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Simultaneous Exfoliation and Dispersion of Graphene/Carbon
Nanotube via Intercalation Reaction and Its Application as
Conductive Composite Film

Jungmo Kim**%*, Jin Kim***, Hyewon Yoon***, Minsu Park***, Travis Novak***,
Azam Ashraful***, Jinho Lee***, Seokwoo Jeon***"

ABSTRACT: This paper reports a novel method for simultaneous exfoliation of graphene and dispersion of carbon
nanotube by using intercalation method. In common, graphene flake and carbon nanotubes can be produced through
individual exfoliation or debundling process, but the process require significant amount of time. Here, potassium
sodium tartrate was thermally intercalated into graphite and carbon nanotube bundle for simultaneous exfoliation and
dispersion of graphene and carbon nanotubes. We confirmed expansion of interlayer distance via XRD, and also
found that oxidation level of the exfoliated materials were significantly low (below 8.3 at%). The produced materials
are fabricated in to conductive composite film via vacuum filtration and spray deposition to show enhancement of
conductive properties.
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Fig. 1. Co-exfoliation process for graphene and CNT via interca-
lation reaction
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Fig. 2. Analysis of resulting materials. (a) XRD data of intercala-
tion compounds. (b) Image of exfoliation efficiency test
in various solvents

Table 1. Interlayer distance derived from XRD result

2 theta dyier (A)
13.4 6.53
16.1 5.43

19.61 4.46
21 4.16
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Fig. 3. AFM analysis of co-exfoliated graphene and CNT. (a) Phase
image (b,c) Topography image (d) Representative height
profile of graphene flake
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Fig. 4. TEM analysis of graphene and CNT. (a) CNT sonicated
without intercalation (b, ) HR-TEM image (d) FFT pattern
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Fig. 6. Raman mapping of graphene-CNT composite film with
different mixing ratios. (a) 1:5 (b) 1:1 (c) 5:1 (d) Raman
spectra of individual materials and composite films
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Fig. 5. SEM analysis of graphene-CNT composite film with different mixing ratios. (a,d) 5:1 (b, €) 1:1 (¢,f) 1:5
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Fig. 7. XPS C1s spectra of graphene-CNT composite film with different mixing ratios (a) 5:1 (b) 1:1 (c) 1:5

Table 2. Analysis result from C1s spectra of composite films

Bondtype| ' scc| co | coc | coo-
0, 0 0 0,
Graphene:CNT (%)) (%) (%) (%)
51 2376 | 762 | 407 | 071
1:1 2452 | 1179 | 428 25
1:5 2641 | 1414 | 807 | 128
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Fig. 9. Analysis of spray-coated composite film. (a) UV-Vis analysis result (inset: digital image of composite film), (b) AFM result, (c) SEM

image (top view)

Table 3. Sheet resistance of conductive composite films

Graphene:CNT Sheet resistance (Q/0)
5:1 5.8 x 10°
111 6.3 x 10°
1:5 4.8 x 10°
CNT only 5.4x10°
No intercalation (1:5) 1.4 x 10*
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