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 Introduction
Copper sulfide is a p-type semiconductor 
and has been used in light emitting di-
odes, solar cells, biology markers, EMI 
shielding and photocatalytic [1]. Besides 
this, the CuS compound is environmental 
friendly, the price of which is also much 
lower than for noble metals such as Ag 
and Pd. All that has made CuS more eco-
nomical and feasible in industrial appli-
cations. So far, a variety of methods have 
been employed for the deposition of CuS 
thin films, such as chemical vapour dep-
osition [2], thermal co-evaporation [3], 
successive ionic layer adsorption and re-
action (SILAR) [4], photochemical dep-
osition [5], the electrochemical method 
[6] and chemistry bath deposition (CBD) 
[7-10]. Among these, chemical bath dep-
osition is an attractive technique for the 
deposition of semiconductors as it does 
not require sophisticated instrumentation 
like a vacuum system and other expen-
sive equipment. With the CBD method, 
the electrical conductivity of the sub-
strate is not a necessary requirement. 
Low temperature deposition also avoids 
the oxidation and corrosion of metallic 
substrates. Better orientations and im-
proved grain structure can be obtained 
under easily controlled deposition pa-
rameters. Poly(ethylene terephtalate) fi-
bre is one of the most widely used poly-
ester fibres, which are the world’s largest 
and most commonly used synthetic fibres 
due to their high strength, high modulus, 
low-shrinkage, heat set stability, light 
fastness, chemical resistance, and so on 
[11-15]. Nevertheless poor moisture ab-
sorption, high specific resistance and the 
serious electrostatic phenomenon all lim-
it the application of PET fibre. The dep-

osition of copper sulfide as fine particles 
onto the surface of an organic PET fibre 
is a promising approach to obtain elec-
trically conductive fibres. Although this 
method has the advantage of giving large 
size electrically conductive films, there 
have been only a few reports [16, 17] 
on the subject, probably due to difficulty 
in obtaining good adhesion between the 
CuS layer and PET fibre surface. 

To obtain a good electrically conductive 
fibre, surface treatment is an important 
part in obtaining firm bonding between 
the coating layer of the substrate and 
inorganic conductive materials [18-20]. 
Shen [21] produced electromagnetic 
shielding polyester fabrics by using car-
boxymethyl CS-palladium complexes as 
activation solution. It is known that with 
reactive groups like NH2 and OH on the 
molecular chain, CS is prone to chelat-
ing of metal ions [22-24] such as Cu(II), 
Pb(II), Pd(II), Zn(II) and Hg(II) etc. To 
obtain conductive PET fibre with better 
adhesion strength, CS crosslinked by 
glutaraldehyde was used to form a cata-
lyst-film on the fibre surface, which was 
then chelated with Cu2+ ions and CuS 
plating subsequently initiated on the 
surface of the PET fibre. The benefit of 
this method was achieving a high qual-
ity of metal sulfide deposition thanks to 
the chelating interaction between CS and 
metal ions. The morphology of CuS-plat-
ed PET fibre was revealed by scanning 
electron microscopy (SEM). The crystal-
line structure, chemical composition and 
thermal stability of the conductive fibre 
were characterised by X-ray diffraction, 
Fourier transform infrared spectrosco-
py (FTIR), and thermogravimetric (TG) 
analysis, respectively. 
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Abstract
The immobilization of CuS on the surface of poly(ethylene terephtalate) (PET) fibres was 
carried out by the functionalization of PET fibres with chitosan (CS), followed by the chemical 
deposition method. Crosslinked chitosan with NH2 functionality was used as a chelator to 
absorb copper ions, which can successfully initiate CuS deposition in the following chemical 
deposition stage. The CuS-loaded fibres were characterised by scanning electron microscopy, 
X-ray diffraction, infrared spectroscopy and thermal gravimetry, respectively. The properties 
of tensile and conductivity were also investigated. The lowest surface resistance 42 Ω/cm of 
the treated PET fibres was obtained when the CS concentration was 1.0%. 
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 Experimental
PET fibres were immersed in an aqueous 
solution of 5 wt% sodium hydroxide for 
60 min at 80 °C. Then the fibres were 
cleaned with distilled water several times. 
CS solution was prepared by dissolving 
CS in HAc (2.0 wt%), followed by drip-
ping 4 g/l glutaraldehyde with moderate 
stirring for 20 min at 20 °C. To form 
a film on the fibre, the fibre prepared was 
dipped into this solution and then cured 
at 120 °C for 40 min. The CS treated fi-
bres were dried at 60 for 1 h and plated 
with CuS by dipping them into an aque-
ous solution of 2 wt% CuSO4/Na2S2O3  
(1:1 w/w) at 85 °C for 1 hr. 

The morphology of the fibres was char-
acterised by ZEISS-EVO18 (Germany) 
scanning electron microscopy (SEM). 
The samples were attached to sample 
supports and sputter-coated with a gold 
layer. A Fourier transform infrared 
spectrophotometer (FT-IR) (Nicolet 
560, USA) was used to characterise the 
infrared spectra of the samples within 
the 4000-400 cm-1 range. The struc-
ture of the fibres was studied by X-ray 
diffraction (XRD), and the diffrac-
tion patterns were recorded in the 2θ 
range of 10-80°. The conductivity of 
the conductive fibres was measured 
using a digital multimeter (IDEAL 61-
340, Victor, China). A thermal proper-
ty test was carried out by means of an 
STA449C thermogravimetric analyzer 
(TGA, Germany). 

 Results and discussion
Mechanical and conductive properties
To plate the PET fibres with CuS, as 
shown in Figure 1, the yarns were treat-
ed with CS to introduce amine groups on 
them in order to bond with CuS. The CS 
attached to the surface of PET fibres is 
reduced with sodium thiosulfate after 
complexing with copper ions and forms 
into CuS particles on the yarn surface. 
However, it is desirable for the amount of 
CS used to be as small as possible. Thus 
PET fibres were treated with five con-
centrations of 0%, 0.25%, 0.5%, 0.75%, 
1.0% and 2.0% (w/v) CS to examine the 
effect of CS.

Mechanical and conductive properties 
of the CuS plated PET fibres are listed 
in Table 1. As can be seen in Table 1, the 
CS treated and CuS-plated PET yarns 
showed a decrease in the elongation at 
break and an increase in the strength 

Figure 1. Schematic diagram for deposition of CuS onto PET fibres.

Table 1. Mechanical and conductive properties of PET fibres.

Sample Resistance, Ω/cm Tensile strength, cN/tex Elongation, %
Raw – 30.2 9.5

CS 0.0% + CuS – 28.8 10.3
CS 0.25% + CuS 5200 29.2 9.1
CS 0.5% + CuS 180 29.8.1 7.9

CS 0.75% + CuS 50 30.3 6.4
CS 1.0% + CuS 42 30.9 6.2
CS 2.0% + CuS 75 31.6 7.0

Figure 2. SEM photos of CuS-coated CS-PET fibres treated with different CS concentrations: 
a) 0.0%, b) 0.25%, c) 0.5%, d) 0.75%, e) 1.0%, f) 2.0%.
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when the CS concentration was less 
than 1.0%. These changes are general-
ly observed in polymer composites and 
are usually attributed to the effective 
stress transfer between the fillers and 
polymer matrix. In the same way, CS 
and CuS in the PET fibres are designed 
to make the transfer of stress effective 
by increasing the friction between PET 
fibres. The elongation-at-break of the 
plated PET yarns was reduced, but no 
problem was observed with respect to 
their use as yarns for textile. Conductiv-
ity was measured for plated PET yarns 
treated at different CS concentrations. 
Table 1 plots the resistance of five types 
of PET yarns, including raw fibres. 
The resistance of PET fibres decreased 
with the increasing of CS concentration 
when the CS concentration was less than 
1.0%. The average resistance of CuS 
plated PET fibre was 42 Ω/cm when the 
CS concentration was 1.0%, indicating 
good conductivity was imparted by this 
treatment. 

Figure 3. FTIR spectra of a) raw PET, b) PET 1% CS and c) PET 
1% CS + CuS.

Figure 5. X-ray diffraction patterns of a) raw PET, b) PET 0% 
CS + CuS, c) PET 0.5% CS + CuS and d) PET 1% CS + CuS.

Figure 4. Schematic illustration of complexes of CS and Cu.

SEM analysis
The effect of CS concentration on the 
deposited CuS layer was investigated 
by SEM. Figure 2 shows the morpholo-
gy of CuS-coated CS-PET fibres treated 
with different CS concentrations. It can 
be seen from Figures 2.a, 2.b and 2.c 
that CuS particles on the surface of the 
PET fibres are sparse and discontinuous. 
Moreover most of the surface area of the 
PET fibres is not covered by CuS parti-
cles when the CS concentration is less 
than 0.5%. With an increase in concen-
tration to 1.0% (Figures 2.d, 2.e), the 
CuS particle size increases, resulting in 
the formation of a continuous, uniform 
and compact CuS layer on the CS-PET 
fibre surface. When the CS concentration 
was 2.0% (Figure 2.f), the CuS layer was 
observed to have a lack of uniformity, 
with flaws. This non-uniformity causes 
a strong influence on the electrical re-
sistance, because the flaws and metallic 
sulfide behave as a phase separated struc-
ture.

FTIR spectra
FTIR spectra of PET, CS 1.0%-PET 
and CuS-coated CS 1.0%-PET fibres 
are shown in Figure 3. As shown in 
Figure 3.a, a very intensive band was 
found at 1709 cm-1 , which could be as-
signed to the stretching vibration of the 
C = O group in polyester. Some of the 
characteristics groups of polyester were 
also observed, such as the absorption 
peak at 1,412 cm-1 , corresponding to the 
benzene ring skeleton structure, and at 
1,242 cm-1 and 1094 cm-1 , attributed to 
symmetric and antisymmetric stretching 
vibration of the C-O-C bond, respective-
ly. Comparing the spectra of Figure 3.a 
and 3.b, the intensities of the absorbance 
at 1,647 and 3,433 cm-1 correspond to 
C = O stretching (amide I) and NH bend-
ing (amide II), respectively. In the spec-
trum of CuS-coated CS 0.1%-PET fibres 
(Figure 3.c), the peak at 1,647 cm-1 was 
significantly decreased, while the peak 
at 3,455 cm-1, which corresponds to the 
amino groups, substantially broadened 
and shifted to higher wavenumbers. 
These changes suggest that Cu2+ ions 
were complexed in the chitosan amino 
groups (illustrated in Figure 4).

XRD characterisation
The X-ray diffraction patterns of PET and 
CuS-coated CS−PET fibres treated with 
different CS concentrations are shown in 
Figure 5. The diffraction pattern of the 
copper sulfide obtained is characteristic 
of a crystalline material [25], which was 
subsequently identified as covellite por-
celain [26]. According to the literature, 
the 2θ signals at ca. 29 and 48° are as-
signed to crystallographic planes (1 0 2) 
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precisely in the DTG curves, corresponding to the temperature peak in the DTG curve. 

It can be found that for untreated PET, PET 1.0%CS and PET 1.0%CS +CuS fibre,

there was also not a significant difference for the Tmax value, which was presumably 

due to the CS and CuS being attached to the surface of the fibres, and did not affect 

the internal structure and crystallinity of PET. 

  

 

Figure 4. TGA and DTGA curves of raw PET, PET 1%CS and PET 1%CS+CuS 
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and (1 1 0), respectively [27]. An increas-
ing intensity of the peaks concerning the 
CuS structure according to the concentra-
tion of CS treatment is observed, which 
suggests a continuous deposition of CuS 
on the PET surface.

Thermal property
The effects of CuS and CS on PET fibres 
were also reflected in the fabric thermal 
behavior, which was analysed by means 
of thermogravimetric analysis (TGA). 
Figure 6 shows degradation profiles of 
raw PET, PET 1.0% CS and PET 1.0% 
CS + CuS fibres. It was clear that all 
TGA curves display a slower initial and 
then rapid degradation process. The three 
changes in the samples’ mass loss were 
speeded up in the range of 380-470 °C, 
which indicated that the main chains of 
the polymer degraded seriously. From 

Figure 6, it can be seen that the CS and 
CuS coat did not considerably affect the 
onset of the degradation temperature of 
PET fibres. The maximum decomposi-
tion temperature (Tmax) of the polymer 
can be determined precisely in the DTG 
curves, corresponding to the temperature 
peak in the DTG curve. It can be found 
that for untreated PET, PET 1.0% CS and 
PET 1.0% CS + CuS fibre, there was also 
not a significant difference for the Tmax 
value, which was presumably due to the 
CS and CuS being attached to the surface 
of the fibres, and did not affect the inter-
nal structure and crystallinity of PET.

 Conslusions
In conclusion, this study aimed to enhance 
the electrical conductivity of PET fibres 
by introducing CuS – a stable compound 
with high electrical conductivity attached 
to PET fibres. We investigated how CuS 
plating changed the surface morphologies 
as well as mechanical, thermal, and elec-
trical properties of the PET fibres. Three 
different concentrations of CS were used 
to determine the optimal concentration 
of CS required to plate PET fibres with 
CuS. The study’s findings revealed that 
the PET fibres had the highest electrical 
conductivity when they were treated with 
1.0% CS concentration. FTIR, SEM and 
XRD studies confirmed the presence of 
CuS on the CS modified PET fibre sur-
face. TG analysis showed that CS-copper 
ion complex activation and the chemical 
deposition method did not affect the ther-
mal properties of PET. 
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