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In this study, encapsulation of montmorillonite (MMT) platelets 

into poly(methyl methacrylate) (PMMA) was successfully achieved 

via miniemulsion polymerization. First, N-allyl-N,N-

dimethyloctadecan-1-aminium bromide (ADM18), a polymerizable 

surfactant, was employed to modify MMT nanoplatelets via ion 

exchange to improve the compatibility with the matrix phase as well 

as form a covalent anchor with PMMA. Subsequently, MMT-ADM18 

was incorporated in methyl methacrylate, along with a surfactant, 

costabilizer, and initiator, to obtain stable nanocomposite latexes via 

miniemulsion polymerization. FTIR (Fourier transform infrared 

spectroscopy), XRD (X-ray diffraction), SEM (Scanning electron 

microscopy), TEM (Transmission electron microscopy), and TGA 

(Thermogravimetric analysis) were utilized to validate structures and 

characterize thermal properties of neat PMMA and PMMA-based 

nanocomposites. FTIR indicated an interaction occurred between 

MMT’s structural OH groups and PMMA’s carbonyl moiety. XRD 

exhibited that the nanocomposites' morphology exfoliated. TEM 

images demonstrated stable nanocomposite latexes comprised of 

MMT core and PMMA shell with diameters ranging from 320 to 450 

nm were formed. The TGA results showed a substantial improvement 

in nanocomposites’ thermal stability, as evidenced by shifting the 

onset of the thermal degradation compared to that for pristine PMMA. 
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Introduction 

Layered silicate-based polymeric 

nanocomposites have received immense 

academic and industrial attention because 

of their exceptional attributes and diverse 

applications (Kalendova et al., 2024; 

Murugesan et al., 2020; Guo et al., 2018). 

Layered silicates possess exquisite thermal, 

mechanical, fire, and barrier properties, and 

the intent is to imbue polymeric materials 

with these properties even at very small 

loading (about 5%) to produce 

nanocomposite materials that satisfy 

requirements for advanced applications 

(Abulyazied et al., 2021; Bee et al., 2018). 

The exfoliation of the silicate layers 

resulting from the uniform dispersion of 

ultrafine silicate platelets inside the 

polymer matrix is the primary feature 

causing much-improved performance 

(Abuzeid et al., 2024; Dastjerdi et al., 

2019; Yu et al., 2018). Phyllosilicate clays 

of the 2:1 type, and especially 

montmorillonite (MMT), are frequently 

employed as inorganic reinforcing materials 

among a wide variety of materials used to 

produce nanocomposites (Idumah et al., 

2022). MMT is a layered hydrated 

aluminum phyllosilicate that exhibits a 

platy morphology consisting of two sheets 

of silicate/aluminum oxide with a corner-

linked tetrahedra structure and an edge-

shared octahedral sheet sandwiched in 

between (Gul et al., 2016). The dispersion 

status of clay platelets throughout the 

polymeric matrix is a significant 

consideration to take into account while 

preparing layered silicate nanocomposites. 

Most hydrophobic polymers are 

incompatible with pristine clay 

nanoparticles, and platelet stacking is 

frequently observed, making it difficult to 

obtain the desired final nanocomposite 

features. Because of the inherent 

hydrophilic properties and high surface 

energy, organic modification is an 

inevitable step towards rendering clay's 

hydrophilic surface more hydrophobic. An 

often-used strategy is the ion exchange 

reaction between organic cations (typically 

amines or phosphates attached to long 

aliphatic chains) and positive inorganic 

cations. The basal-plane spacing widening 

and gallery hydrophilicity loss are brought 

about by organic modification; more 

monomers were able to enter the interlayer, 

causing intercalation and exfoliation. The 

degree of interphase strength between the 

silicate and the polymeric matrix 

determines whether a polymeric 

nanocomposite based on layered silicate is 

intercalated or exfoliated (Franco-Urquiza, 

2021; Guo et al., 2020; Zhu et al., 2019; 

Uddin, 2018). Several elaboration 

approaches have been considered where 

either the nanocomposite is created from 

the polymer or directly from the monomer. 

These methods include in-situ 

polymerization, solution casting, and melt-

intercalating. Because there are so many 

distinct polymerization conditions and clay 

treatments that can be employed for 

obtaining exfoliated morphology and 
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dispersion matrix-compatible character, in-

situ polymerization is the approach of 

choice (Uddin et al., 2024; Okamoto, 

2023). Water-borne polymerization is 

becoming more prevalent among various 

in-situ polymerization routes than 

conventional solvent-borne technologies 

because it is easier to implement and more 

environmentally friendly (because it relies 

on water as a continuous phase) when 

making polymer-clay nanocomposites. Of 

all the water-borne polymerization 

processes that exist, aqueous emulsion-

based polymerization is the most efficient 

approach for synthesizing water-borne 

polymeric nanocomposites. Conventional 

emulsion polymerization is the most 

frequently used technique to produce 

latexes (Dastjerdi et al., 2019; Yu et al., 

2018). Emulsion polymerization is a 

heterogeneous free radical polymerization 

that spreads the monomer into droplets 

roughly 10 µm in diameter. The surfactant's 

adsorption at the monomer-water interface 

is liable for droplet stability. In emulsion 

polymerization, monomers diffuse and 

transfer from macrodroplets to monomer-

swollen micelles, causing particle growth 

(Lovell et al., 2020). There are drawbacks 

to this process, such as a lack of particle 

size uniformity; thus, miniemulsion 

polymerization is highlighted for the 

production of colloidal nanocomposites 

owing to the 1-to-1 mechanism, which 

means the polymer particles are replicas of 

the miniemulsion droplets (Schork, 2024). 

Combining high shear, which breaks the 

emulsion into submicron monomer 

droplets, and an appropriate 

costabilizer/surfactant system that prevents 

droplet collisions and diffusional 

degradation, produces miniemulsion. The 

polymerization is carried out by radical 

entrance into the preexisting miniemulsion 

droplets, each of those droplets may be 

thought of as an individual nanoreactor 

(Álvarez-Bermúdez et al., 2024; Pieters et 

al., 2024; Jansen et al., 2016). 

Miniemulsion polymerization has shown 

effectiveness in encapsulating a variety of 

inorganic particles, the majority of which 

are spherical (Thickett et al., 2019; 

Muñoz-Espí et al., 2012). However, 

encasing high-aspect ratio inorganic 

particles presents further challenges due to 

their ability to form stacks and card-house 

structures (Faucheu et al., 2010; Zengeni 

et al., 2013). Only a few studies have 

attempted to encapsulate MMT platelets 

inside latex particles via miniemulsion 

polymerization (Voorn et al., 2006; Silva 

et al., 2019). The high viscosity of the 

organic phase has mainly restricted the 

percentage of encapsulated clay to 4%. 

Consequently, the MMT cannot be finely 

distributed, which will eventually lead to 

colloidal instability (Zengeni et al., 2013). 

One of the most prevalent optical matrix 

polymer to produce transparent polymer 

nanocomposites is poly(methyl 

methacrylate) (PMMA). PMMA has 

several outstanding properties, such as non-

toxicity, dimensional stability, and impact 

strength. PMMA is, however, lacking in 
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heat resistance or thermal stability, 

therefore, while retaining optical clarity, 

PMMA-MMT nanocomposites offer the 

potential for reduced gas permeability, 

enhanced physical performance, and 

improved heat resistance (Akelah et al., 

2017; Zidan, 2020). This work focuses on 

synthesizing and characterizing PMMA-

encapsulated nanoscale MMT platelet 

nanocomposites generated through the 

miniemulsion polymerization technique. 

MMT was modified using polymerizable 

cationic surfactant and then copolymerized 

with MMA monomer, causing exfoliation 

and facilitating encapsulation. The new 

nanocomposites will be characterized by 

morphological and thermal 

characterization. 

Experimental  

Materials 

Sodium montmorillonite (Na-MMT) was 

supplied from ECC America Inc. with a 

cation exchange capacity of 0.9 mequiv/g. 

N-allyl-N,N-dimethyl-stearyl ammonium 

bromide (ADM18) was synthesized and 

characterized by 
1
H NMR and mass 

spectroscopy according to the previous 

study (Mang et al., 2010; Bai et al., 2020). 

Methyl methacrylate (MMA, Sigma-

Aldrich) was freed from phenolic inhibitors 

by shaking with 5% NaOH solution 

followed by washing with water and drying 

over anhydrous Na2SO4. Hexadecane (HD, 

BDH Chemicals Ltd.), sodium dodecyl 

sulphate (SDS, Techno Pharma), potassium 

peroxodisulphate (KPS, Fisher Scientific), 

and sodium hydrogen carbonate were used 

as received. 

Instruments 

Fourier transform infrared spectroscopy 

(FTIR) spectra were recorded using a 

JASCO FTIR-4100 spectrometer (Japan). 

The spectra were acquired utilizing the KBr 

pressed disk technique over a spectral range 

of 4000-400 cm
−1

. 

X-ray diffraction (XRD) measurements 

were conducted on a Phillips PW1710 

instrument with a Cu-Ka radiation source 

(λ =0.154 nm) at room temperature. 

Diffraction intensities were recorded in the 

(2θ) range of 3°-80° with a step width of 

0.02°. 

Thermogravimetric analysis (TGA) was 

performed on a Shimadzu 

thermogravimetric instrument (TGA 50 

series). Under nitrogen protection, the 

samples were heated at a rate of 10 °C/min 

from 30 to 800 °C. 

Scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) 

were used to study the nanomorphology of 

PMMA/MMT-ADM18 nanocomposites. 

SEM images were taken on a JEOL JSM-

IT200 operated at a 20 kV accelerating 

voltage. SEM with a detector for energy-

dispersive X-ray (EDX). TEM images were 

captured utilizing a JEOL JEM-1400 Plus 

with a 120 kV accelerating voltage. The 

sample was prepared by evaporating drops 

of a PMMA/MMT-ADM18 nanocomposite-

ethanol suspension after sonication onto a 

copper grid. 
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Methods 

Modification of MMT by ADM18 

The cation-exchange reaction was 

performed by swelling 3 g of MMT 

overnight in 90 mL of distilled water. Then, 

10 mL of dioxane was added, and stirring 

was continued for 2 h. To the stirred-hot 

(60°C) clay suspension, a solution 

containing 1.64 g of ADM18 in 30 mL of 

dioxane was continuously added dropwise 

under vigorous stirring for 2 h. The cationic 

exchange was carried out at 60°C for 5 h. 

Afterward, the MMT-ADM18 was filtrated 

and washed repeatedly with hot 90:10 

water/dioxane (v/v) in order to get rid of 

excess ADM18 molecules, and then dried in 

a vacuum oven at room temperature ( Agag 

et al., 2008; Agag et al., 2010). 

Incorporating MMT-ADM18 into PMMA 

latex via miniemulsion polymerization 

The recipe used for encapsulating MMT-

ADM18 in PMMA latex is tabulated in 

Table (1). SDS (0.13 g) was dissolved in 30 

mL water and then stirred for 60 min. The 

oil phase comprising MMT-ADM18 (0.05 

g) swelled in MMA (5 g) and HD (0.2 g) 

was magnetically stirred overnight after 

being ultrasonically stirred for 10 min in an 

ice bath. The oil phase was then added to 

the aqueous phase, and the mixture was left 

to stir for 60 min at 1500 rpm under ice 

cooling for pre-emulsification. Then, the 

mixture was homogenized by using rotor-

stator homogenization in an ice bath for 10 

min to prevent self-polymerization. The 

miniemulsion was transferred to a 100 ml 

three-neck round-bottom flask containing 

NaHCO3 solution (10 mM), equipped with 

a condenser and a mechanical stirrer. Once 

the system reached the ambient temperature 

of 80°C, the KPS solution (0.12 g in 10 g 

of water) was added over 10 min. The 

polymerization was maintained for 24 h 

after injecting the initiator solution. After 

being cooled, the emulsion was added to 

MeOH for coagulation, then washed with 

water and dried in a vacuum oven at 30°C. 

For comparison, neat latex and 

PMMA/MMT-ADM18 nanocomposite 

containing 3% MMT-ADM18 were 

prepared by the same method. The 

monomer conversion was up to 95%. 

 

 

Table (1): Summary of the composition of the continuous phase and dispersed phase used to prepare 

the PMMA/MMT-ADM18 nanocomposite. 

 Components Weight (g) 

Monomer phase 

MMA 5.0 

MMT-ADM18 0.05-0.1 

HD 0.2 

Aqueous phase 

 

Water 45.0 

SDS 0.13 

KPS 0.12 

NaHCO3 0.04 
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Results and discussion  

Characterization of MMT-ADM18  

To improve MMT wettability with the 

polymer phase and facilitate encapsulation 

into monomer droplets upon emulsification, 

N-allyl-N,N-dimethyl-stearyl ammonium 

bromide (ADM18) was selected to be 

exchanged with the sodium ions present in 

the interlayer space of MMT. The cation 

exchange reaction was characterized by 

XRD, FTIR, and TGA analyses, as 

previously described. XRD analysis is used 

to study the gallery structure of the silicate. 

XRD traces are presented in Fig. (1). The 

characteristic diffraction peak of MMT at 

around 7.18° (2θ) was displaced to a lower 

angle (4°) after organic modification. The 

interlayer distance was enlarged from 1.22 

nm to 2.18 nm at a large extent of cation 

exchange. This result evidenced an increase 

in interlamellar space due to larger ADM18 

ions successfully replacing smaller Na
+ 

ions 

located in MMT lamellar galleries (Agag et 

al., 2010). 

The FTIR spectra of MMT and MMT-

ADM18 are examined in Fig. (2). A 

characteristic bands of stretching vibrations 

corresponding to OH oscillations of (Al, 

Mg) and physically adsorbed H2O are 

observed at 3630 and 3448 cm
-1

. Also, the 

peak at 1645 cm
−1

 is due to -OH 

deformation vibration. An intense band 

corresponding to the stretching vibration of 

Si–O–Si in layered silicates at 1045 cm
−1

. 

The band at 919 cm
−1

 represents Al–Al–OH 

deformation vibration, as well as Si–O 

bending vibrations at 523 cm
−1

 (Yu et al., 

2018). The spectrum of the MMT-ADM18 

shows the apparition of new peaks at 2924 

and 2852 cm
−1

 attributed to asymmetric and 

symmetric stretching vibrations of the CH2 

group in the alkyl chain of ADM18, as well 

as the CH2 bending mode at 1469 cm−1
. 

Simultaneously, the characteristic bands of 

MMT are also observed in the spectrum of 

MMT-ADM18. 

Fig. (1): XRD patterns of MMT and ADM18-

modified MMT. 
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Fig. (2): FTIR spectra of MMT and MMT-ADM18. 

The aforementioned results are strongly 

supported by the obtained TGA results. 

Figure (3) shows the thermogravimetric 

degradation profiles of MMT and MMT-

ADM18. Below 100°C, about 4% of the 

physically adsorbed water for MMT is 

evaporated. After that, the weight of MMT 

remains almost constant up to 500°C. Then 

another weight loss of 6.5% for MMT 

occurred in the range between 500–800
°
C, 

corresponding to the dehydroxylation of the 

layers. Total weight loss of MMT is close to 

10.5% (Chencheni et al., 2024). In the 

decomposition curve of MMT-ADM18, a 

rapid weight loss starts around 200°C to 

350
°
C due to the degradation of ADM18 

molecules present outside the clay sheets. 

Another stage of weight loss appears from 

360 to 610°C, which is attributed to the 

degradation of interlayer ADM18 ions, 

which intercalated through cation exchange 

(Moraes et al., 2009). Over 610°C, MMT-

ADM18 continued to lose weight due to 

dehydroxylation (the structural OH groups). 

Total weight loss is about 33%. Based on 

the above-mentioned results, one can say 

that the ADM18 ions successfully 

intercalated in MMT galleries. 

 

Fig. (3): TGA profiles of MMT and MMT-

ADM18. 
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Miniemulsion polymerization 

In contrast to emulsion polymerization, 

miniemulsion polymerization proceeds via 

monomer droplet nucleation through 

converting monomer droplets, which 

typically have a diameter of 50–500 nm, 

onto polymer particles. Coalescence and 

Ostwald ripening can be prevented in 

miniemulsions by choosing an appropriate 

surfactant and adding a costabilizer to 

achieve a consistent droplet size. This 

technique is a promising route for preparing 

nanocomposites, usually by encapsulation. 

Characterization of colloidal 

PMMA/MMT-ADM18 nanocomposites 

FTIR characterization 

FTIR was used to prove the inclusion of 

MMT in the PMAA matrix and to observe 

if interactions between the components 

occurred. Figure (4) shows the FTIR 

spectra of PMMA and PMMA 

nanocomposites. Spectra of neat PMMA 

showed methyl, ester-methyl, and 

methylene C–H stretching vibrations in 

the region of 3000–2855 cm
−1

. An intense 

peak at 1735 cm
−1

 is assigned to C=O 

stretching vibrations. Peak at 1456 cm
−1

 is 

ascribed to the C–H bending modes of 

CH3 and CH2 groups. The less–intense 

band at 1384 cm
−1

 is due to the bending 

vibration of the C–H bond of the methyl 

group. The peak located at 1249 cm
−1

 is 

interpreted as C–C–O stretching vibration. 

The typical absorption band is observed at 

1155 cm
−1

 originating from C–O–C 

stretching vibration. The peak at 980 cm
−1

 

refers to C–O bending mode. The band at 

840 cm
−1 

is assigned to the methylene 

rocking mode, and C–C stretching at 755 

cm
−1

 (Terchi et al., 2024; Youssef et al., 

2017). As can be seen from the spectra of 

PMMA/MMT-ADM18 nanocomposites, 

PMMA backbone peaks reappeared again, 

but the inclusion of MMT-ADM18 in the 

PMMA matrix caused some alteration. The 

intensity of C=O band decreases and shifts 

to 1720 cm
−1

 and a new band appeared at 

1627 cm
−1 

which attributed to the 

hydrogen-bonded carbonyl group. The 

band at 3632 cm
−1 

assigned to stretching 

vibration of structural OH groups became 

broad, indicating the interaction between 

structural OH groups of MMT-ADM18 and 

PMMA. The broad band at 1155 cm
−1

 

resulted from coalesced Si–O moieties 

stretching vibration with C–O–C group 

vibration.  

Also, the intensity of the band at 980 cm
−1

 

(C–O bending mode) depressed and 

coupled with the Al–Al–OH deformation 

band. Based on these findings, it can be 

concluded that the MMT not only 

encapsulated in the PMMA matrix but 

also interacted with PMAA during 

polymerization (Godiya et al., 2021; Al-

Sabagh et al., 2016). 

XRD characterization 

XRD was used to study the extent of 

MMT platelet delamination and the 

affinity between the polymer chains and 

MMT. XRD measurements were carried 
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out for neat PMMA and PMMA 

nanocomposites with 1 and 3% MMT-

ADM18 in the 2θ range (3–40°), and 

diffraction patterns are shown in Fig. 

(5a). PMMA exhibits two broad peaks at 

15° and 30°, confirming the amorphous 

nature of the PMMA matrix (Bakr et al., 

2024; Al-Muntaser et al., 2020). When 

MMT-ADM18 is incorporated into the 

PMMA matrix, the peak at 15° becomes 

broader in the nanocomposite spectra, 

confirming their amorphous structure. In 

order to examine the morphology of 

MMT in the nanocomposite, a short scan 

in the range (3–18°) was performed as 

illustrated in Fig. 5(b). MMT-ADM18 

shows a sharp peak at 4° (d-spacing 

around 2.18 nm). After miniemulsion 

polymerization and with increasing the 

MMT-ADM18 amount from 1 to 3%, the 

characteristic peak corresponding to 

MMT-ADM18 vanished in all 

PMMA/MMT-ADM18 nanocomposite 

spectra, meaning that exfoliated 

morphology was obtained. This is 

attributed to the disruption of the orderly 

nature of MMT platelets. This results 

from penetrating MMA molecules 

between the MMT lamellae, expanding 

the galleries; therefore, more MMA 

molecules diffuse between layers, 

exfoliating the MMT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4):  FTIR spectra of PMMA and PMMA/MMT-ADM18 nanocomposites with 1 and 3% 

MMT-ADM18. 
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Morphological structure of nanocomposite 

materials 

SEM and TEM were utilized to examine 

the nanomorphology of PMMA/MMT-

ADM18 nanocomposites. Figure (6) 

illustrates TEM photographs of the 

nanocomposite latex. Figure (6a) displays a 

TEM image of the latex sample with 1% 

MMT. The latex's particle size is about 320 

nm. As seen from the image, the sample has 

a dark inner core surrounded by a light, 

smooth-contoured PMMA shell. The dark 

domain represents MMT platelets (because 

of MMT's size, the electron's beam cannot 

pass across the particles, so it displays as 

dark). Besides, the latex surface exhibits 

smooth contours devoid of MMT platelets, 

indicative of the whole encapsulation of 

MMT.  

After the MMT amount increased to 3%, 

the particles seemed larger and exhibited a 

broad size distribution, as shown in Fig. 

(6b). The particle size became larger (450 

nm) compared to that in PMMA (200 nm) 

(Wang et al., 2020), implying 

encapsulation of further MMT in the 

PMMA droplets. The particles maintained 

their distinctive appearance with a smooth-

contoured PMMA shell and an MMT-rich 

inner core with regular contours. 

Figure 7(a) shows a SEM micrograph of 

the surface of latex particles, which clearly 

shows a complete and dispersive spherical 

morphology. The surface of the latex 

particles is perfectly smooth, which differs 

from the rugged surface observed for 

MMT-covered particles (Cauvin et al., 

2005; Voorn et al., 2006). Moreover, the 

elemental composition of the 

PMMA/MMT-ADM18 nanocomposite was 

examined using EDX combined with SEM 

Fig. (7b). EDX analysis of the PMMA-3% 

MMT-ADM18 detected a large pinnacle of 

the C element and small pinnacle of Si 

element; these pinnacles are ascribed to the 

PMMA and MMT structures, respectively.  

Therefore, it can be inferred from the 

previous results that the MMT platelets are 

not located at the surface of the latex not 

located at the surface of the latex particles 

but are encapsulated inside the latex 

particles.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5): XRD patterns of PMMA and PMMA/MMT-ADM18 nanocomposites with 1 and 3% MMT-

ADM18, 2θ ranging from 3 to 40 degrees (a) and from 3 to 18 degrees (b) 
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Fig. (6): TEM images of the final latex for samples with (a) 1% MMT-ADM18, (b) 3% MMT-ADM18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7): (a) SEM image of final PMMA nanocomposite latex particles and (b) EDX spectra of the final 

PMMA nanocomposite latex particles. 

Thermal properties  

The thermal stability of PMMA and 

PMMA-based nanocomposites was 

conducted using TGA analysis. The mass 

loss curves and corresponding derivative 

curves (DTG) are shown in Fig. (8). The 

temperatures where 5% degradation occurs 

(T5%), 10% degradation (T10%), mid-point 

degradation (T50%), maximum degradation 

rate (Tmax), and residual mass (char) at 

600°C are summarized in the Table (2). The 

T5% for PMMA was 217°C, while the 

corresponding T5% for the nanocomposites 

containing 1% and 3%, MMT-ADM18 was 

significantly increased to 256 and 279°C 

respectively. Increasing the MMT-ADM18 

amount from 1 to 3% increased T50% to 382 

and 396°C, respectively, compared to pure 

a) 

b

) 

a) b) 
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PMMA (370°C). Increasing MMT-ADM18 

loading in the PMMA matrix results in an 

increase in T5% by 39–62 °C, T10% by 30–36 

°C, and T50% by 12–26 °C. A same trend 

was observed in the Tmax values. Also, the 

residual mass of all nanocomposites is in 

accordance with the amount of MMT-

ADM18 loaded, as expected. From the DTG 

curves shown in Fig. 8(b), the neat PMMA 

shows two stages of thermal degradation 

behavior. The first stage observed from 180 

to 350°C, which can be split into two steps: 

decomposition of weak head-to-head 

linkages (180–260°C) and destruction of 

unsaturated chain ends (resulting from 

termination by disproportionation) at about 

350°C. The second stage proceeds from 

350°C up to 440°C and is caused by the 

random destruction of the PMMA chains 

(Nikolaidis et al., 2018; Patra et al., 

2011). It is clear that as the amount of 

MMT-ADM18 increases, the first step is 

decreased while the second step is shifted 

to higher temperature, implying a desirable 

protection from degradation. It is clear that 

the thermal stability of the PMMA/MMT-

ADM18 nanocomposites is improved 

compared to virgin PMMA, as expressed 

by shifting the degradation curve to higher 

temperatures. The origin of this increase in 

decomposition temperatures has been 

attributed to either the ability of nanometric 

silicate layers to obstruct volatile gas 

produced by thermal decomposition or the 

MMT layers resisting heat transfer to 

PMMA due to the formation of a 

‘protection layer’ by the MMT. Also, the 

increase in thermal stability may also be a 

result of  the restricted thermal motion of 

the PMMA in the gallery. In addition, the 

improvements in thermal stability of 

PMMA-based nanocomposites were not 

only dependent on MMT loading but also 

related to proper dispersion, degree of 

exfoliation, and the interaction between the 

MMT-ADM18 and PMMA matrix 

(Nikolaidis et al., 2018). 

Table (2): Thermal analysis data of PMMA/MMT-ADM18 nanocomposites

  

 

 

Sample TD5% TD10% TD50% TMax Char (%) 

Neat PMMA 217 274 370 393 0 

PMMA–1% MMT-ADM18 256 304 382 397 1.2 

PMMA–3% MMT-ADM18 279 310 396 405 3.4 
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Fig. (8): (a) TGA and (b) DTG curves of PMMA and PMMA/MMT-ADM18 nanocomposites with 1 and 

3% MMT-ADM18. 
 

Conclusion 

In this work, through a one-step 

miniemulsion polymerization process, 

modified MMT platelets were encapsulated  

within a PMMA core. During 

polymerization, for optimum 

compatibility with the monomer and to 

prevent platelet migration to the 

polymer/water interface, pre-modification 

of  MMT was essential for successful 

encapsulation. The XRD data revealed 

that the MMT-ADM18 was dispersed 

uniformly and exfoliated in the final latex. 

Additionally, TEM images demonstrated 

stable nanocomposite latexes comprised 

of MMT core and PMMA shell with 

diameters ranging from 320 to 450 nm 

were formed. The SEM image of the 

nanocomposite latexes also confirmed 

encapsulation, as MMT platelets were not 

observed on the nanocomposites surface. 

TGA results showed that all 

PMMA/MMT-ADM18 nanocomposites 

showed substantial improvement in 

thermal stability as compared to a neat 

polymer; for example, TD5%, TD10%, and 

TD50% were increased by 62°C, 36°C, and 

26°C, respectively, with increasing 

amounts of MMT-ADM18. Also, the 

Tmax values showed the same trend. 
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لاركس ان انعضويخ ين خلال ثهًرح انًسزحهت انًصغر داخم جزيئبد ًونزًوريهونيذنرغهيف صفبئح ا

 وانخصبئص انحراريخ حضيرانًصنوعخ ين يبدح انجوني )ييثيم ييثبكريلاد(: انز

يهخكأحًذ ع
 

أحًذ رحبة, 
 

حًبده ينذور , شحهشبو حر ,
* 

 جبيعخ طنطب -كهيخ انعهوو -قسى انكيًيبء

( عٍ طشٌق بهًشة PMMA( فً بىنً )يٍثٍم يٍثاكشٌلاث( )MMT) نًىَخًىسٌهىٍَجافً هزِ انذساست ، حى بُجاح حغهٍف 

 ً،وه N-allyl-N,N-dimethyloctadecan-1-aminium bromide (ADM18) حى اسخخذاو أولا،انًسخحهب انًظغش. 

وكزنك  يشىانًىَخىافق يع ٌ نكًعبش انخبادل الأٌىًَ  انًىَخًىسٌهىٍَجيادة خافضت نهخىحش انسطحً قابهت نهبهًشة نخعذٌم 

فً يٍثٍم يٍثاكشٌلاث، جُبا إنى جُب يع خافض نهخىحش  تانًعذن انطفهت بعذ رنك ، حى ديج انبىنًٍش.حساهًٍت يع  سابطت كىٌٍخن

 FTIRحى اسخخذاو  .عٍ طشٌق بهًشة انًسخحهب انًظغششي يسخقيخشَاَى يسخحهبانسطحً، ويثبج، وبادئ، نهحظىل عهى 

 تشٌيخانُاَىكباث اشخوحىطٍف انخظائض انحشاسٌت نهً كباثاشخًنهخحقق يٍ طحت ان TGAو TEMو SEMو XRDو

انخاص  وجزء انكشبىٍَم هًىَخًىسٌهىٍَجنانهٍكهٍت  انهٍذسوكسٍم تيجًىعإنى حذود حفاعم بٍٍ  FTIR. أشاس انُاحجت

 ةيسخقش تٌيخشَاَى اثيخشاكبأٌ  TEMحقشش. أظهشث طىس  قذ تٌيخشانُاَىشكباث خانً شكم أٌ XRD ث. أظهشنبىنًٍشبا

قذ  َاَىيخش 453إنى  023بأقطاس حخشاوح يٍ  (PMMA) يٍ انبىنًٍش غلافيحاطت بو انًىَخًىسٌهىٍَج يٍ َىاةخكىٌ يٍ ح

 .ٌتيخشكباث انُاَىاشخححسُا كبٍشا فً الاسخقشاس انحشاسي نهً TGA. أظهشث َخائج شكهجح


