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Abstract

The alumina nanoparticles (NPs) have been synthesized from reaction between alum with ammonia and then calcined
the precipitate at 1200 °C for 4 h. Its surface was modified by oleic acid (OA) and trimethoxyvinylsilane (TMVS) in
o-xylene at 50 °C. The alumina NPs and its modified were characterized by XRD, FT-IR, SEM, EDX and TGA. The
TGA analysis indicated that the grafting amount of OA and TMVS were 10.5 and 8.0% respectively. The dispersion of
modified NPs was determined in monomers such as methyl methacrylate (MMA), butyl acrylate (BuA) and styrene
(St) and in solvents such as ethanol, hexane and acetone. The experimental results showed that the highest dispersion
was happened NPs modified by oleic acid in n-hexane, while the highest dispersion was observed NPs modified by
TMVS in acetone. The results indicate that NPs modified by oleic acid formed a stable dispersion in MMA and BuA.
The highest amount of dispersion happened NPs modified by oleic acid in MMA and BuA in initial weight of 5 and
2.5% respectively, while stable dispersion is formed in styrene when TMVS is used as modifier. The highest amount
of dispersion was happened NPs modified by TMVS in styrene in initial weight of 2.5%.

Keywords: Surface modification; alumina nanoparticles; oleic acid; trimethoxyvinylsilane; dispersibility; lipophilic de-
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1. Introduction

In recent decades, the superfine particles in the na-
no-scale were of great interest due to their high surface
area.'? Nano-sized ceramic powders, because of their ex-
cellent properties such as structural, optical and electrical
behavior are effective in many fields.*

Alumina is an important component of ceramic oxi-
des. Alumina is used in the chemical industry, metallurgy,
pharmaceutical and food industries due to the cheapness
and having good mechanical and optical properties.®’
Al O, has been widely used as catalyst and catalyst sup-
port, and also it has extensive applications in ceramic in-
dustry and structural composites.®

The Surface of mostly ceramic NPs such as alumina
is polar and hydrophilic nature. That’s why they do not
disperse in organic environments. This feature prevents
their use in the industry. This limitation can be overcome
by modifying their surface by appropriate modifiers.

Fatty acids are used as modifiers for surface NPs,
such as the surface of SiO, NPs was modified by oleic

9-11

acid. Oleic acid was connected through an ester bond to
the surface of nano-SiO,. Results showed the modified
NPs dispersion capabilities in non-polar solvents such as
petroleum or mineral oils.'? The surface modified ZnO
NPs increases dispersibility NPs in organic solvents and
reduces photo-catalyst behavior. To do this, the surface of
ZnO NPs was modified through using plasticizers silane
(y-methacryloxypropyltrimethoxysilan) and modified by
polystyrene. Experimental results showed good dispersion
of NPs in non-polar solvents such as acetone after surface
modification.'* The surface HfO, NPs was modified by
oleic acid. The presence of organic groups on the surface
of the hafnium oxide NPs was proved by FT-IR spectra,
and it indicated that oleic acid is attached to the carboxyla-
te form on the surface of the HfO, NPs. The surface of NPs
changed from hydrophilic to hydrophobic by surface mo-
dification, so they were dispersed well in hexane.'*

The nanocomposites (NCs) containing non-aggrega-
ted NPs were functionalized by two coupling agents (ci-
tric and ascorbic acids). Surface morphology indicated a
picturesque network structure due to the existence of
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hydrogen bonds in the modified AL,O,. It also proved
good dispersion of modified NPs in the polymer matrix.'’
The surface of alumina NPs was modified using epoxy-
containing alkoxysilanes. Coupling of organic groups on-
to the surface of oxides using alkoxysilanes occurs via the
formation of Si-O-M or metallasiloxane bonds. The surfa-
ce modification decreased the thermal stability of alumi-
na, in comparison with pristine alumina NPs.'

The surface of Al,O, NPs was modified using vinyl-
trimethoxysilane (VTMS) layer. Analyses revealed that
the silane coupling successfully adsorbed on the surface
of nano Al,O, via chemical interaction. Results show that
NPs with 3% VTMS was in good agreement with the sto-
rage modulus and glass transition temperature values re-
vealed by DMTA analysis."’

High performance polysulfone/alumina biocompa-
tible NCs are reported and the effects of alumina surface
modification are explored by Anaya and co-workers.'®
They show that some fatty acids (palmitic, stearic, oleic
and erucic acids) chemisorb over the surface of alumina
forming nano-sized self-assembled structures. These
structures present thermal transitions at high temperatu-
res, 100 °C higher than the melting point of the pure acids,
and are further shifted about 50 °C in the presence of
polysulfone.'®

Llorente and co-workers have investigated the wear
and mechanical behavior, along with the thermal stability,
of polysulfone/modified alumina. Alumina NPs have been
modified with polysulfone (PSU) chains of two different
molecular weights. The modification leads to an enhanced
homogeneous dispersion and enhanced mechanical and
wear behavior.'” Nano-indentation measurements confir-
med that the elastic modulus values were enhanced when
modified NPs were used to prepare NCs. The PSU chains
grafted to alumina promoted enhanced particle dispersion,
which at the same time induced protection in the polysul-
fone matrix against wearing off. The results showed a clear
tendency for increased strength and wear resistance, wit-
hout sacrificing transparency.'’

Alumina NPs have been modified with polysulfone
(PSU) chains via 1,3-dipolar cyclo-addition reaction bet-
ween functionalized alumina with vinyl groups and termi-
nal azide polysulfone chains of two different molecular
weights.?* Homo-polymer NCs have been prepared by ex-
trusion and microinjection. The effectiveness of the grafts
on the dispersibility has been analyzed in terms of the pa-
rameters that govern the wettability between grafted and
matrix chains. The dispersion state and interfacial adhe-
sion of PSU grafted NPs have been evaluated. Results
show that the incorporation of the modified alumina im-
proves the dispersion state in comparison with bare alumi-
na NPs. These results can be explained by enthalpic com-
patibility between polysulfone grafted layer and host
polysulfone matrix.?

The application of non-fouling thin films such as
poly(ethylene glycol) (PEG) to alumina membranes is

useful in drug delivery applications to prevent membrane
fouling in long-term usage. Popat and co-workers have
covalently attached PEG to nano-porous alumina surfaces
to improve their non-fouling properties.”! A PEG-silane
coupling technique was used to modify the surface.

The modification of nanometric aluminum oxides
particles by bis-phosphonic acid-based oligomers of aro-
matic polyester, polyether, or polydimethylsiloxane
(PDMS) was achieved with the formation of covalent
bonds between the oxide and the oligomers.?? The melt
blending of the unmodified as well as the modified partic-
les with PMMA led to well-dispersed NCs structures.
Thermal stability and fire behavior of PMMA were im-
proved due to physical and physico—chemical processes
involving the presence of the nanometric alumina. Signifi-
cant improvements for these properties in relation to the
grafting of the mineral were only noticed for the PDMS
phosphonic acid-based formulation, despite the very low
amount of oligomer present in PMMA. It is suggested that
this compound could act in the condensed phase due to its
important thermal stability and could also promote modi-
fications of the degradation pathway of PMMA in the in-
terphase region surrounding the alumina particles.*

Chemical surface modification of aluminum oxide
(AO) NPs with graft copolymer of AO and poly (isobutyl
vinyl ether) (PIBVE) (AO-graft-PIBVE) was carried out
by ball milling of AO NPs with IBVE in vacuum at low
temperature. The surface modified AO NPs with mono-
dispersed particle diameter exhibited structural blue color
which was evidenced by photograph, optical spectroscopy
(UV-Vis) and SEM image.”

Several protocols reported for the surface modifica-
tion of AL O, NPs, In this regard, different surfactants and
organic compounds such as a silane coupling agent, isoc-
yanate group, stearic acid, dimethyl sulfoxide, and acetic
acid have been used as modifying agents.>*’ To the best
of our knowledge, there is no report on the comparison of
the effectiveness of different modifiers for Al,O, NPs and
their compatibility in various organic solvents. In this
study, the surface of alumina NPs was modified by two
modifiers such as oleic acid (OA), trimethoxyvinylsilane
(TMVS), as well as a mixture of two modified in three ra-
tio (3:1), (1:1) and (1:3). Then the dispersibility of modi-
fied NPs was investigated in monomers such as methyl
methacrylat (MMA), butyl acrylate (BuA) and styrene
(St) and also in solvents including acetone, n-hexane and
ethanol with different levels of hydrophobicity.

2. Experimental
2. 1. Material and Methods

In this work, the chemicals such as trimethoxyvinyl-
silane (TMVY), oleic acid (OA), ethanol, n-hexane, o-
xylene, ammonia (25%) and acetone were used as purcha-
sed by the chemical company (Merck) without any purifi-
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cation. Alum was prepared in our laboratory according to
literature.

2. 2. Preparation of AL,O, NPs

The alumina NPs precursors were synthesized by the
precipitation method and then calcination sediment.
Firstly, 25 mL of 3.0 M ammonia solution was dropped
gradually and slowly into 25 mL of ammonium alum
[(NH,AI(SO4), - 12H,0] 1.0 M with vigorous stirring for
45 minutes. After a vigorous stirring for an hour, the reac-
tion mixture was heated to 95 °C and then kept at that tem-
perature for 3 h for precipitation. The precipitate obtained
was first washed three times with distilled water and then
washed three times with anhydrous alcohol and then dried
in an oven at 60 °C for 10 h. Finally, the dried precipitate
was then calcined at 1200 °C for 4 h with a heating rate of
5 °C min'. After cooling in the room temperature, the
samples were milled and collected for characterization.

2. 3. Surface Modification of A1,0, NPs

The experimental method of surface modification of
alumina NPs using both modifiers oleic acid (OA) and tri-
methoxyvinylsilanes (TMVS) is the same as follows:

1.5 g of oleic acid (or TMVS) was dissolved in 50
ml of o-xylene and then 3.0 g of alumina NPs were added
to it. The resulting suspension is heated at 50 °C within an
hour along with magnetic stirring. The precipitate was
centrifuged, and washed three times with 5 ml toluene.
Precipitate was dried in the oven at 60 °C for 24 h.

2. 4. Effect of Modifiers Concentration

Using the above method, various amount of oleic or
TMVS (0.025, 0.05, 0.15, 0.25, 0.35 and 0.45, 0.50 g) we-
re dissolved in 10 mL o-xylene, and each solution was
used in turn for modifying 1.0 g samples of Al,O, NPs,
and was stirred at 50 °C for an hour. The sediments were
separated, washed three times with 5 mL toluene and
dried in the oven at 60 °C for 24 h. Lipophilicity of modi-
fied alumina NPs were carried out as below:

First 0.1 g of modified alumina NPs is added to 10
mL water. Then methanol is added drop wise through a
burette to these dispersed NPs until no more sediment are
formed. The volume of methanol is used to calculate the
degree of lipophilicity of the surface of NPs.

2. 5. Measurement of Lipophilic Degree

One way to measure the lipophilic degree (LD) of
the surface of NPs is disperse a certain amount of modi-
fied NPs in water, and then to carry out titration with an
organic solvent such as methanol.?®

When unmodified alumina NPs is added to water,
sedimentation takes place promptly, whereas the alumina

NPs modified by oleic acid (or TMVS) will dispersed in
water. Drop wise addition of methanol from a burette to a
solution of modified NPs (0.1 g in 10 mL water) causes
the modified NPs to sediment gradually. The degree of li-
pophilicity can be calculated using Eq. (1) by knowing the
volume of the methanol used:

LD = —
V+10

X 100 ey

In this equation, V is the volume of methanol (mL)
used. Measuring the degree of lipophilicity is used as a
guide for surface modification.

2. 6. Dispersibitity Modified Alumina NPs

0.05 g of modified alumina NPs were dispersed in
10 mL of solvents such as n-hexane, ethanol and acetone,
and was then ultrasound within 30 min. Then, the samples
were allowed to stand without shaking for 72 h in the lab,
the particles were deposited. The precipitate then was cen-
trifuged and dried in the oven at 60 °C for 24 h. The
amount of stable particles in dispersion was determined
gravimetrically (%). The initial weight percent of the mo-
dified alumina NPs varied from 2.5 to 30%.

2. 7. Characterization of the Modified
Alumina

The X-ray diffraction patterns (XRD) of powder
samples were recorded by XRD system BRUKER-XS for
characterizing the crystalline structure of the NPs. The
XRD diffractometer is operated at a voltage of 40 kV and
Cu Ka radiation over Bragg angles ranging from 10 to 80°
with the scanning rate of 0.05 °C min'. The surface morp-
hology of samples was recorded using SEM, Hitachi Ja-
pan, and TESCAN model. The instrument was equipped
with EDX analysis for the determination of elemental
analysis. The EDX model and its detector type were S4800
(I) and 7747/17-ME, respectively. The FT-IR spectra of the
samples were recorded on FT-IR Rayleigh WQF-510 a
spectrophotometer. The spectra of solids were obtained us-
ing KBr pellets. Ultrasonic irradiation was carried out with
an ultrasonic equipped with a probe which was immersed
directly in the mixture solution system with frequency of
2.25 x 104 Hz and power of 100 W. Thermo-gravimetric
analysis (TGA) was carried out on a TG-209 thermo-
analyzer (Netzsch, Germany), oxygen atmosphere, heating
rate 10 °C min™'. An electric furnace of Raypa with HM-9
model was used for calcimining samples.

3. Results and Discussion

The ALO, NPs have been synthesized through che-
mical precipitation method from reaction between ammo-
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nium alum [NH,AI(SO,), - 12H,0] with ammonia solu-
tion and then calcined the precipitate at 1200 °C for 4 h.
The reaction equations are as follows:

Dissolution inwater

NH4AI(SOy);: 12H,0 ———

NH4+(aq]+ A|3+{nq] +2 SO.;L(aq]"' 12 H20q 2)
NH; g+ H20 @) = NHy g+ OH'ag) 3)
AlPug + 30Hug — Al(OH); (5 €]

caleined 1200 *C, 4h

2 Al(OH) 5 ¢,
+3H,0(

Alz03 ¢ + (5)

Preparation method of AL,O, NPs is of unique ad-
vantages. Nanoparticles are obtained from inexpensive
and easily available precursors, and without needing sur-
factants (surface active). The surface of alumina NPs was
modified by two modifiers such as oleic acid (OA), tri-
methoxyvinylsilane (TMVS), as well as a mixture of two
modified in three ratio (3:1), (1:1) and (1:3).

In order to confirm that the surface of alumina NPs
is covered by the modifiers, the surface was studied by the
usual methods of identification and morphology conside-
ration.

3. 1. X-ray Diffraction Patterns

The X-ray diffraction pattern of alumina NPs before
and after modification by oleic acid and TMVS were re-
corded, and results are presented in Fig. 1. The eight cha-
racteristic angles viz 20 equal to 18.8, 20.5, 32.9, 36.9,
39.4, 45.6, 61.2 and 67.2 °, which correspond well to the
standard JCPDS card with number 29-1486, confirms that
the crystal structure of ALO, is tetragonal.”** These
peaks are corresponded to crystal planes of [111], [200],
[220], [311], [222], [400], [511] and [440] respectively.
Figs. 1b and 1c show that the characteristics of peaks after
surface modification have not changed, and are the same
as those of unmodified nano-alumina with tetragonal cry-
stal structure. The average size of Al,O, NPs modified by
oleic acid and TMVS calculated from XRD diffraction
pattern according to Debye-Scherer formula are 29.08 and
30.04 nm respectively.

3. 2. FT-IR Spectra

In order to study the bonds formed, FT-IR spectra of
NPs were recorded before and after surface modification
by oleic acid and TMVS. These spectra are shown in Fig.
2. The observed band at 672 cm™ in FT-IR of unmodified
NPs (Fig. 2a) is due to stretching frequency of Al-O in

A1203.31 The broad peaks at around 3442 and 1630 cm™
are attributed to the stretching and bending bands of O-H
groups on the surface of alumina, respectively.*>3

In the FT-IR spectra of nano-alumina modified with
oleic acid (OA) and trimethoxy-vinylsilane (TMVS) in
Figs. 2b and 2c, in addition to the absorption bands of vi-
bration frequencies Al-O and -OH groups, new bands we-
re observed. Two absorption bands at 2854 and 2924 cm™
(Fig. 2b) are due to the vibrational frequencies of CH, and
CH, groups of oleic acid covering the surface of nanopar-
ticles.** An absorption band at 1625 cm™ (Fig. 2¢) is rela-
ted to the presence of vinyl double bonds (C=C) of trimet-
hoxyvinylsilane coated on the surface of alumina NPs.*
The observed band at 1016 cm™ is due to the stretching
frequency of Si-O in silane.>® These observations in FT-IR
spectra confirm that the surface of Al,O, NPs is modified
by oleic acid and TMVS.
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Fig. 1: XRD diffraction patterns of: (a) Al,O, NPs; (b) Al,O, NPs
modified by oleic acid; (c) Al,O; NPs modified by TMVS.

3. 3. SEM Images & EDX Analysis

Nanoparticles have a tendency to aggregate because
of high surface energy. Therefore, surface modification is
expected to decrease aggregation and improve dispersibi-
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Fig. 2: FT-IR spectra of: (a) bare Al,O, NPs; (b A1,0, NPs modified by oleic acid; (c Al,O, NPs modified by TMVS.
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Fig. 3: SEM images of: (a) Al,O, NPs; (b A1,0, NPs modified by oleic acid; (c Al,O, NPs modified by TMVS.
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Fig. 4: EDX spectra of: (a) Al,O, NPs; (b) Al,O, NPs modified by oleic acid; (c Al,O, NPs modified by TMVS.

lity.>” Thus, to studying dispersibility, SEM images of
alumina nanoparticles before and after modification by
oleic acid and TMVS have been recorded which are
shown in Fig. 3. As it can be seen in Fig. 3a, alumina un-
modified NPs are highly aggregated which is due to large
surface area to volume ratio and high energy of the surfa-
ce of nanoparticles. Whereas in Figs. 3b and 3¢ good dis-
persibility can be seen which are due to modification of
NPs by oleic acid and TMVS respectively? This improve-
ment in dispersibility of NPs certainly confirms the surfa-
ce modification of NPs by oleic acid and TMVS. The size
of the modified alumina NPs appeared to be higher (50
nm) in comparison to bare alumina NPs from the XRD re-
sults (30 nm).

The EDX spectra of Al,O, NPs and its modified by
oleic acid and TMVS are shown in Fig. 4. The EDX spec-
trum given in Fig. 4a shows the presence of Al and O as
the only elementary components of ALLO, NPs. The pre-
sence of carbon and oxygen in alumina NPs modified by
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oleic acid (Fig. 4b), and presence of carbon, oxygen and
silicon in alumina NPs modified by TMVS (Fig. 4c¢) are
the proof for surface modification of Al,O, NPs respecti-
vely, and which were absent in bare alumina NPs.

3. 4. TGA Analysis

TGA analysis is taken to prove that how many of
modifier is grafted on the surface of nanoparticles. TGA
curves alumina NPs and its modified by oleic acid and
TMVS are given in Fig. 5. The alumina NPs modified by
oleic acid has a total weight loss of 10.5%, when the tem-
perature changes from 255 to 560 °C, which is due to the
burning of oleic acid on the surface of modified alumina
NPs (Fig. 5b). The similar behavior was observed in alu-
mina NPs modified by TMVS, with a total weight loss of
8%, when the temperature changes from 248 to 475 °C,
which may be attributed the burning of silane compound
on surface of modified alumina NPs (Fig. 5¢).

T T
150 250

T
350

T T
450 550 650

Temperature/°C

Fig. 5: TGA thermo-gram of: (a) un-modified alumina NPs; (b) alumina NPs modified by TMVS; (c) alumina NPs modified by oleic acid.
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3. 5. The amount of Surface Modifier

Different amount of oleic acid and TMVS (2.5,
5.0, 7.5, 10.0, 12.5, 15.0 and 20%) as surface modifier
were applied on alumina NPs, and the lipophilic degree
(LD) of the modified NPs was measured. The results ob-
tained are presented in Table 1 as the variation of lipop-
hilic degree versus amount of modifier. It can be seen
from data that lipophilicity increases with the rise of
amount of modifier up to 12.5% for oleic acid, and
10.0% for TMVS. However, if the amount of modifier is
increased above this amount the lipophilicity starts to
decrease. It may be due to enlarging of chain hydrocar-
bon of the modifier which can stop the carboxylic group
(-COOH) of oleic acid or methoxy moiety (-OCH,) of
TMVS to react with the hydroxyl group on the surface
of alumina NPs.'*

3. 6. Dispersibility of the Modified Alumina
NPs

Knowing that the incorporation of NPs into poly-
mers can leads to improved mechanical behavior and ther-
mal stability of polymers. Uniform and stable dispersion
of NPs in the monomer is an important factor in the prepa-
ration of polymeric NCs. Therefore, effect of type and
amount of modifiers were investigated on the dispersion
of NPs in the monomers such as methylmethacrylate
(MMA), butylacrylat (BuA) and styrene (St). To do this,
certain amount of modified alumina NPs was dispersed in
each monomer under stirring for one hour at room tempe-
rature. The percent of the initial weight of the modified
alumina NPs varied from 2.5 to 30%. Then, modified alu-
mina NPs loaded monomers were allowed to stand at
room temperature for 72 h. The precipitated part of the
NPs was separated and the amount of the stable particles

in dispersion was determined gravimetrically. The results
are shown in Table 2.

As it can be seen in the above table, the results indi-
cate that the majority of modified A1,O, NPs by oleic acid
(OA) precipitate in styrene; While OA-AlL,O, NPs formed
a stable dispersion in MMA and BuA monomers. The hig-
hest amount of dispersion of OA-AL,O, NPs in methyl
methacrylate monomer happened in initial weight of 5
and 10%. Similarly, the highest amount of dispersibility
of OA-Al1,O; NPs in butyl acrylate monomer occurred in
initial weight of 2.5 and 10%. The results also represent
that when TMVS is used as modifier, TMVS-AL,O, NPs
are stable in Styrene, however they were settled down in
MMA and BuA monomers. The highest amount of disper-
sion of TMVS-AL O, NPs in styrene monomer happened
in initial weight of 2.5, 10 and 5%.

Moreover, when a mixture of modifiers was used
and the ratio of oleic acid to trimethoxyvinylsilane (OA:
TMVS) was varied from 3:1 to 1:3 dispersibility behavior
of modified Al,O, NPs was changed, solid content of final
stable dispersions are shown in Table 3. The amount of
dispersibility of NPs was increased in all three monomers
when the amount of oleic acid was high in the mixture
modifiers (OA: TMVS, 3:1). On the other hand, the
amount of dispersibility of alumina NPs increased in
styrene monomer in all three cases including: the mixture
of oleic acid (OA) and trimethylvinylsilane (TMVS) mo-
difiers (3:1, 1:1 and 1:3).

These findings illustrated that the surface modifica-
tion of ALLO, NPs with oleic acid, trimethoxyvinylsilane
and mixture of modifiers OA-TMVS would increase the
compatibility between NPs with MMA and styrene, res-
pectively. Either this contributes to a better dispersibility
of NPs in MMA or Styrene. One can justify this fact by
comparing the polarity of monomer and relevant modifier.

Table 1: The LD of alumina NPs modified by oleic acid (OA) and TMVS (%) in different amount of modifiers.

Amount of modifiers (%) 2.5 5.0
LD NPs modified by OA (%) 15.22 15.85
LD NPs modified by TMVS (%) 11.11 16.13

7.5 10.0 12.5 15.0 20.0
18.47 22.15 24.71 18.95 14.27
18.75 23.45 18.25 14.75 13.07

Reaction conditions: Amount of alumina NPs 1.0 g, o-xylene as solvent 10 mL, temperature 50 °C and reaction time 1 h.

Table 2: Dispersion of alumina NPs modified with oleic acid (OA) and trimethoxy-vinylsilan (TMVS) in some organic media (%).

Initial weight percent Dispersion in MMA Dispersion in BuA Dispersion in St
percent alumina NPs (%) OA TMVS OA TMVS OA TMVS
2.5 2.12 1.73 1.93 1.54 1.52 2.04
5 4.15 3.64 3.47 2.74 3.12 3.75
10 8.24 6.14 7.54 6.85 6.44 7.88
15 12.04 9.45 10.51 9.22 9.12 10.49
20 15.25 11.42 14.12 11.95 11.27 14.17
25 18.63 13.94 15.84 14.01 13.94 17.81
30 22.74 17.22 20.46 16.04 17.01 21.48
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Table 3: Dispersion of alumina NPs modified with different ratios of mixtures of OA: TMVS (3:1, 1:1 and1:3) in some organic media (%).

Initial weight Dispersion in MMA (%) Dispersion in BuA (%) Dispersion in St (%)
percent alumina (OA:TMYVS) (OA:TMYVYS) (OA:TMYVYS)
NPs (%) 3:1) (1:1) (1:3) 3:1) (1:1) (1:3) 3:1) (1:1) (1:3)
2.5 1.11 0.98 0.75 1.35 1.12 0.95 2.25 1.87 1.32
5 2.15 1.75 1.25 2.78 2.05 1.84 3.87 3.42 3.11
10 6.04 5.24 3.73 7.13 5.88 5.28 8.09 7.04 6.45
15 13.21 9.08 8.22 13.56 9.86 8.94 13.91 10.23 10.04
20 14.75 13.15 12.28 15.25 14.55 13.09 17.44 15.85 14.93
25 17.73 17.22 15.63 18.84 16.34 14.83 20.03 18.44 17.05
30 20.34 18.35 15.11 22.47 19.74 17.56 24.79 21.58 21.17

Table 4: Dispersion of alumina NPs modified with oleic acid (OA) and trimethoxy-vinylsilan (TMVS) in some organic solvents (%).

Initial weight percent

Dispersion in n-hexane (%)

Dispersion in acetone (%) Dispersion in ethanol (%)

alumina NPs (%) OA TMVS OA TMVS OA TMVS
2.5 2.01 1.62 1.71 1.95 1.25 1.41

5 4.12 3.25 3.15 3.85 2.12 1.94

10 7.24 4.93 5.45 6.04 3.74 4.15

15 10.46 6.16 7.37 8.82 4.92 4.31

20 13.48 10.72 11.29 11.25 7.15 7.08

25 15.94 11.07 12.83 13.91 9.29 9.48

30 20.42 13.97 14.12 17.42 10.87 9.95

The dispersion percentage of the modified alumina
NPs by oleic acid and TMVS also were investigated in
solvents such as n-hexane, acetone and ethanol and the re-
sults are shown in Table 4. The highest dispersion of alu-
mina NPs modified with oleic acid happened in n-hexane
and the lowest occurred in ethanol. While the highest dis-
persion of alumina NPs modified by TMVS can be seen in
acetone and lowest dispersion occur in ethanol.

The dispersibility of the alumina NPs modified by
oleic acid (OA) and trimethoxyvinylsilane (TMVS) in
monomers of styrene (St), poly(methyl methacrylate)
(PMMA) and butylacrylate (BuA) was compared with the
previous work of modified ZnO NPs and the results are
shown in Table 5.

As it can be seen in Table 5, the results indicate that
the majority of modified AL,O, NPs by oleic acid precipita-
te in styrene and formed a stable dispersion in MMA and
BuA monomers. While contrary to this behavior was ob-
served in ZnO NPs modified by oleic acid.*’ The majority
of modified A1,O, NPs by TMVS precipitate in MMA and

BuA monomers and formed a stable dispersion in styrene.
While the majority of modified ZnO NPs by TMVS preci-
pitate in styrene and BuA monomers and formed a stable
dispersion in MMA monomer.*? On the other hand, the sta-
bility time of dispersion of modified nanoparticles in our
work (72 h) is longer than the previous work (24 h).*

4. Conclusions

The alumina NPs have been synthesized from reac-
tion between ammonium alum with ammonia solution and
then calcined the precipitate at 1200 °C. The surface of
alumina NPs was changed to the hydrophobic nature due
to surface modified by oleic acid (OA) and trimethoxy-
vinylsilane (TMVS). TGA analysis for alumina NPs indi-
cates that the grafting amount of oleic acid and TMVS are
10.5 and 8% respectively. The presence of organic groups
on the surface of NPs was proved by FT-IR spectra, and
shown that oleic acid is attached to the carboxylate form

Table 5: Stable time and dispersion of modified nanoparticles.

Stable

Stable

Majority

time/ h dispersion precipitation References
Al203-0OA 72 MMA, BuA St This work
Al203-TMVS 72 St MMA, BuA This work
ZnO-0OA 24 St MMA, BuA 40
ZnO-TMVS 24 MMA St, BuA 40
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and TMVS connected via the formation of Si-O-M bond
on the surface of alumina NPs. The change of behavior of
hydrophobic surfaces of modified alumina NPs was con-
firmed through lipophilic degree (LD) experiments. The
results obtained are presented that lipophilic degree in-
creased with the rise of amount of modifier up to 12.5%
for oleic acid, and 10.0% for TMVS. Experimental results
showed that the highest dispersion was happened alumina
NPs modified by oleic acid in n-hexane and the lowest in
ethanol, while the highest dispersion was observed alumi-
na NPs modified by TMVS in acetone and lowest disper-
sion in ethanol. The results indicate that modified ALO,
NPs by oleic acid (OA) formed a stable dispersion in
MMA and BuA monomers. The highest amount of disper-
sion was happened OA-Al,O, NPs in MMA and BuA mo-
nomers in initial weight of 5 and 2.5% respectively, while
stable dispersion are formed in styrene when TMVS is
used as modifier. The highest amount of dispersion was
happened TMVS-AL,O, NPs in styrene monomer in initial
weight of 2.5%.
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Nanodelce aluminijevega(IIl) oksida (Al,0,) smo pripravili z metodo obarjanja pri reakciji med raztopino amonijaka in
[(NH,)AI(SO4), - 12H,0] ter nadaljnjo kalcinacijo sedimenta pri 1200 °C. Povriino nanodelcev smo modificirali z
oleinsko kislino (OA) in trimetoksivinilsilanom (TMVS) v o-ksilenu pri 50 °C. Nanodelce Al,O, in modificirane nano-
delce smo karakterizirali z naslednjimi metodami: rentgensko praskovno difrakcijo (XRD), infrardeco spektroskopijo
(FT-IR), vrsti¢no elektronsko mikroskopijo (SEM), energijsko disperzivno rentgensko spektroskopijo (EDX) in termo-
gravimetri¢no analizo (TGA). S TGA smo dolocali mnoZino na povrSino nanodelcev vezane OA (10.5%) in TMVS
(8.0%). Disperzijo modificiranih nanodelcev smo raziskovali v metil metakrilatu (MMA), butilakrilatu (BuA) in stirenu
(St) ter topilih kot so etanol, heksan in aceton. Najboljsa disperzija nanodelcev modificiranih z OA je bila v n-heksanu,
v primeru delcev modificiranih s TMVS pa v acetonu. Rezultati kaZejo, da dobimo stabilno disperzijo nanodelcev mo-
dificiranih z OA v MMA in BuA (zacetni odstotki nanodelcev: 5% in 2,5%). V primeru nanodelcev modificiranih s
TMVS pa lahko pripravimo stabilno disperzijo v stirenu (zacetni odstotek nanodelcev: 2,5%)
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