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Abstract

treated particles.

This paper reports Surface treatment of nano alumina with vinyl silane coupling agents was performed. Modification
with silane coupling agents is commonly method by which the interfacial interaction of particles can be enhanced with
resin. Surface treatment of nano alumina was implement under hydrolysis and condensation condition at different
silane concentration. The surface characteristics of the unmodified and modified aluminum pigments were investigated
by means of CH and FTIR analyses. The Mechanical properties of vinyl ester resin was investigated by the Dynamic
mechanical thermal Analysis (DMTA). Results revealed that vinyl silane adsorbed on the surface of alumina under
sol-gel reaction. Also, the mechanical properties of the vinyl ester composite was significantly enhanced with surface
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Introduction

In this study Surface treatment of nano alumina with vinyl silane
coupling agents was performed. Modification with silane coupling
agents is commonly method by which the interfacial interaction of
particles can be enhanced with resins. Surface treatment of nano
alumina was implement under hydrolysis and condensation condition
at different silane concentration. Interactions of treated particles
with resin taken place between the silane and Alumina, as well as the
interactions between the organic parts of the silane with the polymeric
matrix. Therefore, interfacial interaction of silane grafted Alumina
plays a key role to ensure a better reinforcing effect. The present work is
an attempt to study the interfacial bonding strength between differently
vinyl silane treated nano Alumina and a vinyl ester matrix. This was
based on the data deduced from dynamic mechanical thermal (DMTA)
experiments of differently untreated and treated nano alumina loaded
films. Results show that nano composite with 0.48 gr silane treated and
3% Wt. were in good agreement with the storage modulus and glass
transition temperature values revealed by DMTA analysis.

Experimental
Materials

The spherical nano-Al O, particles, having average particle size Of
50 nm, were provided from US Research Nanomaterials. VTMS with
the chemical structure given in Figure 1 was purchased from Merck Co.

Epoxy Vinyl Ester Resin, Dimethyl Aniline (DMA), and Methyl
Ethyl Ketone Peroxide (MEKP) as curing agents

Were obtained from Ashland Co.
Surface modification of Al O, nanoparticles by VITMS

The surface of AlLO, nanoparticles was modified with VTMS. The
surface modification was done using various amounts of APTMS. The
lowest amount of silane used was calculated according to Eq. (1) [1].

M =M, x 8 /MSC

where M, Mp , Ss and MSC are the amount of silane (gr), the
amount of nanoparticles (5 gr), the specific area of nanoparticles

(20 m?/gr) and the lowest surface coverage (410 m*gr), respectively.
According to Eq. (1), it can be seen that the lowest amount of silane
needed for surface modification of 5 gr nanoparticles is 0.24 gr.
According to Table 1, the specific amounts of the AL, O, nanoparticles,
ethanol, H,O and hydrochloric acid were placed in to a 3-neck reactor.
The reactor was placed in an oil bath and the suspension was dispersed
with a homogenizer for 2 h. The suspension was kept under reflux at 70
0 C for 3 h. The hydrolysis ratio for hydrolysis reaction is 27.

In this study the nanoparticles were treated by 0.24, 0.48 and 1 gr
Vinyl trimethoxy silane. The pH of hydrolysis was adjusted at around
3-4 by Acetic acid and the react ion was continue for 2 h. After the
hydrolysis, sodium hydroxide (50%) was then added to the suspension
and the pH was adjusted around 8-9 and the condensation react
ion long for 3 h. Finally, the slurries were separated from solvent by
centrifuge. The residue was washed with water and ethanol for six times
in order to ensure that all unreacted silanes are carefully removed. The
precipitates were dispersed in the mixture of ethanol and H,O followed
by drying with a spray dryer.
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Figure 1: Structural formulae vinyl tri methoxy silane (VTMS)
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Preparation of vinyl ester nanocomposite coatings

Weight loading 3 wt.% of modified and unmodified nanoparticles
were dispersed in Vinyl Ester resin using zirconia pearl. Then curing
agent, Cobalt, DMA and MEKP with 0.7, 0.2 and 1.2 wt.% were added
to the Vinyl ester/nanoparticles mixture. The mixtures intensively
mixed by mixer for 3 min. The nanocomposites prepared were applied
on the cleaned siliconized sheets using film applicator. Finally, coatings
were cured at 23 + 2°C for 24 h. The dry thickness of the coating was
1000 + 50 pm.

Results and Discussion

The Nano aluminia powder was modified with Vinyl-tri-(methoxy
silane). Figure 1 shows the general chemical structure of the Vinyl
Trimethoxy silane.

The adsorption of Vinyl Trimethoxy silane on the surface of
Nano alumina powder was studied by FTIR analysis (Figure 2) and
CH analysis. Results show two adsorption bands in the wavenumber
regions ranging from 1350 cm® to 1450 cm™’ corresponding to
the presence of C=C groups on the aluminium powder surface.
C-H stretching vibrations appeared at 2900-2950 cm™. All of these
observations confirm the adsorption of Vinyl trimethoxy layer on the
alumina surface.

To estimating the amount of VIMS grafted on the surface of
alumina CH analysis was done. The test was carried out on the
unmodified and modified particles. Results of CH analysis are given in
Table 2. According to Table 2, weight percent 0.47-1.41 for carbon and
0.17-0.36 for hydrogen was observed for the modified alumina particles
compared to the unmodified.

This confirms the results of FTIR that VTMS could successfully
adsorb on the alumina surface. Also, according to these results deduced
the increasing of silane concentration caused further silane grafting on
alumina surface.

To investigating interfacial interaction of nano alumina with vinyl
ester resin, DMTA analysis carried out. These tests were implemented
on the coatings containing nano particles with different grafting
content. Plots of tan delta versus temperature and storage modulus
versus temperature of the samples are shown in Figures 3 and 4.

Results showed that the mechanical properties of the Vinyl
Ester coating were significantly improved after adding modified
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Figure 2: FTIR spectra of vinyl silane layers on nano alumina.
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Figure 3: Variations of Tan delta versus temperature of the coatings loaded
with modified and unmodified Particles.
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Figure 4: Variations of storage modulus versus temperature of the coatings
loaded with modified and unmodified particles.

pHin NaOH pH in Acetic .
condensation (50 v %) hydrolysis step Acid H,O(gr) Silane (gr)
step (37%)
10-Aug 0.2cc 4-Mar 0.6 cc 0.58 0.24
10-Aug 0.4 cc 4-Mar 14cc | 1.215 0.48
4-Mar 0.8 4-Mar 2.8 cc 2.55 1
Table 1: Amount of materials used.
Sample C% H%
Al-0.24 0.47 0.17
Al-0.48 1.39 0.33
Al-1.0 1.41 0.36

Table 2: CH analysis for modified nano alumina.

nanoparticles. This show that surface grafting of silane on the surface
of particles could result in better physical/chemical interactions with
the resin matrix.

For the nano composite containing 3 w t.% of nanoparticles
modified with 0.48 gr silane, improvement in the mechanical properties
was greater than those nanoparticles modified with 0.24,1 gr silane.

These observations reveal that nanoparticles influenced curing
behavior of the polyurethane coating [2]. This may be attributed to the
steric hindrance effect of nanoparticles during curing reaction or their
effect on increasing coating viscosity [3,4].

These are responsible for difficulties for the coating functional
groups reaction. The reaction of the reactive groups of the binder with
the vinyl group of the silane may also result in cross-linking density
increment. Results also show that coatings reinforced with 0.48 gr
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silane modified nanoparticles showed greater cross-linking densities
than the other loaded modified particles. This again reveals that surface
modification of the particles affected coating viscoelastic properties. In
fact, the modified particles could form stronger bonds with the coating
matrix causing a lower phase separation and higher compatibility. The
higher cross-linking density and Tg of the coating loaded with 3 wt%
nanoparticles, modified with 0.48 gr silane, than modified with 0.24,1
gr silane samples is the main reason for better mechanical strength of
this sample than others.

Conclusion

Alumina powder was modified with the Vinyl trimethoxy silane
layer. The results obtained from FTIR and CH

Analyses revealed that the Vinyl tri methoxy silane successfully
adsorbed on the surface of nano alumina via chemical interaction.

Generally, the result obtained from DMTA analysis confirmed
that addition of nanoparticles caused a decrease in the coating
chemical cross-linking density due to the steric hindrance effects of
the nanoparticles on the curing behavior of the coating [5]. Moreover,
the decrease in cross-linking density was less pronounced when the
surface modified nanoparticles were added to the coating. In fact, the
pure polyurethane coating (with nanoparticles) shows more brittleness
than the one with surface modified nanoparticles. Nanoparticles could

reduce chemical cross-links but increase physical/chemical bonds
with the coating matrix [5,6]. As a result, nano particles behave like
toughening agents causing better coating capability of resisting against
stress.
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