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Preparation of Graphene by Mechanical Exfoliation
and Its Application in Preparation of
Graphene/Ceramic Composites
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Abstract: Both of the specific two-dimensional structure and the outstanding electrical , optical and mechanical proper-
ties brought along of graphene were summarized. The research history of graphene and the significant role played by micro-
mechanical exfoliation were reviewed, and the main methods of micromechanical exfoliation were briefly introduced. Fur-
thermore, the development and achievements of the new mechanical exfoliation methods which mainly use the mechanical
mills as delaminating tool were illustrated. Finally, the progress in preparation of graphene/ceramic composites by me-
chanical exfoliation was generalized. In sum, mechanical exfoliation is a very promising method for the preparation of gra-
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phene and graphene-based composites.
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Fig. 1~ AFM micrograph of a graphitic ribbon folded 4
times on the surface of HOPG
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Fig. 2 SEM images of island arrays created on a HOPG surface at different magnifications(a, b), SEM images of HOPG islands smeared

on a Si(001 ) substrate(c, d): (c)is stacked thin platelets, and (d) is example of a very thin layer left on the substrate while the

platelet folds over
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Cleaved nanocrystal
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Fig. 3 SEM image of HOPG crystallite mounted on microcantilever (a) , schematic drawing of microcleaving process (b), thin graphite

samples cleaved onto the Si0,/Si substrate(¢) , and a typical mesoscopic device fabricated from a cleaved graphite sample(d)
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Fig. 4 Optical photo in white light of graphitic films of various thick-
ness d measured by AFM (a) and single layer grpahene sheet
with several pleats(image size3 pm x3 wm) (b) , the thick-
ness of double-folds is=0. 8 nm, proving that this is a single

atomic sheet
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Fig. 5 photo of the mortar grinder (a) and schematic drawing of

the grinding process using a mortar grinder (b)
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Fig. 6 SEM image of feed powder of graphite (a), SEM image of graphite milled for 20 h (b, ¢), and HRTEM image

of graphite milled for 20 h(d)
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Fig. 7 Photo of the attritor mill (a) and schematic drawing

of the grinding process using a attritor mill (b)

Catharina Knieke &5 71| FI 45 $35K B8 46 TR 0 - b8 % R 44
(SDS) g T 16 VL 1 4 F T ERIEE 5 h BIAS3) 7R
Inm ZEH B G BIEN KR Z, K8 BHEEORZEN
AFM FEJ o 169 Jefq SRR 5 S0 B o R ph k™,
1 30 TG VLR R R TR R, AT A ik 2 B )2 1 B
TR RE . [EASTERR R, DRG0 E 15 L5 v i T 4%/
MR T (EAE 50 5100 wm) FEREREE A BT, 33X N A fiE
0 B B — AN TE B JRUEA o 8 P A0 0/ G S R R
BRIES (00 v 7 R R R R OB R S s,
TR E 7 HB IR, BHF & mad giit 300 A 17 B A2
FOJRE AR NG . Y0 T B AR TN B BRI, T A5 £ R
RZMEE A B o, ARl W — R F 0 B

R, 50% LI E AR R ZEEARE 4 nm PUR

15.0 nm

0.0 Height

3.4 pm

K8 REBE s i JZ I AFM &R
Fig. 8 AFM image of delaminated graphite sheets
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Fig. 9  Relationship between height and width of graphite sheets calcu-
lated by AFM
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Fig. 10  Photo of the planetary mill (a) and schematic drawing of the

grinding process using a planetry mill (b)
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Fig. 11

HRTEM imaging of graphene products embedded in epoxy resin slice (a) , AFM image of the super-

natant graphite sheets deposited on a mica substrate (b) , followed with the corresponding height

cross-section along the line in the image, the height difference between arrows is ~0.8 nm, TEM image

of graphite sheets deposited onto grid from the supernatant(c), and electron diffraction pattern(d)
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AR RBIOR (2R BER LY 10 nm) , (o) JREER 2.5 nm A S8IHI0OKR A Z, (d) A EASBIRIORA RS
Fig. 12 TEM and HRTEM images of GNS/Al, O; composite containing 5% GNSs: (a) GNSs surrounding Al, O; nanoparticles, (b) a magnified

image of GNSs with a thickness of about 10 nm in (a) , (c)GNSs with a thickness of 2. 5 nm, and(d)overlap of GNSs between Al, O

nano-particles
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