a¥an wamn : mevhdaduiuussgliwieiifseanainfanasueuunluneslndn
TagT5n 15 un a1ud @ uuudauudn (FABRICATION OF CARBON-BASED
NANOCOMPOSITE SUPERCAPACITOR ELECTRODES BY PNEUMATIC DISPENSING

3D PRINTING) 81915871USA91 : 13158 AS.3T0IU WIAaIH, 161 %0

o o w [ 3 [ Y < v aa a i aa a [
GRGRIRITE ﬂ'ﬁﬂﬂLﬂ‘U‘WﬁQ\‘I’]U/ﬂJ’Jﬁ]’JLﬂUUiSQIWW’]LﬂﬂJEJQEJ’J@/ﬂ'ﬁWZJWﬂWlIQJGl/ﬂ’ﬁQWJ ¢in)

Tnensa/unlunaulngs

aa v

Tutagtufinrumesnslendsnuliriigenniu Wesnmsfauimaluladidsa
wazUszannsvedlaniifiuduuiu dsmaliamdanuiiogesssia lwu o1y thify
LazmesTINgd anawnulume Sniauamdinuanlealamanidiamansenuaeanie
Tansou ﬁﬂiijmﬁ@LﬂUﬂ’]iLLfﬁ"Uﬂin]ﬁﬂﬂal’]’J WARINEIUAZDIR 101 NEIULENENTIng wae
w¥auan Telnsumnuaulanndu eslsinmumdsnuasenmaiiannsondalauaung
¥ana faunstnfundanuiaruniivnumdidy feafuuszgliued sy

anunsoneulaveanunensile esainaudfnisdauazaeyszaiisinds wan1sudnsa

'
o

Audsgglnniadidseanlniivssavsangadadivednin wu anuvuluundundande

' v

[ v v
a v o A a

= Y = a A o ] T aa A =
Wiguiuluaees daiudasudnisimuitidiiuuseglinuaiigeeiainliuiiauniulag
n3BugUTuUaNdia weiduiuavenisiiuyssavsnmvestanvuhnidanvasiduilay

LUUEDINR

TusuAfeillaimunszuunsfananudfuuuiuuinmeomeianisintaglnonse
(direct ink writing, DIW) Lﬁai%iuﬂwﬁugﬂ%’jﬁaLﬁwszagl,wummﬁa wiinfiunilaluanuddes
wAnd ulnsnaianansvounilureulnde wu SAr9ns1fusenlen (reduced graphene
oxide, rGO) Lﬁi’fﬁui’aaﬂﬁzmusluﬂfjuLsdaqiaa (cellulose) MNMINAGBINUIT TuUTRYN
lafinuiauargunssmuieanuuuly unilofusuunaiauaiasdivuinanasszana 25%
frdunseeniuutusuarasiisisanavadiiing addtlanaaesumtunyluda
muanafL e fnwidadeaunuivest it ua LA v sz Sun w39 (areal
capacitance) Vlgﬂ‘ﬁsﬁgﬂﬂ/\h/ilﬁETQNl’luﬂ53U’JUH’13“QUGTUEJWE35%§§U (polyaniline, PANI) Favdu
woiesTlw ilowelut lwridauifinisduTandafuusyquss (pseudocapacitive
material) a0 ”amwﬁ%ugnﬁﬂﬁms’wﬁauﬁamqmamwimai%mwﬁﬂﬂm?:mL‘uueum
$1dne (X-ray diffraction, XRD) LLazﬂayaqqamwfl,wua'aqmm (Scanning electron

microscope, SEM) wenani fegsnuiwseniusilagninlufnwinueaud@daadilnng



lagldmaialandnliaunuuns (cyclic voltammetry, CV) n158akazA1gUsEIn8nTELE
Aafl (galvano charge/discharge, GCD) waviadadianinsiafifaduiuaudaunivsalnd
(electrochemical impedance spectroscopy, EIS)
J a aa Ao ¢k o ' < 1 v v

nnsveassnuIwedezidunduasziiuisuialulasseduloulusuiaidu

Mugudnanl 46.66 + 5.50 wiluwns uagkadinseviatnvaia XRD anunsassylaseaing
= a, a aa & wa o a I o a o v =

nanvesn L iunedozdiu usnand audfnilidlnivesinuseAvgu Inskunsinw
Tnenagavluansazaredidninsladlnuwnafeulansanlen (potassium hydroxide, KOH)
Aty 3 Tuans Teeldszuuamtnlwimudn Jadenisiivanumuivesdalniaudan
Filigunedordfuiinalagnsiiedinmualiidnuniziden laemndalvihiannuvuiuin
Juagiliarmugliigeduidesannisiintuvesiuiavestalni wilunismaaesi
Tl siunisyunedesiaunud AAuglidms@idunlivanamuduiunis
983M59U Feenadanumnnisidesituiatusgnintavestilniniluianmiveuiutu

wsnueanadezddu dwwansenunsilosdisnuduvIunwiudy wagvinlid1auglui

'
a o 14

Fuwzideiaanas lagaranugiirdumzidsdnialagegalunuidedviniy 84.32

mF/cm? fANUUUILLUTBINTELE 1 mA/cm? Lagdl A2 1URUILUUYINE91U (energy

[

density) WU 19.79 uWh/cm? LazAINRUILLUYIIIAY (power density) AU 672.81

uW/cm? gsiiodnfianunnnindaliuuuasidd waglndifssiunuuanuiiivenguideau

¥ [

a o

nansItedibidunuiasiinesdauiin nsiuTuresiuiivestalninm

v
< a aa v <

AuUszydeinaulfuu dnalaoasaiua1naug i ndunedels uanindnnsyuniene

q

a

dozlauazdwalimaugiiidimzideitanas Wesnilvesiaintussnintusesse
vasiagAsusukaztunaderiay Jamsaunuiililduuimislunisiaunauideluaeiy

dalu uenanilinIosiuiawdiiuvuiiufnfignuseivgiudiannsayssgndliiunisiud

aufifluiannguduls wu Jandiniw (3D Bioprinting) 811113 (Food 3D printing) Lay a0

q

\w513A (Ceramic 3D printing) dsazviliaunsavengvauuansusegnaldlavainvateuin

v
=2

g9y

4

L
awIvWEnd aefleteoindnw  WWANn  1gnn)
a < a A cal e V ¥
Un1sAnwen 2565 AeUTOD1ANTINUTNEN QOM/W




NIWAT HEMHA: FABRICATION OF CARBON-BASED NANOCOMPOSITE
SUPERCAPACITOR ELECTRODES BY PNEUMATIC DISPENSING 3D PRINTING
THESIS ADVISOR : WIWAT NUANSING, Ph.D. 161 PP.

Keyword: energy storage/supercapacitor electrode/3D printing/direct ink writing/

nanocomposite

Currently, there is an increasing demand for energy due to the
advancements in digital technologies. Additionally, the global population continues to
grow each year, leading to the depletion of finite energy sources such as coal, oil, and
natural gas. Moreover, these fossil energy sources are the dominant cause of global
warming. As a result, clean energy sources have garnered more attention as a solution
to these challenges. However, clean energy sources such as solar and wind power are
only available during specific periods, such as daylight for solar energy. Therefore,
energy storage has become crucial to prevent energy wastage and enable availability
at different times. Supercapacitors have emerged as a promising solution for energy
storage. Unlike batteries that store energy chemically, supercapacitors store energy
electrostatically, allowing for rapid charging and discharging, making them ideal for
high-power applications. Therefore, developing the supercapacitor with a more
intricate and highly porous structure, resulting in an increased surface area, is an

approach that helps enhance the efficiency of the energy storage device.

In this research, a 3D printing system utilizing the direct ink writing (DIW)
technique was developed to fabricate 3D supercapacitor electrodes. The ink was
prepared by mixing of carbon-based material such as reduced graphene oxide (rGO)
and cellulose-based materials under appropriate conditions. Printing results show that
the 3D printed electrodes underwent a 25% shrinkage. Consequently, the design of
the objects incorporated considerations for the shrinkage factor. The fabricated
samples were characterized using X-ray diffraction (XRD) and scanning electron
microscopy (SEM) to examine physical properties. In addition, their electrochemical

properties were evaluated



through cyclic voltammetry (CV), galvanostatic charge-discharge (GCD), and
electrochemical impedance spectroscopy (EIS).

The results revealed that the synthesized polyaniline-coated on rGO had
fibrous nanostructure with an average diameter of 46.66 + 550 nm. The XRD
measurement confirmed the crystalline structure of polyaniline. The electrochemical
characterization of the printed electrodes in a potassium hydroxide (KOH) electrolyte
with a concentration of 3 M, using a 3 electrodes system, demonstrated that the
increasing thickness of the 3D electrodes without polyaniline coating directly
influenced the specific areal capacitance. This increase was attributed to the expanded
surface area of the electrodes. However, the polyaniline-coated electrodes exhibited
a decrease in specific areal capacitance with an increasing number of coating layers.
This phenomenon was attributed to the formation of gaps between the electrode
surface and polyaniline in the initial coating layers, resulting in increased resistance and
reduced the specific areal capacitance. The maximum specific areal capacitance
measured in this study was 84.32 mF/cm? at a current density of 1 mA/cm?, with an
energy density of 19.79 uWh/cm? and a power density of 672.81 uW/cm?, which are
found to be higher than that of 2D electrodes and comparable to the 3D electrodes
reported by other research groups.

The study indicated that increasing the surface area of the 3D electrode
directly impacted the specific areal capacitance. Although the polyaniline coating led
to a decrease in specific areal capacitance, this study provided valuable insights into
the causes and would serve as a topic for further research. Moreover, the pneumatic
3D printer developed in this study holds potential for broader applications in various
research areas, including 3D bioprinting, food 3D printing, and ceramic 3D printing,

thereby expanding its versatility and potential impact.
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