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Abstract: Carbon-based nanofillers, including nanodiamond (ND) and carbon nanotubes (CNTs), have been employed in
epoxy matrixes for improving the toughness, using the tow prepreg method, of epoxy compounds for high pressure tanks.
The reinforcing performance was compared with those of commercially available toughening fillers, including carboxyl-ter-
minated butadiene acrylonitrile (CTBN) and block copolymers, such as poly(methyl methacrylate)-b-poly(butyl acrylate)-
b-poly(methyl methacrylate) (BA-b-MMA). CTNB improved the mechanical performance at a relatively high filler loading
of ~5 phr. Nanosized BA-b-MMA showed improved performance at a lower filler loading of ~2 phr. However, the mechan-
ical properties deteriorated at a higher loading of ~5 phr because of the formation of larger aggregates. ND showed no sig-
nificant improvement in mechanical properties because of aggregate formation. In contrast, surface-treated ND with
epoxidized hydroxyl-terminated polybutadiene considerably improved the mechanical properties, notably the impact
strength, because of more uniform dispersion of particles in the epoxy matrix. CNTs noticeably improved the flexural
strength and impact strength at a filler loading of 0.5 phr. However, the improvements were lost with further addition of

fillers because of CNT aggregation.
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Table 1. Properties of Epoxy Resin

Chemical Physical EEW? . . Spec14ﬁc
Grade class form (@/eq) Viscosity gravity
g q (200C)

YD-128 Bisphenol-A Liquid  184-190 11,500-13,500° 1.17

“Epoxy equivalent weight
"Centipoise at 25°C

Table 2. Formulations of Epoxy Compounds (unit: phr)

Compounds
2 3 4 5
Epoxy resin® 100 100 100 100 100
CTBN - 1,25 - - -
BC - - 1,2,5 - -
ND or TND® - - - 1,2,5 -
CNT - - - - 0.5, 1
DICY® 3
DCMU* 2
*YD-128
"Nanodiamond: ND for untreated nanodiamond, TND for treated
nanodiamond with EHTPB
°Curing agent, Dicyadiamide
dCure accelerator, Dichlorophenyl dimethylurea

Ingredients

Table 3. Mixing Conditions of Fillers

. Temperature  Stirring Speed ~ Mixing Time
Filler Type ©C) (rpm) (h)
CTBN 150 150 4
BC 150 150 2
ND or TND* 100 150 1
CNT 100 150 1

*Nanodiamond: ND for untreated nanodiamond, TND for treated
nanodiamond with EHTPB
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Results and Discussion
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Figure 1. FT-IR spectra of untreated nanodiamond (ND) and
surface-treated nanodiamond (TND).
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Figure 2. TGA curves of untreated nanodiamond (ND), surface-
treated nanodiamond (TND) and EHTPB.
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Figure 3. Particle size and distribution by DLS of untreated
nanodiamond (ND) and surface treated nanodiamond (TND).
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Figure 4. Tensile strengths of epoxy compounds as a function of
filler content.
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Figure 5. Elongation at breaks of epoxy compounds as a function
of filler content.
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Figure 6. Flexural strengths of epoxy compounds as a function
of filler content.
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Figure 7. Impact strengths of epoxy compounds as a function of
filler content.
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Figure 8. Hardness of epoxy compounds as a function of filler
content.
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Figure 9. FE-SEM images of fractured surfaces of neat epoxy at
the magnification of (a) x10,000 and (b) x30,000.

£

Figure 10. FE-SEM images of fractured surfaces of epoxy
compounds filled with (a) 1 phr, (b) 2 phr, and (c) 5 phr of CTBN
at a magnification of x30,000.
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Figure 11. FE-SEM images of fractured surfaces of epoxy
compounds filled with (a) 1 phr, (b) 2 phr, (c), (d) 5 phr of BA-
b-MMA at a magnification of x30,000.
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Figure 12. FE-SEM images of fractured surfaces of epoxy
compounds filled with (a) 1 phr, (b) 5 phr of ND and (c)1 phr, (d)
2 phr of TND at a magnification of x10,000 (Some aggregation
of ND particles is marked with arrows).
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Figure 13. FE-SEM images of fractured surfaces of epoxy
compounds filled with (a), (b) 0.5 phr and (c), (d) 1 phr of CNT
(magnification of (a), (c): x10,000 and (b), (d): x30,000). Some
CNT particles are marked with arrows in (a).
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