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Abstract—This paper describes a rapid prototyping (RP)
technology for forming a hydroxyapatite (HA) bone scaffold model.
The HA powder and asilicasol are mixed into bioceramic slurry form
under a suitable viscosity. The HA particles are embedded in the
solidified silica matrix to form green parts via awide range of process
parameters after processing by selective laser sintering (SLS). The
results indicate that the proposed process was possible to fabricate
multilayers and hollow shell structure with brittle property but
sufficient integrity for handling prior to post-processing. The
fabricated bone scaffold models had a surface finish of 25 p m, a
dimensional shrinkage of 18 %, a maximum bending strength of 4.7
MPa under the laser energy density of 1.5 Jmm?. Therefore, this
process has a greater potentia for fabrication bone scaffold in tissue
engineering.
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|. INTRODUCTION

THE commonly implants materials can be categorized into
metals, polymers, and ceramics. The implants usualy be

attached on the bone with screw, which can cause the bone
damage dueto the stress concentrations [1]. However, bioactive
materials can be attached by a more suitable method to form a
secure physical bond with tissue surrounding the implantation
[2]. In addition, bioceramics have been widely adapted as bone
replacement materials due to their high biocompatibility
properties[3, 4].

The conventional implant fabrication processes have only a
limited sample of implants for surgeons to choose [5]. A
significant problem of theserestrictionsis the degree of skeletal
adaptation. Therefore, a new method would be highly desirable
to generate a model according to custom designed and to
produce suit individual implants.

On the other hand, the traditional processing methods require
bone replacement materials to be mould and cut, which lack
precise control over the internal architecture, such as pore size
and pore shape[6]. In order to overcome theseissues, the aim of
this article is to generate tissue engineering scaffolds using the
rapid prototyping (RP) technique with bioceramic materials
because the complex shapeis easily to be built in thisway.
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Il. METHODS AND MATERIALS
A. Selective Laser Sintering

Selective Laser Sintering (SLS) technique sinters powder
materials to form a solid part by a laser beam according to the
2D dliced patterns. By paving thin layers of powder based
materials and repeating the laser sintering process, a three
dimensional model is built layer by layer.

In this work, a layer manufacturing process was devel oped
for forming a hydroxyapatite (HA)-silica bioceramic green part.
The process is implemented as shown in Figure 1, this process
involves following steps:. (a) the bioceramic powder and silica
binder are blended as araw materia in ceramic slurry form, (b)
the slurry is paved by a scraper onto the elevator to fromaslurry
thin layer, (c) the paved slurry layer is selective sintered via a
CO, laser beam, then a solid ceramic layer is formed, (d) the
working platform is lowered by an elevator to the thickness of
monolayer, (€) repeating steps (b) to (d), a multi-layer part is
obtained by stacking solidified layers, (f) the residual dlurries
are removed and then a 3D bioceramic object is obtained [7].
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Fig. 1 Schematic of a manufacturing processes of selective laser
sintering
In the laser sintering process a range of parameters may be
varied as follows: the laser power was varied from 5-25 W, the
scan speed was ranged from 50-300 mm/s, the layer thickness

was altered from 50-150p m, and the line overlap of the

sintered ceramic was 1/2 of the laser beam width. While the spot
size of laser beam was kept constant at 0.4 mm.

B. Hydroxyapatite and Slica Surry

Three types of materials can be used in RP technology such
as powder, liquid, and solid-based. However, another type of
material was used in this work. The bioceramics durries
material, comprising of the HA powder and silica sol, was used
in the following experiments. Mixing HA powder and silica
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binder by amixer in aproportion of 30 wt. % to 70 wt. % could
obtain durry with a viscosity of 3000 cP.

Thereasons for using bioceramic slurry in the laser sintering
process are twofold: first, the composition of the bioceramic is

in the series of SO, P,0sr CaO that has the potential to

produce synthetic bone scaffold structures, second, these
slurries possess greater flexibility and viscosity, which are
easily to be paved into athin ceramic layer and to be constructed
to a porous tissue engineering structure [8].

I11. RESULTSAND DISCUSSION

A. Laser Curing Process

In laser sintering process, when the bioceramic slurries were
exposed by laser radiation, the moisture in the slurry will be
evaporated and then the “curing effect” occurs. Thus, the HA
powdersin ascanning path were solidified in acertain depth and
then a single line of cured bioceramic was formed. For a laser
power of 10-20 W, scan speed of 50-300 mmy/s, and layer
thickness of 0.1 mm,

Figure 2 shows the relation between the laser scan speed and
the depth of asingleline of cured bioceramic. As can been seen,
the bioceramic cured depth increases as laser scan speed
decreased. The cured depth was deeper because the bioceramic
slurry absorbed more laser energy at lower scan speed. When
the cured depth was between 0.18 and 0.12 mm, each layer of
cured ceramic could be bonded together. Therefore, if the
over-curel depth between layers is sufficient, the HA powder
can be built to form a bioceramic layer with suitable strength,
which maintains the contours of alayer.
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Fig. 2 The relation between laser scan speed and bioceramic cured
depth

B. Multi-layer Bioceramics

The procedure for a single line of cured bioceramic is
repeated to form a single layer of a bioceramic, which keeps a
suitable overlap between the layers. If the overlap was less than
15 %, the bonded strength was insufficient to build monolayer.
In contrast, when the overlap exceeded 30%, the cured layer
yielded warping due to the laser power density being too high.
Thus the formation of the bioceramic layer failed.

When the warp is greater than a paved layer thickness, the
layer cannot be built because this warped portion will be
removed by the scraper. If the overlap of a cured layer isvaried

from 15 to 30%, a cured layer can be successfully constructed.
Therefore, valid multi-layer specimen could be built after the
coherent monolayers were stacked. The Figure 3 shows a
multi-layer of cured bioceramic specimen with the dimensions
of 8 mm x 8 mm x 1.5 mm as the overlap is 25%.
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Fig. 3 A multi-layer bioceramic specimen produced by laser curing

C. Laser Energy Density

From experimental results, for a certain laser scan speed, the
built layers appeared poor cured condition at lower laser power.
When the laser power was increased, the structural strength was
enhanced because laser energy density was sufficient. For a
given laser power, the shaped integrity of the fabricated
specimens increased as scan speed reduced. Thisimproved the
solidification of the cured bioceramic at slower laser scan
speeds and higher laser power. The main significant factor with
regard to the bending strength was the combination of laser
energy, scan speed and scan line overlap, which yielded the
laser energy density on the scanning zone. Further testsreveal ed
that the laser energy density had an important effect on bending
strength as shown in Figure 4. As can been seen, a maximum
strength of 4.7 MPa was obtained at 1.5 Jmm?® Above 1.5
J/mm?, the | aser energy was too great causing degradation of the
laser cured. Between 1.5 and 0.5 Jmn?, laser energy density
was suitable for curing the silica sol, thus bending strength
increase with laser energy density. Below 0.5 Jmm?, the slurry
layer could not form due to insufficient energy density.
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Fig. 4 The bending strength with regard to laser energy density

D. Fabrication Bone Scaffolds
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In thiswork, afeasible parameter window is as follows: laser
power 10-20 W, laser scan velocity 50-300 mm/s, and layer
thickness 50-100 um. The suitable process parameters comprise
a layers thickness of 100 um, a laser power of 15 W, a scan
velocity of 150 mm/s and a laser frequency of 10 KHz, we
confirmthe ability of the laser curing processto produce the HA
green part of bone scaffold model with hollow shell structurein
afabricating time of 120 minutes. As shown in Figure 5, those

bone models had a surface finish of 25 y m, a dimensional
shrinkage of 18 %.

Fig. 5 The HA bone scaffold model with hollow shell structure
obtained by laser curing under layersthickness of 100 pm, laser
power of 15 W, scan velocity of 150 mm/sand alaser frequency

of 10 KHz

Figure 6 presents the SEM surface micrographs of a bone
scaffold model displayed in Figure 5. It is evident that the HA
particles are embedded in the solidified silicasol. The object of
this paper isto confirm the feasibility of the laser curing process
for fabricating HA bioceramic and to build an hollow shell

structure with pores sizein the range of 100-600p m to support

the growth of bone [9]. As seen from the Figure 6, the SEM
micrograph of the bioceramic bone models fabricated by this
process demonstrated that this type of structure was being
achieved. From this figure we can see that many porous with
various shapes on the scaffold surface are formed in the
bioceramic matrix, which can help the bone cell attach on the
surface.
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Fig. 6 SEM surface image of the scaffold model fabricated by HA
particles and cured silica

IV. CONCLUSION

The proposed process has three features. The first feature is
the forming principle is a laser “curing effect”, thus it needs
smaller laser energy to form the bioceramic models. The second
feature is the bone scaffolds are faster fabricated by a layer
additive manufacturing technique. The third feature is the
bioceramic dlurry is used as raw materials but other SLS
processes adopt powder form material. Therefore, it is evident
that the laser curing process is different from the traditional
methods for forming bioceramic materials.
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