CHAPTER 1

INTRODUCTION \
.{"
X~

1.1 Research Background

Plastic is a material comprised of a wide range of syntheti semi-synthetic
polymer typically derived from petrochemicals that are ble and can be molded
into desired objects. The rapid advancement of techno has inguahty of

human-life significantly. Adversely, it has also doubl ste generati Ac@ng to

a statistic, nearly 300 million tonnes of plastic P\Q annua\E' (Vuleta,
2022). Poor practices of waste managemen d| ffictent recycling ologles have
exacerbated this environmental issue cget al., The@%e the pursuit of
renewable polymers for sustainab ducts\ﬁ\gs he '\efor the progress of
biopolymers in recent years (O 1., 2&23)

Polymers from rene r our¢es*have game i nlflcant attention due to the
environmental aware '

;al}dn limited petroleum resources.
Biopolymers & j:? aC| PLA) chitosan, gelatin  and
polyhydroxyalkmo\at (P offe eral benefits as they are abundance in

nature, non- d les ex e v!(l\@c?erjee&Koller 2023; Nicolescu et al., 2023;
GU|IIen | etda }3) A&)ng other biopolymers, PHA has a special
cha istic which is it belr)%g hermoplastic polyester (Turco et al., 2021). PHA
c s of a group family of biodegradable polyester that are produced from various

of microorganisms for intracellular carbon and energy storage purposes
cAdam et al., 2020). Polyhydroxybutyrate (PHB) is a short chain length of PHA and

the most commonly used in the commercial product due to its mechanical properties



that are comparable with the petroleum-based plastic such as polypropylene and
polyethylene (McAdam et al., 2020). Even though PHB has many desirable prowm,
there are myriad obstacles that need to be addressed such as its brittlengs rmal
instability and tendency to crack and fracture (Ramos et al., 2022). A

The mechanical performance and processability of PHB could be improved
through several methods such as chemical modification, ther amrawing process
and blending with other natural or synthetic polymers (Ye '?.231 ). Among these
paths, the cheapest and most efficient way for obtainin ma rwimproved
ral off synthetic &éhi‘r:ers.

tituent mer. t‘fﬁwill act

mechanical performance is by blending with othe

However, the synergistic composition between

as filler and matrix must be at optimal conditign, s hath)th terials%‘fg;erties could

be fully utilized in accordance with thhg&i'aion. O

Acrylate or methacrylate ba@ssin mo ?uc Q\bisphenol A-glycidyl

N
methacrylate (Bis-GMA),bisphéigl adyl t acrﬁethoxylated (Bis-EMA),
N

E nd ur e dimethacrylate (UDMA),

triethylene glycol dimetha

will undergo a cross-lié&:ss V} M‘hbtoﬁymerizaﬁon upon being exposed

towards a light sour&%tghe@ 19). éﬁmng these resin, the former two could

generate after-pw of 'n tha&%ﬁaid to be proven to have an estrogenic
¢

effect towar uman’shealt Bfkoeg(a?ou et al., 2009). The by-product is called

N
bisphengl- PA).STher ?re, U@A is formulated as BPA free acting as an
L 9
alterpative to eliminate that ri k@iczesio-Wlodarczyk et al., 2021a). The selection of

%as a matrix and PHB as a filler using polymer blending technique is very crucial
& at the properties of both materials could be utilized. Acrylate and methacrylate
onomers can polymerize due to their vinyl functional group, which undergoes a

radical polymerization (Gziut et al., 2023). The photoinitiator will generate reactive



species when excited at specific wavelength in the UV spectrum. These reactive species

initiate the polymerization of the monomers. Both monomers are commonly fTﬁ

the 3D printing photopolymer resin. 0}
Studies on 3D printing or also known as additive manufacti.m&ave been

progressing rapidly in medical sector (Aimar et al., 2019). It has%en utilized to

fabricate medical devices including implants, prostheses, ort and scaffolds
(Kermavnar et al., 2021). This technology has a h ter]tlal that could
revolutionize the way orthopedic surgeons treat their fra rthopedlc

cast is typically made up from fiberglass and plaster ris (PQP) arfa)i@et al.,

2023). However, there are several complicati could’ari om @ usage of

iy

traditional cast for instance inflammation to,the poYr Vi |Iat|0[%b3g~;n pressure

sores as the cast may not well-fitted an&al injury aftribUted @ﬁthe cast removal

(Guida et al., 2019). Therefore, pers@%ed trea gre @'dlwdual patient could

J?

be executed especially for thos S uncom canat by using 3D printing as
a tool for the fabrication o CI @éln addition, it allows for the
fabrication of intrica acco

.;r% s ic needs of individual desire,
economical appro;(\&sma@ ductgand much shorter time for fabrication.
&

e

1.2 Probl eme t (J
er ograp },A) c«:&prlses of three key components which are
o mer resin, SLA 3D, ter and computer-aided design (CAD) file. Every
@*
ialized resin has its own specific viscosity. The printability of a 3D structure

y depends on the viscosity of the photopolymer resin itself so that the resin must

able to flow back at the center of vat/tank for succeeding layer to continue printing.

w



Therefore, the viscosity of the resin must be within the range of printability to obtain a

fine 3D printed structure. Y*

In other aspect, the mechanical properties of 3D printed struc@/vays
undergo degradation by aging process over the time. Hence, p blending

technique has always been utilized because it is the most convenlentmst -effective

way in tailoring the materials’ properties according to a desired app atlon However,
ISr

the inclusion of another materials within photopolymer re L‘pt the structural
properties of the final 3D structures in terms of its deg f do bl‘e\bQQdonversion
L
Y
(DC), crystallinity index (CI), surface morphological hermal be |o'. _i—)

Q@Gn as not

\ ac
e of f@gz:tion ismore
ari@hen the products

|;q) rticular arm cast for

all materials fit wells with those process. Th
preferred due to its mass production. ‘% :
come with a complex geometry a onomic gre
fracture-bone patient. This te coulﬁ not rd @ttam a certain level of

complexity. In addition, this tech ueI produces of waste materials. Hence, a
gy mus

sustainable and efficie% lo
Nowadays e fractu"
anyone across t ag .

!
¢
to support aei biIi brok anew wever, this conventional casting has several

compll%
augdlsweatlng and lastly, c%ﬁpartment syndrome that is attributed from pressure

~

c ated around the tissue within limited space that hinder blood circulation.

th dép@o fabricate the arm cast.

M mmo eletal injuries that could happen to

tlonﬂg’castlng and splinting have been utilized
ch as e so@due to poor casting techniques, skin irritation
herefore a new approach to treat a bone fractured patient is by utilizing SLA

chnique to tackle these issues. Nevertheless, the materials used are also crucial in the

fabrication process since they have different properties. A fine and success of 3D printed



structure must be defined and evaluated first through several measurements before

fabricating a 3D printed arm cast. Information generated in this research will ba?m

pioneer in delving into the potential of 3D printing technique especially, S%! tool

to fabricate immobilization device which is a 3D printed arm castﬂ'&oken-arm

patient. ‘z"'
1.3 Scope of Study z l

The scope of this research is only limited to stud influ nc.:‘eqLdB powder
AS
owards its irﬁa@ and

e %' ity”of d@'ent PHB
sthas termi@x; measuring

phy@SA) technique. 3D

as additives incorporated within UDMA based re
mechanical properties of 3D printed PHB/UD
content (wt. %) incorporated within UDMAukes

its viscosity. The samples were prepawr-lastereoli

printed PHB/UDMA were charact@%physico\mga ,Q s of its mechanical,
N
structural and thermal. The %izati&w w. doneQ(? using universal testing

&
machine (UTM), impact Nacli ; rier@orm infrared spectroscopy
(FTIR), x-ray diffracti D), field miésisbscanning electron microscopy
's f &
MS(T

(FESEM) and th(w/imet?’
The fabriw f 3

¢
explored attribtutedito its/flexibi 'ty‘Gf @t mization. Whilst the progress of 3D printed

\ - - - . -
arm cas@ ave pe ‘Ldocu@ﬂed especially using fused deposition modelling
FDM,&hnique, the utilizat'oo}rf SLA technique to fabricate a 3D printed arm cast

u%\none found in any study before.

arm &;:%using additive manufacturing has been

~—



1.4 Objectives

Therefore, the objectives of this study are: T

1. To measure the viscosity of PHB/UDMA resin blend composi@}ough
viscometer for 3D printability.

2. To characterize different compositions of 3D printed of PHB/UDMA via
mechanical properties comprise of tensile (Young’s m@énsﬂe stress and

tensile strain) and impact between after a day an onth ofy aging by using

statistical analysis. .\d

'Y
3. To study structural properties using Fourier form infr #)e.r{%copy
(DC)#x iffra@ﬁ (XRD)

isston 9ﬁan i elec,@:rmicroscopy
(FESEM) for surface morpholn@d thermo et@alysis (TGA) for

thermal behaviour. C,) >\ET ,<\
4. To fabricate a 3D printe%st a&ordi a se{e'a?\ted composition of PHB
and UDMA polyme %

1.5 Thesis Layo ' \" %
Overall, L@s \Q&sis (Z&dng will contain introduction, literature
review, me swgy, su‘lts an@ sion of 3D printability and mechanical
X

(FTIR) for degree of double bonds co

for crystallinity index (Cl), field

\ -
185 ?’n blenﬁ\n medical application for broken-arm patient.

A:hapter 1, the in@étion is written as a basic concept for better

C ension of the thesis title. It introduces the main materials that are used in this

properti

esearch, which are PHB powder and UDMA based resin. The problem statement is

so written in this part to emphasize the importance of conducting this research. Next,



the objectives and scope of the study will avail the cognizance to justify the selection

of materials based on scientific purposes. T

Chapter 2 discusses the relation of the previous studies on the ical and
chemical properties, synthesis route, benefits and challenges of PHB #&tion. The
classification of additive manufacturing into several terminologiesybased on their
mechanism has been also elaborated in this part. Amon trmechniques, vat-
photopolymerization has been emphasize more on its type gms' polymerization
mechanism and monomers used in the polymerization. lastly, eMPn of 3D
h#ptf{r}v
is.diVided into

printing in medical/health sector has also been explai rther in thi

Chapter 3 describes the methodology of
three phases. The first would be the PHB/UQ% sinﬁlen rmul ‘,(;ollowed by
the characterization of 3D printed PH@ and the fab@’ron of 3D printed
arm cast. (,) \T ,Q\

N
inéd

Chapter 4 discusses the tain

viscosity of the PHB/UDMQ Ee3| bleld ir p@ties of different composition
of PHB/UDMA comp% echanical,

thermal analysis. L Wnot Iia

for medical app'% whi rinteé’h casting will be elaborated more at the
¢
end of this chapter &
N
F% e last” ‘gof th\%ﬁesis, which is Chapter 5, is the summarization

accg&to the research’s ﬁr\ whilst the future recommendations have been also

@d for a better comprehension and understanding about this research.




