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Abstract

Graphene is a kind of two-dimensional carbon nanomaterial with excellent physical and chemical
properties. The applications of graphene covered batteries, sensors, supercapacitors and compo-
sites. However, the strong n-m interaction between the graphene sheets and the high specific sur-
face energy limit its excellent performance, because of the strong chemical inertness and aggre-
gate. Therefore, graphene must be appropriately modified to promote its dispersion in a solvent
or matrix resin, expanding the application. The surface modification methods of graphene are
generally classified into chemical modification (covalent bond modification), physical modifica-
tion (non-covalent bond modification), and element doping modification. In this paper, the prep-
aration methods of graphene are reviewed from these three modification methods, and it pros-
pected the future development.
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Figure 1. (a), (b) Structure of grapheme; (c) Graphene oxide structure
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2. AEHHIMBACE) KM
2.1. AEBIVNGTFHAMNTIEE

A SRR PR P PUB SR R sp” A0k, —RhEE AR E IS I . A BRI I S SO B R AR X
SERIIRRETE, EA SRR LG BEEAL, R I R Sl Y R ], T A A SR R S
th, GT i ASEILM IR SE T T2 . PR, R T 880458 Dh ae 1) [5] i 34 0
FAESEBR S A RE I T RE . (R AEERR A, SO otk SR A SRR (R 2 /S I T B4, e
HIEABIERT . /oot 77 3 AR A A S0 T A B B (R s . BRI IR B, A&
IR e AR () s A RORE B LA - b SRR RS 2 o) KRB — B R 48 S R DA R S 1 A8 4k
SN B DI REAG I A 2R 0

FIHAMNA SBER S IR IR GREE . FRdk . RIS ] DLl NFeE M DhRe b 4. Ruoff
SRR EM A BIGRREEARIES R EREE XL, H% 7 — RV BT IERE R A S 1], "TUES
FIRRAEAE BT R th 3 A 0B, JRORFFRRE . Xu 45844 KHS550 #eb B E A sa i Rim,  Hil & A F S A
T BRI QAL IE 2], RGN 1 B S5 KM . Athanasios 55 F NaBH, i& J5 S0 A1 55
I, 5 R A IR B, 15 B R D A ) A S8 0 [3 ], 3G 1 A SE M AE A AL R B 4 B - Rani
S B R 5 ERUE YR, S MR S B e ) FE 4 570 —BF LB G 1-32 R F =
MEFIPER R, AT DA B R MR . R i e 1) S SRR (4], B T AR SBIE RI RuE . Xu SRR
SRR A A 55075 2R THT R I S B AT 21 9 U A A 80, AR5 R SR I R4S B ERITARS et (1) 84k
FEBIES], $em A B I AL S R A AE A A

RS X BT AR R BTk, E 25PN AE W D2 A ) 4618 22 SRUatle 2L 51 N
&M & —, EANE RS S FEER AR Z R “Sdis:” di 8 RS
REFHE - I SN AV AL ) S A - Rk Husigen FRINSGRON AR 8% B FH A 28 0 A 4840 A 830 1 D Re b
Mt Zhao 55, S EE BRI JF A A S50, IREAESAESUER PET 2W) |, I BREE - 44 il
A G o W PET R, &S #VERE, 1223 B A 1R 8) IR U IR K E S [6]
Salvio 5l B A - it RN B bE A A S0, 865 1 B B EA VAR 871

il L8~ g h7 R IR Vi (Friedel crafts) A& 757 & SWEE IR (NEE < . BRI FRER . MEHSS)TE Lewis
TR GEH FHC /K =S AL AL T R AR BRI OB, 75 315 05 A B 45 A4 54« Avinash 58 Friedel Craft
RSRAZ AR S B R B 820, 198 XBHEE A 80 . St E A BER T RA —E
(13 FL I S BT — E (R 18]

PKOR B - Bl 7R 4 [z B (Diels-Alder reaction) g — Fh 50U 5 B & B R A BCRCACER O 0 R I R
Ko A e A5 VY SR M AR SR nen A ELAE AT I8 Diels-Alder [, @ AU 7 2 &
TR REARNAA 0] (K 3 PR).

BB BRI A SR IR IR B SR A RS, AR JE AESE AR R VE R TR B It A 52 4 . Yuan
SR HIX — [ R T AT SR, AR PR IR R AR T BRI R ORI I B, AR S SR A L
IR, 1330 B 8t FRRETT 1 HAR 9 [ AR ER M A 757 TH B S [10]

22. AEBES FRHESME

B T BN 250, Ailma s 3 sim el m £aRm, — K9 N “Graft-from” 5
“graft-to” PIFITIE. moTREMIESE, RN A BB AEEITR, HIERERE, 5T 0. [
FALASBIEI  E R E o TREMV IR, AMUETASBIEIERSRIRE, MR &SR EMELZ S
FBHE B A BE o
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Figure 2. D Reaction of graphene oxide with isocyanate groups [1], @ coupling reaction of graphene oxide and silane [2],
@ preparation of alkylated grapheme [3], @ condensation reaction of graphene oxide and amino group-containing com-
pound to prepare functionalized grapheme [4], ® modified graphene oxide by nucleophilic substitution reaction of acid
chloride [5], @ @ mercapto-olefinic click-chemical reaction to prepare functionalized grapheme [6], ® to prepare alkyla-
tion by alkyne/azido click reaction Graphene [7], @ Friedel-Crafts acylation to prepare functionalized graphene [8]

E2 O SHAEHRMNSREREEFANRN], @ SXA2HRMERMBRKRN2], @ RENXABHIHI &R
BE[3], @ SHAEKRMSEENEYNGES RNEEMRLNAERK4], © BIMIAFZRRKEKEEN
AEG5], © @ HE - BREUFREEIENERLHAERKC], ® BEREBIANSERNHETRELHNAE
1%&[7], @ FIF Friedel-Crafts BEE L& IhEEIL A B8]
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Figure 3. Schematic diagram of Diels-Alder reaction of
graphene and tetracyanoethylene [9]
& 3. AERHEFUEZ S Diels-Alder K M HIREE9)]

“Graft-from” — B HK 51 AR BT R G AR ST A SR BEA SR AR, SRS AEAR I 5 R TR

il S A WA SR SR AT S8 . Kan S5 A S8 A SR R T AA AR 1R B b 25008 51 A RE I R
T 3 51 A 3R A 7 VRN T BE AL P BR G B AR AL O 20 B AR e B S A A SRR T, 46 1 e 1l
SRR S]], TR SRR E R T 2 S TR R G > TR, A7 s -1
TroK 1.59 x 10* AN BAYIEE, COVE S 1A SR AR AR o 20 T BE LS M AN TR ZEAT HLIA L. 7K A 8 23 A s o
HA RAFR 08 . Ruoff SEI6 Sl i 515648 1 H12E I A& (ATRP)H 2% 17 58 2007 A 3R A A I i
BT S0 [12], Sk A B0 SR 72 DMF 3 H R RAF A 7R . SKSEA ATk - Wi e i I
(RAFT) i % 58 L)@ M b S A AT S8 AR [ 13],  EOPERI S A SR AE A WL B P BT RIFI i, mT R
A I e B B 5 92 ) 6 A SR IR LR R IR ' F B AR o Zhang S R 51 A TT I 5 0 R G 4%
RFEVK R e B A AT SR [14], 381 1 A4 A SRR R U007, DU Uk <533 51 v R OB 4 9T
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Figure 4. D Surface polymer brush modified graphene oxide [11], @ Surface initiated atom transfer radical (ATRP)
polymerization to prepare polystyrene molecular brush modified graphene oxide [12], @ surface initiated reversible

addition-fragmentation chain transfer polymerization (RAFT) to prepare polyvinyl carbazole modified graphite oxide
Alkene [13]

E 4. O RESSTFREMEELAERK11], @ RESIZREFEBEHEATRDREFIEREIHS FRIK
MHENAERE12], @ RESIATIEMAL - BiREEHBRERAFTHIER ZHEEMRMMERH S AERE13]
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“Graft-to” SEFBIE MR T, SRJGEE Ko7 b0 e 40 = R S8 0% B A A 520 2R ] s R TR
B T e A SR . A R B A BRI BN SR E YR, 15 3SR e SR,
SR G FBR I 0t (1 5 2, B RUR I 207085 click M AR 2R APl otk i A A 38 . ot e i
AR WA (0 — SR e & 55 h B RAUF B4 B[ 15]. Thomas 55 FH =Bk B BRA5CA 51 & 57
IR - iR RS TR A (RAFT), & 7 =0k BRFe Sl O R A eI, AR5 78 R HOME A R K
fEAS B 0 E  SEEu  R G EERG, 5 AR A AT SR 0 PR G N 13 281 508 R I e 9 P AR T A B
[16]o Xu SERIE | R & BHERCH BIRAERAIBAARITIE17]. Bl 2RI R L & 5F
ZRIEE IR R, SR G RVEA A SRR R B R A G SRS A LA R AR A 2 T R K T
5o Yuan F4RiE 1 ifid Diels-Alder SNl 4 1 BA B 7 B A S8 IR DI REAL 57 18], Al el
IR IR E R R 2 T RE, RIS AE 80°C N AIAAL A BRI SN 24 h JE 15 B EA A B . HEEE
IESE A WA 2 T LR AETCHL . AU BER TR . Mengnan %55 % T HKIRl@ % 2 Bk @A
BIHZ E - A %% BT @ PDA @ GO Z 284 - 7o t4)#5 N NBR £ Hh DA 45 A s A 2 &
M. 2REH, HA BT @PDA @ GO 1] NBR A MBI/ FE 27E 1 kHz KA F] 15, 4 NBR K%
170%, TM7E 1 kHz B A EBFEAUN 0.02 /247 . 14k, BT @ PDA @ GO/NBR E &M EHE 35 kV/mm (¥ H
W R 8.6% B KEENNAS, FEAH[F HLY N R4 NBR (4.2%) 112 200%. Z0F 706 B T8 23k 15
e M BB F AR BN AR I T SR [19] (18] 5 BToR) .

3. A=BNYIER
3.1. EFEFN » R FEaRE

FEIGEAG I NATE SRS, BEEEK o . BT HEEL®R, A265 T56 non 3t
PGB E G S EEMNNY T BEWRAEMEAEH o n-n AHEAE I H #5141 28 S0 oh 57
AR A AR, o H AT FE A S0 5 M 7 TR 7 LA 2 B U8, FE ORIF A AR AE G5 4 AN R 1) [R] I
ST I TR BB T A 1 43 BT

Hao &R HA A& EEMIM) 7,7,8,8- U FEEIKEE — H 5t (TCNQ)FIVA 525 16 n-n AHELVEF , 13 B RERE 4)
BT /K B R A HLIE (W DMF A1 DMSO)H e A 3808201, A a8 1-88 T IR(PB) AU LAY
MANEM A =GR, #— P HKEGHHE 80°C NEHTIE IR R M3 E] T PB ThREALHI A S8 IR, S5k
F]2x 10 S/m[21].

SHESTRAAIY « #ES T, FHSBE S THA 86 RN o AHEAER TS E A 8
W BORI T REME . A B A2l 4% T BER b R I (SPAND) e A 880 I A M kH 22, XA E & A RHE
FIRIE (1 mgmL)IKIRBELEK TP R B, Aot s A Sa R I R s e S, B by A0
FasE e, EHME . BALEARIRTT A & BRI N AT 5. B AEH& 1 aliE R T Bk e, PR
TEOR AN S R PR TLAE FHAR SR AR IR SR IR v () 20 BT AR 18 [ 23] o At AT ) FH SR Ak gt 44
KBLF AU )G JZ 0 nen AHEAEH, X9 @A S IE 490K 7 /5K 2 B i T Rt 724

— Ul B BH S 7 T R AL S B S5 EE, EARIE IR T 2RSS E Pk, wnwkmesh
Fnt g 25, AATTRT DUR] 8515 40 880 1 2 3R T A RR R AR ELAE A, ol 4% v J2 T B G DR L 22 0k B ) B IR
WA HaTHRiE i 2 1R A TS . AR EE . B 2 A v i

S M R AN ES IR T R S SR T, REWE A PE L AR I EL T A1 2R . Wang S5 4iiE 1 H
BT 1T -3 F D DR A O (= 9 R A TR ik ) W fi b M S R B AR, 193 TAREE B2 B0 T S 1A
S 475[25] . Chabal &5 F A N,N,N-=T JE-N-7 i FRGE RS TR 55 4 3k 5 PR e Shim A\ Bl 8 A B d 22,
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Figure 5. @ Click chemical reaction to prepare polymer-grafted grapheme [15], @ RAFT reaction to prepare po-
lyacrylamide grafted graphene oxide [16], @ preparation of polyethylene glycol modified graphene [17], @ prep-
aration of Polyethylene glycol modified graphene by Diels-Alder reaction [18]

50 REUFREFIESS FERNAERK15], D RAFT R M| & RAGIMRIZRNE LA ERK16],
@ BZ-EXMAEENFIE[17], @ Diels-Alder RFHIFRZ BN M ABH[18)]

R DAIAESM I 20 T B A B E TR IER LR, BRI R & TS 3
TR RGO, B SNt i, e SRR DY AR R R R R, i AR, 1%
RIS L, RS SRR T 5N KR BRI, (HAS 2 807 S0 1 (0l 17 FUBE AR BIROR ANEE
Lu 85008 AR B AL 22 R B I ARt 1 3 B Bl AR SR 12 K A s AR A R 27

A B AT R 1 A 5 0 S0 P 2 2 T Y e A i T DA i A S0 IR R, IR R A
DWW RIG RN Yo SR S8 58 A 1-T -3 AR R R R 1, AR SR
PER g R . R IRERERE L ARBRIE S R i RUBE A B4 28]
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3.2. REZMFSHEAER

FNEME A — R AE B R ACR D 5K T M5 o« oo B SRk IO B [, 53— i Ay o i )
JEMEIL AT W] DAIR BREE 9K ROBE A SR R R AN IR ROEAS,  BHAEA S E R R . b TS
Iy TEN IR, WEIT T+ e B ER BA(SDS) A A S A 2 1HI 1Y) H 22847 R[29],  ABLADLASE B R OR AR 4tk A
HLAR BT T, SDS IR IH H ARG MTES S0 SBIR M S BG5S 3804 0 2 B ae 8 IR by
FME M VA AR R RR B, (SR TS 1R B e A5 MK . A LR T R e 3 2 SDS 2K i v P 7
TEA SRR TN TEAS th 2 2 54 ) A IR R A Ak . SDS/A1 S M 8 43 T 5 6 W) I T 5 P T A 220 2 40
(14 0 52 AL 3 T

Smith ZERFFE A8 A 12 FfEs - B et 2 [0 v P 70 975 B 2R 38 T vt A 7 R o P R TR 7R A SR
FEAK B Zr BT A30] (B 63 2 1 FaR)e 43 B 3¢ W AE B R 2R T 12 0k B2 1 S At v AR SE 40 BLAE
KA, ANRIZER ) 7 BRI A S0 RS R EEE AR /N, E 23 BRI A S A AR 7K o B 2 HIOHR B A R
Wi, H R NS PR e 8 0 SR R T K s Bl M, 6T B 1 B SR T MR AR, T P A R R
ARG TE A s M O i L 34 22 BRAE BE T AR 2 3 2 T A 770 D R B2 RN RS E 1 R0 ) T 35 22 BERME R R
Guardia Z5EHIF T8 1 % b3 [ PEFIZE K R0 A SR (0 70 BURE J0 (310, 81 B SR vk 1 7 R B A A S A 3 T
WREEHS LT JJRa A s, TR RS 7 3RS I K SE m K B BN S0 R T A BLAE R, IFRI A SEK
BEA G I AR K ) Z HevE . BT SRR WIHE B 1 NS PR 2 e ) — e TR T ALR A VE R,
1 Pluronic = ik B TV 14 77 B A B i 1R 43 HCRE

4. ARBHTRIBRUM

TCRB IR LA AR AR BT, ATIRTFRR IR G H B PERE . ARG TR B AR K
FETRAE AT S0 R AR T 9 N2 S 8 b SR ST 10D /N AR s TR B R -, JF T AR Bk B 1 i . nE
B S5 T DUB I A2 SAHDUR(CVD) . S8 A K EE . TR Ak 25 R FE IO e 7 v 25 i 2% . ok Je
A S0 T B AR R i 2 50V, G B R A SR G T A A LA

CVD s — il s A SRR I 2070, ARSI NSRS Bl ISR 51 0] DA R R 1325 1)
A sRIE[32],  FH T RIS IR A R 1 (0 RS AL, RIS 2 1) ] DA BRI 3  (4.3 wit%) [33]s
I SARVURR 2R T 1 2 TR & e R B A BRI FEA T ZER Ak, e, 40 Kwon 5§
FE UL FAR SARFE B R IR G, ARG 8 A SRR AR B T &S BN 3.14% 135 28 A S M [34] 0 %
TROFHECR I R ik By B, & WA ORI DTRR R I8 O 1) & 10 S8 2 IR B UK. Gao
LW BRAE T Qe Va7 AV BT SR A (E A L BT CVD YRR R H % TR e B, B G =
/INF0.6% [35]-

5B A P R SR 1) SN TR MR A BE VRV 6, il & T BB A A SRR I — A X077, Jeong
SR B 8RR S A S B AL BAS B EB J E i mik 2.51 at% 1) A 88 075([36]. Wu S 7E CVD
R REEL &S T ISR & 5= 8.5 at% A BHH[37]. Zhang Ll o1k & 5 7 £ kb
PRISCAT, n B e AN B2 FE 55 T LA B EUB Ak B Rk 45.3% A 307538 Li &8 & e ylBca e
MTHIET 1 at% BB =0 A 2E[39], 7RI SAUE A RIE A B Ge g i85 o i = A& ki
TR S 800 . 53 AR B S A A SR B SN SR IR T AR 2 45 20 sk, B 8K
f&F 3 at% [40].

A RIS EE R T RIRIR 280G, AT CE RS MG, Sl HAAR HE AT DL S B (K sp”
g5, [F AT LG N AR R o G0 Li SV SAATE N BV ER A A S8 0 i A o R I A B R 2 e
BRBFENREN SR FEZRNER[41]. B THASBRA S, FIHRIZ42]. RARNZ43]. Tt
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WE[44]. GG [45 I AXUFIZ 46 SN EIRFRERT IR B BB 2%~18% 84, 73408 BANWER B
TR R 5K ) AR T BE AN A SR AL, 7T DA D9 8 2 U, A Liu S50 T35 50 88 7 URAE 400°C
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Figure 6. Dispersion ability of surfactant to graphene (a) and its structure (b) [30]
[ 6. FRENEMFIX A BB EBEN () RELEH(b) [30]
Table 1. The name and abbreviation of the surfactant [30]
= 1. REEMFIRBIREEHR30]
serial number Acronym English name Chinese name
@ HTAB Hexadecyltrimethylammonium bromide TN bk = IR AL B
@) TDOC Sodium taurodeoxycholate hydrate AT R B SE I ER BN K B )
©) SDS Sodium dodecyl sulphate + e AR R
@ PBA 1-Pyrenebutyric acid 1-EET R
® SDBS Sodium dodecylbenzene-sulfonate + R AR R R
® DOC Sodium deoxycholate Jit A HE PR
3-[(3-Cholamidopropyl)dimethyl 5 — e .
@ CHAPS ammonio]-1 -propanesulfonate 3-(3-(NE R i e 7 ) — PR - 1- TR T PR
PSS Poly(sodium 4-styrenesulfonate) R (4- LI ETR )
©) DBDM n-Dodecyl B-D-maltoside + ZprHL-B-D-Z S HE
PVP Polyvinylpyrrolidone AEHRIR 2R % A T
@ Brij 30 Brij® L4 R LM 7 Tk
) Tween 85 R BLEEE-85
® Triton X-100 it $38@ X-100
) Gum arabic from acacia tree Bz A fi
® Brij 700 R LI R R
Tween 80 i 80
(D) P-123 Pluronic® P-123 R (2 _F¥)-block-F (N _F¥)-block-3K (2 )
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FIF B AT BRI 75 /K BE WLIA T A i R AT ek, m DA MR A 5 V0 1 P R s o ) 2% s
R 94 S B ] 4% TC R 3B 24 A0 BB M . W1 Ruoff 250 F /K & BHE /K ik SR A Ak A7 SR FO TR, 78 B85 1132
GAC TV LR A5 BB B 28 A Sa M (48] [EIRERIH B S &z K [49]. FRE[50]. ARWiiZ[51].
GIE[52] FRHEME 53155 VB ik IR ) [FIRE R o] LA B FIFR FE A8 22 1 520 . Garrido 267E AL /K
AR KA A F] R B A H BIE[54]. 350 Wu 5 =AML & PTE K BB kA T 13 21
(3.0 at%) FEI(0.6 at%) L [FB I A )0, AR A 28 b AT DU 25 42 i 55 AT B A& 4 551

5. Zit5RE

)

ARG B )« PR (AR L A S 2 ) L S T 3R 15 a8k B ME A A5 A 88 0 e S A A SR i 6 A
AW IS SRR RE fE . BHEW e T M A SRS 22 . FHERAN i fE, #1417 — RSk
REPL ST I ThRETED A L. REMPUKREEMRL W LRI EREAEBIE R . 25Nk, fis
W CAPRI SN — RV IR A A RPENBIRTEE. RIGRERGWEATD, N TREE5ZH
FLAR Y RAF RO EAE AR A, T Dhetb e bR . veik s s S RE W ER A 10 5 i /E H
FI5E BT AR A A o (R I R A SRR R T Ve R B MU mir TR UL, i
SR AR AU, U R R SR A VR RE AN S K S RV 2 T A B, AR TR T
PEF B BRI SRR .

NRBLEEHIBE D HGR PRI R R R RBR B —E . A SRR A AR Mz —, AT FLAE AR itk
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