CHAPTER 3

METHODOLOGY 1(‘)

The methodology of this work was divided into four p g ): Preparation of

polyurethane (PUA) based gel polymer electrolytes (&7 film; (2): sample

characterizations; (3): results compilation and data analysisand 4) |nta ity validation

of the best GPEs formulation. The 3D printed %S ytes were ajactef)&d using

electrochemical impedance spectroscopy (EIS), transfeéxgnce number easungment (TNM),

Fourier transform infrared (FTIR), X-ray diffractio (X a nm@ ron microscope

(SEM), thermogravimetric analysis (T(\Q@scannin rm@‘ (DSC). The overall
activities of the research can be seen |@ssho n e ],\
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The materials use } zed in Table 3.1

\Corres ding Grade, Purity, and Brand

Table 3.1: Li waterlpl
R,
. | ,G’La\de/ Purity Brand
PUA ba e |n " A Anycubic
Lithium Pe iCl0o, reagent /95.0% Sigma Aldrich
DimethyJfo |de S reagent / 99.8% Sigma Aldrich
ﬁys ethano ! 7~ ACS reagent Sigma Aldrich
(.}"
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3.2  Phase 1: Preparation of 3D Printed PUA Based Gel Polymer Electrolyte Films

At room temperature, lithium perchlorate (LiClO,) was dissolve@ g of
dimethylformamide (DMF) and stirred at 700 round per minute (rpm) at‘KQDamber vial
for 30 minutes. The concentration of the LiClO, was varied by weig rcentage as shown
in Table 3.2 in the range of 0 to 25 wt.% based on the sample weight” Then, 2.0 g PUA
based resin was added to the solution and stirred again at mm until homogenous

mixture obtained. Then, the mixture was poured int LA printep resin vat and

A O
ready to be printed. ' c}z
: : A
Table 3.2: 3D Printed PUA GPEs Sample Compositfons 7~

N =Y
LiClO4 Concentration (Wt.%)  Resin ( iCIOz (g). ™~ Sdlvent(g)

0 1 g\l %) = 075

5 \C) C’Sﬁ 0.75

10 1 0.75

15 % N 0.75

20 0.75

% " 0.75

Once the 3D SLAgprinter as sho E‘;ylgur »2 setting parameters have been set
up according to Table, 3.3. The M& as '-p(@ﬁed into thin film and designated 3D
structures. The uncs.éhpy | lectrolyte tion from the printed sample was rinsed
using anhydrous@}nol. he 'et%%)printed GPEs were dried in a desiccator

overnight t{ebk prop%n ba@\fe proceeding with further characterizations. An

X
overvie@e procedure for pren}{ng the 3D printed GPEs is shown in Figure 3.3.
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Figure 3.2: ANYCUBIC PhotonS 3D Qri er &
N
Table 3.3: 3D Pri Nin Igé{a r é
= A
Parameter. \J
Layer (mm) (') ) 002
Exposure (s) o (} 0
Off time (s) - « Q4
\ A\Q
q e é\ 3D Obj
R | Y = Deign

DME + LiCl0,

PUA Resin + DMEF + LiCl0, £_ Stereolithography
DME + LiCl0, | I

((i;ire 3.’\‘3: 'nte@A GPEs Sample Preparation Flow
MA &
e

2: Characterization of 3D Printed PUA Based Gel Polymer Electrolytes

3.3
; %he 3D printed PUA GPE were characterized by EIS and TNM for electrical
C

terization, FTIR, XRD and SEM for physical characterization, TGA and DSC for

thermal behavior of the PUA 3D printed GPEs.
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3.3.1 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR was carried out by using Thermoscientific Nicolet iS 50. The@; were
examined using Attenuated Total Reflectance (ATR). The sample was p &31 the top of
the FTIR accessory with a germanium crystal allowed infrared pa %gh the GPEs.
FTIR was recorded with the wavelength range from 4000 to 5@5&7@ resolution of
4 cm at room temperature. The FTIR was used to deter in%ffect of lithium salts
toward the functional group of the PUA polymer matri ides, F% used to study
the lithium-ion dissociation properties within the (RUA 3D print P‘If,f)&-y using
deconvolution method on selected FTIR peaks. The nvoluted pe was{g% the range of

600-650 cm™ because of the ClO4 presents within ‘%e\;e. Th alysis of FTIR

deconvolution was conducted using &Dsoftwa he under the graph

corresponding to the free ion and i%air pe \vagc C){}ted using the following

equations: %

(3.1) %) 5
c} Z N
(3.2) -~ AffA"éwO%
NN
N,
[ ‘_,)(.z
3.3.2 Electri tfr)s

¢

ce
N

ity (o) %I%DP PUA based GPEs was determined by using

The%
HIOKI 0 HiTester from 59&!2 to 5 MHz. In this research, the test sample was printed

intg%m diameter and 0.5 mm thickness film. The sample then sandwiched between

@inless steel (SS) electrodes under spring pressure as shown in Figure 3.4. The data

obtained from the test was used to determine the conductivity of the sample by sketching
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the Cole-Cole plot to determine the bulk resistance,R;,, of the sample. The conductivity of

the electrolyte was calculated using the equation below: \E
t
(3.3) o= — 3 ' ,
RpA

Where it is the thickness of the sample, R;, is the bulk resistance an?i the area of the
sample. The thickness of the sample was measured by using a digi icrometer gauge to

get accurate thickness.

Stainless steel / prfn@‘GPE
electrodes \ ' ﬁm
&y
Figure 3.4: Schematic Cross-section of SS/3 i FiI@uring EIS
=)
=\

3.3.3 Dielectric Studies c \T

The number density (n), ilityo( L) afid diffusion (czé?ﬁcient (D) were determined
using equations 3.4, 3.5 and 3%2 din'l . \A
(34)
(3.5)
(3.6) Q.
&/ 3
Where = mass of LiCIO@ = molecular weight, V.=total volume, e= electron

ch@b: Boltzmann constant, and T= temperature (Kelvin). Besides, the dielectric
constant (e,), dielectric loss (g;), real electrical modulus (M,.), imaginary electrical

modulus (M;) and tan o were calculated using these following equations:
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(3.7) & =

(3.8) b = §
(3.9) My = olm A
(3.10) M; = eﬁiie? \’Y.

—Zr z
(3.11) tano = Z l
Y.
|
3.3.4 Transference Number Measurement (T R\
’ b9

The TNM of the sample was determined*using the ariza@ﬂ technique. A

constant DC potential of 1.5V was appliez@s the SS/elgetroly 7836\cell, and the DC

current was measured as a function (m. Th&dai as _LQrded using a UT803
multimeter connected to the UT80 eraceﬁo%’o a o~

d}mputer. The electronic and

“« Q-
ionic transference numbers Were\% ated us e fo@'vlng equations:
\

(3.12) (ﬁ [
N O
(3.13) \ | oy 1-i Lip=1-t,
A '

‘ - - - . .
where t, and t; e electroni€ and |en:|'e’transference numbers, respectively. i, and i;

<k— S
are the elec(O{i, nd tot ‘gnts, @ectively, while g, and o, refer to the electronic
and totdﬁmuctivities, respectively’

e calculations allowed for the determination of the electronic and ionic

@utions to the total current in the SS/electrolyte/SS cell. Figure 3.5 below illustrates
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the setup of the TNM experiment, with the stainless steel (SS) electrode serving as an ion-

blocking electrode.

Computer (Data recorder)

Multimeter

Power supply

] Yw
Stainless steel / 3@ed GPE
electrodes S ilm

3.3.5 Thermogravimetric Analysis(TGA \ <\

TGA was conducted on strufents-TGA @and carried out through a
% ? N
0

dynamic nitrogen atmosphere W?N IO]: n@nin. The temperature range for

the analysis was from SO%C;O °C, Wwith Hea@ rate of 10 °C/min. The raw TGA
v g,
data obtained from th Q‘%rimer]t Iyz&g}r/]g TRIOS software.
& N

N oD, S
3.3.6 Diﬁer@aniv‘? H'mg;?(DSC)

DS% sing instruments-DSC 250. The study was conducted
S
betweeé to 150 °C, at 10{0/ min scanning rate under nitrogen atmosphere at 10

mL/mi w rate. The changes of DSC curves towards the LiClIO4 addition and the glass

@on (Tg) and melting point temperature (Tm) of the GPEs were observed. The T4 was

determined as the midpoint temperature of the heat capacity changes and T was the onset
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temperature of endothermic peak. The raw data from the DSC was analyzed using TRIOS

XRD was conducted using. Rigaku Mini Flex 600 diffracto zter with scanning

software from TA instruments to get the Tg and Tm value.
3.3.7 X-ray Powder Diffraction (XRD)

angle 20 in range of 10° to 60° at 0.004°/S and X-ray radia 'onWength of 1.5406 A. in

ambient temperature condition. The formation or chan eak 0 hLm rom the XRD

results and the full width at half maximum (FW f the XRD i) frggﬁﬁhe data
S
Thendat

obtained were determined using Origin software. a Wgs edgo study-the effect of

LiClO4 towards the sample amorphous fractl%z W ?
3 )

3.3.8 Scanning Electron |V|ICI’OSCO EM) Y <\
SEM was conducted usm%JS -7600F at 10@0 times magnification. The
changes on the samples surf aT on af LI% mto 3D printed GPEs sample

I
surface was observed.
\ (_/

QLY &
34  Phase3: PHQQ i
’
e besk(sample formulation that resulted the best ionic

on o e Best GPEs Formulation
Based E results,
conductw&those tdlz:ntewﬁ\ different structure design by using SLA technique
te its'p

rintability toward&@omplex structures. The PUA based GPEs was printed

(o)

¢

to vali

mt% omb pattern, interdigitated and scaffold structure as shown in Figure 3.6, Figure

@d Figure 3.8 accordingly. The printing parameters were set the same as 3D printed

film sample preparation that can be refer at Table 3.3.
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