Polym. Korea, Vol. 50, No. 3, pp. 451-460 (2026)

https://doi.org/10.7317/pk.2026.50.3.451

al
ES

BTPPC AlQll 225 88 PCTGe| ¥, 7|HY Sy

oIy &

Xiang Li"“, Guirong Xie, Jiaxin Cheng, and Sheng Zhong

x|

Hunan Chemical Vocational Technology College
(20253 11€ 199 Hee, 202613 49 8 =4, 202613 49 8 A

Improving Thermal, Mechanical, and Dimensional Stability of PCTG Using
BTPPC-Intercalated Muscovite

Xiang Li’'”, Guirong Xie, Jiaxin Cheng, and Sheng Zhong

Hunan Chemical Vocational Technology College, Zhuzhou 412000, China
(Received November 19, 2025; Revised April 8, 2026; Accepted April 8, 2026)

Abstract: In order to enhance the properties of poly(1,4-cyclohexylene dimethylene terephthalate) (PCTG), organic
muscovite (O-Mus) which was prepared by intercalating benzyl triphenyl phosphorus chloride (BTPPC) into muscovite
(Mus) was used as a functional filler for PCTG , and a series of PCTG/O-Mus composites were prepared. The properties
of the PCTG composites were analyzed by FTIR, XRD, SEM and DMA. The results showed that BTPPC could suc-
cessfully intercalated into Mus layers. When the addition amount of O-Mus was 2%, 4%, and 6%, the O-Mus was
mainly in a delaminated state and well dispersed in PCTG.The dimensional stability, hot deformation temperature
(HDT), vicat softening temperature (VST), thermal decomposition temperature and flexural modulus of PCTG/O-Mus
increased with increasing the content of O-Mus. The post-moulding shrinkage of PMD and NMD of PCTG/O-Mus-6
were 0.63% and 0.49%, respectively, which were 38.2% and 42.4% lower than those of PCTG. The HDT, VST, initial
decomposition temperature (7sy,) and the temperature at the maximum mass loss rate (7.) of PCTG/O-Mus-6 were
94 °C, 103 °C, 423.8 °C, and 460.1 °C, respectively, which were 12 °C, 12 °C, 22.6 °C, and 37.8 °C greater than those
of PCTG. The flexural and tensile strengths of PCTG/O-Mus increased at first, and then decreased. Adding O-Mus
could increase the glass transition temperature of PCTG, and with the increase of O-Mus addition, the glass transition
temperature of PCTG/O-Mus is higher.

Keywords: poly(1,4-cyclohexylene dimethylene terephthalate), organic muscovite, benzyl triphenyl phosphorus chloride,

ISSN 2234-8077(Online)
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Introduction

Poly(1,4-cyclohexylene dimethylene terephthalate) (PCTG)
is a thermoplastic polyester formed by the polycondensation of
terephthalic acid and cyclohexanedimethanol." PCTG exhibits
excellent viscosity, transparency, colorability, processability,
and chemical resistance, making it suitable for manufacturing
industrial products with high precision requirements and com-
plex structures.? Its products exhibit high transparency and
excellent impact resistance, making them particularly suitable
for manufacturing thick-walled transparent products. Unlike
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polycarbonate (PC), PCTG is bisphenol A-free and poses no
health risks.> However, the dimensional stability, heat deflection
temperature (HDT), and flexural modulus of PCTG are poor,
which limits its application. Therefore, finding ways to improve
the dimensional stability, heat deflection temperature, and flex-
ural modulus of PCTG is significant.

Layered inorganic silicate materials can effectively enhance
the mechanical properties, thermal performance, and dimensional
stability of polymers when well dispersed, owing to their high
rigidity, excellent heat resistance, and high aspect ratio.*"?
Moreover, compared with conventional inorganic reinforcing
materials, they can significantly improve polymer properties
even at low loading levels."”'® In recent years, these materials
have attracted extensive research attention in both academic
studies and industrial applications.'”* Muscovite (Mus), as well
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as VMT, is a mica-type silicate and possesses a layered struc-
ture. Each layer consists of octahedrally coordinated cations
(typically Mg, Al, and Fe) sandwiched by tetrahedrally coor-
dinated cations (typically Si and Al).*** Owing to its chemical
and mechanical stability, the layered Mus has been widely used
in a variety of applications, including wear-resistant agent,”
conductive conductor agent® and reinforcing filler of poly-
mers.””*® Generally, to achieve significant improvements in
mechanical and thermal properties of polymers through inor-
ganic particle incorporation, good dispersion of the particles
within the polymer matrix must first be ensured. Therefore, organic
modification of inorganic particles is commonly employed to
enhance their organic affinity, thereby improving interfacial
adhesion between the particles and polymer matrix.>*° If mus-
covite can be organically modified and exfoliated into flakes
with larger specific surface area and improved compatibility, it
may yield unexpected effects in enhancing polymer performance.
However, little literature exists so far on this topic.

This study aims to investigate the effect of benzyl triphenyl
phosphorus chloride (BTPPC) modified muscovite on the proper-
ties of PCTG. It is anticipated that BTPPC-modified Mus may
enhance the mechanical properties, thermal properties, and dimen-
sional stability of PCTG as it can achieve an exfoliated state and
disperse uniformly within the PCTG matrix. Analyses were con-
ducted on PCTG control samples, PCTG/Mus composites, and
PCTG/O-Mus composites. Sample characterization employed
microscopic and spectroscopic techniques, including fourier
transform infrared spectrometer (FTIR), x-ray diffraction (XRD),
and scanning electron microscope (SEM). Composite properties
were evaluated using a universal testing machine, dynamic
thermo-mechanical analyzer, and thermal deformation vicat
softening point tester. The original contribution of this work lies
in the innovative utilization of BTPPC modified Mus to enhance
PCTG performance—a solution first proposed in the field of
materials science. Results indicate that BTPPC was success-
fully intercalated into the Mus interlayers, d the interlayer dis-
tance of Mus achieved an exfoliated state of Mus in PCTG,

Table 1. Formulations and Abbreviations of Various Composites

enhancing the performance of PCTG. This finding holds sig-
nificant implications for fabricating high-performance PCTG,
broadening its application scope, and provides new research
directions for future organic modification of Mus.

Experimental

Materials. PCTG was purchased from Eastman USA LTD
(Tennessee, USA); Benzyl triphenyl phosphorus chloride
(BTPPC, the effective substance content was, 299%) was pur-
chased from Shanghai Ruichu Biotechnology Co., LTD (Shang-
hai, China). Muscovite (Mus, < 1 um) was purchased from Hebei
Lingshou Micro-mineral Co., Ltc; Antioxidant 168 was pur-
chased from BASF, Germany; Antioxidant 1010 was purchased
from Basf Of Germany.

Preparation of Organic Muscovite (O-Mus). The musco-
vite was first calcined in a 700° muffle furnace for 2 hours, then
naturally cooled and dispersed in distilled water, and then BTPPC
was slowly added under the condition of constant agitation. After
the BTPPC was completely dissolved, the mixture was ultra-
sonicated for 5 hours and refluxed in the water bath at 80 °C for
12 hours, and then filtered, washed, dried, and sifted by 12500
mesh sieve to obtain the organized muscovite (O-Mus).

Preparations of Samples. The formulations and abbrevi-
ations of various composites are listed in Table 1. PCTG, Mus,
O-Mus, 168, and 1010 were first premixed in a high-speed
mixer. The composites were then melt-extruded using a twin-
screw extruder at barrel temperatures of 220/230/235/240/245/
245/245 °C with a screw speed of 350 rpm to prepare com-
posite pellets. Subsequently, the pellets were injection-molded
into ISO standard specimens at 220-250 °C.

Fourier Transform Infrared Spectrometer (FTIR). Fourier
transform infrared spectrometer (FTIR) spectra between 400
and 4000 cm™ were obtained on a spectrometer (Nicolet 6700,
Beijing Keai Bao Technology Development Co., LTD, China).

X-ray Diffraction (XRD). X-ray diffraction (XRD) patterns
were recorded on a diffractometer (MSAL-XD2, Bragg Tech-

Samples PCTG (%) Mus (%) O-Mus (%) 1010 (%) 168 (%)
PCTG 99.1 0 0 0.6 0.3
PCTG/Mus-4 95.1 4 0 0.6 0.3
PCTG/O-Mus-2 97.1 0 2 0.6 0.3
PCTG/O-Mus-4 95.1 0 4 0.6 0.3
PCTG/O-Mus-6 93.1 0 6 0.6 0.3
PCTG/O-Mus-8 91.1 0 8 0.6 0.3
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nology (Beijing) Co., LTD, China) using graphite monochromatic
Cu Ko radiation (4 = 0.1541 nm) at a generator voltage of 40 kV
and a current of 40 mA; measurements were conducted within
a 26 range of 2.0-50.0° at a scanning rate of 1°/min.

Scanning Electronic Microscope (SEM). The fractured
specimens were sputter-coated with gold three times (20 s each),
and after drying, SEM images were obtained using a scanning
electron microscope (XL-30, Philips, Netherlands) at an accel-
erating voltage of 20.0 kV.

Dynamic Thermo-mechanical Properties Test (DMA). The
dynamic thermo-mechanical properties were measured using a
dynamic mechanical analyzer (DMA242, Nach SCIENTIFIC
Instrument TRADING (Shanghai) Co., LTD, China) equipped
with a three-point bending fixture (span length: 40 mm). The
measurements were conducted from room temperature to 150 °C
at a heating rate of 5 °C/min, with a frequency of 1 Hz and
amplitude of 25 pum.

Dimensional Stability. The dimensional stability of the mate-
rials are expressed by the post-moulding shrinkage. The post-
moulding shrinkage test was conducted as per ISO standards
294-4: 2019. The tests were made in quintuplicate and the results
were reported as average.

Hot Deformation Temperature (HDT) and Vicat Softening
Temperature (VST). The hot deformation temperature of the
materials was expressed by temperature of deflection under
load. The temperature of deflection under load test was con-
ducted as per ISO standards 75-1: 2013. The tests were made
in quintuplicate and the results were reported as average.

Thermogravimetry Analysis. Thermogravimetric analysis
(TG) of the samples under nitrogen atmospheres was per-
formed on a TAQS50 apparatus (TA Instruments Inc., USA).
All the samples were heated from room temperature to 750 °C
at the rate of 10 °C/min.

Mechanical Properties. The tensile properties of the com-
posites were tested using a Universal Testing Machine (LLOYD
LR100K) according to ISO 527-1, with type 1A specimens at
a tensile speed of 5 mm/min. The flexural properties were mea-
sured using a Universal Testing Machine (LLOYD LR100K)
following ISO 178, employing specimens with dimensions of
80 mm x 10 mm x 4.0 mm at a loading rate of 2 mm/min. The
notched impact strength was determined using an impact test-
ing machine (ZBC-50) according to ISO 8256, with a pendulum
energy of 5.5J, type A notch, and impact velocity of 3.5 m/s.

Light Transmittance. The light transmittance of the com-
posites were tested using a Single-beam photometer (722N,
Shandong Derike Instrument Co., Ltd, China) according to ISO

13468-1, employing specimens with dimensions of 50 mm X
50 mm x 1.0 mm.

Chemical Resistance. The chemical resistance of the
composites according to ISO 175, employing specimens with
dimensions of 60 mm x 60 mm x 1.0 mm. Test conditions: pH
=11, 5 days.

Results and Discussion

FTIR Spectra. From the Figure 1, it could be seen that the main
infrared absorption peaks of Mus was 3630 cm™, 3436 cm’,
1645 cm™, 1430 cm™, 1022 cm™ and O-Mus had additional
absorption peaks at 2940 cm™, 2822 cm™, 1480 cm™, and 783
cm’ compared with Mus, the functional group corresponding
to infrared absorption frequency of Mus and O-Mus were illus-
trated in Table 2. The result indicated that the benzyl triphenyl
phosphorus chloride has entered Mus. In order to confirm the
benzyl triphenyl phosphorus chloride were intercalated into the
layers of Mus, XRD analysis was carried out.

XRD Analysis. The characteristic peaks of X-Ray Diffraction
would shift if the layer spacing of layered fillers was changed
according to Bragg's Law equation (2d sinf=n1), and the smaller
the 6, the bigger the spacing between the layers. Figure 2 illus-
trated the X-Ray Diffraction of Mus and O-Mus. It can be seen
that the 26 value of O-Mus (a) is lower than that of Mus (b),
which indicates that the layer spacing of Mus has increased
and that benzyl triphenylphosphorus chloride has been suc-
cessfully intercalated into the interlayer of Mus.

It can be seen from Figure 3 that there were characterstic
peaks of Mus in PCTG/Mus-4 (b), meaning that Mus retained

(a) Mus
— (b) O-Mus
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Figure 1. FTIR spectra of (a) Mus; (b) O-Mus.
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Table 2. The Functional Group Corresponding to Infrared Absorption Frequency of Mus and O-Mus

Samples Wavenumber (cm™) Vibration mode Functional group
3630 Stretching vibration -OH
3436 Stretching vibration -OH
Mus 1645 Stretching vibration C-C
1430 Stretching vibration C-C
1022 Stretching vibration Si-O-Si
2940 Antisymmetric stretching vibrations -OH
O-Mus 2822 Symmetrical stretching vibrations -OH
1480 Stretching vibration -C¢Hs
783 Stretching vibration C-H
means O-Mus was stripped and evenly dispersed in PCTG at
' (a) Mus the addition of 2% and 4%. The characteristic peak of O-Mus
(a) [=——(b) O-Mus| appears in PCTG/O-Mus-6 (e), but the intensity is much lower
than that of PCTG/O-Mus-8, indicating that when 6% of O-Mus
is added to PCTG, O-Mus mainly exists in the stripped state,
L,\_AH_,, and only a small amount retained a lamellar structure. When
the addition of O-Mus is 8% (f), O-Mus mainly retained lamel-
(b) } lar structure in PCTG, which is mainly because the addition of
A 'I O-Mus is too large and its dispersion in PCTG is not uniform,
e K J"L,-H,__J o ML, A so cannot achieve the effect of stripping. The structural state of
i : ; : O-Mus within PCTG is shown in Figure 4.

0 10 20 30 40 50
20 (Degree)
Figure 2. XRD patterns of (a) Mus; (b) O-Mus.
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Figure 3. XRD patterns of (a) PCTG; (b) PCTG/Mus-4; (¢c) PCTG/
O-Mus-2; (d) PCTG/O-Mus-4; (e¢) PCTG/O-Mus-6; (f) PCTG/O-
Mus-8.

lamellar structure in PCTG. The characteristic peak of O-Mus
did not appear in PCTG/O-Mus-2 (c) and PCTG/O-Mus-4 (d),

Zan, #5048 A35, 2026\

SEM Analysis. It can be seen from Figure 5 that the impact
fracture surface of PCTG/Mus-4 (b) had some exposed Mus,
and many of them are separated from the PCTG, indicating
that the interface link between Mus and PCTG is not strong,
and the interface is destroyed when stressed. In contrast to the
impact fracture surface of PCTG/Mus-4, the impact fracture
surface of PCTG/O-Mus-4 (c) became rougher. Although O-
Mus particles were still observable, they were encapsulated by
the PCTG matrix. This implies strong interfacial bonding between
O-Mus and PCTG. Under external force, the O-Mus did not
detach from the matrix, enabling effective stress transfer. Con-
sequently, the fracture surface exhibited characteristics of duc-
tile tearing. In addition, a large number of O-Mus agglomerations
were observed on the impact fracture surface of PCTG/ O-MUS-
8(d), and they were partially separated from the matrix, indi-
cating that O-Mus agglomerates due to uneven dispersion, result-
ing in a decrease in the interfacial link strength between O-Mus
and PCTG. The analysis of XRD and SEM provided important
support for the following analysis of performance.

Dimensional Stability of PCTG Composites. Dimensional
stability is an important property index of thermoplastic poly-
mers, which is expressed by moulding shrinkage, post-moulding
shrinkage and total shrinkage, especially post-moulding shrink-
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Figure 4. Schematic of the structural state of O-Mus within PCTG.

age. During the period after injection molding of polymer, the
dimensional stability of the product is poor due to the move-
ment of molecules in polymer.*' Therefore, we can improve the
dimensional stability of the product by restraining the movement
of molecules of the polymer. Figure 6 showed the percentages
of the post-moulding shrinkage (normal and parallel) of PCTG
composites. It could be observed that addition of Mus in PCTG

Stripped
state

PCTG/O-Mus-2
PCTG/O-Mus-4

.,

Partial
divestiture

Lamellar_:
structure

PCTG/O-Mus-8

Figure 5. SEM of the impact fracture surface of (a) PCTG; (b) PCTG/Mus-4; (¢c) PCTG/O-Mus-4; (d) PCTG/O-Mus-8.

let the post-moulding shrinkage parallel to the melt flow direc-
tion (PMD) and the post-moulding shrinkage normal to the
melt flow direction (NMD) of composites are decreased, and
the dimensional stability of PCTG/O-Mus-4 was better than
PCTG/Mus-4 because O-Mus has better interfacial compati-
bility with PCTG compared to Mus. Moreover, the dimensional
stability of PCTG/O-Mus increased with increasing O-Mus

Polym. Korea, Vol. 50, No. 3, 2026
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Figure 6. The post-moulding shrinkage of PCTG composites.

content in the composites, which might be because that O-Mus
restricted motion of polymer chains. The post-moulding shrink-
age of PMD and NMD of PCTG/O-Mus-8 were 0.58% and
0.46% respectively, which were 46.12% and 45.9% lower than
those of PCTG (1.02% and 0.85%).

HDT and VST of PCTG Composites. When measuring hot
deformation temperature (HDT) and vicat softening tempera-
ture (VST), the standard test specimen is subjected to a con-
stant load, the temperature is raised at a uniform rate, and the
temperature at which the standard deflection, corresponding to
the specified in flexural strain or insert the metrics, occurs is
measured.’’ Figure 7 showed the deformation temperature
and vicat softening temperatur of PCTG composites. Like the
dimensional stability of PCTG, the addition of O-Mus into
PCTG improved the HDT and VST of composites, the HDT
and VST of PCTG/O-Mus-4 was better than PCTG/Mus-4, which
might be attributed that O-Mus have better interfacial compat-
ibility with PCTG compared to Mus. Besides, it was observed
that the HDT and VST of PCTG/O-Mus also increased with
increasing O-Mus content in the composites, the result was
attributed that O-Mus can restrict motion of polymer chains,
which let the deformation speed of standard spline becomes
slower and the composites became stiffer, therefore, the hot
deformation temperature and vicat softening temperatur increases
under the action of constant pressure. The HDT and VST of
PCTG/O-Mus-8 were 96 °C and 104 °C respectively, which were
14 °C and 11 °C greater than those of PCTG (82°C and 93 °C).

DMA of PCTG Composites. DMA analysis was used to
assess the effect of the content of O-Mus and the extent of their
stripping in PCTG on the thermomechanical properties of the
PCTG/O-Mus composites. Figure 8 shows that all PCTG compos-

Zan, #5048 A35, 2026\
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Figure 7. The HDT and VST of PCTG composites.
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Figure 8. Relationship between storage modulus and temperature of
PCTG composites.

ites show a significant increase in energy storage modulus in the
vitrified state relative to pure PCTG. For the composite con-
taining O-Mus, the energy storage modulus of PCTG/O-Mus
increases with the increase of O-Mus content, because the
interaction between PCTG and O-Mus at the interface hinders
the movement of those PCTG molecular chains near the inter-
face. When the composite is subjected to external load, the good
interface bonding enables the load to be effectively transferred
from the PCTG matrix to the rigid Mus, resulting in the increas-
ing modulus of the PCTG composite in the glassy state.

The variation of tand with temperature reflects the dynamic
relaxation behavior of polymer chains and the interfacial inter-
action between fillers and the matrix. A higher tand peak gen-
erally corresponds to greater energy dissipation. As shown in
Figure 9, the tand peak intensity follows the order: PCTG/
0O-Mus-4 > PCTG/Mus-4. Moreover, the tand peak of PCTG/
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Figure 9. Relationship between tand and temperature of PCTG
composites.

O-Mus composites first increases and then decreases with increas-
ing O-Mus loading. This may be attributed to the fact that at low
O-Mus loadings, O-Mus is well dispersed in the PCTG matrix,
forming a large number of interfacial regions. Under dynamic
loading, friction and slippage between the well-dispersed O-Mus
and PCTG chains lead to increased energy dissipation, result-
ing in a higher tand peak compared to neat PCTG and PCTG/
Mus-4 composites. At high O-Mus loadings, O-Mus agglomer-
ates in the PCTG matrix, reducing the effective interfacial area
between the filler and the matrix. The energy dissipation from
interfacial slippage is thus significantly suppressed, leading to
a decrease in the tand peak. In addition, the temperature cor-
responding to the tand peak of PCTG/O-Mus composites grad-
ually increases with the addition of O-Mus, indicating that the
glass transition temperature (7,) of PCTG can be improved by
adding O-Mus to PCTG, which is consistent with the test results
of HDT.

Thermogravimetry Analysis of PCTG Composites. As
observed from Figures 10, Figure 11, and Table 3, the incor-
poration of O-Mus into PCTG led to a gradual increase in the
initial decomposition temperature (7s,,) and the temperature at
the maximum mass loss rate (7},.x), and char residue content at
750 °C of the PCTG/O-Mus composites with increasing O-
Mus loading. This indicates that O-Mus enhanced the thermal
stability of PCTG. This phenomenon may be attributed to O-Mus
being a layered, high-temperature-resistant material. Its dispersion
within the PCTG matrix can hinder oxygen and heat transfer,
thereby increasing the decomposition temperature and high-
temperature char residue content’” of PCTG. PCTG/O-Mus-4
exhibited higher Tsy, Tia, and char residue content than PCTG/
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Figure 10. TG curves of PCTG composites.
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Figure 11. DTG curves of PCTG composites.

Table 3. TG Characteristic Data of PCTG Composites

Char residue at

Sample Tsy, (°C) Thax (°C) 750 °C (%)
PCTG 401.2 4223 0.49
PCTG/Mus-4 413.4 449.1 4.72
PCTG/O-Mus-2 407.5 441.9 2.83
PCTG/O-Mus-4 418.7 453.5 5.49
PCTG/O-Mus-6 423.8 460.1 8.46
PCTG/O-Mus-8 429.2 463.3 8.93

Mus-4. This is attributed to the exfoliated state of O-Mus within the
PCTG matrix, which resulted in superior dispersion and enhanced
interfacial compatibility with PCTG compared to Mus. With an
8% O-Mus loading, PCTG/O-Mus-8 exhibited T, and 7,,,, of
429.2 °C and 433.3 °C, respectively. These represent increases

Polym. Korea, Vol. 50, No. 3, 2026
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of 28.0 °C and 41.0 °C compared to neat PCTG.

Mechanical Properties of PCTG Composites. The
mechanical properties of PCTG composites were shown in
Table 4. It could be observed that the flexural strengths and ten-
sile strengths of PCTG/Mus-4 increased compared with PCTG,
and it came to 78.4 MPa and 62.2 MPa, which was 8.4% and
10.3% more than that of PCTG (72.3 MPa and 56.4 MPa). The
enhanced performance is mainly attributed to the homogeneous
dispersion of Mus in the PCTG matrix and their favorable
interfacial adhesion, which facilitates efficient stress transfer
between PCTG and Mus. It was also observed that the flexural
modules of PCTG/Mus-4 came to 2314.8 MPa, which was
12.9% more than PCTG (2050.6 MPa), nevertheless, the elon-
gation at break and notched izod impact strength of PCTG
were reduced when added Mus.

This phenomenon is primarily attributed to the layered sili-
cate structure of Mus, wherein PCTG molecular chains inter-
calate into the interlayer spaces of Mus. This intercalation enhances
the interfacial bonding strength between PCTG and Mus, con-
sequently restricting the mobility of PCTG molecular chains
and leading to reduced ductility of the composite material. The
mechanical properties of PCTG/O-Mus-4 were better than PCTG/
Mus-4, because O-Mus was modified by BTPPC, which led O-
Mus to have better interfacial adhesion with PCTG than Mus,
and better adhesion resulted in turn increased stress transfer from
matrix to O-Mus and increasing mechanical properties. This is
consistent with the SEM analysis of the impact fracture surface.

The deformation capacity of the polymer was decreased
and the materials became stiffer when the polymer chains were
restricted to move, resulting in an increase in the flexural mod-
ulus modulus of composites increased. Figure 12 showed the
effect of O-Mus content on the flexural properties of PCTG/O-Mus
composites. The flexural modulus of PCTG/O-Mus increased
with increasing content of O-Mus, indicating that the O-Mus
restricting polymer chains to move, the materials became stiffer.
The flexural strengths of PCTG/O-Mus increased with adding
O-Mus when the content of O-Mus was less than 6%, which
was attributed that the low content of O-Mus had homoge-

Table 4. Mechanical Properties of PCTG Composites
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Figure 12. Effect of O-Mus content on the flexural properties of
PCTG composites.

neous dispersion and exists mainly in the peeled state in the
PCTG, and has a strong interface link with the PCTG. How-
ever, the flexural strengths of PCTG/O-Mus decreased when
the content of O-Mus was more than 6%, because O-Mus was
agglomerated and exists mainly in a layered structure in PCTG.
This is consistent with the analysis of SEM and XRD.

The addition of O-Mus into PCTG deleteriously affected the
notched izod impact strength and elongation at break of the
composites. As shown in Figure 13, both properties decrease
monotonically with increasing O-Mus content, with a particularly
sharp drop at high loadings. This phenomenon can be attributed
to: First, the rigid O-Mus nanosheets dispersed in the PCTG
matrix strongly restrict the segmental motion and long-range
relaxation of polymer chains, reducing the plastic deformation
capacity of the matrix and the ductility of the composites. Second,
with the increase of O-Mus content, filler agglomeration becomes
more severe, and the aggregated particles act as significant
stress concentration points, which promote the initiation and
rapid propagation of cracks under external force, leading to a
transition from ductile to brittle fracture. Third, the accumula-
tion of interfacial microvoids and defects at high filler loadings
further weakens the interfacial bonding strength, accelerating

Mechanical properties

Samples Flexural modules Flexural strengths Tensile strengths ~ Elongation at break Notched Izod impact
(MPa) (MPa) (MPa) (%) strength (kJ/m?)
PCTG 2050.6+8 72.3£3 56.4+3 250.3£5 80.2+4
PCTG/Mus-4 2314.8£10 78.4£3 62.2+2 190.4+7 67.2+£2
PCTG/O-Mus-4 2403.7£10 80.2+2 63.8+2 220.5+5 74.5+2
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Figure 13. Effect of O-Mus content on the tensile properties and
notched izod impact strength of PCTG composites.

material failure. Similar to the flexural strength, the tensile
strength of PCTG/O-Mus composites initially increases and then
decreases. This phenomenon can be mainly explained as fol-
lows: At low O-Mus loadings, the filler is mainly exfoliated in
the PCTG matrix, with a large specific surface area and good
interfacial bonding with PCTG, resulting in efficient stress
transfer between O-Mus and PCTG, thus increasing the tensile
strength. In contrast, at high O-Mus loadings, agglomeration
occurs in the PCTG matrix, which weakens stress transfer and
leads to a decrease in tensile strength.

Light Transmittance and Chemical Resistance of PCTG
Composites. It can be seen from Table 5 that with the addi-
tion of O-Mus to PCTG, the light transmittance of the com-
posite material gradually decreases as the O-Mus loading
increases. This is because O-Mus is a non-transparent inor-
ganic layered structure dispersed in PCTG, which hinders the
transmission of light. In addition, it can be seen from the table
that the addition of O-Mus has no effect on the alkali resis-
tance of PCTG

Conclusions

In conclusion, Mus was organically modified with BTPPC
first, and then obtained O-Mus was used to prepare a series of
PCTG/O-Mus composites. FTIR and XRD analysis showed
that Mus was successfully organically modified and BTPPC was
intercalated between Mus layers. When the addition amount of
O-Mus was 2%, 4% and 6%, the O-Mus was mainly in a delam-
inated state and well dispersed in PCTG. SEM analysis indi-
cated that the interfacial bonding strength was in the order of
PCTG/O-Mus-4 > PCTG/Mus-4. The dimensional stability, hot

Table 5. Light Transmittance and Chemical Resistance of PCTG
Composites

Sample L.ight Chemical resistance
transmittance/% (PH 11, 5d)

PCTG 90.2 no visible change
PCTG/Mus-4 80.5 no visible change
PCTG/O-Mus-2 88.7 no visible change
PCTG/O-Mus-4 85.2 no visible change
PCTG/O-Mus-6 77.3 no visible change
PCTG/O-Mus-8 65.6 no visible change

deformation temperature (HDT), vicat softening temperature
(VST) and thermal decomposition temperature of PCTG/O-
Mus increased with increasing the content of O-Mus. The flex-
ural modulus of PCTG/O-Mus was improved and the notched
izod impact strength and elongation at break were reduced when
O-Mus was added into PCTG. The flexural and tensile strengths
of PCTG/O-Mus increased at first (O-Mus content was under
6%), and then decreased (O-Mus content was up 6%), indicating
O-Mus at higher content began to gather and had poor dispersion
in PCTG. The PCTG/O-Mus-6 composites have better dimen-
sional stability, hot deformation temperature (HDT), vicat softening
temperature (VST), decomposition temperature and compre-
hensive mechanical properties when the addition amount of O-
Mus was 6%.
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