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ABSTRACT

Antimicrobial fabrics find many applications in medical,
hygiene, protection, sport, health care, personal care,
filtration, and other markets. For example, such fabrics are
used in wound dressings or bio-hazard protective clothings,
and are nowadays compared in terms of "zone of
inhibition™ and "kill rate" of bacteria which are both related
to the antibacterial activity. However, antimicrobial fabrics
differ in biocidal performance. While many antimicrobial
treatments for fabrics confer bacteriostatic activity i.e.
impede growth of the inoculum bacteria under the fabric,
very few allow diffusion and sustained release of
antimicrobial agents leading to a zone of inhibition,
especially after washing or autoclaving. This paper presents
a new water based colloidal solution of a silver salt, which
was applied as a coating to different fabrics. AATCC 147
Parallel Streak Standard Method was performed in order to
evaluate antibacterial activity of diffusable antimicrobial
agents on treated fabrics.

Keywords : antimicrobial coating, nanocrystal, biocidal,
silver, bio-hazard

1. INTRODUCTION

Recently, there has been a growing interest to develop
antimicrobial textiles and composites [1-3] and especially
water based solutions for application to textiles for odor
management and control of infectious agents. For example,
the control or prevention of infectious deseases by using
antimicrobial textiles find much of importance in medical,
wound dressings, healthcare (including disposables),
personal care products, veterinary, military and biodefense,
protective suits, clothing, household goods and filtration.

Antimicrobial water based solutions available nowadays
differ in composition. Among the different chemicals used,
there are quaternary ammonium compounds such as
alkyltrimethylammonium halogenides and chlorinated
organic compounds such as chlorinated phenols. However,
such chemicals may not confer an efficient control of
pathogens over time because such chemicals are highly
soluble in water and may be consumed rapidly or leached

by ageing processes such as heat exposure, washing, or
autoclaving.

Recently, several water based systems propose the
introduction of antimicrobial metallic nanoparticles into
aqueous solutions. However, such suspensions of metallic
nanoparticles, especially heavy metals such as silver and
copper, tend to be unstable and a separation process can be
observed involving coagulation and precipitation of
metallic nanoparticules. Then, metallic nanoparticles in
these solutions have the propensity to form deposits that
can not or hardly be redispersed.

In addition, metallic silver, silver oxides, and silver salts
are known to have antimicrobial properties; unfortunately,
slow-release systems, such as metallic silver, do not confer
a large zone of inhibition neither high kill rate because of
limited availability of silver ions in such metallic systems.
lodine-based delivery systems are very efficients and allow
fast-release of antimicrobial agent; however, iodine treated
substrates may present poor stability to autoclaving and
staining problems.

Therefore, there is a strong demand for stabilized water
based antimicrobial solutions capable to confer to
substrates improved antibacterial activity, sustained release
of antimicrobial agent, and wide-range biocidal properties.

2. PREPARATION

A colloidal solution of a silver salt was applied as a coating
to different fabrics. The silver salt solution consists of a
water-based, surfactant-stabilized silver salt suspension.
Fabric samples were dip coated into a bath containing the
colloidal solution at room temperature. Alternatively, for a
sample, a polymer resin was added in the bath formulation
to obtain a resin-coated fabric. All treated samples were
dried at 150-160°C, 3 to 5 min.
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3. RESULTS

3.1 Microscopy

SEM images were obtained for different fabrics treated
with the silver salt suspension and are presented in Figures
1-3. As it can be seen, nano-sized crystals were deposited
and presented a uniform surface distribution. The silver salt
nanocrystals typically range from several tens to a few
hundreds of nanometers.

An additional feature of treated fabrics is that the original
aspect and colors of the fabric are not changed.

Figure 1. Adsorptive activated carbon fabric coated with
antimicrobial silver salt particles.

3.2 Antimicrobial activity

Antimicrobial activity can be demonstrated by many
antibacterial activity assessments [4-6]. Among these,
AATCC 147 Parallel Streak Standard Method is a semi-
quantitative method which permits to evaluate antibacterial
activity of diffusable antimicrobial agents on treated
fabrics. A test result for a fabric treated with the silver salt
suspension and a control fabric is presented at Figure 4,
where the tested bacteria was Staphylococcus Aureus.

Figure 2. Nylon fabric with antimicrobial silver salt
particles.

Figure 3.

Nylon fabric with antimicrobial silver salt
particles embedded into a thin polymer coating.
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Figure 4. AATCC 147 test result against S.Aureus for a
non-treated fabric sample as a reference (left) and for a
silver salt treated fabric (right) exhibiting, respectively, no
peripheral inhibition and a measurable zone of inhibition.

Table 1 presents AATCC 147 test result against
Staphylococcus Aureus (gram positive) and Escherichia
Coli (gram negative) bacteria for non-treated and silver
salt treated fabric samples. Samples were both tested non-
sterile and sterile. Sterilization was achieved using an
autoclave, thereby submitting samples for 15 min, at 121°C
and 15 psi.

For the control fabric, growth of E. Coli and S. Aureus was
observed under the specimen while no growth appeared for
the treated fabric. The zone of inhibition for the control
sample was 0 mm, in comparison to 2-3 mm for the treated
fabric before and after autoclaving. It can be seen from
these results that the silver salt treated fabric maintained a
high level of performance after autoclaving (sterile
specimen).

E. coli S. Aureus
Fabric Non- Sterile Non- Sterile
sterile sterile

Growth under the specimen

Not treated Yes Yes Yes Yes
Silver salt No No No No
treated

Zone of inhibition (mm)
Not treated 0 0 0 0
Silver  salt 2.2 2.0 3.0 2.0
treated

Table 1. AATCC 147 test results against S.Aureus and E.
Coli for non-treated (control) and silver salt treated fabric
samples.

4. CONCLUSION

A surfactant-stabilized colloidal solution of a silver salt
was applied as a coating to different fabrics to confer
antimicrobial properties. Resulting from the application of
this silver salt suspension, nano-sized crystals were
deposited and presented a uniform surface distribution on
the fibers. AATCC 147 antibacterial results on a silver salt
treated sample showed growth inhibition and large zone of
inhibition for both gram positive and gram negative
bacteria tested. In addition, the treated fabric maintained a
high level of performance after autoclaving. Such biocidal
properties are provided by an improved and sustained
release of silver ions.

Another advantage provided by such silver salt is that its
use do not alter the visual aspect nor the colors. For
example, in many applications, it would be preferable if the
antimicrobial water based solution do not stain the
substrate once applied and that the treated substrate may by
used either into a dry or humid environment as well,
without staining.

For substrate finishing, such antimicrobial suspension can
be used to prepare coating formulations for substrates as
diverse as textile fabrics, papers, filtration materials, woven
and non-wovens materials, membranes, and composites.

REFERENCES

[1] AB Lansdown, Antimicrobial textiles. J Wound Care,
13 (10), 413, 2004.

[2] J Markarian, Antimicrobial plastics additives: trends
and latest developments in North America. Plastics,
Additives and Compounding, 4 (12), 18-21, 2002.

[3] KS Tweden, JD Cameron, AJ Razzouk, et al., Silver
modification of polyethylene terephthalate textiles for
antimicrobial protection. ASAIO J., 43 (5) M475-81,
1997.

[4] K Takai, T Ohtsuka, Y Senda, et al., Antibacterial
properties of antimicrobial-finished textile products.
Microbiol Immunol., 46 (2), 75-81, 2002.

[5] BG Joiner, Determining Antimicrobial Efficacy and
Biocompatibility of Treated Articles Using Standard
Test Methods; in : Bioactive fibers and polymers, JV
Edwards, TL Vigo, Ed(s), Washington DC, ACS,
Oxford University Press, 201-217, 2001.

[6] AATCC Test Method 147-1998, Antibacterial Activity
Assessment of Textile Materials: Parallel Streak
Method; in: AATCC Technical Manual, 280-281,
2001.

764 NSTI-Nanotech 2005, www.nsti.org, ISBN 0-9767985-0-6 Val. 1, 2005



	Book1.1.pdf
	1132.pdf
	1132.pdf
	[13]  Lisa A. DeLouise, Peng Meng Kou, and Benjamin L. Mille



	Book1.2.pdf
	1064.pdf
	1064.pdf
	ABSTRACT
	2    TRIBOMECHANICAL ACTIVATION OF SOLIDS
	3     INDUCTION OF PROGRAMMED CELL DEATH-APOPTOSIS
	4    ANIMAL DATA
	5    HUMAN DATA

	CONCLUSION
	REFERENCES



	1124.pdf
	ABSTRACT
	To examine the roles of the adjuvant in antigen delivery, de
	INTRODUCTION
	EXPERIMENTAL
	RESULTS
	Phagocytosis of tomatine-antigen complexes by the DCs

	REFERENCES


	Book1.4.pdf
	825.pdf
	825.pdf
	 
	 
	ABSTRACT 
	The bioaccumulation of a large variety of inorganic trace elements in Bacillus subtilis was studied using an inductively coupled plasma mass spectrometer and compared to other related and unrelated species. Bacillus subtilis is a safe substitute for anthrax. Unique and reproducible chemical fingerprint for each species of organisms were determined. Additionally, it was found that these chemical signatures were very susceptible to laboratory and procedural effects, suggesting that this approach could be useful also as a forensic tool. In addition, quantitative analysis on these signatures have been performed to mathematically relate the chemical fingerprints of B. subtilis to the number of cells or spores present in an analyzed sample.  
	INTRODUCTION 
	METHODS 
	RESULTS 
	REFERENCE 




	828.pdf
	Elastic Properties of Aspergillus nidulans Studied with Atomic Force Microscopy 
	* Department of Chemical and Biochemical Engineering, UMBC, lzhao@umbc.edu 
	*** Department of Biological Science, UMBC, Baltimore, MD 21250 
	**** Department of Chemistry and Biochemistry, University of Maryland Baltimore County (UMBC), Baltimore, Maryland 21250 
	ABSTRACT 


	877.pdf
	ABSTRACT
	1.   INTRODUCTION
	3.  RESULTS
	REFERENCES


	175.pdf
	Nanofabrication of Bioselective Materials Using Diverse Nano


	Book1.5.1.pdf
	292.pdf
	292.pdf
	Nanotechnology  Based on Spatially Fixed DNA (RNA) Molecules
	ABSTRACT
	ON THE PRACTICAL APPLICATION OF NANOCONSTRUCTIONS
	The NaCs created by us are of interest for various areas of 





	557.pdf
	Testing

	307.pdf
	References

	743.pdf
	ABSTRACT
	1   INTRODUCTION
	MATERIALS AND METHODS
	REFERENCES



	Book1.7.pdf
	1158.pdf
	1158.pdf
	Testing the response to NO
	Results and discussion


	1169.pdf
	1. INTRODUCTION
	2. RESULTS


	Book1.8.pdf
	407.pdf
	Name
	Label
	Sequence

	569.pdf
	Controlling Colorimetric Reversibility of Polydiacetylene Su
	Ji-Seok Lee*, Joo Seop Lee*, Hyun Wook Park*, Cheol Hee Lee*
	Dong June Ahn**, and Jong-Man Kim*
	*Department of Chemical Engineering Hanyang University, Seou
	**Department of Chemical and Biological Engineering, Korea U
	dja@korea.ac.kr
	ABSTRACT
	We have investigated colorimetric reversibility of polydiace
	Keywords: biosensor, polydiacetylene, reversibility, supramo
	INTRODUCTION
	The development of efficient chemosensors based on conjugate
	Among the conjugated polymers reported to date, polydiacetyl
	Scheme 1 : Schematic representation of polymerization of ass
	The advantage of the nanostructured polydiacetylenes as sens
	The polydiacetylene-based chemosensors reported to date, however, function via irreversible fashion. Accordingly, once the blue-phase shifts to the red-phase upon a given external
	Figure 1 : Structures of diacetylene lipids investigated for
	EXPERIMENTAL SECTION
	Preparation of Diacetylene Lipid Monomers
	The diacetylenic lipid monomers investigated in this study w
	Figure 2 : Structures of diacetylene derivatives used for th
	Preparation of Polydiacetylene Supramolecules.
	The polydiacetylene vesicles employed in this investigation 
	Thermochromism of Polydiacetylene Vesicles.
	In order to investigate colorimetric reversibility of the po
	The polymer vesicle solution prepared with PCDA-mCPE 2, an e
	Next phase of current investigation focused on the effect of
	In order to gain more information on the role of the phenyl 
	The effect of hydrophobic carbon chain lengths on the revers
	We next investigated the effect of the terminal carboxylic g
	Final phase of colorimetric reversibility with polymer vesic
	RESULTS AND DISCUSSION
	Several aspects of the results described above warrant detai
	The observations made with polymer vesicles prepared with PC
	Another important factor for the reversible thermochromism i
	Investigation of the effect of the hydrophobic chain length 
	Terminal carboxylic acid is recommended for two major aspect
	CONCLUSION
	The observations made during our effort for the understanding of the structural effects of reversible polydiacetylene sensors have led to a conclusion. It seems most probable that
	The lipid monomers which afford polydiacetylene supramolecul
	REFERENCES
	D. tyler McQuade, Anthony E. Pullen and Timothy M. Swager, C
	Jelinek Raz, Kolusheva Sofiya, Biotechnology Advances, 19, 1
	A. Singh, R. B. Thompson and J. Schnur, J. Am. Chem. Soc. 12
	Yang Yi, Lu Yunfeng, Lu Mengcheng, Huang Jinman, Haddad Raid
	Lee Dong-Chan, Sahoo K. Sangrama, Cholli L. Ashok and Sandma
	U. Jonas, K, Shah, S. Norvez and D. H. Charych, J. Am. Chem.
	Ahn Dong June, Chae Eun-Hyuk, Lee Gil Sun, Shim Hee-Yong, Ch

	714.pdf
	V. Martins*, L.P. Fonseca*, H.A. Ferreira**, D.L. Graham**, 
	INTRODUCTION
	EXPERIMENTALS
	Chemicals
	Spin Valve Sensors and Chip Design
	Experimental Set-up
	Surface Functionalization
	Antibody Surface Functionalization
	DNA Surface Functionalization
	Magnetic Particles Functionalization
	Labeling and Setup Measurements

	RESULTS AND DISCUSSION
	CONCLUSIONS

	172.pdf
	A
	ABSTRACT
	INTRODUCTION
	CELLULAR COMMUNICATION
	PETRI NET METHODOLOGY
	A Petri Net Model of Cellular Communication
	A Detailed Petri Net Model of Cellular Communication

	CONCLUSION
	
	
	REFERENCES




	737.pdf
	Figure 1: Hybrid Computational Approach


	Book1.10.pdf
	1137.pdf
	1137.pdf
	ABSTRACT
	AKNOWLEDGEMENT
	REFERENCE


	1138.pdf
	Department of Mechanical and Aerospace Engineering


	Book1.11.pdf
	417.pdf
	417.pdf
	1  SEARCHING FOR OPTIMAL MIXERS
	2  NUMERICAL METHOD
	ACKNOWLEDGMENTS
	REFERENCES


	198.pdf
	Antimicrobial Fabrics Coated with Nano-Sized Silver Salt Cry
	CTT Group, 3000 Boullé, Saint-Hyacinthe,Canada, J2S 1H9,
	dtessier@groupecttgroup.com
	E. coli
	S. Aureus
	Fabric
	Not treated
	Not treated


	REFERENCES



	Book1.12.pdf
	680.pdf
	680.pdf
	Ana Morfesis* and David Fairhurst**
	*Malvern Instruments USA Inc., Southborough, MA, 01772 ana.morfesis@malvernusa.com
	1INTRODUCTION
	1.1Solar Radiation and Sunscreens
	3OPTICAL PROPERTIES


	3.3Formulation parameters
	
	
	
	4CONCLUSIONS










