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Abstract: It is of great importance to enhance the performance of oxide ceramic composite for fulfilling the increas-
ing requirements from modern society. To this end, graphene is very suitable to be exploited as reinforcement for
achieving superior performance in oxide ceramic composites, due to its extraordinary mechanical and electrical prop-
erties. In this review, the study of graphene based oxide ceramic composite including the processing, densification,
microstructure and properties, based on the reports and researches in the past decade. It can be seen that: (1) the incor-
poration of graphene can generally improve the strength, fracture toughness and strain tolerance of oxide ceramic
composite; (2) for the electrical performance, the graphene/oxide ceramic composites show not only low percolation
threshold and high electrical conductivity, but also tunable charge carrier type which can be controlled by the oxygen
concentration in oxide matrix. Therefore, it is believed that the graphene based oxide ceramic composites are very
promising material for the application requiring both advanced mechanical and functional properties.

K ey words:. graphene; ceramic matrix composite; material's processing; mechanical property; electrical property; review

ks B EA: 2017-08-07; W 2l1&2ets BHA: 2017-09-23

EE&WE: BXESUKIT L (2017YFB0310300); [ 5 H 48 B} % 2 42 (51432004, 51702045); i H ARl % & &
(17ZR1400900); _Ei# T ivT A A i+ %1(17PJ1400200)
National Key R&D Program of China(2017Y FB0310300); National Natural Science Foundation of China (51432004,
51702045); Natural Science Foundation of Shanghai (17ZR1400900); Pujiang Talent Program (17PJ1400200)

1EZ B/ B3 0h(19849), B, WA Hi. E-mail: yuchifan@dhu.edu.cn

BIWAEE: 1T 5, 2. E-mail: wanjiang@dhu.edu.cn



%5 234

TG, & BT S R A DR — AL S AL IR B R A A RE M 2 Bk e 139

BT 5 S B AR, @ AlLOsy ZrO,
SUHERE, SR, S U G R e
LRZMBEREA LY. BT FUWHLEE. IS
KA A & ANl A AL . (HA2, S5 1L
W 85 ) W) B R SUAFAE T L 0 PR RO AL A e e MR LI
ks, B SR ER, XERKFEE FRH
TN G R, $S R R R R R e,
H A VERE AR R 45 04 ) R — 1A 1k b 2 2 AL
BRI R IR TT 22— 3R B AR L b b

RE MR A R R IRAT 45 14 Dl e — AP Pl e 5 AR DR M £,

FfE P I — ) Ry 3 T LR S I I TR M R A R S
HEINREMME ZMHE A, Wl EEEE &M E
() & SEI m AL RE 5 1 R e . MRS
DRI g —. AN T2 48, myrKE
CLELAL 57 10 77 2 1 e A fl 22 MR RE O PR B 2 R A M
BRI TEEE S BFFLR I, AN BLEEIE & 2 BEfK
KB N ER A P & R G R R A A B AR L
FEDLH B R R A . R BRI DL R S R A
G HR S SR SR TR AT 3R 4 18
SRR E Be 7 M B 3L Rk Hp 3 5 40 8k, (HIXIRE
Ore o W T IRGIKE B K AR B e AT TR )
Gy ARSI B, T IR Foh A 56 — HLJI Bt AR X 4
95, SR EMER TR = A IR ER IR . F Ak,
Wk B AR R A B GUK E L & B SRRz
M —ANHE R Fik, RN, &6 % EHl &0
mEREI A RL, X TR R R R S MR R 2
KEIE,

S I R OB B S A MR B R R iRt T
BN B, AR EE IR e, R
RN 125 GPa, #RBE A 1 TP, Rt I
o B B e M BE 2 —, AR A R T4 S B AR

P HLK, A SR A B B 5 A

B A5 A Bl A R SRR A A SR I T e
HARBRARAE B A IR R, (HR A S
BA B KRR ERTMARIE BA 5 K g, 508
WS RN E GG ENE . gk, B
A 80 D9 1 SEAR (0 P B R A DRI FOOF R A5 3 2
g EAL, H A SIS R SR AT UK 2 e
R ER A MURL IR DufiEfe. JefRE
SEREVEAIER B, [ 2007 4ELLK, WA
BU T 5806 B 8 G PR ) % AR RE I T 7T,
TEA S8 1 2% B ) o LA R 5 B R A, e S AL
VIR EER R IR S T AT T SRR R, JF HXT
A S0 R AL R T R B R RE T 45 ) 21 17 e 3
1T TR ARGIWT L. A SO A 8206 A R A1

BB A B 1) 2% MU S0 P B A R ) &L S5
AN BE = AN B 70 R EER BT TE R AT A4

1 AEBRAEHESHEMIKR
&

1.1 HURRIEE

BB ML R B335, #te R LA ) Se AT 807
RIZWFIE . Z07E 50 BIEMRAR B 1) Kk D 72
WA 5y Geim B — R T 7E LI % RS AR
s it AR W ek e ARG B S TR
VI 20 pm 2] 2 mm UL 77 B /N B 64 HL ] e 78 5
bk, RJE BV R S E B BT
WA B0 2 . R — 53R 1A s B
AIRm s drE, JEHE A M T4 806 I 2t 21
PERERIOE 7L . (H2, BT HEEE A MRS & T
TR R A SBIAR, F IR 75305 40 24
FERAKAR, TR TR AL Fp 5 iEx0 T K&
FE A SRR T 2%, SR L
AR LKA SR I A SR AR T R B TE B2 SRR,
MR FARTRAR R B 1 um? (75 58065 1 J2 BT 7 B2 10
JI K% 300 NN, IX-A/NATTRRE 53R, T
R OB N g i) 7 1), WARAESPAT T A SR
EWIBIYI 7 Ay, SRS B SEEAT I 3
B AURMAH 16 FAAT FE BRI S B AT S0 DA R S0l
Ve & 5 Gk R 4%, ICBIAR LR R

A7 AL BR BB R L BB AR AR VR A RO R R 2 (15 A %o
BE e R ARz M, SzBRR AT R B
P& ] Ry R B b s I ET Y g, Bk UL, BRES
BHE T [ e A AT B BRI A N BE IS B, 17 A B A1 1]
O JI T U FI RN AR B, X — 7 T 5 B BRVE

B A BB 2 v B A B 1 i

Fig. 1 Schematic illustration of exfoliating GNSs from
graphite pallets!®

The arrows indicate the shear effect in aball milling process
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Fig. 2 SEM image of fracture surface for graphene nanosheet/
Al, O composite prepared via mechanical exfoliation'®®
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Fig. 3 TEM image of graphene/Al,O; composite prepared by
heteroaggregation!®
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Fig. 4 Schematic illustration showing 2D graphene can retard
the coarsening of grain most effectively?"
(@), (b), (c) show the situation for nano-particle, 1D inclusion and 2D
inclusion, respectively

(ENEELY VNNV EE- - 55D NP SR TN AUERUN S
BUAE SR (O TR 3 Y DUk R A, Bt
FARRERE e, ki RUANE RS, X
& AR BIE BRI PRSI A R . AR
RIOAEA RIG AR E SR, IR 2 A2
A B A TR RO, SRR Bl R B W T U R A B
K2 B moRn 2 0 L L (R T i 3, B — 2B 4
R IR A RAT AR I . BEAOIE R IR, TERRLE K
2 ) SRR R A TP AR AE — SN T IR AR AR AR Y
KL, A i 5 i 23 ) T A S AZAE — PR 4G A R A
J BB R b W Wi, A T ot S AR A SR T
W SEUF IORATE TR (K B)o IX — LG UL BA i T A1 580
(1 S0 P A e K 1) BELRS & A BN IR e 0, A4S AE P
RE A MBS B BU% BT OL T K&/ & e ok
KB P HPRES . X — M S R e
BHNBR AR E Z &P MR I ER L, X sR

g i?

KI5 S BELAS i RS Bh ik BB P iR 412
Fig. 5 Graphene prohibits grain boundary reaching dynamic
balance!*!!

The yellow and white arrows indicate grain boundaries with and with-
out graphene, respectively
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Fig. 6 Stain-stress plots of monolithic Al,O3 ceramic (black),
FLG/AI,O3; composite before (red) and after (blue) burn-off for
20 h during four-point bending test, respectively??
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Tablel Comparison of some reported graphene/oxide ceramic composites
Matrix Raw mamena) Mixing method Percolation threshold Maximum electrical conductivity — Reference
of graphene

Al,04 GO Heteroaggregation 0.38v0l% 1038.15 Sm™ for 2.35v0l% [16]
Al,O3 GO Heteroaggregation 0.22wt% 11.1 Sm for 0.45wt% [31]
Al,O3 G Stirring + Ball milling 7.1vol% 20.1 Sm™ for 15vol% [32]
Al,0; G Planetary ball milling <0.5v0l% 123.3 Sm for 2vol% [33]
Al,Oq GN Attrition ball milling 3vol% 10°Sm™ for 15vol% [34]
Al,05 EG Planetary ball milling 3vol% 5709 Sm* for 15vol% [8]
Al,Oq EG Attrition ball milling 4.7-5.7v0l % 9.6X102Sm™ for 9.4vol% [35]
YSsz GO Sonication 2.5v0l% 1.2X10*Sm* for 4.1vol% [36]
Sio, GO Heteroaggregation <0.58Wt% 102 Sm for 0.98wt% [37]
Zro, GN Planetary ball milling <1wt% 98 Sm* for 3wt% [38]

* GO (graphene oxide), G (graphite), GN (graphene nanosheet), EG (expandable graphite)
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