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Abstract Electroless copper plating of polyester fabrics

was demonstrated in the present investigation. The elec-

troless Cu plating process on polyester fabric was modified

by replacing the conventional PdCl2 activator with an

AgNO3 activator to reduce the overall cost of the plating

process. Both uncoated and Cu-coated polyester fabrics

were characterized by the scanning electron microscope

(SEM), energy dispersive spectroscopy (EDX), X-ray

diffraction analysis (XRD) and X-ray photoelectron spec-

troscope (XPS). Relatively uniform and continuous plating

was obtained under the given plating conditions. The

possible mechanism of electroless copper plating of poly-

ester fabrics utilizing an AgNO3 activator was suggested.

The electromagnetic interference (EMI) shielding effec-

tiveness (SE) was also evaluated to study the shielding

behavior of copper-plated polyester fabrics. The results

demonstrated that copper-plated polyester fabrics can be

applied for EMI shielding.

1 Introduction

In recent years, interest has gradually increased in the

deposition of metallic layers on polymers for either deco-

rative or functional purposes in applications such as food

packaging, microelectronics packaging and coatings for

electromagnetic interference (EMI) shielding and wear

protection [1–3]. Thus, the deposition of a metallic coating

on these polymers enhances their range of application and

creates a considerable added value. Conductive textiles,

which are coated with aluminum, copper, silver and nickel,

are important types of material for preventing electro-

magnetic interferences. Currently, developed metal coating

techniques are metal foil and laminates, conductive paints

and lacquers, sputter coating, vacuum deposition, flame

and arc spraying, and electroless plating [4–11].

Among them, electroless plating is probably a preferred

way to produce metal-coated textiles. The electroless

deposition method uses a catalytic redox reaction between

metal ions and dissolved reduction agent. With its

remarkable advantages, such as low cost, easy formation of

a continuous and uniform coating on the surface of sub-

strate with complex shapes, it can be performed at any step

of the textile production, such as yarn, stock, fabric or

clothing [12].

With regards to the high conductivity of copper, elec-

troless copper plating is currently used to manufacture

conductive fabrics. Electroless copper plating on fabrics

has been studied by some researchers [13–15]. However, in

these investigations, the electroless copper plating is

obtained through the usage of conventional sensitization

and activation steps involving costlier activators viz. pal-

ladium chloride (PdCl2). As a result, the overall cost of the

electroless process for plating Cu on polyester fabric sur-

faces is still a major problem in commercialization. There

lacks open literature with respect to electroless metal

plating of polyester fabrics using cost-effective chemicals.

In this study, the costlier PdCl2 activator was replaced by

the less expensive AgNO3 activator without affecting the

properties of copper plating. Surface characteristics of

copper-plated polyester fibers were investigated in detail

through the measurements of the scanning electron

microscopy (SEM), Energy dispersive X-ray spectroscopy

(EDX), X-ray diffraction (XRD) and X-ray photoelectron
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spectroscopy (XPS). EMI shielding effectiveness of cop-

per-plated fabrics was also evaluated.

2 Experimental

2.1 Materials

Plain weave 100% polyester fabrics (47 9 40 counts/cm2,

84 g/m2) were used as the substrate. The size of each

specimen was 10 cm 9 10 cm.

2.2 Chemicals

The chemicals used for the electroless copper plating

included SnCl2 (anhydrous min. 99.9%), HCl (37%),

AgNO3(99.9%), NaOH (99.3%), NH4OH (28%), HCHO

(37%) CuSO4 � 5H2O (99%) and NaKC4H4O6 � 4H2O

(99.9%). All reagents were of analytical grade.

2.3 Procedure

Electroless copper plating was carried out through multi-

step processes, including pre-treatment, sensitization,

activation, electroless copper plating, post-treatment for

stopping copper reduction, rinsing and drying.

All fabric samples were subsequently rinsed with 5%

detergent at room temperature for 20 min. The samples

were then rinsed in deionized water. Surface sensitization

was conducted by immersing the samples into an aqueous

solution containing 10 g/L SnCl2 and 40 mL/L 38% HCl

acid at 25 �C for 10 min. The specimens were subsequently

rinsed in deionized water and activated by immersing them

into a solution containing AgNO3 (10 g/L) and 28%

NH4OH (10 mL/L) at 25 �C for 20 min. Afterwards, the

specimens were rinsed in a large volume of deionized water

for more than 5 min to prevent contamination of the plating

bath. The specimens were consequently immersed in the

electroless copper plating bath at 30 �C for 20 min. The

bath was composed of 15 g/L CuSO4 � 5H2O, 20 mL/L

HCHO (37% aqueous solution), 40 g/L NaC4H4O6 � 4H2O,

10 g/L NaOH. In the post-treatment stage, the samples were

rinsed with deionized water at 40 �C for 20 min and dried in

an oven at 60 �C. All the copper-plated fabrics were con-

ditioned in accordance to the ASTM D1776-04 before

measurement.

2.4 Characterization

A Field Emission Scanning Electron Microscope (FESEM,

JSM-6335F) was used to characterize the surface

morphology of the deposits. The chemical composition of

the copper deposits was determined using an energy dis-

persive X-ray (EDX) analysis that was attached to the SEM.

The crystal structure of the copper-plated fabric was inves-

tigated using X-ray diffraction (XRD, Cu Ka radiation and

graphite filter at 40 kV and 40 mA). A X-ray photoelectron

spectroscopy analysis was performed to characterize the

surface chemical structure of the copper-plated polyester

fabrics by using the Shengyang SKL-12 electron spec-

trometer equipped with a VG CLAM 4 MCD electron

energy analyser. MgK radiation (1253.6 eV) was obtained

with an accelerating voltage of 12 kV and an emission

current of 20 mA.

EMI shielding effectiveness (SE) was obtained by fol-

lowing ASTM D 4935-99 using a vector network analyzer

(Agilent-E8363A) that was equipped with a synthesized

frequency source and a scattering parameter (S-parameter)

test set over a frequency range of 2–18 GHz.

3 Results and discussion

3.1 SEM/EDX analysis

The surface morphology of thin metallic films may affect

their electrical, mechanical, and optical properties. SEM

micrographs with different magnifications of uncoated and

copper-plated polyester fibers are presented in Fig. 1. In

comparison with Fig. 1a, it was obvious that after copper

plating, the surface of polyester fibers had significantly

changed as shown in Fig. 1b. Polyester fibers were uni-

formly covered with dense copper particles which were

clearly visible and the copper particles were well dispersed

on fiber surfaces with the present electroless plating

method. The uniform coating was also evident at high

magnification (Fig. 1c). The enlarged image of the product

also indicates that the copper plating is composed of

needle-shaped copper particles. The formation of needle-

shaped particles may be explained in the following equa-

tion. As well known, the electroless copper plating reaction

may be represented by:

Cu2þþ2HCHOþ4OH�!Cu#þ2HCOO�þ2H2OþH2 "
ð1Þ

Equation 1 indicates that copper ions are reduced to

metallic copper with high purity by formaldehyde in the

alkaline solution, at the same time as hydrogen gas release.

The nano-sized spherical copper particles, which are

originally produced at the interface of samples, possess

high surface energy and have a strong tendency to aggre-

gate during copper particle deposition. With the influence

of the rapid hydrogen release at the interface, some
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neighboring copper particles tend to aggregate along the

gas flow and grow in lines. Thereby, needle-shaped parti-

cles are formed [16].

The EDX analysis of uncoated and copper-plated poly-

ester fibrics are presented in Fig. 2a and b. The results

showed the prominent presence of Cu within the coating.

This indicates a successful copper plating of polyester fab-

rics through a modified electroless plating process that

utilizes the AgNO3 activator. The strong oxygen peak, which

was observed for polyester fabrics, was absent in Fig. 2b,

suggesting minimum copper oxide formation only within the

bulk of the coating and the deposition of pure metallic Cu0.

No impurities are observed in the copper plating, within the

resolution limit of EDX, which further indicated a high

purity copper plating that was obtained using the modified

electroless plating technique. Moreover, the substrate ele-

ments are also not observed in the EDX spectrum (Fig. 2b),

suggesting deposition of a relatively thick copper plating.

The SEM and EDX results indicated that electroless

copper plating using an AgNO3 activator was effective in

modifying the micro-structure of the polyester fabrics

through successful copper depositing.

3.2 XRD analysis

Figure 3 shows the X-ray diffraction patterns of copper-

plated polyester samples. The four major strong characteristic

peaks of the copper-plated polyester sample at 2h = 43.4�,

50.3�, 74.2� and 90.1� corresponded to the crystal faces of

(111), (200), (220) and (311) of copper, respectively. The

copper oxide phase was not detected in the deposits.

Based on the XRD results, the crystal size of the coatings

was determined from the broadening of the diffraction peak

by employing the Scherrer formula as expressed by Eq. 2:

t ¼ nk
B cos h

ð2Þ

where t is the crystal size, k is the X-ray wavelength cor-

responding to Cu Ka radiation (0.154056 nm), h is the

diffraction angle, B is the full width half maximum

(FWHM) of the diffraction peak at 2h, and n is the Scherrer

constant as 0.89 [17]. According to the Scherrer equation,

the average size of copper particles was 37.13 nm with

respect to the Cu (111) main peak.

The XRD patterns identified by the PDF card of the

JADE-SCAN software revealed that the deposited copper

film exhibited a characteristic face-centered cubic crystal-

line structure, implying that the copper-plated polyester

fabrics had a perfect conductivity property.

3.3 XPS analysis

The XPS spectra of the copper-plated polyester sample

could provide further information about the structure and

chemical state of copper films and copper composite films

as shown in Fig. 4. Figure 4a shows a typical XPS wide

Fig. 1 SEM micrographs of

uncoated polyester fibers at (a)

low magnification, and Cu-

coated polyester fibers at (b)

low and (c) high magnifications
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scan spectrum, indicating that all the standard photoelec-

tron lines of elemental Cu were present: Cu 3s, Cu 3p, Cu

2p, O 1s, and C 1s. In the spectrum, only the Cu element

with a small amount of O and C elements was detected on

the fabric surface, which indicated that a thick coating

developed on the fabric surface.

The carbon signal from the surface came from the

contaminants and the oxygen mainly from the air. The

copper-plated polyester fibers were extremely reactive

towards atmospheric oxygen. This affinity of the Cu coat-

ing towards oxygen is attributed to the large specific

surface area of fine coating.

The peak, located at around 335 eV, is characterized as

the Cu LMM Auger line. A narrow XPS scan of Cu 2p

within the binding energy (BE) interval of 925–970 ev is

shown in Fig. 4b. The Cu 2p spectrum predicted a doublet

separation of the Cu 2p spectral line and characterization by

a binding energy of 932.2 (2p3/2) and 952.4 eV (2p1/2) with

satellite shake-up peaks. The Cu 2p3/2 and 2p1/2 intensities

of shake-up satellites approach that of the main line with

satellite intensity at around 944.0 and 963.8 eV, while the

doublet separation of the Cu 2p spectral line had the sepa-

ration energy of 20.2 eV. The spectral lines of the Cu 2p3/2

and 2p1/2 were close to the values reported in the literature

[18]. Figure 4c shows the spectral line of O 1s at 531.55 eV,

which is due to the atmospheric oxygen at the Cu surface.

The analyses of Cu-coated fibers showed that there was a

relatively uniform metallic Cu layer on the fiber surface,

which is extremely reactive towards atmospheric oxygen.

3.4 Mechanism of electroless copper plating

of polyester fabrics

The mechanism of electroless Cu-plating of polyester

fabrics that utilize the AgNO3 activator is described in the

following passages.

It is observed that after putting the polyester fabrics in

an acidic SnCl2 bath, Sn2+ ions are adsorbed onto the

particle surface, forming a uniform layer [19]. These sen-

sitized polyester fabrics are then inserted into the activation

bath, which is prepared by dissolving AgNO3 in aqueous

ammoniac solution. This results in the formation of [Ag

(NH3)2]+ ions in the activation bath [20, 21], which

becomes adsorbed on the fabric surface following the

addition of sensitized fabrics to the activation bath. How-

ever, Sn2+ ions that are present on the sensitized fabric

surface immediately reduces [Ag(NH3)2]+ to Ag0 accord-

ing to the following reaction:

2 Ag (NH3)2½ �þ þ Sn2þ ! 2Ag0 þ Sn4þ þ 4NH3

The deposited Ag0 then acts as a catalyst for the

subsequent Cu deposition in the electroless plating bath. It
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Fig. 2 EDX analysis of (a) polyester fabric and (b) Cu-coated

polyester fabric

Fig. 3 XRD patterns of copper-plated fabric
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is known that the electroless copper plating process is

electrochemical in nature [22, 23]. The beginning of the

copper deposition is controlled by the anodic processes.

Under the catalytic action of metallic Ag0 clusters adsorbed

on the fabric surface, Cu2+ ions are deposited onto the

catalytic silver surface by capturing electrons that are

furnished by the reducing agent (HCHO) via the following

chemical reactions:

Anodic reaction:

HCHOþ 2OH��!
Ag

HCOO� þ�HþH2Oþ e2 �H! H2 "

ð3Þ

Cathodic reaction:

Cu2þ þ 2e! Cu # ð4Þ

In the reaction initiation, the metallic Ag0 clusters act as

nucleation sites for copper deposition. In aqueous alkaline

solutions (usually pH [ 11), formaldehyde (HCHO)

adsorbed on the catalytic Ag0 surfaces is easily oxidized to

yield HCOO-, the activated hydrogen atom (•H) and

release electrons (Anodic reaction), whereas Cu ions in the

plating bath are reduced to metallic Cu0 by the electrons

generated through the oxidation of HCHO (cathodic reac-

tion). The combination of two activated hydrogen atoms

will be responsible for part of the observed gas evolution.

Once the Cu deposition was initiated, the deposited Cu

atoms themselves acted as self-catalysts for further Cu

deposition and a well-developed copper plating on the

polyester fabric surface was then obtained via this elec-

troless plating process.

3.5 Shielding effectiveness

The EMI shielding effectiveness value expressed in dB was

calculated from the ratio of the incident to transmitted

power of the electromagnetic wave in the following Eq. 5:

SE ¼ 10 log
P1

P2

�
�
�
�

�
�
�
�
¼ 20 log

E1

E2

�
�
�
�

�
�
�
�
ðdecibels, dBÞ ð5Þ

where P1 (E1) and P2 (E2) are the incident power (incident

electric field) and the transmitted power (transmitted

electric field), respectively [24].

Figure 5 indicates the shielding effectiveness (SE) of the

uncoated and coated polyester fabric. As a result, the SE

of polyester fabrics was almost zero at the frequencies

2–18 GHz. However, SE of copper-coated polyester fabric

was above 40 dB and the tendency of SE kept similarity at

the frequencies 2–18 GHz. The results indicated that the

electroless Cu coated polyester fabric effectively attenuated

penetrability of electromagnetic waves using the AgNO3

activator. The copper-coated polyester fabric has a practical

usage for many EMI shielding application requirements.

Fig. 4 XPS survey spectra of

(a) copper-plated polyester

fabric, (b) Cu 2p core levels and

(c) O 1s core levels for copper-

plated polyester fabric
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4 Conclusion

Electroless Cu deposition on polyester fabrics using the

AgNO3 activator has been demonstrated in this paper. The

deposited copper films were subjected to a detailed analysis

by SEM, EDX, XPS and XRD. The results showed that

there was a relatively dense, uniformly distributed metallic

Cu layer on the fabric surface. The film is composed of

needle-shaped copper particles and characteristics of a

face-centered cubic crystalline structure. The average

crystal size of the coatings was found to be 37.13 nm. The

AgNO3 activator is a cost-effective replacement for the

conventional PdCl2 activator in the electroless copper

plating of polyester fabrics. The study demonstrated that

copper-plated polyester fabrics are considered as effective

EMI shielding materials. AgNO3 could be a potential

alternative to the relatively expensive PdCl2 catalyst for

electroless copper plating.
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