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Abstract 

3D printing, also known as additive layer manufacturing, is a 

technique that creates three-dimensional objects or any shape 

from a digital model. It works by building objects layer-by-layer, 

similar to how a laser printer operates. Fused Deposition 

Modeling (FDM) is a widely used technique in 3D printing 

because it is easy to use, cost-effective in production, and 

environmentally friendly. This study focuses on a self-made 

filament made of a PLA-titanium mixture. PLA is a 

biodegradable thermoplastic polymer sourced from plants, 

whereas titanium is a strong, lightweight, and corrosion-resistant 

metal. To measure the hardness of different materials, there are 

several methods available. In this study, the Shore D hardness 

test, specifically designed for polymer materials, was used. Data 

were collected using the Taguchi method, specifically L4 (23), 

and the data were analysed using Analysis of Variance 

(ANOVA). The variations in print parameters examined in this 

study include nozzle temperature (230°C and 240°C), layer height 

(0.2 mm and 0.3 mm), and print speed (30 mm/s and 40 mm/s). 

The aim of this study was to determine whether there were any 

changes in the hardness of the specimens. The ANOVA results 

revealed that the most influential parameter was print speed, with 

a contribution value of 56.01%. The results demonstrated that the 

printing parameters affected the hardness of the printed 

specimens. The highest hardness level of 56.3 Shore D was 

obtained with a nozzle temperature of 240°C, a layer height of 0.3 

mm, and a print speed of 30 mm/s. The application of this study 

was demonstrated through the creation of dentures made from 

PLA-titanium. 
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1 Introduction 

3D Printing is an additive manufacturing method that uniquely, 

innovatively, and creatively creates products using digital models. 

This technique allows product manufacturing without the need for 

expensive traditional cutting or casting machines. Also known as 

additive layer manufacturing, 3D printing creates objects in three 

dimensions or in any shape of the digital model. It operates 

similarly to a laser printer, building objects by printing multiple 

layers on top of each other [1, 2]. 

There are several techniques in 3D printing, one of which is 

Fused Deposition Modelling (FDM). FDM is widely used because 

of its easy operation, lower cost in the production process, and 

environmentally friendly nature [3]. 

The materials used in 3D printing are Acrylonitrile Butadiene 

Styrene (ABS), Polylactic Acid or Polylactide (PLA), PETG, and 

wood. The selection of filaments is essential in obtaining 

mechanical, thermal and chemical properties [4] 

Previously, several studies on 3D printing using titanium were 

conducted. One such study was carried out by Grygier (2022) to 

investigate the deposition of biocompatible polymers on titanium 

alloys using 3D printing (FDM). The research demonstrated the 

feasibility of depositing PLA and PA (Polyamide) directly onto 

Ti6Al4V titanium alloy using FDM 3D printing. However, the 

study could have provided more satisfactory results in terms of the 

strength of the bonds achieved and the repeatability of the process 

[5]. Research conducted by Lin (2018) aimed to determine the 

biocompatibility of 3D-printed titanium alloy plates. The study 

found that these plates exhibited good biocompatibility, 

potentially offering innovative solutions for the clinical treatment 

of acetabulum fractures [6]. 

In this study, a filament was fabricated with a mixture of PLA 

and titanium. PLA is a biodegradable thermoplastic polymer 

derived from plant sources, such as plants that contain starch and 

sugar. Titanium is a metal that has strong, lightweight, and 

corrosion-resistant properties [7, 8]. 

Hardness testing is a faster and cheaper method for 

determining the mechanical properties of a material. There are 

several types of hardness tests, namely, ball indentation test 

(Brinell), pyramid indentation (Vickers), cone and ball indentation 

tests (Rockwell), microhardness tests,and knoop hardness [9]. 

Shore hardness testing uses two types of durometers: type A and 

type D. Type A durometers are used for softer materials such as 

rubber, while type D durometers are for harder materials such as 

acrylic, glass and fibre. The International Standard ISO 868 and 

draft ISO/CD 18898 describe verification methods for checking 

the Shore hardness testertypes A and D. Hardness tests for 

polymer materials use Shore D hardness testing, specifically for 

polymer materials [10][11]. 

The quality of a 3D printing product is determined by the process 

parameters. Some parameters commonly used in 3D printing are the 

layer height, bed temperature, printing speed, infill density, raster angle, 

extruder temperature, and infill pattern. The purpose of testing the effect 

of several parameters on the 3D printing process using PLA-titanium 

filaments was to determine whether there was a change in the hardness 

value of the specimen. This research was applied to dentures made from 

PLA-titanium. The hardness value on the tooth surface of composite 

resin is 81.022 SHD (Shore Hardness D)  [12]. 

2 Research Method 

The PLA-titanium filament used as a material in the specimen 

manufacturing was made using PLA seed material and titanium 

powder. The filament was successfully fabricated through the 

extrusion process. The single-screw extrusion machine was 

electrically powered by a motor. PLA seed and titanium powder 

were fed to the extruder via hooper. The extruded filament was 

collected using a spooler. The next step was to print the specimen 

using a 3D printing machine. Hardness test specimens were 

printed according to the ASTM D2240 standard, which is 

recommended for hardness testing using Shore D test equipment 

[13]. Twelve specimens were printed using the Ender V3 3D 

printing machine, and then a hardness test was performed using a 

Shore D testing machine. 

Factorial design using the Taguchi orthogonal arrays L4 (2)3 

method was employed with three variables: nozzle temperature, 

layer height, and printing speed. Each of these has two levels [14]. 

Then, the hardness test strength data were processed with Analysis 

of Variance (ANOVA) and S/N Ratio. The factors and their levels 

are listed in Table 1. 
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Table 1. Factor and level variable 

Factor Level 1 Level 2 

Nozzle temperature (°C) 230 240 

Layer height (mm) 0.2 0.3 

Print speed (mm/s) 30 40 

3 Results and Discussion 

The filament printing results use a composition of 60% 

Polylactic Acid (PLA) seeds and 40% titanium powder. The 

temperature setting in both heater bands is 200°C using a 

thermocouple. The filament as shown in Fig. 1. 

 

 
Fig. 1. Filament PLA-titanium. 

 

The printing results using ASTM D2240 have as many as 12 

specimens. The specimen measures 6.4 mm thick, 20 mm long 

and wide. The results of printing untested specimens as shown in 

Fig.  2. 

 

 
Fig. 2. Hardness test specimens. 

 

Hardness testing was performed at five different points on each 

specimen, resulting in five hardness values for each specimen. The 

hardness value of the Shore D scale was calculated by averaging 

the hardness values. The hardness data are presented in Table 2 

(columns 2-7). 

 

Table 2. Hardness test result data 

Parameter control Hardness test (Shore D) 
S/N 

Ratio 

 

Nozzle 

temperature 

(°C) 

Layer 

height 

(mm) 

Print  

speed 

(mm/s) 

Replication 

1 2 3 

2 3 4 5 6 7 8 

230 0.2 30 54.2 54.1 55 34.72 

230 0.3 40 35 30.4 44 30.94 

240 0.2 40 49.8 46.4 47.3 33.58 

240 0.3 30 52.1 56.3 50.7 34.47 

 

The minor hardness test was 30.4 Shore D in experiment 2, 

with a nozzle temperature of 230°C, a layer height of 0.3 mm, and 

a print speed of 40 mm/s. The most considerable hardness test 

value was 56.3 HD in experiment 4 with a nozzle temperature of 

240°C, layer height of 0.3 mm, and print speed of 30 mm/s. 

This study used ANOVA calculations. ANOVA is a 

calculation analysis method used to estimate the magnitude of the 

contribution of each factor to all response measurements. The 

analysis model in this study uses a two-way variant consisting of 

calculating degrees of freedom, the sum of squares, the average 

number of squares and the F ratio [15]. ANOVA in this study was 

calculated based on means data. The following ANOVA 

calculation results as shown in Table 3. 

Table 3. ANOVA Table 

Control factor 

DoF 

(Degree of 

freedom) 

SS 

(Sum of 

square) 

MS 

(Mean 

squares) 

F 

(Factor) 

Nozzle 

temperature 
1 74.5 74.5 4.99 

Layer height 1 122.24 122.24 8.19 

Printing speed 1 402.52 402.52 26.97 

Error 8 119.39 14.92  

Total 11 718.65 65.33  

 

In this study, using the S/N ratio large is better because the 

more significant the hardness value obtained, the better the quality 

of the product. The S/N ratio is the ratio between signal 

(controlled factor) and noise (uncontrollable factor) [15]. The 

calculation of the S/N ratio of significance is better for each 

hardness-testing experiment, as shown in Table 2 (column 8). The 

formula for the signal to noise ratio as shown in Eq. 1. 

 

S/N Ratio Large is Better= −10log(
1

𝑛
∑

1

𝑌𝑖2
𝑟
𝑖=1 )  (1) 

 

The average plot of the S/N Ratio at each level of variation in 

the parameters used in this study, namely nozzle temperature, 

layer height, and print speed, is shown in Fig. 3 for the S/N ratio 

chart. In the graph, the S/N ratio indicates the optimal level results 

for each variation of the parameters used. The print speed has the 

highest graph compared to layer height and nozzle temperature. 

 

 
Fig. 3. Chart S/N Ratio. 

 

This study used the F distribution 0.05 and produced an F-

Table value of 4.07 with an α of 0.05 with 95% confidence. 4.07 is 

obtained from the formula involving 3 parameters, and 23 equals 8. 

The F-Table as shown in Fig. 4. 

 

 
Fig. 4. F distribution table. 
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This study used an F distribution of 0.05 and produced an F-

Table value of 4.07 with an α of 0.05 and a confidence of 95%. 

After looking at the F-Table to see its significance, print speed, 

nozzle temperature, and layer height factor significantly affect the 

hardness value of the specimen in this test. The value of F-Ratio is 

greater than F-Table. The results of the F test as shown in Table 4. 

 

Table 4. F test 

Parameter F-Ratio P 

Nozzle temperature 4.99 Significant 

Layer height 8.19 Significant 

Print speed 26.97 Significant 

 

In research, per cent contribution is used to assess how much 

influence each factor has on the response studied. After 

calculating the error in this study, it has a value of 16.61%. The 

result of this value allows for variables that influence response but 

are not included in the orthogonal matrix [14]. The results of the 

per cent contribution value obtained to the hardness value of the 

specimen test as shown in Table 5. 

 

Table 5. Percent contribution 

Control factor Percent contribution 

Nozzle temperature 10.37% 

Layer height  17.01% 

Print speed 56.01% 

Error 16.61% 

Total 100% 

 

High print speeds cause specimen test results not to cool 

optimally between layers, resulting in less dense mould structures 

and being prone to cracks or structural failure. Conversely, a 

slower print speed can result in prints with a denser and more 

robust structure. 

In this study, print speed has the percentage of parameters with 

the most significant influence, which is 56.01%. The optimal level 

that produces the hardness value at print speed is level 1, which is 

30 mm/s. The S/N value for the print speed ratio at level 1 is 

34.60. Based on Pratama and Adib's (2022) research, the results of 

parameter variations, the lower the print speed, it can produce 

prints with a denser and stronger structure [16]. High print speed 

can result in suboptimal specimen test results as it may not allow 

for adequate cooling between layers, leading to less dense and 

crack prone print structures. Conversely, lower print speeds tend 

to produce prints with denser and stronger structures, as evident in 

the highlighted areas in the red marked image. 

 

 
Fig. 5. Microprint speed test (a) is better than (b). 

Layer height affects the thickness of each layer of 3D Printing. 

Increasing the thickness enhances the material's resistance to 

deformation, thereby influencing the hardness value obtained in 

the test results. A more significant number of layers on the print 

results strengthens the connection between layers, which can 

increase the strength of the print. 

As seen in Fig. 6, the contribution of layer height has a 

parameter percentage of 17.01%. The optimal level that produces 

hardness values at layer height is level 1, 0.2 mm, with a S/N 

value 34.15.  

 

 
Fig. 6. Micro layer height test 0.2 mm. 

 

Based on Sandi's (2022) research on layer height, the lower the 

variable, the higher the hardness value and the higher the layer 

height, the smaller the hardness value due to the higher layer 

density [17]. 

The nozzle temperature had the least influence on the hardness 

values of the 3D printing results in this study. Nozzle temperature 

affects the hardness value because the strength and weakness of 

the layer-by-layer bond in resisting pressure affect the value of the 

hardness test results. High nozzle temperature affects the 

mechanical properties of the mould. When the filament was heated 

to high temperatures, the strength of the mould increased as the 

plasticity of the material decreased and the stiffness properties 

increased. 

In the study of the hardness value made from PLA-titanium, 

the contribution of nozzle temperature accounts for 10.37% of the 

parameters. The optimal level that produced the hardness value at 

the nozzle temperature was level 2 at 240°C. The S/N value of the 

nozzle temperature level 2 ratio is 34.03. Based on Arifin's (2021) 

research on nozzle temperature, the higher the results of 3D 

printing with the nozzle temperature, the greater the load that can 

be withstood [14]. 

In Fig. 7, it can be seen that the microstructure of the PLA-

titanium mixed 3D printing filament with nozzle temperatures of 

230°C and 240°C is not too noticeable. Titanium powder does not 

melt completely, which means the extrusion process does not have 

much effect on titanium powder. This is because the temperature 

of the 3D printing machine used is far from the melting 

temperature of titanium (1668°C); therefore, at temperatures of 

230°C and 240°C, titanium only appears to be warmed. 

The results of this study show that the highest hardness value 

was 56.3 Shore D. This result has a hardness value that is 

sufficient for application to product objects. The PLA-titanium 

material used in this study is safe to use on the human body. One 

example of a suitable product object related to this research is 

dentures. Polylactic Acid (PLA) is a biocompatible, 

biodegradable, non-toxic, and non-carcinogenic polymer for the 

human body, derived from renewable resources. Therefore, they 

are highly suitable for medical and food packaging applications. 

Titanium is biocompatible. It is completely non-toxic to humans 

and animals, partly due to the fact that titanium is corrosion-

resistant. As a result, it can be safely implanted into the body 

without causing adverse reactions. Fig. 8 is results of product 

printing using a 3D printing machine. 

a 

b 
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Fig. 7. Microprint speed tests (a) and (b) are not too noticeable. 

 

 
Fig. 8. Dentures. 

4 Conclusion 

The influence of parameters can affect the level of hardness; 

the higher the print temperature, the higher the value of the 

hardness test results, while a suitable print speed parameter can 

reduce the possibility of deviations and defects in the print. In 

addition, the optimal layer height parameter can affect the quality 

of the mould surface and the level of strength in the print fill. 

Based on this study, the variation in parameter values that 

produce the most optimal hardness value strength is nozzle 

temperature of 240°C, layer height of 0.2 mm, and print speed of 

30 mm/s. Combining optimal print parameters can produce strong 

hardness values. 
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