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Fig. 1 Several common graphene preparation cost of contrast
( Adapted by permission from Macmillan Publishers Ltd:
[ Nature] (Ref. [61]), Copyright (2012 of publication) )
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Fig. 2 Three roller stripping schematic diagram of the preparation of graphene oxide and it’ s structure observation by TEM and AFM'*

(Reproduced by permission of The Royal Society of Chemistry)
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Fig. 3 (a~c) A silverson model L5M high-shear mixer; (d) Graphene-NMP dispersions produced by shear

exfoliation; (e ~h) TEM image of TEM nanosheets ( Adapted by permission from Macmillan Publishers Ltd:
[ Nature Materials ] (Ref. [53]), Copyright (2014 of publication)
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Fig. 4 Schematic of the fabrication of functionalized GO ( Reprinted with permission from Ref. [65 ] ;

Copyright (2014) American Chemical Society)
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Fig. 5 Synthesis of functionalised graphene via bingel reaction ( Adapted by permission from Macmillan

Publishers Ltd; [ Scientific Reports] (Ref. [66]), Copyright (2014 of publication) )

Fig. 6 SEM images of the fractured surface of (a) epoxy/TRG and (b ~d) epoxy/FTRG
( Adapted by permission from Macmillan Publishers Ltd: [ Scientific Reports] (Ref. [66]),
Copyright (2014 of publication) )
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Table 1  Different polymer composites with CMGs and their applications!® =5
Matrix Kinds of graphene Reinforced/functional group Application Ref.
PANI GO MnO, Supercapacitors [67]
GO CNF Supercapacitors [68]
GO LS Sorbent [69]
PAMAM GO — Sorbent [70]
PA GO Amide coupling Antimicrobial [71]
Epoxy GO 7ZnS Antiflaming [72]
TRG — Mechanical properties [66]
PU GO PCL Memory materials [73]
GO — Memory materials [73]
RGO — Memory materials [73]
RGO Urethane Thermal | Electricity [74]
EVA GO Boehmite Thermal [75]
PVDF RGO — Dielectric [76]
GO — Dielectric [77]
PEDOT GO HSs Electrode [78]
PVA GO — Dielectric [79]
SPES GO —HSO0, Fuel Cell [80]
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Fig. 7 Approaches to aqueous polyethylene/graphene composites ( Reprinted with permission from Ref. [ 81 ]; Copyright

(2014) American Chemical Society )
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Fig. 8 Synthetic routes for achieving controllable functionalization of graphene/PS composites'®”) ( Reproduced by permission of The Royal

Society of Chemistry)

2.2.2 BAW/ SO 5 A Ak
RE Y/ 8006 AR I 45 & ] sk BRI

S S B A IR A
ik 3 A HAT, £ 8806 76 R S W A FRH B



10 4] IR AT R A W/ A SR S PR R A T 5 ke Bl A BRAR 1321

503K 7 L A B ) FEARER SR AT AR BR L

(1) JFr R Ak

AR AR A B B Wk (5K
AT I TR R ) RN AL R A FORNR A A1 )G,
Gl ERAERNGEIREY/ A BEE MR, %)
TR WE AT ATEVE WP OR I WO A 0 Rk A7,
A LATE R AW Ak rp ik F A A R A 14 O Rl A T
JEAL Ak 2 B R N IR A B S A
A R ) gy A TR 2R B L R s e Bl 4 ) (R A
XF % Bl A A MR A B 5 T AR
Fia A 1) 55 TN 2% A SR V8 92 T A 14 7 ) A A

Polschikov! " 2558 1o J5L 107 B8 4 B 4% 1 40 48
Mo/ BN B A MR 8 A AR 3 1 B A A R
(25 S AL TR (BELBR MR RE AR A — R P Y . ]
B AR SR A BRI R RIRE RS E A
FBEY 772V B B BT S I B k. Miishra '™ 4558
T SR SR A A5 31 IR R L TR M R P R DA AR
A ML, T4 R AR BT IR ROG AT AL R
TREF B SRR RE F7, L 08 i 45 A R E A MR
Z G R X PR AR Y B R A T K B A
B Li AU e A Al SR S R R R AT A
A ARG ST ALt A 20 i R
Fi/ 41 58 0/ I8 8 W g &2 & M RE, AL Jin 0. 066
wi% B AL AT SRR, SR A ) SRR (0 P T 5 R T
I o AR T 52% 1 103%

WE AR KE R B A LTI A B
SRAEYNREL ST KM BN ARG
AP R ELE BT LLR] % 2 A 7 A8 L2
P AR X T IR 2 IR TRk R AR AL R
MR A BARA KA R, 450 5 HERE A T Ab
WREE AU TR ELIENHER.

B Sy H e KR 1) 2R G 20 A 7 Al B
g AL E B A BR A | 2013 4F 7 Al %
5 TGN A B0 B AR A R ) 2k Bl s 5 A %
F, HARTE TR JEAL B0 BA T X8 6 B
H5RE A8 it ik T U A B 7R R A
LI IEAR R R — A3, A AR
W 540 BRI PERE AN, P R M PERE R A 20
i R 3 B KE A SR T KR o R A
el i T

PET (1 J5 A7 B B S0 7 b A BfF 7 32 31 40 2%
Al A EA, X LR = TAEC 2 A MBI
SLhih WA 5 A B E 1 JE A R A A, T LA &
HA Sl B Fe i S D) BB L PET 27 48 {1

S £ B TE NG P A B 2 I AT AR R
L MR TR AN, A AR B TR 2 S Y
P AR 52 Al 7E AT

(2) W SLR

VAV TR v T R R AT R AR I SR A
PR I 75 0 B2 BOA B L T 4% 43 HIOR A W SR L
B AT S e, % 25 0 ) (D 1 00 TR R 28 K 3
HI) T A5 80 4 B0 ) BB A MRS/
B E AFORH — R BT A ROIR R B
BRI E AR & PR KRR
WA BB A RE R T e ik AT

Wul " S T BRI TR L R A L
DMF # h , Of & T 17 2 Bk s AL b 78 43 208 L 4
B, — AR T BELE/ GBS S ML
P S, B B B R 20/ BB b
A BAR A T B U8 A (2. 7% ). Ahmed "™
02 3 1o A VAR T 088 A VRS 4 Ak T ) T A v A 3 4
AR/ B A MR, £ R S 0.46
vol% I, 58 B RN AL 1 43 il 4 v 1 38% #1 37% , [F)
fiof G5 L 9% 00 L R IR 1) 0. 088%

VAV IR T ORI A B P T R A
XA R R I R SRR AR &S
FL OB R LT SR A A 0 4 v B O 4 e
Be. 3 4h, — SRS BRI B TR IR R E S
KO BT R TR S
BB S AN RO P %2 AR D B A
SRS TR Rk S A WL T . B B
B AT IT % 0 S 22— BRT, TR
BRI T ML 5 A O Ml B % 27 i B F K
EIFR T KB TR G, ® BRI e
(Vorbeck ) #1 KL/ B - 7E 2010 4E 5 H#E T “ Vor-
ink” Sy AR

] DA — i\ 2 7 32 0 4 AR K R A B
F T R PR A PR R S Ak R AT TR
T 0 7 B 7 4Rk, 2 T T A L
WE R AR P, P Al 4, S BB AL A
IR % PR 5 59 40, T e 5 e 0 £
AR S HOR B LED KT BB A AR A
Js BRI A B R 5 o R 1 5 B A1
JRAS 5 P B e L I B A LR T 2

VERBA Y/ B A PR 0 % 7
2 — |, WP A VA R YR T K e A A B 0
B 7 T VE R LA B A A5 IR G 5, 2
b Ak 2 R T T AR v i i 7] B



1322 7

5]

%

il 2014 4E

2,
¥

(3) K mh iR

R T IR e i SR e R R R A
WIAE 165 IR A8 R BRI 3 P 3 17 BRI TE S A g
Sy R 45 B AW/ 7 BRI S A R T R
Bh IS 00 B A W A A B  JEORE AT 43 B, LA
R VA YR T R B T, — A B AR B LA
3t 125 3 5 U1 7 ok I3 4 BB . B A W EE S
B o A7 SRS JEURL A 25 P ) 1 2R 4 TR 3 R DK
/DA BRG F THT 45 4 B B IR BB . TR e, n L A s
BUGH B 4 Wy R A R A 8 O A R R LU
FE 252 % P 08 A 42 o) 2 3 3o A I T 4 38R 4 4
S A RIS TE R A WK i R 4SS ),
VN S T B 4% AW/ B A MR

Huang %" 5 10 4 Bl IR 89 07 28 78 5| A 40
K AL B EERE b R TR T A R B R R R
TS 44 oK 52 4 B JH ot 10 o o 0 e L s R B T
PEER T 20 60% . Rl IE, 41K AL AR A 2 A

@ Nanotube

7-7 interaction Little
Nucleation Weaker
Confinement None

(b) Low contenets (0.1%~0.2%)

7~ interaction

MBI SR T 2 ~3 MEE S, HE A
TG A MORERY L UMM B (AN bk
R Al AR R R R A ) O [R] T 4% 0 B R A
L EEFE AR IZ I 1 2 1 B A P Ak 3 7 3k ok
SR A Y A MR RRAE, AT LA RS 5 RS
LEE R RO iRy p S

A7 SRR ) G SRS A Al A s il R 5
oA E Bk R MR TER G WK
H o ORI 2 B B 3. Aoyama ! A BIF 58 Xt HE T
Fa5 R ML TR W 1R 4 f PET BEOK [R) be 25 10 14 £ AR 4
FURR 90 K8 52 5 b RE, BOHE 25 R U6, PET/ 41 &
W 2 A bR IUREL (8] BR G /N T PET/ 6 40 K 45
). PET/ f1 8805 & A& ARG 1m0 45 4 )t L A
] 45 10 F 45 £33 (1 PET/ £ BE i 4 K 45 5 (&
9). [l iy FAE LA AL AT A7, (A5 A 58
K X 52 B REIY b AR R T R TR Z A
il AE

7-7 interaction

Strong
Stronger
Significant

High contents (> 0.5 wt%)

(morg effective than MWCNT)

Easy movement

Fig. 9

(a) Crystallization behavior of PET/MWCNT and PET/graphene and (b)

T —

—v —1 Limited

space
T ~ (€500 nm)

More restricted

effect of graphene

concentration ( Reprinted from Ref. [ 111]; Copyright (2014 ) ,with permission from Elsevier)

YE RS W T s R 7 6 2 — , I al
RIEA & &)z 09l AL B Al R A9 R4 W
T XU | AR IR LR R TR R AL
HRAIL SR 0] AR D9 545 W/ 4 2200 S 5 A1 G 4
RSl I B SCRFB A AR ARG R I A9 BRI il
o —Se Al F B M B0 T RE AL AT S50 1 T REHI A TR
SE VEANIE T O vk A R L B 3R S W A AR
(ELAR L B9, 1A 25 66 3 LA K A BT U0y i 42 1, vl LA
(AT 2% AR B R 34 o 2 A 23 B 5 T BE S

— VR H A A 5 A S Ok

FHIAT S0 1 o 5 PR B8 RS W R 5 4K
PERE , 2 3T 47 5K A7 25 0 T AIF 9 19 R DR A
LED 95 GEAT R AUk, A 1 P S I R AU
A FRCEAR R 52 TR BRRRE , LA I R 2 418 g FCRR A 2
PERCR IR R R B AT, /NS A2
FIERTE ST T IR T HoAR B . R A 820 5
2t 2 RV N A AL R S5 B BC 5, o BEfifk DR IR T AT
HAR AR P O A 25 1 75 oK. R I Bl 50k



10 4] o R A R W/ A SR O PR R £ BT 5T ke Bl A BRAR 1323

T A RE G T 2] LS AT S50 X JE T R B TR
Pi R TAHE (ABS SEAY i 9 TR e rE , — M B0 Y
W IRE) 10 wi% UL L, 2 A RN S R
IR BB ORI HRTE 2560 % W B H A [A) 5k
AT P TR (ERE A S B M A B A ) A B
EFril FayiEZ R E. EE A XG sciences A A JE
FTILN A SRR ERA PR A B T R R A R A
FIAETE R 0T S AR S 1 T A SR A R
TR BERHEZ A 7= i B B EOEFE T g i) 2,
fief AL R AT Y 4 4 0

(4) eIk

H Rl B Bk A i £ 5500 4549 (GGO) #3383
G , W VLK 2 Y ' S 00 4 R e R T
SR A TR A Y A B 0 LB 290 K R G
SR A A~ 77 R 3 HG v 8 480 D5 DT AR A g
S HL M R LR A b A R B I AR Y R A T A v

Template-directed CVD approach

/é

. N
CH4/H2/Ar @E =
1000 °C/10min* > § Epoxy

R, B A F R I B, BRI A B E i 900 1
f M 285 YWy, B8 e T H R L R B 5D

T M Al 1) A1 B0 = AR SR AU R T A
S M B RS R [ R PR B R B 45 R 1 A A
FRAH M E S — RSN R G L
B, AR B 3R S W IR A A S e S A 6
B Hu 55 R B % -2 & - T AL 10 7 ik R 4% 18
B P A b/ 1 SR B S A AR, R
A A B8 R A D iR 4 G K [R) I 3 R X 7K
PEATHE R PR B Jia " SR =k 8 o 0k ] 4
TIWEMIR/ A SBEWIRE S (K 10), £ 5
IR L T Ni M IR 3R 1w A9 4 2 R DT AR DL AR
LA AR T AU PR AR 0.2 wit% 941 250
TR B R 0 L RE 1 5 5 ARG L S ARGk E 3 S/
em, [A) I 55 P S R R 5 B 43 ) B T 53% Al
38% , W RS AL S IR S i T 31 C.

Acetone Vacuum

— I

Ni template G-Ni foam infiltration Prepreg @®® RT
A AVAVAW,
80°C/0.5h Mold
i inc eesemmmmees +110°C/1.5 h
s DI wash and oven dry] Ni etching ::::':::-.:
= — <:'Hc1 ===
GF/ G/Ni/epoxy Mold
com%%%)i(t}és | Hot plate composites
e Hot pressure
Fig. 10  Flow chart for the preparation of GF/epoxy composites ( Reprinted with permission from Ref. [ 114 ];

Copyright (2014) American Chemical Society )

T R s e A, R SR
£ 0 B0 ST 1) BT T 3 4 ) e ) S 2 7 A
7 P AR S . S 0 5 B 5T R AR & TR B
L3RR ) S TR Of A R A A R
MBIV R G Y il 25 S kL 3 BARE R R
O3 e ERLASE A R G 1 T el W E R R AR AR i
B T ACTEI PHE. AN 8 SR e T i
T VO 38 3] — 26 FL o H R B IR A T2 i
() EL AR S it ok R R PR A AR R AR AR,
KEA 100 ~500 mL i AR FR, 1 3R 20 W B 10 2%
FEA N 1 g/em’ s IR BRI &S S wi%e B/
A B2 A MR, WFT 20K 500 ~ 2500 mL A FHAY
17 BB AF] 100 mL 4245 B ZE MRS

X TE U 5 A A B AR I G AT A B AL S B
0 IR X

BEXS IS ] A, — S A HE TR A A A
# R A SR RLRE A SR MR RS IE 2 AT LA Bk
A S0 B FE A IR) R, {EL 6 250 7 fif D A S M 3R
o A P R T R ) g A s 0 R R T T I
B 5 HOR [R]85 4% G 08 1 BT S B T
e B4 1) 80 8 SR 7 A SR A AR AL =2 Ak, EL 7 22 [ A £
HMERE T RERE . HAT, — RAA KA B 5 T
OB TR LB T § 465 % NI/ s G PR [ PS
B 5 B [A) AR B 7 Al 2 7 B 2R
SR, SR 1 T U T RE RS B 2™ L AL
BR T A B RL 2 5 HOR (R B 2258 e k2



1324 A

5]

%

il 2014 4E

2,
¥

Ja i EZFE AL EE E B HOR XS R RHER
A PEH e AR CH B AR 7l 26 1 T 8206 T
PR W T 2 A R BRI AT VRN ST 5 i o
LED XT B e 36, B 1 2876 P b bl B g
FE 38 22 P8 7 Ml B A AR S IR A 7 R A AR
WAL, B %P P B IS A AT S5 S SR AT
AET B2 — B K A e

3 ZiekFFULARE

A s M R BB S HE A T T R
—IFER RS T 4% R ATAR S5 Al B 3 3l %
TE. R B R ks E A A B BT
JRe A7 S50 B FE Rl BIF 50 01 0 A0 SR M AT B
Hh I S0 A o A7 20 B A T % R S B K R
T3 (973 330 A 5 B R BIF IS e Jg it 4a) (863
) HEAT U

2006 4F-,XG sciences 2> F 7E 3 [H % HAAR M IE
M, B PR A DA S e o e B
PR Al BEJS , B N QA 240 82 4 AH G B9 22 )
AL 2010 4F 5 7 BTTELAN A7 88 06 R A R 2
F ML, BT T A0 8 06 B RLRE A 57 e A 88 0 A SR
B W BINEHT  f BR T 56 2011 AR RLK 1R P
T H A SR A AN S B AR, — L
DT T A SRR TR N TS
Mo Bl 22 ST 1 A SRR AR DG AT S Be kel O K
Al SR A B 7l B AR DG A B B 5 45 T R LA
WGy Gy Sk LA A 88057l o B 08 1 28065 = BR
WA 2012 48 Dok — 867 8 00 A 3% W o8 A i
i 8 IR T A0 SR el i B e R ORIk T
AW A LR X A7 88 04 7™ b B9 BT 2 K1 . 2013 4R 7
H 14 B, i [ 80 7l BRI A s R
TEAC B R B RS LK, 7 A7 88 0 I bA R

BEUR B B AR EAL Y E IR 5 B B A
PUPAUE B L5 DL R A S0 1 A 7 O
PRSI A O T7 W T R AR IR e E N
55 [ PR 4 523 3 7 BUR 5 0F % HLA B Aol (9 5%
AR -3 Mial| 4w :i55% 97 aNe - NNl o8 T A
SR TTAR R SR T TR SRR i, A SR Y
P A HEREHEA T A XA PR 00 K i B B

M 2004 4 1 2 3B Q04 BF 8 B 7l RO
IR B, JE A Y 10 AR TA], A1 SR 0 E 8 i et &
L[ SCTE R W AR, A S0 L AR 5] T A
FLi) H i [a] ik Dy H g AR OGP M g T R A Y
PLI&.

SR, 3 A 7 e 14 2 — 25 S R A AR T I
— RIVBIPRIR. 24 ok At 2 0 SR 7k B
WERA,BRBER T L] F AR, £ =
W R RS A 57 R G 90 7 b B9 B2 45 L (EUR: A
A M A RORUARE S o W B0 /0 A S B iy T A BB
W 3o — 7 A A ) R AR O e A SR W B R G
X LS GOR M BHE R S W o HOR R A ]
A3 A B k2 [ 5 2 figp ok, DA T B o) JFL R A
oA 7= BT T 0 A B8 2 — 8 . R TR R OARAE
e AT S M U SE RIS B A 5 [ B 55 F B,
— S5 ol A 1 b A A B S B AIL A A AL
FE G TR U L A S BT 2 5 ol AR AR
BNCA A K T3 AN R Al % A 250 7 A
TRARA 4210 45 3R, sl 2 sl Y BHLAG 1 A1 8065
7 4 2 T A

DRI, R R A s 0 7™ Ml B 2 R i S R T AT A
SBERY , (E 2 A 82 0 7 Mk B de O AT A R
Sl S DL B A AR SRR B 19T R
U AR LB R, B, A7 SRR A R Kk
JEE 19 I ARAR PR A 2 21 ke

REFERENCES

Lee C,Wei X,Kysar ] W,Hone J. Science ,2008,321 :385 ~388

~N O B WD =

Novoselov K S. Science,2009,323.610 ~613

Novoselov K S, Geim A K, Morozov S V, Jiang D,Zhangl Y ,Dubonos S V, Grigorieval T V. Firsov A A. Science,2004,306 (5696 ) :666 ~ 669
Balandin A A, Ghosh S,Bao W, Calizo I, Teweldebrhan D,Miao F,Lau C N. Nano Lett,2008,8:902 ~907
Nair R R, Blake P, Grigorenko A N, Novoselov K S,Booth T J,Stauber T,Peres N M R, Geim A K. Science,2008,320:1308

Scott Bunch J, Verbridge S S, Alden J S, Parpia J] M, Craighead H G,McEuen P L. Nano Lett,2008,8.2458 ~2462
Moser J, Barreiro A, Bachtold A. Appl Phys Lett,2007,91:163 ~ 175
Elias DC,Nair R R, Mohiuddin T M G, Morozov S V, Blake P, Halsall M P, Ferrari A C, Boukhvalov D W, Katsnelson M I, Geim A K,

8  Loh.K P,Bao Q L,Ang P K,Yang J X. ] Mater Chem,2010,20:2277 ~ 2289
9  Nair R R,Ren W, Jalil R, Riaz I, Kravets VG, Britnell L, Blake P, Schedin F, Mayorov A S, Yuan S J, Katsnelson M I, Cheng H M,
Strupinski W, Bulusheva L. G, Okotrub A V,Grigorieva I V,Grigorenko A N, Novoselov K S,Geim A K. Small,2010,6:2877 ~2884



10 4] IR AT R A W/ A SR S PR R A T 5 ke Bl A BRAR 1325

10  Wang H,Zhang H,Zhao W,Zhang W,Chen G. Compos Sci Technol ,2008 ,68 (1) ;238 ~243

11 Yu A,Ramesh P,likis M E,Elena B, Haddon R C. ] Phys Chem C,2007,111(21) :7565 ~7569

12 Debelak B,Lafdi K. Carbon,2007,45(9) :1727 ~ 1734

13 Chen X,Zheng Y P,Kang F,Shen W C.J Phys Chem Solids,2006,67(5/6) :1141 ~ 1144

14 Park O K,Lee J] H. Adv Mater Res,2009,79(1/2) :2267 ~2270

15 Jeevananda T,Jang Y K,Lee J H,Siddaramaiah , Ranganathaiah C. Polym Int,2009,58(7) :755 ~ 780

16 Li Q,Siddaramaiah,Kim N H,Yoo G H,Lee J H. Compos Part B,2009,40(3) :218 ~224

17 Renukappa N M, Siddaramaiah,Sudhaker Samuel R D, Sundara Rajan J,Lee J H. J Mater Sci,2009,20(7) :648 ~ 656

18 Pan H,Qiu Z B. Macromolecules,2010,43(3) ;1499 ~ 1506

19 Xu D H,Wang Z G. Polymer,2007,49 (1) :330 ~338

20 Li Y J,Zhao L P,Shimizu H. Macromol Rapid Commun,2011,32(3) :289 ~294

21 Peng HS,Sun X M,Cai FJ,Chen X L,Zhu Y C,Liao G P,Chen D Y,Li Q W,Lu Y F,Zhu Y T, Jia Q X. Nat Nanotechnol ,2009 ,4(11) :738
~741

22 Khanna V,Bakshi B R. Environ Sci Technol,2009,43(6) :2078 ~2084

23  Tibbetts G G,Lake M L, Strong K L,Rice B P A. Compos Sci Technol ,2007,67(7/8) :1709 ~ 1718

24 Chipara M, Lozano K,Hernandez A. Polym Degrad Stab,2008,93(4) :871 ~876

25 Sun Y Q,Shi G Q.]J Polym Sci,2013,51:231 ~253

26 Du J H,Cheng H M. Macromol Chem Phys,2012,213:1060 ~ 1077

27  Zhang Li(# J1) , Wu Juntao( %2 % ) , Jiang Lei( {175 ) . Progress in Chemistry ({L2 #EJi% ) ;2014 ,26 (4) :560 ~ 571

28 Geim A K. Science,2009,19(6) :1530 ~ 1534

29 Schedin F,Geim A K,Morozov S V,Hill E M, Blake P. Katsnelson M 1, Novoselov K S. Nat Mater,2007 ,6 ;652 ~ 655

30 Chen Guohua( [f[E#E). Sience Development Report ( Fl2% % & iz 45 ) . Beijing(JL 5U) : Science Press (F}2% i i 4t) ,2012.21 ~25

31 Rao C N R,Kanishka B,Subrahmanyam K S, Govindaraj A. ] Mater Chem,2009,19 (17) :2457 ~2469

32 Lee C,Wei X D,Kysar ] W,Hone J. Science,2008 ,321 (5887) :385 ~388

33  Geim A K,Novoselov K S. Nat Mater,2007,6:183 ~ 191

34 Hee K,Chae D Y, Siberio P, Jaheon K, Yongbok G ,Mohamed E,Adam I, Matzger, Michael O ,Omar M Y. Nature 2004 ,427 523 ~ 527

35 Lee C G,Wei X D, Jeffrey W, Kysar, James H. Science,2008 ,321 :385 ~ 388

36 Chen ] H,Jang C,Xiao X D,Masa I,Michael S F. Nat Nanotechnol ,2008,3 :206 ~ 209

37 Alexander A, Balandin, Suchismita G,Bao W Z,Irene C,Desalegne T,Miao F,Ning C. Lau Nano Lett,2008,8:902 ~ 907

38 Schadler L S, Giannaris S C,Ajayan P M. Appl Phys Lett,1998,73.:3842 ~ 3844

39  Burges C P,Dolan B P. Phys Rev B,2007,11:113 ~406

40 Wang Y,Huang Y,Song Y,Xiao Y,Zhang Y,Ma F,Liang J J,Chen Y S. Nano Lett,2009 ,9:220 ~ 224

41  Novoselov K S,Geim A K,Morozov S V, Jiang D,Zhang Y ,Dubonos S V, Grigorieva IV, Firsov A A. Science,2004,306 (5696 ) :666 ~ 669

42 Novoselov K S, Jiang D, Schedin F,Booth T J,Khotkevich V V ,Morozov S V. Natl Acad Sci,2005,102:10451 ~ 10453

43 Jeon 1Y,Shin Y R,Sohn Choi H J,Bae S Y, Mahmood J,Jung S M,Seo J M,Kim M J,Chang D W, Dai L M, Back J B. Natl Acad Sci, 2012,
109 :5588 ~5593

44 Chen J F,Duan M,Chen G H.]J Mater Chem,2012,22:19625 ~ 19628

45 Hummers W S, Offeman R E. Am J Chem Soc,1958 ,80:1339 ~ 1339

46 Brodie B C,Philos T R. Soc A,1859,149:249 ~259

47  Staudenmaier L. Ber Dtsch Chem Ges, 1898 ,31.:1481 ~ 1487

48 Shin J H,Kim K K,Benayad A, Yoon M S,Park H K, Jung I S,Jin M H, Jeong H K,Kim J M,Choi J Y,Lee Y H. Adv Funct Mater,2009,19 .
1987 ~ 1992

49  Peter S,Rainer W, Ralf T, Rolf M. Macromol Rapid Commun,2009,30:316 ~ 327

50 Viculis L M, Mack]J J,Kaner R B. Science,2003,299:1361

51 Chen G H,Wu D J,Weng W G,Wu C L. Carbon,2003,41:579 ~ 625

52 Gareth P K, Arlene O,Niall M,Nikos P, Jonathan N C,Georq S D.J Mater Chem,2010,20:7864 ~ 7869

53 Paton K R. Nat Mater, Adv Online Publ,2014 ,Doi:10. 1038 /NMAT3944

54  Somani P R,Somani S P,Umeno M P. Chem Phys Lett,2006,430(1-3) :56 ~59

55 Alfonso R,Jia X T,Ho J,Daniel N,Son H B, Vladimir B, Mildred S D, Jing K. Nano Lett,2009,9(1) :30 ~35

56  Albert D, Velimir R, Lee Z H, Philips J, Frenklach M. Nano Lett,2008 ,8(7) :2012 ~2016

57 Wang G,Zhang M,Zhu Y ,Ding G Q,Jiang D,Guo Q L,Liu S,Xie X M,Chu P K,Di Z F,Wang X. Scientific Reports,2013,3:2465

58 Qian H L,Negri F,Wang C R,Wang Z H.J] Am Chem Soc,2008,130:17970 ~ 17976



1326 =8 F % 2014 4

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

Berger C,Song Z M,Li T B,Li X B,Ogbazghi A Y,Feng R,Dai Z T. ] Phys Chem B,2004,108:19912 ~ 19916
Sutter P W, Goflege Ji,Sutter E A. Nat Mater,2008,7 :406 ~411
Novoselov K S, Fal V. Nature,2012,490:192 ~ 200
Khaled P,Wu Z S,Li R J,Liu X J,Robert G,Feng X L,Klaus M.J Am Chem Soc,2014,136.:6083 ~ 6091
Zheng Y ,Peng Z W, James M. Tour Acc Chem Res,2014,47(4) ;1327 ~ 1337
Loh K P,Bao Q L,Ang P K,Yang J Y. J Mater Chem,2010,20.2277 ~2289
Hu W Z,Zhan J,Wang X,Hong N N, Wang B B,Song L,Anna A S,Hull T R, Wang J,Hu Y. Ind Eng Chem Res,2014,53 ;3073 ~ 3083
Naebe M, Wang J, Abbas A,Hamid K, Nishar H,Li L. H,Chen Y, Fox B. Scientific Reports,2014,4375:1 ~7
Han G Q,Liu Y,Zhang L L ,Kan E,Zhang S P,Tang J,Tang W H. Scientific Reports,2014,4824 ;1 ~7
Xu D D,Wang K X, Chen J,Chen Z M. ACS Appl Mater Interfaces,2014 ,6:200 ~209
Yang J,Wu J X,Lu Q F,Lin T T. ACS Sustainable Chem Eng,2014,2.1203 ~ 1211
Zhang F,Wang B,He S F,Man R L.J Chem Eng,2014,59.1719 ~ 1726
Francois P,Marissa E,Tousley,Menachem E. Environ Sci Technol Lett,2014,1:71 ~76
Jiang S D, Bai Z M, Tang G,Hu Y ,Song L. Ind Eng Chem Res,2014,53 6708 ~6717
Hye J Y,Sibdas S M,Jae W C.J Phys Chem C,2014,118:10408 ~ 10415
Thakur S,Karak N. ACS Sustainable Chem Eng,2014,2.:1195 ~ 1202
Yuan BH,Bao C L,Qian X D, Jiang S H,Wen P Y, Xing W Y,Song L,Kim M L,Hu Y. Ind Eng Chem Res,2014,53 ;1143 ~ 1149
Tong W S,Zhang Y H,Yu L,Luan X L,An Q. ] Phys Chem C,2014,118:10567 ~ 10573
Fan P,Wang L, Yang J T,Chen F,Zhong M Q. Nanotechnology ,2012 ,23 ;365702
Akkisetty B, Melepurath D, Ramakrishna M,Rao T N.J Phys Chem C,2014,118.7296 ~7306
Wang D R,Bao Y R,Zha J] W,Zhao J,Dang Z M,Hu G H. ACS Appl Mater Interfaces,2012,4:6273 ~ 6279
Gahlot S,Sharma P P, Kulshrestha V,Jha P K. ACS Appl Mater Interfaces,2014,6:5595 ~ 5601
Alexandra T,Marina K, Folke J. Macromolecules,2014 ,47.3017 ~3021
Yang ] H,Wang C Y, Wang K,Zhang Q,Chen F,Du R N,Fu Q. Macromolecules,2009 ,42.7016 ~ 7023
Sasha S, Dmitriy A D, Geoffrey H B, Dommett, Kevin M k,Eric ] Z,Eric A S,Richard D P,SonBinh T N, Rodeny S R. Nature ,2006,442 ;282
~286
Xu C X,Cao Y C,Kumar R,Wu X, Wang X,Keith S. J Mater Chem,2011,21:11359 ~ 11364
Xu J J,Wang K,Zu S Z,Han B H,We Z X. ACS Nano,2010,4.:5019 ~5026
Sun Y Q,Shi G Q. ] Polym Sci Part B,2013,51:231 ~253
Horacio J S, Gerardo M, Gary E. Macromol Rapid Commun,2011,32:1771 ~1789
Jeffrey R P,Daniel R D, Christopher W B,Rodeny S R. Polymer,2011,52.5 ~25
Tapas K, Sambhu B, Yao D H,Kim N H,Bose S, Lee J H. Prog Polym Sci,2010,35 ;1350 ~ 1375
Yu D S, Yang Y,Michael D,Baek J B,Dai M. ACS Nano,2010,4 :5633 ~ 5640
Horacio J S, Gerado M, Gary E. Macromol Rapid Commun,2011,32:1771 ~1789
Michael D, Yang Y, Liming D. ACS Nano,2011,5:5465 ~ 5472
Fang M,Wang K Q,Lu H B,Yang Y L,Steven N.J Mater Chem,2010,20:1982 ~ 1992
Wang J P,Xu Y L,Zhu J B,Ren P G.]J Power Sources,2012,208 :138 ~ 143
Zhu C Z,Zhai J F,Wen D,Dong S J. J] Mater Chem,2012,22:6300 ~ 6306
Zhang D C, Zhang X,Chen Y,Yu P,Wang C H,Ma Y W. ] Power Sources,2011,196:5990 ~ 5996
Liu Q,Liu Z,Zhong X, Yang L,Zhang N,Pan G, Yin S, Chen Y, Wei J. Adv Funct Mater,2009,19 ;894 ~904
Liu Z F,Liu Q,Huang Y,Ma Y F,Yin S G,Zhang X Y,Sun W,Chen Y S. Chem Adv Mater,2008,20:3924 ~ 3930
Li Y,Hu Y,Zhao Y,Shi G Q,Deng L,Hou Y B,Qu L T. Adv Mater,2011,23.776 ~780
Nguyen D D,Tai N H, ChuehY L,Chen S Y,Chen Y J,Kuo W S,Chou T W,Hu C S,Chen L J. Nanotechnology,2011,22 :295606
Sergey V P, Polina M N, Alla N K, Anton A K. Inc J Appl Polym Sei,2013,127:904 ~911
Satyendra K M,Sandeep N T, Veena C,Banshi D. Gupta Sensors and Actuators B,2014,199:190 ~ 200
LiY Q,Pan D Y,Chen S B,Wang Q H,Pan G Q,Wang T M. Materials and Design,2013,47 :850 ~ 856
Cao Y C,Xu C X,Wu X, Wang X, Xing L,Scott K. ] Power Sources,2011,196:8377 ~ 8382
Xu C X,Cao Y C,Ravi K,Wu X, Wang X, Scott K. J Mater Chem,2011,21.:11359 ~ 11364
Guo W,Yin Y X,Xin S,Guo Y G, Wan L J. Energy Environ Sci, 201255221 ~ 5225
Xiao J, Wang X J, Yang X Q,Xun S D, Liu G, Phillip K K, Liu J,John P L. Adv Funct Mater,2011,21:2840 ~ 2846
Wu H,Zhao W F,Hu H W,Chen G H. ] Mater Chem,2011,21(24) :8626 ~ 8632
Ahmed S W, Tanvir A, Sriya D,Fahmida I, Alan F J,Micah J G. Macromol Mater Eng,2013,298 :339 ~ 347



10 4] RS G/ A0 B S BB 4 TT S 1 TR Ll A PR 1327

110 Huang W M,Sun W F,Chen G H,Tan L. Adv Eng Mater,2014 ,DO0I:10. 10021 adem. 201400143
111  Shigeru A,Yong T P, Toshiaki O,Christopher W M. Polymer,2014,55:2077 ~ 2085

112 Sun H Y,Xu Z,Gao C. Adv Mater,2013,25.:2554 ~2560

113 Hu H,Zhao Z B,Wan W B, Gogotsi Y,Qiu J S. ACS Appl Mater Interfaces,2014,6.3242 ~3249
114 Jia J J,Sun X Y,Lin X Y,Shen X,Mai Y W,Kim J K. ACS Nano,2014,6(8) :5774 ~5783

Recent Progress in Preparation Method of the Polymer/Graphene

Composites and It’ s Industrialization Status

Yuan Gao, Guo-hua Chen”
(Materials Science and Engineering , HuaQiao University, Xiamen 361021)

Abstract Since the monolayer stability of graphene was reperted, scientists and researchers have never
reduced the study enthusiasm with it,especially in the field of polymer composites. Two-dimensional graphene
with its incredible performance is considered to be an ideal material to improve polymer materials ~
performance. Now, graphene is often used to enhance electricity, thermal and mechanical properties of
polymers. Compared to other common modified systems, polymer/graphene composites exhibited excellent and
comprehensive performance. In this paper, graphene and its polymer matrix composites were introduced and
classificed, several main preparation methods of graphene/polymer composite materials and their
industrialization application researches were emphasized , at the same time, we reviewed the latest progress in
the studies on polymer/graphene composites.
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