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Abstract: Graphene has drawn wide attention owing to its excellent properties since the discovery in 2004. There are
many methods to produce graphene so far but many challenges still exist in producing scalable and high quality gra-
phene. Thus, preparation of graphene should be further explored. Amorphous carbon and graphene are two allotropes
of carbon. As one kind of solid carbon source, amorphous carbon could also be used to produce graphene. The prepa-
ration of graphene from amorphous carbon via metal catalyst has aroused much interest. Here, the advantages of using
amorphous carbon as solid carbon source, to get high quality and large size graphene via metal catalyst in recent years
are summarized. Several influence factors, such as metal sort, annealing temperature, the ratio of amorphous carbon to
metal, have been discussed elaborately. Meanwhile, transformation mechanism from amorphous carbon to graphene
has been reviewed and summarized simultaneously. Finally, the prospect of this novel fabrication method for graphene
was put forward.
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Fig. 1 Schematic of graphene synthesis mechanism
(a) Local annealing of the Ni layer by laser irradiation; (b) Dissolution
of a-C in the Ni layer; (c) Aggregation and retraction of the Ni layer;
(d) Direct graphene synthesis on a SiO, surface
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Fig. 2 Raman spectrum for a sample irradiated with a laser in
H, atmosphere at a substrate temperature of 200°C "
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Fig. 3 Process schematic for the metal-catalyzed crystalliza-
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Fig. 5 Raman spectra of (a) a-C (40 nm) and (b) the resulting
graphene layer after Ni-catalyzed crystallization (Ni thickness
~300 nm) with excitation laser wavelength 632.8 nm""
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Tablel Parametersand resultsof thermal annealing for the experiment of transformation of a-C to graphene

a-C method T/C I?i?:ll:;lnlllﬁlg Gas Catalyst  Pressure/Pa mcc})?[i)ll)ll(lﬁg;y " Ramaln | Ref.
o/l '/l

EBE 650-950 15 Ar Ni, Co 226 Single, double layer 0.09 - [31]
FVAD 600-1000 5 - Ni - Few layer - - [32]
PAPD 700-1000 5 N, Co, Ni - Multilayer 0.59 1 [35]
LA 1000 30 - Ga 1.33x1072 Few layer - - [36]
FIB-CVD 900-1100 30, 60 - Ga - Three, four layer - 0.84 [37]
PLD 800 5 Ar Co 0.1 Single, double layer 2.5 0.67-1.43 [39]
MS 750-800 5-10 - Co, Ni 3.0x10* Single, double layer  — 1.43 [40]
DCMS 1100 2 Ar Ni 0.266 Single, double layer  — 2.5 [46]
PAPD 900 5 N, Ni - Multilayer - - [42]
DCMS 900 30 - Ni 2.66x107* Single, double layer 0.03 4.8 [52]




590 LA I < =

Vapor Deposition, FIB-CVD). Rk #OEITH (Pulsed
Lased Deposition, PLD). 4% k4T (Magnetron Spu-
ttering, MS) M EL it % 1% Ik /it (Direct Current Mag-
netron Sputtering, DCMS)55%%, {HZ i #ukb #EAG 2]
WAaSERERIFAKR, Bkl ZE. PEEER
JRIA E, KRG, PAbEE R &8 K
PR, SJE/mE e B KRR BE. A/ ER
WA MAREE LIS EOT A oA S Er e R A
BRI o
11 B

AN T 42 Ji e A A ot Bk e A A SR04 1A BE AN D,
SR BIGREA X 5. Rodriguez Z5171¢E
600°C LA IR ki, SR Cu. Fe. Ni Co PUFf 7Y
& JEE N, KB Fes Niv Co =F1ENMHEALT]
BFE AR T A S0, T Cu AE AU TE LS 3
A, XRHET C JETAE Cu TSR, A
AR VLT IR AE K. Peng &R, 24 Ni
TERMEAT, FIF PMMA 2558 K TR T 820,
HRH Cu TEAMEAGTIRS, A A B S0 1 2
G5 6). Li EPYE— BRI AKX E T & H
T C IR F7E Cu 1 Ni RIS AR EANE], FEAE A
BIFIHLHEARE. T Cu S EBARK &8
5, HAEKNHE RELAERK. SR T, wRIEE
Cu )R MR AR AR C R TR INE S BRI, /5%
AR B 8200 Fr, PR G T 15 211 82 1 K TH AR
AR TN T N i ErN SRS, B
ARKPVENE T . SRS, RIEREA RN C R
TIEE NG BEAEN, BFRN C BTrHAEEN
TEHTAT H, TR KR A B

IERHT C EANFESE B G HEAE, MIFE
SAE A R A S 2 Bt A 75 7P 4 Rodriguez
SEPEE R R B, T C 76 Niv Co 9 HIVE R AR T
1F Fe &M, R Niv Co fENMEATIEE T 5
JERUD B S50, TR Fe fE AMEA ISR 2 2 2
VR 5y

W TEE K Ga ME AL FITE FE LA AL TR BE
Fujita 25 B%F FH ¥k Ga 7E 700°C. 1.33X 1072 Pa %
PERIR K 30 min, AEE S BRI AL A SR ) . TEM IE
WA SN Z EA R, B EERRRZE, fig
SR B R HRERE D Vg, RLFEERESRME. F5b,
AT R I Ga I HEAGAE PR T-3E &4k 55 Ga 1 ST
4k, Hatakeyama 25PN RIRERIF Ga 1E AL, 43
HILE 900, 1000+ 1100°C B2 ¥ EE kA7 5258, KB
Ga i [] T RAR, BIE Ga [ fiEAb 14 A = PR T
H 5 AR s ax ik Bk . v 7 ORE B 5 Ak
AR AR, A @B cu S

%33 %
@
Before UV-ozone,
on Ni / \
£
<
g After UV-ozone,
2 on Ni
g
=
After UV-ozone,
on Si0,/Si
1 | 1 1
1500 2000 2500 3000
Raman shift / cm™
(®)
£
g Ni
2
‘B
5
g
M
1 1 1 1

1500 2000 2500 3000
Raman shift / cm™

6 AEEKFAE R 2 a8 1

Fig. 6 Raman spectroscopic analysis of graphene from dif-
ferent growth conditions®!

(a) Raman spectra of graphene on the top of the nickel layer before
and after UV-ozone exposure, and graphene on the substrate after
UV-ozone exposure and nickel removal; (b) Raman spectra of
PMMA-derived graphene by different metal catalysts
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Fig. 7 Contour maps of in situ XRD results showing the 002
graphite peak in Si/SiO,/a-C/Ni (100 nm) samples heated to
and cooled from 1000°C in He at a ramp rate of 3°C/s for a-C
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Fig. 8 (a) AFM image of a transferred graphene sheet on Si/SiO, substrate; (b) Graphene (and graphite)

thickness Vs initial a-C thickness
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Samples were annealed at 800 ‘C for 15 min with a 300 nm Ni catalyst layer
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Fig. 9 Influence of Ni and C film thicknesses on graphene growth®!
(a) Raman spectra of RTP graphene grown with a 5 nm C film covered with a Ni film of different thicknesses; (b) Ip/lg and l,p/lc Raman peak
ratios of the RTP graphene as functions of Ni film thickness; (c) Raman spectra of RTP graphene grown with a 65 nm Ni film on top of

FEE DA% ot T BRI o 4 8 N (111 it T 5 4 8211 (002)
A I L AR /N R AR 2 R S TR

Ni FIECE 1,

LU AT bt B R IR A 820 . Orofeo

2t LOVER G 55 v 43 T E 25 3 AN 500°C YA Ni 2, R

iR AR NI Z4mtEELg, HEAQIDHEMR
HYC i, T ] 4% 5 R A S A SR . Kwak 5P
R A R DU NiE, IR Ni BT
1000°C #ALF, FIREARI (LI EUR ) Ni fiE4L



6

EHE, S5 R A A T A i % SR IE T IR A WE T 593

JZ, S B bR R SR Ak, WS
A RN THERFBE () NI A5 2 ) 7 S5 445 ot B bR
R R IF) 41 £ B A7 B AG () AE U B . Zheng
PRI, TEREALIR LG Py, 18 T )% A B A
BAWLR AW, (HAEMR T AR, 38 K E
Xt A SR 2R SO W R S . AR R B, BT
fERAEMGER T, REL LW KK R K, 78 #
SrARRRBRR A T AL, R B A B,

Rtz Ab, a8 KGRI A R SR A P s
Mo Asaka S5 VR I, TE RIS R Ni AR AL, AT
B AR AR S AT A B AR . (B R R
ALJE 0 Ni AL PERE D S T B, 7R 2 R KR A
REZE A s i . I RAEIR KRR N SR, R
() 1 BB R R S S0, IR R N
W5 5 T A%, ik H R AL Chen 2R B
e N SR T A AR B A A B AR AR A SR A
AT Do o B A A A AR 2 R

2 fELHIE

& B AR SR A SR A T B 5T B T A
TZWETTm, X HAKIL B D, B kA
—, WA 30 2 2 P AR BRSO B
i T, C IR E ey B NG R HELFIE®NI. Co
SEyeh, AR C FLL sp? BT, FEAEREEA%
A KA #4% . Rodriguez 252 Fl STEM W 3]
AE B MPAL AR T & | K A A, 2 JEr i aaR
Wio XA BRI EE A SR AR, 2 C R
HANIZ )G, BHNEE N T T A =00, W
10 T/ « Rodriguez 25715 Schneider 2545 3k fi ik
»

F
S (®)

gl

—— . A

(I A AR tH AT T PRI R, R R AR R SR A
Ao A SR A o DR O b Bk ) e B v T SR, BT LA
AT H IS B iR A6 ) T TR A SR 07, AT DA B ASUE (1)
WA AR .

AT B R R B 4 R i %
R HIML S o Orofeo 25U @ SRIRIEBA, #E(111)FF
PLER IR 7R Ni <28 2 A, o] DAL 21 & B 2 1) 52
SN, TS ARSI ZE R NI, X3 & b
FEERIEALAL SR>, T C R g AT
R A B /b AT AT DA R B A R A SR . B
X T e FHRATT I 5, AR I 0 22 20 0 A B A S 0 5
Wi &5 B B, Kwak ZECONN AR [ 6L T RO R
HHEAT THEFE, KIAEART 260°CHY, C R TR 5E1E
Ni H e Ay 8G T m E, AR BT
K, BRICZ EA £, RO R 5B
T B AV A — A R AL 3 [F S e, AR KR BE
IR FETTEE RFERESVEH. 546, Saenger £
FIFJEAL XRD R ILE 630°C Rk BB T 41 82 11(002)
W, i 7 Fras, JF HARIR N C 7€ Ni PSR
i, DRIIEAS B 1 S b U RO I R DO IR B . A = iR
FAF T HIUAEM002)1, WHERT a-C KET
A, XNIZREBE S, 5 Al B SIERER
Bho X 5 IE AT B IXONAE T, VT = AE PR IR B
Bt H o SR (1), T <0 e A D 2 08 B AL e
N e B AT A4S 2 S

SEJR TR R S - L &R S B R
Brolsl, AR Y C 4 )E P s E S S
Ko DL E#FFESCHR D AUESE, K C EME R &8 W
Cu Mt LAEACAE SR 1S 2 4 2203, A — & CIE
FER) Niv Co 554 J& W AT DL AL JE F i A o S50 o

{

K10 JE S8R B Ni (0155 STEM 512
Fig. 10 Plan-view scanning transmission electron microscopy (STEM) dark-field images of Ni crystals on an
amorphous carbon film at 400°C (a), 600°C (b) and 720°C (c) **!

(a) At 400°C, the coherent polycrystalline Ni film (bright) covers the C substrate entirely; holes in the C film appear black; (b) At 600C,
ripening of the metal crystals starts and uncovers areas of the amorphous carbon film (light gray contrast); (c) At 720°C,

ripening continues and graphene areas appear (dark, marked with arrows)
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