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Abstract

Since graphene was prepared in the laboratory in 2004, graphene materials have developed ra-
pidly and excelled in various fields, and dozens of methods for preparing graphene have been
available. Some methods such as micro-mechanical stripping method, although the graphene has
the feature of high quality and high purity, but can only be used to produce a small amount of
samples in the laboratory; some methods, such as epitaxial method can produce graphene in large
quantities, but at the same time it is difficult to peel off the graphene thin film material from the
substrate; some other methods can prepare graphene in large quantities and the separation is
convenient, but the product purity is not high. In this paper, by comparing the preparation me-
thods have been put into use to screen out suitable method for industrial preparation of graphene.
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Figure 1. Graphene molecular structure diagram
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Figure 2. The annual distribution of the number of published global graphene papers
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Figure 3. (a) The annual distribution of the number of published global graphene
papers; (b) Annual distribution of patent application
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Figure 4. The first graphene films made in lab [1]: (A) Photograph (in normal
white light) of a relatively large multilayer graphene flake with thickness >3 nm on
top of an oxidized Si wafer. (B) Atomic force microscope (AFM) image of 2 pm *
2 um area of this flake near its edge. Colors: dark brown, SiO, surface; orange, 3
nm height above the SiO, surface. (C) AFM image of single-layer graphene. Col-
ors: dark brown, SiO, surface; brown-red (central area), 0.8 nm height; yel-
low-brown (bottom left), 1.2 nm; orange (top left), 2.5 nm. Notice the folded part
of the film near the bottom, which exhibits a differential height of €0.4 nm. For
details of AFM imaging of single-layer graphene, see (15). (D) Scanning electron
microscope image of one of our experimental devices prepared from FLG. (E)
Schematic view of the device in (D)
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Figure 5. (c) Single-layer graphene folds, (d) Double-graphene folds [2]
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Figure 6. (a) Press the stamp with protrusions into the graphite substrate; (b) the
stamp cuts and attaches a piece of graphene using its protrusion edge, and then the
separation of the stamp from the graphite exfoliates the cut graphene sheet; (c) in-
spect the quality of the graphene sheet that is attached on the stamp protrusion; and
(d) if the graphene is good, transfer the graphene sheet onto the device active-area
of another substrate
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Figure 7. Schematic representation of the structure of carbon fibres [9]
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Figure 8. TEM images of (a) pure (HG) and (b) boron-doped (BG) and (c)
nitrogen-doped (NG) graphenes [14]

8. Subrahmanyam il & tH A ZHIEH B FREMBEER14]

Figure 9. (a)~(c) TEM images of the products for different initial air pressures
of 1000, 700 and 400 Torr, respectively. The arrow in (a) indicates the carbon
nanohorn. (d) TEM image of products after oxidation in air
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Figure 10. TEM images of the products produced in (a), (b) N2, (c), (d) CO and
(e), (f) Ar with a pressure of 700 Torr. Parts (a), (c) and (¢) show graphene na-
nosheets and (b), (d) and (f) show carbon nanohorns and nanospheres
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Figure 11. Dispersions in four solvents [23]
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S5 NSRRIEFE /N[ 393 I Eb Xof B AL L T ARITTRR 500nm 22 (AR BB IEAT EEoxE, % BB B o A B T v R
ARG,

2) DAERZERR CVD

A5 P 40 7 ) 4% A SR 2 Ruoff (/N V3R HE (341 ABATTARIA 25 pm FOARSE1E AT, BGAE ABRE
il g 1RSSR E KR A S50, IF B B A 80 & B8 3] 95% LA F. Bae S N FT/INA[40]38E — 20
WF, FIHZHTE i 4R a0 AR NI AT S, 048 T K TAR I A S8 A . (F X J UM 7 728
TR AMPIRNE, KPR ETE 1000°C A AT, AR R & ERE E HARF T A = 2 it 5t
N R AR R A PR AR 25 8 R A 2 S TR 2 B R AL L SR ), ATk B AE SRR B R il 4 A0 SR 1 E
7. Yamada 55 N BRI 78 /N2H [4 11368 Ik 2R THI (0 55 B8 7 R Ak 25 S TR B B AEAR 78 BadbAT T Bt AR Ko
SIS, 78 300°C 2o A AR KR FE T il T OGS R BRI AT 1 SR A KL

HRANEREL R _E 1) CVD BRI [35]: AT HRIX 28 A B VB e 1) 4 8 1T = = DU AT AL, R
i A IR R TIB NG BRI, BRI T AT AN 7E R T Y il— 2 A0 S s ) T4 i 28 B LI
VB 4 T S A R AR KL, B i T A AR 2R A BB SR T IR R E S S R T, AT E R
T Y B — 2 A0 S

3) UHAME B AERN CVD 2%

B T AR ANERAE N ER 2 A, A AN L T I S m A N BRI SE B IR

Sutter 5% FHl Ru (0001)4M &A= K75 31 8 2 F0UZ A 88475421

crRHGE KGEFRAL AT B ELE A . (IR [43] [4415% 0 Ru (0001)W it Z b I mrii iR kA5 3 80 2
AEEl, I HLULRRZ A SBIE R, W& T RSPRIAS A 4 A 4 A ) P 4ok A%

rHOR e A7 BT 08 40 5 (45 I B PRV ET P A v L (R PR B R 20 iR R KA 3R] DA R TH Y
B E A SR, Hom IR F AT S AR S 1A S B = KO A R

2.5.2. PG

B TAEFH S @ AT IR AAL, I RT DM FH 4a g aef I, HSERR ik 2R T &R ER . #40 Ching
Yuan Su 25 A (R 70N 461 ] —BALEERI A Se L Ze e dh okl , Rl fE LY — 2 Cu B, 7€ Cu
LA T TE B T A0 805 . BORIXFP VLR 22 T A0 0%, (R ALGAPRIR 1) Cu 18R 75 Z 4 %)
. Soin 5 N IR 7 HBA[47 18 T B0t i%7v%, {#H SEKT A £ 1.5 KW I 25 5 TR 225 M
DUREEE, DLon BUB R 00RE S BE AR RHI & T A SISEYORTFAR . X RO IR SR AT, A
T EERRZ I, (R NG A G 2R EA S8, Hl& Mg AR,
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N T SR Y 24 S A SR e RO BE X — 1), €S Lee 58 N BRI FT/INA[48 [ AR B3 o ik H 78 75
— 28, FIH DC-PECVD (ELijit - 55 B T s b 2 0 UM TRE ) i, 2 450°C 2R F M AERR T A
J T A SR o (ELRAE P 5 VA ) 4 R AT SR AE 2% T TR PR A BRI, BRAR| 1 kit — A

2.5.3. LASRAEIER CVD ARt

KA NI 5T /N 36 BEE B AN AR IR D SR A0 AR, RILE R AT, AX T8, A A iR AR
KA, & H AR S S0 S0 0 B R AT A RE ;s 75 W AN B X R A A SIS AR i) A 520
INGELIED

IAESR, 5 A 0N A S B s PR 8 SIS EAT LU S286 o A AT 98 T CVD kM % A1 2
IEITFE A A KR . AR, BRUR. SRR AT R S A AR A K A R

1) EKEE

Baoshan Hu 28 A FIHF 75 /N[ 5015 EE 900°C A1 1000°C Tl CVD A= B A S 4544, I 1000°C T
[ f S0 A B IO R . Regmi 25 AR50 /INAL[S V| PEAR R 261 N 0 FH FR ek A7 s, kB AR KRS
KT 850 CHI ABEI BCA 884 s TE =T 850°CHY FF AR A i 58, HAEIR B IR T i fe o, R
SR 1 2 J2 DX SR P 2 AR 2 o Kime 55 N FRRIF 70 /0N 20 [ 5211368 ek 42 o) 740 v R B0 R {ef A UL 3 7
1000°C, G SRA AT ]2 T 30 244k 1H T2 A i 6 B 1 A S 4 TS

2) EKitE
FRRHBE I T SCER 5314 N R BLBE S A= K Tl (8 o, A7 SRIG I E RS R
3) IR

CVD B & S S 0 JFORE, 7E il 2% AR R RS TBO SR T U UARTE A IR _ LT T A 3205 14
Zheng-Zong Sun [FIHF 75 /N[ 31158 P A FE 4 R 56, 8 FH s 201 A R 5 PR 5 TR 0 T P TG R R 1 S I
TEGAMEASRY T Hil& T REA 8 HREIE NIRRT 3~5 Za 8. ZLi SN0
LS4 FIRAS ZRAE NRRIE, R IAE 300°C 5t m] LAYEAR 32 0 AL i 8895, T Tkl ok, i X
BRIRHR AL T BRAR A K T BB

4) SHARE

ARG R BRI (— BN B SRR H RSN AR, AR AR T R
HARIE R, HRNENES SRR, A REREA 2. R IR IN R B
B R B S A S SRR 1R, BRI (0 R R VR AT [55]. B S BT AE IR 78 /NS 6] R IR AT 5206
{10 A A S — AR TR R LS A 305 2 D A B R A . M R A R, S SR A T
20 5 E SRR, 845850 C-C W, TR E /NI BESE F e n, Ry #t
FUEHE S, WIS B IR G A . 7E DU R IR IR R b, 8% A% R (10° - 107 Pa)
Skl % B . B SR AL[S6IIFFE 1 AN R B A BRI (R R R, R ISR BAR M A K ESR T, A SR 1)
TEARAH T BN e 2

5) HR&H

CVD EAMANTE RS IR R SEI SRS 7 AT T uilk, 784 SR A HoR hdk 47 7 8o . X F
CVD kil A 0, RABRZM AL [57]. HEZOPRAHE. HeEn SR mRE—
JEERBEA, R P EFGIR TR R R A RIS S RE IR RN SR K
HEBIFRANZV IR (EE . ERRPIE SRR YRS, KRR, S RRE R 0 S
e JE RS A B 22, BIRIIS 20FT 5 B0 SRR o, 5 VP 35 D 445 2 VY S T D A AL 2 2 R T
B RET BB Z, DA 2 MR IR A T B T, FA s T 75 AR B AN [R1 2R AR

DOI: 10.12677/ms.2018.83023 214 PR R


https://doi.org/10.12677/ms.2018.83023

E#t &

AR 522508 B2 LA 200 S2IA 2 5% . Lin 5 N [S8IXFERBORIAT 7ok, 15458
AR A TE N %, RGP USSR, Lin 88 AR F0/ N [S81HN Lee 55 N B FT/INH[ SO T 1 i fe] 23
B 2R B BRI IR FR R 0 7V, F SR T R R R VA AR S R AR A3, R1S T BRI A 2 . Wang
LNTON T —Ff AL 5 0 B A B3I 1 7 72:[60] 0 AR BARBEMF B 90% LA R 5e BEPEM A1 5805, (HER
RARR R SRS SRR SR, EiZEEPIESZIM—E R Cu, MIMTIEREIRIR? . Petrone %5
NI AN 491K T8 T 5 B e o A0 580, Db T 5 5. PE R PR R =M RN ORI T —
FEOGEHBh IO # J5 ik 61]. @I AR A AR EARIRA K CaN Al Cu 2, HEMifE Cu LB —E
8B, AN FEOCR BT, SRS T A 8. BUEM B E NERER CVD L L EBO R, &
BT R R A = . AR AN S AT T 8 SR I CVD vl 45 A S0 i, R IR i sE 4F, T
DR E 2 1t A% IR B A DRI A . I TR RS 0 N DA 62458 AR X il 2% 1 SR IGS 2R kL, fEAE
ANBGWEARIG, P EA R s AR .

A8 A S SR TR i 4 A 320 2 H AT R 8 K 0 SR A W R BT B A &
F R SRS B ARG IR AR SR A, 2R TR LR CVD YRR H T E AR AT 1A,
L] AR AR R AR A 77 R v O P A S 0 A T TR AR R ) R

2.6. |WLRE

SEACIE RSB RIRAT SR AL B o T IR S AL B S5 R B A 58, R AE AR Bl A LA )
RS T R B R S A SR, B el BB R IR IR R RS T iR LR AR, Bn
A A SR RRH 63]

2.6.1. EHIFTS

T E RO — PR i & A A BT, AR BN ERE T BE IR RN E
TSR ITE T EA =, 43 A2 Brodie J77%[64]. Staudenmaier J73%[65]. Hummers J735[66]. H Rl
55 2 Hummers 7775 LA Hummers (90508772, %R 5 B8 E W B Hoe e, Abfaxiba
BGRB8 E AT ER & AR B DTE. BEE A SIS R E, FIH Hummers 77
R A A B — BT ARk R A# B Hummers 7756 4 A0 A 5806 =AM B IRIREL.
TRBA R B . AN AL 13X = AN B S SR B e S [ AN A ) B P s R (67 il
AT SR NI PR R R T AR R R R IR B (67 AR B A IR B IR BLAR N T B — s B,
R MFRE PR/ iR BHIR AL 2 Yo B A S - E i R R R . WU IR S A S50 7 2 )
BT R v TR B S B IR FE 2 I AE 90°C 3 100°C 2 18] o 5 7 B 8] 4> B S8 Ak A7 SR s 0 P R (671, 7]
DA i i 4 S ARG B rli B 1) s I T SR B e S A SR I 7 3 . SRS Bt 4 s e A
SRR A, — MR I B AR B R 1 Rk B HG N 2 ) B

SRR BT E G, ZRFEN KON 2~3 £, A2 Gyl inFAa e A R S 0 N e, TRk
REMENASEE . HEABGRSATRAER, ST LURERER R EABEME. TeEk, w
FNGEH T 2 M F AT 7k, St 7 VF2 SudbE R ik B, St 1 iR s e R T
o

2.6.2. TR

IKE MRS [70] VBB SR, Stankovich [ 78 /N 691 FH 7K A kA J5 43 BIZE 7K Hh i LAk A 2
I, (HR1Z)77E2 SEA% . )5 Dan Li [7115 NEART0T 70 EAE -, @ i E/K e PH {H, Skix
W R EZ BIEEFE . BBEESEANTIR TIRR SR KRG HE. RN RS EA PH X8 R
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SR IIFEA R I SONE B TRL A K A kP S R e SR (Y R BRI 3R, PH B =4 e e MRS I K[ 72]
ERMEEA RN, ANESHT TR rEE .

Xiaolin Li %5 A\ [68]F1 GuoxiuWang %5 A [73 14 XS 28 My Jidk I 7Rl i) £ H 1 A 580 o 52 SIS FH 68
NI JEF B K Dreyer 25 N KN FE /N[ 741 K BUEA A B4 (AL TR I B A 2 FR RO VE T, T2
T TR AR BB MR B LRSS RE YA E iE S A B A A S0

M N B A BoR R R Y, & BB IR R I[75] [76] [77]. Choi A1 Lee [ AIBA[76]i8
JE% b NaBH, F1 NoH, AF I8 S5 AR RCR K, A8 NaBH, 315140 3520 2 1 A PR ALIR .

YR C B EE, A RN RMEHSEAER C 1ENEIEFRAEE A A 22)F . Zhang 1IRF T
INATSIHEIRAI S R4 AR C B JR T A A 587 . Kai-xuan Sheng (B 78 /N[ 7918 F T HLdR MR
R E A B, B T = A SRR R

Zhuangjun Fan [FJHF 575 /N80 15 AR VE ik S 55, IOBER () AR e, A 7R 2 30 0%k . Xiaoguang Mei
(RRFE T /NS 1A B R P SEAA SR IR IR R B G IS, ORERF IR 1 4rh e BHUbmT I, (EH & B 1E N
2Nl ) FANA NN E IS 8 I (S P ek RS Wb s S .y G L = A s e

A2 HA B AT CURVER IR, R E[82]. & HBRBA[83]. A MR [84]. mamR
[85] FERHE[86]. HI Fl NaHSO; [87]. BAER[88]. £ —f%[89] #ARFI[001 A4 k), FkFlids J5 51 (1) R R
FAHHIA

b 7 R BRI 7S, AN R TEH T AR R [91]. #IBJE[92] [93]1FI7K#K3E[94] [95]
SR SR A AT SR 1 T i

AR T R B A A SR R, DA SRS R . R ARG AL, TR
FE| T AR R, SEAREERAEER, S ECH S5 P E A MR S TR 8
75, —ERERE bR AERS B 0 i AU R, BEI R 1 T A S R R R AL . X M R4 A
SRR IE G EEMEHIERGR DR E A4 kL. 1T DALE 5 B S PR 8 A DG 1 B

2.7. HibF3%

2.7.1. BRACREYIBIE
ZITE BRI AT A 2, 0 8 R BRI A vy Bl R P 2 55 0 1 (R 221 P AT IR B 9/ oK A 3 1 )
& RBEMNEYIT, WA S SIERR, 07 R e, TR A, R RO E[96] [97].

2.7.2. FBEFHIEEE

BEE S B TR AR R, %3 AR TN AE ] & R R R o 1205 0 R A 2 SR R I 3
Bt AT B, 78 TS TS BRI A 70 R 21 T 1) 46 A 5875 o (B % 1A 4 SR A5 O A 880 2 HE B HE A,
MRS, R =2 LM . Dato 2 NFIRFFT/INA[O87E S HORAS T, EM A b R T3
i LR TR A A S0 A R
2.7.3. KAk

KAGVERE— T B FE (LR, %07 R I P A 2 S B LA B R S A (R 858 ke 7 A R A
W, AR R B R A 2 SN R A AR o

) 2 A SR AT T R R MG ST ek I AR S RIRE AT, RS T WSS T P A e
B, FIRBET B NAERE R 850°C A . A A AT, M IKTPTREEAT FIPRE KT . S5 B R
BoHlE, R ST H — 2 A B . & % AR5 /N[99 M3 F 2 B R R TR A SRR K G il 2% HH
TRBIA B
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Table 1. The contrast of CVD and REDOX method
%= 1. WESHETIEMSUTREENLEER

B A W ATBIE(CYD 1) TS
FURTSR P4 B BT RS R RS RS FAR 7 0 1 W T BRI UL
wgon TGRSR G A, FEUORRRRI R B2 AR, 25 K ok A Bl
& BRIE LAV B0 TSR TR B R L B R B0, S A
IR SR BV I K S
C. H a ] oY) =1
B R L b S I i s SUTMAGHE, KT, =R
BORHE £ e e oL P e S R Bt T U R, S,
ghts BRI SRIIA R ARREREE s s marn, i
RIS T ISR, WIRH ERRT, ¢ :
wap DB, ROV URSUERRL SRIE AR, AR, RULER. WL,
* AR, R JERAVL, SRR,  ERER. AR,
N By iy =3 X e i AL A
e (PCRB BORTL R BN EBE o e e

RSN IV B

BOTIR B BB T A R PRAER A, (R T B AN R AL AN, A SR
(R SIPERBESENE A Al 22 AR TR s BRI S0 AR, A S0 = MR e VA E s o 72
AN SE ek be A R AR 2 S BUR BUTIINUG SR AL, S BURJG I At LA AL RE FEAN

3. B4

E M 2004 547 S84 7 SEI6 = 45 HoRk, B 2010 SFE5AGE DURY, 806 2wk . 15 2017
FEFBE MR T “W—” BOE, HPMEUERMTTNERZ —. A S50 1A ST 7t 2 4%
SARFFIAE o AR A SCG TR, [ N ) R B0 SR AR T BTN R B ARIEYL IR WL LR
HREM, 2 BRI, 3B 0 Tl A 25 515 R IR JF VR AL 2 S AR DR

SR T 2 ) 4 A SRR R B HE TS A28 SR DTARR 2t 2% SR I TR o F 8. ke 1
B A SRR DT AR I8 SR 1 L

SECHIER 50T A SR A SR A TR SR 5 T 35 A 3t o AESRAL TR, 32 BB AT X Hummers J5 753047 24
e, I e R B AR B SR LR s I TR R A ) SR R A SR Y P s TR R
TR, A FH AS 5 A 2 B R 08 Kk Ak 6 26—y . BN 442 C S50 IR MR SR AL St AT AR
NI I B HE 38 B 14T Tl AR 72 3 i 7]

W E AR YTRNE AL oK 3 B AR B AN A8 S A b AT oot . AEREIRIE 710, M8 AN IR I 4 s ot
TSR s 4, RARILEZHIX L AARMAEKNGINEE, Pl faSsE e E5m: sk
JRHEAT Sk, WIS SR T SR O SR AT S %, ORISR e, AT
PG G Tl 5 R IR A RL . FERERE S AE DT T, I T A S A58 I 2o i 7 VR 3R A St sk, (R
SEIE IR T RABMIE A U FT VT 2 R R AR B R AT Fe RS I TV, 1 B R RN A R R
B 5 R AU B PE R 55 SRR IR R ihb L SR B B, IXFE IR AT ASRAS AT S8 AL o
KK, CVD il I E A V2 )5 10 T5 B, A 580 2 BT 1 & A B Pk ks TR ) 8 220 v
FERE 71 T B — D4 s o] PR 46 AR S5 o 6 Ah, BT CVD Vi 46 1A S0 K 2 2 22 i of S M Wi se
P R I8 70K T FRL A A S R, AT Ut a8 DA TR R B A 8 s R 2 AR Sh i AR g 1 1) 1) 78

E&InE
ATAEEE] TIT IR & 22 4 B IO HT A BE BHIFI H 2 4 (KI(Y)2015012) 37 FF .
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