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1. INTRODUCTION

Silver nanoparticles were coated onto cotton 
fabrics with 3‐Mercaptopropyltrimethoxysilane (3‐
MPTMS). The coating process was accomplished by 
soaking the cotton fabrics into silver colloid/3‐
MPTMS solution at 43℃ for 90 min. The coated 
fabrics were characterized by scanning electron 
microscopy (SEM), X‐ray photoelectron spectroscopy 
(XPS) and thermogravimetric analysis (TGA). SEM 
images showed a layer of silver nanoparticles and 3
‐MPTMS on cotton. The XPS data showed that 
distinguishable binding energy peaks of Ag 3d, Si 
2p, Si 2s, S 2p were 368/374, 102, 153 and 162 
eV, respectively, which confirms the existence of 
silver and 3‐MPTMS on cotton fabrics. The treated 
cotton fabrics showed prominent antimicrobial 
effectiveness against Staphylococcus aureus (ATCC 
6538) and Klebsiella pneumonia (ATCC 4352). 
Furthermore, the laundry test showed that 66% of 
silver nanoparticles were retained after 5 washing 
cycles.

2. EXPERIMENTAL
2.1. Materials

3‐Mercaptopropyltrimethoxysilane (3‐MPTMS, 
95%) was purchased from Aldrich. Silver colloid 
(Ag content: 5000 ppm, pH: 9.0±0.5) was obtained 
from Miji Nanotech (Korea). Isopropanol (95%) was 
purchased from Duksan chemicals (Korea). All 
chemicals were used as received without further 
purification. Desized and bleached cotton fabric (KS 
K 0905‐2008 rule) was obtained from Korea 
Apparel Testing & Research Institute.

2.2. Coating of cotton fabrics with silver nano-
particles and 3‐MPTMS

A 0.1mL of 3‐MPTMS was added in 10mL of 
isopropanol. Concurrently 2mL of silver colloid was 
added in the 3‐MPTMS and isopropanol solution to 
prepare an 830 ppm of silver colloid solution. 
Cotton fabric (5cm x 5cm) was soaked in the 
solution followed by shaking in a water bath at 4
3℃ for 90 min.  The treated samples were rinsed 

with 100mL of propanol two times and then rinsed 
again with 100mL of distilled water two times. 
Finally, the samples were air dried at ambient 
temperature.

3. RESULTS AND DISCUSSION
3.1. Coating of silver nanoparticles on cotton fabric

The treatment of cotton fabrics under different 
concentration of silver colloid with/without 3‐
MPTMS are shown in Table 1.

Concentration of 
Ag in the 

solution (ppm)

Atomic% of Ag on treated samples
With 

3‐MPTMSa)
Without 

3‐MPTMS
0 Undetected Undetected

830 0.11 Undetected

2490 0.30 Undetected

3200 0.28 Undetected

3600 0.29 Undetected

Table 1. Atomic% of Silver on Cotton Samples 

Treated with/without 3‐MPTMS at 43℃

a) The amount of 3‐MPTMS (95%) was fixed at 0.1 mL.

The treatment of 3‐MPTMS and silver nano-
particles on cotton under different temperatures are 
shown in Fig. 1.

Fig. 1. Amount of silver on cotton surface 
treated with silver colloid and 3‐MPTMS at 
different temperatures
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3.2.  Durability of the treated cotton fabric

Washing cycles Retaining of Ag 
(Atomic%)

0 0.30
1 0.29
2 0.26
3 0.23
4 0.23
5 0.20

Table 2. Washing Fastness of Cottons Treated 
with Silver Nanoparticles and 3‐MPTMS

3.3. Antimicrobial efficacy

In this study, S. aureus as a Gram‐positive 
bacterium and K. pneumoinae as a Gram‐negative 
bacterium were used to measure antimicrobial activity 
and the test results are shown in Fig. 2 and Table 3.

Fig. 2. Antimicrobial activity of (a) cotton treated 
with 3‐MPTMS against S. aureus (b) cotton treated 
with Silver nanoparticles/3‐MPTMS against S.
aureus (c) cotton treated with 3‐MPTMS against K. 
pneumoinae, and (d) cotton treated with Silver 
nanoparticles/3‐MPTMS against K. pneumoinae.

Samples
Staphylococcus aureus

Total bacteria
(cfu/mL)

Bacterial No. 
(cfu/sample)

Reduction
 (%)

Cotton treated 
with 3‐MPTMS 1.3 x 105 6.7 x 104 48.2

Cotton treated 
with Silver 

nanoparticles/ 
3‐MPTMS

1.3 x 105 0 100

Samples
Klebsiella pneumonia

Total bacteria
(cfu/mL)

Bacterial No. 
(cfu/sample)

Reduction 
(%)

Cotton treated 
with 3‐MPTMS 1.5 x 105 1.5 x 105  < 1

Cotton treated 
with Silver 

nanoparticles/ 
3‐MPTMS

1.5 x 105 0 100

Table 3. Antimicrobial Test Results of Cotton 
Fabrics Treated with 3‐MPTMS and 3‐MPTMS 
/Silver Nanoparticles

4. CONCLUSIONS

Silver nanoparticles were successfully coated on 
cotton fabrics with 3‐MPTMS. These treated fabrics 
were tested for washing fastness and showed 
reasonable and relatively enhanced durability than 
pad‐dry‐cure process which was used no bonding 
agent. The treated fabrics were also employed for 
antimicrobial test and the results released that 
excellent antimicrobial performance against 
Staphylococcus aureus and Klebsiella pneumonia.
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