
 
 
 
 
 
 

ABSTRACT 
 
NanoActive® materials are novel forms of metal oxides that 
possess extremely high surface areas (100-700 m2/g), defect 
rich morphology (many corner and edge sites), large 
porosities (up to 1 cc/g), and small crystallite sizes (2-10 
nm).  This combination of properties results in extremely 
high chemical reactivity including both enhanced reaction 
kinetics and large capacities.  Although activated carbon has 
been proven an effective absorbent, it only has the capacity 
to physically absorb.  As a result, a toxic substance attached 
to the surface of the activated carbon can be released by 
environmental changes. In sharp contrast, NanoActive 
materials have been proven to not only adsorb, but also 
destroy a variety of chemicals including chemical warfare 
agents and their simulants.  The remarkable reactivity of 
NanoActive materials towards nerve and blistering agents 
and destruction below quantifiable levels, has been proven 
by independent testing at Battelle Memorial Institute and 
Edgewood Chemical and Biological Center (ECBC). 
 
Keywords:  nanoparticles, metal oxides, adsorbent, 
destruction, CWAs.   
 

CHEMICAL DECONTAMINATION 
NanoScale has developed a series of reactive nanoparticles 
(NanoActive materials) with remarkable properties that can 
be applied to the U.S. defense arsenal against chemical 
and/or biological attack.  They are based on nanocrystalline 
metal oxides, such as MgO, TiO2, and Al2O3, and have been 
shown to be effective against a broad range of chemical 
agents at both ambient and high temperatures.  Reactive 
nanoparticles, produced by NanoScale, are non-flammable, 
non-toxic, and have a long storage life, are extremely light, 
and easy to disperse. 

Historically, the majority of NanoScale’s research and 
development efforts have been directed toward 
decontamination of toxic chemicals with the emphasis on 
military applications in the form of destructive adsorption of 
chemical warfare agents.  Due to their high surface area and 
unique morphology, NanoScale’s NanoActive materials have 
properties that are very different compared to either bulk 
materials or singular atoms.  Due to the small crystallite 
sizes, nanomaterials have a large fraction of edge and corner  
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sites containing 3- and 4-coordinated ions which are much 
more reactive than the ions/atoms in the bulk or on the 
surface.  Such unusual morphology results in enhanced 
chemical reactivity and suggests a two-step decomposition 
mechanism on nanoparticles (first step being adsorption of 
toxic agent on the surface by means of physisorption, 
followed by a second step - chemical decomposition).     

As an extension to our core competency in the area of 
destructive adsorption, NanoScale initiated the FAST-ACT® 
(First Applied Sorbent Treatment Against Chemical Threats) 
product line, a formulation of non-toxic reactive 
nanocrystalline metal oxides effective at neutralizing a wide 
range of toxic chemicals with the added capability to destroy 
chemical warfare agents.  FAST-ACT is initially focused on 
the developing Homeland Security market to help provide 
more than 11 million Emergency Responders with improved 
protection against, and treatment for, potential chemical 
hazards.  FAST-ACT can be safely applied to any liquid spill 
or vapor release enabling rapid decontamination. 

FAST-ACT has been tested by Battelle and ECBC to 
validate the formulation’s ability to remove chemical warfare 
agents from surfaces.  Within 90 seconds, FAST-ACT is 
proven to remove over 99.9% of HD and VX and over 99.6% 
(detection limit) of GD.  Upon contact with FAST-ACT, the 
chemical agents are adsorbed and dismantled.  Destruction 
has been confirmed by changes in the NMR spectrum 
(ECBC) and by the inability to extract agent from the powder 
(Battelle).  In 10 minutes 99% of GD and over 99.9% of VX 
is destroyed.  After 60 minutes 70-80% of HD is destroyed.  
The mechanisms for destruction of chemical warfare agents 
include hydrolysis and dehydrohalogenation.  Nerve agents 
(VX and GD) are hydrolyzed with the formation of surface 
bound metal phosphonates.  It should be noted that during 
this reaction the toxic EA-2192 does not from in contrast to 
basic VX hydrolysis in solution.  Mustard agent (HD) 
undergoes hydrolysis to form surface bound metal alkoxides 
and dehydrohalogenation to form vinyl sulfides. 

The FAST-ACT family of products was designed to offer 
protection against that "once in a lifetime" release of a 
Chemical Warfare Agent, while at the same time offering a 
single highly effective solution to deal with more common 
releases such as hydrofluoric acid or pesticides.  FAST-ACT 
enables the use of a single product to mitigate threats posed 
by highly toxic chemicals in either liquid or vapor form.  It is 
a dry powder formulation that is dispensable in easy to 
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operate portable delivery systems, with no premixing 
required.  (Figure 1)   

 
Figure 1: FAST-ACT Family of Products 

FAST-ACT is effective against a wide range of toxic 
industrial chemicals including acids (HCl, HF, HNO3, 
H3PO4, H2SO4), halogenated compounds, organophosphorus 
pesticides, acidic and caustic gases (chlorine, anhydrous 
ammonia, hydrogen chloride, sulfur dioxide), and organic 
compounds (diesel fuel, gasoline, denatured ethanol, 
methanol, p-cresol, acetaldehyde, 4-vinylpyridine, ethylene 
oxide, acetonitrile, acetyl chloride).  FAST-ACT neutralizes 
both liquid and vapor hazards.  It is compatible with existing 
sensor technologies (including Smiths Detection APD 2000, 
Proengin AP2C, and C8/M8, Chemical Agent Detection 
Paper). 

BIOLOGICAL DECONTAMINATION 
Testing performed both in house and by third party 
independent laboratories has demonstrated the antimicrobial 
activity of multiple NanoActive materials.  The materials fall 
into two categories:  1) Unmodified materials which 
demonstrate intrinsic antimicrobial activity; and 2) Materials 
which have been modified by the addition of antimicrobial 
ions or chemicals.  The high reactivity of the NanoActive 
materials allows them to tightly bind the antimicrobial ions 
and chemicals. 
 
Examples of materials in the former category include 
NanoActive Aluminum Oxide Plus, NanoActive Calcium 
Oxide, NanoActive Copper Oxide and NanoActive Zinc 
Oxide.  The addition of NanoActive Aluminum Oxide Plus 
to E. coli bacterial culture at 2.0% by weight resulted in 
complete kill.  NanoActive Calcium Oxide granules were 
shown to be fungicidal when challenged with Alternaria and 
Stachybotrys chartarum.  Unmodified NanoActive Copper 
Oxide showed bactericidal activity against Klebsiella 
pneumoniae, Staphylococcus aureus, and Esherichia coli.  
NanoActive Zinc Oxide challenged with K. pneumoniae 
resulted in complete killing.  Challenge of this material with 
E. coli and S. aureus resulted in 6.15 and 5.7 log kill, 
respectively. 

Materials in the second category include NanoActive 
Aluminum Oxide Plus with incorporated silver, NanoActive 
Aluminum Oxide with incorporated silver, Chlorinated 
NanoActive Magnesium Oxide Plus, and NanoActive 
Titanium Dioxide.  NanoActive Titanium Dioxide has been 
modified with multiple materials; including silver (shown 
effective against S. aureus and Pseudomonas aeruginosa), 
peracetic acid (shown effective against both Bacillus 
anthracis spores and vegetative bacteria, Yersinia pestis, and 
MS2 bacteriophage), and commercial antimicrobials 
including Proxel GXL and Kathon CG II (both shown 
effective against S. aureus and P. aeruginosa).  Chlorinated 
NanoActive Magnesium Oxide is effective against Bacillus 
subtilis spores and vegetative bacteria, E. coli, S. aureus, and 
MS2 bacteriophage.  The silver-incorporated NanoActive 
Aluminum Oxide Plus is effective against S. aureus and P. 
aeruginosa, while the silver-incorporated NanoActive 
Aluminum Oxide is effective against B. subtilis. 
 
Many of these materials have been shown to retain their 
efficacy when incorporated into materials such as paints and 
textiles.  Testing has demonstrated the antimicrobial activity 
of these NanoActive materials when applied to a variety of 
surfaces via a sprayer.   

PROTECTIVE TEXTILES 
NanoScale has carried out studies to investigate the untapped 
possibilities of highly adsorbent and reactive nanoparticles in 
the area of protective garments manufacturing.  More 
specifically, a collaborative project between NanoScale and 
Gentex Corp. sought to establish the feasibility of 
incorporating highly adsorbent and reactive nanoparticles 
into Gentex’s current carbon bead laminate system and to 
evaluate the resultant fabric’s utility as protective clothing 
against chemical and biological warfare agents (Figure 2).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Protective clothing based on NanoActive 
materials and carbons 

 
During routine chemical use, it is not always apparent when 
exposure occurs.  Many chemicals pose invisible hazards and 
offer no warnings.  More importantly, terrorists and 

420 NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-6-5 Vol. 1, 2006



saboteurs use a variety of toxic chemicals to create 
improvised explosives, chemical agents and poisons.  When 
dealing with situations involving hazardous materials, 
released either by accident or on purpose, protective clothing 
is critical to guard against the effects of toxic or corrosive 
products that could enter the body through inhalation or skin 
absorption, causing adverse effects.  Initial studies indicate 
that incorporation of nano materials offer considerable 
promise in making lightweight “active” protective clothing.   

 
HYDROGEN SULFIDE REMOVAL 

TECHNOLOGY 
 
In the chemical, petrochemical and oil industries the 
presence of sulfur in products contributes to a major problem 
due to its negative effects in chemical processing and 
environmental pollution.1 In the US alone, approximately 
14% of our natural gas reserves contain sulfur in the form of 
hydrogen sulfide (H2S) and as much as 15% of natural gas 
processed annually requires treatment to remove H2S.2  
Because of the large amount of sour gas, technology for H2S 
removal is of great importance to the gas industry.  For 
decades, gas production facilities worldwide have relied 
upon bulk liquid and/or solid based sorbent technology for 
H2S removal.3,4  In view of the existing H2S scrubbing 
technologies, NanoScale has developed a promising and 
efficient nanotechnology utilizing its high performance 
reactive nanoparticle (RNP) for the reduction of sulfur 
content in natural and synthesis gas.  
 

 
 
 
 
 
 
 
 
 
 

To determine the efficacy of NanoActive metal oxides to 
eliminate odors, laboratory investigations were carried out on 
i-valeric acid, an odor-causing chemical produced from the 
sweaty human foot.  The first investigation was a “Smell 
Test” to qualitatively determine the intensity of i-valeric acid 
odor after nano metal oxide treatment.  The second 
investigation utilized headspace GC/MS analysis to identify 
and quantify the extent of odor removal and/or neutralization 
of the i-valeric acid after treatment with NanoActive 
sorbents. 

 
 
 
 
 

Smell Test Results: Seven panelists evaluated the 
efficacy of NanoActive metal oxides to eliminate i-valeric 
acid and compared that to commercially available 
counterparts.  Panelists did not perceive any smell from the 
samples treated with NanoActive metal oxides in both dry 
and wet conditions.  Panelists ranked the smell of 
commercially available odor elimination products challenged 
against i-valeric acid as weak to strong.  

Figure 3:  The breakthrough curves for the hydrogen 
sulfide removal of natural gas stream for commercial iron 
sponge (●), commercial ZnO (▲), and NanoActive Zinc 

Oxide sorbent(■) at ambient conditions 
 
In sulfur scrubbing applications, research has indicated that 
the capacity of hydrogen sulfide (H2S) removal for 
NanoActive Zinc Oxide in natural gas stream was at least ten 
times greater than that of a commercial iron sponge sorbent 
and other commercial forms of Zinc Oxide, (Figure 3).  In 

addition, RNP of CaO, Fe2O3, and MgO have been proven to 
provide excellent stoichiometric H2S adsorption capacity.5  
Research efforts continue in the H2S removal area at 
NanoScale in order to adapt and integrate a novel process for 
desulfurization of gas/fuel to meet the future energy and 
existing refinery needs. 

 
SOURCES AND TREATMENT OF 

MALODORS 
 
Some of the commonly encountered sources of malodors 
include smoke/tobacco, human and pet excrement, mold and 
mildew, bacteria, food, beverages (spoiled milk), vomit, and 
dirty clothes.  Although malodors have a multitude of 
different sources, chemically speaking, most malodors are 
organic (carbon containing compounds) in nature.  Malodors 
can easily permeate, penetrate, impregnate, and cling to 
organic surfaces within cars and buildings. 
 
Treatment of malodors is generally approached in two ways: 
masking or elimination.  If odor masking is used, the source 
of the malodor is not eliminated and will eventually return 
once the “masking” agent is removed.  In many cases the 
malodor is so overpowering that a masking agent is 
ineffective.  Treatment by elimination, on the other hand, 
removes the malodor by removing its source.  Elimination 
can be done by physically replacing the contaminated surface 
(re-upholstery, carpet replacement, new car) or by removing 
the malodor-causing agent itself. 
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Headspace GC/MS Results:  NanoActive metal 
oxides removed over 99 % of i-valeric acid whereas the 
commercial counterparts resulted in about 0 to 34.9 % 
removal of odor in dry conditions.  In wet conditions, 
NanoActive metal oxides maintained their efficacy to 
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eliminate i-valeric acid and were superior to their 
commercial counterparts.  The percent removal of i-valeric 
acid for each sorbent is illustrated in Figures 4 and 5.  
NanoActive metal oxides outperformed their commercially 
available counterparts that make claims of eliminating foot 
odor.  Results of the wet environment indicate that 
NanoActive metal oxides maintained their superior odor 
elimination abilities as illustrated in Figure 5. 
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Figure 4: Percent of i-valeric acid removed 

 in dry condition by NanoActive metal oxides and 
 their commercial counterparts 
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Figure 5: Percent of i-valeric acid removed 

in wet condition by NanoActive metal oxides and 
  their commercial counterparts 

 
SAFETY OF NANOSCALE’S METAL 

OXIDES 
 
NanoScale has conducted rigorous toxicity testing at 
independent laboratories studying the oral, dermal, 
pulmonary and ocular effects of NanoActive metal oxides.  
The testing has revealed that there are no safety hazards 
associated with the nano nature of these materials.  Dermal 
LD50 (rabbit) was >2g/kg and oral LD50 (rabbit) was >5g/kg.  
NanoActive Titanium Dioxide. NanoActive Magnesium 
Oxide and NanoActive Magnesium Oxide Plus have also 
been tested for inhalation toxicity and proven to be non-toxic 
to rats.  

In addition, it was determined that in excess of 99.9% of the 
particles are captured by standard NIOSH particle filters 
(Flat media, Model 200 Series, N95 NIOSH, 30981J and 
Pleated filter with flat media, NIOSH Pro-Tech respirator, 
PN G100H404 OVIP-100).  The non-toxic behavior of these 
particles in the inhalation testing, as well as the high removal 
efficiency can be explained by the formation of weak 
aggregates of nanomaterials.  Overall, the nanocrystalline 
materials produced at NanoScale were found to be no more 
toxic than the commercially available metal oxides of the 
same chemical formula.6  
 

SUMMARY 
 
Nanocrystalline metal oxides are highly effective adsorbents 
towards a broad range of environmental contaminants 
ranging from odor causing chemicals, acids, and biological 
species to chemical warfare agents.  These materials do not 
merely adsorb, but actually destroy many chemical hazards 
converting them to much safer byproducts at ambient and 
elevated temperatures.  In addition, metal oxides produced by 
NanoScale were proven to be no more toxic than their non-
nano commercial counterparts and continue to be a great 
choice for abating environmental pollutants. 
                                                 

REFERENCES 
 
1 Speight, J.G. The Chemistry and Technology of Petroleum. 
2nd ed.; Dekker: New York, 1991. 
2 Hughman, R.H., et al.  Chemical Composition of 
Discovered and Undiscovered Gas in the Lower-48 US-1993. 
3 Mak, H.Y. Gas plant converts amine unit to MDEA-based 
solvent.  Hydrocarbon Process. 1992, Vol., 10, P91. 
4 Shires, Terri., et al.  Field Evaluation of a Solid-Based H2S 
Scavenger.  GRI Report-95/0161. 1995. 
5 Espin, D. et al.  Method for Removing H2S and CO2 from 
Above Ground Hydrocarbon Streams.  US Patent 6,740, 141 
6 CHPPM Reports:  85-XC-01BN-03;  85-XC-5302-01;  85-
XC-5302-03;  85-XC-03GG-11-05-01-02c;  85-XC-03GG-
05;  85-XC-03GG-10-02-09-03.  (Publication in preparation) 

422 NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-6-5 Vol. 1, 2006


	573.pdf
	Centre de Recherche sur la Matière Condensée et Nanosciences – CNRS
	ABSTRACT
	2. COMPUTATIONAL METHODS
	The pristine and relaxed after a heat treatment structures show a spectrum with only one peak corresponding to the unit cell of the zeolite proving that the integrity of the template was conserved. Lee, Han and Hyeon shown experimentally a peak appearing at 23 (2*θ) corresponding to 1.8 Å-1. This peak could be associated to an amorphous region remainder from the experimental method. Moreover, we can see the comparison with an amorphous structure corresponding to a coke of saccharose obtain at 400 K [ ] confirming this possiblity. Recently, Hou et al [ ] have shown a new method to obtain replica with after heat treatment, they improved the texture of the replica. We calculated the Bulk modulus of the faujasite using a GULP model [ ], which is a core-shell potential, giving the Hessian matrix, and after diagonalization, we obtain a Bulk Modulus of Bo=59 GPa. Thus, the hydrostatic properties of the replica were obtain from the calculation of the energy as a function of the hydrostatic pressure, giving a Bo=700GPa for a density of 0.9cc/g. Thus, we have simulated the molecular nitrogen adsorption isotherms at 77K, using a Grand Canonical Monte-Carlo method, and with a LJ model. We obtained a good agreement with some results depending of the samples (see figure 3). However, we did not attribute why we obtained an insufficiency in the quantity of gas adsorbed compared to the best replica of Kyotani, unless an increasing of the porosity during the zeolite leaching, or a mesoporosity underestimated in their experiments or even if a resulting part of amorphous carbon is coexisting in their samples.
	Therefore, to go into the discussion, we calculated the PSD estimated with the Gelb-Gubbins method (see figure 4). Due to this topological method, we can calculate precisely the PSD of our structures and then compare to the DFT method applied to the N2 isotherms. First, the differential PSD curve show that our replica is a completely made of spherical pores with a size of 10 Ǻ diameter offering a high microporosity. Besides, we obtained an adsorbed volume around 0.7cc/g, in good agreement with experimental results.  
	4. CONCLUSION
	We have performed Grand Canonical Monte-Carlo (GCMC) simulations of Chemical Vapour Deposition of carbon faujasite zeolites based on a tight binding model for the adsorbate-adsorbate interactions that enables to account for covalent bonding along with a realistic model for adsorbate-substrate interactions. We obtain a 3D interconnected porous carbon structures from the zeolite faujasite, that is stable upon matrix removal. Beside, we characterized the textural structure of this replica, the nitrogen adsorption properties, and his pore size distribution. The hydrostatic mechanical properties of this replica has exhibited a very higher bulk modulus compared to the faujasite and is really interesting for its very low density. It is presently considered as a possible gas storage device for methane and hydrogen.

	1102.pdf
	Role of Nanoscale Topography on the Super-Hydrophobicity: 
	A Study of Fluoro-Based Polymer Film on vertically Carbon Nanotubes 

	1194.pdf
	ABSTRACT
	1.1 Materials

	1241.pdf
	3.  SUMMARY AND CONCLUSIONS

	1152.pdf
	METHODS

	894.pdf
	ABSTRACT
	CHEMICAL DECONTAMINATION
	BIOLOGICAL DECONTAMINATION


	324.pdf
	ABSTRACT
	Keywords: Polystyrene, Nanoparticles, Glass transition tempe
	INTRODUCTION
	Micron and nano-sized polymer particles have wide field of i
	EXPERIMENTAL
	Materials Preparation
	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENT

	REFERENCES




	489.pdf
	 
	Materials


	1576.pdf
	CRCA Cantilever Property




