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ABSTRACT

The present research aims to evaluate the mass fraction of triblock copolymers to verify the
dispersion of carbon black (CB). The polymer matrix was formed by an epoxy resin and a
triblock copolymer consisting of poly(ethylene glycol)/poly(propylene glycol)/poly(ethylene
glycol) (PEG-b-PPG-b-PEG) with a weight of 14,600 g /mol and 82.5% of PEG in its blocks
dispersed in the epoxy resin by the fraction of 20% m/m and 10% m/m. Then, three different
fractions of carbon black (CB) were added in the preparation of nanocomposites (1.5%, 3%
and 6% w/w). The methodology chosen for this study was the “in situ” preparation of the
compositions: the samples were cured at 60°C for 24 hours and then placed at a temperature
of 100°C for 1 hour for the post-curing step. To proceed the characterization, morphological
and thermal properties of the composite were carried out. In order to evaluate the dispersion
of nanoparticles in the matrix, transmission optical microscopy (MOT) and field effect scanning
electron microscope (FEG) analysis were performed. To evaluate the thermal properties,
differential scanning calorimetry (DSC) test was performed. The study showed that 10% of
copolymer (COP) presented a better dispersion of carbon black (CB) nanoparticles.
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INTRODUCTION

Epoxy resins are thermosetting polymeric materials and have a range of applications
including automotive, aeronautical, construction, sports equipment, electronics and so on due
to their excellent adhesion, low density, good durability, chemical, thermal and mechanical
resistance M. The cured epoxy has high performance properties, but its structure is highly
crosslinked, presenting high fragility, causing in some cases limitations of its application .

In recent decades, investigations have been carried out to reach better understanding of the
behavior of thermoset systems modified by the addition of block copolymers 34, so that there
is a better toughening of thermosets. However, when there is an increase in fracture toughness,
it has a consequent loss in the Young modulus and in the glass transition temperature (Tg) ©.
To minimize the plasticizing effect of the copolymer and increase Young's modulus,
nanoparticles were used.

Because nanoparticles have a high surface/volume ratio, which increases the number of
particle-matrix interactions ®, they can act as a desirable interface for stress transfer, but they



can also act disadvantageously such as inducing strong forces between them, leading to an
excessive agglomeration behavior ©.

There are studies ©7® on the use of block copolymer as dispersing agents for nanoparticles.
The authors reported that there was a better dispersion of these nanoparticles with the addition
of the block copolymer, evidencing the increase in mechanical properties. Thus, it is intended
to study which of the 10% and 20% block copolymer fractions can obtain a better dispersion of
carbon black nanoparticles (1.5%, 3% and 6% w/w) in order to obtain improvements of the
properties as a whole.

MATERIALS AND METHODS

In order to carry out the copolymer/epoxy mixture, the copolymer was first placed under
magnetic stirring for approximately 100 °C and 2 minutes so that after being added to the epoxy
resin, complete homogenization could be reached. When the copolymer was homogeneous, the
epoxy resin was added and mixed for approximately 2 minutes under magnetic stirring.

Carbon black (CB) nanoparticles were added to the copolymer/epoxy mixture at a
temperature of 80 °C and initially mixed by magnetic stirring and later by sonication with high
power ultrasound (Sonics VX750) to obtain a better dispersion of nanoparticles. The power
used in the sonication was 20% and the energy added to the mixture was 400 J/g and the total
amount of energy was used for each mixture.

As the last, the hardener was added and mixed only under magnetic stirring for 10 minutes
and the specimens were released by casting in silicone molds, according to the standard of each
test.

For the characterization of the composite, morphological and thermal analyzes were
performed. Morphological analyzes were carried out using a transmission optical microscope
(MOT) using the OLYMPUS UTV05XC-3 equipment. In this analysis, two coverslips were
employed, in which a little of the epoxy/copolymer/nanoparticles mixture was placed in one of
them and the curing process was accomplished normally, the samples for analysis are illustrated
in Figure 1, the black squares indicate the area that was analyzed.
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Figure 1: Samples for MOT analysis, the letter A represents samples with 10% copolymer and the letter
B with 20% copolymer (Author, 2022).

Another analysis carried out to evaluate the dispersion of nanoparticles in the field effect
scanning electron microscope (FEG), the JEOL equipment, model JSM 6701F (UDESC —
CCT). To perform the analysis of the nanocomposites, fractures were accomplished in the
samples in order to obtain high resolution images of the fractured surface.

To determine the thermal properties, the differential scanning calorimetry (DSC) test was
used, in the Maia-230 NETZSCH equipment (UDESC-CCT). To perform the analysis, the
samples were scraped and subjected to two cycles of heating and cooling at a rate of
approximately 10 °C/min maintained in a controlled atmosphere of nitrogen. The first heating
started at 0°C up to approximately 250°C, followed by a cooling at a rate of 10 °C/min. The
second heating cycle was from 0°C to approximately 250°C. The glass transitions (TG) were



obtained using the second heating cycle as a reference, since the first one was performed in
order to eliminate residual stresses in the material.

RESULTS AND DISCUSSION

Dispersion Study

Figure 2 shows the transmission optical microscopy (MOT) analysis of the different
proportions of epoxy/copolymer/nanoparticles. It is observed that in Figure 2 B, C, E and F it
is possible to see areas of black color of different sizes as indicated by the white dotted circles.
According to the literature, these darker areas represent rich zones in nanoparticle clusters and
the lighter areas are regions with few clusters .

In Figure 2, the black arrows in A, B, C and D are indicating trapped air bubbles and the
composite mixture ended up crosslinking in this air bubble. The white dotted circles show that
the agglomerates of the nanoparticles increased with the growth of the amount of carbon black
(CB). Although they were agglomerated, it can be observed that the sizes of the agglomerates
are small, some studies have addressed that the role of the block copolymer would help in the
dispersion of nanoparticles, since the copolymer may act as a dispersing agent for nanoparticles
in the matrix (0 11-12),

It was verified that the samples with a concentration of 10% of copolymer showed a
better distribution of agglomerates than those with 20% copolymer for they did not have 100%
cure and the nanoparticles had time to re-agglomerate. According to the literature 3, after the
dispersion of nanoparticles it is possible to reassemble the nanoparticles that were not dispersed
in the sonication. The incorporation of the hardener in the mixture can also cause re-
agglomeration of the nanoparticles because the viscosity of the hardener is lower than the one
of the resin . Another factor would be the rise in temperature during the curing process, which
serves as a driving force to induce the nanoparticles to re-agglomerate 519,

Figure 2: MOT micrographs showing the dispersion state for the nanocomposites (A) 10%COP1.5%CB
(B) 20%COP1.5%CB (C) 10%COP3%CB (D) 20%COP3%CB (E) 10% COP6%CB (F)
20%COP6%CB (Author, 2022).



Figure 3 illustrates the results of the FEG in which it is possible to verify that in both
concentrations the nanoparticles are agglomerated, in the proportions of 10% copolymer + 1.5%
carbon black and 10% copolymer + 6% carbon black obtained a better dispersion of the
nanoparticles compared to the concentration of 3% carbon black that it is possible to visualize
the rich concentration of agglomerates of the nanoparticles of carbon black (CB), as shown in
Figure 3B with the black circles on the left. In this analysis, only the samples with 10% of block
copolymer were performed (illustrated in Figure 3), because the samples with 20% of
copolymer were not crosslinked. This increase in the copolymer from 10% to 20% could be
preventing the coalescence of these materials and that is what happened with the 20%
copolymer mixture.

Figure 3: FEG micrographs showing dispersion of nanoparticles in the epoxy/copolymer/nanoparticle
system (A) 10%COP1.5%CB (B) 10%COP3%CB (C) 10%COP6%CB (Author, 2022).

DSC Analysis

Table 1 shows the Tg values found for the nanocomposites studied in this research, which
were obtained from the inflection of the transition curves of the second heating of DSC (see
Figure 4). The Tg found for pure epoxy agrees with the literature. Silva ) used the same resin
and hardener 4,4 Diaminodiphenylmethane (DDM)) and found a Tg of 180 °C.

While for the epoxy and copolymer samples there was a sudden drop in Tg of 50% and
62.4% compared to pure epoxy. In this way, it can be observed that the higher the percentage
of copolymer in the samples, the lower the glass transition temperature. This is due to the



plasticization effect of the block copolymer, which ended up resulting in a reduction in the
network crosslink density of the epoxy G17.

Analyzing the samples with the addition of carbon black, it was observed that the samples
with 6% CB had a lower Tg compared to the other samples and had a small difference in Tg
compared to the copolymer/epoxy samples. Silva ® reported in his study that in relation to
nanocomposites without block copolymer, it can be observed that the addition of the copolymer
PPG-b-PEG-b-PPG obtained a decrease in Tg for both nanoparticles of carbon nanotubes,
graphene and carbon black. These results suggest that the nanoparticle geometry did not
interfere with the plasticization effect of this block copolymer.

With the addition of carbon black there was no drastic decrease in the glass transition
temperature (Tg), it is noted that in the epoxy/10% copolymer/3% carbon black nanocomposites
there was a decrease and then the Tg increased by 6% carbon black. Fiore *® studied
nanocomposites (polyester and carbon black) and reported that with the addition of 3% carbon
black there was a decrease in Tg and the first signs of matrix percolation became evident. For
the nanocomposites with 20% copolymer, the sample that had a decrease in Tg was with 6%
carbon black, the other two samples had the same Tg.

Table 1 - Glass transition temperature (Tg) obtained by the second heating of the DSC (Author,

2022).
Samples Tg (°C) | Samples Tg (°C)
Epoxy 178 +2 | Epoxy + 20%Cop + 1.5%CB 51 +2
Copolymer -57 £2 Epoxy + 20%Cop + 3%CB 51 +2
Epoxy + 10%Cop + 1.5%CB 87 +2 Epoxy + 20%Cop + 6%CB 40 +2
Epoxy + 10%Cop + 3%CB 70 £2 Epoxy + 10% Cop 90 £2
Epoxy + 10%Cop+ 6%CB 87 £2 Epoxy + 20%Cop 67 +2

CONCLUSIONS

In this research it can be observed that as the amount of carbon black (CB) in the matrix
material increased, the agglomerates of the nanoparticles grew. However, even if there were
these agglomerations, the sizes of the agglomerates were small, that is, the block copolymer
served as a dispersing agent for nanoparticles in the matrix.

It was observed that as the fraction of the copolymer increased, it ended up avoiding the
coalescence of these materials, thus, for the continuity of the study, the fraction of 10% of
copolymer in block was chosen in order to analyze the study of the percolation threshold, and
the percentages of carbon black remained the same.

AKNOWLEDGEMENTS

We acknowledge the financial support of CAPES and the University of the State of Santa
Catarina (UDESC) - Joinville.

REFERENCES

1. WANG, Yimei et al. Controllability of epoxy equivalent weight and performance of
hyperbranched epoxy resins. Composites Part B: Engineering, Elsevier, vol. 160, p. 615-625,
20109.



10.
11.

12.
13.

14.

15.

16.

17.

18.

GALLEGO, Mario M et al. Morphology and mechanical properties of nanostructured
thermoset/block copolymer blends with carbon nanoparticles. Composites Part A: Applied
Science and Manufacturing, vol. 71, p 136-143, 2015.

SILVA, Bruna Louise. Effects of the addition of triblock copolymers and carbon nanoparticles
on the properties of an epoxy resin. Thesis (Doctorate) — University of the State of Santa
Catarina, 2018.

LARRAGANA et al. Cure kinetics of epoxy systems modified with block copolymers. Polymer
international, v.53, p.1495-1502, 2004

MAILABARI, RJ; MAMAT, O.; BAIG, Z. Dispersion of carbon black in epoxy resin and the
electrical property of the nanocomposite. Journal of Engineering and Applied Sciences, vol. 11,
no. 20, 2016 .

LOOS, MR et al. Effect of block-copolymer dispersants on properties of carbon nanotube/epoxy
systems. Composites science and technology , v. 72, no. 4, p. 482-488, 2012.

Cho J, Daniel IM. Reinforcement of carbon/epoxy composites with multi-wall carbon nanotubes
and dispersion enhancing block copolymers. Scripta Mater 2008;58:533-6.

Li Q, Zaiser M, Koutsos V. Carbon nanotube/epoxy resin composites using a block copolymer
as a dispersing agent. Phys Stat Sol 2004;13:R89-91.

HUANG, N.-J. et al. Efficient interfacial interaction for improving mechanical properties of
polydimethylsiloxane nanocomposites filled with low content of graphene oxide nanoribbons.
RSC Advances, v. 7, no. 36, p. 22045-22053, 2017.

DONG, B.; Guo, R.; Yan, L.-T. Macromolecules 2014, 47, 43694379

HUANG, Z.; Chen, P.; Yang, Y.; Yan, L.-T. The Journal of Physical Chemistry Letters 2016, 7,
1966-971

CHAN, ER; Ho, LC; Glotzer, SC The Journal of Chemical Physics 2006, 125, 064905.
CHANDRASEKARAN, S. et al. Fracture toughness and failure mechanism of grapheme based
epoxy composites. Composites Science and Technology, v. 97, p. 90-99, 2014.
CHAKRABORTY, AK et al. Carbon nanotube (CNT)—epoxy nanocomposites: a systematic
investigation of CNT dispersion. Journal of Nanoparticle Research, vol. 13, no. 12, p. 6493—
6506, Dec. 2011.

TANG, L.-C. et al. The effect of graphene dispersion on the mechanical properties of
graphene/epoxy composites. Carbon, v. 60, p. 16-27, 2013.

WAN, Y.-J. et al. Improved dispersion and interface in the graphene/epoxy composites via an
easy surfactant-assisted process. Composites Science and Technology, v. 82, p. 6068, 2013.
Su, W.-C.; Tsai, F.-C.; Huang, C.-F.; Dai, L.; Kuo, S.-W. Flexible Epoxy Resins Formed by
Blending with the Diblock Copolymer PEO - b -PCL and Using a Hydrogen-Bonding
Benzoxazine as the Curing Agent. polymers 2019, 11 : 201.
https://doi.org/10.3390/polym11020201

FIORI, Patrichk Giovani. Orthophthalic polyester nanocomposites reinforced with carbon
nanotubes and/or carbon black. Dissertation (Master) — University of the State of Santa Catarina,
Center for Technological Sciences, Postgraduate Program in Materials Science and Engineering,
Joinville, 2017.


https://doi.org/10.3390/polym11020201

