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Abstract

In order to enhance the functionality of a cotton fabric actually used as the clothing material for patients, the
fabrics are treated with chitosan/nanosilver mixed solution. The nanosilver has excellent biocompatibility, not
causing an environmental pollution as a natural polymer, provides expectation of an additional performance,
does not harm human beings, and shows a strong antibacterial activity even in a small amount, and
supplements chitosan, which is disadvantaged if used alone for fabric treatment. This study evaluates
functional improvement of the clothing material for patients and observes through hygienic characteristics
which are the most important function. In antibacterial activity of the fabrics treated with chitosan/nanosilver
mixed solution against Staphylococcus aureus, higher ratio of chitosan was observed to achieve better
antibacterial activity. In antibacterial activity against Klebsiella pneumoniae, higher ratio of nanosilver was
observed to achieve better activity. Regarding laundry durability of antibacterial activity after repeated
laundering, activity against Staphylococcus aureus was little reduced, but was greatly lowered against
Klebsiella pneumoniae. Deodorization activity was excellent as the mixed ratio of chitosan was increased, and
air permeability, moisture permeability and moisture regain were reduced as the mixed ratio of nanosilver was
increased.
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I. Introduction

Patient clothing should possess functionality for
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body temperature regulation, defense against germs,
and relief of any undesirable influences on physical
movement. It should be washed very often, and
accordingly the fabrics should be durable against
laundry and its chemicals, and the size should remain
the same and be without wrinkles after laundry(Park et
al., 2006). Especially in case of the disabled patients,
excretion and contamination could reduce the physi-
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ological comfort of the clothes, and hygiene becomes
a very serious issue resulting in smell and multiply-
ing germs. However, existing cotton fabrics cannot
satisfy the functionality associated with these issues.
Therefore, the functional improvement of the cloth-
ing material for patients in terms of pleasure and the
biological hygiene are very important problem.

The most important function of the patient clothing
is the antibacterial activity, which reduce the direct
harm of microorganisms by eliminating them and
deterring their multiplication, and prevent foul smell
being produced when organic substances are disinte-
grated by microorganisms(Chung & Kim, 2004). Anti-
bacterial agents for such a purpose include amines,
quarternary ammonium series, biguanides, alcohols,
phenols, organic/inorganic series, oxidized materials,
photocatalyst series, and natural compounds etc.
(Lee, 1997). Some of organic antibacterial materials
that have been used contain harmful halogen com-
pounds, posing a serious problem, and have been
avoided(Yeo et al., 2003). By the way, antibacterial
agent to the fabrics should not be poisonous to the
human body, should constrain the multiplication of
microorganisms, should not cause environmental con-
tamination and undesirable effects on the physical
properties of the fabric(Menachem & Jack, 1991).
Among substances satisfying such condition is chito-
san(Lee et al., 1994).

Chitosan is superior in biological decomposition,
does not cause environmental contamination, and
have multiple functionalities such as antibacterial
activity, deodorization activity and moisturizing effect
(Ogura et al., 1980). It is a useful natural polymer
and may be recycled as a resource, which is a merito-
rious aspect in this era when the environmental con-
taminations issues are seriously raised(Xu et al., 1996).
However, the resin or the crosslinking agent should
be used to enhance the adhesion efficiency, which
affects the touch feeling negatively, and durability
associated with washing and friction is also problem-
atic(Kim et al., 1995). Therefore, multiple steps of
processing the crosslinking agent, the softening agent,
etc. are required to remedy the shortcomings, which is
a tedious process. Such processes are complicated
and drive up the cost, and for economic reason, in

order to raise the processing effect, silver would be
mixed to chitosan as a finishing agent. Moreover, sil-
ver is not poisonous(Simpson, 2003) and enhance the
functionality when mixed as such.

Silver is safe enough to be used as an additive even
for foods, and is known to have an ability of killing
germs even at a concentration as low as lppm or
even lower(Hong et al., 1998). Especially, if silver is
processed in nano unit, its antibacterial activity
increases because of the increased total surface area
along with the increased antibiotic efficiency(Rong
et al., 2001). When nanosilver colloid solution is
treated on the fabrics with the developed nano technol-
ogy, the nanosilver particles are transferred to the fab-
ric surface to prevent the growth of microbes. The
nanosilver is greater in its total surface area when
compared with the silver of the same volume, and is
more skin-friendly, without causing the skin trou-
ble(Choi et al., 2006).

This research practically tried to improve the func-
tion of cotton fabric used for patient clothing while
considering the process effect and the economic
aspect. As a eco-friendly finishing agent, chitosan
was chosen because it is a natural polymer excel-
lently appropriate to the human body. Along with it,
the nanosilver solution was mixed to treat the fabric
because it can complement the defect of chitosan and
provide an additional effect to enhance the function-
ality. At this stage, the mixed ratios of chitosan/
nanosilver solution were examined according to their
performance in comparison with the chitosan-only
treatment. Especially, through hygienic characteris-
tics of the treated fabric such as antibacterial activity,
deodorization activity and moisture properties, it was
inferred that it is appropriate as treatment material of
patient clothing.

I1. Experimental
1. Materials

For the cotton fabric, specimen provided by Silver-
day Co. was used. The characteristics of the speci-
men is shown in <Table 1>. The reagent used for the
mixed solution of chitosan/nanosilver was provided
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Table 1. Characteristics of fabric

Cotton 100%

Table 2. Characteristics of chitosan

Particle condition powder
Viscosity 11 cps
Degree of deacetylation 95.33%
Average molecular weight 1.5 x 10°
Moisture content 6.84%
Residue on ignition 0.18%
Concentration 40,000ppm

Table 3. Characteristics of nanosilver

below 10nm
30,000ppm

Particle size

Concentration

from Texan Med. Tech. Co. Ltd. and the supplied
solution was diluted before use. The characteristics
of chitosan and nanosilver that have been used for
the mixed solution were shown in <Table 2-3>.

2. Methods

1) Processing of the Fabrics

The solution of chitosan(CH) and nanosilver(NS)
were mixed in the ratios of 3:1(CH3/NS1), 1:1(CH1/
NS1), and 1:3(CH1/NS3), and the fabrics treated
with them were compared with that treated only with
chitosan(CH4). At this time, the carboxyl acid was
added as a crosslinking agent for the mixed solution
of chitosan/nanosilver and the solution of chitosan
only. The treatment was performed with the one bath
processing. The fabric was immersed in the solution
at the liquor ratio of 40:1 for 1 hr and padded for its
weight pick up to be 100£2%. The specimen was
dried naturally and then heated for 3 min. at 160°C.
Then, to determine the add-on ratio after applying
treatment with chitosan/nanosilver solution, the sam-
ple was dried completely at 105°C, and weighed
before and after the drying.

Wi-Wo)

Add-on(%)=" X100
0

— 1850~

Wo : dry weight of sample before processing
W\ : dry weight of sample after processing

2) Antibacterial Activity

To examine the antibacterial activity of the fabric
treated with chitosan/nanosilver mixed solution, a
quantitative test by the shake flask method(KS K 0693-
2001) was carried out. Staphylococcus aureus(ATCC
6538), a gram-positive bacterium and Klebsiella pneu-
moniae(ATCC 4352), a gram-negative bacterium were
used as the testing bacteria. The reduction rate in the
number of colonies was calculated using the following
equation. And also, to find out the antibacterial activity
after the laundry, the specimens were washed 2 times,
5 times, and 10 times and were compared with pre-
laundry specimen through Launder-O-Meter(ATLAS,
Model LEF) according to KS K 0430-2001(A-1).

Bacterial reduction rate (%) = (A-B)/Bx100
A : number of bacteria recovered from

the control specimen incubated for 18hrs
B : number of bacteria recovered from

the test specimen incubated for 18hrs

3) Deodorization Activity

Deodorization activity by ammonia gas was mea-
sured using a gas detective conduit method. The
weight of the specimen in a measuring flask was set
to about 2g, the amount of injected ammonia solution
to 2um and the deodorization test was performed in
the container of 1000ml. The change in the density of
ammonia was quantitatively measured with the gas
detector tube and the deodorization rate was mea-
sured using the following formula.

Deodorization rate (%) = (A-B)/A x 100
A : gas concentration of blank
B : gas concentration with specimen

4) Air Permeability
An air permeability tester(FX 3300, Textest, Swit-
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zerland) was used to measure the same specimen at 5
times under 100Pa using the Frazier method(KS K
0570-2001) at the area of 20cm” and then its average
value was obtained.

5) Moisture Permeability

Moisture permeability through water vapour trans-
mission rate(WVTR) was measured according to the
evaporation method(KS K 0594). The cup for the
WVTR was covered with the specimen and its weight
was measured. Then, it was left in the fixed tempera-
ture and humidity chamber of 40+2°C, 50+5% RH
for 24 hours and its weight was measured again. It
was compared with that of cup left in the same cham-
ber without covering to obtain the water vapour
transmission rate for three samples.

WVTR (g/m"-24h) = %_S—Wo)
Wo : weight of sample before vapourization
Wi : weight of sample after vapourization
S : transfer area of water vapour

6) Moisture Regain

Moisture regain was measured according to the
oven method(KS K 0220). First, the specimen was
left for more than 24 hours at 20+2°C, 65+2% RH,
and then was dried for 2 hours at 105°C. The weights
before and after drying were measured for three sam-
ples and the moisture regain was calculated with the
following formula.

W,-Wp
Wy
W.. : weight of sample before drying

Wa : weight of sample after drying

Moisture regain (%) = %100

III. Results and Discussion

1. Antibacterial Activity

Microbe sometimes benefits the human and harms
other times in our daily life. It inhabits the textile
products that are deeply related to our life or human
body, causing bad smell, damage to textile, or harm
to our health. In this regard, antibacterial finishes

restrain the inhabitation or propagation of bacteria or
mold in textiles while it retains the physical or chem-
ical property of textile products, contributing to the
protection of human body or hygienic living environ-
ment. Since sanitary nonwoven fabrics directly con-
tact human skin, it is important to select the
antibacterial agent that doesn't badly affect to human
body even though it has lower sterilization than
organic bacterial agents with excellent sterilization.
In the previous study, the chitosan(Lee et al., 1994)
and the silver(Kwon et al., 2003; Lee & Jeong, 2001)
were found to have excellent antibacterial activity.
To examine it more concretely, the antibiotic feature
was measured through the Staphylococcus aure-
ous(ATCC 6538), a kind of pyogenic bacteria that
usually live on the skin or fabric, and the Klebsiella
preumoniae(ATCC 4352), a typical gram-negative
bacteria.

First of all, the actual attached amount affects the
hygienic characteristics of nonwoven fabric treated
with chitosan/nanosilver mixed solution. <Table 4>
shows that the add-on ratio of the fabrics treated with
200ppm chitosan/nanosilver solution was higher than
that of the fabric treated only with chitosan. Also, as
the mixing ratio of nanosilver became greater, the
add-on ratio increased. It was assumed that the fine
particles of nanosilver are attached more to the gaps
between textiles, fibrils and the pores of cotton fabric.

To examine the influence by the mixing ratio of
chitosan and nanosilver, the antibacterial activity of
treated fabric was measured for diverse concentra-
tions of mixed solution. <Fig. 1> shows the antibac-
terial activity of the fabric treated with the chitosan/
nanosilver mixed solution against the Staphylococcus
aureous. According to it, when the treating concentra-
tion of mixed solution was low, the antibacterial
activity was rather low at the higher mixing ratio of

Table 4. Add-on ratio of the fabrics treated with 200
ppm chitosan/nanosiiver sol'n

Samples© = | o Add-on ratio
CH4 0.21% ’
CH3/NS1 0.29%
CHI1/NS1 0.44%
CHI/NS3 0.54%
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Fig. 1. Effect of treatment concentration on the anti-
bacterial activity of Staphylococcus aureus of
the fabrics.

nanosilver solution. But, when the concentration of
mixed solution was 200ppm or higher, the antibacte-
rial activity was as excellent at 99.9% regardless of
the mixing ratio. When the concentration of mixed
solution was low, the higher ratio of chitosan in the
mixed solution was observed to achieve more excel-
lent antibacterial activity. So, it seems that the chito-
san has better antibiotic function against the
Staphylococcus aureous.

The generally accepted mechanism of antibacterial
activity of chitosan is that amine group is positively
1onized(Katsumasa & Takao, 1994), in which -NH,
in the C-2 location of glucosamine becomes posi-
tively ionized as -NH3", and the charged amine group
imposes a pulling force on the negative ions of the
sialic acid or the phospholipid that forms the walls of
microorganisms, reducing the freedom of the micro-
organisms, which results in antibacterial activity.

<Fig. 2> shows the antibacterial activity of the
fabric treated with the chitosan/nanosilver mixed
solution against the Klebsiella pneumoniae. When the
treating concentration of mixed solution was low,
the antibacterial activity was as low as 50% or less.
But, when the concentration of mixed solution was
200ppm or higher, the antibacterial activity was excel-
lent regardless of the mixing ratio. While the antibac-
terial activity of low concentrated solution against the
Staphylococcus aureous was higher at the higher
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Fig. 2. Etfect of treatment concentration on the anti-
bacterial activity of Klebsiella pneumoniae of
the fabrics.

ratio of chitosan as shown in <Fig. 1>, the antibacte-
rial activity against the Klebsiella pneumoniae was
higher at the higher ratio of nanosilver. At any rate,
the antibioses against Klebsiella pneumoniae and Sta-
phylococcus aureous were excellent regardless of the
mixing ratio when the concentration of mixed solu-
tion was 200ppm or higher. Therefore, all futher tests
for the performance of chitosan/nanosilver treated
solution were made for the fabrics treated with 200
ppm mixed solution.

It is important how long the antibacterial activity
of the fabric is maintained in the process of use or
laundry. Especially, the laundry durability of antibac-
terial activity is very important for patient clothing
that have to be laundered frequently. In general, the
processing of fabrics after treatment is easy and eco-
nomic but becomes less durable. In this study, to
examine how much the antibiotic effect of chitosan/
nanosilver mixed solution on the fabric remains after
the laundry, the antibacterial activity was measured
after the 10 laundries.

<Fig. 3> shows the antibacterial activity of chitosan/
nanosilver treated fabrics against the Staphylococcus
aureous after 2, 5 and 10 laundries, and <Fig. 4>
shows the laundry durability of antibacterial activity
against the Klebsiella pneumoniae. According to
them, the antibacterial activity against the Staphylo-
coccus aureous did not diminish even after 10 laun-
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dries, and also showed a good laundry durability
regardless of the mixing ratio of chitosan/nanosilver
in the solution.

On the other hand, the antibacterial activity against
the Klebsiella pneumoniae diminished a lot when the
number of laundry increased, and the antibacterial
activity in case of chitosan only treatment dropped a
lot. When the mixing ratio of nanosilver solution
increased, the reduction of antibacterial activity after
laundry became relatively small. But, after 10 laun-
dries the antibacterial activity against the Klebsiella
pneumoniae could hardly be expected.

Laundering cycles m0 @2 Os5 ®|10

100 ¢

80 |

60 |

40 |

20

Bacteriostatic ratio (%)

CH4 CH3/NS1

Samples
Fi

g. 3. Antibacterial activity of Staphylococcus aure-
us of the chitosan/nanosilver treated fabrics
after various number of laundering cycles.
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=
5]
=60t
2
kS
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8
3
m 20+ %
0 : ]
CH4 CH3/NS1  CHI/NS1  CHI/NS3
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Fig. 4. Antibacterial activity of Klebsiella pneumoni-
ae of the chitosan/nanosilver treated fabrics
after various number of laundering cycles.
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2. Deodorization Activity

Deodorization that removes the stinking smells
generated in a confined space is a necessary element
in pursuing the pleasant and healthy life. For elderly
and especially handicapped patients who cannot move
their body as they wish, it is very hard to change the
clothes frequently. So the microbes such as bacteria
and molds in the clothes can cause bad smells. This
kind of smell has an influence on the heaith of others
around them, let alone the health of patients them-
selves. Therefore, the measurement of deodorization
activity is very important. In this study, it was presup-
posed that the vanishing speed of ammonia gas would
be similar to that of gas from the human body and
thus the deodorization activity was measured with
ammonia on the basis of odor evaluation standard.
<Fig. 5> shows the deodorization rate of the fabric
treated with chitosan/nanosilver mixed solution. The
deodorization activity of treated fabric was higher
than that of untreated fabrics, and the higher the ratio
of chitosan was observied to achieve better deodoriza-
tion. Therefore, if the main purpose of the treatment is
deodorization activity, increasing the ratio of chitosan
in the mixed solution seems to perform better.

3. Air Permeability

Air permeability of textiles is affected by the inter-

100

80 L 2

60m

Deodorization rate (%)

40 r
—o— (a) Untreated
—a—(b) CH4

20 —e— (c) CH3/NS!
—a— (d) CH1/NS1
—e— (e} CH1/NS3

0 1 L

30 60 90 120

Time (min.)

Fi

g. 5. Deodorization rate of the chitosan/nanosilver
treated fabrics.
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yarn pore size of a fabric structure(Backer, 1948). As
the material for patient's clothes is in contact with the
skin directly, its feeling character is very important.
Especially, the air permeability is related with the
feeling that directly influences the comfort. In gen-
eral, when fabrics are treated with the chitosan of a
strong coating function, the reduction of air perme-
ability is expected as in the cases of polyurethane
resin or silicon water repellent processing. It is
because the chitosan solution coats the fabric surface
to create a thin film on it. Moreover, in case of sil-
ver particles with the size of nanometer, they can
deposit between the textile structures. Therefore, it
is expected that the air permeability will change after
the treatment with chitosan/nanosilver solution. <Fig.
6> shows that the air permeability of treated fabric
decreased even in comparison with that of fabric
treated only with chitosan. When the mixing ratio of
nanosilver in the solution was high, the reduction of
air permeability dropped much. It seems because the
nanosilver particles were penetrated into the inter-
yarn pore and gaps in the fabric and thus reduced the
air pores.

4. Moisture Properties
While human wears clothes, human body tran-

spires moisture in the form of sweat or insensible
perspiration even if it is pot felt. Accordingly, the

1000
Cl
E 800t
=
=
g 600 r
N4
z
%‘ 400 +
g
B
g 200}
&
<<
[¢] " i A "
Untreated CH4 CH3/NSI1 CH1/NS1 CHI/NS3
Samples
Fig. 6. Air permeability of the chitosan/nanosilver treated

fabrics.

moisture transfer is directly related to the comfort of
clothing in order to keep the comfortable clothing
climate. In particular, the touch and moisture proper-
ties of fabrics are important since the material for
patient's clothing contact the skin for a fong period of
time. However, the moisture properties of the mate-
rial for patient's clothes are considered to change
after applying chitosan treatments since chitosan has
water-binding capacity as cationic polysaccharide.

<Fig. 7> shows the moisture permeability of fab-
rics treated with the chitosan/nanosilver mixed solu-
tion. When the fabric was treated only with the
chitosan, the moisture permeability increased a little
bit. But when it was treated with the chitosan/nanosil-
ver mixed solution, the moisture permeability decreased
similarly to air permeability. In general, if the fabric
is treated with the chitosan with the water-binding
capacity, its moisture-related features such as mois-
ture absorbance and moisture regain become better.
Therefore, it seems that the moisture permeability of
the fabric treated only with chitosan increased a little.
Meanwhile, if the fabric is treated with the chitosan/
nanosilver mixed solution, the fine particles of nanosil-
ver are attached to the gaps between textiles or fibrils
and the pores of cotton, interrupting the transmission
of moistures.

One of the important moisture features along with
the moisture permeability is the moisture regain. As
the amine and hydroxyl groups in the chitosan are

1}
0 . . .

Untreated CH4  CH3I/NS! CHI/NS1 CHI/NS3
Samples

» 24h)

WVTR (g/m?

Fig. 7. Water vapour transmission rate of the chitosan/
nanosilver treated fabrics.
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10

Moisture regain (%)

Untreated CH4  CH3/NS! CH1/NS1 CHI/NS3

Samples

Fig. 8. Moisture regain of the chitosan/nanosilver treated
fabrics.

hydrophillic because of high polarity, they make a
hydrogen bond with the water molecule. Moreover,
the existence of amino group raises the moisture
absorption more than the cellulose(Hong et al., 1998).
So, it is expected that the moisture regain will in-
crease. <Fig. 8> shows the change of moisture regain
by the chitosan/nanosilver treatment. As the ratio of
nanosilver became greater, the moisture regain dropped
rapidly, and became worse than that of untreated fab-
ric. It coincides with the result of previous study(Oh
etal., 1997).

IV. Conclusions

This research evaluated and observed functional
improvement of the clothing material for patients
through hygienic characteristics. The fabric was treated
with chitosan/nanosilver mixed solution. Even though
Chitosan is a natural polymer with an excellent bio-
availability, to complement the defect of treatment by
only chitosan and to manifest the additional func-
tions, the nanosilver, being nontoxic to human body
with strong antibiotic effect even with a small
amount, was added and mixed together. The results
of the examination are as follows:

1. Antibacterial activity of chitosan/nanosilver tre-
ated fabric against the Staphylococcus aureous and
the Klebsiella pneumoniae was as excellent as 99.9%
when the treatment concentration of mixed solution

was 200ppm or more.

For Staphylococcus aureus, antibacterial activity
of the treated fabric, higher ratio of chitosan showed
better antibacterial activity. Thus, the chitosan achieved
better antibacterial activity against the Staphylococ-
cus aureous. For Klebsiella pneumoniae, higher ratio
of nanosilver achieved better antibacterial activity.
After 10 laundries, the antibacterial activity against
the Staphylococcus aureous was little reduced, but
the antibacterial activity against the Klebsiella pneu-
moniae was reduced a lot.

2. Deodorization rate of chitosan/nanosilver treat-
ed fabric improved a lot, and even better as the mixed
ratio of chitosan was increased. The air permeability
of chitosan/nanosilver treated fabric reduced a little
when compared with that of chitosan only treatment.
The reason seems be the adhesion of nanosilver par-
ticles.

3. As the ratio of nanosilver became greater in
mixed solution, the fine particles of nanosilver are
attached more to the gaps between textiles or fibrils
and the pores of cotton, interrupting the passage of
moistures. Thus, the moisture permeability decreas-
ed. Meanwhile, the reduction of hydrophilic chitosan
caused the reduction of moisture regain.
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