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Abstract

Carbon quantum dot (CQD)/polypropylene (PP) nanocomposite fibers were fabri-
cated using the melt spinning technique. The composite fibers were studied using
tensile measurements, wide-angle X-ray diffraction patterns, Fourier transform infra-
red spectroscopy, fluorescence spectrophotometry, scanning electron microscopy,
transmission electron microscopy, and reflection spectrophotometry. The effects
of CQDs size, CQD/matrix interface adhesion, and CQD loading on the structure,
mechanical, orientation, and optical properties of PP/CQD nanocomposite fibers
were investigated using Taguchi experimental design. The produced PP/CQD nano-
composites fibers exhibited color emission under excitation energy, which could be
attributed to the presence of CQDs embedded inside the PP matrix. The photolumi-
nescence emission spectra of the nanocomposite fibers containing smaller-size CQD
nanoparticles were more significant than other samples at the wavelength of 347 nm.
The results of reflection spectrophotometry measurements showed that the purity
value was increased with enhancing CQD loading inside the polymer matrix. The
results also demonstrated a yellowish red hue imparted to the nanocomposite fibers
with improving CQD loading inside the polymer matrix. The amount of redness and
yellowness of PP/CQD nanocomposite fibers was lower for the smaller-size nano-
particles and tended to blue and green color. The produced fibers could be easily
fabricated and used potentially in a variety of applications like photochemical reac-
tions, anti-counterfeiting, optoelectronic devices, etc.
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Introduction

Nanocrystalline materials of physical dimensions smaller than the exciton Bohr radius
are called quantum dots (QDs). The size of QDs in the nanometer region affects the
electronic properties of them [1]. They have the potential for a variety of applications
such as fluorescent labeling for medical diagnosis, bio-imaging, energy and optical
sensing, and optical amplification due to their specific optical and electrical properties
[2-6]. On the other hand, a new member of the carbon family is carbon quantum dots
(CQDs). CQDs have chemical stability, compatibility, low toxicity, aqueous solubility,
optical absorptivity, and easy functionalization [7-10].

Because of the specific optical and electrical properties of CQDs, they can be used
as nanofillers in polymer composites. Preparation of polymer/CQD nanocomposites
and determination of their physical properties have been the subject of many studies
[11-13]. Polymer/CQD nanocomposites are used in a variety of applications such as
high-performance aircraft and sensors, smart clothing, and tagging [14-16]. Besides,
they can be used as fluorescent textile fibers. There are several investigations on the
preparation of polymer/QDs composite nanofibers and the determination of their physi-
cal properties [17—19]. By the way, the main challenge is the dispersion of QDs in the
polymer matrix and achieving the favorite optical properties in composite fibers.

There are few studies regarding the synthesis and properties of PP/CQD nanocom-
posite fibers. Thus, the present research work’s main objective was to determine the
properties of PP fibers containing CQDs nanofiller as a fluorescent labeling substance.
Also, the effects of essential parameters (CQD percentage, CQD size, and compatibi-
lizer percentage) on the properties of PP/CQD fiber were evaluated. An experimental
design technique was used to examine the effects of the mentioned parameters on the
structure and properties of the nanocomposite fibers. The Taguchi method was used for
the experimental design. The obtained results from the experimental design could lead
to achieving process optimization.

Experimental
Materials

PP with the melt flow index (MFI) of 25 g/10 min (230 °C and 2.16 kg) was pur-
chased from Marun Petrochemical Company, Iran. The maleic anhydride grafted
PP (PP-mg) with 30% maleic anhydride was prepared from Marun Petrochemical
Company, Iran, and was used as a compatibilizer. Chitosan (C¢H,;NO,),, with MW
of 100,000-300,000 g/mol, was purchased from Acros, and acetic acid 99.9% was
received from Merck.

Synthesis and characterization of carbon QDs

CQDs were synthesized from chitosan following the procedure reported else-
where (Fig. 1) [19]. Chitosan was dissolved in acetic acid and heated at 180 °C in
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a Teflon-coated stainless steel autoclave for 8 and 16 h. After cooling to room tem-
perature, the obtained dark brown product was centrifuged for 25 min at 14,000 rpm
to remove the higher size particles with less fluoresce property. The average size of
the CQDs used in this study was 5 nm (production time: 16 h) and 2 nm (production
time: 8 h).

Experimental design

The purpose of experimental design is to observe and identify output changes by
consciously changes input variables. There are several ways to experimental design.
Taguchi experimental design is the method to improve the quality of the process and
achieve the product. Taguchi experimental design is organized based on the mini-
mum resources, time, and the number of possible experiments. The steps of Tagu-
chi experimental design implementation, considering the details, and in order of
importance, are as follows: introducing effective factors in the reaction, the number
of required experimental, analysis of answers. Taguchi’s L8 array method was used
for the design of the experiments. Three factors were considered for the evaluation
of the response variables: one factor in 4 levels (CQD nominal weight percentage
0%, 0.5%, 1%, and 2%) and two factors in 2 levels (CQD size 2 nm and 5 nm and
compatibilizer percentage 0% and 3%). Taguchi’s L8 array is defined in Table 1. The
Taguchi experiment proposed arrays of 8 rows and three columns for three factors
(factor 1: percentage of the CQDs, factor 2: CQDs size, and factor 3: percentage of
the compatibilizer) [20].

Preparation of PP/CQD nanocomposites

The PP/CQD nanocomposites were prepared by melt mixing in a twin-screw
extruder (ZSK twin-screw extruder, with L/D=40). Rotation speed was 120 rpm,
and the temperature of 6 thermal zones was 195, 200, 210, 210, 200 °C, respec-
tively. According to the Taguchi experimental design, eight samples were prepared
with varying amounts of CQDs (0.5%, 1%, and 2% w/w), two different CQDs sizes,
and two concentrations of compatibilizer (0% and 3% w/w). Fiber spinning was car-
ried out by a Fourne-Bonn melt spinning machine. The temperature of five thermal
zones was set at 215, 220, 225, 230, 235 °C, respectively.

HO.
Ho m Heat 180 °C
q
00
- Ny CH3COOH
HO NH,
Chitosan

Fig. 1 Schematic for the synthesis of carbon quantum dots from chitosan
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Table 1 Taguchi array for the

. . n % CQD CQD size % Com-
design of the experiments S
patibilizer
(PP-mg)
1 1 level=0% 1 level=5 nm 1 level=0%
2 1 level =0% 2 level =2 nm 2 level=3%
3 2 level=0.5% 1 level=5 nm 1 level =0%
4 2 level=0.5% 2 level =2 nm 2 level=3%
5 3level=1% 1 level=5 nm 2 level=3%
6 3 level=1% 2 level=2 nm 1 level=0%
7 4 level =2% 1 level=5 nm 2 level=3%
8 4 level=2% 2 level=2 nm 1level=0%

Characterization

The tensile properties of the fibers were measured by a Zwick (1446-Germany) ten-
sile tester. The gauge length and test speeds were 2.54 cm and 60 mm/min, respec-
tively. A Bomem MB100 FTIR spectrometer was used to record the FTIR spectra
between 4000 and 400 cm™" in transmission mode. The resolution of the spectrom-
eter was 4 cm™, averaging 32 scans. Wide-angle X-ray diffraction patterns of the
samples were obtained using a Philips X-ray diffractometer model Xpert MPD with
symmetrical reflection geometry (CuKo radiation, A= 1.5418A, voltage 40 kV,
current 30 mA). Birefringence of the fibers was measured using a Zeiss polariz-
ing microscope equipped with a 30th-order tilting compensator. Photoluminescence
emission of the samples was measured using a LS50B Luminescence Spectrometer
(Edinburgh Instruments, UK). The reflection curve of the samples was obtained
using a Texflash spectrophotometer from the Datacolor Company, USA. The fibers
were prepared in parallel and placed in the spectrophotometer. Due to the samples’
transparency, the reflection measurements were performed on both white and green
background standards of the spectrophotometer device with the D65 source of ultra-
violet light. The nanocomposite fibers’ morphology was studied by a field emission
scanning electron microscope (FESEM: Hitachi S-4160, Japan) and a transmission
electron microscope (TEM: JEM 3010, JEOL, Japan). For SEM images, the fibers
were coated with gold using the sputtering technique. The ultra-microtomy method
was used for cutting the specimens for TEM. Fluorescence microscopic images were
obtained using a fluorescence microscope (Eclipse Ti-U, Nikon, Japan).

Results and discussion
Morphology of the nanocomposite fibers

Figure 2 shows the FESEM images of the samples n3, n5, and n7. It can be seen
that the CQDs were embedded inside the PP matrix, indicating the CQDs had an
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excellent wetting with the PP matrix. Figure 3 presents the TEM images of the nan-
oparticles inside the PP matrix. Since the CQDs were less transparent toward the
electron beam compared to the polymeric materials, the CQDs appeared black or
dark gray. CQDs were surrounded by the polymer in gray color. The CQDs diameter
was about 2.9 and 6.1 nm for n4 and n5 samples, respectively.

FTIR spectra

Figure 4 shows the FTIR spectra of the samples. The absorption peaks in the
range of 2800-3100, 1380, and 1460 cm™! are related to CH, CH;, and CH,. In
the maleic anhydride grafted PP (PP-mg), the absorption peaks in the region
of 1600-1800 cm™! are related to the carbonyl group in the ring of anhydride,
adsorption in the region of 2600-2700 cm™!, and strong adsorption in the range
of 1000-1300 cm™! are related to C—H bond and C—O bond in maleic anhydride
ring, respectively [21-23]. In the samples containing carbon quantum dots, the
adsorption peak of about 3400 cm™! is related to the O—H vibration bond, indi-
cating the existence of C—OH in the carbon quantum dots. The adsorption peak
that appeared at 3390 and 1790 cm™! can be assigned to symmetrical stretching
and vibrational deformation of —-NH, on carbon quantum dots’ surface. The sharp
peak at 1430 and 1630 cm™! confirmed the formation of C=0 and C-N groups in

Fig.2 The scanning electron micrographs of the surface of the nanocomposites (a n3, b n5, ¢ n7)
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Fig.3 The transmission electron
micrographs of the nanocom-
posites fiber (a n4, b n5)
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Fig.4 FTIR spectra of the nanocomposite fibers

the PP/CQD nanocomposite fibers [19, 24]. Schematic for the chemical reaction
in the synthesis of PP/CQD nanocomposites is shown in Fig. 5. In our previous
work, the interphase properties of polypropylene/carbon quantum dot nanocom-
posite fibers are investigated using micromechanical modeling [20].
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The peaks at 973 cm™' and 997 cm™! correspond to the amorphous phase and
the alpha-crystalline phase, respectively [25]. The absorbance ratio Agg;/Ag;3 Was
used to determine the samples’ helical content [25]. The PP/CQD nanocomposite
fibers’ helical content obtained from the absorbance ratio Agg,/Ag7; 1S summarized
in Table 2.

Figure 6 shows the Taguchi design analysis for the helical content of the samples.
As can be seen, the helical content of the samples was increased with an increase in
CQD content. The sample containing the smaller-size nanoparticles showed a higher
helical content of nanocomposite fibers. The sample containing the compatibilizer
exhibited lower helical content. The obtained results for the helical content of the
samples were in accordance with the degree of crystallinity of them obtained from
WAXD data. Therefore, it could be stated that in melt spinning PP/CQD nanocom-
posite fibers, CQDs caused a significant impact on the composite fiber structure and
morphology [26].

Birefringence

The results of the Taguchi design analysis of the birefringence data for the compos-
ite fibers are shown in Fig. 7. The birefringence of the nanocomposite fibers was
higher than that of the neat PP. Besides, the birefringence of the nanocomposite
fibers was increased with the increase in their CQD content. The nanocomposite
fibers containing the smaller-size CQDs showed a higher birefringence value. Fur-
thermore, the addition of the compatibilizer increased the birefringence of nano-
composite fibers. The obtained results were in accordance with the results obtained

% Q (o]
~—on ) 2
B 7  CH—
Z +O§:LCH_’ Z—°<g CH—CH
®
CcQD l PP-mg
7 f _ i
Z—O—C—? H—CH Z_O_H_C H—CH
% on _CH, %—o—c— H
%—-o’ﬂ fi % 2
7 4 7
hydrogen bond
0
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Fig.5 Schematic of the chemical reactions for the synthesis of PP/CQD nanocomposites
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Fig.6 Taguchi design analysis of the helical content from FTIR measurements
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Fig.7 Taguchi design analysis of birefringence data of the nanocomposite fibers
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from the tensile measurements. The birefringence data of the PP/CQD nanocompos-
ite fibers are summarized in Table 2.

Wide-angle X-ray diffraction

Figure 8 shows the wide-angle X-ray diffractograms of the nanocomposite fibers in
8 levels of Taguchi design. The composite fibers displayed characteristic diffracting
peaks at 260=13.9°, 16.7°, 18.3°, and 21.6° corresponding to the planes (1 1 0), (0
40), (130),and (1 1 1) of its a-phase crystallite [27]. In other words, no change in
the crystalline structure of the polymer due to the addition of CQDs into the poly-
mer matrix was observed. The degree of crystallinity (X.) was determined using the
Hermans and Weidinger equation [27]:

1
(1 + 1.207%) M

cr

X =

where Q. and @, are the area under crystalline and amorphous peaks, respectively.

Figure 9 shows the Taguchi design analysis for the degree of crystallinity of the
samples. As can be seen, the sample containing 0.5% wt. CQDs, the CQDs size of
2 nm, and without compatibilizer exhibited the highest degree of crystallinity. It
seemed that the CQDs had a nucleating effect inside the polymer matrix, and the
crystallites were formed around the nanoparticles [28, 29]. As a consequence, the
total crystallinity of the nanocomposite samples was higher than that of the sample

—nl —n2 n3 4 —n5 —n6 —n7 —n$

Relative intensity

2 theta (degree)

Fig. 8 Wide-angle X-ray diffractograms of the nanocomposite fibers
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without carbon quantum dots (control sample). The degree of crystallinity of the
samples was decreased by increasing the concentration of CQDs. The accumulation
of nanoparticles was increased by increasing the amount of carbon quantum dots
in the matrix due to the high interaction between the nanoparticles. The nucleat-
ing sites were reduced in the matrix with the accumulation of nanoparticles, and
consequently, the percentage of crystallization in the nanocomposite is diminished.
The sample containing the smaller-size nanoparticles exhibited a higher degree of
crystallinity, which could be attributed to the presence of more nanoparticles acting
as nucleating sites [20]. Also, the sample containing compatibilizer showed a lower
degree of crystallinity, which might be due to the maleic anhydride groups in the
compatibilizer structure. The degree of crystallinity of the PP/CQD nanocomposite
fibers obtained from the wide-angle X-ray diffractograms is summarized in Table 2.

Tensile properties

Young’s modulus and tensile strength of the PP/CQD nanocomposite fibers obtained
from the tensile experiments are summarized in Table 2. Taguchi design analysis
was performed to obtain the dependent variables of the specified factors (CQDs per-
centage, CQDs size, and compatibilizer percentage). It was found that the sample
with 1% wt. CQD, the CQD size of 2 nm, and 3% wt. compatibilizer exhibited the
highest tensile strength (Fig. 10). Besides, as illustrated in Fig. 11, Young’s mod-
ulus of all of the nanocomposite fibers was higher than that of the neat PP fiber.

XRD
% CQD size CQD
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Fig.9 Taguchi design analysis of crystallinity from XRD measurements
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Therefore, it could be concluded that the addition of CQDs to the polymer matrix
led to an increase in Young’s modulus of the composite fibers. The highest modu-
lus was achieved for the sample containing 1% wt. CQD, 2 nm CQD size, and 3%
wt. compatibilizer. The increase in the tensile strength of the nanocomposite fibers
could be due to the nanoscale dimensions of CQDs (high surface-to-volume ratio) as
well as the enhancement of the interface of PP-CQD, which led to a better stress dis-
tribution [30-32]. CQDs aggregation in the sample containing 2% wt. CQD resulted
in the reduction of its breaking stress and Young’s modulus. This reduction could
be attributed to the formation of stress concentration points [33—35]. The nanocom-
posite fibers containing smaller-size CQD nanoparticles exhibited higher tensile
strength and modulus than the others. This indicated the critical effect of nanoparti-
cle size on the tensile properties of composite fibers. Moreover, the samples contain-
ing compatibilizer showed higher tensile strength and modulus values. Therefore,
it could be said that the addition of the compatibilizer improved the nanoparticles
dispersion in the polymer matrix [20].

Fluorescence spectrometry

According to the reported data, the as-prepared CQDs possess excitation-dependent
PL emissions [19]. Thus CQDs-polymer nanocomposite fibers are also expected to
exhibit the same characteristic PL performance. The Taguchi design analysis for the
PL emission spectra of PP/CQD nanocomposites is demonstrated in Fig. 12. The
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Fig. 10 Taguchi design analysis for the tensile strength of the nanocomposite fibers
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Fig. 11 Taguchi design analysis for Young’s modulus of the nanocomposite fibers

PP/CQD nanocomposites were excited at the wavelength of 250 nm. The fluores-
cence property of CQDs is susceptible to their concentration. The intensity of the
emitted light increased with the increase in CQD content in the polymer matrix at
the wavelength of 487 nm, 513 nm, and 745 nm. With increasing the CQD concen-
tration from 1 to 2 wt.%, the emission peak of the PP/CQD nanocomposites shifted
from 347 to 445 nm. The PL peak position showed small variation due to the incor-
poration of CQDs. A redshift in PL. peak was expected if the CQDs were aggre-
gated within the polymer matrix [36]. The PL behavior of the CQDs was excitation
dependent, and the maximum absorption of CQDs is related to the size of CQDs,
aggregation of CQDs in the polymer matrix, and the interaction between CQDs and
the polymer matrix [37, 38]. The PL emission property is due to the size of the
CQDs, the availability of sp? sites, the aromatic conjugated structure, and the struc-
ture’s defects. Besides, the presence of different sizes and multiple surface emissive
trap status may cause inter-system crossing and adjacent vibrational relaxation of
excited electrons, thus activating PL emission with the corresponding energy. So,
a polymer blended with CQDs is also expected to show the same characteristic PL.
performance [39].

Figure 13 shows the effect of the compatibilizer’s addition on the PL emission
spectra of the samples. The addition of the compatibilizer could affect the PL emis-
sion spectra of the nanocomposites. The compatibilizer could increase the PL emis-
sion spectra with the dispersion of CQD within the polymer matrix. According to
the references [40, 41], the compatibilizer’s addition could increase interactions
between the polymer chains and the nanoparticles. The resonance energy transfer
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Fig. 12 Taguchi design analysis
of emission spectra of PP/
CQD nanocomposite excited at
the wavelength of 250 nm as a
function of the concentration of
the CQDs

subtraction PL(a.u)

400
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—level 1
level 2
level 3
level 4

200

400 600 800 1000
Wavelength(nm)

between neighboring nanoparticles decreases with the dispersion of CQDs inside
the polymer matrix, so the light emitted from the surface of the nanocomposite

increases.

The PL emission spectra did not significantly differ for the samples with different
nanoparticle sizes (Fig. 14). The PL emission spectrum of the level 2 sample was
greater than that of the level 1 sample at the wavelength of 347 nm. At longer wave-
lengths (red region), the PL peaks’ intensity was lower for the smaller-size nanopar-
ticles than the larger CQDs. In other words, the PL emission spectra were depended
on the size of CQDs. As mentioned before, the optical properties of CQD depend on

their size in the nanometer region.

Fig. 13 Taguchi design analysis
of emission spectra of PP/
CQD nanocomposite excited at
the wavelength of 250 nm as a
function of the concentration of
compatibilizer
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Fluorescence microscopic images were also captured by exciting the samples
with three different filters at approximately 300, 455, and 530 nm, as shown in
Fig. 15. The color emissions from the composite fibers confirmed the uniform distri-
bution of CQDs in the polymer matrix. The photoluminescence behavior of CQDs
was well detected inside the PP/CQD nanocomposite fibers. Therefore, the uniform-
ity of the color emissions throughout the PP/CQD nanocomposite fibers implied the
uniform distribution of CQDs without aggregation in the polymer matrix. In addi-
tion, the characteristic photoluminescence behavior of CQDs was well preserved
inside the PP fiber matrix.

Reflection spectrophotometry

The light reflection of PP/CQD nanocomposite fibers was measured on the CIELAB
color space [42, 43]. The Taguchi design analysis of color purity value (C*) of the
samples is shown in Fig. 16. It was observed that the purity value was increased
with enhancing CQD loading inside the polymer matrix. This increase was appar-
ent for the nanocomposite samples placed on both of the background standards. The
increase in the purity value of the samples could be attributed to the color shade
of CQDs inside the polymer matrix. In other words, the photoluminescence and
color property of the CQDs were not eliminated when they were surrounded by the
polymer matrix chains. The compatibilizer’s addition increased the purity value of
nanocomposite fibers due to the improved dispersion of the CQDs inside the poly-
mer matrix. The sample containing the smaller-size nanoparticles showed a slightly
lower purity value. It was implied that the effect of nanoparticle size on the color
purity of the nanocomposite fibers was not significant. The results showed that
CQDs’ optical properties were preserved inside the nanocomposite fibers [8, 44].

Fig. 14 Taguchi design analysis 1200
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Fig. 15 Fluorescence microscopic images of PP/CQD nanocomposite excited at the wavelength of 300,
455, 530 nm

Figure 17 shows the Taguchi design analysis for the change of the light-
ness value (L*) with CQD content, compatibilizer content, and CQD size. The
lightness value was decreased with increasing CQD loading inside the polymer
matrix, resulting in a darker shade, which is a direct consequence of light scat-
tering due to the increase in the number of the nanoparticles. The samples con-
taining the bigger-size nanoparticles showed lower lightness (L*) because of
increased light scattering.

The Taguchi design analysis for the chromaticity coordinate values (a* and b*) ver-
sus CQD loading on both green and white background standards is shown in Fig. 18.
The results demonstrated a yellowish red hue with increasing CQD loading inside the
polymer matrix [45]. The b* value was shifted to positive; in other words, the hue was
shifted to the yellow side, and the a* value was shifted to the red side with increas-
ing CQD loading inside the polymer matrix. The change of color was affected by the
adsorbed state of CQD as light-emitting the nanoparticles. The color change of the
samples was similar for the two background standards.

Besides, the redness and yellowness of the PP/CQD nanocomposite fibers were
decreased with decreasing the size of the nanoparticles, and the samples’ color shifted
to blue and green (Fig. 19) [14].
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Fig. 16 Taguchi design analysis of the color purity in nanocomposite fibers on both white and green
standards
Conclusion

In this study, PP/CQD nanocomposites containing different nanoparticle contents as
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Fig. 17 Taguchi design analysis of the lightness value in nanocomposite fibers on both white and green

standards
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Fig. 18 Chromaticity diagrams Main Effects Plot (data means) for Means (a*,b¥)
of chroma coordinates (a*, b*) %CQD-white

of the nanocomposite fibers on

both white and green standards 8

by Taguchi design analysis as a
function of the concentration of
the CQDs 6

level 4

level 3

b*

level 2

Main Effects Plot (data means) for Means (a*,b*)
9%CQD-green
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level 3

level 2
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well as different sizes of nanoparticles and different compatibilizer contents were
prepared. The tensile strength measurement results showed that the sample with
1% wt. CQD, the CQD size of 2 nm, and 3% wt. compatibilizer exhibited the high-
est modulus and tensile strength. The degree of crystallinity of the nanocompos-
ites decreased by increasing the nanoparticles’ concentration in the polymer matrix.
There was an increase in the degree of crystallinity of the samples containing the
smaller-size nanoparticles. The addition of compatibilizer had a negative effect on
the degree of crystallinity of the samples. The samples’ helical content increased
with the increase in CQD content the use of the smaller-size nanoparticles. The addi-
tion of the compatibilizer caused a decrease in the helical content of nanocomposite
fibers. The PP/CQD nanocomposites fibers exhibited photoluminescence properties.
The results confirmed that the optical properties of CQDs were preserved inside the
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Fig. 19 Chromaticity diagrams Main Effects Plot (data means) for Means (a* b¥)
of chroma coordinates (a*, b*) . .
of the nanocomposite fibers on size CQD-white
both white and green standards 5
by Taguchi design analysis as a
function of size of the CQDs /' leel1
4

3 level2

b*
~

£

a*

Main Effects Plot (data means) for Means (a* b¥)
size CQD-green
6

/ level 1
4

level 2 3

b*

polymer matrix. The reflection spectrophotometry measurements showed that the
purity value was increased with enhancing CQD loading inside the polymer matrix.
The addition of the compatibilizer increased the purity value of nanocomposite fib-
ers. The purity value was slightly reduced with the addition of the smaller-size nano-
particles. The lightness value was decreased with enhancing CQD loading and the
bigger-size nanoparticles inside the polymer matrix. The results also demonstrated a
yellowish red hue imparted to the nanocomposite fibers with improving CQD load-
ing inside the polymer matrix. The amount of redness and yellowness of PP/CQD
nanocomposite fibers was lower for the smaller-sized nanoparticles and trended to
blue and green. In conclusion, the size, concentration, the addition of the compatibi-
lizer, and dispersion of the carbon quantum dots within the polymer matrix exhibited
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significant impacts on the specific optical behavior of PP/CQD nanocomposites fib-
ers. The interaction between the carbon quantum dots and polymer was limited to
the van der Waals weak force due to the lack of functional groups in the polypropyl-
ene polymer chains. Besides, PL. was not quenched by a reabsorption mechanism,
which was deduced from the overlapping between the nanocomposites’ absorption
and emission spectra. Therefore, PP/CQD nanocomposites fibers with photolumi-
nescence properties can be potentially used in various applications such as smart
clothing, sensors, photochemical reactions, and anti-counterfeiting technology.
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