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The development of the wet-chemical silvering and coppering method on inert fiber surfaces and a num-

ber of usable materials (silver, copper and others) allows fabrication of several textile structures with functional 

characteristics. In order to analyse the silver and copper coating characteristics such as structure, homogeneity 
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and crack formation, the surface morphology (SM) was investigated using the scanning electron microscopy 

(SEM). The chemical structuring of the surfaces (amount of carbon, oxygen, nitrogen, silicium, copper and sil-

ver) is analysed with an energy-dispersive x-ray spectroscopy (EDX). Phase formation and crystalline properties 

of the films were investigated by X-ray diffraction (XRD) with a Cu-Kα radiation reflection geometry source. 

Furthermore, textile-chemical analyses for the wash fastness were carried out as well. 

 

Key words: silvering, coppering, wet-chemical process, metallization, textile material, sensor 

materials, antibacterial. 

 

СЕРЕБРЕНИЕ И МЕДНЕНИЕ ХИМИЧЕСКИ ИНЕРТНЫХ ТЕКСТИЛЬНЫХ МАТЕ-

РИАЛОВ МОКРЫМ ХИМИЧЕСКИМ СПОСОБОМ. 

 
1Т. ОНГГАР* 

 
1(Институт текстильного машиностроения и технологии материалов с высокими эксплуатаци-

онными характеристиками Дрезденского технического университета, Германия, 18/01069,  

Дрезден, ул., Зеллесчер Вег.) 

Электронная почта автора-корреспондента: totyonggar@yahoo.com* 

 

Разработка метода мокрого химического серебрения и меднения поверхностей инертных воло-

кон и ряда используемых материалов (серебро, медь и др.) позволяет изготавливать несколько тек-

стильных структур с функциональными характеристиками. Для анализа характеристик серебря-

ного и медного покрытия, таких как структура, однородность и трещинообразование, морфология 

поверхности (СМ) была исследована с помощью сканирующей электронной микроскопии (СЭМ). Хи-

мическое структурирование поверхностей (количество углерода, кислорода, азота, кремния, меди и 

серебра) анализируют с помощью энергодисперсионной рентгеновской спектроскопии (EDX). Фазо-

образование и кристаллические свойства пленок исследовали с помощью дифракции рентгеновских 

лучей (XRD) с источником излучения Cu-Kα с геометрией отражения. Кроме того, были проведены 

текстильно-химические анализы на устойчивость к стирке. 

 

Ключевые слова: серебрение, меднение, мокрый химический процесс, металлизация, 

текстильный материал, сенсорные материалы, антибактериальные. 

 

ХИМИЯЛЫҚ ИНЕРТТІ ТАҚЫМАЛЫҚ МАТЕРИАЛДАРДЫ ЫЛҒАЛДЫ-

ХИМИЯЛЫҚ ПРОЦЕСС АРҚЫЛЫ КҮМІСТЕУ ЖӘНЕ МЫСТАУ 
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Инертті талшықты беттерде және бірқатар пайдалы материалдарда (күміс, мыс және т.б.) 

ылғалды-химиялық күмістеу және мыс өңдеу әдісінің дамуы функционалдық сипаттамалары бар бір-

неше тоқыма конструкцияларын жасауға мүмкіндік береді. Күміс пен мыс жабынының құрылымы, 

біртектілігі және жарықшақтың пайда болуы сияқты сипаттамаларын талдау үшін сканерлеуші 

электронды микроскопия (SEM) көмегімен беттік морфология (SM) зерттелді. Беттердің химиялық 

құрылымы (көміртегі, оттегі, азот, кремний, мыс және күміс мөлшері) энергия-дисперсиялық рент-

гендік спектроскопиямен (EDX) талданады. Қабықшалардың фазалық қалыптасуы мен кристалдық 

қасиеттері Cu-Kα сәулеленудің шағылысу геометриясының көзімен рентгендік дифракция (XRD) 

арқылы зерттелді. Сонымен қатар, жууға төзімділікке арналған тоқыма-химиялық талдаулар да 

жүргізілді. 

 

Негізгі сөздер: күмістеу, мыс өңдеу, дымқыл-химиялық процесс, металлизация, тоқы-

ма материалы, сенсорлық материалдар, бактерияға қарсы. 
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Introduction 

The metallization of non-conductive tex-

tile material has gained more importance over 

the last few years. Metallized textile products 

have electrical- and heat-conductive, electro-

magnetically shielding, sensory, microbicidal, 

fungicidal and anti-allergenic characteristics. 

The antimicrobial and fungicidal effect increas-

es in the rows Fe <Zn <Au <Cu <Ag of the met-

als. Silver has an antibacterial and copper shows 

a fungicidal effect. Positively charged silver or 

copper ions are released into water from the 

metal layer surface, and are deposited on the 

microorganisms. Silver ions deactivate sulfur-

hydrogen groups (-SH) of the enzyme systems 

of the cell wall, which are responsible for the 

energy metabolism of the parent membrane and 

the transport the electrolyte of the organisms. 

The silver entered into the cell, it blocked the 

respiratory chain of bacteria and bring to a 

standstill (paralyzes) the production of energy. 

In addition, the silver binds to the DNA helix 

and prevents reading of genetic information [1]. 

This way cell division, reproduction, repair, or 

the development of resistance can be stopped. 

Copper is an essential oligoelement for living 

microorganisms [2]. Copper is used as a water 

purifier, an algaecide, a fungicide, a nematocide, 

and a molluscicide, as well as an antibacterial 

and antifouling agent [3]. “Copper produces 

toxicity in cells by generating reactive oxygen 

species such as H2O2 that disrupts the amino 

acid biosynthetic pathways damaging the iron–

sulphur enzymes and also DNA by generating 

free radicals” [2]. That copper-based nanostruc-

tures show not only antibacterial and fungicidal 

properties, but also they (CuO and also CuO 

nanostructures) act as effective photo catalysts 

for photo inactivation of bacteria. This hydro-

phobic CuO/Cu(OH)2 nanostructure was signifi-

cantly enhanced the antibacterial and photo 

catalytic activity by increasing the NaOH con-

centration of 30 mM under light irradiation [4]. 

The copper oxide nanoflakes also showed strong 

antibacterial and photo catalytic properties in 

the dark and particularly under light irradiation 

[5]. That Cu nanoparticles were really a stronger 

antibacterial material than the CuO nanoparti-

cles (by a factor of about 2:1) [6].  

Heinlaan et al., tested the toxicity of na-

noparticles (NP) of ZnO, CuO and TiO2 for Vib-

rio fischeri and crustaceans Daphnia magna and 

Thamnocephalus platyurus with a special em-

phasis on metal oxide formulations (nano or 

bulk) and hydrolysis of metal oxides. That metal 

oxide particles do not necessarily have to enter 

the cells to cause the toxicity [7]. That stable 

large specific surface area CuO photo catalysts 

were effective in the inactivation of E. coli [8]. 

CuO nanoparticles are uniformly deposited onto 

the surface of a cotton bandage by the sono-

chemical method [3]. The silver ion and copper 

ion release property of silvered materials de-

pends on different factors, such as the size of the 

metal particle [9], the thickness of the silver or 

cooper layer, the surface (smooth or porous) [9], 

and the drying temperature. The silver ion and 

copper ion release property of silvered materials 

also depends on additional external influential 

factors such as the fluid temperature, the water 

hardness and the concentration of chlorine in 

water. The silver layer or silver nano particles 

treated with very thin (~ nm) TiO2 layer [1, 9, 

10], with a silica glass (Al/Ag≥1) [11], with a 

thin SiO2 film [12] or Ni-removed Ag-CNTs 

layer (carbon nanotubes) [13] were used in or-

der to create a stable, controlled release of silver 

ions, therefore an efficient and durable antibac-

terial efficiency of metalized materials or nano 

composite materials suitable for future bacterial 

and biomedical applications. Other researchers 

utilized porous soft SU-8 matrix or meso porous 

layer to immobilize stable silver nanoparticles 

permanently [14].  

The polyethylene terephthalate (PET) tex-

tile materials are metalized according to the cur-

rent state of the art technology by separating the 

metal coatings from the vapour phase (Physical 

Vapour Deposition (PVD) [15, 16] and Chemi-

cal Vapour Deposition (CVD)), galvanically 

electrolytic (Electrolytic Deposition of Inorgan-

ic Coatings) or galvanically electroless (Chemi-

cal Deposition of Inorganic Coatings) coating 

[17-19], via plasma-technology [20] and wet-

chemical method [21-25].  PET textile materials 

or PET with cotton blend fabric were silvered as 

yarn, knitted fabric and woven fabric. The ap-

plication fields of such functional textile materi-

al are from the medical field [3, 8, 26],  the food 

equipment [3], the domestic cleaning [3], the 

safety field, sport and leisure field [27] to light-

weight engineering and automotive engineering 

[28]. Explicit applications are among others 

medical textiles with inserted sensors or elec-

trode systems for the recording, control and 

stimulation of vital functions, clothing textiles 

with integrated microchips for the identification 

of the material, protective textiles with inserted 
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conductive sheets to increase the electrostatic 

charge, safety textiles with sensors or conduc-

tive sheets for the load and wear-out control in 

wire rope systems, heating textiles with inte-

grated electrically heatable textile heating sys-

tems for the creation of heat, automobile textiles 

with inserted sensor systems in bedding to rec-

ord the seat occupancy and position, spacer tex-

tiles with anti-microbial, air-permeable, pres-

sure-elastic and drapable characteristics for the 

reduction of the settlement and reproduction of 

microorganisms in water and other fluid-

containing systems, smart textiles with highly 

conductive textile thread material for translucent 

light protection systems for museums, fiber-

reinforced composites with integrated textile-

based sensor networks for the damage-free 

structural control and for the measurement of 

different chemical/physical parameters of the 

components, textile flooring with light elements 

connected to each other (e.g. LED) for the sig-

nalization of emergency exits and luminous tex-

tiles with inserted LED-threads for the lighten-

ing of the car interior [29-32]. 

The demand of metalized synthetic fiber 

such as PET has been steadily increased for the ap-

plication in water technology, electronics and sen-

sors. PET fiber shows better hydrolysis stability 

than natural fibers or nylon (polyamide 6.6).  

These textile materials need to be fulfilled 

the requirements for end use properties in dif-

ferent applications. The final properties e.g. 

electromagnetic shielding (≤109 ohms), electri-

cal conductivity (≤105 ohms), thermal conduc-

tivity (for Ag 429 W/(m*K) and for Cu 401 

W/(m*K)) and antimicrobial activity (for Ag 

100 µg/l and for Cu 2000 µg/l in water) could 

be created on polyester. 

The aim of this work is the development 

of a wet-chemical method for the reproducible 

metallization of different textile material to re-

place cost-intensive processes such as PVD, 

CVD or plasma technology. Especially, the in-

tersections of the yarns demonstrate as weak 

points in the textiles during the deposition of 

closed PVD layer [15]. In the CVD method, 

high temperature treatments are necessary to 

obtain stable metal layers on the substrate. It 

provides difficulties for the metallization of PET 

fiber materials. The electrolytic deposition and 

electroless plating methods require several steps 

(pre-cleaning, rinsing, etching, rinsing, sensi-

bilisation, rinsing, activation, rinsing, electroless 

plating, rinsing, drying and post-treatment), as 

well as tightly controlled process parameters 

(concentration of metal and reducing agent, pH, 

temperature, time etc.) [33-35]. Electroless met-

al deposition needs a high consumption of 

chemicals (sulfuric acid or chromium, palladi-

um, formaldehyde, sodium dithionite etc.), 

which are ecologically hazardous. The tank 

must be coated with a sizing agent to the points 

at which they come into contact with the pro-

cessing solution. The process must be shut down 

for several days to remove these deposits [15]. 

The electroless metal coated PET-fabric is after 

treated with polyurethane to enhance the electri-

cal life of the metal layers [36]. The metal solu-

tion need to be constantly moved in order to 

deposit a homogenous copper layer on the para-

aramid fiber surface so that no bubbles could be 

formed on the fiber surface [37]. The above-

mentioned disadvantages of the metal coatings 

were reduced or even avoided with the newly 

developed one-bath method. The challenge here 

is to deposite possibly homogenous and defect-

free metal coatings with a good adhesion on 

multi- or monofilament fiber surfaces. The de-

veloped method should be flexible and applica-

ble for all textile material in different forms 

(yarn, textile fabric and spacer fabric) to open 

up a wide application field for the metallized 

textile material in the future. By developing the 

wet-chemical silvering process, the use of oxi-

dizing agent such as per sulfate in the presence 

of alkali metal hydroxide which leads to damage 

the textile material, could be waived. The addi-

tion of a brightener, binders, etching, stabilizing 

or sensibilizing agent which are essential for 

bonding and stabilization of the metal layer, can 

also be omitted. Besides, the silvering process is 

carried out at a low temperature (35 °C±3 °C). 

Therefore, the developed method is economical, 

ecological and environmentally friendly and 

easy technology than the previously known 

methods. 

Materials and Research Methods Mate-

rials. In close cooperation with the textile com-

pany Sankt Micheln Co., Ltd. (Mülsen, Germa-

ny), different structures such as continuous fil-

ament yarns, textile fabrics and spacer fabrics 

made of PET were used as a substrate for metal-

lization.  

 The continuous filament yarn (Ttex=48.3 

tex, 34 single filament, without optical brighten-

er, with round filament cross-section) was used 

as yarn.  
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 A fine warp knit fabric right/left, lock-

nit, washed and fixed, T=50 dtex, 24 single fil-

ament, 12 stitch courses per cm was used as tex-

tile fabric. 

 A spacer fabric: distance between two 

top surfaces is 16 mm. 

Sodium hydroxide (Merck KGaA, Darm-

stadt, Germany) and Invadin LUN (CIBA, Ba-

sel, Switzerland) were used for the surface acti-

vation of the textile materials. In order to in-

crease the wettability of the fiber, Invadin LUN, 

4-tert-octylphenyl (polyethylene glycol-[9/10]) 

ether surfactant which acts as a universal wet-

ting and deaerating agent was chosen for textile 

treatment liquors. For the specific coating, ami-

no silane such as N-(2-Aminoethyl)-3-

aminopropyltrimethoxysilane (Fluka Chemie 

GmbH, Oberhaching, Germany), aliphatic 

amine tetraethylenepentamine (Fluka Chemie 

GmbH, Oberhaching, Germany) and natural 

amine chitosan (Sigma-Aldrich Chemie GmbH, 

München, Germany) were chosen. The silver 

diamine complex was formed from silver nitrate 

(Grüssing GmbH, Filsum, Germany) and am-

monia (VWR Prolabo GmbH, Darmstadt, Ger-

many) solution (25 %). L(+)-ascorbic acid (Ap-

pli Chemie GmbH, Darmstadt, Germany) was 

used as the reduction agent. Copper(II)-

chloride-di-hydrate (Grüssing GmbH, Filsum, 

Germany), ethylene diamine tetra acetic acid (J. 

T. Baker Chemie, Munich) and N,N,N`,N`-

tetrakis(2-hydroxypropyl)-ethylene diamine 

(Sigma-Aldrich Chemie GmbH, Steinheim) 

were utilized for the coppering. 

Analysis Methods. Surface Characteriza-

tion by means of Scanning Electron Microscopy. 

The morphological analysis of PET-fiber sur-

faces was carried out using a scanning electron 

microscopy (SEM) DSM 982 Gemini from the 

company Carl Zeiss AG (Jena, Germany). The 

test samples were examined with a magnifica-

tion of 5000, 10000, 20000 and 50000.  

Elementary Analysis. By the combination 

of SEM with an energy-dispersive x-ray spectros-

copy (EDX), the percentage of the elements such 

as carbon (C), oxygen (O), nitrogen (N), silicium 

(Si), silver (Ag) and copper (Cu) was semi-

quantitatively determined with the point analysis 

and the data was recorded. 

Characterization of the thin films. Phase 

formation and crystalline properties of the films 

were investigated by X-ray diffraction (XRD) 

using a PANalytical X’Pert PRO (Almelo, 

Netherland) analyzer with a Cu-Kα radiation 

reflection geometry source. The scanning range 

of 2θ was from zero to 80° with a step size of 

0,005 for silver and of 0,015 for copper. 

Silver Analysis. In order to determine the 

mass-related percentage of silver (%) and cop-

per on surface of the textiles, the test samples 

were ashed in the muffle furnace Controller 

B170 from the company Nabertherm GmbH 

(Lilienthal, Germany) at 900 °C±2 °C for 2 h 

and then the silver and copper concentration 

was quantified using atomic absorption spec-

troscopy (AAS) from ZEEnit 700 Company An-

alytik Jena AG (Jena, Germany). 

Determination of the Adhesion of the Silver 

Layer. In order to determine the adhesion of the 

silver coating, the DIN EN 20 105-C03 regulation 

was taken into consideration. The test sample was 

treated with a laboratory beaker dyeing apparatus 

from the company Werner Mathis AG (Zurich, 

Switzerland) for 30 min at 60 °C±2 °C. The 

weight loss was determined and the color of the 

liquor was visually evaluated.  

Method Development for the Metalliza-

tion of Chemically Inert Fiber Material. The 

metallization process was conducted in accord-

ance with Figure 1 to fulfil the objectives of this 

study.

 

 

 
 

Figure 1 -Schematic illustration of the metallization process 
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Surface Activation. To activate the fiber 

surface of the PET-textile material, which needs 

to be metallized, it was pre-treated with a 0.5 N 

sodium hydroxide solution and one drop of the 

wetting agent Invadin LUN with a liquor ratio 

of 1:20 at 100°C for 30 min in a Labomat BFA-

12 (Werner Mathis AG, Zurich, Switzerland) 

and afterwards rinsed with warm water until a 

pH-value of 6.0-7.0 was reached.  

Pre-Metallization. In order to attach the 

silver diamine complexes on the chemically in-

ert PET fiber surface, the pre-treated fiber sur-

face was also pre-metallized with the newly de-

veloped one-bath method in a silver diamine 

complex solution at 35°C±2°C for 1 h. It is typi-

cal for the one-bath method that the finish-

ing/coating agent (amino silane, natural or syn-

thetic amine) is putted in one bath with a silver 

salt (AgNO3 or Ag(NH3)2NO3) solution.  

Reduction. After fixing the ionic silver on 

the fiber surface, the reduction was carried out 

with a 10% ascorbic acid solution at room temper-

ature for 15 min to convert into metallic silver. 

Wet-Chemical Silvering. The pre-

metallized and reduced PET-textile material 

(continuous filament yarn, warp knitted fabric 

and spacer fabric) was then silvered at room 

temperature for 10 min in a aqueous 

Ag(NH3)2NO3-solution, which was prepared 

with AgNO3- and NH3-solution. The silvered 

materials were once again reduced without in-

termediate drying with a 10 % ascorbic acid 

solution, then rinsed with cold water and dried 

at room temperature. 

Wet-Chemical Coppering. The wet-

chemically pre-silvered PET-textile material (con-

tinuous filament yarn, warp knitted fabric and 

spacer fabric) was coppered with stirring at 

50°C±3°C in a aqueous copper-containing solu-

tion (3 g/l copper(II)-chloride-di-hydrate, 0.107 

mol/l glyoxyl acid solution, 0.1 mol/l N,N,N`,N`-

tetrakis(2-hydroxypropyl)-ethylene diamine 

(EDTP) or 0.067 mol/l ethylene diamine tetra ace-

tic acid (EDTA) solution) until the test sample was 

fully covered with an adhesive light red copper 

coating. The coppered samples were then rinsed 

and afterwards dried at room temperature. 

Thermosetting. After the silver-

ing/coppering, the metallized PET textile material 

was fixed in a thermoset way in a Mathis-

Labdryer TYP „LTE“ (Werner Mathis AG, Zur-

ich, Switzerland) at 200°C for 2 min with tension 

of 19.62 N. 

Application of the Developed Wet-

Chemical Metallization Methods.  
Yarn Metallization. The texturized PET 

continuous filament yarn has been crosswise 

spooled in a “wild” winding with a 20° winding 

angle onto a cylindrical dyeing bobbin. A yarn 

dyeing apparatus (Zeltex Colorstar CS2 dyeing 

apparatus, Zeltex AG, Basel, Switzerland) was 

used for the wet-chemical pre-silvering, silvering 

or coppering. In this apparatus, the metallization of 

the bobbins was realized with a loading weight of 

70 g using a one-bath method (exhaustion pro-

cess). Here, the liquor was pumped through the 

bobbin at 35°C±2°C for 1 h with the changing of 

liquor flow direction (outside→inside 9 min and 

inside→outside 11 min). 

Metallization of Textile Fabrics. The pre-

treated warp knit fabric was dipped in a silvering 

solution and padded in a Lab-Padder TYP „HVF“ 

(Werner Mathis AG, Zurich, Switzerland) at 3*105 

Pa pressure with 3 m/min speed. Because of the 

squeezing, a good adhesion of the remaining silver 

and an even distribution of the silver particles are 

guaranteed. After the pre-metallization of the warp 

knit fabric, the silvering or the coppering has been 

performed using bath exhaustion method. 

Metallization of Spacer Fabrics. The pre-

treated spacer fabric was pre-metalized by dip-

ping and then silvered or coppered using the 

bath exhaustion method. 

Results and their Discussion 

Surface Characteristics and attachment 

Possibilities of the Applied Coating on the Fi-

ber Surface and Complex Formation of Func-

tional Groups with Silver or Copper.  

Yarn Metallization. Complete silver and 

copper coatings with a uniform silver particle dis-

tribution could be achieved on the fiber surface by 

systematic analyses of all process parameters and 

their optimal adjustment. After the pre-silvering of 

the PET continuous filament yarn using the wet-

chemical one-bath method, a dark grey color ap-

peared on the fiber surface (Figure 2b). After the 

second silvering, the fiber surface turned golden 

(Figure 2c). The size and the shape of the silver 

particles, the distance between the silver particles, 

their storage and the way of filling the space are 

the reasons for the different colors. During the 

wet-chemical coppering, a light red color appeared 

on the PET-fiber surface (Figure 2d). The micro-

scopic pictures show that the entire fiber surface 

was completely covered with a silver and copper 

coating. 
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Figure 2 (a) Untreated, (b) pre-silvered, (c) silvered and (d) coppered PET continuous filament yarn 

 

The surface morphology (SM) of the orig-

inal and alkaline peeled continuous filament 

yarn was analyzed using the scanning electron 

microscopy (SEM) (Figure 3). PET fiber is inert 

on the view point of textiles which means that 

the fiber shows hydrophobic and non-polar 

character.  

 
 

 
 

Figure 3 - SEM-images (x20.000) at (left) original and (right) with sodium hydroxide pre-treated of PET-

continuous filament yarn 

 

The sodium hydroxide (NaOH) solution 

slowly enters into the outer PET-fiber surface. 

This way, the NaOH-solution destroys the 

amorphous areas of polyester and can create 

fine micro holes or caverns (voids) on the fiber 

surface (Figure 3, right). At these places, the 

silver (Ag) particle is deposited which could be 

found on the fiber surface (Figure 4). Possibility 

for the adhesion of the silver on the substrate is 

the mechanical anchoring. Based on that process, 

the silver coating has been developed on PET sur-

face.
 

 
 

Figure 4 - Exemplary layout of the mechanical anchoring of Ag particle on the PET fiber surface after the pre-

metallization 
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The alkaline treatment is commonly used 

for polyester in textile industry. A weight loss of 

the polyester by alkaline treatment of about 6-10 

% is optimal for the fiber surfaces sufficiently 

roughen, not reduce the ultimate tensile strength 

so far. The tensile strength before and after the 

alkaline treatment and after the silvering are 

subject to future works. 

The silver cation (Ag+) could form a 

closed double or quadruple coordinate chelate 

complexes with primary and secondary NH2-

groups. The created silber diamine complex and 

the chelate complexes are stable. However, at 

present no wet chemical silvering method is 

known for PET fiber surfaces on the basis of 

aliphatic amines for the complex formation of 

silver. The silver cation (Ag+) could form a closed 

or open double coordinated silver diamine com-

plex (1&2) using the free electron pairs of nitrogen 

from primary amino groups of tetraethylenpen-

tamine (TEPA) and a closed tetra coordinated sil-

ver diamine complex (3) from primary and sec-

ondary amino groups as shown in Scheme 1.

 
Scheme 1 Complex formation possibilities of silver ions with aliphatic tetraethylenpentamine (C8H23N5). 

 

 
 

The SEM-image (Figure 5a) clearly shows 

that the test samples pre-silvered with an 

[Ag(C8H23N5)n)]+-complex do not have a com-

pletely covered Ag-layer and therefore also have a 

lower silver percentage (5.45 % wt.) (Table 1). 

Such metal coatings show no electrical or heat 

conductivity. One reason was that the formation of 

the metal coating started in the reductive bath at 

those places of the polymer on which the noble 

metal nucleus was situated. Hence, small islands 

form, which grow into a closed metal layer step by 

step. This incompleteness of the metal coating was 

rectified through the second wet-chemical metalli-

zation process and an even spherical silver particle 

distribution and a completely covered silver layer 

on the fiber surfaces was determined using the 

scanning electron microscopy (Figure 5b). The 

results of the SM (Figure 5c) of coppered PET 

continuous filament yarn (with a [CuC10H12N2O8]2-

-complex solution) showed that crystalline trian-

gular or polygonal copper particles were formed 

on the fiber surface and the surface was fully cov-

ered. 
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Figure 5 - SEM-images (x20.000 and x50.000) of (a) pre-silvered, (b) silvered and (c) coppered PET continuous 

filament yarn 

 

 

Copper(II)-Ion can form a stable 

[CuC10H12N2O8]2-- or [CuC14H32N2O4]2+-complex 

(Scheme 2 & 5) together with ethylene diamine 

tetra acetic acid (C10H16N2O8) or with N,N,N`,N`-

tetrakis(2-hydroxypropyl)-ethylene diamine 

(C14H32N2O4) tetra-ions [38]. The EDTA-anion is 

also available for a complex formation, besides the 

four carboxyl groups (-COOH) also two free elec-

tron pairs of the nitrogen atom and can be attached 

6-times to the copper cations (Scheme 2).

 
Scheme 2 Formation of a stable [CuC10H12N2O8]2-- complex. 

 

 
 

XRD pattern of the silver and silver oxide 

nanoparticles have been presented in Figure 6. 

The two-theta peaks of Ag2O3 at 22° can be as-

signed to their characteristics (020) indices [39]. 

Two obvious peaks at 31° and 52° correspond to 

(111) and (220) planes of Ag2O [40, 41]. The 

peaks at 27°, 44° and 77° can be assigned to 

(100), (200) and (311) reflections, respectively, 

of the face-centered cubic lattice of Ag (JCPDS 

date 04-0783) [10, 12].
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Figure 6 - XRD spectra of the silver and silver oxide nanoparticles on metalized PET-continuous filament yarn 

 

The XRD pattern (Figure 7) shows strong 

diffraction peaks at 44°, 51° and 77°  pertaining 

to cubic copper Cu (111), (200) and (220) metal 

crystals (JCPDS 85-1326) and the diffraction 

peaks at 59° relating to the formation of CuO 

(202) crystalline phases [4, 42]. It should be 

noted that no peaks related to the cuprous oxide 

[Cu2O and Cu(OH)2] phase were observed in the 

XRD spectra. This means that our synthesized 

samples substantially contained CuO and/or Cu 

phases for the nanoparticles.  

 

 
Figure 7 - XRD patterns of the copper and copper oxide nanostructures on metalized PET-continuous filament yarn 

 

By taking the energy-dispersive x-ray 

spectroscopy (EDX) analysis into consideration, 

it can be seen that the percentage of oxygen in-

creased and the percentage of carbon decreased 

after the alkaline pre-treatment (Table 1). The 

increase of the oxygen percentage can be ex-

plained because the ester groups (–COO–) of the 

polyester which was transferred by an alkaline 

hydrolysis into carboxyl groups (–COOH) and 

hydroxyl groups (–OH). The pre-silvered test 

sample had a silver atom percentage of 0.52% 

(Table 1).
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Table 1 - EDX-analysis of original, pre-treated and pre-silvered PET continuous filament yarn 

 

Element original pre-treated pre-silvered 

Atom (%) Element (wt. %) Atom (%) Element (wt. %) Atom (%) Element (wt. %) 

C 

O 

N 

Ag 

91.61 

8.39 

- 

- 

87.92 

12.08 

- 

- 

83.89 

16.11 

- 

- 

79.73 

20.27 

- 

- 

78.64 

11.54 

9.3 

0.52 

73.35 

13.16 

8.04 

5.45 

 

After the second silvering process, an increase of the silver atom percentage (12.78 %) could be 

observed on the fiber surface using EDX-analysis (Table 2). An increase of the copper percentage (77.40 

% wt.) in comparison to the silver percentage (55.82 % wt.) took place after the coppering process.  

 
Table 2 -EDX-analysis of silvered and coppered PET continuous filament yarn 

 

Element silvered coppered 

Atom (%) Element (wt. %) Atom (%) Element (wt. %) 

C 

O 

N 

Ag 

Cu 

75.14 

9.77 

2.31 

12.78 

- 

36.54 

6.33 

1.31 

55.82 

- 

47.88 

4.22 

0.00 

7.51 

40.39 

17.34 

2.04 

0.00 

3.23 

77.40 

 

Metallization of Textile Fabrics. The 

newly deveoped wet-chemical one-bath method 

is not only used for the silvering of yarn but also 

for the silvering of textile fabrics. The optical 

properties of the pre-silvered, silvered and 

coppered PET warp knit fabric (Figure 8) are 

similar to yarn (Figure 2). 

 

 
 

Figure 8 (a) Original, (b) pre-silvered, (c) silvered and (d) coppered PET warp knit fabric 

 

The SM of original PET warp knit fabric 

and the pre-treated with sodium hydroxide solu-

tion is identical as yarn and illustrated in Figure 

9. 
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Figure 9 - SEM-images (x5000) of (left) original and (right) the one pre-treated with 0.5 N NaOH solution PET 

warp knit fabric 

 

The pre-silvering of the activated warp knit 

fabric took place in an [Ag(C8H22N2O3Si)n)]+-

complex solution. The N-(2-aminoethyl)-3-

aminopropylentrimethoxysilane (C8H22N2O3Si) 

has two amino groups in its chain (Scheme 3). A 

silver diamine complex could be formed with a 

primary amino group of two silane chains each 

(1), with a primary and a secondary amino group 

of a silane chain (2) or alternated (3) [43].

 
Scheme 3 Complex formation possibilities of silver ions with N-(2-aminoethyl)-3-aminopropylentrimethoxy-silane 

(C8H22N2O3Si). 

 

 
 

After the pre-silvering, an incompletely 

covered silver layer was formed on the PET-fiber 

surface (Figure 10a). A completely covered silver 

layer made of evenly distributed spherical silver 

particles could be determined after the second sil-

vering process using the SEM-images (Figure 

10b). The coppering of the pre-silvered fabric oc-

curred in a [CuC10H12N2O8]2+-complex solution. 

After the wet-chemical coppering, the copper layer 

increased on the pre-silvered fiber surface and the 

fiber surface was fully covered with a copper coat-

ing (Figure 10c). 
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Figure 10 -SEM-images (x20.000 and x50.000) of (a) pre-silvered, (b) silvered and (c) coppered PET warp 

knit fabric 
 

The EDX-analysis showed that the oxygen 

percentage increased and the carbon percentage 

decreased after the alkaline pre-treatment (Table 

3). The atomic Ag percentage of the pre-silvered 

PET warp knit fabric using the one-bath silvering 

method amounts to 24.28% (wt.). 

 
Table 3 - EDX-analysis of original, pre-treated and pre-silvered PET warp knit fabric 

 

Element original pre-treated pre-silvered 

Atom (%) Element (wt. %) Atom (%) Element (wt. %) Atom (%) Element (wt. %) 

C 

O 

N 

Si 

Ag 

90.61 

9.39 

- 

- 

- 

87.87 

12.13 

- 

- 

- 

84.76 

15.24 

- 

- 

- 

81.84 

18.16 

- 

- 

- 

69.88 

12.65 

9.07 

2.70 

5.70 

51.01 

12.42 

10.09 

2.20 

24.28 

 

After the second silvering process, the 

silver percentage increased from 24.28% (wt.) 

to 54.74% (wt.) (Table 4). The Cu percentage of 

the coppered PET warp knit fabric using the 

bath exhaustion method was 63.80% (wt.).

 
Table 4 - EDX-analysis of silvered and coppered PET warp knit fabric 

 

Element silvered coppered 

Atom (%) Element (wt. %) Atom (%) Element (wt. %) 

C 

O 

N 

Si 

Ag 

Cu 

75.29 

9.64 

1.78 

0.08 

13.21 

- 

38.94 

5.88 

0.39 

0.05 

54.74 

- 

66.56 

4.28 

0.00 

0.00 

2.71 

26.45 

30.44 

2.48 

0.00 

0.00 

3.28 

63.80 

 

Metallization of Spacer Textiles. The de-

veloped one-bath method is flexibly applicable 

and has been used for the silvering of spacer 

fabrics (Figure 11a). Spacer fabrics consist of 

three “layers” – two covering layers and a spac-

er layer. The covering layers were produced 

with PET multi filament yarn (cover yarn) and 

the spacer layer made of PET mono filament 
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yarn (pile yarn). The pre-silvering of the pre-

treated spacer fabric was carried out in a silver 

chitosan solution. Chitosan (CTS) is a linear 

biopolymer on the basis of polysaccharide, con-

sists of two monosaccharide-blocks: N-acetyl-

D-glucosamine and D-glucosamine, which 

bonded by β(1→4) glycoside [44]. „The chem-

istry of the chitosan is characterized by its nu-

cleophil, primary amino groups at the C-2-atom 

of the glucan-unit (Scheme 4). At this point, 

many chemical functionalizations build“ [45-

47]. It is possible to bond the CTS-chains using 

the NH2-groups by complexing the silver 

amongst itself (Scheme 4, 1). Under the coordi-

nation of adjacent NH2-groups of the same 

chain, the silver forms a silver diamine complex 

as can be seen in Scheme 4 (2).  

 
Scheme 4 Complex formation possibilities of silver ions with chitosan. 

 

 
 

 

Through the wet-chemical pre-silvering, it 

was possible to modify the silver coating on an 

inert multi filament and mono filament PET fiber 

surface (Figure 11b). After the second silvering 

and the wet-chemical coppering, spacer fabric 

made of even the thickest PET mono filament was 

successfully metallized. Where, both the pile yarn 

(mono filament yarn, Figure 11c) and the cover 

yarn (multi filament yarn, Figure 11d) were fully 

metallized.
 

 

 
Figure 11 (a) Original, (b) pre-metallized, (c) silvered and (d) coppered PET spacer fabric 

 

The challenge for the silvering and copper-

ing was the mono filament yarn (pile yarn) itself, 

because it has a very smooth and hydrophobic 

surface (Figure 12, left). The SM was analyzed by 

means of SEM in order to evaluate the pre-

treatment with sodium hydroxide solution in re-

spect to their effects on the homogeneity of the 

fiber surface. During these analyses, a rough, clean 
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mono filament fiber surface (Figure 12, right) was 

characterised after the pre-treatment with sodium 

hydroxide solution. 

 

 
 

Figure 12 -SEM-images (x10.000) of (left) original and (right) the one pre-treated with NaOH solution mono fila-

ment yarn made of spacer fabric 

 

The results of the SEM-images of the 

PET multi- and mono filament yarn taken out 

from the pre-silvered, silvered and coppered 

spacer fabric are presented in Figure 13 and 14. 

An even distribution of the silver particles and 

therefore homogeneity of the silver layer was 

achieved by a wet-chemical pre-silvering on the 

multi- and mono filament PET-fiber surface. 

The fiber surface was fully covered after the 

second silvering process (Figure 13b & 14b). 

The SM of the coppered mono filament showed 

several bigger polygonal copper crystalline in 

comparison to the fiber surface of the continu-

ous filament yarn and fabric (Figure 13c & 14c). 

The reason for this is probably the formation of 

[CuC14H32N2O4]2+-complexes because the cop-

pering process did not change. 

 

 
 

Figure 13 - SEM-images (x20.000 and x50.000) of (a) pre-silvered, (b) silvered and (c) coppered multi filament 

yarn from spacer fabric 
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Figure 14 - SEM-images (x20.000 and x50.000) of (a) pre-silvered, (b) silvered and (c) coppered mono filament 

yarn from spacer fabric 

 

Copper(II)-cation can form 

[CuC14H32N2O4]2+-complex (Scheme 5) together 

with four oxygen atoms and two nitrogen atoms of 

the N,N,N`,N`-tetrakis(2-hydroxypropyl)-ethylene 

diamine.

 
Scheme 5 Formation of a stable [CuC14H32N2O4]2+- complex. 

 

 
 

The carbon-, oxygen-, nitrogen- and silver 

percentages are semi-quantitatively determined 

using the EDX-analysis (Table 5). After the pre-

silvering process, the silver percentage was 14.08 

% (wt.) for multi filament yarn and 24.41 % (wt.) 

for mono filament yarn.
 

Table 5 - EDX-analysis of untreated, pre-treated and pre-silvered PET spacer fabrics 

 

Spacer fabric Element original pre-treated pre-silvered 

Atom 

(%) 

Element (wt. 

%) 

Atom 

(%) 

Element (wt. %) Atom 

(%) 

Element 

(wt. %) 

Multi filament 

yarn from spacer 

fabric 

C 

O 

N 

Ag 

83.76 

16.24 

- 

- 

79.54 

20.46 

- 

- 

82.52 

17.48 

- 

- 

76.68 

23.32 

- 

- 

76.20 

9.39 

12.10 

2.31 

65.68 

10.07 

10.17 

14.08 

Mono filament 

yarn from spacer 

fabric 

C 

O 

N 

Ag 

83.57 

16.43 

- 

- 

80.73 

19.27 

- 

- 

82.41 

17.59 

- 

- 

77.86 

22.14 

- 

- 

80.18 

13.54 

2.64 

3.64 

59.84 

13.46 

2.30 

24.41 
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After the second silvering process, the sil-

ver percentage of the multi filament yarn (42.88 

%, wt.) and the mono filament yarn (59.21 %, wt.) 

of PET fiber surface increased again (Table 6). 

The carbon and oxygen percentage decreased after 

the coppering on the fiber surface and the highest 

copper percentage was indicated for the multi fil-

ament yarn PET fiber surface 83.15 % (wt.) using 

the EDX.

 
Table 6 - EDX-analysis of silvered and coppered PET spacer fabric 

 

Filament yarn from 

spacer fabric 

Element silvered coppered 

Atom (%) Element (wt. %) Atom (%) Element (wt. %) 

Multi filament yarn C 

O 

N 

Ag 

Cu 

76.60 

11.70 

1.60 

10.10 

- 

46.7 

9.30 

1.12 

42.88 

- 

44.91 

2.25 

0.00 

3.86 

48.98 

14.41 

0.96 

0.00 

1.47 

83.15 

Mono filament yarn C 

O 

N 

Ag 

Cu 

72.40 

8.90 

4.25 

14.45 

- 

33.09 

5.40 

2.30 

59.21 

- 

70.52 

5.97 

0.00 

5.15 

18.36 

38.82 

4.38 

0.00 

3.32 

53.48 

 

By increasing the treatment temperature of 

400°C to 600°C in an N2 (80%)-H2 (20%) can 

result higher chemical stability of the reduced 

copper nanoparticles in the silica thin film. 42 The 

silvered and coppered PET textile materials treat-

ment by 400 °C is impossible, since a melting 

temperature of PET is from 250 °C to 270 °C. For 

this reason, the metalized PET textile materials 

were thermally fixed at 200 °C for 2 min. Deposit-

ed Ag- and Cu-layer shrinks, compacts and cures 

due to the vaporization of the coating and solvents, 

on-going hydrolysis and condensation reactions, 

the silver and copper particles diffuse from the 

surface into the substrate (PET). By decreasing the 

water content of the metal layer leads to increase 

the density of the metal layer. 

EDX analysis / the percentage of the ele-

ments such as carbon (C), oxygen (O), nitrogen 

(N), silicon (Si), silver (Ag) and copper (Cu) was 

semi-quantitatively determined with the point 

analysis. Gravimetric analysis was carried out to 

examine realistic “global” values of silver and 

copper on surface of the textiles. The amount of 

matting agent of the original PET was 0.3 %. The 

results of AAS analysis revealed that higher 

amount of silver on the silvered textile materials 

was found compared to pre-silvered textile materi-

als (Table 7).

 
Table 7 - The concentration of silver and copper on surface of the textiles 

 

PET textile 

materials 

Metal Yarn Knit fabric 3D spacer fabric 

The concentration of Ag and Cu on surface of the textiles, (%) 

Pre-silvered Ag 1.26 1.75 1.54 

silvered Ag 5.84 6.54 6.26 

coppered Ag 5.23 6.55 6.28 

 Cu 1.41 1.57 1.42 

 

Adhesion of the Silver and Copper 

Layer. Metalized textiles are often applied in 

different fields such as the medical one, in safe-

ty and in construction engineering, in water 

technology, in the clothing and automotive in-

dustry, in which they are exposed to mechani-

cal, thermal or wet-chemical loads. In order to 

retain the functional characteristics of the tex-

tiles for the entire working life, the adhesion 

stability of the silver and copper layer on the 

fiber surface is an essential quality characteris-

tic. In the textile industry, however, often insuf-

ficient adhesion and wash fastness of metallized 

textiles creates the main problem for their use. 

Therefore, in the framework of this paper, sil-

vered and coppered PET-substrates underwent 
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several washing cycles to analyze their usability 

characteristics. 

For the wash stability test, the silvered 

and coppered PET yarn, warp knit fabric and 

spacer fabric underwent 10 washing cycles with 

a test sample sewed with polyamide and wool 

adjacent fabric. This way, the wash fastness was 

evaluated according to weight loss, color change 

of the liquor and the textile material (Figure 15 

& 16). The first washing liquor was cloudy. It 

can be estimated that the silver and copper par-

ticles bound on the surface and the remaining 

reduction agent dissolved. After the fifth wash-

ing cycle, clear washing liquor could be found. 

After 10 washing cycles, a minimal weight loss 

(between 0.5 % -1.5 %) of the metallized mate-

rial could be noticed and the washing liquor re-

mained clear, the color of the silvered and cop-

pered textile material remained unchange as 

well. The coating of the applied silver and cop-

per layer was stable, which is proved by the 

wash fastness test
 

 
 

Figure 15 - Colour changes of the liquor, the silvered and attached (PA and WO) textile material after the first, fifth 

and tenth wash cycles 
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Figure 16 - Colour changes of the liquor, the coppered and attached (PA and WO) textile material after the first, 

fifth and tenth wash cycles 

 

Conclusions 

The key of the realization for the silvering 

and coppering of textile material made of polyes-

ter was the wet-chemical one-bath method with 

silver diamine complex-containing solution and 

with EDTA- and EDTP-copper-containing solu-

tion. All complexes are stable and suitable for the 

silvering and coppering of polyester yarn, warp 

knit fabric and spacer fabric. After the successful 

implementation of the developed entire concept, 

different types of silvered and coppered polyester 

textile material are subject to morphological anal-

yses. A completely covered silver and copper lay-

er was achieved on the polyester fiber surface. 

During the pre-silvering, silver cations was com-

plexed with aliphatic tetraethylenpentamine, with 

long-chained N-(2-aminoethyl)-3-

aminopropylentrimeth-oxysilane and with chi-

tosan. While the coppering, the copper(II)-ion with 

ethylene diamine tetra acetic acid (EDTA) or with 

N,N,N`,N`-tetrakis(2-hydroxypropyl)-ethylene 

diamine (EDTP) tetra-ions form a stable 

Cu(II)EDTA- or Cu(II)EDTP-complex. This 

formed complex was modified wet-chemically 

using the one-bath method at 35°C±2°C on a 

chemically-inert PET fiber surface. The ad-

vantages of the newly developed one-bath method 

are lower energy consumption, low chemical use 

and the usability of the newly developed method 

for all polymers. 

Furthermore, the adhesion and wash fast-

ness of the silver and copper layer were analyzed, 

which showed superior results. At the end, it can 

be confirmed that the inert polyester can be wet-

chemically silvered and coppered in different 

forms (yarn, warp knit fabric, spacer fabric) using 

the newly developed one-bath method. Further 

applications for electrical and heat conductivity, 

anti-microbial and fungicidal effects of structured 

textiles can be opened up. This is especially ad-

vantageous for the application in sensor technolo-

gy, electronics, the automotive industry, the secu-

rity field, the medical field and in water technolo-

gy, where synthetic polymers such as polyester are 

increasingly used. 

Additionally, the analyses of silvered and 

coppered textile material for the characterization 

of the antimicrobial effect, the electrical conduc-

tivity, the electromagnetic shielding and the ten-

sile strength are subject to future works.  
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