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1. Introduction

Introducing of one and two dimensional nano particles into epoxy resins improve their properties and
expand applications in various areas especially in laboratory research as well as industry. For
approaching such improvements, there are various methods, which all of them have their own merits
and drawbacks. Literature survey reveals using a lot of nano scaled particles in order to improving of
epoxy polymers in various chemical structures and resin grades namely coating, powder coating,
flooring and etc 2. Johnsen and his co-workers reported the enhancing of modulus and toughness at
least 8% and decreasing in Tg as 7 °C by using nano silica in epoxy polymers .

Colloidal nano-silica particles were used to improve the scratch and mar resistance of waterborne
epoxy coatings by directly blending by Songwei and et al. In this study and in order to enhancing the

compatibility of nano-silica particles within polymer matrix, nano-silica particles were first modified
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with 3-glycidoxypropyl-trimethoxysilane (GPTMS). The synthesized nanocomposites showed
superior scratch and mar resistance in comparison with unmodified samples and reduce the
transparency and gloss of waterborne epoxy coatings less seriously '*. Isothermal cure
characterization of fumed silica/epoxy nanocomposites has been reported by Guang and co-workers
' In another research, mechanical properties of epoxy nanocomposites by sol-gel method has been
investigated and data shown the enhancing of properties by incorporation of nano silica '°. The effect
of nanoparticles on structural morphology, thermal and flammability properties of two epoxy resins
with different functionalities has been reported by Charalampos and his co-workers. In this study,
they investigated the effect of layered silicate nanoclays, nano-silica and double-walled carbon
nanotubes (DWNTs) on the thermal stability and fire reaction properties of two aerospace grade
epoxy resins ' .

The effects of silica and silicate nano fillers on the properties of epoxy coatings have been reported
by Pascal and et.al '®. In addition, studies have been reported during the past few years for the
development of the high-performance nanocomposites, which consists the incorporation of a
nanometer-size inorganic component into the organic resin matrix '>* ?°. The use of an additional
inorganic phase to improve the properties of epoxy resins has been a common practice *'*.
Nanoparticles can fill up the weak micro-regions of resins to boost the interaction forces at the
polymer—filler interfaces. A dramatic increase in the interfacial area between fillers and polymer can
significantly improve the properties of the polymer *’. The reinforcement efficiency is reported to
show strong dependence on dispersion of nanoparticles. Well-dispersed nanoparticles can effectively
enhance the comprehensive properties of nanocomposites, which are unique and different from any
other current composites ***”. Today, a variety of coatings are manufactured and used for decoration
as well as protection applications. The need for industrial heavy duty floorings are increasing. Epoxy
based coatings have been developed as per requirements of end applications, mainly as flooring
compound. Especially for surface protection against mechanical damages, epoxy based floorings are
very useful. Of course efforts are being programmed to achieve higher qualities and protection.

In the present work, it has been tried to apply SiO; nano particles in epoxy flooring formulation as a
reinforcing agent which would result in better performance in the industry. According to high active
surface and surface- diameter ratio in nanoparticles, they would act as stress concentrators and a
binding bridge at the inter-phase **>7.

2. Results and discussions
2.1 Nanocomposite preparation

One of the main issues in preparation of nanocomposites is to disperse the nanoparticles in resin
media which has been reported to increase the resin’s viscosity. SiO, nanoparticles were pretreated by
coupling agent in acetone. In order to prepare homogenous mixture of coupling agent and
nanoparticles, mechanical homogenizer with 2000 rpm speed was used. In the next step, epoxy resin
was added to the mixture. Acetone would decrease the viscosity of the preparing mixture providing
well dispersed sample. Using a “high shear” laboratory-mixing device for mechanical mixing (2 h)
and an ultrasonic homogenizer (30 min), it was tried to reach as complete as possible dispersion.
Acetone content of the sample was removed by vacuum at 40 °C (12 h). The mixture was again
homogenized by ultrasonic apparatus (30 min). The hardener was added to the formulation, being
mixed by mechanical (30 min) and ultrasonic (15 min) equipments. The prepared composite sample
was degassed (2 h), being cured in a chamber with room temperature. Table 1 shows the SiO, content
of samples. The schematic mechanism of resin-nanoparticle preparation is shown in Fig. 1.
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Table 1. Prepared nano SiO, — epoxy flooring samples.

Flooring Sample Nano SiO, (%)
EP, 0.0
EP, 0.5
EP, 1.0
EP; 1.5
EP, 2.0
EP; 2.5
EPq 3.0
on OCH,CH;
OH + H, =8I~ OCH,CH,
OH OCH,CH,
Aarasil l Arning A-100
0
0-5i——""NH,
]

Arnino A-100 coated on Aerosil surface

+

8] ?Hs ?Hs /O\
CH, oH h CHs

J Epoxy Resin
0 CH CH OH P
ch’—‘CH—CHg—o{—@—ﬁ:@— O—CHy- CH-CH,- 0@?@ 0—CHy— CH—CH,— N=——"5-0
CH; OH n CHs o

Fig. 1. Schematic steps for preparation of epoxy resin — nano silica.

2.2 Mechanical and physical properties

Reinforcement of epoxy flooring by SiO, nanoparticles would dramatically improve the tensile
properties as denoted in Table 2.

Table 2. Effect of nano SiO; on tensile strength (MPa) and elongation at break (%) of epoxy flooring

Sample Tensile Strength (MPa) Elongation (%)
EP, 3.2 6.0

EP, 34 7.2

EP, 5.0 7.0

EP, 5.2 8.5

EP, 8.7 14.3

EP; 12.6 31.6

EPs 11.2 33.0

As a result, nanoparticles inherently possess high module and would strengthen the polymeric matrix
when dispersed in the nano scale level. However improvement from 3.22 MPa (EPy) to 12.59 MPa
(EPs) is really excellent as much more interfacial surfaces can be generated between polymer and
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nanoparticles, which assists in absorbing the physical stress. The maximum tensile strength and
elongation was in EPs which would drop in EP¢ sample with higher amount of SiO, nanoparticles.

There are several possible reasons for this decrement in tensile strength. One would be the weak
boundaries between nanoparticles and probable micronized trapped bubbles. The other responsible
reason may be the effect of high amounts of nanoparticles on homogeneity in crosslinking of the
epoxy network. As the interfacial area of the particles is high, their interaction with epoxy chain
would cause the lower homogeneity in crosslink density. Finally the heterogeneous dispersion of
nanoparticles according to increment of resin’s viscosity could be also mentioned as an important
factor in mechanical failure. One of the main problems in floor coating by epoxy based materials is
the existence of expansion joints on concrete surface, which their dimensional variations would cause
the flooring to crack. The improvement in elongation at break of flooring would result in higher
resistance against concrete dimensional variations. Interestingly the hardness and abrasion resistance
of epoxy flooring would be increased by addition of SiO;, nanoparticles (Table 3).

Table 3. Higher hardness and improvement of abrasion via reinforcement by nano SiO,

Sample Hardness (Shore D) Abrasion (mm”)
EP, 58 490
EP, 61 426
EP, 61 416
EP; 62 397
EP, 62 368
EP;s 63 318
EPs 67 256

2.3. Dynamic mechanical analysis

In all of the samples, Tg would increase in accordance with amount of SiO, (Table 4).

Table 4. Effect of nano SiO; on glass transition temperature and &, of epoxy flooring

Sample Tg (°C) Tan-Delta
EP, 432 0.70
EP, 45.8 0.68
EP, 46.0 0.63
EP; 47.7 0.59
EP, 50.3 0.57
EP;s 50.8 0.44
EPs 55.2 0.30

The Chemical bonding at the interface of the nanoparticles and polymer matrix could lead to hindered
relaxational mobility in the polymer segments near the interface, which leads to increase of Tg. The
dwn Would decrease with addition of nanoparticles (Table 4). The loss in the mobility of epoxy chain
segments according to nanoparticle: matrix interaction would result in restricted chain mobility by
improving the homogenized dispersion. Better dispersion would reduce the distance between
nanoparticles providing better interaction with each other and also with epoxy matrix. In the other
hand, dynamic modulus would be benefited by relative hindering of epoxy structure motion.



M. M. Alavi Nikje et al. / Current Chemistry Letters 1 (2012) 17

2.4. SEM results

The dispersion of nanoparticles in the polymer matrix has been reported to have a significant impact
on the mechanical properties of nanocomposites **. Achieving a homogenous dispersion is considered
as a difficult goal according to their strong tendency in agglomeration. According to the SEM images
form the dispersion of SiO, nano particles in the epoxy flooring matrix, it is concluded that good
dispersion may occur by surface modification of the nanoparticles under an appropriate processing
condition. Of course the homogenizing steps (sonification and high speed mechanical mixing) would
be so effective. Investigating the breaking surface of nano composites (Fig. 2-4); it was observed that
nano SiO, would affect the surface and breaking direction. As seen in figure 4, the breaking surface is
more homogenous and edge of separations are in a same direction in comparison with neat flooring
(Fig. 2) or low nano SiO, content samples (Fig. 3). As mentioned before, the bond between epoxy
structure and nano SiO, would affect the glass transition temperature of flooring samples.
Microscopic images from the surface showed symmetric breaking of the samples to be more
observable in accordance with nano SiO; content. Homogeneity would be a good reason for
achieving symmetric separation in the surface, thus it was concluded that nanoparticles would fill
molecular cavities, providing better shaped network.

Fig. 2. Breaking surface of EP, sample (neat Fig. 3. Breaking surface of EP, sample (1.0 %
epoxy flooring) nano SiO, containing epoxy flooring)

Fig. 4. Breaking surface of EPs sample (2.5 % nano SiO, containing epoxy flooring)
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3. Conclusions

Homogenizing the SiO, nanoparticles with sonification-mixing process would prepare a high
performance epoxy flooring which is applicable in different industries. Coupling agent would provide
the interaction between epoxy chain and SiO, molecules. High surface area/particle size ratio of
nano-SiO, would be the main reason which influences the excellent physical properties.

4. Experimental
4.1 Materials

The Bisphenol-A epoxy resin (Araldite® GY 6010) was supplied by JANA Resin Manufacturing Co.
Its epoxy value was 0.5208-0.5498 eq per 100 g; weight per epoxide was 182-192 g per eq and
residual epichlorohydrin below 100 ppm. Curing agent was a cycloaliphatic polyamine (Aradur 43)
from HUNTSMAN® Co. with amine value of 260-280 mg KOH per g. The resin: hardener
stoichiometric ratio was 100:60 pbw. Coupling agent is y-aminopropyltriethoxysilane (Amino A-100)
manufactured by Silquest” Chemicals which was added 5 pbw to the epoxy resin. Nano-SiO, was
AEROSIL"® 200 with specific surface area of 200 m°g” and average particle size of 12 nm, from
Degussa. Water free acetone was from Merck®

4.2. Characterization methods
4.2.1 Mechanical and thermal analysis

The tensile strength of cured flooring samples was determined, using an Instron testing machine at a
crosshead speed of 5 mm min™ at room temperature, according to ASTM D638. Three specimens of
each sample were tested. The thermomechanical properties of samples were investigated by a DuPont
Instrument operating in the three-point bending mode under nitrogen atmosphere. Data were collected
in -20 to 200 °C temperature range at a scanning rate of 5 °C min™', using 10 Hz frequency. The
friction resistance test was performed by an abrasion machine. Path length was 350 mm and speed
was 2 mm s™. The test sample was a 10 mm diameter disk with 10 mm thickness. Hardness of
flooring samples was determined in Shore D scale.

4.2.2. Scanning electron microscopy

The microscopic morphology of epoxy floorings was examined by a Cambridge scanning electron
microscope, model 5360 (United Kingdom). The fracture surfaces were sputter coated with gold prior
to scanning. It was tried to investigate the distribution of nanoparticles in the flooring medium, while
the effect of nanoparticles on break shape and direction in the samples was studied.
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