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Abstract- With the goal of regeneration of tissue and organs damaged by an accident or disease, tissue engineering has 
conducted researches on the production of 3-D scaffolds that can play a support role so that cells can be attached and grow 
for the proliferation and differentiation of cells. A scaffold requires suitable pore size and porosity to increase nutrient 
circulation or supply of oxygen for attachment and growth of cells. Existing production methods such as solvent-casting 
particulate leaching, phase separation, fiber bonding etc. have the disadvantages. These methods are difficult to obtain free 
desired shape and certain pore size and interconnectivity between pores may not be guaranteed. To solve these problems, this 
study fabricated a scaffold with the 3-D shaped nose by using Alginate, one of natural polymers through Fused Deposition 
Modeling(FDM), one of CAD/CAM-based Solid Freeform Fabrication(SFF). This study verified regular formed pore size 
using an optical microscope and established the Alginate scaffold manufacturing process. 
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I. INTRODUCTION 
 
Tissue engineering is a fusion of biology, medicine, 
and engineering to improve the quality of life by 
regenerating tissues and organs damaged by accidents 
or diseases. [1,2] 
Existing damaged tissue was treated through natural 
regeneration or medication, removal of damaged 
tissue, or grafting. In tissue engineering, a cell 
scaffold with desired function and structure as a 
biocompatible material is constructed for efficient 
treatment, and cells are cultured to regenerate an 
artificial organ or tissue. The main factors for 
regenerating tissues are cell, cell support, and cell 
growth conditions, and cell supports that provide a 
suitable environment during cell growth play a very 
important role, and so much research is underway. 
[3,4] 
The cell scaffold provides a suitable environment for 
cell growth during cell growth to tissue, and includes 
large pores that facilitate the supply of nutrients 
needed for growth and release of excretions, and a 
larger surface area within the cell support Should be 
made of a structure with small pores to increase the 
mechanical strength of the target tissue. [5] 
Conventional cell scaffolds include solvent-casting 
particulate leaching, phase separation, high pressure 
gas saturation using CO2, emulsion freeze drying, 
fiber pressing fiber bonding. [6-9] The size and 
biodegradability of salt crystals can be controlled by 
varying the pore size and porosity of the polymer 
after dissolving the polymer in an organic solvent. 
However, such a method has difficulty in obtaining a 
desired free shape and a uniform pore size and shape, 
and may not guarantee the internal connection 
between the pores. In addition, since internal salt 
crystals and organic solvents remain, it has a 
drawback that it can affect growth. 
In order to solve this problem, studies on the 
fabrication of 3D shape cell supports using CAD/ 

CAM based solid freeform fabrication are underway. 
[5, 9] This fabrication method such as SLS (Selective 
Laser Sintering), SLA (Stereolithography Apparatus) 
and FDM (Fused Deposition Modeling) is a kid of 
technique of forming a 3D shape by stacking or 
curing a CAD shape one layer at a time. 
The SLS method is a technique of making a layer by 
a method of instantly injecting a laser to a powder 
type polymer by melting and sintering. In the SLA 
method, a laser (UV) is injected onto a liquid photo- 
It is a method of making a three-dimensional shape 
by hardening. 
In the FDM method, a filament-type thermoplastic 
polymer is heated and injected from a nozzle to form 
a layer by layering one layer at a time. For the 
preparation of cell supports, biodegradable polymer 
PCL (Polycaprolactone) is generally used to dissolve 
at high temperature through a dispenser and then 
sprayed to form a three-dimensional shape. And is 
used mainly for the production of three-dimensional 
cell supports. 
There were many researches to study the production 
of cell scaffolds required for the regeneration of these 
hard bone cells [10-15], but it is still lack for a region 
with low mechanical strength such as skin and 
cartilage. In this study, we carried out a study on the 
production of soft cell supports using alginate, a 
natural polymer, using CAD/CAM based arbitrary 
shape fabrication technique. 
 
II. SCAFFOLD FABRICATION METHOD  
 
2.1. Fabrication Method 
In this study, alginate, a natural polymer extracted 
from seaweed, was used to make a cell support 
suitable for a flexible organ of the human body. 
Alginate cell supports were prepared through curing 
reaction of alginate hydrogel and CaCl2 solution. In 
order to cure the liquid solution, molds were prepared 
by using 3D printing of FDM sputtering to cure the 
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support of desired shape. The alginate hydrogel is 
filled in the mold of the outer shape, and the mold to 
be the inner pore is put and sealed, and the curing 
reaction is carried out with CaCl2 solution. After 
completely curing, the alginate was separated from 
the outer mold, and then the inner mold was removed 
to form pores, thereby preparing a human alginate 
cell support. 
 
Duck Algine NSPH2-NY (Sodium Alginate, 
kikkoman), which is a material used in 
pharmaceuticals or cosmetics, was used to make the 
alginate hydrogel. In order to investigate the 
production characteristics of alginate by curing, it 
was prepared from 1% w / v to 4% w / v as shown in 
Table 1.  
While maintaining the surface temperature at 95 ° C 
on a hot plate, it was prepared using a stirrer until the 
solution was completely dissolved. The higher the 
concentration, the higher the viscosity and the more 
difficult it was to prepare it through the agitator. 

 
Table1: Experimental conditions for Alginate Hydrogel 

Concentration 
Distilled 

water(㎖) 
Sodium 
Alginate(g) 

1% w/v 

200 

2 

2% w/v 4 

3% w/v 6 

4% w/v 8 

 
The CaCl2 (DAEJUNG) solution used for the curing 
reaction is ionized well in the aqueous solution state 
and is in contact with the alginate hydrogel solution 
rapidly and at the same time the curing reaction starts. 
And it was hygroscopic and its molecular weight was 
calculated as 147.01 by the molecular formula CaCl2 ∙ 
H2O. 
 
The 3DISON equipment of the Rocket Co., Ltd., 
which is capable of 3D printing with FDM, was used 
for the mold production. The diameter of the nozzle 
was 0.4 mm, the height of the layer was 0.25 mm for 
the output condition, and the output speed and the 
allowance time were 80 mm/s, and changed 
appropriately according to the output shape. 
 
PLA filaments were used to fabricate molds for 
external shapes, and PVA and HIPS (High Impact 
Polystyrene) filaments used as supporters were used 
for internal mold fabrication. 
 
PVA filament is a water-soluble material. HIPS 
filament has a characteristic of melting in Limonene 
oil. Limonene oil is extracted from orange and used 
as a fragrance, cosmetics, food additives. The process 
of preparing the alginate cell scaffold of the overall 
three-dimensional shape is shown in Fig. 1. 

 
Fig.1. Scaffold fabrication process 

 
2.2. Basic Experiments 
In order to investigate the degree of shape through 
curing reaction of alginate hydrogel and CaCl2 
solution, the concentration of CaCl2 solution was 
controlled in square mold under the condition of 
Table 1 and the degree of shape after curing was 
analyzed. The curing reaction was carried out for 30 
minutes according to the concentration of each. It was 
confirmed that the shape was good without shrinking 
in the reaction of 3% w / v and 4% w / v alginate and 
0.3 M CaCl2 solution. 
In order to form the inner pores, the molds for 
forming the outer mold and the inner pores were 
formed using the 3D printing method while the shape 
of the cell support was maintained, and then the inner 
molds were physically removed to prepare the cell 
supports. Although the structure having a three-
dimensional shape was fabricated, it was confirmed 
that the shape of the pore was not suitable due to not 
only the problem of maintaining the internal pore 
shape due to the damage of the film during the 
removal of the mold with low connectivity between 
pores. In order to solve this problem, in this study, we 
devised a chemical removal method of the mold 
excluding the physical method, and fabricated a cell 
support through the process of fabricating and 
chemically removing the inner mold using PVA and 
HIPS filament dissolved in a specific solvent. 
 
2.3. Scaffold Fabrication by Internal Mod 
Removal 
It was made by 3D printing using PVA and HIPS 
filament materials which can chemically remove the 
nutrients and oxygen supply inside the cell supporter 
and pores for discharging excretion. The outer mold 
was fabricated using PLA and filled with alginate 
hydrogel. PVA / HIPS molds were piled one by one 
and sealed with a complete lid. After immersing in 
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the hardened 0.3M CaCl2 solution obtained from the 
basic experiment, it was set to be hardened at a 
rotation speed of 400rpm using a magnetic stirrer bar 
in a stirrer to increase the hardening speed. After 24 
hours, the alginate cell supporter was separated from 
the alginate cell support. After curing, the inner mold 
using the PVA / HIPS material for the internal pore 
formation was chemically removed. In case of PVA, 
it was dissolved in water and removed. The HIPS 
mold was completely immersed in Limonene oil and 
then removed with a magnetic stirrer bar on a stirrer. 
The process of preparing a cell support with a square 
inner mold is shown in Fig. 2 

 

 
Fig. 2 Scaffold fabrication process with chemical removal for 

internal pores 
 
III. RESULTS AND DISCUSSION 
 
The inner support of PVA filaments and HIPS 
filaments and the chemical support removed from the 
inner molds are shown in Fig. 3 and Fig. 4. Fig. 3 
shows the results of the PVA mold and Fig. 4 shows 
the result of the cell support using the HIPS mold. 
The results of the cell support preparation using the 
PVA mold show that the pore size and shape do not 
maintain a uniform shape. It was concluded that the 
reaction of alginate hydrogel with CaCl2 solution did 
not maintain its shape while the PVA mold melted. 
On the other hand, the alginate cell scaffold prepared 
using the HIPS mold showed that the pore size and 
shape were maintained constant. Thus, it can be seen 
that the use of HIPS filaments is more suitable for the 
production of cell supports having a uniform shape. 

 
Fig. 3 Scaffold using PVA 

 
Fig. 4 Scaffold using HIPS 

 
In order to determine the width of the desired pore, it 
is necessary to confirm the relationship of the pore 
line width after curing according to the internal mold 
line width. For this purpose, an experiment was 
conducted to investigate the relationship between the 
pore widths of the HIPS filaments and the production 
line width. 
We designed various shapes with line widths of 0.9 
mm, and 1.2 mm, and the inner pore shape was 
formed as shown in Fig. 5 using HIPS filaments to 
prepare a cell support. 

 
Fig. 5 Internal mold shapes for pores 

 
Fig. 6 and Fig. 7 is an image of the cross-section of 
the cell support according to the internal pore shape, 
and Fig. 8 and Fig. 9 is a graph showing the measured 
line width at an arbitrary point on the cross section of 
the cell support. 
First, the line width of the mold is measured to be 
about 0.06 mm larger than the modeling reference 
length, which can be seen as a phenomenon caused 
by contraction after expansion at high temperature in 
a 3D printer. Which is about 0.36 ~ 0.39mm larger 
than that of These results show that the alginate 
hardening causes shrinkage and moisture escape from 
time to time. 
Compared with the use of a 0.9 mm mold, when the 
mold of 1.2 mm is used, the line width of the alginate 
cell support is relatively uniform. These results 
indicate that the time required for completely 
removing the inner mold is longer than that in the 
case of using the mold of 0.9 mm in the case of using 
the mold of 1.2 mm. Thus, it can be judged that the 
moisture of the alginate cell support is related to the 
escape. 
In addition, since the line width of the mold is large at 
the time of manufacturing the small line width, it is 
confirmed that the filament of the weak angle remains 
because there is a limit to completely remove the 
mold at the same time. In order to completely remove 
the mold based on 24 hours, it was confirmed that a 
mold of 1.2 mm was suitable. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-9, Sep.-2018, http://iraj.in 

Scaffold Fabrication using 3D Printing 
 

64 

 
Fig. 6 0.9mm, 1.2mm rectangular pattern shapes 

 
Fig. 7 0.9mm, 1.2mm circular pattern shapes 

 
Fig. 8 Line width measurement for rectangular pattern shapes 

 

 
Fig. 9 Line width measurement for circular pattern shapes 

 
IV. SCAFFOLD FABRICATION 
 
Based on the results of the previous experiments, we 
model the nose, which is a part of the human body, as 
shown in the Fig. 10, and output the mold for external 

and internal shapes using a 3D printer as shown in the 
Fig. 11. Finally, scaffolds were prepared as shown in 
Fig 12. 
In order to compensate for the loss of shape due to 
severe deformation due to shrinkage, HIPS filament 
was used for the outer mold and PLA filament was 
used for the inner mold. 

 
Fig. 10 3D modeling for nose shape 

 
Fig. 11 3D printing for molds 

 

 
Fig. 12 Nose shape scaffold 

 
CONCLUSIONS 
 
In this study, we studied the fabrication of cell 
scaffolds that provide an environment in which cells 
can grow and grow through arbitrary shape 
fabrication techniques using alginate, one of natural 
polymers that can be used as biomaterials. Baseline 
experiments were conducted and the results were 
analyzed to establish the process of alginate cell 
support preparation. 
Prior to the preparation of the alginate cell support, 
the curing reaction was preliminarily tested. As a 
result, it was determined that it was difficult to 
produce a three-dimensional structure having 
arbitrary shape by the reaction of the liquid solution 
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without the mold. Thus, 3D printing technique was 
applied and mold was produced. 
PVA / HIPS filament which can be removed by 
dissolving in solvent without physical removal for the 
formation of internal pore and able to output using 
3D printer was selected and it is harmless to the 
human body and has the characteristic of melting in 
water and Limonene oil.  
As a result of using the PVA filament as a mold, the 
PVA mold reacted with water to dissolve before the 
shape of the cell support was formed, while the CaCl2 
solution and the alginate hydrogel undergo curing 
reaction. Consequently, the HIPS filament was made 
as a mold because the PVA filament was not suitable 
for producing a certain pore size and shape retention. 
Finally, a nasal nerve cell support, which is a part of 
the human body, was fabricated to confirm the 
possibility of producing a cell support suitable for the 
flexible tissue of the human body. 
 
ACKNOWLEDGMENTS 
 
This research was supported by the MSIT(Ministry of 
Science and ICT), Korea, under the Global IT Talent 
support program (IITP-2017-01-01797) supervised by 
the IITP(Institute for Information and 
Communication Technology Promotion) 
 
REFERENCES 
 
[1] Stock, U.A. and Vacanti, J.P., “Tissue Engineering: Current 

State and Prospects,” Annual Review of Medicine, Vol. 52, 
pp.  443-451, 2001.  

[2] Fuchs, J.R., Nasseri, B.A. and Vacanti, J.P., “Tissue 
engineering: A 21st century solution,” Annals of Thoracic 
Surgery, Vol. 72, No. 2, pp. 577-591, 2001. 

[3] Catherine, K.K and Peter, X.M., “Ionically crosslinked 
alginate hydrogels as scaffolds for tissue engineering: Part 1. 

Structure, gelation rate and mechanical properties,” 
Biomaterials, Vol. 22, pp. 511-512, 2001. 

[4] Cho, E.C., Kim, J.W. and Alberto,  F., “Highly Responsive 
Hydrogel Scaffolds Formed by Three-Dimensional 
Organization of Microgel Nanoparticles,” NANO LETTERS,  
Vol. 8, No. 1, pp. 168-172, 2008. 

[5] Jessica, M., Williams, A.A. and Rachel, M.S., “Bone tissue 
engineering using polycaprolactone scaffolds fabricated via 
selective laser sintering,” Biomaterials, Vol. 26, pp. 4817-
4827, 2005. 

[6] Salerno, A., et al., “Design of porous polymeric scaffolds by 
gas foaming of heterogeneous blends,” J Mater Sci Mater 
Med, Vol.20, No.10, pp. 2043-2051, 2009. 

[7] Salerno, A., Iannace, S. and Netti, P.A., “Open-pore 
biodegradable foams prepared via gas foaming and 
microparticulate templating,” Macromolecular Bioscience, 
Vol.8, No.7, pp. 655-664, 2008. 

[8] Lee, S.H., Jo, A.R., Choi, G.P., et al, “Fabrication of 3D 
Alginate Scaffold with Interconnected Pores using Wire-
Network Molding Technique,” Tissue Engineering and 
Regenerative Medicine, Vol.10, No.2, pp. 53-59, 2013. 

[9] Cartmell, S., “Controlled Release Scaffolds for Bone Tissue 
Engineering,” Journal of Pharmaceutical Sciences, Vol.98, 
No.2, pp. 430-441, 2009. 

[10] Jeanie, L.D. and David, J.M., “Hydrogels for tissue 
engineering: scaffold design variables and applications,” 
Biomaterials, Vol. 24, pp. 4337-4351, 2003. 

[11] Choi, S.W., Moon, S.K., Chu, J.Y., et al, “Alginate Hydrogel 
Embedding Poly(D,L-lactided-co-glycolide) Porous Scaffold 
Disks for Cartilage Tissue Engineering,” Macromolecular 
Research, Vol.20, No.5, pp. 447-452, 2012. 

[12] Cao, N., “Fabrication of alginate hydrogel scaffolds and cell 
viability in calcium-crosslinked alginate hydrogel,” 
University of Saskatchewan, pp. 6-12, 2011. 

[13] Ramay, H.R.R. and Zhang, M., “Biphasic calcium phosphate 
nanocomposite porous scaffolds for load-bearing bone tissue 
engineering.” Biomaterials, Vol.25, No.21, pp. 5171-5180, 
2004.  

[14] Cardea, S., Pisanti, P. and Reverchon, E., “Generation of 
chitosan nanoporous structures for tissue engineering 
applications using a supercritical fluid assisted process,” 
Journal of Supercritical Fluids, Vol.54, No.3, pp. 290-295, 
2010. 

[15] Goto, E., et al., “A rolled sheet of collagen gel with cultured 
Schwann cells: Model of nerve conduit to enhance neurite 
growth,” Journal of Bioscience and Bioengineering, Vol.109, 
No.5, pp. 512-518, 2010. 

 
 
 
 

 


