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Development of green technology in synthesis of next-
generation novel 2D nanomaterials and the study of its
application in environmental sensing and in enhancement
of the energy efficiency of photonic components
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In light of the synthesis and preparation of high-tech
semiconductor materials, the issues of high energy
consumption and emissions have become prevalent. In
alignment with the global 2050 net-zero carbon emission
policies, energy efficiency, emission reduction, and waste
reduction in manufacturing processes are becoming more and
more important in future corporate governance regulations.

As the semiconductor industry advances and electronic
devices approach their size limits, attention is drawn to the
development and application of 2D materials such as graphene
and transition metal dichalcogenides (TMDs). In recent years,
a novel 2D materials, Transition Metal Carbides/Nitrides
(MXenes), has garnered significant attention. With diverse
material compositions, high conductivity, tunable bandgaps,
and ion intercalation capabilities, MXenes find extensive
applications in optoelectronics, biomedicine, and energy
storage.

This project aims to introduce a green manufacturing
process that directly utilizes CO2 in the preparation and
development of next-generation novel 2D nanomaterials. The
goal is to overcome the challenges of energy consumption and
waste, commonly associated with traditional preparation.
Furthermore, the innovative technology is anticipated to bring
about superior material quality and properties. When applied in
the development and production of related components, it is
expected to provide enhanced sensing capabilities and energy
efficiency.

3F =2+

B

-0

(=)

I 5 FALEE AN b MXene HR AR E - H Y
TisCo # 5 % » EF7 7 &R it - & 2011 & > Y. Gogotsi
EAE AR TiBAIC, F1* 3 kAR & & B(HF) k3% > =
#FEANER FRDTCOTyeo L P42/ F B s < £ eNd
AR frEER Gz g FREREFE R Gk
3 EREAR R > HEAR MXene sl # 4L oA R K o



AFETAIY BB ERE A BEMHR)RBRAR
TizCo - MXene fa i v ¥R 2 425 87 3 2 4o F P @

_%t*ﬁ 33 & 4 i & pk(49.5Wt%)F e & ¢ 4 (PTFE)
XEY R~ 200 F v SR (TBAIC)E % 0 & %
H4c£ 3 60°C & ad4F 24 -] pF o F ¥ 1 * 3500rpm g
WiEpee fBP fom b SRR LEEE T W ER
B3 TisCoTxfs & » B¥ % » 60°C 447 §7% -

APEF o, 2 I prBEEE OB REK
BRI ARTRN A kA RS B ER & A pa(HF)
kg MAX(TisAICY) 8 & 3-8 % » CO2 ¢ »#CO;
P A2 TRk o JI A2 CO2 & B 3T B S i
AT > RRABRIY BRAL & BRHP) KU
MXene 44 el 8 4 o

B O e e k% MXene 2z 4p B 425
gk 0 e T
A LERTERAYNF BB 0 h- S4FwRta PTFE

FEY BRI 2% 4 & F(49.5W%)

T MM 4e » w0 SR (TiISAIC) 4 % » 2% & PTFE 3 B

Tagrs;{ b PTFE + B e e M {6 #-% 3143 cH PTFE
58 B AURCRIE R ARTRR A Y] R o
b. @?';wﬁ%ﬁ_i,T’%ﬁ@ S544&p HR

I 800psi » %#&%’M\ Y BT 60N R L SE

N B R FF S 1= R 1 3000psic § RN R

B & B4 9 60°C -~ 3000psi {4 » B Eam gt ®

T RPFATGRET 26 FF o B R AL B

WEFHFFOL ) pFanERZ "8 #%‘%‘J—;} LA a2

o iR R T W BB R e R 0 B Bl R

FIPH EwAR LY P B Bc Dl 2§ » 60°C

5#51 T I
C. =1 (EIIH LA MXene Hil 2577 - 9 &

w0 i ) % 4 1 TisCoTx 725¢ % DMSO ¢ » ¥ it 743

AR L pEe
d. s 4 %54 SEM~EDS~ XRD ~ # & k3 « XPS

BAEAFTE BRI E 0 TisCoTx 2 e ~ fore ~ =&

AsdEglA SR A AR EFREEAY -

‘37}



& B g g

o byt s APEF P B B I Rk
HAFE A 2 MXene (TisCoT)HBELITI 3 H (=) 273
FHECE) AL EE RE R BRARREL OLED
Stk el TR A 45 o

31 (-)
139 SEM 2% > A w 'JEL’%‘E' v i HF 4 %) 18 >
i Btk 05 5pde (TIRAICS) » %2 1 £ b Ffkenidh o &

% B LACTRR AR 0 B £ R TR A K B
SFHAEF > 2 995 H EDS A4t % > BAPFR S 4B
o TIAL chai g B 0 5 A5 g o
BFybw %ﬁﬂ Raman sk 3% 2 XRD 4 7 % 7x 33 TisCoTx
*WF 145 Raman 3% > 4p TR 4 %] AL TR 48 %)
FEFRCIREFHIE BT ARSI Bk
_méx};éjsb s ¥ - 25 A XRD BlE#Y » w5 4 20%
#IT 3 R 7 FAE AR GERL T P
Bt e J 2 A 9R 4L E 0 5 e MXene 9
FHcE > VL P EARTRR A i g PR OB SS
Sy a g TR ARERANT R E{FOHRE ST -
% iF XPS 7 {7 T HHR chdt g = o Bt ] o 8 _Tigp £
WEBY VST RIPABNEAF T FLF 0 Tiv
?E»*?u@ﬁw BB ST RARL A F KL
7 E”J”J}f@;q’f;5’—';’\)4’/[4'\01sm3}'§tr»'%‘]‘:{"u}g]ij’f‘£
pi %A f 5 FRKS TIO2 7 £ © £ Raman Bl ¥ &

—h

—q

g RS S AT BT I R ek
AR TR Lok X

F+3E (2)

hdom Bd R (SAW)ehEl (79 > F kgl g oo
SV TisCoTx @M, A0 E 7 ¢ i (7 £ A Bg? > 2 {4
RHpEXRBAEEE o f1* AFM ~ SEM gL 4
hoARAER 2 R MEEUETRE RS s TS
PHERfHE S L UVIVIS BRIEWT 52 L5 7
4. o

# TisCoTx ¥ »~ ehd o B (SAW)RR BBl ~ i B3
glivt o HFACRHA 4T 7.2 8 0 2 A% MXene ch i



7}5 L s MXene ¥ 14 :‘%}'E\:/?ljﬁhi_g )3 ﬁ@ifﬁﬁ&.‘éf'l 190 7f/'/_7V
55 4 MXene ™ 132 AIN SAW B 7 8 il il ©

3% (2)

Bf H k- fEA(OLED)HEl iv9 i * 3 L 2 &K
BT e TioCoTw T 2 AR S T AR ™ 4 W LA
OLED 172 OSC $ %7 < it « HEH A 27T R-T 0
Bipl > e g %3 k0 7 3] OLED sivdedis TR ~ o 48R ~
R Y R RECLEL EEE RS 3

#%-TisCoTx # » 1 OLED =~ i ehf 4 4l ¥ + » & MoOs
TR KRB R TR K &R MXene &
FiAr KAt EEGEE ARG L F R T
MXene &% > 77 JE{F 2452 kFFH LR HP & 7
62V T ELA < (1 cd/m? HmA 4 )~ F it v i 0.61
CU/A ~ T st k3 Einh 5 % %3kt o

1P b = %

He 1

BI'2F st g 4 1 3

EENETE & E A

Bl

i Ao S

1. 1-Chi Lee, Yi-Chen Ethan Li, James L. Thomas, M.-H. Lee
and Hung-Yin Lin (#& %2 %), “Recent Advances Using
MXenes in Biomedical Applications,” Mater. Horiz.,
2024, DOI: 10.1039/D3MH01588B.

2. Zhong-Hong Yen, Chien-Sheng Huang, Shih-Hung Lin (&
4 5+), David Jui-Yang Feng (7% 3% I%),, Hung-Yin Lin (4%
% %), Po-Ching Kao (% 1A 7 ), and Che-Hao Liao* (¥ 47
%), “AIN SAW Humidity Sensing Enhancement with
MXenes”, 2024 IEEE 19th International Conference on
Nano/Micro Engineered and Molecular Systems (IEEE-
NEMS 2024), Kyoto, Japan, May 2 - 5, 2024.

3. Chun-Hung Wang, David J.Y. Feng” (& 53 %), Xi-Jun
Fang, Hung-Yin Lin (+ %2 %), and Mei-Hwa Lee,
“Synthesis of 2D TisC2-MXenes in supercritical COg,”
International ~ Symposium on  Supercritical ~ Fluid



$ 4 KR
2 TR

Technologies 2023 (ISSFT 2023), South Korea, Oct. 16 —
20, 2023.

4. Chun-Hung Wang, David J.Y. Feng” (/5 54 1), Xi-Jun
Fang, Hung-Yin Lin (+& % %), and Mei-Hwa Lee,
“Demonstration of synthesis of MXenes (Ti3C2) by using
HF-etchant mixed in supercritical CO2,” 2023 Fall
Meeting, European Materials Research Society (E-MRS),
Warsaw, Poland, Sep. 18 — 21, 2023.

5. Xi-Jun Fang, Chun-Hung Wang, David Jui-Yang Feng” (5
7% H) and Hung-Yin Lin (+& 2 %), “Study of Synthesis of
MXenes (TisC2Tx) from MAX (TisSiCz) by using HF-
etchant in Supercritical COz2,” International Electron
Devices & Materials Symposium (IEDMS 2023),
Kaohsiung, Taiwan, Oct. 19 — 20, 2023.

6. TEE. S R% . EBBE. KT R, @l Mo,

BRUREE CO3irs g TiCoz G REE
&ﬂ#(MMmQ*ﬁﬁaﬂﬁﬁ%H 12023 #
LA RS i R g 0 10127 > £ ¢ > h o
—/‘ > ,% £, ﬁé_f—)
7. BB R TER IS TERE 2 R T TR
Firdg e~ e - magpn 54"’,‘#—&‘52‘ B30 55
R P %4 (%5 112146935)

8. BRHB-asRRit bR F LT 2L BELIIER
R R € 112 £ AT L E e A B R el
3 34 @ Leibniz Institute of Photonic Technology

( Leibniz-IPHT ) - % £ (Jena) » & B - (112/6/21 ~
112/9/23)

BrMXene W > FERY A BT A FKBR
em AL A RAR P THERS BT R DR RS F
Bt APRLT o AFY AokiE o I
O 1%&*&éﬂ%dﬁ%%’“ﬁ%ﬁ_;
R FRACRTEEL TR R HRR D)
AR - A TR S §WWﬂf%wkﬁww
>R AR e

MAZTRA = F T RCELE MXene HHfL itk 0 3
WA i MXene Hfl ARt o L ALK &Y 4R



TR S RfTROTHFFE - AF L 5 MXene L
B2 EARR o RIET &R TR R

e ik
S

FECE) e FHBREFN Y RFPRAB(CO)H Y
SRR EBR P K MXene 71 2 Ap Mk
AP mE RSB RET LB WE RS
MXene 4% - ATE T o
vV 33#E(=) % MXene R E A AIN £ 5 B <2
(SAW) @ %> 227 5B 40 b WAL S B d B> 7 10 dk
% SAW RE R B R DRATR ©
F3FHE(E) % MXene HAE 5 B k- M
(OLED)eh#l i » ¢ &7 23 OLED » & % #-u4 4=
T do i H-4p BB AR 2 3}@:@:“ & MXene # $LFp Hp e
LE ) }%‘J‘z # = OLED s o

v 3
vﬁ

-

3

1%

I

e
\

23R
APEERES A E BTE G UIRRT SR
SEfAEe s BED LT R L RKEFY UM

fit i B % & %42 PDF f 47 #

i
1. 234 p 7 052107 52
2L BRI RETIMEIRT B30 F 0 B RS 2 P RokyEA 2

o

A PR RO PEL -




