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A B S T R A C T   

Graphene can form a liquid crystal phase due to its anisotropic flake characteristics, it shows great potential in 
the field of high dielectric composites. In this paper, the graphene oxide sheets are grafted onto copolymer to 
uniformly disperse and maintain the liquid crystal state in a non-polar solvent, then the modified graphene oxide 
liquid crystal is transferred to polydimethylsiloxane. Graphene/polydimethylsiloxane nanocomposites are ob-
tained by high temperature reduction and curing reactions. When the filler content is 4 wt%, the permittivity 
increases by 800% compared to pure polydimethylsiloxane. Therefore, graphene liquid crystal can significantly 
improve the dielectric properties of the nanocomposites than ordinary graphene, which provides a new method 
for preparing high dielectric properties composites.   

1. Introduction 

Polymer-matrix composites have attracted great interests and 
received wide potential applications [1–8] due to their simple process-
ing, good mechanical flexibility, low cost and good compatibility 
[9–17]. High-permittivity polymer-matrix composites have successfully 
replaced traditional high dielectric materials such as ceramics and 
metals [18–25], and have been widely used in supercapacitors, radar, 
aerospace, underwater navigation and mobile electronics, lasers, 
biomedical imaging and non-destructive testing [26–28]. In recent 
years, great progress has been made on high-permittivity polymer-
–matrix composites. The most popular method is to dope conductive 
particles into the polymers, thereby obtaining the high dielectric poly-
mer composites with great application potentials [19,27]. There are 
many factors that affect the dielectric properties, such as the polymer 
chemical structure, the shape of filler and their amount in the compos-
ites, etc. The aspect ratio is introduced to describe the effect of the filler 
shape on the dielectric properties [18,20]. The rod-like fillers with a 

larger aspect ratio than the spherical particles are easier to form a 
conductive path when they are randomly oriented so that it is not 
suitable for preparing high dielectric properties composite [20]. How-
ever, the liquid crystal (LC) phase is difficult to form a conductive path 
because the layers are parallel to each other, and this is a method for 
obtaining composites of high dielectric properties [29]. 

Graphene was first obtained by micro-mechanical stripping method 
[30], and it is applied to many composites due to its outstanding per-
formance in all aspects [31–35]. Since the graphene sheets have a high 
aspect ratio, the graphene-based composites have a low percolation 
threshold [36–40], and researchers often use them as conductive com-
posites. But graphene has formed LC phases in aqueous solutions or 
polar organic solvents [41,42]. Therefore, graphene LC is very suitable 
to serve as a filler for high dielectric composites [20]. Usually, this 
method uses a surfactant stabilizer to prevent graphene sheets from 
coagulating and thus is harmful to the environment [43]. However, 
Yuan and co-worker have shown that the graphene sheets do not exhibit 
a low percolation threshold because nematic LC phases are formed 
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before the graphene sheets reach the percolation threshold [29,44–46]. 
The orientation of the graphene sheets results in difficulty in forming 
conductive paths. Han and co-worker studied the effect of the thickness 
of the conductive nanosheet reduced graphene oxide (rGO) shell on the 
dielectric properties of the composites. It was found that the percolation 
threshold increased with the increase of the shell thickness [27]. This 
shows that the insulating shell can slow down the generation of 
conductive path, thus increases the permittivity of the composites. 
Therefore, graphene-based high dielectric composites can be obtained. 
Graphene does not spontaneously form a LC phase, but graphene oxide 
(GO) can spontaneously form nematic LC phases in a polar solvent, and 
it can also maintain a LC state in a polymer [47,48]. 

In this work, GO is dispersed in aqueous solution to form a LC phase, 
and then the graphene oxide liquid crystal (GOLC) sheet is graft- 
modified with polyaminopropylmethylsiloxane-b-polydimethylsiloxane 
(PAPMS-b-PDMS) copolymer to make it extraction to diethyl ether 
[49,50]. Therefore, the GOLC phases can be transferred to a non-polar 
organic solvent, and then transferred to polydimethylsiloxane (PDMS). 
High-temperature in situ thermal reductions of GO after volatilizing the 
organic solvent recovers the high conductivity of graphene [51–55], 
which is then solidified in the mold. By changing the contents of gra-
phene, the composites can be obtained in a wide range of permittivity. 
PDMS is selected in this study since it has a high modulus of elasticity and 
is a constant value over a wide temperature range, which reduces the 
dielectric loss due to hysteresis. When the filler content is 4 wt%, the 
permittivity of liquid-crystalline graphene-based composites is increased 
by 800% compared to pure PDMS, and the loss tangent does not exceed 
0.5. In addition, rGOLC/PDMS nanocomposites have high thermal 
stabilities. 

2. Experimental 

2.1. Preparation of GO 

The GO was prepared by the modified Hummers’ method [56]. First, 
graphite pre-oxidation experiment was carried out. Briefly, 5 g K2S2O8 
(China Sun Specialty Products Co., Ltd.), 5 g P2O5 (Shanghai Rich Joint 
Chemical Reagents Co., Ltd.), 20 mL H2SO4 (95–98% Shanghai Su Yi 
Chemical Reagent Co., Ltd.) and 10 g graphite powder (99% in purity, 
Ding Sheng Xin chemical industry Co., Ltd.) were placed in a beaker, and 
the temperature was raised to 80 �C to keep warm for 6 h and stirred 
constantly. Then it was washed with ultrapure water to close to neutral, 
and dried at 60 �C. Then graphite oxidation experiment was done. First, 
the beaker was put into the ice water bath, then 4 g graphite powder, 2 g 
NaNO3 (Shanghai Rich Joint Chemical Reagents Co., Ltd.), and 
100 mL H2SO4 were added, then stirred evenly. 12 g KMnO4 was slowly 
added to the beaker within 1 h and stirred at 5 �C for 1 h to obtain a dark 
green solution. Then the beaker was moved to an oil bath and heated at 
35 �C for 30 min and stirred all the time. 200 mL ultrapure water was 
slowly added to the beaker, and then the temperature of the oil bath was 
raised to about 90 �C for 1 h to obtain a golden yellow suspension. When 
the temperature was decreased to about 50 �C, 50 mL H2O2 (30% in 
purity, China Sun Specialty Products Co., Ltd.) was added to reduce 
excess oxidant about 20 min, then cooled down to room temperature. 

Because the time required for GO suction filtration was too long, the 
centrifugation method (5000 rpm, 15 min) was chosen to wash the 
suspension until the liquid could not be separated by centrifugation. 
Then it was dialyzed with a dialysis bag (MWco: 8000–14000 Da, 
Sinopharm Chemical Reagent Co., Ltd.) for three days to remove the 
impurity ions in the GO. The dialyzed GO was ultrasonically dispersed 
for 60 min, then centrifuged again (8000 rpm, 15 min), and the upper 
layer of colloid was freeze-dried to obtain a sponge-like GO. 

2.2. Observation of LC 

A certain amount of sponge-like GO was dissolved in water to 

prepare 0.5 wt%, 1 wt% and 2 wt% aqueous solution of GO. The GO was 
dispersed evenly with the high shear emulsifying machine and ultra-
sonically treated for 2 h. The obtained GOLC aqueous solution was 
dropped on a glass slide flattened which was subjected to the observa-
tion by crossed polarizers. The GOLC in the obtained solution was 
transferred to the PDMS, and thermally reduced. The product was 
observed by crossed polarizers. 

2.3. Extractant selection 

In order to fully transfer GOLC from the aqueous phase to the organic 
phase, toluene, n-butyl acetate, cyclohexane, trichloromethane, 
dichloromethane and diethyl ether as extractant were studied to find the 
best extractant. Briefly, 10 mL of extractant was mixed with 10 mL GOLC 
aqueous solution (1 mg/mL) and 120 mg graft copolymer PAPMS-b- 
PDMS was added, which was stirred on a magnetic stirrer for 2 h to 
compare the ability of GOLC to be extracted from the aqueous phase to 
the organic phase. 10 mL of 1 mg/mL GO aqueous solution was pre-
pared, then 10 mL diethyl ether was added. The mass ratio of GO to 
PAPMS-b-PDMS (2–3 mol% of amine groups) was controlled to be 1:8, 
1:10 and 1:12. The solution was mixed on a magnetic stirrer for 2 h, and 
observed for the extraction efficiency. 

2.4. Preparation of reduced graphene oxide liquid crystal (rGOLC) and 
PDMS composites 

First, the diethyl ether solution of GOLC was added into the fume 
hood to evaporate most of the diethyl ether and then mixed with 10 g 
hydroxy-terminated PDMS (750 mPa s, Jiangxi Xing Huo Organic Sili-
cone Plant). The diethyl ether was completely removed by heating in an 
oven at 60 �C for 30 min and then kept at 180 �C for 4 h to thermally 
reduce GOLC to rGOLC. After cooling, PDMS cross-linking agent and 
catalyst were added and stirred well. Then, the nanosuspensions were 
poured into a mold and cross-linked at room temperature to obtain the 
solid rGOLC/PDMS composites. 

2.5. Characterization 

The surface microscopic images of GO were observed with a scan-
ning electron microscope (SEM) (JSM-6480, JEOL). The Raman spectra 
of GO and GO-copolymer were measured by using a Renishaw confocal 
Raman microprobe (Raman) (InVia, Renishaw), working range was 
100–2000 cm� 1. The functional groups of GO and GO-copolymer were 
measured by using a Fourier Transform infrared spectroscopy (FTIR) 
(Cary, NYSE: A), working range was 400–4000 cm� 1. The samples were 
prepared by KBr pellet method, and the ratio of sample to KBr was 
1:200. The crystal states of GO were measured by using an X-Ray 
Diffractometer (XRD) (XRD-6000, SHIMADZU), scan range 2θ was 
10�–80�. The mechanical properties of rGOLC/PDMS composites were 
measured using an electronic universal testing machine (CMT4430, MTS 
China). The LC phase of GO and rGO was observed by using a polarizing 
microscope (50IPOL, Nikon). The dielectric properties of the rGOLC/ 
PDMS composites were measured at room temperature by using an 
impedance analyzer (Agilent-4294A, Hong Da Electronic Instrument 
Co., Ltd), working frequency range was 10� 1-106 Hz. 

3. Results and discussion 

This improved Hummers’ method can conveniently prepare GO 
containing many polar groups, which is convenient for mixing with 
other substances [49,50,57–60]. The FTIR was used to detect those 
groups (Fig. 1a). For GO, the absorption peak at 3100-3500 cm� 1 cor-
responds to the –OH stretching vibration, which is the absorption peak 
formed by the –OH on the GO sheet. The absorption peak near 
1730 cm� 1 is due to the stretching vibration absorption of C––O in the 
carboxyl group. The absorption peak near 1630 cm� 1 is caused by the 
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C––C stretching vibration [33,61,62]. The absorption peak near 
1400 cm� 1 is ascribed to the in-plane bending vibration of the C–H 
group. The absorption peak near 1100 cm� 1 corresponds to the 
stretching vibration of the C–O–C group. They indicate that GO contains 
the oxygen-containing groups. Fig. 1b shows two distinct Raman scat-
tering peaks for GO. One is the D peak at 1350 cm� 1 and the other is the 
G peak at 1593 cm� 1. The D peak is generated by the vibration of sp3 

hybridized carbon atoms, reflecting the defects of the internal structure 
of GO. And the G peak is produced by the sp2 hybrid carbon ring and 
atomic stretching vibration, representing the symmetry and order de-
gree in the GO molecular structure [63–66]. In the Raman analysis, the 
intensity ratio of the D peak to the G peak (ID/IG) is often used to indicate 
the disorder degree of the graphite sheet [60,67–69]. The ID/IG of GO 
obtained by the experiment was 0.67. Neither graphene nor graphite 
had a D peak, indicating that the obtained oxygen-containing group on 
the GO resulted in the appearance of a D peak of the defect peak [61,66, 
70]. 

As can be seen from Fig. 1a, the infrared absorption testing of GO- 
copolymer shows several new absorption peaks compared to GO, for 
example, the stretching vibration of the Si–C bond at 810 cm� 1, the 
bending vibration of the Si–C bond at 1256 cm� 1, the stretching vibra-
tion of the Si–O bond at 1028 cm� 1 and 1090 cm� 1, the stretching vi-
bration of the –CH bond at 2965 cm� 1. There are also some absorption 
peaks overlapping with the absorption peak of GO, which is the N–H 
bond at 3000 cm� 1 and the C–N bond at 1400 cm� 1. The C––O bond at 
1720 cm� 1 also moves to around 1620 cm� 1 because of the formation of 
the amide group. Fig. 1b shows that the ID/IG of the GO-copolymer is 0.7, 

indicating that the PAPMS-b-PDMS copolymer does not change the 
structure of the GO. It can be seen from FTIR and Raman spectra that GO 
was successfully grafted with PAPMS-b-PDMS copolymer and its layered 
structure did not change significantly. 

The peak at 2θ of 11� in Fig. 1c is the characteristic peak of GO. In 
addition, a weak peak at 22� is a characteristic peak of graphite, indi-
cating that some graphite remains in the GO. The residual graphite 
content is relatively small, and subsequent experiments will be per-
formed by ultrasonic treatment and thermal reduction, so the residual 
small amount of graphite has little effect on the experiment. Fig. 1d is an 
SEM image of GO. It can be clearly seen that GO is a single layer or a few 
layers, and exhibits a stable structure such as bending and wrinkles, 
indicating that GO has a higher degree of oxidation and a distinct sep-
aration of GO sheets. 

Since the LC has a birefringence phenomenon, it can be observed 
under a polarizing microscope. But the isotropic substance cannot be 
seen under the polarizing microscope because it does not have a bire-
fringence phenomenon [47]. It can be seen from Fig. 2 that when the 
concentration of GO is 0.5 wt%, the LC was observed only at the edge, 
and it was hardly observed in the middle portion (Fig. 2a), indicating 
that only a small amount of LC can be formed. Those LC structures were 
distributed at the edge of the droplet due to the surface tension. It should 
be noted that the time for observing the LC should not be too long, 
otherwise the concentration is no longer the initial concentration. LC 
phase can be observed in the entire droplet when the concentration of 
GO reaches 1 wt% (Fig. 2b). The proportion of the LC phase has been 
reported even reaching 100% [47]. The concentration of GO is 2 wt% in 

Fig. 1. (a) FTIR spectra of GO and GO-copolymer. GO-copolymer is composed of GO and PAPMS-b-PDMS with 1: 12, (b) Raman spectra of GO and GO-copolymer. (c) 
XRD patterns of GO. (d) SEM image of GO. 
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Fig. 2c, the LC phase on the graph is elongated and has different angles, 
reflecting different orientation states of the crystal domains. If an elec-
tric field or tensile state is added at this time, the domains can be 
coaxially oriented, thereby improving the electrical and mechanical 
properties in this direction [47]. Fig. 2d is optical micrographs with 
crossed polarizers of the 0.5 wt% aqueous solution of GO after drying. 

The GO solution was dropped on a glass slide, and then dried at 60 �C to 
obtain dry GO. It can be seen that the GOLC can maintain the crystal 
state after drying, so this structure is envisioned to be introduced into 
the composites. 

Fig. 3a is a schematic diagram of the interaction principle between 
GO and PAPMS-b-PDMS copolymer. The carboxyl group on the GO sheet 

Fig. 2. Optical micrographs with crossed polarizers of GOLC. Different concentrations of GOLC aqueous solution, (a) 0.5 wt%, (b) 1 wt%, (c) 2 wt%, (d) 0.5 wt% after 
dried, respectively. 

Fig. 3. (a) Schematic diagram of the interaction between GO and PAPMS-b-PDMS (2–3 mol% of amine groups). (b) The GOLC was extracted from the aqueous phase 
to the oil phase by different extractant. (c) different proportions of PAPMS-b-PDMS copolymer was added for extraction, the phase transfers are shown as the mass 
ratio of GO to the copolymer. The top layer is a diethyl ether layer. 
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and the amine group on the PAPMS-b-PDMS copolymer are covalently 
bonded by their dehydration of the group to make it lipophilic and can 
be uniformly mixed with an oily substance such as diethyl ether and 
PDMS. And the copolymer does not destroy the carbon lattice of GO. 
Fig. 3b shows the extraction efficiency of six organic solvents for the 
GOLC-copolymer. We can find that only diethyl ether in the same vol-
ume of organic solvent can completely extract the GOLC-copolymer. 
This is because C–O–C in diethyl ether has good compatibility with 
GOLC-copolymer, and its solubility to GOLC-copolymer is very large, so 
we use diethyl ether as the extractant. 

Diethyl ether is known to have the best extraction effect on GOLC- 
copolymer. Then proportion of PAPMS-b-PDMS copolymer was further 
studied to fully functionalize GOLC. Since GOLC is difficult to dissolve in 
diethyl ether, GOLC was modified to increase its solubility in diethyl 
ether. Fig. 3c shows the modification effect of GOLC with the copolymer 
content of 1:8 to 1:12 (GO: copolymer with mass ratio). When the mass 
ratio was 1:12, GOLC-copolymer could be completely extracted into the 
upper diethyl ether layer. Therefore, GOLC was functionalize with 
copolymer by a 1:12 mass ratio was used in subsequent experiments. 

Fig. 4a is an optical micrograph with crossed polarizers of GOLC- 
copolymer dispersed in PDMS with a concentration of 2 wt%. The 
observed many bright spots distributed evenly in the PDMS means that 
the GOLC stably present in the polymer. The bubbles in the image are 
due to the presence of non-volatile diethyl ether (arrow point). Now we 
know that the aqueous GO solution can form a LC phase, and when the 
mass fraction of GO reaches a certain value, the proportion of the LC 
phase almost reaches 100% [47]. Then, the high-temperature in-situ 
thermal reduction is carried out, and it is desired to obtain the 
rGO-composites which maintain the LC structure, thereby increasing the 
electrical properties and mechanical properties of the composites. 
Fig. 4b shows that GOLC-copolymer and PDMS composite after the 
thermal reduction at 180 �C for 4 h. Many bright spots can be seen in the 
image and are the rGOLC formed in PDMS. However, there are some 
pores/voids left by the evaporation of diethyl ether (arrow point). These 
defects have a great influence on the material properties. Later, these 
defects were removed by vacuum. The LC phase of the thermally rGO is 
uniform in PDMS and can stably present which is because the chemically 

modified rGOLC prevents agglomeration during heating. Then, the 
rGOLC-copolymer and the PDMS mixture were cross-linked by adding a 
crosslinking agent and a catalyst to obtain the desired rGOLC/PDMS 
composites. 

Fig. 4c and d shows the cross-sectional SEM images of rGOLC/PDMS 
composites. Fig. 4c has some dimple of ductile fracture (arrow point) of 
PDMS without adding GOLC, which can be concluded that this is only 
the morphology of polymer ductile fracture. However, for the rGOLC/ 
PDMS composites, besides the ductile fracture, a flaky substance at the 
crack (arrow point) can be observed, Fig. 4d, which is the layer of rGO 
by high-temperature reduction of GO. Moreover, the graphene sheets do 
not show bending and folding, indicating that the graphene sheets in the 
polymer are arranged in parallel with each other. Therefore, the gra-
phene sheet layer may form a large number of microcapacitors [18–20, 
29,47]. 

Fig. 5a shows the mechanical properties of the sample tested by a 
universal tensile tester. The mechanical properties of the composites 
increase with increasing the rGOLC content when the added amount of 
rGOLC is low, this is because rGOLC plays a reinforcing role for PDMS. It 
is a small-layer structure and has a quantum effect that can greatly 
improve the mechanical performance of PDMS. The tensile properties of 
rGOLC/PDMS composites reach the highest value when the rGOLC 
content is 2 wt%, the tensile strength is 1 MPa, and the elongation at 
break is 280%. However, the mechanical properties of the composites 
are decreased when the content of rGOLC is increased to a certain ratio, 
this is because the viscosity of the mixture is too large, which causes 
structural defects in PDMS, but it still has better mechanical properties 
than pure PDMS. Compared with Lee’s research [71], we not only 
increased the doping concentration of GO, but also ensured that GO after 
thermal reduction still maintains the structure of LC in PDMS, which 
greatly improves the performance of the composite. 

PDMS doped with conductive particles can form a dielectric com-
posite, but conductive paths are often formed before a high permittivity 
composite is obtained, so the permittivity of this composite is low and 
the dielectric loss is large. However, a high permittivity composite can 
be obtained by a conductive-insulated core-shell structure or a 
conductive LC structure, and its dielectric loss can also be kept at a low 

Fig. 4. Optical micrographs with crossed polarizers of GOLC-copolymer dispersed in PDMS. (a) the concentration of 2 wt%. (b) the concentration of 2 wt% after 
thermal at 180 �C for 4 h. (c) Cross-sectional SEM image with a concentration of 0 wt% for cross-linked PDMS. (d) Cross-sectional SEM image with a concentration of 
1 wt% for cross-linked PDMS composites. 
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level. Some typical dielectric composites and dielectric properties are 
shown in Table 1. For instance, the composite formed by PDMS doped 
normal RGO has a relatively low permittivity [72,73]. If the RGO con-
tent is increased, the dielectric loss tangent is rapidly increased to 1.5 
[72], so such materials are not suitable as high permittivity materials. 
However, when the filler is rGOLC or CCTO@MWCNT [29,79], the 

permittivity of the composite increases several hundred times compared 
to pure PDMS, and the dielectric loss tangent remains at a low level. 
Therefore, rGOLC composites can provide a direction for the fabrication 
of high permittivity materials. 

It can be seen from Fig. 5b that the permittivity of the composites 
increases gradually with the increase of the rGOLC filling amount. The 

Fig. 5. (a) The mechanical properties of the rGOLC/PDMS composites (b) Permittivity and loss tangent of rGOLC/PDMS composites at 1 kHz.  

Table 1 
Effect of Different Fillers on Dielectric Properties of PDMS, test frequency is 1 kHz.  

PDMS composites Dielectric constant 
Pure/Modified PDMS 

Increase (%) Dielectric loss tangent Concentration Ref 

RGO 3.1 89.5 2800 1.5 2 wt% [72] 
RGO 3.4 9.6 280 0.41 0.5 vol% [73] 
RGOLC 1.8 15 800 0.47 4 wt% – 
PbZr0.52Ti0.48O3 3.8 8.6 220 0.27 41.2 wt% [74] 
CaCu3Ti4O12 3.13 5.45 170 0.0025 8.4 vol% [75] 
Montmorillonite NA 3.1 NA 0.17 8 wt% [76] 
TiO2 2.9 3.2 110 0.05 5 wt% [77] 
Ag@SiO2 nanoparticles 3 21 700 0.03 31 vol% [78]  

Fig. 6. Thermogravimetric Analysis of Graphene/polydimethylsiloxane nanocomposites.  
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permittivity increases only from 1.8 to 3.9 when the filler content is less 
than 2 wt%. But when the filler content is increased to 4 wt%, the 
permittivity sharply reaches a maximum of 15, the permittivity is 
increased by 800% compared to pure PDMS. When a small amount of 
rGOLC as polarized particles is added in PDMS, the rGOLC sheets are 
uniformly dispersed in the polymer, and the sheets are far apart. The few 
polarized particles cause the low permittivity in the composites. How-
ever, as the rGOLC content increases, the distance of the rGOLC sheets in 
the composites gradually decreases that especially promotes the 
displacement polarization in an electric field to form the micro-
capacitors, so the permittivity is greatly improved in the macroscopic 
range. However, the dielectric constant does not obviously increase 
without limit with the increase of the filler content. When the filler is 
increased to 5 wt%, the graphene sheets will contact each other to 
generate a leakage current, thereby causing the permittivity to start to 
decrease. This is consistent with Yuan’s experimental results [80]. 

For the dielectric loss, it displays a similar tendency to the permit-
tivity. As shown in Fig. 5b, with increasing the rGOLC content, the 
dielectric loss is also raised. The dielectric loss is the ratio of the 
conductance to the capacitance. However, polarization raises the 
permittivity which usually accompanies an increasing dielectric loss. As 
the filler content increases, they will contact each other and many 
conductive paths will occur, which means energy loss. The lost electric 
energy is released through thermal energy. Fortunately, for the rGOLC/ 
PDMS, it becomes difficult to form a conductive path since rGO forms a 
LC phase in the composites, even if the content of the filler is large. 
Therefore, the loss dissipation factor of the rGOLC composites is smaller 
than that of the amorphous composite, and its loss tangent at 1 kHz is 
only 0.47 when the filler content is 4 wt%. 

The Thermogravimetric analysis test was carried out to characterize 
the thermal stability of rGOLC/PDMS nanocomposites. It can be seen 
from Fig. 6 that as the content of rGOLC increases, the thermal stability 
of rGOLC/PDMS nanocomposites first increases and then decreases. This 
is because when the filler content is large, too many defects are gener-
ated, and the rGOLC not only does not enhance, but reduces the thermal 
stability of the material. When the filler content is 4 wt%, the nano-
composites have the best thermal stability, which is consistent with the 
trend of dielectric constant. In addition, the rGOLC/PDMS nano-
composites are rarely degrade at 400 �C, which provides a solution for 
use under extreme conditions. 

4. Conclusion 

In summary, rGOLC/PDMS composites obtained by high- 
temperature reduce GOLC in the PDMS matrix. Since rGOLC obtained 
by thermal reduction still has LC state, rGOLC sheets tend to be arranged 
in parallel in the polymer, resulting in composites with good dielectric 
properties and high mechanical properties. The permittivity of the 
composites increases to maximum 15 when the filler concentration 
reaches 4 wt%. The permittivity increases by 800% compared to pure 
PDMS. Therefore, the potential of rGOLC/PDMS composites in the field 
of dielectric materials is enormous. These rGOLC sheets can combine 
with other polymers [6,81–85] for preparing other functional structural 
nanocomposites with many other applications like electromagnetic 
interference (EMI) shielding [86–89], sensing [90,91], etc. 
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