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ABSTRACT: An aqueous emulsion of chitosan nano-
particles encapsulating silver oxide is prepared from sil-
ver nitrate and chitosan. The nanoparticles are positively
charged with an average diameter of 300 nm. The dried
particle has a spherical shape with a 100 nm diameter.
The emulsion is applied onto cotton and delivers a dura-
ble antibacterial activity against S. aureus and E. coli, af-

ter 20 washings. The coefficient of friction of the treated
fabric is similar to that of the untreated cotton fab-
ric. � 2007 Wiley Periodicals, Inc. J Appl Polym Sci 108: 52–56,
2008
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INTRODUCTION

The antibacterial property of silver and its deriva-
tives has been extensively studied.1–3 The materials
generally have a long-term biocidal activity, low vol-
atility, and low toxicity to mammalian cells.4,5 Many
of these materials have been prepared using doping
techniques.6–12 A uniform and stable emulsion is
believed to be useful in many fields, for instance,
direct coating of biomaterials, devices, and medical
textiles.

Chitosan, a natural polysaccharide, is a derivative
of chitin that comes from the shells and exoskeletons
of some crustacea. The polymer is antibacterial, non-
toxic, biodegradable, and biocompatible.13–19 Re-
search work has been done on the preparation of
chitosan/silver nanocomposites in solid forms, such
as fibres, powders, and films.19–23

We have recently developed a new aqueous emul-
sion of pure chitosan nanoparticles.24 The emulsion
has only chitosan and water, which render its appli-
cations when other additives may be undesirable.
We report in this article our work on the nanocom-
posite of chitosan and silver oxide and its applica-
tion in textiles, specifically the antibacterial perform-
ance. Functional finishes are typically applied onto
textiles using water as a medium; therefore, the
nanocomposite is designed in an emulsion form. It is
also known that silver compounds may alter the

shade of textiles. To overcome the colour problem,
we have tried to obtain the composite with a mini-
mum quantity of silver oxide that is still effective in
the bacterial reduction. The durability of the finish
on the textile is also considered in the experimental
design. Our result indicates that the finish is very
long lasting and is still effective after 20 washings.

EXPERIMENTAL

Materials

Chitosan (degree of deacetylation: 95%, molecular
mass: 500,000 g mol21) was purchased from Haide-
bei (China). The other chemicals were analytical
grade from Aldrich without further treatment.

Preparation of the chitosan encapsulating
silver oxide nanoparticles

Typically, silver nitrate (5 mL, 5% (w/v) in water)
was dropped into 150 mL (w/v) chitosan solution
(0.5% w/v in 1% acetic acid) under magnetic stir-
ring. After 4 h, black precipitates were obtained after
the addition of sodium hydroxide (5% aqueous solu-
tion (w/v)). The precipitates were filtered and rinsed
with deionised water until neutral. The precipitates
were then dispersed in deionised water (250 mL).24

Morphology characterization

The emulsion was characterized with laser scanning,
using a Zetasizer 3000HSA; each sample was mea-
sured 30 times and the average size and zeta poten-
tial were calculated. Scanning electron microscopy
(SEM) analyses were performed using a JOEM JSM
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6335F; samples were cast on the surface of a pre-
washed silicon wafer for the test. Transmission elec-
tron microscopy (TEM) analyses were performed
using a Philips CM-20 TEM; atomic force microscopy
(AFM) analyses were performed using a Seiko SPM-2.

Finishing of cotton fabrics and performance tests

The emulsion was applied onto cotton, using a pad-
ding method. Cotton fabrics were soaked in the
emulsion for 3 min, and then pressed with a pair of
revolving rubber rollers at a predetermined pressure.
The pick-up of the fabrics was 80%. The fabrics were
then dried at 1008C for 3 min and cured at 1508C for
3 min subsequently. The Flask-Shake Method (ASTM
E 2149-01) was used for the antibacterial test against
E. coli and S. aureus. The durability to home laundry
was performed according to AACTT 63 option 1.
The yellowness of the fabric was measured with a
Datacolor Elrepho 2000 spectrophotometer according
to ASTM E 313 and ASTM D 1925. The coefficient of
friction was determined with a Kato Tech KESFB
fabric objective tester.

RESULTS AND DISCUSSION

Characterization of the chitosan/silver
oxide nanoparticles

The particle analysis indicates that the emulsion has
an average diameter of 300 nm with a narrow size
distribution (polydispersity: 0.325) and zeta potential
of 170 mV. The pH of the emulsion is 6.5, which is
similar to the pH of the water used in the prepara-
tion. Previous work has reported the stable structure
of the hydrogen bonds between water molecules and
the amino groups of chitosan, as the water molecules

Figure 1 XRD spectrum of the chitosan/silver oxide
nanoparticles.

Figure 2 UV–visible spectrum of the emulsion of the chi-
tosan/silver oxide nanoparticles.

Figure 3 (a) SEM micrograph of chitosan-AgO composite; (b) AFM micrograph of chitosan-AgO composite.
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act as the providers of proton and the amino groups
are the receivers.25–28 Positive charge of the nanopar-
ticles in the emulsion suggests that the emulsion is
stabilized by the hydrogen bond between chitosan
and water. When the emulsion is heated above 908C,
the nanoparticles in the emulsion aggregate because
of the breakage of the hydrogen bond. Figure 1
shows the XRD spectrum of a dried sample of the
emulsion. Two strong peaks at 108 and 208, which

are due to the crystalline region of chitosan,29,30 are
observed. Another two peaks at about 658 and 788
are from crystalline silver oxide.31–34 Also, The UV–
vis spectrum shown in Figure 2 displays a single
peak at 440 nm, which is due to the plasma vibra-
tion of silver.19,22,23

Figure 3(a) shows the SEM micrograph of the
nanocomposites. The average diameter of the com-
posite particle is about 100 nm; the particle size is
also uniform. The AFM micrograph in Figure 3(b)
gives a closer view of the particle. The TEM micro-
graph in Figure 4 shows the silver oxide nanopar-
ticles are encapsulated into the chitosan nanopar-
ticles; there is more than one silver oxide particle in
the nanoparticle. The composite is formed as chito-
san molecules entangle with silver oxide during the
precipitation in the nanocomposite preparation. The
affinity between silver oxide and chitosan is high
because of the chelate formation between silver ox-
ide and the amino group of chitosan.19

The stability of the emulsion has been monitored
with the particle analyzer. There was no PPT and
big change in particle size during a 2-month storage
at room temperature.

Treated cotton fabric and its antibacterial property

Figure 5 shows the SEM micrographs of the emul-
sion-treated cotton. The nanoparticles formed rough
layers on the surface of cotton fibres. Figure 6 sum-
maries the antibacterial activities of the control sam-
ple, the treated sample and the treated sample after
20 washings. The cotton fabric finished with the
emulsion of chitosan-silver oxide nanocomposites
has a 100% bacterial reduction to S. aureus and
E. coli, respectively. The bacterial reduction remains

Figure 4 TEM micrograph of chitosan-AgO composite.

Figure 5 SEM micrographs of the surface of finished cotton fabrics.
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unchanged after 20 washings. A control experiment
is performed with chitosan only. The bacterial reduc-
tion of the control after 20 washings is 92.1%. How-
ever, the bacterial reduction of the nonocomposite-
treated sample is still 100%. Therefore, the nanocom-
posite is effective as an antibacterial agent. Its high
durability indicates that affinity between chitosan
and cotton is very high. Chitosan and cotton are
both polysaccharides, using the ‘‘like dissolves like’’
principle, they have similar intermolecular attraction
forces, and thus, their affinity to each other is high.
Also, chitosan does not dissolve in neutral and alka-
line conditions, thus most chitosan on the fabric is
not affected during washing. Table I summarizes the
yellowness of the untreated and the treated fabrics.
The yellowness of the treated fabric is higher than
that of the untreated but the change is small. In
other words, the visual appearance of the treated
sample is similar to that of the untreated. Figure 7
shows the coefficients of friction of the chitosan-
treated and the control fabrics, it is discovered that
their values are similar, in order words, the effect of
chitosan on the fabric handle is small, this can be
explained by the low add-on of chitosan onto the
fabric, which results in only a small change in the
physical performance of the fabric.

CONCLUSION

The chitosan-silver oxide emulsion is effective in
bacterial reduction. The emulsion can be easily
applied onto textile fabrics using the conventional
pad-dry-cure process. The finish is durable and
washfast; it remains effectively after 20 washings. As
chitosan is not soluble in alkaline conditions, the
nanoparticles on the fabric do not dissolute during
laundry (the pH of laundry detergents in water is
higher than seven; depending on the detergents, the
pH can be as high as 10.5). The synergy of chitosan
and silver oxide in bacterial reduction enables a very
low add-on process. The Kawabata fabric-objective-
measurement suggests that the treatment does not
affect the handle of the cotton fabric. This is antici-
pated as the amount of the chemical used is only
very small. The high effectiveness is also due to a
large surface of the nanocomposite on the fabric sur-
face. The chitosan-silver oxide emulsion may offer
another antibacterial finish option for the textile
industry.
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9. Alt, V.; Bechert, T.; Steinrücke, P.; Wagener, M.; Seidel, P.; Dingel-
dein, E.; Domann, E.; Schnettler, R. Biomaterials 2004, 25, 4383.

10. Grunlan, J. C.; Choi, J. K.; Lin, A. Biomacromolecules 2005, 6, 1149.
11. Kumar, R.; Münstedt, H. Biomaterials 2005, 26, 2081.
12. Zhang, S. T.; Fu, R. W.; Wu, D. C.; Xu, W.; Ye, Q. W.; Chen,

Z. L. Carbon 2004, 42, 3209.
13. Hennen, J. W. Chitosan; Woodland Publishing: Plesant, UT, 1996.
14. Giunchedi, P.; Genta, I.; Cont, B.; Muzzarelli, R. A. A.; Conte,

U. Biomaterials 1998, 19, 157.
15. Li, Z.; Zhuang, X. P.; Liu, X. F.; Guan, Y. L.; Yao, K. D. Poly-

mer 2002, 43, 1541.
16. Hu, S. G.; Jou, C. H.; Yang, M. C. Biomaterials 2003, 24, 2685.
17. Qi, L. F.; Xu, Z. R.; Jiang, X.; Hu, C. H.; Zou, X. F. Carbohydr

Res 2004, 339, 2693.

18. Huang, H. Z.; Yang, X. R. Carbohydr Res 2004, 339, 2627.
19. Muzzarelli, R. A. A. Natural Chelating Polymers; Pergamon

Press: Oxford; 1973.
20. Morni, N. M.; Mohamed, N. S.; Arof, A. K. Mater Sci Eng B

1997, 45, 140.
21. Yoshizuka, K.; Lou, Z. R.; Inoue, K. React Funct Polym 2000,

44, 47.
22. Yi, Y.; Wang, Y. T.; Liu, H. Carbohydr Polym 2003, 53, 425.
23. Huang, H. Z.; Yuan, Q.; Yang, X. R. Colloid Surface B 2004, 39,

31.
24. Hu, Z. G.; Szeto, Y. S. PRC Pat. 101,396,0526 (2006).
25. Stockman, P. A.; Bumgarner, R. E.; Suzuki, S.; Blake, G. A.

J Chem Phys 1992, 96, 2496.
26. Yeo, G. A.; Ford, T. A. Can J Chem 1991, 69, 632.
27. Janet, E.; Bene, D. J Am Chem Soc 1973, 95, 5460.
28. Antonietti, M. Topics in Current Chemistry: Colloid Chemistry

II; Springer: Berlin; 2003.
29. Samuels, R. J. J Polym Sci Pol Phys 1981, 19, 1081.
30. Masahisa, W.; Yukie, S. J Polym Sci Pol Phys 2001, 39, 168.
31. Jeon, H. J.; Yi, S. C.; Oh, S. G. Biomaterials 2003, 24, 4921.
32. Park, S. J.; Jiang, Y. S. J Colloid Interf Sci 2003, 261, 238.
33. Li, L.; Yang, J. C. Mater High Temp 2003, 20, 601.
34. Wang, H. S.; Qiao, X. L.; Chen, J. G.; Ding, S. Y. Colloids and

Surfaces A 2005, 256, 111.

56 HU, CHAN, AND SZETO

Journal of Applied Polymer Science DOI 10.1002/app


