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A B S T R A C T  

 

 

Nowadays, various 3D-Printer technologies are commercially available. However, those printers could 
only be used for a certain material provided by the printer manufacturers. For new material, the 

commercial printer could not be employed directly and needs to be modified and its printing parameter 

has to be optimized to fit the property of the new material. This paper aimed to find the optimum 
parameters (print speed and layer height) based on printability material. The new material that would be 

developed was a composite of bioceramic powder (hydroxyapatite) and polymer (collagen) in the form 

of slurry with ratios of 99.84% (w/v) and 0.16% (w/v). While the printer was a commercial 3D-Printer 
machine with modification on its cartridge container and bracket. The printing parameters were layer 

height (0.65, 1.0, 1.35 mm) and print speed (14.4, 25, 35.6 mm/min). Optimization of the printing 

parameter used Response Surface Method (RSM)  with 13 sets of specimens. Test specimens for defining 
printable material were printed in the form of  line shape and a rectangular shape for case study. 

Printability as a responding of the optimum parameter setting was defined on the basis of 5%-maximum 

dimension error of the printed specimen compared to the 3D-CAD data. Data obtained was analyzed 
using ANOVA. The results show that the optimum setup printing parameter were 10.009 mm/min for 

print speed and 0.505 mm for layer height, respectively with the error dimension obtained from the 
experiment was 0.013 mm2 (0.59%) lower than that of the permitted error of 5% (0.125 mm2). 

doi: 10.5829/ije.2023.36.11b.02 
 

 

NOMENCLATURE 


𝑖 
  Natural Variable TL Target length (mm) 

Y First-order response surface model W Width (mm) 

 Intercept TW Target width (mm) 

x Independent variables  H Height (mm) 

 Error TH Target height (mm) 

L Length (mm)   

 
1. INTRODUCTION1 
 
Biomaterials have a major impact to improve the quality 

life of many patients through of functional restorations 

engineering of body tissues [1]. The requirement of 

biomaterials are non-carcinogenic nature, non-pyrogenic, 

non-toxic, absolutely blood compatible, and non-
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inflammatory [2]. One of the biomaterials purposes is 

used for biomedical applications and their condition can 

interact with live body tissues. Metals, ceramics, 

composites and polymers are classified as biomaterials 

[3]. Metals like stainless steel, titanium and magnesium 

alloys are used for biomaterials. However, they have 
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some drawbacks such as toxic ions, inflammatory, 

allergic reactions, and high modulus [4]. 

Hydroxyapatite (HA) is one such bioceramic that has 

bioactive properties [5]. It has, thromboresistance, 

chemical inertia, and physical characteristics similar to 

bone. HA has a similar composition to bone minerals and 

excellent biocompatibility; therefore, widely used as a 

bone substitute [6–8]. However, synthetic HA is brittle, 

rigid, has low solubility, and poor processability [9, 10]. 

Moreover, the biodegradation time of HA is 130 months 

after implantation [11]. Collagen is a natural polymer 

providing favorable biological conditions. It stimulates 

the generation and differentiation of cells as an 

extracellular matrix [12] but they have poor mechanical 

properties [13]. Combining bioceramic (HA) and 

polymer (collagen) will overcome the drawback of them. 

This composite improves mechanical and biological 

properties, such as resistance to failure [14–17]. Structure 

of collagen resembles a rope, triple helix, high strength, 

and tensile strength [18]. Research and commercial 

studies of composites HA/collagen began around the 

1980's [19].  

Additive manufacturing techniques allow the 

construction of objects point by point, line by line, or 

layer by layer [20, 21]. There are two basic steps of 3D 

printing. Firstly the object design via computer software 

and secondly, the object deposition/ formation via a 3D 

printer [22]. The International Organization for 

Standardization (ISO) and American Society for Testing 

and Materials (ASTM) classify 3D printing technologies 

into seven different categories, namely  binder jetting 

(BJ), direct energy deposition, material extrusion, 

Material Jetting, Powder Bed Fusion, Sheet Lamination, 

and Photopolymerization [4]. Three dimensional printing 

technology using slurry was explained by Lin et al. [23] 

and Putlyaev et al. [24]. Lin et al. [23] described using 

stereolithography and direct ink writing for slurry 

ceramic. Ceramic slurry for stereolithography should 

have long-term stability and suitable rheological 

behavior to enable a smooth flow for printing and 

homogeneity of the printed part. In terms of viscosity, the 

slurry has to be ideally comparable to the resin (<3000 

mP·s). In contrast, Direct Ink Writing (DIW) is more 

economical and faster, including fabrication, drying, and 

sintering. However, the challenge is after the extrusion 

process such as crack happens.  

Putlyaev et al.[24] produced bioceramic scaffolds 

using stereolithographic 3D printing of light-cured 

slurries containing a mixed calcium sodium phosphate 

Ca2.5Na(PO4)2 composition. Extrusion-based bioprinting 

is 3D printing that is widely used to print organs. This is 

related to rheological properties [25]. 

The science that studies the deformation and flow of 

materials is called rheology [26]. Material rheology is 

related to cell behavior. It correlates between particle 

mobility and cell speed across length scales [27]. 

Characterization of rheology is important to the design of 

concentrated dispersions of ceramic particles (also called 

slurries). Furthermore, the rheological properties of these 

viscoelastic fluids determine in which ways these 

formulations can be utilized or further processed. 

However, in the biomaterials research field, the rheology 

of ceramic formulations is often treated neglectfully 

thought of the complexities involved [28]. 

Design of experiment (DoE) as a collection of data is 

adopted by RSM [29]. RSM was introduced by Box and 

Wilson in 1951 [30, 31]. It is useful not only in the 

engineering sector but also in a variety of other fields 

[32]. It is the best combination of mathematical and 

statistical techniques for non-linear relationships among 

multi-objective inputs, their response, and to predict 

multivariant optimization. It is necessary because the 

sample point must be chosen to create a credible model 

with the fewest feasible tests [33, 34]. 

The main advantage of RSM is the decreased required 

number of experimental runs in predicting the optimum 

state compared to other optimizing techniques and avail 

a systematic, satisfactory result compared to the one-

factor model [32, 35–37]. It is principally based on the fit 

of practical equations on experimental data determined 

from the given design [38]. It employs linear and 

polynomial equations (quadratic, cubic, or higher-order 

functions). RSM offers a unique capability for 

developing an empirical link between factor variables 

and experimental design procedure responses [39]. 

The purpose of this research was to get the printability 

and optimum parameter process of 3D-printer machine 

using response surface method for printing 

(HA/collagen) composite slurry. 

 

 

2. METHODS 
 

2. 1. Materials         HA 04238 type (density 1.0 g/cm3, 

molecular weight 502.31 g/mol, density 1.0 g/cm3 at 20 

°C) was purchased from Sigma Aldrich and collagen 

which is synthesis from mackerel (Scomberomous SP) 

skin that was used as raw materials. Characterization of 

collagen with amino acid analysis using High 

Performance Liquid Chromatography (HPLC) with 

Thermo Dionex UltiMate 3000 in the Organic Chemistry 

Laboratory, Faculty of Mathematics and Natural 

Sciences, Universitas Gadjah Mada. The concentrations 

of the amino acids of the collagen (in ppm) are aspartic 

acid 41.68, glutamicacid 71.28, serine 22.47, glycine 

103.93, threonine 19.61, arginine 65.05, alanine 62.44, 

tyrosine 12.20, methionine 10.80, valine 18.44, 

phenylalan in 21.16, ileucine 13.60, leucine 21.83, and 

lysine 34.95. The solvents used acetic acid (glacial 

100%) to dissolve (HA/collagen) composite and Sodium 

Hydroxide to balance pH, which was purchased from 

Sigma Aldrich. 
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2. 2. Material Preparation          Preparation of 

(HA/collagen) composite slurry collagen was carried out 

by dissolving collagen in acetic acid solution (pH=2) at 

low concentration of 0.2% (w/v) and stirring for 30 

minutes. HA powder was mixed gradually into the 

collagen solution with ratio of 99.84% (w/v) and 0.16% 

(w/v). During mixing, stirring using magnetic stirrer was 

carried out for the first step from 250 rpm to 800 rpm and 

stirring was continued by hand stirring to form slurry 

composite. To adjust pH, Sodium Hydroxide 0.4 M 

(pH=14) was used. The slurry composite was kept at 

room temperature. 

 

2. 3. 3D-Bioprinter System         A modified 3D-

Bioprinter was used for printing specimens. This 3D 

printer machine was a commercial machine (Eazao Zero 

type, Qingdao Eazao Intelligent Technology Co., Ltd., 

China) (Figure 1). Modification has been carried out on 

the cartridge container and bracket in order to fit to the 

limited use of slurry composite materials. The nozzle was 

a hollow needle with diameter of 1.5 mm. 

 
2. 4. Specimen Preparation       Two types of printed 

specimens were used in this research. First was 

specimens in the form of a line shape for defining 

printable material and second was a rectangular shape for 

a case study. The dimensions of line were 20 mm long x 

1.5 mm wide x 1.5 mm height. While, the dimensions of 

rectangular shape were 20 mm long x 20 mm wide x 5 

mm height. The height of the rectangular specimen was 

composed by several layer of line. The dimensions of 

printing line and rectangular specimen are shown in 

Figure 2. All specimens were printed following the 

Design of Experiment. 

 

 

 
(a) 

 
(b) 

Figure 1. (a) and (b) 3D bioprinter based on slurry extrusion 

 
(a) 

 
(b) 

Figure 2. The dimensions of specimens (a) line (b) 

rectangular 

 

 

The printing process begins with leveling of the 

aluminium table plate of the machine. The gap between 

upper surface of the table and edge of nozzle/needle was 

set up of 0.1mm. Next, the slurry was transferred from 

the mixing container into the cartridge using a micro 

spatula and ready for printing. On the touch screen, select 

the back putter (out) menu. In this, piston within the 

cartridge will push the slurry material into the plastic air 

tubing, enter to the extruder and the material comes out 

through the needle. Select the file of specimen that has 

been prepared and press the print menu. The percentage 

of composite slurry material was 1% (in the range of 1%-

10%). Data of printed specimens was gathered by 

measuring dimension of specimen using a MiViewCap 

microscope. 

 

2. 5. Printability and Optimization Method        
Optimization of printing parameter process is important 

for obtaining printability. For the 3D bioprinter there are 

five printing parameter process including ambient 

temperature, nozzle diameter, flow rate, print speed, and 

layer height. The ambient temperature was set up  at room 

temperature and diameter nozzle is 1.5 mm. The flow rate 

of the slurry from the nozzle was 10 mm3/s. In this study 

only print speed and layer height were optimized as 

printing process parameters. While, the ambient 

temperature,  nozzle diameter and flow rate were set up 

as fixed value. To determine the optimum parameters, 

each parameter had to be set into three levels and two 

factors as described in Table 1. The two factors include 

A: Print Speed (mm/min) and B: layer height  (mm) with 

coded levels high (+1), low (−1), and center points (0). 

The actual values of  the print speed representing levels 

were 14.4, 25, and 35.6 mm/min. While, the layer height  
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TABLE 1. Factor and level used based on the standard in the 

Eazao Zero machine 

Factor 
Level 

-1 0 +1 

A: Print Speed (mm/min) 14.4 25 35.6 

B: Layer Height (mm) 0.65 1 1.35 

 

 

representing levels were 0.65, 1, 1.35 mm. These values 

were taken from the data sheet specification of Eazao 

Zero machine. The print speed was between 10 - 40 

mm/min. While the layer height was between 0.5 - 1.5 

mm. 

The range of each level was obtained through the 

Coded Value Equation [40]. The equation of coded value 

is as Equation (1): 

𝑥𝑖 =


𝑖 
−(

ℎ𝑖𝑔ℎ+𝑙𝑜𝑤

2
)

(
ℎ𝑖𝑔ℎ−𝑙𝑜𝑤

2
)

  (1) 

In this study, there are two factors so it uses the central 

composite design that is shown in Figure 3. 

Figure 3 shows 22 designs with four axial runs. The 

maximum and minimum values of the print speed are 

35.6 mm/s and 14.4 mm/s while the layer height are 1.35 

mm and 0.65 mm. 

Based on the Central Composite Design (2 levels), 13 

observations were obtained as shown in Table 2.  

 

 

 
Figure 3. Central Composite Design 

 

 
TABLE 2. Design of experiment (DoE) 

No 
Coded Variable Actual Variable 

Print Speed Layer Height A B 

1 0 0 25 1 

2 -1.414 0 10.009 1 

3 1.414 0 39.99 1 

4 0 0 25 1 

5 -1 1 14.4 1.35 

6 0 0 25 1 

7 0 0 25 1 

8 -1 -1 14.4 0.65 

9 0 -1.414 25 0.505 

10 0 0 25 1 

11 1 1 35.6 1.35 

12 1 -1 35.6 0.65 

13 0 1.414 25 1.494 

 

 

Printability is defined as the ability to form and 

preserve reproducible using 3D printing from bioink 

material [41]. The printability test is carried out by 

printing line with 3D bioprinter based on slurry 

extrusion. The DoE was used for the dimensional error 

test. Each printed product from each parameter will be 

separated into 5 areas in the X, Y and Z directions. Then 

these values were compared with the dimension on the 

CAD drawings. Dimensions measured were in the wet 

conditions of the specimen. The result was calculated by 

the sum of multiplication between different dimensions 

and the target in the form of width and height. 

Furthermore, the average and percentage of error 

dimensions were determined. It is printable when it has a 

dimensional error of no more than 5%.  

Optimization was obtained using RSM with Minitab 

18 software for getting optimum parameters of the print 

speed and layer height that are started by doing first-order 

tests. The RSM regression model is generally quadratic 

full equation or reduced form [42]. This test is calculated 

by the following mathematical Equation (2) (RSM 

equation): 

𝑌 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + 𝛽11𝑥1
2 + 𝛽22𝑥2

2 +
𝛽12𝑥1𝑥2 + 𝜀  

(2) 

Moreover, a lack of fit test is carried out to identify the 

type of error that occurred. Data is valid and normally 

distributed when the p-value is greater than  otherwise 

data is not valid and not normally distributed when the p-

value is less than . The difference between the proposed 

model and the experimental data can be calculated using 

dimensional error and a mathematical model will be 

obtained. Furthermore, the results will be analyzed using 

the Analysis of Variance (ANOVA). Finally, the 

interaction between these parameters will be obtained 

which shows the optimum results for each interaction. 

Validation can be carried out by comparing the 

dimensional error result in RSM based on Equation (2) 

and the dimensional error from the experiment. 
 

 

3. RESULTS AND DISCUSSION 
 

Based on the design of the experiment HA/collagen 

composites were printed using 13 sets of specimens. 
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Specimens are illustrated in Figure 4. As Figure 4 shows 

the printability material composite HA/Collagen. 

Printability and dimensional error from the experiment 

are shown in Table 3 and Figure 5. 

Table 3 shows the error dimensions for 13 sets of 

specimens from 13 parameters. Parameters 8 and 9 have 

allowable error limits. Their respective values are 0.104 

mm2 (4.61%) and 0.085 mm2
 (3.76%). In this study, the 

maximum allowable limit value is 0.1125 mm2 (5%).  

Figure 5 shows the printability of material composite. 

Parameters 8 and 9 are printable. Parameter 9 is the most 

printable. Positive value indicates the average surface 

dimensional error of the five specimen points exceeds the 

surface dimension size of the CAD drawing. This means 

that there is deformation that occurs between one layer 

and the next layer in the wet condition. Conversely, a 

negative value indicates an error its surface dimension 

shrinks compared to the CAD drawing surface. 

The Analysis of Variance (ANOVA) is tested to 

determine whether the error occurs systematically or not. 

After the ANOVA test, the primary effect parameter 

analysis is carried out, which has the most significant 

influence. It shows in Table 4. 
 

 

TABLE 3. Dimensional error for 13 sets of specimens 

Actual 

Variable 

Dimensional 

Error (mm2) 
The mean of 

Dimensional 

error (mm2) 

Percentage 

of 

dimensional 

error (%) 

Actual 

Variable 
A B 

25 1 1.988 0.398 17.67 

10.009 1 1.852 0.370 16.46 

39.99 1 3.901 0.780 34.68 

25 1 3.845 0.769 34.18 

14.4 1.35 -3.262 -0.652 28.99 

25 1 4.275 0.855 38.00 

25 1 2.742 0.548 24.37 

14.4 0.65 -0.519 -0.104 4.61 

25 0.505 -0.423 -0.085 3.76 

25 1 2.430 0.486 21.60 

35.6 1.35 -3.187 -0.637 28.33 

35.6 0.65 2.788 0.558 24.79 

25 1.494 -1.769 -0.354 15.72 

 
 

TABLE 4. ANOVA for print speed and layer height 

Source DF Adj SS Adj MS F-Value P-Value 

Model 5 13.151 2.6301 4.18 0.044 

Linear 2 6.446 3.223 5.12 0.043 

A 1 3.249 3.249 5.16 0.057 

B 1 3.196 3.196 5.08 0.059 

Square 2 5.348 2.674 4.25 0.062 

A2 1 0.0039 0.0039 0.01 0.939 

B2 1 5.2168 5.2168 8.28 0.024 

2-way 

Interaction 
1 1.374 1.374 2.18 0.183 

A*B 1 1.374 1.374 2.18 0.183 

Error 7 4.408 0.629   

Lack-of-Fit 3 0.668 0.223 0.24 0.866 

Pure Error 4 3.739 0.935   

Total 12 17.558    

 

 

 
(a) 

 

 

1 

20.135 mm 

X 

Y 

X 

Z 

2 

18.834 mm 

X 

Y 

X 

Z 
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3 

20.3774 mm 

X 
Z 

X 

Y 

4 

21.053 mm 

X 

Z 

X 
Y 

22.240 mm 

5 

X 

Z 

X 

Y 

6 

21.619 mm 

X 

Z 

X 

Y 

19.315 mm 

7 

X 

Z 

X 

Y 

8 

20.772  mm 

X 

Z 

X 

Y  

9 

20.863 mm 

X 

Y 

X 

Z 

19.475 mm 

10 

X 

Z 

X 

Y 
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(b) 

Figure 4. (a) 3D printing process. (b) printing for 13 sets of 

specimens 

 

 

 
Figure 5. Printability test for 13 sets of specimens 

Table 4 shows a lack of fit value of 0.866, which 

means that it is greater than the α value for the confidence 

interval 95% (α=5%) so that the model used (which is 

estimated based on data) is suitable for a relationship 

between variables. Moreover, the parameter that has a 

significant effect is the quadratic layer height because it 

has p-value smaller than the α value. Regarding these 

interactions, the regression model Equation (3) is 

obtained. 

𝑌𝑔 = −7.33 + 0.06𝐴 + 16.01𝐵 − 7.108𝐵2  (3) 

The effect parameters process on response can be 

presented in a Pareto chart as shown in Figure 6. 

Figure 6 shows the effect of layer height quadratically 

is the most influential dimensional error. The interaction 

of two same parameters also has an effect. This indicates 

that the relationship between the parameters and the 

dimensional error response follows a curved line or is not 

linear. 

Figure 7 shows the effect parameters machine versus 

error dimension. A linear curve was shown between print 

speed and dimensional error. It means that print speed 

increases when the dimensional error increases. 

Contrarily, the error dimension will decrease if the print 

speed is lowered. Furthermore, layer height and error 

dimension form a parabolic curve. Layer height increases 

then the dimensional error that occurs will increase until 

it reaches the maximum point (about 1.12 mm). It means 

that the dimensional error maximum for 13 parameters is 

1.12 mm. After that, the dimension error will decrease 

even though the layer height increased to 1.5 mm.  

It is necessary to obtain the optimum value of each of 

these parameters based on the interaction between them. 

The surface plot of the interactions between these 

parameters are illustrated in Figure 8. Moreover, 

optimum parameter results are shown in Figure 9.  

Figure 9 shows the results of the analysis optimum 

values for the process parameters (print speed and layer 

height) are 10.009 mm/min and 0.5050 mm, respectively. 

 

 

 

 
Figure 6. Pareto Chart between Print Speed and Layer Height 

versus Dimensional Error 

11 

20.816 mm 

X 

Z 

X 

y 

12 

20.235 mm 

X 

Z 

X 

Y 

X 

Z 

X 

Y 

13 

21.176 mm 
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Figure 7. The effect of 3D Printer parameters machine versus 

error dimension 

 

 

 
Figure 8. Surface Plot Print Speed and Layer Height versus 

Dimensional Error 

 

 

Dimensional error results using these optimum 

parameters from analysis with a value of -1.5994 mm2. 

Print composite materials using the optimum 

parameters is shown in Figure 10 in line. 

Figure 10a shows the print results in line product. 

Figure 10b shows five points with the same scale on the 

Y and Z axes. The mean dimensional error is 0.013 mm2 

(0.59%). Part product for the case study is shown in 

Figure 11. 
 

 

 
Figure 9. Optimum parameter results 

 
(a) 

 
(b) 

Figure 10. (a) Printing of line product dimension in the Y 

axis (b) dimension in the Z axis 

 

 

 
Figure 11. Product using optimum parameters 

 

 

4. CONCLUSION 
 
Optimum parameter process of 3D printer machine for 

printing (hydroxyapatite/collagen) composite slurry was 

successfully obtained. Composite slurry 

(hydroxyapatite/collagen) was prepared with ratios of 

99.84% (w/v) and 0.16% (w/v). The printing process was 

carried out using commercial machine (3D printer Eazao 

Zero) with modified cartridge and bracket because 

composite slurry is used in limited quantities. There are 

two parameters used in this study namely print speed and 

layer height with 13 set specimens. The optimum process 

parameter values for print speed and layer height were 

10.009 mm/min and 0.505 mm, respectively. 

Furthermore, the printability test shows a dimensional 

error of the optimum parameter of about 0.013 mm2 

(percentage of error dimension 0.59%). Regarding the 

result, it is printable because of the permissible error limit 

of 5% (0.013 mm2). 

 

19.107 mm 

X 

Y 

X 

Z 

(mm2) 
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Persian Abstract 

 چکیده 
چاپگر   دکنندگانیکه توسط تول یمواد خاص یبرا توانی چاپگرها را فقط م نیحال، ا  ن یدر دسترس هستند. با ا یبه صورت تجار یمختلف چاپگر سه بعد یها یامروزه فناور

 دیماده جد ی ژگیشود تا با و نهیبه د یچاپ آن با رامتراصلاح شود و پا دیبه کار گرفت و با ماًیتوان مستق  یرا نم  یچاپگر تجار د،یمواد جد یاستفاده کرد. برا شدی ارائه م

پودر  تیکه قرار بود ساخته شود کامپوز یدیاست. ماده جد( بر اساس مواد قابل چاپ هی)سرعت چاپ و ارتفاع لا نهیبه یپارامترها افتنیمقاله  نیمطابقت داشته باشد. هدف ا

 یدستگاه چاپگر سه بعد کیچاپگر  نی که ا یبود. در حال (w/v) %0.16و  (w/v) %99.84 یهابا نسبت  دوغاب )کلاژن( به شکل   مری( و پلتیآپات یدروکسی)ه کیوسرامیب

متر در   یلیم 35.6، 25، 14.4متر( و سرعت چاپ ) یلیم 1.35، 1.0، 0.65) هیچاپ ارتفاع لا یبود. پارامترهاشده  جادیا یرات ییو براکت آن تغ  جیبود که در ظرف کارتر یتجار

مواد قابل چاپ به شکل خط و به شکل   فیتعر یبرا یشیآزما یهامجموعه نمونه. نمونه 13با  (RSM) پارامتر چاپ با استفاده از روش سطح پاسخ یساز نهی( بود. بهقهیدق

-D  یبا داده ها سهینمونه چاپ شده در مقا ادابع  خطای حداکثر ٪5بر اساس  نهیپارامتر به مات یچاپ به عنوان پاسخ به تنظ تیچاپ شدند. قابل  یمطالعه مورد یبرا لیمستط

CAD 3 متریلیم 009/10 ب یبه ترت نهیبه یاندازکه پارامتر چاپ راه دهدی نشان م جیشد. نتا  لیو تحل هیتجز انسیوار ز یبه دست آمده با استفاده از آنال یشد. داده ها فیتعر  

درصد   5مجاز  یدرصد( کمتر از خطا 59/0مربع ) متریلیم 0/ 013 شیآمده از آزمادستبه یبود که بعد خطا هیارتفاع لا یبرا متریلیم 5050/0سرعت چاپ و  یبرا قهیدر دق

 .متر مربع( یلیم 0.125بود. )
 
 

 

 


