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polyester fabric with excellent electrical conductivity, sur-
face resistance and electromagnetic interference shielding 
effectiveness.

1 Introduction

In recent years, interest has gradually increased towards 
the deposition of metals on textiles for either decorative or 
functional purposes in applications such as food packaging, 
microelectronics packaging and coatings for electromag-
netic interference (EMI) and protective wear [1–3]. Thus, 
the deposition of metals on textiles enhances the range of 
application and creates considerable added values [4–6]. 
Electroless plating is the preferred method to produce metal 
coated textiles due to its advantages such as low cost and 
ease of formation of coating onto the surface of a substrate 
with complex shapes [7–11]. Electroless copper plating has 
been frequently used to coat metals on textiles because it 
provides excellent electrical conductivity, is low in cost and 
allows deposit uniformity [12, 13]. However, a catalytic 
reaction is necessary to carry out in electroless copper dep-
osition, which is carried out in an aqueous solution.

Therefore, there has been immense intense in the use of 
supercritical carbon dioxide  (scCO2) in the last few decades 
because not only is it an environmentally friendly solvent 
(recyclable), but it is also low in cost, nontoxic, inert, and 
noninflammable [14]. Even more interestingly, it is possi-
ble to modify textiles by using  scCO2 because of the unique 
properties, such as low viscosity, high diffusivity, solubil-
ity and zero surface tension [15]. Recently,  scCO2 has been 
used as both a solvent to infuse metal complexes into pol-
ymers and a plasticizer to soften the surface of polymers 
and to increase the adhesion between the metal layers and 
the polymeric substrates [16, 17].  ScCO2 is extensively 
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used to dye synthetic fibers [18] and inject UV stabilizers 
into PP fabrics [19]. Currently, palladium (Pd) complexes, 
such as palladium bis-hexafluoroacetylacetonate (Pd(hfa)2) 
and palladium bis-acetylacetonate (Pd(acac)2), are used 
as catalysts, and commonly infused into various kinds of 
fibers including cotton and polypropylene fibers in  scCO2 
for electroless deposition [20, 21]. However, there are no 
reports on the impregnation of a palladium-free organome-
tallic complex into fabric with  scCO2 prior to electroless 
plating.

In this study, an alternative activation method with the 
impregnation of an organometallic complex, nickel(II) acet-
ylacetonate (Ni(acac)2), into polyester fabric with  scCO2 to 
initiate electroless copper plating on polyester fabric has 
been developed. The deposition weight, surface morphol-
ogy and crystal structure of the copper plated polyester fab-
ric were investigated. Then the effect of the temperature of 
 scCO2 on the deposition weight and surface resistance of 
the copper plated polyester fabrics was examined. Follow-
ing that, the EMI SE of the copper plated polyester fabric 
was evaluated.

The composition and chemical structure of the Ni(acac)2 
activated polyester fabric was also examined by using 
X-ray photoelectron spectroscopy (XPS). The surface mor-
phology, chemical composition, and crystal structure of 
the copper plated polyester fabrics were characterized by 
scanning electron microscopy (SEM) and X-ray diffraction 
(XRD). Surface resistance, EMI SE and adhesive strength 
of the copper plated polyester fabric were evaluated.

2  Experimental

2.1  Materials

Plain weave 100% polyester fabric (47 × 40  counts/cm2, 
84  g/m2) in white color was used as the substrate. The 
polyester fabric was ultrasonically washed in a mixture of 

acetone and alcohol for 30  min and dried in air for use. 
The carbon dioxide gas had a purity greater than 99.9%. 
Ni(acac)2 was purchased from Xiya Reagent Co., Ltd. All 
reagents were of analytical grade and used without further 
purification.

2.2  Electroless copper plating

A schematic of the electroless copper plating on the poly-
ester fabric activated with Ni(acac)2 via  scCO2 process is 
shown in Scheme 1.

The activation process was performed in a  scCO2 appa-
ratus. Ni(acac)2 (0.1  g) was dissolved by a small amount 
of alcohol and then transferred into a solvent vessel. The 
cleaned fabrics were rolled and introduced into a reaction 
vessel. After the desired temperature (90 °C) was reached, 
liquid  CO2 was added until the desired pressure (10 MPa) 
was reached. The activation of the polyester fabric was car-
ried out with Ni(acac)2 in  scCO2 medium at 10  MPa for 
20 min. Finally, the system was slowly depressurized and 
allowed to cool to room temperature. The polyester fab-
rics activated with (Ni(acac)2) were immersed into a 5 g/l 
sodium borohydride  (NaBH4) solution for 10  min. The 
activated fabrics were then collected for electroless copper 
plating.

The polyester fabrics activated with nickel were left in 
the electroless copper plating solution at 70 °C for 20 min. 
The plating bath consisted of 14  g/l of copper(II) sulfate 
pentahydrate  (CuSO4·5H2O), 20 g/l of ethylenediaminetet-
raacetic acid disodium salt (EDTA-2Na), 12  g/l of glyox-
ylic acid and 2 ml of potassium ferrocyanide. The pH value 
was adjusted by using sodium hydroxide (NaOH). Finally, 
the copper plated polyester fabrics were immediately rinsed 
with deionized water and dried in an oven at 60 °C.

For comparison purposes, electroless copper plating was 
also carried out on polyester fabric through conventional 
activation method. The activation of the cleaned fabric 
was performed by immersing the fabric into an aqueous 

Scheme 1  Schematic of 
electroless copper plating on 
polyester fabric activated with 
Ni(acac)2 via  scCO2 process
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solution of 5 g/l of nickel sulfate at room temperature for 
10  min, followed by being treated in 5  g/l of an  NaBH4 
solution for 10 min. The subsequent processes of electro-
less copper plating are similar to those described above for 
the Ni(acac)2 activation process.

2.3  Characterization

The deposition rate (v: mg/(cm2  h)) of the electroless 
plating was determined by the gravimetrical method and 
expressed in terms of the weight gain per unit of plat-
ing area and time after the deposition. An analytical bal-
ance (Shimadzu BX300 m) with a precision of 0.1 mg was 
employed to weigh the fabrics before and after copper plat-
ing. The deposition rate was calculated with the following 
equation:

where v (mg/(cm2 h)) is the deposition rate; t (min) is the 
plating duration;  Mt (mg) is the mass of the copper plated 
fabric for a length of time;  M0 (mg) is the initial weight of 
the fabric and  As  (cm2) is the surface area of the fabric.

XPS was used for the surface analysis of the polyester 
fabrics before and after the activation process. XPS (PHI 
5600, Physical Electronics) was performed by using an Al 
Kα source (14 kV and 350 W). The binding energy scale 
was calibrated to 285.0 eV for the main C (1s) peak. The 
surface morphology of the copper deposited the fabric was 
determined by SEM (JSM-6335F). The crystal structure 
of the copper plated fabrics was examined through XRD 
(Bruker D8 Discover, Cu Kα radiation and graphite filter 
at 40 kV and 40 mA). The surface resistance of the copper 
plated polyester fabrics was measured by using four-probe 
test system/Dual Electric Logging Four-Point Probe instru-
ment (Guangzhou Four-point Probe Technology Company) 
was used to evaluate the surface resistance of the copper 
plated fabric.

The EMI shielding effectiveness (SE) is a measure of 
the ability of materials to attenuate electromagnetic waves, 
which refers to the logarithm of the ratio of the incident 
wave to the transmitted wave as shown in the following 
equation:

where P1 (E1) and P2 (E2) are the incident power (incident 
electric field) and the transmitted power (transmitted elec-
tric field), respectively [21].

The EMISE of the copper plated polyester fabrics was 
measured with an Agilent-E8363A vector network analyzer. 
The scanned frequency was 2–18  GHz. The attenuations 
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under transmission and reflection were measured. The for-
mer is equivalent to the SE. The heat generation properties 
of the copper plated fabrics were investigated by using a 
thermocouple powered by a DC source with voltage val-
ues. The fabric sample with dimensions 5  cm × 5 cm was 
held between the two jaws. The temperature of the center 
of the plated fabrics was measured during heating with a 
thermocouple.

The copper plated polyester fabrics were washed in 
a detergent solution (0.37%) with 10 steel balls at 40 °C 
for 45  min in accordance with standard method AATCC 
61-2003 (Colorfastness to Laundering), then rinsed in 
deionized water twice, and finally dried at 100 °C. The 
weight change of the fabric after laundering was used to 
assess the adhesive strength between the copper depos-
its and the polyester fabric. The weight loss of the copper 
coating before and after laundering was calculated after 
washing for 45 min.

3  Results and discussion

3.1  XPS analysis

Activation is a key process of electroless copper plat-
ing on fabric. Therefore, an XPS analysis of the Ni(acac)2 
activated fabric was carried out to quantify the orienta-
tion distribution of the nickel catalysts on the polyester 
fibers. A wide scan XPS spectrum of the polyester fabric 
activated with Ni(acac)2 and narrow XPS spectrum of Ni 
2p are shown in Fig. 1. The elements of C, O, Ni and Na 
are detected from the Ni(acac)2 activated polyester fabric 
(Fig. 1a). The elements of Ni and Na are attributed to the 
Ni(acac)2 and  NaBH4, while C and O are both from the 
polyester fabric and Ni(acac)2. The presence of Ni indi-
cates that Ni activation in  scCO2 is successful. The peaks at 
856 and 874.5 eV in Fig. 1b correspond to Ni 2p3/2 and Ni 
2p1/2 of metallic nickel. These peaks indicate the presence 
of reduced nickel on the fabric. The XPS analysis confirms 
that the nickel catalyst is successfully infused into the poly-
ester fibers in  scCO2.

After the impregnation of Ni(acac)2 in  scCO2, the poly-
ester surface was covered with Ni(acac)2, which will pro-
vided the nucleation reactants for producing active sites. 
These Ni ions can be reduced by borohydride ions  (BH4

−) 
to form active nuclei. The Ni particles serve to nucleate the 
copper deposition from the electroless plating bath.

The chemical reaction that takes place during activation 
can be written as follows:

After the activated polyester fabric is placed into the 
electroless copper plating solution, copper ions in the 

(3)Ni2+ + BH4
− + 4OH−

→ Ni0 + BO2
− + 2H2O + 2H2
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plating solution are reduced by glyoxylic acid and the cop-
per particles are deposited on the nucleus. The copper coat-
ings grow laterally and vertically, and finally, form a con-
tinuous and dense coating layer.

The reaction equation of electroless copper deposition is 
as follows:

3.2  Surface morphology

Figure  2 shows the SEM images of polyester fibers acti-
vated with nickel via the conventional process and with 
 scCO2. When the conventional process is used, some of 
the nickel catalysts are found to be distributed on the pol-
yester fibers (see Fig.  2a). However, in  scCO2 process, a 
large amount of nickel catalysts are deposited onto the fib-
ers and the fibers are covered with a dense and compact 
nickel catalysts film (see Fig. 2b). This result indicates that 
more nickel catalysts can be obtained via  scCO2 process as 
opposed to the use of the conventional process.

Figure  3 shows the SEM images of the copper plated 
polyester fibers activated with nickel through conven-
tional and  scCO2 processes. Regardless of the method, the 
polyester fibers are compactly and uniformly covered with 
spherical copper particles after copper plating. The particle 
size of the copper coatings on the fibers activated via the 
conventional process ranges from 100 to 150 nm as shown 
in Fig. 3(a). However, the size of the copper particles via 
 scCO2 process (Fig. 3b) ranges from 200 to 300 nm, which 
is obviously larger than the particle size obtained by using 
the conventional process. The polyester fibers activated 

(4)Cu2+ + 2 EDTA2−
→ Cu(EDTA)2

2−

(5)
Cu(EDTA)

2

2− + 2CHOCOOH + 4OH
−

→ Cu + 2HC
2
O

4

− + 2H
2
O + H

2
↑ +4EDTA−

Fig. 1  a XPS wide spectrum and b Ni 2p XPS spectrum of polyester 
fabric impregnated with Ni(acac)2 in  scCO2 fluid

Fig. 2  SEM images of polyester fibers pretreated via a conventional process and b  scCO2 process
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with nickel can efficiently initiate copper deposition from 
the copper plating bath, which would result in fast crystal 
nucleation and growth. The migration and aggregation of 
copper particles are probably driven largely by the insta-
bility of the copper atoms due to their high surface free 
energy. Their aggregation would produce thermodynami-
cally stable particles with larger sizes.

3.3  Deposition rate

The deposition rates of copper on the polyester fabrics acti-
vated with nickel via conventional and  scCO2 processes are 
8.61 and 15.12 mg/(cm2/h), respectively. The result shows 
that the rate of deposition of copper on the fibers activated 
via  scCO2 process is higher than that via conventional pro-
cess. Accordingly, the weight of the copper deposits on the 
fibers activated via  scCO2 process is more than that via 
conventional process. This is because the nickel atoms on 
the polyester fabric act as privileged nucleation sites for 
copper plating. More nickel atoms on the fabric means 
more copper particles deposited onto the fabric.  ScCO2 has 
low viscosity and high diffusivity. Therefore, the polyester 
fibers may be swollen with  scCO2, and Ni(acac)2 is accord-
ingly impregnated into the fibers. Nickel nuclei are not only 
deposited on the surface of the fibers but also infused into 
them. As the infused amount of nickel catalysts increases in 
the polyester fibers, the electroless copper plating reaction 
rate also increases.

The influence of  scCO2 temperature on the deposition 
rate of copper coating on the fabric is shown in Fig. 4. It 
can be seen that the rate of deposition first increases with 
respect to the increase in temperature of  scCO2. When the 
temperature of  scCO2 is low, the reaction rate of nickel 
reduced by  NaBH4 is low, which results in fewer nickel 
nuclei. Accordingly, the rate of plating of copper is low. 

As the temperature is increased,  Ni2+ ions are increasing 
released gradually. Since the nickel ions reduced by  NaBH4 
are increased, there are more nickel nuclei, thus resulting in 
an increase in the rate of deposition of copper on the fabric.

3.4  Crystal structure

The XRD patterns of the copper plated polyester fabrics 
activated via conventional and  scCO2 processes are shown 
in Fig. 5. The five strong characteristic peaks of the copper 
plated polyester fabrics at 2θ = 43.2°, 50.1°, 73.9°, 90.2° 
and 95.5° corresponded to the crystal faces of (111), (200), 
(220), (311) and (222) of copper, respectively. The XRD 
patterns identified by the PDF card of the JADE-SCAN 
software reveals that the deposited copper film exhibits 
characteristics of a face-centered cubic crystalline struc-
ture, which implies that the copper plated polyester fabrics 

Fig. 3  SEM micrographs of copper-plated polyester fibers activated via a conventional and b  scCO2 processes

Fig. 4  Influence of temperature of  scCO2 on rate of deposition of 
copper on fabric activated with Ni(acac)2
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have perfect conductivity. The copper oxide phase is not 
detected in the deposits. It is worth noting that the copper 
films formed under different conditions are very pure with-
out any detectable impurities, such as CuO or  Cu2O. As a 
result, the formation of copper oxide is inhibited.

Based on the XRD results, the crystal size of the copper 
coating was determined from the broadening of the diffrac-
tion peak by employing the Scherrer formula as expressed 
by the following equation

where t is the crystal size, λ is the X-ray wavelength that 
corresponds to Cu Kα radiation (0.154056 nm), θ is the dif-
fraction angle, B is the full width half maximum of the dif-
fraction peak at 2θ, and n is the Scherrer constant as 0.89 
[22]. According to the Scherrer equation, the average crys-
tal size of the copper particles on the polyester fibers acti-
vated via the conventional and  scCO2 processes are 28.78 
and 35.17  nm, respectively, with respect to the Cu (111) 
main peak.

3.5  Surface resistance

The surface resistance of the copper plated polyester fab-
rics activated with nickel via the conventional and  scCO2 
processes are 168 and 50  mΩ/sq, respectively. The result 
shows that the surface resistance of the copper plated fab-
rics activated via  scCO2 process is superior to that activated 
via conventional process. The deposition rate of copper 
coating on the fibers activated via  scCO2 process is higher 
than that via the conventional process. For the same deposi-
tion time, the deposition weight of the copper coating on 

(6)t =
n�

B cos �

the fibers via  scCO2 process is more than that via conven-
tional process. A higher deposition weight results in lower 
surface resistance. This may be because more copper par-
ticles are deposited onto the polyester fabric with  scCO2 
in the pretreatment of the polyester fabric. Therefore, the 
use of  scCO2 as a pretreatment can provide better electrical 
conductivity.

The surface resistances of the copper plated fabrics with 
different temperature of  scCO2 are shown in Fig. 6. It can 
be observed that the surface resistance of the copper depos-
its first decreases and then increases with respect to the 
increase in temperature of  scCO2. The decrease in surface 
resistance is mostly attributed to the increase in the weight 
of the copper deposition, particle size and crystallinity. The 
surface resistance is high due to less copper deposition at 
low temperatures of  scCO2. The surface resistance reaches 
50  mΩ/sq at 90 °C because of a higher reaction rate and 
large copper particle size. However, the reaction rate is too 
high at higher temperatures, thus causing lattice defects in 
the crystalline.

3.6  EMI SE of copper plated polyester fabric

The EMI SE results of the copper plated fabrics activated 
with Ni(acac)2 via the conventional and  scCO2 processes 
at different temperature of  scCO2 are shown in Fig. 7. The 
EMI SE of the copper plated polyester fabrics via con-
ventional process is more than 40 dB at frequencies from 
2 to 18 GHz. It is obvious that the EMI SE of the copper 
plated polyester fabric activated via  scCO2 process at 60 
and 90 °C ranges from 45 to 55 dB and 50 to 60 dB respec-
tively at frequencies of 2–18 GHz. The EMI SE of copper 
plated polyester fabric activated with Ni(acac)2 at 90 °C via 
 scCO2 process is improved due to acceleration of copper 

Fig. 5  XRD patterns of copper plated polyester fabric activated via 
(a)  scCO2 and (b) conventional processes

Fig. 6  Effect of temperature of  scCO2 on surface resistance of cop-
per plated fabric
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deposition which resulted from an increase in the amount 
of nickel nuclei for electroless copper plating. This indi-
cates that temperature of  scCO2 obviously affects the EMI 
SE of the copper plated polyester fabric.

The copper plated polyester fabric activated with 
Ni(acac)2 via  scCO2 process effectively attenuates the pen-
etrability of electromagnetic waves. Hence, this fabric has 
practical use for many EMI shielding applications, espe-
cially those for high frequency electromagnetic fields.

3.7  Heat generation

The temperatures of the copper plated fabrics over a period 
of 30  s at different DC voltages are shown in Table  1. 
The initial temperature of the fabrics is room tempera-
ture. However, it is notable that the temperature of copper 
plated fabric can be maintained from 28.1 to 37.4 °C with 
only 4  V. The result shows that the copper plated fabrics 
can be employed to generate heat. However, there is more 
heat generated via  scCO2 process as opposed to the use 
of the conventional process due to the greater electrical 

conductivity provided by larger and more copper particles. 
In addition, after the steady state is reached, the fabric tem-
perature does not change when the fabric is charged over 
a long time under a constant voltage, which indicates that 
the fabric resistance remains unchanged and the conductive 
coating is stable during the heating experiments. The heat 
stability of the copper plated fabric activated via  scCO2 
process excels that when the conventional process is used. 
Thus, copper plated fabrics can have various applications, 
such as flexible heating pads and smart wearable clothing.

3.8  Water contact angle of copper plated polyester 
fabric

Wettability is usually evaluated by measuring the water 
contact angle. Figure  8 shows the water droplets on the 
original, Ni(acac)2 activated and copper plated polyester 
fabrics activated via conventional and  scCO2 processes. 
The original polyester fabric can be partly wetted by water 
due to the low density of the fabric. Therefore, the water 
contact angle of original polyester fabric is 81.06° (Fig. 8a). 
However, the contact angle of the Ni(acac)2 activated 
polyester fabric is 10.05° (Fig.  8b). The fabric becomes 
hydrophobic with a water contact angle of 110.80° after 
the polyester fabric activated via conventional process is 
plated with copper particles (Fig.  8c). This indicates that 
the deposition of copper in the spaces between yarns partly 
reduces the number of void areas in the fabric and reduces 
the water penetration of the copper plated fabric. However, 
the water contact angle of the copper plated polyester fabric 
activated via  scCO2 process is 136.17° as shown in Fig. 8d. 
This indicates that copper plated polyester fabric activated 

Fig. 7  EMISE of copper plating fabric activated via (a) conventional 
and  scCO2 processes at (b) 60 °C and (c) 90 °C

Table 1  Weight loss and surface resistance of copper plated fabrics 
activated via conventional and  scCO2 processes before and after laun-
dering and thermal properties

Activation 
process

Weight 
loss 
(wt%)

Surface resistance (mΩ/sq) Tempera-
ture (°C)

Before 
launder-
ing

After laundering 0 V 4 V

Conventional 
process

10.42 168 1250 19 28.1

ScCO2 process 5.35 50 777 19 37.4
Fig. 8  Water contact angles of a original, b Ni(acac)2 activated poly-
ester fabric, and copper plated fabric activated via c conventional and 
d  scCO2 processes
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via  scCO2 process is hydrophobic due to the increase of its 
surface roughness and reduction of void areas. The air that 
is trapped on a rough surface with protuberances and cavi-
ties on the polyester fabric can significantly enhance the 
surface hydrophobilicity. The water contact angle is usually 
defined by Cassie’s equation as follows:

where θ* is the water contact angle on a rough surface; θ is 
the water contact angle on a flat surface; and φs is the frac-
tion of the solid surface in contact with water droplets.

The difference in the hydrophobilicity of a surface is due 
to the difference in surface roughness. In Cassie’s equa-
tion, cosθ* is always less than cosθ because φs is less than 
or equal to 1; that is, cosθ* is less than or equal to cosθ, 
regardless of θ.

From the SEM images in Fig. 3, it can be seen that the 
surface of the copper plated fabric activated via  scCO2 
process is rougher than that with the use of the conven-
tional process. Therefore, larger water contact angles can 
be found in copper plated polyester fabric via  scCO2 pro-
cess. The results confirm that activation in  scCO2 has a 
profound effect on hydrophobic properties. The increase of 
the contact angle on the surface of polyester fabrics acti-
vated via  scCO2 process is due to the increase in its surface 
roughness.

3.9  Thermal behaviors

The thermal behavior of the original, copper plated polyes-
ter fabrics activated via conventional and  scCO2 processes 
were investigated and the TGA curves are presented in 
Fig.  9. For all of the samples, the curves are similar, and 

(7)cos �∗ = −1 + �
s
(1 + cos �)

the result shows that the two different activation processes 
have little impact on the thermal stability of polyester fab-
ric. There is significant weight loss of original fabric, as 
well as the copper plated polyester fabrics activated via 
the conventional and  scCO2 processes when the tempera-
ture is 300, 380 and 430 °C respectively due to the degra-
dation of the fabric. The heat resistance of polyester fabric 
is improved after copper plating, which instills better flame 
retardancy. The residual of original, copper plated polyes-
ter fabrics activated via conventional and  scCO2 processes 
are close to 3, 40 and 62%, respectively. This indicates that 
the polyester fabric is almost decomposed. The excess resi-
due available in the plated fabric is due to the presence of 
copper particles. The contents of copper particles on the 
polyester fabric activated via the conventional and  scCO2 
processes are 40 and 62%, respectively. In addition, the 
thermal decomposition residues of copper plated polyester 
fabric activated via  scCO2 process is more than that of the 
fabric that was activated via conventional process because 
there are more copper particles deposited onto the fabric.

3.10  Adhesive strength

The adhesion of metal to fabric is one of the most impor-
tant concerns in electroless plating. Therefore, the color-
fastness to laundering test was employed to evaluate the 
adhesion of the copper films onto the fabric, and repeated 
five times for each specimen. For comparison, the test was 
also carried out with the copper plated polyester fabric acti-
vated via the conventional process.

The weight loss and surface resistance of the copper 
plated fabrics after 5 cycles of home washing are shown in 
Table 1. There is weight loss of the copper deposits after 
washing. It can be observed that there is less weight loss 
and increase of surface resistance of the copper plated fab-
ric via  scCO2 process as opposed to that via the conven-
tional process after five cycles of washing. The adhesive 
strength between the copper deposits and the polyester 
fabric is remarkably improved because  scCO2 is both as a 
solvent for infusing nickel activators into fibers and a plas-
ticizer that softens the surface of the fiber substrates and 
increases the adhesion between the copper and the fiber 
substrate. Thus, the use of  scCO2 process is validated as a 
means of improving the adhesion of copper particles onto a 
polyester fiber.

4  Conclusion

A novel palladium-free activation process has been 
designed in which polyester fabric is pretreated with 
Ni(acac)2 via  scCO2 process prior to electroless copper 
plating. The results indicate that there is much more copper 

Fig. 9  TG curves of (a) original polyester fabric and copper plated 
polyester fabrics pretreated via (b) conventional and (c)  scCO2 pro-
cesses
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deposited onto polyester fabric via  scCO2 process than 
that via conventional process. The copper particles plated 
on the polyester fibers via  scCO2 activation are spherical 
and larger in size than those obtained through the conven-
tional process. The surface resistance and EMISE of cop-
per plated polyester fabrics activated via  scCO2 process is 
50 mΩ/sq and 50–60 dB at frequencies from 2 to 18 GHz, 
respectively. The water contact angle and temperature of 
the fabric with a voltage of 4  V are 136.17 and 37.4 °C, 
respectively. These results suggest that the activation via 
 scCO2 process prior to electroless copper plating provides 
polyester fabric with excellent electrical conductivity, EMI 
SE and heat generation. In addition, the copper particles 
are uniformly deposited on the polyester fibers and strongly 
adhere to the polyester fibers.
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