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What is Nanotechnology?

http://www.nano-silver.net/eng/index.php



Ways to Produce Nanomaterials
- Bottom-Up Technique

- Self-Assembly
- Sol-gel
- Chemical Vapor Deposition
- Nanomanipulation
- 3D Printing

- Top-Down Technique
- Milling
- Plasma Particles



Self-Assembly

http://www.csacs.mcgill.ca/selfassembly.htm
http://www.ieee-virtual-museum.org/collection/tech.php? 

taid=&id=2345958&lid=1

Chemical Vapor 
Deposition



An Example of Direct Preparation 
of Silver Nanoparticles in Textiles

Silver Nitrate Solution (Exhaustion)

Ammonia + Reducing Agent 
(Hydrazine, Glycerol, Glucose)

Silver Nanoparticles Grown in Textiles

Ag+

Ag

US PATENT 6,979,491

Note: Main Problem is how to make them evenly coated 
on fabric



Metal Alkoxide + Acetylacetone (ACA)

0.1 M Laurylamine Hydrochloride (LAHC)

Aqueous Solution

Stirring at room temperature for 1 h

Stirring at 40OC for 24 h

Nanopowders by a modified sol-gel 
method (Institute of Advanced Energy, 

Kyoto University, Japan)



Dry at 80OC for 24 h

Calcinations at 400oC for 4 h

Characterization

Nanopowders by a modified sol-gel method (Institute of 
Advanced Energy, Kyoto University, Japan 

Results: The modified sol-gel process using a surfactant 
enabled to fabricate various metal oxides possessed 

high crystallinity with crystal size about 5-15 nm, 
high surface area (44-80 m2/g) and average pore 

diameter about 3-6 nm.

Keep at 80oC for 1 week



http://www.chemat.com/assets/images/Flowchat72.jpg 



http://www.georgehernandez.com/h/xzMisc/Science/media/nano/112COMoleculeMsgByIBM.gif

An Example of Nanomanipulation



http://www.warwick.ac.uk/atc/rpt/Techniques/3dprinting.htm

An Example of 3D-Printing Machine



Encapsulation

Ball Milling Machine for Nanoparticle Preparation
http://www.fritsch-heidolph.co.jp/page01.html



Milling Machine for Nanoparticle Preparation

http://www.netzschusa.com



Nanotechnology for Textiles

1. Water Repellent Effect

2.UV-Protection Effect

3. Antimicrobial Effect
4. Antistatic Effect
5. Wrinkle Resistance Effect



Nanotechnology for Textiles

1. Water Repellent Effect

http://www.corporate.basf.com/en/innovationen/felder/nanotechnologie/?id=Opz3Z56hHbcp-kb#7

http://www.sciencentral.com/articles/view.php3?article_id=218392046&language=english



http://www.zeiss.de/4125680F0053A38D/ContentsWWWIntern/FE6774D035ABB49CC1256DF
 3003C7B36



http://www.wupperinst.org/FactorFour/best-practices/lotus-effect.html



2.UV-Protection Effect

http://www.cmst.csiro.au/nanotech/polymers.htm

PP Untreated

ZnO Nanoparticles Added

ZnO Particles Added



ZnO Nanoparticles for UV Protection

http://www.cmst.csiro.au/nanotech/polymers.htm



3. Antimicrobial Effect

http://www.nano-silver.net/eng/index.php



http://www.polychrom.com

NanoSilver for Anti-microbial Effects



4. Antistatic Effect
5. Wrinkle Resistance Effect

http://www.garments.globalsources.com/MAGAZINE/GAT/0607/IMAGES/ECFCNYUA.JPG



6. Water Filter





http://membranes.com/docs/papers/New%20Folder/HYDRACoRe70%20pHT%20Sugar%20Refining.pdf



http://membranes.com/docs/papers/New%20Folder/HYDRACoRe70%20pHT%20Sugar%20Refining.pdf



http://membranes.com/docs/papers/New%20Folder/HYDRACoRe70%20pHT%20Sugar%20Refining.pdf



http://membranes.com/docs/papers/New%20Folder/HYDRACoRe70%20pHT%20Sugar%20Refining.pdf







7. Carbon Nanotube

http://www.sciencentral.com/articles/view.php3?article_id=218392016&language=english



9. Nanofibers via Electrospinning

Polymeric Nanofibers

 
and Nanofiber

 
Webs:

 
A New Class of Nonwovens

Timothy Grafe

 
* , Kristine Graham Donaldson

 
Co.,

 
Inc.,

 
PO Box 1299,

 
Minneapolis,

 
MN 55440

8. Luminescent Polyester Fiber 
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10. Counterfeit Nanofibers

http://www.physorg.com/news6152.html



11.1 Microcapsules 

11. Fragrance Release Textiles

G.Nelson, Microencapsulation in Textile Finishing, Reviews of Progress in Textile 
Coloration, 31(2001), pp. 57-64.

Phase Change Materials



http://www.polychrom.com

Thermochromic Dyes in Microcapsules



11.2 Cyclodextrins

A.Tonelli, and P.Hauser, Delivery of Textile Additives with Inclusion Compounds, National 
Textile Center Research Briefs-Chemical Processes Competency, June 2001, pp.51-52.

M.R. ten Breteler, V.A. Niestrasz and M.M.C.G.Warmoeskerken, Textile Slow-Release Systems
with Medical Applications, AUTEX Research Journal, vol. 2 no. 4, December 2002, pp.175-189.       



Cyclodextrin (CD)Cyclodextrin (CD)

Fragrance Can Be Trapped with 
Cyclodextrin Which is Cross-linked 
(Resin Finish) with Cotton Fibers

http://www.textil.monforts.de /t3/mxl.455.0.html?&L=2



laundry to wear during wear

freshness finish

by moist crosslinking

release of remaining
laundry scent during wear

conventional finish
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Slow Released Fragrance in Garments with 
Different Kinds of Finishing Processes 

Comparisons of Untreated and Treated Fabrics
http://www.textil.monforts.de /t3/mxl.455.0.html?&L=2



Product Applications
Anti-microbial Textile Fibers, Thermoplastics, 

Permanent Coating, Wood 
Preservation

Catalysts Environmental Catalysts, Fuel 
Cells

Performance 
Coating

UV-Attenuating Coating, Abrasion- 
Resistant Coating, Charge 
Dissipating

Personal Care Sunscreen Formulations, Foot 
Powder, Deodorant/Antiperspirant, 
Shaving Products, Oral Care

Polishing Glass Polishing, Semi-conductor 
Polishing



An Example of Using TiO2 Microparticles Mixed 
With Concrete for Road Building



http://www.futuretechnologycenter.nl/downloads/nanobook.pdf



1. Human Centrics

2. Vehicles

Nanotechnology for Military and 
Civil Purposes

3. Marine

4. Aerospace

5. Space



6. Weapons and Law Enforcement

7. Logistics

8. Security and Surveillance



http://www.futuretechnologycenter.nl/downloads/nanobook.pdf



http://www.futuretechnologycenter.nl/downloads/nanobook.pdf

http://www.physics.ucla.edu/research/biophysics/pubs/pdf/ap_nanotube_fabric.pdf



http://www.futuretechnologycenter.nl/downloads/nanobook.pdf



http://www.futuretechnologycenter.nl/downloads/nanobook.pdf



http://www.smartshirt.gatech.edu



http://www.smartshirt.gatech.edu



http://www.futuretechnologycenter.nl/downloads/nanobook.pdf



http://www.futuretechnologycenter.nl/downloads/nanobook.pdf



http://www.futuretechnologycenter.nl/downloads/nanobook.pdf

http://www.physics.ucla.edu/research/biophysics/pubs/pdf/ap_nanotube_fabric.pdf



IR and Visible Light Camouflage 
Military Suits

S.M.Burkinshaw, G.Hallas and A.D.Towns, Infrared Camouflage, Reviews of Progress in 
Textile Coloration, 26(1996), pp. 47-53.



S.M.Burkinshaw, G.Hallas and A.D.Towns, Infrared Camouflage, Reviews of Progress in 
Textile Coloration, 26(1996), pp. 47-53.



Camouflage Dyestuffs Recommended by Ciba



http://www.saferplane.com/stealthIV.pdf

IR Camouflage Suit without Stealth Hat (Left) 
and with Stealth Hat (Right)



IR Stealth Hat (Left) Camouflage Suit (Middle) 
and Multicolour Tent (Right)

http://www.saferplane.com/stealthIV.pdf



Daytime Visibility Stealth of Personnel

http://www.saferplane.com/stealthIV.pdf



Problems from Nanomaterials?
Poor ventilation Inhalation  
(lung cancer?) need nanofilter
Digestion/penetration thru skin 

(Skin cancer?)
Surface Area too much (high 

affinity?)
Unknown properties of the 

materials????? etc.



Plasma Treatment
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What is Plasma?

http://acms.lodestar.be/europlasma/bestanden/Plasma%20technology%20%20what%20is%  
20plasma.pdf



Natural GasNatural Gas

IonizationIonization

++
IonIon

External EnergyExternal Energy

ElectronElectron--

http://www.fnrf.science.cmu.ac.th



Research Funded by THTI



Research Funded by THTI



http://www.emich.edu/public/coatings_research/smartcoatings/Abstracts/Sigma%20Technologies.pdf 



http://www.emich.edu/public/coatings_research/smartcoatings/Abstracts/Sigma%20Technologies.pdf 



http://www.emich.edu/public/coatings_research/smartcoatings/Abstracts/Sigma%20Technologies.pdf 



http://www.zju.edu.cn/jzus/2004/0408/040805.pdf

Plasma Treatment on Degummed Silk Fibers 
a) Untreated b) Oxygen Plasma Treated for 1 min. c) Oxygen Plasma 

Treated for 5 min.



Plasma Treatment on Degummed Silk Fibers 
a) Untreated b) Oxygen Plasma Treated for 5 min. c) Oxygen Plasma 

Treated for 15 min.

http://www.zju.edu.cn/jzus/2004/0408/040805.pdf



Plasma Treatment on PTFE
Untreated (Left)                                     Plasma Treatment (Right)

http://www.plasmabeam.de/31-1-etching.html



Effects of Plasma Treatment on Surface of 
Nonwoven

P.Bellini, F.Bonetti, E.Franzetti, G.Rosace, and S.Vago, Reference Books of Textile Technologies: 
Finishing, Italian Textile Machinery (ACIMIT), Milan, 3rd Edition, 2002, pp.160-161.

Untreated (Left)                                       Plasma Treated (Right)



Effects of Plasma Treatment on Some Fibers

http://www.astp.com/PDFs/PS_biomed.pdf



Effects of Plasma Treatment on Some Fibers

http://www.astp.com/PDFs/PS_biomed.pdf



Q&A
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