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A graphite oxide and/or graphene preparation method includes providing a plasma electrolytic
apparatus, where an electrolyte solution is provided and a graphite electrode is configured as a cathode of
the plasma electrolytic apparatus; and providing a cathodic current so as to initiate a plasma electrolytic
process at the graphite electrode to obtain graphite oxide and/or graphene. The graphite oxide and/or
graphene can be synthesized through plasma electrolytic processing at relatively low temperature under
atmospheric pressure within a very short period of time, without the need for concentrated acids or strong
oxidizing agents. The present invention may prepare graphite oxide and/or graphene with plasma electrolytic
process directly from graphite, without requiring any prior purification. This plasma electrolytic process of
the present invention is quite promising and provided with advantages such as low cost, simple setup, high

efficiency, and environmental friendliness.
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A graphite oxide and/or graphene preparation method includes providing a
plasma electrolytic apparatus, where an electrolyte solution is provided and a
graphite electrode is configured as a cathode of the plasma electrolytic apparatus;
and providing a cathodic current so as to initiate a plasma electrolytic process at
the graphite electrode to obtain graphite oxide and/or graphene. The graphite
oxide and/or graphene can be synthesized through plasma electrolytic
processing at relatively low temperature under atmospheric pressure within a
very short period of time, without the need for concentrated acids or strong

oxidizing agents. The present invention may prepare graphite oxide and/or
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graphene with plasma electrolytic process directly from graphite, without
requiring any prior purification. This plasma electrolytic process of the present
invention is quite promising and provided with advantages such as low cost,

simple setup, high efficiency, and environmental friendliness.
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(0001] AEFERGRENABEY/ ARBEUETTE - FrlZRNF
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M BlansRiEyest - SETFERE  BREOCENE - SR - BY 0 K
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[0005] Paulmier Z A (Thin Solid Films 515(5):pp. 2926-2934)$8~—
TR MR e AT S A A DUARE S R &S f 0 220 - Paulmier BEZABURIN B2 AR IIAR
BOEHE - BE/EERRAREINFSM - Richenderfer Z A
(http://www.phys.cwru.edu/undergrad/Senior%20Projects/papers/papers2012/Ri
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RERRLE - EEEERGORENRGE, - WA HEEHE R EHLIE
58835 - Wi H Richenderfer Fri& naVE MR Bk (RIS HC) - EEARE
—TRE(LE T TR REILETTIIE - ©5Y Richenderfer K7574{
FRERESREE - FILAESREZER -
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3 BURASEEATES] HG B PEEG Z X S¥4R1)754(X-ray diffraction,
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4 BURASEHE NP HG & PEEG Z Raman Y54 -
5 B~ HG([& 5a) & PEEG([E Sb)Ry C1 HSEHT X LB TRMEE -
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HPZ —EaRE(LYR/EARBZHETTE G TR RE—8
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RSB DR’ IERERN O RER - (FAREMETERE
MR FEMS IO SR8 R/EaRE -

(0013] (H4peyEEsEE fRE bR e SR RENE/E (Micro-arc
Oxidation : MAO) #ffy » S R B K P58 KATL)IE (Anodic Spark
Deposition) > EH FEMTESE « # ~ k&S L - BHRHERERE(ALUER
A~ BEREBERLT  BERUEREEMNREGEK —BECREE
“iE > AT ERSLREER %  FREVBIUER - E5M TWERE
B T ERAE IR - RS EEEIIHH T e R EARIUNE
R ERCYVEHEELSL  EMSBISHERE - RNt > SFERK
FEE VR B — R B LR E R -

[0014) A3 EHEMRIEE 7 5HH 2 FRA LI RG] R EE
PAEIRITE o BEHERIRINE R EE - R - 28 > EEBENEAEHZ
B E L7/ AEE RS R K IC) R FERE » Bt - fE— ' H+
AR BATEIREE 2[5 2 AU RN &8 - SEEEREEMR -

[0015] FERHEI+ - BIHBRRABNMHEBERE R 40V E 80V »
HEMA05A E LTSA WE—BEEHKSIP - W ER R 40V F 60V
BIHE A 0.5 A £ 1.2A - KA B K ER 2 FHE G EERER
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HEE A AT B LB A2 5 (plasma-assisted electrochemical
exfoliation process) * {H## RISV ERAMECRELYAEES - BIRIE
EZHRETEESEARNEHIE - BFERE - DUKRHREEHI91E
HRNRALESE -

[0016] H A BIEMAEE Y 5K 2 2R A BIRREE
ERRAARERR | 2R \BRREREEE  BEE RHARIERR 11 £ -

[0017] 0@ 1 Fimm > BE(TEH L RE YN BHEBMEEY —
Foti 2 {RSE I NERRE 3 - Tfeth | 2 O BEMY —Hinfham N SRR 3
ZFRME - MBRERLEGEE N EREM Y RESHT -

(0018] AHIHLABEMUAFBLLM L RILARH GRERH
ZRBIESERRNRAGS  BEAE o862  SEES -
H o B E R BRI A B EN A REA - P E—FHEFD > &
FEIEELPI ARG  AREMREEhEAELE -

[0019] A7 &K 3 2 pH HAR 11 2 17 - @k » BRE
3Z pH BFR 11 2 14 - iEREEZFESER RN ESEY - RIERE -

(0020] ZA3$8H EffiR 3 ol & & BARE DUEHIEMRKR 3 2 EE
{H - HPHE—8EERAIT - AFH BIER 3 TTE ST - #DUEH]
KAEFFERARIR 3 Z pH {H - B skl R FE ] A AR A RE N NH, > 5 LABR{E
O BIAR o R HIRAEROVERR (NH,),S0, - NH,NO;
NH.Cl » LESNRAT B EREER R SRR 3 ST DA B e RFER AR 3
Z pH{E - MR EAREBIIZIE -

(00211 FE—EHifI - DG BB TEL B MER > T LIS
MR SCADEE 1 Frm)i BB AR 3 s » MABVEE R T 4 HIBRRE - Ho#g
FERVIEIEIRE R T0°C » (BRI RIEREW AR L AR -

(0022] FE—EHBIP - KT RSB NS M4 > Rt E
FHBIRTFES 6 i - HEHRRERS 6 P B BRI THRERIINEVR 5 Bad) -

[0023] @/ AR EMKIER PR EInRE(LY  WiHiTE
FUETE - QT RESERRAEESEOE -

[0024] FEFEARVRESH FMVEBERKIER B ARSI/
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VIR ORIEREY) - E—BEEEIT - ARAEZERAEY /B0 =S
BEELLFISIY) » H C=C LI C-C ZHERI C-0 28 RO EMSE
SRNAERY) - EPE—BEERAIS - C-O ZE8/NK 10% -

[0025] LLT @B EESIE SN BEFMRA TES 5B
RAZHIEN KRS - HEEATERNIIN > LR UEE
BAREUILIRE A FRN RERE -

PEEG 8

[0026] EBEREEEEALIF (56 200m)FIFTEES#(2.5% » 40mL)
& pH{ES A 12 » FHEAEVHERE K 70C - B S 4E G 2% (high
purity graphite * HG) » iRk T —(E R RS (R ER L) © 2
MBREYE MR 7R R 6 71100 2K - 5—E HG 12 » HERMI&RE A
Fy 6 71 150 2K - R{EB BNV E(L 2 HIEEE 5 ( plasma-assisted
electrochemical exfoliation » PAEEP)E L2 24k HYf5 R - HG By ImZREHY
2 BN ERERITREL 1 2R LR - TSR GEERRF -
W {E SR —E ERE R REER » WEHASE 60V » (E5EH
#T HG RlmzRmEaybath &k ERREIRE LN EENE - EHEFRZS » &
RS H/K SRR I B NHA R E SRFFELY 70-80°C - B THRESH
BEA S FERYI9 St - TEIEM P M PR a3 » IR RS /788 200
HYERE o BEWNEESZ FIEI0 ey S a9E R 60V fURHE - BEh B2
(bR FE » W [)0S 7 Pt 1 E A RS DARIE HG Rl R btz 4 BAY
ERESORBHAVREIRIETBEABCRR TR RY) » LR ERRE
- FEIIEAE  TEFRREVRIR LB P HE(K - AR E K%Y 0.65
£ 1.25A - AP ERENFRERERE R S 708 - B 1 20t fREN
TEE - RAIEEIRE - WIBEZEIE - AR EES IR EDN
PVDF &K © 0.2 oK) » WEBFIRIREEER - FrHENED
LA DL/KHEHR » WAE S0°C N EZE HPHEzfE 24 /N » JE{€ PVDF Héjb“ &2 1% -
FH_L#it PAEEP Frdfiruss R T 78 & PEEG » WifETFAE SO CHZIEFEE T
g o
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Blf# PEEG S3RUR

[0027) H&FT#5E9 PEEG(15 ZZF)IIAE] N- B EL-2- b e B
(N-methyl-2-pyrrolidone » NMP » 15mL) o » [I15%| PEEG 380R(1 Z5/
Z7)  WERBERFERME - TIEGREF R 20 T#F > THE 130W > 10 73§ -

EEE R

(0028) (HHHERER Cu-K & K IFHEIEES (A= 0.1542 nm)Hy D2 X 543
(T8 EE & HG K PEEG Ry R HY4E#HE - £ A XPS(Phi V6000):ME HG A1 PEEG
HYREEERR Y (B A S AR Ay RN £ B3R (HOROBA JOBIN YVON
Laboratory RAM HR 800)F1 514.5nm BY& 5 EIR BB LR AR HETTE0 8% il
S ¢Et - K JEOL 2100F Z5E LI 200 TAREVIRIEIREG BT S NS B
B T BE{WEE (High resolution transmission electron microscopy * HRTEM)RY &
fEcsk 2% HG » PEEG RURMIN BN f4918 2 RBH S FLEHE - FlIA
JEOL JSM-6500F #7188 T BHiMER » R R 1S TIRETIREE M
#4(SEM) - BEM SEM 14 » PEEG DAFG & EEaME(Anodisc » EIX : 47
2K 0 IEHEFLIE ¢ 0.02 RUR)ETE - AEKEREAZIREKZEED - BREE
BREY NMP » KEELF 5 BtOH REHYVER WERER Si B4R L - LT SEM
HE -

[0029] 2 BB ARV EA L2 R B2 7 (PAEEP) P 1E A [R) YT
EVEMRIER » EEE 5 pENEURHENER RS - ([CEREIxRE -
BRTNARHRASHEER - FEHE BRSBTS PVDF &
BRCEIFAR & 0.2 pm) A BRRREZRIE - MREMEENIEAR AR
F o BERHYEE sl K BEF7K(DI water) 6 » MAE SOC HZE FHZEE 24 /NG -
FEMERIR R 25 (PVDF)IEFEE < 1%  FH_E it PAEEP PR faavin REL T8 R
PEEG - Wi F/E SOCRZIEFEZRAEM - [B 2d R PEEG B &N NMP &
B 6 /NIFRZ B R - ERIRE R BUERg—M - W aT4ERr /) 72
INFRRTE © EIERREEFAZEEIR - RETENRE - DL PAEEP 2
R HEZE R EREFTE SN PEEG A B HERAFRERRE
o] DUER RAFHIEE MEAE(130Q.5Q (] 20) - EFRRESEEE A BIE
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[0030] 3 Bk HG > PEEG By X-5143 T8 EIFE(XRD) - E & HG
AT TET R AREETR 26 B By 26.6° B F RGN = 8RR (002) » I HAE 26
B 42.8044.6 0 54.6 B ={E/NE& » 43 BI$IE S 100> 101 > FI1 004 ;Z&H(ICDD
PDF #411487) - 1£ HG £¢f PAEEP 1% HG 2 26 {E7F 26.6°HY &l (002)
B  BRTEHBER R ARV ERR Z21% - HG BV A BEEE T
£ z J7 18 _ LB EEAMEHES -

[0031) 4 ¥~ HG M1 PEEG HYI 5L - L i (E e s o] LI#R
7 PAEEP 214 » 9 HG 85 PEEG BU4SHEE4 L - HG By S CEtmag
759 D(ERRE) - —(BIZeH Y GCR2)FIREFHNY 2D(EEELEMN G » 2 7lE
1353 5 1579 > 2706 cm™ Ji& > 5y RISy EREIG BAVRHEE - #A7f - 7E PEEG
f Raman S¢E5 - G 355 7 5L B RS W B8A% FIBEAYSRER » T PEEG #9 D %
TR HG 2 E MR @ iEE%kEE40# PAEEP 2 1% PEEG RO £ M1
HYGR R/ 45T R R EL - (B EEHIE » AR HG » PEEG Y 2D i fui%

A SR 45N -

[0032] 5 88 HG /Y C 1s XPS st HG fEAHY C 1s XPS 7] LA
1 fiE K (deconvoluted)—{E Hy C=C(sp’ JRBKAIER R T BUFT S RLAIIE 284.4 eV
FEig(E) AR C-C(sp’ SRR T )FTisak Ay 285.5 eV HYRZEi(E - [E 2D
B~ PEEG #Y C 1s XPS J¥E - PEEG #AKH7 C 1s XPS 0] LAYRR AL = (g
{§ - PEEG 7 284.4 71 285.5 eV HY4E &AL BI(H D BISFRF C=C(sp” IR
BRIE TR0 C-Csp’ SERLATERET) » T EL AhAVIE(E 3 Sy BT S R -
C-O(~286.4 eV » FRELCFIIREEL) - BIZAMY  ABEY HG K24 - B aEHY C=C/C-C
ARSRAYIRE AR A R RN E - ER%RESAERENNEE C=C¥
S HECO R4 C-O ## ) WIS EME &b Em{E# PEEG 1 NMP
B PRI E/E R - % PEEG &Y BT Bt (4 2d) - 554 FEFS
AHIBEZFHI+60 V BEE R DU A 28 L e | B | A £2&881A
258 - & 1 54 HG R PEEG IS ES S EAENEE - HAERNEE
XPS & FHIHEE - FILEI A PEEG BYE B E FHIE F B OEtER ALY
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= 1:22.8 » B E MM EE B RN A EEE LY (graphene oxide) » EEFRT
ERMVIEF P EA RIS » B0/ ER C-O ##(~4.2%)E A%
yg o

=1~ AL C 1s IE TEYEITESET HG I PEEG HYRTEE AEEIRVIEE R
THEE -

C=C (%) C-C | C-O(%)
(%0)
HG 84 16
PEEG | 68 27.8 4.2

[0033] & 6 B8~ HG 1 PEEG #EAHY SEM 1 TEM BB » {8y
A E A REE IR - BN - HG 2R HHERL A ARE 2BFTAERRAY - 16
H7E PAEEP 12 P& HE b EESHAVZORIAR « Z7 20-50 ERE 2R HIE
BT REAERER IR B RE) 2.5 55k » 49 10~30 nm YERE » 1A—
FEVZOR ARV A IMEE - [ 7 BURE—S AT AFM B » HEREE
RT490.5 5 2.5 (oK » MR AL 2.5 nm > EEAERIEE £ 0.34 nm HYELEE
£ EEIERY 7 B R - RItHETR G2 - BREFERERF
M HIRIBME - AIFE ) GERE - RAKERER TR EMER
A ELRRR) - KFPEZ FEEAR —EIFEERNEELRGR 5
ik o

[0034) 4x& bt ASIHEHTHEHEEST  THEAEHEE - —%
BRI R FE RV - B RGN BOREEE > BuEE R RE/EY
K/SE N - NILEAERA - S8  BRERIRELEEES - it
AR ATRE LRI R R BB  (FE AT BARIE P P E A REBMEL B
RIS IR IS LN G 2% -

[0035) DA bRl BHEGIE (R B S50 > 51 RS R A B> B

B EVIEEANE IR 2 A\ TResi A 308 NAWIB L EE - EFAE

(51
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Rt —EREREE  HPRENEREERA B8R I EHR
EBRREZ —2ti R — =Mk DK

PRt —f2 R N % 0 R R - (B B AR R R e R B R
HEIT—BNERREUSI ARSI Y RZa S B EEE
BRI ER A4V £80V  DUKZEREREENIMIERRB0SA 2
1.75A -
2. WIFFKIHIFRI 2 A B SV RG2S TT5 Pz a2 8 bYE
i E BT C=CLLKC-CZ 8 RNC-OZ & -
3. WFEKIEIFrit GRS LY R E B BT 5 P B E
s H B B0.5A E1.2A -
4. MFEKHEI T2 ARSI R OBGZ BHETTL PR EREREE
s EEE 40 V 60V -
5. MFE KBt GRS R ERGZ BE L PR aREHr —
Ui PSR B -
6. AEEKIAIFTIZ AR LY b G2 BT R B ERER
HENIOEEMZ RABGENRIT -

7. AEEKIRIFTIZ AR ELI R ERMZBFE A R EREREE
Z— 2z ANBAERERGARNZ e 16 -
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8. AEEKIEIFTiiZ ARSI A RIGZ TR P BRERRE

Z— It Z MR R Eda - SEEERAYEEM R -

9. MEFKIFEIFTZ AR R R ORGZ BHETT 4 HPZ B RERRE

Z —FHBRTE 2O % B -

10. 4035 3K IR 1 Pt ZE%%ME?%EZE%X%Zzéf%ﬁi Ko ez B R B S

AT R EEIR

AR KRIE AT AR EALY a2 Sk 7% - sk ERZpH

R fTIR11EE14 7

12, AEEKIALFTI AR E( Y a2 WE 75 R aEEmE
SIS EZat-- LT
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