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ABSTRACT 

Poly (methyl methacrylate-co-butyl acrylate) as shell and vinyl silica nano-

particles as core were prepared by in situ seed emulsion polymerization. The 

monomer concentration ratio of butyl acrylate (BuA), and methyl methacrylate 

(MMA) was changed. The ratio of the monomers MMA/BuA were 60/40, 

70/30, 40/60 and 30/70 at constant dose of vinyl silica nano-particles 5% (based 

on total monomer ratio). The prepared nano emulsions were characterized 

using thermal analyses, HRTEM, FTIR and Zeta potential. The results have 

shown that monomer concentration ratio had a significant influence on glass 

transition temperature (Tg). Thermo gravimetric analysis showed that the 

systems with higher BuA fraction had better thermal stability than systems with 

higher (MMA) fraction.  

 

Keywords: methyl methacrylate, butyl acrylate, vinyl silica, core-shell, 

monomer concentration  

__________________________________ 

 

INTRODUCTION 

Incorporation of nano-scale inorganic materials to organic polymers was 

increasing potential for future applications due to the advantageous properties 

of the organic polymer species such as elasticity, process ability with inorganic 

fillers providing high thermal stability and reinforcement (Paul, D and 

Robeson, L., 2008; Essawy, H. et al., 2016). It has been reported that small 

percentage (5% wt) of nanoparticles embedded in a polymer matrix can exhibit 

significant improvement in material properties (Romo-Uribe, A. et al., 2016). 

The properties of nano-composites are greatly influenced by both the degree of 

dispersion of nano-particles in the base polymers and the interfacial adhesion 

between the inorganic and organic components (Chen, C. et al., 2014). In 
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suspension, dispersion, emulsion and mini-emulsion polymerization the nano-

composites are formed by carrying out polymerization in the presence of 

inorganic particles which seem the ideal route to achieve good dispersion in the 

base polymers (Chern, C.S. et al., 2008; Ahmed A.E.S.I., et al., 2016). In situ 

emulsion polymerization, as one of the most often used methods, can produce 

not only organic–inorganic hybrids but also environmental friendly copolymers 

(Qi, D.M. et al., 2006). Results of previous research (Daniel, B. and Wolfgang, 

B., 2015) showed that with in situ polymerization, in relation to the other 

preparation processes, best distribution and dispersion of the filler in polymer 

matrix was achieved.  

Nano-silica were attractive nano-reinforced of polymers due to enhancement 

of physical properties, it has been reported that SiO2 nanoparticles increased 

macro-hardness, micro-hardness, abrasion resistance, scratch resistance and 

Young’s modulus (Qi, D., et al., 2015), Thus Nano-silica is the most widely 

used inorganic material in emulsion polymerization. 

Organic or inorganic systems with various particle morphologies can be 

prepared with different procedures of in situ emulsion polymerization. In 

recent years, particular interest was directed in the development of processes to 

gain core-shell morphology (Liu, H. et al., 2008) where silica was a core and 

polymer was a shell. It was assumed that with such morphology the best 

distribution of the inorganic component in emulsions and films prepared from 

emulsions can be achieved.  

Encapsulation was regarded as being of major importance since it offered 

interesting potential applications in different fields. Thus, encapsulation of 

nano-silica with polymer can improve the compatibility of nano-silica in the 

polymer matrix resulting in an improvement of filler dispersion and 

performance of the polymer composite (Shin, K. et al., 2010). Encapsulation 

of silica nano-filler with polymer, i.e. encapsulation efficiency depends on: (a) 

nature of inorganic particle (silane grafting density), concentration and size of 

silica nano-filler, (b) use of high hydrophilic monomers, (c) nature and 

concentration of monomer, initiator, and emulsifier in polymerization and (d) 

degree of dispersion of nano-particles in the base polymers and the interfacial 

adhesion between the inorganic and organic components (Chen, C., et al., 2014; 

Wen, X. et al., 2008). Depending on the above factors various morphologies 

such as core-shell, daisy like, petal like, raspberry like, and multilayered 

morphology were obtained (Bourgeat-Lami, E., 2004).  

 

MATERIALS AND METHODS 

Materials  

Triethoxyvinylsilane (TEVS), ammonium hydroxides (NH4OH, 35%) and 

ethanol (analytical reagent) were purchased from Sigma-Aldrich. methyl 

methacrylate (MMA), n-butyl acrylate (BuA), acrylic acid (AA) (99%), 
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potassium peroxydisulfate (KPS), nonyl phenol polyethylene glycol ether (NP-

30), sodium acetate anhydrous, sodium dodecylbenzene-sulfonate (SDBS) and 

sodium dodecyl sulfate (SDS) were supplied by Across Chemical. All 

ingredients were used as received without further purification. Doubly distilled 

water was used throughout the experiments.  

 

In situ preparation of nano-composite emulsions  

Vinyl silica spheres were prepared by sol-gel technique in an aqueous solution 

as reported in literature (Ahmed, A.E.S.I., et al., 2015A; Mostafa, H.Y., et al., 

2015), scheme (1). The emulsion polymerization was carried out in a 500 mL 

four neck flask which was equipped with an inlet for nitrogen gas, reflux 

condenser, thermocouple, Teflon-steel mechanical stirrer and feeding inlets 

through two steps.  

A. Core stage 

Calculated amount of vinyl silica in grams and NP-30 were dispersed in (33 g) 

water with 10% of pre-emulsified mixture of monomers containing: BuA, 

MMA, SDS and via gentle stirring for 15 min followed by sonication )

Hielscher, UP200S) in ice bath for 20 min. The mixture was poured into a 

reactor containing buffer solution under stirring (80 rpm). Calculated amount 

of potassium persulphate (KPS) solution (0.5 g dissolved in 10 g H2O) was 

drop-wise added into the reactor and left for 30 min to produce the core stage. 

B. Shell stage 

The remaining pre-emulsified mixture containing (3 g) acrylic acid was 

charged using a dual syringe pump within 180 min to obtain methyl 

methacrylate/butyl acrylate/ vinyl silica composite emulsion as shown in table 

(1). The mixture was cooled to 40oC and pH was adjusted to be 8 as shown in 

scheme (2).  

 

Characterization 

The coagulum was obtained gravimetrically (Zhang, F. et al., 2004). Viscosity 

of the latex was determined according to ASTM D 2196 using digital 

viscometer (Brookfield viscometer DV-I Prime). Solid content was determined 

as recorded in ASTM D 2369. Fourier transform infrared (FTIR) spectra of 

nano-composite films were measured in the range 4000–500 cm−1 at room 

temperature using (Thermo Nicolet Avatar 370) spectrometer. The glass 

transition of the films was further studied by Differential scanning calorimetry 

DSC in a (TA Instruments Q2000). The thermal history of the samples was 

erased by heating from 20 to 100°C at heating rate 10°C min-1 and nitrogen 

purge flow of 50 ml min-1. The thermal stabilities of the films were evaluated 

by TGA, using a (TA Instruments Q500 equipment thermo-gravimetric 

analyzer). Samples were heated at nitrogen purge flow 50 ml/min-1 at 25-500°C 

at a heating rate of 10°C min-1. High Resolution Transmission electron 
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microscopy (HR-TEM) was used to investigate the morphology of structural 

hybrid emulsion latex particles with FEI TECHNAI G20Stwin transmission 

electron microscope at an acceleration voltage of 200 kV. A Malvern Zetasizer 

instrument 103 was used to measure ζ values of the nanocomposite emulsion 

latex at pH 8.5 and temperature 25°C.  

 

RESULT AND DISCUSSIONS 

Solid content, coagulum content and viscosity  

In this paper, Vinyl silica nanoparticles were prepared by sol-gel technique as 

shown in scheme (1) and in situ encapsulated with poly (methyl methacrylate-

co-butyl acrylate) emulsion with different monomer concentration ratios [butyl 

acrylate (BuA) and methyl methacrylate (MMA)] in presence of nonionic 

emulsifier to obtain good dispersability of nano-silica in polymer matrix. 

Thermal, optical, and morphological properties of nano-composite films were 

studied. 

It is clear from table (2) that the solid content and viscosity of emulsion samples 

containing high concentration of (MMA) is more than emulsion samples 

containing high concentration of (BuA). On the other hand, the coagulum of 

emulsions of high concentration of (MMA) were lower than that of high 

concentration of (BuA) samples. The conglutination of the vinyl silica was due 

to the adhesive action and entanglements of (BuA) chains increasing the 

coagulum and decreasing the solid content (Zheng, j. et al. 2009; Fielding, L.A. 

et al., 2011). Thus, the solid content decreased and the coagulum content 

increased.  

 

FTIR spectra of nano-composite films  

The spectra of poly(MMA/BuA)/vinyl silica for different monomer 

concentration ratio were shown in figure (1). It was showing a number of 

characteristic spectral bands; peaks at 2956 and 2874 cm−1 can be attributed to 

the stretching vibration of methyl and methylene groups. The strong adsorption 

peaks at 1732 and 1166 cm−1 were corresponding to carbonyl (C=O) and 

asymmetric C–O–C stretching vibrations (Mahdavian, A.R. et al., 2007; 

Chang, G. et al., 2013). The beak at 1458 cm−1 is associated with the 

characteristic vibration of (CH3) group. FTIR spectra clearly display typical 

absorption peaks of Si–O–Si which appears at 1100 and 470 cm−1 (Zhou, X. et 

al., 2013). FTIR spectra of C and D films showed the same peaks of A and B 

films, clearly displays typical peaks at 2874 cm−1 of methylene groups with 

higher intensity (Fielding, L.A. et al., 2011). 

 

Thermal stability of nano-composite films  

Figure (2) and table (3) represent TGA curves and data for systems. It was clear 

that residue percent at 500°C increased by increasing butyl acrylate fractions. 
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The systems with higher concentration of butyl acrylate fractions were more 

stable than systems with methyl methacrylate fractions in the presence of vinyl 

silica, this was due to the blocking action of butyl acrylate sequences 

(Leskovac, M. et al., 1999). This behavior was similar to poly (methyl 

methacrylate-co-butyl acrylate)/pyrogenic silica system (Buhin, Z. et al., 

2013).  

Glass transition of nano-composite films  

Figure (3) represents the glass transition of poly(MMA/BuA) with different 

monomer concentration (containing 5% vinyl silica). It was clear that 

increasing the concentration of hard monomer (MMA) in the matrix leads to an 

increase in the glass transition. On the other hand, a dramatic reduction in glass 

transition was recorded by increasing the soft monomer (BuA) (Ahmed 

A.E.S.I. et al., 2015B).  

 

Morphological analysis  

The normal core–shell structure emulsion particles could be obtained with core 

formed from hydrophobic monomers and shell formed from hydrophilic ones. 

On the contrary, the hydrophobic copolymer as shell part would migrate into 

the emulsion particles during polymerization to form special morphology, such 

as strawberry-, snowman- and island-like (Ma, J. et al., 2013). 

Representative TEM images were shown in figure (4) (a- d).  As more (BuA) 

co-monomer was introduced, the nano-composite particles begin to coalesce on 

the TEM grid. This is expected, as the lower copolymer Tg promotes film 

formation during drying (Fielding, L.A. et al., 2011). Figure (4) (c, d) showed 

that the total particle size of vinyl silica/methyl methacrylate/butyl acrylate co-

polymer emulsions with 5% of vinyl silica increased gradually as (BuA) 

content increased and were found to be 719, 735 nm. However, for high content 

of (MMA) in figure (4) (a, b) the total particle size decreases as (MMA) content 

increased and were found to be 695, 674 nm. 

 

Zeta potential 
Table (4) and figure (5), respectively, showed that for all the samples tested of 

different monomer concentration of poly(MMA/BuA) (containing 5% of vinyl 

silica) emulsions (A-D), the ζ potential values were lower than -35 mV, 

indicating that the electrostatic interaction was enough to stabilize the 

composite latexes (Ramos-Fernández, J. et al., 2011). It was clear from table 

(4) that nano-composite (D) had higher stability than the rest of samples and 

vinyl silica shows a good particle size distribution through the latex of (A-D).  
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CONCLUSIONS AND RESULTS 

The effect of monomer concentration ratio on emulsion morphology and 

thermal properties of the poly (MMA/BuA)/vinyl silica films at constant vinyl 

silica content were investigated. Results of DSC analysis showed that monomer 

concentration ratio has significant influence on copolymer glass transition 

temperature. BuA-rich nano-composite films showed more thermal stability 

than MMA-rich films. Vinyl silica showed a good particle size distribution 

through the latex of all samples. BuA-rich nano-composite emulsions showed 

more stability than MMA-rich one. 
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Table (1). Formulation of the nano-composite emulsion polymers. 

 

Ingredients 
Emulsion 

A B C D 

methyl methacrylate 60 70 40 30 

Butyl acrylate 40 30 60 70 

Vinyl silica 5 5 5 5 

 

Table (2). Solid content, coagulum content and viscosity. 

 
Sample 

Ingredients 

Emulsion 

A  B  C  D  

Solid content %  52.6 53.7 51.9 50.1 

Coagulum content %  2.35 2.23 2.45 2.62 

Viscosity (CPs)  12846 13351 7758 9588 

 

Table (3). Thermal stability data derived from TGA curves of mass ratio. 

 

Sample 
T5 

(°C) 

T50 

(°C) 

Temp at the 

largest Decomp 

rate, 

°C 

Mass fraction 

of total weight 

loss (%) 

at 500°C 

Residue 

(%) 

at 500°C 

A 290.03 379.76 389.69 95.56 4.4 

B 308.08 385.51 394.06 96.74 3.2 

C 284.32 394.58 400.33 94.32 5.6 

D 343.24 396.85 401.10 94.09 5.9 

 

Table (4). Zeta potential results of changing the monomer concentration 

effect. 

 

Emulsion Zeta potential 

A -47.8 

B -49.2 

C -47.8 

D -50.8 
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Figure (1). FTIR spectra of nano-composite films 

 

 

 

 

 

Figure (2) TGA thermograms of (a) weight loss and (b) DTG 
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Figure (3) DSC thermograms of nano-composite films 

 

 

 

 

 

Figure (4) TEM of (a) sample A, (b) sample B, (c) sample C and 

(d) sample D. 
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Figure (5) Zeta potential of (a) sample A, (b) sample B, (c) sample C and (d) 

sample D. 
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Scheme (1) Formation mechanism of vinyl silica spheres. 

 

 

 

 

 

Scheme (2) Preparation of vinyl silica/methyl methacrylate/butyl acrylate co-

polymer. 
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 تأثير تركيز المونومر على خواص مستحلب نانومترى من

 اكريالت البيوتيل(/فينيل سليكا- )ميثا اكريالت الميثيل 

 
 3، احمد ماهر1، ا.د/ احمد اسماعيل حسين ، ا.د/ احمد مؤمن المصري 1ا.م/ حامد يوسف يوسف مصطفي

 
 قسم الكيمياء، كلية العلوم، جامعة الزقازيق، الزقازيق، جمهورية مصر العربية.  1

 قسم كيمياء البوليمرات و المخضبات، المركز القومى للبحوث، الدقى، القاهرة ، مصر  2

 مركز التميز العلمى والتكنولوجى، مدينة السالم، القاهرة، جمهورية مصر العربية. 3

 01067613459تليفون:           

            

اكريالت البيوتيل(/فينيل سليكا بإستخدام -فى هذه الدراسة تم تحضير بوليمر )ميثا أكريالت الميثيل 

طريقة البلمرة االستحالبية. تم دراسة تأثير تغيير تركيز مونومر ميثا أكريالت الميثيل بالنسبة الكريالت 

فى وجود نسبة ثابتة من فينيل السيليكا  30/70و  40/60و  70/30و  60/40البيوتيل بالنسب التالية: 

( من كمية المونومر. تم تقييم النتائج باستخدام التحليل الطيفى )االشعة تحت الحمراء %5النانوية )

 :والميكرسكوب االلكترونى النافذ( واثبتت التحاليل المختلفة التى تم اجرائها على ناتج التفاعل التالى

ر قوى على درجة التزجج. الثبات الحرارى للعينات المحتوية على التركيز تغيير نسبة المونومر له تأثي

المرتفع من مونومر اكريالت البيوتيل اكبر من  العينات ذات التركيز المرتفع من مونومر ميثا أكريالت 

 الميثيل. عينات البوليمر المحتوية على نسب أعلى من اكريالت البيوتيل أكثر ثباتا من عينات البوليمر

 المحتوية على نسب ميثا أكريالت الميثيل.


