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Activated Carbon Derived from Waste Tire for Supercapacitor

Application

Yi-Chen Sun', Yu-Jr Chang', Dhanaprabhu Pattappan!, Chen-Chieh Liao', You-Zheng Wu', Yi-Ting
Lail23*
! Department of Materials Engineering, Ming Chi University of Technology.
’Center For Plasma and Thin Film Technologies, Ming Chi University of Technology.
SR&D Center of Biochemical Engineering Technology, Ming Chi University of Technology

*Email: laieating@mail.mcut.edu.tw

ABSTRACT

Over 330 million waste tires are generated globally each year. Due to their complex composition
and non-biodegradable nature, improper disposal poses a serious threat to the environment.
Consequently, how to efficiently recycle waste tires and transform them into high-value products has
become a critical issue in environmental protection and circular sustainability. In this report, we
collaborated with ENRESTEC Inc., which utilized an innovative pyrolysis technology to convert
waste tires into environmentally friendly carbon black. Subsequently, we simultaneously activated
and modified the carbon black with molybdenum sulfide (MoS;) through a thermal treatment for
supercapacitor application. With various materials characterization techniques, we evaluated its
microstructure, specific surface area, and electrochemical properties. The proposed novel activated
carbon shows high specific surface area and enhanced electrochemical properties, which facilitates
its application in energy storage devices. This work not only demonstrates a practical approach for
waste tires recycling and reduction of environmental pollutants but also highlights the potential for
energy storage materials application, offering innovative strategy for green technology and
sustainable management for waste tires.

Key words: waste tire, green carbon black, activated carbon, MoS2, supercapacitor
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MEMRGEST A ETENER  2HRAZWEZZFHE M AMBBOARZFR
4% 80,000 RE > FEMAYEHREWEFECELRNEREHL ' REBERE > 2XE
FERRIBWYGESBHERBIIEE "RLBERMOETERL T EZWHAREAE - A
MG Ry T AR BAE RN S > BE BB AR ZUBEFTARE > T EREK
Ba P ) BB AN LIEH T KA % SR L HEARGFEM T L MRS Xk
HoRTHREALSHAFARAB I CELTRALERAMBE S Gt To o BEHL
ERAZFERE  BHBBUSARREVE  EEHARLAAE R AMEOIE - HEN
b FRE AR R B I BA R BT AR IR R EE 0 TR A
TR A TR KSR -

Rk > ol & St SEACFEF A ERKL  CRASHEZNRFERETRESLE ¥
REBZHBREGER T EEZA =M BV E R ERBEN > 80 HISER a9 H &
RAEAE BTG 00 25% £ 4 0 EH B T ARG B D B 30% 0 L FEREE EEB - B
WERHAA ERETRALY  BIRGEEMREER S ABEEZHNBBE ORI
FERGERE » sbih > WH AL R R A AERAELERENKRATRITRE | F_MHH %
RBRAEFI A 0 BL A E B ROE B R 69 E % IR AE A MOR R T S H AR T AR
A S Bs 4T A& ek (Tyre derived fuels, TDF ) H 4t & % & & 32 Gl/ton » fa% & & 2270 kg-
COyton - *4%% TDF B A ZEFTHURFBRE ER SR AU BREEER
i 200 Gl/ton &y AE TR #6037 RAGEA A H NI B E R L AR ARG X =B~
MM RBABREN > BllohRAREEERRFRTETHRRE > THEEHRBTRA R
Zo kbbb ERBRMAE > THEBRBER RN EMHORER RERAXERE
PRI F ik - MBNBHRIBHIRSES > AMIRITEE AN EEHIBEBRERIF R E
B e T, B AR B 0 75 MR 36 B R B AE AR OOE R 3

RA R AR I R AT F RN B o 4E 0 BB EIE RAI M e 2 BB £ A4 SR E R
B4 R BAE5% 2 (waste tire pyrolysis carbon, WTPC) » ¥ sz 1 pior > "B ZKMAFA 5
B EALEH WTPC 208 Rk iE M a% (activated waste tire pyrolysis carbon, AWTPC ) » 3£ 3 & )
FALBRE T RE R AL IE ~ E 2 G TR T B E o R4 R AR B R s
Fo 4B 6y AT BRI EALRIE T 0 T KSR E E sl R — SR LRk @ME O st
BRI P AR A 4E U 2 AWTPC-MoS » Kigit S HE Etb &k @ R TS tse - H4E
HEANBRERZEHAERBTHTHERATS - £Em Moty BRI 24 TATAY
MARBER AR - OA RIS > R E T R0 A HEE o &R A FERALE X
3% & o 4540 > Deorsola % AF|F K #hE A A MoSy 0 It v NAEAZBEAE 2 2R B/ B B LA 1%
4397 J& A 778 78 il 69 MoS2 & KA F 5 Zheng % AR 42 8 5 MoS2854% A AF 4% BAAF & & @75 1%
Bl > BAFIEAK T E R EIRAK 5409 MoS: o 8
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2-1 #3#

WTPC 3R At Rat (A3% 1 P) > S AALéT - BB ~ SABRME - AFHEBE ~ URFARLE
Bz ~ B4k = & T Mi(Polyvinylidene Fluoride, PVDF) ~ N- ¥ £ sk & )% &7 (N-Methyl-2-pyrrolidone,
NMP) ~ 5% > BB B AF G HIRARNE] > & FE—FHILRPTHA -
2-2 FALBERE s W

Fe bt R 2 EAL@BAZ b o 4 WTPC #2 KOH 4% 1:1 89 £ b7 50 mL K P34 4 #HL b
24 JNBF o EFAE 60°Cey k4R T 9o kk o sLekRey) WTPC 4R ENEXZBIEN > RS
ARATEATHRELRE - BN RIEEDEFELRE > B4 FBA 5°C/min 8938 F B
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% 700°C > 3t 42 7T00°CHR4F 2 /NB51% > LA E T M o AA7 etk sbiR A 10 wt%ey HCI 22 24
ERBENE BT ER Y ER LT KBUREKREREZEKRS pH E2 FH > &
AR SR P 2L 60°C 200k 24 /NBF > 43 3] 7E AL E B S A AWTPC -

w4 T & — 5 EIb AWTPC aythfe > B —@EmALRS 1 g 69 WIPC #2 KOH 8% » juw
NAEEE AR 0.3 g~ AFHEL 029 g URFAK CERRE 0.7 g L ATH FE AR FILR B - 13
26y E 4 A AWTPC-MoS » A R JEi&42 4o [E] 2 AT o

B¥kaR lg
Sﬁf{cﬁ%& 0.7g FHBTO0E2 ] 0F
aBEERE 03¢ iR 0%
AR 0.29¢ oFi gt
0 8
adsnsr £
B0 2R e
bk

10% ey HC140 DI Watersk % y
PEeyh H AR

2 #1A WTPC # #7852 ®Bf -

2-3 REBELSH

1% 31 3 #8364 41 4) 53 (Fourier-transform infrared spectroscopy, FTIR, SPECTRUM-ONE,
PerkinElmer ) {# Fl # #4147 > 454k 8 KBr BREHL R HH&EE A 500-4000cm™' -
X 44441 (X-ray diffractometer, XRD, PANalytical X’Pert PRO MPD, Malvern Panalytical ) 24
CuKou 324 (A =1.540598 A)~45kV Fv 40 mA #91& 08B 2% - AN o4 AR et S i
RN KL ERaW A MBEE >R FH KX EFBEMS (Scanning Electron
Microscope, SEM, S-3400N, Hitachi ) » /£ ITO L% %1% > 4564 3 »4% > mikER > 15kV >
RAAEF 5, E A 5000 /% - 2 k34 (Raman spectroscopy, inVia Qontor, Renishaw ) 24 633
nm AR KRR A DB AR b a9 AL 2 L B AR A 1 o X 5F 48 B 7 A 3% (X-ray photoelectron
spectroscopy, XPS, PHI 5000 VersaProbe III, ULVAC-PHI. Inc. ) F #4748 &4t ke 42 4 B e
AALAE -
2-4 YA

TR LA R EMHe L8 A - A ERMHAE WTPC ~ AWTPC ~ AWTPC-MosS -
& &Mk (activated carbon, AC) ~ %3 2 ~ PVDF #1 NMP » E4a KR A 4640 R > miEE 4
1x3em? > Y1514 P LB H 3R 474 > A4HH 0.08 g~ 5 0.01 g~ PVDF 0.005 g ~ NMP 0.005
g iAo EHNEAR— R @AY 1x1 cm? 4 0 60 FEIREARTF -
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A TR P o 4R TAER/NEE R4& (Autolab AUT302N, Metrohm ) R & - 538K
% (CV) MlRHK=Fm4 4% HERAHL EA (20202mm’ ) £ £ E&H Ag/AgCl- T
B HoSOs 35 - 30ml SEE IM - e EBEHEA 0.1 £ 1V FhEES 0.1V £
HWIE HRIRAF2MEMEE - ELEMAAH (EIS) —RHK=CERi2 4% HERAGEL R
$#EAmA Ag/AgCl > k2 HoSOs % » 30 ml ;EE | M EIS £MBEMTH#AT 48
Z%EA 001 £ 100,000 Hz > &84 10 mV o £ EIS B2+ » KI5/ T 10 mV &) HE
BER o ST ERT > RUE A SR 3 0 M4 R JE (pseudo-linear response ) » 8 %, JE 4714
ATASBIAFEIE R E 3 B A AR T 38 8 4 R AR AT B 2 B BRAF R o 10

=~ ERAHW

)

3-1 RBHRBEAFE R

B SEM %1% 547 T S 4340 (B 3a) > WTPC % % ta sk oy by K Fa4r » 3538 EDS U % 4 #7 88
TR TASBEMTIAR s SR 0 TR BB R GA » BB % B
MR B ERI G OB - B AR BN R B RGES ARG
RE Lty JEssed » 645 Zn~Ca~S SR Si % - S4ufg 3b FioF > 4% KOH 3@tz
AWTPC  THBRE L BHRM AR THM B4R LB AT ETREINBEAF S XD REHILR
WA AR B ER E B e M EDS L ES A B TR R L ENRY > BA N
A KOH #4778 mILFFA% G H 5k - bz s » R uE&Y3R3RImREILATE) WTPC 48 L8028
3% REATELBRRAH AWTPC 2UE Lo R T A& - A & RIS SURA A R %
ISIL B LB R R s Ry A o 1213
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Application of Biomass-Derived Porous Carbon in Li—S Battery

Cathodes

Yung-Hsun Chu, Hao-Hsien Chen, Bing-Wei Xie, Shu-Hao Chang*
Department of Chemical Engineering, Chung Yuan Christian University, Taoyuan 320314, Taiwan

*Email: changsh@cycu.edu.tw

ABSTRACT
This study investigates the feasibility of utilizing porous carbon materials derived from agricultural
waste as sulfur hosts in lithium—sulfur (Li—S) battery cathodes. Sorghum Distilled Residues (SDR),
Waste Coffee Grounds (WCG), and Water Chestnut Shells (WCS) were carbonized and chemically
activated with KOH to form high surface area carbon structures with micro- and mesoporous features.
Among them, SDR—derived carbon exhibited the most favorable electrochemical performance,
delivering an initial discharge capacity of 880 mAh/g and retaining 526 mAh/g after 200 cycles at
0.1 C, demonstrating excellent stability and reversibility. The superior behavior is attributed to its
hollow porous structure, which enhances sulfur confinement, facilitates electrolyte infiltration, and
suppresses polysulfide shuttling. These results highlight the potential of biomass-derived porous
carbons as sustainable, cost-effective, and high-performance materials for next-generation Li—S

battery cathodes.

Key words: Biomass carbon, Lithium—sulfur battery, Porous carbon materials, Activation,
Polysulfide shuttle effect
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ABSTRACT

In response to the issue of 2050 net-zero carbon emission and the rapid growth of the electric
vehicle market, developing low-cost electrochemical energy storage (EES) technologies with long
lifespans, high gravimetric/volumetric energy densities, and fast charge/discharge capabilities has
become a key target globally. Compared to conventional alkali metal ion batteries, the weight and
volume of anode-free alkali metal batteries are significantly reduced since there are no active
materials existing in the anode. Therefore, they have been regarded as promising devices for the next
EES generation. Herein, the challenges faced by conventional metal substrates during metal plating
and stripping were introduced. Subsequently, the possible strategies for improving the corresponding
challenges were also addressed. Lastly, employing MOFs-derived carbon composites to construct an
alternative composite anode current collector with sodiophilicity and electronic conductivity for
enhancing the reversibility and cyclability was highlighted. Accordingly, it is expected to provide

insights to the researchers who are interested in the topic of anode-free alkali metal batteries.

Key words: Metal-Organic Frameworks, carbon composites, sodiophilic sites, electronic
conductivity, anode-free sodium metal batteries
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Global Carbon Dioxide Removal: Production and Applications of

Biochar

Chun-Ming Peng !, Yuyan Li!, Chyi-How Lay 2.* Sheng-Kuei Chiu 3,*
' TCHAR CO., LTD., Taichung City 407102, Taiwan
Green Energy Technology and Biotechnology Industry Development Research Center, Feng Chia
2 University

3 Department of Materials Science, National University of Tainan

*Email: chlay@mail.fcu.edu.tw, shengkuei@mail.nutn.edu.tw

ABSTRACT

In light of the pressing worldwide need for net-zero emissions, globally recognized Negative
Emission Technologies (NETs) with diverse application possibilities have become essential. Owing
to its technological maturity and verifiability, Biochar Carbon Removal (BCR) is regarded as one of
the most viable solutions currently available. This study focuses on the German PYREG pyrolysis
technology, which operates under the stringent specifications of the European Biochar Certificate
(EBC), covering sustainable feedstock, low-emission processes, and end-use applications. A digital
Monitoring, Reporting, and Verification (IMRV) system ensures the credibility of its carbon sink
efficacy. The localized implementation of this international standard within Taiwans in dustrial supply
chain is investigated, using sustainable urban forestry management at the Central Taiwan Science
Park as a case study where pruned branches are converted into EBC-certified biochar via the PYREG
system. This practice has not only resulted in the successful application of biochar to the parks soil,
securing Taiwans first internationally verified soil carbon sink (2.65 tons CO-e), but has also
established a Standard Operating Procedure (SOP) for the valorization of urban biomass waste.
Beyond its application as a soil carbon sink, this research further explores value-added pathways for
biochar, investigating its innovative use as a multi-functional filler in Carbon Fiber Reinforced
Polymers (CFRPs). The research aims to incorporate high-quality biochar into a carbon fiber/epoxy-
phenolic blend matrix to evaluate its potential for enhancing material interfacial behavior, mechanical
toughness, and multi-functionality, while also exploring its viability as a sustainable alternative to
conventional industrial carbon black.

Key words: Biochar, Pyrolysis, Carbon Removal, Carbon Fiber, Composite Materials
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Pz TR LR &R Rk o BAERRES 0 KA RMER W ENBARLE  UAER

EEBRMHBEER (58 114121




S HRRX

ZHEAIAMEE o B BRAHINBEAR R GRAT © FERITAKFARB] > BARAK SRR
15%% 20%2 ) - AFERRBAGZENERIEMREET RSDE > SRR RAIA 3 2
DA o B AR B P BTG S 0 RILIB RSN AT G R 0 RILBRIERR
F PRI S 4 F 2 R o

Bl =~ R RIRAMAA R 3 2 £ M RSB AR -

22 A RBARBYE R ARG

ENESBIAS S A H oy R BV F AT 54 < AWM T Adw 3wthhy xR F A w Bl
BEALE » SR 3 W% BB ] o BEAA 0 Ao 2-4 wi%et) — L —BE B TEREEE] 0 BRI
HEWRM OB ERIER - 8% > H¥m A ARABIEIMBEIANRAR T > B4 A FBER
FNEAT R AERGMEDIEARE - 8 ¥ FEAGGLE > A BNERE AT 2R
BB BT BERRSBRETALENER BHBEAMERLOMZERENEERAE
FEAT— N EFF EIRE  TARBIIS RS B E > PP EABREBELEE c AR S BARE
7 90-100°C FFA#L 10-20 548 - T AL » A EICUABAEE > 3t FAHE BT =R » LR
1% 4R R SRR VBFIBUAR o AF O Z ARSI A MR EANTA A B AP B P EHAER
BERIINRO MR FAATENBMAEBERE T UG 54 5°C yiHRR R E 180°C>
IR E T R 30 o428 AT T2 EAL o £ B2 T BHASIR A AR 120°C FA45EEE - Btk
AR R IR H BRSNS A Y AL EMEE > LB T A W b R L B A R &,
A RPERFLIR © BOh o M BTN B 2 R ARBRRIER A 0 B RS p N A S B > ¥ONE
B P LERE AT L -

= BRAHR

31 ARAEERZPHBEE LT R REKEHRS
EBC A% gt Btta g ERAKEREREME > PHEEOFRRANGUTH ZBREE
8 BARATERE =) > 4% EBC E@& 7| Al AW E HHREE » R % =% #44% CERES-CERTAG
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BRI B 4% B Philipp Seitz 3Z3% T 7| A S 8B 5] F — #1 %144 & # (General landscaping
residues) b 28 AT R A ¥ 3F 0 B BF B SR BER R K = “F'ﬂ[i‘?] C N e ATIERT > EAFEE A K E
BEIRERIE  RREARRERE EBC E@AFIAKAENEHRFEN » Kt 454 CSI 23
W 3 R R KRR AR R R R SR RS R SRR R 2 A8 BAE 3 1% 0 TEAFIRT o BRI EAMERA X
P E & A Y O BIAT I BRAT AR R A BAELR o

— AR F AHE &R AR BCE A SIE EB B AL B R — PHEEd — SR
B A R3] B 15 E & NATER ERFR B THAAE Y BHBERIEE - AR EATER o4
Rtk BEFHMOASFO - B AN AL ISR BRACKEARRB=ZER  BRELRETHY
<20% -

w—  —AORHRE P AR AR - s R E B HIE ¥R B A

— R RKEERAB AR THEBHBRKESERBAR
1. BUTHEAR SRS 1. BUTHEAR RS E
2. HEFEHR 2. HEPER
3. aE (BEADEE<20%) 3. BAREAL
4. BE XAk hat g 4. X ek ek
5. @A EA (R 3mm) 5. A6 # (90ecm*90cm* 100cm)
6. L@ (90cm™*90cm*100cm) 6. HEENFEE
7. FHEEEELHEER 7. EHEERELHER
8. HY¥EXR (H#uE—EANREFEEATE) 8. HEFEKR
9. MEE= 9. PMEEE
10. GRS 10.  SBAEFEH
1. 1. AT
12, ®&#
13. =k

RANEARATRMEGEMERMRTHOA/Im A4 AL RIBRBLEY >
THALTAEB R BGE/)  B P AHE & P a9 AT E R 3 R IR B AR AT T e AR M R B R éﬁté
HH AR GBI TSRS B IR A TR 3] 0 B ¥ #HE B R B AHUR AT I o B
B AREEE R LB 0 SRR ENBAR L 0 RN S HCE BRI - B
A E AT REARR  ARNRE N 15%%]20% c REREMBASAEERAHEER > TAN
RRFRAFN B 3 A AT o WBAAALEE | m A4 KESAEEE  RAERTRKSRER
5o MAERMMEERZERRTAE - BAT§ ARG S A A RBMEETHE > B KRTARE(KR
W 3cm)E AR > miB NRFTRECIA 1Tem)BBEFER G N % TR T4TH - B @ Rt
HBATE T EREE BB AR ZTITH - AARZLARNBRICAAE R AT RATR
Z A £5(90cmx90cm X 100cm) ¥ & (B vw9) - H 1814 &7 g 4 -
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3-2 AW -mR M R R BB A AR AR B
RER T G AEIR TR ) Lo i) 6 By BEASH BS B TR ) A ] ik ¥ 3R BT RS AL A4k 0 2R e AV R H
Izod %% &)1k 2 35 B ho Kk — P o © 78%wt 3% AMHAS #2 19%wt EyBERAstAs fam by et LB 4 > &
B A4 o B Tzod 7535 FE A2 4 0.0046 kegf-m/mm? > A5 B RILME A 0.37648 kgf-m o ph4% & b o)
BRI R B EM AT > R 2 A R HAT A o AF A E R FIN T4%/19% B9 ER
BB RE 2 b (s T4%/19%/1%) > BpfE A€ A ho 1%wt > 678235 B L BA 2 327 £ 0.05496 kgf-m/mm? »
AEERWE 4.50677 kgf-m > A A Y x B A AN EI R - E— PR /BB A R AL
18] 2 TA%/15%/5% > T4%/5%/15% > 69%/10%/15% > 69%/15%/10% > 467 %34 & 25 %] % 0.03214 kgf-
m/mm? > 0.02756 kgf-m/mm? > 0.03672 kgf-m/mm? » 0.02985 kgf-m/mm? [ 5% &89 74%/19%wt E 44
GBS RIS AR P 0 A H RAABAZ R U A/ MBSV ¥R E > e F AR RES
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A E R REREL B S%wt (BE 0.7756 kgf-m/mm? ) o

&
g
beu

B f(wt%) Rk E(kgtm) 48 (kgf-m/mm?)
3% A Rs/ By B A RS 78%/19% 0.38 0.0046
BREMBI R/ By BRI R H R TA%/19%/1% 4.51 0.0550
AR RS/ By B AR R A H % TA%/15%/5% 2.64 0.0321
T EB R BB RS/ A H R TA%/5%/15% 2.26 0.0276
AR RS/ BB R A R 69%/15%/10% 3.01 0.0367
7 RB R B ES RS/ A H R 69%/10%/15% 2.45 0.0299

F =~ REAME  ByESEIAS 0 LA H R AR A X AR p Bt AR HE 2 Tzod B RER 54T &

H g amka) £ RN A E RO F oM E 515~ R RARE A BB AR > M8 & Aol "
MEEHAE T - £C4AH S%wt A H 3 et A ¥ > #4885 1-20%wt &9 6 mm %% 4§
ho kR Z P R Izod B8R E T - BT AR BBELTH LB AP oiCRE R
WEESR R R AME ey rastA B o 3w L s AT LU BAGH R A0 IR d ol R F AR
WAEE - MRS Bt - (EEARROFEBAGC% A R)PREIERAR > T
AEEY R B LI L Ok e B MR A/EBE R BE 2 B ST RE RAE T R RAFEI R B &S > 57|
BIEHMBERS > BEB SRR EERA LI A > BE 6mm K E a4
HoH A E AT TR 580 SR ARGRERRER > BLEERERAES
& P 2otk 558k o AR B LT RE G TRA B B AR ey B SR ) - MmAM G A RIK
BBRAESHEZREZ — AA TR ORE—THEARGEINT > BB 4TI 5 R Mmin
TREBEOERN  REBENFETTRETIETH IR FRARRAA L HEL -

® =~ JL B IR A MBS/ By BERTRS AR te 8] B T4%/19% T 0 R B Wt% A& % 91 R 5] wt% 64 5 4%
4 6mm % Izod & E RER LR &

2R 5% 4 4 mm B A E g S
(Wt%) (Wt%) (kgf-m) (kgf-m/mm?)
1 0 4.5068 0.0545
5 0 6.3602 0. 7756
5 5 4.1337 0.0504
5 10 5.0650 0.0618
5 15 4.1337 0.0504
5 20 8.7311 0.0648
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R RAHEA THRETHEEYE D RIRAERE L R > BRI ATIEA SR o) ekng
BE - R %&0 > t$&%ﬁ%%%~ﬂ%%ﬁ&%ﬁ%w’uPﬂEG&m%ﬁu%i%&
Rt FEAEERET —HEBRAMKRRE - TREHENAHSRE > CARMEE - KRERE
ey & ﬁ&ﬂ%%ﬁ?%% ?ﬂ@@%ﬁ%?%ﬁ%’ﬁﬁ%ﬁ%ﬁk%&ﬁ%ﬁﬁ’ﬁ%
WA AR THEAN o BEIE T4%/19%/5%wt B A/ By ES R B/ A Y 8 0 —F Fv
K42 6 6mm o 4 R B AMHE R RE S TH - EERRIGERE > =
B ERmERARGERAE  HEERKAEMRAR - BN EH LT NI
BRI E IR~ R m)RAM AR RampERB THE%ER FaiH
MR o

2% URR
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HE

B TABRD FROBERBZ )OI - ARG R0 A50R - £8 % RIS A48
JL# (atmospheric pressure chemical vapor deposition, APCVD)&) F X ik kK &k &6 B » %183
SRR E ~ BRI EB RS F S BT ) BAA I § R RGBT ET R E R
BIHZ M 0 RERBEBRA LHBOER  HTURDEF LS GHAARFE & E
% B -

EARHSRRGER L £IVES 2HEH 2 TH KA KR B 3456 PEDOT:PSS #
CsPbBrs 45 4k 4% & F 25 (quantum dots, QDs) % 4k 7T 4 X e B Rl ok - B4 R iaw
EDOT:PSS/CsPbBr; QDs/# .5 )% £ H &2 A MR % > £ e84 (112mW/em? -
3V) H % & A tb(photo-to-dark current, PDCR)#) 30 » 88~ TAA XM RIFH AT R -

A—F @ ERBHERZ L RBHGER T @ 0 RV R8BS0 B EES AR A ML
B (EAZ: 3 um, R ~100 nm )M 5] g8y AR b3 Ao A EAF R B RGRI S o R AR S4B
TEAEMLEA > TREREARLS 246 EELIC AR L) A3 B A R F R
HEME o

U EHERETTHRABREAKGKED BHZTITH R TRAAAIERB T RAEAR
MER FIRELERTHRES BHELETHRABRRSE L2 RAES > 4815 7T Aok &
EaBHEHERETRAE A LGRER -

st : e nBH M FRAEZRAITH - FHARETE - ARARAS - LABRAS -
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Synthesis and Applications of Green Graphene

Wen-Hsu Chang!, Yi-Chia Cheng!, Yu-Chi Hu?, Heng-Yi Lin?, Jia Shiuan Chen?, Kun-Heng Wu?,
Chong-An Wang?, Sheng-Kuei Chiu®, Meng-Lin Tsai*, Chen-Fang Kang?, Chiashain Chuang?, Wu-
Yih Uen? and Dung-Sheng Tsai >*

"Undergraduate Program in the College of Electrical Engineering of Computer, Chung Yuan
Christian University, Taoyuan City 32023, Taiwan
2Department of Electronic Engineering, Chung Yuan Christian University, Taoyuan City 32023,
Taiwan
3Department of Materials Science, National University of Tainan, Tainan City 700301, Taiwan
“Department of Materials Science and Engineering, National Taiwan University of Science and
Technology, Taipei 10607, Taiwan
*Email: dungsheng@cycu.edu.tw

ABSTRACT

To effectively reduce emissions of methane, a potent greenhouse gas, this study proposes using
camphor as a carbon source to grow green graphene via atmospheric pressure chemical vapor
deposition (APCVD). Optimization of the growth process is achieved by tuning parameters such as
camphor weight, annealing conditions, and carrier gas ratios. Raman spectroscopy and imaging
techniques are employed to characterize the properties of the green graphene. Regardless of
whether a transfer or transfer-free process is used, green graphene with high uniformity and low
defect density can be successfully obtained.

For applications involving transferred processes, green graphene is transferred onto a flexible
substrate and integrated with PEDOT:PSS and CsPbBr3 perovskite quantum dots (QDs) to fabricate
a flexible photodetector (PD). The results show that the PD based on the PEDOT:PSS/CsPbBr3
QDs/green graphene heterostructure exhibits a photo-to-dark current ratio (PDCR) of
approximately 30 under white light illumination (112 mW/cm?, 3 V), demonstrating stable and
favorable optoelectronic performance.

On the other hand, for transfer-free graphene applications, green graphene is directly
synthesized on a silicon substrate with an array of micro-holes (diameter: 3 um, depth: ~100 nm),
followed by the fabrication of an air pressure sensor. Electrical measurements under varying air
pressures reveal a linear correlation between pressure and the resistance of graphene, along with a
fast response time.

These results demonstrate the feasibility of using camphor as a carbon source for green graphene
growth, offering a fabrication process that is not only low-cost but also environmentally friendly.
Furthermore, the potential of green graphene in optoelectronic and gas sensing applications is
showcased, which may accelerate its adoption in consumer electronics and photonic devices.

Keywords: green graphene, camphor, atmospheric pressure chemical vapor deposition,

perovskite quantum dot, photodetector, air pressure sensor.
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% B ii(graphene) &t b ¥ i R o) AR CASH EREBERBR T sp® b
BRI E R RILEARTARRENERELTHG 5N  LRLE A BFhE
S - ko % 8T B $(10,000— 200,000 cm? /Vs) ~ 45 KA EA FEHEFE A%
% H3RFSHEROME A ERTT/ AT AHHNEE TR ERD B3 o
S8 o B LER MRS R B R A RIS B SRR B ey AR
BOe gbsh o B B R H R AR B R ML) B MR A s AR A 6 =
YR TAHAC

BRI/ % Wi o B e BT+ » B L2 R 48 7L 7k (chemical vapor deposition, CVD)
Thm B FHH G Rsefe R BB BTIE) R EAEBE B ERE 0 AT R B4R o 2
CVD #z ¥ > @A 4 FHR(CHYR THR(CoH) E HsbE ABEA LB BIHMHRR > 21
ERAERTRAZPUNS  HNBREBEHEREBEE Al FIRERBEZLEOGREN A
ZRAbE B 28 450 MUHRIEE B A A — AL — SAbs £ R T A 0 B b A LA
BT BIHARANERGERGHERE S AT R EBBOBRBRBELERT BN
AKEEBOFHEZ— MRA T SEASEE VRN EZEEEY  FERXY
BEIF ~ AEE > P EBRIFUBEMSME - w A S TEBTEANABRE GBS
BHh e AR 0 FTIAE X B RIFe B - BB AR R R B BIHRT A4S
RALBHEOREAFERTUABMRERB T HLEAMAERE > BRI ms A28 4
RATR KO B B A T ke B B

—fx e B B4 CVD 4 X > 2 AL 2B AR E(4AR482B)FA CVD k&
B BEREH Y FRAW G B F KRB F 8 (polymethyl methacrylate, PMMA)) % A7 7 %
BHAEMA IR 2B EBBREROBILLE LR BEA KR HBHE LA
WO AR BHRESEE BECEALIME MR EREHRIE  EMPE L B ST
mERRE Aok A THARLME  FRAUBEUBE RO EHEL—BEZERT G
Bl4o 5 5 258 AR EN BAZARE - A AR f2 5 BR 3 AR BT 20 o

AXBRTRAH AR RES BT k2 BN B4k &t BIFH/E5TE 5 T
BRGEBZTHRALMA S Q) L BB4EL0 BHZIRAE AR - SFb— H2HTe
BT Uik 3 R A BRI E BIHEE > FFLFEEBRDRARR AN LRI ELES
BHARAKRE/EF A A MER -

= BRF BRI

2-1 BBLKELEEHERE

2-1-1 2B BILHATERE

R IER T4 1om x | cm Z 4R ERAMEIRE » fv A A BEF(acetone) L AT TR ER R
hhE > RBWRBEMEFRAGRDZARMBENR DA - ERBFFABRELERANERE
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Carbon Soclety of Talwan
LN\ N\

(isopropanol)/E&R ¥ B n 48 Bk s BRA T B RERE A R E BB ETR - BT FHREKY
B B4R B AN £ 3 F k(DI water) ¥ E vk = 48 o S54RSS 8T kIR
BTG A AR RS ERAGEE IOM 2 B e MR E 4 BRAGSE  ARE
BTAOFRBEBRMBERL?  REABARALABKRDRGBREELER -
2-1-2APCVD gk &5 RIHRE

W RRAT R IZGEAEE 3 mg B AR BN CVD AR B AT PHBEAREBBRF T
Yo BB — B o g%ﬂmﬁw&hgﬁ%g””ﬁﬁﬁﬁsno1MruT Z 4% A 200 sccm

HERANVEERNRADFZE - KRR - ZEZHKEREFRSEIE > @B 200scem &) 5 R
(Ar) U548 20°C YR EHBE FFHE 970°C - FHB F BR& R4 458 B 1%3F 970°C # & A
(Ar)BA B4 3t 38 A\ 100 scom &9 S R(H2) 25 32 Bi#4TR K 20 448 - FB KT ARIZ > & &
A(H2) 8 & A (AL B3 A 20 : 80 (scem)itf 10 4548 PR 2 950°C - R EAE T/ o
BB B i AR S 2k B 80°C» i CVD B 34 698 AR 950°C 435 20 »48:847 6 B
Rk RERABRAEBEARBERETBUATHE > wE /T -

Pressure Gauge

/ Quartz Tube Heating Tape

Furnace Gas In
Gas Out of : :

Mechanical Pump

1200
m— Substrate
s Camphor
100" :7_7_7_’ _______________
3]
< 800f
e
2
= 600
Q
[=3
E 400
| i
200} I )
0 . " A P,
1] 20 40 60 80 100 120
Time (min)

- RR% e BIHENMAG IR AR REE -
2-1-2 4 & m BB E PET £ix b
#| A 3 & #5% PMMA (polymethyl methacrylate) 34 4 3% £ & H & B A & 24524855 AR
R B O R IFRGE D B4 220K HR0RF A 0.5M 8858 4% (ammonium persulfate)
BIREE  KALBRERM ARG T L RN - FHAED N2 R T ALK AR R
#REER PMMA 2 6 B4R #A > A8 LiR8RIF4£ 587 /KDI water) ¥ > 5 5%t gk
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R AR > o

A& T K — ¥ B% © —B5(polyethylene terephthalate, PET) £ A& (10 mm x 10 mm)2k %1% » A
PET &4 5 PMMA 2 & £ Mk & 8 1 7K (DI water) £ 77 #5 42 - MM 45 75°C b5 30 4%
e BRI B T A K A B > R R e s B4 PET RARG M ZE - K12 A 7 4% PMMA
ER BB BZ R S ARAR T 0 5k B 2 M5 R AL £ & &Rl (acetone) B F] 4 #L K BE 0 B 3L F
# 7 BFl (acetone) it F AR &1 A AJEAR T 0 B FAF— /N BF ey PMMA #2850 ° - 8% A
(acetone)Z f% » AR SLM A T & BHANHIERZ T 0§ B & BEE(isopropanol)l F AR & & 1%
MANBAR > B &AL FA— I FOERSRA AR RSRAEARAEKESD
Rig o HBBTHEEwE =/

Spin-coated Etching Cu Transfer to
CcvD PMMA PMMA PET
B » i) ® g b il B e

I PET
B=-%en2HusrlrEE -

22 ABOBREABORIBHB G BIH
2-2-1 EIREEAHEF %

# Si02(300 nm) / Si A AR 247 6 LA A ERl(acetone) A2 F IR E A E R B 248 © AETRA
Wt bR o 2 4% Bl Lk B 2] & R B2 (isopropanol) ¥ E kB4 0 L BRA B A AR AR
Fme ARG e A AR E 0 B L BT R(DI Water) E R 25048 2 A RAE R ILA
Wk @ RARK D 0 EAME A P AR E e 810 .
2-2-2CVD BB & en R2HBARME

O F R RIS SIO KR > A FMFABERECE > PHRwB WA T BET
AE 89 5 4R §6 812 S102 A AR b9 & d B A FAAR B4R 6 2 Bl 49 P BE AR T ABRSF o

Blw - saisaga g Amaer -
ZH BB REY SiO ARBRIEE A AANTG R REBE RA P AEREREEYE K
FNEAEE 2x10%Torr LAF » FAE B AP EAEBZ% > @A 400 scem & FU(AD)E
ERAEIE— KRR 1440 45 %8 M4 £ 200 scem 8 A FR(AD T 4548 19.5
°C LAk 88 & 4 £ 8(23 °C) R4 se A #3] 1000 °C - 245 #7% 1000 °C # 15 548 > #
&, % 4R 55 0 R AR R KR ZE(1000 °C > 15 »48) » 1B K HA R B BT &0 £U(AD) > 35 B BL BLA(H) »
AR B4 100scom » 244 FE8 E 950°C o £ [8:8 £ 950 °C HA 4o, & — B B B Ao 2447 > Ao
BB AT AERSE) BRI ) EEEE 9S0°C AR S BT AT B RE  REH
A 704 ERKNEERZEENBEBFZET00°C BHEERETER  FRAMFE
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1@ £, 7. (H2) 80 scem ~ & A(Ar) 20 sccm » B AR kA2 4o B B 810

= Substrate
== Camphor
1000 p— — — — — — —
950 |— — — — — — — Pt | |
| |
~ 800
o I I : :
o | IAr+H
2 e} 1 HZ |A 2
o | ! 1
[
g I b
8 400 | Ar | )| ICooIing
I I : !
200 | Heating :Anneal: |Gr°WtH|
_______ |___|/'_'\
0 ] Ls _

Time (min.)

A EBAERGED BN SO 2B msEaeE -

2-3 CsPbBr3 454k %% & 75 {5

# 7 #AF CsPbBrs £54k%k 2 T B5 AT BRIk » K AIA A BLAE $58) 7Lk % 4% CsBr #2 PbBro i K 1A
1:1 £ &tk 2ml & DMF (dimethylformamide) s, DMSO (dimethyl sulfoxide) A #5 & 2 F - 3§
10 ey RIEAR » Ao 200ul hEE (oleicacid, OA)#2 40 uL & 8% (oleylamine, OAm)A
BHE@ELE B eR AL SR E R R S8R S A4 A RIAR 4 Sk (anti-solvent) 5
4% CsPbBrs 454k 8 FBEATEER 12 M A 10 ml 48 & REMR 49 F K(toluene) ¥ ik #33
CsPbBrs 454k4% & F Bh B2 170 A%, Rt AR A9 B8 R 4o B 0P oT

7 ~ CsPbBr; QDs B % -
=~ H RS R

3-1 CsPbBrs/4k .5 B £ K &2 AR B
3-1-1 4 &5 BH/PET iR 25 8 sk n 8§ sifg

# @R APCVD 228 > RITRMEAY LM T 4 E 5 BHiE B L4 2 PET £
ko e —F R B AR YR EET BN RRERY R - o B LA
o AT R R g 2D $1 G E R E G0 n 2R #(ln/lc >1.3 B EE; 0.7<hp/lc
<13 B4R Lo/l <0.7 A% /8) - £ B £@)F B4k Es BMH bo/lodr L4 0.7
RELE$GHR 5B - BEBABHNE S REEG0 um x 30 pm)H 47 & T RiE— F AL 5
& BB wE (b)) o
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ones %

Intensity (a.u.)
o

0.0
1500 2000 2500 3000 0.0 15.0 30.0
Raman shift (cm™!) X{um)

Bt~ %&nE2mz (i 2t mb)i g B4EE -
3-1-2 CsPbBr; QDs Z 4445 241
B TARBIE5ERTE S B 654 > AERM B A AT B 00 B0 H AP RAI A X ALSTR

BATHH > B ANQ@QFT T - BEBBREA SN T RIMIE > 4o & FH A $E JCPDS R £
h (No.54-0752) 64 - B4k - o R T > Ao o) £ F 443%40(100) ~ (110) ~ (200) ~ (211) ~
(220) % A2 B $IF o) S0 F o6 > 350 T thob B A #2714y CsPbBrs 458k 48 &5 4% - A3F
16456K% B TR AL TR - RN RBHBE - FIFRFHLERLYE - i EHEAER
T M KPR EATREEH AL A o BA(D)F 0 RMKENH 520 nm R HRA
BEWME > MR B EETAAKENEAEEORRIIES o H4 RN
# 525 nm R EZREIELRMOGESE > REMMAEZEHAREGKE - EBFEXETH
4% (transmission electron microscopy, TEM) T 24 %5 27, CsPbBr3 QDs % & &4 &kt AN A 2
4-7Tnm > ¥ A% 5.5 0m > 4o B \(c)#2(d)AioF °

(a) (b}
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Innovative Integration of Atomic Layer Deposition in Carbon Material

Surface Engineering

Yi-Long Hsu, Hsiang-Jen Wang, Wen-Jeng Lan, Yu-An Li*
Pure Metallica Co., Ltd.

*Email: Ryan_Li@puremetallica.com

ABSTRACT

With the rapid advancement of high-performance material technologies, carbon materials have
gained increasing attention in energy storage, electronic devices, sensing, and catalysis due to their
excellent conductivity, chemical stability, and mechanical strength. However, practical applications
are still limited by insufficient surface reactivity, poor chemical stability, and electrolyte corrosion.
Atomic Layer Deposition (ALD), utilizing a unique self-limiting reaction mechanism, enables the
Conformality of atomically thin and highly uniform films on various carbon surfaces, even those
with high surface areas and complex 3D structures.
This article highlights the key impacts of ALD in modifying carbon material surfaces:

o Provides interfacial control and surface protection, such as depositing oxide films on battery
electrodes to stabilize the SEI (Solid Electrolyte Interface) layer, suppress side reactions, and
enhance durability.

o Introduces functional coatings to boost material activity, for example, depositing metal
oxides with pseudocapacitive or catalytic properties to improve energy storage capacity or
reaction selectivity.

e Achieves 3D conformal coverage and compatibility with porous structures, ensuring
uniform coating on complex carbon frameworks, maintaining channel permeability, and
enhancing power output.

o Offers low-temperature deposition and integration with flexible substrates, making it
suitable for heat-sensitive flexible electronics and conductive fabrics.

By exploring these impacts, the article demonstrates how ALD effectively overcomes the
limitations of carbon materials, paving the way for new applications in energy, sensing, catalysis,

and flexible electronics.

Keywords: Atomic layer vapor deposition, carbon materials, surface engineering, energy

storage, electronic components
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Development of Fast-Charging Anode Materials for Lithium-Ion

Batteries by China Steel Chemical Corporation

Kai-Chih Hsu*
Research and Development Department, Advanced Materials Section
China Steel Chemical Corporation
“Email: 03520@e-cscc.com.tw

ABSTRACT
China Steel Chemical Corporation (CSCC) is the major mesophase carbon micro beads (MCMB)
supplier in the world. In lithium ion batteries anode materials field, MCMB has strengths for power
capability and cyclability owing to its unique nature, so CSCC has many customers for power and
energy storage system applications. Nowadays, the fast charging and discharging, and low
temperature demands of lithium ion batteries are getting more and more. To meet these increasing
requirements, CSCC has developed proprietary surface modification techniques, polygonal and flaky
materials with small particle size. The flaky graphite materials can be applied to improve the
conductivity of materials. The surface modification can apparently enhance the charge and discharge
capability of raw materials. On the other hand, UF series materials have been successfully developed
as the smallest commercial anode materials in the market, and the typical d50 value of UF1 is around
3 um. Based on the feedbacks from our customers, UF1 series can fulfill over 100C charge and
discharge demands, it is quite a breakthrough for lithium ion batteries. Moreover, CSCC’s conductive
flaky graphite materials (CFG series) are able to enhance the fast charging and discharging capacity
of batteries. Now, CSCC has developed various kinds of high-power polygonal materials and
conductive flaky graphite materials with small particle size for many customers’ demands. This field

is expected to be regarded as a key niche market for CSCC.

Key words: LIB anode materials, surface modification techniques, polygonal materials with
small particle size, conductive flaky graphite materials, fast charging and discharging
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