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Abstract

�e in�uence of reactive dyeing on the sil-

ver adsorption of antimicrobial agent Ruco-

Bac AGP on a cotton fabric was investigated 

for the research purpose. RucoBac AGP was ap-

plied on a cotton fabric using the exhaustion 

method. For a comparison, RucoBac AGP was 

applied on fabrics treated in a blank dyebath 

which contained all auxiliaries except for the 

dye. �e quantity of silver, the antibacterial ef-

�ciency and wash-fastness were determined for 

functionalized fabrics. �e whiteness and col-

our change of silver treated cotton fabrics were 

investigated as well. �e research results show 

that dyeing with a reactive dye causes high-

er adsorption of silver on a bleached/mercer-

ized cotton fabric and its antimicrobial e�cien-

cy. �e changes in the whiteness and colour of 

the fabric are more visible when treating cotton 

with a higher concentration of RucoBac AGP.

Keywords: cotton, reactive dye, nanoparticles, 

silver, adsorption
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1 Introduction

Due to their large surface area and ability to 

retain moisture, textile materials provide an 

excellent environment for the microorgan-

ism growth. Microorganisms can cause from 

a milder, aesthetic unpleasantness to a seri-

ous, health-related problem [1]. Textile mate-

rials with an antimicrobial e!ect are used for 

medical, military and technical textiles, tex-

tiles for sports and leisure, and bedding [2–4]. 

�e preparation of metal nanoparticles enables 

the development of new biocides [5]. At nano-

technology researches in textiles, di!erent forms 

of silver were used, e.g. metal silver nanoparti-

cles, silver chloride (AgCl) and composite par-

ticles of silver and titanium dioxide (Ag-TiO
2
) 

[6–22]. In the case of antimicrobial e�cien-

cy, the surface coating of nanosilver on titani-

um dioxide maximizes the number of parti-

cles per unit area in comparison with the use of 

an equal mass fraction of pure silver [23, 24]. 

When dealing with researches of deposition of 

silver onto di!erent substrates, it is important 

to understand the adhesion of particles, which 

is dependent on the interaction mechanism 

with a material. �e mechanism of nanoparti-

cle adhesion has not been completely explained 

yet, since there are many di!erent opinions 

among the theorists on the subject. �us, it is 

generally considered that attractive forces and 

chemical bonds play an important role in the 

adhesion of particles [25]. �e physical or me-

chanical adhesion of nanoparticles mostly oc-

curs due to van der Walls or electrostatic forc-

es, while the chemical adhesion of particles is a 

consequence of ionic, covalent, metallic and hy-

drogen bonds [26]. Moreover, the nanoparti-

cles can penetrate into certain parts of the sub-

strate, such as pores, holes and crevices, and 

they lock mechanically to the substrate. �is ad-

hesion mechanism, which is called mechanical 

interlocking, has been understood from the per-

spective of surface roughness e!ects [27]. �e 

increased adsorption of nanoparticles on tex-

tile materials can be achieved by using di!erent 

techniques of nanoparticle applications, e.g. ex-

haustion procedure, the use of a matrix and a 

prolonged treatment time of textiles in the silver 

nanoparticles containing bath [6, 14, 17]. �e 
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A...dye

B...Na2SO4

C...Na2CO3

D...rinse

E...H3COOH 30%

F...Cibapon R

Figure 1: Dyeing procedure for Cibacron deep red S-B and a"er-
treatments
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Staphylococcus aureus Escherichio coli 

increased adsorption of nanoparticles onto tex-

tiles can also be achieved by using the plasma 

technology as a surface pre-treatment [7–9]. It 

was established that the dyeing of cotton with a 

vat dye increases the adsorption of silver nano-

particles [28].

For the research, a bleached and mercerized 

cotton fabric was functionalized with dyeing 

and silver nanoparticles. �e purpose of our 

research was to investigate the in�uence of re-

active dyeing on the adsorption of silver on a 

cotton fabric. �e quantity of silver, the anti-

bacterial e�ciency and wash fastness were de-

termined for blank dyed and dyed cotton fab-

rics treated with nanosilver. �e in�uence of 

functionalization with silver on the whiteness 

and colour of cotton was investigated as well.

2 Experimental

�e samples of a bleached/mercerized cot-

ton fabric in plane weave (119.2 g/m2, warp: 

52 threads/cm, we": 26 threads/cm) were �rst 

dyed or blank dyed, and then treated with an 

antimicrobial agent. �e cotton samples were 

dyed with a bi-reactive dye Cibacron deep red 

S-B (Ciba). �e liquor ratio 20 : 1, 0.5% of 

dye, 30 g/l Na
2
SO

4 
(Carlo Erba) and 8 g/l Na-

2
CO

3 
(Carlo Erba) were used. A"er the dye-

ing, the samples were a"er-treated, i.e. rinsed 

with distilled water, neutralized with 1 ml/l 

CH
3
COOH 30% (Sigma-Aldrich) and soaped 

with 1 g/l Cibapon R (Ciba). �e samples were 

�nally rinsed with cold distilled water. �e dye-

ing procedure and a"er-treatments are present-

ed in Figure 1. 

As the antimicrobial treatment of cotton, a 

commercial form of nanoparticles RucoBac 

AGP (Rudolph Chemie) [29] was used. Ruco-

Bac AGP (RB) is a hygienic �nish for all �bre 

types. It is highly a concentrated hygiene and 

freshness system complying with the Öko-Tex 

standard 100. RB is a nano-dispersion of tita-

nium dioxide (TiO
2
) as the carrier of the ac-

tive component silver chloride (AgCl). �e rec-

ommended concentration of RB is 0.2–0.5%. 

For our research, the lowest recommended con-

centration, i.e. 0.2%, was used. For a compar-

ison, 0.1% of RB was used, which represents a 

half of the lowest concentration recommend-
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Streptococcus faecalis Pseudomo-
nas aeruginoso -

R B – A
B

kjer je A -

B -

-

-

kjer je Y standardizirana barvna vrednost, x, y, sta standardizirana 

barvna deleža, x
n,10

, y
n,10

WI in TV

-

-

*a*b* -

-

-

kjer je ∆L* razlika v svetlosti, ∆a* razlika na rdeče-zeleni osi in ∆b* 

-

ed by the agent producer. �e reason for such a 

decision was to verify the possibility in achiev-

ing good antibacterial e�ciency of a cotton fab-

ric with the use of a very low concentration of 

a silver composite. �e exhaustion method was 

used for the deposition of RB onto blank dyed 

and dyed cotton samples. �e liquor ratio was 

10 : 1, and the treatment time 30 min at 50 ºC. 

A"erwards, the samples were dried at 130 ºC 

for 4 min.

�e samples were tested for wash-fastness in an 

AATCC Atlas Launder-O-Meter Standard In-

strument. �e samples were washed repetitively 

10 times at 60 ºC in a solution of 5 g/l standard 

detergent (ECE phosphate reference detergent 

B) and 2 g/l Na
2
CO

3
 [30]. �e duration of 

washing cycles was 30 min. A"er the washing, 

the samples were rinsed twice in cold distilled 

water, held under cold tap water for 10 min, 

wrung out and dried at a room temperature.

�e quantity of silver on cotton samples was 

determined using inductively coupled plasma 

mass spectroscopy (ICP-MS). Blank dyed and 

reactive dyed cotton samples were compared. 

�e ICP-MS analysis was applied before and 

a"er the washing of samples. 

�e antimicrobial e!ectiveness of di!erent 

functionalized unwashed and washed samples 

was determined according to the test method 

ASTM: E 2149-01 [31], recommended by the 

producer RucoBac AGP, against Staphylococcus 

aureus (ATCC 25923), Escherichia coli (ATCC 

25922), Streptococcus faecalis (ATCC 27853) 

and Pseudomonas aeruginosa (ATCC 27853). 

�e bacterial reduction (R) was calculated us-

ing Equation 1; where A is the Colony-forming 

unit (CFU) per millilitre for the �ask containing 

the treated substrate a"er 1 hour contact time 

and B is the CFU per millilitre for the �ask to 

determine A before the addition of the treated 

substrate (time “0”). �e value of bacterial re-

duction must exceed 60% for a fabric to have 

satisfactory antimicrobial e!ectiveness. 

�e whiteness index and whiteness tint were 

determined for blank dyed samples based on 

the CIE measurements of re�ectance values by 

using the spectrophotometer Spectra�ash 600 

Plus-CT (Datacolor). �e measurements were 

made under the following conditions: size of 

measurement port 9 mm, observation angle 
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10°, standard light D 65 and excluded specular. 

�e whiteness index (WI) was calculated using 

Equation 2 [32], where Y denotes the tristimu-

lus value of the sample, x, y denote the chroma-

ticity coordinates of the sample and x
n,10

, y
n,10

 

denote the chromaticity coordinates of a white 

standard.

Table 1: Marking and description of cotton samples

Table 2: Quantity of Ag (mg/kg) and antimicrobial e�ciency, expressed as bacterial reduction (R), of bleached/
mercerized cotton fabrics

S. aureus E. coli S. faecalis P. aeurginosa

— — — —

— — — —

— — — —

— — —

— — — —

— — — —

— — — —

— — — —

B...blank dyed, D...dyed, 0.1…0.1% ...RucoBac AGP, 0.2…0.2% RucoBac AGP, w...washed, –...reduction less than 60%

-
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krobno učinkovitost proti Staphylococcus aureus, Escherichii coli, 
Streptococcus faecalisu in Pseudomonas aeruginosi

-

-

-

-

-

-

-

-

-

 

�e whiteness tint (TV) was calculated using 

Equation 3. 

�e values of WI and TV were determined for 

blank dyed untreated and RucoBac AGP func-

tionalized samples. 

�e colour of samples dyed with a reactive dye 

was determined based on the CIELAB colour 

system measured with the spectrophotometer 

Spectra�ash 600 Plus-CT. �e colour of samples 

was determined for untreated samples and for 

samples functionalized with RucoBac AGP. �e 

measurements of colour were made under the 

same conditions as the measurements of white-

ness with the exception of the specular being in-

cluded. �e colour di!erence (∆E*) between 

the untreated dyed sample and dyed sample 

functionalized with RucoBac AGP was calcu-

lated using Equation 4 [33], where ∆L* is the 

di!erence in lightness, ∆a* is the di!erence on 

the red-green axis and ∆b* is the di!erence on 

the yellow-blue axis between a standard and a 

sample.

3 Results and discussion

�e markings and descriptions of cotton sam-

ples are presented in Table 1. 

�e results of the ICP-MS and antimicrobial 

analysis of samples are presented in Table 2. 

�e quantity of silver on a cotton fabric is in-

creasing with a higher concentration of Ruco-

Bac AGP (RB) used in the bath (cf. Table 2). 

�e blank dyed sample treated with 0.1% RB 

contains 1.5 ± 0.3 mg/kg of silver, while the 

blank dyed sample treated with 0.2% RB con-

tains 6.7 ± 1.3 mg/kg of silver. �e same trend 

is noticed on the samples dyed with a reac-

tive dye. �e quantity of silver on cotton is dif-

ferent when comparing blank dyed and reac-

tive dyed samples. �e dyed samples contain a 

much higher quantity of silver than the blank 

dyed samples. In the case of treating cotton 

with 0.1% RB, the quantity of silver on a dyed 

sample is by almost six times higher than on 

a blank dyed sample (from 1.5 ± 0.3 mg/kg to 

8.9 ± 1.8 mg/kg) and by two times higher in the 

case of treatment with 0.2% RB (from 6.7 ± 1.3 

mg/kg to 15 ± 3 mg/kg of silver). RB is a nano-

dispersion composite of titanium dioxide (TiO
2
) 

in the combination of an active component of 
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Table 3: Whiteness index (WI) and tint (TV) of blank dyed cotton 
fabrics

B ... slepo barvan, 0.1 ... 0,1% RucoBac AGP, 0.2 ... 0,2% RucoBac AGP

Table 4: CIEL*a*b* values of colour coordinates and colour di!er-
ences (ΔE*) of dyed cotton fabrics

a* b*

–

D ... barvan, 0.1 ... 0,1% RucoBac AGP, 0.2 ... 0,2% RucoBac AGP

-

-

-

-

na Staphylococcus aureus, Escherichio coli, Streptococcus faecalis in 

Pseudomonas aeruginoso.

-

-

-

-

-

-

silver chloride (AgCl) [29]. In the presence of 

moisture, silver cations react with hydroxyl 

functional cellulosic groups and are attached to 

each other electrostatically. �e presence of a re-

active dye on cotton and the introduction of ad-

ditional covalently bound sulfonic acid groups 

will facilitate the uptake of a cationic antimi-

crobial agent [34]. �erefore, it is possible to 

conclude that RB is bound to the cotton surface 

through sulfonic groups of a covalently bound 

dye and through partially ionized hydroxyl and 

carboxyl groups present on the �bre. �e sam-

ples containing less than 6 mg/kg of silver do 

not show satisfactory antimicrobial e�ciency. 

�e blank dyed sample treated with 0.2% RB 

(Sample B_0.2) shows excellent antimicrobial 

e�ciency against Escherichia coli, whereas the 

quantity of silver 6.7 ± 1.3 mg/kg was not suf-

�cient for the antimicrobial protection against 

other bacteria. �e dyed samples D_0.1 and 

D_0.2, containing 8.90 ± 1.80 mg/kg and 15.00 

± 3.00 mg/kg, respectively, already show excel-

lent antimicrobial e�ciency against Staphylo-

coccus aureus, Escherichia coli, Streptococcus 

faecalis and Pseudomonas aeruginosa.

�e ICP-MS measurements of the silver quan-

tity determined on cotton RB functionalized 

fabrics before and a"er ten repetitive washings 

(cf. Table 2) show poor wash-fastness of RB re-

gardless if samples were blank dyed or dyed 

with a reactive dye. �ese results are in accord-

ance with the results of other researchers who 

have also established that silver is removed with 

washing. �e washed samples do not show anti-

microbial e�ciency since they contain too low 

quantity of silver (from 0.42 ± 0.08 mg/kg to 

2.30 ± 0.50 mg/kg).

�e application of RB on a bleached/mercerized 

cotton fabric in�uences the fabric whiteness. By 

increasing the concentration of RB in the bath, 

the whiteness index (WI) decreases while the 

whiteness tint (TV) remains the same (cf. Table 

3). For an untreated blank dyed sample, WI is 

81.44 and 79.81 for a blank dyed sample func-

tionalized with 0.2% RB.

�e treatment of cotton with RB also in�uenc-

es the colour of reactive dyed sample (cf. Table 

4). By increasing the concentration of RB, the 

dyed samples become darker, redder and yel-

lower. �e colour di!erence of the untreated 
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dyed sample (Sample D) and the dyed sample 

treated with 0.1% RB (Sample D_0.1) is DE* = 

1.49. A"er treating the dyed sample with 0.2% 

RB, the colour di!erence is even higher (DE* = 

1.73).

4 Conclusions

�e in�uence of reactive dyeing on the adsorp-

tion of silver on a bleached/mercerized cotton 

fabric was investigated. �e source of silver na-

noparticles was nano-dispersion RucoBac AGP. 

�e exhaustion method was used to load Ru-

coBac AGP in two concentrations on a cotton 

fabric. �e adsorption of silver on cotton was 

investigated on blank dyed and reactive dyed 

samples by comparing the ICP-MS results. �e 

quantity of silver on cotton was examined af-

ter ten repetitive washings. Microbiological tests 

were used to examine the antimicrobial e�-

ciency of di!erently functionalized unwashed 

and washed samples. From the result, it can be 

concluded that the reactive dyed samples con-

tain higher quantity of silver than the blank 

dyed samples. �e dyed samples treated with 

RucoBac AGP also show excellent antimicrobi-

al e�ciency against Staphylococcus aureus, Es-

cherichia coli, Streptococcus faecalis and Pseu-

domonas aeruginosa. A higher quantity of 

silver on a fabric gives better antimicrobial ef-

�ciency. �e results also show poor wash-fast-

ness of RucoBac AGP regardless of the treat-

ment. �e whiteness index and tint of blank 

dyed samples and colour values of reactive dyed 

samples was determined using a spectropho-

tometer. When using a higher concentration of 

RucoBac AGP, there is a noticeable change in 

the whiteness and colour of the sample, while 

the change does not impair the appearance of 

the fabric.

�e dyeing with a reactive dye has proved to 

be an e!ective and a simple method in increas-

ing the silver nanoparticle adhesion on a cotton 

substrate in order to achieve su�cient antimi-

crobial e�ciency of a textile using a very low 

concentration of silver in the bath, which also 

has a severe impact on reduced water pollution 

with silver nanoparticles.
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