CHAPTER 3

RESEARCH METHODOLOGY (\
3.1 Introduction Y'

In this research, the methodology is divided into three phaseS™Fhey are Phase 1:
PHB/UDMA resin blend formulations; Phase 2: 3D prin ozH PMMA for the
characterizations; and Phase 3: Fabrication of 3D d ar CW selected
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composition. Table 3.1 shows the list of apparatus a terials,/mean h’le_'{ﬁ’lx.&z

shows the list of equipment used in this researctii b 4 T
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3.2 Apparatus and Materials \
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1. Magnetic bar LS. 6
2. Amber Vials \ A‘Q 6
3. Desiccator N 1
4. Dropper 1
5. Weighing bo I 0 6
6. Poly tyrate ( ?r 1009
7. UDMA resi 7 200g
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Table 3.2: List of Equipment.

No Equipment Brand/Manufacturer/City/Coun
1. Viscometer DVNext  Rheometer, = AMETEK rooﬁeld,
Middleborough, MA, USA \

2. Universal testing machine (UTM) Instron 5566, Instron Corporation, Norwo , USA
3. Impact testing machine Instron Ceast 9050, Instron Corporatien, wood,
MA, USA
4.  Fourier-Transform Infrared (FTIR)  Nicolet iS50, Thermo Fisher Scientific, Waltham, MA,

USA T
5. Field-Emission Scanning Electron JSM-IT800 Schottky, Jeol Ltd., ishima, Tokyo,
Microscopy (FESESM) Japan
6.  X-Ray Diffraction (XRD) Miniflex 600, Rigaku Corporationy’Akishima Tokyo,
Japan
7. Thermogravimetric Analysis TGA/DSC 3+, Mettle ed%olu bus, OH, USA
(TGA) T
8. SLA 3D printer Form 3+, Formla
9.  Ultraviolet (UV) cure machine Wash & Cure Machi

rville, , US
, Anycubic; hen, China
\
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3.3 Phase 1: PHB/UDMA Resin Blend Formulation
4 \/"C

3.3.1 Preparation of PHB/UDMA Resin Ble \

;‘r
er y) WQU ed as additives
while UDMA resin was purchased fr %‘ul Uni

_ _ -~ _
was measured by using analy’ucaﬁfa e and pour mto@eh of amber vial. Then,
t

“« Q-

PHB powder were weighed aN 0 thel osi@%hown in Table 3.3 and put
N

into the vials. The solution Rlxture \A#as t Fti@sing magnetic stirrer at room

temperature and 300 rpQAﬂe%' tH@é}Q}ution stirring for two hours, the

homogenous mix@tio \‘/asr y for. osity measurement.
\ o | O
w8
Tabzgﬁeig:l‘t e@ta e (9 PHB Incorporated within UDMA Resin.
y - )

PHB powder bought from Biom

v ¢ Mass (9)
Name {.\‘f PHB UDMA
% of PHB/UDMA 7 0.00 20.00
th. % of PHB/UDMA 0.60 20.00
wt. % of PHB/UDMA 1.40 20.00
11 wt. % of PHB/UDMA 2.20 20.00

N
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3.3.2 Viscosity of PHB/UDMA Resin Blend

The resulting solution mixture comprised of four amber veils; 0, 3, 7 an
% of PHB/UDMA resin blends were undergone viscosity measurement u@Next
rheometer. The spindle size and speed were equipped with RV-04ﬂ&t 50 rpm

respectively. Figure 3.1 shows the measurement set-up of the equipma.
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Figure 3.1 Vis@/ . g 96 of PHB/UDMA Resin Blend
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3.4 Phas :(@Drin ng-an ar\@(}terizationsofSD Printed PHB/UDMA
T sigh of ﬂ)ﬁa]é for@ characterization was constructed in computer-
aid ign (CAD) softwa@lled Blender and saved as standard-triangulated

@ (.stl) file. Then, a slicer called PreFrom was used to convert the .stl file into
6) file type. Table 3.4 shows the printing parameters set-up in the Preform software.
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Table 3.4: The Optimized Parameter Settings for PHB/UDMA Resin Blends.

Parameters Value ey
Layer thickness (mm) 0.05 ‘
Normal exposure time (s) 60 \
Bottom exposure time (s) 60 (q
Off time (s) 1 A
Bottom layers 8

—

The resin blends that had been formulated were used rint the varied

composition of PHB/UDMA by using SLA 3D pri%zchaiical, structural,

morphological and thermal characterizations. After pri proc ss,‘be\#ples were
| ]

washed and cleaned with isopropanol to remove any red resin. Th s'm were
then cured at 60 °C for an hour using ultravioli EU cure Maching. SL@D printer
and UV cure machine are shown in Figure &, Q\ \ s‘r

ANYCUEBIC

| : s
v Nv :
\;:igure 3.2: UV Cur}c;%achine (Left) and SLA 3D Printer (Right).

0 Then, the 3D printed samples were left for 24 hours inside a desiccator at room

temperature. After that, the samples were tested for tensile and impact measurements

by using UTM and impact testing machine, respectively for mechanical properties. The
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3D printed samples were also analyzed using FESEM, FTIR, XRD and TGA as shown

in Figure 3.3. v
l Characterizations of 3D Printed PHB/UDMA

Structural Thermal

Mechanical

Tensile Impact ' FTIR XRD TGA
FESEM

V> N 0

Figure 3.3: The Characterizations of 3D Printed WDMA \%riedﬁositions of

RS
NS

Straifand Young’s modulus were

3.4.1 Tensile

determined by using UTM%
mm/min and loaded W% loa : 'pQNas designed concordance to the
N &
guidelines provid;%é\merifa iety f%&ésting and Materials, ASTM D-638
tes

(Type-V). Tensi

i ﬁ with a crosshead speed of 5

ere e'd usi b%’dog-bone shape according to ASTM D-
¢

638 (63.5 :><>9.53 X .!n‘@g'.)Triplicate samples were printed for each
&E N

compos% PHBIU ‘cresir{z_ nds. A total of 24 samples obtained for tensile

m&ants and half of them@esent for after a day and 30 days of aging. The data

\ through Blue Hill software. Figure 3.4 shows the tensile samples of 3D printed

OE :
6 /UDMA at different compositions before tested.



Figure 3.4: Tensile Samples of 3D Printed Pure UDMA efWBD Printed of 11

wt. % PHB/UDMA. '
\di Y'

N

3.4.2 Impact | _{9
Fracture toughness or impact strength su% ing i t testing
machine with nominal impact energy at 11 3Jhe mplwda t wer, the same as

tensile measurement, where 12 sampl% arepared e r a@ﬁ day and 30 days
of aging. The sample was designe(j% printe \CeQ in ;@&merican Society for
N

Testing and Materials, ASTM %mpa& test re% red using a rectangular

shape with a V-notch accq% AT -256 (6 m x 12.7 mm x 3.2 mm).
Figure 3.5 shows the i%

varigd 3Dgrinted PHB/UDMA before tested.

Figure 3.5: The Impact Samples for 3D Printed Pure UDMA and Varied Composition
of PHB/UDMA.
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3.4.3 Fourier Transform Infrared (FTIR)

A Fourier Transform Infrared spectrometer was used to analyze abs
spectra within a range from 400 cm™ until 4000 cm™ of PHB powder, esm
and varied composition of 3D printed PHB/UDMA.. An absorption barA‘G37 cmt

corresponding to C=C double bonds in the methacrylate groups, was used for the

intensities were compared to an internal standard, the C-C

quantitative determination of unreacted methacrylate groups. M hile, the peak
Zc ablsorption band at

1608 cm™ which did not participate in the polymerizati acti orptlon at

those peaks were also utilized to evaluate the degree uble bond m‘er&@k (DC

%) according to the following Equation (3.1) ( n Pta\

(3 1) Degree of conversion (% ™ (163
g
&

3.4.4 Field-Emission Scanrh%ectron cr cop&‘(&SEM)
Field Emission W'Elect' \=ESEM) was used to obtain

surface morphology of inte PH I\fA(,aESEM images were acquired at an

accelerating voIt 0 O k\‘ unde 1000X%1e surface morphological was used to

é‘

determine th |I| of th I!/me,rgblend between PHB particles and UDMA

&

matrix

i

ay Diffraction (X?%"Dﬁ

3
‘é(-ray diffraction (XRD) was utilized to evaluate the degree of crystallinity of

08 powder and varied of 3D printed PHB/UDMA. The instrument was operated under

a voltage of 40 kV, a current of 15 mA and Cu K, radiation (A=0.154 nm). The range
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angle for scanning was from 2.5° until 30° with a 10°s/step. The crystallinity index (CI)

for PHB powder and 3D printed PHB/UDMA were calculated using OriginPro STE

according to the Equation (3.2): ('}

3.2 Area of crystalline pea
(32) Crystallinity Index (%)= il P wx 100

Area of all pe%

3.4.6 Thermogravimetric Analysis (TGA) z l

Thermogravimetric analysis (TGA) was carrie wi h‘a\&dﬁgr-‘lgl_edo

TGA/DSC 3+ system. All analyses were performed with*a 10 mg sample ‘n @num

pans under a dynamic nitrogen atmosphere be 0 a% °C. Thes%eriments

Yv
were ran at a scanning rate of 20 °C/min. \, ‘W é
3.4.7 Statistical Analysis \ \ _\O
Cy 14
Using the Statistical Packa? the Soci Scie@ (SPSS v.21), tensile
“« Q-
properties and impact strenﬁﬂ\ ea ug@ﬂs;wereggtistically analyzed. After
N
determining that the d WEE in line l/ith nqrr%'%istribution (p > 0.05), two-way

|

compositions of D&)nten . % ithi\ MA based resin and the aging duration

of varied 3D @H /Uﬁ% p\’valﬁs)(h}echanical properties.
L &
35 Pi% abricatior of SDé‘\nted Arm Cast

N
\ . % of PHB/UDM sin formulations was selected according to the data

analysis of variance(Q\l A Wa{ to“é'}&mine the relationship between the

‘%S acquired from Phase 2. A patient model was instructed to maintain his elbow

Othe relative support whilst his fingers were on the hand support for at least 60 s to

acquire 3D mesh. Then, the 3D mesh was continued for further reconstruction in the 3D

software (Blender). During this stage, the generation of holes created to increase
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ventilation to avoid irritation instead of conventional cast that fully was encased around

the treated area. The fabrication of the 3D printed arm cast had been performed tw

N
O
X

SLA 3D printer.



3.6 Flow Chart of Research

X

PHB/UDMA Resin Blend Formulation

N

3D Printing and Characterization of 3D Printed of PHB/UDMA J

. Structural
et ||

- Impact ~ FESEM
P -XRD

Thermal
-TGA

Phase 1

Phase 2
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