CHAPTER 1

INTRODUCTION 1(')
1.1 Research Background \/:

Along with the advancement of technology, the usage o@ry has been deployed
in a wide range of electrical devices especially for le de@h as laptops,
smartphones, vacuum, implantable medical, etc. Due,to the high n)an‘ @battery
applications, many studies have been started and condugted togmproye the @ormance of

Y/
the battery so it can cope with the power and energy r@\e\h‘om thesglectronic device.

Generally, battery technology is a highlﬁé@aﬁer fo ner@&orage due to its high

energy density, long lifespan, and por@gty_ \T <\

N,
The effectiveness of batl%lies%n various <1§:\%rs, including the inherent

characteristics of the electro elj tey as as the overall structure of the
i

device. These elements p%i:al rol‘g i :

tsrmha'g the performance of batteries. The
electrodes are typiwde qf \,.ials w‘n&( high energy storage capacity which
f

>

&
. N
facilitate the tran G\e e tro‘n g c‘rlg@ng and discharging processes. On the other
iig ’
t

c%_ cts as a ?e 'um.@.r)ion transport between the electrodes, enabling
the flow o w and sﬁs mim'g thec#e\ctrochemical reactions.
; N

nally, the overal‘lsaesign and configuration of the battery device and

a such as energy density, power output, and cycle life could affect the battery's
@nance. Therefore, a comprehensive understanding and optimization of the intrinsic

hand, the ele



properties of the electrodes and electrolytes coupled with the appropriate device
architecture are essential for enhancing the performance of batteries. \Y~
Over the past few years, there has been a notable rise in th gﬂbration and
advancement of energy storage technology by researchers and industry professionals. Their
primary objective has been to enhance the properties of materialsnus\ed?.batteries, aiming

to achieve superior performance. However, comparatively, Ies%tion has been placed

on the fabrication process which is responsible for r ing{esaﬁaterials into
]

functional devices or products. \‘T
| S
One of the reasons is because conventional a aches;fo th Iectrt{des and solid-
NV

state electrolytes fabrication face IimitatioKin, ccu&i \ontr@ the shape and

structure of battery components. Th@tional ds 6@1 involve complex
manufacturing processes, such as sir@sg, co@aﬁ a @bly, which may result in

N,
variations in the final product.%ing ?)reci control“over the morphology and

\ &/
architecture of battery com%g isl cia for%@imizing their electrochemical
lity ‘p‘ar@ al., 2019).
&

ry deéﬁs require a larger footprint to achieve

Q

ith_theincreasing demand for smaller and more

2.9

portable elect@ vicem,ye is a &ww need for energy storage devices that can

provide hi wacity{v m?iinta'qﬁg a smaller footprint. This demand arises from the
)

desireik er battery life, imp}%?/ed performance, and enhanced functionality in a wide

performance and overall dewi nctio

>

S

g/

Furthermore, Monal |Z

higher capacity het al, 2
@

S

ra plications such as smartphones, wearables, and 10T devices.

QSD structural electrolytes offer several advantages over conventional 2D

electrolytes in terms of their available surface area and ion diffusion pathways (Pang et al.,



2020). 3D structured electrolytes play a crucial role in the production of 3D batteries. The
concept of 3D batteries involves integrating electrode, electrolyte, and cu@ector
materials into a three-dimensional architecture, enabling higher e@nsity and
improved performance compared to conventional planar batteries.

The concept of 3D batteries can significantly optimize qu@%?ectronic devices,
making it easier for manufacturers to design and integrate atwe?into various products
such as smartphones, laptops, smartwatches, and othe ble de iJes. nce, additive
manufacturing (AM) or 3D printing is indeed a promi technique fo rrdi’ flexible

structural designs including electrolytes in the field ofenergy stofag &
Y/

Additive manufacturing, also know%G pﬂ'n\\is aﬁy flexible and
efficient method of creating complex 3\&@%3 It

. S t@ﬁroduction of objects

with intricate geometries and custom@SﬂeSign \H(z% ials that are of equal or
N

better quality than those produce h tribiitio (magggéturing methods (Calignano

et al., 2017) thus offers nume?\ga)pe ﬁg@s. The various benefits offered

by 3D printing have spar%y rest a J}éiﬁ@rs to integrate this technology into

energy storage fabric Narticm'la\hbatter rication. The flexibility of 3D printing

&
technology allow ﬁqh us ipn Cq%}attery form factors to fit specific product
@
% ’
b

@ y 0 Qp ew@ssibilities for integrating batteries as structural

compone wh can have a Kositiye impact on energy and power density.
N

ithography (SLA)"is"a one of 3D printing method that has potential to be
in into energy storage fabrication. This method constructs a three-dimensional

@ by layering and solidifying each layer of photo-polymer resin through

photopolymerization. Unlike Direct Ink Writing, SLA does not necessitate intricate

designs. This



material preparation for printable inks or complex post-treatment of printed objects, it is a
more straightforward and efficient process, which can produce high-qual@inted
objects with high resolution and precision. (’)

When compared to other 3D printing techniques, SLA offe ;él advantages,
including the ability to create true 3D structures with high effici.gc\/lmcost, and high-
resolution printing capabilities (Chang et al., 2019). Cons ueWSLA has the potential
to decrease interfacial impedance while simultaneouslyginCrea ing#ass loading of
active materials (He et al., 2020). This could @ the perfor a?ce'c%q‘ﬁ*overall

ten

efficiency of the printed batteries. Despite the po advaptages esearqhers have not
Y

focused much on utilizing SLA for printing, elec Iytgi rgyfsgae applications.

While SLA holds significant promise,'t\ t extensi a@%ed in the field and

necessitates additional research and development \reaJWe i potential.

N
Basically, the process of C%@D inte twctucé'sllsing SLA or other additive
manufacturing methods com '&wej C mpog}%: materials, a 3D printer, and

computer-aided design ( ny mg ific igrgs’naﬂe to these components can impact
the characteristics O@manfe fina printed products. Presently, SLA is
&

constrained to us@o opoly m(a‘(;zbals, which solidify upon exposure to light.
@
’
Among the W@ lized phato onr@m is poly(urethane acrylate) or PUA. PUA has

gained signifi popular as'a p polymer for the SLA process, and it has also been

¥,

explored as*a polymer matrix f&i?reating polymer electrolytes in some research studies
. aretal., 2002; Lee et al., 2017; Ren et al., 2003).
In addition to its suitability as a photopolymer, PUA also has several properties that

make it a suitable material for fabricating polymer electrolytes. It has a high ionic



conductivity, which is essential for efficient energy storage. PUA also exhibits excellent
mechanical strength, which is important for the long-term stability and du{%’of the
battery. The material also has the ability to be physically tuned, w@ns that its
properties can be adjusted to suit the specific application (Kim et al., 2020). These
characteristics of PUA make it an attractive option for use inagnergy storage devices,

particularly in the fabrication of polymer electrolytes for b tern?~
In this study, the SLA technique was employed duce 3 Lrin gel polymer
electrolytes by utilizing PUA as the polymer host. Th A resin (com er’cié'l QK\‘/ailable)
Qrtﬂognt ( IO\4/);(dissoIved in

dimethylformamide (DMF) to form the elgctrolyte s \\,whi(i@&s subsequently

printed to create GPEs samples. The stu\ﬁ@ed onli atir@he impact of different

salt concentrations on the conductiv@)dielew% i K&ructural properties, and
N

thermal stability of the 3D pu’% 00

el polym celeztly(@'f/tes (GPEs). Various salt

concentrations were examine ﬁyz their effects @ese key properties.
G uj* S

’$ '
&

1.2 Problem Stat t l \ :3
he field N h b te€§$’| h it d remarkabl p
The fie cndargea olo aS WItnessed remarkable progress,

however, the @me through faéﬂcation of 3D polymer electrolytes remains a
significan Wge. ({n@ﬁZw c@?enges is the conventional methods for polymer
é )

eIectro&t{ rication cannot fulmhe special requirement and customization in producing

used in the research was blended with lithium

3 Iyte (Lyu et al., 2021)(F. Zhang et al., 2017). Addressing these challenges is
ssential for unlocking the full potential of 3D-structured polymer electrolytes which could

enhance the overall efficiency and durability of batteries. Therefore, this research aims to



pioneer a solution by employing 3D printing, specifically stereolithography to fabricate 3D
polymer electrolytes with superior precision, mechanical stability, and enha&Rrecursor

printability. By doing so, this study seeks to contribute to the advansﬁ@ of battery
technology, enabling the development of more efficient and reliable evls orage systems

for diverse applications. \,
N~
1.3  Objectives t'\d
1.  To produce 3D printed film PUA based wmer ectr tiz v’th;qYaifferent
LiClO4 concentration (0-25 wt.%). 2 j Y:\
2. To determine the effect of LiCIO@m i the%’qx‘ﬁc/ conductivity,
electrical, and physical propertie\c) 6€

3. To develop 3D structures P@)basedﬁevm ,@'SCUOlyte using the best
mé? D1 desicys, &

formulation into three dif

1.4  Boundaries of R%\ :uj‘-'$
The work Mcuse(f integra SLA into GPEs fabrication and
characterization o RES tf q by @g SLA material. The 3D printed GPEs were

characterized Q_ of thbj

iriopi
and therm:wior 3|5'p ed GPEs-PUA photosensitive resin was deployed as polymer

)
host, \4 as the ionic donbg?and dimethylformamide (DMF) as the solvent and

4/
/1,6-?

Ia% The samples were prepared using the SLA technique. The characterization was
onelby using electrical impedance spectroscopy (EIS), transference number (TNM), the

Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD) and scanning



electron microscope (SEM), thermal gravimetric analysis (TGA) and differential scanning

calorimetry (DSC). The characterization of 3D printed GPEs and 3D stru{RGPEs in

terms of battery performance was not studied in this research. :c)

1.5  Thesis Layout \/z

Chapter 1 gives a brief introduction to gel polyme trolytes (GPEs), 3D

structures electrolyte and additive manufacturing. Thi te aI%the problems
L

with current electrolytes which open the space to utilize the new flexi ioligg@ctrolyte

A

ariés;an

fabrication method, the objectives, research bound d the research’s I'Qyout.
Y/

In Chapter 2 gives the background %{n Q%\electgﬁés, gel polymer
electrolytes, additive manufacturing, ar@aus studh ou@éctrolytes fabrication

through additive manufacturing. \? fd\

N
Chapter 3 explains the m%ﬂog “f th esea hich is divided into four

phases. The first phase WY'\aMplel epa tion,:thé second phase was sample
P se i#e@compilaﬁons and data analysis and
&

characterization, followe irdp

b

final phase was pri 3D Ftr electrolyte. The sample was prepared via

. & . . .
stereolithography nique a ayac(ti()Bed by using Fourier transform infrared
¢
’
pe@me spectroscopy (EIS), transference number

spectroscopy IRY, el;:ﬁz

(TNM), %X- 'ffractl{) EfD) $ scanning electron microscope (SEM), thermal
N

tric‘analysis (TGA) and Bi%?erential scanning calorimetry (DSC).

gravirr\

apter 4 provides the discussion of the result and the analysis obtained from the

@ characterization according to the research objectives.



Chapter 5 shows the conclusion for this study based on the objectives. Besides, the

recommendations improvement for future work are also stated in this chaptxq





