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A B S T R A C T

In this study, we aimed to address challenges in thermal management and structural applications by developing 
composite materials with enhanced thermal conductivity and insulation properties. Our approach involved 
combining two-dimensional MoS2 nanosheets with carbon nanotubes (CNTs), leveraging their respective prop
erties to create synergistic effects. MoS2, renowned for its remarkable electrical and mechanical attributes, was 
synthesized via a hydrothermal reaction and subsequently exfoliated using liquid-phase exfoliation techniques. 
Meanwhile, CNTs were surface-treated to prevent aggregation and ensure optimal dispersion within the com
posite matrix. These treated CNTs were then entangled with MoS2 nanosheets to form layered structures, 
facilitating the creation of efficient heat transfer pathways. The resulting MoS2-CNT composites were fabricated 
using a hot-pressing method, with polyphenylene sulfide (PPS) layers integrated for structural integrity. Through 
experimental investigation and characterization, our composites exhibited substantial improvements in thermal 
conductivity, achieving an impressive 5.77 W/mK. Additionally, the incorporation of PPS layers endowed the 
composites with insulation properties, further enhancing their suitability for diverse applications. Notably, the 
composite demonstrated a tensile strength of 67 MPa, indicating its potential for structural applications. This 
research underscores the promising potential of MoS2-CNT composites in addressing critical challenges in 
thermal management and structural engineering across various industries, including automotive and electronics. 
By offering a comprehensive solution that combines enhanced thermal conductivity, mechanical strength, and 
insulation properties, our composite material opens avenues for innovation in the development of advanced 
materials for next-generation technologies.

1. Introduction

The current global energy crisis and associated carbon emissions are 
presenting significant challenges, prompting a growing interest in 
electric vehicles (EVs) as an alternative to conventional fuel-powered 
transportation. The performance of EVs, especially regarding fuel con
sumption, is heavily influenced by the weight of the vehicle undercar
riage. Therefore, it has become crucial to identify prosperous materials 
capable of replacing existing system to reduce weight of vehicles and 
enhance overall performances. Engineering plastics (EP) have emerged 
as up-and-coming candidates across various fields, including the auto
motive sector, because of their advantageous properties such as low cost 
and weight, ease to process, and water resistance.

However, the broad utilization of EPs has been limited by several 
weakness. For instance, polyamide has high hygroscopicity, poly
carbonate exhibits low chemical stability, polyurethane and polyvinyl 
chloride are susceptible to extreme temperatures [1–8]. These draw
backs inhibit the extensive use of EPs in diverse fields. Unlike EPs that 
have these disadvantages, polyphenylene sulfide (PPS) has emerged as a 
superior high-performance plastic, maintaining good temperature and 
chemical resistance. Moreover, the melting point of PPS, 275 ◦C, sur
passes that of other EPs, making it a favorable choice for a range of 
applications.

Nonetheless, PPS exhibits a notable disadvantage in comparison to 
other EPs: significantly lower thermal conductivity. To focus on this 
limitation, researchers have explored the incorporation of carbon 
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materials and oxides or nitrides materials, such as aluminum oxide, 
boron nitride, or aluminum nitride into PPS matirx to improve its me
chanical and thermal properties [9–12]. Previous studies by our group 
demonstrated that PPS/glass fiber composites utilizing 3-mercaptopro
pyltrimethoxysilane-treated graphene oxide and polysiloxane-coated 
aggregated boron nitride achieved a thermal conductivity of 1.18 
W/m⋅K [13]. Tantug et al. [14] reported a PPS composite containing 
50% synthetic graphite, attaining a thermal conductivity of 1.65 W/m⋅K 
which measured with through-plane direction, 470 % greater than 
thermal conductivity of pure PPS. Similarly, Shi et al. [15] presented a 
PPS/PDA-CNTs-SiC composite with polydopamine treatment achieving 
a through-plane thermal conductivity of approximately 1 W/m⋅K at a 
22% filler ratio. However, there is still room for improvement in the 
thermal conductivity of PPS composites, and also, the injection molding 
process presents limitations, with filler loading limits typically capped at 
60–70% due to the increasing viscosity. To overcome the limitations of 
filler loading in injection molding, we selected a hot-pressing method for 
fabricating layer-by-layer-structured PPS composites. The hybrid filler 
layer, comprising molybdenum disulfide (MoS2) and carbon nanotubes 
(CNTs), was first fabricated without the PPS matrix, and then PPS layers 
were fabricated on the upper and lower sides of the composites. MoS2 
shows excellent mechanical properties along with a thermal conduc
tivity of 2 W/m⋅K in the through-plane direction, and 80–100 W/m⋅K in 
the in-plane direction [16,17]. CNTs were used to entangle the MoS2 
sheet and create a heat pathway in the through-plane direction, 
achieving a notable thermal conductivity of 3000 W/mK [18]. However, 
in the absence of surface treatment the CNTs self-aggregated, requiring 
acid treatment to attach sulfonate functional groups to their surfaces.

In this study, we aimed to develop composite materials integrating 
MoS2 and CNTs with enhanced thermal conductivities. MoS2 is a two- 
dimensional (2D) material that has garnered significant attention in 
the field because of its remarkable electrical and mechanical properties. 
However, its layered structure limits its thermal conductivity properties. 
On the other hand, CNTs exhibit excellent thermal conductivity, but face 
challenges with regard to mixing and dispersion. As such, in this study, 
we combined MoS2 with CNTs to create composite materials with 
complementary properties. However, due to the high viscosity of PPS, it 
is difficult to manufacture high filling ratios of more than 70% by using 
extrusion and injection molding processes. And the injection molding 
method has difficulty in forming a thermal path to increase the thermal 
conductivity inside the composite. To solve these problems, a sandwich 
composite was set up to improve the thermal conductivity. The middle 
layer of MoS2/CNT not only helps to form a thermal path to achieve high 
thermal conductivity, but also can achieve a high filler ratio by con
trolling the amount of the upper and lower PPS layers. The upper and 
lower PPS layers also help to secure the insulation of the composite 
material. Since problems such as leakage may occur when current flows 
through the composite material, securing the insulation of the composite 
material is an important issue. Therefore, by forming the PPS layer, the 
thermal conductivity was slightly reduced, but insulation was secured. 
The synthesis, surface treatment, mixing, and fabrication of our MoS2- 
CNT composites were experimentally investigated and characterized. 
This study is anticipated to contribute to the development of new 
method for use in thermal management and structural applications, 
thereby addressing important challenges across various industries.

2. Experimental

2.1. Materials

Polyphenylene sulfide (PPS), sodium molybdate dihydrate 
(Na2MoO4⋅2H2O; 99.5%), thioacetamide (CH3CSNH2; reagent grade, 
98%), tungstosilicic acid (H4(W12SiO40); 99.9%) were purchased from 
Sigma-Aldrich. Sodium hydroxide (NaOH, 97%, pellet) and sulfonic acid 
(H2SO4; 98%) were acquired from Daejung Chemical and Metals Co., 
Ltd. (Seoul, Korea). CNTs were purchased from Carbon Nano-Material 

Technology Co., LTD. (Pohang, Korea). All reagents were used as 
received without further purification.

2.2. Preparation of MoS2/CNT hybrid filler

Fig. 1 shows overall schematic process for fabricating PPS/MoS2/ 
CNT composites. The details for synthesis of MoS2, exfoliation of MoS2, 
acid-treatment of CNT and hot-pressing process can be found below.

The synthesis process of MoS2 was used in previously reported study 
[19]. 0.363 g of sodium molybdate dihydrate and 0.33 g of thio
acetamide were taken and completely dissolved in 50 mL of distilled 
water. And then, 0.403 g of tungstosilicic acid was added into the so
lution with vigorous magnetic stirring. A 100 mL stainless steel auto
clave with a Teflon lining was used to tightly seal a 50 mL reaction 
solution. The autoclave was maintained at a temperature of 220 ◦C for 
24 h. The resulting black precipitate was filtered and washed several 
times with NaOH solution, ethanol, and distilled water. It was then dried 
under vacuum at 60 ◦C overnight.

1g of CNT was dispersed in 200 ml sulfonic acid at 60 ◦C for 24 h. The 
solution was washed with distilled water several times to remove acid, 
and then dried in a vacuum at 60 ◦C for overnight. The product was 
named as AT-CNT.

Liquid exfoliation was performed using a probe sonicator (Sonics & 
Materials, VCX-750) at a sonication power of 400 W for 4 h. To prevent 
overload of probe sonication, sonication was performed for 3 h by 
repeating 3 s of operation and 1 s of rest. The solvent used for sonication 
was acetone. The exfoliated MoS2 was named e-MoS2. MoS2 and AT-CNT 
were dispersed together in acetone to exfoliate MoS2 and at the same 
time disperse AT-CNT uniformly.

2.3. Composite fabrication using hot-pressing method

The mixture of MoS2 and CNT with various CNT contents were 
transferred into a iron mold and then hot-pressed at 170 ◦C under 50 
MPa for 30 min, and the product was disk-like pellet. To fabricate PPS 
layer, PPS powder was introduced on the upper side of pellet and hot- 
pressed at 220 ◦C under 50 MPa for 30 min and the process was 
repeated to fabricate PPS layer on the reverse side. The fabricated 
composite was thermally annealed at 250 ◦C under nitrogen gas 
condition.

2.4. Characterization

The crystalline structures of the synthesized MoS2 nanosheet and 
CNT was confirmed by using X-ray diffraction (XRD; D8 Advance, AXS 
Bruker) over a 2θ range of 10–80◦ at 40 kV and 40 mA at a scan rate of 
0.1◦ s− 1 under λ = 0.154056 nm Cu Kα radiation. The binding energies 
of the MoS2 and CNT fillers were determined via X-ray photoelectron 
spectroscopy (XPS; K-Alpha, Thermo UK) using an Al Kα X-ray source 
(1486.6 eV). The morphology of the fillers and the cross-section of the 
fabricated composites were investigated using field-emission scanning 
electron microscopy (FE-SEM; SIGMA). Fourier-transform infrared (FT- 
IR) spectroscopy (PerkinElmer Spectrum One) was conducted to confirm 
attachment of functional group on CNT by acid treatment. And Raman 
spectrometer II (DXR2xi, Thermo) was also used to clarified damage of 
CNT surface with a near-infrared laser operating at 532 nm and a charge 
coupled device detector. Thermogravimetric analysis (TGA, TGA-2050, 
TA Instruments) of CNT and AT-CNT was performed by heating the 
samples from room temperature (RT) to 800 ◦C at a rate of 20 ◦C min− 1 
under air atmosphere. The mechanical properties of the fabricated 
composites were measured using a universal testing machine (UTM, 
3344Q9465, Instron Co.) at a cross-head speed rate of 1 mm/min. The 
thermal conductivity (κ) was calculated using the relationship κ =
α•ρ•C_p, where ρ, α, and Cp are the pellet density, thermal diffusivity, 
and specific heat capacity, respectively. The thermal diffusivity was 
measured using an LFA 447 Nanoflash (NETZSCH) system, and the 

M. Kim and J. Kim                                                                                                                                                                                                                             Journal of Materials Research and Technology 33 (2024) 2756–2763 

2757 



specific heat capacity of the fabricated composites was quantified using 
differential scanning calorimetry (DSC, DSC-Evo, KEP Tech). The den
sity of the composites was calculated using Archimedes’ method. The 
electrical resistance of the composites were calculated using the four- 
point probe method.

3. Results and discussion

The synthesis, exfoliation, and morphology of the MoS2 sheets were 
verified by XRD, FE-SEM, and XPS. The XRD pattern of MoS2 (Fig. 2(a)) 

confirmed the synthesis of MoS2, which corresponding to the previous 
study (PDF #37–1492) [20]. When the nanosheet structure consisted of 
only a few layers, the XRD pattern showed a broadening of the diffrac
tion peaks. Specifically, characteristic peaks were observed at 33◦

indicating (100) plane, 38◦ indicating (103) plane, and 59◦ indicating 
(110) plane of the MoS2 nanosheets. The corresponding FE-SEM images 
(Fig. 2(b) and (c)) showed MoS2 particles. While the MoS2 particles did 
not exhibit a nanosheet structure, the MoS2 nanosheets aggregation with 
sizes of few nanometers can be confirmed by high-resolution FE-SEM 
images. In Fig. 2(d) and (e), the Mo 3d and S 2p XPS spectra indicated 

Fig. 1. Schematic illustration of the fabrication process of PPS/MoS2/CNT composites.

Fig. 2. (a)XRD pattern (b) FE-SEM (c) High-resolution FE-SEM image of MoS2. XPS (d) Mo 3d deconvolution and (e) S 2p deconvolution of MoS2.
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the successful synthesis of MoS2 nanosheets with spin–orbit components 
difference of 3.15 eV. The Mo 3d5/2 peak at 229.5 eV illustrated Mo was 
in the Mo4+ state. Additionally, the S 2p3/2 peak at 162.4 eV corre
sponds to previous results on MoS2 [21]. Based on these results, MoS2 
was successfully synthesized via the hydrothermal reaction.

Subsequently, the synthesized MoS2 underwent exfoliation via 
liquid-phase exfoliation (LPE) using ultrasonication. The layers were 
peeled from the bulk material through prolonged sonication. The crystal 
structure of MoS2 resembled that of graphene; hence, it formed stacked 
2D sheet layers, with a low interlayer van der Waals force, facilitating 
easy peeling. Owing to the high power and long duration of the ultra
sonication process, the occurrence of MoS2 oxidation must be verified. 
The characterization results for the exfoliated MoS2 (e-MoS2) are shown 
in Fig. 3. By comparing the XRD and XPS results for MoS2 and e-MoS2, it 
was confirmed that the MoS2 particles underwent no oxidization during 
ultrasonication. The XRD pattern did not show any additional peaks, 
such as MoO2 or MoO3, while the XPS results indicated only the presence 
of MoS2-related peaks in the Mo 3d and S 2p regions, without any shift. 
Moreover, the FE-SEM images of e-MoS2 confirmed the successful peel- 
off of the bulk MoS2 layers during the ultrasonication process.

CNTs, serving as fillers with high thermal conductivity, were 
entangled with e-MoS2 to form layered structures. When the CNT and e- 
MoS2 were mixed without any surface treatment, the CNTs aggregated 
with each other. To prevent this, acid treatment of the CNT (AT-CNT) 
was performed. The FT-IR results of the CNT and AT-CNT samples 
(illustrated in Fig. 4(a)) show that the –OH and –SO3 functional groups 
were attached to the CNT surfaces. This surface treatment was 
confirmed using Raman spectroscopy (refer to Fig. 4(b)). The ID/IG ratio 
of AT-CNT increased from 0.95 to 1.0, owing to the increase in carbon 
defects with acid treatment. Fig. 4(c–e) comparatively illustrates the 
XPS results before and after acid treatment of the CNTs. The XPS C 1s 
spectra of the CNT showed multiple peaks located at 284.7, 285.2, 
286.6, 288.3 and 289.1 eV, corresponding to C=C, C–C/C–H, C–OH/ 

C–O–C, C=O, and O–C=O bonds, respectively [22]. Post acid treatment, 
the XPS C 1s spectrum showed an additional peak at 285.3 eV, attributed 
to C–S bonding [23]. This result indicated the successful attachment of 
the sulfonate functional group to the CNT surface. The same result was 
observed in the XPS S 2p spectra of the AT-CNT. The XPS S 2p3/2 peak at 
169 eV corresponds to the sulfate functional group, wherein a spin-orbit 
splitting with a difference of 1.16 was observed. The TGA results 
(illustrated in Fig. 4(f)) indicated the successful acid treatment of the 
CNT surface. The pristine CNT sample exhibited high thermal stability 
up to 600 ◦C, after which weight loss manifested gradually, with a 
decrease to 10%. In contrast, AT-CNT demonstrated degradation up to 
300 ◦C due to the presence of sulfonate functional groups on the sur
faces, resulting in an earlier onset of weight loss compared to pristine 
CNT. Notably, acid treatment did not alter the crystal structure of the 
CNT, as evidenced by the XRD patterns in Fig. 4(g). The XRD pattern of 
pristine CNT displayed the strongest peak corresponding to the (002) 
plane [24]. After acid treatment, the XRD pattern was similar to that of 
the pristine CNT, without the presence of additional peaks. These results 
indicate that the acid treatment of CNTs can successfully introduce 
sulfonate functional groups on their surface, without affecting their 
crystal structure.

The FE-SEM images in Fig. 5 illustrate the morphologies of CNT, AT- 
CNT, e-MoS2/CNT and e-MoS2/AT-CNT. Compared Fig. 5(a) and (b), the 
surface of CNT became smoother and more dispersion after acid treat
ment. In Fig. (c–f), as mentioned above, the pristine CNTs aggregated, 
whereas the AT-CNTs showed good dispersion with MoS2. It can be seen 
that the sulfonate functional group on the surface of the CNTs affected 
the molecular force between MoS2 and CNT through hydrogen bonding 
or van der Waals forces, thereby facilitating CNT dispersion. As the CNT 
ratio increased, the CNTs became more entangled with e-MoS2, pro
moting the maintenance of the film during vacuum filtration; however, 
the film was weak in strength and contained numerous pores. Therefore, 
a more effective method for fabricating the e-MoS2/AT-CNT layer 

Fig. 3. (a) XRD patterns of MoS2 and e-MoS2. XPS (b) Mo 3d deconvolution and (c) S 2p deconvolution of e-MoS2. (d–e) FE-SEM images of e-MoS2.
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should be considered. To make the e-MoS2/AT-CNT sheet, a hot-pressing 
method was selected, and then the top and bottom of the sheet were 
coated with PPS to produce a composite with a PPS-MoS2/CNT-PPS 
layer structure (refer to Fig. 6). Fig. 6(a) and (b) show cross-sectional FE- 
SEM image of hot-pressed MoS2. The MoS2 disk-shaped composite pro
duced by hot-pressing has a dense shape with a thickness of 1–2 mm. The 
high-resolution FE-SEM of MoS2 composite shows that the MoS2 parti
cles were compressed into a dense bulk material by heat and pressure. 
The high-resolution FE-SEM images in Fig. 6(c) and (d) illustrate the 

entangled MoS2 sheet morphology with the CNTs and the formation of a 
heat path along the through-plane direction. At a low CNT ratio, the heat 
path was difficult to determine. In Figs. 6(d), 20 wt% of ATCNT covered 
MoS2 surfaces and fabricated through-plane direction heat path. The 
cross-sectional FE-SEM image in Fig. 6(e) shows a clear layered struc
ture. Compared to the injection molding process, the layered structure of 
PPS-MoS2/CNT-PPS increased the ratio of the filler. In previous studies, 
the production of PPS composite materials using injection molding was 
challenging because the viscosity increased rapidly as the filler content 

Fig. 4. (a) FT-IR spectra (b) Raman spectra of CNT and AT-CNT. XPS (c) C 1s deconvolution of CNT, (d) C 1s deconvolution and (e) S 2p deconvolution of AT-CNT. (f) 
TGA analysis and (g) XRD patterns of CNT and AT-CNT.

Fig. 5. FE-SEM images of (a) CNT (b) AT-CNT (c) MoS2/CNT (d) MoS2/5CNT (e) MoS2/10CNT and (f) MoS2/20CNT hybrid fillers.
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Fig. 6. Cross-sectional FE-SEM images of (a) MoS2 composite (b) high-resolution MoS2 composites (c) MoS2/10CNT composite (d) MoS2/20CNT composite and (e) 
PPS/MoS2/20CNT composite.

Fig. 7. (a) Tensile strength vs. Tensile strain properties (b) Thermal diffusivity and conductivity (c) Thermal conductivity comparison with reported PPS composites 
and (d) electrical resistance of the composites.
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increased. The manufacturing of composites shows limitations when the 
filler content exceeds approximately 70 wt%; therefore, in this study, a 
different approach was adopted to achieve a higher filler content. The 
filler ratio was calculated as the difference between the weights of the 
MoS2/CNT sheet and the PPS-MoS2/CNT-PPS composites. Using this 
strategy enabled the fabrication of PPS-MoS2/CNT-PPS composites with 
90% filler ratio. During the hot-pressing process, the pores were com
pressed and reduced by the high pressure. During the fabrication process 
of the PPS layers, the pressing temperature was set to 220 ◦C, which was 
between the glass temperature (150 ◦C) and melting point (280 ◦C) of 
the PPS. PPS melts during the pressing process to form a layer, wherein a 
certain amount helps form a dense composite.

The mechanical properties of the composites were measured at RT 
using a universal testing machine (refer to Fig. 7(a)). The fabricated 
MoS2 composite exhibited a low tensile strength of 32 MPa. MoS2 is 
known to have very good mechanical properties, but because it was 
made of a thin composite material with a thickness of 1–2 mm, its me
chanical properties were low. With increasing AT-CNT content, the 
tensile strength increased up to 48 MPa. As seen in the cross-sectional 
FE-SEM image of the composite material above, as the AT-CNT con
tent increased, the mechanical properties improved by entangling MoS2. 
After fabricating PPS layer above and below the MoS2/CNT, the tensile 
strength of the composite increased to 67 MPa, originating from PPS’s 
high tensile strength (70 MPa) [25]. However, compared to the PPS 
composite fabricated using the injection molding process, the tensile 
strength was weak. This could be explained from the fact that compos
ites manufactured using injection molding are manufactured such that 
the PPS matrix surrounds all surfaces of the composite, whereas com
posites manufactured using the hot-pressing method have PPS layers 
only on the top and bottom surfaces, resulting in relatively reduced 
mechanical strength.

When the composite material was manufactured by hot pressing, 
despite the slight decrease in mechanical strength, high thermal con
ductivity was achieved owing to the high filler content and the forma
tion of through-plane direction heat path. The thermal conductivities of 
the MoS2 and CNT components were 80–100 W/mK (in-plane) and 
3000 W/mK, respectively. However, owing to anisotropy in the thermal 
conductivity of MoS2, its through-plane thermal conductivity was lower 
than 2 W/mK. This stemmed from the 2D layered crystal structure of 
MoS2, wherein MoS2 layers were stacked with weak van der Waals 
forces; therefore, the movement of phonons between layers was 
impeded, resulting in an anisotropic thermal conductivity. To improve 
the low through-plane thermal conductivity of MoS2, we entangled it 
with highly thermally conductive CNTs to fabricate a heat path in 
through-plane direction. When a composite has many pores, thermal 
conductivity rapidly decreases due to the low thermal conductivity of air 
(0.024 W/mK) and phonons can be easily scattered at the pore in
terfaces. Here, the hot-pressing method was selected to avoid the gen
eration of a porous structure. The measured thermal conductivities of 
composites with various filler ratios are presented in Fig. 7(b) using LFA 
447 Nanoflash (NETZSCH). First, We measured thermal conductivity of 
MoS2 and MoS2/CNT composite without PPS layer. When the CNT ratio 
increased, the thermal conductivity also increased owing to the forma
tion of a heat path. The formation of heat path can be verified by 
increasing thermal diffusivity. Due to the lower density of CNT (2.26 g/ 
cm3) compared to MoS2 (5.06 g/cm3), the density of the composite 
decreased with increasing CNT contents. The thermal conductivity 
calculation formula is expressed as the product of density, thermal 
diffusivity, and Cp value. As the CNT content increased, the density 
decreased, but the thermal diffusivity rapidly increased due to the for
mation of a heat transfer path in the through-plane direction, resulting 
in improved thermal conductivity of 6.8 W/mK. Therefore, we set the 
MoS2:CNT ratio to 8:2 to fabricate PPS layer. The PPS/MoS2/CNT 
composite shows a slightly decreased thermal conductivity of 5.77 W/ 
mK due to the extremely low thermal conductivity of neat PPS, 0.18 W/ 
mK. In Fig. 7(c), We compared recent studies of PPS composites using 

injection molding process [9,12–15,26–28]. Our results shows high filler 
loading of 90% and high thermal conductivity of 5.77 W/mK. By 
considering filler contribution for enhancing thermal conductivity, a 
linear line was introduced, which connect thermal conductivity of neat 
PPS (filler ratio: 0%) and 5.77 W/mK (filler ratio: 90%). The slope of the 
introduced line contributes to the increase in thermal conductivity per 
1% of filler, and it can be seen that it has a high slope compared to 
existing literature. From this, it can be said that our research achieved a 
high filler content and at the same time achieved a more effective 
improvement in thermal conductivity compared to the injection mold
ing method. The thermal conductivity was slightly reduced with the 
introduction of the PPS layer, however the introduction of PPS made it 
possible to have insulation properties as shown in Fig. 7(d). The elec
trical resistance of MoS2 shows 0.0214 Ω m, which indicates MoS2 is 
highly electrically conductive material. With CNT content of 20%, the 
electrical resistance decreased to 1.3 × 10− 3 Ω•m. When thermal 
interface materials have insulating properties, the insulating layer can 
be removed from automotive parts, which helps reduce the weight of the 
parts. Insulating performance is also an important issue when consid
ering high-voltage battery packs for electric vehicles. By considering this 
issue, with introducing PPS layers, the electrical resistance sharply 
increased to 3.46 × 1013 Ω•m, which can be seen insulating material. 
Considering both thermal, mechanical and insulating properties, our 
composite with a MoS2/CNT ratio of 8:2 and filler/PPS ratio of 9:1 
exhibited excellent performance, achieving a thermal conductivity of 
5.77 W/mK and a tensile strength of 67 MPa with insulating property.

4. Conclusions

In conclusion, in this study we successfully synthesized and charac
terized MoS2 nanosheets through a hydrothermal reaction, followed by 
liquid-phase exfoliation to produce exfoliated MoS2 (e-MoS2). The 
characterization results confirm the successful synthesis and exfoliation 
of MoS2 without oxidation during ultrasonication. Furthermore, carbon 
nanotubes (CNTs) were surface-treated with acid to enhance dispersion 
and entangled with e-MoS2 to form layered structures. The acid treat
ment of the CNTs was confirmed by spectroscopic and thermal analyses. 
The resulting MoS2/CNT and MoS2/acid-treated CNT (AT-CNT) com
posites exhibited different morphologies, with AT-CNT showing 
improved dispersion owing to the sulfonate functional groups on their 
surfaces. A hot-pressing method was employed to fabricate PPS-MoS2/ 
CNT-PPS composites with a high filler content and layered structure. 
Despite the slightly reduced mechanical strength compared to injection 
molding, the composites demonstrated enhanced thermal conductivity, 
which was attributed to the high filler content and the formation of heat 
paths. By optimizing the MoS2/CNT and filler/PPS ratios, a composite 
with balanced thermal and mechanical properties was obtained, with a 
thermal conductivity of 5.77 W/mK and a tensile strength of 67 MPa. 
Overall, this study indicates a promising approach for fabricating engi
neering plastic-based composite materials with improved thermal con
ductivity and mechanical strength that hold the potential for various 
applications in thermal management and structural materials without 
melt extrusion process.
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