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Abstract: Ceramics possessing both high mechanical and functional performance have been
becoming more and more important in the research of advanced ceramics. In this review, based on
our experiences and outcomes in this filed, the research related to the graphene based ceramic matrix
composites (CMC) are systematically summarized. The CMC oriented preparation of graphene, as
well as the representative processing methods for graphene/ceramic composite are introduced. In
addition, the mechanical and electrical properties of graphene based CMC are demonstrated from the
perspective of functionalizing structural ceramics. Finally, taking graphene/thermoelectric ceramic
composite as an example, the prospect of applying graphene in the functional ceramics is discussed.
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Figure 1 TEM images (a, c, e) and their corresponding electron diffraction patterns (b, d, f) of GO prepared by
different methods, respectively. The GO synthesized by improved Hummers method (e, f) shows better
crystallinity /.
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Figure 2 (a) Graphene dispersions with different concentrations prepared by liquid exfoliationin NMP;
(b) single-layer graphene prepared by liquid exfoliation; (c) the electron diffraction pattern of graphene in (b) *"!
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Figure 3 (a, b, ¢) The process of exfoliating graphene by high-shear mixer in beaker; (d) the product of graphene
dispersed in NMP prepared by high-shear mixer; (e. f, g, h) the TEM images of obtained graphene including
single-layer and multi-layer ones 1*%

THLERHT (B 3)o AR IR S BT IR LE NMP Ay 550 30 B8 1R O B2 T A4 (1 3 Uk 22
CHBTYIER T 10Ys I3l 2 UL S8R B A KRB, ST (29, i) k.

BUMRRI BRI B A S8R A a0 R I LA R (1) A SIS RS T RGO, (HESK TV 73]
B (NMP HUEE); (2) AR 1R EEARE R s AN F 2 R EOR, HEAERBA & RGO: (3) 7™
AW, HAEZY KRB TIbA .

ERERRE, FE A ST R RIREGE, FE v & R —sn S0 T RE T i Bl
W, WFFEN A& T A SRR R R SRR A TR Horb, EAMA R 3 E A4 Graphene
Industries Ltd (J£[F). Angstron Materials (32[&). XG SCIENCES (£®) %%, [E N RA 7w Bk
REVE . SIERURATRL, P e KRS AT IR M B A RIS A Sk R A k. VP2 A m HL R
WA A SRIE IR KA. SRS RIRE G S0 1 M AR SRS 7= e B SR R DURR A
H O H AR RIEFEANF 7 i, TR K 4 A s 0 /B e 2k S S AR RO I A 400

20 B RE AN AEH L

2.1 R &

A FH CAER B 9 ARER T AR A R s I AU AT IR 2 P Bl s e e L 22—, XI5k
iy B HL7F 5y ELARY KB A U . EARAE R 2 DR G KR 25— 4EMOBL NS S AR I 2 S AR 8 21
PRI, A SR B BRI 26 s HUBIR S ORI R RCR BOs AL —



% 2 #f (IRFEAMEE) Advanced Ceramics, 2018, 39 (2): 75-94 .81 -

HHT, MUBIR GER &0 =200/ V& S AR L AL, 88— PR BN A S AR I ) %
SR IR G S AT, XA R DR AN [F) 55 LR B S Al % vk, ] DAE R A A 2 )a
. BN, Kvetkova Al Kun 25 NP> R FHH 3R BE 43 54 1 Ao LARSH B ) 4 (104 SRR 3 FlOR R RO 7
A2 SN BTG, FEFFE 1A A S50 ORI 8 52 G ARl ) 22 1t RE s o 28
TR ARG A S R B AN AR A R AT . WIET AT, BT EREE AR R — A A
F B A BRI T, SEA T LU AT SR A R B 1 AR S M B R R IR S FE R R A 34T . B
FITPE A AR 13X — 592, FEI & T A SR A AR A %5 . Bk i i A7 e
A AT ARSI 2 (AL BRI PE R, BRI A S8 i B2 RIS & 57315, RN X AT AFE P 2R %
KB —EREZ ERAMEBEER, #—DREIEABEBE (B 4). KBRS B 5Tk H
NMP. DMF %5 LRI T S8 A S50 R B A1 0 B 7 VR R SR IR B IR G, BERT DASE I & i =
AR IEIIH %, SRR SEBL T A58 B S MR R ARG, TR T AR .

«oSiliBgE Expansion g Ball

Bkt e <=
e => Mllllng' I
Graphite et <=

.!
‘ | Reduction & Dispersion

& Compounding

‘“ . Mill ball
. e AlLO;

B4 MR BR A EH %A BE/ALO, £ 4 ior B EPY)

Figure 4 Illustration of preparing graphene/alumina hybrid powder via mechanical exfoliation/mixing 351
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Bl 5 448 ALO; (a,¢) ARHARRI BB A EH &0 2 H/ALO; EAE % (b,d, e, ) HIWIE SEM F K1
Figure 5 SEM images of fractured surfaces of (a, c) pure Al,O3 ceramic and (b, d, e, f) graphene/Al,O3
composites prepared by mechanical exfoliation/mixing !
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Figure 6 Illustration of preparing graphene/metal oxides ceramic composite via heteroaggregation and SPS [39]
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(b) RGO 7= ALO; H 1K ) i ) = 4 W %, ik Frds A RGO

Figure 7 (a) TEM image of graphene/Al,O; composite, inset is the TEM image of monolithic Al,Os;
(b) RGO constructed 3D network in Al,O; matrix, the arrows indicate RGO o1
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Bl 8 SPS & 4 J5 R AL £ Ak BN A & % /a-SiC (a, b, ¢) 95 £1%/B-SiC (d, e, ) & & #H¥TE SEM B A
Figure 8 SEM images of the fracture surfaces for in-situ generated graphene/a-SiC (a, b, ¢) and
graphene/B-SiC composites (d, e, f) after SPS.
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Figure 9 The correlation between the increment of
relative fracture toughness and graphene content in
ALO; matrix ®77%%. BM denotes ball milling and PS
represents pressureless sintering
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Figure 10 TEM images of cracks in graphene/Al,0; composite: (a, b) the bridging effect from graphene on crack;
(¢, cl, ¢,) paired graphene debris as a result of fracture after bridging rather than pull-out "
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Figure 11 (a) Young’s modulus of graphene/Al,O3; composite shows litter variation with burning-off of graphene
from the matrix; (b) the strain-stress relations of monolithic Al,Oj3, the graphene/Al,O; composite and the
composite after burn-off process ¢
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Figure 12 (a) The temperature dependence of electrical conductivity for graphene composites with three different
matrixes; (b) the temperature dependence of Seebeck coefficient for graphene composites with three different
matrixes; (c) the simulated results of correlation between Seebeck coefficient and p type doping level in
graphene; (d) schematic illustration of contact doping effect between graphene and oxide matrix 1*%)
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