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W] GO 7E DMF A g 1 B 24 1 nm JE Y Jr 24
o 8. MR ZEEAER 1 (c) i TEM E [
FEB R AT WL, 5 SCHRHGE RIS 1 GO | )2 454 &
JEE — 5. FaE M GO/DMF 4y Ul 5 T 5
PAA/DMF ¥ W20 47 W00AH 1R I T8 10 35 29 43 5
GO-PAA IR G .

Fig. 1 Photograph of the GO/DMF dispersion (a), AFM (b) and TEM images (c¢) of GO nanosheets
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J Thermal imidization |
v \

Fig. 2 Photographs of neat PAA solution and GO-PAA
mixed solutions with varied GO/PAA mass ratio (upper),
PAA and GO-PAA films (middle) , PI and GS-PI composite
films (bottom) by thermal imidization of the precursor PAA

and GO-PAA films

d I um

Fig. 3 SEM micrographs of the fractured surfaces upon tensile testing of PI and GS-PI films with different GS loadings expressed as the mass
ratio of GO/PAA prior to thermal imidization: (a) PI, (b) 0.2% GS-PI, (c¢) 0.6% GS-PI and (d) 2.0% GS-PI
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Fig. 4 Surface resistivity of PI and GS-PI films
Graphene content, 0.1% to 3.0% , expressed as the mass

ratio of GO/PAA prior to thermal imidization
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Fig. 5 TGA curves of PI and GS-PI nanocomposites

Graphene content, 0.2% and 0.6% , expressed as the

mass ratio of GO/PAA prior to thermal imidization
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Fig. 6 Typical stress-strain curves of neat Pl and GS-PI films
Graphene content: 0. 1% to 3.0% , expressed as the mass ratio

of GO/PAA prior to thermal imidization
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Table 1 Mechanical properties of PI and GS-PI nanocomposites as a function of GS content

Film® Tensile strength ( MPa) Tensile modulus ( GPa) Elongation at break (% )

Pure PI 84.0 £ 4.0 1.10 = 0.06 25.7 £ 5.5
0.1% GS-PI 87.1 + 4.1 1.17 = 0.07 36.0 = 5.6
0.2% GS-PI 94.8 + 5.9 1.28 + 0.07 40.2 + 8.6
0.3% GS-PI 101.4 = 6.3 1.36 = 0.09 42.2 = 4.2
0.6% GS-PI 101.7 = 5.1 1.38 + 0.08 44.1 £+ 9.6
0.8% GS-PI 98.1 = 4.9 1.30 = 0.06 25.1 £5.6
1.0% GS-PI 98.1 £ 5.3 1.41 = 0.06 21.3 £ 4.2
2.0% GS-PI 85.3 + 4.1 1.50 = 0.08 12.1 = 3.6
3.0% GS-PI 82.1 7.9 1.75 = 0.04 7.9 £ 2.6

* GS content (% ) referring to GO/PAA mass ratio in the mixture of their DMF solutions prior to thermal imidization.

K FH R RE 7 B8 GS il #5 19 PVA-GS &2 & i,
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Preparation and Characterization of Graphene
Sheet-Polyimide Nanocomposite Films

Li-bin Zhang', Jin-qing Wang', Sheng-rong Yang'"* , Xiang-zheng Kong®®
(" Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000 )

(* College of Chemistry and Chemical Engineering , University of Jinan, Jinan 250022)

Abstract Graphene oxide ( GO) sheets were first synthesized through oxidation of natural graphite by a
modified Hummers method, and then their homogeneous and stable dispersion in N, N'-dimethylformamide
(DMF) was obtained. Stable and homogeneous solution mixtures of GO and PAA ( polyamic acid) in DMF at
different mass ratios of GO/PAA were readily prepared. Uniform composite films of GO-PAA were subsequently
prepared by solution casting. PAA was turned to polyimides (PI) and GO reduced in situ to graphene (GS) at
the same time by a subsequent thermal imidization of GO-PAA films, leading to composite films of GS-PI.
Electrical resistivity , thermal stability and mechanical property of GS-PI films were studied. The results indicate
that the surface resistivity of GS-PI films was significantly decreased with the increase in GS content,lowered to
about 10° ), the standard of the anti-static electricity film,in the film prepared with 1.0 wt% of GO in GO-
PAA. The tensile strength and the elongation at break of GS-PI composite films were both increased with
increase in GS content,reached their maxima in the film prepared with 0. 6 wt% of GO in GO-PAA ,followed
by regular decreases with further increase in GS. Different from the tensile strength and the elongation at
break ,the tensile modulus of GS-PI was in constant increase with GS content in the film. An increase of 37%
was detected in GS-PI film prepared with 3.0 wt% of GO. Moreover, the ductility and the thermal stability of
GS-PI were well kept in all the composite films regardless of its GS content.
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