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A Review of Graphene Nanoplatelets in Nanocomposites: Dispersion

- ME

221 AR = 1) H (graphene) T} BFA L =B H (carbon
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ABSTRACT: Recently, development of nanocomposite materials for applying in various fields has been actively
underway. Of the two-dimensional nanomaterials, graphene nanoplatelets (GnPs) are highly utilized because of their
excellent properties, but a problem of strong aggregations is occurred when GnPs are fabricated with polymer
nanocomposites, so there is a growing demand for research on the methods of dispersion. In this review paper, the
research on GnP nanocomposites with improved properties through various dispersion methods of GnPs. The well-
dispersed GnP nanocomposites will be applied in more diverse fields in the future.
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Fig. 1. SEM images of (a) graphite, (b) GNP and (c) TEM image
of GNPs [10,11]
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2.1 Stirring

71AA A 5 7P ARbA Q1 'R QL aHE (stirring)
2 3 AstE EE o835t 7] A4 wHE(mechanical
stirring) = A Z}7] 1 HER}(electromagnetic stirring) & ©]
$ols Ao, of WP|E oA Mk g Al
AIZIAY AlgE YA YAES EAHAIXITHFig. 2)[29].
SHARL 71AA ke 2 e 37] YAbe) BE SA]
2 w3)ebr)o] SEeHA] gk AAE7] A wuko i Bt
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Fig. 2. Schematic of fabrication process mechanical stirring [29]
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2.3 Shear Mixing
et &3 (shear mixing)& who]|ZZ2n]E] 27]2] =}
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Fig. 3. GNPs in ethanol at amplitudes (a) 60%, (b) 80%, (c) 100%
and (d) water bath sonicator [35,36]
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Fig. 4. Production of graphene by shear mixing. (a) A Silverson
shear mixer, (b) a mixing head and (c) a rotor and a sepa-
rated stator. (d) Graphene-NMP dispersions produced by
shear exfoliation [37]
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Fig. 5. Schematic diagram of the shielding mechanism in the
ball milling [38]

Fig. 6. The use of a revolution-rotation mixer to blend CNT/
epoxy (left) and GNP/epoxy (right) nanocomposites [43]
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2.5 Planetary Centrifugal Mixing
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3.1 Surfactant
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Fig. 7. Schematic representation of GNP/epoxy manufacturing
process by using sonication, shear mixing and stirring
(48]

oA Z-3HA| (amphiphilic block copolymer)Ql Pluronic
(PEO-PPO-PEO)2 = 7]9] XA Eeo|E=(PEO) £5
Kolo] 4424 B2 R B (PPO) BE0.2 74 H 0] 4
GnPZ 4§02 HAKSHA THECH47).

3.2 DX SErAX
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A FAHE GnP= ALEAR iiES A0 & Bk 4= it

2§ Sl (melt blending)g AutA o 2 G7lAA 4]
(thermoplastic) F+= 3 2 Il (polypropylene, PP)[49],
o et 'L'il(polystyrene, PS)[50]3} Z g I EAL njE

2~ (elastomeric polymer matrix) & A}-83}o] GnP/ilE =}
Uhie Bk a) g A 23k o] o] A EE TEAE e
2 735F At (shear force)S ARESHo] S7] £0f §lo] GnP
o Efsto] A o ik o] We & E3to] H]
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In-situ S35 (in situ polymerization)2 2 A3 4=
Z] (thermosetting plastic)S A 23t+= o] AME-H T} & Y
of Wien] 479} GnPE ule] 2 HANT BHES TE

= v

Table 1. Characteristics of GnP/polymer nanocomposites

e [Methodt | O ety (e |
PMMA SM N/A ~10*at 5 wt % [56]
PVA SM 6 wt % ~107 at 7 wt % [57]
Silicon SM 0.9 vol % ~107% at 2 vol. % [58]
PEN MB 0.3 vol % - [59]
PLA MB 3-5wt % ~107 at 7 wt % [60]
PP MB 0.1 vol % ~107 at 2 wt % [61]
PS P 0.011vol % | ~10at 0.03 vol. % | [62]
Epoxy 1P 0.1 vol % ~10*at 3 vol. % [63]

*Methods: solution mixing (SM), melting blending (MB), in situ
polymerization (IP).

Abbreviations: poly(methyl methacrylate) (PMMA), polyvinyl
alcohol (PVA), poly(ethylene 2,6-naphthalate) (PEN), polylactic
acid (PLA), polypropylene (PP), polystyrene (PS).

, AL (UV) = d(heat) A 2J3}o] ILZA} =] Yo

A%} 9= (covalent cross-linking)S #AJ5HA| sHHA 7

A Z1TH52,53]. Guba] 0 & o] W O 2 ALR-E]i= GnP/
TR S 71 AA Z=E vehdeh[54,55). Table
G/ 3L} e B3 Aol Thgt ol 4] W B A2

2 i?l OH o

;’:_
=

Fig. 8. SEM micrographs of the surfaces of epoxy/GNP in natural
rubber (NR) composites with (a),(b) 5 vol%, (c),(d) 20 vol%,
and (e),(f) 30 vol% of NR contents [64]
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(Scanning Electron Microscope, SEM) % 3} 2} & v] 7
Transmission Electron Microscope)© 2 &Qlsh= Ao 2 AY
Fo| 2olu dEH 22 1A FHY o AR 5= Qe
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U 4= A =rh(Fig. 8)[64].
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Fig. 9. UV-visible analysis. (a) Calibration curve of GNPs in aque-
ous solution at A = 260 nm and (b) Absorption spectra of
GNPs in 0.7 g/L MC solution with different sonication
times (min) [65]
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Fig. 10. XRD pattern of (a) GnP, PANI, PVC and (b) PVC/PANI
blend and PVC/PANI/GNP composites [66]
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XAl 34 (X-ray diffraction, XRD) £42 X-ray7} A
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Fig. 11 graphene oxide nanoplate (GONP), Polyamide
(PA), PA7F T o]0 o] XA FAA HH (Xray
photoelectron spectroscopy, XPS)2. 2 B.493} tlofst ZAg) 1l
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Fig. 11. XPS spectrum for (a) graphene oxide nanoplatelet powder (GONPs), (b) PA15 active layer and (c) (PA/GO)15 active layer [67]
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