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a b s t r a c t
Tellurium-cobalt/polybutylene terephthalate (Te-Co/PBT) and Te/PBT nanocomposites were pre-
pared via solution casting method. The morphological study presented that both Te and Te-Co 
nanoparticles (NPs) are well embedded inside the polymer matrix. The Te NPs are round in shape 
having size less than 150 nm. While Te-Co NPs are in agglomerated form. The size of agglomer-
ated NPs are below 400  nm. The formation of NPs was also confirmed by Fourier-transform 
infrared spectroscopy and energy-dispersive X-ray spectroscopy. thermogravimetric analysis pre-
sented that the thermal stability of nanocomposites was higher than neat PBT. Photodegradation 
study presented that the Te-PBT and Te-Co/PBT nanocomposites significantly degraded the bro-
mothymol blue dye in aqueous medium. The neat PBT degraded about 7% and 21% of dye 
while Te(40  wt.%)/PBT and Te/Co(40  wt.%)/PBT degraded about 51% and 71%, and 56% and 
77% dye, respectively within 2 and 8 h irradiation time.
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1. Introduction

Polymer based composites are considered as heteroge-
neous systems that comprise of a polymer matrix and fill-
ers such as carbon nanotubes, nanoclay, graphene, metal-
lic nanoparticles, activated carbon etc. [1]. The majority of 
polymeric materials are non-conducting, low mechanical, 
thermal and optical properties, which may be enhanced by 
the incorporation of fillers like metallic nanoparticles, car-
bon fibres, carbon nanotubes, nanoclay, graphite etc. For 
example, Saeed et al. [2] prepared Co–Mn/nylon-6,6 nano-
composites via solution casting method. They found that 
the thermal and mechanical properties of nylon-6,6 were 
increased by the addition of Co–Mn NPs into the polymeric 
matrix. Ullah et al. [3] prepared illite/polycaprolactone/
zein electrospun scaffolds. They found that the incorpo-
ration of illite clay enhanced the mechanical properties 
of composite scaffolds. Further, they reported that the 

clay-corn-caprolactone scaffold is a promising material for 
bone tissue engineering. Thompson et al. [4] incorporated 
branched carbon nanotubes into polybutylene terephthal-
ate, which significantly improved both the storage and 
loss modulus of polybutylene terephthalate (PBT).

Recent years have seen increased effluents discharge due 
to the high usage of organic dyes in the leather, cosmetic, 
food and textile industries, resulting in increased water con-
tamination. Due to their large size, complex structure, chem-
ical stability and poor biodegradability, majority of organic 
dyes in wastewater, have trouble being degraded [5]. These 
dyes not only disturb the ecosystem but also cause serious 
toxic problems in plants, animals and human beings. The 
presence of these coloring materials in water also retard 
sunlight penetration in the water and disturb aquatic life 
[6]. Various techniques have been used to control the water 
pollution caused by dyes, including adsorption, ozonation, 
ultrafiltration, electrochemical methods, bioremediation, 
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enzymatic processes, and photocatalysis [7–9]. Among 
these techniques, photocatalysis has advantages over other 
methods due to effectiveness, non-selective oxidation, low 
cost and environmentally friendly way of removing con-
taminates/pollutants from water [10]. Photocatalytic deg-
radation occurs when photocatalyst expose to light, which 
absorbs photons with an energy equal to or greater than 
its bandgap energy and results the excitation of electrons 
occur from valence band to conduction band in the semi-
conductor. The electrons react with dissolve oxygen to gen-
erate O2

• while positive charge holes react with water to 
form OH–• radicals. Both hydroxyl and super oxide anion 
radicals are strong oxidizing agent, react with organic dyes 
and lead to their degradation [11,12].

In the current study, Te-PBT and Te-Co/PBT nanocom-
posites were prepared via solution casting method. The 
polymer-based nanocomposites were analyzed by var-
ious instrumental techniques such as scanning electron 
microscopy (SEM), energy-dispersive X-ray spectroscopy 
(EDX), Fourier-transform infrared spectroscopy (FTIR) and 
thermogravimetric analysis (TGA). The prepared poly-
mer-based nanocomposites were also employed as catalyst 
for the photodegradation bromothymol blue (BTB) dye in 
aqueous medium.

2. Experimental set-up

2.1. Materials

Polybutylene terephthalate (PBT), formic acid, cobalt 
chloride and tellurium powder were obtained from Sigma-
Aldrich (Germany). The bromothymol blue dye was 
received from Fisher Chemical (United States).

2.2. Preparation of tellurium/cobalt (Te/Co) NPs

100 mL CoCl2 (0.1 M) and 1 g of Te powder was taken 
in flask and then added 0.2  M NaOH dropwise until the 
pH of the mixture reached to basic medium. The mixture 
was reflexed at 60°C for 2  h. After specific reaction time, 
the mixture was cooled and Te/Co NPs were obtained via 
filtration. The NPs were oven dried and stored.

2.3. Preparation of Te/Co/PBT nanocomposite

0.12 g Te/Co NPs was added in PBT solution (PBT dis-
solved in tetrahydrofurane), stirred for 2  h and then son-
icated for 15  min. The viscous solution of Te-Co(8  wt.%)/
PBT film/sheet was prepared via solution casting method. 
The obtained film of Te-Co(8  wt.%)/PBT was washed sev-
eral times with distilled water in order to remove any attach 
trifluoroacetic acid. The same method was also adopted 
for the preparation of 16, 24, 32 and 40  wt.% Te/Co/PBT 
and Te/PBT nanocomposites films/sheets.

2.4. Photodegradation of bromothymol blue

10 mL BTB dye (120 ppm) solution was taken in various 
beakers and 0.03  g of each Te/PBT and Te/Co/PBT nano-
composites were separately added to each beaker. The mix-
ture solutions were kept in dark for 20  min and then irra-
diated under UV light for specific time. The samples were 

continuously stirred during UV irradiation. After specific 
irradiation time, the nanocomposite was separated from 
dye solution and BTB degradation was analyzed by UV-Vis 
spectrophotometer. Percent photodegradation study of 
PBT was carried out using the following equations:
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where C0 indicates dye initial concentration, C indicates 
the concentration of dye after UV irradiation. A0 indicates 
initial dye concentration while A is the absorbance of dye 
after UV radiation.

2.5. Instrumentation

FTIR study of PBT, Te/PBT and Te/Co/PBT nanocom-
posites was performed by FTIR spectrometer (PerkinElmer, 
Serial Number 95120, UK). SEM and EDX analysis of Te/PBT 
and Te/Co/PBT nanocomposites of fractured surface was 
carried out by SEM LA-6490, JEOL, Japan (energy range of 
0–20 keV) and EDX-INCA 200/Oxford Instruments, Oxford, 
UK, respectively. Thermogravimetric analysis was per-
formed in a nitrogen atmosphere at a heating rate of 10°C/
min from room temperature to 600°C using TGA (TGA-50 
Shimadzu). The photodegradation study of BTB was con-
ducted using UV-Vis spectrophotometer (Model UV-1800, 
Shimadzu, Japan).

3. Results and discussion

3.1. FTIR study

Figs. 1 and 2 show the FTIR spectra of PBT, Te/PBT and 
Co-Te/PBT nanocomposites. The FTIR spectrum of PBT 
presented a broad peak at 3,500–3,200  cm–1, which might 
be due to the stretching vibration of OH group [13]. The 
peaks appeared at about 2,930 and 1,720 cm–1 are due to the 
stretching vibration of C–H and C=O. The PBT spectrum 
show bands at 1,455 and 1,405  cm–1, which correspond to 
the bending vibrations of methylene groups and stretch-
ing vibration of C–C in the benzene rings, respectively. The 
peaks appeared in the region 1,150 and 1,000  cm–1 might 
be due to the C–O–C stretching vibration. The spectra also 
showed peaks at about 725 and 555–395 cm–1, which might 
be due to the aromatic C–H and C–O, respectively [14,15]. 
Fig. 2 presents that the FTIR spectra of Te/PBT and Co-Te/
PBT nanocomposites are similar with that of neat PBT. 
However, the peak intensity at about of 500 cm–1 decreased 
in the case of nanocomposite, which might be due to the 
interaction of nanoparticles with PBT.

3.2. TGA study

Figs. 3 and 4 show the thermograms of PBT, Te/PBT 
and Co-Te/PBT nanocomposites. The thermogram of 
PBT presented that the degradation of polymer started 
at 370°C and almost completely degraded at 470°C. The 
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thermogravimetric curve of Te/PBT showed that the deg-
radation of nanocomposites are enhanced gradually as 
enhanced the quantity of Te NPs in the polymer matrix. The 
degradation of Te(8%)/PBT and Te(40%)/PBT were 385°C and 
410°C, respectively. Similarly, the degradation of Co-Te/PBT 
nanocomposites is also increased gradually as increased the 
amount of Co-Te NPs in the matrix (Fig. 4). The degradation 
temperature of Co-Te(8%)/PBT and Co-Te(40%)/PBT were 

about 380°C and 450°C, respectively. Similarly, Bhat et al. 
[16] also reported that the thermal stability of PVA/melamine 
formaldehyde polymer was significantly improved by the 
incorporation of NiO nanoparticles.

3.3. SEM study

Fig. 5 illustrates that the SEM images of cryofracture 
surfaces of Co(32%)/PBT and Te-Co(32%)/PBT nanocom-
posites. The SEM micrograph (Fig. 5b) presented that the 
Te NPs were present in dispersed form inside the PBT 

 
Fig. 1. Fourier-transform infrared spectra of neat PBT and 
different % of Te/PBT nanocomposites.

 
Fig. 2. Fourier-transform infrared spectra of neat PBT and 
different % of Te-Co/PBT nanocomposites.

 
Fig. 3. Thermogravimetric analysis of different % of PBT and 
Te/PBT nanocomposites.

 
Fig. 4. Thermogravimetric analysis of different % of PBT and 
Te-Co/PBT nanocomposites.
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matrix. It was also observed that the Te NPs are round in 
shape having size less than 150  nm. Similarly, Te-Co NPs 
is also present in dispersed form within the PBT matrix. 
The shapes of Te-Co NPs are also round with irregular shape.

3.4. EDX study

EDX technique is used in order to study the %com-
position of elements in a material/matrix. Fig. 6 shows the 
EDX spectra of PBT, Te/PBT and Te-Co/PBT nanocompos-
ites, which illustrated that both Te and Co are present in 
PBT based nanocomposite. The spectra also presented a 
strong peak of Au, which came from gold coating during 
the analysis. Minute quantity of chloride is also found, 
which might remain from the precursor salt.

3.5. Photodegradation study of bromothymol blue

Fig. 7 presents the UV-Vis spectra of the BTB dye solu-
tion before and after UV irradiation as photodegraded 
by PBT and Te/PBT nanocomposites. The spectra showed 
that the degradation of BTB dye increased as increased the 
irradiation time. The spectra also presented that the photo-
degradation of dye increased as increased the quantity of 
Te NPs in PBT matrix.

Fig. 8 shows the comparison of % degradation of BTB, 
which was degraded by PBT and Te/PBT nanocomposite 
under UV irradiation at various time intervals. The results 
(Fig. 8) show that PBT degraded about 7% and 21% of dye 
within 2 and 8  h, respectively. While the Te(40  wt.%)/PBT 
nanocomposite degraded about 51% and 71% dye within 2 
and 8 h irradiation time, respectively. Similarly, the increase 
of photodegradation of dye with high quantity of Fe2O3 
NPs in polycaprolactone based nanocomposites was also 
reported by Saeed et al. [17].

3.6. Photodegradation of dye by Te-Co/PBT nanocomposite

Fig. 9 shows the UV-Vis spectra of the BTB dye solu-
tion before and after UV irradiation as photodegraded 
by PBT and Te-Co/PBT nanocomposites. The spectra pre-
sented that the degradation of BTB dye was increased as 
increased the irradiation time. The spectra also presented 
that the photodegradation of dye enhanced as increased 
the quantity of Te-Co NPs in polymer matrix. The results 
also showed that Te-Co(40  wt.%)/PBT nanocomposite 
degraded about 56% and 77% of dye within 2 and 8 h irra-
diation time, respectively (Fig. 10). It means that Te-Co/
PBT nanocomposites are more active than Te/PBT com-
posites. The comparison of current study results with 
reported results are shown in Table 1.

3.7. Effect of H2O2 on the photodegradation of BTB dye by PBT 
and nanocomposites

Tables 2 and 3 show the effect of H2O2 on the dye degra-
dation, which presented that the BTB dye was significantly 
degraded by PBT and its nanocomposites when minute 
amount of H2O2 was added. In the presence of neat PBT, 
dye degradation was decreased gradually (40%, 38%, 35% 
and 30%) as increased as increased the amount of H2O2, 
that is, 0.005, 0.01. 0.02, and 0.03  mL, respectively within 
1  min. Similarly, the degradation of BTB dye in the pres-
ence of Te(32%)/PBT and Te-Co(32%)/PBT nanocomposites 
were also decreased as increased the amount of H2O2. The 
decreased dye degradation with the increased amount of 
H2O2 might be due to the formation of HO2

• radicals, which 
are less reactive radicals than the OH• radicals and as 
result the rate of dye degradation is decreased [22].

H O OH HO H2 2 2 2� � �� �

 

Fig. 5. Scanning electron micrographs of (a) PBT, (b) Te(32%)/PBT and (c) Te-Co(32%)/PBT nanocomposites.



61T. Gul et al. / Desalination and Water Treatment 300 (2023) 57–64

 
Fig. 6. Energy-dispersive X-ray spectra of (a) PBT, (b) Te/PBT and (c) Te-Co/PBT nanocomposites.

 

Fig. 7. UV-Vis spectra of BTB dye photodegraded by (a) neat PBT, (b) Te(8 wt.%)/PBT, (c) Te(16 wt.%)/PBT, (d) Te(24 wt.%)/PBT, 
(e) Te(32 wt.%)/PBT and (f) Te(24 wt.%)/PBT.
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Fig. 9. UV-Vis spectra of BTB dye photodegraded by (a) PBT, (b) Te-Co(8 wt.%)/PBT, (c) Te-Co(16 wt.%)/PBT, (d) Te-Co(24 wt.%)/
PBT, (e) Te-Co(32 wt.%)/PBT and (f) Te/Co(40 wt.%)/PBT.

 
Fig. 8. % Degradation comparison of BTB by pure PBT and 
Te/PBT nanocomposites.  

Fig. 10. % Degradation comparison of BTB by PBT and different 
percentages of Te-Co/PBT composites.
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4. Conclusion

The Te-PBT and Te-Co/PBT nanocomposites were pre-
pared via solution casting method and were used as a pho-
tocatalyst for the degradation of BTB dye. Morphological 
study shows that the Te NPs were present in dispersed 
form inside the PBT matrix and are round in shape while 
in Te-Co/PBT nanocomposites, Te-Co NPs are found both 
in dispersed and agglomerated form inside the polymer 
matrix. The photodegradation study presented that the 
Te-PBT and Te-Co/PBT significantly degraded the BTB 
dye in aqueous medium. It was also found that the photo-
degradation ability of Te-Co/PBT was higher than Te/PBT. 
Further, the dye degradation was significantly increased 
(presence of nanocomposites films) as by the addition of 
small amount of H2O2.
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