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Abstract: Polymer extrusion is an energy intensive process, which is often run at less than optimal conditions. 
The extrusion method consists of gradual melting of solid polymer material by thermal physical phenomenon 
of a rotating screw and a barrel; in and of itself it’s extremely dependent upon the composition of materials, 
thermal and rheological properties of the polymeric material. In the present research, an effort has been made to 
prepare the feedstock filament of biocompatible/biodegradable polymer are reinforced with biocompatible fillers 
by considering different input parameters (namely; rotational speed, composition of materials, melt flow index 
(MFI) and temperature) and output parameters (dimension accuracy (DA) and uniformity of feedstock filament). 
Feedstock filament is prepared on Twin screw extruder (TSE) by controlling of input parameters, whereas DA of 
obtained feedstock filament is to be checked by Mitutoyo’s absolute digimatic micrometers for working on fused 
deposition modeling (FDM). The result of study suggested that best setting of TSE for drawing best feedstock 
filament for developing of scaffolds for FDM.
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the medical industry [4-5]. In recent decades, the 
growing environmental awareness has encouraged 
the development of biodegradable materials from 
renewable resources to replace conventional non-
biodegradable materials in many applications. 
Among them, poly saccharides such as starches offer 
several advantages for the replacement of synthetic 
polymers in plastics industries due to their low 
cost, non-toxicity, biodegradability and availability 
[6-7]. In this work, two fillers were independently 
added, chitosan (CS) and hydroxyapatite (HAp) to 
offer some reinforcement to plasticized polylactic 
acid (PLA) matrix. CS a cationic polysaccharide 
obtained from chitin crustacean wastes, has gain 
attention in the industry due to its useful properties 
for film production including biodegradability, 
biocompatibility, non-toxicity, low permeability 
to oxygen and its inherent antimicrobial activity 
[8-10]. In orthopedic and dental applications, PLA-
based materials have been extensively used as 
fixation-devices such as screws, pins, washers, darts, 

introDuction1. 

FDM process has been emerged as a revolution 
in the field of additive manufacturing (AM) 
where complex 3D structures can fabricate in 
less time without the assistance of conventional 
tooling. FDM can be commonly used for modeling, 
prototyping, and batch production applications. 
Among applications, it includes concept modelling, 
manufacturing tooling, functional prototypes and 
end use parts [1]. FDM printers use two kinds of 
materials, a modeling material, which constitutes 
the finished object, and a support material, which 
acts as a scaffolding to support the object as it’s 
being printed [2]. During printing, these materials 
take the form of plastic threads, or filaments, 
which are unwound from a coil and fed through an 
extrusion nozzle. The nozzle melts the filaments 
and extrudes them onto a base, sometimes called 
a build platform or table [3]. Some thermoplastics 
can even be used in food and drug packaging, 
making FDM a popular 3D printing method within 
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and arrows in reconstructive surgeries including 
those of the mandibular joint; facelifts; thoracic, 
hand, leg, finger, and toe fractures; ligament 
reconstruction procedures; soft and hard tissue 
fixations; alignment of osteochondral and bone 
fragments; meniscus repair; and hyaline cartilage 
fixation [11]. HAp a naturally occurring calcium 
orthophosphate, possesses the mostsimilar chemical 
composition to human bone. In this research work, 
composite materials were prepared using PLA 
as a polymer matrix and HAp as osteoconductive 
filler for potential use in medical applications. The 
effect of the HAp loading on overall properties was 
assessed by mechanical characterization using 
tensile, flexural, impact, and hardness standard 
tests. Main thermal transitions of PLA-HAp 
composites were obtained by differential scanning 
calorimetry (DSC) and degradation/decomposition 
at high temperatures was followed by thermo-
gravimetric analysis. Some dentist apply chitosan 
directly to their gums to treat inflammation that 
can lead to tooth loss (periodontitis), or chew gum 
that contains chitosan to prevent “cavities” (dental 
caries). [12-14].

The literature review reveals that PLA, HAp 
and CS are biocompatible as well as biodegradable 
materials are suitable for use in biomedical 
applications/implants. In this study rheological, 
tensile, thermal and microscopic properties have 
been ascertained and determine the best setting of 
TSE for drawing the feedstock filament for further 
printing of functional prototypes on FDM.

experimentAtion2. 

2.1. materials

An injection grade of PLA is available from 
commercial manufacturer, Nature Works (United 
State), IngeoTM 3052D, density1.24 g/cm3, melting 
temperature 173-178°C, glass transition temperature 
55-60°C, melt flow rate 14gm/10 min (at 210°C, 
2.16Kg) has been selected as a polymer matrix[15] 
was bought from Nature Works, Chennai. Chitosan 
(CS, degree of deacetylation >90%, d = 40 - 42 
MPa1/2[16]). HAp (colorless & brittle) (Size: -20 -100 
mm) available from local manufacturer at Ludhiana 
(India).

2.2. preparation of materials (plA, HAp and 
 cs)

PLA pellets were pre-dried at 80°C in a vacuum oven 
overnight (8-10 hr.), while HAp powder and CS were 
dried at 40°C for 4 hr. [17].

In the pilot experimentation, an effort has 
been made to prepare the feedstock filament of 
bio-compatible/bio-degradable polymers (PLA). The 
first step was to check the possibility of preparation 
of PLA filament with biocompatible fillers (HAp 
and CS). In this experimentation PLA wire was 
prepared on the TSE by taking random composition 
of HAp and CS by weight shown in Table 2. Further 
according to MFI tester suitable four compositions 
(neglected 100% PLA) are to be selected for drawing 
feedstock filament in the specific range of TSE 
temperature, rotational speed and dead weight. 
After drawing feedstock filament tensile test are 
to be done and best two tensile strength are to 
be selected for further experimentation. In this 
experimentation, it Taguchi L9 orthogonal array 
was selected for design of experimentation. Table 1 
shows the selected process parameters and their 
level for the final experimentation.

table 1 
parameter selected for experimentation

Parametric 
condition

Temperature
(oC)

Revolution
(rpm)

Dead Weight
(Kg)

1 170 100 8

2 180 140 10

3 190 180 12

results AnD Discussions3. 

3.1. melt Flow index

Melt flow index represents the material flow 
behaviour and quality of thermoplastic materials, 
[18-20]. The granule of feed stock filament is put into 
the pre- heated barrel of MFI tester. The weight as 
per the ASTM standard (D 1238-95) was put on the 
piston to expel the molten material from barrel and 
thereby made to exit out of die opening as extrudate 
and weighed to find MFI in terms of gm/10min. Table 2 
shows the MFI result of, for different compositions/
proportions (% by weight) of PLA-HAp-CS. In Table 
2 observed that composition/ proportion at 84%-4%-
12%, 80%-8%-12%, 91%-8%-1%, 90%-8%-2% were 
selected for further fabrication of feed stock filament. 
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The remaining compositions were not selected, as 
the flow was not continuous or composition (100%-
0%-0%) is not suitable as per main scope.

table 2 
melt Flow index results

Composition
(PLA-HAp-CS)

MFI
(gm/10min)

Flow from
Aperture

100%-0%-0% 13.520 Continuous

84%-4%-12% 10.512 Continuous

80%-8%-12% 09.015 Continuous

76%-12%-12% 03.125 Discontinuous

91%-8%-1% 12.352 Continuous

90%-8%-2% 11.575 Continuous

89%-8%-3% 07.474 Discontinuous

88%-8%-4% 04.465 Discontinuous

The four compositions/proportions of PLA-HAp-
CS as derived from MFI test were extruded on the 
TSE. Figure 1 shows that schematic of melt flow 
index tester.

Figure 1: schematic of mFi tester

3.2. tensile test (peak strength)

Four compositions/proportions of PLA-HAp-CS 
which derived from MFI tester are to be drawn by 
TSE, make: HAAKE Mini CTW, Germany has been 
used. As shown in Table 3, different combinations 
of input factors were tried during pilot study. The 
successful results arrived from the experimentations 
are listed in Table 3. The experiment was repeated 
three times in order to reduce the experimental 
error. It has been observed that peak strength of 
91%-8%-1% and 90%-8%-2% are maximum and very 
close to each other while remaining compositions/
proportions have lower peak strength.

table 3 
output parameters of Different compositions

Composition
(PLA-HAp-

CS)

Output Parameters

Flow under 
gravity

Average 
diameter (mm)

Peak Strength 
(MPa)

84-4-12 Yes 1.85 2.10

80-8-12 Yes 1.78 2.43

91-8-1 Yes 1.86 3.27

90-8-2 Yes 1.87 3.23

Figure 2 shows the fabricated wire by using 
TSE of different compositions 91%-8%-1% and 90%-
8%-2% respectively without changing any software 
and hardware.

Figure 2: Fabricated wire of composition (91-8-1) and 
(90-8-2)

3.3. thermal Analysis

Thermal analysis for all four compositions/ 
proportions was carried out by METTLER TOLEDO, 
Model DSC3; Swiss make with STARe (SW 14.00) 
software was used in N2 gas environment.

table 4 
thermal properties of the specimens

Compositions

Glass 
Transition 

Temperature 
(oC)

Crystallization 
(%)

Melting 
Temperature 

(oC)

91-8-1 56.50 3.13 153.17

90-8-2 57.19 10.505 159.875

84-4-12 56.90 7.37 152.46

80-8-12 57.37 1.20 153.95

As shown in Table 4, glass transition temperature 
of all the different compositions are is in the same 
range (suitable) and melting temperature are also is 
in suitable range for working on FDM for fabrication 
of scaffolds. But according to crystallization 
composition (90%-8%-2%) has been maximum, 
that are not suitable for biomedical applications. 
For using in biomedical application crystallization 
must be low; so according to Table 4, 91%-8%-1% 
and 80%-8%-12% compositions/proportion are best 
suitable for using of biomedical implants.
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conclusions4. 

This experimentation is started with different 
composition of PLA-HAp-CS, and checks the 
flowability of these compositions/proportion and then 
fabricate the feedstock filament by using different 
setting of TSE. Tensile testing and thermal analysis 
are to be done on the fabricated feedstock filament 
and following conclusions are to be observed.

In MFI testing (according to Table 2) of different 
compositions it was found that only four composition 
(84%-4%-12%, 80%-8%-12%, 91%-8%-1%, 90%-
8%-2%) flow rate is continuous which is suitable for 
drawing the feedstock filament.

The peak strength according to Table 3 two 
compositions/proportion (91%-8%-1%, 90%-8%-2%) 
are high which is highly suitable to work on FDM 
for preparation of scaffolds.

In thermal analysis it was concluded that; 
according to Table 4 two compositions (91%-8%-1% 
and 80%-8%-12%) are less crystallization, which 
is best suitable for using biomedical applications/
implants other compositions are more crystalline.

Overall, in this experimentation it has to 
conclude that best composition for working on TSE, 
FDM and for biomedical applications/ implants is 
“PLA91%-HAp8%-CS1%” because it has continuous 
and good flowablity, high tensile strength (Peak 
strength), suitable glass transition and melting 
temperature and also low crystalline; which has 
suitable for biomedical applications.
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