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1 Introduction

During the last decades, the utility of inorganic nano-mate-
rials as additives to enhance polymer performance has been 
established and opened interesting opportunities for many 
diverse applications [1, 2]. Nanocomposites originate from 
suitable dispersion of nano-materials or nanosized objects 
within polymer matrix in which results in materials with 
unique properties [3]. Nano-materials have a large surface 
area for a given volume and therefore low-volume addition 
of them can lead to substantial enhancements in mechani-
cal, thermal, and barrier properties relative to those of the 
unfilled or conventionally filled polymer [4, 5]. Polymer 
nanocomposites can combine the unique advantages of 
organic (e.g. dielectric, ductility and processability) and 
inorganic parts (e.g. rigidity and thermal stability) [6]. 
Depending on the shape of the nano-filler, nanocompos-
ites can be classified into three main groups: Nanoparticles 
(with three-dimensional nanosize distribution), nanotubes 
or whiskers (with two-dimensional nanosize distribution), 
and phyllosilicates such as nanoclay (with one-dimensional 
nanosize distribution) [7]. The pathways for synthesis and 
preparation of polymer based nanocomposites include melt 
intercalation, solution and in situ. In the in situ polymeriza-
tion, the monomer is directly faced with the nano-filler and 
subsequently polymerization takes place [8].

Diatomite is pale-colored, soft, and lightweight sedi-
mentary rock that is composed generally of silica micro-
fossils of aquatic unicellular algae. Diatomite is gener-
ally consisted of silicon dioxide (SiO2) and considerable 
amounts of Al2O3 and Fe2O3. The structure of diatomite 
contains up to 80% voids with various diameters. Since 
diatomite platelets are mainly composed of hydrated silica 
(SiO2·nH2O), they are classified as noncrystalline opal-A 
(in mineralogical classification) [9–12]. Diatomite presents 
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unique features such as highly porous structure, high silica 
content, low density, large surface area, and low conductiv-
ity coefficient [9, 13]. The unique combination of physical 
and chemical properties of diatomite, make it applicable for 
many diverse applications. Support in the reactions, sound 
and heat insulation, water treatment, removal processes, 
and manufacture of explosives and as filters are some 
examples for various applications of diatomite [9, 14, 15].

Production of over 50% of all the polymeric materials by 
free radical polymerization (FRP) is a powerful evidence 
for industrial utility of this method [16]. Polymerization 
of various monomers, large range of reaction temperature 
(−100 to >200 °C), application for different polymeriza-
tion systems and media are some advantageous characters 
of FRP. Although FRP provides numerous advantages over 
other polymerization methods, it can not be applied to syn-
thesize pure block copolymer and tailor-made polymers 
with predetermined molecular weight and low dispersity 
[16, 17]. Synthesis of polymers with tailor-made composi-
tion, architectures, and functionalities was a long-standing 
goal for polymer chemists. Introducing controlled/living 
radical polymerization (CRP) has opened an appropri-
ate pathway to synthesize tailor-made (co)polymers with 
favorite features [18–20]. By using CRP, synthesis of pure 
block copolymers, polymers with predetermined Mw, poly-
mers with low dispersity values, and various polymers with 
desired composition, architectures, and functionalities can 
be obtained. CRP is classified into three main methods: 
atom transfer radical polymerization (ATRP), nitroxide-
mediated polymerization (NMP), and reversible addition 
fragmentation chain transfer (RAFT) [21–23]. Compared 
with other CRP methods, ATRP provides a simple route to 
prepare polymers with well-defined chain end-functionali-
ties and complex architectures [24]. Polymerization of wide 
variety of monomers, commercial availability of its rea-
gents, and application for different polymerization systems 
and media are other interesting properties of ATRP over 
other CRP methods [24, 25]. Tailor-made organic polymers 
with desired composition, architecture, end-functionalities, 
and predetermined Mw can interestingly participate in the 
preparation of nanocomposites and therefore application 
of CRP in the field of nanocomposites has attracted great 
attention during the last decade [26].

A review of literatures indicates that application of diat-
omite as filler to synthesize polymer/diatomite composites 
have attracted considerable attention. Karaman et  al. have 
prepared polyethylene glycol (PEG)/diatomite composite 
as a novel form-stable composite phase change material 
(PCM) in which the PCM was prepared by incorporating 
PEG in the pores of diatomite [27]. Li et al. have synthe-
sized conducting composite by polyaniline on the surface 
of diatomite. Linkage of polyaniline on the surface of 
diatomite is attributed to the hydrogen bond between the 

surface of diatomite and polyaniline macromolecules [28]. 
Li et  al. have also prepared fibrillar polyaniline/diatomite 
composite by one-step in  situ polymerization. According 
to their results, the polyaniline/diatomite composite can 
be applied as fillers for electromagnetic shielding materi-
als and conductive coatings [29]. In addition, other studies 
such as investigating the effects of extrusion conditions on 
die-swell behavior of polypropylene/diatomite composite 
melts and Crystallization behaviors and foaming proper-
ties of diatomite-filled polypropylene composites have been 
performed [30, 31].

In this research, we take unique advantages of nor-
mal ATRP method to synthesize well-defined random 
poly(styrene-co-butyl acrylate) nanocomposites. The ATRP 
process was applied to the mixture of monomer and pris-
tine diatomite nanoplatelets to prepare well-defined nano-
composite using in situ polymerization procedure. We have 
tried to investigate the effect of diatomite loading on the 
kinetics parameters of the polymerization, thermal stability, 
and glass transition temperature of the products.

2  Experimental

2.1  Materials

Diatomite earth sample was obtained from Kamel Abad-
Azerbaijan-I.R. Iran. It was dispersed in 100  ml distilled 
water by magnetic stirring and then it was kept constant 
until some solid impurities were dispersed. The particles 
were separated with filter paper and dried at 100 °C for 8 h. 
Styrene (St, Aldrich, 99%) and butyl acrylate (BA, Merck, 
99%) were passed through an alumina-filled column, dried 
over calcium hydride, and distilled under reduced pressure 
(60 °C, 40  mm Hg). Copper(I) bromide (CuBr, Aldrich, 
98%) was washed with glacial acetic acid, filtered, and 
finally washed with ethanol; it was dried in a vacuum 
oven (50 °C, 40  mmHg) and then stored in a nitrogen 
atmosphere. N,N,N′,N″,N″-pentamethyldiethylenetriamine 
(PMDETA, Aldrich, 99%), ethyl alpha-bromoisobutyrate 
(EBiB, Aldrich, 97%), anisole (Aldrich, 99%), tetrahydro-
furan (THF, Merck, 99%), and neutral aluminum oxide 
(Aldrich, 99%) were used as received.

2.2  Synthesis of Pure Random Poly(styrene-co-butyl 

acrylate) and Its Different Nanocomposites Via 

Normal ATRP

Normal atom transfer radical random copolymerization 
of styrene and butyl acrylate was performed in a 150-ml 
three-neck lab reactor equipped with a reflux condenser, 
nitrogen inlet valve, and a magnetic stir bar that was 
placed in an oil bath. A typical batch of copolymerization 
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was run at 100 °C with the molar ratio of 200:1:1:1 for 
[M]0:[EBiB]0:[CuBr]0:[PMDETA]0 giving a theoretical 
copolymer molecular weight of 23,232 at 100% conver-
sion. At first, styrene (13.34 ml, 0.11 mol), butyl acrylate 
(8.33 ml. 0.05 mol), CuBr (0.125 g, 0.87 mmol), PMDETA 
(0.18  ml, 0.87  mmol) and anisole (10  ml) were added to 
the reactor. Then, it was degassed and back-filled with 
nitrogen three times, and then left under N2 with stirring 
at room temperature. The solution turned light green as the 
CuBr/PMDETA complex was formed. When the major-
ity of the metal complex had formed, reaction temperature 
was increased to 100 °C during 5 min. Subsequently, ATRP 
initiator (EBiB, 0.12 mL, 0.87 mmol) was injected into the 
reactor to start the styrene normal ATRP. Samples were 
taken at the end of the reaction (12 h) to measure the final 
conversion. For preparation of nanocomposites, a desired 
amount of pristine diatomite nanoplatelets was dispersed in 
8 ml of styrene and the mixture was stirred for 23 h. Then, 
the remained 5.34 ml of styrene was added to the mixture. 
Subsequently, copolymerization procedure was applied 
accordingly. In the samples designation, PPSB refers to the 
neat random poly(styrene-co-butyl acrylate) and PSBD X 
implies different nanocomposites with X percentages of 
pristine diatomite content.

2.3  Separation of Copolymer Chains from Pristine 

Diatomite Nanoplatelets and Catalyst Removal

For separation of poly(styrene-co-butyl acrylate) chains 
from pristine diatomite particles, nanocomposites were 
dissolved in THF. By high-speed ultracentrifugation 
(10,000  rpm) and then passing the solution through a 0.2 
µm filter, poly(styrene-co-butyl acrylate) chains were 
separated from pristine diatomite particles. Subsequently, 
copolymer solutions passed through an alumina column to 
remove catalyst species.

2.4  Characterization

Characterization of the pristine diatomite sample for its 
chemical composition was performed by X-ray fluores-
cence spectrometer (XRF, Philips 2400). FTIR spectrum 
of the pristine diatomite was achieved using FTIR spectros-
copy on a Bruker FTIR spectrophotometer, within a range 
of 400–4400 cm−1. Materials porosity was characterized by 
N2 adsorption/desorption curves obtained with a Quntasurb 
QS18 (Quntachrom) apparatus. The surface area and pore 
size distribution values were obtained with the corrected 
BET equation (Brunauer–Emmett–Teller). In addition, 
specific surface area measurements were also performed 
with NS-93 apparatus (Towse-e-Hesgarsazan Asia, Iran). 
Surface morphology of the pristine diatomite was exam-
ined by scanning electron microscope (SEM, Philips XL30 

and LEO-1455VP) with acceleration voltage of 20 kV. The 
transmission electron microscope (TEM), Philips EM 208 
(The Netherlands), with an accelerating voltage of 120 kV 
was employed to study the morphology of the pristine diat-
omite sample. The specimens were prepared by coating a 
thin layer on a mica surface using a spin coater (Modern 
Technology Development Institute, Iran). Gas chroma-
tography (GC) is a simple and highly sensitive characteri-
zation method and does not require removal of the metal 
catalyst particles. GC was performed on an Agilent-6890N 
with a split/splitless injector and flame ionization detec-
tor, using a 60 m HP-INNOWAX capillary column for the 
separation. The GC temperature profile included an initial 
steady heating at 60 °C for 10 min and a 10 °C min−1 ramp 
from 60 to 160 °C. The samples were also diluted with 
acetone. The ratio of monomer to anisole was measured by 
GC to calculate monomer conversion throughout the reac-
tion. Size exclusion chromatography (SEC) was used to 
measure the molecular weight and molecular weight dis-
tribution. A Waters 2000 ALLIANCE with a set of three 
columns of pore sizes of 10,000, 1000, and 500 Å was uti-
lized to determine polymer average molecular weight and 
dispersity. THF was used as the eluent at a flow rate of 
1.0 mL  min−1, and calibration was carried out using low 
dispersity polystyrene standards. Proton nuclear magnetic 
resonance spectroscopy (1H NMR) spectra were recorded 
on a Bruker 300-MHz 1H NMR instrument with CDCl3 as 
the solvent and tetramethylsilane as the internal standard. 
Thermal gravimetric analysis (TGA) was carried out with 
a PL thermo-gravimetric analyzer (Polymer Laboratories, 
TGA 1000, UK). Thermograms were obtained from ambi-
ent temperature to 700 °C at a heating rate of 10 °C min−1. 
Thermal analysis were carried out using a differential scan-
ning calorimetry (DSC) instrument (NETZSCH DSC 200 
F3, Netzsch Co, Selb/Bavaria, Germany). Nitrogen at a rate 
of 50 mL min−1 was used as purging gas. Aluminum pans 
containing 2–3 mg of the samples were sealed using DSC 
sample press. The samples were heated from ambient tem-
perature to 225 °C at a heating rate of 10 °C min−1.

3  Results and Discussion

Kinetics of in  situ (co)polymerization and consequently 
nanocomposite properties can be affected from inherent 
characteristics of the nano-filler or the type of organic mod-
ifier on the surface of them [32]. Therefore, morphological 
studies and evaluation of structural properties of the nano-
filler can be considered as a key factor in the synthesis of 
various nanocomposites.

Table 1 presents the chemical composition of the pris-
tine diatomite that is evaluated by X-ray fluorescence 
(XRF) technique. According to the results, silica (SiO2) is 
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the main constituent of the pristine diatomite sample (about 
63%). Al2O3 is another important constituent of the sample 
(about 13%). In addition, other impurities are consisting of 
Fe2O3, CaO, K2O, Na2O, and TiO2.

Figure 1 represents FTIR spectrum of the pristine diato-
mite nanoplatelets. The peaks at 3434 and 1634 cm−1 cor-
respond to the stretching vibrations of physically adsorbed 
water and zeolitic water, respectively [33]. Although the 
diatomite sample is rehydrated, during the preparation 
process and obtaining the spectrum some water molecules 
may be re-adsorbed [34]. The strong peak at 1098  cm−1 
is attributed to the stretching mode of siloxane (Si–O–Si). 
In addition, the peak at 471  cm−1 is associated with the 
asymmetric stretching mode of siloxane bonds. The peak 
at 796 cm−1 is also attributed to the vibration of O–H [35, 
36].

Figure  2 displays nitrogen adsorption/desorption iso-
therms of the pristine diatomite nanoplatelets. The shape 
of isotherm is relatively similar to the IV type isotherms 
according to the international union of pure and applied 
chemistry (IUPAC) classification and confirms that diato-
mite has mesoporous structure [37, 38]. The hysteresis is 
associated with the filling and emptying of the mesopores 
by capillary condensation [39]. A sharp increase in the 
nitrogen adsorbed quantity near the relative pressure of 1 

demonstrates the existence of macropores in the pure diato-
mite and therefore non-uniform pore size distribution can 
be comprehended [40].

According to extracted data from the nitrogen adsorp-
tion/desorption isotherms, surface area of the pristine 
diatomite particles is calculated 19.6 m2 g−1. Also, average 
pore diameter is estimated around 23.4 nm.

Figure 3 illustrates the result of thermogravimetric anal-
ysis (TGA) of the pristine diatomite sample. As it can be 
seen two main mass losses are resolved in the TGA curve. 
The first mass loss is mainly ascribed to the dehydration of 
diatomite and the second weight loss (in the temperature 
range of 400–700 °C) may be associated with the dehydrox-
ylation of the silanols of diatomite nanoplatelets. Pristine 
diatomite particles leave 92.3% char at 700 °C.

Figure 4 exhibits SEM images of the pristine diatomite 
nanoplatelets. As it can be seen, the pristine diatomite is 
composed of plaque plate particles with spherical pores. 
These plates have regular pores and sometimes are aggre-
gated. This structure of the diatomite is suitable for the syn-
thesis of various composites and makes it as an appropriate 
catalyst support.

TEM images can be employed to confirm the obser-
vations obtained from SEM images and evaluating the 

Table 1  The results of XRF 
analysis

Element SiO2 Al2O3 CaO Fe2O3 K2O MgO Na2O P2O5 TiO2 LOI

Amount (%) 63 13 2.1 5.6 2 1.9 1.9 0.1 0.4 9.4

Fig. 1  FTIR spectrum of the pristine diatomite nanoparticles Fig. 2  Nitrogen adsorption/desorption isotherm of the pristine diato-
mite nanoparticles
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morphology and pore condition of the pristine diatomite. 
Figure  5 represents TEM image of the pristine diato-
mite sample. According to this image, pristine diatomite 

sample belongs numerous regularly spaced rows of pores 
in its structure that this observation is confirmed with SEM 
images. In addition, average pore diameter from TEM 
images is estimated around 40 nm.

Pristine diatomite nanoplatelets are employed to syn-
thesize tailor-made random poly(styrene-co-butyl acrylate) 
nanocomposites and evaluating the effect of these nano-
platelets on the kinetics of copolymerization and ther-
mal properties of the products. General procedure for the 
synthesis of tailor-made random poly(styrene-co-butyl 
acrylate) chains via normal ATRP in the presence of the 
pristine diatomite nanoplatelets is illustrated in Fig. 6.

Number and weight average molecular weights, dis-
persity, and effect of the pristine diatomite nanoplatelets 
on these parameters is evaluated by SEC analysis. Fig-
ure  7 presents SEC traces of the samples. According to 
the Fig.  7, SEC traces of the neat poly(styrene-co-butyl 
acrylate) and all of the nanocomposites display monomodal 
peaks corresponding to the molecular weight values prede-
termined by the molar ratio of monomer to initiator. Pure 
poly(styrene-co-butyl acrylate) reveals narrow distribution 
and low dispersity value which can demonstrate successful 
normal ATRP is established.

Normal ATRP of styrene and butyl acrylate without diat-
omite nanoplatelets results in well-defined poly(styrene-co-
butyl acrylate) chains with low dispersity value. By add-
ing the pristine diatomite nanoplatelets, final conversion 
and molecular weight were increased. By addition of only 
3 wt% of the pristine diatomite nanoplatelets, final conver-
sion increases from 65 to 78%. Extracted data from SEC 
traces of the neat poly(styrene-co-butyl acrylate) and its 
different nanocomposites are summarized in Table 2.

Theoretical molecular weight is calculated by using 
Eq. 1:

Fig. 3  TGA graph of the pristine diatomite nanoplatelets

Fig. 4  SEM images (a and b) of the pristine diatomite nanoplatelets

Fig. 5  TEM image of the pristine diatomite nanoplatelets
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where, [M]0 and [I]0 are initial concentration of the mono-
mers and initiator, respectively. Conversion is denoted by 
p and the symbol of the average molecular weight of the 
monomers is Mw.

Positive effect of the pristine diatomite nanoplatelets 
on the molecular weight of the samples can be interpreted 
by abundant pendant hydroxyl groups of the pristine diat-
omite. It is demonstrated that polar solvents (especially 
hydroxyl containing ones like water, phenol, and carbox-
ylic acids) exert a rate acceleration effect on the polym-
erization systems for increasing radical activation rate 
and also reducing radical recombination rate [41–43]. 
Pendant hydroxyl groups on the surface of the pristine 
diatomite can possibly cause a polarity change into the 
reaction medium. In addition, negatively charged surface 
(pendant hydroxyl groups on the surface of the pristine 
diatomite at our work) could absorb and gather posi-
tively charged catalyst (Cu ions at this work) [44, 45]. By 

(1)MTheo
n

=
[M]

0

[I]
0

× p × Mw

Fig. 6  General procedure for the synthesis of poly(styrene-co-butyl acrylate)/diatomite nanocomposites via normal ATRP

Fig. 7  SEC traces of the neat poly(styrene-co-butyl acrylate) and its 
different nanocomposites
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adsorbing the catalyst particles, the ATRP equilibrium 
will be affected and chain growth rate can be enhanced 
[41, 46]. The accelerating effect of other nano-fillers such 
as nanoclay and MCM-41 nanoparticles on (co)polym-
erization rate was also reported elsewhere [41–43]. Dis-
persity values of the copolymer chains increases by the 
addition of pristine diatomite loading. Pristine diatomite 
nanoplatelets act as an impurity in the copolymerization 
medium and therefore cause the molecular weight distri-
bution of the resultant copolymers to be increased; dis-
persity value increases from 1.1 to 1.4 by 3 wt% loading 
of pristine diatomite [47, 48].

An appropriate agreement between the theoretical and 
experimental molecular weights in combination with low 
dispersity values (dispersity <1.4) can be considered as 
an appropriate evidence for controlled nature of the copo-
lymerization (Table 2). Also, color change of the reaction 
media from light green to light brown during the copoly-
merization is an evidence of successful ATRP equilibrium 
establishment.

Composition of the copolymer chains are evaluated by 
1H NMR spectroscopy. Figure 8 represents 1H NMR spec-
tra of the neat poly(styrene-co-butyl acrylate) and its vari-
ous nanocomposites.

Molar ratio of each monomer in the copolymer chains 
can be determined by integrating aromatic peaks area (SPh, 
6.6–7.4  ppm, 5H) which corresponds to the phenyl ring 
of styrene and methylene near to the ester group of butyl 
acrylate (SM, 3.6–4.2 ppm, 2H) by using Eqs. (2) and (3):

According to the results (Fig.  8), molar ratio of each 
monomer in all the samples is approximately similar to the 
initial selected mole ratio of the monomers.

(2)%St =

APh

5
(

APh

5
+

AM

2

) × 100

(3)%BA =

AM

2
(

APh

5
+

AM

2

) × 100

TGA was used to study thermal stability of the neat 
poly(styrene-co-butyl acrylate) and its various nanocom-
posites. TGA thermograms of weight loss as a function 
of temperature in the temperature window of 30–700 °C 
are shown in Fig. 9.

According to the Fig.  9, thermal stability of the neat 
poly(styrene-co-butyl acrylate) is lower than all of the 
nanocomposites. In addition, thermal stability of the neat 
poly(styrene-co-butyl acrylate) is improved by adding 

Table 2  Molecular weights and PDI values of the extracted copoly-
mers resulted from SEC traces

Sample Reaction 
time (h)

Conversion 
(%)

Mn PDI

Exp. Theo.

PPSB 12 65 1.1 15,101 15,500
PSBD 1 12 71 1.2 16,495 16,000
PSBD 2 12 74 1.3 17,192 18,000

PSBD 13 12 78 1.4 18,121 19,000

Fig. 8  1H NMR spectra of the neat poly(styrene-co-butyl acrylate) 
and its different nanocomposites

Fig. 9  TGA thermograms of the neat poly(styrene-co-butyl acrylate) 
and its nanocomposites
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pristine diatomite nanoplatelets which by increasing diat-
omite content, an increase in degradation temperatures 
was observed. In general, by increasing temperature in 
the TGA graphs three separated steps can be identified: 
evaporation of the water molecules (at the temperature 
range of 100–150 °C), degradation of volatile materials 
such as residual monomer and low molecular weight oli-
gomers (at the temperature window around 180–350 °C), 
and degradation of the synthesized copolymer and nano-
composites (at the temperatures above 380 °C). Figure 10 
graphically illustrates the extracted data from TGA 
graphs. Degradation temperature of the samples versus 
amount of degradation is employed to show that addi-
tion of diatomite in the poly(styrene-co-butyl acrylate) 
matrix, results in an improvement of thermal stabilities of 
the nanocomposites (TX: temperature threshold at which 
X% of neat poly(styrene-co-butyl acrylate) and its nano-
composites is degraded).

Increasing of degradation temperature of the nano-
composites by adding pristine diatomite nanoplatelets 
content is attributed to the high thermal stability of diato-
mite nanoplatelets and also interaction between diatomite 
nanoplatelets and copolymer matrix [49]. Physical inter-
action between poly(styrene-co-butyl acrylate) chains 
and surface of the pristine diatomite nanoplatelets is an 
important factor for increasing thermal stability of the 
nanocomposites [50]. Additionally, hindrance effect of 
the pristine diatomite platelets on the copolymer chains 
movement and restriction of oxygen permeation by these 
sheets are the other reasons for higher thermal stability 

of the nanocomposites. Similar conclusions are also 
achieved in the case of polymer/clay nanocomposites [43, 
51].

DSC analysis is employed to evaluate the effect of pris-
tine diatomite nanoplatelets on the chain confinement of 
the samples and determination of glass transition tem-
perature (Tg). Figure  11 displays DSC thermograms of 
the neat poly(styrene-co-butyl acrylate) and its different 
nanocomposites. Temperature range of 20–170 °C is used 
to describe DSC results in the heating path. Pristine diato-
mite nanoplatelets do not bear any transitions in this range 
of temperature, therefore only thermal transition of copoly-
mers is observed. In these experiments, samples are heated 
from room temperature to 225 °C to remove their thermal 
history. Then, they cooled to room temperature to distin-
guish the phase conversion and other irreversible thermal 
behaviors. Finally, samples are heated from room tempera-
ture to 225 °C to obtain Tg values.

According to the Fig.  11, an obvious inflection takes 
place in the temperature range of 30–40 °C in which shows 
Tg of the samples. Since there is not another peak in the 
cooling path (except Tg), amorphous structure of the sam-
ples can be concluded.

According to the results, Tg value of the neat 
poly(styrene-co-butyl acrylate) is lower than all of the 
nanocomposites and an increase in Tg values takes place 
by increasing of pristine diatomite nanoplatelets content. 
Increasing Tg values by adding pristine diatomite nano-
platelets loading in the copolymer matrix can be attrib-
uted to the confinement effect of the diatomite platelets. 
The rigid two-dimensional diatomite platelets can restrict 
the steric mobility of copolymer chains and causes the 
inflection in the DSC graphs starts at higher temperatures. 

Fig. 10  Graphical illustration of temperature and degradation rela-
tionship

Fig. 11  DSC thermograms of the neat poly(styrene-co-butyl 
acrylate) and its different nanocomposites (heating path)
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Similar conclusions are also obtained in the case of poly-
mer/clay nanocomposites [43, 51, 52].

4  Conclusions

In situ atom transfer radical random copolymerization 
of styrene and butyl acrylate was employed to synthesize 
tailor-made random poly(styrene-co-butyl acrylate) and 
its different nanocomposites in the presence of pristine 
mesoporous diatomite platelets. Porous structure, exist-
ence of plaque plate particles with spherical pores, silica 
as the main constituent, and existence of numerous regu-
larly spaced rows in its structure are some inherent fea-
tures of the pristine diatomite nanoplatelets. In situ ATRP 
of styrene and butyl acrylate in the presence of pristine 
mesoporous diatomite leads to increment of conversion 
from 65 to 78%. Moreover, molecular weight and disper-
sity values increase from 15,500 to 19,000 and from 1.1 to 
1.4 respectively. 1H NMR spectroscopy results show that 
copolymers composition is approximately similar to the 
initial feed ratio of each monomer. Improvement in thermal 
stability of the nanocomposites and increasing Tg values 
from 34.6 to 38.8 °C was also observed by incorporation of 
3 wt% of pristine mesoporous diatomite platelets.
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