical 

conductivity, low thermal resistance, low modulus and strength, low corosion resistance and high sensitivity to 

ultraviolet damage, [3]. A technique called Atmospheric Plasma Spray (APS), in which a ceramic layer is 

formed on the surface of polymeric parts, diminishes these deficiencies and extends the applicability of 

polymers. The ceramic layers based on zirconium and chromium chemical elements are widely spread materials 

in engineering applications. Like any other coating technology, it has some weaknesses as isolation 

inhomogeneity, residual stresses, micro-cracks, [4]. Other polymer surfaces coating methods, among which we 

can list: physical vapor deposition (PVD), thermal spray (TS), chemical vapour deposition (CVD), [5].  

It is well known that the addition of ceramic particles on polymers substate provides a combination of properties 

of these types of materials: biopolymer matrices and ceramic reinforcement components. This may result in the 

improvement of the physical and mechanical properties of the resulted composite material, [6]. Deposition of 

coatings on polymer-based substrates by using the thermal spraying process is a challenging task due to the 

thermal sensitivity of polymer materials and the high temperatures involved in the spraying processes. Thus, 

selection of the process parameters (spraying distance, spraying temperature, speed, pressure) is a key factor in 

obtaining good coating, meaning surface quality - uniformity of the deposited layer, minimum defects, [7]. 

In the present manuscript, the authors have analysed three types of APS coatings (ceramic micropowders). The 

coatings were made on a biodegradable thermoplastic - Arboblend V2 Nature as substrate materials with the 
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purpose of increase the material surface characteristics in order to replace the conventional plastic materials 

from applications that involve harsh operating condition. 

 

2. MATERIALS AND METHODS 

 

The polymer selected as substrate for coating with ceramic microparticles was Arboblend V2 Nature. This 

thermoplastic according to the scientific literature, [8 - 11] have as base matrix the lignin compound, but also it 

can contain polylactic acid, cellulose, bio-polyamides, natural additive added in order to ease the processability, 

[12, 13]. 

The coated samples (70 x 50 x 10) mm3), were obtained by injection moulding, on SZ-600H equipment, the 

tehnological parameters being as fallow: melting temperature of material — 165°C, injection speed—80m/min, 

injection pressure — 100MPa and cooling time—30s. 

The coating of the injected samples was performed using Atmospheric Plasma Spray (APS) technology, 

SPRAYWIZARD-9MCE equipment. The tehnologica plarameters used during the coating process: spraying 

distance – 145mm; gun type – 9MB; gases – N2 and H2; electric DC – 400A/70-80V, carrier gas flow 5.1NLPM. 

The microparticles deposition rate of was constant. Thickness of the deposited ceramic layers was of the 

micrometers order. 

Three ceramic micro-powders were used from Oerlikon Metco manufacturer: Metco 143 (Cr2O3-xSiO2-yTiO2), 

Amdry 6420 (Cr2O3) and Metco 136F (ZrO2 18TiO2 10Y2O3). In order to observe how the number of layers and 

implicitly thickness influence the sample surface characteristics, the following passing numbers were made: 5, 7 

and 9 passes for each powder.  

For the scratch and microindentation tests a CETR UMT-2 microtribometer was used. The main testing 

conditions for scratch analysis were as follows: blade tip - 0.4 mm; vertical force – 10 N NVIDIA blade, testing 

distance - 10 mm, testing timp - 60 s, test speed - 0.167 mm/s. In Case of microintentation test the following 

parameters can be specified: indenter - Rockwell type; vertical force - 10 N; loading time — 30 s; holding time 

— 15 s; unloading time — 30 s; sensor of (0.2–20) N. Microindentation tests involved testing three samples for 

each type of ceramic powder in order to confirm experimental repeatability. The average values were obtained 

by calculating the arithmetic average, and the standard deviation highlights the variation in a set of numbers 

compared to the calculated average value. 

In order to facilitate the pursuit of the manuscript, was realized a table, Table 1, which summarizes each type of 

sample analyzed, depending on the powder type (chemical elements, commercial name) and the pass number 

made on each surface. 

 
Table 1. Analised coated samples - abbreviations 

Commercial name Chemical composition Number of passes Abbreviation in manuscript 

Metco 143 ZrO2 18TiO2 10Y2O3 

5 S1 

7 S2 

9 S3 

Amdry 6420 Cr2O3 

5 S4 

7 S5 

9 S6 

Metco 136F Cr2O3-xSiO2-yTiO2 

5 S7 

7 S8 

9 S9 

 

3. RESULTS AND DISCUSSION 

 

3.1 Scratch Analysis 

To observe the adhesion of the ceramic layers on the Arboblend V2 Nature biopolymer substrate, a scratch 

analysis was performed on all nine samples, three for each microceramic powder type. The obtained data are 

highlighted in Table 2 and refers at apparent friction coefficient (A-COF) – average and maximum value, 

moment of maximum A-COF. 

In what concern the A-COF the sample coated with chromium(III) oxide (S4, S4, S5) recorded the highest value 

of 0.34±0.16 for the sample with 5 passes, 0.34±0.16 – sample with 7 passes, and 0.56±0.42 – sample with 9 

passes. So, the A-COF for this type of material is increasing with the number of passes. For samples, S4 and S6 

are registered two moments of maximum A-COF one at the beginning of the test and one when the test is 

stopped. The reason why the first value is taking place is related to the deposition granulation, which, according 



 

37 
 

to the literature, [10], it has larger dimensions (9–30 µm) than the other two types of powders. Also, it is 

possible that the tip of the cutting tool has hung a micro-particle of the deposited powder with a large 

granulation. The second moment of maximum apparent coefficient is normal, was normal, as we expect, as in 

the case of the other samples, with the number of layers increase the accession of the coated layer to become 

even better. 
Table 2. Values of apparent coefficient recorded by samples coated with ceramic layers 

Sample 
A-COF 

Medium 

A-COF 

Maximum 

Time of 

 maximum A-COF [s] 

S1 0.33±0.18 0.88 60 

S2 0.30±0.06 0.41 51 

S3 0.29±0.16 0.53 50 

S4 0.34±0.16 0.55/0.76 11/60 

S5 0.28±0.12 0.67 60 

S6 0.56±0.42 1.62/1.37 3.0/60 

S7 0.35±0.10 0.6 60 

S8 0.21±0.09 0.49 60 

S9 0.18±0.08 0.37 60 

 

Analysing the Figure 1, it is observed that one sample, number 6, reflect a better adhesion between the deposited 

fine layers and the substrate due to the Cr2O3 powder presence.  

The medium value A-COF registered for the samples coated with Metco 136F (S7, S8, and S9) are very close to 

that of the substrate (injected sample from Arboblend V2 Nature) which has a 0.16 value for rotational 

determinations and 0.13 for oscillation method, [14]. The quite low values highlight the fact that the adhesion of 

the ceramic layer is low. Another aspect to note is that with the increase in the number of layers, the apparent 

friction coefficient decreases, which denotes again the poor adhesion of the Cr2O3-xSiO2-yTiO2 powder on the 

polymer substrate. 
 

 
Fig. 1. The apparent friction coefficient of the screech analysed samples 

 

In case of ZrO2 18TiO2 10Y2O3 coating (S1, S2 and S3) both A-COF values and their standard deviations reflect 

a uniform adhesion of the ceramic layer, so, a uniform deposition of the layer, also confirmed by the SEM 

(Scanning Electron Microscopy) analysis of these samples, [10]. The good results were certainly influenced by 

the chemical composition of the micropowder, which favored the good adhesion to the polymer substrate but 

also by the particles size (1 - 27 µm.) much smaller and unvariated as shape (spherical form), [10], than in the 

case of the other to micropouder who did not meet these features. 
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3.2 Microindentation Test 

For the micro indentation tests, three samples for each type of ceramic powder were tested, with the objective of 

finding the hardness of the created surfaces by depositing ceramic microparticles and observing the 

experimental stability. These two aspects are visible in Table 3 which summarizes the mechanical analysis 

results at the micro-level. Through the used analysis software, UMT Test Viewer, 2.16 version, it was possible 

to determine both the microhardness values and Young’s modulus. These values are presented in Table 3. The 

lowest dispersion of the results was obtained in the case of ZrO2 18TiO2 10Y2O3 coating, most likely due to the 

fact that the deposited ceramic layer was uniform. In addition, the other tested samples did not present large 

differences. 
 

Table 3. Results obtained by micro indenting the samples coated with ceramic micro powders 

Sample Test 
Max load 

(N) 

Max Depth 

(µm) 

Young's modulus 

(GPa) 

Micro Hardness 

(GPa) 

 
1 8.98 73.18 1.75 0.11 

S1 2 9.03 62.5 2.05 0.14 

 
3 8.99 59.96 2.24 0.14 

Average 
 

8.99±0.03 65.21±7.02 2.02±0.25 0.13±0.02 

 
1 8.95 66.35 2.53 0.12 

S2 2 8.99 61.45 4.22 0.12 

 
3 8.95 60.00 3.06 0.13 

Average 
 

8.96±0.03 62.60±3.33 3.277±0.86 0.12±0.01 

 
1 8.99 73.55 1.51 0.11 

S3 2 8.97 72.78 1.56 0.11 

 
3 8.98 73.02 1.48 0.11 

Average 
 

8.98±0.01 73.12±0.40 1.52±0.04 0.11±0 

 
1 8.98 70.43 1.543 0.12 

S4 2 8.99 58.14 1.94 0.16 

 
3 8.98 63.8 1.85 0.14 

Average 
 

8.98±0.00 64.14±6.15 1.77±0.21 0.14±0.02 

 
1 8.96 54.74 3.18 0.15 

S5 2 8.98 58.70 3.13 0.14 

 
3 8.95 57.79 2.98 0.14 

Average 
 

8.96±0.01 57.08±2.07 3.09±0.10 0.14±0.01 

 
1 8.99 66.64 1.75 0.13 

S6 2 8.98 71.70 1.83 0.11 

 
3 8.98 71.02 1.99 0.11 

Average 
 

8.98±0.01 69.79±2.75 1.86±0.13 0.12±0.01 

 
1 8.98 68.19 1.84 0.12 

S7 2 8.99 65.09 2.05 0.13 

 
3 8.99 60.06 2.31 0.14 

Average 
 

8.99±0.01 64.45±4.10 2.06±0.23 0.133±0.01 

 
1 8.96 53.45 2.88 0.16 

S8 2 8.97 54.07 2.78 0.16 

 
3 8.92 55.73 2.78 0.15 

Average 
 

8.95±0.02 54.42±1.18 2.81±0.06 0.16±0.00 

 
1 8.99 53.77 3.04 0.16 

S9 2 8.99 53.08 2.80 0.17 

 
3 8.97 50.42 3.05 0.17 

Average 
 

8.98±0.01 52.42±1.77 2.96±0.14 0.17±0.01 
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Taking into account both the above table data and the graphical representation of the obtained microdurities, 

Figure 2, it can be stated that the samples coated with Cr2O3-xSiO2-yTiO2 powder show the highest hardness 

values, despite the fact that the deposition it wasn't very uniform and the adhesion as could be observed 

suffered. For instance, S9, the sample with the highest hardness value, 0.17 ± 0.01 GPa, recorded as expected 

the lowest value of maximum indentation depth, 52.42 ± 1.77 µm. 

Comparing the obtained results with those of the Arboblend V2 Nature polymer, an improvement of the 

hardness is observed by deposition of ceramic layers, since the average value of its hardness is 0.12 GPa, [15]. 

 

 
Fig. 2. Micro hardness of the tested samples 

 

The behaviour of the tested samples from maximum penetration depth poin of view captured in Figure 3. The 

samples that allowed the deepest penetration of the indentor were those coated with Metco 143 - ZrO2 18TiO2 

10Y2O3, due to the thin deposited layer. It is also observed that with the increase in the number of layers, the 

deposited layer resist to pressing force, allowing allowing less and less penetration of the indenter, the case of 

samples: S1 - S2, S4 - S5 and S7 - S8 - S9. Deviations from this rule can be attributed to non-uniformity of the 

analyzed areas. 

 

 
Fig. 3. Maximum depth of the tested samples 
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4. CONCLUSIONS 

 

The obtained coated samples highlighted surface characteristics (micro hardness, scratch resistance thru A-

COF) superior to the uncoated polymeric material, Arboblend V2 Nature. The coating of the sample with 

ceramic microlayers led to the following results: 

- Compared to the zirconium-based ceramic coating (Metco 143), the chromium oxide coatings have a higher 

hardness (Amdry 6420, Metco 136F), which can be justified through the thin deposited layer which is based on 

small ceramic microparticles. 

- In what concern the scratch analise, according to the obtained results the adhesion of the ceramic layers on the 

substrate surface it was mostly pretty good, presenting strong chemical bonds at the interface between the 

deposited layers polymer. 

In conclusion, the purpose of the manuscript has been achieved, the characteristics of the base material were 

increased and can face the challenges of industrial applications, coping with and even being able to substitute 

conventional materials such as fossil-based polymers, wood, and metals. 
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