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Repairation of in-plane structural defects of graphene by using
graphene quantum dots and the thermal conducting
performance of graphene films

JIANG Luyang, LI Haoliang, WU Xian, QIU Hanxun, LI Jing, YANG Junhe
(School of Materials Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: During the preparation process of graphene oxide (GO), the unavoidable introduction of
topological structural defects into graphene has a significant adverse impact on the heat transfer property
of graphene. In this work, graphene quantum dots (GQDs) were selected as an external carbon source,
through the reparation of the structural defects in graphene plane under high temperature graphitization
conditions, the free-standing heat-dissipating films based on graphene were fabricated. Compared to the
pristine g-GO film, the in-plane thermal conductivity of graphitized graphene oxide/graphene quantum
dots (g-GO/GQDs) film was enhanced by 22.1%, reaching 739.04 W/(m-K). Through further structural
characterizations of the films, the thermal conductivity enhancement in the presence of GQDs can be

attributed to the reparation and formation of carbon sp2 lattice domains during the graphitization process.
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This founding reveals that the reparation of topological structure defects of graphene can efficiently

improve the heat dissipation performance of graphene films, providing a new idea for the preparation of

high performance heat-dissipation films.

Keywords: graphene oxide; graphene quantum dots; graphene film; topological structure defect;

thermal conductivity
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Fig.1 Schematic illustration of the fabrication process of g-GO/GQDs film by vapor evaporation self-assembly, carbonization,
graphitization and rolling compression treatments
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Fig.3 TEM images of graphene quantum dots



%2

LR, 5% frsedii T U TR A SR S B A HO S A R Y 167

%) S FEL A A R i R A R BT, X 2B 32 GQDs.
& 3(b) M EfEsc T GQDs B TEM K%, #f LIEF]
W1 i) GQDs(ZL ik I8 N ), kéh, W LIFE
GQDs M RF K2R 3~5 nm,
3.2 [ GQDs HRMEXNE A EEEHHZI

28 H A A A 1 GO B AN &l 4(a)
Fis, v LAE R BN 60 mm, Jf HEA
SERE ) AR o AN, AR R AT LLE i 3R
VSR G L RN AT IR . &1 4(b) 1 4(c) 4
S K4l GO AT GO/GQDs-0.17% i ik it # i SEM
B, Xk A mT LR B, A AR LA
R 22 HES 450, W H GQDs a4 ik
7L TS (R RO 2544

[l 5Ca)F 5(b) 7R T7E 2 800 °C il A1 251k
AbFRHT JS ) GO/GQDs I i) XRD 3% . 78 81k
W Z R, E s(a) s, T GO RIZT & A
HREFIIAETE, GO BEAY(0 0 1) RS IE H BL7E 20 =
10.9°4k , %t JZ A d = 0.803 7 nm, 5 GO i i
tHEE, HAh GO/GQDs & A BT #1165 GO it

(b) GO A

A—, WA R, R GQDs 5] A
KEIE GO S IRZE i B ARk . 2t i i A BB
a5, aniE 5(b) s, GO RS (0 0 1) A5
WEE A T (002) 4 &I, fiT g A 20 =
26.44°4k , Xt JZ A d = 0.336 8 nm, X I H %
iIE HOPG HYJ2 1115 (0.335 4 nm)™, FM7E R4
BB G R 2bRE T GO E AR . H
il g-GO/GQDs &2 A R AT S I AE 29 26.5°(20) b
W R T ARBE A AT, BT TIHBR TR RE
i =3 |51 NV A N T = I 8% = S R =3 )
U B

3 W R A REE B2 O P 2 1580 em ' AR Y
G W5 sp’ ZRALBRBRAR X 942 ] C—C Fr i AR
e, 291350 cm | AbfY D 2R R A7 SRR T N B
0 BB U 110 5 V) K WA A A e b P D i A
G W B E L (In/lg) S e T A0 58445 14 sp” ZR AL J5E
FHIF . 7RG BB AR B R, TR R
FALAR LS AR GO H 5T IR Y A Bl AN 5
AERER . HIL, GO GO/GQDs il H A 45 22

-, —— I 3

(¢) GO/GQDs-0.17% MR i

10 pnts

4 HIEREFE I SEM B
Fig.4 Optical photograph and SEM images of films
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conductivities of films
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Fig.8 Infrared thermographs of films and the temperature distribution curves from the center to the edge
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