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Abstract Graphene and carbon nanotubes are nanometer-sized carbon materials with the characteristics of the great specific
surface area, good electrical conductivity and excellent mechanical properties. Selecting appropriate methods to prepare gra-
phene/carbon nanotube composites can generate a synergistic effect between them with many physical and chemical proper-
ties enhanced, and these composites have a great future in many areas. In this paper, some kinds of preparation methods about
graphene/carbon nanotube composites were described in detail, such as chemical vapor deposition, layer by layer deposition,
electrophoretic deposition, vacuum filtration, coating membrane and in situ chemical reduction method. The advantages and
disadvantages of these methods were compared as table format. To further enhance the functions, the graphene/carbon nano-
tube composites were doped with other materials such as polymer materials, nanoparticles, metal oxide to achieve the pur-
pose of modification. Some researchers proposed theoretical computer model design for some special composites structures
such as three-dimensional columnar structure and spiral structure to improve the performance of composites. Meanwhile, the
applications of composites in supercapacitor, a photoelectric conversion device, energy storage batteries, electrochemical
sensors and other fields were discussed in detail. These applications fully proved that composites had a brighter future than
pure graphene or carbon nanotube. In addition, the developments of composites are prospected. Preparations of graph-
eme/carbon nanotube composites are maturing, but a variety of methods have their drawbacks and shortcomings, to get
preparation method with easy control operation, low production costs, high raw material utilization, good product quality
needs further research and exploration. Preparations of the highly oriented columnar structures between the layers of gra-
phene and carbon nanotube and three-dimensional structure with graphene helicaly inserted or wrapped carbon nanotubes still
remain in the computer model. In the near future the studies of the composites will be deepen and extended to develop new
fields.
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Figure 1 Graphene: the parent of all graphitic forms!"
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Figure 2 Schematic illustration of the synthetic process of multilayered
graphene/CNT nanocomposites'®), GNS is the abbreviation of graphene
nanosheet
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Figure 3 (a) SEM image of CNT-FLG hybrid structures. (b) TEM image of FLGs grown on CNTs suspended on a Cu TEM grid. (¢) SEM image of
FLGs grown on vertically aligned CNTs; the inset is a TEM image of the tip of a CNT-FLG. (d) A close view of the CNT-FLG tip in panel c. (¢) HRTEM
image of a CNT-FLG structure. (f) Raman spectra of pristine CNT (black) and CNT-FLG (red) films®"!
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Figure 4 Scheme for preparing (a) reduced GO electrode and (b) GS/CNTSs-9-1 electrode’®. (c), (d), (¢) and (f) are the notes
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Table 1 Advantages and disadvantages of graphene/carbon nanotube composite preparation methods
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TIOJGNS/CNT

Bl 5 & TiO//GNS/CNT =44k & A} 7 e )
Figure 5 Schematic illustration for the synthesis of 3D TiO,/GNS/CNT
nanocomposites!*”
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Figure 6 TEM images of MnC with (a) low and (b) high magnifica-
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B 7 (a) GCMC BHUALAEARE K £ 77 K 1 3 bar I AR, Zr(0HT2
2T, (b) GCMC BHUBHB A IR EE M LE 77 K 1 3 bar IR PRHE,
SRS T, O R

Figure 7 (a) Snapshot from the GCMC simulations of pure pillared
structure at 77 K and 3 bar. Hydrogen molecules are represented in green.
(b) Snapshot from the GCMC simulations of lithium doped pillared
structure at 77 K and 3 bar. Hydrogen molecules are represented again in
green while lithium atoms are in purple!''

B8 Jil HOPG (a), BT SiOxb) MR AL B K ()AL SiO,
(MR BT, (d~D 2 ML 3D AR VACNT-A1 S0 4514 1)
AFBCRZ NI SEM U, (g~ D)2 M2 MK 3D R
VACNT-A1 S0 45 AN RO R ) TEM Ji 0

Figure 8 SEM images of (a) the pristine HOPG and the acid-treated,
thermally expanded HOPG (b) without and (c) with SiO, coating. (d~f)
Typical SEM images of the 3D pillared VACNT-graphene architectures
under different magnifications. (g~1) Cross-sectional TEM images of the
3D pillared VACNT-graphene architectures under different
magnifications'''”
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TR K T L B R 171 Q/sq, EPK N 550 nm IHE
KA 84%. A T ASEEMAIE I WA 2k, A0 S/ 4N
KA BT B VR o) 4 DA A R AN R AT, — M
AR BAT AR, Lin 20 T i) A SRR K
RIS AN S B BT, M A A SR 1K )
FEWITE. ABATTI X Bh 7 VA0 k) 2% s R M B W
R TTRE T — 484, b4k, Kim 2513 ) PECVD
VLA AR AE R A S AT R RE T LB WA
FL P AT SR e K ST G, 1 pm K, 2 pm B8 (AR
A5 e PR T B (1) TR A A R B A A A B
LI b PP % 1033 U T R R e 2 e R el
A LU T =404 B
5.3 TEfifaEH it AN
53.1 EARETET 69

BB E AN 1990 PR B AR AL LUK,
B HAA R MR R R e %, RNt 72
MO FHAEFHL. DA B AL, bl
RIS FRHE A, AATTRi e 1 £ 1R ok
e, DA SRk B A S 1 H s AR L B
ARUE A IR, DRI 25 R 20— ol vy 8 88 1) PR LR
B AT B BT A0 S0 A gl K A5 HAA R Kt 2R i
B RIS HEERR N URERE, DRI RS Ak A 5
A AR ) Honma (FF 58/ N 21 440
FUT LU S0 o0 AR IR B 25 7 rEVb I PR RS, t T
J2 TR) R AR 28 7 1R W 1R 4 FH 5240 8806 1 J2 22 TR 28 1 5%
W, SIS IR . B SRS T RE AR A R R 1
AT S 2 R 2 DA s L L . (H S SR/
TR A A PPRE Sl A R A B A, IR e
E) I R RN AR O e 5, i LG IR e MR 2, A 20
ANTEHTBCRTEIN G, A RSOV HEEN 66% /4.
N T R IR AR T Pk 25 1) i) B, Chen 251V F AL 2% 4
M JEGTRE 2% H— b 22 2 A0 S50/ 4 oK A 52 A B
AT R, 308 I ATAG B 4K A S AR AT A 25 0 2 1 T A
YT A0 S IEAE S A AR 1 2 ORI S PR el B oK
B RS S WAk 2 P R R R 2R, R R AN KA
A A A AT AP IR A AR M B s IR HL AR
Uyze. MeAh, BT IR B T Y e 42 PR g, Shen
SOV BRI R AN R A MR I Tio, R T —
P =4GR A EL, TiO, 357 M43 BT A 5507 FH ik 41
KA (R 2 THT T PR T8 AT O A RURE TR B8 . AR
RN R LR 1, TiO, ELAT AR vy F 338 25 e AT ) 44
R, B K HbIE SR T F b (1 285 R B e A )
532 FERRATd G )

YRR PRI IR — b, 548 4 R RE FL it (Proton
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exchange membrane fuel cells, PEMFCs), J&dH Y
). A KR ks, T PEMFCs 25 miiAE
TR RIS YeHEBOM TAF IR B ARASAR A, e
2 AR R Pl VA BRI I H T AR
7E PEMFCs 1, — A EA5E F AL 2 AL RIVE A HAle A
B, — AN EE AL HARSUE A 520 PEMFCs
REMATHE AT RE M ADE I 4. A T A A AR ) A
WRCE IR BN, BN Z S5 TR AR
AU AL A R Efh, TRy 8ER, AT
SRR R D0, Dbt 2 R e REdE. H AT,
IR Z AR TS AE ) PEMFECs HLBR FO AL )84, ix
B AL AR T PEMFCs SR 2 o6 5, Hoh k71
WORLIA RS s EORERE S 23 DL SRS e PR S5 b 7 2k
R EAHSE. SEG BT EAI LG, A8 FH 28 K RT 1)
AR S50 . B oK A S R AL AR B Ak ) DS A7
28 Y D A () 2 N E0 I ey A T A SR R A K
ARG AT F A S50 B A0 K SR AR I AR R
GBI R it SR T AT e, P Yun
SNSRI & T T 1 A8 4 R e vt 1) 01— A SR /%
YR A AR, BRI AT IR OCKAR B AR 40 oK 45 Tt
THRAMEIZ LI 4 4510, 1A S0 ¥ 5] o BlE B
YRKAE PRI, 3045 [ IS A )BT o A R s 2 P
1T, A MR IR ) 26 5% P B SR W Al D 2%
P FEIVURS, T ) B B 8 HMIC T 40— S .

4% B RORE HE Jth (Direct Methanol Fuel Cell,
DMFC)J& T i A ek L it (PEMFC) 2 — 28, AN
[F) .2 Kb S A FH R A SRR, A% T PEMFC, DMFC H 4%
IR ARTE T B BRFS VIR DL B vt 25 ) ] B S k.
XAFTS DMFC 1] B B A AR 5 2L He 7= i 3 FH 1) 3=
Uit T DMFC 2% H 5t & @ g K AL A)(— Mk Pt
A R i K HBR T e e — 20 k. Tha 250U F 1)
REAL 1A 28445 (£-G) RN D BEAL 1K 22 BE R 94K 45 (-MWNT)
THEALFIEARARL, ¥ PRu/Pt DKM BT B 4 %
RAMEH B8 R . PtRw/Pt 40K 7 F1 L))
BB 1) A7 S50 25 AL A S IR ME R I 389 A 40 2 1
FTFR.  SUGIF B AT 52 A RO Rt R 2 (1) A1 S
N PtRu/(f-G-f-MWNT) & & GKA BHE RS PR
T PIRWEMWNT 20 PRwE-G. 18 T A7 S5/ 4 K
STAMPRME Ay AR I A TR 8 AA, AN mT AR i b A
PEL $Em T rRE T, T DAAT R ek I AR b 2K
N iR, BB TR i ) AR P AR, 3k S LR
TR S IRAE % T 4 4F
54 HEHUFEERIZPILA

FEL K 27 A TR A I T DU A2 1 P A 2 P R0 £
DA AN 27 T 70 Bl P 2 T AT AR A DU ) — Bl ke 46, &
IR 2032, BIanEAST I, 25 il £ 5h 24,
7S5 25y 1 TIEE S R Y N p ML R 7 X o P RTIT e £
FHTAE i v A 27 A5 SR 28 TR B B i AR (GCE), il oK
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NAT s I o FL b s HAT e 0 16 W R e B A A A e
A DA A B b . ARl
541 ALFHRE

A RIS LG MR A S P AR
TR P14 Chen U A7 SR 0%/ HLBE BR 4K
SRS R ik FB 2% T ] TSI APAP ) H
2 AL IR S, B RAL AR IS S L A0 S R R R AR
ek, Hu SEPTE MR T LR S Bk BHR MR &9
ANEE Gy D3 R T o) @, BH T S R AN OK A A
BERA DL AR YE . SE5RIFHPE . s bR AR
Z LG5 A A I A T A AR 2 BEBR AR SR
BRI CV 8T, BRI e X 2 A
TRER R RR Ry AR AT AN PR £
542 AUERE

Wil A= AR IS o T O IA R . R . R
T A5 RO BRORBR 52 21 1 AT )32 56 JF A VS
MR FE. SR, H 1B o> 1M T [ E Bk R T, B A
5 5y I By 150K, WIS P O R ER AR 2 Ik 1)
B, ARAE A AR B A, DRkt mr A7 25 ) H A
W53 1 5 BR8] 58 MR LR R B RGP 4 =)
] 28 5 DA RN e v A i el Al R I 2 1) I 1
UL AT A PEREUL R 1) HaO, A% IS 1) S8 ) UFN
M52 BT SRR 9K H A RO LR A
M2 FLIR S5 K, DRI B8 s I FR) 7 28 T 7 25 1)
RORUOT] Sheng SR AT SRR - IR AR S - A TR IR/
&~ A A 4 4K Pk (GE-CNT-Nafion/AuPt NPs) & 1ffi
PR TR R A L il 2% T 3T H0, AEYE S,
BT ak MR BEE b5 WA 2 B B 45 B R S N T BN
T F AR, RGN R AR HRP REF 15
FRAE s IbAk, AR IRAPKE YK SRS TR
A BRI TR AN 22 £ 45 A6 DR T W B R AR i, T BLZE
[ Hu I B HRP S5 85 1 FUAED 5, i HA S gKk+
FU BB — o< Jo 4 KWL LA S s IO AT 1 L A
PRI DL B AT (1) LR R 2R . AR IR AR 0T HL0, 11
AL S IR R PRI L R R AR AR R A B SR AL
S AN OK A G M R T 11 [ 5 7 THD A A AR TR
FHHT 5, ARG AT A i R A e IR AR A% Ik 2 4
B, GRS AR BT N2 K.

X TG BAR SR AR R, FUA ) S TR TR 5w A
K, R T AR A AR R R AR
YIRS T8 | AL T DA AT 5 et A vhoe PR
F, DRl F B A ) 1) 228 800 e 98 A SR 25 11 P e 48 QT
B A SRR AR A PR R AT IR B 1 ) AL A
SRR AP P, AR A A S e AL 2% Fi AR S i
AR FH v 28 8 e Sk A

Lu 2507 G 9 KoL 745 2% 0 A7 B0 D oK 52
B AR i F AR T % LA 27 S e AT TR A N S I v
RN 98B JELE P 138 25 (human chorionic  gonadotro-
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phin, hCG). H FJ % 5% (TH)/FE Ky B4, A~ LA R
MCM-41 1E R # ik, FBHR S SRS & hCG (HRP-
Ab2)J5i 5 AWTH/MCM-41 1 FH &5 31 LI &5 & Wi 4
PEALIRAS I R AT B 0R, i% Ak S LR WA A
(1o £ R K TAE R B an ] 9 iR

25t CV A, ZHAT hCG R HI B 0.0026
mIUsmL ™", ZPEm 5l 0.005~500 mIUsmL ™. 1t
b, Liu 2R J2 2 4 5400 46 T 38 S50 S0/ g oK
2 G VAR I 2% A ) o 2 A SRS I R D RS I T N K o
P R ER R 1 (1gG).  H T IX i o s 1 K 2% 2 IR 1Y
AR e (PR A B AR B (i B M B BB, DR R A S5 3L
CAEW T IR B R R T — AN F T 6.

55 AEHEFHEAINA

1S BRANKE F A MR T 7RG AT fifRE

Tt DR AR TS TR ) )2 N R A, e A
FARUF I AT, B Ad 20N 8 (AR IR AT 38975/
YR A MBI TGS BRI, 200 W B st
KMk, 1% A AORE G T 3 1 e W B T A
81.97 mg/g, £V FIIE W IWILGEIR I 10 mgeL ™' A5 bR
BERILE] 97%, RIIE RN A M KR LU T3 B /K 95 5
A HLGRG G, Sui ZE07ONE R AR b A BRI AT
YR 5 Yy C TR A Y & /K BER AT IR A4, i 1t
fi 5% CO, T4t K- A 1T IR AT 2% A S0 40 K B R
BB, DA BRI TR N KA TR A SRR I T AT BR T
KA LG R A B T e, VARG Je gt
LT Wi Kim PO N E AT BRI R AR
MRE T30 A I 2 KAT B[R] 5T 8% (LDI-TOF-MS) 1]
W, TN FIEYa T RE. B
Wb 2 Ah, A0S0 B AN K A MRS A AR 22 W T 22
BATLTFRER.

6 %it

A SRR AR AFOR A AT AR O R AL 2 Vo
H 3 S R g 290 K 1) () B[R] 20, A A5 A sl i/ o
GEORE R AMEHN T bk UBPE SR RS 200 9, 1

TAER, A SRR ARG A RERH 4 T ik H K
A, AEBIROC AR fERErL IR Al A R A A
F141 2 Pt 328 3 % ke Sk A, (B TSI o MR B PR b .
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7 AT IR, )46 e A K A Ay i J2 1) v B ) 23 A1
F147 = S A DR 5 e AR A s ol M 4 N 0 B B A KA
SR G R ) 45 B AE TSP LB B 2 v,
Tl 1) = Al RER AT SR /B AN KA 0 K 45 A R S I
ZURAEAEAT S8 2 18] (R R ) A1 s 02D SEBL T AE K
BB R SR, (H S BRI SEBUR S AN AT e
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WFFOE AR, JCIE BRI, 25 BTk, Hl%
TR AN 58 35 R0 R AL AR AT 582 R 1 A oK
KT R, IR GG IR AT e 5 R il 2 Ak BERTE T0Rs
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Figure 9 Fabrication process of Au/TH/MCM-41 nanomaterials and measurement protocol of the electrochemical immunosensor'
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MG R, THTFTEFLEALTYRA 1 AR ERLEF
FRFRAFIRN, AALL20 4%, FEBRREH ST, &
MRAAF 2 2R,

FR B, Rk, Rk RKEHIE HEAEFH, TE
IRKKE. EBAEYAMFE. LR NI SMAFHR K
BEFHAR, THZR 8637 £ 10 ATBR. EHAETX
HHARE. FERERLN=F% 137, BRAHSEF 5%
1R, AHAHFHRRA—FL1IA, HFETXHARABELIA, HHA
HEFTZFL 4R HRF REEL 20 36, A&#® L 200
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