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Abstract: The article presents a method for obtaining new composites using a well-known mineral, 
expanded perlite (EP), and an industrial polymer, butadiene rubber (BR). For the design of 
composites, a joint oxidative chlorophosphorylation reaction of BR and EP (as well as BR and 
modified EP) was carried out, and the modifications obtained from this reaction were further 
hydrolyzed. The structure and morphology of the obtained samples were characterized in detail 
using Fourier transform infrared spectroscopy, ultraviolet-visible spectroscopy, X-ray powder 
diffraction, as well as scanning electron microscopy, and energy-dispersive X-ray analysis. EP and 
BR were separately modified with a similar reaction and characterized for data interpretation. 

Keywords: butadiene; expanded perlite; modification; composite; structural characterization 
 

1. Introduction 

Expanded perlite (EP) mainly consists of about 70-75 % silicon dioxide, aluminum oxide, and 
oxides of other metals. It is obtained through calcination at 850-900 °C volcanic glassy hydrated rock 
perlite, which is a mineral of natural origin. The EP particles have a spherical glass wall with pores 
of various sizes, are chemically inert, and have low thermal conductivity [1–3]. In the industry, EP is 
applied in many fields such as horticultural fill, light construction components, environmental and 
temperature insulators, and in the preparation of flame retardant, acoustic, and filter materials [1,2]. 
In addition, EP attracts the attention of researchers due to its physical and chemical properties. In 
several works, scientists have studied the influence of EP waste on the properties of autoclaved 
aerated concrete [4] and presented a method for using expanded perlite waste as a valuable, high-
performance pozzolanic additional binder material [5]. Based on it, a new type of insulating material 
[6] and magnetic nanocomposite [7] was developed. 

Recently, EP/polymer composites have attracted impressive attention due to their attractive 
mechanical, thermal, and other properties. Like all mineral/polymer composites, the morphological 
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structure, properties, and effective characteristics of EP/polymer composites depend on the interfacial 
interaction of EP particles with the polymer matrix, which is affected by the quality of the EP particle 
dispersion and the chemical compatibility between the EP particles and the polymer matrix [8]. As 
expected, all this is determined by the methods of composite synthesis. 

Polypropylene/amorphous aluminosilicate rock composites containing 0-20 wt% raw perlite and 
EP were synthesized by extrusion-compression molding by Esabbir et al. [9]. The method provides 
good dispersion, distribution, and interfacial adhesion of EP in the polymer matrix. In general, the 
mechanical properties and thermal stability of the polymer were improved with the addition of EP. 
It is known that epoxy resin and EP-based composites with desirable ablative properties can be 
prepared by exploiting the mechanical mixing method and then gravity casting. From this study, it 
was observed that EP improved the ablative properties of epoxy resin [10]. A compression molding 
technique was applied by Arifuzzaman et al. to produce a new composite material using EP and re-
cycled Styrofoam. The prepared material has low weight, sound, and heat-insulating properties [11]. 
A method for the production of EP-filled high-density polyethylene (HDPE) composites by adding 
different weight fractions (5, 10, 20, and 30 wt%) of EP powder to the HDPE matrix using a 
thermokinetic mixer is known. From the mechanical tests, it was observed that the amount of EP has 
a different effect on the individual properties of the composites [12]. Polyamide 6/acrylonitrile 
butadiene rubber/EP nanocomposites with various percentages of NBR phase and mineral 
nanoparticles were prepared using a melt blending process. The peculiarity of this study was that 
two types of polymers (thermoplastic and elastomer) were used for the preparation of composites. 
The results confirmed that changing the percentage ratio of elastomer and EP nanoparticles makes it 
possible to obtain composites with optimal mechanical properties [13]. Akkaya et al. synthesized a 
novel poly(acrylamide-EP) composite through free radical polymerization. It was revealed that 
acrylamide plays the role of a crosslinking agent for perlite and the composite has an increased 
chemical resistance [14]. In another study, the adsorption properties of the composite against Tb3+ 
ions from aqueous solutions were investigated [15].  

Thus, it is clear from the reviewed studies that researchers have proposed both physical [9–13] 
and chemical synthesis methods [14,15] for the design of EP/Polymer composites. 

In the present study, industrial polymer-butadiene rubber (BR) was chosen as the polymer 
component for the preparation of the EP/polymer composite. The synthesis procedure consisted of 
carrying out a joint reaction of oxidative chlorophosphorylation (ОхCh) of BR and EP followed by 
hydrolysis of the resulting intermediate composite. It should be noted that the OxCh reaction 
previously was used to synthesize phosphorus- and phosphorus/nitrogen-containing functional 
polymers (based on BR), as well as BR hybrid composites with graphene nanoplates and bentonite 
[16–18]. The scientific novelty of the work lies in the fact that the OxCh reaction was used for the first 
time for the synthesis of an EP/polymer composite. The structures of new composites were studied 
using FTIR, XRD, UV-Vis, and SEM-EDX methods. The results of the study of phosphorus-containing 
BR (without filler) synthesized by the same method are also presented for comparison. In addition, 
the preparation of composites of this type is because silanol groups are very sensitive to the presence 
of other organic molecules that can interact with them. These are groups that are present on the EP 
surface and can be attracted to organic molecules (in this case, rubber macromolecules). 

2. Materials and Methods 

2.1. Materials 

BR was purchased from Voronezh Synthetic Rubber Manufactory (Russia). It consists of 96-98 % of 
cis-1,4 units. The EP was purchased from Bitlis (Turkey). Phosphorus trichloride (PCl3), carbon 
tetrachloride (CCl4), and sulfuric acid were used without further purification (Gorex Analyt 
GmbH). Oxygen was supplied to the reaction medium by purging through the concentrated 
sulfuric acid. 

2.2. Methods 
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2.2.1. Synthesis of the first type of composite 

The first type of composite was synthesized in two steps. 
The first step is the OxCh reaction and was carried out as follows: 5 g of BR was dis-solved in 50 

ml of CCl4 in a three-necked round-bottomed flask and 0.5 g of EP was added to this solution. The 
flask is equipped with a reflux condenser, a thermometer, and a bubbler to supply oxygen gas to the 
reaction zone. Oxygen is fed into the reaction medium after passing through concentrated sulfuric 
acid to purify the gas, then PCl3 is cautiously added to the reaction zone in portions (the weight ratio 
of BR and PCl3 is equal to 1:3), and the oxygen supply during the reaction is continuous at a rate of 7 
L/h is kept. The nature of the reaction was exothermic, the temperature increased to 50 °C. A dark 
brown solid was obtained within 3 hours (Figure 1-step 1) and was then separated from the liquid 
using a distillation under a water pump. As a result, a composite with -P(O)(Cl)2 groups was 
obtained. This composite contains active P-Cl bonds that are easily hydrolyzed.  

In the second step, the hydrolysis process of the -P(O)(Cl)2 composite obtained in the first step 
was carried out under continuous stirring at 50 °C for 2 hours (Figure 1-step 2). The product obtained 
at this step is filtered and washed with distilled water and then with acetone until neutral pH. The 
final product contained -P(O)(OH)2 groups and was dried first in air and then in a vacuum drying 
oven at 50°C for 2 hours. The resulting composite is abbreviated as EP/PhBR. The synthesis of the 
composite EP/PhBR is presented in Figure 1. 

 

Figure 1. Synthesis scheme of EP/PhBR. 

2.2.2. Synthesis of the second type of composite 

The second type of composite was synthesized in three steps. 
In the first step, EP was added to a three-necked flask with CCl4 inside, and the flask was 

equipped with a reflux condenser, a thermometer, and a bubbler to supply oxygen gas to the reaction 
zone. The amount of EP added (g) is 2% of the CCl4 volume (ml). The mixture in the flask was kept 
under continuous stirring and the reaction zone was enriched with oxygen at a rate of 7 l/h. PCl3 was 
carefully added to the reaction mixture in a weight ratio of EP to PCl3 of 1:6. The temperature rose to 
38℃, the reaction mixture turned yellowish-white within 40 minutes, and the temperature dropped 
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to room temperature (Figure 2-step 1). A part of this mixture was taken for analysis, and a 10% 
solution of pure BR in CCl4 was added to the remaining part, and PCl3 was added again in a 1:3 
weight ratio (BR : PCl3) with the same manner (2.2.1. Synthesis of the first type of composite), and the 
reaction was continued. The temperature of the reaction medium was gradually increased to 48°C 
and a dark brown solid was obtained in the medium over 4 hours. After this time, the temperature 
of the reaction medium does not increase with the addition of PCl3, which indicates the completion 
of the reaction (Figure 2-step 2). After the second step, the solid product in the flask was separated 
from the liquid phase by a water pump. Then, this sol-id product containing -P(O)(Cl)2 groups were 
hydrolyzed at 50 °C for 2 hours (Figure 2-step 3), after hydrolysis, the product was washed with 
deionized water, dried first in the air, and then in a vacuum drying oven. The resulting composite is 
abbreviated as PhEP/PhBR. The synthesis of the composite PhEP/PhBR is illustrated in Figure 2. 

 

Figure 2. Synthesis scheme of PhEP/PhBR. 

2.2.3. Synthesis of PhBR 

A viscous solution of 6% BR in CCl4 was prepared in a three-necked flask equipped with a reflux 
condenser, a thermometer, and an oxygen gas supplier and kept under stirring. Gaseous oxygen was 
plugged into the reaction medium at a rate of 7 liters per hour to purge the reaction medium. The 
reaction started by adding 10 ml of PCl3 dropwise to the mixture (the first step), the temperature rose 
to 51 ℃, indicating that the reaction was exothermic. After 3 hours a thick brown solid formed in the 
medium and the temperature dropped to room temperature (Figure 3-step 1)). Thereafter, the liquid 
phase containing (PCl3, CCl4, and POCl3) was separated from the solid by simple distillation 
connected to a vacuum pump. Next, the solid containing -P(O)(Cl)2 groups were hydrolyzed at 50 ℃ 
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for 2 h (Figure 3-step 2), washed with deionized water, and finally dried in air and vacuum [16]. The 
synthesis of the PhBR is shown in Figure 3. 

 

Figure 3. A synthesis scheme of modified BR. 

2.2.4. Characterisation techniques 

FTIR spectra of all samples were measured using a Perkin Elmer Spectrum 100 FTIR 
spectrophotometer in the range of 650–4000 cm-1. Its resolution value is 4 cm-1 and 4 standard scans 
were taken. The samples (without using KBr or NaCl) were clamped under the ATR disc and the 
measurements were taken.  

UV-Vis spectroscopy studies of the samples were carried out using the Specord 210 Plus 
(Analytik Jena, Germany) UV-Vis spectrophotometer in the wavelength range of 190–700 nm. The 
measurements were carried out using a solid sample holder, which allowed the samples to be studied 
in the form of powder. 
XRD patterns were recorded on a Rigaku Mini Flex 600 X-ray diffractometer (λ=1.54060 Å) using the 
Ni-filtered Cu Kα radiation with a step width of 0.1° and a scanning speed/duration time of 5°/minute 
in the 2θ range from 10° to 90°. 

The surface morphology of the samples was observed using a field emission scanning electron 
microscope (Zeiss Gemini 500, Carl Zeiss SMT AG, Germany) after coating with gold (about five nm 
thick). EDX spectroscopy was used to identify the elements present in the samples. 

3. Results and Discussion 

It should be noted that the characterization of PhBR has been studied in detail in our previous 
studies [16,19]. In particular, the existence of a C-O-C bond between macromolecules was proved by 
the NMR solid phase method [19]. In addition, the presence of C-Cl fragments in the polymer matrix 
was confirmed by thermogravimetric-mass spectrometric analysis [16]. Nevertheless, for a clearer 
understanding and detailed comparison of the results obtained for EP/PhBR and PhEP/PhBR 
composites, the results obtained for PhBR are also presented in this article (since PhBR was used as a 
matrix for the preparation of EP/PhBR and PhEP/PhBR composites). 

3.1. FTIR Spectroscopy  

To investigate the modification of EP through the OxCh reaction, the FTIR spectra of EP and 
PhEP were compared (Figure 4). 
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Figure 4. FTIR spectra of EP (black) and PhEP (red). 

The FTIR spectrum of EP (black line) contains the following main absorption bands: 1628 cm-1, 
1000 cm-1, and 787 cm-1. In addition, a wide band is observed in the 3650-3350 cm-1 range. The strong 
band at 1000 cm-1 relates to the vibration of the Si-O bond, which is expected since the main 
constituent of the EP is silicon oxide (SiO2). A broad band in the range of 3650-3350 cm-1 indicates 
axial deformation of the OH of Si-OH groups of the EP. The peak located at 787 cm-1 is attributed to 
the Si-O stretching vibration of Si-O-Al. The peak at 1628 cm-1 is attributed to adsorbed water [20,21]. 

In the FTIR spectrum of PhEP (red line), it was observed that the absorption band around 1000 
and 787 cm-1, associated with the bond vibration of the Si-O groups present in the unmodified EP, 
became more oval. In addition, small shoulders are visible in the range of 787-758 cm-1 and 1083-1000 
cm-1. There was probably an overlap of bands associated with modified silanol groups and absorption 
bands associated with P=O and P-OH groups, which are located almost in the region of 810-1100 cm-

1 [16–18,22]. The spectrum also shows a relatively broad band in the range from 3100 to 3600 cm-1, 
due to the OH stretching absorption of the -P(O)(OH)2 groups [16]. All these observations confirm 
that the phosphoric acid groups have functionalized the EP surface, although not deeply. 

In general, over the entire interval, the PhEP absorption bands had lower intensity than the EP. 
This result was obtained when EP was treated with alkali [23]. 

The spectra of PhBR and composites are presented in Figure 5. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 October 2023                   doi:10.20944/preprints202310.1338.v1

https://doi.org/10.20944/preprints202310.1338.v1


 7 

 

 

 

 

Figure 5. FTIR spectra of PhBR (black), EP/PhBR (blue), and PhEP/PhBR (red) composites. 

As mentioned in our previous work, PhBR is characterized mainly by the following functional 
groups: P=O, –P(O)(OH)2, P–OH. The band appearing at 1180 cm-1 can be attributed to vibrations of 
the P=O groups. The IR bands at 1702, 2864, and 3394 cm-1 are attributed to the -OH vibration in –
PO(OH)2 groups. An intensive band at 986 cm-1, corresponding to the C–O–P bond, indicates the 
attachment of the –PO(OH)2 groups to the macromolecular chain via oxygen. The absorption band of 
the P–OH group can also appear in the 900–950 cm-1, which is observed in the form of a shoulder at 
926 cm-1. In addition, CH2 groups include clearly visible bands in the range of 1400-1500 cm-1, which 
is characteristic of BR [24]. 
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As can be seen from the figure, the spectra of the composites (Figure 5, blue and red lines) contain 
absorption bands characteristic of both PhBR and PhEP, but of course, with some changes. This 
confirms that the composites consist of BR and EP. 

In the spectra of composites, it was observed that the absorption band at 1000 cm-1, associated 
with the vibration of the Si-O bond of the group present in the unmodified EP is shifted lower 
wavenumber, in this case, the band appears at 994 cm-1. This may be due to the formation of hydrogen 
bonds between the functional groups of the PhEP and the PhBR. This is also supported by the fact 
that the shoulder present in the PhBR spectrum (at 926 cm-1) is practically invisible in composites. 
This means that the P–OH groups present in the PhBR are involved in the polymer-mineral 
interaction in the composites. The absorption band in the range of 980–1000 cm–1 in the composites is 
more intense than in PhBR. There was probably an overlap between the bands of silanol groups in 
PhEP and the absorption bands of the C–O–P bond, which are practically in the same spectral region. 

In the range of 1050-1200 cm-1, the spectra of the composites differ from the spectrum of PhBR, 
namely, the intensity of the absorption band present at 1180 cm-1 (related to P=O groups) is 
significantly reduced in the composites. This is explained by the fact that in composites a hydrogen 
bond is formed at the oxygen of the phosphoryl group. 

In general, when comparing the spectra of the composites and PhBR, it is clear that the following 
pattern is observed in the intensity of absorption bands: 

Intensity (PhBR) < Intensity (PhEP/PhBR) < Intensity (EP/PhBR) 
Namely, over the entire range, the absorption band of the first type composite (EP/PhBR) is more 
intense than that of the second type composite (PhEP/PhBR). According to the synthesis conditions, 
EP in the PhEP/PhBR composite should be more modified. These results are in good agreement with 
the data presented in Figure 4. According to the FTIR spectra, the corresponding absorption bands in 
the PhEP have lower intensity. 

3.2. UV-Vis Spectroscopy 

By studying the optical properties of the samples, it is possible to make an opinion about their 
possible application areas in the future. For example, with UV-Vis studies, certain ideas can be given 
about the photocatalytic activity of materials, and for this purpose, UV-Vis studies were also 
conducted. The study of absorption spectra is a method of learning more information about the 
structure of a material. 

Figure 6 shows the UV-Vis spectra of EP and PhEP (a), EP/PhBR and PhEP/PhBR composites (b) 
and PhBR (c). As can be seen from the figure, after the OxCh reaction of EP, the observed peak at 254 
nm wavelength shifted to smaller wavelengths (243 nm), and visible-light absorption was improved. 
This change can be caused by quantum size effects [25]. A similar phenomenon was also observed in 
g-C3N4 grafted expanded perlite [26]. 

As can be seen from the UV-Vis spectra of EP/PhBR and PhEP/PhBR composites (Figure 6 (b)) 
and PhBR (Figure 6 (c)), all samples have strong absorption in the visible light region. It is interesting 
that, unlike PhBR, a red shift was observed in the UV-Vis spectrum of EP/PhBR, and a blue shift was 
observed in the UV-Vis spectrum of PhEP/PhBR. The red shift in the UV-Vis spectrum of EP/PhBR is 
related to the incorporation of EP into the PhBR matrix and has been observed in composite materials 
in many research studies [27,28]. This may also be due to the formation of an H-bond between –OH 
of EP and O=P– in phosphoric acid groups of PhBR. A similar situation was observed in the 
composites formed due to the H-bond between the amine groups of polyaniline and the hydroxyl 
groups of Fe3O4 [29]. It is known from the literature that when PVA is functionalized with phosphate 
groups, a blue shift is observed in the UV-Vis spectrum [30]. PhEP has phosphate groups, which 
indicates that the amount of phosphate groups in PhEP/PhBR is higher than that of PhBR and 
EP/PhBR. Thus, the blue shift observed in PhEP/PhBR may also be due to phosphate groups. This 
can also be seen from the SEM results (Figure 12). 
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Figure 6. UV-visible spectra of EP and PhEP (a), EP/PhBR and PhEP/PhBR composites (b) and PhBR 
(c). 

The optical band gap of the samples was calculated based on the Tauc formula [31]: 
(αhν)n=C(hν-Eg) 

where h is Planck's constant, C is constant, ν is the frequency, Eg is the optical band gap, α 
absorption coefficient, n is 1/2 in the case of direct allowed transitions, and 2 for indirect allowed 
transitions. 

It can be seen from Figure 7 that the optical band gap of PhEP (3.43 eV) is smaller than the optical 
band gap of EP (3.59 eV). That is, the effect of the acids obtained during the OxCh reaction and the 
hydrolysis of the intermediate product on the EP led to a decrease in its optical band gap. Reduction 
of the optical band gap was also observed in acid-activated bentonite under microwave irradiation 
with hydrochloric and sulfuric acids to obtain photocatalytic activity [32]. 

 

Figure 7. Optical band gap calculation of EP (a) and PhEP (b). 
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Different situations were observed in the two composites obtained based on PhBR. The addition 
of EP decreased the optical band gap to 3.00 eV in PhBR (Figure 8 (b)). However, the optical band 
gap was increased after the combination of PhEP and PhBR to 3.27 eV (Figure 8 (c)). This phenomenon 
can be explained as follows. It is known from the literature that the width of the optical band of 
polyvinyl alcohol films modified with phosphoric acid increases as the concentration of the acid 
increases. Because there is a relationship between the concentration of phosphoric acid and the 
amount of defects in the films. The amount of defects in films decreases with excess concentration of 
phosphoric acid. It is known that defects in films form localized states in the optical band gap, and 
these localized states overlap. If the overlap in localized states decreases, the energy band gap 
increases due to the increase in phosphoric acid concentration in the polymer matrix [33]. Based on 
the above, the following conclusions can be drawn: In the PhEP/PhBR composite, EP was initially 
modified by the OxCh reaction. This indicates that there is a chemical affinity between the polymer 
and mineral components in this type of composite and that there are fewer structural defects in the 
composite. As a result, an increase in the optical band gap is observed; in the EP/PhBR composite, 
the inclusion of EP in the PhBR matrix led to the formation of structural defects and, as a result, 
reduced the optical band gap. 

 

Figure 8. The optical band gap calculations of PhBR (a), EP/PhBR (b), and PhBR/PhBR (c) 
composites. 

3.3. XRD Analysis 

XRD analysis of the EP sample was usually performed to confirm the presence of ordered (e.g., 
zeolite) or disordered (e.g., amorphous silica) oxide materials [23]. XRD patterns of EP and PhEP 
samples are given in Figure 9. As can be seen from the figure, EP consists of an amorphous mineral 
phase (amorphous silica (SiO2)), with glassy mass observed between 10° and 40° values of 2θ. After 
the OxCh reaction of EP, the diffraction peak corresponding to the amorphous phase was not changed 
in shape, and this indicates no change in the porous structure of the EP during modification and the 
phosphorus-containing groups attached to the surface of EP. However, after the OxCh reaction of EP, 
a new crystalline peak was observed at the value of 24.6° of 2θ [34]. The increase in the intensity of 
the peak at the value of 24.6° of 2θ after the OxCh reaction can be explained as follows: It is known 
from the literature that the composition of EP consists of SiO2, Al2O3, CaO, MgO, Fe2O3, Na2O, K2O 
oxides and trace amounts of metal oxides [35]. HCl and H3PO4 acids released when hydrolyzing the 
modification obtained from the OxCh reaction of EP can react with amphoteric and basic oxides in 
expanded perlite and reduce the amount of these oxides because of washing. At this time, the amount 
of SiO2 acid oxide, which does not react with acids, increases compared to other oxides in the material. 
Based on literature data, the peak observed at 2θ value of 24.6° can be attributed to amorphous SiO2 
[23]. A similar phenomenon was observed in the XRD patterns of the product obtained from the 
modification of EP with NaOH and HCl [23]. The noted diffraction peak has also been observed by 
several authors [36,37] at values close to 2θ and is a good match with JCPDS data (card No. 01-086-
1561) [38]. 
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Figure 9. XRD spectra of EP and PhEP. 

XRD patterns of PhBR, EP/PhBR, and PhEP/PhBR composite samples are given in Figure 10. As 
can be seen from the figure, in the XRD patterns of PhBR, EP/PhBR, and PhEP/PhBR composite 
samples, diffraction peaks corresponding to the amorphous phase are observed between 10° and 40° 
angles of 2θ. Additionally, these peaks corresponding to the amorphous phase are similar for the 
PhBR, EP/PhBR, and PhEP/PhBR composite samples, and no new diffraction peaks were observed. 
This indicates that the porous structure of EP is not changed in both EP/PhBR and PhEP/PhBR 
composites.  

 

Figure 10. XRD spectra of PhBR, EP/PhBR, and PhEP/PhBR composites. 

Comparing the XRD patterns of PhBR and EP/PhBR composite samples (Figure 10), it can be seen 
that the observed amorphous halo is broader in EP/PhBR composite than in PhBR and shifted to 
higher angles of 2θ. This may be due to the formation of a new amorphous phase in the PhBR matrix 
by the addition of EP. A similar situation was observed in perlite and geopolymer synthesized from 
perlite [34]. 
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As can be seen from the comparison of XRD patterns of EP/PhBR and PhEP/PhBR composites 
(Figure 10), the amorphous halo observed between 10° and 40° values of 2θ is more intense in 
PhEP/PhBR composite than in EP/PhBR composite. This may be related to the chemical bonding 
formations between the filler and the polymer matrix in the PhEP/PhBR composite. Because PhEP 
has better dispersion and interaction with the PhBR matrix than EP, and this may be due to the 
presence of phosphorus-containing acidic groups on the surface of PhEP. A similar situation was 
obtained in the results of XRD studies of EP/acrylonitrile-butadiene-styrene composite [2].  

3.4. SEM-EDX Analysis 

Figures 11 and 12 illustrate the results of SEM-EDX analysis of samples. 

 

Figure 11. SEM-EDX micrographs of EP (a) and PhEP (b). 
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Figure 12. SEM-EDX micrographs of PhBR (a), EP/PhBR composite (b), and PhEP/PhBR composite 
(c). 

As can be seen from Figure 11, compared to the EP, PhEP has a clearly defined layered structure. 
Apparently, during the OxCh reaction, impurities (mainly oxides of sodium, potassium, etc. and they 
are visible in the SEM analysis as small particles) were modified, and soluble salts were removed 
from the EP by water treatment. According to the results of EDX analysis, the PhEP contains 
phosphorus and chlorine atoms, i.e., during the reaction, EP unambiguously undergoes modification. 

When considering the results of the SEM-EDX analysis presented in Figure 12, it is clearer that, 
unlike PhBR, composites contain both a polymer and a mineral phase. When comparing the 
morphology of composites of the first (EP/PhBR) and second (PhEP/PhBR) types, the difference can 
be clearly emphasized. Apparently, in the first type of composite, the EP undergoes a relatively low 
degree of modification, therefore, in the morphology of this sample, EP layers are clearly visible 
(which is in good agreement with the results of FTIR analysis), and the polymer is distributed around 
it. Figure 12 (c) demonstrated an indistinct difference between the PhEP particles and the polymer 
matrix, indicating good dispersion of the PhEP filler into the matrix, resulting in a homogeneous 
PhEP/PhBR composite. This difference is related to the synthesis conditions.  

In the synthesis of the first type of composite (EP/PhBR), EP and BR are added to the reaction 
flask simultaneously and the OxCh reaction is carried out. Thus, it was determined that insufficient 
dispersion was achieved in the composite synthesized by this approach. During the preparation of 
the second type of composition (PhEP/PhBR), EP is first added to the reaction flask, its initial 
modification is carried out, then the polymer solution is added to the reaction mixture and the OxCh 
reaction is carried out. Therefore, premodification of EP provides a better dispersion of the mineral 
in the composite. 
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5. Conclusions 

Polymer/mineral composites containing BR and EP were prepared by OxCh and hydrolysis of 
the intermediate product was obtained after this reaction. In this research work, EP, its phosphorus-
containing derivative (PhEP), phosphorus-containing BR (PhBR), and two types of composites based 
on EP, PhEP, and PhBR, namely EP/PhBR and PhEP/PhBR, were characterized by various methods. 
To design the first type of EP/PhBR composite, EP and BR were simultaneously modified, and to 
design the second type of PhEP/PhBR composite, initially, the EP was modified by the OxCh reaction, 
and then the modification was continued in the presence of BR. The results of FTIR spectroscopy 
showed the presence of P=O, P-OH, and -P(O)(OH)2 groups in PhBR, PhEP, and both composites. 
The results of the UV-Vis study were used to calculate the optical band gap for the samples. Based 
on the obtained results, the value of the Eg parameter was determined as follows: 
EP/PhBR<PhBR<PhEP/PhBR. These results indicate a greater chemical affinity between the polymer 
and mineral phases in the PhEP/BR composite. XRD studies have shown that both the modification 
of EP and the removal of contaminants by the OxCh reaction are effective. Comparison of XRD results 
of PhBR, EP/PhBR, and PhEP/PhBR composite showed better dispersion and interaction of mineral 
phase in the polymer matrix in PhEP/PhBR. The results of SEM-EDX analysis show that the PhEP has 
a more distinct layered structure. Apparently, impurities were removed from the EP during the OxCh 
reaction. According to the results of EDX analysis, phosphorus, and chlorine atoms are also present 
in PhEP. Based on the results of SEM-EDX analysis, it was established that, unlike PhBR, composites 
contain both a polymer and a mineral phase. In addition, preliminary modification of EP makes it 
possible to obtain a composite (the second type of PhEP/PhBR composite) with good mineral 
dispersion. 
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